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Abstract 

The Government of Vietnam has invested efforts to increase the forest cover, and to 

conserve biodiversity through different forest development projects and programs. Losing 

natural forests and landscapes in the context of the “exhaust” of ecosystem services has been 

seen as burden in many mountainous areas. The Decision No.16 on ecosystem restoration, 

which was adopted by the Conference of the Parties to the Convention on Biological Diversity 

(CBD) at the 11th meeting (December 5th, 2012) stated that ecosystem restoration requires the 

application of suitable technologies and the fully-effective participation of local entities. This 

serves to identify obstacles while attempting to restore, regenerate ecosystem services and 

biodiversity, which have been degraded and lost in the recent decades. Furthermore, Vietnam’s 

National Forest Development Strategy targeted to achieve a forest area of 16.2 million hectares 

by the year 2020. Local people living adjacent to forests depend on the forest ecosystem 

services supplied from various natural forest landscapes in the area. This holds true especially 

for the people of Central Vietnam where the terrestrial area is narrow due to the country shape. 

In this area, agriculture practices play an essential role although the agricultural land is very 

limited due to the topographic conditions. The distinct land-uses reflect the natural distribution 

of plant and animal species as well as human interventions. In Vietnam, the forest ecosystems 

have been classified into three categories according to their main functions: special-use forest 

for nature conservation; protection forest for the watershed and protective measures; and 

production forest for commercial operations. This study was conducted in the A Luoi District, 

Thua Thien Hue Province. Ground truth samples were inventoried in three forest types from 

150 m to 1162 m above sea level (a.s.l.) and steep slopes from 5 to 48 degrees. The elevation 

range was divided into the lower elevation level H1 ranging from 150 m – 699 m and into the 

higher elevation level H2 from 700 m-1162 m a.s.l.. The slopes were stratified into level S1 

from 5-20 degrees, and into S2 from 21-48 degrees. The forest cover was classified into the 

types: undisturbed forest (UF), low disturbed forest (LF), and heavily disturbed forest (DF). To 

strengthen the classification of forest types, a t-test of extracted vegetation indices between 

ground truth plots and training sample plots was done. 

Up to date, no remote sensing-based work on ecological stratification of the natural forest 

landscapes has been conducted. Finding the tree species distribution, species diversity, and 

species composition over the sub-stratification of the elevations, slopes, and the forest types - 

by applying remote sensing - are necessary to classify the land-use types and to map out the 

availability of natural resources, especially the ecosystem services supply and demand of local 

people. Land-use and forest type classification may contribute remarkably to long-term 
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planning, which has been assigned to local authorities, and which should include local 

communities.   

The entire study consists of four main parts. The first part aimed at evaluating the 

influence of topography on tree species diversity, distribution, and composition of the forests 

in Central Vietnam. A significant difference of species richness and species diversity was found 

in shallower and steeper slopes (p < 0.05) and a relatively high correlation of the species 

distribution, the number of stems, and the number of tree families with the elevation factor was 

found. The lower elevation and shallower slope showed higher species richness (p < 0.05) but 

not a significant difference between the number of families and the evenness. The dominance 

and the abundance of tree species among the topographic attributes were significantly different 

(p < 0.05). Lower elevation and shallower slope showed higher species richness and species 

diversity than the higher elevation and steeper slope. The most dominant and abundant tree 

families from different elevations and slopes included the Myrtaceae, Dipterocarpaceae, 

Burseraceae, Fagaceae, Moraceae, Cornaceae, Apocynaceae, Sapindaceae, Cannabaceae, 

Juglandaceae, Lauraceae, Myristicaeae, Annonaceae, Ebenaceae, Meliaceae, Rubiaceae, and 

the Rosaceae.  

The second part aimed at assessing the soil qualities, which belong to the most essential 

elements for land-use planning and agricultural production. 155 soil samples from different 

land-use types and topographic aspects were collected in order to compare information on soil 

organic carbon (SOC), soil total nitrogen (STN), and soil acidity (pH) at two soil depths. The 

SOC of arable land and forest plantation land was found to be higher than those of grassland 

and of natural forests (p < 0.05). The total nitrogen in the natural forests was significantly less, 

compared to the other land-use types. No significant differences in the total nitrogen content 

(p < 0.05) were found among arable land, plantation forest, and grassland. The soil organic 

carbon and the total nitrogen were high in the upper soil and less downwards, within all land-

use types. The soil pH in the plantation forest and the arable land-use types showed no 

significant change among soil depth categories. Significant differences were not found in 

topographic aspects and the soil organic carbon content; however, differing trends of soil 

organic carbon and land-use types and aspects were found. The impact of the slope, elevation, 

farming system and soil texture accounted for the main differences of soil indicators under 

varying land-use types in the A Luoi District. 

The third part of this study was designed to apply remote sensing data from Landsat-8 

and Sentinel-2 sources in order to classify land-cover and land-use classes (including three 

forest types UF, LF, and DF) in the study area by using machine learning algorithms. Further, 
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vegetation indices were applied to find possible correlations and regressions of both, vertical 

and horizontal structures of the dominant forest tree species within different forest types. It was 

found that the vegetation indices between the ground-truth plots and the training sample plots 

were significantly different (p<0.05). The most dominant and abundant tree families in the 

context of the vertical structure were the Dipterocaparceae, Combretaceae, Moraceae, 

Leguminosae, Burseraceae, and the Polygalaceae. These, in the context of the horizontal 

structure were the Fagaceae, Lauraceae, Leguminosae, Dipterocaparceae, Myrtaceae, 

Myristicaceae, Euphorbiaceae, and the Clusiaceae. The results of the land cover and the land-

use classification of Sentinel-2 were found to be more precise than those of Landsat-8 with the 

Random Forest algorithm: (Sentinel-2 with out-of-bag error of 14.3%, overall accuracy of 

85.7%, kappa of 83% and Landsat-8 with out-of-bag error 31.6%, overall accuracy of 68%, 

kappa of 67.5%). The study found relationships (from 43% up to 66%) between four (out of 

ten) vegetation indices within horizontal and vertical structures of the forest stands: the 

Enhanced Vegetation Index (EVI), the Difference Vegetation Index (DVI), the Perpendicular 

Vegetation Index (PVI), and the Transformed Normalized Difference Vegetation Index 

(TNDVI).  

The fourth part evaluated potential provisioning services of the current natural forests - 

apart from wood and timber supply. It (i) assessed and compared the amount of non-timber 

forest tree species (NTFP species) in the different investigated forest types and elevations as 

potential resources; explored (ii) the respective demands of local people and (iii) their personal 

views concerning the importance of natural forests and the satisfaction with their provisioning 

services; and finally (iv) gathered their awareness of limited consequences of former forest 

development and requirements for forest landscape restoration. 

Thirty-nine NTFP tree species were found for various uses such as food, medicine, and 

resin or oil. Random on-site interviews of 120 out of 627 local households were conducted in a 

commune with high dependency on local natural forest products. Their importance and 

satisfaction ranking of natural forests - considering different target groups with respect to 

gender, income, age-class, and education - was commenced. Multiple methods were used to 

assess an array of gathering information, which are related to (a) the forest resources importance 

and (b) the local people satisfaction. These were set into context with the involvement of non-

timber forest goods extraction, landslides, goods declination, and the perception for natural 

forest landscapes restoration, in order to clarify perspectives on forest provisioning services. 

The results revealed remarkable differences among target groups, adjustment, perceptions. The 

insufficient supply of NTFPs, particularly profitable natural medicine provision, urges for 
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adapted silvicultural measures. The results imply that NTFPs from natural forests are not only 

very important to the local communities, but also contribute to the enrichment of biodiversity. 

The participation of local people in practical forest management and forest improvement should 

be considered in the decision-making process for natural forest landscape restoration of remote 

mountainous areas. 

The findings of this study can support sustainable forest management; natural forest 

landscape restoration with the involvement of local communities; conservation practices of 

biodiversity, based on topographic conditions; land-use planning; identification of dominant 

tree species using vegetation indices’ values, and land cover and land-use classification using 

open source satellite images. This final component will be aided by application of machine 

learning algorithms in the current study area and in the central mountainous area of Vietnam. 
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Chapter 1. Introduction 

1.1. Overall introduction 

Tropical forests, which are the “house” of biodiversity on our planet in terms of 

provisioning habitats for many fauna and flora species, are located between the Tropic of 

Cancer (23º 27’ N) and the Tropic of Capricorn (23º 27’ S) [1]. Many of their tree species are 

endemic [2,3]. Tropical Moist Forests, which cover around 115 Mio ha and about seven percent 

of the total land area in the world, consist of many different forest types. Some forest types 

contain a variety of different mixed species, but other types may have one or some dominant 

species [4]. In Asia, the tropical moist forest cover totals about 22 Mio ha and extends from 

Bhutan, Myanmar, and Bangladesh in the north, across parts of India, through continental SE 

Asia and the Malay Peninsula, and across the islands of Indonesia and the Philippines. Tropical 

lowland forests cover about 14.7 Mio ha of this area, and about 20 Mio ha is closed broad-

leaved forest in which the crowns of trees form a continuous canopy [4]. According to FAO 

[5], the natural forests are composed of indigenous trees in difference to plantation forests. The 

natural forests themselves consist of forest stands sub-stratified into various vegetation stories 

dominated by different species in each story respectively [6,7]. In this study, we refer to the 

natural forests as being composed of the original vegetation species that immigrated naturally 

and that consist of indigenous and native tree species. The natural forests persist in their 

structures, and variations in species composition are still recognized through different vertical 

layers such as upper, middle, lower, and shrubs. However, even these layers have been strongly 

impacted or heavily disturbed [7,8].  

Vietnam, an S-shaped tropical country in the Southeast Asia, covers a total natural area 

of 33,1 Mio ha [9], and is situated between 102º 08' - 109º 28' E and  8º 02' - 23º 23' N. The 

country has about 3,260 kilometers of coastline. Vietnam has formally recognized eight 

different agricultural-ecology regions. These are North West, North East, Red River Delta, 

North Central Coast, South Central Coast, Central Highlands, South East, and Mekong River 

Delta [10]. The total area is classified into three different land-use categories which are (1) 

agricultural land of 27,3 Mio ha, (2) non-agricultural land of 3,7 Mio ha, and (3) unused land 
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of 2,1 Mio ha [9]. About three-quarters of the territory is a hilly area spreading from the coastal 

area to the plain, midland, central highlands, and mountainous regions. Vietnam is a tropical 

monsoon climate country with a sub-tropical monsoon season and a high mountainous 

temperate climate. According to Toan [11], it has three climate zones: the north and the east of 

the Truong Son range, and the south. This excludes the east sea climatic zone with ten typical 

climatic regions each representing different ecological regions. Soil types in the mountainous 

regions consist of a  typical tropical and sub-tropical mix of brown and black Ferralit and 

Podzoluvisols [12]. The (floristic and faunistic) biodiversity of forests in Vietnam was highly 

ranked worldwide and within Southeast Asia. Apart from Vietnam ‘s indigenous and endemic 

features, the flora was found streamlining from China, India - Himalaya, Malaysia - Indonesia, 

and other regions, including temperate ones [3,6]. The diversity of Vietnam‘s natural forest 

ecosystems is a determining factor in the diversity of plant and animal species [13]. According 

to Thin [14], the country hosts around 19,357 plant species (including about 15,000 vascular 

plants), which belong to 2,524 genera and 378 families. The endemic species account for around 

30% of plants in the north and about 25% of the total number of plants across the country [15]. 

Most of the tree species reach a large size and can be used for commercial timber production. 

The abundance of biodiversity has given the forests of Vietnam tremendous value in economics 

terms as well as for sciences. Various products are provided by forests such as timber, fuelwood, 

and fodder; all contributing to the economy. Many forest tree species also provide potential 

sources for non-timber forest products (NTFPs) such as fruits, nuts, gums, resin, pods, and 

medicinal plants for human well-being [16,17]. It is estimated that 3,950 vascular plants have 

now been discovered and used for herbal treatment, which help in curing fatal diseases in 

Vietnam [18–20].  

Deforestation and forest degradation were most notable in the north-central, northeast, 

central highland, and northwest areas of the nation. These are then converted into different other 

land uses, mostly into agricultural land to achieve income [21,22]. The decline of natural forest 

areas causes the loss of potential supply of respective goods to local people as potential 

ecosystem provisioning services and leads to natural disaster risks such as landslides, drought 
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or flooding. Therefore, the restoration of the natural forest landscapes for human livelihoods 

and general well-being is essential. This can be successful with good communication, 

application of spatial data, and efforts aimed at engaging local people [23–25]. 

I conducted our study in the mountainous part of the North Central Coast (NCC) of 

Vietnam where most of the natural forests have been highly degraded and local people have big 

demands for forest products and ecosystem services provision [26].  

1.2. Research objectives 

The overall objective of this thesis is to characterize the state of natural forests in the 

research area by applying open source remote sensing technologies and to assess the supply and 

demand concerning NTFPs as potential forest provisioning services, in order to identify better 

solutions for appropriate restoration of the natural forest areas. 

1.3. Research questions 

Accordingly, attempts will be made to answer the following specific research questions:  

i) What are the influences of topographical conditions on (a) tree species distribution, (b) 

stand structures, (c) species biodiversity and (d) soil quality?   

ii) How is the performance of different optical satellite images for land cover and forest type 

classification using machine learning algorithms? 

iii) How does the potential supply of NTFPs of the natural forests correspond to the demands 

of local people in the study area and what is awareness of local people concerning the 

needs for forest improvement? 

1.4. Thesis overview 

This cumulative dissertation includes seven chapters in total which have been elaborated 

throughout the study process on “Forest Landscape Restoration and Ecosystem Services in A 

Luoi District, Thua Thien Hue Province, Vietnam”. Chapters 3, 4, 5 and 6 have been written as 

scientific manuscripts, of which chapters 3, 4, and 5 have already been published in academic 

journals. Chapter 6 was submitted in May and has been under review. 
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Chapter 1 presents key information on tropical forests, forest cover and forest land, forest 

ecological systems, forest landscape classifications, ecosystem provisioning services, current 

applications of remote sensing in forest classification, and forest landscape restoration in 

connection to ecosystem services. Furthermore, it spells out the overall research objectives, 

research questions, the key concepts, and the methodologies of the research. 

Chapter 2 introduces the relevant information related to the study area, namely location 

information, a description of the study area, land-use planning data, general geographical 

characteristics, vegetation cover data, climate conditions, and soil data, and data on social and 

economic conditions. 

Chapter 3 presents and discusses how topographic conditions of natural forests in Central 

Vietnam do influence tree species diversity, species distribution, and species composition. Use 

of Scatter Plot Matrices was applied to evaluate the correlation distribution of tree species, 

families, stem individuals, and basal area among ranked topographic elevations and slopes. The 

composition of the most dominant species of the representative plots from each topographic 

attribute was compared with those of the entire topographic attributes. 

Chapter 4 aims to (i) optimize the application of multiple bands of satellite images for 

land cover classification by using Random Forest algorithms and (ii) assess correlations and 

regression of vegetation indices of a better-performed land cover classification image. Vertical 

and horizontal structures of tropical lowland forests in Central Vietnam are considered using 

Sentinel-2 and Landsat-8 imagery to classify seven land cover classes (of which three forest 

types were sub-stratified natural forests) and different values of vegetation indices.  

Chapter 5 addressed the primary objectives of this study on (i) determining the content 

of SOC, STN, and pH values for different land-use types and (ii) studying the differences in 

SOC, STN, and pH under different land-use types, soil depths, and topographic aspects in A 

Luoi District.  

Chapter 6 (i) assessed the forest resources with respect to their potential provisioning 

services concerning non-timber forest products that can be used as foods, medicine, resins, or 
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oil; (ii) evaluated the demands of local people for non-timber forest products (NTFPs) as 

potential provisioning services from different natural forest types and at different elevations in 

the research area, by considering the respective importance and satisfaction ranking of different 

target groups of local people; and (iii) assessed local people’s perceptions of natural risks and 

shortages to evaluate their awareness and readiness for restoring the natural forest landscapes 

and (iv) to give recommendations as basic implications for restoration of natural forest 

landscapes in the remote mountainous regions in Vietnam.  

Chapter 7 summarizes the main results, their relevance, contributions of the research, 

and further research recommendations.  

The flowchart of the thesis structure is illustrated in figure 1.1. 

 

Figure 1.1. Flowchart of the thesis structure 

1.5. Concept, literature review  

According to Maginnis [25], forest landscape restoration was first conceived in 2001 and 

was defined as “a process that aims to regain ecological integrity and enhance human well-
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being in deforested or degraded forest landscapes”. The rate of deforestation and degradation 

of natural forests in Vietnam in general, and on the North Central Coast of Vietnam in 

particular, has become a big concern for the Vietnamese Government. Only small natural forest 

areas have somehow remained undisturbed resulting in tremendous losses of forest products 

and and a consistent provision of forest ecosystem services to local people living near the 

forests. Finding the most appropriate and consistent alternatives for a compromised strategic 

alignment is a challenge when it comes to goods decision making based on scientific and 

technical perspectives [27,28]. The decline of the different natural forest types at different 

elevations and inclinations of slopes in the A Luoi District poses questions of how to restore 

the natural forests and their provisioning services for local people who live nearby. Many 

studies on species diversity, species distribution, and species composition are available [29]. 

However, they do not consider the influence of geographical conditions such as slopes, 

elevations, and forest types. Furthermore, only few studies have applied the geographic 

information system (GIS) and remote sensing (RS) technology. A comparison of the 

performances of different satellite imageries of Landsat-8 and Sentinel-2 in land cover 

classification by machine learning algorithms is still missing. The payment for ecosystem 

services has been implemented with the focus on places where forests are impacted by hydraulic 

power systems or tourism activities but not for provisioning services of forest ecosystems in 

connection to different targeted groups of people. Natural forest landscape restoration focuses 

on opportunities to restore natural forest landscape sites considering perceptions and choices of 

local people. This is done by analyzing  vegetation and land-use types and evaluating ecosystem 

service potentials based on satellite images to characterize the different land cover types and 

geographical conditions with respect to their ecosystems provisioning services [30]. In order to 

assess the natural forests and their potential of ecosystem provisioning services for the local 

stakeholders in the communes of the A Luoi District, Thua Thien Hue Province, respective 

satellite data and ground truthing are needed for the forests. The forest products with the most 

potential are timbers, fuelwood, materials for cultivation tools, and various Non-Timber Forest 

Products (NTFPs) for medicines, resin or oil, food and handicrafts. All are to be seen as forest 
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ecosystem services, which contribute to human well-being. However, logging activities from 

the natural forests for timber production have been banned since November 2017 [31,32]. 

Urgent accompanying activities include investigating the current status quo of the forests, the 

current natural forest management, and the recent provision of ecosystem services to elaborate 

a sound scientific basis for adapted forest management concepts that halts the ongoing forest 

landscape deterioration and destruction. Identifying the most adaptive species for restoration of 

the coastal disaster-prone landscapes is essential.  

 1.5.1. Forest cover and forest land classification  

According to Decision No. 1819/QĐ-BNN-TCLN dated May 16, 2017 by the Ministry 

of Agricultural and Rural Development [33], the total forest land occupied around14,4 Mio ha, 

accounting for 43% of the total natural area of the country. 10,2 Mio ha of this forest land  were 

classified as natural forests, equivalent to 31% of the total natural area. Plantation forest area 

was 4,3 Mio ha representing 13% of the total natural area. Forests in Vietnam are classified by 

functions into three categories: the biggest ratio is production forests (PF) with 6.7 Mio ha 

occupying 46% of the total forest area for goods production; the second category is protection 

forest (WPF) with 4.5 Mio ha equivalent to 32% of the total forest area for watershed, soil 

erosion protection; the third category is special use forest (SUF) with 2.1 Mio ha occupying 

15% of the total forest area for biodiversity conservation and research. Additionally, there are 

other side areas which are used for different purposes such as roads, watch houses, etc. with 1.0 

Mio ha and equivalent to 7% of the total forest area. These are presented in (Table 1.1).   
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Table 1.1. National forest area classified based on functions in Vietnam in 2017 (in Mio ha) 

No Forest types 
Total 

(Mio. ha) 

Forest classification by functions 

Special-Use 

Forest 

Watershed 

Protection 

Forest 

Production 

Forest 
Others 

I Forestry area 14,38 2,14 4,54 6,67 1,03 

1 Natural forests 10,24 2,10 3,87 3,92 0,40 

2 Plantation forests 4,14 8,20 0, 67 2,76 0,63 

II Geographical sites 14,38 2,14 4,54 6,67 1,03 

1 Forests on soiled mountain 13,2 1,84 3,94 6,46 0,96 

2 Forests on rocky mountain 0,93 0,26 0,46 0,15 0,50 

3 Swamp forests 0,20 0,33 0,12 0,45 1,0 

4 Forests on sandy area 0,46 0,46 0,19 0,15 0,12 

III Forest vegetation 10,24 2,1 3,87 3,92 0,40 

1 Woody forests 8,84 1,86 3,41 3,24 0,32 

2 Bamboo 0,24 0,29 0,65 0,13 0,20 

3 Mixed woody - bamboo 

forest 
1,16 0,17 0,39 0,54 0,57 

4 Palm forests 0,48 0,15 0,16 0,35 0,13 

IV Forests by volumes 8,84 1,86 3,41 3,24 0,32 

1 Rich forest 0,77 0,39 0,22 0,16 0,31 

2 Medium forest 2,17 0,62 0,80 0,72 0,25 

3 Poor forest 2,97 0,55 1,23 1,1 0,10 

4 Exhausted forest 0,59 0,91 0,22 0,25 0,30 

5 Regeneration forest 2,34 0,20 0,95 1,02 0,16 

(Source: Decision No. 1819/QĐ-BNN-TCLN dated 16 May 2017 by MARD) 

The forest vegetation cover is divided into four categories, namely woody, mixed woody 

and bamboo, bamboo, and palm forests. With 86% the woody forest occupies the greatest 

percentage, followed by mixed woody and bamboo forest with 11%. The ratio of forest 

functions of the forest vegetation covers 20% of SUF, and 38% of both PF and WPF. Forest 

classification based on the existing standing volume for forest production classified forests into 

five categories: rich, medium, poor, exhausted, and regeneration forests (Table 1.1). According 

to the Circular No. 34 [34] from 2009, the PF occupied 37% of the total area based on forest 

volume smaller than those in WPF. The ratios of PF in rich, medium, poor, exhausted, and 

regeneration forests were 21%, 33%, 37%, 42%, and 44% respectively. The exhausted and 

regeneration forests had volumes of below 10 m3 ha-1 to 50 m3 ha-1 [35]. The North Central 
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Coast of Vietnam (NCC) had a total forest area of 3,1 thousand ha, of which the natural forest 

was 2,2 thousand ha, and occupied 43% of the natural area (Table 1.2). Thua Thien Hue has a 

total natural area of 502.929 ha and the natural forests account for 42% of that [33].  

Table 1.2.  Forest land in the North Central Coast of Vietnam in 1000 hectare 

Provinces 
Forest area 

(ha) 

Natural forest 

(ha) 

Plantation forest 

(ha) 

Cover  

(%) 

Thanh Hoa 626,73 394,02 232,71 52.9 

Nghe An 988,47 786,93 201,53 57.0 

Ha Tinh 325,52 218,43 107,09 52.4 

Quang Binh 591,41 480,21 111,20 67.5 

Quang Tri 254,33 143,33 111,01 49.6 

Thua Thien Hue 312,34 212,17 100,17 56.3 

Total area 3,099 2,235 864 56.5 

(Source: Decision No. 1819/QĐ-BNN-TCLN dated 16 May 2017 by MARD) 

According to Thai [7], the lowland evergreen broadleaf forests are mostly dominated in 

Vietnam. Four forest types were introduced by Löschau have been commonly used since in 

1961 [36,37]. Those forest types are: (1) primary or less impacted forests, including natural 

ecosystems whose structure is seen as a product of ecological factors; (2) natural forests have 

been impacted in different intensities and are divided into three subtypes (high, medium, and 

minor interventions of humans); (3) natural forests that have been heavily deforested and are 

being rehabilitated; and (4) forest lands with scattered potential crop trees or land with low 

vegetation cover. Plantation forest occupies smaller proportion comparing with natural forest 

due to the narrow shape and high elevations and steep slopes. 

1.5.2. Forest ecosystem classification 

Vietnam has eight ecological forestry regions: Northwest, Northeast, Northern Delta, 

North Central Coast, South Central Coast, Central Highland, Southeast and Southwest, as well 

as 47 ecological sub-regions [12].  The two main ecological zones are divided into North and 

South with the boundary being the Hai Van Pass and the Bach Ma Mountain ranges. The major 
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tropical forest formation is composed of various forest species, including primary and 

secondary forests with different tree species that are essential for predicting the biological 

productivity [38]. The range of forest vegetation types includes evergreen closed tropical rain 

forest; semi-deciduous closed tropical humid forest; ever-green broad-leaved forests on 

limestone; natural needle-leaved forests; dry dipterocarp forest; mangrove forest; swamp 

forests, and bamboo forests [5,7]. According to Thai [7], the major forest types in Vietnam are 

moist evergreen forests, deciduous semi-moist evergreen forest, mangrove forest, coniferous 

forest, broadleaved forests, and montane forests; of which the most dominant are moist 

evergreen forests. The typical natural ecosystems are evergreen closed tropical rain forests. This 

vegetation type is very diversified and abundant and is distributed throughout Vietnam from 

Quang La, Tien Yen of Quang Ninh, Cao Bang, Lang Son, Phu Tho, Yen Bai, Tuyen Quang, 

Lao Cai, Ninh Binh, Thanh Hoa, Nghe An, Ha Tinh, Quang Binh, Quang Tri, Thua Thien Hue, 

and Quang Nam provinces, Bach Ma mountain, and Kon Tum, Dak Lak of the Central 

Highlands. Forest ecosystems are distributed at an area of elevation below 700 m in the north 

and less than 1.000 m a.s.l. in the south, where there is an average temperature of 20 – 25ºC and 

annual rainfall ranging from 1200 mm to 2500 mm.  

1.5.3. Landscape definitions and planning for human well being 

According to Forman and Godron [39], landscape was defined as a heterogeneous land 

area composed of a cluster of interacting ecosystems that repeat in similar form throughout, and 

Turner et al [40] defined landscape as an area that is spatially heterogeneous in at least one 

factor of interest. Meanwhile, the process of making decisions in different landscapes requires 

diligent management that effectively develops a consensus of involved local communities in 

order to achieve prioritized objectives and corresponding choices [41,42]. According to 

Déjeant-Pons [43],  the European Landscape Convention defined landscape as an area that the 

character results from the action and interaction of natural and human factors, where 

biodiversity plays a key role in providing benefits [44]. A loss of biodiversity reduces both, 

quantity and quality of ecosystem services supply as well as the resilience of these systems. 

Community involvement is considered as a precondition for sustainable landscapes and 
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thoroughly promoted as an outstanding tool for successful landscape planning [45,46]. 

Furthermore, providing information on how environmental services flow from different 

vegetation covers of landscapes, different topographies, etc. is crucial [47–51].  

1.5.4. Landscape Restoration and Ecosystem Services 

Forests play very important roles for not only human beings but also for the Earth ‘s 

ecosystems, especially in our current lifetimes. It was reported that there are about 32% 

Vietnamese people who depend on forests and forest products for their livelihoods through 

collecting food, vegetables, fuelwood, and medical plants either for their daily use or for sales 

[52]. Forests, where assessible, are an essential supply of goods for forest-dependent people. 

The forest goods that local people are allowed to use as provisioning services of natural forests 

are regulated and limited under Decision No. 178/2001/QD-TTg. This Decision deals with the 

use options and obligations of households and individuals related with assigned, leased, or 

contracted forests and forestry land [53]. Decision No. 49/2016/QĐ-TTg deals with production 

forest management [54]. The procedures for the exploitation of forest goods are stipulated at 

the Circular No 21/2016/TT-BNNPTNT dated 28 June 2016 [55]. The Millennium Ecosystem 

Assessment (MA) defined ecosystem services as the benefits people derive from natural 

ecosystems [56]. This idea was developed based on the intentions of both scientists and 

policymakers to manage and enhance the natural environment in a sustainable way [57]. In this 

context, it was stated that the concept of ecosystem services aimed to encourage nature 

conservation efforts and sustainable land-use planning in both ecological and social-related 

aspects of land-use practices [58,59]. The MA 2005 also defined different categories of 

services, originally: provisioning, regulating, cultural and supporting services, emphasizing that 

all of them depend on “life on earth”, and thus on biodiversity. Provisioning services supply 

natural goods, such as food, freshwater, fuelwood, biochemical or genetic resources; while 

regulating services lead to benefits obtained from natural ecosystem processes, such as climate, 

disease or water regulations, water purification, and pollination. Cultural services do launch 

further non-material benefits obtained from ecosystems such as spiritual and religious beliefs, 

recreation, health, tourism, aesthetic enjoyment, inspiration, perception as well as sense of 

http://luattrongtay.vn/ViewFullText?DocumentNo=49/2016/QĐ-TTg
http://luattrongtay.vn/ViewFullText?DocumentNo=21/2016/TT-BNNPTNT
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place, and cultural heritage; Supporting services such as soil formation, nutrient cycling or 

primary production  had been introduced as a further category since they are essential for 

allowing all the afore mentioned ecosystem services; later, they were realized to be implicit 

characteristics or functions of ecosystem [56] and basic prerequisite to supply ecosystem 

services. Life itself, as well as the entire human economy, depends on the goods and services 

provided by earth’s natural systems. Humans have changed ecosystems more rapidly and 

extensively in the last decades than in any comparable period of human history [60]. Natural 

forest areas have decreased considerably, a fact that affects local people's lives, especially those 

who live adjacent to and depend on forests for their livelihoods. The decrease causes an 

imbalanced supply of natural resources compared to their primary living resources [61,62]. 

According to Burkhard and Maes [63], human well-being is benefited from the contribution of 

ecosystem services. implying that ecosystem services are key elements for policy and decision 

making at various scales from global to local. Assessing and considering them will allow for 

numerous most useful applications such as sustainable natural resources management, land-use 

planning, environmental protection, nature conservation, and landscape restoration, as well as 

mitigation of natural disasters. Furthermore, non-timber forest products would contribute to 

sustainable forest management and development of communities because tropical forests 

contain enormous value per unit of area [64], Ranking such multi-dimensional values of 

ecosystem services based on natural assets for policy decision making is a complex process 

[65,66]. Restoration of forest landscapes has been conceived with the goal of meeting both, 

human needs and ecological priorities [67]. The regional supply of ecosystem goods and 

services is directly determined by the regional ecological integrity. This however is influenced 

by human actions and decisions such as land-use, land cover change, and technical progress. 

Human well-being (economic, social, and personal well-being) is based on the benefits derived 

from the people's actual use of ecosystems, i.e. of potential goods and services they can offer 

(Figure 1.2). The ecosystem services reflect the demand for goods and services by human 

society which relates to capacity of supply from ecosystems in which land-use are considered 

interventions by human well-being. The respective impacts on the ecosystems are manifold and 
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can include policies, population dynamics, economic factors, marketing trends, advertising, 

cultural norms, and governance [47].  

 

Figure 1.2. Conceptual framework linking ecosystem integrity, ecosystem services, and human 

well-being as supply and demand sides in human-environmental systems 

Understanding the interactions between humans and their natural environment, one needs 

to address respective theories, concepts, models, as well as perceptions. This requires 

multidisciplinary approaches and paying special attention to natural and human ecology as well 

as landscape changes and their implications for modeling an integrated social-ecological 

economical system [68]. 

In Vietnam, ecosystem services-related research and programs have increased only in 

recent years. Most of them are focused primarily on the evaluation of some marketable goods 

that can undergo economic assessments (such as wood and NTFPs provision, water supply and 

water regulation, climate-related services such as carbon sequestration, landscapes, and 

amenities for tourism). The ecosystem provisioning services as a supply source for the local 

people and their living conditions must be legalized in connection with returning or rebuilding 

natural resources via forest landscape restoration, some efforts have been realized but there are 

not many achievements to date [60].  

1.6. Methodological Overview 

The combination of methods for the study is presented in Figure 1.3. 
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Figure 1.3. Overview of research concept 

1.6.1.  Forest inventory for ground truthing 

The natural forest area was defined using the existing forest status map of the national forest 

inventory from the Forest Inventory and Forest Planning (FIPI) [35]. The natural forest area 

was then stratified into three forest types namely: rich forest as undisturbed forest (UF), medium 

forest as low disturbed forest (LF) and poor forest as disturbed forest (DF) based on the pre-

existing classifications [34]. Simple random sampling of points using the ArcGIS 10.5 in WGS 

84/UTM zone 48N was employed  [69,70]. The square sample compartments were laid out in 

200m intervals from the plot center of the two compartments in order to avoid double-counting 

and population bias. The square compartments are optimal for practical application because 

square plots are much easier to implement in the field than the triangle form [71,72]. The base 
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map and sampled points were transferred to the Global Positioning System (GPS) devices for 

ground-truth implementation in the field (Figure 1.4). 

  

  

Figure 1.4. Ground truth sampling (a) Positioning plot location, (b) Plot-size arrangement, (c) 

and (d) tree height measurement. 

The appropriate data from a classical forest inventory, which were conducted for different 

purposes including ground truthing of satellite images, in accordance with conventional forest 

inventory techniques and added the respective information about NTFP tree species. A total of 

90 plots with the size of 30 x 33.3 m were randomly sampled in the natural forests of the three 

forest types (UF, LF and DF). Each forest type had 30 sample plots, two elevations (H1=50 

plots, H2=40 plots), and two slope degrees (S1=38 plots, S2=52 plots), (Figure 1.5). The top 

a d 

b c 
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height (H) in meters and the diameter at breast height (DBH) of all living trees were recorded. 

The tree species were recorded in the Vietnamese language in the field by local tree 

dendrologists and were later translated to their scientific names [73]. The names of all tree 

species were checked to avoid synonyms in the Plantlist [74]. Coordinates, elevations, and 

slopes of all sample plots were recorded on-site with GPS devices with reference to the Shuttle 

Radar Topography Mission - Digital Elevation Model (SRTM - DEM). The overviewed 

calculation is presented as follows: 

 a) Sample size and normal distribution 

 Tree sample population is expressed as: 

The total tree population:  ɸ = 𝑥1 + 𝑥2+. . + 𝑥𝑁   (1) 

The mean value: µ =
𝑥1+𝑥2+..+ 𝑥𝑁

𝑁
 (2) 

Where: N is the total number of samples, x is the tree sample. 

Normal distribution of tree height and tree diameter are expressed as:  

                                     𝑓(𝑥) =
1

𝜎𝑥 √2𝜋
𝑒−

1
2

(
𝑥−𝜇

𝜎
)

2

           (3) 

Where: µ is the mean 

σ is the standard deviation 

The distribution of the number of stems per diameter class gives an insight into the forest 

stand structure [75]. These values are usually presented in the graphical form [1]. The 

distribution of the number of trees in relation to diameter is a useful tool to describe forest 

structure [76].  The distribution of stems per diameter class is important and the distribution of 

species per diameter class of each forest type and the geographical features are necessary to 

evaluate the changes in forest stands [37].  

Stand height distribution expresses the height of tree species in different stories, usually upper 

story (US), middle story (MS), and lower story (LS) [1]. 
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b) Individual tree  

Parameters of each individual tree were computed by: 

• Basal area in m2 

                                            𝑔𝑖 =
𝜋

4
𝑑𝑖

2 (4) 

• Volume of each tree individual m3 

𝑣𝑖 = 0.0002326 ∗ 𝑑𝑖
2.3457                            [77] 

Where: 𝑑𝑖 is the diameter at breast height of the individual tree measured at 1.3m 

c) Stand parameter calculation 

The stand parameters such as the density of stems ha-1, basal area ha-1, volume ha-1 were 

calculated. The mean height is also used to estimate the stand volume since the mean stand 

height  ℎ̅  is a useful target variable for early analysis and evaluation of stand structures [69]. 

