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PROPOSITIONS

For proper land use planning, operaticnal integration of bio-physical and socio-
economic factors is a pre-requisite. [This thesis]

The bio-physical and socio-economic realms can be compared with the ‘body’
and the ‘mind’ of a person, i.e. they require different methods for survey, study
and management, but functionally they are always integrated. [This thesis]

'‘Biodiversity' leads to a large number of land use types with various production
techniques, while ‘sociodiversity’ results in a variety of socio-economic cbjectives
and preferences. [This thesis]

A qualitative approach may seem appropriate for a complex issue like land use
planning, but it causes confusion to the planner, because of the subjectivities in
interpretation of results and the difficulties in comparative analysis of land use
scenarios. A quantitative approach, based on mathematical medelling, avoids
this confusion, but requires appropriate system approaches. [This thesis)

Attempts have been made to convert qualitative data into quantitative data for
mathematical modelling, by applying conventions for classification at
international, national or local levels. Conversion of gualitative data into
quantitative data, however, remains a major challenge in modelling. [This thesis]

Integration not only implies addition or multiplication to combine parts or plans
from different sectors, but includes deletion of detail through ‘a fine filter’ to allow

incorporation of the various parts in the framework of a common plan. [This
thesis]

The problem of integration in some countries has been noticed by the
Vietnamese: work done by one person there may be equivalent to that by three
persons in other countries, but that done by ten persons is only equivalent to
that by one person in those other countries.

As both planning and plan implementation are carried out by "people”, both the
planning method and the output should be acceptable to the people having to
implement the plan. [This thesis]
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Propositions

Land use decisions are continuously being made; they cannot be postponed
because of lack of knowledge, data, maps, manpower, funds, etc. Hence,
irrespective of quality, plans have to be formulated, and subsequently
information and knowledge gaps must be identified and gradually filled through
monitoring and research. ([This thesis]

The ultimate objective of land use planning is not to provide values for
production or land use maps, but to assess positive and negative impacts of
alternative actions to exploit land resources, on production, socio-economic
conditions and environment, [This thesis]

If two models can be applied to provide the same output, a practical user, such
as a manager, will prefer the simpler ene, but others, such as many research
scientists, may prefer the complexer one because they think: (i} that complex
models are more appropriate representations of the real world; (i) that complex
modets offer a wider scope for analysis; (iii) there is a preference for complexity
in model structure similar to the ‘love of long words and complex structures’ in
using language. [This thesis]

What we know of bio-physical interactions and socio-economic behaviour is
much less than what we do not know. [This thesis]

It has taken thousands of years to reach the current conditions in land use in
a region. The same time could be required for a study to develop a model
closely representing this reality.

Planners can prepare a land use plan that is regarded as "sustainable" for a
region. However, most of them would have difficulty in answering the question:
"Can you prepare a sustainable plan for your life?"

For a student from a developing country, studying in a developed country,
writing a thesis is hard work, requiring great effort, similar to preparing
Vietnamese food. However, reading the thesis, which may be compared to
eating the food, is even much more difficult. [This thesis]

Propositicns by Chu Thai Hoanh for "Development of a Computerized Aid to
integrated Land Use Planning {CAILUP) at regional level in irrigated areas: A case
study for the Quan Lo Phung Hiep region in the Mekong Delta, Vietnam" - Ph.D.
thesis, Wageningen Agriculturai University. 4 June, 1996.




PREFACE

Diversity in land use, including “biodiversity’ and ’sociodiversity’, is the greatest
challenge in land use planning. The more diverse the land use pattem, the more important
integration in planning and management. Therefore, this thesis, the result of research at the
International Institute for Aerospace Survey and Earth Sciences (ITC), includes the integration
of expertise from many people.

Where the contributions of the Vietnamese to the study are concerned, I first of all
want 10 thank the farmers, leaders and people in the Quan Lo Phung Hiep region, and in the
Mekong Delta in general, from whom I have learned about sustainable land use for subsistence
and development, as testified by their presence there. However, in the traditional way of the
Mekong Delta, I gratefully refer to them by their order in the family, as Mr. Two, Ms. Three,
Mr. Four, Mr. Five, Ms. Six, Mr. Seven, Mr, Eight, Ms, Nine and Mr. Ten.

Where the Vietnamese Government institutions are concerned, I hereby express my
sincere appreciation to Mr, N.C. Dinh, Minister of Water Resources, Mr. P.§. Ky and Mr. N.
Gioi, Vice-Ministers, Mr, V.V. Vinh, Director of the Sub-Institute for Water Resources
Planning and Management (SIWRPM) and Mr. H.T. Quang, Director of the Department of
International Cooperation, who strongly supported my study.

My study received contributions from a number of planners and engineers from
sectoral institutions to all of whom I wish to express my appreciation. A few of them I would
like to mention hercby, i.e. Dr. HT, Dien, Mr. N.D. Thue, Mr. N.T. Vinh, Mr. T.QQ. Tang, Mr.
D.T. M. Tam, Mr. L.Q. Xo, Mr. P.X. Phuong, Ms. N.T. Quy and Mr. T.D. Dong from
STWRPM; Mr. N.X. Thi, Mr. C. Khoan, Mr. N.D., Luyen, Mr, T.N, Linh, Mr. D.V. Nam and
Ms. T.T. Hoa from the Institute of Hydraulic Survey and Design in the South; Mr. T.A.
Phong, Mr. L.V, Tac, Mr. N.A. Tiem, Mr. T.Q. Tuan, Mr. N.B. Hoai, Mr. CD. Phat, Mr. T.Q.
Khanh and Mr. P.V. Tru from the Institute of Agricultural Planning and Projection; Mr. P.L.
Tam, Mr. T.T. Xuan, Mr, N.T. Tung. Mr. N.I>. Hung, Mr. D.V. Tien and Mr. T.C. Khanh
from the Institute of Aquaculture Research II; Mr. T.T. Long and Mr. N. An from the Sub-
Institute of Forest Inventory and Planning; Mr. L.T. Thu from the Institute of Hygiene and
Public Health; Mr. L. Qua from the Center for Scientific and Economic Transportation in the
South; Prof. P.T. Ngan and Mr. T.T. Dung from the Faculty of the Environtment, Ho Chi
Minh City University, Mr. D.H. Trung from the Water Resources Department of Can Tho
province; Mr. L.H. De from the Water Resources Department of Soc Trang province; Mr,
T.Q. Thanh, Mr. L.P. Que and Mr. N.V. Buong from Water Resources Department of Minh
Hai province; Mr. T.C. Thien from the Agro-Forestry University of Ho Chi Minh City.

My special thanks go to the core modelling and planning group whose contributions
can be found throughout this thesis. The group comprises Prof. N.N. Khue, Mr. N.X. Hien,
Mr. N.V. Ngoc, Ms. T.P. Dung, Mr. LK. Chien, Mr. P. Thai, Ms. T.T.T. Huong (water
resources modelling and planning), Mr, T.K. Thanh and Mr, T.T., Dung (economic analysis),
Mr. H. Dung and Mr. N.V. Duyet (forestry modelling and planning), Mr. NM. Hung
(agricultural modelling and planning), Mr. T.D.P. Anh (transportation planning), Ms. N.T. Mai
{demography, public health and social impacts), Mr. T.D, Can (fisheries modelling and
planning), Ms. N.T. Loan and Mr, T. Triet {environmental impacts).
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Where the international scientific institutions are concerned, I wish to thank ITC as
a whole and the DISH Organization which generously provided my fellowship. In my study
I received valuable assistance from many people at ITC: Prof. K.J. Beek, Rector and also a
member of the Reading Committee of my thesis; Prof. A.M.J. Meijerink from Department III,
Earth Resources Surveys; Prof. W. v. Wijngaarden, Prof. H.A. Luning, Dr. M.A. Sharift, Ir.
M.C. Bronsveld, Dr. 1. de Lecuw, Ir. C.A.J.M. de Bie, Dr. D.v.d. Zee, Drs. E.J.M. Dopheide,
Drs. J.C. de Meijere, Mr. B. Krause from Department II, Land Resource and Urban Sciences;
with all of whom I had many stimulating discussions during my study. I also appreciate the
contacts and discussions with my colleagues at ITC, especially Mr. C. Amuyunzu, my
roommate, Mr. T. Cecarelli, Dr. J.O. Kufoniyi and Mr. H.V. Phuc.

Where the administrative arrangements are concerned, I want to express my gratitude
to Ir. J. de Ruiter, Ms. G.M.J. Allessie, Ms. A. Scheggetman, Ms. A, W.5. M. Geerdink and Ms.
F.A. de Boer from Student Affairs; Dr. E.C. Kosters, the ITC Research Coordinator; Ir. F.
Paats from Educational Affairs; Ms. M.H.M. Pierik and Ms. M.R. Abril Femnandez from
Financial Students Administration; Ms. L. Colenbrander, Ms, G.J.M. Oosterlaken from the
Travel Office. 1 received special administrative support from Dr. G.W.W. Elbersen, Mr, A.
Rickerk, Mr. G.H. Leppink, Mr. A.S. Masselink, Ms. C.M. Wolters and Ms. D.A M. Semeraro
from Department II.

1 would like to express my sincere appreciation to Mr. A. Kannegieter, who gave me
the first lessons on land evaluation in 1983 in Vietnam, arranged my study at ITC and edited
this thesis. He and Mrs. Kannegieter, are my 'dad” and my ‘mamma’ in the Netherlands.

1 am particularly grateful to Prof. H. van Keulen of Wageningen Agricultural
University, promotor, and Dr. H. Huizing at ITC, co-promotor. The only way to appreciate
their support to my study is by considering their scientific contributions, the stimulating
discussions on the conceptual aspects and critical reviews of the thesis as one third of the study.

The second third has been graduvally acquired during the past 40 years of my life,
especially during my participation in Mekong projects. In this respect I wish to acknowledge
Mr. B. van der Boon, the first Dutch expert from the Netherlands Delta Development Team,
with whom I worked in my first study after graduation from university. Further, Dr. L.H. Ti
and Mr. T.V. Truong at the Mekong Secretariat, Dr. T.P. Tuong at IRRI, and the Canadian
team, in particular Dr. P. McNamee, Mr. N. Soontag and Mr. G. Sutherland, with whom 1
started modelling for integrated planning for the Quan Lo Phung Hiep region. And also the
NEDECO team headed by Dr. W.H. van den Toorn and Mr. G. Sluimer, from whom I received
a great amount of information, data and thematic studies. My study during three and half years
at ITC in the Netherlands and at SIWRPM in Vietnam can be considered as the final third.

Finally, | want to express my profound gratitude to my wife, N. Kim Chi, and my son,
C.G. Thuy for their support to my study. I must emphasize that without the encouragement
and assistance from my wife and my son, I would not have been able to complete this study.

To the readers of this thesis, I want to convey that writing a thesis is hard work,
requiring great efforts, similar to preparing Vietnamese food. However, reading a thesis,
compared to eating, is much more difficult. Therefore, I thank you all for such hard work.

March 1996 Chu Thai Hoanh
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SUMMARY

The problem - Objectives of the study

Land use planning is an essential activity in any country, because the demands for different
land uses usually exceed the available resources. Land use planning implies weighting of
trade-offs among conflicting goals, as different interests exist in society. Demands for water
often also exceed the available resources.

The objectives of this study are to develop and implement a method and corresponding
software system for integrated land use planning at regional level in irrigated areas, and to test
the method and the system in the Quan Lo Phung Hiep region in the Mekong Delta, Vietmam.
The System Development Methodology (SDM) comprising seven specific phases was applied
in the study. A Computerized Aid to Integrated Land Use Planning, "CAILUP", was
formulated.

The research concept

The greatest challenge in land use planning is how to incorporate the diversity in land use,
comprising land users, goals, management and technologies, into the planning process. The
CAILUP approach takes into account the diversity in land use by integrating promising land
uses for agriculeure, fisheries and forestry with land uses for other purposes.

Integration is a2 major issue in land use planning. CAILUP focuses on integration of land use
selections at different hierarchical levels, of bio-physical and socio-economic factors, of local
expertise and global (international) expertise, and computer technology and land use planning,

CAILUP takes into account integration among hierarchical levels by combining top-down and
bottom-up approaches. Interventions are based on the goals of regional development in the
context of the whole country. The feasibility of these interventions is judged by taking into
account the preferences and priorities of the local land users, and subsequently all
achievements and impacts from these interventions are evaluated. Decisions on land use can
be considered as ‘public decisions’ with coniributions from scientists, planners, decision-
makers, sectoral agencies and land users. Integration in ‘public decision’ is carried out by
simulating the decision process.

An IBS (Integrated Bio-physical and Socio-economic) approach is proposed to assess the
effects of water management. Integration requires the equal resolution (in space and time) of
data on both bio-physical and socio-economic factors. Land units are delineated by
administrative boundaries and limits of key physical interventions.
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Summary

Land vse planning can also be considered as a process of multi-sectoral integration. A key
intervention is determined, i.e. construction of a water management system for an irrigated
region. Other interventions are supplementary interventions to improve water management
efficiency. A land use planning team needs to comprise a wide range of expertise. CAILUP
comprises a knowledge base that integrates expert knowledge from both local (regional and
national) and global ¢xpertise.

Simulation modelling is a promising technique in land use planning to achieve integration.
The strategy in modelling of CAILUP is to integrate simple sub-models of ail relevant
components, rather than only to include a few complex sub-models developed for single
disciplinary research. CAILUP provides functions to analyse the impact of different
hypotheses or scenarios formulated by planners. A scenario comprises a set of actions and
effects in which goals are achieved to a certain degree. The impact of water management on
the physical conditions is first evaluated. The new physical conditions lead to new bio-
physical production levels that are used to determine an integrated feasibility for each land use
type by comparison with socio-economic criteria at farm level. This feasibility is used, in
combination with Government policy objectives, to formulate a land use plan. Finally,
achievements based on this plan and its impacts on bio-physical and socio-economic
conditions are examined.

Integration of computer technology and land use planning will be achieved by developing a
system consisting of quantitative models, databases and GIS based on the concepts of decision
support systerns and expert systems.

A Computerized Aid to Integrated Land Use Planning

CAILUP consists of four units: a core expert unit, a database unit, a GIS unit and a model
unit. The model unit, a major component to realize the system function, comprises a
mathematical model developed on the basis of a conceptual model.

The conceptual model is developed in a sequence of identifying issues, goals and indicators,
relevant land use types, relevant components, factors, spatial extent and spatial resolution, time
horizon and time steps, and "without” and "with" intervention cases.

The mathematical model comprises 14 sub-models:

[1] Intervention Generating Sub-model to generate a data set for the “without" or "with"
intervention cases.

[2]1 Physical Impact Sub-model to generate a data set of modified physical conditions.

[3] Bio-physical Sub-model (Agriculture, Fisheries, Forestry) to estimate yields and the
selected crop calendars under modified physical conditions.

[4]1 Economic Sub-model at Farm Level 10 generate the combined bio-physicalfeconomic
feasibility based on financial criteria defined a1 farm level.

v




Summary

{51 Social Sub-model at Farm Level to integrate social preferences with bio-
physical/economic feasibility to generate integrated feasibility.

[6] Demography Sub-model to generate data on population and labour force.

[7]1 Land Use Weighting Sub-model to determine weighting factors based on the integrated
feasibility and Government policy.

(8] Land Use Allocation Sub-mode! 1o generate land resource use on the basis of the
weighting factor and rules in land use conversion,

[91 Production Sub-model to generate total production by multiplying area with yield.

[10] Supplemertary Intervention Sub-mode! to generate supplementary interventions required
to support the land use scenario.

(11] Economic Sub-model at Regional Level to calculate the economic returns at land unit and
regional levels.

[12] Secial Sub-model at Regional Level to calculate the socio-economic indicators at land
unit and regional levels,

[13]) Environmental Impact Sub-model to calculate indicators expressing environmental
npacts.

[14]) Goal and Impact Analysis Sub-model 10 generate a ranking value for the selected
scenario.

An example in the real world

The Quan Lo Phung Hiep region, with a total area of approximately 450,000 hectares and
located in the Mekong Delta, Vietnam, was selected for the case study. Agricultural production
in this region is constrained by adverse soil and water conditions. Low rainfall during the dry
season prevents agricultural production without itrigation. However, salt water intrusion from
the sea makes water quality in most pants of the region unsuitable for irrigation. In the early
part of the rainy season, leachates from the acid sulphate soil area contaminate surface water
and reduce its pH to values below 4, which is detrimental to agricultural and aguacultural
production,

In the region, 85% of the population is engaged in agricultural, fisheries and forestry activities.
The relevant land use types are single crops (rice, sugarcane, eic.) or a combination of various
cropsfactivities (double rice, rice+beans, rice+shrimp, etc.) under different management
techniques. Rice is the most important crop. Living standards are reportedly lower in areas
of salt and brackish water than in areas of fresh water,

Water management to prevent salt water intrusion and to increase the supply of fresh water
from the Mekong river is considered a key intervention for development of the region. Main
objectives of water management are to increase total food production and income and to
improve living conditions. A medinm scale protection option, i.e. protection and irrigation
of the central part by 11 medium-size sluices, was selected. Seven schedules of water
management construction were formulated, depending on the availability of funds and the
strategy in minimizing the acid water effects.



Summary

Four land use strategies were formulated: Maximize rice production, Maximize income from
rice production, Crop diversification and Minimize effects of acid water.

CAILUP for the Quan Lo Phung Hiep region has been developed and used in analysing the
effects of different construction schedules and land use strategies.

Data used for calibration are data on water conditions in 1989-1990, data on yields from 1986
to 1990, data on population and land use areas in 1985 and 1990, and data on production from
1985 to 1990. Calibration of single sub-models was followed by calibration of series of sub-
models. The model then was validated with inventory data from 1991 to 1994.

Twenty eight development scenarios, combining 7 construction schedules of the water
management system with 4 land use strategies, were compared with a "without case” in which
the new water management system was assumed absent. Single goal scores and total score
were used as main outputs for evaluation of development scenarios. Sensitivity analysis has
been carried out to provide a measure of the sensitivity of the outputs to either parameters,
functions or sub-models, and to analyse the impact of changes in values of inputs on scenario
scores.

A construction schedule was selected on the basis of development objectives and possible
impacts reflected by scenario scores, taking into account the institutional situation in the
region, Selection of a land use strategy is more difficult because each land use strategy has
the highest score for at least one of the goals in the situations considered. A rice-oriented
strategy has been selected, with more crop diversification outside of the protected area.

Conclusions and recommendations

The objectives of the study have been attained. Taking into account major issues in land use
planning methodology, CAILUP was developed to facilitate integration in land use planning,
A corresponding software system was developed and tested successfully for the Quan Lo
Phung Hiep region. To be developed and applied successfully, CAILUP requires suitable
conditions in terms of human resources, data and information, and hardware and software
packages.

Although the above conditions have been adopted, development and applications of CAILUP
are still confronted with many challenges, each deriving from the existence of two alternatives
(sce Chapter V: Section 2). A cycle exists in which one challenge becomes dominant and is
the main subject of many studies during a number of vears, and there is also a cyclic
behaviour of the two alternatives of each challenge. The attempt in further studies is to
develop and apply the CAILUP system adapted to these cycles.
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Introduction

11 Land use planning is an essential activity in any couniry, because the demands for
different land uses usually exceed the available resources. Land use planning implies
weighing of trade-offs among conflicting goals [FAO, 1993), as different interests exist in
society. Land use planning aims at making the best use of land in view of vested objectives
with respect to the use of limited resources to satisfy increasing demand, of which food supply
is usually the main concern.

1.2 Demands for water often also exceed the available resources. Water differs from land
in that it is not spatially fixed and can be shared in a region among different resource users.
For an agriculwral region as the Mekong Deita in Vietnam, water management has proven a
key intervention to increase food production and income from land use. Since water is a
medinm for transporting substances, water management may also have significant effects on
the environment.

1.3 FAQ guidelines propose ten steps in land use planning, in which a major activity is
the selection of land use alternatives based on land evaluation (LLE), which combines bio-
physical and socio-economic factors [FAO, 1993]. From the 1970’'s onwards, new
methodologies such as farming system analysis (FSA) have been developed and widely
applied to take into account the preferences and priorities of local land users in a bottom-up
approach (FAQ, 19901. The LEFSA sequence was suggested to combine farming system
analysis with land evaluation [Fresco et al., 1992].

