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ABSTRACT

This research aims at developing a decision support system (DSS) to improve the
decision-making capacity of administrators as well as other interested parties. The
system will help develop their skills in land use planning and strategic management
for agricultural resources to arrive at better decisions. The DSS will provide useful
tools to improve policies on land use planning and implementation of other rural

development and land resource management programs.

An agricultural database for Geographic Information System (GIS) and DSS in land
use planning was built on the results from evaluating the suitability of major potential
land use alternatives in the studied area. Informatics and mathematical modeling
techniques are used in processing data, determining the optimal solution and
providing information for the decision-making support. In determining the optimal
solution for land use, mathematical modeling has been a widely used method and
considered an important tool to quantify social-environmental indicators and criteria.
However, most models using this method are single goal optimization ones which can
increase economic efficiency but cannot simultaneously deal with other problems of
land use, for example, social or environmental impacts. Thus, this research applies the
latest model of multiple goal optimizations known as the Multi Objective Linear
Programming (MOLP) Model to build up a systematic and coherent scheme of

planting crops, which deals with other land use problems mentioned above.

This research is a multidisciplinary study which involves collecting data of crop
production, analyzing and processing GIS data, designing databases for information
system, and investigating multi-objective linear programming and group decision
making models to achieve the consensus of experts and consultants to reach collective
decisions. As a result, a DDS for agricultural land use planning was designed with the
following functions: (i) System administration, (ii) Showing mapping data (iii)
Database management (iv) Solution to the MOLP model and (v) Group decision
making based on experts’ opinions. The designed DDS is hoped to be a reference
model for further application of information technology in land use planning towards

sustainable development in the regional and global contexts.

xi



CHAPTER 1

INTRODUCTION

1.1 Background to the Research

The Geographic Information System (GIS) was first introduced in the 1960s to meet
the needs of state management in some developed countries such as the United States
and Canada. At present, GIS applications are quite numerous in many aspects of
planning and management as well as scientific research in almost all sectors. With the
wide application and rapid development of information technology, technical GIS

today has developed very rapidly and diversified.

GIS can provide a wealth of contextual information such as aerial photographs as part
of the visualization which greatly aids the interpretation of the output from the
planning tools. It is also possible via GIS interface to interrogate subcomponents of

the allocation to query or override allocations (Keith, 2001).

It is evident to see how much information technology has contributed to global socio-
economic development, especially in the field of agricultural development.
Nevertheless, the use of information technology in agriculture poses a lot of problems
to decision makers in both developed and developing countries since environmental
protection must be included in planning and making policies towards sustainable
development. Accordingly, consequences of agricultural land misuse such as issues of
soil degradation should be dealt with an ecological approach in which we have to
consider the impacts of natural elements such as climate, topography, soil, water and
other natural resources in the local context with its concrete socio-economic

conditions.




Scientists from the Netherlands and the International Rice Research Institute (IRRI)
have succeeded in constructing and developing the software on Land Use Planning
and Analysis System (LUPAS) with Multiple Goal Linear Programming Model (Van
Ittersum et al., 2004.)

Effective land use has to not only achieve high productivity of crops but also conserve
an ecologically balanced environment and maintain the fertility of soil. Thus, for each
region and each specific area, we must study to find suitable land use types as well as

proper crop rotation to obtain the highest yields.

Utilizing land’s potential in a highly efficient way is very important and necessary to
ensure the development of agricultural production as well as the economic
development of each country. To figure out a rational method of utilizing land, we
first need to study and evaluate factors affecting the efficiency of land use in each

specific region.

Evaluating the effectiveness of land use by crop yield or in terms of economic aspect
has been commonly discussed and studied by many scientists around the world in
order to find out solutions to boosting agriculture and forestry. However, evaluating
the effectiveness of land use in a more comprehensive, integrated, and ecology-
oriented method as well as the conservation of fertile soil in order to determine the
structure of plants and proper cultivation formulas for each locality is still an open
issue. Therefore, developing a supporting tool for land management and evaluating
other options for land use planning so as to ensure effective land use towards

sustainability and environmental protection urgently requires a solution.

To find the optimal plan for land use, mathematical modeling method has been used
widely and is considered an important tool to quantify social-environmental indicators
and criteria, analysis and evaluation of land use planning solutions. However, most
models are optimal in one goal, which only solves the requirement about the
economic efficiency, but does not solve the other targets of the above-mentioned land
use problem. Thus applying the latest achievements of the optimal model for multi-
targets it is necessary, allowing the construction of suitable crop rotation in

accordance with the overall targets.




Land use planning in Vietnam has been conducted but still insufficient for many
years. In rural areas, it has been predominantly relying on assessing the suitability of
soil for agricultural production. Besides, the planning has extensively incorporated

statistics.

The current rapid economic growth of Vietnam during its economic transition has
increased the pressure on land and water resources which leads to a necessity to adjust
the approach to land use planning (LUP) in order to support the economic growth of
the country, align its approach with globalization trends, and provide a framework to
manage the development in a sustainable manner. This situation necessitates a change
of land use planning from a static and descriptive approach to a dynamic, analytical
and strategic one. There is also a need to have a closer alignment between socio-
economic development plans, the overall environmental strategy and the land use

plans.

Besides taking environmental, socio-economic parameters into consideration, land use
planning must involve different stakeholders who are affected by changes in land use.
In fact, human resource in LUP and management in local areas has been weak in
many aspects such as the number of personnel staffs and human capacity. Therefore,
it is necessary to have a tool to support policy makers and planners in developing,
appraising, and selecting planning scenarios, which collaborates different social,
economic, and environmental development dimensions in order to gain sustainable

development goals.

To address this problem, a Decision Support System (DSS) has been developed that
interface with LUP tools. The research evaluates the options for representing the LUP
problem within a DSS framework and explores the potential of applying DSS to
multi-objective LUP.




1.2 Objectives of the Research

The overall objective is to develop a DSS for LUP and management and agricultural
production in Vietnam. This system can integrate GIS data on Land Use Type and the
data on the cultivation, cost, profit with calculation modules, experts’ opinion and
mapping to reach a rational decision of land use planning for agricultural production,

adapt to the goal of sustainable agricultural development.

The aim of this research is also to further study the process of calculations to find
optimization plans with Multiple Goal Linear Programming problem and group
decision-making for processing expert’s evaluation.

The specific objectives are:

To analyze and evaluate land suitability of land use types in agricultural

production and propose suitable land use types towards sustainable

development.

- To assess the existing framework of land use planning and land information

system of the region.

- To develop a method using experts’ knowledge as a component of the DSS in

regions with lack of data information in land use planning and management.

- To build a Decision Support System based model for upgrading capability in

making decision of administrators at district level.

1.3 Methodology

Informatics and mathematical modeling techniques were used in processing data,

determining the optimal solutions and providing information to develop a DSS.

This research used land classification and land utilization types guided by the FAO
framework for land evaluation to determine land suitability in studied areas. Based on
the results of land suitability, an approach to improve land use can be proposed for
land use planning with a focus on sustainable development and environmental

protection.




The research then applied GIS techniques with a multi-criteria approach for analyzing
land suitability for main crops in Tam Nong district. The data were also obtained
through secondary data sources, results from interviews with farmers and personnel
staffs. In doing so, it can be said that the suitability assessment in the studied area has

been done on the ground of socio-economic and environmental suitability evaluation.

The above mentioned databases continued to be processed with DSS software to
formulate alternative solutions which shall be consulted with experts’ opinions to
select the most rational one (Adapted from Thanh 2005). Based on the result, an
approach to improve land use planning can be proposed with a focus on sustainable

development and environmental protection

The research work on building Decision Support System can be described in the

simplified diagram as follows:
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1.4 Scope of the Research

The research only focuses on developing Decision Support System for land use
planning and management at district level because planning at district level (from
1:25.000 to 1: 50.000) plays a key role in the system of land use planning in Vietnam,
which lies between the overall planning at regional level (from 1:50.000 to 1:100.000

or more) and the detailed planning at local commune level (from 1: 5000 to 1:10.000).

The study also concerns agricultural land which has a direct influence on land use
planning in Vietnam. In the research, Tam Nong was chosen as the studied area
because Tam Nong is a region which characterizes Vietnam’s agricultural features
with diverse topography, varied kinds of plants and land use types. The total land area
being studied in Tam Nong district is 11,273 ha, accounting for 72.37% of the total
area of natural land. Other areas such as non-agricultural land and mountainous area

without forest trees were not taken into consideration.

1.5 Structure of the Research

This thesis consists of seven chapters. Chapter 1 introduces the research topic, the
objectives of the study along with the background to the research. The following
chapters will further develop the conceptual framework for this work with the aim at

building a DSS system for Land Use Planning and Management.

Chapter 2 presents the conceptual framework of land use planning used by FAO as
well as key steps in the FAO approaches. The second chapter then provides an
overview of GIS, DSS and Multi-Criteria approach in LUP, followed by a review on
application of Information Technology in this field and the situation of LUP in

Vietnam.

Chapter 3 describes and analyzes selected methods to build the Soil Map and
evaluate potential Land Suitability. Modeling the agricultural Land Use Planning
process is realized with data for building standardized agriculture database at the
district level and analysis on algorithms for the optimization model of determining the

crop rotation for DSS program.




Chapter 4 examines country background and its natural conditions and resources.
The chapter also analyzes socio-economic conditions, current status of land use, land

management and agricultural production in the research area.

Chapter 5 presents an analysis and assessment on land mapping and land suitability

evaluation in Tam Nong to build database for DSS program.

Chapter 6 focuses on analyzing system, designing database for building the DSS
program, modeling problems of Land Use Planning, and designing a Delphi

Algorithm to support decision making in order to select the optimal solution for LUP.

Finally in Chapter 7, the results of the study and main conclusions are discussed

together with recommendations for further research.




CHAPTER 2

LITERATURE REVIEW

2.1 The Conceptual Framework of Land Use Planning

2.1.1 Definition of Land Use Planning

The FAO Guidelines for Land Use Planning (FAO, 1993) defined land use planning

as:

“The systematic assessment of physical, social, and economical
factors in such a way as to assist and encourage land users to select
the land use options that increase the productivity, is sustainable and

meets the needs of society’’.

Land use planning (LUP) is a systematic and iterative procedure carried out in order
to create an enabling environment for sustainable development of land resources,
which meets the needs, and demands of the people. It assesses the physical, socio-
economic, institutional and legal potentials and constraints with respect to an optimal
and sustainable use of land resources and empowers people to make decisions about

how to allocate these resources (FAO, 1999).

LUP involves the selection of land use alternatives based on land evaluation (LE). LE
is a physical land assessment involving matching land requirements with the land
qualities to assess land suitability. Guidelines for LE have been set up for different
land use types (FAO, 1991) but Anaman & Krishnamra (1994) consider some of these

guidelines having a top-down approach. In the current trend in land use/ resource




planning, emphasis is being put on the need for the active involvement and
participation of stakeholders particularly the local level in decisions on land use and
management (FAO, 1999). The argument is that LUP should be a mechanism of
decision support for formulating policies, laying strategies and helping land users to
reduce the current problems of land use rather than a technical evaluation procedure.
Some methods and tools to improve LE for LUP have been suggested by Bronsveld et
al. (1994) including the involvement of land users in the planning process, use of
more flexible data processing methods, and better procedures for selecting and

describing land use types.

Effective planning and management of land resources requires timely and accurate
information on the different aspects of land such as the different land use systems,
their suitability, sustainability, potential, and the consequences of implementing each
one of them depending on the level/scale of planning. LUP is generally applied at
three interactive levels: national, regional and local (FAO, 1993), where different
priorities, planning strategies and decisions are made. At the national level, general
land use planning policies, priorities and legislation are set. At the lower levels, the
plans become more detailed such as putting in place water sources and infrastructure.
Interaction, information flow and data sharing between the planning levels are

important.

It results in broad consensus that stakeholders should be involved in research
supporting sustainable development, since the interpretation of sustainability in terms
of natural resource use systems managed by people is ambiguous, and hence its

inclusion in research is not value-free ( Parker et al., 2002)

2.1.2 FAO Approach to Land Use Planning

In the thesis we use certain terminologies drawn from FAO’s guidelines on land
evaluation. These definitions are synthesized and updated from those in FAO (1976;
1983; 1984; 1985) land evaluation can be defined as the process of predicting the use
potential of land on the basis of its attributes. Although land evaluation provides the
technical coefficients necessary for optimal land allocation, it does not include

optimal land allocation.




2.1.2.1 Planning at Different Levels

FAO’s Guidelines for Land-use Planning stating three different levels at which LUP
can be applied are national, district and local. These different levels of LUP are

relevant to “the levels of government at which decisions about land use are taken”

(FAO, 1993). Each level of LUP also uses different map scales. Namely,

(i) National-level land-use planning is applied to planning at national government
level which deals with the country's land, water or other resources as a whole. Small
map scales are used. In large countries, planning of the major administrative divisions

has some of the characteristics of national-level planning.

(i) District-level land-use planning is a level of land-use planning between the
national and local levels, typically but not necessarily that of the administrative
district. Intermediate map scales such as 1:10000 to 1:50.000 are used. Land-use

development projects are often at the district level.

(i) Local-level land-use planning is a level of land-use planning based on a village
or other local community. Large map scales are used, such as 1:10000. This level is

also referred to as village level land-use planning.

The two-way links between the three levels of planning are shown in Figure 2.1. It is
also noted that the degree of detail and the direct participation of the local people
should increase at each successive level of planning. The framework of the thesis
focuses on the district level through which decisions on national land-use priorities
are translated into local plans. At this stage, a number of conflicts between national

and local interests must be resolved (FAO, 1993) as follows:

e The setting of developments such as new settlements, forest plantations and

irrigation schemes.

e The need for improved infrastructure such as water supply, roads and

marketing facilities.

e The development of management guidelines for improved kinds of land use on

each type of land.
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Fig. 2.1 Two-way links between planning at different levels. Source: FAO, 1993
2.1.2.2 People in planning

Concerning people in planning, it is necessary to clarify three groups of people directly

involved in LUP (Fig. 2.2)

(i) Land users are “the people living in the planning area whose livelihood depends
wholly or partly on the land” (FAO, 1993), for example, farmers, herders, foresters, and
others who use the land directly as well as those who depend on these people's products
such as operators in crop or meat processing, sawmills and furniture factories, or staffs
in national parks. Land users play an important role in planning since they not only
provide labor, capital and management (as well as produce goods and services) but also

they implement the plan on the ground.

1



FAO also suggested that planners should involve the participation of local people in
planning by providing them opportunities to contribute opinions and ideas through local
discussions, mass media, and workshops. Public participation is the key factor leading
to the success of any plans because local people will better involve in implementing

plans in which they can help planning rather than are imposed to do so.

(ii) Decision-makers are “those responsible for land-use policy, action and allocation
of resources” (FAO, 1993). They are either government ministers at national and
district levels or members of the council or other authorities at the local level. After the
planning team provides information and present plans, the decision-makers decide
whether to implement plans and instruct planners based on key issues and goals. In
addition, the decision-makers should regularly supervise planning activities, publicize

their decisions and be open to public scrutiny.

LAND USERS

Source ol demand lor land resources
Provide labour, capital, management -
Produce goods and services
Implemant the plan on the ground

Inlormation about
perceived needs,
land and land use

LEGISLATURE PLANNING TEAM . SECTORAL AGENCIES
Source of legal Supports decision-maker Informalion | g4rcs of technical
authority <———3 l Provides information on land and use ~sf——| inlormation
Makes plans Carry out public
works and services
Act on plan

Y

EXECUTIVE
Sourca ol policy DECISION-MAKER
Sourca of action Leads planning process
| Allocates recources Insiructs agencies and planners
Approves plan

Fig. 2.2 People in planning (FAO, 1993)

(iii) The planning team or planners are those “responsible for the preparation of a
land-use plan, working in close cooperation with the land users and the decision-
makers” (FAO, 1993). In order to support decision-makers and provide sufficient
information, a planning team usually consists of a wide range of experts such as a soil
surveyor, a land evaluation specialist, an agronomist, a forester, a range and livestock
specialist, an engineer, an economist and a sociologist because land-use planning

requires expertise in multiple disciplines like natural resource, engineering, agricultural
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and social sciences. At smaller scales or local level, a land-use planner and one or two
assistants are needed but each must take responsibilities for various tasks. In this case,

the planning team needs specialist advice from government agencies and universities.
2.1.2.3 Need for Land Use Model to Guide Planning

Another important issue is the selection of a necessary tool for land use analysis that
generates natural resource management options so that policy changes are guided and
the scope of agricultural systems is assessed beyond the constraints of current

policies.

The LUP procedure in the FAO guidelines (1993) contains ten steps which can be
described as in Fig. 2.3
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Fig. 2.3 Steps in land-use planning FAO 1993

With regard to the relation between LE and LUP, the principle of following FAO
(1981) is applied. In fact, LE as part of LUP was originally defined as the assessment
of the suitability of land for human use in agriculture, forestry or for other purposes

(Van Diepen et al., 1991).
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2.1.2.4 Land Suitability Classification

The process of land suitability classification is the appraisal and grouping of specific
land interims of their suitability for defined uses. Suitability can be scored based on
factor rating or the degree of limitation of land use requirements when matched with
the land qualities. In other words, land suitability evaluation is a comparison and
matching of land utilization type requirements with land unit’s characteristics. Land
suitability classes reflect degrees of suitability. Land suitability assessment was
founded in 1976 by FAO and afterwards, many researches have worked and are being
working in land suitability evaluation for land utilization types (LUT) in different

countries (FAO, 1984).

According to land evaluation by FAO (1984), the suitability is the fitness of a given
type of land for a defined use. The land may be considered in its present condition or
after improvements. The process of land suitability classification is the appraisal and
grouping of specific areas of land in terms of their suitability for defined uses. There

are four categories recognized for land suitability classification:

a) Land Suitability Orders: reflecting kinds of suitability, indicating whether given
types of land are suitable or not suitable, for the land utilization type concerned.

Therefore, we use S for Suitable and N for Not suitable in assessing the land use.

b) Land Suitability Classes: reflecting degrees of suitability within suitable orders,
three classes are normally recognized: Highly Suitable, Moderately Suitable and
Marginally Suitable, indicated by symbols S1, S2 and S3 respectively. The classes are

defined as follows:

e S1 (Highly Suitable): Land having no significant limitations to sustained
application of a given land utilization type, or only minor limitations that will
not significantly reduce productivity or benefits and will not raise inputs above

an acceptable level.

e S2 (Moderately Suitable): Land having limitations which in aggregate are
moderately severe for a sustained application of a given land utilization type.

The limitations will reduce productivity or benefits and increase required

14



inputs to the extent that the overall advantage to be gained from the use will be

appreciably inferior to that expected on class S1 land.

e S3 (Marginally Suitable): Land having limitations which in aggregate are
severe for sustained application of a given land utilization type and will so
reduce productivity or benefits, or increase required inputs, that this

expenditure will only be marginally justified.

e N1 (Currently Not Suitable): Land having limitations which may be
surmountable in time but which cannot be corrected with existing knowledge
at currently acceptable cost. The limitations are so severe as to preclude

successful sustained application of the given land utilization type.

e N2 (Permanently Not Suitable): Land having limitations which appear as
severe as to recluse any possibilities of successful sustained application of a

given land utilization type.

c) Land Suitability Sub-classes: Subclasses reflect kinds of limitations or required

improvements measures within classes.

d) Land Suitability Units: indicating differences in required management within

subclasses.

Quantitative definition of these classes is normally unnecessary, since by definition
both are uneconomic for the given use. The upper limit of Class N1 is already defined

by the lower limit of the roast suitable class in Order S.