- Density of stem ha-1 

 

𝑁ℎ𝑎 =  𝑁𝑖 ∗  
10000

𝑆𝑖
   (5) 

Where: 

𝑁ℎ𝑎 is the number of trees ha-1 

𝑁𝑖 is the number of trees per sampled plot 

𝑆𝑖  is the area of the sampled plot. 

•  Forest inventory parameters (m2 ha-1) 

 

𝐺ℎ𝑎 = ∑ (𝑔𝑖

10000

𝑆𝑖
)

𝑛

𝑖=1

 (6) 

Where: 

𝐺ℎ𝑎 is the total basal area ha-1 

𝑔𝑖 is the basal area of each individual tree. 

𝑆𝑖 is the area of the sampled plot. 

• Volume per hectare (m3 ha-1) 

𝑉ℎ𝑎 = ∑ (𝑣𝑖

10000

𝑆𝑖
)

𝑛

𝑖=1

 (7) 

Where: 

𝑉ℎ𝑎 is volume of forest stand 

𝑣𝑖 is volume of each tree individual 
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• Mean diameter   

The mean diameter was calculated based the arithmetic mean diameter of the forest stand �̅� 

�̅� =  
∑ 𝑑𝑖

𝑁
𝑖=1

𝑁
 (8) 

Where: di = diameter of the individual tree 

  N = total number of trees of the stand 

•  Mean height 

The mean diameter was calculated based on the arithmetic mean diameter of the forest stand ℎ̅ 

ℎ̅ =  
∑ ℎ𝑖

𝑁
𝑖=1

𝑁
 (9) 

Where: hi = diameter of the individual tree 

  N = total number of trees in the stand 

• Standard error of means   

The standard error is the measure of the variability of estimation and it is the square root 

of the error variance [72]. The parameters of the population were estimated from the results of 

each sample plot. However, the precision of an estimate depends on the sampling method, 

sample size, and the variation within the population of investigated data [69]. The standard error 

of the mean (and the coefficient of variation of the mean) is used to evaluate an investigation’s 

reliability and to predict the precision of the vegetation assessment. If the standard error does 

not exceed the desired value, it implies that the given number of samples and the sample size is 

sufficient [78]. According to Akça [79], standard error (𝑆�̅�) and standard error of the mean 

(𝑆�̅�%) can be calculated as follows: 

𝑆�̅� =
𝑆𝑥

√𝑛
 (10) 

Where: Sx = standard deviation  

 n = number of samples 

The standard error of the mean as a percentage (𝑆�̅�%) was calculated as follows: 

𝑆�̅�% =
𝑆�̅�

�̅�
. 100 (11) 

Where: 𝑥 ̅= mean  

d) Tree species composition 



  

19 

 

The Important Value Index (IVI) designed by Curtis and McIntosh [80] is used to rank 

the importance of species.  Species composition and stand structure of rich, medium, and poor 

forests differ from each other. Assessing the stand differences (based on the floristic 

composition and the ecological importance of species) is the most well-known method used to 

compare the ecological significance of a species in a given forest type. The same (or at least 

similar) stand composition and structure, site requirements, and comparable dynamics can be 

obtained if the IVI of the species is more or less the same [1]. The Importance Value Index was 

calculated by adding relative abundance, relative dominance, and relative frequency of each 

species [81]. The Importance Value Index lists the top ranked species based on their IVI of the 

forest stands. 

Where: Species dominance = basal area (m²/ha) 

Species abundance = number of individuals per ha 

Species frequency = % of subplots in which the species is represented 

• Species dominance 

𝐷𝑜𝑚𝑖𝑛𝑎𝑛𝑐𝑒 =  
𝑇𝑜𝑡𝑎𝑙 𝑏𝑎𝑠𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝑏𝑎𝑠𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑓𝑎𝑙𝑙 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑖𝑛 𝑎𝑙𝑙 𝑝𝑙𝑜𝑡𝑠 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑓𝑜𝑟𝑒𝑠𝑡 𝑠𝑡𝑎𝑛𝑑
 (12) 

 

• Species abundance  

𝐴𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑟𝑒𝑒 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑙𝑙 𝑡𝑟𝑒𝑒 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑓𝑜𝑟𝑒𝑠𝑡 𝑠𝑡𝑎𝑛𝑑
 

(13) 

• Species Frequency 

𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑜𝑡𝑠 𝑖𝑛 𝑤ℎ𝑖𝑐ℎ 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑜𝑐𝑐𝑢𝑟𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑙𝑙 𝑝𝑙𝑜𝑡𝑠 𝑖𝑛 𝑒𝑎𝑐ℎ 𝑓𝑜𝑟𝑒𝑠𝑡 𝑠𝑡𝑎𝑛𝑑
 

(14) 

Species Importance Value Index = relative dominance + relative abundance + relative 

frequency [81].  

e) Tree species richness and diversity 

In general, higher values of biodiversity (as described by indices such as species diversity and 

species dominance) indicate larger species richness [82].  

The Shannon Index (H) of species was calculated based on [83]: 
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𝑆ℎ𝑎𝑛𝑛𝑜𝑛 𝐼𝑛𝑑𝑒𝑥 (𝐻) =  − ∑ 𝑝𝑖 ln(𝑝𝑖)

𝑠

𝑖=1

   (15) 

where; pi is the proportion of S made up of the ith species. 

 

The Evenness (Eq) calculation is based [84] on the species equitability and is proportional to 

the individual based number of species. It expresses the information content per individual 

within an infinite population at: 

𝐸𝑞 =
𝐻

ln(𝑆)
 (16) 

where H is Shannon Index and ln(S) is the natural logarithm of the total number of species in 

the attribute. 

f) Correlation coefficient  

The linear relation between two variables is defined by a given correlation coefficient in a set 

of observations (x1, y1), (x2,y2),...(xn,yn) and is denoted in a formula: 

𝑟 =
1

𝑛 − 1
 ∑ (

𝑥 −  𝑥

𝑆𝑥
) (

𝑦 −  𝑦

𝑆𝑦
) 

 

(17) 

The value of the correlation coefficient ranges between -1 and 1. It means that the correlation 

can either negative or positive within that range. 
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Figure 1.5. Study area and lay-out of ground truth sample plots  

Data sample arrangement for the forest types: UF = Undisturbed forest (green), LF = Less 

disturbed forest (yellow), DF = Disturbed forest (orange); For elevations above sea level: 

H1=150-699 m indicated by the light-blue dotted line, and H2 = 700-1162 m indicated by the 

dark-brown dotted lines and the area for household interviews in the light-orange circle where 

local people have been inhabited. 

1.6.2. Remote sensing options  

A forest monitoring system must be considered as a fundamental tool to support the 

management of landscapes, land uses, ecosystems, as well as biodiversity for multiple 

production purposes at the national and local scales [85–89]. The use of remote sensing data 

(especially in the tropical countries) for mapping land cover and land uses, the management of 

natural resources, monitoring processes, and strategy development is increasing. Yet, many 

questions have not been solved, especially concerning discrete classes or continuous land cover 

attributes [90]. Remote sensing images provide potential information on tropical forest 
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landscapes and land use types [91]. However, ground-based assessment (ground truthing) is 

essential for applying remote sensing imagery and enhancing land cover and land use 

classification [92]. In this respect, one of the most important parameters of the forest is its 

structure, which provides information to improve the estimation of forest stand variables [93]. 

The structure of a forest reflects the spatial distribution. It is an important factor in forest 

ecological processes, which affect the occurrences of taxa and the resistance of the stands to 

disturbance [94,95]. Sentinel-2 imagery from the European Space Agency (ESA) and Landsat-

8 imagery from the United States Geological Survey (USGS) are two important open data 

sources. They were developed to support vegetation mapping, land cover mapping, land use 

mapping, environmental monitoring, among other uses such as biophysical and geographical 

resources mapping [96,97]. Sentinel-2 imagery measures reflected radiance within 13 spectral 

bands, whereas Landsat-8 has eleven bands. Multi-spectral bands help to map the vegetation 

types at a regional scale [98,99]. The use of vegetation indices from remote sensing images 

contributes to effective land use planning as well as informed natural resources management 

and policymaking in general [100–103]. The overview of spatial data processing is presented 

below: 

a) Atmospheric correction of satellite images 

The satellite images were acquired at the time of the ground truth-data collection and 

were downloaded from the United States Geological Survey [104]. All bands were converted 

to radiance, top-of-atmosphere (TOA) reflectance, and surface reflectance and resampled to 10 

m x 10 m resolution using nearest neighbor resampling method was applied in this study 

[105,106]. The Shuttle Radar Topography Mission (SRTM) Digital Elevation Model (DEM) 

referencing was performed before any further processing and calculation, except on band 10 of 

Sentinel-2 imagery and bands 8 and 9 of Landsat-8 imagery. The imagery was atmospherically 

corrected by using the Sen2Cor version 2.8 tool in compatibility with the platform of Sentinel 

Application Platform (SNAP) toolbox [107] to perform the corrected image as Level-1C output 

product which was further resampled to a relevant resolution. The Simplified Method for 

Atmospheric Corrections of satellite measurements can also be applied with the described 
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algorithm for the atmospheric correction of satellite imagery in the solar spectrum introduced 

by Rahman [108]. 

𝑆 =
1 − 1

𝛼0 − 𝛼1 ∗ 𝛿550
 (18) 

Where: the spherical albedo, S, is expressed as a function of the aerosol optical depth at 550nm 

and α0 and α1 are parameters that need to be determined for a given spectral band and aerosol 

model. 

The conversion from TOA radiance (LTOA) to TOA reflectance (RTOA) is expressed:  

𝑅𝑇𝑂𝐴(𝜆) =
𝜋 𝐿𝑇𝑂𝐴(𝜆)

𝐸0(𝜆)𝑐𝑜𝑠(𝜃)
 (19) 

Where: E0 and θ are the solar spectral irradiance and the sun zenith angle, respectively. 

For Landsat-8, the conversion digital number (DN) to radiance is expressed: 

𝐿𝜆 = 𝑔𝑎𝑖𝑛 ∗ 𝐷𝑁 + 𝑏𝑖𝑎𝑠 (20) 

Where: DN = digital number 

gain = gain value for a specific band 

bias = bias value for a specific band 

And the spectral radiance scaling is expressed: 

𝐿𝜆 = ((𝐿𝑀𝐴𝑋𝜆 − 𝐿𝑀𝐼𝑀𝜆)/(𝑄𝐶𝐴𝐿𝑀𝐴𝑋 − 𝑄𝐶𝐴𝐿𝑀𝐼𝑁)) ∗ (𝑄𝐶𝐴𝐿 − 𝑄𝐶𝐴𝐿𝑀𝐼𝑁)

+ 𝐿𝑀𝐼𝑁𝜆 

(21) 

Where: Lλ = cell value as radiance 

QCAL = digital number 

LMINλ = spectral radiance scales to QCALMIN 

LMAXλ = spectral radiance scales to QCALMAX 

QCALMIN = the minimum pixel value 

QCALMAX = the maximum pixel value 

The radiance to TOA reflectance according to the Landsat user handbook expresses: 

𝜌𝜆 =
𝜋 ∗ 𝐿𝜆 ∗ 𝑑2

𝐸𝑆𝑈𝑁𝜆 ∗ 𝑐𝑜𝑠𝜃𝑠
 

(22) 

Where: ρλ = Unitless planetary reflectance 
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Lλ= spectral radiance 

d = Earth-Sun distance   

ESUNλ = mean solar irradiances 

θs = solar zenith angle 

The resampling of the Sentinel-2 imagery was done by using SNAP and that of Landsat-8 by 

using ArcGIS 10.5. 

b) Land cover classification algorithms  

Many studies have tried to optimize the use of information from remote sensing (RS) by 

using machine learning algorithms such as: support vector machine, k-Nearest Neighbor, and 

Random Forest; all of which are non-parametric classifiers to classify land cover [109–111].  

Maps of land cover can also be made from different sources of remote sensing data such as 

multispectral imagery, hyperspectral imagery, and radar aperture [112–115]. Of those the 

algorithms mentioned above, Random Forest (RF) is the most used artificial methodologies for 

land cover and land use classification, according to Raczko and Zagajewski [116] and  Breiman 

[117]. The Random Forest classifier is a set of combinations of tree classifiers and features in 

selection measures used for trees. It uses the Gini Index as an attribute selection measure, which 

measures the impurity of an attribute concerning land cover classes. For a given training set D, 

one selects the respective pixel at random which belongs to a class Ki. The Gini index can be 

expressed: 

∑ ∑(𝑓(𝐾𝑖 ,𝐷)/

𝑗≠𝑖

|𝐷|)(𝑓(𝐾𝑗,𝐷)/|𝐷|) 
(23) 

Where: (f (Ki D) / (|D| is the probability that the selected case belongs to class Ki 

The number of features used at each node to generate a tree and the number of trees to be 

grown are two user‐defined parameters required to generate a Random Forest classifier. At each 

node, only selected features are searched for the best split. Therefore, the classifier of Random 

Forest contains N trees, where N is the number of trees to grow, that can be any value of a 

random pixel defined by the user to classify a new dataset and select the most voted trees [118]. 

The sampling classification was done for seven different land use and land cover classes that 
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are Residential and Constructions (RC); Water and River (WR); Agriculture (Agr); Slash and 

Burnt (SB); Disturbed Forest (DF); Low Disturbed Forest (LF) and Undisturbed Forest (UF) 

[119]. 

c) Vegetation indices and forest structures 

Spatial resolution is dependent on the particular spectral bands, but 10 m resolution of 

Sentinel-2 imagery can provide feasible phenological values for different landscapes [120]. 

Several studies applied multi-spectral bands of Landsat-8 imagery with a resolution of 30 m to 

assess vegetation dynamics [121]. Vegetative cover via the Vegetation Index (VI) is one of the 

most important variables for vegetation cover classification since VI is captured from the 

radiometric biophysical derivation and vegetation structure. High-resolution images with the 

support of promising techniques can potentially capture forest status data but may not obtain 

data on productivity, which can partially reflect forest structure [93]. The values of ten VIs were 

calculated from different combinations of spectral bands (mostly from NIR and red bands) and 

were derived from the better-performed images [122–124]. The study compares the values of 

vegetation indices between the ground truth data and the training sample plots of VIs from the 

best-performing satellite images. The study also evaluated the correlation and regression of 

vegetation indices in terms of vertical and horizontal structures in the tropical lowland forests, 

based on the above-mentioned two sensors.  

1.6.3. Relevance of ecosystem services and landscape restoration 

The Millennium Ecosystem Assessment [56] stated that ecosystem services provided by 

forests have drawn enormous attention and concerns from different players such as institutional 

organizations, the media, the public, and private interest groups. It emphasized further that 60% 

of the ecosystem services in the world were already degraded. According to FAO [125], global 

forest degradation and deforestation rates remain alarming. Even though the forest cover 

increased in recent decades, the decline of forest quality accounted for big portions of forest 

degradation while deforestation rates remained high globally. The quality loss of also affects 

forest habitats and biodiversity, as well as the provision of ecosystem services [126,127]. 

Ecosystem service integrity have been considered as great global concerns, especially by 
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scientists and governors. The loss of forest biodiversity in Vietnam has been influenced by the 

exhausting harvest of forest products (including non-timber forest products), land-use changes, 

and the lack of a sustainable management [58,128]. The study of De Groot showed that among 

the values of ecosystem services in 10 different biomes, tropical forests occupied 14% of the 

total, equivalent to around 10.000 USD/ha/year-2007 [129]. The supply of ecosystem services 

from forests could particularly provide people who live close to the natural forests. They could 

contribute to the economic and living conditions of the local communities where innumerous 

lives rely on the respective forest products, aside from their small paddy land which cannot 

produce sufficient food quantities [130,131]. 

Ecosystem restoration is seen as key to ensure the sustainable use of natural resources 

and secure the adaptability of natural systems to disasters and climate change. According to the 

handbook on the restoration opportunities assessment methodology [132], the restoration 

options for forest landscapes can be assessed at both, national and sub-national levels. The 

principles for restoration involve everything from entire landscapes to individual sites. By 

focusing on habitats and their functionality sustainable generation of forest products and 

ecosystem services can be achieved. This requires the involvement of communities and the 

promotion of forest landscape restoration strategies, with the goal of avoiding the declination 

of natural forest cover, the loss, and the conversion of forests. However, only few studies have 

attempted to establish empirical data for the dependence of local communities on nearby natural 

forest areas so far.   

1.6.4. Assessment of NTFP potential supply and demand  

A questionnaire was developed and used for surveying the land-use perspectives of land 

users and related stakeholders in communes near the natural forest landscape. The survey was 

conducted in October 2017 (Figure 1.6). A total of 120 households were randomly chosen based 

on pre-selected villages where local people’s lives are known to dependent on natural forest 

resources to some extent. The surveys were conducted in a mountainous area in A Roang 

Communes and considered different target groups such as gender, income, age-class, and 

education levels. The objective was to identify NTFP supply in study ecosystem provisioning 
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services related to a cluster of indicators of goods [133–135]. As documented in Figure 1.6 the 

survey was conducted by a team (a) on household level (b), supported by groups of household 

consultancy (c), and accompanied by a forest management board (d). 

  

  

Figure 1.6. Ecosystem provisioning services survey (a) giving introduction and training to the 

team, (b) household interview, (c) group interview, (d) discussion with forest rangers. 

The clustered sample of the interviewed households is denoted in formula (24). The 

necessary sample size of the interviewed households was calculated based on Slovin’s formula 

[136,137]. 

𝑛 =
𝑁

1 + 𝑁𝑒2
  (24) 

Where: n is the number of samples; 

N is the total number of households in the area 

e is the margin of error at 5% equivalent to the assumed value of confidence at 95% 

where the estimates of indicator to be measure assuming is of around 26%. 

a b 

c d 
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Where natural forests have been seriously degraded, local people have faced a shortage 

of forest products as the natural ecosystem capital declined [26]. As a result the flows of 

ecosystem provisioning services from the natural forests got lower [138], a fact which causes 

an imbalance between the NTFPs supply and the demand of local people on ecosystem services. 

Participatory Rural Appraisal (PRA) was used to obtain the information on cultivational 

practices as well as the perceived importance of forests, satisfaction obtained from the forest, 

and general observations by local people related to ecosystem provisioning services [139,140].  

The relationship between the potential of natural forest ecosystems to offer provisioning 

services and the needs for landscape restoration is illustrated in Figure 1.7. Where the planning 

and management of natural forest landscape restoration was in focus, the demands and supply 

of ecosystem provisioning services are in balance [141]. Therefore, restoration of the natural 

forest landscape and proper management are considered to be crucial for the preservation and 

enhancement of the sustainable capacity of ecosystem services.  

 

Figure 1.7. Relationship among potential provisioning services of natural forests, supply and 

demand assessment for landscape restoration planning and management  

The assessment of perceptions of local people was obtained with a participation and 

observation-based participatory approach throughout the process of forest landscape 



  

29 

 

restoration. In this respect, the pre-assessment of local perceptions concerning the importance 

of forests and the satisfaction obtained from natural forests, combined with the perceptions of 

potential ecosystem services was a critical part of this study. It can be very useful to balance 

supply and demand and support raising awareness of environmental contributions to human 

well-being. 
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Chapter 2. Study area 

2.1. Geographic position and Topography 

The study area is situated between 107°22´E to 107°30´E and 16°02´N to 16°10´N in the 

western part of Thua Thien Hue Province (Figure 2.1). The A Luoi District borders on Dakrong 

of the Quang Tri Province, Phong Dien of Thua Thien Hue to the north, Huong Tra, Huong 

Thuy, and Nam Dong Districts to the east, Tay Giang of Quang Nam Province to the south, and 

the Salavan and Sekong Provinces of Laos’ People Democracy Republic (PDR) to the west. 

The greater area is a part of the Truong Son Mountain Range bordering on Laos.   

 

Figure 2.1. Location of the study area in Thua Thien Hue Province 

The study area is hilly and mountainous and is often affected by landslides and heavy 

rains as part of typical tropical weather events. This is especially true in the NCC of Vietnam 

where the width of off-shore land is narrow and steep [1,2]. The Truong Son Annamite Range, 

in the study area, extends for almost 1200 km from the north to the south along the Vietnamese 

border with Laos and Cambodia. The northern part of the Truong Son Range, situated within 
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the narrowest part of Vietnam, contains the highest peaks. Some of which reach above 1300 m 

and within some passes below 500 m a.s.l. [3,4], as presented in Figure 2.2a. The slope gradient 

is considered as the principal causative or triggering factor in landslide intensity [5], as 

presented in Figure 2.2b.  

 

Figure 2.2. The elevations (a) and slopes (b) of A Luoi District 

A Luoi District consists of undulating topographies with the steepest hillside reaching 48 

degrees in continuous mountains with the elevation of more than 1162 m a.s.l. The district 

contains secondary forests in upper stream areas. The conversion of the secondary forest to 

plantations of fast-growing tree species like Acacia spp., Hevea brasiliensis, rubber, and 

cassava is affected through slash and burn techniques. This also occurs in the hillsides or in the 

lower zones of streams where local people grow rice and fruit trees. The above cultivational 

practices are also common to most people living in the mountainous area. Such topography in 

the study area can be considered as a trigger or principle factor for landslide occurrence, which 

results in potential risks for local inhabitants and their belongings [6,7]. Slope gradients can be 

evaluated and depicted spatially by using the digital elevation model (DEM) [8] as presented in 

a b 
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Figure 2.3. Any negative impacts on the existing natural forest landscapes may result in tangible 

and/or intangible losses in the area [7].  

2.2. Land-use and Main cultivations 

The total natural land area (Table 2.1) in A Luoi District is 122,521 ha, of which forest 

land occupies more than 89% (109,633 ha). The Watershed Protection Forest land (WPF) has 

the biggest ratio of the total forest land in the district with 44%, the next biggest percentage is 

held by  Production Forest Land (PF) with 42%, and finally Special Use Forest land (SUF) with 

14% [9].  

Table 2.1. Land use distribution in A Luoi District and A Roang Commune in 2017 (in ha) 

No Land Uses in year 2017 (ha) 
A Luoi 

district 

A Roang 

commune 

I. Agricultural land 115,836 5,511 

1 Land for agricultural cultivation 5,972 810.16 

1.1. Land for annual crops 2,491 350.85 

  Rice paddy fields 1,150 80.00 

  - Other land for annual crops 1,342 270.85 

1.2 Land for cultivation of perennial trees 3,481 459.31 

2 Forestry land 109,632 4,563 

2.1. Land for protection forests 48,420 2,503 

2.2. Land for special-use forests 15,337 - 

2.3. Land for production forests 45,875 2,060 

3 Land for aquaculture 229.11 30.23 

4 Other agricultural land 2.42 107.90 

II. Non-agricultural land 5,212.06 218.96 

1 Residential land 523.49 28.96 

1.1. Rural residential land 432.91 28.96 

1.2. Urban residential land 90.58 - 

2 Specialized land 3,453 182.29 

2.1. Land for office construction 22.73 0.83 

2.2. Land for national defense 139.73 1.66 

2.1. Non-agricultural production 90.39 - 

2.2. Land for public purposes 3,200 179.80 

3 Religion-based land 1.13 - 

4 Land for cemeteries. graveyards. cremation 113.49 5.58 

5 Land covered by water 1,101 2.13 

6 Other non-agricultural lands 19.18  

III. Unused land 1,473 57.53 
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A Roang Commune, where the study was conducted, has 4,563 ha of natural forests, more 

than 2,059 ha of which is classified as production forest which has full capacity of forest goods 

that can be considered for ecosystem services, except timber extraction from natural forest 

which are currently banned by law. Figure 2.3 illustrates the overview of landscapes in the area. 

  

  

Figure 2.3. Overview of landscapes (a), forest disturbances; (b), illegal logging; (c) and 

fuelwood extraction (d)  

There are four main land-use types in A Luoi District: grassland, natural forest, plantation 

forest, and agricultural land. Agricultural cultivation is the primary activity of the local people 

in the area. Their cultivation is very scattered and fragmented due to the non-unique land 

availability. The key crops are rice, cassava, peanuts, vegetables, maize, and bananas. Rice is 

the main crop even though the area occupied by paddy fields is relatively small compared to 

other land uses (Table 2.3). Rice cultivation is mainly rainfed. In addition, cassava is a 

traditional crop in this area and common in the mountainous regions. There are also fruit tree 

plantations such as Mango, Orange, Longan, Litchi, and Pineapple. Besides that, people plant 

numerous forest tree species such as Acacia spp, Hevea brasiliensis, Hopea odorata, 

Cinnamomum cassia, etc. Acacia spp and Hevea brasiliensis occupy the biggest ratio in 

a b 

c d 
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plantation forests. The potential risk of planting some forest trees on the hillsides (such as 

Acacia spp) is that landslides can result because the plantation of this species will be clear-cut 

after 5-7 years. Meanwhile the normal cost for plantation of Hevea brasiliensis is high; thus, 

plantation of Hevea brasiliensis is not affordable for local farmers. Other forest tree species are 

mostly long-term rotations to feed the short-term income of local people in the area. 

2.3. Vegetation cover 

The study area mainly consists of primary and secondary closed evergreen broadleaved 

lowland forests [10]. Fagaceae, Myrtaceae, Lauraceae, Cannabaceae, Leguminosae, 

Dipterocarpaceae, Malvaceae, Meliaceae,  Myristacaeae, Burseraceae, and Annonaceae are the 

most dominant species in the study area [10,11]. Around 30% of all Vietnamese endemic plant 

species are found in the Greater Annamite Landscape [2], in which A Luoi District is located. 

These species forms part of endemic taxa comprising of Orchidaceae, Fagaceae, 

Euphorbiaceae, Rubiaceae, Annonaceae families as well as Styracaceae, Anacardiaceae, 

Dipterocarpaceae [12]. The forest ecosystem consists of multiple stories with different 

dominant species in each vertical story. For example, in the highest vertical structure up to 40-

50 m Dipterocarpaceae, Moraceae, Combrataceace, and Leguminosae are found. The other 

dominant species in the second-highest story belong to Lauraceae Fagaceae, Magnoliaceae, 

Sapindaceae, Papilionaceae, Burseraceae, Meliaceae, Caesalpiniaceae, and Mimosaceae. The 

third story, where tree species normally have heights of 8-15 m, is dominated by the 

Myristicaceae, Clusiaceae, Ulmaceae, Annonaceae, and Flacourtiaceae families. The rest of the 

stories, which have a tree height of 2 m to 8 m, are dominated by Apocynaceae, Rubiaceae, 

Rutaceae, Annonaceae, Melastomaceae, Araliaceae, Euphorbiaceae, Acanthaceae, and 

Urticaceae [13]. The forest flora differs in subzones [14]. The flora in the northern part of 

Vietnam distributes throughout lowland forests with elevations of less than 700 m a.s.l; in the 

southern part of Vietnam, flora distributes in the lower humid area of less than 1.000 m a.s.l., 

including the study area. The major dominant species are Fagaceae, Lauraceae, Magnoliaceae, 

Leguminosae, Meliaceae, Moraceae, Anacardiaceae, Burseraceae, Sapotaceae, and 

Sapindaceae. The flora in the southern part of Vietnam is influenced by Malaysia and Indonesia 
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with the dominance of the Dipterocarpus genus in the upper story. The species composition of 

forests under smaller sub-geographical conditions of less than 700 m a.s.l. and above 1000 m 

a.s.l. has not yet been clearly classified. 

The vegetative assessment of this study focused on three types of natural forests for 

ground-truth inventories. The first type, called undisturbed forest (UF), is known as rich forest 

and had a basal area of about 30 m2 ha-1[15]. The second forest type, less disturbed forest (LF), 

is classified as a medium forest. This forest type was slightly logged and disturbed and features 

some canopy fragmentation; however, its structure was more or less maintained. The third type 

is secondary poor forest, which is classified as disturbed forest (DF) [16]. The three forest types 

are believed to provide local people with a diverse range of ecosystem services apart from other 

provisioning services of the natural forest landscapes. 

2.4. Climate conditions 

A Luoi is generally characterized by a tropical monsoon climate with two clearly 

distinguished seasons. The dry season lasts from February to March, with an average rainfall 

of around 60 mm per month. Most of the precipitation falls in the rainy season. The average 

annual temperature is 21.9°C; the warmest months are May and June with an average high 

temperature of 25.3°C and the coldest month is January with an average temperature of 16.9oC. 

The average moisture content varies from 81% to 94%, and it is typically influenced by the 

inter-tropical convergence zone which causes tropical low-pressure systems, monsoons, and 

typhoons, leading to a total average annual rainfall of 3502 mm. The rainy season with an 

average rainfall of 367mm per month lasts from April to December, and most of the rainfall 

falls between the months of August and December. The highest average rainfall of the year 

occurs in October with nearly 1000 mm. There is an average of 200 rainy days a year in the 

country as a whole (Table 2.2).  
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Table 2.2.  The climatic data of A Luoi District. Thua Thien Hue Province  

Month 
Rainfall 

(mm) 

Max Temp 

(oC) 

Min Temp 

(oC) 

Average Temp 

(oC) 

Aridity Index 

(Al) 

January 92,0 21,9 15,5 16,9 40,7 

February 39,0 26,1 16,9 20,4 15,3 

March 69,0 27,5 18,8 21,9 25,9 

April 157,6 29,7 20,5 23,7 56,1 

May 232,7 31,1 21,1 25,0 79,0 

June 128,0 30,6 22,1 25,3 43,5 

July 172,7 30,2 21,7 24,7 59,6 

August 190,2 29,0 21,4 24,0 67,1 

September 420,5 27,0 20,5 22,7 154,3 

October 970,8 24,3 18,9 20,8 378,3 

November 718,5 22,4 17,2 19,5 292,0 

December 311,1 21,6 15,7 17,7 134,5 

Year 3.502 26,8 19,2 21,9 1,346 

(Source: Climate data was from the National Weather Forecast Center) 

The aridity index is used to identify the dry months of a region [17]. It can be calculated 

by the following formula:  

𝐴𝐼𝑚 =
12𝑛

𝑇𝑚+10
 (27) 

 Where; AIm = mean monthly aridity index  

 n       =  mean monthly rainfall in mm 

 Tm    =  mean monthly temperature in 0C 

In which, a month is identified as a dry month when the aridity index goes below 20. On 

the other hand, the climatic diagram is also used to illustrate the relationship between monthly 

rainfall and monthly temperature and to identify the number of dry months in a year [18]. A 

month is defined as a dry month when the rainfall curve is below the temperature curve in the 

diagram. According to [15,19], forests lying at elevations between 700-1000 m a.s.l., with an 

average temperature of 21.90C, and a total annual precipitation recorded as more than 2500 mm, 

are classified as Moist Lowland Evergreen. The aridity index (AI) and the climate diagram 

show that there are three dry months from January to March. The forests in this region are 

classified as Moist Evergreen Forests because the total annual precipitation recorded in the area 
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is 3502 mm as presented in Figure 2.4. 

 

Figure 2.4. Climate diagram for A Luoi District, Thua Thien Hue Province where the elevation 

of the weather forecast is 550 m a.s.l, features 36 years of temperature observation data (1981-

2016) and 40 years of precipitation observation data (1977-2016). 

2.5. Soil formation 

Soil is one of the vital elements in the forest ecosystem, contributing to forest structure 

and providing a foundation for trees. Soil helps regulate critical ecosystem processes of nutrient 

uptake, soil enrichment via decomposition of forest debris, and water storage [20]. The 

relationship between soils and forests is very significant and plays a major role in the growth 

of individual trees. The soil classification is based on many factors such as terrain, climate, 

microorganisms, mother materials, time, and human impacts but climate and microorganisms 

are essential elements [21,22]. The predominant soil types are Humic Acrisols (6%), 

Hyperdystrict Acrisols (5%), Arenic Acrisols (14%), and Ferralic Acrisols (75%).  Ferralic 

Acrisols can be found throughout the district area. Arenic Acrisols are mainly found in the east-

central parts of the district and less frequently in the north-central region. The Hyperdystrict 

Acrisols are exclusively found in the northwest and southeast valleys of the district. Humic 

Acrisols are mainly present in limited areas of the northwestern part of the district [23]. Soil 

depth and soil acid in natural forests were also measured. The weathering process of Acrisols, 
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Ferralsols, Alisols occurs from granitic material which is rapidly degraded [24]. The Ferralic 

Acrisols constitute the largest soil group in the mountainous and hilly communes, which are 

relatively poor in nutrients with medium organic matter contents. However, these soils are 

suitable for afforestation and cultivation of perennial crops as well as fruit crops with 

appropriate improvement and protection measures [25]. This type of soil is mainly deposited 

across the Truong Son Range, which extends into Laos. It also stretches along the coastline of 

NCC from Thanh Hoa to Thua Thien Hue Provinces. When the natural forest cover is impacted 

on the higher-sloped mountains or hilly landscapes, landslides commonly occur. This is 

especially true in the numerous crowded narrow ridges over flat sandy and alluvial valleys 

[3,26].   

2.6. Population and Social conditions 

The district contains 20 communes and a town, hosting over 627 households [27], while 

non-agricultural and unused lands occupy 4% of the total area. 20 communes have 110 villages 

and a total population of 49,466 people, the density of people being 40.7 per sq. km. The 

population is mostly found in the central part of the district and along the long narrow national 

trafficway known as Ho Chi Minh trail. The total population in the district 49.466 persons. The 

working-age population accounts for 50% of the total, of which males account for 50.5% and 

females 49.5%. The district’s population growth rate is 1.56% compared to 1.18% in the 

province as a whole, which is due to bigger ratios of ethnic minority groups (75%). Four ethnic 

minorities found in A Luoi are Ta Oi, Co Tu, Van Kieu, and Pa Ko [9]. The district’s poverty 

rate is 37.40%, lower than that recorded in the whole province of A Roang (at 49.26%).  

The poverty criteria [27] applied to a household is divided into three income levels: (1) 

households with a total income of less than 35 USD per person per month are considered poor; 

(2) households whose monthly income ranges from 35 to 50 USD per person are considered 

pro-poor, and (3) those households with a monthly income ranging from 50-75 USD person are 

considered medium. The average monthly income of local people in A Luoi is around 50 USD 

per person. The average income differs from commune to commune. A Roang Commune has 
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a total household count of 627 with a total of 2.732 individuals. Most of the local people in A 

Roang Commune live close to forests and the income of 80% of the local people in the area 

depends on agricultural cultivation and forestry activities [9].  
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Abstract 

Objectives: This study focused on evaluating the influence of topography conditions on 

species richness, diversity, distribution and species composition as dependent variables at 

different micro topographic attributes in Central Vietnam. Methods/Statistical Analysis: Trees 

with diameter at breast height ≥6.0 cm of 90 quadratic plots (1000 m2) were inventoried to 

assess species richness, diversity, and distribution. Scatterplot Matrices: Pairs-sample test was 

applied to evaluate the multiple correlations between ranked elevations and slopes with 

dependent variables. The composition of most abundant, dominant species including 

Importance Value Index at the midpoint of each topographic attribute was compared with those 

of the entire topographic attribute. Findings: A total of 4297 tree individuals were recorded 

representing 122 species from 47 families. We found a significant difference of species 

richness, diversity, stem density and basal area in different topographic attributes (p < 0.05). 

The lower elevation and shallower slope had more species richness and diversity than those in 

the higher elevation and steeper slope. Elevation had more influence on the distribution of 

species, stand density, species diversity, basal area and family than those of the slope. The 

species composition between slopes was not remarkably distinguishable which helps to confirm 

that slopes do not contribute to species distribution, composition. Fagaceae, Myrtaceae, 

Lauraceae, Cannabaceae, Meliaceae, Sapindaceae, Dipterocarpaceae, Leguminosae, 

Burseraceae and Malvaceae were the most dominant. The composition of the most abundant 

and dominant species at the midpoint plots objected to those of the entire topographic attribute. 