14 However, any procedure such as LEFSA (as well as LE and FSA) essentially contains
a number of qualitative steps in assessing the future of limited resources while
operationalization of sustainability requires quantification of causal relationships among system
components and implies understanding of ecological and socio-economic interactions in land
use to assess the changes in land use systems [Fresco et al, 1992). Moreover, a recent FAO draft
report contains the following complaint: ... very little progress has been made in developing
a relationship between government policy and land use decision making...” [FAQ, 1994, cited in
Luning, 1995].

1.5 A qualitative approach (conventional land evaluation) seems to be suitable for a
complex problem like land use planning, but in fact it causes confusion [van Diepen, 1982; Fox,
1986; van Diepen et al., 1991] to the planner because of flexibility in application and difficulty in
comparison of evalvation results. A quantitative approach, based on mathematical modelling,
may help to avoid this confusion, but requires appropriate systemn approaches.
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1.6 The objectives of this study are:

» To develop and impiement a method and corresponding software system for
integrated land use planning at regional level in irrigated areas, taking into
account interactions among bio-physical and socio-economic factors, as well as
effects of government interventions on land use.

» To test the method and the system in the Quan Lo Phung Hiep region in the
Mekong Delia, Vietnam.

1.7 The System Development Methodology (SDM) [Cap Gemini Publishing, 1991, Paresi, 1991a,
1991b, 1991¢, 1991d] was applied in the study. As illustrated in Fig. 1, SDM comprises seven
specific phases in developing a system (phase names are adopted from SDM):

Figure 1: Life cycle of a system [adopted from Cap Gemini Publishing, 1991].

1/ Information system planning (ISP): Problems and current situations in land use planning,
research objectives and initial concepts of the approach are identified in this phase. A
research plan for three and a half years was developed.

2/ Definition of study (DS): In this phase, problems in land use planning and research
concepts were identified. The general structure of the computer system, i.e. "CAILUP",
a Computerized Aid to Integrated Land Use Planning, was formulated.
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3/ System design (SD): The structure of CAILUP was refined so that modules, their
functions and their interactions were determined. Structures of modules were also outlined
in this phase.

4/ Detailed system design (DD): Modules of CAILUP were identified in detail, based on
information and data collected during ficldwork. Each sub-program corresponds to a
specific component in the calculation procedure. Suitable hardware and programming
language for CAILUP were selected in this phase.

5/ Implementation (IMP). The computer program was implemented and tested. First, the
general structure of CAILUP was created as a framework for the system. Then, modules
were gradually developed and linked to the frame.

6/ Installation (INS): CAILUP was applied in a case study in the Mekong Delta. Additional
data were collected during further fieldwork, The CAILUP model was calibrated on the
basis of land use data for the period 1985-1990, subsequently validated on the basis of
data for 1993-1994 and applied for analyzing effects of development scenarios.

7/ Operation and control (O&C): This last phase in the SDM process will be carried out
following the current study period. The research approach and CAILUP are proposed for
application in other areas under similar conditions,

1.8 Because of the importance of documentation in SDM, after the completion of one or
more phases, a report was prepared [Hoanh, 19932, 1993b, 1994]. These reports were used as basic
documents to build up expertise, and eventually served as building blocks for the thesis.

1.9 As reflected in the thesis title, this study is limited to integrated land use planning
in areas where irmigation is the key intervention. Integrated land use planning deals with
multi-disciplinary, multi-sectoral and mult-level issues and has to take into account a large
number of bio-physical and socio-economic factors. However, knowledge about interactions
among these factors and the capacity of the human brain in handling and analyzing data, are
limited. Therefore, CAYLUP focuses mainly on integration and only deals with major
problems and relevant factors.

1.10 The CAILUP approach may have to be generalized or adapted for application in
regions with conditions similar to those of the pilot area, but equations and the corresponding
computer programs should be modified to take into account the specific charactenistics of each
region.
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112 In Chapter I (thig Chapter), an introduction is given to the problem, objectives, the
method and limitation of the research,

Chapter 11, resulting from phages 1 and 2 in the SDM Process, presents probiems and
current situations in lang use planning, and CAILYP concepts.

Chapter I, an output from phase 3, introduces the general structure of CAILUP ana
each of its unig, Interactions among units as well ag among sub-models of the CAILUP
model are discygsed in this chapter,

Results from Phases 4, § a4 6, dealing with the detailed System design ang
implementation of CAILUP, anqg testing it for the Quan Lo Phung Hiep region, are presented
in Chapter V.

The thesis ends with conclusions and some recommendations in Chapter v,
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The research concept

2.1 Planning has been defined in a variety of ways [Roberts, 1978], for example:

(i) a means of making decisions concerning future actions;

(ii) an effort that places a high value on rationality and the utilization of knowledge;
(iii} a means of achieving the "social good" or realizing the "public interest";

(iv) a means of creating blueprints for the future;

(v) a synonym for management.

A comprehensive definition has been suggested by Conyers and Hills [1984]: "a
continuous process which involves decisions, or choices, about alternative ways of using
available resources, with the aim of achieving particular goals at some time in the future”.

FAQ [1993] defines land use planning as “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",

From these definitions, the requirements for CAILUF can be identified as follows:

(i} aiming at particular goals;

(ii} simulating a continuous process lasting into the future;

(iii) aiming at explicit bio-physical and socio-economic effects of interventions,
(iv} including decisions or choices;

(v) including formulation and evaluation of land use alternatives or scenarios.

22 Problems in land use planning have been indicated by Fresco {1994a): "Today's
paradox is that, notwithstanding the great technological advances and our increased
knowledge of the natural resource base, land use planning has not become easigr and the
challenges are perhaps greater than ever." The greatest challenge is the diversity in land use,
including land users, goals, management and technologies. From day to day, this diversity
increases with the improvement in transport, trade and communication facilities, and it
becomes so great that FAO [1993] has noted: "land cannot be graded from ‘best’ or ‘worst’
irrespective of the kind of use and management practise because each kind of use has special
requirements.” It implies that presently, in evaluating land, the ‘use’ of land has become more
important than the land itself with its natural resources. Hence, land use planning does not
focus on the resource potential, but on the ‘use’ potential. Land (resource) management has
been converted to land use management.

The CAILUP approach takes into account the diversity in land use. By integrating
promising land uses for agriculture, fisheries and forestry with land uses for other purposes
such as settlement, infrastructure for public works, transport and irrigation, erc. CAILUP
heips in identification of the potentials of land resources and of the conflicts in land use
management for different objectives.
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23 Land use planning is an essential activity in any country. Land use planning aims
at making the ‘best’ use of limited resources to achieve an explicit set of objectives by [FAO,
1993]:

i)  assessing present and future needs and systematically evaluating the land’s ability to
satisfy them;

ii} identifying and resolving conflicts between competing uses, between the needs of
individuals and those of the community, and between the needs of the present generation
and those of future generations;

iii) seeking sustainable use options and selecting those that best meet identified needs;

iv) planning to bring about desired changes;

v) leaming from experience.

To antain these aims, CAILUP comprises the following capabilities:

(i) starting from current conditions,;
(ii) estimating and testing desired changes in the future;
(iii) gaming with different scenarios.

24 Three major issues addressed in land use planning are [FAO, 1993]:

i)  conflicts over land use as demands exceed the land resources available;

ti) inadequate access to land or benefits from its use for many people when land is still
abundant;

iii) degradation of land resources.

CAILUP provides functions for:

(i) balancing between demand and supply of land resources;
(ii} calculating benefits for land users;
(iii) analyzing long-term impacts.

25 Although it is non-sectoral by definition, the land use plan has to be implemented by
sectoral agencies [FAOQ, 1993]. Land use planning can be considered as a process of mulg-
sectoral integration to improve the consistency of supporting actions from various agencies
relating to land use, but not to replace sectoral planning. Integration of disciplines and
sectors, therefore, is a major issue in land use planning. This integration is necessary to
[Luning, 1986]:

(i} ald communication and cooperation;

(i) link natural resource studies to the social and economic development process;

(iii) improve resource use efficiency;

(iv) help ensure that all parties in the development process are aiming at the same goals.

Even if in many cases, land use planning can be considered a form of (regional)
agricultural planning, it is an intermediate level planning of sectors and regions within the
national economy, therefore it should not be too much isolated from other sectors and regions
of a country [Fresco et al. 1992). FAO guidelines emphasize; "Planning has to integrate
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information... Therefore, land use planning is not sectoral... An integrated approach has to be
carried down the line from strategic planning at the national level to the details of individual
projects and programmes at district and local levels.” [FAQ, 1993). "Land use planners and
managers are now faced with having to evaluate a wide range of considerations from physical
to economic and social. The need for integrated land evaluation will thus become more
pressing.” [Davidson, 1992]. The normal situation in integrating different sectors into a common
plan is illustrated in Figure 2.

Figure 2: Integration in theory and in practice. [Ldea from Trun et al,, 1987

-~

INTEGRATION INTEGRATION
IN THEORY IN PRACTICE

In CAILUP, integration is not only addition or multiplication to combine different
parts or plans from different sectors, but it includes deletion of detail through ‘a fine filter’
to allow incorporation of the various parts in the framework of a common plan. With respect
fo the functions of each sector in the development process, the institutional structure is taken
into account in formulating components in CAILUP,

2.6 There are several reasons why a permanent institution that is responsible for land use
planning does not exist in many countries:

iy  There is no clear boundary between land use planning and other aspects of rural
development. Land use planning is non-sectoral, but a land use plan has to be
implemented by sectoral agencies [FAO, 19931, Land use planning involves integration of
various established disciplines (engineering, agricultural and social sciences) [FAO, 1993];

ii) An special institution for such planning would have to cover wo wide a range of
subjects, and thus become unwieldy, while many of its activities would overlap with
those of sectoral agencies. Therefore, very often a multi-disciplinary team is set up
during a project in which land use planning is considered, and when the project is
finalized, the sectoral agencies will continue by incorporating the land use plan in their
sectoral plans, with a weaker coordination;

- 11 -
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iii) Depending on the development plan, different phases of development require different
sectoral agencies taking the lead in land use planning. Such allocation of responsibilities
is always needed to help the Government accomplish basic infrastructures under limited
financial resources.

In most countries, there is an agency in charge of ‘land management’, which
considers land as a piece of the carth’s surface, but does not focus on its qualities for different
uses. Inventories by such an agency can be used as basic information on land resources to
allocate land to land use types.

In CAILUP, a key intervention is determined, e.g. construction of a water
management system for an irrigated region. Other bio-physical and socio-economic
interventions such as application of fertilizer, improvement of transportation, a birth control
programme, low interest credit, etc., are supplemeniary interventions to improve water
management efficiency. When the water management construction is realized, a new planning
phase with other key intervention(s) will be started.

2.7 Land use planning has to be carried out at many levels, from national to district (or
regional} and village level, and needs a wide range of special expertise {FAQ, 1993]. This
requirement, again, indicates that coordination is an important aspect in land use planning.
Without effective coordination, many agencies at different levels or in different sectors each
may produce their own land use plans with different objectives.

FAQ guidelines propose 10 steps in land use planning [FAO, 1993):

Step 1:  Establish goals and terms of reference.

Step 2:  Organize the work.

Step 3:  Analyze the problems.

Step 4:  Identify opportunities for change.

Step 5:  Evaluate land suitability

Step 6:  Appraise the alternatives: environmental, economic and social analysis.
Step 7. Choose the best options.

Step 8:  Prepare the land use plan.

Step 9:  Implement the land use plan,

Step 10: Monitor and revise the plan.

In this procedure, a major activity is the selection of land use alternatives based on
land evaluation (LE) carried out in steps 5 to 7 [FAO, 1993]. Land evaluation methods have
been proposed by FAO sirce 1976 [FAO, 1976] and al present cover various land use types
(FAO, 1983; 1984; 1985; 1991a]. The key activity in the FAO method can be summarized as a
process of matching land requirements and land qualities to assess land use suitability. Two-
stage or paraliel approaches can be applied, depending on how bio-physical evaluation and
socio-economic analysis are combined.
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Some authors consider the FAQ land evaluation methodology basically as a top-down
apprpach and have noted that it often failed during recent years [Fox, 1986; van Diepen et al., 1991;
Huizing, 1991]. From the 1970’s onwards, new methodologies such as farming system analysis
(FSA) have been developed and widely applied to take into account the preferences and
priorities of the local land users in a bottom-up _approach [FAQ, 1990; Huizing, 1991; Hengsdijk &
Kruseman, 1993] on the basis of diagnostic procedures. FAQ also pays attention to the bottom-up
planning with its advantages and disadvantages [FAO, 1993] and has proposed a two-way
procedure linking planning at different administrative levels [FAO, 1993; 1995). Land use
planning at regional (sub-national) level comes to grips with the diversity of the land and its
suitability to meet particular goals. At this level, conflicts between national and local interests
will have to be resolved {FAO, 1993].

It is realized that land evaluation (ILE) and farming system analysis (FSA) are
complementary and need to be integrated. The LEFSA (LE+FSA) sequence was suggested
in guidelines prepared by ITC (International Institute for Aerospace Survey and Earth
Sciences, The Netherlands) and Wageningen University (The Netherlands) at the request of
FAQ [Fresco et al, 1992]. However, as indicated by the authors of LEFSA, LE and FSA stem
from very diverse backgrounds and incorporation of LEFSA into existing land use planning
and technology development procedures will be a lengthy and difficult process. The authors
of LEFSA also noted that in some cases it may be useful to select appropriate elements rather
than the entire sequence, and recommended that an application programme be formulated to
further elaborate and test it (Fresco et al, 1992). Remaining questions are: ‘Can their integration
fill the gaps in each approach?’ and ‘How to integrate them in practice?’.

CAILUP takes into account the integration among hierarchical levels by combining
top-down and bottom-up approaches to help planners in answering questions from decision-
makers. Simulation of the decision-making process is an appropriate method. In the first
step, decision-makers are assumed to apply a top-down approach in selecting interventions
based on the goals of regional development In the context of the whole country. In the second
step, decision-makers have to verify the feasibility of these interventions by following a
bottom-up approach taking into account the preferences and priorities of the local land users.
In the final step, all achievements and impacis from these interventions are evaluated by
comparison with socio-economic and environmental goals.

2.8 Planning is for people (FAO, 1993]. However, in the FAO method, it was
recommended that "People are considered to the extent that they participate in land use, and
then not as actors but as management skill or labour” [van Diepen et al.,, 1991]. As both planning
and plan impiementation are carried out by people, the planning method should be acceptable
to the people having to implement it, as should be the output (the land use plan).

Three categories of people are involved in land use planning, i.e. land users, decision-
makers and the planning team [FAQ, 1993].

- 13-
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i)  Land users, defined more broadly than only farmers living in the planning area and/or
using it, but also the people who depend on their products and are affected by their use
of the land. By this definition, ‘land users’ may include traders and consumers [Hengsdijk
& Kruseman, 1993] who influence indirectly, but not less importantly, land use decisions,

il Decision-makers, who bear overall responsibility for planning and for plan-
implementation. The land use plan is implemented by sectoral agencies through their
sectoral plans under the supervision of decision-makers.

iii) The planning team has to formulate and analyse the land use scenario. This teamn has to
comprise a wide range of special expertise. Contributions of research scientists to
regional development are more effective if they are incorporated in the plan prepared by
the planning teamn.

Recently, FAO has identified: "land users and other stakeholders, or interested
parties, are individuals, communities or governments that have a traditional, current or future
right to co-decide on the use of the land.” [FAOQ, 1995].

Within the current socio-economic conditions in both national and international
contexts, decisions on land use are not only made by decision-makers or farmers, but they can
be considered as ‘public decisions’ with conuibutions from scientists, planners, decision-
makers, sectoral agencies and land users. However, within these groups, different opinions
may exist, for example, "a major constraint in land use planning highlights the differential ime
horizon between decision-makers and planners or scientists” {Fresco, 1994b]. Depending on
local bio-physical and socio-economic conditions, in a certain period, each group may play
a major role in the decision. In these groups, planners are considered the most knowledgeable
in integrating knowledge and objectives from the others.

Therefore CAILUP is designed to help planners in land use planning to answer
questions from decision-makers. These questions are mainly related to impacts on
bio-physical and socio-economic aspects of land use and may also be based on reactions from
land users to interventions carried out by sectoral agencies.

29 Every year, or every season, or every month, land use decisions are being made; they
cannot be delayed because of lack of knowledge, data, maps, manpower, funds, etc. Even if
the quality of the plan is low due to the shortage of basic data, a plan should be formulated,
then the knowledge and information gaps are identified and gradually filled through
monitoring and research. Therefore, land use planning is considered an applied science, and
may present a conflict between "the desire for deeper scientific understanding and the need
for the design of rapidly applicable methodology and corresponding tools” [Fresco, 1994b].

CAILUP combines both objectives of an applied science. a tool for rapid application
and a tool for scientific research. The first version is developed for the need of application,
then gradually refined to become a tool to improve the knowledge about the interactions
among factors.
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2.10  Land use planning implies weighting of wrade-offs among conflicting goals [FAD, 1993),
as diverse interests exist in society. The two major themes are land as a resource and land
as part of the environment, and the latter is increasingly emphasized today [Vlasin & Bronstein,
1978). Land use planning does not aim at providing values of future production or land use
maps, but at assessing positive and negative impacts on production, socio-economic conditions
and cnvironment of alternative series of actions to exploit land resources. The ‘best’
alternative in land use is always dependent an the objectives to be pursued [Fresco et al., 1992].
Land use planning should result in the identification of projects and/or programmes, and it is
important in land use planning to suggest changes in policies that do affect the use of land
[Fresco et al, 1992]. Various decision-making techniques have been applied for the selection of
land use types [Cohon, 1978; Romero & Rechman, 1989; Sharifi, 1992a], but due to the lack of a
universaily applicable method for public decision-making problems [Cohon, 1978], different
rankings for land use alternatives may result. Even an individual has multiple objectives,
therefore, optimization requires methods that assign weights and priorities to the different
objectives [Brinkman, 1994). Two approaches have been applied to identify the best alternative
in planning:

i) on the basis of all possible alternatives by applying mathematical utilities as optimization
techniques;

ii) on the basis of a limited set of alternatives, according to ‘good enough’ or ‘satisfactory’
alternative [Turban, 1993}

CAILUP provides functions for establishing priorities by simple multicriteria methods
[Nijkamp et al., 1990). In view of the diversity and increasing numbers of factors and goals in
integrated land use planning, and the ‘bounded rationality’ of human capacity Turban, 1993)
the second method in finding the best alternative is applied in CAILUP,

2.11 Integration of bio-physical and socio-economic factors is necessary in land use
planning, which is still a problem, due to differences in accuracy in estimation of intervention
impacts with higher accuracy levels in the bio-physical realm. Moreover, differences in spatial
and temporal resolution are also an important issue in such integration. The spatial and
temnporal resolution of bio-physical factors, such as soil types, climate, water conditions, etc.
is usually higher than that of socio-economic factors, such as market prices, availability of
capital, etc. Integration becomes extremely complicated when many technical, socig-economic
and environmental criteria have to be considered. FAO [1993) proposed that after the physical
evaluation in Step 5, the analysis of environmental, economic and social impacts is carried out
in Step 6 (see 2.7).

In CAILUP, integration requires the same resolution (in space and time) of data on
both bio-physical and socio-economic factors. Land units that are homogenous with respect
to the relevant characteristics, have similar problems and opportunities and will respond in
similar ways to management |FAQ, 1993] are identified in CAILUP. A problem is that the
relevant socio-economic factors are very dynamic and are generally not reported in the same
spatial and temporal format as are bio-physical factors, but per administrative unit, for
example, in the population census.
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As indicated in the FAQO guidelines, planners have 1o work with land units and
decision-making (administrative) units simultaneously [FAQ, 1993, hence, land units delineated
by administrative boundaries and limits of key physical interventions are appropriate in
integrated planning. Special techniques such as grouping of farm systems [Hazell & Norion, 1986;
Schipper, 1991] and land use classification [Mucher, 199%; Mucher et al., 1992] car be applied for each
land unit.

2.12  There are various definitions and classifications related to the goals in planning. For
example, three levels of goals: goals, objectives and targets were identified by Hall [1975; in
Roberts, 1978] or objectives, principles and standards, etc. Romero and Rehman [1989) defined
a criterion comprising attribute, objective, goal or target. Decision-makers have to trade-off
among decision-making criteria [Romero & Rehman, 1989). Goals in land use planning (= the
‘best’ use of the land) can be grouped under the headings of efficiency, equity and
acceptability, and sustainability [FAO, 1993). Efficiency is achieved by martching different land
uses with the areas that will yield the greatest benefits at the least cost. Equity refers to the
reduction of inequality or, alternatively, to attack absolute poverty [FAQ, 1993]. Sustainability
may be defined as meeting the needs of the present without compromising the ability of future
generations to meet their needs [WCED, 1987], or in other words, to maintain productivity when
subject to stress or perturbation [Conway, 1985]. FAQ has indicared: "An integrated approach
to planning the use and management of land resources ... requires the identification and
establishment of a use or non-use of each land unit that is technically appropriate,
economically viable, socially acceptable and environmentally non-degrading” [FAO, 1995].