The boundary of class N2, Permanently Not Suitable, is normally physical and
permanent. In contrast, the boundary between the two orders, Suitable and Not
Suitable is likely to be variable over time through changes in the economic and social

context.
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Fig. 2.4 Structure of the Suitability Classification (FAO, 1984).
Land Use Sustainability Assessment

In order to be meaningful, planning for the resources should be sustainable i.e. the
land use option(s) selected for implementation should meet the needs of the present
without compromising the ability of the future generations to meet their needs. After
the spatial analysis of the suitability of the potential land use options in the previous
section, this section looked at a thematic assessment of the sustainability of these
options. Selected social and economic indicators of land use sustainability were
combined into a Multi-Criteria Evaluation (MCE) by a Decision Support System to
obtain a ranking of the alternatives based on their performance in the evaluation
criteria. DSS is a management information system that supports decision makers such
as planners, analysts, managers in the decision making process (Sharifi, 2001). They
enable the decision maker to explore the problem environment by provision of data
and models appropriate to the decision and also generate and evaluate alternative

solutions.
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Fig. 2.5 Integrating the FAO approach with MCE (adapted from Kempen, 2004)

2.2 GIS and Decision Making in Planning
2.2.1 Overview of Geographic Information System (GIS)

A GIS also known as a geographical information system or geospatial information
system is any system being used to store and process data referenced to the Earth’s
surface (Molenaar, 1998). These data contain both thematic and geometric (spatial)
information which can be represented in raster or vector form. Huxbold (1991),

Masser and Blackmore (1991) affirmed that “the thematic aspects of a terrain
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description are of prime importance” which means that “the data querying and
processing will be organized and formulated primarily from a thematic perspective”
whereas “the structuring and formulation of the geometric aspects of the data will be
secondary” (as cited in Molenaar, 1998, p.4). In other words, the geometric problem

formulation will depend on that of the thematic problem.

There are two principal structures for linking thematic and geometric data. The first
structure is the field approach. In the field approach, terrain objects are represented in
the form of attributes, the values of which depend on the position and the thematic
information is directly linked to geometric data. In the terrain feature oriented or
terrain object structured approach, terrain objects can be defined with a location or
position, a shape and several geometric characteristics. The link between thematic and
geometric data is an indirect one in the second structure because both data are linked

to the object identifier.
2.2.2 GIS and Decision-Making in Planning

GIS is widely used in local and regional planning for managing, integrating, and
visualizing spatial data sets. However, beyond basic levels of decision support, GIS
remains largely external artifacts to the decision-making process. This suggests that
despite increased analytic sophistication, most GIS software is more suited to
providing limited outputs than as a tool for decision support. To improve the
usefulness of GIS as a decision support tool, two needs should apparently be met.
First, decision makers require methods that allow them easily to select alternatives
most closely aligned with their priorities across a number of relevant criteria. Second,
it is necessary to recognize explicitly that most decision-making processes involve

multiple participants. (Robert D. Feick et. al., 1999)

Since problem solving is often characterized by multiple and conflicting objectives,
methods that contribute toward consensus building are required. Feick and Hall
(1999) described a Spatial Decision Support System (SDSS) that satisfies these needs
through a tight-coupling of GIS functionality and Multiple Criteria Analysis (MCA)
techniques. The potential benefits of adopting this approach and future extensions to

the prototype are discussed in light of a land use-planning example.
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The FAO Guidelines for Land-use Planning (FAO, 1993) defined land-use planning
as: “land-use planning is the systematic assessment of land and water potential,
alternatives for land use and economic and social conditions in order to select and
adopt the best land-use options. Its purpose is to select and put into practice those
land uses that will best meet the needs of the people while safeguarding resources for
the future. The driving force in planning is the need for change, the need for improved
management or the need for a quite different pattern of land use dictated by changing

circumstances’”.

Much of the use of GIS in planning assumes use of a rational mode of decision-
making which entails a linear process initiated with the identification of a problem,
followed by a comprehensive search for alternatives and concluded with the selection
of the optimal alternative as indicated by the gathered information (Batty, 1993). This
process is typically characterized by recursive feedback loops in the decision process
where evaluation and selection criteria are refined and steps repeated as a result of
refinements. However, these loops are generally non-systematic and informal. Under
bounded rationality, uncertainties and resource constraints in the decision
environment cause decision makers to adopt a satisfying mode of behavior such that
the search for solutions concludes once an option which meets or exceeds their

context-specific aspiration levels (Malczewski and Ogryczak, 1996).
Data Quality and Control

According to Longley P.A, et al., (1999), data quality can be differentiated in space,
time and theme, of which several components of quality include accuracy, precision,
consistence and completeness. Data and information have quality when they meet the

needs and expectations of its users (Hawryszkiewycz, [.T 1998).

Good decision-making for resource planning in a research area requires good quality
information. Data quality assessment in the proposed system will be undertaken in a
process called “Data output and quality control” and is intended to improve the
current data’s quality. The assessment involves accuracy testing. In the process of
land use mapping, the responsible staff selects a sample of point locations and
compares the land use classes assigned to these locations by the classification

procedure, with the classes observed on source at these locations.
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Timeliness, reliability, consistence, correctness, completeness and the way of
presentation of output products will be some of the indicators for the correctness of
the procedures of data processing. These will be verified by getting feed back from
the data/ information users in the region on their satisfaction regarding those aspects

(Nabwire 2002).
2.3. Decision Support Systems

2.3.1 Overview of Decision Support Systems (DSS)

The history of DSS probably dated back to the late 1950s and early 1960s with studies
on organizational decision making at the Carnegie Institute of Technology by Herbert
Simon and Allen Newell and interactive computer systems at the Massachusetts
Institute of Technology by Tom Gerrity (Power, 1999). Then Scott Morton in the
early 1970s first expressed concepts involved in DSS under the term management
decision system which was devised by Gorry and Scott Morton in 1971. Accordingly,
the term ‘DSS’ was defined as an interactive computer based system that helps
decision makers to utilize data and models to solve semi structured or unstructured

problems (Gorry & Scott Morton, 1971).

Sprague and Watson (1986) defined DSS as a system that makes some contribution to
decision making while Stuth and Lyons (1993) explained the term as contemporary
jargon for an integrated approach to the age-old problem of helping people to make
better decisions. Makowski (1994) proposed that DSS are computerized tools to
analyze large amounts of data and complex relations for making rational decisions.
Klosterman (1997) explains the term ‘DSS’ as a system or methodology that assists
poorly or ill-structured decisions by facilitating interactive and participatory decision
processes. Although the DSS developed significantly in the following decades, no
single definition is widely accepted (Claire, 1997).

A DSS can be defined as an interactive computer-based system designed to support a
decision-maker in a complex environment (Morton 1978). SDSS are different from
the ordinary DSS in that they integrate GIS and model base management system
capabilities. The common feature of GIS systems is their focus on the capture,
storage, manipulation, analysis, and display of geographically referenced data (Jacek

Malczewski, 2000).
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Jozefowska has developed a DSS for short-term production planning and scheduling.
The system has two phases: In the first phase a rule-based expert system is used to
reduce the space of feasible solutions in two ways. On one hand soft constraints are
introduced in form of production rules. On the other hand, the expert experience can
be used to formulate rules eliminating solutions, which are very likely to be
dominated by other solutions. In the second phase, a multiple criteria genetic
algorithm is applied to find a set of potentially Pareto-optimal solutions (Jozefowska

et al. 2008).
2.3.2 Integrating GIS with the DSS.

Most of the agricultural data have geographic attributes while GIS is an important tool
for agricultural analysis, so it is very important to include GIS into the DSS for
regional agricultural management. Nevertheless, it does not mean that the system
should be developed on professional GIS. The pure second-time development
capacity of professional GIS makes it difficult to develop attractive interfaces for
users. Besides, the difficulty of operating attribute data with professional GIS is not

helpful in meeting the various demands of users. Considering the demand of the
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management and the improvement of the function of various GIS components, GIS

components will be a good choice (Yongzheng, 2002).

The geographic information system provides all the biophysical information for the
DSS; this includes climate, soils and topographic data and information on the farm

infrastructure.

Understanding the relationship between planning theory and methods and geospatial
technologies is crucial for building and implementing tools that are suitable to
planning practice. Esnard and MacDougall (1997) maintained that there is a common
ground for integrating planning theory and GIS in data creation, analysis, and
presentation. They suggest this integration as part of an educational experience.
Guhathakurta (1999) also found that urban modeling and decision support tools could
be developed to serve the practice and to link to its theoretical underpinnings. The
author referred to a new form of rationality that encompasses both positivist and
interpretative epistemology and promised to provide a framework for the development

of planning technologies and tools (Batty, 1993).

According to Basnet C. et al. (2006), any DSS needs to conform to the hierarchical
nature of decision making. According to the research, compared to lower level
decisions, the top level decisions are made with a longer planning horizon and the
amount of detail is lesser at the higher echelons of decision making. As decisions are
made further down the hierarchy, the lower level decisions are subservient to the

higher level decisions.

2.4 Multi-Criteria Decision Making Approach

2.4.1 Overview of Multi-Criteria Decision Making

Selene M. (1982) and Pitel (1990) defined Multi-Criteria Decision Making (MCDM)
as methodology chosen to assess countermeasure suitability within the SDSS. MCDM
is a well-known branch of decision making techniques that logically structure and

evaluate problems with multiple attributes and objectives.
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Multi-objective planning, where one decision maker seeks, within a single plan, to
achieve more than one objective, is dominated, in a land-use context, by methods
collectively known as multi-criteria decision making or MCDM (El-Swaify &
Yakowitz, 1998). MCDM recognizes that there are often multiple, convicting criteria

underlying a land-use decision.

These connecting criteria are brought together using a variety of methods to derive a
single recommended alternative, a reduced set of acceptable alternatives or a ranking

of all possible alternatives (Jankowski, 1995).
2.4.2 Existing MCDM Approaches to Land-Use Planning.

Kheirkhah Zarkesh (2005) pointed out two classes of MCDM approach that may be
usefully distinguished into compensatory and non-compensatory. Compensatory
approaches are methods where high performance for one criterion may be traded-
against poorer performance for another. These methods require the decision maker to
identify the relative importance of criteria using weighting schemes. Non-
compensatory approaches are order-based methods where alternatives are compared

using single criterion in an order defined by the decision maker.
2.4.3 MCDM Applications in Land Use Planning

Land use planning applications of MCDM have typically been found in site selection
and regional scale zoning problems. For site selection, the goal is to use the MCDM
to provide a ranking of sites from which the decision maker may choose (Carver
1991). For land-use zoning applications the output from the MCDM analysis is one or
more land-use suitability maps, with MCDM scores mapped as a grid for the area of
interest (Eastman, Weigen, Kyem & Toledano, 1995), (Beedasy & Whyatt, 1999).
While the suitability map(s) may be sufficient for some applications, the creation of
an indicative land-use plan may need to take into account adjacency constraints or the
desire to allocate zones with fixed minimum sizes. The process of arriving at a final
allocation based on the suitability derived by MCDM may itself be a complex process
of optimization. MCDM provides a useful method to support decision making where
there are many factors and is helpful in structuring the decision making process. It is
open to question how well the decision makers can define the relative importance of

more than eight criteria, though consistency checking techniques are available.
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Weights and orderings used in MCDM may be refined as part of the process and
visualization of the results as maps signicantly aids the decision maker in this regard

(Kheirkhah Zarkesh, 2005).

2.5 Application of the Technology in LUP and Management
2.5.1 The Role of Information Technology

To identify potential benefits and problems, land-use planners require sufficient
information about the interaction of economic and ecosystem properties. Although
much of this information is available in various forms, all of it must be in an
integrated system to help in prioritizing and planning. Continuous improvements in
the power and convenience of computer-based GIS are making an important
contribution to LUP. Information from satellite imagery, as well as wider availability
of satellite imagery, is essential for planning sustainable land use at all spatial scales

(Michael Huston, 1997).

Land-use planners also need computer models for extrapolating information from
areas that are well understood to those about which little information is available.
Models of hydrology and soil erosion that are based on fundamental principles can be
widely applied: planners can insert basic information on topography, soil properties,
and vegetative cover, much of which can be obtained from satellite imagery
(O’Loughlin, 1986; O’Loughlin et al. 1989; Beven and Moore, 1993). Similarly,
planners can use models of crop growth (Keulen and Wolf, 1986; Wolf et al., 1991) to
estimate crop production under different soil and climatic conditions and to

extrapolate data from experimental plots to larger regions.
2.5.2 Computers and Software Programs Applied to Land Use Planning

Computers and software programs have been applied to land evaluation at different
levels of detail. The first implementation of the FAO Framework was the land
evaluation computer system (LECS) in Indonesia (Wood & Dent, 1983). This has
recently been incorporated into the FAO’s Agricultural Planning Toolkit (APT). A
map-unit based, expert-systems approach is the ALES framework (Rossiter & Van
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Wambeke, 1995). ALES has been used to implement several provincial, country, and
regional land evaluations (Johnson & Cramb, 1991); (Mantel, 1994) and (van Lanen
& Wopereis, 1992). Another computer program is Micro LEIS (De la Rosa et al.,
1992) for land evaluations in Mediterranean climates. Land evaluation by map
analysis techniques may be accomplished with any geographical information system
(Burrough, 1986; 1987). Conceptual design and component integration of Micro LEIS

DSS land evaluation decision support system are shown in Fig. 2.7:
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The Land Use Planning and Analysis System (LUPAS) has three main methodology

components: (i) land evaluation; (ii) scenario construction based on policy views; and

(ii1) multiple goal linear programming (MGLP) model (Hoanh et al., 1998).

The components of LUPAS are described in the following figure:
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Fig. 2.8 Components of LUPAS (van Ittersum, Roetter et al. 2004)

LUPAS is used as a model to determine the amount of conflicting objectives or

strategies developed by regional planning as well as offering solutions to land use in

the most optimal conditions resources. LUPAS was built by Rice Research Institute

World (IRRI) for specific areas of tropical East Asia. (Section 2.5.4 will further
analyze LUPAS applied in LUP in Tropical Asia)

2.5.3 Application of GIS analysis and MCE in Land Use Planning

Decisions on a Finite call as DEFINITE (set of alternatives with multiple objectives

develop by Institute for Environmental Studies Vrije Universiteit — Amsterdam) is a

decision support software package that has been developed to improve the quality of

environmental decision making. Types of methods are incorporated in DEFINITE

including Toolbox of methods:

- Graphical methods to support representation,

- Methods for weight assessment,
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- Multi-criteria methods,
- Cost-benefit analysis,
- Graphical evaluation methods,

- Methods for sensitivity analysis on the results of MCA and CBA.

Nabwire (2002) focused on the need to assess the suitability and sustainability of the
potential land use alternatives in the region. Land use suitability and sustainability
assessment is undertaken in the corresponding process of the proposed system. GIS
Integrated Land and Water Information System (ILWIS) and Decision Support
System (DSS- DEFINITE) software were used for the evaluation. The figure below is

a schematic representation of how this was approached.

Stakeholders’ goals
& objectives

3

LU suitability Terms of LU alternatives Prionties
evaluation criteria reference l
Socio-economic .
indicators Weights
SPﬁEﬁl:f‘_NﬁLYSIS assignment
| /T suitability ™,
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"\(overlays._.y matrix
e ST —
L { Decision ruI@a) Sensitivity
OUTPUT & VISUALIZATION — I__;« analysis
LU suitability _
maps Ranking of |
e N alternatives
GIS ANALYSIS ( IN ILWIS) DSS ANALYSIS (in DEFINITE)

Fig. 2.9 Schematic summaries of steps taken in land use suitability and sustainability

assessment (Nabwire 2002)

In data modeling, Nabwire designed Entity Relationship (ER) database modeling
which was adapted for the proposed GIS database. The relational database tables
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allow both integration and updating of data, thereby increasing its quality and its use
for resource/land use planning. With the data inserted into the various tables, queries
can be performed using the Structured Query Language (SQL) to show how the
various aspects of land resources relate, e.g., to assess relationships among
biophysical, and socio-economic data in the region. However, Entity Relationship
Diagrams too complicated with data were presented in form of tables corresponding

to entities such as Agro-Ecological Zones (AEZ), constituency, farmer/land user.

2.5.4 Land Use Planning and Analysis System for Tropical Asia

In collaboration with “Systems Research Network for Eco-regional Land Use
Planning in Support of Natural Resource Management in Tropical Asia' (SysNet), a
user-friendly computer model called Land Use Planning and Analysis System
(LUPAS) has been developed, assessed and tested in a localized regional setting. It
was based on an exploratory land use study approach, and employed the Interactive
Multiple Goals Linear Programming (IMGLP) optimization model. The following
inputs such as objective functions, land units, land evaluation, resource balance (land,
water and labor), promising land use types and production technology, agricultural
inputs and outputs, and market demand for agricultural products are employed in the
model. The model used optimization software with links to a spreadsheet where input
data are retrieved and the results of optimizations are saved. It is also linked to GIS
databases for spatial display of the results. Using user-friendly interface, the SysNet
also had been built using a local web server to provide easy running of the model and
retrieval of the results. The output is in the form of tables, charts and maps. The
prototype also offers facilities for comparing results between model runs (MARDI,
2001). The table 2.1 shows characterization of LUPAS components and techniques

applied in provincial land use scenario analysis.
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Table 2.1 LUPAS components and techniques applied in provincial land use scenario

analysis
Component  Main functions Tools and teclniques
Fesouree To tdennify Do s and their chaac-  Owerday teclungue in GIS
balance and teristics based on agro-ecological nnits
land evaluation  and adimimstrative nnits,
T estimate available vesources (land,  Stanstical analysis for population and labour
water. labour) for production-eriented  projection
land wse {agriculire, fishenes, and Reterring to policy reports and sectogal
production forestrv), development plans
Balance between supply of resources and
demmnds for other than production-oriented land
ns (settlements, infrastcnire, indestyy
GIS to identify resources avalable for aznenlmral
land use m each land unit
To idennify promising Llaed use rvpes Statistical analysis of experimental and famm
and possible technology levels applied  swrvey data; literamre review, comparison by
in each land unit, transfer and experimental research
Consuliation with naticaal and mternational
experts, wicluding stakelolders and famers
Qualitative land evaluation mcluding crop
sinilation modelling
To fonmmilate oljective fimctions for Referring to policy reports mud sectosal
wvartons lamd nse scenarios development plans
Consultation with stakeholders
To wennufy demand for products (tvpe Projection of local demand
annd amount) and potential changes, Statistical analysts of mmkel potential
Yield T estimate actual, potential and futire Crop modelling, meluding complex models and
estnEion attmnable vield of mam products and simple parametne models
y=products from proousing land vse Statistical analysis of faming survey dafa;
rvpes at well-defined technology levels  consultation with national and infernational
i each Lo vmit, experts (including local farmers): iterpalation or
aggregation of environmental variables by GIS
To estimare side-effects, i particular Thermane modelling (as 201l eroston mode],
environmental impact promising land  methane emission model; leaching models) and
use types in each land unit., links to GGIS: statistical analysis of experimental
and survey data
Consultation with paticoal amd wtermatonal experts
To analyse spatial and temporal GIS and statistical analysis
wariations of vield and side-cffects
Tnput/outpit To estimate inpurt-outpnt relations for - Crop modelling
eslinElon. the varous prodichon activites. Statstical analysis of experimental and savey data

To estimate variations of pit-curpar
values due i dependence of selectad
lamd wse options

To analyse spatial and remporal
vartations of HLL-ouetpet

Using tecloneal coefficient seneratons

Expert judgsment

Expert judgsinent

Analysis of elasticiies of supply and demmsnd (not
formalized 1 SvsNet case studies)
Multi-temnporal analysds (nof fommalized)

GIS and statistical analyvsis

Mfultiple goal
linear

PAOErATInE

To generate land use options for each
scenario by optimizing selected ob-
jective fictions wder explicit goal
CONSIATs.

To identify and analysis conflicts in
Lanyd wise olyectives and land resources
Ta idemify the effects of govenumnent
palicy

To analvse the risks assogiated with
selected lamd use oplions

To analvse spafial and temyporal
distribution of resources to land use

Iypis

Linear programming using conumercial software
packages

Scenario analysis by nsing inferactive nultiple
woal linear progranumig (IMGLE) reclungue
Sensitiviey analysis of goverment policy
parameters

Statistical analysis of relevant factors of physical
i economne environnent

Sensitiviey analveis i IMGLE of relevam factors
GIS and statistical analvsis
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The SysNet methodology aims at exploring alternatives for agricultural land use and
development to assist strategic planning. In an interactive process with stakeholders,
SysNet methods and tools are then tailored to local conditions. The aim of analyzing
various scenarios is to finally come up with a feasible plan for agricultural production
and associated land use for a given region. The four study regions of SysNet include:
Haryana State, India; Kedah-Perlis Region, Malaysia; Ilocos Norte Province,
Philippines; and Cantho Province, Vietnam (Roetter et al., 1998).