Difference of species composition between elevations may have subjected due to disturbance 

or successional processes of different forest ecological habitats in the current study area. 
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Application/Improvements: Mapping micro-site natural forest disturbances based 

topographic conditions of dominant, endemic species for conservation and management of 

different ecological habitats with support of high-resolution satellite images.  
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3.1. Introduction 

Tropical forests host the most species richness and complex plant communities of all 

forests [1,2]. Species diversity is an indicator that shows substantial links between the richness 

and abundance of individual tree species, reflecting the heterogeneity or existence of vegetation 

[3]. The diversity of tree species is fundamental to entire forest biodiversity because individuals 

of tree species give resources and formation of habitat for the forest ecosystem [4–6]. Factors 

that influence forest species richness at different scales could be comprising soil, parent 

materials, air temperature, light and even altitudes [7]. The spatial distribution of trees in the 

tropical forest ecosystem or forest habitat has been a major interest for plant ecologists because 

of its potential role in explaining the coexistence of different tree species in species-rich forests 

[8]. Understanding forest species richness, diversity, species distribution in the current study 

area where the taxon spatially aligned and species composition in where different species are 

favored in a community, is necessary for forest sustainability, species conservation, 

management of forest ecosystems, and natural forest landscape restoration [9].  

Tree species composition is also a very important indicator for assessing the Importance 

Value Index (IVI) of a species within a forest stand, providing information on abundance, 

dominance and frequency thereby providing information on the contribution of the species to 

vegetation formation [10]. Natural forests in Vietnam have declined dramatically as a result of 

the Vietnam War, population growth, overexploitation, and the transformation of forested areas 
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into arable land [11]. Forest covers of Vietnam was around 43% in 1943 and declined to below 

28% in 1990s [12]. The forests of the Northern and Southern Truong Son Mountain Range have 

been highlighted as global eco-regions by the World Wide Fund for Nature [13].  

The tropical evergreen forests are geographically classified below 700 m a.s.l. (above sea 

level) in the north and below 1000 m a.s.l. (above sea level) in the south. The subtropical 

evergreen forests are classified above 700m a.s.l. in the north and above 1000 m a.s.l. in the 

south of Vietnam. Vegetation communities are further identified by edaphic condition, the level 

of disturbance and floristics, and finally by the dominant species.  

Numerous researchers have documented that plant species composition and abundance 

are related to the heterogeneity of soil properties, topography and stage (i.e. age) of forest 

succession [14–19]. In Vietnam, some studies have simply described the spatial distribution of 

trees in forests [20,21]. While the influence of topographic conditions as topographic attributes 

on tree diversity, composition and distribution has not been studied [22], no study has been 

conducted on the influence of topographic features (such as elevations and slopes) on tree 

species distribution, species diversity and composition. 

To fill the gapped knowledge about the tropical evergreen forests in the Northern Central 

Truong Son Mountain Range in the Central Vietnam, this study aims to evaluate the influence 

of topographic attributes on species richness, species distribution and comparing the species 

composition of the most dominant species of the representative plots with those of the entire 

topographic attribute respectively. 

The study area is located in the North Central Truong Son Mountain Range and of the A 

Luoi District in Vietnam (Figure.3.1), which borders [23] from 107°E to 107°30´E and from 

16°N to 16°30´N in the western part of the Thua Thien Hue province. The climate consists 

typical tropical monsoon characteristics. The area is frequently influenced by an intertropical 

convergence zone that typically causes tropical low pressures and typhoons, leading to annual 

rainfall of about 3500 mm with an average of 200 rainy days per year, most of the rainy days 

accumulate between September and December [21]. The average annual temperature is 21.9° 

C, the average high temperature is 25.3° C, and the average low temperature is 16.9° C. 

file://///winfs-uni.top.gwdg.de/tnguyen$/AppData/MKAPPAS/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/H6WGVK75/Fig%201.%20The%20study%20area%20and%20sample%20plot%20arrangement
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Moisture content varies from 86% to 96%. The typical topography in this mountainous region 

features complex, steep slopes ranging from 5 to 48°. The elevation of the study area is from 

150 to 1162 m a.s.l thus the landscape of A Luoi is usually affected by landslides [24].   

  

Figure 3.1. Study area and sample plot arrangement. 

The primary and secondary lowland evergreen forests are consisted in the current study 

area [25]. The most dominant genera of Dipterocarpus, Hopea, Parashorea of Dipterocarpceae 

and Lithocarpus and Castanopsis of Fagaceae and followed by Syzygium of Myrtaceae; as well 

as the genera of Lauraceae, namely Machilus, Litsea and Cinamomum, and of the Cannabaceae 

was Gironniera, Aphananthe. Forests in the study area are under management of Sao La Nature 

Reserve and Management Board of Watershed Forests. Four soil types are present within the 

research area: Ferralic Acrisols (75%), Arenic Acrisols (14 %), Humic Acrisols (6%), and 

Hyperdystrict Acrisols (5%) [26]. 

 

 



  

54 

 

3.2. Materials and Methods  

3.2.1. Vegetation sampling and Topographic attribute classification  

A total of 90 plots (30 x 33.3 m) were randomly sampled in the natural forests of the study 

area. The top height (Ht) in meters and the diameter at breast height (DBH) of all living trees 

with DBH  ≥ 6.0 cm were recorded for the calculation of the mean stand parameters [27,28]. 

The tree species were recorded in the field in the Vietnamese language and later translated to 

their scientific names. The names of all tree species were checked to avoid synonyms in The 

Plantlist [29]. Coordinates, elevations and slopes of all sample plots were recorded on-site with 

GPS and calibrated with a Global Digital Elevation Model (DEM) resolution (30 x 30 m) in 

ArcGIS 10.5. The minimum interval distance between plots was approximately 200 m. 

As forests in Vietnam were ecologically classified, we divided the topographic elevation into 

two levels, H1 (150–696 m a.s.l.) and H2 (700–1162 m a.s.l.). For slope classification, we took 

into account of studies of [24,30,31] and we decide to divide slopes into two levels, lower slope 

(S1) ranged from 5 to 20 degrees, and steeper slope (S2) ranged from 20 to 48 degrees. 

3.2.2. Species richness and species diversity distribution 

In general, higher values of biodiversity indices such as species diversity and species 

dominance indicate large species richness [32]. The Shannon Index (H) of species was 

calculated as [33]: 

𝑆ℎ𝑎𝑛𝑛𝑜𝑛 𝐼𝑛𝑑𝑒𝑥 (𝐻) =  − ∑ 𝑝𝑖 ln(𝑝𝑖)

𝑠

𝑖=1

 

where pi is the proportion of S made up of the ith species, and the Evenness (Eq) was 

calculated based [34] 𝑎𝑠: 

𝐸𝑞 =
𝐻

ln(𝑆)
 

where H is Shannon Index and ln(S) is the natural logarithm of the total number of species in 

the attribute. 

We calculated the mean number of species, number of families, stem density, and basal 

area of all sampled plots for each topographic attribute to assess the species richness, stem 
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density, dominance, correlation between elevations, and slope and species distribution under 

different topography.  

Statistica 13.3 was used to test for significant differences between the mean numbers of 

species, number of families and stem density; and the basal area, dominance and abundance of 

species. In order to present multiple regressions between topographic attributes and forest stand 

variables, the Scatter Plot Matrices (SPLOMS) with pairs. panels package in R (RStudio Team, 

2015) was used [35]. We then compared the means of species, individuals among topographic 

attributes and stand parameters [36]. The forest parameters of the current study are presented 

in Table 3.1. 

3.2.3. Species composition 

Along with assessing the species composition for all topographic attributes, we also 

compared the contributions of dominance and abundance of the most ten species that were 

present in the representative plots to those of the entire attribute. The species composition of 

tree species as of species abundance as number of individuals (N/ha), absolute dominance as 

basal area (m2/ha), frequency in percent (%), and IVI of each species where consists of relative 

density, relative frequency and relative dominance of the attribute were calculated [20,37]. The 

comparison of species composition aimed at accessing the contribution of the ten most 

dominant species which appeared in the representative plots of each topographic attribute with 

those of the entire attribute with the hope to differentiate different forest ecology habitats where 

different species were compositionally found in different topographic attribute (Table 3.2). 

3.4. Results 

3.4.1. Vegetation distribution over topography  

A total of 4297 individual trees were recorded, representing 122 species from 47 families 

from the total area (9.0 ha). The ten most abundant species at lower elevations (H1), out of 121 

species present, were: Syzygium lanceolatum (Lam.) Wight & Arn, Lithocarpus ducampii 

(Hickel & A.Camus), Lithocarpus dealbatus (Hook.f. & Thomson ex Miq.) Rehder, Gironniera 

subaequalis Planch, Syzygium zeylanicum (L.) DC, Alangium ridleyi King, Scaphium 

file:///D:/Hung/P1_Admendment/R-TestDC2/Table%202.%20Species%20composition%20over%20attributes%20(Att)
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macropodum (Miq) Beumee ex K.Heyne, Bursera tonkinensis Guillaum, Lithocarpus tubulosus 

(Hickel & A.Camus) and Symplocos glauca (Thunb.) Koidz. Of these, the three most dominant 

species were L. dealbatus, L. ducampii and B. tonkinensis Guillaum (Table 3.2). 

The ten most dominant species at higher elevations (H2), out of 109 species present, were: 

Lithocarpus ducampii (Hickel & A.Camus), Gironniera subaequalis Planch, Lithocarpus 

tubulosus (Hickel & A.Camus), Syzygium zeylanicum (L.) DC, Lithocarpus dealbatus (Hook.f. 

& Thomson ex Miq.) Rehder, Syzygium zeylanicum (L.) DC, Aphanamixis grandiflora, 

Scaphium macropodum (Miq) Beumee ex K.Heyne, Alangium ridleyi King and Engelhardtia 

roxburghiana Lindl. But the most dominant species in H2 were L. ducampii, Shorea roxburghii 

G.Don, Dipterocarpus grandiflorus Blanco, Bursera tonkinensis Guillaum (Table 3.2). 

The ten most abundant species at shallower slopes (S1), out of 116 species present, were: 

Syzygium lanceolatum (Lam.) Wight & Arn, Lithocarpus dealbatus (Hook.f. & Thomson ex 

Miq.) Rehder, Alangium ridleyi King, Gironniera subaequalis Planch, Lithocarpus ducampii 

(Hickel & A.Camus), Syzygium zeylanicum (L.) DC, Scaphium macropodum (Miq) Beumee ex 

K.Heyne, Aphanamixis grandiflora, Bursera tonkinensis Guillaum and Symplocos glauca 

(Thunb.) Koidz. But the most dominant species were L. dealbatus, B. tonkinensis, S. 

lanceolatum and  Shorea roxburghii G.Don (Table 3.2). 

At the steeper slopes (S2), the ten most dominant species, out of the 117 present, were: 

Lithocarpus ducampii (Hickel & A.Camus), Syzygium lanceolatum (Lam.) Wight & Arn, 

Gironniera subaequalis Planch, Lithocarpus tubulosus (Hickel & A.Camus), Syzygium 

zeylanicum (L.) DC, Aphanamixis grandiflora, Scaphium macropodum (Miq) Beumee ex 

K.Heyne, Engelhardtia roxburghiana Lindl, Lithocarpus dealbatus (Hook.f. & Thomson ex 

Miq.) and Aphananthe cuspidata (Blume) Planch but the most dominant species were L. 

ducampii, Bursera tonkinensis Guillaum, Dipterocarpus grandiflorus Blanco and Shorea 

roxburghii G.Don (Table 3.2). 

file:///D:/Hung/NewDBH6/Submission/Table%201.%20The%20abundant%20and%20dominant%20species%20in%20different%20topographic%20attributes
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Table 3.2. Species composition of the representative plots and of the entire topographic attribute. 

Species Family 

Representative Plots Topographic Attributes 

A
b
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ce
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) 
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ce
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IV
I 

A
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n

ce
 

(N
/h

a
) 

D
o
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a
n
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2
/h

a
) 

F
 (

%
) 

IV
I 

Syzygium zeylanicum (L.) DC. (5:63) Myrtaceae 1.00 0.06 24.62 12.60 0.71 66 6.07 

Bursera tonkinensis Guillaum (4:57) Burseraceae 0.80 0.12 33.82 11.40 0.89 46 6.21 

Dipterocarpus grandiflorus Blanco (3:46) Dipterocarpaceae 0.60 0.02 13.06 9.20 0.33 42 4.21 

Shorea roxburghii G.Don (2:26) Dipterocarpaceae 0.40 0.04 14.35 5.20 0.37 34 3.54 

Alangium ridleyi King (2:63) Cornaceae 0.40 0.03 13.34 12.60 0.49 60 5.54 

Wrightia annamensis Eberh. & Dubard (2:36) Apocynaceae 0.40 0.02 10.46 7.20 0.18 44 3.42 

Artocarpus rigidus Blume (1:14) Moraceae 0.20 0.07 18.49 2.80 0.16 14 2.46 

Amesiodeuchon chinense (Merr.) Hu (1:19) Sapindaceae 0.20 0.05 13.70 3.80 0.31 28 3.07 

Artocarpus tonkinensis A.Chev. ex Gagnep. (1:20) Moraceae 0.20 0.02 9.58 4.00 0.21 24 2.67 

Engelhardtia roxburghiana Lindl (1:46) Juglandaceae 0.20 0.02 8.14 9.20 0.63 46 5.08 

H1: Other (34:390)  4.40 0.12 140.44 449.00 17.53 - 231.00 

H1: Total (44:2635)  8.80 0.55 300.00 527.00 21.80 - 300.00 

Elaeocarpus sylvestris (Lour.) Poir. (7:23) Elaeocarpaceae 1.75 0.13 37.41 5.75 0.40 20 3.85 

Gironniera subaequalis Planch (4:69) Cannabaceae 1.00 0.08 24.22 17.25 0.80 58 8.02 

Lithocarpus ducampii (Hickel & A.Camus) (4:110) Fagaceae 1.00 0.08 23.92 27.50 2.02 60 12.06 

Scaphium macropodum (Miq) Beumee ex K.Heyne (3:52) Malvaceae 0.75 0.05 17.51 13.00 0.51 68 7.02 

Helicia cochinchinensis Lour. (3:30) Proteaceae 0.75 0.01 13.08 7.50 0.29 33 4.07 

Macaranga denticulata (Blume) (2:18) Euphorbiaceae 0.50 0.04 14.07 4.50 0.12 25 2.66 

Knema elegans Warb (2:23) Myristicaceae 0.50 0.02 12.05 5.75 0.30 23 3.47 

Vitex quinata (Lour.) F.N.Williams (2:7) Lamiaceae 0.50 0.01 11.28 1.75 0.05 15 1.41 

Canarium album (Lour.) DC. (2:26) Burseraceae 0.50 0.01 11.10 6.50 0.35 43 4.27 

Cinnamomum verum J.Presl (2:5) Lauraceae 0.50 0.01 11.09 1.25 0.03 10 0.99 

H2: Other (33:363)  3.00 0.35 124.28 324.75 21.38 - 252.16 
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H2: Total (43:1662)  10.75 0.79 300.00 415.50 26.25 - 300.00 

Lithocarpus tubulosus (Hickel & A.Camus) (11:37) Fagaceae 2.89 0.02 30.11 9.74 0.51 34 5.03 

Artocarpus tonkinensis A.Chev. ex Gagnep. (3:18) Moraceae 0.79 0.00 18.23 4.74 0.28 24 3.26 

Aphanamixis grandiflora (3:42) Euphorbiaceae 0.79 0.01 14.69 11.05 0.41 58 5.19 

Endospermun sinensis Benth. (3:21) Euphorbiaceae 0.79 0.01 13.38 5.53 0.16 29 2.82 

Symplocos glauca (Thunb.) Koidz. (3:41) Symplocaceae 0.79 0.01 10.66 10.79 0.39 47 4.89 

Nephelium melliferum Gagnep. (2:39) Sapindaceae 0.53 0.00 9.79 10.26 0.65 58 5.54 

Prunus arborea (Blume) Kalkman (2:23) Rosaceae 0.53 0.02 9.42 6.05 0.19 34 3.15 

Syzygium lanceolatum (Lam.) Wight & Arn (2:73) Myrtaceae 0.53 0.01 8.07 19.21 0.82 79 7.98 

Adina pilulifra (1:11) Rubiaceae 0.26 0.01 9.72 2.89 0.06 24 1.78 

Alphonsea monogyna Merr.&Chun (1:6) Annonaceae 0.26 0.02 7.94 1.58 0.04 11 1.18 

S1: Other (36:311)   3.95 0.70 167.99 426.32 17.99 - 259.17 

S1: Total (46:1931)  12.11 0.80 300.00 508.16 21.50 - 300.00 

Lithocarpus ducampii (Hickel & A.Camus) (5:128) Fagaceae 0.96 0.09 31.99 24.62 1.86 67 10.55 

Engelhardtia roxburghiana Lindl (3:51) Juglandaceae 0.58 0.04 16.75 9.81 0.83 46 5.61 

Ormosia pinnata (Lour.) Merr (3:29) leguminosae 0.58 0.03 15.66 5.58 0.28 40 3.51 

Sapium discolor (3:11) Euphorbiaceae 0.58 0.03 14.39 2.12 0.10 13 1.67 

Gironniera subaequalis Planch (3:79) Cannabaceae 0.58 0.01 10.98 15.19 0.62 60 6.72 

Archidendron clypearia (Jack) I.C.Nielsen (3:10) Leguminosae 0.58 0.01 10.29 1.92 0.07 12 1.39 

Canarium album (Lour.) DC. (3:39) Burseraceae 0.58 0.01 9.83 7.50 0.27 42 3.98 

Aphananthe cuspidata (Blume) Planch (2:49) Cannabaceae 0.38 0.04 15.55 9.42 0.52 38 4.81 

Diospyros sylvatica Roxb (2:24) Ebenaceae 0.38 0.01 8.71 4.62 0.33 23 3.16 

Aphanamixis grandiflora (2:64) Meliaceae 0.38 0.00 7.14 12.31 0.44 60 5.84 

S2: Other (50:484)  5.96 0.15 158.73 361.92 20.12 - 252.76 
S2: Total (60:2366)  11.54 0.42 300.00 455.00 25.44 - 300.00 

(Species presented in bracket i.e: (60:2366) indicating number of individual stems in the representative plot and the individual stems in the topographic attribute;  

N = number of stems of a species per ha; F = Frequency; IVI = Importance Value Index of the representing plot). 
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Table 3.3. The abundant and dominant species in different topographic attributes. 

Att Species  Family N 
Abu  

(N/ha) 

Dom 

(m2/ha) 

H1 

Syzygium lanceolatum (Lam.) Wight & Arn Myrtaceae 102 20.4 0.8 

Lithocarpus ducampii (Hickel & A.Camus) Fagaceae 73 14.6 0.9 

Lithocarpus dealbatus (Hook.f. & Thomson ex Miq.) 

Rehder Fagaceae 
65 13.0 1.0 

Gironniera subaequalis Planch Cannabaceae 65 13.0 0.4 

Syzygium zeylanicum (L.) DC. Myrtaceae 63 12.6 0.7 

Alangium ridleyi King Cornaceae 63 12.6 0.5 

Scaphium macropodum (Miq) Beumee ex K.Heyne Malvaceae 58 11.6 0.4 

Bursera tonkinensis Guillaum Burseraceae 57 11.4 0.9 

Lithocarpus tubulosus (Hickel & A.Camus) Fagaceae 55 11.0 0.5 

Symplocos glauca (Thunb.) Koidz. Symplocaeae 55 11.0 0.5 

Total (10)   656 131.2 6.7 

Other (111)   1979 395.8 15.1 

H2 

Lithocarpus ducampii (Hickel & A.Camus) Fagaceae 110 27.5 2.0 

Shorea roxburghii G.Don Dipterocarpaceae 69 17.3 0.8 

Dipterocarpus grandiflorus Blanco Dipterocarpaceae 61 15.3 0.8 

Bursera tonkinensis Guillaum Burseraceae 60 15.0 0.6 

Engelhardtia roxburghiana Lindl Juglandaceae 58 14.5 0.6 

Lithocarpus tubulosus (Hickel & A.Camus) Fagaceae 58 14.5 0.6 

Gironniera subaequalis Planch Cannabaceae 54 13.5 0.6 

Syzygium zeylanicum (L.) DC. Myrtaceae 37 9.3 0.8 

Lithocarpus dealbatus (Hook.f. & Thomson ex Miq.) 

Rehder Fagaceae 
35 8.8 0.5 

Aphanamixis grandiflora Meliaceae 35 8.8 0.5 

Alangium ridleyi King Cornaceae 21 5.3 0.6 

Scaphium macropodum (Miq) Beumee ex K.Heyne Malvaceae 12 3.0 0.6 

Total (12)   610 152.5 9.2 

Other (97)   1052 263.0 17.0 

S1 

Lithocarpus dealbatus (Hook.f. & Thomson ex Miq.) 

Rehder Fagaceae 
72 18.9 1.1 

Syzygium lanceolatum (Lam.) Wight & Arn Myrtaceae 73 19.2 0.8 

Shorea roxburghii G.Don Dipterocarpaceae 21 5.5 0.8 

Lithocarpus ducampii (Hickel & A.Camus) Fagaceae 55 14.5 0.8 

Syzygium zeylanicum (L.) DC. Myrtaceae 49 12.9 0.8 

Gironniera subaequalis Planch Cannabaceae 55 14.5 0.6 

Alangium ridleyi King Cornaceae 55 14.5 0.6 

Engelhardtia roxburghiana Lindl Juglandaceae 32 8.4 0.6 

Scaphium macropodum (Miq) Beumee ex K.Heyne Malvaceae 48 12.6 0.5 

Aphanamixis grandiflora Meliaceae 42 11.1 0.4 

Symplocos glauca (Thunb.) Koidz. Symplocaeae 41 10.8 0.4 

Total (11)   543 142.9 7.3 

Other (106)   1388 365.3 14.2 
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S2 

Lithocarpus ducampii (Hickel & A.Camus) Fagaceae 128 24.6 1.9 

Bursera tonkinensis Guillaum Burseraceae 28 5.4 1.1 

Dipterocarpus grandiflorus Blanco Dipterocarpaceae 41 7.9 0.9 

Shorea roxburghii G.Don Dipterocarpaceae 30 5.8 0.9 

Engelhardtia roxburghiana Lindl Juglandaceae 51 9.8 0.8 

Lithocarpus tubulosus (Hickel & A.Camus) Fagaceae 79 15.2 0.8 

Lithocarpus dealbatus (Hook.f. & Thomson ex Miq.) 

Rehder Fagaceae 
51 9.8 0.6 

Gironniera subaequalis Planch Cannabaceae 79 15.2 0.6 

Syzygium zeylanicum (L.) DC. Myrtaceae 72 13.8 0.6 

Syzygium lanceolatum (Lam.) Wight & Arn Myrtaceae 89 17.1 0.6 

Aphananthe cuspidata (Blume) Planch Cannabaceae 49 9.4 0.5 

Aphanamixis grandiflora Meliaceae 64 12.3 0.4 

Scaphium macropodum (Miq) Beumee ex K.Heyne Malvaceae 62 11.9 0.4 

Total (13)   823 158.3 10.3 

Other (104)   1543 296.7 15.2 

(Att = attribute; N = number of stems of a species in the attribute; Abu = Abundance; Dom = 

Dominance) 

3.4.2. Species diversity and Species distribution 

Table 3.1 shows significant differences (p < 0.05) for mean number of tree species, number 

of families, tree density and basal area (BA) per hectare between H1 and H2. The sample results 

show that the higher elevation zone had lower species diversity, families, and stem density; but 

higher BA. Meanwhile, there are no significant differences (p < 0.05) in mean family richness and 

Evenness (Eq) between S1 and S2. The mean values of number of species, family plot-1, and tree 

density per hectare at the lower elevation and slope were higher than those of the higher elevation 

and slope, except for number of families in S1 and S2. 
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Table 3.1. Species richness, diversity, density over respective topographic attributes 

Attributes/Parameters 

Elevations (m) a.s.l. Slopes (degree) 

H1 H2 S1 S2 

(150-699) (700-1162) (5-20) (20-48) 

No. of Plots (1000 m2) 50 40 38 52 

Mean topographic attribute(±SD/attr) 527±146a 808± 92b 14.3±4.7a 28.1±5.8b 

Species richness (±SD) (species/plot) 29.7±3.4a 20.2±3.6b 27.1±5.5a 23.8±5.8b 

Families (±SD) (family/plot) 21.3±2.9a 15.8±2.8b 19.6±3.9a 18.0±3.8a 

Stand density (±SD) (stem/ha)  527±8.9a 415±13.2b 508±10.6a 455±13.7b 

Basal Area (±SD) (m2/ha) 21.8±0.6b 26.2±1.0a 21.5±0.8a 25.4±0.8b 

Shannon Index (H) 3.2±0.14a 2.7±0.20b 3.1±0.29a 2.9±0.26b 

Equality (Eq) 94±0.02a 93±0.03b 98±0.31a 93±0.05a 

(Within column, the values followed by the same letter (a, b) are not significantly different 

(p < 0.05) between H1 and H2 of each parameter and values followed by the same letter (a, b) are 

not significantly different (p < 0.05) between S1 and S2 of each parameter). 

The diversity of tree species, family, Shannon Index (H) and Evenness (Eq) of each 

topographic attribute presented in Table 3.1 indicating the species diversity in Shannon Index and 

its Evenness amongst attributes were different and showed the same trend of Shannon Index 

between elevation and slope. Even though, the mean Evenness between S1 and S2 was not 

significantly different at (p < 0.05).  
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Figure 3.2. Paired correlation between elevation, slope with species, stem density (N), basal area, 

family 

The results presented in Figure 3.2 show negative correlation of the number of species with 

elevation at -0.87, with stem density at -0.60, and with number of families at -0.77. A weak positive 

correlation of 0.15 exists between BA and elevation. The results show weak negative correlation 

of slope with species, stem density and family at -0.32, -0.19 and -0.27, respectively. Slope exhibits 

a very week positive correlation with BA (0.06). 

3.4.3. Species composition 

The most ten dominant species of each topographic attribute were ranked (Table 3.2) 

according to species abundance as number of individuals (N/ha), absolute dominance as basal area 

(m2/ha), frequency in percent (%), and IVI of each species. The most dominant species at different 

elevations are mapped in Figure 3.3 in which the ten most dominant species of the representative 

in H1 and H2 were presented based on the elevation levels (m a.s.l.). The species composition 

provides information on the vegetation formation and contribution of each species through its 

abundance, dominance, and frequency, which help to explain the ecological habitat status in the 

file:///C:/Users/tnguyen/Desktop/Fig%202
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study area (Table 3.2). The IVI is the combination of relative density, relative dominance and 

relative frequency in percentage, and helps rank the importance of a species in each attribute. 

 

Figure 3.3. Most dominant species accounted in the representative plots of elevation levels (H1 

and H2).  

3.5. Discussions 

3.5.1. Topographic vegetation distribution 

Obtaining knowledge on species richness, species diversity and the species distribution 

among different elevations and slopes is a powerful tool in plant ecology to determine species 

composition [38]. The most abundant and dominant species in H1, H2, S1 and S2 are presented in 

Table 3.3. The main species present in each attribute were determined, in primarily evergreen and 

semi- evergreen forests [21]. The number of species and number of families found in the current 

study, presented in Table 3.3, further emphasize the results of [38] and [39]. The above listed 

dominant families and species found in the current study were naturally distributed in central 

Truong Son Mountain range, and were reported by many researchers [39–41]. At the lower 
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elevation (H1), the most abundant species presented in Table 3.3 were S. lanceolatum, L. ducampii, 

L. dealbatus, G. subaequalis, S. zeylanicum, A. ridleyi, S. macropodum, B. tonkinensis, L. 

tubulosus and S. glauca. Of those species, L. dealbatus, B. tonkinensis and L. ducampii were the 

most dominant.  

In the higher elevation (H2), the most abundant species present were L. ducampii, S. 

roxburghii, D. grandifloras, B. tonkinensis, E. roxburghiana, L. tubulosus, G. subaequalis, S. 

zeylanicum, L. dealbatus, A. grandiflora, A. ridleyi, S. macropodum. Of these species, L. ducampii, 

S. roxburghii, D. grandifloras and S. zeylanicum were the most dominant and especially in the 

higher elevation, there were more endemic species from genera of Dipterocarpus, Shorea, 

Engelhardtia and Scaphium which are important and endemic of the northern Truong Son 

Mountain Range [11,40].   

The abundant and dominant species in both shallower slope (S1) and steeper slope (S2) were 

not much different among themselves and with H1 and H2 presenting in Table 3.3. But it is good 

to note that the steeper slope had more endemic species than those in shallower slope (i.e, three 

endemic species were found in S1 as Shorea, Engelhardtia and Scaphium but four endemic species 

found in S2 were B. tonkinensis, Dipterocarpus, Shorea, Engelhardtia and Scaphium. These 

patterns help explain that forests in both lower elevation and shallower slope could have more 

influences by humans than those in the higher elevation and steeper slope [42,43]. The endemic 

species were found more dominant and abundant in the higher elevation and steeper slope where 

has low disturbance and better management and protection [44–46]. The aim of establishment of 

protected in Vietnam is to protect, research on the main ecosystem, threatened and endemic species 

of flora and fauna including their habitats [11,47]. 

3.5.2. Species diversity and Species distribution 

In the tropical area, the species richness, diversity and composition at the higher elevation 

were lower than at the lower elevation, meaning that the species richness, diversity decreased with 

an increase of elevation [48]. This relationship explains that forests at the lower elevation could 

be more environmentally shaped than those at the higher elevation. The lower elevation forests 

may be less productive due to competition or disturbance from humans and management [49]. The 
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species richness between H1 and H2 was significantly different (p < 0.05). Species richness 

declined with increasing elevation, which is in agreement with Sharma [31] and Gairola [50]. The 

species richness was also significantly different (p < 0.05) between S1 and S2, where S2 had lower 

species richness than S1. This indicates that the lower elevation and slope had more species 

richness, and that elevation had more influence than slope on species richness and diversity 

[51,52]. The species richness, diversity and composition in the study area could have been 

influenced significantly by the gradients [53], not only with the number of species but also the 

number of families (p < 0.05). At the lower elevation and lower slope, (which are more influenced 

by disturbances), forests could be more fragmented since radiation can reach the forest floor, so 

more pioneer species can become dominant during succession [54]. The tree density between the 

different elevations and slopes was significantly different (p < 0.05), this result corresponds to the 

findings of others [55–58]. The BA was significantly different between H1 and H2, as well as 

between S1 and S2 (p < 0.05). Since the basal area (BA) is one of the elements contributing to 

species dominance in the forest stand and over topographic attributes. This finding is in line with 

the findings of some studies where the BA increased with an increase of elevation [59,60].  

Shannon Index (H) and Evenness (Eq) ranged from 2.7 to 3.2 and from 93 to 98 in all 

topographic attributes, respectively. The species diversity and Evenness at the lower elevation and 

slope were higher than for the higher elevation and steeper slope (p < 0.05), which corresponds to 

the species richness. The Shannon Index between H1 and H2 is similar to the findings of Sinha 

[61], and significantly different (95%). While the trend of Evenness (Eq) at the steeper slope (S2) 

is higher than those in S1, it is not significantly different. The different consistence may show that 

the Evenness correlates to the disturbance, which is stronger in less steep topography [49]. Species 

diversity, basal area and species distribution presented in the current study can be differed from 

other studies such as [51] within the tropical rain forest of Costa Rica [31] in the moist temperate 

forest of Garhwal Himalaya, and [52] in Sierra Nevada, Mexico due to the different temperature 

and rainfall and different range of elevations of tropical forests in the southeast Asia. Especially 

in Latin America where the deciduous forests accounted for 47% of forest area [62].  
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3.5.3. Species composition 

The most dominant species which contribute to the species composition of the representative 

plots for H1 and H2 was different. However, the S. zeylanicum species was the most abundant, 

numbering five individuals in the representative plot out of 63 individuals (5:63) in the entire 

topographic attribute (H1), the B. tonkinensis was not as dominant as S. zeylanicum in the 

presentative plot of H1 but it is more dominant than S. zeylanicum in the entire topographic 

attribute. As four out of the ten dominant species at the lower elevation (H1) occupied 0.19 m2 out 

of 8.80 m2 per ha in representative plot, and 2.22 m2 out of 17.53 m2 per ha in the whole attribute, 

consisting of the Burseraceae, Diptercarpaceae and Juglandaceae families [63]. According to Thai 

[64], the dominant species below 1000 m a.s.l. (in the south) and 700 m a.s.l. (in the north) are of 

Fagaceae, Myrtaceae, Lauraceae, Cannabaceae, Meliaceae, Malvaceae, Leguminosae; and 

Dipterocarpaceae, Burseraceae, Sapotaceae, Magnoliaceae, and Meliaceae; respectively.  

The dominance of these species confirms the stated forest type of moist and evergreen forests 

(where the annual rainfall is above 2500 mm and the moisture content is greater than 85%) [65]. 

Some of the predominant species, such as S. zeylanicum, A. ridleyi, W. annamensis, A. rigidus, A. 

chinense and A. tonkinensis, were dominant and light demanding at this elevation range, 

representing a type of secondary forest [21]. These ten species occupied 160% out of 300% of IVI 

in the representative plot and 42.27% out 300 % of IVI of the entire topographic attribute. The 

comparison of the Important Value Index of the dominant species in the representative plots with 

those in the entire topography gave a modest explanation of species composition in the entire 

topographic attribute. The values for dominance and abundance of both the representative plots 

and the topographic attribute is an indicator of species diversity, as lower dominance and 

abundance values result in high diversity. At the higher elevation (H2), the dominant species were 

E. sylvestri, G. subaequalis and L. ducampii, which occupied 37.41%, 24.22% and 23.92% out of 

175.72% in representative plot and occupied 50.5% out of 90.75% abundance and 3.22m2 out of 

4.87m2 per ha of the ten most dominant species in this range of elevation. In this plot, there were 

three S.macropodum individuals out of 52, this species is the multiple-use propose of this area 

[66].  
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The composition of C. album, C. verum, L. ducampii, E. sylvestris, G. subaequalis indicates 

complex vegetation cover, where approximately 80 to 90 species can be commonly found in the 

fallow soil type or after being selectively-logged or fragmented. The dominant species in two 

representative plots of S1 and S2 could explain vegetation cover occurring in the lowland forests 

below 700 m (in the north) and 1000 m a.s.l. (in the south), especially in the humid region of both 

the Northern and Southern Truong Son Mountain Range where a combination of Lauraceae, 

Fagaceae, Moraceae, Anacardiaceae families were commonly found [39,40].  

At steeper slope (S2), Lithocarpus ducampii are the most abundant and dominant, 

accounting for 32% in the representative plot and 10.55% in the topographic attribute. In this 

ecological range, Engelhardtia roxburghiana accounted for 16.75%, followed by Ormosia pinnata 

(15.66%), Sapium discolor (14.39%), and Gironniera subaequalis (10.98%) in the representative 

plot. On the other hand, G. subaequalis had the second highest abundance in the whole attribute 

with 15.19 individuals per ha, followed by Aphanamixis grandiflora (12.31 individuals) and 

Engelhardtia roxburghiana (9.81 individuals).  

3.6. Conclusions 

The species richness, species diversity, stand density and basal area were significantly 

different between lower and higher elevations, as well as between shallower and steeper slopes. 

The lower elevation and shallower slope had more species richness and diversity than the higher 

elevation and steeper slope did. The species diversity Evenness (Eq) presented in both the lower 

elevation (H1) and slope (S1) was higher than those of higher elevation (H2) and slope (S2). The 

higher elevation and steeper slope had a larger mean basal area, but less individuals per ha, this 

could result from forest disturbance and successional processes. Elevation had more influence on 

species, stand density, species diversity, basal area and family distribution than those of the slope. 