Assessment of the impacts of a land use plan requires a technique for estimating the
effects of bio-physical and socio-economic conditions during a long period over a large spatial
extent, when the land use plan is implemented. For such a complex problem, a qualitative
approach (conventional land evaluation) seems to be suitable, but in fact it causes confusions
[van Diepen, 1982; Fox, 1986; van Diepen et at., 1991] to the planner because of its flexibility and
difficulty in comparison of achievements from different land use types. With the support of
a computer, a quantitative approach may help the planner to avoid these confusions.

In CAILUP, goals are explicitly expressed in quantitative values. However, decision-
makers or farmers do not always clearly define indicators representing their goals, and
usually express development goals in qualitative form. In this case, planners have to help
them in the selection of indicators, and in the conversion of qualilative terms to quantitative
values. It should be noted that distinguishing between ‘qualitative’ and ‘quantitative’ is
relative and depending on the objectives of expression. For example, production can be
expressed in tonnes by an exporter, but also in number of oxcar loads by farmers; or ‘the
time to go hungry again’, a measure for rice quality under a subsistence economy is being
replaced by US3/tonne under a marker economy.

2,13  However, due to lack of knowledge [Fresco et al. 1992], "what we know of social,
economic, and environmental behaviour is much less than what we do not know" [Holling, 1978],
and the uncertain future (Holting, 1978; Gittinger, 1982; Fresco et al., 1992; Fresco, 1994a], an analysis of
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risk and uncertainty has always to be involved in planning. In this situation, gaming [Hazell
& Norton, 1986; van Schaik, 1988; Romero and Rehman, 1989; Hengsdijk & Kruseman, 1993] is a useful
method.

In CAILUP, evaluation of land use scenarios comprises both, effects of land resource
exploitation (production, economic benefits, etc.) and impacts on the environment, CAILUP
provides functions for ranking the land use aiternatives and can be used as a gaming tool to
analyze the impact of different hypotheses or scenarios formulated by planners.

2.14  Water management is considered a key intervention in integrated land and water
resources development for an irrigated area. Different viewpoints on water management exist:

For an agronomist, it is a key intervention to increase agricultural production;
For an environmentalist, it is an action with both positive and negative environmental
impacts, and therefore, a technique for environmental management;

» For an economist, it is an investment for improving production and water user’s income;
For a sociologist, it is a tool for reducing differences in income;

» For a decision-maker, it is a tool for influencing long-term development of the region.

Land use (or land and water resources planning), therefore, has to consider both
individwal projects with specific objectives and general policies [FAO, 1993}, i.e. it requires
projects to improve natural resource management and appropriate policies acting as driving
force to achieve project objectives. However, a recent FAQ draft report contains the following
complaint: "... very litle progress has been made in developing a relationship between
Government policy and land use decision making..." [FAQ, 1994, cited in Luning, 1995].

CAILUP is designed as a tool for both purposes, i.e. appraisal of a water
management project and analysis of the effects of Government policy on land use.

2.15 Currently, the economic view of development is not only limited to the growth of
GNP (Gross Natonal Product) or GNP per capita, but extends to the redistribution of growth
[Todaro, 1992; Hengsdijk & Kruseman, 1993]. In agricultural development, a major issue is the
transition from subsistence to diversified and specialized production for the market [Todaro,
1992). Therefore, the goals in land use planning should not be limited to high production or
income, but extend to socio-economic and environmental objectives.

- A land use plan is considered a large and long-term project which has to be
evaluated. The concept of ‘without' and ‘with’ cases in project appraisal [Gitinger, 1982] is
applied in CAILUP. The owiput is a comparison between ‘“withowt' and ‘with’ interventions
to help decision-makers make a selection. Various scenarios of ‘with’ interventions may be
developed, but only one ‘without' case s formulated on the basis of current conditions and
used as ‘base scenario’. All ‘with’ cases are compared to this base scenario for evaluation.
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2.16 A land use planning team needs to comprise a wide range of expertize [FAO, 1993),
because land use is a multi-disciplinary and multi-sectoral activity. Expertise for land use
planning is available from two sources, i.e. local (regional and national) and global
(international). Local expertise includes knowledge of all groups with a stake in land use, as
discussed under 2.8, and is concentrated in a planner group. In recent years, local expertise
has improved in many developing countries and should be comsidered as a major human
resource in planning. For bio-physical factors, global expertise on advanced technology may
be adapted to local conditions, while for socio-economic factors, local expertise is essential
for each region (sub-national level).

For both short-term and long-term, the methodology and technique applied in land
use planning should be applicable to local conditions. FAQ also noted that its guidelines
should always be adapted to the local situation [FAO, 1993]. External assistance (for instance,
from an international organization) for land use planning at a certain point in time will not be
effective if the local population cannot follow up the planning process, in particular in view
of the present rapid changes in socio-economic conditions.

CAILUP consists of a knowledge base that integrates expert knowledge from both
local (regional and national) and global expertise.

2.17  Planning is a learning process and can best be learned by doing [FAO, 1992].
Knowledge on interactions among components in land use can be derived from literature
and/or experiments. However, with increasing diversity in land use, knowledge on interactions
among factors is not always available from literature or could be extracted from experiments,
therefore, expert knowledge is acceptable to establish the rule base for planning. ‘Expert’
knowledge has been, more and more, applied in land use planning. For example, Bouma et
al. [1991] have distinguished five levels for the soils input into systems approaches for
agricultural development, i.e.

Level 1 Farmer’s knowledge;

Level 2 Expert knowledge and associated data needs;

Level 3 Simple capacity models and associated data needs;

Level 4 Complex mechanistic models and associated data needs;

Level 5 Very complex models for subprocesses and associated data needs,

or "Existing {expert) knowledge and local knowledge specific for a study area on relations
between land, land management and crop yields is used to assess proportional yields for land
qualities.” [Huizing et al., 1994].

CAILUP is formulated in a flexible way to include expert knowledge with qualitative
Jjudgement rather than precise mathematical calculations.
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2.18 During recent years, computer science has made a significant progress, especially the
availability and quality of hardware and software packages has increased. Currently,
microcomputers are a familiar tool in many developing countries. In addition to a large
calculation capacity for modelling and efficient data handling through database management
systems, microcomputers have become a tool for spatial and temporal analyses, and for
communication with many graphic software packages. Therefore, the most promising tools
for land use planning are: database management systems, geographic information systems
(GIS) and modelling [Fresco et al., 1992].

Land use planning is a complicated process that is impossible to standardize.
Therefore customers of any specific planning software package are so limited that they do not
represent a lucrative market to attract investment by the computer industry. Most models or
software packages listed in 2.20 below have been developed for scientific research rather than
for commercial purposes. To somne extent, this phenomenon limits the application of advanced
computer technology in these models and software packages as well as their distribution to
a wider group of users.

With the advance of computer technology, many new concepts and techniques have
been or can be applied in land use planning, such as decision support systems and expert
systems [Fresco ct al., 1992; Sharifi, 1992a]. The basic idea underlying an ‘expert system’ is simple.
Expertise is transferred in a structured fashion from the human brain to the computer so that
the computer can generate specific advice, and explain, if necessary, the logic behind the
advice [Turban, 1993).

An expert system will never replace ‘a human expert’, but can do more than a2 human
expert [Naylor, 1987). FAO [1993] also indicated that “the procedure is the same whether a
computer is used or not, but the computer package enables the decision-maker to take
account of much more information and to learn from predicted consequences of alternative
decisions". However, in investigating the effcctiveness of decision support systems, van
Schaik [1988] concluded that the quality of decision-making is hardly influenced by the
availability of a decision support systern, while it is significantly improved when decision-
makers understand the sequence of steps to be taken in the decision-making process. This
conclusion points to the requirement for a decision support system with explicit description
of the processes in the system in a lucid way for the users.

CAILUP includes all advantages of computer applications in the planning process.
The greatest advantage in computer applications compared with conventional methods is the
large calculation capacity, that allows planners gaming with a large number of land use
scenarios.

2.19 Main components of an integrated land evaluation system are [van Diepen et al., 1991]:
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(i) a geographic information system (GIS) with bio-physical and socio-economic
information;

(ii) a database management system;

(iit) analytical tools (models) to assess physical land use performance and formulation of land
use Scenarios;

(iv) analytical tools for evaluating land use scenarios.

CAILUP focuses on the two last components, bur comprises all above components
in a structure suitable for the functioning of the system as a whole.

2.20 Many techniques and models related to land use planning have been developed as
summarized by van Diepen et al. [1991], Davidson [1992], and Chidley et al. [1993). Models can
be classified in different types, depending on the criteria used such as research and
management models, deterministic and stochastic models, reductionistic and holistic models,
static and dynamic models, linear models and nonlinear models, causal and black box models.
Or they can, depending on the subject, be described such as biodemographic, bioenergetic or
biogeochemical types in ecological models [Jorgensen, 1994). Or, depending on the modelling
techniques, as iconic (physical models), analog (analogous but not physical, including
conceptual models) and symbolic (mathematical models) [Dykstra, 1982].

On the basis of their functions in integrated land use planning, models can be
classified in the following types:

1) Models describing interactions among physical factors: climate, soil, water such as
HEC-1 [U.S. Army Corps of Engineers, 1987: in Chow et al., 1988], SSARR [U.S. Army Corps of Engineers,
19371, VRSAP [Khue, 19912, 1991b; NEDECO, 1992a], SAL, [NEDECO, 1992b), DUFLOW [Spaans et al.,
1992), TRISULA [Delft Hydrautics, 19881, SAFLOW [Delft Hydraulics, 1989], ¢tc. These models are
used to estimate physical conditions in natural situations or under human activities.

ii) Models describing interactions among physical {climate, soil, water) and biclogical
factors (crops) such as LECS [Wood & Dent, 1983: in Fresco et al,, 19921, RICEMOD [McMemnamy &
O'Toole, 1983], IBSNAT {Uehara, G. & G.Y. Tsuji, 1991], QUEFTS [Janssen et at., 1989: in van Diepen et
al,, 1991], WOFOST [van Diepen et al,, 1988), CERES [Godwin et al., 1990: in Bachelet & Gay, 1991], ALES
[Rossiter & van Wambeke, 1993], SWACROP [Wesscling et al., 1989], MACROS [Penning de Vries et al,,
1989], RICESYS [Graf et at., 1991: in Bachelet & Gay, 1991), PLANTGRO [Hackeu et al, 1991],
CROPWAT (Smith, 1992], ORYZAL1 [Kropff et al., 19%4], etc. These models are used to estimate
crop yield or crop suitability under natural conditions or under various management regimes.
Bio-physical factors are the focus in these models while socio-economic factors are excluded
or only used as boundary conditions.

1ii) Models describing interactions among socio-economic factors such as population,
income, net present value, internal rate of retumn, etc, Contrary to type ii), in these models
bio-physical factors are used as boundary conditions. Several software packages for linear
programming such as MPSX [IBM, in: Hazell & Norton, 1986], PC-PROG [Kalvelagen, 1988), MicroLP
[Scicon Lid., 19891, XPRESS-MP [Dash Associates, 1991], GAMS [Brooke et al., 1988 in NEDECO, 1993b],
etc., can be used for this type of models. Some other models have been applied to questions
of policy [Hazell & Norton, 1936].
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iv)  Models developed for the formulation and evaluation of land use plans, or in land use
management such as LESA [Wright, 1983: in van Diepen et al., 19911, LEM2 [Smit et al., 1984: in van
Digpen et al., 1991], LUPLAN [Cocks ¢t al., 1983, 1986], CRIES [Sciltink, 1987], LUPIS [Ive et al.,, 1988],
MULBUD (Etherington & Matthews, 1985: in van Diepen et al., 1991], CAPPA [Verceuil, 1990; Maetz, 1991;
FAQ, 1991b], ARIS [Sharifi, 1992b], etc. These models can be considered decision support systems
or expert systems focusing on integration of bio-physical and socio-economic factors.

Another approach to computer applications in land use planning is to provide a
database with some functions for combining different models for land use planning [FAQ, 1995},
such as SOTER (Engelen & Wen, 1995], STIPA, CLICOM, APT, CYPPAC, AEZ-CCS,
PERFECT, CIMIS [in Chidley et al. 1993], ECOCROP [FAQ, 1994], CYSLAMB [in: Brinkman, 1994],
Land Use Database [de Bie et al., 19961,

In integrated land use planning, management models are needed, but many of the
existing models, in particular type ii), are research models [Versieeg & van Keulen, 1986] and
spatial aspects are often neglected (van Wijingaarden, 1991]. Taking into account the problem of
data quality [van Keulen, 1990] and their level of detail, these models would be rather used to
provide a knowledge base (such as effects of physical interventions, interactions among
physical factors and biological indicators) to integrated land use planning rather than be
included in model structure.

It should be emphasized that the argument ‘a more complex model should be able
to account more accurately for the complexity of the real system’ is not true because the
increasing number of parameters will lead to an increase in uncertainty [Jorgensen, 1994].
Versteeg and van Keulen [1986] have remarked: *... some simple calculation methods produce
pradictions of production potentials of irrigated crops in different environments similar to those
obtained from computer simulation models." Therefore, the International Workshop on
Quantified Land Evaluation Procedures, Washington, D.C. 1986, recommended further
research on "Simple models that are less demanding of data and computing facilities while still
giving useful predictions.” [Beek et al., 1986].

Modelling is a promising technigue within CAILUP, but for integrated land use
planning, the strategy in modelling of CAILUP is to integrate simple sub-models of all sectors
rather than only to include a few complex sub-models developed for single disciplinary
research.

2.21 Local conditions are a main problem in the application of models, as expressed by
van Diepen et al. [1991]: "deterministic models usually need calibration or ‘fine tuning’ when
applied to new situations in spite of their promise of universal applicability.” or “there are
questions of scale, validation of models developed in other environments, appropriate systems
and hardware, the values of expert systems to assist extension staff”. [Beek et al,, 1986].
Therefore, a region-specific structure is required, and depending on local problems, the above
models may be applied.

CAILUP is developed on the basis of local problem-identification and adapted on the
basis of local knowledge in computer applications as well as available facilities.
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222 In addition to the complexity and diversity of the real world which affect model
validation, the availability of reliable input data is also a major issue. Validation of a model
is so difficult, or quite often impossible [Fresco, 1994a). Holling [1978] has remarked: "Note that
no moded - mental or mathematical - is 'true’. Because degrees of credibility and usefulness
can be defined, not, as is often done, by attempting to tune parameters to fit a given set of
historical data; rather, the effort should be directed to invalidate, and not to validate the model.”

In the bio-physical realm, models can be calibrated and validated on the basis of
experimental data, therefore modelling in this realm has been successfully developed. On the
other hand, in the socio-economic realm, experiments to generate data for validation are
difficult to be implemented, and ‘history never repeats’, thus the validation of models is more
limited. However, Jgrgensen [1994] has indicated that if validation cannot be obtained as
expecied, the model can always be used as a management tool to present all the open
questions to decision-makers.

Validation of a system for integrated planning as CAILUP is based on both
experimenial data and ‘expert’ judgement.

223  Integrated land use planning always deals with various goals. Multiple goal analysis
technigues, mostly based on linear programming, are proposed to optimize (maximize or
minimize) a number of development goals [Ayyad & van Keulen, 1987; de Wit et ul., 1988; Shakya et
al, 1989; van Diepen et al. 1991; van Keulen, 1991; Huizing, 1992; Erenstein & Schipper, 1992]. These
techniques have been applied in explorative studies aiming at exploring possibilities and
potentials for a particular farm or region in the long run [Rabbinge & Ittersum, 19941, and can be
much better incorporated in policy formulation [Pavidson, 1992].

Muliicriteria evaluation is applied in CAILUP to assess policy implications.
Optimization through linear programming can be applied under appropriate conditions.

2.24  Integration is a major issue in land use planning. CAILUP focuses on four types of
integration:

i)  between land use selections at different hierarchical levels;
i1) between bio-physical and socio-economic factors;

iiiy between local expertise and global (international) expertise;
iv) between computer technology and land use planning.

225 An IBS (Integrated Bio-physical and Socio-economic) approach is proposed to assess

the effects of water management based on the following concepts:
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» Sustainable development should not only consider bio-physical but also socio-economic
aspects;

» Multisectoral integration at different hierarchical levels is required to goarantee harmony
between projects and policy;

»  Water is considered a major environmental factor, a basic requirement for human life and
an economic good for production.

226  CAILUP represents the concept of an expert sysiem embedded within a computer
application [Harmon & Sawyer, 1990] (Fig. 3).

Figure 3: With and without CAILUP [adapted from Harmon & Sawyer, 1990],

User Usar

HITHOUT CAILUFP HITH CAlLUP

The computer application illustrated in Figure 3 comprises database management,
modelling and GIS. The expert system, broadly defined, is a knowledge base interacting with
the model unit in CAILUP and consists of a set of rules that are executed when triggered by
appropriate conditions [Naylor, 1987]. With the knowledge base representing the expertise, a
non-expert can achieve performance comparable to that of an expert in that particular problem
domain (Davis & Olson, 1985).

2.27 CAILUP is only a computerized aid, therefore:

» CAILUP does neither replace planners in land use planning, nor does it contain everything
required in land use planning such as data, maps, tables, graphs;

» CAILUP aids planners in steps in which computerization is helpful, i.e. activities from
steps 3 through 8 in the 10 steps of land use planning proposed by FAO [1993] mentioned
in 2.7. However, data processing should precede these steps before using CAILUP, in
particular to provide a knowledge base used in models. Identifying the limitations of
CAILUP is one important issue to be considered by the user.

2.28 Depending on the objectives of analysis, different spatial levels may be selected for
modelling. For example, in models of pedogenesis, eleven different levels of hierarchy can
be distinguished, i.¢. [Hoosbeek and Bryant, 1992: m Bouma & Beek, 1994)

(i-4) molecular (i) pedon (i+4) region
(i-3) basic structure (i+1) field (i+5) continental
(i-2) secondary structure (i+2) catena/watershed (i+6) world level
(i-1) soil horizon (i+3) county
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Similar spatial levels can be applied to analyze the effects of policy in land use,
depending on the type of interventions, as shown in Fig. 4.

Figure 4: Spatial levels in modelling.
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Each level is affected by and also influences higher and lower levels. Because an
irrigation system usually covers areas exceeding a farm or village, and expertise and data at
regional level are available for use of a computer aided system, CAILUP is developed for the
regional level.
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2.29 Simulation modelling is a promising technique in land use planning to achieve the
integration [van Diepen et al, 1991; van Keulen, 1991; Fresco et al, 1992, FAD, 1993]. A model is a
simplified representation of a system, defined as "a limited part of reality with related elements”
[van Keulen, 1990], or "a representation or abstraction of an actual object or situation” [Dykstra,
1982]. It can be used as a management tool, as well as a scientific tool in survey of complex
systems, in revealing system propertics, the gaps in our knowledge and in tests of scientific
hypotheses [Jorgensen, 1994]. Models are used in ‘conditional predictions’ to answer the question
‘what if* [Vercueil, 1990; Bouma and Beek, 1994]. In CAILUP, the model is a major component to
realize the system function, not to predict what will happens in the future, but to identify
possibilities if interventions are implemented in the region.

For systern analysis and simulation in agro-ecology, Rabbinge and de Wit [1989]
introduced ten steps in model building to formulate a conceptual model, a comprehensive
model and consequently a summary model. The modelling procedure proposed by Jgrgensen
[1994] is applied in CAILUP, as shown in Figure 5.

Figure 5: Modelling procedure [Jgrgensen, 19941,

Models include interactions among components with a common hierarchical structure
expressing causal relations in the form of equations, graphs or tables based on knowledge of
sectoral experts. Hypotheses or assumptions are used to take into account uncertainty, and
information gaps are identified. In this way, bio-physical and socio-economic factors can be
integrated as they are in the real world. Simulation of the planning process guarantees that
the decision quality is at least equal to (or better than) that achieved without the help of
CAILUP.

-25 .




