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INTRODUCTION

1. The urgency of the study

In recent years, landscape and ecological landscape research have
developed and become an important branch of modern physical geography.
Theory and practice in landscape and ecological landscape studies is the
foundation for the development of applied landscape research.

Located in the transition area from delta to coastal abrasive -
accretion plain, the coastal plain of Thanh Hoa province has a variety
of terrain along with a diversity of soil and vegetation, which is a
favorable condition for developing a diversified economy. However,
the economic development activities of the region depend heavily on
nature, production is spontaneous so the exploitation and use of
resources are low effect, especially in agriculture - forestry - fishery
and tourism production.

In recent years, projects on economic development, urban and
industrial park planning have had a great impact on the natural
environment and resources of coastal plain districts of Thanh Hoa
province. Therefore, the general assessment of natural conditions for
socio-economic development is considered essential in the current
period for the purpose of economic development associated with the
rational use of natural resources and environmental protection towards
sustainable development. Thus, the thesis selected the topic:
“Studying the ecological landscape for rational use of the territory
of coastal plain districts in Thanh Hoa province”.

2. Aim and objectives

2.1. Aim

Setting up a scientific foundation for rational use of natural
resources for development of agriculture, forestry and tourism in
coastal plain districts of Thanh Hoa province on the basis of analyzing
and evaluating ecological landscapes.

2.2. Objectives

To achieve given aim, the thesis focus on solving following
objectives:

- Studying the theoretical issues of landscapes, ecological
landscapes, landscape assessment and the rationale and methodology
of rational use of natural resources and environmental protection.

- Analysing characteristics and role of ecological landscape
forming factors in coastal plain districts of Thanh Hoa province.

- Building up a landscape classification system; establishing a
ecological landscape map at the ratio of 1: 50,000; analyzing features,



functions and ecological landscapes in coastal plain districts of Thanh
Hoa province.

- Evaluating ecological landscape to serve the development of agricultural,
forestry and tourism industries in coastal plain districts of Thanh Hoa province.

- Proposing orientations for development of agriculture, forestry and
tourism in coastal plain districts of Thanh Hoa province.

3. Scope of the study

3.1. Spatial limitation

The spatial limitation of the thesis is the natural area of 5 coastal
districts and 1 city of Thanh Hoa province, including Nga Son, Hau
Loc, Hoang Hoa, Quang Xuong, Tinh Gia and Sam Son city. The
co-ordinates ranges from 19°15’12°N to 20°04°23’S and
105°37°46°’E to 106°04°27"’E.

3.2. Scientific limitation

The dissertation examines the following issues:

- Studying the formation and differentiation of natural elements;
establishing a ecological landscape map of coastal plain districts of Thanh
Hoa province at the ratio of 1: 50,000

- Assessing ecological landscapes for the development of agricultural,
forestry and tourism sectors.

- Proposing orientations and solutions for development of
agriculture, forestry and tourism.

4. Scientific and practical significance

4.1. Scientific significance

Contributing into clarifying issues of theory and methodological
studies of the landscape, ecological landscape, landscape assessment for
rational use of natural resources and environmental protection in a specific
territory, especially in coastal plain districts of Thanh Hoa province.

4.2. Practical significance

The study results of the thesis are the scientific basis contributing
to the orientation of reasonable use of natural resources for agricultural,
forestry and tourism development in coastal plain districts of Thanh
Hoa province.

5. The new points of the thesis

- Clarifying the formation and differentiation feature of landscape of
Thanh Hoa’s coastal plain, in which the process of river-sea formation and
human dynamics play the leading role.

- Establishing scientific and practical basis for agricultural, forestry and
tourism development based on the creation of a criterion set and the assessment
of the suitability of the ecological landscape for different purposes of use;



proposing orientations and solutions for development of agriculture, forestry and
tourism in coastal plain districts of Thanh Hoa province.

6. Defended theoretical points

Theoretical point 1: Ecological landscape in coastal plain districts
of Thanh Hoa province is the result of the combined effect of natural
factors and human activities, in which the interaction between the sea
and the continent has created a landscape division includes 1 landscape
type, 3 landscape classes, 5 landscape subclasses and 90 ecological
landscape kinds belongs to 3 landscape sub-regions

Theoretical point 2: Coastal plain districts of Thanh Hoa province
have favorable conditions for agricultural development (rice, annual
crops, aquaculture); forestry (coastal protection forest, production
forest) and coastal tourism. Assessment of the advantages of ecological
landscapes for agricultural, forestry and tourism development is an
important scientific basis for proposing orientations for rational use of
natural resources and environmental protection in coastal plain districts
of Thanh Hoa province.

7. Structure of the thesis

In addition to the introduction and conclusion, references and
appendix; the thesis content was presented into 4 chapters, including:

Chapter 1. Theoretical basis of ecological landscape research for
rational use of the territory.

Chapter 2. Ecological landscape formation elements in coastal
plain districts of Thanh Hoa province.

Chapter 3. Characteristics of ecological landscapes in coastal
plain districts of Thanh Hoa province.

Chapter 4. Assessing ecological landscape and proposing
orientations for rational use of the territory of coastal plain districts in
Thanh Hoa province.

CHAPTER 1. THEORETICAL BASIS OF ECOLOGICAL
LANDSCAPE RESEARCH FOR RATIONAL USE OF THE
TERRITORY

1.1. Overview of landscape research

There are two main trends of landscape research in two areas:
Russian and Eastern European scientists with a research orientation
based mainly on geographical science associated with territorial
planning; North American and FEuropean scientists with the
interdisciplinary approach that links the landscape with socio-economy
and human geography in the planning for sustainable development.

The applied landscape research has drawn attention from Russian and
Eastern European geographers, has been applied a great deal to the
socio-economic development of regions, countries and territories all over
the world with a focus on research into the diverse of structure, functions



and dynamics of the landscape by study methodologies and support of
modern technology, with a variety of approaches. The purpose of landscape
research is mainly to apply to socio-economic development issues in order
to make rational use of natural resources, environmental protection and
sustainable socio-economic development. In the capitalist countries,
landscape science is not developed, researches are mainly in the direction of
natural geographic environment.