Slope had a weak correlation with the species richness, stand density and basal area in the study 

area. Elevation was the key factor influencing species richness, stem density and species 

dominance in the study area.  

Species composition between elevations and slopes was significantly different in term of 

species dominance and abundance. Difference of species composition could have been subjected 
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to disturbance or successional processes of forest ecosystem in the current study area. The species 

composition between slopes was not clearly distinguishable, this could help to confirm that slopes 

do not contribute to species distribution over topographic attributes. The species composition of 

the most abundant and dominant species in the representative plots did not fully represent the 

species which were dominant and abundant at the entire topographic attribute in the study area. It 

could result from the low variation of topographic elevation or can be that the location of the 

representative plots favors for a certain microsite or aspects. The current study can only report 

some major parameters of the forests; therefore, further efforts are needed for more information 

on endemic species and the most dominant species, which would contribute to appropriate 

conservation, restoration and management strategies in the area. 

Acknowledgements: The authors would like to thank: the German Academic Exchange Service 

(DAAD); We acknowledge support of the German Research Foundation and the Open Access 

Publication Funds of the Göttingen University; the Department of Climate Change under the 

Ministry of Natural Resource and Environment of Vietnam; the University of Hue Agriculture and 

Forestry for their help in arranging administrative permission to access the research areas; the 

experts of Sub- Forest Inventory and Forest Planning in Thua Thien Hue province; We would like 

to express our sincere thanks to Prof. Dr. Ralph Mitlöhner for his valuable advice and to the forest 

experts of Forest Management Board of the A Luoi and Rangers of Sao La Nature Reserve for 

their during different phases of fieldwork; the botanists for tree species identification; and local 

authorities and local people in the A Luoi district. We thank Department of Cartography, GIS and 

Remote Sensing, Göttingen University for providing the ArcGIS software in the framework of 

research. We specially thank editors and reviewers for constructive comments for publication 

assistance.  

3.7. References 

 

1. Ashton, P.S.; Hall, P. Comparisons of Structure Among Mixed Dipterocarp Forests of North-

Western Borneo. Journal of Ecology 1992, 80, 459. 

2. Whitmore, T.C. An introduction to tropical rain forests; Clarendon Press: Oxford, 1990. 



  

69 

 

3. McIntosh, R.P. An Index of Diversity and the Relation of Certain Concepts to Diversity. 

Journal of Ecology 1967, 48, 392–404. 

4. Hall, J.B.; Swaine, M.D. Classification and Ecology of Closed-Canopy Forest in Ghana. 

Journal of Ecology 1976, 64, 913. 

5. Huang, W.; Pohjonen, V.; Johansson, S.; Nashanda, M.; Katigula, M.; Luukkanen, O. 

Species diversity, forest structure and species composition in Tanzanian tropical forests. 

Forest Ecology and Management 2003, 173, 11–24. 

6. Anbarashan, M.; Parthasarathy, N. Tree diversity of tropical dry evergreen forests dominated 

by single or mixed species on the Coromandel coast of India. Journal of Tropical Ecology 

2013, 54, 179–190. 

7. Brown, R.; Frederichsen, T. Topographic Factors Affecting the Tree Species Composition of 

Forests in the Upper Piedmont of Virginia. Virginia Journal of Science 2008, 59, 1–9. 

8. Bunyavejchewin, S.; LaFrankie, J.V.; Baker, P.J.; Kanzaki, M.; Ashton, P.S.; Yamakura, T. 

Spatial distribution patterns of the dominant canopy dipterocarp species in a seasonal dry 

evergreen forest in western Thailand. Forest Ecology and Management 2003, 175, 87–101. 

9. Kacholi, D.S. Edge-Interior Disparities in Tree Species and Structural Composition of the 

Kilengwe Forest in Morogoro Region, Tanzania. International Scholarly Research Notices 

2014, 2014, 1–8. 

10. Thomas, E.; Vandebroek, I.; van Damme, P. Valuation of Forests and Plant Species in 

Indigenous Territory and National Park Isiboro-Sécure, Bolivia. Economic Botany 2009, 63, 

229–241. 

11. Chien, P.D. Demography of threatened tree species in Vietnam. PhD Thesis; Utrecht 

University: Utrecht, 2006, 132. 

12. Jong, W. de; van Hung, T. Forest Rehabilitation in Vietnam: Histories, Realities, and 

Future: Histories, Realities, and Future; CIFOR, 2006. 

13. Olson, D.M.; Dinerstein, E.; Wikramanayake, E.D.; Burgess, N.D.; Powell, G.V.N.; 

Underwood, E.C.; D'amico, J.A.; Itoua, I.; Strand, H.E.; Morrison, J.C.; et al. Terrestrial 

Ecoregions of the World: A New Map of Life on Earth. BioScience 2001, 51, 933. 

14. Clark, D.A.; Clark, D.B. Assessing the Growth of Tropical Rain Forest Trees: Issues for 

Forest Modelling and Management. Journal of Applied Ecology 1999, 9, 981–997. 

15. Trejo, I.; Dirzo, R. Deforestation of seasonally dry tropical forest. Biological Conservation 

2000, 94, 133–142. 

16. María, C.-J.; Aide, T.M. Vegetation structure, species diversity, and ecosystem processes as 

measures of restoration success. Forest Ecology and Management 2005, 218, 159–173. 

17. Chazdon, R.L.; Letcher, S.G.; van Breugel, M.; Martínez-Ramos, M.; Bongers, F.; Finegan, 

B. Rates of change in tree communities of secondary Neotropical forests following major 



  

70 

 

disturbances. Philosophical Transactions of the Royal Society B: Biological Sciences 2007, 

362, 273–289. 

18. Desta, F.; Colbert, J.J.; Rentch, J.S.; Gottschalk, K.W. Aspect Induced Differences in 

Vegetation, Soil, and Microclimatic Characteristics of an Appalachian Watershed. Southern 

Appalachian Botanical Society 2004, 69, 92–108. 

19. Jucker, T.; Boris B; David F. R. P. Burslem; Reuben N; Simon L. Lewis; Michele D; Phillips 

O.L; Lan Q; David A. C. Topography shapes the structure, composition and function of 

tropical forest landscapes. Ecology letter 2018, 21, 989–1000. 

20. Nguyen, H.; David, L.; John, H.; Jenifer, F. Designing Mixed Species Tree Plantations for 

the Tropics: Balancing Ecological Attributes of Species with Landholder Preferences in the 

Philippines. PLoS ONE 2014, 9. 

21. Nguyen, H.; Diez, J.; Kerstin, W. Spatial distribution and association patterns in a tropical 

evergreen broad‐leaved forest of north‐central Vietnam. Journal of Vegetation Science 2016, 

27, 318–327. 

22. Do, H.T.T.; Grant, J.C.; Trinh, B.N.; Zimmer, H.C.; Nichols, J.D. Diversity depends on scale 

in the forests of the Central Highlands of Vietnam. Journal of Asia-Pacific Biodiversity 2017, 

10, 472–488. 

23. Le Ba Thao. Vietnam. The Country and Its Geographical Regions 1997. 

24. Nguyen, T.L.; Florimond, D.S. Analysis and Mapping of Rainfall-Induced Landslide 

Susceptibility in A Luoi District, Thua Thien Hue Province, Vietnam. Water 2019, 11, 51–

66. 

25. Le, N. Adding some vascular plants to the list of plants in Thua Thien Hue Province. Journal 

of Research and Development 2016, 4, 96–107. 

26. Pham, T.G.; Nguyen, H.T.; Kappas, M. Assessment of soil quality indicators under different 

agricultural land uses and topographic aspects in Central Vietnam. International Soil and 

Water Conservation Research 2018, 6, 280–288. 

27. Tran, H.; Shigeru IIDA; Inoue S. Species Composition, Diversity and Structure of Secondary 

Tropical Forests Following Selective Logging in Huong Son, Ha Tinh Province, Vietnam. 

Journal of the Faculty of Agriculture - Kyushu University 2005, 50, 551–571. 

28. van Laar, A.; Akça, A. Forest mensuration; Springer Netherlands: Dordrecht, 2007, 377. 

29. Kalwij, J.M. Review of ‘The Plant List, a working list of all plant species’. Journal of 

Vegetation Science 2012, 23, 998–1002. 

30. Mazier D, Baumgartner F, Lepitre C. Terrain classification for tropical logging: Application 

in the case of Gabon 1975, 162. 

31. Sharma, C.; Suyal S; Gairola S; Ghildiyal S.K. Species richness and diversity along an 

altitudinal gradient in moisttemperate forest of Garhwal Himalaya. American Journal of 

Science 2009, 5, 119–128. 



  

71 

 

32. Adekunle, V.; Olagoke, A.; Akinele, S. Tree species diversity and structure of a Nigerian 

strict nature reserve. Journal of Tropical Ecology 2013, 54, 275–289. 

33. Claude E. Shannon. The Mathematical Theory of Communication. In A Mathematical Theory 

of Communication; Claude E.Shannon, Warren Weaver, Eds.: University of Illinois Press: 

Urbana, 1964, pp. 29–125. 

34. Pielou, E.C. The measurement of diversity in different types of biological collections. 

Journal of Theoretical Biology 1966, 13, 131–144. 

35. William, R. Procedures for Psychological, Psychometric, and Personality Research; 

Northwestern University: Evanston, Illinois, 2013. 

36. Meireles, L.D.; Shepherd, G.J. Structure and floristic similarities of upper montane forests in 

Serra Fina mountain range, southeastern Brazil. Acta Botanica Brasilica 2015, 29, 58–72. 

37. Curtis, J.T.; McIntosh, R.P. The Interrelations of Certain Analytic and Synthetic 

Phytosociological Characters. Ecology 1950, 31, 434–455. 

38. Naidu, M.T.; Kumar, O.A. Tree diversity, stand structure, and community composition of 

tropical forests in Eastern Ghats of Andhra Pradesh, India. Journal of Asia-Pacific 

Biodiversity 2016, 9, 328–334. 

39. Van, Y.T.; Cochard, R. Tree species diversity and utilities in a contracting lowland hillside 

rainforest fragment in Central Vietnam. Forest Ecosystems 2017, 4, 115. 

40. Le, N.T.T. Adding some vascular plants to the list of plants in Thua Thien Hue province. 

2016, 4. 

41. Soejima, A.; Tagane, S.; Nguyen Van, N.; Duy, C.N.; Huong, N.T.T.; Yahara, T. Callicarpa 

bachmaensis Soejima & Tagane (Lamiaceae), a new species from Bach Ma National Park in 

Thua Thien Hue Province, Central Vietnam. PhytoKeys 2016, 62, 33–39. 

42. Hadley, K.S. The Role of Disturbance, Topography, and Forest Structure in the Development 

of a Montane Forest Landscape. Bulletin of the Torrey Botanical Club 1994, 121, 47–61. 

43. Sébastien, L.; John, D. Thompson, Eric G; Max D. The Biology and Ecology of Narrow 

Endemic and Widespread Plants: A Comparative Study of Trait Variation in 20 Congeneric 

Pairs. OIKOS 2004, 107, 505–518. 

44. Noss, R.F.; Cooperrider, A.Y. Saving nature's legacy: protecting and restoring biodiversity; 

Island Press: Washington, D.C., 1994. 

45. Yocom, L.; Fulé, P.Z. Human and climate influences on frequent fire in a high‐elevation 

tropical forest. Journal of Applied Ecology 2012, 49, 1356–1364. 

46. Fabrucius, C.; Burger, M.; Hockey, P.A.R. Comparing biodiversity between protected areas 

and adjacent rangeland in xeric succulent thicket, South Africa: arthropods and reptiles. 

Journal of Applied Ecology 2003, 40, 392–403. 



  

72 

 

47. An, L.; Markowski, J.; Bartos, M. The comparative analyses of selected aspects of 

conservation and management of Vietnam’s national parks. Journal for Nature Conservation 

2018, 25, 1–30. 

48. Sabatini, F.M.; Borja, J.A, Sabina, B.; Andrea, L.; Milan, C. Beta‐diversity of central 

European forests decreases along an elevational gradient due to the variation in local 

community assembly processes. Ecography 2018, 41, 1038–1048. 

49. Zhang, J.T.; Xu, B.; Li, M. Vegetation Patterns and Species Diversity Along Elevational and 

Disturbance Gradients in the Baihua Mountain Reserve, Beijing, China. Mountain Research 

and Development 2013, 33. 

50. Gairola, S.; Sharma, C.M.; Ghildiyal, S.K.; Suyal, S. Tree species composition and diversity 

along an altitudinal gradient in moist tropical montane valley slopes of the Garhwal 

Himalaya, India. Forest Science and Technology 2011, 7, 91–102. 

51. Clark, D.B.; Hurtado, J.; Saatchi, S.S. Tropical rain forest structure, tree growth and 

dynamics along a 2700-m elevational transect in Costa Rica. PLoS ONE 2015, 10, e0122905. 

52. Sánchez A. G; López L. M. Plant species richness and diversity along an altitudinal gradient 

in the Sierra Nevada, Mexico 2005, 11, 567–575. 

53. Dorji, T.; Stein, R.M.; Julia, A.K.; Totland, Ø. Plant Species Richness, Evenness, and 

Composition along Environmental Gradients in an Alpine Meadow Grazing Ecosystem in 

Central Tibet, China. Arctic Antarctic and Alpine Research 2014, 46, 308–326. 

54. Emery, S. Succession: A Closer Look. Nature Education Knowledge Project 2010, 3, 45. 

55. Dossa, G.G.O.; Ekananda, P.; Junichi, F.; Yu, H.; Wanlop, C.; Zhang, Y.; Paz, P.; Harrison, 

R. Factors Determining Forest Diversity and Biomass on a Tropical Volcano, Mt. Rinjani, 

Lombok, Indonesia. PLoS ONE 2013, 8. 

56. Ifo, S.A.; Moutsambote, J.-M.; Koubouana, F.; Yoka, J.; Ndzai, S.F.; Bouetou-Kadilamio, 

L.N.O.; Mampouya, H.; Jourdain, C.; Bocko, Y.; Mantota, A.B.; et al. Tree Species 

Diversity, Richness, and Similarity in Intact and Degraded Forest in the Tropical Rainforest 

of the Congo Basin: Case of the Forest of Likouala in the Republic of Congo. International 

Journal of Forestry Research 2016, 2016, 1–12. 

57. Sahu, S.; Dhal, N.; Rama, R. Tree species diversity, distribution and population structure in a 

tropical dry deciduous forest of Malyagiri hill ranges, Eastern Ghats, India. Tropical Ecology 

2012, 53, 163–168. 

58. Campbell, D.G.; Stone, J.L.; Rosas, A., JR. A comparison of the phytosociology and 

dynamics of three floodplain (Várzea) forests of known ages, Rio Juruá, western Brazilian 

Amazon. Botanical Journal of the Linnean Society 1992, 108, 213–237. 

59. Whitmore, T.C.; Sidiyasa, K. Composition and Structure of a Lowland Rain Forest at Toraut, 

Northern Sulawesi. Kew Bulletin 1986, 41, 747–757. 



  

73 

 

60. Chris, C. The environmental control of plant species density on Himalayan elevation 

gradient. Journal of Biogeography 2005, 32, 999–1018. 

61. Sinha, S.; Badola, H.; Bijoy, C.; Gaira, K.; Lepcha, J.; Pitamber, P. Effect of altitude and 

climate in shaping the forest compositions of Singalila National Park in Khangchendzonga 

Landscape, Eastern Himalaya, India. Journal of Asia-Pacific Biodiversity 2018, 11, 267–275. 

62. Toledo, T.A.; García, F.O. Effects of forest-pasture edge on C, N and P associated with 

Caesalpinia eriostachys, a dominant tree species in a tropical deciduous forest in Mexico. 

Ecological Research 2008, 23, 271–280. 

63. Lin, L.; Huang, Z.; Ye, W.; Cao, H.; Wei, S.; Wang, Z.; Lian, J.; Sun, I.F.; Ma, K.; He, F. 

Spatial distributions of tree species in a subtropical forest of China. OIKOS 2009, 118, 495–

502. 

64. Thai, V. Forest vegetation cover of Vietnam, 2nd ed; Science and Technics Publishing 

House: Ha Noi, 1978. 

65. Schmid, M., Ed. Some considerations on the edaphic conditions in the tropical forest areas 

and their implications to land management, 1977. 

66. Le, Q.H. Growth, demography and stand structure of Scaphium macropodum in differently 

managed forests in Vietnam; Utrecht University, Forest Science Institute of Vietnam: 

Netherlands, 2012. 

 

 



  

74 

 

Chapter 4.  Land Cover and Forest Type Classification by Values of Vegetation Indices 

and Forest Structure of Tropical Lowland Forests in Central Vietnam 

Hung Nguyen Trong1,2*, The Dung Nguyen 1,3, Martin Kappas 1  

1 Department of Cartography, GIS and Remote Sensing, Georg-August-Universität Göttingen, 

37077 Göttingen, Germany; tronghung2128@gmail.com (H.N.T); tnguyen4@gwdg.de 

(N.T.D); mkappas@gwdg.de (M.K)  
2 Ministry of Natural Resources and Environment, Hanoi, Vietnam. 

3 Vietnam National University of Forestry, Xuan Mai, Ha Noi, Vietnam;   

*Correspondence: tronghung2128@gmail.com;  

Academic Editor: Anna Źróbek-Sokolnik 

Abstract:  

This paper aims to (i) optimize the application of multiple bands of satellite images for 

land cover classification by using random forest algorithms and (ii) assess correlations and 

regression of vegetation indices of a better-performed land cover classification image with 

vertical and horizontal structures of tropical lowland forests in Central Vietnam. In this study, 

we used Sentinel-2 and Landsat-8 to classify seven land cover classes of which three forest types 

were sub-stratified as undisturbed, low disturbed and disturbed forests where forest inventory of 

90 plots, as ground truth, was randomly sampled to measure forest tree parameters. A total of 

3226 training points was sampled on seven land cover types. The performance of Landsat-8 

showed out-of-bag error of 31.6%, overall accuracy of 68%, kappa of 67.5% while Sentinel-2 

showed out-of-bag error of 14.3% and overall accuracy of 85.7%, kappa of 83%. Ten vegetation 

indices of the better-performed image were extracted to find out (i) the correlation and regression 

of horizontal and vertical structures of trees, (ii) assess the variation values between ground-

truthing plots and training sample plots in three forest types. The result of the t-test on vegetation 

indices showed that six out of ten vegetation indices were significant at p<0.05. Seven vegetation 

indices had a correlation with the horizontal structure, but four vegetation indices namely 

Enhanced Vegetation Index, Perpendicular Vegetation Index, Difference Vegetation Index, and 

Transformed Normalized Difference Vegetation Index had better correlations r = 0.66, 0.65, 

0.65, 0.63 and regression results were of R2 = 0.44, 0.43, 0,43 and 0,40 respectively. The 

correlations of tree height were r = 0.46, 0.43, 0.43, 0.49 and its regressions were of R2 = 0.21, 

0.19, 0.18 and 0.24 respectively. The results show the possibility of using random forest 

algorithm with Sentinel-2 in forest type classification in line with vegetation indices application.  

Keywords: Sentinel-2, Landsat-8, Random Forest, Vegetation Indices, Dominant Species. 
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4.1. Introduction  

Forests, at a nationwide scale, need a monitoring system as fundamental tools to support 

the  management of landscapes, land use, ecosystem, biodiversity for multiple production 

purposes including national forest inventory (NFI) and international conventions [1–4]. It is 

clearly stated that land cover and land use mapping classification, derived from remote sensing 

data, for natural resource management, monitoring and development strategies are still open as 

big demand of the society and can be expressed as discrete classes or continuous land cover 

attributes [5]. Many studies have made land cover maps from different data sources such as 

multispectral, hyperspectral, radar aperture [6–9] and efforted to generating information from 

remote sensing (RS) by using machine learning algorithms to classify land cover [10–12]. 

Machine learning algorithms such as support vector machine, k-Nearest Neighbor and Random 

Forest are non-parametric classifiers caused huge attention for remote sensing in the last decades. 

The Random Forest (RF) is one of the most optimal artificial methodologies used for land cover 

classification with non-parametric classification algorithms that  can run on large data sets 

[13,14]. Furthermore, RF is an optimal algorithm which is suitable for an excellent number of 

remote sensing applications and compared to other conventional techniques [15–17].  

Remote sensing images provide potential information on tropical landscape forests and 

land use types [18] where the landscape is defined as a heterogeneous land area from a set of a 

cluster of interacting ecosystems that repeat in similar shape throughout and as an area that is 

spatially heterogeneous in at least one factor of interests [19,20]. The structure of forest has a 

relation to spatial distribution and as an important factor of forest ecological processes which 

supports to give more patterns of some taxa and even the disturbance status [21,22]. Forest 

structure provides important additional information to improve the estimation of forest stand 

variables [23]. High-resolution remote sensing images with the support of promising technique 

is potential for capturing the status but may not obtain forest productivity, which can partially 

reflect forest structure [23]. The outstanding method for evaluating land cover classification is a 

ground-based assessment derived from remote sensing [24]. Different sensors and methodology 

may give different results of application and information [25–27]. Vegetation indices (VIs) are 

https://doi.org/10.1155/2020/8896310
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essential for vegetation cover classification captured from the radiometric biophysical derivation 

and, vegetation structure. These indices contribute to land use planning and manage natural 

resources management and provide to policy making [28–31]. Sentinel-2 and Landsat-8 were 

developed to support vegetation, land cover, land use, environmental monitoring and others such 

as biophysical and geographical resources [32,33]. The Sentinel-2 measures reflected radiance 

within 13 spectral bands, whereas Landsat-8 has eleven bands. Multi-spectral bands help to map 

the vegetation types of the regional scale [34,35]. Some studies have tried to classify land cover 

and vegetation cover in tropical life form using vegetation indices and texture but mapping 

different land cover and forest types in the tropic is a big challenge due to its heterogeneity of 

landscape, availability of optical satellite images with low cloud ratio [36,37]. The spatial 

resolution is dependent on the particular spectral bands but 10 m resolution of Sentinel-2 can 

provide feasible phenological values for different landscapes [38]. Several studies applied multi-

spectral bands of Landsat-8 with a resolution of 30 m to assess vegetation dynamic [39]. The key 

process of the research workflow is presented in Figure 4.1. 

 

Figure 4.1. A key process on land cover classification, vegetation indices extraction and 

verification of research workflow 

No studies have been conducted applying RF for land cover classification in combination 

with extracted vegetation indices to stratify forest structures and to compare the values of 

vegetation indices between the ground truth and training sample plots of VIs from the best-

performed satellite images in the tropical lowland forests in Vietnam. This paper aims to (i) 

compare the application of multiple band Sentinel-2 and Landsat-8 images for land cover 

classification by applying RF and (ii) evaluate the correlation and regression of vegetation 

indices forest vertical and horizontal structures with the above -mentioned two sensors in the 

tropical lowland forests in Central Vietnam. 

4.2. Study area 

The study area is located between 107°.22´E to 107.30´E and 16°.02´N to 16°10´N in the 

Western part of Thua Thien Hue province (Figure 4.2). The average annual temperature is 
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21.9°C, the average high temperature is 25.3°C, and the average low temperature is 17°C. 

Moisture content varies from 81% to 94%, and it is normally influenced by an inter-tropical 

convergence zone that typically causes tropical low pressures, monsoons, and typhoons leading 

to annual rainfall of about 3500mm with an average of 200 rainy days annually, most of which 

accumulates between September and December [40,41].  

 

Figure 4.2. Research Area. The ground truth sampling plots were conducted at three forest types: 

UF = undisturbed forest; LF = less disturbed forest; DF = disturbed forest. 

This study area located in a mountainous region consisting of primary and secondary 

closed evergreen broadleaved lowland forests [42]. The dominant species in the study area are 

of families: Fagaceae, Myrtaceae, Lauraceae, Cannabaceae, Leguminosae, Dipterocarpaceae, 

Malvaceae, Meliaceae,  Myristacaeae, Burseraceae and Annonaceae [42,43]. There are four main 

land-use types grass, natural forest, plantation forest and agricultural land in A Luoi district. The 

predominant soil types are of Humic Acrisols, Hyperdystrict Acrisols, Arenic Acrisols, and 

Ferralic Acrisols [44]. According to Thai [45], the study area consists of mainly lowland 

evergreen broadleaf forests. The classification system of forest-based ecosystem enclosing five 

main stories namely (i) upper storey where tree with height of about 40 to 50 m; (ii)  Ecological 

dominance where most of trees belong to Fagaceae, Lauraceae, Magnoliaceae, Burseraceae, 

Meliaceae; (iii) Lower storey where tree height is from 8 to 15 m belonging to Annonaceae, 

Ulmaceaeand, Myristicaceae and Clusiaseae; (iv) Under storey where trees are from 2 to 8 m 
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high and (v) Climbers with the height of less than two meters. Four forest types of the lowland 

forest consist of evergreen closed, semi-deciduous closed, deciduous closed and closed, hard 

leaved that echoed the development of lowland tropical forests in Vietnam since 1960s. The four 

forest types classification method of Germany introduced by Loeschau to Vietnam in 1959 has 

been widely applied [46,47]. The rich forest distributes in the very remote, and high terrain area 

where forests are protected and forest structure is well-preserved, called undisturbed forest (UF) 

which had the basal area of about 30m2 ha-1 [48]. The UF is dominated by Fagaceae, Lauraceae, 

Dipterocarpaceae, Leguminosae and Meliaceae. The second forest type is classified as a medium 

forest where the forest has been somehow slightly logged and disturbed, canopy fragmentation 

exists, and its structure is somehow maintained with the basal area ranging from 21-26m2 ha-

1[49]. This forest type is classified as less disturbed forest (LF), which is dominated by Fagaceae, 

Lauraceae, Euphorbiaceae, and Sapidaceae. The third type is secondary forest, where forest is 

heavily disturbed (DF), is dominated with Myristicaceae, Clusiaceae, Annonaceae, 

Euphorbiaceae and Myrtaceae [45,50] with the basal area from 10-21m2 ha-1 [49]. 

4.3. Materials and Methods 

4.3.1. Ground truth samples 

In order to gather the ground truth data for (1) forest types classification and (2) assess the 

correlation between vegetation indices and forest vertical and horizontal structures, we based on 

the local forest status map to randomly layout 90 sampled plots (30 x 33.3m) in three different 

forest classes hereafter referred to as forest types of UF, LF and DF to measure the height (H) in 

meter and the diameter at breast height (DBH) ≥10 in a centimeter of all living trees. Forest stand 

parameters were collected using conventional forest inventory techniques [51]. The tree species 

were first recorded in Vietnamese nomenclature and then to scientific names [52]. Names of all 

tree species were then checked to avoid synonym [53,54]. The mean stand parameters were then 

calculated, analyzed and conducted t-test [55,56]. The dominance of tree species in basal area 

(m2/ha-1), abundance of tree species occurring as number stem of a tree species (N/ha-1), 

frequency (%) and Importance Value Index (IVI) of the most dominant and abundant species 

were calculated [57,58]. The in-stored random samples in GPS were used to guide the field team 

to the sampled site. The minimum interval distance among plots is around 200 meters. Reference 

dataset has been created by a field survey where ground truth values have been recorded using 

the Global Positioning System (GPS). The ground-truth sampling was conducted 3rd April to the 

28th of May 2017. 
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4.3.2. Remote sensing data 

Both Sentinel-2-Level 1C (ID: L1C_T48PYC_A009124_20170322T033236) acquired on 

22 March 2017 and Landsat-8 (ID: LC08_L1TP_125049_20170809_20170823_01_T1, 

acquired on 09 August 2017) were downloaded from the website of the United States Geological 

Survey [59]. The imagery was atmospherically corrected by using the Sen2Cor tool 

incompatibility in the platform of the Sentinel Application Platform (SNAP) toolbox [60]. All 

band, except band 10 of Sentinel-2, were converted to radiance, TOA reflectance, and surface 

reflectance and resampled to 10 m x 10 m resolution with the Shuttle Radar Topography Mission 

(SRTM) Digital Elevation Model referencing before compositing and extracting by mask to the 

study area. The Sentinel - Cirrus band was neither used for land cover classification nor 

vegetation calculation [61]. The composited 10 m band imageries were used for classification 

and extraction of vegetation indices in this study. The Landsat-8 provides 11 multispectral bands, 

nine bands except for band 8 and band 9 (Panchromatic and Cirrus) were not used for 

classification. All selected bands were resampled to 10 m x 10 m resolution for sampling and 

classification. The flow of remote sensing data collection and process is presented in Figure 4.3. 

Figure 4.3. Flowchart of satellite data and ground truth data processing methods 
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4.3.3. Land Cover Classification Training and Testing Samples 

4.3.3.1. Training dataset classification and testing 

A set of polygons was created to collect training sample data by using ArcGIS 10.6.1 

toolbox. The training data were manually sampled in composited RGB imagery of Sentinel-2. 

To enhance the accuracy of training sample, the up-to-date imagery of Google Earth was also 

used as a reference. Different sizes of polygons may differ the number of pixels per land cover 

class. The training and test samples are presented in Table 4.1. 

Table 4.1. Land cover training and testing samples 

Land cover 
No. 

Classes 

Class 

training 

pixels 

Training/ 

Testing 

pixel of 

Landsat-8 

Training/ 

Testing 

pixel of 

Sentinel-2 

Residential and Constructions (RC) 1 435 290/145 308/127 

Water and River (WR) 2 270 187/83 180/90 

Agriculture (Agr) 3 500 384/149 351/147 

Slash and Burnt (SB) 4 323 226/97 229/94 

Disturbed Forest (DF) 5 600 445/155 414/186 

Low Disturbed Forest (LF) 6 487 341/146 335/152 

Undisturbed Forest (UF) 7 611 421/189 441/170 

The Land Use/Land Cover (LULC) of the selected area is divided into seven classes. In 

accordance with Land Law 2013 of Vietnam, the three main land-use types are agricultural, non-

agricultural, and unused lands. Of the seven land cover classes in table 4.1, RC and WR belong 

to non-agricultural land. The Agr, SB, DF, LF, and UF are of agricultural land. Forest lands are 

the most dominant in the current study area [62]. Land cover and land use were classified into 

four land-use types arable land, plantation forest, natural forest for production, and bare land 

[44]. Thus the seven land cover classes are the most representative of the natural land in this 

area. The residential and construction areas illustrated in this study consist of civil constructions 

such as houses, roads, irrigation, schools, clinics. Water area includes river which, at the imagery 

acquired data, was partly shallow. The agricultural area is of rice, maize, vegetable production. 

Slash and Burnt is either upland land which is considered as land for woodlots, exotic tree species 

plantation such as Acacia auriculiformis, Acacia mangium, Acacia hybrid, Hevea brasiliensis, 

Anacardium occidentale and Hopea ordorata or periodically being burnt after harvesting. This 

type of land exists in all mountainous areas of Vietnam. The three forest cover classes classified 

into disturbed forests were (i) forests were heavily degraded or deforested (DF), (ii) forests were 
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somehow degraded but its structure is maintained (LF), and (iii) forests where minor 

disturbances by nature or human have occurred and its structure are well-preserved (UF) [47,63].  

4.3.3.2. Random Forest Classification 

The two most important parameters in RF land cover classification are ntree and mtry 

which effect to the results of land cover classification where the random classifier vector 

generates from different pixels and each tree cast is a unit vote for the most class to rank the 

input vector [14,64]. Twelve bands of the Sentinel-2 as 12 input variables and the nine bands of 

the Landsat-8 as nine bands as input variables were used for classification. The composition of 

RF classification is basically from sub-samples of ntree, which are trained and fit best to the most 

popular class. A total of 2236 pixels for seven classes as seven land-use types used unbalanced 

random sampling. To support the RF algorithm, a ratio of 70% training pixels (2258 training 

samples) was used to run the RF algorithm, and 30% of the total training pixels (964 training 

samples) was used for testing. The remaining samples are used, by RF, to obtain the class error 

estimates indicating via the score of out of bag (OOB). According to some researchers, ntree 

parameters applied in RF classifier can be default [65,66], and other studies state that increase 

of ntree will produce the better performance of accuracy estimates [65]. The number of ntree in 

this study was defined as a list of nine levels continuously ranging from 100, 200, 300, 400, 500, 

600, 700, 800, and 900. The feature in each split called mtry which is controlled by user in the 

sub-samples and feeds the RF classifier [6]. The default mtry for p features is 𝑚𝑡𝑟𝑦 = √𝑝 where 

p is the number of variable predictors; thus, increasing mtry may improve performance [67]. The 

mtry in this study was defined (1, variables) to run the classifier with the same defined ntree 

(100, 200, 300, 400, 500,600,700,800 and 900). Therefore, the highest accuracy of mtry and 

ntree result was selected. Random forest classification analysis was done in R studio.  

4.3.3.3. Accuracy Assessment and Validation 

Three forest classes are based on the field sample plots. The idea is to estimate the accuracy 

of quantification of mapping from using remote sensing data to the ground truth conditions and 

compare the performance of different satellite images in terms of its bands as variables. We can 

then determine the level of error of users and producers that might be contributed by the land use 

or land cover in further analyses in which it is incorporated. Accuracy assessment of each defined 

class drives from an error matrix that compares map information with reference data and the 

sampled area/points, these types of errors are driven by the producer's and user's accuracies 

respectively [68,69]. The accuracy is generated from an error of matrix for the final classification 

consisting of different multivariate statistical analyses in which the overall accuracy and kappa 
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indicate the accuracy of different classified classes [69–71]. The performance of RF classifier in 

each land-use class of two selected satellite images proves the optimal choice of further 

processes. 

4.3.3.4. Vegetation indices extraction 

The values of ten VIs were calculated from different combinations of spectral bands, 

mostly from NIR and red bands, derived from the better-performed images [72–74]. Nine out of 

ten VIs are broadband greenness that help to understand canopy leaf area, canopy formation, 

vegetation productivity.  

These VIs provide and compare the reflectance peak in the range of near-infrared to red 

band. While selection of Atmospherically Resistant Vegetation Index (ARVI) was as a test to 

measure the reflectance of the narrow and steep slope of vegetation structure change comparing 

to broadband greenness with the hope that it can help to differentiate different vegetation canopy 

structures.  

The VIs were extracted from both ground truth plots and training sample points. The 

Normalized Difference Vegetation Index (NDVI) is a simple, and effective index that helps to 

quantify the green vegetation, ranging from -1 to 1 and the indicated green healthy and dense 

vegetation is between 0.2 to 0.8 [75,76]. The Infrared Percentage Vegetation Index (IPVI) is a 

non-negative vegetation index that helps to measure the percentage of the radiance of both near-

infrared and red bands [77,78]. 

Similar to NDVI, the Green Normalized Difference Vegetation Index (GNDVI) is more 

sensitive to chlorophyll concentration than NDVI and used for measuring the green spectrum 

from 540 to 570 nm instead of the red spectrum [79]. The Atmospherically Resistant Vegetation 

Index (ARVI) resists to atmospheric effects compared to NDVI and is supported by a self-

corrected process on the red band [80]. The range of ARVI is dynamically similar to NDVI, but 

it is four times less sensitive to atmospheric as NDVI. The Enhanced Vegetation Index (EVI) 

values range from -1 to 1, of which the healthy vegetation denotes from 0.2 to 0.8 [31,81]. The 

Normalized Difference Index (DVI) is sensitive to vegetation and more distinguishing with soil 

and is more linear and of use for vegetation cover monitoring [82,83]. The Normalized 

Difference Index (NDI45) with less saturation at higher values than the NDVI is the ratio 

between the Red Edge (band 5) and the red band (Band 4) [84]. The value of the Ratio Vegetation 

Index (RVI) ranges from 0 to 30 in which value between 2 to 8 indicates health vegetation. The 

RVI reduces the effects of atmosphere and topography [85–87]. This effect which occurs in the 

natural surface in the mountainous area. The Perpendicular Vegetation Index (PVI) is a 

generation of DVI differentiating soil lines of different slopes and near-infrared (NIR) axis in 
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degree, is to some extend sensitive to atmospheric variations [88]. The algorithm of Transformed 

Normalized Difference Vegetation Index (TNDVI) is the square root of NDVI and indicates a 

relationship between green biomass that is found in a pixel [89].  