Chapter IT

2.30 Land use scenarios are evaluated through integrating the effects of bio-physical and
socio-economic factors. Fresco [1994a) has remarked "Scenarios are not to be confused with
forecasts: they do not predict, but allow us to explore technical options based on explicit
assumptions given a set of goals.”

In CAILUP, a scenario comprises a set of actions and effects in which goals are
achieved to a certain degree (possibly not completely, and taking into account side effects).
A scenario is usually identified by a specific name, e.g. maximize rice production, maximize
income, that expresses the strategy to achieve goals while focusing on one specific goal.

The simulation sequence in CAILUP is shown in Figure 6.

Figure 6: Simulation sequence in CAILUP.

Starting from the current conditions, the impact of physical interventions (water
management) on the physical conditions is first evaluated. These new physical conditions lead
to new bio-physical production levels from different land use types®. These new production
levels are used to determine an integrated feasibility for each land use type by comparison
with socio-economic criteria at farm level. This feasibility is used, by combining with
Government policy objectives, 1o formulate a land use plan at regional level. Achievements
from this plan and its impacts on bio-physical and socio-economic conditions have to be
examined to modify the plan or to take them into account in subsequent years.

231 The knowledge base in CAILUP is formulated on the basis of an expert system.
First, simple interactions among factors are established on the basis of expertise from planners.
Then, the rules of interactions are revised by comparison with knowledge of scientists, from
literature, and from the local population. To incorporate expertise into CAILUP, the AEAM
(Adaptive Environmental Assessment and Management [Holling, 1978; Mekong Secretaria, 1982;
ESSA, 1982; Waliers, 1986]) procedure with several workshops is 2 promising technique.

*  Yet there is no satisfactory and commonly accepted method of defining and classifying
land use globally [van de Puite, 1989; Turner II et al., 1995], although attermpts have been made to
develop such a method [Stomph e al., 1994). Hence in CAILUP, local definitions are considered
most appropriate.
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Integration of local expertise and international expertise is proposed to be carried out
gradually in two steps. In the first step, on the basis of local expertise, models are developed
and land use scenarios are formulated. This step may result in a simple system with a high
capability of communication. In the second step, international expertise, expressed in more
accurate process descriptions or more advanced models, gradually improves or replaces local
models, if necessary and suitable. Subsequently, CAILUP is refined and improved on the
basis of both local and global expertise during the ongoing planning process.

The system developed in such a way is appropriate to local conditions, and also helps
to judge the applicability of global models. Transfer of technology is realized through the
gradual improvement of the system on the basis of global expertise. The system should have
a flexible structure consisting of individual modules that can be linked tofreplaced by
alternative modules, and should be as independent as possible of hardware, software and
lifeware (user) requirements.

232 Integration in ‘public decision’ is carried out by simulating the decision process.
Human behaviour is probably impossible to predict. However, in most cases, decisions on
land use are based on logical reasoning, thus the techniques of decision support systems can
be applied. By gaming with models, different alternatives can be tested and conflicts among
groups can be identified. Conflicts cannot be solved by CAILUP, but it may help to
explicitize the trade-offs in ‘public decision’.

233 Integration of computer technology and land use planning will be achieved by
developing a system consisting of quantitative models, databases and GIS based on the
concepts of decision support systems and expert systems. The capability of computer
technology to provide diagrams, spread sheets and graphic views will be very helpful for
analysis and communication.

Many software packages for database management, worksheet calculation, GIS, etc.
have been developed and are rapidly improving. The user is advised to use existing software
packages rather than to develop his own program with similar functions. Therefore, CAILUP
will consist of individual modules using as much as possible available software packages.

234 The major objective of CAILUP is integration rather than improvement of individual
components, such as crop-yield models with higher accuracy or better economic calculations,
although options for improvements may be identified, recommended and implemented during
integration of the various components.

Planning includes monitoring and evaluating the results to revise the plan [Roberts,
1978; van den Hoek, 1992; FAQ, 1993). CAILUP is used to simulate a dynamic process, i.e. input
and output data may vary with respect to space and time. CAILUP itself is also dynamic, i.e.
all units may be modified and improved as improved knowledge or computer facilities become
available.
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CAILUP is not an automated tool. One objective of CAILUP is to integrate expertise
from different sources. An automated tool is useful in saving labour and time, but not
effective in achieving expertise mobilizadon. Therefore, in the system, automation is only
applied in steps involving purely physical transfer that does not require any expentise, such
as arithmetic, data conversion, graphic display, etc. Moreover, the system is designed as
transparent as possible, for example, not only the final results are generated, but also
intermediate data, to allow the user to follow the calculation procedure.

235 Taking too much time and manpower is one point of criticism that may be
counteracted by using planning methods appropriate for the purpose of planning in each
specific situation and by being very target-oriented and selective in defining the required
information and the methods of obtaining the data (Fresco et at., 1992).

Due to problems in coordination, a tendency of sectoral agencies is usually to collect
as many data as possible. However, essential information may be lacking, and very often,
data collection for an enormous database, rather than data use, becomes an objective of
sectoral activities. In integrated land use planning, the concept of ‘data collection’ has to be
replaced by ‘selective data collection’. The same collection tendency is apparent in using
scientific tools or applying advanced techniques: sometimes, the selected tool or technique
becomes an objective in itself (e.g. the purchase of new computers and advanced software
packages), its application is not given due attention. The same holds for intermediate products
of land vse planning. For example, yield prediction may be the ultimate goal of crop growth
modelling, however, in land use planning, it should be rather an assessment of the possibilities
of different crops [van Keulen, 1990).

To answer the question "Why are agricultural sector models not widely used?”,
Vercueil [1990] indicated three factors: skills, maintenance and communication, and concluded
that sophisticated modelling efforts are jeopardized by a devastating marriage of bureaucratic
stubbomness and academic lack of practical sense.

From a practical viewpoint, CAIL.UP is developed on the basis of a problem-oriented
concept, All components as well as the required data have been selected to realize specific
functions of the whole system. Some routines or subsets of parameters are included in more
detail than others and influence model results disproportionally [Fresco, 1994b]. Critical
questions to be always asked when a component or process is considered to be included in the
system are "ls it really essential to the system and the problem? Why? How?" [Jorgensen, 1994].

236  However, the lack of specification of the local conditions is a main problem in the
application of models. For different regions with specific problems, the structure of CAILUP
may have to be modified. First, a simple structure based on available local expertise and data
is developed. Then, improvements will be carried out by comparison to other systems and
models developed by international experts or through learning during the continuous planning
process.
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3.1 As discussed in Chapter I, the main function of CAILUP is to support planners in
integrated land use planning at the regional level to assess the impacts of different land use
scenarios with water management as the key intervention. This chapter describes the structure
of CAILUP as resulting from phase 3 ‘System Design’ in the SDM process. The objectives
of this phase are to refine the requirements and to design the system so that subsystems and
functions within subsystems can be defined [Cap Gemini Publishing BV, 19911.

32 CAILUP consists of four units as described in Fig. 7.

Figure 7.  Structure of CAILUP.

A core expert unit: functions as a ‘central processing unit’ to manage the system and
control the analysis process;

A database unir. handles all input/output data toffrom other units;
A GIS unit: displays and analyzing spatial data;
A model unit. caiculates model outputs from input data by applying rules of

interaction armong components.

33 To illustrate the functions of each unit, CAILUP may be compared to a research
institute comprising four main units with a commeon objective: evaluating land use scenarios:

- The Core Expert Unit is the Directorate of the Institute;
- The Database Unit is the Data Management Department;
- The GIS Unit is the Mapping Departernent

- The Model Unit is the Rescarch Department;

34 As mentioned in 2.17, analytical tools in the Model Unit are the focus of CAILUP
and functions of other units are mainly to support the modelling process.

3.5 Reviewing and checking are considered important issues in CAILUP (two steps
forward, one step back [FAOQ, 1992]). After the use of any function or model, a review by
means of tables, graphs or maps is always required. Hence, calculation sequences should be
easily managed to review input and output data in each step and to identify any error

- 31 -




Chapter Il

propagation in the model. A readable format, i.e. ASCII format, could be applied to all
input/output data. However, such a format requires excessive storage capacity, therefore, for
large data sets, the binary format is used for data exchange among sub-units, and the ASCII
format is provided as an option for displaying selected data to the user.

36 In the whole system, common principles are applied. Specific principles are applied
in individual units. Commeon principles applying to all vnits are:

1/ To provide flexible operation, external interactions with the system are performed in two
ways:

a/ either through the Core Expert Unit, then, depending on the required function, the Core
Expert Unit will call the relevant unit, or

b/ by direct access to the corresponding unit for certain functions.

2/ To guarantee consistency in CAILUP, each function is assigned to a single unit, i.e. two
units cannot perform the same function (e.g. calculations are only carried out by the

Model Unit and not by any other unit, even if they could be done in the Database Unit or
the GIS Unit).

3.7 The following design aspects have to be taken into account for each unit:
1/ Functions assigned to each unit are derived from the common objectives of the system;

2/ Structures of each unit:

» logical (or conceptual) structure: completely based on functions of each specific unit
and expressed by a sequence of calculations;

» operational siructure: transiated from the logical structuse to provide easy operation for
the user;

» physical structure: translated from the operational structure to match with software and
hardware conditions.

38 Only functions and logical structures can be applied to different regions with different
problems. Operational structures and physical structures have to be designed for each specific
region.

In the phase ‘Systern Design’ introduced in this Chapter, functions and logical
structures are emphasized, and operational structures are only outlined. Details of operational
and physical structures will be presented in the next Chapter, dealing with the ‘Detailed
Systern Design’ phase for a pilot study.

39 The structure of a system is more difficult to explain theoretically than to apply.
Therefore, in Systemn Design, many examples are given to illustrate the system. These
examples are taken from problems in specific regions, and may not be applicable for other
areas.
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3.10  Function: comparable to that of the Directorate of an institute, the Core Expert Unit
has to manage the entire system. Its structure and functions are simple, but important for the
operation of CAILUP.

311 Logical structure of the Core Expert Unit:

1/ a management component to provide information on the structure of the system and each
of its units.

2/ a control component to control the calculation and analysis sequence. This component can
transfer the user’s action to the corresponding units.

3.12  Operational structure of the Core Expert Unit comprises a hierarchy of a main menu
and sub-menus with which the user can interact. Both components are combined in the
hierarchical menu system.

3.13  Function: handle all input/output data toffrom other units. Development of a
database management system is a secondary objective of CAILUP because the database is
only a tool to support the Model Unit,

3.14  From this function, the following features are derived:

1/ All input/output data are handled by the Database Unit. Data in CAILUP are only used
for evaluadon of land use scenarios, therefore, they only comprise data from sectoral
agencies and local authorities. Processing of raw or primary data is not an activity
included in CAILUP.

2/ The Database Unit only handles data required by other units, i.e. those used for calculation
and analysis by the system. Qualitative or descriptive data, used for reporting only, are
not included in the system.

3/ A relational database structure is used in CAILUP, because it is simple and widely used
in many database and worksheet software packages. A common format is applied for all
data sets containing the same type of information. For example, the logical structure of
spatial and temporal data sets is fixed and translated to an operational structure as
presented in Fig. 8.
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Figure 8: Logical and operational structure of spatial and temporal data sets.

ATTRIBUTE ... Location Date | Atirbute 1 | Attribute 2 |, ..
1990

ﬁ Land wit 2 | Aran2 | Viels 2 Landunit 2 | 1990 | Area2 Yiald 2
al|Llandunit 3 | Aread | Yield 3 Land unit 3 | 199@ frea 3 Yield 3
T|Land mit 4 | Area 4 | Yiald 4 Land unit 4 | 1998 fraa 4 Yield 4
'l land unitS | Area5 | YVield 5 Land unit 3 | 1990 fraa s Yield 5
A
L= ea - e P .

LOGICAL STRUCTURE DPERATIONAL STRUCTURE

3.15 The Database Unit comprises three sub-units:

1/ a sub-unit for scenario definition, that handles data on scenarios such as lists of input
and output data files, sub-model operations, etc.

2/ a sub-unit for input data, that handles input data for the CAILUP model.

3/ a sub-unit for output data, that handles all output data from each sub-model. These
data can be used as input data in the subsequent sub-models and the GIS Unit.

3.16  Data should be accompanied by comments as presented in Sub-Chapter 1V.3
Development of CAILUP for the Quan Lo Phung Hiep region. CAILUP has a function
similar to that in programming languages, to accommodate these comments in input data files
("C" in FORTRAN, "REM" and "*" in BASIC or "&" in DBase).

317 Function: display spatial data in map format for analysis. Although many GIS
software packages have been developed and are being improved to include more functions
such as database management, modelling, etc., their current capacities are still too limited to
play a core role in a complex process as integrated land use planning. Tt is more efficient to
run the model ocutside the GIS and to display the model results in the GIS [Heuvelink, 1993].
Therefore, similarly to the Database Unit, the GIS Unit is also a tool to support to the Model
Unit,

3.18 Logical structure of the GIS Unit:
1/ a base map of the region,
2/ a set of thematic input maps, and
3/ a set of output maps.

3.19 The operational structure of the GIS Unit depends on the software package.
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320  Function: generate quantitative outputs from input data and rules of interaction
among factors. The calculations illustrated in this Chapter are only based on general rules
identified in the system design phase. Specific equations applied for the pilot region are
presented in Chapter 1V, dealing with detailed system design and implementation.

3.21 From a practical viewpoint, CAILUP has been developed for planning purposes rather
than for research purposes, hence, the relations are more descriptive than explanatory. The
validity of a model is primarily determined by its purposes [van Keulen, 1976). Most models are
‘grey’, as they contain some causalities but also incorporate empirical expressions to account
for some of the processes [Jargensen, 19941, therefore the boundary between descriptive and
explanatory levels is relative. Moreover, as in any modelling exercise, simplification should
be accepted in CAILUP. On the basis of more information from monitoring or increased
knowledge from research, the model will better represent the real world. The user can apply
CAILUP as a gaming tool or a tool for sensitivity and risk analysis by modifying the
hypotheses for simplification applied in the model (e.g. increasing the price of a certain
commodity or input; changing preferences of farmers; expanding the construction period).

3.22 Logical structure of the Model Unit:

The Model Unit comprises a mathematical model that combines several sub-models,
each corresponding to an analytical step. As present knowledge and available data may be
inadequate for quantitative description of many interactions in the real world, the conceptual
model is required for identifying the issues which can be included in the mathematical model
and those that require further improvement of knowledge and data collection. The conceptual
maodel is also used to qualitatively assess the development scenarios. The mathematical model
is developed on the basis of a conceptual model.

323 The conceptual model is developed in the following sequence:

1/ Identifying issues to be included: goals and constraints of development (e.g. increased
Jood production, lack of fresh water) and indicators to evaluate goal achievements from
land use scenarios (e.g. total food production, total income from land use, economic
revenues from water management interventions).

2/ Identifying relevant land use types related to these indicators. Because the plan will be
implemented by the local population, local definitions are used to define land use types.
Several ways of definition may be applied by the local population, for example:
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- product (e.g. rice)

- specific product (e.g. high yielding rice)

- preduct with crop calendar (e.g. Summer-Autumn rice, double rice in rainy season, Spring-
Summer beans between two rice crops)

- combination of two products (e.g. shrimp-rice)

- product and cultivation technique (e.g. intensive prawn rearing)

- non-productive use (e.g. settlements, fallow area).

Only land use types directly affecting the specific indicators are analyzed in detail. Other
land use types are only assigned part of the total land area {e.g. when dealing with
increasing food production, the area needed for sentlements is calculated, but interventions
Jor settlement improvement are not considered).

3/ Assigning indicators and land use types to relevant components. As interventions will be
carried out by sectoral agencies, these components are based on present institutional
structures fe.g. irrigation, agriculture, foresiry, transportation). Sub-models of the
mathematical model are based on these components. However, as the model represents
an integrated system, some sub-models are related to many components (e.g. Land Use
Allocation Sub-model, Production Sub-model).

4/ Identifying the bio-physical and socic-economic factors affecting the production from these
land vse types. The following steps are proposed:

a) Start from each indicator as the top of a hierarchical structure (Fig. 9).

Figure 9: An example of a hierarchical structure (for rice production).
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Identify factors directly affecting the indicator. It should be emphasized that only the
direct effect is taken into account in this step, to avoid confusion of a complex
interaction scheme with many indirect effects (e.g. for rice production, soil properties,
water conditions and fertilizer input are taken into account. Interactions between water
and soil are not considered in this step),

Define the relationship between each factor and the indicator. If the relationship can be
quantitatively expressed or estimated, it may be included in the mathematical model {e.g.
effect of water conditions on rice yield). Alternatively, only a gualitative analysis can
be performed, or in several cases, an "unknown" relationship is noted [ESSA, 199Zb).
Selection among these levels of analysis (quantitative, qualitative or unknown) is based
on present knowledge and information. At the same time, gaps in knowledge and
information are identified;

At lower levels in the hierarchical structure, cach factor is considered an indicator and
the procedure starts from step a). Because an attempt to develop a completely
explanatory structure may lead to a very complex system (Fig. 9), the practical limit for
planning purposes is always kept in mind during these steps. On the basis of expert
knowledge, the hierarchical structure can be significantly simplified to match the
capability of existing computers [Harmon & Sawyer, 1990] and the *bounded rationality’ of
human capacity [Turban, 1993);

When hierarchical structures have been formulated for all indicators, integration is
performed by the interactions among components in the system. For integration of a
complex system comprising many components, the interactions may be simply presented
in a matrix of data exchange as illustrated in Table 1 in 3.30.

Review the levels of analysis (quantitative, qualitative or unknown) of interactions
among factors to keep consistency of accuracy in the whole system (e.g. temperature
variation in the region may cause a variation of 0.5% in crop yield, but that is negligible
in comparison to a 20% variation as result of differences in water conditions). Planners
should carefully select the quantitative interactions to be considered in the mathematical
model, in particular interactions that are not amenable to interventions (e.g. the effect of
variations in temperature due to change of global climate, on sugarcane production).

For a combination of factors, "if-then” statements are used to formulate the logical
structure.

Eg.: if rainfall is low (less than 200 mm in June) then:
if irrigation water is abundant (2 2 lis available for each hectare),
then rice yield reduction is not significant (less than 3%}), or
if irrigation water is limited (< 0.5 l/s available for each hectare)
then rice yield reduction is significant (up to 30%),
but if rainfall is sufficient, rice yield reduction is not significant,
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g} Identifying interventions may be carried out by reviewing all factors and interactions.

Key and supplementary interventions should be distinguished (e.g. a key intervention
is the improvement of the irrigation system, and supplementary interventions are the
supply of more fertilizer or improvement of transport or processing facilities).

h) Conceptually evaluate the impacts of interventions by using simple rating levels, (e.g.

3/

6/

significantlinsignificant positive, significant/insignificant negative, none or unknown}.
This evaluation provides guidelines for verification of the mathematical model.

Identifying the gpatial extent of the planning area: for irrigated areas, boundaries are
usually determined by the extent of the irrigation system. However, the planning area may
also be defined by the Government as a regional (sub-national) development unit or may
include surrounding areas where effects of the key intervention are significant,

Determining the spatial resolution: the planning area is divided into water management
units, defined as areas which are relatively homogenous with respect to the modifications
in water conditions. Two nested levels of spatial resolution are represented in the model:

1) At the first level, the water management unit is delineated by the major canals (primary

irrigation system); in total there are some tens thereof in the planning area;

ii) Each water management unit is divided into a number of smaller water management sub-

7/

>

>

units, with a total of several hundreds. Since secondary and tertiary irrigation systems
are the responsibility of the village authorities, each sub-unit is defined by the
intersection of the village boundaries and the water management unit boundaries. All
irrigation system in one sub-unit are assumed to be accomplished in the same year, All
bio-physical and socio-economic characteristics (e.g. climate, soil, elevation, farmer
group, investment capacity) are assumed to be homogenous in each sub-unit and defined
by the dominant type (e.g. dominant soil type, dominant farmer group) or by a weighted
average value as illustrated in 3.29. This more detailed spatial resolution is necessary
to more accurately characterize and describe the effects of interventions on the
production of important products.

Identifying the time horizon; CAILUP must simulate a period over which benefits as a
result of investments in interventions can properly accrue. The time horizon (or in other
words, length of the planning period) should thus be beyond:

the year wherein the irrigation system reaches its full effect (e.g. year 10 from the
starting year),

the year when the crop with the longest growth cycle is harvested (e.g. if @ perennial
crop {pineapple) is irrigated from year 5 onwards and has a cycle of 3 years, year 8 is
the time limit),

the year when significant positive or negative effects are predicted (e.g. the year in
which the soil becomes unsuitable for crop production due to the lowering of the
groundwater table),
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» the last year required for economic analysis, in which investments in key interventions
in land use are considered a project investment {e.g. 20 to 30 years).