R. Roetter (1998) started that views within the SysNet methodology development can
be observed from two different perspectives. It is a component of the methodology
development itself and as input to the optimization model. From another perspective,
the output from the exercise is also in some form of policy views - it provides sets of
different options that are supposed to suggest policy changes to be considered by the
stakeholders in relationship to their development goals and the available resources. In
a situation where the policy views are very strong comprehensive, and formulated
with the involvement of major stakeholders at the macro-planning level, as is the case
in Malaysia, the policy views could be in the form of quantification of resource use
and expected outputs. Hence, if these views are considered in totality, fully expressed
in the form of objective functions and constraints, the primary goal of the
methodology development itself, that is a tool for exploring land use options by
opening up ‘windows of opportunities’, might not be fully realized. It is thus
important that critical analysis is done on all possible policy views to ensure that a
limited set of current views are not ‘binding’ the final outputs from the analysis, so
that more future-oriented scenarios can be developed to support the decision-making

process among the various stakeholders.
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Fig. 2.10 Development cycle of policies for natural resource management

Van Ittersum, Roetter et al. (2004) ,Rauscher (1999)

2.6 Situation in Vietnam
2.6.1 Land Management System in Vietnam

Vietnam has a total land area of over 33 million hectares stretching along Latitude 15”
(Northern Latitude 8°23”). It is situated in the northern hemisphere within the tropical
zone. The country comprises of various terrain types and three-quarters of the land

mass 1S mountainous.

The red-yellow soil which is suitable for agriculture and forestry comprises 50% of
the total land area. Alluvial soils suitable for paddy and cash crop cultivation

comprise only 9 per cent of the total area.

Vietnam is a country which has a large population but a small land area. The country

ranks 15" in the world in terms of largest population but 160™ in terms of average
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land area per capita. It also experiences one of the highest rates of population growth.
From the beginning of this century, the world‘s population increased 3.8 times, but
Vietnam’s population increased 5.8 times. Therefore, the pressure of population

growth on land resources is becoming more critical every year.

Land palicy

Human beings \
h 4

Technical
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¥

F 3

Environment [ Land use
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Fig. 2.11 Key factors influencing LUP in Vietnam (Country Profile, 1993)

The future of LUP strategies will have to consider the current distribution of the
population which is heavily skewed towards particular areas. At present, the
difference in density of population between the most populated and least populated
areas is about 17 times. Therefore, future land use plans may have to seriously
consider redistribution and resettlement of the population covering the entire country,
not just selected areas. The following figure shows the key factors which influence

LUP in Vietnam (SEMLA, 2005).

The situation of LUP in Vietnam has been assessed on a number of occasions
throughout the past decade. The Strengthening Environmental Management and Land
Administration in Vietnam (SEMLA) program has since 2005 supported the Ministry
of Nature Resource and Environment (MoNRE) in improving land use planning, both
at policy level and in the field (Jonas Novén, 2008). A thorough review of the LUP

framework was done early in the program and the main issues identified were:
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* Poorly integrated planning (with other sectors)
* Poor quality baseline data/mapping

* Complex instructions which are easily ignored (circular 30 and technical

guidelines)

* Weakness of planning expertise (lack of capacity)
* Inflexibility of plans (difficult to change)

* Lack of unified LUP strategy

* Conflicting values and interests

» Weak environmental planning

* Lack of community consultation

Integration of land and environment has an objective scientific basis coming from a
close relation between land and environment. Land is both a factor of environment
(together with other factors such as water, air, etc) and an input factor of many
processes of production; activities which are closely related to environment and can

cause damages to environment (SEMLA, 2007).
2.6.2 Land Use Planning in Vietnam

In Vietnam, the planning system basically follows the same system as before when
the government interfered arbitrarily in the production and distribution process
(Quang, 2003; Rock, 2004). All “planning” is viewed as a top-down process of
implementing the planned investment of state resources, rather than a means of
guiding and controlling private development or investment for the public interest

(Lawrie, 2000).

Moreover, research studies on LUP only propose solutions without taking much
consideration on the root causes of the problems while the state budget for research

funding is rather limited.

Bringing LUP in line with local demands for socio-economic development and
natural conditions is one of the first measures to ensure sound management and

sustainable use of natural resources, as well as improvement of people’s living
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standard. Land use rights need to be granted on a long-term basis to farmers to
facilitate investments in production. LUP/Land Allocation (LUP/LA) which responds
to people’s wishes and local development trends provides an important basis for the

implementation of regional economic development plans. (Tariful Islam et. al, 2007).

Social Forestry Development Project (SFDP) has implemented a participatory
LUP/LA methodology in Son La and Lai Chau provinces with a view to achieve the

following objectives:
- Direct and full participation of people in the whole process of LUP/LA.

- Feasibility within locally available financial, human and technical resources at

district and communal levels.

- Acceleration of the LUP/LA process in an efficient and sustainable manner by

applying PRA techniques (Wehr, 2003).
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Table 2.2: Overview of objectives and contents of each level regarding LUP/LA

Planning Implementing Offices Responsibilities
Level
Province LUP/LA  Provincial Steering | Advise PPC on land use policies;
Committee, headed by Deputy | develop landuse plans and organize
Chairman of Provincial People’s | implementation; provide training for district
Committee (PPC) level; appoint working group
Department of Land Administrative  execution of cadastral
Administration (DLA) mapping, land registration, issuing of land
use certificates, allocation of agricultural
areas
Forest Protection Sub- Responsible for allocation and management
Department (FPSD of forest land
Department of Agriculture and | Cooperation
Rural Development (DARD)
Department of Finance Financial responsibilities
District LUP/LA District Steering Assist DPC to implement landuse policies;
Committee headed by Vice develop district LUP/LA plans;
Chairman of District People’s guide/monitor/ facilitate LUP/LA
Committee (DPC) implementation; Co-ordination; appoint
working group; clarify admin. boundaries;
resolve boundary disputes
Agriculture and Cadastral Unit | Co-ordination
(ACO) Mapping, land registration, issuing of land
use certificates, allocation of agricultural
areas
Forest Protection Unit Responsible for allocation and management
of forest land
Justice Section Policy dissemination, legal supervision
Planning Section Cooperation between sectors
Finance Section Financial responsibilities, budget allocation
Commune | Commune Land Registration
and Allocation Council, headed
by Chairman of Commune
People’s Committee (CPC)
Incl. Communal Cadastral Staff,
Commune Forest Protection Staff,
Accounting Staff, Agriculture
Extension Staff, village heads,
Youth Union, Farmer Union,
Women Union, Fatherland Front
Communal Working Group Assist CPC in implementing LUP/recording
District/Commune Forest land declarations, preparing cadastral
Protection Staff, District/ documents; organise villagers’ meeting;
Commune Cadastre Staff, Forest instruct 3D model; receive applications for
Inventory and Planning Institute land use rights; organise and implement field
(FIPI) Staff, Village Head allocation; finalise LUP/LA documents

There have been many investigations undertaken over the last decade that have
examined the approach to LUP. Most concluded that in the past LUP in Vietnam
focused more on establishing the soil types and determining the most suitable

agricultural product for the soil than undertaking a LUP process that examines land
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use demands, resolves conflicting land use purposes and develops a sustainable plan

for utilizations of the land resource (SEMLA, 2006).
2.6.3 Planning Policies and Directions

SEMLA (2006) reports that at present, the planning system in Vietnam comprises a
hierarchy of planning levels in which the upper levels identify ‘targets’ or
‘orientations’ to be achieved by lower levels within the plan period. This hierarchy is
reflected in the administrative hierarchy, from national, through provincial and district
levels, to communes. The various plans derive from, and must be consistent with, the
long-term visions and strategies for the country that are developed by the Party, and
approved by the National Assembly. The recent 10th Party Congress held in June
2006 defined the strategic orientation for Vietnam and established specific Socio-
economic and Environmental Targets to be achieved in the next 10 years. This
provides the overall framework upon which the specific land use demands are forecast
by the various sectors. The LUP regulatory framework that was established by the
2003 Land Law, Decree 181 and Circular 30 embodies the overall policies of the

Government in respect to LUP.

According to Trung (2006), in the period 1975 — 1986 Vietnam had a centrally
planned economy decreed by five year plans with production targets. In the southern
part of the country most agriculture was still done by small households or private
farming but at that time the agricultural services of every province were also operated
by a number of large-scale communal state farms. These farms produced not only
industrial crops such as sugar cane and pineapples but also rice or, in the coastal zone,
shrimp. Private farmers and state farms had to sell pre-determined quantities of rice
with fixed prices to the government. Land use was planned by local and provincial
authorities, guided by the Ministry of Planning and supported by the National Institute
for the Agricultural Planning and Projection (NIAPP).
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2.6.4 GIS Applied Land Use Planning in Vietnam

In Vietnam, GIS has been used as a tool for land evaluation and LUP in several
projects. For example, a project was undertaken by the National Institute for Soils and
Fertilizers (NISF) in Doan Hung, Phu Tho Province, during the period 1995-1997.
Soil maps, using a mapping exercise based on the FAO soil classification system,
were compiled. Using the land use maps of 1995, as well as satellite images and aerial
photos, district-level land use maps were compiled, as well as land unit maps and land
suitability maps. In 2002 and 2003, a participatory land-use planning approach was
undertaken in two villages of the Mekong Delta coastal area. GIS was utilized for
analyzing land-use changes, realization of farmers’ expectations, changes in
expectations, and the conflicts between aquaculture and agriculture farmers’ groups

based on differing expectations.

GIS was applied for land-use planning and land allocation in the Social Forestry
Development Project in Song Da. This was the first step undertaken to identify
measures for sustainable land use and improving the conditions of the people living in
the Song Da watershed area. The use of GIS allowed uniform measurements and

1:10,000 maps that accelerated the planning process.

Khang, N. ef al. (2004) has developed The Agricultural and Rural Information System
(ARIS). ARIS was built to provide the necessary information for those from the
decision makers, scientist to the producers. Such information system consists of
database and tools which help access, analyze, and support in making decisions on
agricultural and rural management and planning at the provincial levels. ARIS system
is based on the geographic information database. ARIS was experimentally
implemented in the representative provinces of seven agro-economic zones in
Vietnam. The system was most completely developed for Dak Lak province. The
ARIS had been built on GIS application. The database is united, gathering almost full
information in map and tabular formats on agricultural and forestry land use, crop
diseases, rural labors in order to satisfy the demand in building information analyzed
model and supporting decision making in the management of agriculture and rural

development.
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CHAPTER 3

METHODOLOGIES

3.1 Methods of Evaluating Potential Land Suitability

The study relies on a number of documents such as the Guide of FAO's Land
Evaluation (1986), Guide of Soil Examination and Classification by the Soil Science
Association of Vietnam (1999), a research on assessing land use for agriculture by
Ministry of Agriculture and Rural Development (MARD) and other documents of the
Ministry of Natural Resources and Environment (MoNRE) regarding formulation,

adjustment and evaluation of LUP.
Specific Methods:

- Collecting data and analyzing the collected data, also utilizing previous research on

land and other related contents.

- Surveying, analyzing physical and chemical soil and creating a soil map in

accordance with the Vietnam Protocol and FAQ’s guidelines.

- Applying digital technology to build maps of soil, maps of current status of land use,
maps of land units, and maps of land adaptability classification and proposing

appropriate land use and other thematic maps.

All maps were first built on the base map at the base coordinates system in VN 2000,
at the ratio of 1/25,000; meridian axis is 104%45°, projectors 3% from results of outside
survey map in the district’s current status of land use in 2000 and 2005 with the rate
of 1/25,000. In the next step, some adjustments were made, and compiled with

drawings on the background map of the entire district.
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Analyzing some limitations of identifying the factors and classifying criteria of
selection, that serves to evaluate the adaptability and proposing some proper manners

of land use with weight method.

Utilizing software programs provided by Automatic Land Evaluation System to
assess, analyze economical and environmental impacts, social benefits, land

suitability classification and make proposals for land use.

Combined approaches/methods: surveying, interviewing farmers, experts, workshops

and other professional approaches from different fields.

3.2 Building the Soil Map

The soil map was built on the base map at the base coordinates system VN2000. The
original map was built by manual crafting methods after receiving the final results of
classification combined with results of the survey, adjusting the boundaries outside
the contour of the field-based map according to the base coordinates system, the ratio
of 1/25,000 maps and current status of land use in 2005; followed by digitizing

original maps and editing with MapInfo software; the results are final soil maps;

The total land area being studied in the Tam Nong district is 11,273 ha, accounting for
72.37% of the total area of natural land. Other areas of land comprising aquaculture

land, non-agricultural land and mountain area without forests tree were not studied.

Social data are more difficult to quantify, as they often attempt to measure human
distributions that are influenced by decisions or attitudes for which no common

metrics or mathematical relationships are known.
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3.3 Data for Building Standardized agriculture Database at the
District Level.

Secondary Data Collection

Secondary data were used, from previous studies, census from the statistical offices
and department of agriculture and rural development at district, provincial and
national levels, as well as from other sources such as national and international

projects implemented in the study areas.
Spatial Data Source
The main spatial data sources necessary for this study including:
- Digital soil map with a scale of 1:25,000
- Digital topography map with a scale of 1:25,000;
- Current land use maps in year 2005 with a scale of 1:25,000;
- Existing LUP maps for period of 2000-2010;
- Other existing spatial databases;
Attribute Data Source

The main attribute data sources necessary for this study including the data

accompanying with spatial data above and the non spatial data:

- The data of location, climate;

- The census of physical, social-economic,

- The census of agricultural production and main crops production sector

- Ecological requirements of selected main crops.
Data collection methods: analyzing available information and database sources;
inventory and gathering the needed attribute data; interviewing, discussion and

seminar; field work and up-to-date the existing maps; overlaying the thematic maps

by GIS.

Framework of land suitability evaluation for selected main crops in the study area:

The criteria selection and development for suitability assessment in the study area
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have been divided into two ways: physical land suitability evaluation and then social-

economic, environmental suitability evaluation.

The following physical factors: soil unit type, soil texture, soil effective depth and soil
slope degree were used for considering and calculating to address the physical land

suitability.

3.4 Selecting methods of Evaluating Potential Land Suitability

In Vietnam’s current land evaluation practice, several methods of evaluation are being

applied:
- The method of land evaluation of Russia and Eastern Europe.
- The method of land evaluation of the USA, France, UK, Canada.

- The method of land evaluation of the FAO.

The process of land evaluation was launched by the Vietnamese National Institute of
Agricultural Planning and Projection (NIAPP) under the MARD (Code 10TCN 343 -
98).

The various methods of land evaluation mentioned above have their own pros and
cons. Therefore, the selected method of assessment depends on the practical

conditions of the region and the inputs for the land evaluation.

Land evaluation method of the FAO has gained its popularity among the scientists
thanks to its advantages. This method can be applied to many different regions and

many different countries in the world.

However, one limitation of the method is that it has not given the detailed land
evaluation for region levels equivalent to districts and communes in Vietnam.
Besides, this approach requires pedagogical documents built on the basis of

classification by the FAO that almost all provinces in Vietnam have not provided yet.

The procedure of land evaluation with Code Number 10 TCN 343-98 introduced by
NIAPP under MARD relies on the basic method of land evaluation of FAO with some

adjustments and improvements that are applicable to existing conditions in Vietnam.

42



This procedure can be used for the land evaluation on both detailed and general

levels.

Based on the selected method of land assessment, we conducted land evaluation
according to natural, economic and social characteristics, organized discussions
among experts (by ministries and sectors related to the purpose of land use) and
conducted inside surveys and outside surveys to supply and clarify additional

information.

In addition, thematic maps were built as a basis to overlay the map of land mapping
units. Types of land use were specified to analyze and assess economic, social and
environmental benefits of land use types according to the criteria on the quantity and

quality of soil.

The requirements of land uses for each type of land use were determined in order to
assess land suitability. The final goal of land evaluation process is to determine the
appropriate level of topological specifics for each land use type. Results of land
suitability assessment play a role as important scientific bases for making proposals
on land use for the future. The mapping of evaluation on land suitability of each land

plot was also done.

3.5 Modeling the Agricultural Land Use Planning Process

When building the LUP model we should focus on the suitability, feasibility,
practicality and sustainability. Land use on a sustainable basis should satisfy three
requirements: economically sustainable in terms of plants that achieve high economic
efficiency and are accepted by the market; environmentally sustainable in terms of
being able to prevent degeneration of land and protect the natural environment;
socially sustainable in terms of attracting workers and ensuring that social life
develops. The modeling below adapted from the proposal modeling method by
Nguyen H. T. et al (2006).

To choose the appropriate formula for cultivation in accordance with the land’s
conditions and also to reach the desired efficiency, a multi objective optimization

model needs to be addressed while considering the three following objectives:
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- Economic Efficiency
- Land Suitability

- Sustainable Environment

The entire area of cultivated land is divided into M types. Also from results of the
research on allowed cultivation on that land, N different formulas of rotation
cultivation are assessed at L levels of suitability. For the sake of simplicity, L can be
set equal to 2: the level of suitability is 1 if the cultivation flow is appropriate,

otherwise 2 if the cultivation flow is less suitable.

Consider decision variables xijk denoting the area under cultivation formula i (i = 1,

2... N) With the suitability level j (j = 1, 2) and the land type k (k =1, 2... M).

Also, consider coefficients aijk related to decision variables xijk in type k land area.
The value of aijk can be determined as: aijk =0 if the cultivation formula i is not
applied to land type k and aijk =1 otherwise. Besides, let bk be the total area of land
type k withk=1,2... M.

Therefore, the binding conditions or the constraints of the LUP multi objective

optimization model can be stated as follows:

N 2
> Nay, x=b (k=1,2,..,M)
i=1 Jj=1

X, >0 Vi,Vj,Vk

ijk —
Consider cjjx the profitability multiplier on an area unit of land type k under
cultivation formula i with the suitability level j, the objective set on economic
efficiency is written as follows:

M N 2
Z Z Zcukafjkxuk — Max

k=1 i=1 j=1
To maximize the general suitability level, it is needed to maximize the total area of
the rotation cultivation with the suitability level 1. Therefore, the following objective
on the total level of suitability is stated:

M N
Z z A X i — Max

k=1 i=1
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One more objective to be considered is the objective set for optimizing the total
environmental effect of the crop rotation and land use. It is needless to mention that
this is a practical problem of great importance. However, environmental effects are

always difficult to quantify.

The environment related multiplier for different rotation cultivation formula is
determined by analyzing experts’ opinions. Each expert will give his/her assessment
of the environmental effect for cultivation formula i using the ranking system:
Excellent, Good, Fairly Good, and Poor. These rankings are then quantitatively
evaluated as 100, 75, 50 and 25 points, correspondingly. Percentages of the opinions
for each evaluation level will be considered as experimental probabilities. Therefore,
each rotation cultivation formula will correspond to a pair of numbers (m;, o;) in
which m; is expected value and o; is the standard deviation of the experimental
probability distribution obtained for the environmental-related multiplier. This

multiplier can be considered as a random variable with normal distribution N (mj, o).

For the sake of computational simplicity, the random variable with normal
distribution N (m;, oj) as obtained above will be converted into triangular fuzzy

number nN’li: (m; - 30, mj, m; + 3G;).

The objective for optimizing the total environmental effect can now be represented as

the following objective with fuzzy coefficients m; :

M N
2 D D ay,x,, —Max

2
k=1 =l j=

This objective with fuzzy coefficients can be treated as a pair of a crisp objective and

an additional binding condition as follows:

m; a;; x;;,, —>Max

=
i
i

M=
M=
MN

J

M N
z z Z(mi_gi)aijk X 2€

2
k=1 =1 j=1

Here, &; can be any value that satisfies the conditions: 0 < &; < 3o, usually we set &; =

90% x 3oj or g = 2.7 o;. The value for the parameter e can be selected by the
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decision maker using appropriate information derived from the above model (such as
information derived from the pay-off table); e is often called the minimum acceptable

threshold.

In summary, the LUP model is stated as the following multi objective optimization

model with three objectives:

Subject to the constraints:

N 2
> D a x,=b, (k=1,2,..M)

=l =l

M N 2
Z Z Z(mi_gi)aijk X 2€

>0 Vi,Vj,Vk

The above multi objective optimization model with 3 objectives can be solved by the
decision maker - computer interaction method to help the decision maker gradually
learn and adapt to the information provided by computer in response to the decision
maker adjustment in each iterative interaction steps in order to eventually arrive at the

most satisfying solution.