In this study, we calculated ten VIs from the best performed image in Table 4.2 from 90 

ground truth randomly sampled plots (GTVIs) and 1303 training sample points of three sub-

stratified forest types (CLVIs) in Table 4.8. T-tests of the mean were done among three forest 

types of both GTVIs and LCVIs and ran the correlation among VIs of the GTVIs and horizontal 

and vertical forest structure [90] to test the significant difference among forest types and ground-

truth and training sample plots. All t-tests of forest parameters and vegetation indices were tested 

by using Statistica 13.5. 

Table 4.2. Vegetation Radiometric Indices 

Vegetation 

Indices 
Formula References 

NDVI (B8−B4) / (B8 +B4) [91] 

IPVI 𝐼𝑃𝑉𝐼 =
B8 

 B8 + B4
 [79] 

GNDVI 𝐺𝑁𝐷𝑉𝐼 =
B8 − B3

B8 + B3
 [92] 

ARVI 
B8 – [B4 - γ (B4 – B2)] / B8 + [B4 - γ (B4 – B2)] 

γ = gamma = 1 
[80] 

EVI 
G ∗

(B8 − B4)

 (B8 + C1 ∗ B4 − C2 ∗ B2 + L)
 

where: (G=2.5; C1 = 6; C2 = 7.5; L = 1) 

[93] 

NDI45 (B5 - B4) / (B5 + B4) [84] 

RVI B8/B4 [85] 

DVI B8-B4 [82] 

PVI 

(𝑎𝜌 ∗ 𝐵8 −  𝛽𝜌 ∗ 𝐵4) 

where 𝜌 is reflectance in NIR or Red band. a and 

𝛽 are soil line parameters 

[88] 

TNDVI √(𝐵3 − 𝐵4)/(𝐵3 + 𝐵4) + 0.5 [82] 

4.4. Results 

4.4.1. Ground Truth Input 

The forest sampled parameters of three forest types UF, LF, and DF are not uniquely 

different. The mean of height as a vertical structure of forest stands LF and DF is significant 

different from UF at p<0.05 but not between LF and DF. The mean basal area and of volume as 
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a horizontal structure of forest stand is significantly different among UF, LF and DF while tree 

stems per plot were not significantly different among forest types in Table 4.3.  

Table 4.3. Parameters of different forest types 

Parameters 
Forest types 

UF LF DF 

No. Plots (1000m2) 30 30 30 

Mean height (H) in meter 16.4±1.2a 14.7±1.2b 14.3±0.9bc 

Basal area (BA) ha-1 33.1±0.6a 21.3±0.3b 15.6±0.4c 

Volume (V) ha-1 361±8.8a 211±4.0b 147±4.7c 

Tree stem ha-1 445±9.4a 466±13.5a 400±12.0a 

(The letter same a, b or c indicates not significantly different at (p<0.05)) 

The composition of species and families in different forest types illustrated in mean height, 

dominance (m2/ha), abundance (N/ha), frequency (%) and Importance Value Index (IVI) of each 

forest type in Table 4.4; Table 4.5. Table 4.4 shows the most dominant, abundant species in each 

forest type with its frequency and IVI in which L. ducampii, A. grandiflora, T. myriocarpa and 

S. roxburghii  in UF where L. ducampii was found 59 stems over 20 plots occupying 19.67 trees 

per ha while 39 stems of S. roxburghii was found in 21 plots and were the most dominant with 

2.31 m2/ha. This species is also dominant in the height of 21.98m with 70% frequency. In LF, B. 

tonkinensis was found most dominant, but L. ducampii was also found most abundant. While S. 

macropodum and M. mediocris are at the lower height stratum comparing to L. ducampii and B. 

tonkinensis. L. ducampii is more abundant but less dominant than B. tonkinensis.  In DF, G. 

oliveri, K.  furfuracea, E.  petelotii and S.  lanceolatum are the four most dominant and abundant 

species. Of those four species, G. oliveri and K.  furfuracea are the two most dominant and 

abundant species.  
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Table 4.4. Dominance and Abundance Species of Horizontal Structure in different forest types 

Types Species 
Mean 

H (m) 

D
o

m
in

a
n

ce
 

(m
2
/h

a
) 

A
b

u
n

d
a

n
ce

 

(N
/h

a
) 

F
re

q
u

en
cy

 

(%
) 

IVI 

UF 

Lithocarpus ducampii (Hickel & A.Camus) (59:20) 16.97 1.51 19.67 66.67 7.58 

Aphanamixis grandiflora (50:19) 15.67 0.98 16.67 63.33 6.70 

Terminalia myriocarpa Van Heurck & Müll. Arg(41:19) 20.23 1.58 13.67 63.33 7.49 

Shorea roxburghii G.Don (39:21) 21.98 2.31 13.00 70.00 8.74 

  Others (1148:96) 
 

26.69 382.67 
 

269.49 

LF 

Lithocarpus ducampii (Hickel & A.Camus) (54:16) 16.44 1.06 18.00 53.33 6.51 

Scaphium macropodum (Miq) Beumee ex K.Heyne 

(41:21) 
14.03 0.39 13.67 70.00 6.07 

Magnolia mediocris (Dandy) Figlar (41:18) 14.14 0.63 13.67 60.00 5.91 

Bursera tonkinensis Guillaum (40:19) 18.53 1.61 13.33 63.33 7.95 

  Others (1221:107) 
 

17.70 407.00 
 

273.56 

DF 

Garcinia oliveri Pierre (66:25) 12.49 0.49 22.00 83.33 8.01 

Knema furfuracea (Hook. f. & Thomson) Warb (48:21) 14.76 0.54 16.00 70.00 7.12 

Enicosanthellum petelotii (Merr.) Ban (46:17) 12.25 0.30 15.33 56.67 5.64 

Syzygium lanceolatum (Lam.) Wight & Arn (45:22) 13.00 0.42 15.00 73.33 7.12 

  Others (997:105) 
 

13.84 332.33 
 

272.12 

(Species presented in bracket i.e: (59:20) indicating number of individual stems (N) representing 

in the number of corresponding plots where the species are dominated and abundant with its 

occurrence frequency; IVI = Importance Value Index of the species in the study area) 

Table 4.5 describes the species which prevail higher canopy stratum of which D. kerrii has 

the mean height of 27.98 m following by T. bellirica with 26.70 m while S. roxburghii and D. 

grandiflorus are most dominant and abundant in UF where the three out of four dominant and 

abundant species are of Dipterocarpaceae and one species is of Combretaceae. Furthermore, S. 

roxburghii and D. grandiflorus were found most frequent with 39 stems over 21 sampled plots 

and 17 out of 30 sampled plots with 34 stems respectively. The number of species in LF, the 

dominance and abundance of four species F. lacor, S. roxburghii, C. indica and T. myriocarpa 

are not so much varied. F. lacor, the highest vertical stratum, has four stems distributing in four 

out of 30 sampled plots followed S. roxburghii which is 21.27 m in height with eight stems 

distributing in six sampled plots. The other two species C. indica and T. myriocarpa are more 

abundant than two other species mentioned above. The vertical stratum in DF is even more 

scattered than the species in LF and UF. P. ellipticum, one single stem distributing on one 

sampled plot, was found to be the highest in this forest type with 34.50 m. The height of three 

species A. chinense, L. verticillata and A. pilosa ranges from 18.06 m to 19.17 m. 



  

86 

 

Table 4.5. Dominance and Abundance Species of Vertical Structure in different forest types 

Types Species 
Mean 

H(m) 

D
o

m
in

a
n

ce
 

(m
2
/h

a
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A
b

u
n

d
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n
ce

 

(N
/h

a
) 

F
re

q
u
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cy

 

(%
) 

IVI 

UF 

Dipterocarpus kerrii King (6:3) 27.98 0.51 2.00 10.00 5.19 

Terminalia bellirica (Gaertn.) Roxb. (4:4) 26.70 0.29 1.33 13.33 2.97 

Shorea roxburghii G.Don (39:21) 21.98 2.31 13.00 70.00 8.74 

Dipterocarpus grandiflorus Blanco (34:17) 21.04 1.81 11.33 56.67 7.51 

  Others (1254:96) 
 

28.15 418.00 
 

275.60 

LF 

Ficus lacor Buch. Ham. (4:4) 24.50 0.33 1.33 13.33 3.97 

Shorea roxburghii G.Don (8:6) 21.27 0.47 2.67 20.00 4.39 

Castanopsis indica (Roxb. ex Lindl.) A.DC (11:6) 20.12 0.34 3.67 20.00 3.59 

Terminalia myriocarpa Van Heurck & Müll. Arg (10:5) 19.42 0.26 3.33 16.67 3.19 

  Others (1364:107) 
 

19.98 454.67 
 

284.87 

DF 

Placolobium ellipticum N.D.Khoi & Yakovlev (1:1) 34.50 0.12 0.33 3.33 5.40 

Alangium chinense (Lour.) Harms (3:2) 19.17 0.10 1.00 6.67 2.67 

Litsea verticillata Hance (6:3) 18.07 0.11 2.00 10.00 2.42 

Actinodaphne pilosa (7:5) 18.06 0.23 2.33 16.67 3.40 

  Others (1185:105) 
 

15.02 395.00 
 

286.10 

(Species presented in bracket i.e: (6:3) indicating number of individual stems (N) representing 

in the number of corresponding plots where the species are dominated and abundant with its 

occurrence frequency; IVI = Importance Value Index of the species in the study area) 

The four most horizontal dominant and abundant families are Fagaceae, Lauraceae, 

Leguminosae and Dipterocarceae.  Of those, Fagaceae and Lauraceae are more abundant with 

52.7 stems and 33.3 stems per hectare while Diperocarpaceae is the most dominant with 93 stems 

recorded in 29 out of 30 sampled plots. Fagaceae is more dominant and abundant than those in 

LF, but a shift is with Lauraceae which is more dominant and abundant in LF. Euphorbiaceae 

and Myrtaceae were not found dominant and abundant in UF but in LF and DF. It is obvious that 

the Myristicaceae and Clusiaceae are only found dominant and abundant in DF. The vertical tree 

families in UF are Leguminosae and Dipterocarpaceae of which Dipterocarpaceae is pre-height 

dominant and abundant. The dominance and abundance of Combretaceae are more than 

Moraceae. Compare to the horizontal family structure, the dominant and abundant families 

belong to Dipterocarpaceae, Combretaceae, Moraceae, Leguminosae, Burseraceae, and 

Polygalaceae. Of those, Dipterocarpaceae and Leguminosae were found in both vertical and 

horizontal family structures of species composition in the study area. 
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4.4.2. Performance of RF classifier 

The best-produced results from mtry and ntree combined-datasets showed the highest 

accuracy presented in Figure 4.4. Tuning results of two RF classifiers illustrated that repeated 

cross-validation accuracy where mtry = 2, at ntree = 500 in Landsat and mtry=5 at ntree = 700 

in Sentinel-2.  

Landsat-8 Sentinel-2 

  

 Figure 4.4. The number of trees and random split number of variables at each node of RF 

classifiers in Landsat-8 and Sentinel-2 using the same training sample data. 

The same mtry and training sampled dataset which were used to assess the error of each 

land-use type in Figure 4.5. The results showed the OOB in Landsat-8 of 31.6% in Landsat, 

and the OOB is of 14.3% in Sentinel-2. 

Landsat-8 Sentinel-2 

  
Figure 4.5. The OOB error (y-axis) and ntree in (x-axis) of RF classifier of Landsat-8 and 

Sentinel-2 using the same training sample data. 

4.4.3. Comparison of sensors over class validation and assessment 

The agreement of the RF classification including the overall accuracy and the kappa 

statistic is presented in Table 4.6 and Table 4.7. The Accuracy assessment of land cover RF 

classifiers in Landsat-8 showed the overall accuracy of 68% and Kappa of 67.5%. The results 
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showed that producer accuracy of Water and River (WR), Slash and Burnt (SB), which are 

presented in Table 4.6, having the lowest accuracy with 20%, 1%, respectively. 

Table 4.6. Accuracy assessment of land cover classes of Landsat-8 

LC/LU RC WR Agr SB DF LF UF 
User  

Accuracy 

RC 104 19 13 30 7 5 2 58 

WR 8 17 5 1 0 1 0 53 

Agr 30 37 112 48 3 3 1 48 

SB 0 0 0 1 0 0 0 100 

DF 0 2 13 9 134 5 0 82 

LF 0 7 2 4 10 118 16 75 

UF 3 1 4 4 1 14 170 86 

Producer  

Accuracy 
72 20 75 01 86 81 90 

 

Overall accuracy             68 

Kappa               67 

The overall accuracy of the RF classifier in Sentinel-2 in Table 4.7 was 86% and kappa of 

83%. The producer’s error and user’s error of water and river class in Sentinel-2 are the highest 

compared to other classes. 

Table 4.7. Accuracy assessment of land cover classes of Sentinel-2 

LC/LU RC WR Agr SB DF LF UF 
User  

Accuracy 

RC 108 13 6 4 0 0 0 82 

WR 2 52 5 3 0 0 0 84 

Agr 11 11 123 8 6 0 4 75 

SB 6 9 6 79 0 0 0 79 

DF 0 0 4 0 180 9 0 93 

LF 0 1 1 0 0 128 8 93 

UF 0 4 2 0 0 15 158 88 

Producer  

Accuracy 
85 58 84 84 97 84 93 

 

Overall accuracy 
      

0.86 

Kappa 
       

0.83 

Figure 4.6 showed pairwise matrix of 7 land cover classes in which the most misinterpreted 

training samples are of water and river (WR), slash and burst (SB) classes in Landsat-8 and WR 

in Sentinel-2. Interpretation of training samples in Sentinel-2 is more constant. In Figure 4.7, the 

water body and slash and burnt ratio are more visualized in Landsat-8 than those in Sentinel-2. 
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Landsat-8 Sentinel-2 

  

Figure 4.6. Explanation of each class prediction of Landsat-8 and Sentinel-2 using square 

matrix. The higher result of reference and prediction, the better accuracy of classification 

(Classes are: 1 = RC; 2 = WR; 3 = Agr; 4 = SB; 5 = DF; 6 = LF and 7 = UF). 

 

Landsat-8 Sentinel-2 

 
Figure 4.7. Classification map by random forest presenting results of the best accuracy of 

classifiers in Landsat-8 and Sentinel-2 

Forest area is most dominant in the study area with 88% of the total natural land [62]. 

4.4.4. Difference of vegetation indices 

Ten extracted Vegetation Indices from three forest cover classes of the best-performed 

image are presented in Table 4.2 which consists of VIs values of GTVIs and CLVIs. T-tests of 

the mean were done among three forest types of both GTVIs, and LCVIs in Table 4.8. The NDVI, 
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IPVI, EVI, DVI, PVI, and TNDVI in different forest types of both GTVIs and LCVIs showed 

significant difference at p<0.05. While GNDVI, ARVI, NDI45 and RVI of different forest types 

of GTVIs were not significantly different. Not all vegetation indices of each corresponding forest 

type in GTVIs and LCVIs are significant different. The vegetation indices of EVI, DVI and 

TNDVI of GTVIs and LCVIs in each corresponding forest type are significantly different at 

p<0.05.  

Table 4.8. Mean vegetation indices of forest types in ground truth and training sample plots 

extracted from Sentinel-2 imagery dated on 22 March 2017 

Vegetation 

Indices 
Ground Truth Plots (GTVIs) Training Sample Plots (LCVIs) 

 UF (N=30) LF (N=30) DF(N=30) UF (N=611) LF (N=487) DF (N=600) 

NDVI 0.84±0.02aA 0.85±0.01bA 0.86±0.02cA 0.83±0.02aA 0.85±0.02bB 0.87±0.01cB 

IPVI 0.92±0.01aA 0.93±0.01bA 0.93±0.01cA 0.91±0.01aA 0.92±0.01bB 0.94±0.01cB 

GNDVI 0.73±0.03aA 0.74±0.02aA 0.74±0.02aA 0.72±0.03aB 0.73±0.02bB 0.74±0.02cA 

ARVI 0.85±0.03aA 0.84±0.02aA 0.85±0.02aA 0.83±0.03aA 0.84±0.03abB 0.85±0.02cB 

EVI 0.22±0.04aA 0.33±0.05bA 0.40±0.08cA 0.21±0.04aA 0.32±0.04bB 0.49±0.07cB 

NDI45 0.54±0.07aA 0.53±0.04aA 0.55±0.05aA 0.49±0.06aA 0.53±0.04bA 0.59±0.03cB 

RVI 12.1±1.9aA 12.8±1.2abA 13.7±1.9cA 11.1±1.7aA 12.2±1.5bB 15.1±1.9cB 

DVI 0.07±0.02aA 0.11±0.02bA 0.15±0.04cA 0.12±0.02aB 0.19±0.03bB 0.33±0.06cB 

PVI 0.12±0.03aA 0.20±0.03bA 0.25±0.06cA 0.07±0.01aB 0.12±0.02bB 0.19±0.04cA 

TNDVI 1.07±0.02aA 1.10±0.01bA 1.11±0.02cA 1.06±0.02aB 1.10±0.01bB 1.17±0.01cB 

(Within rows, values followed by the same lowercase letter (a, b) are not significantly 

different (p < 0.05) between forest types; Within rows, values followed by the same 

capital letter (A, B) are not significantly different (p < 0.05) of forest types between 

ground truth and training sample plots). 

4.4.5. Correlation of vegetation indices  

The correlation and regression among VIs of the GTVIs and horizontal and vertical forest 

structure are presented in Table 4.9 and Figure 4.8. The figures presented in Table 4.9 do not 

only describe the correlation between Height and BA with ten vegetation indices but also among 

themselves for further understandings. In this study, we decided to choose the correlations more 

than 50% with BA and above 40% with height thus focused on the correlation between BA, and 

height with EVI, PVI, DVI and TNDVI. The correlation of these four VIs with BA ranges from 

0.63 to 0.66 while the correlation of height with these four VIs ranges from 0.43 to 0.49. Three 

VIs showed the lowest correlation with BA, and height were GNDVI, ARVI and NDI45. 
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Table 4.9. Correlation of Vegetation Indices with BA and height in ground-truth plots 

  BA(m2) H(m) NDVI IPVI GNDVI ARVI EVI NDI45 RVI PVI DVI TNDVI 

BA(m2) 1.00            

H(m) 0.73* 1.00           

NDVI -0.34* -0.32* 1.00          

IPVI -0.34* -0.32* 1.00* 1.00         

GNDVI -0.08 -0.19 0.69* 0.69* 1.00        

ARVI -0.02 -0.12 0.81* 0.81* 0.49* 1.00       

EVI -0.66* -0.46* 0.60* 0.60* 0.30* 0.19 1.00      

NDI45 -0.12 -0.13 0.52* 0.52* 0.27* 0.49* 0.13 1.00     

RVI -0.36* -0.30* 0.97* 0.97* 0.63* 0.80* 0.61* 0.54* 1.00    

PVI -0.65* -0.43* 0.59* 0.59* 0.29* 0.19 0.99* 0.14 0.61* 1.00   

DVI -0.65* -0.43* 0.59* 0.59* 0.29* 0.19 0.99* 0.14 0.61* 1.00* 1.00  

TNDVI -0.63* -0.49* 0.73* 0.73* 0.44* 0.32* 0.96* 0.17 0.71* 0.94* 0.94* 1.00 

(BA=Basal Area = ((DBH2 x π)/4) is the cross-sectional area in m2 of a tree measured at breast 

height and expressed as per unit of land area. BA in Table 4.3 is the mean cross-sectional area 

in ground truth sample plot; *= correlations are significant at p<0.05). 

4.4.6. Relationship of VIs with horizontal and vertical structure of dominance species 

Species that are mostly and horizontally dominant and abundant showed correlation with 

VIs in UF of Terminalia myriocarpa with 41 stems distributing in 19 sampled plots as presented 

in Table 4.4 followed by Lithocarpus ducampii. This species is most abundant in UF and LF but 

its horizontal parameter was not as correlative as this in UF but Bursera tonkinensis showed most 

correlation with VIs and followed by Magnolia mediocris. In DF, Enicosanthellum petelotii 

showed more correlation with VIs then Garcinia oliveri, Syzygium lanceolatum and Knema 

furfuracea in Table 4.10. 

 

 

 

 

 

 

 

 

 

 



  

92 

 

Table 4.10. Correlation of VIs with dominance species in horizontal structure 

UF 
L. ducampii A.grandiflora T. myriocarpa S. roxburghii 

H BA H BA H BA H BA 

EVI 0.11 -0.25 0.02 -0.28 -0.58 -0.43 -0.13 0.01 

PVI -0.04 -0.26 0.03 -0.29 -0.48 -0.35 -0.17 -0.01 

DVI -0.03 -0.27 0.03 -0.29 -0.48 -0.35 -0.18 -0.02 

TNDVI 0.10 -0.20 0.16 -0.12 -0.75 -0.46 -0.01 0.11 

LF 
L. ducampii S. macropodum M. mediocris B. tonkinensis 

H BA H BA H BA H BA 

EVI 0.10 -0.01 -0.01 0.09 -0.56 -0.15 0.02 0.30 

PVI 0.15 -0.02 0.00 0.04 -0.58 -0.16 0.18 0.30 

DVI 0.15 -0.01 0.01 0.05 -0.59 -0.16 0.18 0.30 

TNDVI 0.02 0.00 -0.08 0.07 -0.50 -0.05 -0.06 0.21 

DF 
G. oliveri K. furfuracea E. petelotii S. lanceolatum 

H BA H BA H BA H BA 

EVI 0.15 -0.18 -0.09 -0.07 -0.08 -0.42 -0.25 0.09 

PVI 0.12 -0.19 -0.07 -0.02 -0.01 -0.37 -0.26 0.10 

DVI 0.12 -0.18 -0.08 -0.03 -0.01 -0.38 -0.26 0.09 

TNDVI 0.22 -0.15 -0.16 -0.23 -0.11 -0.44 -0.27 0.08 

In the vertical structure of most dominant and abundant tree species presented in Table 4.5 

which showed a strong correlation with VIs. Of which, in UF, Dipterocarpus kerrii followed by 

Terminalia bellirica, Dipterocarpus grandiflorus and Shorea roxburghii. In LF, Shorea 

roxburghii showed a relatively higher correlation with VIs than Ficus lacor, Castanopsis indica 

and Terminalia myriocarpa. While in DF, those four species Placolobium ellipticum, Alangium 

chinense, Litsea verticillata and Actinodaphne pilosa showed a strong correlation with VIs 

presented in Table 4.11. 
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Table 4.11. Correlation of VIs with dominance species in vertical structure 

UF 
D. kerrii T. bellirica S. roxburghii D. grandiflorus 

H BA H BA H BA H BA 

EVI -0.96 -0.53 0.42 0.73 -0.18 -0.01 0.30 0.16 

PVI -0.96 -0.52 0.41 0.73 -0.23 -0.03 0.25 0.04 

DVI -0.96 -0.52 0.42 0.73 -0.23 -0.04 0.26 0.05 

TNDVI -0.99 -0.64 0.40 0.71 -0.05 -0.09 0.29 0.21 

LF 
Ficus lacor S. roxburghii C. indica T. myriocarpa 

H BA H BA H BA H BA 

EVI -0.17 -0.53 0.50 0.50 -0.25 -0.84 -0.34 0.48 

PVI -0.20 -0.55 0.51 0.51 -0.21 -0.82 0.16 0.62 

DVI -0.17 -0.53 0.52 0.51 -0.23 -0.83 0.18 0.59 

TNDVI 0.08 -0.30 0.40 0.44 -0.48 -0.88 -0.31 0.52 

DF 
P. ellipticum A. chinense L. verticillata A. pilosa 

H BA H BA H BA H BA 

EVI - - -0.98 -0.99 0.99 0.98 0.67 0.18 

PVI - - -0.97 -0.99 0.98 0.98 0.81 0.21 

DVI - - -0.97 -0.99 0.98 0.97 0.80 0.19 

TNDVI - - -1.00 -0.96 1.00 0.99 0.60 0.25 

4.4.7. VIs regression with horizontal and vertical structures 

Negative linear regression of four vegetation indices with the mean basal area and height 

of the ground truth sample plots in the study area are presented in Figure 4.8. As presented above, 

we focused on the regression of BA and Height with EVI, PVI, DVI, and TNDVI. As a result, 

the regression of these four VIs is better with the horizontal structure of forest stand than those 

with vertical ones. The results showed that EVI had more negative linear regression with the 

basal area than DVI, PVI, and TNDVI with R2 of 0.44; 0.43; 0.43 and 0.40, respectively. On the 

other hand, the TNDVI had more negative linear regression with the mean height of forest stand 

than EVI, PVI, and DVI with R2 of 0.24; 0.21; 0.19 and 0.18 respectively. 
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Figure 4.8. The negative linear regression results of EVI, PVI, DVI and TNDVI extracting from 

Sentinel-2 with basal area, and height  
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4.5. Discussions 

4.5.1. Species vertical and horizontal structure of different forest types 

 Referencing the local forest status maps before setting up random sample plots could hint 

for a significant difference in the horizontal structure of different forest types. The difference 

shows the reliability of the pre-existing forest status map. The vertical stratum of forest types in 

Table 4.3 is not unique due to either human disturbances or geographical factors such as 

elevations, slopes, and species distribution [43,54,94]. The forest type (UF) composed of more 

D. kerrii, T. bellirica, S. roxburghii, D. grandiflorus species that belong to Dipterocarpaceae, 

Leguminosea, Combretaceae, Moraceae and Burseraceae families. These families usually 

distribute in the evergreen or semi-evergreen forests [43,50,95,96]. These species are more 

vertical dominant than those in LF that consists of either the same species or families. Species 

and families, classified as a high vertical stratum, in DF are less dominant and abundant than 

those in UF and LF. The mix of forest species distribution and forest destruction in LF and DF 

causes no significant difference in the mean of vertical stratum [46,97,98]  in Table 4.5. The 

mixture of forest types based dominant species between UF and LF are of evergreen and semi-

evergreen forests, these dominant and abundant species and families distribute at the elevation 

of less than 900m above sea level where the mean annual rainfall more than 2500mm [45,99]. 

In contrast, the similarity of  the number of stems, species and families in three different forest 

types could be due to the inter-mixed location of sample plots and disturbances in forest type 

respectively at where the mean of those three parameters shows no significant difference [100–

102]. On the other hands, the species and families contributing to the horizontal structure of 

forest stands in the tropic of Malesia - Indonesia and India regions are more light - demanding 

species of L. ducampii, A. grandiflora, T. myriocarpa, S. roxburghii, S. macropodum, M. 

mediocris, B. tonkinensis, G. oliveri, K. furfuracea, E. petelotii, S.lanceolatum belonging to 

Fagaceae, Lauraceae, Leguminosae, Dipterocarpaceae, Euphorbiaceae, Myrtaceae and 

Clusiaceae [42,45,54,63,103–105].  

4.5.2. Performance of RF classifier 

There have been contradictions on the performance of RF classifier on various training 

sample sizes with different satellite images in many studies [64]. The proportion of the land 

cover types of different land uses in the mountainous region is imbalanced and sometimes 

fragmented into small scale areas that led to a non-unique number of training pixels in classes in 

Table 4.1. The smaller number of pixels in each training dataset of each class outputted the 

smaller ratio of producer accuracy resulting to the precision of user’s accuracy but the best 
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random split and selection of sub-dataset of attribute at each node from sampled points by RF 

introduced by [14] is a successful ensembled approach. Also, it was due to the mixed cultivation 

of crops in the agricultural (Agr) area as well as the cultivation period in slash and burnt (SB); 

the accuracy of producer and user was lower than those of other forest cover classes in Table 4.6 

and Table 4.7. Furthermore, the misinterpreted training dataset of WR and SB class in Landsat-

8 is much higher than those of other classes and in Sentinel-2 in Figure 4.6. On the other hand, 

when the training sample size was unique and big enough, the classifier is less sensitive. As 

mentioned above, different cultivation periods plus different times of image capture result in the 

performance of classification [106]. The results of forest types (DF, LF and UF) classification 

by RF classifier presented in Table 4.7, and illustrated in Figure 4.6 of Sentinel-2 showed the 

producer's accuracy between 84% and 97%, and the user's accuracy was from 88% to 93%. The 

user’s class error was from 7% to 13%, and the producer’s error ranged from 3% to 16%. It is 

clear that the accuracy does not only depend on the number of training samples but also depends 

on the size of the class [64,107,108].  

4.5.3. Comparison VIs of ground-truth forest cover with those of training sampled points 

The detection accuracy of vegetation cover using satellite images depends on the quality 

of ground-truth samplings, ten vegetation indices used in this study are to determine the 

difference between ground truth plots, and the training sample plots. Ghebrezgabher [108,109] 

used multi-spectral of Landsat-1, Landsat-3, Landsat-5 and Landsat-7 ETM to extract NDVI, 

VCP, SAVI, CVA, and MNDWI. Gerstmann [110] used multi-spectral RapidEye imagery to 

extract seven vegetation indices. Kobayashi [111] used spectral indices of multi-bands of the 

Sentinel-2A image to improve the classification accuracy of crops. The significant difference of 

VIs in different forest types and each type of both GTVIs and LCVIs presented in Table 4.8. The 

values of seven VIs namely NDVI, IPVI, EVI, RVI, DVI, PVI and TNDVI derived from ground-

truthing sample plots and from training sampled points were significantly different at (p<0.05). 

It meant that these vegetation indices derived from UF, LF, and DF were significantly different 

at (p<0.05). This significant difference firstly supports to confirm that the classified forest types 

of the ground-truthing sample plots correspond with training sample points and its classified 

accuracies. Only three VIs, namely GRVI, ARVI, and DNI45 did not show any difference among 

different defined and classified forest types. In contrast, most of the t-test results of the same 

value of each vegetation index (VI) from ground-truth and training sample plots of three forest 

types showed significant differences. This can be explained of the imbalanced number of 

samples in ground-truth and training sample data causing the different mean values of VI 

respectively. 
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4.5.4. Relationship of VIs with vertical and horizontal forest structure 

Seven out of ten VIs showed negative-significant differences with basal area of forest 

sample plots as horizontal structure and height as vertical structure of the forest sample plots in 

Table 4.11. The study of dos Reis [112] used Landsat-5 TM to estimate basal area and volume 

of Eucalyptus camaldulensis Dehn plantation forest, the correlation of basal area and volume of 

the E. camaldulensis is 0.91 and -0.52 respectively. Chrysafis [113] assessed growing stock 

volume in Rhodopes of Greece by using Landsat-8 (OLI and Sentinel-2 to extract NDVI, DVI, 

CTVI, PVI, EVI, TSAVI. Their results of the correlation of DVI, EVI, PVI, and NDVI with 

growing stock volume were r = -0.55, r = -0.56, r = -0.56, r = -0.36 respectively. The study of 

Gamon [114]  showed both negative and positive correlation between NDVI and moisture 

vegetation indices with parameters of forests in dry and humid seasons. Vegetation indices 

showed strong correlations with the content of leaf chlorophyll, the correlation ratio depends on 

species with similar color [115]. The dominant and abundant species in Table 4.10 and Table 

4.11 showed different correlations with BA and height of species and even the same species in 

different forest stratums since the horizontal structure, species composition, diameter, and height 

class distribution in unique forest types are different [116]. For the whole forest stand where the 

basal area increased, the vegetation decreased. This trend defined the relationship between 

biomass productivity of mature forest and chlorophyll contents in the immature forest types.    

4.6. Conclusions 

The multiple spectral bands for land cover and land use classification by using random 

forest algorithm in Sentinel-2 showed higher accuracy than those of Landsat-8. Sentinel-2 

images showed high potential for landscapes and forest type classification for conservation and 

management purposes in tropical lowland forests. A time series classification by using Sentinel-

2 with ground-truth samples is seen as a bright hint to distinguish natural forest areas where the 

Sentinel-2 is available. This contributes to forest land cover mapping since the random forest 

classifier showed more consistent among land cover classes in Sentinel-2. 

Seven vegetation indices extracted from Sentinel-2 showed significant differences between 

different classified forest types of ground truth and training sample plots. The four defined 

vegetation indices namely EVI, DVI, PVI and TNDVI derived from the reflectance of the forest 

canopy by red and near-infrared bands which are considered as useful and possible indicators to 

assess canopy horizontal structure of lowland forest but further studies are in need for vertical 

structure assessment of lowland forest canopy.  
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The correlation between chlorophyll content of different dominant and abundant species 

in different forest types suggests further studies to trait the tree species distribution, composition 

and to assess growth productivities of natural forest landscapes on the targeted forest tree species. 

The EVI, PVI, DVI, and TNDVI extracted from Sentinel-2 could help predict the better 

correlation with the horizontal structure but not with the vertical forest structure of forest stands. 

Further research consists of more ground truth sample plots that need to affirm the 

correlation and regressions between vegetation indices-based forest type with its horizontal and 

vertical structures.  
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Chapter 5. Assessment of soil quality indicators under different agricultural land uses 

and topographic aspects in Central Vietnam 

Abstract: Soil quality assessment is valuable for agricultural production. In this research, 155 

soil samples at two soil depths were collected from four land use types in an agricultural area of 

the A Luoi District in the Central Vietnam. Differences of soil organic carbon, total nitrogen in 

soil and soil pH under different land use types and topographic aspects were compared. Soil 

organic carbon contents in arable land and plantation forest are higher than those in natural forest 

and grassland (p < 0.05). Conversely, the total nitrogen in natural forest was significantly lesser 

in comparison to other land use types. Meanwhile there were no significant differences of the 

total nitrogen content (p < 0.05) among arable land, plantation forest, and grassland. The soil of 

grassland, natural and plantation forests land use types were more significantly acidic than those 

of the soils of the arable land use type. Soil organic carbon and total nitrogen showed a decreasing 

trend while soil depth increased in all land use types. The soil pH in plantation forest and arable 

land use types showed no significant change in relation to soil depth. Significant differences 

were not found in topographic aspects and soil organic carbon content; however, the different 

changing trends of soil organic carbon content between land use types and aspects were found. 

The impact of slope, elevation, farming system or soil texture accounted for the differences in 

these soil indicators under different land use types in the A Luoi District. 

Keywords: Central Vietnam; Land use type; Hilly area; Soil quality; Topographic aspects 
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5.1. Introduction 

According to the first Revised World Soil Charter, endorsed by The Food and Agriculture 

Organization (FAO) of the United Nations, “soils are a key enabling resource, central to the 

creation of a host of goods and services integral to ecosystems and human well-being” [1]. In 

general, soil quality is the ability of soil to provide nutrients to plants, maintain and improve 

water and air within the soil, and support human needs [2]. Unfortunately, soil quality is rapidly 

decreasing in many regions around the world [3]. Many reasons leading to soil quality 

deterioration, including changes in land use types from forest to arable land [4] and the 

consequences of intensive land use [5]. Improvement of soil quality because of different land 

use types or crop rotation can be measured by changes in soil indicators and other parameters 

[6,7]. 

Various studies have been conducted to evaluate the soil quality indicators under different 

land use types [8–10]. The most popular indicators used to assess soil quality are soil organic 

carbon (SOC), soil total nitrogen (STN) and soil acidity (pH). SOC is fundamental to soil fertility 

and is a reliable indicator of a soil’s biological health [11] as well as its chemical, biological, and 

physical processes. STN is the primary nutrient used for vegetation growth and is also used as a 

critical soil quality assessment [12]. Soil pH is one of the most essential soil parameters and 

essential for agricultural production. Most crops develop best in soil with a pH from 5.5 to 6.5 

[13]. In the warm and humid environments of Central Vietnam, soil acidification occurs over 

time as the products of weathering are leached by water moving laterally or downwards through 

the soil.  