Research on ecological landscape has many different approaches, thus
the conception and theory of ecological landscape is not really unified. In
the world, there are at least two schools studying ecological landscapes:
North American ecological landscapes focuses on the theoretical point that
ecological landscape is a general and interdisciplinary sciences studying the
relationship between landscape structure and processes of ecosystem within
the landscape. While European ecological landscape focuses on the
application of territorial division, evaluation and land use planning, in which
the human factor is unified in the landscape.

1.2. Theoretical basis of landscape and ecological landscape research

1.2.1. Concepts of landscape and ecological landscape

- Concepts of landscape

- Concepts ecological landscape

1.2.2. Landscape classification system in the world and Vietnam

In the world: There are three classification systems commonly used in
the development of landscape classification systems in Vietnam, including
A.G.Ixasenko (1965), M.A.Grvozetxki (1961), va V.A.Nicolaev (1970).

In Vietnam: the landscape classification systems of Nguyen Duc
Chinh — Vu Tu Lap 1962; Vu Tu Lap 1976; Pham Hoang Hai, Nguyen
Thuong Hung and Nguyen Ngoc Khanh 1997; etc.

1.2.3. Ecological lanscape map

Landscape map is an integrated map that contains information
about thematic maps and illustrate the relationship of landscape
components. In the process of overlapping thematic maps using GIS
technology, units of landscape are formed.

1.2.4. Landscape partition

Landscape partition is a description of the characteristics of a general
nature, is one of the important tasks of physical geography, is a lawful
combination of landscape research and its application in every territory.

Recent studies show the orientation towards applied landscape,
which is applied to specific territorics. When researching small
territories with medium to large scale maps, it is often focused on
identifying sub-landscapes.

1.2.5. The structure, function and dynamic of ecological landscape

Landscape structure is considered in three aspects: vertical
structure, horizontal structure and temporal structure.



Function is a consequence of how the landscape structure is
organized. Landscape has two basic functions: natural function and
socio-economic function.

The dynamic of landscape development depends on natural
elements (solar radiation, the heat regime, the mechanism of monsoon
activity ...) and the human territory exploitation.

1.2.6. Landscape assessment

Landscape assessment is general assessment of natural aggregates
for a specific purpose (agriculture, fisheries, tourism, resettlement,
etc.). Depending on specific purpose to choose an appropriate type of
assessment: General assessment; Assessment of "favorable" level or
"appropriate" level and economic-technical assessment.

- Objects of evaluation are geographic systems, feature of functional
structure and dynamics of natural aggregates, natural processes and phenomena.

- The purpose of assessment is to use the natural environment most
reasonably, effectively and ensure the most sustainable development.

1.2.7. The relationship between ecological landscape and
rational use of territory

The relationship between nature and the components that made up
the structure of landscape units is presented through natural
exploitation activities in each landscape kind. Human plays an
important role in the development of the landscape through production
activities and natural exploitation. Under human activities, many
natural conditions have been transformed into natural resources.

1.3. Viewpoint and methodology of landscape research

1.3.1. Viewpoint of landscape research

The thesis applied the following viewpoints: systematic viewpoint,
general viewpoint, territorial viewpoint, historical — hypermetric viewpoint,
ecological viewpoint and sustainable development viewpoint.

1.3.2. Methodology of landscape research

The thesis used 4 main methodologies: collecting, processing and
generalizing data method; investigation and field-work method;
landscape assessment method; GIS and cartographic method;

1.4. Research process

Based on the aim, objectives, methodology and viewpoint of the
research, the author has conducted a study process includes nine steps.

- Step 1: Determining aim, objectives and limitation of the study
- Step 2: Collecting and generalizing data, document and maps

- Step 3: Overall reviewing study issues

- Step 4: Analysing forming factors

- Step 5: Building up a landscape classification system;
establishing ecological landscape map.
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- Step 6: Analysing structure, functions and dynamics of landscape
- Step 7: Evaluating landscape for different using purposes.

- Step 8: Generally assessing landscape

- Step 9: Proposing orientations and solutions.

CHAPTER 2. ECOLOGICAL LANDSCAPE FORMATION
ELEMENTS IN COASTAL PLAIN DISTRICTS OF THANH HOA
PROVINCE

2.1. Natural elements

2.1.1. Geographical location

The coastal plain of Thanh Hoa province consists of 5 districts: Nga
Son, Hau Loc, Hoang Hoa, Quang Xuong, Tinh Gia and Sam Son city
(called as coastal plain districts of Thanh Hoa province) with a total natural
area of 1,183.32 km? and 172 commune-level administrative units.

This is the gateway in order for Thanh Hoa province reaches the vast
sea in the East on the 102 km coastline with a continental shelf of more than
17 thousand km?. The region is bordered by Kim Son district of Ninh Binh
province in the North; Dien Chau district of Nghe An province in the South;
districts of Thanh Hoa province as: Ha Trung, Vinh Loc, Thieu Hoa, Dong
Son, Nong Cong, Nhu Thanh, Bim Son town and Thanh Hoa city in the
West; the eastern border of the region is the southwestern part of the Gulf of
Tonkin. This is a transitional location of natural elements (terrain, climate,
hydrography, soil and organisms).

2.1.2. Geology

The coastal plain of Thanh Hoa province is a transitional plain from the
typical deltaic plain in the north to the distinct coastal plain in the south. This is a
deltaic plain combine with abrasive - accretion plain. The plain was developed
on the fringe of the Thanh Hoa - Sam Nua zones and was subsequently
deposited by the Quaternary alluvium. The hard rock was not deep leading to a
thin layer of sediment and many hills rose up cutting the plain. The river mouths
were not wide so there was an accumulation of alluvium to form delta, but it was
small and narrow. To the south from Tinh Gia, the delta strip is narrowed, the
river is small and short, the process of abrasion and accretion of the sea prevails.

2.1.3. Terrain

The coastal plain is inclined in the northwest - southeast direction, with a
typical height of 34 m of aluvi-sea formations, 4-6 m of sea-wind formations,
distributed into a strip along and parallel the coast, typically in Quang Xuong and



Tinh Gia district. On the surface of the plain there are hillocks with the average
height of 200 - 300m, which were form by many different rocks.

The mainland of the coastal plain districts of Thanh Hoa province can
be divided into five terrain levels: low mountain, high hill, low hill, high
plain and low plain with coastal dunes

2.1.4. Climate

The coastal plain districts of Thanh Hoa province belong to the coastal
climatic sub-region of coastal delta climatic region with the characteristic is
tropical monsoon climate with two distinct seasons: the Summer is hot,
humid, rainy and affected by the dry and hot southwest wind; the Winter is
cold, dry, drizzly and affected by the Northeast monsoon.