The working of the interaction method for the multi objective optimization model

with n objectives can be described in more details as follows:

First, the objectives of the model are converted to the fuzzy goals that reflect the
aspiration level of the decision maker. This is a very reasonable approach because the
different goals which are quantified using different measurement units can now be

quantified by a common unit measurement system that evaluates the satisfaction level
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of the decision maker. It is a special advantageous feature of fuzzy optimization

among many other advantageous features.

Second, when considering each goal with the common binding conditions as
mentioned above, the model will provide an optimal solution. However, if we
simultaneously consider many goals, a solution that is optimal for one goal may not
be certainly optimal for the remaining goals. Therefore, the decision-maker should
determine an appropriate utility function for each goal. Based on the utility functions
thus determined, an aggregation utility function will then be constructed in an
appropriate way depending on the decision maker preference. Thus, each iterative
interaction step has its aggregation utility function to be optimized to provide an
optimal solution. The information of the obtained optimal solution provided by
computer can be used by the decision maker to make adjustment in the next iterative

interaction step.

The utility function for each goal (say, it goal) may be determined as follows:

Z.-7Z"
(Z)=———"——> Max
ﬂz( l) ZB_zw

1 1

Where, Zf is the best value of Z; and Z l.W is the worst value of Z; (1= 1, 2... n).

Based on the utility functions determined as above, an aggregation utility function is

to be constructed using the weighted function approach:

Z=> wu,(Z)—> Max

i=1

Where wi, i =1, 2... n, satisfy condition: 0 < w; <1 and Zn:wi =1.

i=1
The multiplier w; is called the weight that reflects the importance of i utility function
in the aggregation function. Now, instead of the multi objective optimization model
(in our LUP model there are three objectives with a set of constraints as stated above),
we have a single objective optimization model subject to the same set of constraints,
which can be solved by a suitable optimization technique (in case the model is linear

programming model it can be solved by the well-known simplex method).
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By changing in each iterative interaction step the values of weights, different alternate
optimal solutions can be obtained to replace each other. Changing the weights
depends on the decision-maker, or a group of experts. This solution process enables
the decision maker to finally arrive at an optimal solution that is the most desirable

land use and crop rotation decision in LUP for sustainable development.

3.6 Algorithms for the Optimization Model of Determining the Crop

rotation Initial Step

Enter data for the objective function Z; (i =1, 2, 3) and M binding conditions.

Solve the linear programming problem obtained for each objective function with the
M initial binding conditions (without the additional binding condition) to get the

alternative optimal solutions X, X, Xs.

Calculate the value of the objective function at the alternatives solutions X;, X,, X3
and form the pay-off table to determine the value of Z”and Z! for i goal,i=1,2

and 3.

Set the additional binding conditions:
M N 2
z z Z(mz =&)X,y 2€

With e=Z) +&(ZF -2")

Identify utility function for each objective based on the information derived from the

pay-off table:

(Z,- 7))
’Lll( l) ZiB_Zl-W

i=1,2,3.

Based on the above utility functions, build an aggregation utility function Z to be

maximized:
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Z=wi(Zy) + wapa(Z) + wips(Z3) >Max

Where wi, wy, ws are the weights reflecting the importance of the corresponding

utility function in the obtained aggregation utility function.
Iterative Interaction Step

(Consider the k" iterative interaction step)

Sub step 1

Enter the weights wy, w», w; that satisfy conditions:
wi+wy +ws=1and 0 <wy, wp, wz < 1.

Sub step 2

Solve the linear programming problem
Z=wp(Zy) + wWapa(Zz) + wips(Z3) >Max

Subject to M initial binding conditions and the additional binding condition, the

optimal solution obtained is denoted by X (k).

Calculate the value of the objective functions Z; as well as that of the utility function
ui (Zi), 1=1, 2, 3 and provide the obtained information to the decision maker. If the
decision-maker is not satisfied with some of these values, X (k) is not the satisfying

solution, go back to sub step 1.

Otherwise, if the decision maker is satisfied, the optimal solution X (k) is selected as

the most desirable solution
Sub step 3
Stop.

The above algorithm can be extended to solve the LUP optimization model with n
objectives. As for the objectives with fuzzy coefficients, the above approach for

determining the minimum acceptable threshold may be applied.
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Instead of the replacement process as described above when X(k-1) is replaced by
X(k), another approach may be considered: All optimal solutions obtained in iterative
interaction steps are retained for a group of experts to conduct a group decision
making process in order to select a most desirable solution. For reference, it is
meaningful to read about similar algorithms for multi-objective optimization in

Mohan and Nguyen Hai Thanh (2001) and Nguyen Hai Thanh et al (2006).
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CHAPTER 4

COUNTRY BACKGROUND AND STUDY AREA

4.1 Country Background

4.1.1 Vietnam Geographical Overview

Vietnam is located in the centre of Southeast Asia, comprising the eastern boundary
of the Indochinese Peninsula, with a natural area of about 330,000 km. The country
borders China to the north and Lao PDR (Laos) and Cambodia to the West. Vietnam
lies competently within the tropical belt of the Northern Hemisphere, extending over
15° of latitude. On one end it is approximately 8° from the equator, and on the other it
is close to the Northern Tropic. The country stretches from its furthest point north at
2322 N on the Dong Van Plateau, to its furthest point South on Ca Mau cape, at 8%30
N, while its westernmost point is 102°10 E at Khoang La Xan mountain Muong Te
district in Lai Chau province, and the easternmost point at 117°21 E on the Truong Sa
archipelago. In the east and the South Vietnam faces the Eastern Sea, the Gulf of Bac
Bo, and Thailand. The coastal zone from Mong Cai at the border with China to Ha
Tien is 3,260 km long. The country measures 50 km at its narrowest point in the
Quang Binh province and 600 km at its widest point between Mong Ca and the

Vietnam-Laos border.

Vietnam is at the crossroads of several natural systems. It possesses great diversity in
geology, terrain, climate, hydrology, soil types and fauna. The territories are criss-
crossed with mountain ranges and high hills, presenting substantive obstacles to

human access and thus constraining economic development. The mountainous areas
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are also characterized by low population density and high rates of poverty. However,

they are often rich in minerals and hydroelectric potent as well as forest products.

In the past several years, Vietnam's socio-economic situation has improved
tremendously. However, environmental degradation and pollution associated with
economic growth have grown at an equally rapid pace. In particular, environmental

problems related to forest degradation are among those that have had the most adverse

impacts on the largest scale.

Table 4.1 Land status in Vietnam

No. Land Classification Area (ha)
1 Agricultural land 22,948,700
1.1. Agricultural production land 9,037,800
- Paddy land 4,039,400

1.2. Forested land 13,889,500
- Land for newly planted forests: 1,356,400

- Land for forests delimited for regeneration 1,070,900

1.3. Land for salt production 21,400
2 Non-agricultural land 3,606,000
2.1. Residential land 1,014,900
- Rural residential land: 931,200

- Urban residential land: 83,700

2.2 Land for special use 1,846,500
3 Unused land 6,369,400

Sources: Resolution 29/2004/QHI11 on LUP to 2005 and 2010 — National level.

Three-quarters of the country consists of mountains and hills. Lying between the
mountainous highlands are midlands regions which make up about one-third of the
country. The remaining areas (one-quarter) include the fertile plains formed by 15

major rivers. Amongst the major rivers are the Mekong with a drainage basin of
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72,300 km?, and the Red River which has a drainage basin of 60,960 km? within
Vietnam. The plain areas of the Mekong River Delta (MRD) in the south and the Red
River Delta (RRD) in the north, separated by 1,300 km, are the major agricultural

areas and centers of population (Linh, 2001).

The population of Vietnam is about 79.7 million and the annual growth rate was
1.35% in 2002. The majority of the population belongs to the Kinh ethnic group.
Minority groups which make up approximately 10% of the total population are mainly
located in the highland areas. Approximately 75% of the total population lives in rural
areas, and about 74% of the total labor force is engaged in agriculture (GSO, 2002).
Rural population densities average at 194 persons per km?, but vary greatly according
to region. In the Red River Delta, they range in different provinces from 893 to 1,092
persons per km®. Nearly one-third of the population of the country lives in these two
deltas. In the central highlands and the northern mountainous provinces, population

densities are lower, with fewer than 100 persons per km”.

The administrative structure of the country consists of cities and provinces. The
provinces are subdivided into districts which are further subdivided into communes

with each commune consisting of many villages.
4.1.2 Economy and Agriculture

Vietnam can be rated among the poorest countries in the world with an average
income of US$240 in 1998, or US$370 per capita (it ranked 167 out of 206 countries
according to the World Development Report 2000/2001: Attacking Poverty). In the
last ten years, the annual growth rates of GDP have surged to an average of 7- 8%; in

1995, the economy grew by 9.5% (Linh, 2001).
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Bja gidi hanh chinh (1999)

Administrative division (1999)

== Ranh gitri qubc gia  National boundary
Regional boundary
Provincial boundary |
District boundary

Natlonal capital

Fig. 4.1 Vietnam Administrative divisions, Atlas Cartographic Publishing House (1999)

In the years during which the reforms were enacted, Vietnam’s economic structure
has changed due to an increase in the diversification of industries and plants, and the

development of businesses. These changes have contributed to a transition in the
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national economic structure whereby the contributions of industry and services to the
GDP have increased, whereas, on the other hand, those of agriculture have declined

(Cuong, 2005).

100%0
90%0
80%:
70%- O Senvices
60%0-
50%:- B Industry and construction
40%:
30%
20%0-
10%6-

0%-

@ Agriculture, forestry and
fishery

in 1990 in 1995 in 2000

Fig. 4.2 GDP of the economy structure Data. Source: GSO (2003)

4.1.3 Rural Poverty

Agricultural output and productivity have risen significantly, and food security has
been achieved at the aggregate level. More people in Vietnam now have access to
basic social services including clean water, health services and education. Rural
incomes have increased, poverty has declined, and the overall well-being in rural
areas has seen considerable improvements. Indeed, in just six years, from 1992 to
1998, the number of poor people in rural areas dropped by one third (Trung, 2001).
However, poverty remains primarily a rural problem; too many rural people still live
in poverty due to a lack of resources or the absence of remunerative employment. As
the recently completed Vietnam Living Standard Survey for 1997/1998 has indicated,
a majority of the rural population has been excluded from the development process
and the benefits of economic growth. The pace of rural poverty reduction has been
considerably slower than the pace in urban areas, and poverty is still about five times

higher in rural areas than in urban areas.
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4.2 Natural Condition and Resources in the Research Area

4.2.1 Geographical Location

Tam Nong district, Phu Tho province, a rural agricultural based area located 90 km

northwest of Hanoi, Vietnam, locating at 105 08’E-10524’E and 21 13°N-21"15"N.

Total Square of this district is 15,577.69 ha, containing 4.43% of province’s square.

Tam Nong includes 19 communes and a town (Hung Hoa)
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Fig 4.3

Tam Nong
Administrative Map

Source Tam Nong Natural
Resource Department
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4.2.2 Terrain

Tam Nong district locates in midland region, sloping down from Northwest to

Southeast. Tam Nong’s terrain is divided into two main types:

Plain alluvium terrain, a fairly even and flat strip of land, is left by Hong River, Da
River and Bua River. The slope normally lowers than 3%, other part with slope from 30

to 5°

Hill and mountain terrain: terrain here is mostly hills and mountains, the slope is from

15° to 25° and over 25°.

Fig. 4.4 Tam Nong Terrain Image from Google Earth accessed on 16/04/2008

4.2.3. Climate

Considering the climate in the Phu Tho Province, Tam Nong district located in the

centre of sub-region of midland hill climate.

Total annual average rainfall was from 1,450 to 1,500mm. The frequency of local

drought and flood causes a lot of damages.
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Average relative humidity is 84%. Average temperature ranges from 23°C to 24°C.

Frost and hoarfrost rarely happen. There are two kinds of wind: southeast monsoon

and northeast monsoon.

Table 4.2 Climate Tam Nong District, Phu Tho

Average Rain Total Humidity Total Total

temperature fall Rainfall averaged  evaporation  sunny

‘C) (mm) (day) (%) (mm) hours
Jan. 15.9 8.3 11 86 23.0 18.0
Feb. 21.6 249 4 87 31.0 26.0
Mar. 20.8 58.8 17 93 15.0 26.2
Apr. 22.6 120.1 13 89 23.0 25.0
May 26.2 197.3 12 82 11.0 160.6
Jun. 29.1 171.2 15 83 104.5 195.1
Jul. 29.2 124.7 14 85 110.7 187.0
Aug. 28.7 206.9 18 87 87.6 177.3
Sep. 26.3 232.6 13 87 77.4 142.7
Oct. 24.5 50.9 6 87 67.8 117.7
Nov. 19.7 10.2 3 79 91.6 181.7
Dec. 19.1 9.5 8 82 18.0 50.8
Year 23.8 1205.2 134 85.6 660.6 1308.1

Source: Meteorological - Hydro North Vietnamese in Phu tho, 2007

Jan Feb Mar Apr May Jun

Jul

Aug  Sep

COct

@ Rain fall (mm) m Total evaporation (mMm)
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Fig. 4.5a Climatic diagram of Tam Nong in Rain fall and Total evaporation factor
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Fig. 4.5b The average temperature and rail fall changes recorded in Tam Nong
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4.2.4 Plants

In the area of hills and mountain of districts: natural vegetation of the district is 220
hectares of natural forest protection; the rest forest trees are mainly Eucalyptus, long
industrial plants such as Wax plant (Rhus succedanea L, Anacardiaceae), tea and fruit

trees.

In the plain areas and the land alternatives between hills and mountains, vegetation is

entirely short-term crops such as rice, maize, potato, peanut and vegetables

Fig. 4.6 Wax plant (Rhus succedanea L, Anacardiaceae) - the native tree with high economic

value in Tam Nong
4.2.5. Agriculture

In the process of agricultural production, people have a positive impact on land by
introducing high system cultivation and sustainable structure of production to ensure

the social life, which has contributed to increasing of land cover.

60



Fig. 4.7 Non- irrigated agricultural cultivation systems in Tam Nong.

Irrigation systems from Red River and Bua River have provided a number of

alluviums to the field, contributing to improving the fertile soil.

However, the dike protecting crops and people leads to the compensated alluvium,
which created rough areas causing interference problems for the construction of
irrigation systems. Deforestation, random forest exploitation, and any work on the hill

slopes cause the land to erode rapidly.
4.2.6 Hydrology and Water Resources

The district has three passing-through rivers: the Red River, Da River and Bua River.
The rivers play a role as drainage system, water supply and alluvium soil accretion for
the field. However, because the river flows through the narrow and hilly mountain

terrain with high slope, large floods often occur in monsoon.
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Besides, the ponds and canals also contribute actively to the production and supplying
more water in the district into the rainy season. Underground water is quite abundant

and is now being exploited through digging or drilling.
4.2.7 Landscape and Environment

The environment in the district is quite clean because it is less affected by industrial
waste. Land area is not utilized thoroughly to produce farm forestry and contribute to
covering the barren hills and mountains. Forest areas are rehabilitated; the coverage of
the forest is 23.23% in 2005, up 4.37% compared to 2000 and increased 7.31%
compared to 1995. In agricultural production, alternate cultivation methods are used
to enhance and strengthen the soil. Chemical fertilizers and pesticides that have a bad

effect on the environment are used limitedly.

4.3 Socio - Economic Conditions

4.3.1 Population and Labor

The population of the district was 81,525 people in 2005, of which 73,430 people or
90.07% of the total population were engaged in agriculture and 8,095 people or 9.93%
of the total population were in the non-agricultural sector. Average population density
of the district was 521 people per square kilomete. The rate of population growth in
2005 was 0.80%.

The district has 42,202 employees, accounting for 51.77% of the population with
30,950 people in agriculture accounting for 73.33% total employees and 6,209 people

in industrial construction services accounting for 14.71% (TSO, 2005).
4.3.2 Status of Economic Development Society

Economic growth on average in the period of 2000-2005 reached 9.4% per year
(GSO, 2005)”. In 2005, total production value of the district reached 322,043
mil.VND (fixed price in 1994), increasing 24.53% compared with 2004, and average
production value is 3,950,000 VND per person per year.
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Value of agriculture, forestry and fishing reached 158, 866 mil.VND, increasing
12.11% (compared with 2004). Industrial production and construction reached 61.274
mil.VND, increasing 14.53%. Trade services reached 101,903 mil. VND, increasing
23.67%.

In terms of economic structure, agriculture and forestry account for 49.33. Industry
and construction account for 19.03%. Trade and services account for 31.64%.
Compared with 2004, economic structure has shifted to the right direction, reducing
the proportion of the agricultural sector by 5.47%, increasing the proportion of
industry and small industry sector by 5.73%, decreasing service by 0.26%. The rate of
poverty is 7.91%, decreasing by 1.1% compared to 2004.

4.4 Land Use and Management
4.4.1 Land Management Background

In general, land management in the district has been implemented in accordance with
the law of the government. According to the report from Tam Nong Resources and

Environment department, each specific area is presented as follows:

e Issuing legal documents on land use and implementation of the documents:
Department of Natural Resources and Environment succeeded in directing the
People's Committee of the district to publish the regulations on land use and

implementation.

e Defining border, and creating records administrative border, establishing
administrative mapping: Up to date from the district to all communes and

towns, administrative records are set up for management and use.

e Managing and LUP: the District People's Committee has directed and
managed the land use plan well in the district and communes level on a regular

basis, ensuring proper land regulations.

e Managing, leasing, receiving land, and changing the purpose of land use: the

District People's Committee has successfully directed, managed the land
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closely, leased land to all the interested parties in the district, and transferred

of land use purposes.

The registration of land use rights and management of local records,
certificates of land use rights: Presently, the district has issued certificates of
land use rights for agricultural production to 15,951 households reached
96.9% of households. Land forestry reached 40.77%; and urban land reached
98%.

Statistics and inventory of land: The land inventory is examined periodically
every 5 years and annual district land statistics are supervised to ensure

objectivity and proper status use.

Financial management of land, monitoring the implementation of rights and
obligations of land use, inspection, and dispute resolution are performed well

by the district People's Committee to both commune and town level.

Management and market development of land use right in real estate market
and services on land: This is the new field; the non-regulated real estate

market will create many problems.

Survey measurement, land evaluation, assessment, industry map, current land
use status map and map of land use plans: After building the map details, the
District Committee has implemented the classification of agricultural land
(mainly based on crop productivity on the land) for the agricultural tax
purposes. The mapping of the land use and planning the land use was under
the Committee’s guidance. Collaboration with the technicians is needed to
complete the construction of maps from district to commune in accordance

with the documents and the articles in Vietnam’s Land Regulations.
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4.4.2 Current Status of Land Use

Table 4.3 Areas and Proportion of Land Use in Tam Nong in 2005

Items
1.Agricultural land
Agricultural production
Annual crops
Paddy
Wet Rice
Rice and crops
Other annual crops
Perennial industrial trees
Forest Land
Production forest
Protective forest
Water surface land for fish farming
Other Agricultural Lands
2. Non Agricultural Lands
3. Unused land

Total

VN In 2005
Code (ha) Proportion (%)
NNP 11,460.68 73.57
SXN 7,267.34 46.65
CHN 5,074.48 32.58
LUA 3,759.87 24.14
LUC 1,462.03 9.39
LUK 2,297.84 14.75
HNC 1,314.61 8.44
CLN 2,192.86 14.08
LNP 3,619.34 23.23
RSX 2,881.09 18.49
RPH 738.25 4.74
NTS 573.27 3.68
NKH 0.73 0.01
PNN 3,726.78 23.92
CSD 390.23 2.51
15,577.69 100.00

Source: Phu Tho Natural Resource and Environment Department

Tam Nong district has a natural area of 15,577.69 hectares, accounting for 4.43% of

the province’s natural area. Current status of the land use is presented below.