A far away time horizon is required for economic analysis, hence a long-term land use
plan is formulated, but it should be regularly updated.

8/ Determining the time step in each sub-model: the time step is a time interval [de Wit & van
Keulen, 1972] selected in accordance with the requirement for calculations in each sub-model
{e.g. I hour in the tidal hydraulic sub-model, haif a month in the annual crop growth sub-
model, I vear in the forestry sub-model, I year in the economic or demography sub-
model). If data are exchanged among sub-models with different time steps, it is assumed
that they are equally distributed or summed during the time step, i.e. an average value is
used {e.g. average water level during a half month time step is calculated from hourly
water level data and transferred from the water sub-model 1o the rice yield sub-model).

9/ Determining the "without" and "with" intervention cases to be analyzed. The number of
"with" cases corresponding to different land use scenarios may be large. The "without"
case may be a continuing trend of current development, and it does not mean that present
land use patterns are maintained during the planning period (e.g. the settlement area may
be expanded under the influence of population growth at the expense of the cultivated
area),

3.24 The operational structure of the conceptual model can be in the form of word models,
picture maodels, box models, input/output model, matrix model, computer flow charts, signed
diagraph models [Jargensen, 1994] formulated by the user. The conceptual model should be
reviewed and modified in a simple way. For integration purposes, the appropriate format is
a matrix of data exchanged among sub-models (Table 1 in 3.30).

325 The function of the mathematical model is to generate quantitative information of
different land use scenarios on positive and negative impacts on production, socio-economic
and environmental aspects. A land use scenario should be selected on the basis of the key
intervention and the strategy to achieve goals (see 2.30) before running the model.

326  The strategy for developing the mathematical model is to include only those
indicators and factors necessary for the evaluation of the development scenarios. However,
all the issues treated in the conceptual model are always to be referred to, in analysing the
mathematical outputs.
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3.27 General characteristics of the mathematical model:

1/

2/

3/

A model comprising 14 sub-models is described through a sequence of calculations in
3.30. A detailed description of sub-models is presented in 3.32.

These sub-models are connected in a calculation sequence, but the user can stop the
calculations at any step to review or modify input data, then continue the sequence with
new data or return to the preceding step.

If a sub-model is too detailed and requires a long time for calculation, compared with
other sub-models (e.g. tidal hydraulic and salinity model with time steps of 1 hour and a
network of 500 canal nodes), or has been developed with different data format and user
interface that is impossible to be linked to CAILUP {e.g. existing crop yield models with
specific input data structure), it is used independently as a tool to support the knowledge
base before using CAILUP (e.g. two levels of water extraction for cultivation, i.e. 125 nt'ls
and 175 mi'ls, are applied in a tidal hydraulic and salinity model. These outputs are used
in CAILUP for the extraction cases of 125+25 m’is and 175+25 m'/s, respectively).

3.28  First, the mathematical model is used to evaluate the "without” intervention case to
generate the base scenario. Subsequently, various "with" intervention cases (by implementing
different options of key intervention) are evaluated.

3.29 Problems of data agorepation are treated in the mathematical model as follows:

1

or:

where: AggVal(s)

For aggregation of spatial data of a factor, a weighted average value (similar to areal
average applied in hydrofogy [Chow et al., 1988]) or the value of dominant type of that factor
(e.g. dominent soil type, common elevation) are used:

X Area (s,1)
AgegVal =¥ [ Val(s,t) » —— 2"
geVal(s) =1 [ Gy » TotArea(s) :‘

AggVal(s) = Val(std)

aggregated value of sub-unit (s);

Val(s,t) = value of type (t);

N = number of types in sub-unit (s);

Area(s,t) = area of type (t);

TotArea(s) = total area of sub-unit (s);

Val(s,td) = value of dominant type td covering largest arca (highest Area(s,t)).
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E.g.. In a sub-unit (s) with a total area TotArea(s) = 100 ha and 3 levels of elevation Ele:
1: Areafs,I) = 70 ha, Ele(s,]}) =08 m
2: Area(s2) = 20 ha, Ele(s,2) =06 m
3: Area(s,3) = 10 ha, Ele(s3)=04m

If the weighted average elevation is used, elevation AggEle(s) of the sub-unit will be:
3
AggEle(s) = X | Eles) » 274D | _ 080+ 70 1060+ 20 1040+ 10
b=i TotArea(s) 100 100 100

=072m

If the value of the dominant elevation is used, elevation AggEle(s) of the sub-unit will be:
AggEle(s) = Ele(s,3) {covering largest area Area(s3) = 70 ha)
= 0.80m

2/ For aggregation of temporal data over a particular period (e.g. growing period}, an average
value is used:

AveVal(s,p) = [EVal(s,t)]/N

where: AveVal(s,p) = average value for period (p);
N = number of time steps in period (p);
Val(s,t) value in time step (t).

This method may cause error when the aggregated value is used in further calculations.
For example, if the pH of water is instantaneously below 4, all fish may die, and yield
would be 0 even if average pH over the whole period is high. Such phenomena can be
included in sub-models for crops highly sensitive to environmental conditions as in
aquaculture by using a ‘dead control’ value:

DCVal(s) = Min[ Val(s,1), Val(s,2), ..., Val(s,N) ]

where: DCVal(s)
Val(s,t)
N

dead control value;
value in time step (t);
number of time steps taken into account.

If the ‘dead control’ value is below a threshold value, (e.g. below 4 for the water pH), the
final yield is 0, even if the average for the whole period is high. However, taking into
account the capability of re-introduction of fish after the critical time step, i.e. water pH
below 4, the average pH is still used to calculate the fraction of maximum yield. Some
planners also argue that during the period of low-pH water, farmers usually find some
measures to protect their fish (e.g. preventing the intrusion of low-pH water, by a small
ditch), therefore using an average value is appropriate.
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3/ For aggregation of the effects of soil, water, climate, etc. on crops, parametric methods
[Huizing, 1991; Dricssen & Konijn, 1992; Davidson, 1992] are applied. The effects of single factors
are first assessed individually. The effect of each factor on yield is represented by the
proportion of maximum observed yield after reduction by that factor. Then, these effects
on yield are arithmetically combined. Depending on the specific crop, averages, addition,
multiplication, exponent or minimum value functions can be applied.

Eg.:
Yield(s,Jut) = Max¥ (lut)  YSoil(s,lut) * YClim(s,lut) = Min [ YpH (s,Jut) , YSal(s,luf) ]

where: Yield(sJut) = resulting yield from land use type (lut} in sub-unit (s);

MaxY{lut) = maximum observed yield;

YSoil(s.lut} = effect of soil type on yield;

YClim(s.lur) = effect of climate or yield;

YpH(siut) = effect of water pH on yield;

YSal(s,lut) = effect of water salinity on yield.

Any aggregation will cause loss of accuracy, but cannot be avoided in regional planning,
although it may cause differences between observed data and model outputs. If the land is
heterogenous, even if very high spatial resolution is applied to generate a large number of sub-
units or pixels, in many sub-units or pixels, small parts that are still different, will remain.

Some guidelines such as "It is impossible to consider simuitaneously {for example in ong
model) more than three aggregation levels® or "First compute/calculate and then average”,
have been proposed, to prevent aggregation tensions and conflicts between aggregation levels
and disciplines [Rabbinge & van Ittersum, 1994],

For regional planning, point data need to be aggregated to generate area data. Hence,
coefficients for spatial and temporal adjustment are required to reflect the spatial and temporal
variations of influencing factors. They can be used to correct for aggregation errors during
mode] calibration (e.g. monthly average rainfall data at some stations are applied for the
whole region causing ervor in estimation of rainfall in individual water management uniis;
or, only large canals are included in the model, but small creeks may cause differences in soil
moisture from place to place. Hence, spatial-temporal adjustment cogfficients for local
climate or water availability in local canal networks are needed for model calibration).

330  The suucture of the mathematical model is shown in Fig. 10. Interactions among
sub-models are described in a matrix presenting the exchange of data among sub-models
(Table 1). To describe the data structure, parentheses have been used, For example, (s,y,lut)
implies: per water management unit or sub-unit, per year and per land use type.
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Figure 10: CAILUP model structure.
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A Computerized Aid to Integrated Land Use Planning (CAILUP)

Each sub-model comesponds to one analytical step. The sequence of model operation

consists of 14 steps characterized by the calculation direction and the data flow in Fig. 10 and
can be presented as follows:

1Y)

2)

3)

4)

3)

6)

7)

8)

Run the Intervention Generating Sub-model [1] to generate a data set for the "without”
or "with" intervention (s,y) case in both the bio-physical and socio-economic terms,
throughout the planning period (e.g. build a new irrigation system; improve shrimp
processing facilities).

Run the Physical Impact Sub-model [2] to generate a data set of physical condittons (s,y)
both *without" and "with" physical interventions (e.g. water conditions without and with
irrigation system). In this step, a change in land use is temporarily assumed not to affect
the physical conditions (e.g. existing water conditions are not affected when the area of
rice is increased). This issue will be reconsidered in step 8.

Run the Bio-physical Sub-model (3] (Agriculture, Fishery, Forestry) to estimate yields
(s,v,lut) and the selected crop calendars (s,y,lut) under modified physical conditions (e.g.
rice yield from Summer-Autumn and Winter-Spring crops with irrigation; shrimp yield
from intensive shrimp production).

Run the Economic Sub-model at Farm Level [4] w0 generate the combined bio-
physical/feconomic feasibility (s,y,lut) based on financial criteria defined at farm level
{e.g. based on net income, the bio-physicalieconomic feasibility of Winter-Spring vice is
higher than that of eucalyptus forest).

Run the Social Sub-model at Farm Level [5] to integrate social preferences with bio-
physical/economic feasibility (s,y,lut) (e.g. integrated feasibility of Winter-Spring rice is
low because this crop would have to be harvested during the New Year holidays).

Run the Demography Sub-model [6] to generate data on population and labour force
(s.¥) (e.g. 1,000 people, including 450 labourers in year 5 in sub-unit 14).

Run the Land Use Weighting Sub-model [7] to determine a weighting factor (s,y,lut)
based on the integrated feasibility from the Social Sub-model at Farm Level [3] and the
Government policy (e.g. weighting factors of 80 and 20 for Summer-Autumn and Winter-
Spring rice, respectively).

Run the Land Use Allocation Sub-model [8] to generate land resource use (s,y.lut) on
the basis of the weighting factor (s,y,lut) and rules in land use conversion (e.g. 2,000 ha
and 50 ha for Summer-Autumn rice and intensive shrimp production, respectively). Land
resource use is expressed as the area (s,y,lut) and the water volume (s.y,lut) allocated to
each land use type.
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A return to the Physical Impact Sub-model [2] is needed subsequently to analyze the
effect of the generated land use scenario on physical conditions. Two situations are
possible:

If the new physical conditions are significantly different from those at step 2 then repeat
steps 3 to 7. The new weighting factors generated in step 7 may be different from the
old ones in the following:

i) from year 1, i.e. the land use plan has to be modified from the beginning (e.g. rice
can only be cultivated during 3 years after burning peat, because thereafier nutrient
availability becomes too low, ard therefore, this land use type cannot be applied),

ii) only from the year with a significantly different impact. Thus the land use plan is
updated from that year (e.g. after 3 years of pineapple on acid sulphate soils, a rice
crop may be possible),

If the land use scenario leads to a severe negative physical impact (e.g. serious salt
water intrusion at downstream sites due to the diversion of fresh water), then step 1 may
have to be repeated to generate another set of interventions (e.g. damming the
downstream Site),

If the new physical conditions are similar to those at step 2 (e.g. only slight differences
in salinity ar downstream sites}, then a return to sub-model [2] is not needed and the
calculation sequence is continued at step 9. Water demand, under those conditions, is
satisfied by water supply and represents water rescurce use in the land use scenario.

The number of iterations may be very large because changes in physical conditions
require changes in land use, and differences in land use lead to different physical
conditions. Therefore, after every run, outputs have to be analysed, and a limit is
selected to identify whether a retumn to sub-model [2] is continued or not (e.g. if
differences in salirity between two runs are less than 0.1 g/l, the calculation sequence
is continued with step 9).

Run the Production Sub-model [9] to generate total production (s,y.lut) by multiplying
area (s,y,lut) with yield (s,y,lut). Effects such as disasters or improper input supply can
be included in this Sub-model (e.g. pest in an unfavourable year may cause 20%
reduction in total production of the Summer-Autumn rice crop in the whole region).

Run the Supplementary Intervention Sub-model [10] to generate supplementary
interventions (s,y) required to support the land use scenario (e.g. a new canal system
requires 10 bridges with a total cost of 500,000 US$,; 400 m’ of fuelwood will be
needed when melaleuca forest has been converted to pineapple fields).
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11) Run the Economic Sub-model at Regional Level {11] to calculate the economic returns
at sub-units (s,y) and regional level (e.g. inpur and income from different land use types,
net present value, internal rate of return, eic.).

12) Run the Social Sub-model at Regional Level [12] to calculate the socio-economic
indicators at sub-unit (s,y) and regional level (e.g. total food production and its
distribution in the region; employment in each sub-unit and the region; etc.).

If the socio-economic conditions at regional level in a certain year cause significant
changes in socio-economic factors at farm level, these changes are included in the new
input data set before returning to step 4, the Economic Sub-model at Farm Level, to
affect the calculations for the following year (e.g. high production in the whole region
in year 10 may cause lower farm gate prices, lower income for the farmer, and
consequently, less capital availability in year 11).

13) Run the Environmental Impact Sub-model [13] to calculate indicators expressing the
environmental impacts (5,y,lut) caused by the key intervention and the selected land use
scenario (e.g. the total number of people newly supplied with fresh water; total pesticide
requirement; total land cover in the dry season).

14) Run the Goal and Impact Analysis Sub-tnodel [14] to generate a ranking value for the
selected land use scenario (e.g. ranking value based on net present value, internal rate
of return andlor total production).

3.31 During calculation and analysis at each step, the results may require modifications
to the interventions. A return to the Intervention Generating Sub-model [1] is then necessary
to modify the scenario or to generate another scenario (e.g. accelerate the construction
schedule of the irrigation system; larger proportior of shrimp processing before export).
Depending on the conditions affected by the modifications, only the relevant steps have to be
repeated.

The model can be applied interactively with two alternate steps of estimation and
adjustment as shown in Fig. 11. The number of iterations depends on the time horizon and
the variation in the relevant factors, (e.g. new inpur data are applied for years that major
components of the irrigation system are completed, or years that the supply of food exceeds
demand which may cause a reduction in price). However, as analysis of long-term impacts
is always required in designing the interventions and the policy in land use, any model run
should cover the whole planning period.
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Figure 11:  Interactive operation of the model.
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3.32 The model structure as well as codes for each sub-model (e.g. [1], [2] for sub-models
1, 2) and for each data set (e.g. <G> for goals, <E> for existing conditions, <1> for output
data from sub-model [1]) are given in 3.30 (Fig. 10).

The structure of sub-model [1] is shown in Fig. 12,

Figure 12:  Structure of sub-model [1].

( <G> Goals {ud )

( {E> Existing conditions (s) _}---E

( £ Interventions (s.w J

Function: Generate an intervention data set (s,y) as input for the other sub-models. This
sub-model is an interface between the conceptual model and the mathematical
model to convert qualitative expressions selected in the conceptual model into
quantitative values.
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Input data:

<G> Qualitative data from the conceptual model on the goals and constraints of
development (e.g. increase in food production; increase in supply of fresh water for
domestic use);

<E> Existing conditions (s) in the region (e.g. current rice production; existing water
quality).

Calculations:
Qualitative information from the conceptual model is ranslated into quantitative data {e.g.
Jfrom the goal of rapid increase in food production in the conceptual model, construction of
an irrigation system in a short period, or fertilizer application to the rice crop is derived;
based on this, a construction schedule or the fertilizer supply should be determined).

Output data:

<1> Interventions (s,y) as input data for other sub-models (e.g. construction schedule into
the Physical Impact Sub-Model [2]; amount of fertilizer into the Bio-physical Sub-
Maodel [3]).

The structure of sub-model [2] is shown in Fig. 13,

Figure 13:  Structure of sub-model [2].

(<> Existing conditions (=) J----=

P ( < Intarventions (s )

L(B) Land resource use (s,u,lut) )----g-

(< Phusical inpacts = )

Function:  Simulate the dynamic changes in physical conditions under the key intervention
without and with land use changes.

Input data:

<E> Existing conditions (s) of soils, water, climate, infrastructures (e.g. hydrological and
climate data, existing canal network and structures for the warer model),

<1> Interventions (s,y) from the Intervention Generating Sub-maodel 1] (e.g. new structures
including location, size, construction schedule),
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<8> Land resource use (s.y,lut} in terms of area (s,y,lut) and water volume (s,y,lut). Present
land resource use (s,0,lut) is applied for initial conditions in year 0. Land resource nse
(s,y,Jut) in the future is generated by the Land Use Allocation Sub-model [8].

Calculations:

» Depending on the key intervention, the Physical Impact Sub-model [1] may comprise
different components (e.g. water quantity and water quality componenis lo estimate water
conditions under the new irrigation system, soil-water interaction components to estimate
effects of land reclamation on water quality).

» This sub-model has to be run several times as discussed in 3.30 8/

» In the first run, physical conditions (s,y) are assumed to depend only on the key physical
intervention (s,y) (e.g. expansion of the canal system, building of a dam) and present
land use (s,0,lur);

* When a return from the Land Use Allocation Sub-model [8] is carried out, the new plan
of land resource use (s,y,lut) is used to generate the physical conditions (s,y) ‘with land
use changes’,

Output data:
<2> Physical conditions (s,y) under the selected intervention and land use scenario {e.g.

water level and salinity level when the irrigation system has been improved).

The structure of sub-model [3] is shown in Fig. 14.

Figure 14:  Structure of sub-model [3].

( <{E> Eximting conditions {s) )“""';

[EREEEE -( 1 nterventions (=4 _)

( {2 Physical impacts {(s,9) J
¥2

( <3 Yields for selected crop calendars (s.u.lut) )

Function: Estimate yield for selected crop calendars under modified physical conditions.
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Input data:

<E>

<2>

Existing physical conditions (s}, {e.g. soil, climate, water conditions), land use factors
(s) {e.g. possible maximum yleld; variety; cropping system, cultivation techniques;
spatial-temporal adjustment coefficients} and effects of physical factors (s,y) on yield
(s,y,lut), based on present knowledge and expressed in one of the following forms:

x-y coordinates of a linear graph (e.g. @ graph showing the relation between electrical
conductivity of irrigation water and relative crop vield in Fig. 15).

Figure 15: Classification for relative salt tolerance ratings of agricultural crops
[source: Mass, 1984: in Ayers & Westcot, 1983].
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If the graph is not linear, it is divided into small linear parts.

a rating table. E.g. a rating table (Table 2) showing the effect of tidal fluctuations on
mangrove performance [ESSA et al., 1992b]:

Table 2: A rating table showing the effect of tidal fluctuations on mangrove

performance.
Site class Tidal fluctuations
Poor <05m or >25m
Medium 05t0l0m and 201025 m
Rich 10tw20m

The vield of mangrove can be determined by site class and age (see 4.62).
Interventions (s,y) from the Intervention Generating Sub-model [1] (e.g. amount of

additional fertilizer; irrigation capaciry);
Physical impacts (s,y) from the Physical Impact Sub-model [2].
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Calculations:

» Yield (s,y.lut) is estimated on the basis of interactions between physical factors and yield.
Simple parametric methods as discussed in 3.29 are applied. No model can take into
account all influencing factors, only factors that may be changed by interventions are
considered in detail, while effects of other factors are integrated in the value of maximum
possible yield and the spatial-temporal adjustment coefficicnts.

» A crop calendar is normally selected on the basis of the highest yield that can be attained
with the same inputs. Alternately, all promising crop calendars are selected in this sub-
model (e.g. all crop calendars with yield > 0.4 times maximum yield) and one of them will
be selected in the Economic Sub-model at Farm Level [4] on the basis of income.

Output data:

<3> Yields (s,y,lut) for selected crop calendars (s,y,lut) (e.g. yield of Winter-Spring rice
Jrom November to February, intensive shrimp rearing from June to December;
mangrove forest all year-round)}.