Major disasters are storms, tropical low pressure and hot and dry west
winds.

2.1.5. Hydrography

The surface water has developed with a dense river and stream
network. From north to south, there are Hoat river, Len river, Ma river,
Chu river, Yen river, Bang river, along with an artificial canal system.
The rivers have water abundance flowing all year round, but the
amount of water varies among the seasons. With 6 estuarine systems
that facilitate the development of aquaculture lagoons along the coast.

Thanh Hoa coastal region often receives a large amounts of fresh
water, mud, sand and suspended sediment from the four main river
systems flowing through the territory. The sea region of Thanh Hoa
province is open so the waves are quite big

2.1.6. Pedology

Thanh Hoa province has full of three types of terrain: mountains, hills
and coastal plain, creating a variety of land types. The coastal land area is
about 118,332 ha, accounting for 10.6% of the natural area of the Province.

According to the survey results using FAO-UNESCO method,
coastal plain of Thanh Hoa province has 7 main soil groups: sandy soil,
saline soils, alkaline soils, alluvial soils, red soils, infertile soils, thin
soils - erosive soil, with 13 different types of soil.

2.1.7. Vegetation
Coastal area of Thanh Hoa province is mostly under the height of 200m,
hills and low mountains occupy a very small area, vegetation is located in the

low belt (less than 700m). Based on the UNESCO classification of vegetation
(1973), the vegetation cover in the coastal plain districts of Thanh Hoa province



is divided into two main types: natural vegetation cover (the area is very small,
sparsely distributed in the western hills and mountains and some along the coast),
artificial vegetation cover (including agricultural productions and artificial forests,
with more than 90% of the area).

2.2. Socio-economic elements
2.2.1. Population and labor force

Population in the coastal area of Thanh Hoa province is crowded.
In 2017, the total population of the six coastal plain districts of Thanh
Hoa province is 1,080,846, accounting for 29% of the population of the
Province. The average population density of the coastal area is 913
people/km?, which is three times higher than the average population
density of the whole province.

The population is crowed and growing at a relatively high rate, so
Thanh Hoa province has a large labor force (occupies over 50% of the
population), the labor reserves is potential with a large consumption
market. This is an important resource for economic development so it
needs to be exploited and used effectively.

2.2.2. Development status of economic sectors

Coastal plain districts of Thanh Hoa province have many potentials and
strengths to develop all economic sectors, especially marine economy. GDP
growth rate in the period 0f2011-2015 increased 29.0 - 29.5% on average.

2.2.3. Status quo of exploitation of resources and environment in
coastal plain districts of Thanh Hoa province

Natural features in the coastal plain districts of Thanh Hoa province is
tropical humid and rainy climate; low-lying terrain; many coastal estuaries,
natural and human processes have caused land degradation in many localities.

The phenomenon of water pollution on river systems occurs mainly
at waterway junctions, downstream of waste water discharge points of
urban centers, industrial parks, industrial clusters and trade villages
that the rivers flow through.

The air environment has increased in concentrations of pollutants,
especially in industrial parks, trade villages and traffic ends.

Along with the socio-economic development, the rapid growth of
population, the amount of waste in the coastal area of Thanh Hoa
province has increased in volume and increasingly diversified in types.



CHAPTER 3. ANALYSING CHARACTERISTICS OF
ECOLOGICAL LANDSCAPE IN COASTAL PLAIN
DISTRICTS OF THANH HOA PROVINCE

3.1. Ecological landscape classification system in coastal plain
districts of Thanh Hoa province

3.1.1. The basis of establishing landscape classification system

In order to establish the ecological landscape classification system of the
coastal plain districts of Thanh Hoa province, the author has consulted the
published landscape classification systems of local and foreign authors. The
classification system is based on the principle that the taxonomic levels must
exist in reality, have clear and close boundaries, easily identify in landscape, or is
taken from collected documents (images, drawings, satellites, maps, etc.).

3.1.2. Landscape classification system

Coastal plain districts of Thanh Hoa province have uncomplicated
terrain with the formation process mainly by river accretion and sea
abrasion; the soil has a close relation to coastal terrain; the vegetation is
determined by human activities. The landscape classification system applied
to this region includes 6 levels (landscape system — landscape subsystem -
landscape type - landscape class - landscape subclass - landscape kind).

Table 3.1: Landscape classification system applied to coastal plain districts
of Thanh Hoa province

No Clas?ét‘}gltlon Criteria for classifying boundary

Characteristic in the scale of natural zone is defined by the

1 Landscape | location of the terrltor%/ relative to the position of the Sun and
system the rotation of the Earth around its axis. Moisture-heat regime

determines the intensity of the material and energy cycles.

The 1influence of the Northeast monsoon to the territory
determines the distribution of heat and moisture at the

Landscape ; :
2 subregion scale, influences on the physical processes as well
subsystem | ¢ 'theexistence and development of plant communities related
to the seasonal rhythm of the nature.
The characteristics of the heat foundation and moist-thermal
Landscape | relationship determine the formation of vegetation types, the
3 ! .
type adaptable nature of the generating feature of plant community

under the fluctuation of moist-thermal balance.

The morphological features of the terrain: hills, mountains and
lains, manifested by the process of moving material,
iomass, the strength "of organism circulation in accordance

with ecological conditions, 1s defined by a combination of

topography and climate.

Landscape
4 class P

Geomorphic feature of terrain in the landscape class (terrain
5 Landscape | type) through elevation law. Demonstrating material balance

subclass between geomorphic and climatic features and characteristics
of plant communities.

Characterized by the interrelationships between ecosystems
6 Landscape | and soil types through climatic and soil conditions, along with
kind the impact of other factors.
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3.1.3. Annotation of ecological landscape map

In the annotation table, the classification levels are arranged as columns and
rows. The combination of soil and vegetation elements is the intersection
between a column and a row in a squar of the matrix, which hepls to determine
the type of studying landscape. The types of landscape were illutrated on the map
by the quality background method, using corresponding background colours and
stripiness as presented in the annotation.