1. Agricultural land is occupied 73.57% of natural area, including:

e Land for agricultural production is 7,267.34 hectares, accounting for 63.41%

of agricultural land. On average, one demographic unit is 998m?2.
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e Land for annual crop is 5,074.48 hectares or 69.83% of agricultural land, on
average, one demographic unit is 697m2, in which land for wet rice growth is

3,759.87 hectares or 516m2 over one demographic unit on average.

e Perennial Plant Land is 2,192.86 hectares, accounting for 30.17% of the

agricultural land area.

e Land Forestry’s 3,619.34 hectares, accounting for 31.58% of the agricultural
land. Forest land for production is 2,881.09 hectares, accounting for 79.6% of
the forest land. Forest land for conservation is 738.25 hectares, accounting for
20.4% of the forest land.

e Agquaculture land is 573.27 hectares, accounting for 5.00% of the agricultural
land.

e Other agricultural land is 0,73hectare, accounting for 0.01% of the agricultural

land

Non-agricultural land: the area has 3,726.78 hectares, accounting for 23.92% of

the natural land.

e Land for residence is 503.48 hectares, accounting for 13.51% of the non-
agricultural land. Urban area is 26.56 hectares, accounting for 94.72% of the

land area. Rural area is 476.92 hectares, accounting for 5.28% of the land area.

Unused land: the area has 390.23 hectares occupied 2.51% natural area,

including:

e Unused land in flat terrain is 223.82 hectares, accounting for 57.35% of land

not used.

e Unused land in hills and mountains is 162.48 hectares, accounting for 41.64%

of land not in use.

e Land Stone Mountain without forests tree is 3.93 hectares, accounting for

1.01% unused land.
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Table 4.4 Area, Productivity and Crop Yield of Main Crops in Tam Nong

Crops Unit 2005 2006 2007
1. Rice
- Area ha 4,661.5 4,375.4 4,437.9
- Productivity 100kg/ha 48.8 47.9 44.0
- Crop yield ton 22,7582 | 20,946.9 19,545.0
2. Maize
- Area ha 1.572.6 1,429.0 1,587.5
- Productivity 100kg/ha 45.9 46.4 47.1
- Crop yield ton 7,224.3 6,633.1 7,477.9
3. Soybean
- Area ha 174.6 151.7 110.9
- Productivity 100kg/ha 12.6 11.6 12.7
- Crop yield Ton 219.4 175.3 140.6
4. Peanut
- Area ha 783.7 753.4 778.2
- Productivity 100kg/ha 13.6 11.9 15.5
- Crop yield Ton 1,067.4 896.9 1,203.2
5. Cassava
- Area ha 590.7 552.4 515.9
- Productivity 100kg/ha 104.3 106.1 113.6
- Crop yield ton 6,161.4 5,859.8 5,859.0
6. Vegetable
- Area ha 515.0 502.2 451.0
- Productivity 100kg/ha 128.2 113.3 118.5
- Crop yield ton 6,602.3 5,690.0 5,344.6

Source: Tam Nong Statistical Office, 2007
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CHAPTER 5

LAND MAPPING AND LAND SUITABILITY EVALUATION

Soil classification for land suitability evaluation in Tam Nong has been carried out by
the cooperation between Phu Tho’s Department of Natural Resources & Environment
and Hanoi Agricultural University. These results were used as an input for secondary
data source to analyze soil types. We also conducted some specific methods, the
results land mapping units and land suitability classification for land evaluation
following FAO guideline. These data will be collected into agricultural database in

Tam Nong for testing and assessing DSS program.

5.1 Soil Classification

Soil classification of Tam Nong district was based on the diagnostic level, diagnostic
material and natural characteristics of each soil type. Besides, the table of soil
classification and Phu Tho soil map published in 1965 with legend were referred to be
in accordance with the soil classification of FAO.Based on the description of image of
soil profile, results of the chemical and physical characteristics of soil profile were
analyzed. Each soil profile was compared with the standards and principles of soil
distribution and sub-classification to determine the soil name for each soil profile.
After that, all the maps were combined to build a comprehensive table of soil

classification of the district.

Detailed Soil Classification of Tam Nong based on the classification of FAO in
Appendix A.
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Sample of Soil Profile Descriptions ID - Tam Nong TN 08

Location: Ho truong, Vuc Truong commune, Tam Nong district. Flat terrain

Spécimens: Alluvial Soil; Plants: 2 Rice + 1 Crop.

Description of soil layers horizons

0-22cm: brown grey (7.5YR 5/2), wet, Soil
Texture Limon, blog structure, including
root of rice, clarity change layer

22-50cm: brown (7.5YR 5/3), wet, Soil
Texture Limon and sand, blog adherence
structure, including root of rice, clarity
change layer

50-85cm: brown red color (7.5YR 4.5/3),
wet, soil Texture Limon and sand,
adherence structure

85-125cm: brown red color (S5YR 4.5/4),
brown red color (7.5YR 4.5/3), wet, soil

Texture Limon and sand, adherence

structure.

Fig. 5.1 Soil Profile Descriptions

Table 5.1 The results of Soil Analysis on chemical-physical properties (TN-08)

Available .
‘ F&'Fe .
concentration  Exchange cation (mg/100g Soil Texture
Total concentration (%) . m,
Jotizor POKO soil) 100ed (%)
((m) }i_II-DO pHK(L (mg/lOOgsoil)
OC N POs KO PO, KO G Mg Na° CEC Cly Limor Sandy
0 -
2 832 791 130 0,12 0,160 1,67 40,0 799 891 227 035 11,73 774 16,0 429 41,1
»-

0 848 822 037 004 0,092 1,81 300 564 450 1,57 030 6,54 537 69 27,1 66,0

3
Ned
w
N
o0
—_
N

0,37 0,04 0,083 2,10 150 564 460 150 026 6,51 331 103 30,8 589

B @
&
)
0
to
=

034 0,03 0,075 1,20 150 564 500 181 034 746 400 11,6 53,8 34,6

Source: Analysis at Center for Soil Analysis, Hanoi University of Agriculture
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Table 5.2 Soil Types in Tam Nong

Soil Types Name Symbol Area (ha) Proportion (%)

1. Fluvisols P 3,724.85 23.88
1.1. Eutric Fluvisols P 3,539.08 22.69
1.2. Dystric Fluvisols Pc 185.77 1.19
2. Gleysols GL 672.41 431
3. Acrisols X 6,796.62 43.58
3.1. Hapli Acarisols X 248.17 1.59
3.2. Gleyic Acrisols Xg 646,.31 4.14
3.3. Feralit Acrisols Xt 5,336.33 34.21
3.4. Hapli Ferric Acrisols Xfe 565.81 3.63
4. Leptosols E 79.83 0.51

Total 15,596.92 100

Source: Phu Tho Natural Resource and Environment Department

Tam Nong
Soil Map

Data Source: Phu Tho Natural
Resource and Environment
Department and field trips.
Mapinfo Professonal 7.0

Fluvisols
Gleysols
Acrizols
Leptosols
Thin layer

Mon Inves.

Fig. 5.2 Soil Map of Tamnong District with main soil types
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5.2 Building Land Mapping Unit

5.2.1 Principles to Build Land Mapping Unit

Land Mapping Unit (LMU) is an area of land identified specifically on the land unit

map with the characteristics and nature of land suitable to different kind of land use

that have the same management conditions and same ability to produce and enrich

land quality. Based on FAO, building LMU needs to comply with the following

principles:

LMU is required to ensure the ultimate consistency or classification criteria

are to be identified clearly.
LMU needs to be presented on the map.

LMUs are to be defined simply based on characteristics observed directly on

the field.

Characteristics and nature of LMUs must be relatively stable and reliable and
they demand using land appropriately for different land use and land

evaluation.

5.2.2 Determining Factors and Classification Criteria of Building LMU

Fundamentals to Select Factors and Classification Criteria:

Based on the nature of province and the district

Existing land use type and results of analyzing investment, profits of different

land use types.

Impacts of natural conditions on productivity and requirements for land use

towards development goals.
Based on available documents and updated regulations

Based on the ratio maps used in land evaluation

Principles to identify Factors and Classification Criteria

Units of land map are required to be consistent on basic factors.

Grouping LMUs must be practical in relation with land use.
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e Units of land map are defined by the nature of soil that can be measurable,

analyzed or estimated less affected by other factors.
5.2.3 Land Suitability Classification in Tam Nong

To put the best land use options into practice, it is necessary to underline biophysical
land suitability for classifying key existing LUT. Suitability levels are expressed in
qualitative terms, namely highly suitable (S1), moderately suitable (S2), marginally
suitable (S3), and unsuitable (N) (FAO, 1976). The spatial dataset used for this

assessment include:
e Soil map 2005 (1:25,000)
e Land-use map 2005 (1:25,000)
e Topographic map 2005 (1:25,000)

e Climatic data and Census and Administrative Units

These data models were developed to provide a common design framework for key
layers of geographic information in order to promote openness and interoperability of

GIS data.
5.2.4 Select Elements and Hierarchical Criteria

The classification of soils in Tam Nong was based on the result of soil profile analysis
with reference to soil table classification of Phu Tho soil mapping and in accordance

with new classification of FAO modified for Vietnamese conditions.

Based on the status in Tam Nong and the result of land classification, the following
elements and hierarchical criteria were selected: Soils type name (G), Topographic
position (E), Slope (SL), Irrigational conditions (I), Flooding hazard (F), Effective
soil depth (L), Soil depth (D), and Soil Texture (C).

Following land suitability classification, Tam Nong has four major soil groups and

hierarchical criteria classified according to FAO.
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Topographic Map

Data Source: Phu Tho Natural
Resource and Environment
Department and field trips

Mapinfo Professonal 7.0

3%(sL4)
No investigation

=2

Fig. 5.3 Tam Nong Topographic Map

73



Table 5.3 Factors and Classification Criteria

No. Factors Classification Criteria Symbol
1 Soil types 1 Fluvisols G,
2 Greysols Gy
3 Haplic Acrisols — Gleyic Acrisols  Gs
4 Ferralic Acrisols — Ferric Acrisols Gg
5 Leptosols Gs
2 Slope 1 From 0 to less than 5° SL;
2 From 5 to less than 15° SL,
3 From 15 to less than25° SLs
4 More than 25° SL,
3 Topographic 1 Under mid slope E;
feature 2 Medium mid slope E,
3 Lower mid slope E;
4 Irrigation 1 Controlled irrigation L
régulations 2 Uncontrolled irrigation I,
3 Non irrigated agriculture I5
5  Water flooding 1 Flooding under 3 months F,
2 Flooding from 3 to 6 months F>
3 Flooding more than 6 months F;
6  Thickness layer 1 More than 20 cm L,
cultivation 2 From 15 to 20 cm L,
3 Under 15 cm L;
7  Soil depth 1 Over 100 cm Dy
2 From 50 to 100 cm D,
3 Under 50 cm Ds
8  Soil Texture 1 Sandy C
2 Limon C,
3 Clay C3

5.2.5 Results of Building Land Mapping Units.

The district has 64 LMUs that consist of 790 plots, with an area of 11,273.71 hectares.

Each plot has an area is 14.31 hectares on average. LMU No.l has an area of 3.88

hectares, the smallest and No. 60 LMU has the largest area of 2,263.86 hectares

(including 63 plots).

74



Table 5.4 Classification of LMU by Topographic Area

Topographic Number
Area of LMU

LMU

Flat-land area

High 10 1,2,3,4,5, 6,24, 33, 34, 35
7,8,9,10,11, 12, 13, 14, 15,
Average 20 16, 17, 25, 36, 37, 38, 39, 40,
41,42,43
18, 19, 20, 21, 22, 23, 26, 27,
Lower 15
28, 29, 30, 31, 32, 44, 45
Upland area
Level 1 3 46,47, 48
Level 2 4 49, 50, 51, 63
Level 3 6 52, 53, 54, 55, 56, 64
Level 4 6 57, 58, 59, 60, 61, 62

Total Area
(ha)
5,291.74

316.76

2,905.44

2,069.54

5,981.97
388.62
499.94

1,393.44

3,699.97

Propottion
(%)
100

6.00

54.90

39.10

100
6.50
8.36

23.29

61.85

The detailed and descriptive characteristics of LMU in Tam Nong were shown in

table 5.6a and 5.5b
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Table 5.5a Characteristics of Land Mapping Units in Tam Nong

Characteristics
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Table 5.5b Characteristics of Land Mapping Units in Tam Nong (to be continued)

L Characteristics Total Area
M No. of

U plots R

G E SL | F L D C

33 3 1 3 1 1 15 74.90
34 3 1 3 2 1 33 114.08
35 3 1 3 2 2 7 14.40
36 3 2 1 1 1 3 43.30
37 3 2 1 2 1 10 101.38
38 3 2 2 1 1 4 13.68
39 3 2 2 2 1 12 78.03
40 3 2 3 1 1 6 49 .42
41 3 2 3 1 2 11 98.78
42 3 2 3 1 3 1 11.39
43 3 2 3 2 1 33 192.58
44 3 3 3 1 1 11 33.83
45 3 3 3 2 1 18 68.71
46 4 1 3 1 1 27 91.07
47 4 1 3 2 1 31 226.01
48 4 1 3 2 2 3 71.54
49 4 2 3 1 2 14 59.36
50 4 2 3 2 1 24 323.56
51 4 2 3 3 2 8 71.58
52 4 3 3 1 1 1 84.40
53 4 3 3 1 2 27 332.14
54 4 3 3 2 1 2 118.45
55 4 3 3 2 2 30 560.20
56 4 3 3 3 2 5 263.86
57 4 4 3 1 1 1 88.18
58 4 4 3 1 2 61 844.70
59 4 4 3 2 1 3 308.52
60 4 4 3 2 2 63 2263.86
61 4 4 3 3 1 7 107.96
62 4 4 3 3 2 3 86.75
63 5 2 3 3 2 3 45.44
64 5 3 3 3 2 4 34.39
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5.3 Determination of Land Use Types in Tam Nong

Following Land Suitability Classification and LMU in Tam Nong, LUT were detailed

determining below:
5.3.1 Determination of Land Use Types

The terms “land unit” (LU), “land utilization type” (LUT) and “land use system”
(LUS) have been widely accepted since their introduction by FAO in the 1970s (FAO
1976). When applied in the context of land evaluation, they have been effective in
illustrating that the same type of soil can function in different ways depending on land
use. The functioning of soil is considered often in a broader context than solely the
production of crops. In many countries, environmental laws have been enacted calling
for sustainable forms of land management, implying the realization of economically
and socially acceptable production levels in production systems that are in harmony

with nature and the environment (FAO, 1993).

Land use type is a special type of land use described by unique characteristics. In
agricultural production, land type use is defined as a form of using land to produce

one or a group of plants or animals in the cycle for one year or multiple years.

Such type of land use can be known broadly as the region for agriculture as follows:
e Delta areas: those focus on growing rice and rice with dry plants,

e Hills and mountainous areas: those are suitable to grow annual crops and

perennial industrial trees.

Bases to determining LUTs are as follows:

e Current situations of land use, production results, and available research

results.

e Nature conditions suitable with requirements of generating and developing

plants.

e Land use types are required to be suitable with economic, political, and social

developments of research areas.
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5.3.2 Result of Determining LUTs in Tam Nong

Based on results investigated by farmer households of land use conditions to define a

number of land use type on Tam nong district as shown in Table 5.6:

Table 5.6 Status of Land Use Type in Tam Nong

No | Land Use Type LUTSs ( Land Utilization Types)
1 |2Rice+ 1 Crop Spring Rice + Winter Rice + Winter Maize
Spring Rice + Winter Rice + Winter Potato
Spring Rice + Winter Rice + Spring Tomato
Spring Rice + Winter Rice +Soybean
Spring Rice + Winter Rice + Winter Vegetable
2 | 1 Rice + 2 Crops Spring Peanut + Winter Rice + Winter Maize
Spring Soybean + Winter Rice + Winter Maize
Spring Vegetable +Winter Rice +W. Vegatable
3 |2 Rice Spring Rice + Winter Rice
4 | 1Rice+ 1 Crop Spring Peanut + Winter Rice
Spring Soybean + Winter Rice
5 | I Rice + 1 Fish Spring Rice +Fish
6 | Vegetable Varied Vegetables
7 | Crops Spring Maize + Summer Soybean + Winter
Maize
Spring Peanut +Summer Soybean+ Winter Maize
Spring Maize + Winter Maize
Spring Soybean+ Winter Maize
Cassava
8 | Perennial industrial trees | Waxplant*
Tea
9 | Fruit crops Mango, Litchi,
10 | Agro—Forest trees Fruits + Planted Forest
11 | Forest trees Planted Forest
Natural Forest

* Rhus succedanea L, Anacardiaceae tree.
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Tam Nong
Land Use Map

Data Source: Phu Tho Natural
Resource and Environment
Department and field trips
Mapinfo Professonal 7.0

;l Rice

Crops

I:I Fruits
I:I Vegetable

I:I Agro—Forest
River, pond

Fig. 5.4 Present Land Use Type Mapping in Tam Nong
5.3.3 Analyzing Economic Efficiency of Land Use Types

Based on LUT, a survey on analyzing economic efficiency of LUT models on soils
and LMU was conducted relying on the criteria including productivity, material costs,
production costs, total revenue, net income, and efficiency of capital. The criteria are

based on per hectare, in which:

e Total value of product (total revenue): This is the value obtained per year and
calculated by the product of the crop production and the selling price at the

calculating time.

o Cost of material: It includes the cost of seed, fertilizer, pesticide, etc.; this
criterion only reflects the requirements of money invested by one unit area per

year.
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e Production costs: It includes costs of irrigation fees, agricultural services,

grubbing land costs, transportation costs when harvesting and other costs.

e Total cost: It includes all costs (material and production costs) per one unit

arca.

e Net income: also known as actual income, calculated by subtracting the total

value of product from the total cost excluding the cost of labor.

e Efficiency of capital: It is calculated by net income divided by total costs.

The criteria of analyzing economic efficiency to assess and select the types of land

use are divided into five levels: very high, high, medium, low, very low. They are

explained in Table 5.7:

Table 5.7: Division of Criteria on Assessing the Economic Efficiency of Land Use Types

The level Total cost Total Net income | Efficiency
of assessment | Symbol (Mil income (Mil. VND) | of capital
VND) (Mil. VND) (times)
Very High VH >20 >30 > 20 1,5
High H 15-20 25-30 15-20 1,2-1,5
Medium M 10-15 20-25 10-15 1,0-1,2
Low L 5-10 15-20 5-10 0,8-1,0
Very Low VL <5 <15 <5 <0,8

(The fixed prices in 2005)

The types of land use in Tam Nong district require different levels of investment

costs, total income, working day value or efficiency of capital.

The types of land use with the product value from High to Very High are the land use

types cultivated 3 times per year, the type specializing in vegetable cultivation and

type of land use of 1rice +1fish; the types of land use for planting wax plant, tea, fruit

trees giving average income, but very high working day value. Three types of LUTs

are often integrated with the LUTs of forestry into an agro-forestry model aiming at
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high level land protection, land erosion resistance and ecological environment

protection. Such LUTs are constantly used by farmers.

However, for some LUTs with low efficiency such as planting cassava in hills with

high slope, or the LUTs for one rice crop only, it is necessary to recommend farmers

that they shift plant schemes of highly effective and more sustainable land use types.

At the same time, the evaluation on economic efficiency of land use types shows that

the costs of agricultural materials in 2005 increased significantly while the prices of

agricultural products decreased considerably. As a result, the effectiveness of capital

in agro-forestry production was not very high, which caused many difficulties for

farmers.