The structure of sub-model [4] is shown in Fig. 16.

Figure 16:  Structure of sub-model [4].

-------- { <E» Existina conditions ¢=> )

( <> Iintarventions (=,y) ) -------

3
((3) Yields for selected crop calendars (s.g.luf)j- --

( ¢4> Bio-phus- econ. feasitility (s.u kb )

( {12> Sacio—acononic rasults (5,40 -

Function: Predict which land use types will be selected by farmers based on yields
generated in the Bio-physical Sub-model [3] and economic/financial criteria at
farm level.

Input data:

<E> Existing economic/financial conditions (s,lut) (e.g. farm-gate prices of inputs and
outputs; capital availability; financial criteria used by farmers to select land use
types);

<1> Economic/financial interventions (s,y,lut) from the Intervention Generating Sub-model
[1] (e.g. low interest credit; special price for gasoline for farmers);
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<3> Yields (s,y,lut) and crop calendars (s,y.lut) from the Bio-physical Sub-model [3];

<12> New financial data (s,v,lut) from the Social Sub-model at Regional Level [12], if
available (see 3.30 12/) (e.g. new farm-gate prices under surplus production in the
entire region).

Calculations:

» Based on predicted yields (s,y.lut), input and output farm-gate prices and availability of
capital, a financial balance is calculated for each land use type in each year. Then,
depending on the financial criteria, the bio-physical/economic feasibility (s,y.lut) is
generated:

BEF(s,y,lutm) = 1 if NetInc(s,y,lutm) is highest

where: BEF(s,y.lutm)
lutm
NetInc(s,y,lutm}

bio-physical/economic feasibility;
land use type with the highest net income;
net income (USS, Dutch Guilder or VN Dong);

and, for other land use types:
BEF(s,y,lut) = NetInc(s,y,lut) / NetInc(s,y,lutm)

» When a retumn from the Social Sub-madel at Regional Level [12] occurs in year y, a new
balance is established for that year, and will affect the outcome in the subsequent year y+1
(e.g. lower prices of sugarcane in year 5 due to surplus production, and consequently, less
capital input for farmers in year 6).

Output data;
<4> Bio-physical/economic feasibility (s,y,Jut) and net income (s,y,lut) at farm level.

The structure of sub-model [5] is shown in Fig. 17.

Figure 17:  Structure of sub-model [5].

emeee ( <E> Exizting conditions (=) )

; ( <D Intaruantions (s.y) j ..........

( <4 Bio—phus. acon. feasibility (s.u.lut) )

{12> Socio—economic resuvis (s5,49) )

(<S> Intesratad feasibility sanivd )
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Function: Predict which land use types will be selected by farmers, based on the bio-
physical/ economic feasibility generated in the Economic Sub-model at Farm
Level [4] and social criteria at farm level.

Input data:

<E> Existing social conditions (s,}ut) in terms of preferences of the farmer or the local
population (e.g. not eating a specific product; preferring rraditional varieties for local
consumption; having long New Yeqr holidays),

<1> Interventions (s,y) from the Intervention Generating Sub-model [1] {e.g. convince the
local population to charge their traditional preferences to high yielding varieties or
to shorten New Year holidays),

<4> Bio-physical/feconomic feasibility (s,y,lut) from the Economic Sub-model at Farm Level
[4] (e.g. bio-physicalleconomic feasibility = 100 and 70 for Winter-Spring rice and
sugarcane, respectively);

<12> New socio-economic data (s,y,lut) from the Socio-economic Sub-model at Regional
Level [12], if available (see 3.30 12/) (e.g. higher average income in the entire region
causes changes in preference towards high quality products).

Calculations:

» This sub-model takes into account the fact that farmers do not always select the land use
type with the highest economic returns. Based on social criteria, a social feasibility
(s,y,lut) is determined and combined with the bio-physical/economic feasibility (s,y,lut) to
generate an integrated feasibility (s,y,lut):

InFe (s,y,lut) = BEF (s,y.lut) * SoFe (s,y,lut)

where: InFe(s,y.lut)
BEF(s,y.lut)
SoFe(s,y,lut)

integrated feasibility;
bio-physical/feconomic feasibility;
social feasibility.

{e.g. bio-physicalieconomic feasibility of Winter-Spring rice is higher than that of Summer-
Autumn rice, but its integrated feasibility may be lower due 1o its low social feasibility,
because this crop should be harvested during the New Year holidays; a cash crop such
as vegetables has a high bio-physicalleconomic feasibility, but high risks in marketing
cause a low integrated feasibility).

The social feasibility (s,y,lut) is determined by a ranking method [Nijkamp et al., 1990]. Land
use types are ranked in order of preference with regard to a condition. If the condition is
satisfied, a social feasibility (s,lut) different from 1 is assigned (e.g. if the difference in net
income between pineapple and rice is lower than a predetermined ratio, the rice crop is
preferred due to storage flexibility and food self-sufficiency considerations).

» When a return from the Social Sub-model at Regional Level {12] occurs in year y, the
social feasibility in year y+1 may change (e.g. lower prices for sugarcane in year 5 due
to surplus production cause high risks to farmers and consequently, lower social feasibility
of this crop in year 6).
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Qutput data:
<5> Integrated feasibility (s,y,lut} (e.g. integrated feasibility = 50 and 70 for Winter-Spring
rice and sugarcane, respectively).

The structure of sub-model [6] is shown in Fig. 18.

Figure 18:  Structure of sub-model [6].

( {E» Existing conditions (s) l ..........

N (<« mterventions s.w) )

E ( <4> Bio—-phys. acon. feasibility (s.u.lut) )

=1
(45> ntaoratad feasibility (s.ulih) J--&

(<6 Papulation & labour force (s )

Function: Estimate population and available labour force taking into account the effects of
population growth, immigration, and population redistribution in the region due
to changes in income and living conditions, created by the interventions.

Input data:

<E> Existing demographic conditions (s) (e.g. population in each sub-unit, of which 45%
is involved in agriculture in rural sub-units);

<1> Interventions (s,y) from the Intervention Generating Sub-model [1] (e.g. birth control
programme to reduce population growth rate from 2.5 to 2.0% in year 10);

<4> Netincome (s,y,lut) from the Economic Sub-model at Farm Level (4];

<5> Integrated feasibility (s,y,lut) from the Social Sub-model at Farm Level [5].

Calculations:
» From the current population (s), the population (s,y) during the planning period is
calculated on the basis of projected natural population growth rate (y):
Popu (s,y) = Popu(s,y-1) > (1 + NGRate (y))

where:  Popu(s,y)
NGRate(y)

population (persons);
population growth rate.

[

Other complex estimation techniques applying different rules may be applied if data are
available (e.g. the current average of 6 children per woman will be reduced to 4 and 2 in
year 10 and 20, respectively, and 60% of the children are female).
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» Migration (s,y) to/from a sub-unit is estimated on the basis of a projected migration policy
and added to/subtracted from population (s,y) (e.g. 2% of the population migrates to big
cities outside the region in year 5).

» Changes in physical conditions, and associated changes in land use may cause migration
within the region. Migration (s,5,y) among sub-units is estimated on the basis of
differences in net income from land use and population density and in accordance with
migration regulations applied in the region (e.g. migration only possible within a district,
from high population density villages to those with low population density if income in the
destinatior is attractive). Then, migration (8,s,y) is included in the population (s,y).

» The labour force (s.y) is calculated as a proportion of the population (5,y).

Output data:
<6> Population (s,y) and labour force (s,y) (e.g. 1,000 people and 450 person-years labour

in sub-unit 5 in year 10).

The structure of sub-model [7] is shown in Fig. 19.

Figure 19:  Structure of sub-model {7].

pomeme e { > Existing conditions (=) )

(<> iterventions (s Jo--ooooe- ;

( {6> Population & labow Force (s.W )--:

( ¢5> integratad feasibility (s b )

3
((3) Yields for selected aop calendars (s.g.lu‘l'))-

( <73 Heighina factor <s.u,lutd )

Function: Generate weighting factors to allocate land resources to each land use type. The
use of weighting factors is illustrated in the Land Use Allocation Sub-model [8].

Input data:

<E> Existing land resource use (s,0,lut) (2.g. 50 ha for Winter-Spring rice),

<1> Interventions (s,y) reflecting the policy of the Government (e.g. the national land use
plan stipulates that food production should be concentrated in the eastern water
management units of a region, hence higher policy factors are assigned to food crops
for these units (see Calculations)),
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<3> Yields and crop calendars (s,y,lut) from the Bio-physical Sub-model [3];
<5> Integrated feasibility (s,y,lut) from the Social Sub-model at Farm Level [5];
<6> Population (s,y) from the Demography Sub-model {6].

Existing conditions <E>, interventions <1> and population <63 are used as references
for the selection of policy (s,y,lut).

Calculations:

» For allocation of land resources, land use types can be classified in two categories:

i) Non-productive land use types (e.g. settlements, roads, parks), controlled by demographic
rules (e.g. settlements and public constructions are expanded in proportion to the
population increase) and only indirectly affected by the key intervention (e.g. more land
Jor settlements is required in areas with increasing productivity due to migration).
Weighting factors for these land use types are determined by the projected developments
{e.g. no expansion of area for settlements is allowed from the year 2000).

ii) Productive land use types (e.g. agriculture, fishery, forestry), directly controlled by land
use changes {e.g. expansion of crops with high yield or high income). Two expressions
can be applied to calculate weighting factors (s,y,lut) of these land use types:

/" Weig (s,y,lut) = InFe (s.y.lus) * PoFa (s.y.lut)
where: Weig(s,y,lut) = weighting factor;
InFe(s,y,lut) = integrated feasibility generated from the sub-model [5],
representing the integrated result from a set of four sub-models [2],
[3], (4] and [5];
PoFa(s,ylut) = policy factor selected by the planner, reflecting the policy of the

Government with respect to the area of each land use type
compared to that of other land use types.

Notes on this equation:

a. The feasibility and policy factors applied to land use types could range from O to 1 or
0 to 100, but this would be immaterial because they are applied to all land use types
in a relative sense.

b. In formulating a land use scenario, the first factor, integrated feasibility (s,y,Iut), is an
objective factor, while the second, policy (s,y,lut), is a subjective factor to the planner.
The former reflects the priority of farmers, while the latter expresses the objectives of
decision-makers with respect to the development of the region in relation to the
environment and the national development plan. Incorporation of the policy in the land
use selection is necessary, because farmers are often more concemed with their
immediate income than with overall environmental or economic impact.
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c. The policy is implemented via Governmental instruments such as administrative
regulations, extension programmes, consumption supports, subsidies, etc. If policy
enforcement by the Government is not strong, policy factors (s,y,lut) for all land use
types are equal (e.g. all PoFa(s,y,lut) = 1), and the integrated feasibility (s,y,lut) is the
only factor in land allocation.

d. In the opposite case (strong Government policy enforcement), policy factor (s,y.lut)
may be very different for two land use types with the same integrated feasibility
(s.v.lut) (e.g. PoFa(sylutl) = 100 for rice and PoFa(sy,ui2) = 1 for pineapple, both
having an integrated feasibility of 80).

e. However, policy (s,y.lut) may not be able to support a land use type with very low
feasibility (s,ylut) (e.g. if the integrated feasibility = 0, no land resource will be
allocated to this land use type, even if the maximum policy factor of 100 has been
assigned).

f. To reduce the number of values to be selected by the planner (e.g. 200 sub-units x 30
years x 20 luts = 120,000 values), policy factor (s,y,lut) can be selecied on the basis
of water management units (wmu) in the years when policy changes start (e.g. 20 wmu
x 6 five-year periods x 20 luts = 2,400 values), which may be followed by fine-tuning
for each specific sub-unit if variation is too large.

2/ In addition to the two above factors (feasibility and policy factor), the second expression
also takes into account the bio-physical yield, because the integrated feasibility (s,y,lut)
may be limited by socio-economic factors (e.g. markets; local tradition as holidays), while
a high yield can be achieved:

Weig(s,y,lut) = InFe(s,y,lut) * PoFa(s,y,lut)
NP
¥ [InFe(s,y,i) * PoFa(s,y,i)]

=l

* Yield (s,y,lut) * =
¥ [InFe(s.y.i) * PoFa(s,y,i} * Yield(s,y,1)]

sl

weighting factor;

where: Weig(s,y,lut)

InFe(s,y,luty = integrated feasibility as defined in 1/;

PoFa(s,y,lut) = policy factor as defined in 1/;

Yield(s,y,lut) = yield (s,y.lut) from sub-model [3];

NP = number of land use types producing the same product;

1

land use type.

Notes on this equation:

a. This expression is appropriate when the opportunities to remove socio-economic
constraints exist {(e.g. high possibility of convincing farmers to reduce their New Year
holidays), and the demand for a certain product is high (e.g. production of food crops
under self-sufficiency condition);
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b. If policy enforcement by the Government is very strong, {e.g. full subsidy to a land use
type to maintain a protected species), the integrated feasibility (s,y,lut) may be
removed from this expression so that only the yield ratio (s,y,lut) and policy factor
(s,y.lut) are used.

» Since irrigation is the key intervention to be considered, productive land use types are the
major concern in CAILUP. However, as a consequence of population growth and
economic development, non-productive land use types will be significantly expanded into
areas of high productivity. Hence, these land use types have to be taken into account to
balance the demand for land with the available iand resources in each successive year
during the planning period.

» This sub-model can be used as a gaming tool by modifying the policy factor (s,y.lut), in
particular, to analyze extreme cases: ‘without” intervention and ‘with’ strong interventions.

Output data:
<7> Weightng factors (s,y,lut) {e.g. 30 and 50 for Winter-Spring and Summer-Autumn rice,
respectively).

The structure of sub-model [8) is shown in Fig. 20
Figure 20:  Structure of sub-model [8].

....... ’

3
((3> Yields for selected crop calendars G;H.Ma»-b

( {8> Land resource use (s5,y,lut) )

Tunction: Generate land use allocation to each land use type from the total area per sub-
unit.
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Input data:

<E>

Current total area (s) and rules of land use conversion (lut,tut) (e.g. the area for double
rice cropping can only originate from the area for single rice or upland crops, and not
from other land use types; each year, a farmer can convert | hectare from fallow to
Eucalyptus forest or 0.5 ha from rice field to fish pond);

<l> Interventions (s,y) from the Intervention Generating Sub-model [1] related to land use
conversion (e.g. machinery support to reclamation in fallow area leads to reduction
of labour requirements);
<3> Yields (s,y,lut) and crop calendars (s,y,lut) from the Bio-physical Sub-model [3];
<6> Population (s,y) from the Demography Sub-model [6];
<7> Weighting factors (5,y.lut) from the Land Use Weighting Sub-model [7].
Calculations:
» Calculate the area (s,y,lut) of non-productive land use types on the basis of weighting
factors:
Area(s,y.sett) = Area(s,y-1sett)
+ AAS * Weig(s,y,sett) * Max [ ( Popu(s,y) - Popu(s,y-1)),0]
where:  sett = the code of land use type for settlements;
Area(s,y.sett) = area for settlements in year y (ha);
Arca(s,y-1,sett) = arca for settlements in year y-1 (ha);
AAS = average area per capita for settlerments in the region
(ha/person);
Weig(s,y,sett) = weighting factor for settlements expressing policy on expansion
of settlerment area:
. Weig(s,y,sett) = 0, i.e. expansion is not allowed;
. Weig(s,y,sett) > 0, i.e. expansion is possible;
Popu(s.y) = population in year y (number of persons);
Popu(s,y-1) = population in year y-1 (number of persons);
Note:

‘Max [(Popu(s,y)-Popu(s,y-1)), 0]’ means that the value is equal to 0 if Popu(s,y)-
Popu(s,y-1) is negative, and equal to Popu(s,y)-Popu(s,y-1) if it is positive’. This
term indicates that the assumption ‘no change in area of settlements in case of
population decrease’ is applied.

» Calculate remaining area for productive land use types:

where:

NN
RemArea(s,y) = TotArea(s) ~ X Area(s,y,lut)

lut=1
RemArea(s,y) = remaining area for productive land use types (ha);
TotArea(s) = total area of sub-unit (ha);
NN = number of non-productive land use types.

» Allocate the remaining area (s,y) to each of the productive land use types based on
weighting factors (s,y,lut):
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NP
Area (s,y,Jut) = RemArea(s,y) * Weig(s,y.lut) / [ £ Weig(s,y.i)]
i=1

where:  Area(s,y.lut) area of productive land use type (ha);

Weig(s,y,lut) = weighting factor;
i = productive land use type;
NP = number of productive land use types.

» In the allocation procedure, conditions for land use conversion are always met to check
whether the areas calculated in the above equations are possible. If not, the maximum
possible area is assigned (e.g. from the calculation using the weighting factor, 200 ha of
double rice is required in year 5, but only 150 ha is available from the area of single rice
and upland crops in year 4. Hence, in year 5, only 150 ha of double rice is allocated, or
availability of labour is only sufficient for 100 ha of eucalyptus forest although 120 ha is
estimated from its weighting factor. Hence, in year 5, only 100 ha is allocated to
Eucalyptus forest). In other words, land use conversion may limit allocation to certain
land use types even if the integrated feasibility and policy factor (combined in the
weighting factor) is higher, i.e. weighting factors are adjusted in this sub-model according
to these conditions.

» Water use is set equal to calculated water demand for critical time steps in the year (e.g.
dry season) on the basis of the area (s,y,lut) and crop calendar (s,y,lut), or population (s,y).
Different equations are applied for different water use categories.

E.g.: For irrigation of sugarcane, water use would be:

WAU (s,t,y,sugarcane) = Area(s,ysugarcane)
* [(Kc(t) * ETo(t) ) + Perc - (P () * Pe) + Sat(t,lut)]1/ IRRe

where: t
WAU(s,t,y,sugarcane)
Area(s,y,sugarcane)

time step;
water use for sugarcane (nt');
area of sugarcane (nt);

Kc(x) crop factor for sugarcane;

ETo(t} = reference crop evapotranspiration (m);

Perc = percolation {m),

P(t) = rainfall (m);

Pe = effective rainfall coefficient,

Sar(t,iur) = amount of water (m) needed to saturate the soil for
land preparation in the initial time step. For other time
steps, Sat(t,lut)=0;

IRRe = irrigation efficiency.

Output data:

<8> A land resource use plan comprising the area (s.y,lut) and water use (s,t,y,lut) {e.g. 5
ha of settlements, 10 ha of homestead gardens and 100 ha of Winter-Spring rice in
year 13}
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The structure of sub-model [9] is shown in Fig. 21.

Figure 21:  Structure of sub-model [9].

........... { <E> Existing conditions (=) )

(@ wterventions (s, )------- .

( (8> Land resource use {(s.y,lut) )

(G) Yields for setected crop calendars (s,-_-l.lm'g- :

( <9 Praduction (s,u,ub )

Function: Calculate the production of each product from yield and area, taking into account
possible reduction due to causes such as disasters or improper input supply.

Input data:
<E> Current land use area (s);

<i> Intervennons (5,y) from the Intervennion Generating Sub-madel [1] in terms of disaster
prevention;

<3> Yields (s,y.lut) from the Bio-physical Sub-model [3];

<8> Area (s,y,lut) from the Land Use Allocation Sub-maodel [8].

Calculations:

» Total production per product is simply calculated by multiplying area and yield:
Prod(s,y,lut) = Yield(s,y,lut) * Area(s,y,lut)

where: Prod(s,y,lut)

Area(s.y,lut)
Yield(s,y.lut)

production (tonnes for agricultural products or m* for wood);
area (ha);
yield (tonnes/ha or m*/ha).

non

» Effects of ‘disasters’ (e.g. pest and diseases) on production in certain years are
unpredictable. Therefore, an average yield is selected and applied for the complete
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planning period. This implies that in the long-term, these effects are assumed to be
smoothed, therefore the variation in production is not yet included in the Bio-physical Sub-
model [3]. However, depending on when these phenomena occur, outputs from economic
analysis may be different because of depreciation (e.g. if a severe pest outbreak causes a
substantial yield reduction in year 1, it will more significantly affect the net present value
than a similar one in year 30).

Land use scenario is formulated on the basis of average yields from sub-model [3], then
a run for ‘risk analysis’ can be carried out to analyse the economic returns:

a. A reduction in total production in the entire region by disaster may be assumed (e.g.
0% in a favourable year, 20% in a medium vear (average value used in the yield
model) and 40% in an unfavourable year).

b. Random values for the three levels (corresponding to favourable, medium and
unfavourable years) is used to reflect disaster incidence. Over the complete planning
period (30 years), the number of occurrences of each level should be equal (10 years
each). To compare different scenarios, the same series of random values should be
applied in all scenarios, including *without’ and ’with’ cases.