3.2. Characteristics of ecological landscape units of coastal
plain districts of Thanh Hoa province.

3.2.1. Structural characteristics of ecological landscape units

Landscape type: Coastal plain of Thanh Hoa province is belong to
landscape type: tropical evergreen seasonal rain forest, which has a
cold winter and a distinct dry season. In the general landscape
classification system of Vietnam, this landscape type is located from
16°N to the North.

Landscape class:

Terrain is characterized by low mountains and hills in the southwest,
coastal dunes in the east and plain in the middle, the landscape is divided
into three classes: mountain landscape class, hill landscape class and
plain landscape class.

- Mountain landscape class: Occupying about 3.83% of the total
natural area with the elevation of over 200m, distributed mainly in the
west of Tinh Gia district. In this landscape class, there is only one
sub-class: the low mountain landscape subclass, consisting of 6
landscape types from 1 to 6.

- Hill landscape class: This is the transition zone from the mountain
range in the West to coastal dunes and plains in the East, divided into two
landscape subclasses: high hills landscape subclass and low hills landscape
subclass. This landscape class includes 44 landscape types from landscape
type number 7 to landscape type number 40.

- Plain landscape class: Occupying about 72% of natural area
including terrain types with the elevation of less than 25m, divided into
2 landscape subclasses, including: high plain landscape subclass and
low plain landscape subclass (including coastal dunes). This landscape
class includes 48 landscape types from landscape type number 41 to
landscape type number 89.

In addition, there are rivers, lakes, ponds, lagoons and scattered
artifical lakes that form a distinctive landscape (number 90).

Landscape subclass
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Table 3.2. Area of landscape subclasses in coastal plain districts of
Thanh Hoa province

No Landscape subclass Elevation (m) Area (ha) | Rate (%)
1 | Low mountain > 200 4,497.0 3.8
2 | High hill 100 — 200 6,568.9 5.55
3 | Low hill 25-100 22,069.4 18.65
4 | High plain 5-25 22,789.8 19.26
5 | Low plain <5 62,406.9 52.74

(Source: withdrawn from landscape map of coastal districts of Thanh Hoa province)

- Low mountain landscape subclass: located at the highest elevation, with

the height is less than 500m, from the landscape type number 1 to the landscape
type number 6.

- High hill landscape subclass: Including bare surface on different rocks
with the height of 100 - 200m, this is the rest of the low mountain areas, from the
landscape type number 7 to the landscape type number 17.

- Low hill landscape subclass: It consists of terrain types with the elevation of 25 -
100m, from the landscape type number 18 to the landscape type number 40.

- High plain landscape subclass: It consists of many types of terrain at the
height of 05 - 25m, from the landscape type number 41 to the landscape type
number 56.

- Low plain landscape subclass: from the landscape type number 57 to the
landscape type number 89.

Landscape kind

With a combination of 13 soil types and 9 plant communities, there are
currently 90 landscape kinds that range from low mountains in the west to sand
dunes in the east.

3.22. Landscape zoning for coastal plain districts of Thanh Hoa province
Table 3.3. Landscape zoning system in coastal plain districts of
Thanh Hoa province

No Zoning Criteria for landscape zoning
level
Landscape A set of simila.r landscapes ig terms of generation, geolggic?l
1 Jone and geomorphic structure, history of development, climatic
conditions and structure of plant communities.
Identical regions in terms of generation and development of
) Landscape | natural processes, also is quite identical in terms of
region heat-humidity regime, circulation rhythm, the level of
exploitation and orientation of territorial use.
Landscape Having the same grigin .and relative identit}{ ig terms of the
3 . set of landscape kind units, the rule-based distribution and is
subregion . . .
characterized by a combination of using measures.
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Based on the result of Vietnamese landscape zoning by Pham Hoang
Hai, Nguyen Thuong Hung and Nguyen Ngoc Khanh (1997), landscape of
the coastal plain districts of Thanh Hoa province is belong to the North
Central zone and in Thanh Hoa plain region. Based on the origin and
geomorphology, the study area consists of three landscape sub-regions: Ma
river delta (I), Quang Xuong — Tinh Gia coastal plain (II), mountains and
hills in the West of Tinh Gia district (I1I).

Table 3.4. Area of sub-classes by landscape sub-region (ha)
Low High . High Low Rate
. . . Low hill > .
Subregion | mountain hill plain plain |Total area| (%)
subclass
subclass | subclass subclass | subclass

| 51,20 437,84| 4.153,40| 11.848,15]36.965,43 | 53.456,02| 45,17
11 0,00 26,21 | 1.277,42| 7.567,17|25.343,67| 34.214,47| 2891
111 4.445,80| 6.104,85| 16.638,58 | 3.374,48 97,80| 30.661,51| 25091

Total 4.497,00 | 6.568,90| 22.069,40 | 22.789,80 | 62.406,90 | 118.332,00| 100

(Source: withdrawn from landscape map of coastal districts of Thanh Hoa province)

- Ma river delta landscape subregion: includes 63 landscape kinds,
plain landscape class occupies over 90% of the total subregion.

- Quang Xuong — Tinh Gia coastal plain landscape subregion: includes
66 landscape kinds, hill landscape class occupies a very small percentage
(nearly 4%), plain landscape class amounts for most of the area (over 96%).

- Mountains and hills in the West of Tinh Gia district landscape
subregion: includes 55 landscape kinds, in which hills and mountains
account for over 85%.

3.2.3. Functional diversity and landscape dynamics

Landscape of coastal plains districts of Thanh Hoa province have
the following main functions: protection, environmental protection;
restoration and conservation and eco-economic function.

Coastal plain districts of Thanh Hoa province are characterized by the general
dynamics of tropical monsoons landscape with a cold winter and the influence of
northeast monsoons and southwest monsoons, which creates the seasonal nature of
climate and natural factors, determines the formation, development and transformation
of the elements that forming territorial landscape.

Assessing ecological landscape and proposing orientations for rational
use of the territory of coastal plain districts in Thanh Hoa province.
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CHAPTER 4. ASSESSING ECOLOGICAL LANDSCAPE
AND PROPOSING ORIENTATIONS FOR RATIONAL USE OF
THE TERRITORY OF COASTAL PLAIN DISTRICTS IN
THANH HOA PROVINCE

4.1. Assessing ecological landscape of coastal plain districts in
Thanh Hoa province for the purpose of agricultural, forestry and
tourism development

Assessing ecological landscape of coastal plain districts in Thanh
Hoa province is to determine the level of advantage or disadvantage of
landscape for different using purposes.