Although the effects of different land use types on SOC, STN, and pH have been widely 

studied, the results remain inconclusive. Abbasi et al. (2007) [8], Dengiz et al. (2015) [14], and 

Kalu et al. (2015) [10] found that SOC content in forested land is higher compared to other land 

use types. Conversely, Jonczak (2013) [15] argued that fallow land has the highest SOC content, 

whereas Shi et al. (2010) [16] stated that paddy rice has the highest SOC content. Similar to 

SOC, Chen et al. (2016) [17] reported that STN in croplands was significantly lower than in 

forested land; however, Moges et al. (2013) [18] argued that STN did not show any significant 

variation across all land use types. Soil pH also is affected by different land use types [19,20]. 

In general, the total organic carbon (OC) is the amount of carbon in the soil related to living 

organisms or derived from them. In Vietnamese soils, total OC usually differs remarkably 

depending on soil type and topography, typically ranging from 1.0-1.5% of total soil weight. 

Under rainfed farming systems, it is typically 1% [21]. Increasing the quantity of OC stored in 
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soil may be one option for decreasing the atmospheric concentration of carbon dioxide (CO2), a 

major greenhouse gas. This function of OC is also considered in the Vietnamese National 

Adaptation Strategy to Climate Change. 

Increasing the amount of OC stored in soil may also improve soil quality as OC contributes 

to many beneficial physical, chemical, and biological processes in the soil ecosystem (Figure 

5.1). When OC in soil is below 1%, soil health is low, and yield potential (based on rainfall) may 

be constrained [22]. 

The quantity of OC stored in soil is the difference between all OC inputs and losses from 

soil. The primary inputs of OC in rainfed farming systems are from crop residues, plant roots, 

and animal manure. Inputs of plant material are generally higher when plant growth is denser. 

Losses of OC from soil occur through decomposition by microorganisms, erosion of the 

surface soil, and withdrawal in plant and animal production. During decomposition, 

microorganisms convert about half of the OC to CO2. This process is continuous; thus without a 

steady supply of OC, the quantity stored in the soil will decrease over time. 

Losses by erosion may profoundly influence the quantity of OC storage due to the heavy 

concentration of OC as small particles in the surface soil layer that are easily eroded. In 

Vietnamese agriculture, erosion can cause the annual loss of less than 5t/ha of soil under crop 

production [23–25] and up to 150-200 t/ha from soil under bare fallow [26]. Withdrawal of OC 

in plant and animal production is also an important loss of OC from the soil. Harvested materials 

such as grain, hay, feed, and forage, all represent the loss of OC for plant and animal production. 

Soil quality is simply defined as "the capacity of a specific kind of soil to function" [27], i.e., 

mainly to provide nutrition to plants and absorb and drain water. The different properties of soil 

are - texture, moisture, fertility (level of nitrogen, phosphorus, and potassium) and pH level, 

where the pH is the measure of a soil's acidity or alkalinity. 
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Figure 5.1. Chemical, biological, and physical benefits in soil to which soil organic carbon 

(SOC) contributes [28].  

Hydrology, in terms of surface runoff and soil erosion, has a high impact on current and 

future OC contents in topsoil in Central Vietnam. The specific hydrological situation of the A 

Luoi study area has investigated by some authors [29–31]. 

Soil properties are significantly influenced by spatial factors such as topographic aspect, 

positions, and climatic conditions. The variations in soil properties and topographic positions are 

strongly related [32]. According to Pausas et al. (2007) [33], climatic and topographic conditions 

result in changes of SOC, and changes in OC depend on related topographic position (aspects 

and slope). In this study, the concept of paired correlation of SOC of land use types and aspects 

was analyzed. 

Among the three macro regions of Vietnam, the Central region is the least developed [34]. 

The agricultural and forested land areas of the Central region account for 78% total area [35]. 

Concerning the impact of different land use types on the ecological systems in Vietnam, the 

researchers focused on soil erosion, carbon emissions, and climate changes [36–38]. In this area, 

no soil quality studies have been carried out to date for different types of land use and 

topographic aspects. 

Therefore, the primary objectives of this study, conducted in A Luoi district, are to (i) 

determine the content of SOC, STN, and pH values for four land use types and (ii) study the 

differences in SOC, STN, and pH under different land use types, soil depths, and topographic 

aspects. 
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5.2. Material and methods 

5.2.1. Research area 

The study area is located between 107° to 107°30´E and 16° to 16°30´N at around 60 km 

west of Hue city, in Central Vietnam. The area is home to the ethnic majority Kinh and four 

minority ethnic groups: Ta Oi, Co Tu, Van Kieu, and Pa Ko. By 2015, the population was about 

47,115 inhabitants. Agricultural production and collection of forest products are the main 

livelihoods of most local peoples. The lack of basic resources such as finance and knowledge is 

one of the main obstacles to sustainable livelihood development, especially in agricultural 

cultivation [39]. 

The climate at the research site shows tropical monsoon characteristics with an annual 

rainy season from September to December. According to statistics from 2005 to 2015, the 

average yearly precipitation is about 3180 mm. The average temperature reaches the highest in 

May and the lowest in January at 25°C and 17°C, respectively [40]. The research site has 

mountainous topography, with a minimum and maximum height from 60 m to 1760 m above sea 

level, decreasing from West to East. The slope of the terrain is complex and steep with an average 

of more than 10 degrees. Based on the international classification systems [41], there are four 

soil types within the research area; including acrisols (ferralic) (75%), acrisols (arenic) (14%), 

acrisols (humic) (6%), and acrisols (hyperdystric) (5%). 

The natural area of A Luoi District is 122,415 hectares (ha) comprising 60,105 ha (49%) 

of protection forests; 57,492 ha (47%) of agricultural land; 2,318 ha (2%) of water body and 

2,500 ha (2%) of residential and infrastructural areas [42]. Sample locations are presented in 

Figure 5.2 and 5.3. 
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Figure 5.2. Agricultural land use map in 2015 and showing soil sampling position 

Regarding agricultural lands, there are 32,653 ha of natural forests (NF) for production; 

15,804 ha of plantation forests (PF) for production; 5,252 ha of grasslands (GL), and 3,783 ha 

of arable lands (AL) [42] presented in Table 5.1. 

Table 5.1. Agricultural land use 

Land use type Symbol Dominant crops Area (ha) 

Bare land, grass land GL Bare land, grass, shrub 5,252 

Natural forest for production NF Mixed forest, shrub, acacia 32,653 

Plantation forest for production PF Acacia, rubber 15,804 

Arable land AL Cassava, rice 3,783 

5.2.2. Methods 

5.2.2.1. Soil sampling 

The soil samples were collected in 2015 and 2016 relying on a soil unit map and a grid 

sampling method. Soil units in Vietnam result from overlapping a soil type map, land use map, 

and slope map. In total, there are 78 soil units within the research site. A grid sampling of 2 km 

x 2 km size for general cases and 4 km x 4 km for large areas and highly homogeneous areas 

was carried out. The guideline for sampling follows two basic principles: 1) if only one soil unit 

exists in the grid cell, the sample will be taken at the center of the cell, or 2) if more than one 

soil unit exists, the sample will be taken at the center for each unit that covers an area larger than 

30 hectares in that grid. For each sample, soil material in the layer at 0-30 cm and the layer at 
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30-60 cm was collected from five points (North, South, East, West, and Center) inside a circle 

with a radius of 25 m then mixed as a soil sample. In total, 155 samples at these two depths were 

collected, air-dried, and passed through a 2 mm sieve to remove stones, grass, forest litter, and 

any material on the soil surface.  

 

Figure 5.3. Location of sampling sites on a slope aspect map 

5.2.2.2. Laboratory analysis 

The soil samples were analyzed to determine SOC, STN, and soil pH. All samples were 

analyzed at the Laboratory of the Soil Science Department of Hue University of Agriculture and 

Forestry, Vietnam. SOC was determined by the Walkley-Black method [43], TN was determined 

by Kjeldahl´s digestion [44], and pH was calculated using a portable pH meter with KCl 1M 

[45].  

5.2.2.3. Statistical analysis 

All statistical analyses were carried out in SPSS 16.0. An analysis of the variance test 

technique (ANOVA) and the post hoc multiple comparisons test was used to evaluate the 

differences in soil indicators between different land use types, tested with a confidence interval 

of 95%. A Paired-samples T-test function was used to evaluate the difference of SOC, TN, and 

pH between the two soil depths layers [46].  

We extracted aspects of land use types at the sample points by using the ASTER Global 

Digital Elevation Model (DEM) with 30 m resolution, and created a matrix between SOC and 

land use types. The SOC per aspect of land use type was averaged and the paired-correlation 
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between land use types and aspects were analyzed by using the pairs. panels function in the psych 

package in R studio Version 0.99.903 – © 2009-2016.  

5.3. Results 

5.3.1. Soil quality characteristics 

Table 5.2 shows the location characteristics of the soil samples for the land use types. GL 

is located in the steepest terrain with an average slope of 20 degrees, followed by NF (17 

degrees), PF (12 degrees), and AL (8 degrees). The trend in elevation is the same for the slope. 

GL has the highest elevation, whereas PF and AL have the lowest, respectively. 

The results of the analysis for the 155 soil samples are presented in Table 5.3. The percent 

of SOC content was greater in the topsoil layer compared to the deeper layer: 1.30% compared 

to 0.83%, respectively. Our results are similar to previous studies [47] and showed that SOC is 

low compared to average levels from a SOC classification by Le and Ton, cited in Nguyen & 

Klinnert (2001) [21].  

Table 5.2. Distribution of the soil samples by slope and elevation 

Land use type N 
Slope (Degrees) Elevation (m) 

Max Mean Min Max Mean Min 

GL 31 52 20 0 1184 618 185 

NF 50 34 17 1 945 524 137 

PF 31 26 12 3 755 496 111 

AL 43 21 8 0 780 496 58 

N: number of soil samples 

The soils for agricultural purposes in A Luoi District shows light acidity with a pH ranging 

from 3.60 to 4.68 for the topsoil and 3.60 to 4.90 for the deeper layers, which are consistent with 

values from other researchers [48–50]. The soil total nitrogen amount varies from 0.05-0.21% 

for topsoil layers and 0.04-0.15 % for deeper layers. The average quality of STN in agricultural 

land in A Luoi belongs to the medium level group as Do Dinh Sam and Nguyen Ngoc Binh 

suggestion for Vietnamese soil (less than 0.1% is poor, from 0.1 to 0.2 is medium, and more than 

0.2% is rich) [51]. 
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Table 5.3. Soil quality characteristic of soil samples 

Soil properties 
Soil Depth 

(cm) 
N Min Max Mean SD Skewness 

SOC 
0 - 30 155 0.42 3.02 1.30 0.44 0.90 

30-60 155 0.05 2.61 0.83 0.39 0.94 

STN 
0-30 155 0.05 0.21 0.10 0.03 0.87 

30-60 155 0.04 0.15 0.08 0.02 0.47 

pH 
0-30 155 3.60 4.68 4.11 0.20 0.11 

30-60 155 3.60 4.90 4.11 0.21 0.35 

N: number of soil sample, SD: standard deviation 

5.3.2. Soil quality indicator under different land use types 

5.3.2.1. Soil organic carbon 

The SOC content of the soils in the research site varied from 0.42% to 3.02% for the 0-30 

cm soil depth layer and 0.05 to 2.61% for 30-60 cm soil depth layer. 

There were significant differences (p<0.05) between the AL and PF groups and the NF and 

GL groups in both soil depths levels. The highest SOC content rate is found in AL (1.50 ± 0.44 

for 0-30 cm depth and 1.06 ± 0.45 for 30-60 cm depth), which is not significantly higher than 

the SOC content of PF. The SOC content of the NF and GL groups were not different at the 

significance level of 95% in both soil depths, even though the average SOC in NF is higher than 

GL in the topsoil: 1.18 ± 0.36 compared to 1.10 ± 0.40. However, SOC in NF is lower than GL 

in the deeper slayer: 0.66 ± 0.25 compared to 0.70 ± 0.28. For the soil depths, there were 

significant differences in all of land use types between the two soil depths. The SOC content of 

all land use types in the 0-30 cm layer is higher than the SOC content in the 30-60 cm. The SOC 

content is presented in Table 5.4. 

 

 

 

 

 



  

115 

 

Table 5.4. Mean value of SOC (%) under different land use types at two soil depths 

Land use type N 0-30 cm 30-60 cm 

GL 31 1.10 ± 0.40aA 0.70 ± 0.28aB 

NF 50 1.18 ± 0.36aA 0.66 ± 0.25aB 

PF 31 1.43 ± 0.44bA 0.93 ± 0.41bB 

AL 43 1.50 ± 0.44bA 1.06 ± 0.45bB 

N: Number of samples; within columns, values followed by the same lowercase letter (a, 

b) are not significantly different (p<0.05) between land use types; within rows, values followed 

by the same capital letter (A, B) are not significantly different (p<0.05) between soil depths. 

5.3.2.2. Soil total nitrogen 

Table 5.5 shows the STN content of the land use types. There was a significant difference 

(p<0.05) of STN content between NF and the remaining land use types in both of soil layers. On 

the contrary, the STN content in GL, PF and AL show no significant differences at the 

significance level of 0.05, even though the average value of STN in PF (0.115 ± 0.030) appears 

to be higher than in GL (0.107± 0.030) and AL (0.104 ± 0.025) for the topsoil layer. The STN 

concentrations in all land use types of the deeper layer show the same trend as the topsoil layer. 

The STN content of all land use types change significantly by the depth of soil, with the topsoil, 

STN content greater than the deeper layer. 

Table 5.5. Mean value of STN (%) under different land use types at two soil depths 

Land use type N 0-30 cm 30-60 cm 

GL 31 0.107 ± 0.030aA 0.082 ± 0.021aB 

NF 50 0.090 ± 0.029bA 0.070 ± 0.022bB 

PF 31 0.115 ± 0.030aA 0.084 ± 0.017aB 

AL 43 0.104 ± 0.025aA 0.082 ± 0.018aB 

N: Number of samples; within columns, values followed by the same lowercase letter (a, 

b) are not significantly different (p<0.05) between land use types; within rows, values followed 

by the same capital letter (A, B) are not significantly different (p<0.05) between soil depths. 
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5.3.2.3. Soil pH 

Table 5.6. Mean value of soil pH under different land use types at two soil depths 

Land use type N 0-30 cm 30-60 cm 

GL 31 4.05 ± 0.19aA 4.00 ± 0.18aB 

NF 50 4.05 ± 0.16aA 4.07 ± 0.17aB 

PF 31 4.05 ± 0.17aA 4.06 ± 0.19aA 

AL 43 4.24 ± 0.18bA 4.26 ± 0.23bA 

N: Number of samples; within columns, values followed by the same lowercase letter 

(a,b) are not significantly different (p<0.05) between land use types; within rows, values 

followed by the same capital letter (A,B) are not significantly different (p<0.05) between soil 

depths. 

Table 5.6 presents the soil pH value of the land use types. The pH for AL was significantly 

different and higher than the other land use types in both soil depth levels: 4.24 ± 0.18 for topsoil 

and 4.26 ± 0.23 for deeper soil. There were no significant differences in the pH values between 

the remaining land use types together in both soil layers, even though the average value of pH 

for GL in the deeper layer is slightly lower.  

Soil pH was not significantly different with soil depth in PF and AL; however, the pH 

value in GL and NF change significantly by soil depth. 

5.3.3. Soil organic carbon under different aspects 

For the topographic aspects, the study focuses only on the topsoil layer and the SOC 

content. There are 154 soil samples in the North (49), East (39), South (33), and West (33), and 

one sample plot is in a flat position and not representative of any aspect. The SOC content of 

aspects in the research varies from 0.95% to 1.58%. The data depicts that the mean of SOC 

values were 1.38%, 1.23%, 1.33%, and 1.26% on the North, East, South, and West aspect, 

respectively (Table 5.7).  



  

117 

 

 

Figure 5.4. Correlation of SOC content changed by land use type between topographic aspects 

The results did not show any significant differences in the mean SOC concentration by 

topographic aspects using a 95% confidence level. A correlation of SOC content change by land 

use type between topographic aspects in the topsoil was found (Figure 5.4). The results indicated 

that the correlation between the East and North aspects is 0.94, the East and South is 0.87, and 

North and West is 0.86. The highest correlation was found in East and West (0.95), whereas the 

lowest correlations were found for the South and West (0.77) and North and South (0.68). 

Table 5.7. Mean value of SOC content of the topsoil layer under different topographic aspects 

 
North 

(N=49) 

East  

(N=39) 

South 

(N=33) 

West  

(N=33) 

Mean 

(N=154) 

GL (N=30) 1.20±0.55abA 1.13±0.27aA 0.95±0.52aA 1.03±0.42aA 1.10±0.41a 

NF (N=50) 1.09±0.36aA 1.17±0.22aA 1.31±0.48aA 1.09±0.26aA 1.18±0.36a 

PF (N=31) 1.53±0.40bA 1.33±0.29aA 1.47±0.53aA 1.29±0.50abA 1.43±0.45b 

AL (N=43) 1.56±0.51bA 1.38±0.42aA 1.48±0.33aA 1.58±0.42bA 1.50±0.44b 

Mean 

(N=154) 
1.38±0.49A 1.23±0.32A 1.33±0.49A 1.26±0.44A  

N: Number of samples; within columns, values followed by the same lowercase letter (a,b) are 

not significantly different (p<0.05) between land use types; within rows, values followed by the 

same capital letter (A,B) are not significantly different (p<0.05) between topographic aspects. 
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5.4. Discussions 

5.4.1. Soil organic carbon and soil total nitrogen under different land use types 

The results differ from other studies on the SOC and STN content in different land use 

types [52,53], in which the SOC content in forests and grasslands was higher than in cultivated 

lands in regions of Spain and North China. Conversely, the results from this research indicate 

that these soil quality indicators are higher in arable land than in forested land with a confidence 

level of 95% in both soil depths. Therefore, the results of this research further confirmed the 

findings of Li et al. (2014) [54] and Liu et al. (2011) [55], who found that SOC content in 

croplands is higher than forested land and grasslands. 

The highest STN average occurred for AL and the lowest for NF. These results, therefore, 

differed somewhat from those in other studies [56,57] in which the forested land had the highest 

STN storage and croplands had the lowest. 

In the A Luoi District, GL and NF reside in of steep terrain, high elevations, whereas AL 

is located in lower landscape areas (Table 3.2). The study results are consistent with Mu et al. 

(2015) [58] who determined that the slope factor has a negative effect on the SOC content. A 

steeper slope might result in more soil erosion, which leads to a decline in SOC. Wei et al. 

(2010) [59] indicated that for hilly land areas of China, the SOC and STN increased at lower 

slopes and decreased at the higher slopes. This finding can be used to explain the SOC and 

STN of AL and PF resulting in higher than NF and GL. 

AL is affected by humans via cultivation activities, in which farmers apply fertilizer to 

provide and improve SOC concentration. On the other hand, management practices that can 

increase SOC storage due to the increase in carbon inputs, such as fertilizer applications [60–

62]. For instance, Aula et al. (2016) [63] stated that nitrogen application significantly increased 

SOC content when nitrogen rates exceeded 90 kg per hectare. During the cassava cultivation in 

the hilly areas of the Thua Thien Hue province, farmers often add 1.5 tons of organic fertilizer 

and 100 kg of nitrogenous per hectare [64]. For rice production in the same areas, farmers applied 

around 4-6 tons of manure fertilizer and 200 kg of nitrogenous fertilizer per hectare per season 

(2 seasons per year).  

Moreover, after the harvesting season, the belowground residue (e.g., root biomasses) is 

directly input into the soil system and acting as a major contributor to SOC [65]. Zhang et al. 

(2016) [66] reported that when the rate of crop residue incorporation was increased from 15%, 

50%, and 90%, the average annual SOC increased from 78, 489, and 1005 kg C per ha/year, 
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respectively. In addition, irrigation may increase total crop biomass production and the amount 

of crop residues returned to the soil which could contribute to the increase of SOC and STN [67]. 

SOC and STN showed a decreasing trend with increasing soil depth in all land use types 

which correlates to previous studies [17,68,69]. Plant cycling and carbon inputs from plant roots 

as well as plant residues could explain the higher levels of SOC and STN in the topsoil [70]. 

5.4.2. Soil pH under different land use types 

In the research site, the average soil pH value was low and belongs to the “Extremely Acid” 

group as suggested by Smith in Agyare (2004) [71] or “Acid Soil” group as suggestion by local 

researchers for upland soil in Vietnam [21]. Unlike other studies, Rokunuzzaman et al. (2016) 

[72] and Moges et al. (2013) [18] reported that soil pH is not significantly different among the 

land use types, and Chen et al. (2016) [17] claimed that soil pH in croplands is lower than in 

forested land. Our research found that the highest pH value in both soil depths belongs to the AL 

group. The results were in agreement with Kiflu & Beyene, (2013) [73] and Liao, et al., (2015) 

[74], who reported that pH of banana and maize land use areas are higher than grassland, and 

Abbasi, et al., (2007) [8], who found that the soil pH for forest, grassland, and arable lands was 

significantly different at 6.95, 7.64 and 7.84 respectively. 

The significantly high pH of AL might be attributed to the ameliorating effect of the 

farming system, namely, lime application. Liming is a regular agronomic practice to improve 

acidic soils for crop production [75,76]. For cultivated land in Central Vietnam, the farmers 

usually add 500 kg lime per hectare during tillage [77,78]. 

5.4.3. Soil organic carbon of different aspects 

Even though there are no significant differences at the 95% confidence level, the absolute 

mean value of SOC concentration for the North and South aspect appears higher than the East 

and West aspects (Table 5.7). According to the map from World Bank (2017) [79], the North 

and South of A Luoi District have lower solar radiation in comparison to the East and West part. 

This may result from cooler temperatures may decreased decomposition rates causing turnover 

and loss of C to CO2 is much lower, retaining more C. These results were similar to findings by 

Lemenih & Itanna, (2004) [80], who reported a negative correlation between SOC content and 

temperature, and Yimer, et al., (2006) [81], who stated that the SOC content rises up with a 

decrease in temperature. 
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Table 5.8. Number of soil samples by topographic aspects and soil texture 

 Silt loam Loam Clay loam Total 

North 15 25 9 49 

East 11 24 4 39 

South 9 23 1 33 

West 10 20 3 33 

Moreover, we found that there is strong similarity in the change in SOC content in the East 

and West or East and North aspects in terms of land use types. This may be the consequence of 

soil texture, the number of samples with clay loam soil texture in the North and East was higher 

than the other two directions (Table 5.8). Krull et al. (2001) [82] and Plante et al. (2006) [83] 

have also shown that the soil texture influences SOC content. However, in Central Vietnam, 

similar studies are needed to confirm the initial observations in this paper. 

5.5. Conclusions 

The SOC and STN content in all land use types belong to the group "poor" to "medium" 

in comparison with other regions in Vietnam. The soil is acidic. Most of the soil quality indicators 

were significantly influenced by different land use systems. The SOC content AL and PF were 

higher and had significant differences compared to GL and NF at p<0.05. STN content in GL, 

PF, and AL show no significant differences compared together; however, they are significantly 

higher than NF. Furthermore, all soil indicators decreased by soil depth with significant 

differences at p<0.05, which may result from fertilizer applications and terrain. Meanwhile, pH 

values in AL are highest and show significant differences with all remaining land use types. The 

reason for this difference is lime application during cultivation that could improve the soil 

acidity. The differences in pH values between two soil depths were observed in GL and NF. The 

significant differences of SOC and topographic aspects did not show at p<0.05, however, the 

correlation in the changing trend of SOC content for land use types between East and West was 

highest with a value 0.95. 
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Abstract: Non-timber forest products (NTFPs) from natural forests are important to local people 

living in mountainous areas. Increasing the supply and ensuring their sustainable use could 

improve living conditions of the local people. This study, conducted in A Luoi District, Central 

Vietnam, demonstrates necessary information to start such natural forest management approach. 

Since our approach based on the needs, understanding, agreement, implementation and 

responsibility of the local community, we did not just consider the current potential supply from 

the forests but also the respective demand. The supply was assessed by using classical forest 

inventory data, adding traditional and scientific knowledge about tree species with NTFP 

potential and their use options. Those NTFP species were mainly medicinal use, followed by 

food and resin or oil. The assessment of the demand was based on household interviews, 

considering people’s rankings of the natural forests with respect to the importance and 

satisfaction they associated with NTFP supply. It also comprised their personal involvement in 

NTFP extraction and the relevance they attributed to different land use practices. All data were 

stratified considering gender, age, education and income. The results revealed considerable but 

insufficient supply for profitable NTFP use which should be increased by appropriate 

silviculture. People’s awareness of negative land-use consequences, and their acceptance for 

restoration measures were verified. 

Keywords: Ecosystem Provisioning Services; Potential NTFPs; Demand Assessments; 

Landscape Restoration 
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6.1. Introduction 

Primary forests originate from indigenous tree species that once immigrated naturally and 

formed indigenous vegetation without any direct human impact but driven by natural site 

conditions, disturbances and species competition. This vegetation may be vertically stratified in 

different ways, with different layers of trees, shrubs, herbs and mosses each with different and 

characteristic species composition [1–3]. Starting with the advent of farming, these primary 

forests have always been considerably deforested and destroyed by human activities. During 

recent decades, massive deforestation has taken place particularly in developing countries [4,5]. 

Wherever forests are not completely affected for the for the benefit of grasslands, arable land, 

settlements or industrial areas, but were used as woodland pastures or as forests for timber or 

firewood, their structures, species composition and indigenous species could persist to a certain 

extent. This resulted either in a less impacted or in a heavily disturbed managed forest status. 

And wherever forests could regrow and regenerate naturally without any kind of forest 

management, they grew up as so-called secondary forests, which - after long time of recovery - 

might finally resemble the original natural forest.  

In our study area, like in entire Vietnam, all these forest types are considered as natural 

forests, in contrast to plantations where young individuals of a single tree species which might 

also be exotic are all planted. Forest cover in Vietnam was 43% in 1943 but it decreased to 27% 

in 1990, due to two wars against French colonialism and the United States of America, forest 

fires, illegal logging activities and land-use conversion, as well as poor management practices. 

The forest cover increased again from 28% in 1995 [6] to 41.2% in 2017 [7]. However, the 

quality of those rehabilitated natural forests is still a big concern for improvement [8,9]. The 

national forest development strategy of Vietnam targeted a nationwide forest cover of 16.2 

million ha (45 to 47%) by the year 2020 [10]. This target reached nearly 41.9% by 2019 [11]. 

The strategy defined its goals to rehabilitate degraded natural forests and expand forest 

plantations on unused hilly land for forest plantations. This included regions in the Northwest, 

Northeast, North Central, Central Coastal, and Central Highlands. The goal was to improve the 

quality of forests, mitigate the disaster risks from landslides in the mountainous areas, and meet 

the forestry economy targets stipulated in the strategy.  

Nonetheless, deforestation and forest degradation still do happen today [12,13], notably in 

the North Central, Northeast and Central Highlands, and Northwest areas. This deforestation is 

due to the conversion into other land uses, of which agricultural land purposes have been 

recorded the most. However, traditional practices such as shifting cultivation and the expansion 

of fast-growing species have also caused a decline of forest use options [14–16].  
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The local people in the remote mountain areas of Vietnam used to rely on the natural forests 

that surrounded them. Their use of natural forest resources for purposes such as fuelwood, Non-

Timber Forest Products (NTFPs), pasturing, and animal fodders have been granted by national 

regulations. However, there are some important exceptions such as timber logging, shifting 

cultivation, hunting, trapping, and over-extraction of goods [17–19]. Many of these activities 

and products are banned nowadays, due to the aforementioned regulations, which restrict their 

availability and uses for the sake of natural forest rehabilitation. However, the tropical forests 

are rich in tree species, which still provide a multitude of essential NTFPs as very significant 

sources for food, medicine, and resins. Their use is still permitted and may improve living 

conditions and improve the livelihoods of local communities.  

At present, the assessment of forest resources as potential provisioning services is an urgent 

and essential task to contribute to better management practices and policies [20,21]. Such types 

of human benefits from ecosystems started to be conceptualized and defined as ecosystem 

services towards the end of the 20th century [22–24]. The approach originated in economics and 

tried to estimate the economic value of nature. However, the major intention was to demonstrate 

humans’ essential dependency on nature and biodiversity and to foster appropriate appreciation, 

care, and political awareness. The idea gained great scientific resonance and provoked intensive 

discussions about ecosystem conditions and functions, their relevance for human welfare, the 

claiming of benefits by different stakeholders, and changes to ecosystems and their services that 

result from human impacts.  

Considering the multiple benefits, that nature generates for human well-being, ecosystem 

services were not restricted to tangible goods but classified into four categories presented in the 

Millennium Ecosystem Assessment [25]. Those are (1) provisioning services (tangible goods 

like food, wood and fiber, fuel or freshwater), (2) regulating services (concerning climate, floods, 

soil or water quality), (3) cultural services (with respect to aesthetic, spiritual, educational or 

recreational relevance) and (4) supporting services (by soil formation, nutrient cycling or primary 

production). The latter is to conform to the intrinsic ecological functioning of ecosystems which 

may generate ecosystem services wherever their functioning is beneficial and accessible for 

humans.  

This emphasizes that ecosystem services are not just a matter of nature but likewise of 

human society. They get realized at the natural-societal interface, where human needs and 

demands – better to say stakeholder demands - meet ecosystem services supply [26]. In this 

respect, we rely on Albert et al., [27], who followed the definition of ecosystem services from 

“The Economics of Ecosystems and Biodiversity” (TEEB-Initiative) as “the direct and indirect 

http://www.teebweb.org/wp-content/uploads/TrainingAndGuidance/TEEB@YALE/Yale%20TEEB%20-%20Fall%202011%20Course%20Syllabus%20-%20FINAL.docx
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contributions of nature to human well-being”. Inside TEEB, they contrasted themselves to the 

human inputs as “anthropogenic contributions to ecosystem services generation”, which may 

optimize or maximize certain required services and their beneficial outcomes.  

Knowing and assessing human demand is essential for political decision-making and 

appropriate management. Demands of people for specific ecosystem services in a particular time 

or space do differ depending on gender, age, education, profession, and income. Furthermore, 

these demands may change over time. They are also not necessarily fulfilled due to limited or 

restricted access and often they are higher than what the ecosystem can provide [27]. This is 

particularly true in degraded ecosystems where the ecosystem services potential or capacity has 

been impaired, therefore decreasing the possible flow of benefits [28].  

Such degradation of ecosystem services jeopardizes the achievement of the Millennium 

Ecosystem Assessment [25], which is why ecosystem services are considered as key elements 

for policies and decision-making at various scales from global to local [29]. In this context, the 

Participatory Rural Appraisal (PRA) became a basic prerequisite and was thoroughly promoted 

as an outstanding tool for successful practices of local community in terms of problem analysis, 

awareness-raising, and mutual learning in landscape planning [30–32]. Meanwhile, the process 

of making decisions in landscape management includes the consensus of the local people in the 

communities to achieve the prioritized objectives and choices [33,34].  

Wherever natural forest areas decreased or got degraded, the benefits from forest 

ecosystem services to the local people living nearby can be severely affected [35]. Therefore, the 

restoration of such forests has been conceptualized to meet both, human needs and ecological 

priorities [36]. The timber production in the natural forests of Vietnam is not an option for the 

people, because the use is currently restricted by law [17]. Therefore, the study focuses on the 

supply and demand of certain important NTFPs, namely food, medicine and resin/oil as  the most 

important alternative provisioning services from natural forests for human well-being [37], 

taking the natural forests in the A Luoi District in the Central Vietnam as an example. A 

sustainable use of NTFPs contribute to successful forest management and social development 

because they can offer goods and income without degrading the structure, biodiversity, and 

integrity of the forest ecosystems. Insofar, tropical forests may provide substantial values in a 

unit of area [38]. However, the restoration of deforested areas and degraded forests in order to 

gain back the functionality of the natural forest ecosystems and enhance the benefits for local 

human well-being is a long-term process [39]. 
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To achieve the goals of natural forest restoration and enrichment of natural resources 

(including NTFPs) as alternative ecosystem provisioning services, an efficient forest 

management and development plan for the natural forests in the area is required. The 

development of such a plan covers the assessment of potential natural resources of opportunities 

and environmental risks concerning their use and of the needs for restoration of the natural forests 

on the one hand. On the other hand, it needs to consider local people’s needs and demands for 

ecosystem services from these forests, their satisfaction with the recent supply, their awareness 

of natural risks and their acceptance concerning forest restoration measures in order to develop 

and provide reasonable, constructive and realizable forest management measures which are 

comprehended, accepted and supported by the local people. 

Accordingly, (i) we evaluated the demands of local people for non-timber forest products 

(NTFPs) as provisioning services in the A Luoi District, Central Vietnam, by considering the 

respective importance and satisfaction ranking of different target groups; (ii) we assessed the 

forest resources with respect to their potential provisioning services concerning non-timber forest 

products that can be used as foods, medicine, resins, or oil; (iii) we assessed local people’s 

perceptions of natural risks and shortages to evaluate their awareness and readiness for restoring 

the natural forest landscapes; (iv) we give recommendations for basic implications for restoration 

of natural forest landscapes in the remote mountainous regions in Vietnam. The overall 

methodological approach of the study is presented in Figure 6.1. 

 

Figure 6.1. Overview of methodological approach used in this study (UF: Undisturbed forest, 

LF: Less disturbed forest, DF: Disturbed forest, H1: 150-699m, H2: 700-1162m above sea level) 
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6.2. Study area 

In Vietnam, the Truong Son mountain range stretches from the north to the south along the 

border with Laos and Cambodia for almost 1200 km, forming hilly to steep mountainous areas, 

which occupy three-quarters of the entire land’s territory. Especially in the North Central Coast 

(NCC) where the coastline is close with appropriate 50 km to the study area, this area is relatively 

steep and highly affected by heavy rainfalls which occur as typical tropical events, often causing 

landslides [40,41].  

The study area is situated in such a tropical mountainous area between 107°.22´E to 

107°.30´E and 16°.02´N to 16°.10´N bordering to Laos. It belongs to the A Roang Commune of 

A Luoi District in the Southwestern part of Thua Thien Hue Province (Figure 6.2) where forest 

inventory and interviews were conducted. The topography is very steep with 5 to 48 degrees and 

the highest peak reaching around 1800 m above sea level (a.s.l). The data collection area ranged 

from 150 m to 1162 m a.s.l. The climate in the A Luoi District shows tropical monsoon 

characteristics with two distinguished seasons. The dry one is short and lasts from February to 

March with a monthly rainfall of only around 60 mm. Most of the total annual rainfall of 3502 

mm, falls during the long rainy season between April and December with a mean of 200 rainy 

days per year. The rainfall occurs most heavily from August to December and particularly in 

October with an average of almost 1000 mm [42]. Under these topographic and temperature 

conditions, landslides happen occasionally. The mean temperature year-round is 21.9°C. The 

mean high temperature of 25.3°C occurs in May and June while the coldest month is January 

with a mean temperature of 16.9°C. The air humidity ranges from 81% to 94% [43].  
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Figure 6.2. Relative location of the study area in the A Roang Commune of A Luoi District in 

Thua Thien Hue Province, Central Vietnam 

Figure 6.3 illustrates the different land use types which were classified by using Sentinel-

2 satellite imagery in the area [43]. Although rain-fed rice production is the main crop in the 

study area, the respective agricultural land is rather small (around 1%). However, the home 

gardens in the residential households can also be considered as a productive area for crops such 

as vegetables, cassava, and fruit trees such as Mango, Orange, Longan and Litchi. Meanwhile, 

the slash-and-burn areas (2.2%) with their rotating seasonal production, are used for fast-growing 

species plantations such as Acacia spp. and Hevea brasiliensis, Cassava plantations, upland rice 

cultivation. The cultivation is very scattered and fragmented due to limitation of land availability. 