Table 5.8 Economic effectiveness for LUTs

(S: spring; W:winter; unit 1000 VND)

Total Cost Net | Eff. of

No Land Use Types Value 7 otal | Material| Produc_ income | capital
product cost | cost |tion cost {times)

1 2 3=4+5( 4 5 6=2-3 | 8=6/3

1 S.Rice+ W. Rice + W. Maize 41696 21802 13537 8265 19894  0.91
2 S.Rice + W. Rice + Vegetable 40909 20390 12283 8107 20519 1.01
3 S.Rice + W. Rice + S. Tomato 37714 19988 11863 8124 17726  0.89
4 S.Rice + W. Rice + W. Vegetable 50351 21497 12846 8651 28854 1.34
5 S.Rice + W. Rice +Soybean 37222 19489 11755 7734 17733 0.91
6 S. Peanut + W. Rice + W. Maize 34583 18495 12203 6292 16088  0.87
7 S. Soybean + W. Rice + W. Maize 33682 18255 11012 7243 15427  0.85
8 S. Vegetable +W. Rice +W. Vegatable 48384 22502 15029 7473 25882 1.15
9 S.Rice + W. Rice 29109 16072 9520 6552 13037  0.81
10 S. Peanut + W. Rice 21995 12768 8187 4581 9227  0.72
11 S. Soybean + W. Rice 21094 11454 6996 4458 9640  0.84
12 S. Rice +Fish 50744 17771 9230 8541 32972 1.86
13 S. Rice 15341 6278 3236 3042 9063 1.44
14 W. Rice 11801 8037 4761 3276 3765 0.47
15 Vegetables 39829 21697 15402 6295 18131 0.84
16 S. Maize + Summer Soybean + W. Maize 33289 14875 10268 4606 18414 1.24
17 S. Peanut +Summer Soybean+ W. Maize 29716 13877 9679 4198 15839 1.14
18 S. Maize + W. Maize 25175 11458 8033 3425 13718 1.20
19 S. Soybeant W. Maize 20701 9146 6252 2893 11555 1.26
20 Cassava 6475 2627 1943 684 3847 1.46
21 Wax plant 20488 2022 548 1474 18467  9.13
22 Tea 17111 8120 6938 1182 8992 1.11
23 Fruit crops 22328 10012 7204 2808 12316 1.23
24 Forest Trees 33984 6696 5011 1685 27288  4.08

Note: Combined and calculated from the field survey results.
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Effective social indicator is difficult to be quantified. Thus, within our research topic

we use a number of comparative results from surveys in the research area including:
e The ability to attract workers and provide jobs.

e The ability to coordinate with the market demands of the types of land use at

the present and in the future.
5.3.4 Analyzing Environmental Impacts of Land Use Types
5.3.4.1. Erosion Hazard

Tam Nong, a mountainous district in Phu Tho province, is a transitional region
between plains and mountainous areas. The terrain is characterized by low mountains
and high hills with high slope level that are currently exploited under the project of
reforestation and agricultural production. However, eucalyptuses and acacia are
mostly planted in the area of planted forest and cassava is grown in low and gently
sloping areas. Consequently, erosion still happens, which decreases soil fertility and

causes the gradual erosion of soil leading to a reduction in agricultural land.
5.3.4.2. Flooding Hazard

As Tam Nong district is located in the transitional area between the delta and the
region of hills and mountains, some low lands are often waterlogged. During the rainy
season, this area is flooded with the water flowing from the Red River and Bua River,
which has affected agricultural production. Currently, a part of this area is utilized for

fish farming or rice- fish rotation.
5.3.4.3. Pesticides and Diseases

In recent years, the local people have been aware that using some pesticides in the
production has harmful effects, which not only degrades the product quality but also
contaminates water, soil and air. Thus, they are gradually using pesticides more
properly and tend to use biological products instead because those substances are

friendly to the environment.
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5.3.4.4 Conditions for Fertilizing

Currently, the majority of farmers often abuse these chemical fertilizers in agricultural
production, which results in a decrease in soil fertility. Therefore, we need to
encourage them to further apply the scheme of legume rotation and use more organic

fertilizers and microorganism fertilizers to grow plants.
5.3.4.5 Soil Toxicities by Industry

Although environmental impacts of industrial and small-scaled industrial production
and services are not drastic as those of large-scaled factories in the district, some areas
are suffering from the exhaust gas released from Lam Thao Fertilizers and Chemicals
Company. Several small-scaled industrial units such as machine repair and
maintenance, food milling and processing, brick and tile production were established
in residential areas. In addition, domestic waste is considered as an agent that has a
direct impact on the environment. Thus, it is important to make an appropriate land
planning for the construction and distribution of industrial parks, small-scaled

industrial units and to introduce waste treatment systems for sewage disposal.
5.3.5 Analyzing Social-Economic Factor Impacts of Land Use Types.

Tam Nong is a mountainous district where the three rivers, Red River, Da River and
Bua River pass through. This region is endowed with fertile soil and rich human
resources. These characteristics create favorable conditions for the development of
agriculture sustainability and food security. The region provides crops for agricultural
product processing. Currently, a number of models with different types of land use are
applied to bring out high economic efficiency and generate more job opportunities for

the majority of idle labor force.
5.3.6 Selecting Land Use Types

The selection of Land use types in Tam Nong could be based on the analysis on
economic efficiency, social and environmental impacts as well as other specific

conditions in Tam Nong district.
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e Economic efficiency of land use types: Economic profits of households are
measured on the system of economic indexes of land use types such as total
costs, total income, net income, the effectiveness of capital. The land use types
selected must have at least three quarters of the above-mentioned indexes

attained at an average level.

e The suitability of land use types to environment: Selected land use types must
create a proper land use system in which soil fertility can be improved and
maintained, erosion and land degradation or negative impacts on ecological

environment can be avoided.

e The land use types selected must be approved by farmers, which means they

are suitable to the economic condition and production level.

e The land use types selected must be easy for applying scientific and

technological advances into production.

e The land use types selected must coincide with the district’s planning and
socio-economic development objectives and simultaneously must be in
accordance with socio-economic and environmental development planning of
Phu Tho province in the period of 2000-2010 and the 2020 vision. Choosing
land use types have to develop the potential of land use types in order to speed
up their economic development towards sustainability with an emphasis on the
development of industries and services to convert Tam Nong district into a

developed area of the region and Phu Tho province.

5.4 Assessment, Classification of Land Sustainability.

5.4.1 Determining land use requirements of land use types.

Requirements of land use are determined by characteristics and qualities of different
types of land. Each type of land is only suitable for one or several types of land use.
Therefore, it is essential to determine the land use requirements of each land use type.
Land use requirements of land use types are divided into three groups of criteria as

follows:
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5.4.1.1 Land use Requirements of Plant Growth

Each plant has its specific requirements to ensure enough nutrition to grow including
soil type, relatively slope of terrain, irrigation, and soil quality. To determine the
exactly requirements of land use for each type of plant, it is necessary to make a
thorough study of the collected research material consulting specialists the

agronomists and local people.

In general, the soil in Tam Nong (based on the research results of soil classification)
includes many different types of soil, which creates favorable conditions for the
development of various types of plants. In the future, it is essential to pay more
attention to the application of measures that help strengthen and maintain the soil
fertility by using organic fertilizer, alluvium irrigation as well as to the rotation of

legumes and proper plant arrangement.
5.4.1.2 Land Use Requirements of Farming Management

Each type of land use requires a specific method of management, administration,
investment and expected output. These requirements have to be adapted for all types
of land use but are required to conform to economic conditions as well as the ability

to apply science and technology into the production by local people.
5.4.1.3 Land Use Requirements for Sustainable Development

The selection of land use types must satisfy requirements of stability as well as

ecological balance:

e In terms of economic sustainability, the selection of land use types should

result in high economic efficiency and meet the requirements of the market

e In terms of environmental sustainability: Land use types must protect land,
prevent it from erosion and soil degradation, and preserve the ecological

environment

e In terms of social sustainability, land use types are expected to attract
relatively stable labor resource, to utilize other available resources and on-site

local production facilities to ensure the workers’ life and social development
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Land suitability class reflects degrees of suitability. The classes are numbered
consecutively in sequence of descending degrees of suitability. Four classes are
probably the most commonly used. The following names and definitions of factor

ratings would be appropriate in a qualitative classification applied in Tam Nong:

e C(Class S1 - Highly Suitable is defined as land with no significant limitations to
sustained application of a given use or with only minor limitations that will
not significantly reduce productivity benefits and will not raise inputs above

an acceptable level.

e C(lass S2 - Moderately Suitable is defined as land having limitations, which in
aggregate are moderately severe for sustained application of a given use. The
limitations will reduce productivity or benefits and increase required inputs to
the extent that the overall advantage to be gained from the use, although still

attractive, will be appreciably inferior to that expected on class S1 land.

e C(lass S3 - Marginally Suitable is defined as land having limitations, which in
aggregate are moderately severe for sustained application of a given use and
will so reduce productivity or benefits, or increase required inputs, that this

expenditure will be only marginally justified.

e C(lass N - Not Suitable is defined as land having limitations which may be
surmountable in time but which cannot be corrected with existing knowledge at
currently acceptable cost; the limitations are so severe as to preclude successful

sustained use of the land in the given manner.
Results of Ratings of Diagnostic Factors for LUTs

Among various kinds of crops grown in Tam Nong, rice is the most important kind in
agriculture, so results of ratings of diagnostic factors for LUTs will be divided into

two groups - with Rice and without Rice.
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Table 5.9 Ratings of diagnostic factors for LUTs with Rice

LUTs

Land Use Requirements-

Diagnostic Factors

Factor Ratings

St

Sz

Ss

Rice

Crop

Soils type name (QG)

| Topographic position (E)
 Slope(SL)

Irrigational conditions (I)

| Flooding hazard (F)
| Effective soil depth (L)

Soil Texture (C)

G,

E,

I

L,

&)

Lo

G

G2, G4

I

I

Lo

G

Gs

Es3

Rice

Crops

| Soils type name (G)
| Topographic position (E)

Slope (SL)
Irrigational conditions(I)

| Flooding hazard (F)

Effective soil depth (L)
Soil Texture (C)

E,

I, I,

L,

I

L,

G

SL

L

Gs

Es3

Rice

| Soils type name (G)
| Topographic position (E)

Slope (SL)

| Irrigational conditions()
| Flooding hazard (F)

Effective soil depth (L)
Soil Texture (C)

G,

E,

I;

L,

G

G2, G3

L;

C, G

Gy

ot

L;

Rice

Crop

| Soils type name (G)

Topographic position (E)

 Slope(SL)
| Irrigational conditions(I) =~

Flooding hazard (F)

| Effective soil depth (L)

Soil Texture (C)

G,

E,

I, I

L;

E|

G,

G2, Gy

Fi

G;

E;

Rice

Fish

Soils type name (G)

| Topographic position (E)
| Slope(SL)

Irrigational conditions(I)
Flooding hazard (F)

Effective soil depth (L)

' Soil Texture (C)

G,

E;

F3

L,

&)

Gla G3

F,

G

Gy

|SLi

Fi

Ly

Gs

E
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Table 5.9a Ratings of diagnostic factors for LUT 2Rice +1 Crop

LUTs Lanq Use R?quirements- Factor Ratings
Diagnostic Factors S; S S3 N
Soils type name (G) G, G; G, Gy Gs
Rizce Topographic position (E) E, E; E;
. |Slepe(SL) ... |.SLi | SL, SLs, SLq
, | lmigationalconditions() | L | L | L
Crop Flooding hazard (F) Fi, Fo, F3
| Effective soildepth (L) | Lo | Li | Ls
Soil Texture (C) C, C Cs

Detailed description of the suitability level of LUT: 2 Rice and 1 Crop
High Suitable with Fluvisols soil types, Topographic medium mid slope, cultivation

layer thickness from 15 to 20 cm, and the average Soil Texture.

Moderately Suitable with Haplic Acrisols — Gleyic Acrisols soil types, limited
(uncontrolled) irrigation regulations, cultivation layer thickness more than 20 cm, and

the Limon Soil Texture.

Marginally Suitable with Greysols and Ferralic Acrisols — Ferric Acrisols soil types,
slope from 0 to less than 5° , Non irrigated agriculture, soil layer thickness under 15

cm and the clay Soil Texture .

Not Suitable with Leptosols soil type, lower mid slope, flooding area.

Fig. 5.5 Landscape of LUT 2 Rice + Crop (Maize) in Tam Nong (photo by Nguyen H.)
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Table 5.9b Ratings of diagnostic factors for LUT: 2Rice

LUTs Lanq Use Rt_equirements- Factor Ratings
Diagnostic Factors S; S, S3 N
Soils type name (G) G, Gy, G; | Gy Gs
Topographic position (E) E, E; E;
s} Slope(SL) ... |Sh | SLy SLs SL4
Rice |lmigationalconditions(l) _ |T, 1L L
Flooding hazard (F) F, F,, F5
| Effective soildepth (L) [Lo  |Li  |Ls
Soil Texture (C) C, | CLG

Detailed description of the suitability level of LUT: 2 Rice

High Suitable with Fluvisols soil types, topographic medium mid slope, cultivation

layer thickness from 15 to 20 cm, and the average Soil Texture.

Moderately Suitable with Greysols and Haplic Acrisols — Gleyic Acrisols soil types,

Lower mid slope, cultivation layer thickness more than 20 cm, and the sandy and clay

Soil Texture.

Marginally Suitable with Ferralic Acrisols — Ferric Acrisols soil type, under mid

slope, None irrigated agriculture, soil layer thickness under 15 cm, flooding under 3

months.

Not Suitable with Leptosols soil type, slope more than 5°, floods more than 3 months.

Fig. 5.6 Landscape of LUT 2 Rice in Tam Nong (photo by Nguyen H.)
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Table 5.9¢ Ratings of diagnostic factors for LUT Rice +1Fish

LUTs Lanq Use Rt.equirements- Factor Ratings
Diagnostic Factors S; S, S3 N
Soils type name (G) G, G, G; | Gy Gs
1 Topographic position (E) E; E, E,
Rice |Slope(SL) . ... ISLi  |SL,SLs SLs
+ | Irrigational conditions(I) S B
1 Flooding hazard (F) F; F, F,
Fish | Effectivesoildepth L)  |Li_ Lo |Ls
Soil Texture (C) C, Cs C

Detailed description of the suitability level of LUT: 2 Rice and 1 Fish
High Suitable with Greysols soil types, topographic lower mid slope, flooding more
than 6 months, cultivation layer thickness more than 20 cm and the average Soil

Texture.

Moderately Suitable with Fluvisols and Haplic Acrisols — Gleyic Acrisols soil types,
flooding from 3 to 6 months, cultivation layer thickness from 15 to 20 cm, and the

clay Soil Texture.

Marginally Suitable with Ferralic Acrisols — Ferric Acrisols soil type, topographic
medium mid slope, flooding under 3 months, soil layer thickness under 15 cm, and

the limon Soil Texture .

Not Suitable with Leptosols soil type, under mid slope, slope more than 5°.

Fig. 5.7 Landscapes of LUT Rice + Fish in Tam Nong (photo by Nguyen H.)
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Table 5.10 Ratings of diagnostic factors for LUTs without rice

Land use Factor Ratings
LUTs requirements- S, S, S, N
Diagnostic factors
Soils type name (G) G, G; G, Gy Gs
_Topographic position (E) | B, | E, Es
Slope (SL) SL, SL,, SLs, SL,
Vegetable "'Ifri'géﬁ(oiizil conditionsd |~ 1 T
Flooding hazard (F) F, F,, Fs
Effective soil depth (L) L, L, L
Soil Texture (C) C C, C;
Soils type name (G) G, G;Gy G, Gs
Topographic position (E) E, E, E;
Slope (SL) SL1 812 SL3, SL4
Crops Irrigational conditions(I) I I, I5
Flooding hazard (F) F, F,, Fs3
_Effective soil depth (L) | Ly L, Ly
Soil Texture (C) C] C2 C3
Soils typename (G) | G Gs, Gs Gi, G,
Perennial | Topographic position (E) | =~ E, Ei, By, Es
industrial | Slope(SL) | SL,,SL, | SL; SLy4
trees Irrigational conditions(l) | T, [ LI
Flooding hazard (F) | = Fi, Fo, Fy
_Effective soildepth (L) | D, | Dy D;
Soil Texture (C) (o} C;
Soils type name (G) Gs, Gs G,
_Topographic position (E) E, E;
. Slope (SL SL; SL,
e i |
Flooding hazard (F) | = Fy, Fy, Fs
_Effective soil depth (L) | D, D, D;
Soil Texture (C) C, C; C;
Soils type name (G) Gy G, Gs, Gs G,
_Topographic position (E) E, E, E;
Agro-forest | Slope (SL) SL,, SL, SL; SL,
trees Irrigational conditions(I) I I, Iz
Flooding hazard (F) Fi, F,, F3
Effective soil depth (L) D, D, D;
Soil Texture (C) C, C, C;
Soils type name (G) Gy G, G3, Gs G,
_Topographic position (E) | | E E E;
Slope (SL) SL], SL2 SL3 SL4
It fiieros Irrigational conditions(I) I I, I5
Flooding hazard (F) | = . Ey, By, Fs
_Effective soil depth (L) | D, | Dy D;
Soil Texture (C) C2 C1 C3
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Table 5.10a Ratings of diagnostic factors for LUT Perennial industrial trees

LUT Land Use Requirements- Factor Ratings
Diagnostic Factors S; S S3 N
Soils type name (G) Gy Gs, Gs G, G,
Perennial | Topographic position (E) E; Ei, Es, Es
industrial | Slope (SL) SL,, SL, | SL; SL,4
trees Irrigational conditions(I) L I, I
Flooding hazard (F) Fi, F,, Fs
Effective soil depth (L) D, D, D;
Soil Texture (C) C, C, C;

Detailed description of the suitability level of LUT Perennial industrial trees

High Suitable with Greysols soil types, Topographic lower mid slope, flooding more
than 6 months, cultivation layer thickness more than 20 cm and the average Soil
Texture.

Moderately Suitable with Fluvisols and Haplic Acrisols — Gleyic Acrisols soil types,
flooding from 3 to 6 months, cultivation layer thickness from 15 to 20 cm, and the

clay Soil Texture.

Marginally Suitable with Ferralic Acrisols — Ferric Acrisols soil type, topographic
medium mid slope, flooding under 3 months, soil layer thickness under 15 ¢m, and

the limon Soil Texture .

Not Suitable with Leptosols soil type, under mid slope, slope more than 5°

Fig. 5.8 Landscape of LUT Perennial industrial trees(Tee+ Wax) in Tam Nong (photo by
Nguyen H.)
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Table 5.10b Ratings of diagnostic factors for LUT Fruit Crops

LUT Land Use Requirements- Factor Ratings
Diagnostic Factors S1 S, S3 N
Soils type name (G) G], G4 G3, G5 G2
Topographic position (E) E, E, E;
Fruit Slope (SL) SL], SL2 SL3 SL4
crops | Irrigational conditions(I) I, I, I
Flooding hazard (F) Fi, F), F5
Effective soil depth (L) D, D, D;
Soil Texture (C) C, C G

Detailed description of the suitability level of LUT Fruit Crops
High Suitable with Fluvisols and Greysols soil types, topographic medium mid slope,
flooding more than 6 months, cultivation layer thickness more than 20 cm and the

average Soil Texture.

Moderately Suitable with Fluvisols and Haplic Acrisols — Gleyic Acrisols soil types,
flooding from 3 to 6 months, cultivation layer thickness from 15 to 20 cm, and the

clay Soil Texture.

Marginally Suitable with Ferralic Acrisols — Ferric Acrisols soil type, topographic
medium mid slope, flooding under 3 months, soil layer thickness under 15 cm, and

the limon Soil Texture .

Not suitable with Leptosols soil type, under mid slope, slope more than 5°

Fig. 5.9 Landscapes of LUT Fruit Crops in Tam Nong (photo by Nguyen H.)
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Table 5.10c Ratings of diagnostic factors for LUT Forest tree

LUT Land Use Requirements- Factor Ratings
Diagnostic Factors S; S Ss3 N
Soils type name (G) | Gy G, G;3, Gs G,
Topographic position(E) | E; E, E;
Forest | Slope(SL) | SLy,SL, SL; SLy4
trees | Irrigational conditions(I) | I | DL, I3
Flooding hazard(F) | Fi, Fy, F;
Effective soildepth (L) | Dy D, D;
Soil Texture (C) C2 Cl C3

Detailed description of the suitability level of LUT Forest tree

High Suitable with Ferralic Acrisols — Ferric Acrisols soil types, slope level 1 to
level 2 From 0 to less than 15°, Controlled Irrigation regulations, soil layer thickness

more than 100 cm and the average Soil Texture .

Moderately Suitable with Fluvisols soil type, slope from 15 to less than25°
uncontrolled irrigation regulations, soil layer thickness from 50 to 100 cm and the

sandy Soil Texture.

Marginally Suitable with Haplic Acrisols — Gleyic Acrisols and Leptosols soil types,
slope from 15 to less than25°, soil layer thickness less than 50cm and the clay Soil
Texture.

Not suitable with Greysols soil type, lower mid slope, flooding area.