4.1.1. Principle, aim and objective of landscape assessment

Principle of landscape assessment: Based on the characteristics and
nature of agricultural, forestry and tourism industries and the features of
the landscape units to determine whether or not they are appropriate for
specific using purpose.

Objective of landscape assessment: is 90 landscape kinds - Basic
units divided on the landscape map.

Aim of landscape assessment: is to make relatively accurate conclusions
about the most appropriateness of the landscape for using purposes.

4.1.2. Evaluation indicator system

Table 4.1: Landscape evaluation indicator system for using purposes

1. The purpose of developing coastal protection forests

Level of suitability Not suitable
. . : ; ; (0 mark)
Indicators Highly suitable Suitable Lowly suitable
(3 mark) (2 mark ) (1 mark)
Location  of Coastal sand Inside the sand Near residential areas, In the
landscape dunes dunes transport works residential area
Type of | Mobile sandy Stable sand Sunken tters, | Other  terrain
terrain topography dunes flap  sandbanks, | types
sandbanks,
Type of soil Ce,M Coastal_lsandy P, Pg, S Other soils
soi
Vegetation Secondary forest Artificial Grass-plot, shrubs Rice, annual crops
cover forest
2. Purpose of production forest development (forest exploitation and business)
Level of suitability Not suitable
Indicators Highly Suitable Lowly suitable (0 mark)
suitable
Type of terrain Low hill High hill Low mountain Low plain
Terrain slope 8-15 15-20 20-25 <8, >25
(degree)
Type of soil Red-yellow soil B, Pf P Other soils
Soil layer (cm) >100 50-100 30-50 <30
Vegetation Secondary Artificial Grass-plot, shrubs, Rice, annual
forest forest perennial crops crops
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3. The purpose of annual crop development

Level of suitability Not suitable
Indicators Highly Suitable Lowly suitable (0 mark)
suitable
Type of soil Pb, P, Pf, C Fq, Pg P;,B,M, S Fv, Fs, E, Cc
Soil lTayer (cm) >100 50-100 10-50 <10
Terrain slope (°) 0-3 3-8 8-15 >15
Irrigation Take initiative Near water Limited irrigation | Far from water
capability source source
Composition of | Miscellaneous Sandy soil, Slightly rich soil Rich soil,
soil mechanics sand, slightly moderate rich loose sand
rich soil soil
4. The purpose of growing rice
Level of suitability Not suitable
Indicators Highly Suitable Lowly suitable (0 mark)
suitable
Type of soil Pb, P, Pj, Pg Pf,C, M, S, Fq,B Fv, Fs, E, Cc
Soil layer (cm) >50 30-50 10-30 <10
Terrain slope (%) 0-3 3-8 8-15 >15
Irrigation Take initiative Near water Limited irrigation | Far from water
capability source source
Composition of Rich soil Slightly rich Miscellaneous Sand
soil mechanics soil and sand
moderate rich
soil
5. The purpose of aquaculture development
Level of suitability Not suitable
Indicators Highly Suitable Lowly suitable (0 mark)
suitable
Terrain Lagoon, lake Pond Depressions Other terrain
Water regime Frequent Periodic Climate Not flooded
flooding flooding dependence
Aquatic Near River mouth Far mangrove
resources mangrove forests, tidal flats
forests, tidal
flats
6. The purpose of tourism development
Level of suitability Not suitable
Indicators Highly Suitable Lowly suitable (0 mark)
suitable
Tourism Beach Cave, island Other scenery None
resources near the shore
Location of | Near the road, Close to the Far from the road Hard access
landscape easy access surrounding
tourist
attractions
Ecosystem Forest on the Mangroves Grasslands and Vacant land

sand

shrubs
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- The criteria and norms above are divided into four levels and
specific mark: Highly suitable: 3 mark; Suitable: 2 mark; Lowly
suitable: 1 mark and Not suitable: 0 mark.

- Determining the evaluation parameters (ki) by the triangular
matrix method. Using the algebra problem to calculate the average
score (exclude geographically restricted areas) for each landscape unit

1 n
DA =—Z K; D;
ni:1

The score distance of the adaptation levels is calculated by the formula:

according to the formula:

AXszax X
H

min

Table 4.3. Grading table of landscape valuation

Valuation Score Evaluation score :

purpose distance | No¢ suitable| qniaple | Suitable | HIghIY
protgggatlorest 0,175 0-0,175 | 0,176-0,350 |0,351-0,525 | 0,526-0,700
forgggggggggss) 0,11 0,12-023 | 0,23-0,34 | 0,34-0,45 | 0,45-0,560
Annual crops 0,145 0-0,145 | 0,146-0,290 |0,291-0,435 | 0,436-0,580
Growing rice 0,150 0-0,150 | 0,151-0,300 |0,301-0,450 | 0,451-0,600
Aquaculture 0,217 | 0,133-0,35 | 0,351-0,567 |0,567-0,783 | 0,784-1,00

Tourism 0,193 |0,170-0,363| 0,363-0,556 |0,556-0,749 | 0,749-0,943

4.1.3. Result of evaluation
Based on the results of the adaptive classification shown in the
tables of the annex (6 tables), the results are summarized in Table 4.4:

Table 4.4. Summary of evaluation results for each using purpose

pg:;:)gse aﬁ‘;;g t(i)(fn Landscape kind Area (ha) 1(1.;:;
Slflitggf’e 80,81, 86, 1.787.40 1,51