Water surface areas (8.4%) are not equally distributed, thus aquaculture production is not a major 

income for local people.  

With 77.1% coverage, natural forests occupy the largest proportion of the land area. Most 

of them are primary and secondary closed evergreen broadleaved lowland forests with dominant 

genera from the following botanical families: Fagaceae with Castanopsis and Lithocarpus; 

Lauraceae with Litsea, Cinnamomum, Actinodaphne, Diospyros, Cryptocarya, Machilus; 

Myrtaceae with Syzygium, Cannabaceae of Gironniera, Aphananthe and Trema; Leguminosae 

with Peltophorum, Archidendron, Placolobium and Ormosia; Dipterocarpaceae with 

Dipterocarpus, Parashorea and Shorea; Malvaceae with Scaphium, Pterospermum and 

Sterculia; Meliaceae with Aphanamixis, Aglaia and Chukrasia; Myristacaeae with Knema; 

Burseraceae with Canarium and Bursera; Annonaceae with Enicosanthellum, Polyalthia and 
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Alphonsea [1,44,45]. The forest classification method, introduced by Loeschau in 1961, has been 

applied in Vietnam. This method was applied in studies of  Phuong et al., 2012 [46] and Bui 

2016 [47]. According to the classification of Nguyen Trong et al., [43], there are three types of 

natural forests due to different intensities of human impact. Undisturbed forest (UF) with no 

apparent evidence of human interventions is distributed in very remote and difficult terrain where 

forests have persisted and the natural forest structure is preserved. The UF has a basal area of 

around 30 m2 ha-1. The dominant genera are Lithocarpus, Litsea, Cinnamomum, Dipterocarpus, 

Shorea, Peltophorum, Archidendron, Ormosia, Aphanamixis, Aglaia. Less disturbed (LF) forest 

occurs where the stands have been slightly logged and disturbed but their natural structure is still 

noticeable. This type of forest, is dominated by Lithocarpus, Machilus, Litsea, Cinnamomum, 

Sapium, Hancea, Endospermun, Macaranga, Nephelium, Mischocarpus, Amesiodeuchon and 

Mischocarpus, has a basal area ranging 21-26 m2 ha-1. Finally, the secondary forest occurs where 

the forest is seriously disturbed (DF) with a basal area between 10-21 m2 ha-1. This forest type 

is dominated by genera of Knema, Garcinia, Enicosanthellum, Polyalthia, Microdesmis and 

Syzygium [1,2]. The natural vegetation originates mostly from natural lowland forests and has 

been managed by local communities and forest management boards of A Luoi District. Most of 

the forest areas in the A Roang Commune are for production purposes and managed by the local 

communities under guidelines from local authorities. The remaining forest areas are for 

protection purposes. 

A Roang Commune comprises seven villages with a total population of 2,732 persons from 

627 families. Apart from very few Kinh people, there are three dominant ethnic groups, namely 

Van Kieu, Ta Oi, and Co Tu living close to forests and depending on income from agricultural 

cultivation and forestry activities. 
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Figure 6.3. Land use types in the study site in A Roang Commune as described in Figure 6.2 

The non-agricultural and the unused lands occupy a small percentage of 4% and 1% of the 

total natural area of A Luoi District and A Roang Commune respectively. The area used for rice 

cultivation per person in A Roang Commune is about 1450 m2 but only 578 m2 of these lands 

can be used for rice cultivation year-round. Education  system from primary to high schools in 

the area is covered by the public school system which consists of a primary school with 229 

students and a secondary school with 209 students [48]. The students who pass secondary school, 

an estimated 44%, are sent to high school in A Luoi District [49]. The high school is about 40 

km away from A Roang Commune. There are 46.26% of the people who are classified as poor 

(compared to 37.40% in the entire district), having less than 700.000 Viet Nam Dong (35 USD) 

per month at their disposal [50]. 

6.3. Data sampling and Methods 

6.3.1. Forest inventory 

To document the structural forest characteristics and the proportion of NTFP tree species 

as potential ecosystem services supply, we conducted a classical forest inventory, as it has been 

developed for the assessment of timber resources [51,52]. However, in the context of current 

natural forest management in Vietnam, timber exploitation for construction by communities or 

households is banned while other management goals like rehabilitation have gained relevance. 
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Thus, we used data from a forest inventory, which was conducted in accordance with forest 

inventory guideline. A total of 90 plots with a size of 30 x 33.3 m were randomly sampled in the 

natural forests of the three aforementioned forest types (Figure 6.4) from April to May 2017. 

Each forest type was represented by 30 sample plots [43] and for elevations: H1 = 50 sample 

plots, H2 = 40 sample plots, the classification of elevations was based on study of Trong et 

al.[53]. In each plot, the top height (H) in meters and the diameter at breast height (DBH) in 

centimeters of all living trees (including NTFP tree species) with a DBH ≥ 6.0 cm were measured 

in accordance with conventional forest inventory techniques [54]. The names of tree species were 

recorded in the Vietnamese language by local dendrologists and translated later to their scientific 

names [55]. To avoid synonyms, we checked the names of all recorded tree species in The Plant 

List [56].  

Then, the means of forest stand parameters such as the number of stems, total species 

numbers per forest types and elevation, the basal area (BA in m2) and the volume (G in m3) per 

ha, the mean of diameter at breast height (DBH in cm) and top height (H in m) of the trees, and 

the number of tree species per plot were calculated and analyzed [57–59]. The form factor 0.5 

was commonly used [60] and tested by the t-test among forest types and elevations. Finally, the 

relations between DBH and top height for the different forest types and elevations to identify 

structural gaps concerning the stands of all forest tree species as well as those with NTFPs 

potential.  

The sample plots had been pre-sampled by sub-stratified forest status based on the forest 

status maps as feature classes to create random points in ArcGIS. These sample points were 

transferred to the Global Positioning System (GPS) for tracking during the fieldwork. 

Coordinates, elevations, and slopes of all sample plots were recorded on-site with GPS 

referencing the Shuttle Radar Topography Mission - Digital Elevation Model (SRTM - DEM) 

after fieldwork. The interval distance among plots was minimally around 200 meters.  
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Figure 6.4. Data sample arrangement for the forest types: (UF = Undisturbed forest (green), LF 

= Less disturbed forest (yellow), DF = Disturbed forest (orange); For elevations above sea level: 

H1=150-699 m indicated by the light-blue dotted line, and H2 = 700-1162 m indicated by the 

dark-brown dotted lines and the area for household interviews in the light-orange circle where 

local people have been inhabited. Each rectangle of the forest samples has a size of 30 x 33.3m). 

6.3.2. Identification of use options for NTFP tree species 

Today timber is not reachable because the government issued a policy to cease timber 

logging from natural forests in 2017 [17]. At least, NTFPs are mostly accessible by local people 

for domestic uses and some are for sale. However, the inventory of NTFP tree species has not 

been considered much, so far [61]. Hence, we conducted forest inventory based on indigenous 

knowledge of the local forest inventory teams and literature reviews in both Vietnamese and 

Scientific terminologies [62,63]. The use options of NTFPs for different purposes were further 

reviewed in 49 publications. These NTFP species were once again short-listed into what parts of 

the species are traditionally and pharmaceutically used for foods, medicine, and resin/oil. 

6.3.3. Assessment of NTFPs supply  

These data were converted into the entire mean of the measured parameters such as number 

of species per plot, basal area, volume and stems per ha in the different investigated forest types 

and elevations in order to assess the potential supply of foods, medicine and resin/oil. 
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Furthermore, they were related to the respective parameters of the entire stands (forest types and 

elevations) to provide better information about their specific supply. 

6.3.4. Interviews  

To assess the views, awareness and perspectives of local people concerning existing 

natural forests and help to avoid risks of inappropriate management implementation and support 

method-based for conservation research [64–67], we interviewed people from 120 households 

in a commune close to the existing natural forests, where the forest inventory was conducted. 

The households were chosen from a list of all 627 households from seven villages of the 

commune. Around 150 monthly salaried households of workers from non-agroforestry local 

factories, teachers at schools, and army veterans were excluded because these households have 

permanent income and do not depend on extra income from natural forests. Then, one out of 

every five of the remaining households was selected for the interview. The necessary sample size 

of the interviewed households was calculated based on Slovin’s formula [68,69]. The size 

represented 26% of the total households with a confidence interval of 95% and an error margin 

of 5%. Conducting more interviews was not affordable because funding for the study was 

inadequate to allow for complete survey of all communities within in the study area. In addition, 

the remoteness of some households presented a challenge for accessibility.  

The interviews were conducted (i) to assess the specific importance and satisfaction that 

local people attributes to the natural forest and its supply of NTFPs as provisioning services; (ii) 

to get to know about individual involvement of local people in extracting natural forest goods 

and (iii) to let them specify their most relevant land use practices. We also wanted (iv) to know 

about their awareness of the consequences of human impact like landslides or the decline of 

forest goods as well as (v) about their acceptance concerning necessary forest restoration 

initiatives. All interview aspects were documented in questionnaires for further analysis.  

In order to capture specific views of different people, eleven target groups of local people 

were stratified according to gender, income, educational levels, and age-classes. The group sizes 

ranged between 21 and 73 people. Distinguishing their specific qualitative as well as quantitative 

judgement profile (what do they choose and how many of them) might help to address the right 

people for specific forest management measures. 

6.3.5. Assessment of NTFPs demand 

The assessment of the local demand for NTFPs as forest provisioning services followed a 

semi-quantitative approach considering the following aspects: The qualitative ranking of the 

importance of the natural forests and their NTFP supply by different target groups, and of their 
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satisfaction with this supply; their present factual involvement in extracting the respective forest 

goods; and their specification of their most essential common land use practices. While ranking 

the importance of NTFPs from natural forests and considering the personal involvement in their 

extraction were chosen as appropriate indication of the specific demand, ranking the satisfaction 

with the existing supply tells about the degree of demand fulfilment. The identification of the 

significance of different land use options demonstrates what people actually do.  

3.6. Assessment of different perceptions concerning natural risks and the necessity of forest 

restoration 

Increasing the awareness of local people concerning the conditions and necessities for good 

ecological functioning and essential ecosystem services would promote better management of 

natural forests while balancing the supply and demand of the natural resources [65]. Therefore, 

the local people were asked to confirm (Y) or negate (N) their perception of landslides and 

declines of forest goods from natural forests as well as their agreement with forest restoration 

measures. 

The respective data were likewise analyzed quantitatively, considering different genders, 

age-groups, education and income levels, to find out about their specific awareness of problems, 

and their acceptance for improvement. Insofar, the results of the perception analysis provide 

valuable information to identify practicable solutions for natural forest restoration. The process 

of data collection and initial interview results were consulted with different local authorities like 

local forest protection and forest development units and communal representatives to briefly 

inform them about the initial assessment [70].     

6.4. Results 

6.4.1. Characteristics of local forest stand structure 

The mean parameters of all forest stand in the different forest types (UF, LF, DF) and 

elevations (H1, H2) in the study area are presented in Table 6.1.  
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Table 6.1. The mean parameters and standard deviations of the forest stand in different forest 

types: (UF=undisturbed forest, LF = less disturbed forest, DF = disturbed forest) and elevations 

above sea level (H1=150-699m and H2 = 700-1162m). The same letter in the same row indicates 

no significant difference at p<0.05. 

The number of stems per hectare in the disturbed forests (LF and DF) were slightly higher 

than those in the undisturbed forests (UF), however with significant differences only for LF. A 

significant increase of stems could also be shown for lower elevations (H1) compared to the 

higher ones (H2), where their numbers remained even below the mean values of undisturbed 

forests.  

In contrast, the basal areas and volumes differed significantly between forest types and 

elevations: the highest values were found in the undisturbed forests (UF) and decreased with 

increasing human impact from LF to DF. Significantly bigger volumes and basal areas occurred 

also at the higher and less accessible altitudes (H2) compared to the lower ones (H1), but did not 

reach the high mean values of undisturbed forests.  

Those differences in wood supply are also reflected by the distribution of diameters at 

breast height (DBH) and top heights in the respective stands. As illustrated in Figure 6.5, both 

values are mostly considerably smaller in stands which presumably have been exposed to bigger 

human impact (i.e LF, DF and H1) than in the less impacted (UF and H2). The relationship 

between DBH and top height of trees indicated further that the more deforested and degraded 

forest types showed lower correlations with R2 = 0.58 in DF, 0.61 in LF, and 0.69 in UF. The 

same could be considered with respect to the altitude of the forest sites with lower correlation in 

H1 (R2 = 0.58) than in H2 (R2 = 0.72).  

Stand parameters 
Forest types Elevations 

UF LF DF H1 H2 

No. of plots (1000m2) 30 30 30 50 40 

No. of stems ha-1 483.7±9.0a 500.3±14.2b 493.7±12.8ab 527.4±9.0a 415±13.2b 

Basal area m2 ha-1 33.3±0.6a 21.6±0.3b 15.9±0.4c 21.8±0.6a 26.2±1.0b 

Volume m3 ha-1 362.7±8.8a 212.6±4.0b 150±4.7c 208.6±7.4a 283.3±13.0b 

Species/plot 25.1±4.9a 27.4±6.4b 25.3±5.3ab 29.7±3.4a 20.2±3.6b 

Total species per 

forest type and 

elevation level 

102 113 112 121 109 



  

141 

 

 

Figure 6.5. The relationship between diameter at breast height (DBH) and top height in different 

forest types and elevations: 

 (a) shows the relations of DBH and height of each tree, represented as a dot in the whole 

forest stand, (b) shows the relationship of DBH and height of only NTFP species in the forest 

stand. 

The total number of registered tree species was 122. The species numbers per plot did not 

differ significantly in the different forest types with 20 - 33 species. Only the mean species 

numbers in LF were slightly but significantly higher than in UF. However, there were significant 
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differences in the number of species between different altitudes (H1 and H2) with higher species 

numbers to be found at lower altitudes and smaller species numbers at higher elevations. It seems 

difficult to conclude whether this is due to natural site conditions or to human impact.  

6.4.2. Use options and potential supply of NTFPs tree species as potential forest provisioning 

services 

The results of our literature review are compiled in Table 6.2. 39 out of the inventoried 

122 tree species (32%) were mentioned in 49 publications as providers of medicine, food or resin 

and edible oil. They belong to 28 families. The dominant medical species belong to the families 

of Malvaceae, Magnoliaceae, Juglandaceae, Lauraceae, Araliaceae, Clusiaceae, and 

Leguminosae; species used as food sources belong to Fagaceae, Burseraceae, Sapindaceaem 

and Anacardiaceae; and dominant species for resin/oil production were members of 

Dipterocarpaceae, Proteaceae, Lauraceae, and Anacardiaceae.  

Adding up to 26 different species (21%), the medical species were found to be the most 

numerous. Nine species (7%) were known to provide food, and five species (4%) were 

categorized for resin or oil tapping. Different parts of these tree species such as leaves, fruits, 

nuts, seeds, bark, roots or trunks are collected and used by local people to be eaten or as 

traditional medical treatment. 

Table 6.2. Use options of NTFP species 

No 

Species 

F
am

il
y

 

U
se

 

Descriptions 

S
o

u
rc

es
 

Scientific names 
Local 

names 

1 
Syzygium lanceolatum (Lam.) 

Wight & Arn 
Trâm trắng Myr F Fruits are edible [71] 

2 
Lithocarpus tubulosus (Hickel 

& A.Camus) 
Dẻ Fag F Nuts are edible [72,73] 

3 Nephelium melliferum Gagnep Bồ hòn Sapi F Fruits are edible [74] 

4 Canarium album (Lour.) DC. Trám trắng Bur F Fruits are edible [74,75] 

5 Mangifera minutifolia Evrard Xoài rừng Ana F 
Young leaves and fruits are 

edible 
[74] 

6 
Syzygium chanlos (Gagnep.) 

Merr. & L.M.Perry 
Trâm sừng Myr F Fruits are edible [76] 

7 Saurauia napaulensis Dương đào Act F Fruits are edible. [77] 

8 Sterculia lanceolata Cav. Trôm Mal F Seeds are edible. [78] 

9 Canarium pimela K.D.Koenig Trám đen Bur F Fruits are edible [79] 

10 
Scaphium macropodum (Miq) 

Beumee ex K.Heyne 
Ươi Mal M 

Nuts and seeds are used to treat 

diarrhea, dysentery and 
[74] 
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asthmatic complaints and 

against fevers 

11 Garcinia oliveri Pierre Bứa Clu M 
Fruits used for mitigating 

sprains 
[80] 

12 
Magnolia mediocris (Dandy) 

Figlar 
Giổi Mag M 

Seeds are used as spices. Seeds 

and bark are used to treat colic 

and fever. 

[81] 

13 
Engelhardtia roxburghiana 

Lindl 
Chẹo tía Jug M 

Bark, roots and leaves are used 

as antiseptic 
[82] 

14 
Schefflera heptaphylla (L.) 

Frodin 
 

Chân chim 

rừng 
Ara M 

Leaves and bark are used for 

treating rheumatism, joint pain 

and to help digestion 

[80]  

15 
Knema globularia (Lam.) 

Warb 

Máu chó lá  

nhỏ 
Myri M 

Bark and wood are used to cure 

scabies, backache, skin 

diseases 

[83] 

16 
Litsea glutinosa (Lour.) 

C.B.Rob. 
Bời lời nhớt Lau M 

Roots used for treatment of 

diarrhea, enteritis, diabetes 

mellitus, bruising injuries. Bark 

and leaves used to treat 

inflammation of the parotid 

glands, boils, mastitis, swelling 

of the calf, and to stop 

bleeding. 

[82,84,85] 

  

17 Machilus bonii Lecomte Kháo vàng Lau M 
Bark and leaves used for 

treating burns and toothache 
[80,86] 

18 
Glycosmis citrifolia (Willd.) 

Lindl. 
Bưởi bung Rut M 

Roots and leaves are used to 

treat flu, cough, stomach ache 
[87,88] 

 

19 
Wrightia annamensis Eberh. & 

Dubard 
Lòng mức Apo M 

Trunk, leaves, and roots are 

used to treat pharyngitis, 

typhoid, and malaria. These 

can also be used to treat 

rheumatoid arthritis and 

hepatitis jaundice 

[85] 
 

20 Litsea verticillata Hance Bời lời vòng Lau 
 

M 

Bark and leaves are used to 

treat swelling caused by injury 

or by snake bites. Extract to 

natural anti-HIV agents 

[89,90] 
 

21 
Peltophorum pterocarpum 

(DC.) K.Heyne 
Lim xẹt Leg M 

Bark is used to treat several 

ailments like stomatitis, 

insomnia, skin troubles, 

constipation, ringworm, 

insomnia, dysentery, muscular 

pains, sores, and skin disorders 

and is the source of diverse 

kinds of chemical constituents 

such as aliphatic alcohols, fatty 

acids, amino acids, terpenoids, 

phenolics, flavonoids, 

alkaloids, steroids 

[91] 

https://www.hindawi.com/journals/isrn/2011/751472/https:/skhcn.thuathienhue.gov.vn/UploadFiles/TinTuc/2015/4/14/phu_luc.pdf
https://www.hindawi.com/journals/isrn/2011/751472/https:/skhcn.thuathienhue.gov.vn/UploadFiles/TinTuc/2015/4/14/phu_luc.pdf
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22 Nauclea orientalis (L.) L. Gáo vàng Rub M 

Bark is used to treat fever, 

cirrhosis of ascites, abdominal 

pain, animal bites and wounds. 

Leaves are applied externally 

to boils and tumors, A bark 

decoction is used for the 

treatment of diarrhea and 

toothaches 

[81,92] 

23 Syzygium jambos (L.) Alston Trâm mốc Myr M 

Bark and young leaves are used 

for anti-thermal and antiseptic 

properties 

[82,93] 
 

24 
Macaranga denticulata 

(Blume) 
Lá nến Eup M 

Leaves used for postpartum 

treatment and as antiseptic 
[94] 

25 
Vitex quinata (Lour.) 

F.N.Williams 
Đẻn năm lá Lam M 

Bark is used as a tonic, as a 

stomachic (an infusion to 

stimulate the appetite), and 

against cancer. 

[95,96] 

26 
Polyalthia cerasoides (Roxb.) 

Bedd. 
Nhọc Ann M 

Consumption of the water of 

boiled roots is used to treat 

hives. 

[97,98] 

27 
Symplocos cochinchinensis var. 

laurina (Retz.) Noot. 
Dung nam bộ Sym M 

Shoots are used to treat burns. 

Bark is used to treat fever, 

dysentery, diarrhea, and 

common colds. 

[80,99] 

28 
Peltophorum dasyrrhachis 

(Miq.) Kurz 
Lim vang Leg M 

Bark gives tannin and cures 

cough 
[100,101] 

 

29 
Alangium chinense (Lour) 

Harms 
Thôi ba Cor M 

Roots used to treat rheumatism, 

treat snakebite, bone pain, joint 

pain, and swelling pain. Fruits 

used with other species to treat 

kidney disease. Leaves used for 

animals' fodder. 

[80,102] 

30 
Terminalia bellirica (Gaertn.) 

Roxb. 
Chiêu liêu Com M 

Seeds are used to treat diarrhea 

and dysentery of livestock 
[103,104] 

31 Trema orientalis (L.) Blume Hu đay Can M 

Leaves used for treating 

epilepsy, laxative effect, 

hypoglycemic, diuretic and 

analgesic and anti-arthritic 

activities 

[105,106]  

32 Gironniera nervosa Planch Ngát lông Can M 

Seeds are edible and used to 

treat rheumatism and cardiac 

diseases 

[107,108] 

33 
Madhuca pasquieri (Dubard) 

H.J.Lam 
Sến mật Sap M 

Shoots are used to treat burns. 

Bark is used to treat fever, 

dysentery, diarrhea, and 

common colds. It also tannin 

extracts 

[80,100, 

101,109] 

34 Nageia fleuryi (hickel) de Laub Kim giao Pod M 
Leaves are used in medicine to 

cure cough and antidote 
[110,111] 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3731882/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3731882/
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35 
Dipterocarpus grandiflorus 

Blanco 
Dầu đọt tím Dip R Resin tapping [112] 

36 Helicia cochinchinensis Lour. Quắn trung bộ Pro R/F Resin tapping. Seeds are edible [113,114] 

37 Cinnamomum verum J.Presl Quế Lau R/M 

Used as oil and treats digestive 

complaints, such as dyspepsia, 

flatulency, mild spasms, 

cramps, diarrhea, and vomiting 

[115–117] 

38 Melanorrhoea laccifera Sơn huyết Ana R Resin production for art [55,118] 

39 Dipterocarpus baudii Korth Dầu lông Dip R Resin production [119,120] 

(M= Medicine; F= Foods; RO = resin/oil.  The abbreviation of  families were as: 

Dipterocarpaceae = Dip; Lauraceae = Lau; Anacardiaceae = Ana; Proteaceae = Pro; 

Podocarpaceae = Pod; Sapotaceae = Sap; Cannabaceae =Can; Combretaceae = Com; Cornaceae 

= Cor; Leguminosae = Leg; Symplicaceae = Sym;  Annocaceae = Ann; Lamiaceae = Lam; 

Euphorbiaceae = Eup; Myrtaceae = Myr; Rubiaceae = Rub; Apocynaceae = Apo; Rutaceae=  

Rut; Myristicacea = Myri; Araliaceae = Ara; Juglandaceae = Jug; Magnoliaceae = Mag; 

Clusiaceae = Clu;  Malvaceae = Mal; Burseraceae = Bur; Actinnidiaceae = Act;  Fagaceae= Fag; 

Sapindaceae = Sapi). 

Table 6.3 shows the total amount of NTFP tree species and selected quantitative forest 

parameters concerning their potential supply of food, medicine, and resin/oil in the different 

forest types and at different elevations, revealing significant differences. NTFP tree species for 

medicinal use were the most numerous (3-6 species per plot) and showed the highest quantities 

for all forest types and elevations, while the use potential for resin or oil was usually the lowest 

apart from their volume in undisturbed forests (UF) and at higher elevations (H2). At the same 

time, the number of the respective tree species was the lowest (1-2 species per plot). NTFP tree 

species with use potential for food reached always intermediate values from 2-3 species per plot. 

Table 6.4 relates these data to those of the entire stands, giving percentages of the 

respective amount for each parameter. It reaffirms the previous results, indicating that the 

absolute quantities of NTFP tree species in the stands correspond to their share in the forest 

structure presented in Table 6.1. In other words, this made some additional remarks that tree 

species for medicinal use have always the biggest share in all stand types, followed by food 

providing species in most cases, while resin and oil providing species do usually reach the 

smallest share. The respective graphs in Figure 6.5 illustrates further that DBH and top height of 

the NTFP trees always remained at the lower range of the stand, particularly in those stands 

where human impact has to be considered. The linear regressions between their DBHs and 

heights (Figure 6.5) showed the same trend like for the other trees (apart from those in DF in 

which the correlation was R2 = 0.87). 
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The comparatively high potential supply of NTFP tree species for medicinal use in all 

explored forest types and elevations goes along with raised percentages (20 - 26%) of medicinal 

species and their share in the numbers of stems, basal area and volume (15 - 24%) (Table 6.4). 

It further reveals that the disturbed forests (DF) do provide the highest quantitative share of 

medicinal plants (around 24%), followed by the less disturbed forest stands (LF with 17-18%), 

while their share in the undisturbed forests (UF) is obviously smaller (around 15%). This 

differences between the forest types did not result in differences between altitudes, apart from 

an elevated share of species numbers at higher elevations.  

Table 6.3. The stand parameters and standard deviations of NTFP species in different forest 

types and elevations: (UF=undisturbed forest, LF = less disturbed forest, DF = disturbed forest) 

and elevations (H1=150-699m and H2 = 700-1162m above sea level). The same letter in the 

same row indicates no significant difference at p<0.05; highest, lowest and intermediate values 

are shaded respectively. 

Stand parameters Forest types Elevations 

Medicinal trees UF LF DF H1 H2 

No. plots (1000m2) 30 30 30 50 40 

No. stems ha-1 92±4.4a 122.3±6.3b 117.7±4.9bc 120.2±4.8a 98.7±5.8a 

Basal area m2 ha-1 5.2±0.3a 3.9±0.2b 3.8±0.2bc 4.0±0.2a 4.7±0.2a 

Volume m3 ha-1 54.2±2.8a 35.6±2.2b 35.4±1.9bc 37.2±2.1a 47.4±0.2a 

Species/plot 4.9±1.7a 6.6±2.3b 6.5±2.1bc 6.4±2.1a 5.4±2.1b 

Food providing trees UF LF DF H1 H2 

No. plots (1000m2) 29 30 29 49 39 

No. stems ha-1 43.5±2.9a 49.7±2.7a 52.0±2.9a 50.4±2.4a 44.5±3.1a 

Basal area m2 ha-1 2.0±0.2a 1.9±0.1a 2.0±0.1a 1.9±0.1a 2.1±0.2a 

Volume m3 ha-1 20.4±1.9a 17.8±1.3a 18.8±1.5a 17.3±1.3a 21.0±1.9a 

Species/plot 2.6±0.98a 2.5±1.1a 2.6±1.0a 2.7±1.1a 2.3±0.8a 

Resin/oil providing 

trees 
UF LF DF H1 H2 

No. plots (1000m2) 26 17 20 30 29 

No. stems ha-1 30.4±1.3a 24.7±1.2ab 19.5±1.2bc 27.7±1.4a 26.5±1.3a 

Basal area m2 ha-1 2.9±0.3a 1.0±0.1b 0.6±0.1bc 1.1±0.1a 2.4±0.3b 

Volume m3 ha-1 35.5±4.5a 10.1±1.4ab 5.4±0.7bc 11.4±1.5a 29.7±4.3b 

Species/plot 1.5±0.7a 1.5±0.6a 1.6±0.6a 1.5±0.6a 1.6±0.6a 
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The potential supply of food from NTFP tree species which was found to be considerably smaller, 

did also concern their share. Their basal areas ranged between 6 - 12,6% of the entire stand while 

the volume of wood reached 5.6 – 12.5%, both in ascending order UF<LF<DF. However, the share 

of stems and species numbers did not differ (both around 10%); neither could there be identified 

any substantial differences concerning the share of parameters at different altitudes. Similar 

coherences were also found with respect to the relatively low supply of resin or oil where the 

respective species contributed less than 10% to most of the measured stand parameters provided 

by 1-2 species per plot only which represented just around 6% of the species composition of the 

respective stands. For example: 19.5%, the relative share between medical tree species in UF 

(Table 6.3) with the means of tree species per plot in UF (Table 6.1). 

Table 6.4. The relative share (%) between NTFP tree species in different forest types and 

elevations with the means of those the entire forest stand: (UF=undisturbed forest, LF = less 

disturbed forest, DF = disturbed forest) and elevations (H1=150-699m and H2 = 700-1162m above 

sea level). 

Stand parameters  Forest types Elevations 

Medicinal trees UF LF DF H1 H2 

No. plots (1000m2) 30 30 30 50 40 

No. stems ha-1(%) 19.0 24.4 23.8 22.8 23.8 

Basal area m2 ha-1(%) 15.6 18.1 23.9 18.3 17.9 

Volume m3 ha-1(%) 14.9 16.7 23.6 17.8 16.7 

Species/plot (%) 19.5 24.1 25.7 21.5 26.7 

Food providing trees UF LF DF H1 H2 

No. plots (1000m2) 29 30 29 49 39 

No. stems ha-1(%) 9.0 10.4 10.5 9.6 10.7 

Basal area m2 ha-1(%) 6.0 9.3 12.6 8.7 8.0 

Volume m3 ha-1(%) 5.6 8.8 12.5 8.3 7.4 

Species/plot (%) 10.4 9.5 10.3 9.1 11.4 

Resin/oil providing trees UF LF DF H1 H2 

No. plots (1000m2) 26 17 20 30 29 

No. stems ha-1(%) 6.3 4.9 3.9 5.3 6.4 

Basal area m2 ha-1(%) 8.7 4.6 3.8 5.0 9.2 

Volume m3 ha-1(%) 9.8 4.8 3.6 5.5 10.5 

Species/plot (%) 6.0 5.5 6.3 5.1 7.9 
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6.4.3. Importance and satisfaction ranking for natural forests and their provisioning services  

The original data of the importance and satisfaction ranking are documented in the following 

Table 6.5. 

Table 6.5. Ranking of the importance of natural forests and their provisioning services and of the 

satisfaction 

 with these services by the numbers of people in the different target groups. 

Target 

groups 
No. 

Importance levels Satisfaction levels 

1 2 3 4 5 1 2 3 4 5 

F 73 1 3 6 7 56 8 19 15 17 14 

M 47 0 1 4 8 34 4 14 8 3 18 

In1 38 1 5 7 7 18 4 9 13 4 8 

In2 43 0 0 6 15 22 4 16 4 6 13 

In3 39 0 5 4 13 17 4 10 6 10 9 

E1 60 0 7 12 17 24 6 19 15 10 10 

E2 39 1 2 6 7 23 4 11 6 7 11 

E3 21 0 1 3 7 10 4 4 3 4 6 

A1 31 0 4 2 5 20 3 10 5 6 7 

A2 43 0 3 6 12 22 4 10 12 7 10 

A3 45 0 2 8 16 19 5 13 6 7 14 

All (%) 120 0.6 6.9 13.64 23.8 55.3 10.4 28.2 19.4 17.0 25.0 

(No.= number of interviewees, gender: F= female; M=male; income levels: In1=income level1 

(<700.000VND/month), In2=income level2 (700.000-1 million VND/month), In3 = income level3 

(1-1.5 million VND/month), education levels: E1=Primary school, E2=Secondary school, E3 = 

above secondary school, age groups: A1= 18-29 years old, A2= 30-39 years old, A3 ≥40 years 

old. Importance levels: 1 = slightly important, 2= moderately important, 3= rather important, 4= 

highly important, 5= essentially important; satisfaction levels: 1 = slightly satisfied, 2= moderately 

satisfied, 3= sufficiently satisfied, 4= highly satisfied, 5= completely satisfied). 

While the importance level can be taken as an indication for the respective demand, the 

satisfaction level indicates its fulfillment. In Figure 6.6 we combined the high importance levels 4 

and 5 in each target group together. The overall assessment of the importance of the natural forests 

showed that 79.1% of all interviewees attributed the top levels (levels 4 and 5) to them, meaning 

that they considered natural forest as highly to essentially important for their lives. If, on the other 

hand, we take the highest satisfaction levels 4 and 5 as an indication for ecosystem services 

fulfillment, we see that those are much lower. Only 42% of all interviewees indicated that they 
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were highly or completely satisfied. In particular people with low income and just basic education 

noted little satisfaction. Insofar the effective supply (which might also be influenced by 

accessibility) must be considered as insufficient.   

 

Figure 6.6. Percentages of people who gave high importance and satisfaction ranking (highly to 

essentially important and satisfied) of natural forests in different target groups: gender: F= female; 

M=male; income levels: In1=income level1 (<700.000VND/month), In2=income level2 (700.000-

1 million VND/month), In3 = income level3 (1-1.5 million VND/month), education levels: 

E1=Primary school, E2=Secondary school, E3 = above secondary school, age groups: A1= 18-

29 years old, A2= 30-39 years old, A3 ≥40 years old. 

6.4.4. Identification of essential land-use options 

The essential land-use options of different target groups show imbalances among groups and 

within each group itself (Table 6.6). 
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Table 6.6. Identification of essential land use options by the percentage of people in different 

target groups. 

Percentages of people  

in the respective target groups  

(indicated by shading) 

1–20% 21-40% 41-60% 61-80% 81-100% 

Target 

groups 
No. 

Paddy 

field 

Plantation 

forest 

Fruit 

trees 

Natural 

forest 

Crop 

land 

Fish 

raising 

Grass 

land 

F 73 100.0 74.0 49.3 31.5 28.8 19.2 0.0 

M 47 95.7 80.9 40.4 21.3 25.5 36.2 0.0 

In1 38 100.0 65.8 42.1 39.5 39.5 15.8 0.0 

In2 43 100.0 79.1 46.5 32.6 25.6 30.2 0.0 

In3 39 94.9 74.4 48.7 17.9 25.6 30.8 0.0 

E1 60 100.0 78.3 50.0 41.7 36.7 23.3 0.0 

E2 39 100.0 76.9 48.7 35.9 23.1 30.8 0.0 

E3 21 85.7 61.1 33.3 22.2 27.8 27.8 0.0 

A1 31 100.0 80.6 29.0 16.1 9.7 12.9 0.0 

A2 43 100.0 74.4 51.2 46.5 44.2 30.2 0.0 

A3 45 95.7 71.7 52.2 47.8 30.4 30.4 0.0 

(No.= number of interviewees, gender: F= female; M=male; income levels: In1=income level1 

(<700.000VND/month), In2=income level2 (700.000-1 million VND/month), In3 = income level3 

(1-1.5 million VND/month), education levels: E1=Primary school, E2=Secondary school, E3 = 

above secondary school, age groups: A1= 18-29 years old, A2= 30-39 years old, A3 ≥40 years 

old). 

The identification of the essential land use practices in different target groups as presented 

in Table 6.6 provides further information with respect to the socio-economic relevance of the 

importance and satisfaction concerning natural forests and their provisioning services. It does 

demonstrate the relatively low ranking of the natural forest by the local people, usually at third 

and fourth, sometimes even at last position (16-18% of the younger people and of people with high 

income respectively) compared to the other land use options. At least, the compliance increased 

with the age of the interviewees (A2 with 47%; A3 with 48%). In contrast, paddy fields were 

chosen at first position by most of all target groups (86 - 100%, followed by plantation forests (61 
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- 81%) and fruit tree plantations (29 - 52%). Cropland and fish raising gained the smallest number 

of votes from all groups, mostly between 20 and 40%, in case of the younger generation even just 

10 and 13% respectively.  