¢. A ‘worst case’ scenario with a sequence of 10 unfavourable years at the beginning, 10
mediom years and 10 favourable years can be applied to produce extremely
unfavourable outputs, and vice versa.

d. Effects of interventions (s,y) can be included by assuming a lower reduction in total
production (e.g. introduction of a pest control system may limit the yield reduction in
unfavourable years to 20%).

» Another effect on production may be the delay in application of inputs such as fuel,
fertilizer, pesticide due to insufficient supply or capital availability to fammers {e.g. delay
in supply of fertilizer and pesticide usually occurs in remote sub-units). Hence, yield
estimated on the basis of physical conditions and normal cultivation techniques in the Bio-
physical Sub-model [3] may be reduced (e.g. reduction of 10% in yield due to effects of
limited input availability). Like in the case of disasters, this effect is identified after the
land use selection has been made, therefore it is only taken into account from this sub-
model onwards in the sequence of calculation.

Qutput data:
<9> Production (s,y, lut) of each product (e.g. 200 tons of high yielding rice from the
Winter-Spring crop; 10 tons of fish from natural catch).
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The structure of sub-model [10] is shown in Fig. 22.

Figure 22:  Structure of sub-model [10].
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((‘ID) Supplanentary interventions (:.g))

Function: Identify supplementary interventions required to support the selected land use

scenario. These interventions refer to two issues:
(i) using effectively the production from the region;
(ii) supplying adequate input materials for production,

Input data:

<E>

Existing conditions of product use (s) (e.g. average consumption of each product per
capita, capaciiy of shrimp processing factories, total storage facilities) and supply (e.g.
total capacity of fertilizer factories),

<1> Interventions (s,y) from the Intervention Generating Sub-model [1] on projected local
consumption, reduction of post-harvest losses, improvement of infrastructures and
supply of materials for production (e.g. plan to upgrade existing rural roads in year
5, increase in pesticide supply);

<6> Population (s,y) and labour force {s,y) from the Demography Sub-model [6];

<8> Land resource use (s,y,lut) from the Land Use Allocation Sub-model [8];

<9> Production of each product (s,y,lut) from the Production Sub-model [9].

Calculations:

» Production of each product {corrected for post-harvested losses) is compared to the demand
of the local population to identify the surpluses to be marketed outside the region or the
shortages to be compensated (e.g. 2,000 tonnes of shrimps to be processed and exported
from year 5, or 10,000 tonnesiyear of fuel to be supplied to replace fuelwood, when the
Jforest has been converted to rice fields).

» Additional activities to increase income from crop products (e.g. pig or duck raising on
rice bran) are considered in this sub-model. Each activity requires a specific calculation,
as presented in Chapter TV.
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» Demand for major production inputs which, when in short supply, may cause significant
reductions in yield (e.g. fertilizer, pesticide, fuel), is estimated.

This sub-model generates data on volumes of products and materials, and the associated
costs to evaluate the selected land use scenario, hence only issues directly related to the
selected land use scenario are examined and the calculations are not as detailed as those
made by sectoral agencies.

Qutput data:

<10> Supplementary interventions (s.y) (e.g. supply 2,000 tonnes of fertilizer from year 5
onwards; transport 500,000 tonnes of rice from year 10 onwards; produce 1,000 tons
of pork from rice bran).

The structure of sub-model [11] is shown in Fig, 23.

Figure 23:  Structure of sub-model [11].
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[: 11> Econonic results {=,u4) )

Function: Estimating the economic outputs of the selected land use scenario. As discussed
in 2.6, a land use plan is considered to be a large and long-term project.
Therefore at this level, economic analysis for the entire region is carried out.
Financiat analysis for the entire region can also be carried out by this sub-model.

Input data:

<E> Existing economic conditions (s) {e.g. prices} and interactions between regional level
and farm level (e.g. if there is surplus production, farm-gate prices are lower);

<1> Interventions (s,y) from the Intervention Generating Sub-model [1] (e.g. subsidies,
taxes, total costs of the irrigation systems);

<8> Land resource use (s,y,lut) from the Land Use Allocation Sub-model [8];
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<9> Production (s,y,lut) from the Production Sub-model [9];
<10> Supplementary interventions (s,y) from the Supplementary Intervention Sub-model
[10].

Calculations:
Values of economic indicators are calculated by applying project economic analysis (e.g.
net present value, internal rate of return, benefit-cost ratio, payback period, production
costs and benefits in each sub-unit).

Output data:
<11> WValues of economic indicators (s,y) for each sub-unit and the region as a whole

required for evaluation of the selected land use scenario.

The structure of sub-model [12] is shown in Fig, 24.

~ Figure 24:  Structure of sub-model [12).
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Function: Estimate the socio-economic outputs of the selected land use scenario in each
sub-unit and their distribution in the region.

Input data:

<E> Existing socio-economic conditions (s) (e.g. production per capita, average
consumption of each product per capita);

<l> Interventions (s,y) from the Intervention Generating Sub-model [1] {e.g. number of
working days per labourer; skilled and unskilled labour requirements for land use
conversion or cultivation),
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<3> Selected crop calendars (s,y.lut) from the Bio-physical Sub-model [3];

<6> Population {s,y) and labour force (s,y) from the Demography Sub-model [6];

<8> Land resource use (s,y,lut) from the Land Use Allocation Sub-model [8];

<%> Production (s,y,lut) from the Production Sub-model [9];

<10> Supplementary interventions (s,y) from the Supplementary Intervention Sub-model
[10];

<11> Economic results {s,y) from the Economic Sub-model at Regional Level [11].

Calculations:

» Values of socio-economic indicators for each sub-unit and the region as a whole are
calculated from production, income, population and labour force, generated from the
preceding sub-models (e.g. production and income from land use, skilled and unskilled
labour requirements, supply and demand of labour).

» As discussed in sub-model [4], economic and socio-economic outputs from sub-models
[11] and {12] are analysed to identify the interactions between regional level and farm
level and to examine whether a return to sub-model [4] is needed.

Qutput data:
<12> Values of socio-economic indicators (s,y) required for evaluation of the selected land
use scenario.

The structure of sub-model [13] is shown in Fig. 23,
Figure 25; Structure of sub-model [13].
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L {13> Environmental inpacts (s,y) J

Function: Estimate environmental impacts (s,y) of the selected land use scenario.
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Input data:

<E>

Existing environmental conditions (s) {e.g. water guality});

<l> Interventions (s,y) from the Intervention Generating Sub-model [1] (e.g. applying high
water quality standards, water-borne disease control program);

<2> Physical impacts (3,y) from the Physical Impact Sub-model [2];

<3> Selected crop calendars from the Bio-physical Sub-model [3];

<6> Population (s,y) from the Demography Sub-model [6];

«<8> Land resource use (s,v,lut) from the Land Use Allocation Sub-model [8];

<10> Supplementary interventions (s,y) from the Supplementary Intervention Sub-model
[10].

Calculation:

Values of environmental indicators (s,y) for each sub-unit and the region as a whole are
calculated. Depending on specific problems in the region, these indicators may be
different {e.g. total population newly supplied with fresh water for domestic use in areas
intruded by sait water, incidence of new diseases due to modified physical conditions; total
pesticide use in the region).

Qutput data:
<13>

Environmental indicators (s,y) required for evaluation of the selected land use scenario.

The structure of sub-model [14] is shown in Fig. 26.

Figure 26:  Structure of sub-model [14].
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Function: Integrating all socio-economic results and environmental impacts from the
selected land use scenario with the goals for scoring and ranking of selected land
use scenario.

Input data:

<G> Targets of development goals (e.g. annual income of 200 US$icapita from year 10;
annual rice production 1,000 kgicapita from year 5; difference between highest and
lowest incomes less than 50%, in the region from year 7; fresh water supplied to
1,000,000 people from year 15);

<6> Population (s,y) from the Demography Sub-model [6];

<8> Land resource use (5,y,lut) from the Land Use Allocation Sub-model {8];

<9> Production (s,y,lut) from the Production Sub-model [9];

<11> Economic results (s,y) from the Economic Sub-mode] at Regional Level [11];

<12> Socio-economic results (s,y) from the Social Sub-model at Regional Level [12];

<13> Environmental impacts (s,y) from the Environmental Impact Sub-model [13].

Calculations:

» A ranking value for the selected land use scenario is calculated. Various muldcriteria
methods [Nijkamp et al., 1990] can be applied. Depending on the criteria selected by the
planner, different ranking values may result {e.g. high priority may be given to the food
production objective, hence a scenario with a large rice area will get a high ranking).
For integrated land use planning, a method understandable to local decision-makers is
preferred.

» For comparison of goals expressed in different units, such as tons of rice, US$ per capita,
etc., standardization is applied by using a relative deviation of realized value from target,
defined as the ratio of (realized value - target)/ftarget. To evaluate the future impact of
realized values of indicators such as rice production, economic returns, etc. in the course
of the planning period, depreciation is applied:

PVI(g) = X [RDev(gy)/ (1 + DRate{g,y})*]

y=1

or NY
PVI(g) = b [RDev{g,y) * DFact{g,y}]
.

where: g code of a single goal;

PVI(g) = present value of relative deviation of realized value from target;
NY = number of years in the planning period;

y = year number;

RDev(g,y) = relative deviation of realized value from target;

DRate(g,y) = discount rate;

DFact(g,y) = discount factor,

However, depreciation with a constant discount rate during the complete planning
period may lead to insignificant values for impacts in the distant future. Therefore, a variable
discount rate is applied to allow flexible assessment. An example of depreciation with a
variable discount rate is given in Fig, 27.
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Figure 27: Example of application of a variable discount rate.

Rice per capltal

MHecount =1i% fron year 9

Rice production per caplia (kg)
Discount factor ()

As a result of the improvement of the water management system, rice production per
capita gradually increases during the first eight years and a discount rate of 5% is applied
during that period. From year 9 onwards, the annual increment in production is lower than
the population growth rate, thus rice production per capita will decrease, i.e. food demand will
become important from that year onwards. Then, no further discount is applied and the
discount factor is kept constant during the remaining period, or, if food demand is a high
priority for the region, a negative discount rate may be applied.

Depreciation with a variable discount rate can also be used for environmental impact
assessment such as ‘total pesticide use’, that may cause significant environmental damage
above a certain threshold level as estimated by the environmentalist,

» A simple rating method [Nijkamp et al., 1990] is applied to calculate a final score for ranking
of scenarios. Scores are calculated for single goal values, based on priority setting and
relative deviation of realized value from target, and added to arrive at the total score:

NY
GScore(g) = Prior(g) * ¥ (RDev(g,y) * DFact(g.y))
y¥=1
NG
MGScore = X GScore(g)
g=1
where: g = code of a single goal;
GScore(g) = score of single goal;

y = year number;

Prior(g) = priority value of single goal, determined by decision-makers;
RDev(g,y) = relative deviation of realized value from target;
DFaci(g,y) = discount factor;
MGScore = multiple-goal score of scenario.
NG = number of goals taken into account;
Qutput data:

<14> Scores of single goals and total score of the selected land use scenario.
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An example in the real world: The Quan Lo Phung Hiep region

4.1 The Quan Lo Phung Hiep region (hereafter called the Region), with a total area of
approximately 450,000 hectares, is located in the Ca Mau Peninsula, Mekong Delta, Viemam
(Fig. 28) and includes major portions of Soc Trang and Minh Hai provinces.

Figure 28: Location of the Quan Lo Phung Hiep region,
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The Vietnamese Mekong Delta is the main “rice bowl" of Viemam. In the
foreseeable future, land use in the Mekong Delta will continue to be agriculture-oriented, or
more precisely, rice-oriented. However, diversification is also required to increase fammers’
income. Since natural and socio-economic conditions in the fresh water area in the Mekong
Delta are more suitable for agricultural diversification, rice production will be expanded to the
salt water area where the Region is located (Fig. 28).

Studies on water management in the-Quan Lo Phiing

4.2 Water management to prevent salt water intrusion through two large rivers, the My
Thanh and the Ganh Hao, and to increase the supply of fresh water from the Mekong river,
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is considered a key intervention for the development of the Region, In 1989, three water
managemeitt options were studied (Fig. 29) [Sonntag & McNamee, 1989]:

Figure 29:  Three water management options,

Irrigatad area

Option 2:
WNest B Slices
sea BEER vricated area
Option 3:
E Sluices

N | irrigated area

(1) protection against salt water intrusion for each small unit bordered by lateral canals;
irrigation of some units near the main streams;

(2) protection against salt water intrusion and irrigation of the central part;

(3) protection and irrigation of the whole Region by construction of a large dike and sluices
system along the seashore.

Based on the AEAM {(Adaptive Environmental Assessment and Management)
methodology [Holling, 1978; ESSA, 1982; Mekong Secrelariat, 1982; Walters, 1986], an integrated planning
model was developed to analyze the effects of each of these three water management options.
The intermediate scale option (2) was selected on the basis of costs, compatibility with the
existing management capabilitics and capacities of institutions, and environmental impact,
particularly on the mangrove forests which line the coastal areas of the Region.

The follow-up study was a Pre-Feasibility Study for a Water Control Project,
financially supported by the Govemnment of Viemmam and CIDA, Canada, and was
accomplished in 1992 [ESSA et al, 1992a, 1992b, 1992c]. The integrated planning model developed
in the preceding study was improved during the follow-up study. At the same time, a study
on the Mekong Delta Master Plan supported by UNDP was carried out by NEDECO from
1991 to 1993 [NEDECO, 1993a).

CAILUP for the Quan Lo Phung Hiep region has been developed on the basis of
knowledge on modelling, and information and data acquired in these studies [Sonnag &
McNamee, 1989; Duyet, 1991; Khoan, 1991; Thu, 1991; Can, 1992; ESSA Lid. et al., 1992a, 1992b, 1992¢; Qua,
1992; Sub-NIAPP, 1992; NEDECO, 1993a, 1993b, 1993d, 1993¢]. Reports prepared in these studies are
also the main references in the following introduction to the Region and its issues.
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An example in the real world: The Quan Lo Phung Hiep region

43 Rainfall: two seasons are distinguished in the Quan Lo Phung Hiep:
1/ the rainy (or wet) season from May to NMovember;
2/ the dry season from mid-November to April.

Roughly 90% of the annual rainfall (2400 mm at Ca Man station) is concentrated in
the rainy season and provides a mean monthly rainfall of over 200 mm (Fig. 30). However,
dry spells, up to 30 days in unfavourable years, may occur from May to July.

Figure 30: Average climatic conditions at Ca Mau station.
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Temperature an iation conditions in the Region are excellent for producing

tropical food crops. The mean monthly temperature fluctuates less than 3 degrees (25.4 -
28.2 °C), and relative humidity usually exceeds 80%. Potential gvapotranspiration is about
140 mm per month, and only slightly higher in the hot dry season (February to April).

During the dry season when rainfall is nearly absent, fresh water availability for
irrigation is a major constraint. However, as solar energy for photosynthesis in the dry season
is more abundant than in the rainy season, rice crops in the dry season usually yield more.

4.4 A number of different geomorphelogical units can be distinguished in the Region:
flood plains, inland swamps, inter-ridge depressions, and levees of alluvial soils along the
canals. Essentially, the Region is a low-lying, flat delta with little variation in elevation.
Nearly all of the Region lies less than 1.5 m above the mean sea level. The central depression
with an elevation of less than 0.3 m above mean sea level is usually inundated to more than
0.5 m for three to four months.
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4.5

The fourteen soil types in the Region (Table 3) can be grouped into four main

groups. The two most important groups are the acid sulphate soils (52% of the total area,
including salino-acid), and the saline soils (47%). Sandy and peaty soils only cover about 1%

of the total area.

The acid sulphate soils, the main problem soils in the Region, comprise strongly acid
sulphate soils (20%), and moderately and slightly acid sulphate soils (32%). Digging canals
and placing the soil spoils on the banks is perhaps the main cause of the wide spread
occurence of acid water. Using salt water for reclamation is a method to improve the quality

of acid sulphate soils.

Table 3:  Area of the various soil types in the Quan Lo Phung Hiep region.
Vietnamese classification Area FAO USDA
Code Soil types (ha) classification classification
Cz Sandy ridge soils 4,385 Haplic Arenosols  Fluentic Tropo-
psamments
§j1 Strongly active acid sulphate soils {sulphuric 1,378 Orthi-Thionic Sulfaquepts
horizon (-50 cm) Fluvisols
Sj2 Moderately and slightly active acid sulphate 7,019  Orthi-Thionic Pale Sulfic
soils (sulphuric horizon > 50 ¢cm) Fluvisols Tropaquepts
$j1M  Strongly active salino-acid sulphate soils 62,546 Sali-Orthi-Thicnic  Sulfaquepts, Salic
(sulphuric horizon 0-50 cm) Fluvisols
Si2M  Moderaiely and slightly active salino-acid 103,328  Sali-Onhi-Thionic  Sulfic
sulphate soils (sulphuric herizon > 50 cm) Fluvisols Tropaquepts, Salic
S$plMm  Strongly potential salino-acid sulphate soils 1,018 Sali-Sulfi-Thionic  Sulfaquents, Salic
under mangrove (sulphuric horizon 0-50 cm) Solonchaks
SplM  Strongly potential salino-acid sulphate soils 24,123 Sali-Sulfi Thionic  Sulfaquents, Salic
(sulphuric horizon 0-50 cm) Fluvisols
Sp2Mm  Moderately and slightly potential salino-acid 427 Sali-Sulfi Thionic  Sali-Sulfic
sulphate soils under mangrove (sulphuric Solonchaks Hydragquents
horizon > 50 cm)
Sp2M  Moderately and slightly potential salino-acid 37,296 Sali-Sulfi Thionic  Sulfic
sulphate soils (sulphuric horizon > 50 ¢m) Flyvisols Tropaguents, Salic
TS Peaty acid sulphate soils 119 Thionic Histosols  Sulfihemist
Sulfchemist
Mi Slightly saline soils 157,255  Stagni-Salic Tropaquepts, Salic
Fluvisols Ustropepss, Salic
M Moderately saline soils 24,556  Stagni-Salic Tropaguepts, Salic
Fluvisols
Mn Strongly saline soils 30,021 Gleyic Fluvaguents, Salic
Solonchaks
Mm Saline soils under mangrove forest 5,115  Gleyic Hydraquents, Salic
Solonchaks
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4.6 The hydrological regime in the Region is governed by the flow of the Mekong river
and che tide from the sea. The Mekong river flow, with an average of approximately 14,000
m®/s, is run-off from the monsoon rainfall over a large catchment area (approximately 795,000
km?®) with a seasonal distribution pattern (Fig. 31).

Figure 31:  Average discharge of the Mekong river into the Delta.
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The East and West seas (the South China Sea and the Gulf of Thailand) are
hydrologically different in terms of tidal amplitude and daily water levels (Fig. 32). During
the dry season, the difference in tidal regimes drives flows from the East sea to the West sea
across the Region. Hence, protection against salt water flowing from the East sea through the
My Thanh and Ganh Hao rivers is of major concern in water management,

Figure 32: Water levels at East sea and West sea sides.
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During the past century, canals have been constructed to provide transport routes.
These canals intersect and connect with the natural rivers, thus providing multiple routes for
both fresh water supply and drainage, and salt water intrusion into the entire Region. From
January to June, water in most canals is 0o salinc for irmigation. Water exwraction for
irrigation upstream may aggravate the salinity conditions.

Special attention is given to the problem of acid water in the Region. At its eastern
side, water quality in the rivers and canals appears relatively favourable in terms of acidity,
the pH varies from about 6.5 to over 8, but is normally around 7-7.5. In contrast, at its
western side, distinct seasonal influences acidity occur. During the early part of the rainy
season, the pH drops from normal values (6-7) to below 4, under the influence of acid water
flushed from the strongly acid sulphate soils.

Confined aquifers with good quality groundwater supplies exist in the Region.
However, groundwater is only used for domestic consumption and small industries, because
of its limited discharge.

4.7 Most of the terrestrial ecosystern in the Region has come under human influence of
some somnt, particularly for the production of agricultural, fisheries, and forestry products, as
well as for human settlement. Pockets of more or less natural ecosystems still exist, including
forests of mangrove, nipa palm, melaleuca and ‘grassland’ (mainly reeds and sedges
(Eleocharis spp.) growing on acid sulphate soils). Wildlife and ecosystem sanctuaries are
maintained in some small areas in the Region.