Coastal Suitable 65,70, 75, 85, 87, §9 42180 3756

pr%?ggton Sﬁﬁ:"ge 69, 74,79 3.151.25 2,66
Not suitable | 7> 8, 60,61, 6727 68?5 GO TLTRTON 3460403 | 2028
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Using Level of . Rate
purpose adaptation Landscape kind Area (ha) (%)
Highly 9,20 33348 0.28
suitable
Production Suitable 2.3.8.10,15,19,21,92.30, 35,41, 44 805307 6.8
forest Lowly 4,7,18.31 1574,82 133
suitable
Not suitabie 1756, 17, 13.26, 2798 13.189,03 1114
Highly 36,38,39,48,49,51,52,57,58,61,62,82,83|  21.713,07 18,35
suitable
Annual crops | Syitable 23,24, 32,33, 42, 45, 46, 66, 67 2241551 18,04
Lowly 54,55,63,71,72,76,77 10.362,58 8,76
suitable
Not suitabie 35750, 75. &7 154483 33
Highly ~|38,39,48,49,51,52,55,57,58,60,61,| 2.078.03 1021
suitable 62
Growing
rice Suitable | 364> 467’6f‘;’7??;’9?68’2?78’3?98’571’ 7274 48063 | 3625
Lowly 23,24,32,33,42 3.910,71 3,30
suitable
Not suitabie 35750, 75. &7 154483 33
Highly 60,79, 85 2332.94 1,97
suitable
Suitable 69, 74,90 6.566.77 5.55
Aquaculture | Lowly 80, 89 665.26 0.56
suitable > K >
. 57,58, 61,62, 63,65, 66, 67,70, 71, 72,
Not suitable 75.76.77. 81, 82. 83. 86, 87 38.746,11 32,74
Highly 30,84, 86, 88, 89
suitable
Touri Suitable 18,26,27, 43,70, 81, 87
ourism LOWl
owly 79, 80, 85
suitable
Not suitable 74,75
For forestry

a) Purpose of coastal protection forest development (P)
The author evaluated 26 types of landscape belonging to low plain
landscape subclass with an area of 434,801.58 ha, accounting for
37.02% of the natural area.
- The highly suitable level (P1) consists of 3 landscape kinds with
an area of 1,787.4 ha, accounting for 1.51% of the natural area,
distributed mainly on sand dunes and coastal wetlands.
- The suitable level (P2) consists of 6 landscape kinds with an area
of 4,218.0 ha, accounting for 3.56% of the natural area, distributed
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mainly in the interior of the sand dunes, on sandy soils, near residential
areas, road of communes and villages.

- The lowly suitable level (P3) includes 3 landscape kinds with the
area of 3,151.25 ha, accounting for 2.66% of the natural area,
distributed far from the coastal area, thus wave and wind shielding is
less effective than in near-shore areas.

- The not suitable level (P) consists of 14 landscape types with
an area of 34,644.93 ha, accounting for 29.28% of natural area, which
are the landscape types of low plain, currently growing annual crops;
crops and rice distribute inside the sand dunes or far from the coast for
the purpose of economic development.

b) Purpose of production forest development (S)

The author evaluated 26 types of landscape with a total area of
23,150.60 hectares, accounting for 19.56% of the natural area.

- The highly suitable level (S1) consists of 2 landscape kinds with
an area of 333.48 ha, accounting for 0.28% of the natural area,
distributed in terrain areas with a slope of 15-20°, which is convenient
for exploitation and transportation; the land is suitable for afforestation
or forest regeneration.

- The suitable level (S2) includes 12 landscape kinds with an area
of 8,053.27 ha, accounting for 6.8% of the natural area, distributed in
the terrain areas with slopes of 8-15° and 20-25°, concentrated in some
communes of Tinh Gia, Hau Loc and Hoang Hoa districts.

- The lowly suitable level (S3) includes 4 landscape kinds with an area of
1,574.82 ha, accounting for 1.33% of the natural area, distributed in limestone
mountains, the hilly and barren land in Nga Son and Tinh Gia district.

- The not suitable level (P) consists of 8 landscape types with an
area of 13,189.03 ha, accounting for 11.14% of natural area, which are
the landscape types developing on rocky mountains, infertile soil or
Grass-plot, shrubs with thin soil layer, high slope.

For agriculture

a) Purpose of cultivation:

- Annual crops (H):

+ The highly suitable level (H1) includes 13 landscape kinds with
an area of 21,713.07 ha, accounting for 18.35% of the natural area,
distributed in riverine alluvial soils or sandy soils areas.
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+ The suitable level (H2) consists of 9 landscape kinds with an area
of 22,415.51 ha, accounting for 18.94% of the natural area, distributed
in low hills, high plains; hillsides and high hills, concentrated in Hoang
Hoa, Quang Xuong, Tinh Gia and Hau Loc district.

+ The lowly suitable level (H3) consists of 7 landscape kinds with
an area of 10,362.58 ha, accounting for 8.76% of the natural area,
distributed in eroded and degraded land, far from water source areas,
summer flooded land, saline and acidified soils, concentrated in Nga Son
and Quang Xuong district.

+ The not suitable level (N) consists of 4 landscape types with an
area of 1,544.83 ha, accounting for 1.33% of natural area, which are
the landscape types developing on erosional soil, infertile soil with
many gravel, sand dunes or vegetation are grass-plot and shrubs, far
away from rivers and lakes, so there is a shortage of irrigation water.

- Rice (L):

The author evaluated 38 types of landscape for the purpose of
growing rice with a total area of 60,426.20 ha, accounting for 51.06%
of the natural area.

+ The highly suitable level (L1) consists of 12 landscape kinds with
an area of 12,078.02 ha, accounting for 10.21% of the natural area,
developed on neutral alluvial soils, slightly acidified alluvial soils and
neutral sandy soil.

+ The suitable level (L2) consists of 17 landscape kinds with an
area of 42,892.63 ha, accounting for 36.25% of the natural area,
distributed in river valleys, low plains; water regime is quite appropriate,
soil is neutral or slightly acidified, concentrated in Quang Xuong, Tinh
Gia and Hau Loc districts.

+ The lowly suitable level (L3) consists of 5 landscape kinds with
an area of 3,910.71 ha, accounting for 3.3% of the natural area,
distributed in high plains or river valleys with thin, eroded and degraded
soil, concentrated in Nga Son and Quang Xuong districts.

+ The not suitable level (N) consists of 4 landscape types with an
area of 1,544.83 ha, accounting for 1.33% of natural area, which are
the landscape types developing on erosional soil, infertile soil with
many gravel, sand dunes or vegetation are grass-plot and shrubs, far
away from rivers and lakes, so there is a shortage of irrigation water.
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¢) Aquaculture (N):

The author evaluated 25 types of landscape with a total area of
48,311.08 ha, accounting for 40.83% of the natural area.

The author assessed 7 landscape kinds with a total area of 9,235 ha,
accounting for 7.80% of the natural area.

- The highly suitable level (N1) consists of 3 landscape kinds with
an area of 2,332.94 ha, accounting for 1.97% of the natural area,
distributed in downstream areas of rivers, low plains, brackish and salt
water environments are favorable for aquaculture.