Fig. 5.10 Landscape of LUT Forest trees in Tam Nong (photo by Nguyen H.).
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5.4.2 Land Suitability Classification for Land Evaluation

Land suitability classification for land evaluation is reflected in the level appropriate
for each type of land use on the LMU. Based on requirements of LUT compared with
the characteristics on the land-mapping unit for the appropriate ratings for each land

unit map of each land use type in future classifying appropriate (see Appendix A)

5.5. Proposed Land Use Types

5.5.1. Basis of Proposed Land Use Types

The socio-economic development goals of the district in agricultural production are to
promote the development of cultivation models and animal husbandry which is
capable of improving and enriching the soil and protecting the ecological environment

to improve the performance of land use.

Types of land use are proposed to ensure the development in the immediate and long
term and to take advantage of the resources, facilities and labor resources of the
region. Selected types of land use are required to meet the criteria of sustainable

development, forming the specific-scaled production zones.

The proposed land use must be consistent with the market mechanism, which results
in effective land use, ensuring the development of various economic sectors, service

industries, and processing industries.
5.5.2 Proposal for Land Use Types in the Tam Nong District

Based on natural and socio-economic conditions as well as the above fundamental
bases, our recommendations for the land use in the Tam Nong district are shown in

Table 5.11

Thus to achieve the proposed area of land use, the district has to implement of soil
protection and soil fertility enrichment which balance economic -efficiency,

environmental protection and ecological suitability.
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Table 5.11 Proposal for land use types in Tam Nong

No

Land Use types

Factor
ratings

Area
(ha)

Land Mapping Units

1

10

NoRRCLRIBG |

2 Rice + 1 Crop

1 Rice + 2 Crops

2 Rice

1 Rice + 1 Crop

1 Rice + 1 Fish

Specialized Vegetable

‘Crops |
Perennial Indus. trees

Fruit crops

Agri + Forest Trees

Si

Si
Sa
S>
S3
Sa
S
Si
Ss
S3
Si
Sy

Sa
Sa

S|
Sa

837,95

144,68 |

25,84
185,07
457,43
11,93
160,59
7,29
110,89
1651,0
36,05
85,72
31,15

10706
12240

221,97

377,10
1589,8

8,10

12
1,6,15,17

11,13, 38, 39

25

5, 41,42

24

30, 32

19, 20, 21, 22, 23, 26, 27, 28, 29, 31,
18

7,9

16,17

234.14,16,33,34,35,40.43

47,50, 52, 54, 55
46, 48, 49
53,56

11

Forest Trees

S3

2171,0

51,59, 61, 62, 63, 64
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Fig. 5.11 Tam Nong Suitability classification Map

Tam Nong
Suitability Map

Data Source: Phu Tho Natural
Resource and Environment
Department and field trips.
Mapinfo Professonal 7.0

High Suitable

Moderately
Suitable

Marginally Suitable
Industry zone

Non Investigate

Table 5.12 Compare between LUTs in 2005 and proposed LUTSs in TamNong in terms of area

S In 2005 In Proposal Compare (+-)
Code | Area(ha) | (%) | Area(ha) | (%) | Area (ha) (%)

Total Area 15,577.69 | 100.00 15577.69 | 100.0 0 0.00
Agricultural Land NNP 11,460.68 | 73.57 10892.88 | 69.93 -567.8 4.95
Production Agricultural land | SXN 7.267.34 | 46.65 6771.83 | 43.47 -495.51 6.82
Annual crops land CHN 5,074.48 | 32.58 4623.78 | 29.68 -450.7 8.88
Paddy land LUA 3,759.87 | 24.14 3759.87 | 24.14

Rice LUC 1,462.03 9.39 1293.57 8.30 -168.46 11.52
Rice and others LUK 2,297.84 | 14.75 2297.84 | 14.75

Others annual crops land HNC 1,314.61 8.44 1314.61 | 8.44

Perennial industrial trees CLN 2,192.86 | 14.08 2138.74 | 13.73 -54.12 2.47
Forest Land LNP 3,619.34 | 23.23 3495.38 | 22.44 -123.96 342
Production forest land RSX 2,881.09 | 18.49 2744.48 | 17.62 -136.61 4.74
Protective forest land RPH 738.25 4.74 750.9 4.82 12.65 1.71
Water surface land for fishing | NTS 57327 | 3.68 639.21 | 4.10 65.94 11.50
Others Agricultural Land NKH 0.73 | 0.00 0.73 | 0.00

None Agricultural Land PNN 3,726.78 | 23.92 4316.85 | 27.71 590.07 15.83
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5.5.3 Agricultural Database in Tam Nong

Based on the above-mentioned objective and the facts of the study area, the research
puts forward the criteria to set up thematic maps and for evaluated land unit maps
include: soil classification, soil sloping, soil layer depth, soil texture, soil fertility and

current land use.

In addition to these criteria, in order to establish a more detailed thematic map, the
study also pays attention to other criteria. These data are generalized and analyzed for

the whole area without being separated for evaluated land units.

In Tam Nong district, there are 11 LUTs, each LUT has some cropping system with
totally 24 cropping systems.

The LMU was based on combinations of soil units, soil slope, soil depth, and soil
texture layers. LMUs which were identified in the Tam Nong district map and

attributed information were recorded in MapInfo software.

There are four major soil groups with 64 LMUs of 11.273, 71 ha in the research area
Tam Nong after overlaying the thematic maps: Soils type name (G), Topographic
position (E), Slope (SL), Irrigational conditions (I), Flooding hazard (F), Effective
soil depth (L), Soil depth (D) and Soil Texture (C).

Based on the survey and analysis of agricultural lands in Tam Nong, three classes are
recognized within the suitable order as can often be recommended. The following
names and definitions may be appropriate in a qualitative classification: S1, S2, S3

and N.
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CHAPTER 6

BUIDING THE DECISION SUPPORT SYSTEM

6.1 Analyzing System

6.1.1 Requirement Analysis

LUP requires a decision-making support system that meets the following criteria:
- Support the model by creating linear programming problems.

- Support the development of options by solving problems and produce solutions of

linear programming problems.
- Support the analysis of options and update the results for decision-making processes.
6.1.2 Model Description

Based on the factual data, we developed the decision-making support model including

the following components:

- Problem supporting component: this component supports the builder of the problem

and the digital data entry.

- Optimal solving problem component: this component helps the decision-maker solve

the optimal problem by using the cut method.

- Combining experts’ opinion component: this component helps the decision maker to

set up the necessary requirements and expert data and to combine the experts’
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opinions by using Delphi method which developed by Arnold Kaufmann and Madan
M. Gupta(1988) and modified by Thanh (2008).

- Reporting and implementing component: this component helps to report the final

selected option on the planning map.

Decision Support System

Fig. 6.1 DSS Data processing on a computer system using integrated software.

101



e

102

ue” Buonyd
OSDNOEL
m..”_._H O WIAEZAED
_ ol g (e TNy
elb"uadnya . elfuainys " ueoileg
u[g
uED3y 1Eq _.__m“_
Wi
e Lo
v 0T E2RWNNAZII S
S —— n._.”_._._H o
g I & QT NYCLTYE hm_
Aaquinu—Azzny [2qe[ Azzny UEL Wenqredq SR
:

QI HYDHONHE
O WwDLTvE

uebuonyd ueoieq

Fig. 6.2 Modeling of Data Entity Relationship of the collective decision making problem

adapted from Quan (2006)



6.2 Building the Decision Support System

6.2.1 Designing the System’s Interface and Main Menu.

In the research, Microsoft Visual Studio together with MapInfo MapXtreme software
are used to develop the DSS. Microsoft Visual Studio is an Integrated Development
Environment (IDE) from Microsoft which can be used to develop console and
graphical user interface applications along with Windows Forms. Map Xtreme is a
major release of MapInfo's industry leading location-based development environment
which enables the creation of custom mapping applications or map enablement of

applications and solutions in Microsoft Windows desktop and web environments.

Main Menu

The system’s interface is designed in a user-friendly manner. The system shares

certain rights to users.

The system’s interface is designed with the view on being user-friendly. The system

shares certain rights to users.

%, Team Decision System Support 100 x|

SYSTEM MAF DATABASE SOLVE EXPERT HELP

type query command
|
Excecute | Save Data | Read SQL From File | Saw
]
”Data After Filtering

Fig. 6.3a Main Menu in DSS Program
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'%; Team Decision System Support ;Iglﬂ

SYSTEM | MAP DATABASE SOLVE EXPERT HELP
|.| ORGINAL MAP

o DATA MAP

CURREMT STATE MAP

PLAMMING MAP

|DVDD  |ldat.G  |Dhtd_E  |Ddoc_SL |Cdtt_| |Cdnu_F | Dd~

20 1 3 0 0 2 2

43 3 2 0 3 0 2

43 3 2 0 3 0 2

31 2 3 0 0 3 2

31 2 3 0 0 3 2

20 1 3 0 0 2 2

43 3 2 0 3 0 2 T
Kl r _>I_I

Save |

Fig. 6.3b Manage attributed data in DSS Program

Manage Use

The administrator has the highest authority to set up the data and the problem. Users
with less power can solve the established problems and obtain the corresponding
result.

ManageUser |

—Manage User

User Name: Ia‘-\.jm nistrator o Add |
Password: | g Modify |
 Mange User ¥ Update Data U5 pelete |

¥ Create Report ¥ Read Data
W Use Aplication

|  UserName | QuyenTaoBT | QuyenChayCT | QuyenXemDL | QuyenCapNhatDL| QuyenQuanlyND
» | Administrator I v - I | A
cgl cd ¥ C [+ [+
cg2 ¥ [v r [V |
g3 v [¥ - [¥ [
opd I [ r [ ||
ogh e [¥ [~ [ |

Fig. 6.4 Manage User in DSS Program
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6.2.2 Designing Database

Data are stored in database SQL Server. The Database name is configured in file
App.Config which includes parameters as follows: Server name, Database, User,
Password. Data for the MOLP problem in LUP map data have been built by MapInfo

software together with other collected data in the district to build the decision-making

problems.
Lo
1 1
‘T Ele Action View Took \Window Help |5L Server Enterprise Manager - [Console Root\Microsoft SQL Serve
«- @M 4B XEFR @Bk NI 0BG |
EI-- Microsoft SQL Servers — Owner = =
E--ﬁ SCL Server Group = fpe
- Sy HERRMANN\MANQUANGHUY (Windows NT) Elamt1 dbo User
=] Databases arbl dbo User
=Bl donhinh CacGioiHan dbo User
.2 Diagrams CDNU dho User
--[E] Tables COTT dbo User
" Views DD dbo User
: DDTCT dbo User
DDTD dbo User
DHTD dbo User
I diproperties dbo System
[ Defaults HieuQuakinkTe dbo User
%‘ User Defined Data Types HieuQuakT dba User
- User Defined Functions o dba User
master mt1 dba User
mzddljl th dba User
'I--- NerHsing _ILI E]IMT_Tamnong dbo USEF_ILI
o I | >
| |

Fig. 6.5 List of table in Databases in SQL Server Enterprise Manager

The Maplnfo data and data collected are dynamic, which means they do not follow a
standard data field, since designing a standard database is a difficult task. As a result,

a dynamic database is designed in this study.

Administrator users can create other necessary database tables within their
application. Only the administrator is able to create tables and data query command to
support the MOLP problem. Other users involved only in solving problems to select

an appropriate decision.

The main data tables are described as follows; other data tables can be created to

support data processing and decision making.
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Table Properties - Vung_TNong x|

General I
&'—E‘E Name: Yung_TMong Pemissions... |
Owner: dba
Create date: 27.05.2008 15:55:10
Filegroup: PRIMARY
Rlows: 1535
Calumns:
Key |ID |Name |Data Type |Size{F‘recision.Sc...|NuIIs |:|
Dhtd_E it 4 o
Ddoc_SL it 4 v i
Cdtt_| irt 4 E’J
Cdnu_F irt 4 v
Detct L it 4 v i
Datd D int 4 W
Tpeg_C irt 4 v =
4 | _*I_I

ok | camcel | seh | e |

Fig. 6.6 Table Properties on SQL Server 2000 with database in TamNong.
Data obtained from the files of map data (MapInfo) in Tam Nong district have the
following columns:
e Objective (Muctieu) X, X,... X, muctieu
e Constraint (Rangbuoc) X, X;.. Xy, bj

e TamNong Obj, ID, DVDD (LMU), Ldat G (Soil type), Ddoc SL (Slope),
Ddctc L(Thickness layer -cultivassions), Ddtd D (Soil depth), Tpcg C (Soil
Texture)..,

The program can get data from GIS software (Maplnfo) and show base map and data

from MapInfo and SQL Server with the same file name *.tab
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_lolx]
SYSTEM MAP DATABASE SOLVE EXPERT HELP
8| % v
Data Map |
Obj ID |/|DVDD |Ldat_ G |Dhtd_E |Ddoc_S |Cdtt_| |Cdnu_F =
b MultiPolygon 0 20 1 3 0 0 2
MultiPolygon 0 43 3 2 0 3 0
MultiPolygon O 43 3 2 0 3 0
MultiPolygon O 2 2 3 0 0 3
MultiPolygon O K] 2 3 0 0 3
MultiPolygon O 20 1 3 0 0 2
MultiPolygon 0 43 3 2 0 3 0
MultiPolygon 0 14 1 2 0 3 0 =~
1| | r
Save |

Fig. 6.7 Getting data from Maplnfo Professional version 7.0

After being shown data on Data Grid is stored into database by clicking on save as

database button. Data after shown on the Data Grid could be saved in a database by

clicking on the left menu Save Data to Database.

1o
SYSTEM MAP DATABASE SOLVE EXPERT HELP
8|8
Filter Data |
—Database —type query command
&l Database: donhinh ﬂ Iselect*from MT_Tamnong

- Table: mt1 I

Ef- Table: b1 Excecute | SaveData | _ Read SQLFi

- Table: SP_Test12 T

& Table: LD —Data After Filtering

#- Table: SP_Test13

e Table: MT_Tamnong —

. @-Name Column: X_1_2_5 S X125 [Xx126 |Xx213 |X
--Name Column:X_1.2 6 10941 6235 27746 14
&-Name Column: X_2_1_3 0 0 1 1
e Rl e oy L 1RG0 2?93 1R2 nr

1| | _>|_I 4 | 3

Fig. 6.8 Data filter Interface on the System Program
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Processing

by GIS Tam Nong

software . databases and agro-
{MapInfa) F . information system

Data processing Decision
on a computer making based
system, using an oh experts’
integrated evaluation
software

Alternative Solutions

3

Selection of the most
rational SoItion g a———

Fig. 6.9 The diagram of the DSS data processing on a computer system using an integrated
software in Tam Nong
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6.3 Modeling Problems of Land Use Planning for Tam Nong

When building the LUP model we should focus on the suitability, feasibility,
practicality and sustainability. Land use on a sustainable basis should satisfy three
requirements: economically sustainable in terms of plants that achieve high economic
efficiency and are accepted by the market; environmentally sustainable in terms of
being able to prevent degeneration of land and protect the natural environment;
socially sustainable in terms of attracting workers and ensuring that social life

develops.

To choose the appropriate formula for cultivation in accordance with the land’s
conditions and also to reach the desired efficiency, a multi objective optimization

model needs to be addressed while considering the three following objectives:
- Economic Efficiency
- Land Suitability

- Sustainable Environment
6.3.1. Decision Variables

In Tam Nong district six goals of land use with 11 major land use types were defined.
After classifying land suitability for each type of land use, we conducted the grouping
of LMU based on the level of appropriate LUTs by use purpose, there were total 11
groups (see table 5.11).

Based on the results of identifying land use type, evaluating and classifying land
suitability and land purpose, the decision variables X; (i = 1, 2, ..., n) are different

areas to be determined with 3 levels of land suitability and 11 land use groups.

6.3.2 Coefficients of the Problem

Coefficients of the problem are that of decision variables in the objective function and
some constraints which are calculated with the results obtained from analyzing
current status of land use and grouping of land suitability in Tam Nong district

(results have been presented in Chapter 5)
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Through the land classification research in Tam Nong district, the entire area of
cultivated land is divided into M types. Also from results of the research on potential
cultivation on that land, N different formulas of rotation cultivation are assessed at L
levels of suitability. For testing program in Tam Nong, we choose M=11, N=24, and

L=3 based on the information in the tables 5.8 and 5.11 in chapter 5)
6.3.3 Identify Constraints

Based on the selected variables for testing Program in Tam Nong, we have formulas

of Identify Constraints as follows:

Consider decision variables xijk denoting the area under cultivation formula i (i = 1,

2... 24) with the suitability level j (j =1, 2, 3) and the land type k (k=1, 2... 11).

Also, consider coefficients aijk related to decision variables xijk in type k land area.
The value of aijk can be determined as: aijk =0 if the cultivation formula i is not
applied to land type k and aijk =1 otherwise. Besides, let bk be the total area of land
type k withk=1,2... 11.

Therefore, the binding conditions or the constraints of the LUP multi objective

optimization model can be stating as follows:

24 3
> Day x,=b, (k=1,2,..,11)
i=1 Jj=1

>0 Vi,Vj,Vk

x,.jk 2

Consider cjjx the profitability multiplier on an area unit of land type k under
cultivation formula i with the suitability level j, the objective set on economic

efficiency is written as follows:

11 24 3

ZC,.jk a X, —>Max

k=1 =l j=1

To maximize the general suitability level, it is needed to maximize the total area of

the rotation cultivation with the suitability level 1. Therefore, the following objective

on the total level of suitability is stated:

11 24
Z a ;. X, —>Max

k=1 =1
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6.3.4 Identify the Objective Functions

The LUP model in Tam Nong is stated as the following multi objective optimization

model with three objectives:

11 24 3

Z = Z Z Ciin @ijn X,k —> Max
k=1 =1 j=1
11 24

Z,= z kX — Max
k=1 =l
11 24 3

Z,= Zmi A X jh —> Max
k=1 i=l j=1

Linear planning problem with multi objectives is shown as follows:

Max Cx with binding x € D, where: C is the matrix px nand D = {x € R": Ax <b}

wherein A is the matrix mx nand b € R"

Rows of the matrix C is the gradient vector cl, c2... cp of the objective function z; =

T T T
C1 X,Z=C X,...,Zp=Cp X.

6.3.5 Software Design for Solving the MOLP Model

The program is able to create databases or filter data stored in store procedure.
Administrators simply create a store procedure once updating data then the problem

will be automatically generated.

When users want to solve the MOLP problem, users select the target table data and
table data binding, respectively by clicking on the left menu to select a problem, and

then clicking the checkbox to select the target table data.

After selecting the problem, users can click on the left menu to solve the problem; the
program will address each goal. When the solution process has completed each goal, a
results page appears to users the results for each goal of the MOLP problem can be

seen.

After the request is entered correctly, click the left menu and choose Solve problem
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Fig. 6.10 The result of solving the MOLP Model

Cut Method

The method of cutting is implemented by entering a cutting value between Zmax and

Zmin.

After entering the value of Cut, click on Cut method in the left menu to get the
results. After completion, the results can be stored in a database to serve the ongoing

process of selecting a plan for implementation.

If the users are not satisfied with the set of results, they can cut or change the value of

objective function to continue the search for other projects.
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6.4 Designing a Delphi Algorithm

A modification of the Delphi algorithm can help to synthesize experts’ opinions as

follows:
Initialization

N experts give their opinions regarding evaluation of obtained solutions at different

levels: very good, good, very consistent, inconsistent, and inefficient.

Alternative 1 | Alternative 2 | Alternative3
Experts Maximize Maximize the Maximize
Economic general suitability | environmental
efﬁciency level effect
Expert1 Very good Good Very consistent
Expert 2 Inconsistent | Very consistent Inefficient
ExpertN Good Very good Very consistent

Fig. 6.11 Making a group consensus decision from experts’ evaluation and assessment.

Select value i to indicate the number of classes into which opinions of experts are

classified (usually chosen i =3 or 4).

Select kmax 1s the maximum number of iterations needed to carry out (usually choose
Kmax from 10 to 12)

Iterations

Step 1

Using the method of classifying data (opinions) based on approximate clustering

algorithm using minimal variance criterion and minimal distance criterion.
Step 2
- If at least 75% of experts’ opinions is in a class, move on to step 3.