6.4.5. Personal involvement in extracting NTF goods   

To confirm the results of the importance ranking, another question addressed the factual 

personal involvement in the extraction of NTFPs as forest goods. Considering the different 

potential answers (yes=Y/no=N instead of ranking options 1-5) the respective results are integrated 

in Table 6.7. They reveal the very high personal involvement of 78,3% of all interviewees in the 

extraction of forest goods ranging between 71.1% and 90.5% in the different target groups. Males 

and well-educated people were at top level (around 90%) while people with lower education (E1) 

were the only who reported less personal involvement (68.3%). These results do correspond to 

those of the importance ranking. 

6.4.6. Awareness of natural forest degradation and needs for restoration 

Local people’s perceptions as presented in Table 6.7 consider natural forest degradations by 

landslides and the decline of goods supply resulting from extractions such as fuelwood and non-

timber forest products. It further documents local people’s agreement to restore the natural forests 

in the area to improve ecosystem provisioning services. 

The results indicate the widespread and very high awareness of risks and the readiness for 

restoration measures in natural forests in all different target groups (close to 100%). Both did 

slightly increase from elder to younger people. Women, young people, people with higher income 

and those with secondary school education confirmed a 100% support for natural forest restoration.  
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Table 6.7. Perceptions of human induced risks (landslides and decline of forest goods) and needs 

for natural forest restoration by different target groups (%). 

Percentages of people  

in the respective target groups  

(indicated by shading) 

1–20% 21-40% 41-60% 61-80% 81-100% 

Target 

groups 
No. 

Personal 

involvement in 

extracting forest 

goods 

Perception of 

landslide 

observation 

Perception of 

forest goods 

declined 

Perception of 

needs for natural 

forest restoration 

Y N Y N Y N Y N 

F 73 71.2 28.8 97.3 2.7 98.6 1.4 100.0 0.0 

M 47 89.4 10.6 100.0 0.0 100.0 0.0 97.9 2.1 

In1 38 71.1 28.9 100.0 0.0 97.4 2.6 94.7 5.3 

In2 43 83.7 16.3 97.7 2.3 100.0 0.0 95.3 4.7 

In3 39 79.5 20.5 97.4 2.6 100.0 0.0 100.0 0.0 

E1 60 68.3 31.7 98.3 1.7 98.3 1.7 93.3 6.7 

E2 39 87.2 12.8 97.4 2.6 100.0 0.0 100.0 0.0 

E3 21 90.5 9.5 90.5 9.5 100.0 4.8 100.0 4.8 

A1 31 80.6 19.4 100.0 0.0 100.0 0.0 100.0 0.0 

A2 43 79.1 20.9 97.7 2.3 100.0 0.0 97.7 2.3 

A3 45 73.9 23.9 95.7 2.2 95.7 2.2 91.3 6.5 

All 120 78.3 21.7 98.3 1.7 99.2 0.8 96.7 3.3 

 (Y= yes, N = no; gender: F= female; M=male; income levels: In1=income level1 

(<700.000VND/month), In2=income level2 (700.000-1 million VND/month), In3 = income level3 

(1-1.5 million VND/month), education levels: E1=Primary school, E2=Secondary school, E3 = 

above secondary school, age groups: A1= 18-29 years old, A2= 30-39 years old, A3 ≥40 years 

old). 

6.5. Discussions 

6.5.1. Characteristics of the natural forest stand structures confirm different intensities of human 

disturbances 

The analysis of the present natural forest stand structure confirmed the initial classification 

of the forest stands as undisturbed (UF), less disturbed (LF), and disturbed (DF) forests. It revealed 

a number of indications for former human disturbances and ongoing successional process in the 

natural forests. Those comprised smaller DBHs and top heights but slightly increased numbers of 

stems per ha, resulting in respectively lowered stand basal area and stand volume in LF and DF 
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compared to UF as well as H1 compared to H2. It is obvious that forests in the more disturbed and 

lower elevations had lower means for basal area and volume ha-1 and that the elevations have more 

influences on forest parameters (Table 6.1). A cumulation of smaller diameter classes in disturbed 

stands has been reported repeatedly as a usual successional process where young trees regenerate 

in gaps of the old stands [121–124]. This may favor light demanding NTFP tree species in the 

more disturbed stands. Meanwhile, the species numbers per plot did not provide clear evidence of 

human impact. Differences in species composition might do so but have not been analyzed. 

6.5.2. High demand but insufficient supply of NTFPs 

The final assessment of the supply and demand concerning NTFPs as forest provisioning 

services should consider all relevant aspects which have been presented in section 5.1 – 5.2.2. The 

assessment concerning NTFPs as forest provisioning services confirmed that there is high demand 

of NTFPs but not sufficient provision and do limit benefits for local people. We decided to do this 

in a narrative and qualitative way rather than to use a formal quantitative aggregation in order to 

better incorporate group specific considerations which otherwise might have been missed.  

6.5.2.1. Considerable potential supply from medical tree species 

In addition to firewood, NTFPs were always very important for local people who extracted 

parts of the respective species for different purposes to improve their well-being [125] especially, 

many parts of the medical tree species are used as antibiotics, antiseptics, or to stop bleeding while 

other parts are collected and processed through pharmaceutical steps to produce drugs. Such 

biological materials may provide an average of 22% of the total income in developing countries 

[126]. Identification of tree species which were registered in the inventory and known to provide 

NTFPs referring to local knowledge and scientific publications was an outstanding measure [51], 

this was the case for 32% (39 out of an overall 122 trees species). Most of them (21%) were known 

for medicinal use, compared to just 7% for food and 5% for resin or oil (Table 6.2). For the 

quantitative assessment of the potential NTFPs supply, we then used classical structural stand 

parameters of the respective tree species as indicators. Since the analysis of the specific stand 

structures confirmed different intensities of human impact and disturbance, the interpretation of 

the results should take the less and undisturbed stands (UF and H2) as reference. 
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All in all, we only found a considerable potential quantitative and qualitative supply of NTFP 

tree species for medicinal use, going along with raised absolute species numbers and their share in 

species composition, leaving that one for food and resin/oil clearly behind. This supply was 

significantly higher in the undisturbed stands (UF) and at higher elevations (H2), where the 

number of stems was lower but with higher basal area and consequently increased volume of wood. 

The same trend could be observed with respect to the food providing tree species, but not as clearly 

as for the medicine providers. Resin and oil provisioning species also reached the highest basal 

area and volume in the undisturbed forests (UF) and at higher elevations (H2). These results 

indicate the natural supply of the respective NTFP that can be expected in the undisturbed and 

unmanaged forest stands. However, the top heights and DBHs of the respective trees were always 

considerably smaller than those of the rest of the forest stands (Figure 6.5).  

Meanwhile, the highest share of medicinal tree species (around 24% for all considered 

parameters) was provided in the disturbed forest stands (DF), followed by the less disturbed ones 

(LF with 17-18%), while their share in the undisturbed forests (UF) was considerably smaller 

(around 15%). The share of food providing tree species had the same gradation (DF>LF<UF) but 

was found to be clearly smaller (around 10% and little higher). The lowest quantitative share (less 

than 10%) was offered by resin and oil providing tree species, but in contrast to medicinal and 

food options, in reversed order (UF>LF>DF and H2>H1). DBH and top height of the NTFP trees 

always remained at the lower range of the stand, particularly where human impact had to be 

considered (Table 6.4). So, we may conclude that the share of NTFP trees has been increased due 

to human impact, but has not reached the quantities that can be reached in the undisturbed forests. 

However, the results of the demand assessment will demonstrate that the current status quo of 

supply must be considered as insufficient. 

6.5.2.2. Unsatisfied demand for NTFP 

This assessment considered four different qualitative aspects based on personal statements 

of the local people from different target groups (i.e. gender, age, income and education): (i) The 

importance of the natural forests (and their NTFP supply) for their wellbeing; and (ii) their 

satisfaction with the respective supply, both given in a five-ary ranking system; as well as (iii) 
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their personal involvement in extracting these goods from the forest and (iv) the relevance of seven 

usual land use practices for them, including the natural forests, both either confirmed or denied. 

At least two thirds of the people in all target groups assigned high to very high importance 

to the natural forests, but only a maximum of 48.7% did the same concerning their satisfaction 

with the NTFP supply (Figure 6.6). Insofar the natural forests do not provide enough goods to 

meet their demands, although more than two third did also confirm their personal involvement in 

extracting non-timber forest goods, particularly men, well-educated and younger people (Table 

6.7). Consequently, the natural forest was mentioned as essential land use practice by less than 

40% of the people in most target groups. Particularly the younger ones and those with higher 

income who did not have to rely on them did not mention the natural forest to be particularly 

relevant for them (Table 6.6). Other land use options are obviously more attractive. The paddy 

fields for rice cultivation in mountainous regions are usually small but provide enough rice to feed 

local people. Thus, paddy fields gathered most people’s first choice. The lowest confirmation of 

their relevance was given by people with higher income (85.7%) as presented in Table 6.6. Forest 

plantations of fast-growing species with Acacia spp, Eucalyptus spp, and Hevea brasiliensis and 

fruit trees such as oranges, mandarins, and mango are more profitable and may bring quick income. 

In most target groups their high relevance was attested by more than 70% and more than 40% of 

the respondents respectively. 

 Cropland was mentioned to be essential by smaller numbers of respondents than the natural 

forest because this type of land use is lower-ranking in the entire area. Grassland is usually not 

practiced at all because pasturing in natural forests as well as in plantation forests was always a 

free habit. Finally, fish raising is not popular since most of the water areas are not suitable for it. 

The rivers in the area are small and can fall dry during the dry season. If ever, this practice is only 

cultivated by households whose house locates nearby a river, small irrigation systems, or small 

artificial dams. 

The choice of particularly relevant land-use practices also reflects some group specific land 

use attitudes: Women in the ethnic groups commonly take the responsibility for food and economic 

concerns of the households. Apart from plantation forests and fish raising they chose all cultivation 
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practices to be essential more often than men did including natural forests. The study of Tyagi 

[127] found further that women are closer to nature than men; and Byers and Sainju [128] stated 

that women are more knowledgeable about local plants. 

Nonetheless, men spend more time and effort to extract and collect forest goods. They ranked 

natural forests of slightly higher importance and satisfaction than women did, but they also 

preferred natural forests less often and plantations more often than women because they think that 

the latter provide faster income. This is especially the case if they planted fast-growing tree species 

being aware that the timber from natural forests is currently not reachable due to the logging ban 

[17]. 

Although they admitted the high importance of natural forests, the younger people rarely 

mentioned themselves to be particularly relevant for natural forests (16%). A very high percentage 

of them rather mentioned paddy fields and plantation forests (100% and 81% respectively), 

followed by far less who also chose fruit trees (29%). Cropland and fish raising gained even less 

reference (<20%). In contrast, people of higher age demonstrated their bond and dependence 

concerning the natural forests the most (around 48%). These results demonstrate, that their specific 

socio-economic conditions have to be considered when it comes to choose appropriate partners for 

cooperation in forest management.  

6.5.3. Local people evince high awareness of risks and needs for natural forest restoration 

Many studies have been conducted with the aim of assessing the awareness and knowledge 

of local people to develop optimal management guidelines for users of NTFPs [61]. The 

perceptions of landslides and of the declination of forest goods availability in the presented study 

testifies to a very high and widespread awareness of risks (>95%) which led to respectively high 

agreement with the needs for natural forest restoration (>90%) in all target groups. This awareness 

and agreement indicate that local people do evince the natural risks and accept for natural forest 

restoration. This should be taken as fortunate precondition and used as a chance for respective 

forest management measures in collaboration and participation of local people at all stages of 

planning and decision-making to improve the sustainability of livelihoods of local people as 

suggested by Wong 2000 [62], Stiglitz 2002 [64] and Carter 1996 [51]. The “getting back process” 
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can be assessed at national or sub-national levels, and scopes of perceptions and potentials [39]. 

Many researchers have also recommended engaging the collaboration and participation of local 

people at all stages of planning and decision-making to improve the sustainability of their 

livelihoods [51,62,64]. Gathering different views and priorities promotes feasible interventions, 

including strategies such as constitutional and institutional addresses [129]. Choosing the 

appropriate options and consistent alternatives for a compromised strategic alignment is 

challenging; but scientific and technical perspectives can lead to better decision-making by taking 

into account results of needs assessments [130]. Indigenous and traditional knowledge is very 

important and contributes to sustainable forest management and the provision of ecosystem 

services based on awareness [131].  

6.6. Conclusions 

If well managed, these biological resources can also contribute considerably to the household 

income. Based on indigenous knowledge and beliefs, many parts of medicinal tree species have 

been used by local people for ages. Still today these species are very important to people while 

working and living in the forests, where drugs are not always accessible. Insofar, medicinal tree 

species can diversify the pharmaceutical biological sources in either traditional or non-traditional 

treatments. Thus, their systematic and sustainable use might be an option to provide income for 

the local people. As our assessment revealed, the quantitative supply of NTFP in undisturbed 

forests may be bigger than in managed ones. Hence, the respective tree species could and should 

be integrated and supported by appropriate measures of silviculture, including the provision of 

planting material. 

The involvement of local people at all stages of inventory, assessment and improvement of 

NTFP supply can also help to improve the sustainability of local livelihoods. Without this step 

people would usually not accept the decisions over the long term. The “getting back process” 

assessment at different scopes of perceptions, and potentials from national or sub-national levels 

should be considered. With this assessment approach, local people would find “trust” to reveal 

their witness, involvement, and aspirations toward improvement of natural resources and 

participation to forest restoration process. 
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The involvement of various stakeholders in decision-making based on mutual understanding 

of opportunities despite differing perspectives is important as fundamental input to the national 

strategies of forest landscape restoration. The management and recovery of natural forests can be 

the first-level priority in this process of landscape restoration. It also enforces disaster risk 

mitigation. The enrichment of non-timber forest products can be the second priority.  

However, this restoration will be a long-term process of recalling the functioning of 

ecosystems and their multiple services from the deforested or degraded forest landscapes while 

magnifying the benefits and well-being of the local people. It also needs to balance the supply and 

demand concerning provisioning services in a given population area. The presented evaluation 

might help to identify the respective opportunities and priorities.   
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Chapter 7. General Summary, Contributions and Recommendations 

7.1. Summary 

In this work, four main objectives have been accomplished: (1) identifying and evaluating 

tree species, stand structures, and the influences of topographical conditions on the distribution of 

tree species, and species richness in natural forests; (2) optimizing the analysis of different optical 

satellite images for land cover and forest type classification by vegetation indices and land-use; 

(3) assessing soil qualities in areas with differing land-uses and topographic aspects; (4) assessing 

the demand and potential supply concerning Non-Timber Forest Products as ecosystem services 

of the natural forests as well as the  perceptions of local people, with a respect to landscapes 

restoration in the study area.  

1) The influence of the topography on tree species diversity, their distribution, and the 

composition of natural lowland forests in Central Vietnam is summarized as follows: 

Species richness, species diversity, stand density, and basal area were significantly different 

at lower and at higher elevation, as well as at shallow and at steep slope. The lower elevation and 

shallow slope exposed higher species richness and diversity. The species diversity both in the 

lower elevation and the shallow slope were higher. The forests stocking on higher elevation and 

steep slope exposed a larger mean basal area but fewer individuals per ha, obviously as a result of 

forest disturbance and successional processes. Insofar, elevation had more influence on species 

richness, stand density, species diversity, basal area, and tree family distribution than had slope. 

The factor slope was found to have a weak correlation with species richness, stand density, and 

basal area. Elevation was the key factor influencing the species richness, the stem density, and the 

species dominance.  

The bigger diameter classes of trees were generally found more frequently in undisturbed 

and in less disturbed forests as well as in higher elevation. However, the ratio of the tree height 

classes – ranging between 13 m and 19 m - was higher in disturbed forests and in lower elevation. 

The variation of forest structures in different forest types and elevations showed features of forest 

formation and successional processes which are typically after deforestation and/or degradation. 
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Species composition among elevations and slopes was also significantly different in terms 

of species dominance and species abundance. The composition of the most abundant and dominant 

species of the respective plots did not fully represent these of the entire topographic range 

presented in the study area. 

2) Land cover and forest type classification using the Random Forest Algorithm and the 

vertical/horizontal structure relationships with the values of vegetation indices of the lowland 

tropical forests are summarized as follows: 

The multiple spectral bands for land cover and land use classification obtained from Random 

Forest Classifier on Sentinel-2 imagery demonstrated a higher accuracy than those of the Landsat-

8 imagery. Such Sentinel-2 images showed a high potential for landscape and forest type 

classification as basis for conservation and management purposes in tropical lowland forests. A 

time series classification based on Sentinel-2 imagery, combined with ground-truth samples, is 

seen as an effective tool to distinguish natural forest areas. This contributes to forest land cover 

mapping since the Random Forest Classifier showed more consistency among land cover classes 

in Sentinel-2. 

Seven different vegetation indices were extracted from the Sentinel-2 imagery and showed 

significant differences between classified forest types based on ground truth and training data 

sample plots. The four defined vegetation indices (EVI, DVI, PVI, and TNDVI) were derived from 

the reflectance of the forest canopy by red and near-infrared bands, and are considered to be 

possible and useful indicators to assess canopy horizontal structures of lowland forest.  

3) Quality indicators of soil in differing agricultural land-uses and topographic aspects were 

assessed and summarized as follows: 

The soil organic content and the soil total nitrogen content in all land-use types belong to the 

category "poor" to "medium" in comparison to other regions in Vietnam. Most of the soil quality 

indicators were significantly influenced by different land-use systems. The soil organic content of 

agricultural land and of plantation forests were higher and differed significantly to grasslands and 

natural forests. The soil total nitrogen content in grasslands, plantation forests and agricultural land 

show no differences; however, they are significantly higher than these of natural forests. Soil 



 

170 

 

indicators decreased with soil depth. Nevertheless, the pH-values in agricultural land are highest 

and show significant differences compared to the other land-uses. Lime application obviously 

limits the soil acidity. Differences in pH-values between the two soil depths were observed both 

in grasslands and natural forests. No differences of soil organic content and topographic aspects 

were found. Nevertheless, the soil organic content differs in the eastern and the western locations.  

4) The distribution of medicinal trees differed significantly in the undisturbed forests, the 

less disturbed forests, and the disturbed forests. This difference was not found for differing 

elevation. A significant difference of resin/oil providing tree species was found in undisturbed and 

disturbed forests, but not at all in the less disturbed forests.  

Multiple methods are suitable for evaluating the awareness and perceptions local people in 

various target groups with differing interests reflects a precise view of choices on different 

perceptions. The assessment-based target groups could lead to long-term perspectives for the 

natural forest’s improvement. Disaster risk mitigation and restoration of natural forests, among 

other activities, work towards a mutually reinforcing convergence and to the enrichment of non-

timber forest products as a second priority. The involvement of various stakeholders in any 

decision, based on different perceptions with in a mutual understanding of opportunities and the 

value of multifunction, is important for natural forest landscape restoration. Such a process is of 

fundamental importance for national strategies.  

7.2. Contributions  

The study contributes to the following: 

a) it identifies the influences of topographic conditions on species richness, diversity, 

distribution, and species composition (as dependent variables) at different micro-topographic 

attributes as an important step for forest type classification and determination of forest- formation 

characteristics in the tropical lowland natural forests of Central Vietnam.  

b) it identifies and compiles a list of potential NTFPs tree species for food, medicines, and 

resin/oil production; and listing of multiple-use tree species with forest structural parameters from 

different forest types and elevations-based classification as a basis for landscape restoration. 
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Management, enrichment activities, and understanding the perceptions are all key elements for the 

restoration of the natural forest landscape, especially in connection to ecosystem provisioning 

services and human well-being. 

c) it integrates the soil qualities under different land-use types in the area as important 

elements for goods production and ecosystem services. As it benefits the human well-being, the 

soil quality assessment contributes remarkably to land-use planning and production development 

in such a mountainous area. The impacts of slope, elevation, farming system, and soil texture 

accounted for the differences in these soil indicators.  

d) it optimizes the application of multiple bands of satellite images for land cover 

classification by using Random Forest Algorithms, facilitating a better-performing land cover 

classification image with vertical and horizontal structures of tropical lowland forests in Central 

Vietnam with the further possible support from vegetation indices. 

e) it enables land cover and land use classification with open source of satellite images via 

the support of machine learning algorithms. 

f) it offers insights into the awareness of local people concerning forestry issues through 

differences in assessment-based perceptions. Such observations demonstrate the needs of non-

timber forest products from natural forests towards acceptance for forest landscape restoration to 

meet local people’s demands being applicable to sustainable forest management, land use 

planning, environmental protection, nature conservation, landscape restoration, and mitigation of 

natural disasters. 

Furthermore, the work supports approaches for forest management, forest restoration, 

conservation practices of biodiversity-based topographic conditions, land use planning, proper 

identification of dominant tree species using vegetation indices’ values, and land cover and land 

use classification using open-sourced satellite images.  

Besides advantages also few limitations exist. The availability of a free cloud cover is one 

of essential challenges concerning satellite imagery in the tropical lowland forests where humidity 

and clouds are frequent. Free and open sources of cloud-free satellite images are not always 
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available including the Lidar and Radar. Further, these may be too costly or of insufficient 

resolution (eMODIS NDVI V6) for consistent monitoring and for time series analyses in lowland 

tropical areas. The elaboration within one thesis lacks of long observation periods and of funding. 

7.3. Recommendations  

The following is recommended:  

a) The mapping of micro-site natural forest disturbances based on the topographic 

conditions of the endemic and dominant tree species can contribute to conservation and 

management activities in different ecological habitats. Using high-resolution satellite images and 

determining the most dominant species can contribute to an appropriate conservation, restoration, 

and management strategy for the area. 

b) As the optical images are limited for the classification of forest structures the use of radar 

sensor imagery with p-band and/or the L-band plus the ground truth data analyses provide better 

results. 

c) Further research should cover more ground truth sample plots with time series analyses 

to match vegetation indices-based forest types with stand structures of dominant/abundant tree 

species. 

d) For landscape restoration the assessments should be on a larger scale. A time series 

assessment will help to define better evidence-based perceptions.  

e) Further studies may target the chlorophyll contents of differing dominant/abundant tree 

species as a possibly important trait of tree species composition and distribution.   
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Annex 1. An ecosystem services based-demand questionnaire 

Questionnaire No:….….             

 

QUESTIONNAIRE FOR ECOSYSTEM SERVICES  

 

Interviewer:………………………………. Interviewee:………………………………… 

Date of interview: ………………………..      Village:………………………………. …… 

Longatitude:……………………………… Commune:………………………………….        

Latitude:…………………………………. District:…………………………………….. 

 Province:…………………………………… 

This questionnaire aims to collect data, information on forest ecosystem services provisioning and 

demanding of indigenous human being, frequency, approaches and forest provisioning products. This 

questionnaire is divided into 5 catergorise for the above purpose. 

 

1. General information 

 

1.1 Gender □ Male □ Female  

1.2 Age □ 18-20 □ 21-29 □ 30-39 

 □ 40-49 □ 50-59 □ 60 

1.3 Ethnic group 

□  Kinh □  Ta Oi □ Co Tu □ Van Kieu □ Pahy 

□ Hre     

1.4 Religion □ Yes □ No  

 What (if yes):    

1.5 Main Occupation □ Official □ NGOs/Project □ Farmer 

  □ Business □ Unemployee □ Other 

1.6 Education □ Primary □ Secondary □ Higher 

  □ Intermediate □ Mediate □ University 

 □ Post-graduate □ Others 

1.7 Marriage status □ Single □ Married □ Divorsed 

 □ Widow   

1.8 Family individual □ 1 □ 2-3 □ 4-6 

 □ > 6   
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1.9 Permanent settlement □ Permanant □ Period settlement 

 □ < 2 year □ 2-5 year □ 6-9 year 

 □ > 10 year  

1.10 Household income group? □ Poor □ Pro-poor □ Medium 

1.11 What are the main activities bring income? 

 □ Agriculture practice □ Husbanday □ Aquaculture 

 □ NTFP business □ Exloitation and transporting □ Hunting 

 □ Small business □ Other…  

2. Land and Production Practices 

 

2.1 What kind of lands are most common to your family? 

  

 □ Paddy field □ Cropland □ Plantation forest 

 □ Forest land □ Unforested land □ Fruit tree 

  □ Grass □ Aquaculture 

2.2 How much land allocated to your family?  

 □ 1- 3ha □ 4-6 ha □ 7-10ha      □ >10 ha 

2.3 Forest area allocated (if there is)? 

 Protected forest………..ha Production forest…………ha Plantation 

forest…………..ha 

2.4 What are your main 

plantation species  

□ Rice  □ 

Maize 

□ Casava 

  □ Rubber □ 

Fruit 

tree 

□ 

Vegetables  

  □ Acasia □ 

Other 

 

2.5 Distance from your house to allocated land?  

 □ 1-5 Km □ 5-10 Km □ >10 Km 

2.6 Ranking the importance of cultivation practice 1-5: 1 = Less Important, 2= Moderate Important, 

3= Important, 4= High Importance, 5= Very hight important   

   1 2 3 4 5 

 Paddy   □ □ □ □ □ 

 Bennien tree  □ □ □ □ □ 

 Natural forest  □ □ □ □ □ 

 Plantation   □ □ □ □ □ 

 Unforested land   □ □ □ □ □ 

 Perennial trees  □ □ □ □ □ 

 Shub  □ □ □ □ □ 

 Grass  □ □ □ □ □ 

 Aquaculture   □ □ □ □ □ 
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2.7 Ranking the importance of species 1-5: 1 = Less Important, 2= Moderate Important, 3= Important, 

4= High Importance, 5= Very hight important   

   1 2 3 4 5 

 Paddy  □ □ □ □ □ 

 Maise  □ □ □ □ □ 

 Casava  □ □ □ □ □ 

 Rubber  □ □ □ □ □ 

 Fruit tree   □ □ □ □ □ 

 Vegetatble  □ □ □ □ □ 

 Acasia  □ □ □ □ □ 

 Other  □ □ □ □ □ 

2.8 Ranking the importance of husbandary practice 1-5:  1 = Less Important, 2= Moderate Important, 

3= Important, 4= High Importance, 5= Very hight important   

   1 2 3 4 5 

 Cow  □ □ □ □ □ 

 Bufallo   □ □ □ □ □ 

 Goat  □ □ □ □ □ 

 Chicken  □ □ □ □ □ 

 Pig  □ □ □ □ □ 

 Other   □ □ □ □ □ 

2.9 Ranking the importance of forest land 1-5: 1 = Less Important, 2= Moderate Important, 3= 

Important, 4= High Importance, 5= Very hight important   

   1 2 3 4 5 

 Natural forest  □ □ □ □ □ 

 Plantation forest  □ □ □ □ □ 

 Other  □ □ □ □ □ 

2.10 Ranking the satisfication of common production activities 1-5: 1 = Less satisfied, 2= Moderate 

satisfied, 3= satisfied, 4= High satisfied, 5= Very hight satisfied  

   1 2 3 4 5 

 Paddy  □ □ □ □ □ 

 Bennien tree  □ □ □ □ □ 

 Natural forst  □ □ □ □ □ 

 Plantation forest  □ □ □ □ □ 

 Unforested forest  □ □ □ □ □ 

 Perennial trees  □ □ □ □ □ 

 Shrubs  □ □ □ □ □ 

 Grass  □ □ □ □ □ 

 Aquaculture  □ □ □ □ □ 

 Hand made production  □ □ □ □ □ 

 Tourism hotspot attraction  □ □ □ □ □ 

  

2.11 Ranking the importance of these activities 1-5: 1 = Less Important, 2= Moderate Important, 3= 

Important, 4= High Importance, 5= Very hight important   

   1 2 3 4 5 

 Timber logging  □ □ □ □ □ 

 Fuelwood collecting  □ □ □ □ □ 

 Shifting cultivation  □ □ □ □ □ 

 Herb collection  □ □ □ □ □ 
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 Honey collection  □ □ □ □ □ 

 Honey production  □ □ □ □ □ 

 Mushroom collection  □ □ □ □ □ 

 Bamboo shoot  □ □ □ □ □ 

 Wild vegetatable  □ □ □ □ □ 

 Bamboo  □ □ □ □ □ 

 Tournament sampling  □ □ □ □ □ 

 Hunting   □ □ □ □ □ 

 Raising wild animal       

 Other  □ □ □ □ □ 

2.12 What forest products are usually collected, frequency and area? (note: area to be marked on map) 

 Products Yes Season Yearl

y 

Month Week Dail

y 

Area 

 Timber □ □ □ □ □ □  

 Food □ □ □ □ □ □  

 Bamboo shoot  □ □ □ □ □ □  

 Herb □ □ □ □ □ □  

 Fuelwoods □ □ □ □ □ □  

 Hunting □ □ □ □ □ □  

 Honey □ □ □ □ □ □  

 Bamboo □ □ □ □ □ □  

 Tournament tree □ □ □ □ □ □  

 Ampelocalamus patellaris □ □ □ □ □ □  

 Livistona cochinchinensis □ □ □ □ □ □  

 Dioscorea persimilis □ □ □ □ □ □  

 Amomum xanthioides □ □ □ □ □ □  

 Arenga pinnata □ □ □ □ □ □  

 Calamus siphonospathus □ □ □ □ □ □  

 Calamus sp □ □ □ □ □ □  

 Scaphium macropodum □ □ □ □ □ □  

 Prashorea chinensis Mushroom □ □ □ □ □ □  

 Other mushroom □ □ □ □ □ □  

 Orchid sp □ □ □ □ □ □  

 Homalomena occulta □ □ □ □ □ □  

 Musa acuminata □ □ □ □ □ □  

 Pandanus odoratissimus □ □ □ □ □ □  

 Dianella ensifolia □ □ □ □ □ □  

 Alpinia conchigera □ □ □ □ □ □  

2.13 What are the collected products used for? 

 Products Household usage Sell-out  Both 

 Timber □  □  □  

 Food □  □  □  

 Bamboo shoot  □  □  □  

 Herb □  □  □  

 Fuelwoods □  □  □  

 Hunting □  □  □  

 Honey □  □  □  

 Bamboo □  □  □  

 Tournament tree □  □  □  

 Ampelocalamus 

patellaris 

□  □  □  
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 Livistona 

cochinchinensis 

□  □  □  

 Dioscorea persimilis □  □  □  

 Amomum xanthioides □  □  □  

 Arenga pinnata □  □  □  

 Calamus 

siphonospathus 

□  □  □  

 Calamus sp □  □  □  

 Scaphium macropodum □  □  □  

 Prashorea chinensis 

Mushroom 

□  □  □  

 Others mushroom □  □  □  

 Orchid sp □  □  □  

 Homalomena occulta □  □  □  

 Musa acuminata □  □  □  

 Pandanus odoratissimus □  □  □  

 Dianella ensifolia □  □  □  

 Alpinia conchigera □  □  □  

2.14 Quantity per collection time 

 Products Kg/M/M2/M3/Animal

/tree/liter 

Products Kg/M/M2/M3/animal/

tree/liter 

 Timber  Calamus siphonospathus  

 Food  Calamus sp  

 Bamboo shoot   Scaphium macropodum  

 Herb  Prashorea chinensis 

Mushroom 

 

 Fuelwoods  Another mushroom  

 Hunting  Orchid sp  

 Honey  Homalomena occulta  

 Bamboo  Musa acuminata  

 Tournament tree  Pandanus odoratissimus  

 Ampelocalamus 

patellaris 

 Dianella ensifolia  

 Livistona 

cochinchinensis 

 Alpinia conchigera  

 Dioscorea 

persimilis 

 Amomum xanthioides  

   Arenga pinnata  

2.15 Where are markets (Domestic market (D.M) or External Market (Ex.M) 

 Products D.M     Ex.M Price 

(around) 
Products D.M     Ex.M Price 

(around) 
 Timber □      □  Calamus 

siphonospathus 
□      □  

 Food □ □  Calamus sp □ □  
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 Bamboo shoot  □ □  Scaphium 

macropodum 
□ □  

 Herb □ □  Prashorea 

Mushroom 
□ □  

 Fuelwoods □ □  Other 

mushroom 
□ □  

 Hunting □ □  Orchid sp □ □  

 Honey □ □  Homalomena 

occulta 
□ □  

 Bamboo □ □  Musa acuminata □ □  

 Tournament tree □ □  Pandanus 

odoratissimus 
□ □  

 Ampelocalamus 

patellaris 
□ □  Dianella 

ensifolia 
□ □  

 Livistona 

cochinchinensis 
□ □  Alpinia 

conchigera 
□ □  

 Dioscorea 

persimilis 
□ □  Amomum 

xanthioides 
□ □  

  □ □  Arenga pinnata □ □  

3. Cultural services 

3.1 Are there any tourism activities in your village/commune? 

 □ Yes □ No 

3.2 Do you join any tourism activities  

 □ Yes □ No 

3.3 Ranking the importance of tourism activities 1-5: 1 = Less Important, 2= Moderate Important, 3= 

Important, 4= High Importance, 5= Very hight important   

   1 2 3 4 5 

 Tourism attraction  □ □ □ □ □ 

 Handicraft production  □ □ □ □ □ 

 Selling forest products  □ □ □ □ □ 

 Others  □ □ □ □ □ 

   

3.4 Do you provide some of above-mentioned tourism activities? (question 3.3) 

 Yes   □                                      No       □ 

3.5 If yes, do you earn any income/year? (VNĐ/year) 

 Yes   □                                      No       □ 

3.6 Ranking the satisification of tourism activities 1-5: 1 = Less Important, 2= Moderate Important, 3= 

Important, 4= High Importance, 5= Very hight important   

  1 2 3 4 5 

  □ □ □ □ □ 

4 Forest Landscape Information    

4.1 Do you experience about landslide in this area?    

 Yes   □                                       No       □     

4.2 How often do you see?    

 Annually 2-5 year 6-10 year >10 year   

 □ □ □ □   

4.3 Can you and family or people in your area assess to clean water resources? 
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 □ Yes □ No 

 Shortage of clean water?  □ Yes                           □ No 

4.4 Do you involve or do see someone collecting forest products? 

 □ Yes                         □No 
4.5 Do you think forest resource is getting less to extinction?   

 Yes   □                                       No       □ No idea       □    

4.6 Since when you experience forest resource is get less?   

 Last 2 years 5 year 10 year >10 year   

 □ □ □ □   

4.7 Do you think that natural forest landscape being important?   

 Yes   □                       No       □                  

4.8 Ranking the important of forest landscapes: 1-5: 1 = Less Important, 2= Moderate Important, 3= 

Important, 4= High Importance, 5= Very hight important   

  1 2 3 4 5 

  □ □ □ □ □ 

4.9 Do you wish to have better natural forest management, protection for more provision to serve local 

people in the area? 

 □ Yes □ No   □ Other idea □ No idea 

4.10 Please rank the importance of forest landscape rehabilitation: Ranking the important of forest 

landscapes: 1-5: 1 = Less Important, 2= Moderate Important, 3= Important, 4= High Importance, 5= 

Very hight important   

  1 2 3 4 5 

  □ □ □ □ □ 

5 Questions for experts (group interview)  

5.1 Please list all tree species that you think most suitable to rehabilitate forest landscape in 

this area 

 

   

5.2 What guidelines from governments do you think most important for forest landscape 

rehabilitation? 

 

 

3.3 What guidelines from governments do you think not applicable (why) for forest landscape 

rehabilitation? 

 

 

   

Thank you very much for your contribution to the questionnaire! 

 

 

 

 

 

 