- The suitable level (N2) consists of 3 landscape kinds with an area
of 6,566.77 ha, accounting for 5.55% of the natural area, is a system of
rivers, streams, ponds, lakes and lagoons with a scattered distribution
from Nga Son to Tinh Gia districts.

- The lowly suitable level (N3) consists of 2 landscape kinds with
an area of 665.26 ha, accounting for 0.56% of the natural area,
distributed in regular wetlands, mostly bare land or one-crop land, and
are concentrated in some communes of Hau Loc, Nga Son and Hoang
Hoa districts.

- The not suitable level (N) consists of 19 landscape types with an
area of 38,746.11 ha, accounting for 32.74% of natural area. They are
the landscape types of low plains that are being cultivated with rice,
crops and annual crops or artificial forests, shrubs, grass-plot and are
not flooded.

For tourism (D)

The author evaluated 15 landscape kinds that have natural
potential to develop tourism. The results are as follows:

- The highly suitable level (D1) consists of 5 landscape kinds
(landscape kinds number 30, 84, 86, 88, 89) belong to Sam Son and Hai
Tien beaches. Transportation system is convenient, other conditions
such as water source and climate are quite good.

- The suitable level (D2) consists of 7 landscape kinds (landscape
kinds number 18, 26,27, 43, 70 81, 87), tourism has not developed strongly
but has great potential. Including Quang Loi beach (Quang Xuong district),
Hai Hoa, Hai Thanh and Dong beach (Nghi Son), Me islands or Nghi Son
deep water port, Tu Thuc cave (Nga Son district), Truong Lam complex
cave (Tinh Gia district).
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- The lowly suitable level (D3) consists of 3 landscape kinds,
located inside the white-yellow sand beaches of wetlands or estuaries.

4.2. Orientation for rational use of natural resources and
environmental protection in coastal plain districts of Thanh Hoa
province

4.2.1. Attitude and basis of orientation for rational use of natural
resources and environmental protection

Effectively exploiting the potential and advantages of the region,
promoting internal force combined with external resources;
mobilizing and effectively utilizing all resources with focus.

Based on the results of the separate evaluation for each using
purpose, the results are as follows:

- Suitable for the purpose of coastal protection forest development
are landscape kinds: 65, 70, 75, 80, 81, 85, 87, 89.

- Suitable for the purpose of production forest development are
landscape kinds: 2, 3, 8, 9, 10, 15, 19, 20, 21, 22, 30, 35, 41, 44.

- The landscape kinds that are suitable for growing annual crops
include: 23, 24, 32, 33, 36, 38, 39, 42, 45, 46, 48, 49, 51, 52, 57, 58, 61,
62, 66, 67, 82, 83.

- The landscape kinds that are suitable for growing rice include:
36, 38, 39, 45, 46, 48, 49, 51, 52, 54, 55, 57, 58, 60, 61, 62, 63, 66, 67,
69, 71, 72, 74, 76, 77, 79, 82, 83, 85. In which some landscape kinds
are also suitable for other purposes such as growing annual crops,
including: 36, 38, 39, 45, 46, 48, 49, 51, 52, 57, 58, 61, 62, 66, 67, 82,
83; landscape kinds that are suitable for aquaculture include: 60, 69, 74,
77,79, 85; landscape kind that are suitable for coastal protection forest
development is number 85.

- Landscape kinds that are suitable for aquaculture include: 60, 69,
70, 74, 79, 85, 90. In which, landscape kinds number 60, 69, 74, 79, 85
are also suitable for growing rice.

- The potential landscape kinds for tourism development include: 18,
26, 27, 30, 43, 84, 86, 87, 88, 89, . These are coastal landscape kinds that
have the potential to develop marine tourism, such as bathing, relaxing,
entertaining or exploring caves and ecological islands.
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4.2.2. Orientations and solutions for the development of
agriculture, forestry and tourism

Table4.15. Summarizing the evaluation results and proposing orientations for using types

Using purpose

Landscape type

Characteristic

Coastal protection fores

65, 70,75, 80, 81, 85, 86, 87, 89

On coastal wetlands or on sandy soil

Production forest

2,3,8,9,10, 15,19, 20, 21, 22, 30,
35,41, 44

The landscapes have high wood reserves;
forest grows, regenerates and
recovers quickly

Annual crops

23,24, 32,33, 36, 38,39, 42, 45, 46
48,49, 51, 52,57, 58, 61, 62,
66, 67, 82, 83

Concentrated in low hilly areas with small
slope and plain, on alluvial soil or mixed
sandy soil with suitable water regime

Growing rice

36, 38, 39, 45, 46, 48, 49, 51, 52, 54,
55,57, 58, 60, 61, 62, 63, 66, 67,
69,71,72,74,76,77,79, 82, 83, 85

Water and soil are suitable for ecological
needs of rice, mainly distributed in low
plains, coastal sandy areas along rivers.

Ponds, lakes, lagoons, low plains that are

Aquaculture 60,69, 74,79, 85,90 full of water and regular water
Tourism 18, 26, 27, 30, ‘;38’ Z%% 81,84, 86, 87, Beaches, caves, ecological islands
Table 4.16: Orientations J;or the development of agricylture, forestry
aadoeape, | protecton Production “erpe’ | ™ | Aquacutare
1 3.034,14 234,43 25.835,96 | 35.319,06 5.689,91
Nga Son district 437,28 46,73 5.549,89 10.454,85 1.727,74
Héau Loc district 1.223,41 75,84 8.081,78 9.251,31 1.554,22
Hoang Hoa 130185 | 111,86 | 11.794,60 | 1427590 |  2.404,66
Sdm Son City 71,60 0 409,69 1.337,00 3,29
1I 2.971,26 135,15 13.919,73 | 17.122,96 3.209,80
Sam Son City 138,40 0 908,71 816,28 281,60
Quang Xuong | 6g5 73 35,15 812621 | 11.304,60 | 1.227,17
Tinh Gia district 2.147,13 100,0 4.884,81 5.002,08 1.701,03
111 0 8.017,17 4.372,89 2.528,64 0
Tinh Gia district 0 8.017,17 4.372,89 2.528,64 0
Téng (ha) 6.005,40 8.386,75 44.128,58 | 54.970,66 8.899,71
Ty 1€ (%) 5,08 7,09 37,29 46,45 7,52
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a. Forestry production:

According to the assessment, the landscapes that have potential to
develop forest distributed on 33 landscape kinds with an area of
27,058.07 ha, accounting for 22.87% of the region's natural area.