- If less than 75% expert opinions is in any class but k+1 > ky.x then also

move to step 3.
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- Else, notify to the experts the average value and ask experts refine their
opinions based on the information and move to step 1.
Step 3

Inform experts about the average of all the opinions and based on the result take the
decision that is the solution in the class with most consensus opinions which is closest

to the average of the class.
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CHAPTER 7

CONCLUSION AND FURTHER RESEARCH

7.1. Summary

7.1.1. Decision Making Process in LUP

In order to make decisions in LUP, it is necessary to collect data from various
sources. Map data are required, so the work of digitizing maps and importing data for
the map is very important. Also, there is a need to have data on the land use, the
appropriate level of crops and productiveness of crops. In terms of LUP in agriculture,
a database of land resources based on the criteria of land suitability classification

needs to be established to identify the characteristics of land.

Setting up a database of suitable cultivation formulas should be based on both
traditional farming and biotechnological advances. Factors including economic
efficiency and social, ecological, and environmental effects must be taken into
consideration. Regarding the evaluation on ecological and environmental effects, it is
necessary to continue to study and propose more precise quantitative assessment

methods.

The information of the database is processed through mathematical models including
the optimal mathematical model to determine optimal crop rotations, the model of

land use classification and evaluation, and the forecast statistical and simulation
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models to find out measures for improving the efficiency of comprehensive land use

and ensuring sustainable development in agriculture.

With necessary data, the program will use modules to create linear programming
problem. Another module helps solve the planning optimization. Besides, a module
with maps provides decision makers with an overview of LMU to identify suitable
crops. Decision support systems can produce various options on each LMU. Finally,

an integrated module with experts’ evaluation helps decide the optimal solution.
Decision-making process in LUP includes the following steps:

(i) Retrieve data stored on GIS software (MapInfo).

(i1) Transfer data to SQL Server database.

(ii1) Create local data collection tables.

(iv) Activate modules to generate solutions automatically.

When the problem is created, the program can run the tests to find the optimal output
suitable with the proposed requirements. A MapInfo module displays essential

information on LMU such as the total area in each region.
7.1.2. Advantages of Decision Making Support System in LUP

Derived from the urgent practical needs, we designed and built a system to support
decision making in LUP with the following advantages. First, the system can create a
model with specific applications, combining many different components (optimize
calculations, integrate experts’ opinions, apply GIS technology). Second, this system
serves as the foundation for building a complete system to meet actual needs. The
system is designed with the database storing the dynamic data tables. Administrators
can use the profiles to match necessary queries based on these data to obtain the
desired data. Third, the system helps draw maps to have a visual overview on the
issue of planning. Another module reads MapInfo data which are shown in the Data
Grid to help users store necessary data in the database for their problems. Fourth, the
system enables creating queries automatically. When users update data in the

database, the problems will be automatically updated. Data are stored in the data
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table; a module to solve single and multi-objective optimization linear planning
problems will retrieve the data from this table to find the answer to the query of the
optimal solution. Finally, the system has integrated the linear planning module with a
three-phase method (design the encoding module, decode and store optimal solutions)
and used the module based on experts’ opinions to support decision making to select

the proper solution for LUP.
7.2. Results of the Study

The study has provided the foundation to design and build decision-making support
systems in LUP for agricultural production in the area within district level. The
research covers the important topics including the components of the decision-making
support system, database design of land use on the basis of integrated spatial data and
GIS data attributes such as horticultural formula, cost, and profit, and modules of
computer program integrated into decision support system for LUP and agricultural

production.

Strengths of the system are the ability to use database tables with dynamic data to
retrieve the desired data, the ability to create problems to which objectives and
required conditions are automatically added or removed, and the ability to support
selection of LUP through experts’ evaluation and to integrate GIS technology to
create reports and maps. There are three of the selected results feasible alternative of

Tam Nong LUP map on the Program are shown.

The program results are tested with high accuracy. Data in Tam Nong district are
processed with more than 44 variables and three target functions (more target
functions can be possible). In addition, a number of supplementary constraint
functions can be used when solving multi-objective optimization problems with cut

methods.
7.3. Conclusions

Based on the results of the research, the following conclusions can be drawn. First, to
evaluate the effectiveness of comprehensive land use and determine the optimal crop
rotation, we need to integrate economic efficiency, social and environmental effects.

Second, utilizing the information on land resource and LMU for LUP of agricultural
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land in area like Tam Nong district should be based on criteria such as types of soil,
soil name, topographic feature, slope, irrigational conditions, flooding hazard,
effective soil depth, soil depth, and soil texture. Third, determining the formulas of
crop rotation should be based on economic, environmental, and ecological efficiency
to ensure the diversification of cultivated production and to improve the coefficient of
land use. Finally, applying multiple objective optimization models as a main
quantitative tool to determine appropriate crop rotation enables users to select an
accurate, logical and science-based formula of crop rotation which ensures a balance
among economic efficiency, ecological and environmental sustainability, and land use

efficiency.
7.4. Further Study and Development

For further study in the near future, it is important to complete the calculating
procedures to address linear planning problem by the three-phase method. Currently,
we have done the first two parts including encoding and decoding. We need to study
methods and procedures for computing solution for the multi-objective optimization
model, which can enable us to find out the structure of the optimal set of planning.
This will also allow more effective decision making based on more complete
information. Besides, we can continue to improve the system with the view to making
it more user-friendly. We need to keep on examining and testing it on real problems

as well. More relevant database and programs can be designed.

The research topic can be further developed in various aspects including researches on
the procedures of solving Multiple Goal Linear Programming to find the structure of
the set of optimal solutions, the models of LUP with the upgraded modules of
mapping to solve the problem of LUP with more variables, developing the decision
support system for LUP on client servers via the Internet, and integrating with other
expert systems to improve and develop models of LUP in general and agricultural

land in particular.
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GLOSSARY

Agro-ecological zoning (AEZ): The division of an area of land into smaller units,
which have similar characteristics related to land suitability, potential production and

environmental impact.

Agronomical attainable yield. The maximum yield that can be achieved by a given
crop cultivar in a given area, taking account of climatic, soil and other physical or

biological constraints.

Cropping pattern. The yearly sequence and spatial arrangement of crops or of crops

and fallow on a given area.

Cropping system. A system, comprising soil, crop, weeds, pathogen and insect
subsystems, that transforms solar energy, water, nutrients, labor and other inputs into

food, feed or fuel. The cropping system is a subsystem of a farm system.

Database. An organized, integrated collection of data stored so as to be capable of
use by relevant applications with data being accessed by different, logical paths. In

theory the data are application independent.

Ecological-economic zoning. A kind of zoning which integrates physical land
resources elements with socio-economic factors and a wider range of land uses in

zone definitions.
Ecotype. A crop cultivar adapted to a particular range of climatic or soil conditions.

Farming System. A decision making unit, comprising a farm household, cropping
and livestock systems, that produces crop and animal products for consumption and

sale.

Geographical Information System (GIS). A system for capturing, storing, checking,
integrating, manipulating, analyzing and displaying data which is spatially referenced

to the earth.
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Land Characteristic. A property of the land that can be measured or estimated.

Land equivalent Ratio (LER). The ratio of the area needed under sole cropping to
one of intercropping at the same management level to give an equal amount of yield.
LER is the sum of the fractions of the yields of the intercrops relative to their sole

crop yields.

Land Evaluation The process of predicting the use potential of land on the basis of
its attributes. It does not include optimal land allocation. However, land evaluation

supplies the technical coefficients necessary for optimal land allocation.

Land Mapping Unit (LMU): A specific area of land that can be delineated on a map
and whose land characteristics can be determined. It is the evaluation unit about
which statements will be made regarding its land suitability. The LMU can be a grid
cell, single map delineation (polygon), or a set of map delineations with common
Land Characteristics, i.e. a legend category of a thematic map. Land that has not been,

or can not be, mapped may be evaluated at specific locations.

Land Quality. A complex attribute of land which acts in a distinct way in its

influence on the suitability of land for a specified use.

Land Suitability The fitness of a given Land Mapping Unit (LMU) for a Land
Utilization Type (LUT), or the degree to which it satisfies the land user. In a more
operational sense, suitability expresses how well the LMU matches the requirements
of the LUT. It may be expressed on a continuous scale of ‘goodness’ (e.g. 0 to 100)
or, more commonly, as a set of discrete classes, which are conventionally numbered
from class 1 meaning ‘completely suited’ upwards to some maximum meaning

‘completely unsuited’.

Land Use Requirement (LUR): a condition of the land necessary for successful and
sustained implementation of a specific Land Utilization Type. A LUT may be defined
by a set of LURs. A LUR expresses the ‘demand’ side of the land use- land area

matching procedure.

Land Utilization Type (LUT): A specific land-use system with specified

management methods in a defined technical and socio-economic setting, and with a
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specific duration or planning horizon. The description of a LUT may include a time-
series of activities and outputs. The definition of a LUT is not a complete description
of the farming or other land-use system: it includes only those attributes that serve to
differentiate the suitability of land areas, for example, those that can be expressed as
Land Use Requirements with critical values in the study area. The definition of a LUT
also includes attributes that limit the land use options by discarding those that are a

priori unfeasible over the entire evaluation area.

Land. An area of the Earth's surface. In the context of land evaluation, land includes
all properties of the surface, soil and climate, together with any resident plant and

animal communities.
Model. A simplified representation of a limited part of reality with related elements.

Multi-criteria decision analysis (MCDA). A set of techniques used to solve
problems which involve several objectives being considered simultaneously. In the
context of integrated LUP and management, MCDA techniques are applied to analyze
various land use scenarios considering simultaneously several objectives such as
maximizing revenues from crop and livestock production, minimizing costs of

production and environmental damage from erosion.

Potential yield. The maximum yield that can be achieved by a given crop cultivar in a

given area, based on radiation and temperature.

Production system. A particular series of activities (the management system) carried

out to produce a defined set of commodities or benefits (produces).

Soil mapping unit. An area of land delineated on a map. A soil mapping unit may
consist either of a single soil type, or of multiple soil types occurring as a complex or

association.

Soil type. A specific unit of soil with definable ranges of characteristics. May
correspond to the lowest hierarchical unit of a soil classification system, including

specification of phase.

Stakeholder. An individual, community, government or NGO which has a traditional,

current or future right to take decisions on land.
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Sustainability: Sustainable land use is that which meets the needs of the present
while, at the same time, conserving resources for future generations. This requires a
combination of production and conservation: the production of the goods needed by
people now, combined with the conservation of the natural resources on which that

production depends so as to ensure continued production in the future

Sustainable land use. Use of the land that does not progressively degrade its

productive capacity for a defined purpose.
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APPENDIX

Appendix Al Future Suitability Land Mapping Units to Land Use Type

- Area 2R + 1R 1R 1R 1R Vege Pe. Fr. Ag.+

U Character (ha) 1c 2C 1R 1C F table Cs In. Cr. Fo. Fo.
1 11221 3,88 | S3e S2el S3e S2el Ne S2 S2il Ng S2ic S2 S2
2 11311 20,16 | S3ie S2ie S3ie S2ie Ne S2ei S2i Ng S2ic S2 S2
3 11312 5,68 | S3ie S2 S3ie S2 Ne S2 S2ic Ng S2ic S2 S2
4 11321 12,65 | S3ie S2 S3ie S2 Ne S2 S2il Ng S2ic S2 S2
5 11322 50,42 | S3ie S2 S3ie S2 Ne S2 S2 Ng S2i S2 S2
6 11323 13,30 | S3iec S2¢ S3ie S2¢ Ne S3c S2¢ Ng S2¢ S2¢ S2¢
7 12111 29,48 | S2cl S1 S2le S1 S3ec S1 S2e Nge S2ec S3e S3e
8 12112 21849 | S11 Slc S11 Slc S3e Slc S2ec Nge S2e S3e S3e
9 12121 56,24 | Slc Sil Slc S11 S3ec N S2el Nge S2ec S3e S3e
10 12122 67782 | Sl S2cl S1 S2cl S3e S2cl S2 Nge S2e S3e S3e
11 12212 123,72 | S2il Slc S2il Slc S3e S2ic S2 Nge S2ie S3e S3e
12 12221 25,84 | S2ic Sil S2ic N S3ec S2il S2 Nge S2 S3e S3e
13 12222 29329 | S2i S2cl S2i S2cl S3e S2 S2 Nge S2ie S3e S3e
14 12311 301,05 | S3i S2i S3i S2i S3ec S2i S2ie Nge S2 S3e S3e
15 12312 94,00 | S3i S2ic S3i S2ic S3e S2ic S2 Nge S2ie S3e S3e
16 12321 411,13 | S3i S2il S3i S2il S3ec S2il S2 Nge S2 S3e S3e
17 12322 73,89 | S3i S2 S3i S2 S3e S2 S2 Nge S2ie S3e S3e
18 13122 49,96 | Nfe Nfe S3f Ne S3f S3fe S3fe N Nfe Nfe Nfe
19 13212 287,03 | Nfe Nfe Nf Nef S2¢gl Nf Nf N Nfe Nfe Nfe
20 13221 18532 | Nfe Nfe Nf Nef S2¢ Nf Nf N Nfe Nfe Nfe
21 13312 230,05 | Nfe Nfe Nf Nef S2g Nf Nf N Nfe Nfe Nfe
22 13322 527,08 | Nfe Nfe Nf Nef S2gl Nf Nf N Nfe Nfe Nfe
23 13323 3437 | Nfe Nfe Nf Nef S2 Nf Nf N Nfe Nfe Nfe
24 21313 7,29 | S3gic S3gc S3ie S3gc Ne S3gc S3gc Ng Ng Ng Ng
25 22312 11,93 | S3gi S3g S3i S3g S3e S3g S3g Nge Ng Ng Ng
26 23212 79,11 | Nfe Nfe Nf Ne S2f Nf Nf N N N N
27 23213 50,25 | Nfe Nfe Nf Nef S2fc Nf Nf N N N N
28 23222 11515 | Nfe Nfe Nf Nef S211 Nf Nf N N N N
29 23223 25126 | Nfe Nfe Nf Nef S2 Nf Nf N N N N
30 23312 3541 | Nfe Nfe Nf Nef S1 Nf Nf N N N N
31 23321 46,53 | Nfe Nfe Nf Nef S2¢ Nf Nf N N N N
32 23322 75,48 | Nfe Nfe Nf Nef S1l1 Nf Nf N N N N
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Appendix Al Future suitability Land Mapping Units to Land Use Type (to be con.)

- Area 2R + 1R 1R 1R 1R Vege Pe. Fr. Ag.+

U Character (ha) 1c 2C 1R 1C F table Cs In. Cr. Fo. Fo.
33 31311 74,90 | S3i S2 S3ie S2 Ne S2 S2gi S3ge | S3g S3g S3g
34 31321 11408 | S3i S2 S3ie S2 Ne S2 S2 S3ge | S3g S3g S3g
35 31322 14,40 | S3i S2 S3ie S2 Ne S2 S2 S3ge | S3g S3g S3g
36 32111 43,30 | S2 S2g S2 S2g S3ec S2g S2ge Ne S3g S3ge S3ge
37 32121 101,38 | S2 S2gl1 S2gc S2gl S3ec S2gl S2 Ne S3g S3ge S3ge
38 32211 13,68 | S2 S2g S2 S2g S3ec S2gi S2 Ne S3g S3ge S3ge
39 32221 78,03 | S2 S2gl S2 S2gl S3ec S2 S2 Ne S3g S3ge S3ge
40 32311 49,42 | S3i S2gi S3i S2gi S3ec S2gi S2 Ne S3g S3ge S3ge
41 32312 98,78 | S3i S2 S3i S2 S3e S2 S2 Ne S3g S3ge S3ge
42 32313 11,39 | S3ic S2¢ S3i S2¢ S3e S3c¢ S2e Ne S3gc S3 S3ge
43 32321 192,58 | S3i S2 S3i S2 S3ec S2 S2 Ne S3g S3ge S3ge
44 33311 33,83 | Nfe Nfe Nf Nef S2¢ Nf Nf Nfe Nfe Nfe Nfe
45 33321 68,71 Nfe Nfe Nf Nef S2¢ Nf Nf Nfe Nfe Nfe Nfe
46 41311 91,07 | S3 S3gsl S3 S3gsl | Nsl S3ge | S3g S2ic S2ic S2ic S2ic
47 41321 22601 | S3 S3gsl S3 S3gsl | Nsl S3ge | S3g S2 S2 S2 S2
48 41322 71,54 | S3 S3gsl S3 S3gsl | Nsl S3ge | S3g S2id S2id S2id S2id
49 42312 59,36 | Nsl Nsl Nsl Nsl Nsl Nsl S3gsl S2i S2i S2i S2i
50 42321 323,56 | Nsl Nsl Nsl Nsl Nsl Nsl S3gsl S2 S2 S2 S2

51 42332 71,58 | Nsl Nsl Nsl Nsl Nsl Nsl S3gsl S3d S3d S3d S3d
52 43311 84,40 | Nsl Nsl Nsl Nsl Nsl Nsl Nsl S2 S2 S2 S2
53 43312 332,14 | Nsl Nsl Nsl Nsl Nsl Nsl Nsl S2isl | S2il S2isl S2isl
54 43321 11845 | Nsl Nsl Nsl Nsl Nsl Nsl Nsl S2 S2 S2 S2
55 43322 56020 | Nsl Nsl Nsl Nsl Nsl Nsl Nsl S2 S2 S2 S2
56 43332 263,86 | Nsl Nsl Nsl Nsl Nsl Nsl Nsl S3d S3d S3d S3d
57 44311 88,18 | Nsl Nsl Nsl Nsl Nsl Nsl Nsl S3sl S3sl S3sl S3sl
58 44312 844,70 | Nsl Nsl Nsl Nsl Nsl Nsl Nsl S3sl S3sl S3sl S3sl
59 44321 30852 | Nsl Nsl Nsl Nsl Nsl Nsl Nsl S3sl S3sl S3sl S3sl
60 44322 22638 | Nsl Nsl Nsl Nsl Nsl Nsl Nsl S3sl S3sl S3sl S3sl
61 44331 10796 | Nsl Nsl Nsl Nsl Nsl Nsl Nsl S3sl S3sl S3sld S3sld
62 44332 86,75 | Nsl Nsl Nsl Nsl Nsl Nsl Nsl S3sl S3sl S3sld S3sld
63 52332 45,44 | Ngsl Ngsl Ngsl Ngsl Ngsl Ngsl Ngsl S3gd | S3gd S3gd S3gd
64 53332 34,39 | Ngsl Ngsl Ngsl Ngsl Ngsl Ngsl Ngsl S3gd | S3gd S3gd S3gd
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Appendix A2 Soil Classification of Tam Nong based on the classification of FAO

No Soil Type Name of FAO FAO Symbols Vietnamese Symbol

I Fluvisols FL P

1 Eutric Fluvisols FLe P

- Hapli Eutric Fluvisols FLe-h P-h

- Areni Eutric Fluvisols FLe-a P-a

- Stagni Eutric Fluvisols FLe-st P-st

- EpiGleyi Eutric Fluvisols FLe-g1 P-gl

- EpiPlinthi Eutric Fluvisols FLe-ptl P-11

2 Eutric Fluvisols FLe P

- Hapli Dystric Fluvisols FLd-gl Pc-gl

Il Gleysols GL GL

1 Dystric Gleysols GLd GLc

- Hapli Dystric Gleysols GLd-h GLc-h

- Thapiohisti Dystric Gleysols GLd-t GLc-t

111 Acrisols AC X

1 Haplic Acrisols Ach X

- Areni Haplic Acrisols ACh-a X-a

2  Gleyic Acrisols ACqa Xq
Hapli Glevyic Acrisols ACg-h Xg-h
Areni Gleyic Acrisols ACg-a Xg-a
EndoLithi Gleyic Acrisols ACg-12 Xg-d2

3 Ferralic Acrisols ACft Xf

- Hapli Ferralic Acrisols ACf-h Xf-h

- Areni Ferralic Acrisols ACf-a Xf-a

- Epi Ferri Ferralic Acrisols ACft- Xf-fel

- EndoFerri Ferralic Acrisols ACt- Xf-fe2

- EpiLithi Ferralic Acrisols ACT-11 Xf-dl

- EndoLithi Ferralic Acrisols ACT12 Xf-d2

4 Ferric Acrisols ACfe ACfe

- Hapli Ferric Acrisols ACfe-h Xfe-h

IV  Leptosols LP E

1  Lithic Leptosols LPI E

- Hapli Leptic Leptosols LPg-h E-h

2 Ferric Leptosols LPfe Efe

- Hapli Ferric Leptosols LPfe-h Efe-h
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