- Using for the purpose of developing coastal protection forests
include 8 landscape kinds: 65, 70,75, 80, 81, 85, 86, 87, with a total
area of 6,006.4 ha, accounting for 5.08% of the natural area.

- Using for the purpose of developing production forests include
14 landscape kinds: 2, 3, 8, 9, 10, 15, 19, 20, 21, 22, 30, 35, 41, 44, with
8,386.75 ha, accounting for 7.09% of the region's natural area.

b. Agricultural production:

- Annual crops include landscape kinds number 22, 23, 32, 33 and
42, with an area of 5,533.3 ha, made up 4.68% of the total area.

- Growing rice includes landscape kinds number 54, 55, 63, 71, 72
and 76, with an area of about 12,411.57 ha, accounting for 10.49% of
the natural area.

- Aquaculture includes landscape kinds: landscapes number 60, 69,
74, 79, 85 are lagoons or tidal flats along estuaries and rivers, lakes and
ponds (landscape number 90) with 7,544.7ha, accounting for 6.37% of
the natural area.

- The combination of growing rice and annual crops includes
landscape kinds: 36, 38, 39, 45, 46, 48, 49, 51, 52, 57, 58, 61, 62, 66, 67,
82 and 83, with an area of 40,075.57 ha, accounting for 33.87% of the
natural area.

- Agro-forestry: These landscape kinds are located in low hills and low plains with
perennial plants and fruit trees (landscape kind 31), grass-plot (landscape kinds 70 and
75) and coastal aquaculture (Landscape kind 85) can combine with afforestation to
protect the environment. The area of these landscape kinds is 1,819.33 hectares,
accounting for 1.58% of the area's natural area.

c. Tourism development:

- The types of tourism activities associated with the sea such as
bathing, relaxation, recreation and eco-tourism developed on the specific
points of the landscape kinds 84, 86, 87, 88, 89. Concentrated in the
coastal area from Hoang Hoa district to Tinh Gia district.

- The types of tourism activities associated with exploring caves
developed on landscape kinds 18, 26, 27 and 43 in the limestone karst in Tu
Thuc cave (Nga Thien commune, Nga Son district), Truong Lam complex cave
(in Truong Lam and Mai Lam communes, Tinh Gia district).

* Development Solutions
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a. General solution for the whole region: Promoting the role of
State management at all levels and sectors; mobilizing capital
investment; solusion of human resources development, labor training;
solusion of business development and market development.

b. Solutions for each production industry:

- For agriculture, forestry and aquaculture production:

+ For agricultural land

+ Coastal forest protection and development.

+ Aquaculture

- For tourism

- Solutions to environmental protection issues

CONCLUSION

(1). Coastal plain districts in Thanh Hoa province are not large in area,
stretching 102 km along the coastline, the landscape forming factors are not
too complicated. The coastal plain of Thanh Hoa province is a transitional
plain from the typical deltaic plain in the north to the small coastal plain
interposed the sand dunes in the south. The process of forming terrain of
delta and abrasive - accretion plain originated river-sea is most important in
the creation of high level ecological landscape units (landscape class and
landscape subclass); elements of land use and vegetation play a decisive role
in shaping lower level ecological landscape units (landscape kind).

(2). Based on the generalized analysis of landscape forming
factors, the author established a ecological landscape map at the ratio of
1: 50,000 with 6 classification level: 1 landscape system, 1 landscape
subsystem, 1 landscape type, 3 landscape classes, 5 landscape subclasses
and 90 ecological landscape kinds and 3 zoning level: 1 landscape zone,
1 landscape region and 3 landscape subregion. In which, plain landscape
has 49 landscape kinds, occupies over 50% of the total natural area, hill
landscape has 34 landscape kinds and low mountain landscape has 6
landscape kinds. Landscape kind is the basic unit for evaluating and
proposing orientations for different using purposes.

(3). Based on the characteristics, functions and current status of
each landscape unit, the author selected a landscape assessment for six
types of territorial use: coastal protection forests, production forests for
forestry; growing annual crops, rice and aquaculture for agriculture;
tourism development based on the assessment of tourism potential.
The author has selected and built up 27 evaluation criteria for each
type of territorial use: coastal protection forest 7 criteria, production
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forests 5 criteria, annual crops 5 criteria, rice 5 criteria, aquaculture 3
criteria and tourism 3 criteria.

(4). Based on the assessment results, development status and overall
socio-economic development plannings of coastal plain districts and Thanh
Hoa province, the thesis has proposed using orientations and solutions for
each landscape unit for rational use of natural resources and environmental
protection. Establishing a map of rational use of territory of coastal plain
districts in Thanh Hoa province. The proposed results are as follows:

Orientation for forestry development has 23 landscape kinds with an
area of 14,392.15 ha, accounting for 12.17% of the natural area of the region,
distributed mainly in the upland, western mountains and along the coastline
on the sand dunes, tidal flats, wetlands and estuaries.

Orientation for agricultural development has 33 landscape kinds with an
area of 57,880.76 ha, accounting for 48.91% of the natural area of the region,
distributed in low hills, plains and riverside with specialized farming (rice, annual
crops, aquaculture) or intercrop (rice - crops, rice - aquaculture).

Orientation for agro-forestry purpose includes three landscape kinds
with an area of 1,819.33 hectares, accounting for 1.58% of the natural area
of the area, distributed in low plains with the model of forest - perennial
plants and forests - aquaculture.

Orientation for tourism development based on the assessment of
coastal tourism potential in Thanh Hoa province. There are many beautiful
beaches with beaches sloped gently, clear blue water and smooth white sand,
which is suitable for marine tourism combined with tourist routes in the
province will create opportunities for Thanh Hoa tourism to develop.

(5). Based on the development objectives and the orientation of
rational use of the territory, the dissertation proposed solutions for land
use, forest protection and development, development of agricultural,
forestry and tourism economic sectors as well as environmental
protection measures. Proposals, orientations and solutions for rational
use of the territorial landscape are the scientific basis for managers to
set up plans for the development of agricultural, forestry and tourism
sectors in coastal plain districts of Thanh Hoa province.
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