4.8 In general, natural conditions in the Region create a complex aquatic environment

for phytoplankton, aquatic plants and both brackish and fresh water animals. The Region has
a relatively large area of permanent surface water bodies (7.8% of the total area), excluding
the area of aquacultural ponds (5.6% of the total area) and also not including the area used
for combined aquaculiure/rice cropping (2.9% of the total area). The rivers and canals support
some 191 species of fish and 34 species of shrimps and prawns, many of which are
economically important.

4.9 The total population in the Region was about 1.3 million persons in 1990,
corresponding to a density of 280 persons/km?, lower than the average for the Mekong Delta,
of 376 persons/km®, The percentage of the population below 15 years of age is 44% (Fig. 33).
The rural population is about 85% of the total. The average size of a rural household is 5.6
persons, comprising 2.5 labourers, cultivating an average of 1 hectare of land.
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Figure 33: Age distribution in the Quan Lo Phung Hiep region based on the
population census of 1989.
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The natural growth rate in the Region is 2.3% annually, compared to 2.0% for the
Mekong Delta as a whole. The actual rate of population increase (including immigration)
depends on the economic conditions. In the past, people migrated to the large cities outside
the Region, but from 1990, many people have immigrated to the newly reclaimed areas in the
Region, thus the actval rate of increase has been approximately 4% per year. Vietnam has
set a national target of natural population growth of 1.7% annually, by the year 2000.
However, for the two provinces of the Region, the target is set at 2.1%.

4.10 The general nutritional level in the Region is rather low, both in terms of total caloric
intake and protein consumption. In 1990, over 30% of the total population consumed less
than 6300 kJ (1500 kCal) per day while the minimum daily caloric consumption for a mature
healthy individual is considered to be 8400 kJ (2000 kCal). Hence, raising food production
has a high priority in the development plan.

In 1990, 75% of the population in the Region used surface water, 13 to 15%
municipal tap water and 10 to 12% groundwater, for domestic use. Salinity levels in the
canals and shallow wells lead people to buy expensive water from the deep wells. Hence,
they are expecting fresh water supply from the Mekong river. Using canal water also causes
a high incidence of water-borne diseases.

Malaria is common throughout the Region, especially in the transition zone from
fresh water to salt water,

Most farm families live in small settlements situated at the intersections or along the
banks of the canals and rivers. Over 70% of the houses in the Region consists of thatch huts
constructed from nipa palm. The remaining 30% have tile roofs and some houses have
wooden or cement walls,
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4.11 People in the Region identify themselves with a village. A village in Vietnam is an
administrative unit comprising several hamlets that are considered social units. A village
population comprises 1,500 to 15,000 people, with an average of 7,000.

Women in the Region appear to be generally independent and mobile, and perceive
themselves as full partners on the farm. They tend to be the business heads of the family and
responsible for finances. Petty trade, including marketing is almost exclusively run by
women.

4.12  The current labour force in the Region comprises 44 to 51% of the total population.
The majority (85%) is engaged in agricultural, fisheries and forestry activities, as compared
to 5% in industry and a similar proportion in trade and transportation. People prefer a rural
above an urban life. A survey in 1990 showed that 86% of the land owners, 97% of the
tenants, 100% of the owner/tenants and 87% of the farm workers preferred owning land above
a city job.

4,13 As land is the major source of income in most villages, socio-economic status is
largely determined by the size of the landholding. Average annual income per capita from
cultivation in 1990 was approximately 35 US$, but varied from 25 for extremely poor farm
households to 100 for better-off farm households. More than half of the income is spent on
food. Limited availability of long-term credit remains a major constraint to agriculmral
development. Living standards are reportedly lower in areas of salt and brackish water than
in areas of fresh water.

4.14  Currently, high levels of underemployment prevail in the Region. For rice farming,
farmers work only 100 days a year, on average. A survey in 1990 indicated that over 64%
of the workers participated less than 220 working days per annum in agricultural activities and
off-farm employment in cottage industries and handicraft. About 37% of the children aged
5 to 14 years and 80% of the persons aged over 60 are engaged permanently or part-time in
agricultural activitics or handicrafts. The highest demand for labour is at the beginning and
the end of the rainy season (during planting and harvesting of the rainfed rice crop).

4,15 Production of rice, upland crops and livestock is the largest sector of the economy
in the Region, with rice as the single most important crop. Rice production in the Region
totalled over 800,000 tonnes in 1990 with an annual increment of about 4-7% since 1980.
Approximately 50 to 60% of the rice produced in the Region goes to local consumption by
people, livestock and post-harvest losses. The remainder is marketed ougside the Region.
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"Perennial” {also called "industrial") upland crops (pineapple and sugarcane), and
annual cash crops (mainly beans) are almost entirely exported from the Region. Total
production of these upland crops is approximately 100,000 tons, mainly sugarcane (50%) and
pineapple (30%).

Livestock production in the Region, concentrating on pigs and pouliry, is always
integrated with arable crop systems (principally rice). Pigs are the most widespread domestic
animals in the Region, numbering over 227,000 in 1990. Ducks (over 1.4 million) and
chickens (over 370,000) are kept in the Region for meat, eggs and duck feathers, Duck
raising generally coincides with the rice fallow season, when the ducks are released into the
paddy fields at abount 30 days of age to consume crop remains and aquatic organisms in the
ditches and ponds. Water buffalo and cattle are mainly used as draught animals,

The first stage in processing rice consists in threshing and drying the crop in
preparation for storage or milling. Rice is mainly dried in yards around farm buildings, but
if access is possible, asphalt or other roads are also used for drying. A large proportion of
the rice, particularly that harvested during the rainy season, is stored with a too high moisture
content. Post-harvest losses, therefore, are still high (15%). Rice mills for export-quality
rice, with a total capacity of 350,000 tfy in 1990, are available in large cities. Many small
rice mills (up to a thousand), with a capacity of 3 to 5 t/d, are operated for local consumption.
Processing facilities for other crops (sugarcane and pineapple) or animal products (pork and
poultry) are not only limited in capacity but also in processing quality.

Provincial warehouses, with a capacity of some ten thousand tonnes, are only
available at ports and transportation centres. Therefore, farmers store their rice in open bins
at their houses. In addition to the market and transport problem, the limited storage facilities
are a reason why grain crops such as rice and beans are selected, although cash crops such
as fruits and vegetables may give higher benefits,

Constraints on agricultural production can be summarized as follows:

- poor quality of soils and water, in particular water salinity and acidity;

- poor quality and low availability of major crop inputs such as fertilizer and pesticides;
- inadequate supplies of equipment and lack of spare parts;

- relatively weak processing infrastructure for crop and animal products;

- inadequate funds for breeding and propagation of new crop plant varieties;

- relatively weak extension services;

- lack of access to affordable agricultural credit;

- limitation of marketing, storage and tranport facilities.
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4.16 Agquaculture and fisheries constitute another major category of economic activity in
the Region. In 1990, aquaculture and fisheries production was estimated at approximately
6,000 tonnes of brackish and salt water shrimps, 3,000 tonnes of fish and 200 tonnes of fresh
waler prawns.

Agquatic products are an important component of the Vietnamese diet, accounting for
8% of the daily protein intake. In the Mekong Delta as a whole, 21 kg/capita of fish are
consumed annually compared with the national average of 12 kg. Export earnings from
aquatic products from the Mekong Delta amounted to 94 million US$ in 1990, representing
45% of the total national export value for aguatic products. Most of the export sales comprise
frozen shrimps, prawns and fish.

Constraints on_aquaculture and fisheries uction are:

- poor water quality at critical stages of the year;

- reduced natural sources of shrimps and fish through habitat loss and over-exploitation;

- lack of facilities for providing artificial seed sources and feeds for aquaculture;

- lack of facilities for transporting aquaculture and fisheries products from rearing and
catching locations to processing points and/for transportation hubs;

- limited instiutional support such as research, extension services and credit facilities.

417 Forests and trees in the Region are used for various purposes, including fuelwood,
construction, furniture, food, and environmental protection. As local wood demands are
approximately 400,000 m*/y (assuming 0.3 m*/person-year), and exploitation of scattered trees
covers approximately 10% of the demand, heavy exploitation of Melaleuca and mangrove
forests for domestic use has taken place. A reforestation program involving Melaleuca,
Eucalyptus and mangrove has been set up at provincial level. Nipa palm, a tree used for
housing construction, only grows or is planted in a brackish water environment,

4.18  Industry in the Region is underdeveloped, and generally limited to agro-industry.
About 70% of the industrial output comes from small, cottage-type industries such as milling
and local sugar production,

Transportation in the Region is largely by water through the well-developed canal
systern that can be used by small rowing boats as well as motorized barges up to 250 tonnes.
The road system comprises the more than 100 km of National Highway No. 1 and over 400
km of provincial roads which latter are mainly suited for 4-wheel drive vehicles and
motorcycles, some of them only in the dry season.

Electrical power is supplied by a 60 kV transmission line from the national grid to
towns, villages and institutional buildings in the Region. The capacity is limited, hence fuels
such as gasoline and diesel are used for water pumps and other agricultural machinery.
Firewood is the main material used for cooking in both rural and urban areas.
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4,19 In general, alt sectors in Vietnam are organized in a three-tier hierarchy, ie. the
national, regional and local (province, disirict, village) levels.

At the central government level, the Council of Ministers is the main decision-making
body and the State Planning Committee is responsible for macro planning in the whole
country. Within each Ministry, a national sectoral planning institute operates, and sub-
institutes responsible for regional planning have been established. At local level, People’s
Committees play a role similar to that of the Council of Ministers. Within People’s
Committee at provincial and district levels, departments exist for sectoral activities, including
planning, design and implementation. These local departments belong to both vertical and
horizontal structures: they are technically connected to the corresponding Ministries, but are
administratively and financially responsible to the local People’s Committee. A district is
considered as an independent economic unit.

4,20 Three forms of land use organization can be distinguished:

1/ Statefarms: these manage the newly reclaimed areas, covering only a few percent of the
Region. These areas are characterized by unfavourable soil and water conditions, hence
production is low. The main products are industrial crops such as pineapple and forest.
A new policy that allocates these areas 1o farm households seems successful in increasing
production and income.

2/ Cooperatives: these constituted the dominant farm organization throughout Vietnam before
1990. Cooperatives still control about 75% of the total cultivated area and produce about
50% of the total agricultural production. A typical cooperative comprises about 350
familigs.

3/ Private farms: before 1990, a relatively small proportion of the total number of families
cultivated land outside the cooperative or statefarm framework. This land included areas
too sparsely populated to merit collective organization and the 5-6% of the area of family
land used as homestead gardens which provide the nutritional supplements to foodgrains.

After 1990, the distinction between cooperative and private economy has been blurred
by the return to family farming under the freemarket system. The production targets of
agricultural cooperatives have been abolished, permitting free choice among production
activities, and marketing freedom for all products and inputs, except land. The role of the
cooperatives is confined to input supply, services, tax collection, representation of the interests
of members, and social functions, Farmers may sign a contract on crop protection with the
Agricultural Services, or buy fertilizers, pesticides, etc. in the free market. Moreover, recently
the Agricultural Development Bank has opened offices in each district to provide opportunities
for farmers to obtain credit for production.
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421 An agency responsible for land use planning persé does not exist. The General
Department for Land Management, an agency directly reporting to the Council of Ministers,
mainly concentrates on administrative management of the land.

The inventory of main land use categories at village level, provided by this
Department every five years, is used as official database in land use planning. An example
of such an inventory is summarized in Table 4.

Table 4:  Land use inventory in 1990 for the Quan Lo Phung Hiep region

Iterns Area (ha) %
Total area 458,586 100.0
A. Arable farming 320,881 70.0
A.1 Annual crops 244 381 53.3
A.1.1 Rice crops 235,408 51.3
A.1.1.1 Single rice cropping 216,686 47.2
A.1.1.2 Double rice cropping 18,722 4.1
A.1.2 Upland crops 8,973 20
A2 Homestead gardens 38,470 8.4
A3 Newly reclaimed land for agriculture 12,563 27
A4 Open water for agriculture (including aquaculture) 25,467 5.6
F. Forestry 15,457 34
F.1 Forests 12,287 2.7
F.2 Fallow land reserved for forests 3,170 0.7
S. Specific use (settlements, Toads, salt fields, eic.) 40,705 8.8
U. Uncultivated area 31,543 17.8
U.1 Fallow area 453812 10.0
U.2 Open water 35,731 7.8

Source:  General Department of Land Management.

Many Ministries such as those of Agriculture and Food Industry, Fisheries, Forestry,
Water Resources, Construction, Transport-Communication and Post, etc., deal with specific
aspects of land use planning. Since agriculture is the most important sector in the country,
a land use plan is usually prepared by agricultural planning institutes at different levels, from
central 1o regional and local. However, that land use plan is formulated without much
attention to the coordination between different sectors.
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422  The current pattern of land use in the Region is characterized by:

1

the small proportion of the land devoted to upland crops (1% of the total area, as compared

to 53% for rice) due to the inundated conditions;

- the small area of double rice (4% of the total area) compared to that of single rice, reflecting
the lack of fresh water for irrigation in the dry season;

- a relatively large area of shrimp rearing (6% of the total area), reflecting the salt water

intrusion;

a relatively large area in fallow (13% of the total area) due to poor soil and water

conditions;

- a large area of ‘non-productive’ land use (23% of the total area) due to a large rural

population (1.1 million persons).

4.23 Many different productive land use types ave present in the Region. These land use
types comprise single crops (rice, sugarcane, etc.) or combinations of several crops (rice+bean,
rice+shrimp, etc.) produced with different management techniques. They are grouped in
different production systems distinguished by planning agencies, based on the main product,
such as rice, products from upland crops, from aquaculture and forestry.

424  Five main types of rice production are distinguished by the local population and
considered in the agricultural development plan (see Table 5 in 4.32). While soil type is a
main factor in selecting the production system, water conditions (water availability represented
by water level in the canals, water salinity and pH) are a major factor in selecting cropping
calendars. For example, due to different water conditions, thirteen different cropping
calendars for a specific high yielding rice variety can be distinguished in the Region (see Sub-
model [3] in 4.62). Construction of the first 3 sluices was started in 1992 and completed in
1993, The effects of these sluices on water conditions and subsequently on land use, have
been observed since 1994, showing an increase of 15,000 ha in double rice cropping in the
area protected from salt water [Statistical Department of Minh Hai Province, 1994; Statistical Department of
Soc Trang Province, 1994], Al the same time, under the "reform” policy, rice production has
shifted from a subsistence economy to a market economy, and farmers’ income from rice
cultivation to farmers has gradually increased,

Pest and disease influences on rice production fluctuate from year to year; in light
pest years (when no control would result in <20% yield losses), 1.7 kg/ha of liquid pesticides
seems sufficient to control pests, while in ‘bad’ years (risk of vp to 100% losses), 5 kg/ha are
required. However, without the advice of Agricultural Services, farmers usually apply the
maximum dosis (5 kg/ha) whenever pests and diseases are detected.
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4.25 A wide variety of annual upland crops such as bean crops (soybean, mungbean and
other pulses), root and tuber crops (sweet potatoes, cassava), corn, vegetables {onions, garlic,
chilies, lettuce, etc.), are grown on raised beds in the Region. These crops only occupy small
scattered fields or part of the homestead gardens, since then are only grown to meet local
consumption. Due to the limitation of marketing and storage facilities, the emphasis in future
annual upland crop-rice rotations will likely be on bean {pulse) crops.

426  Both main "perennial” upland crops, i.e. sugarcane and pineapple, are more suitable
to acid sulphate soils than annual upland crops, and are also planted on raised beds.
Generally, one crop of sugarcane or pineapple yiclds three harvests in three years.

427 Three main types, i.e. shrimps, prawns and fish are reared in the Region, with
different cultivation techniques and input levels,

Shrimp species commonly cultivated are Penaeus merguiensis (White shrimp),
Penaeus indicus (Indian white shrimp), Penaeus semisulcatus (Green tiger shrimp), Penaeus
monodon (Giant tiger shrimp), Metapenaeus ensis (Greasyback shrimp), Metapenaeus
lysianassa (Yellow-white shrimp). A typical production system is the rice-shrimp combination
in which farmers dig ditches around the rice field and strengthen the field bunds following the
rice harvest for rearing shrimps. In 1993, diseases and inadequate water quality control caused
substantial losses in shrimp cultivation, It has made farmers more cautious in investing in this
type of aquacuiture,

In a small part of the Region, currently not affected by salt-water intrusion, fresh
water prawn aquaculture is practised, using the fresh water giant prawn Macrobrachium
rosenbergii. Rice-prawn systems are practised much in the same way as rice-shrimp systems,
except that prawns and rice are usually produced concurrently (i.e., the prawns are grown in
the ditches surrounding the rice fields). The main limitation of this system is that pesticides
cannot be used in the rice crop.

Specific practices with respect to the source of shrimp and prawn seeds have been
noticed. Adult shrimps mainly live in the sea water environment, off-shore or along the coast,
but breeding occurs at inland brackish water locations. Adult prawns, however, live in fresh
water environments at upstream sites, whereas breeding takes place at the river mouths where
water is brackish.

Fish culture can operate year-round. The dominant fish culture technique in the
Region is rearing fresh water fish in small ponds {100-200 m®) and ditches. This fish is
mainly raised on manure (cattle, pig, chicken) and agricultural offal (rice-bran, cil-cake,
vegetable and slaughter house waste), as well as on hurnan sewage where ponds are associated
with homes.

Three levels of inputs are distinguished in aquaculture:
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1/ Extensive: shrimps or prawns are grown in large farms (7 ha on average, subdivided into
1-3 ha ponds). Farmers depend completely on namural seed and natural food, transported
into the pond by the tide,

2/ Semi-intensive: ponds are generally smaller than in the extensive systems (1-2 ha in size,
totalling on average 6.5 ha per farm) to facilitate management in terms of feeding, water
control, etc. A higher stocking density is maintained generally by supplementing natural
seed with some hatchery production. In addition to natural food, farm-made mixed feed
and pelleted feed are used.

3/ Intensive: pond size is similar to that in the semi-intensive systems, but the invesuments
in construction, inputs and operation are much higher. These systems are currently not
operational in the Region.

Catching natural shrimps, prawns and fish is also an activity providing additional
income to the local population. Many residents along the canals operate bamboo weir traps
for shrimps or prawns, or fixed fishing net sites, and more temporary sites where several
dozen cut stems are placed in the water to attract fish during some months before the catch.

4.28 In the past, mangrove forests covered a large part of the brackish and saline water
area, but most forests have recently been cut down to provide firewood and to convert the land
for other land use types such as rice or shrimp cultivation, in particular in the period 1985-
1990 when shrimps became a valuable product for export. Local authorities have now
recognized the importance of mangrove forests in maintaining marine habitats, hence
protection of the remaining mangrove forests and reforestation have been included in their
development plans.

Melaleuca is the most suitable species for the acid sulphate soil area and is tolerant
to fresh or brackish water inundation during some months. Most natural Melaleuca forests
in the Region have been cut down for firewood or construction material and the land has been
converted to agricultural land. Areas of remaining Melateuca forest are mainly owned by
statefarms, but small parcels are managed by individual farmers.

Eucalvptus is a promising species in the Region, because of its high production
potential and its tolerance to acidity from acid sulphate soils. High investments are required
for the construction of raised beds in the inundated area, and the impact of Encalyptus
production on the surrounding habitat is stitl in question. Nevertheless, some millions of
scattered Eucalyptus trees have been introduced, scattered along roads and canal banks.

Nipa palm, a species planted or naturally grown along brackish water canals, is used
as construction material for housing, and to protect rice fields along the coast against the wind
with saline moisture from the sea. Since nipa palm is inundated during the flood tide, the area
of nipa palm is included in the area of surface water.
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4.29  Taking into account the situation in the Region, five main development objectives
have been identified in the studies on water management:

1/
2
3/
4f
S

increase total food production and improve its distribution;
increase total income and improve its distribution;
increase foreign currency earnings;

improve living conditions;

sustain the economic development rate,

4.30 Goals and indicators haveé been selected on the basis of the present conditions and
the expected impacts of the new water management system in the Region against the
background of the general situation of the country. Goals and indicators have been grouped
in four categories:

1l

2/

3

4f

Food production at regional level: total food production, average food availability per
capita and food distribution. Many statistical indicators such as mean, standard deviation,
skewness, etc. can be used to characterize food distribution, but a simple indicator used
by decision makers in the Region is the proportion of the population with a food
availability below a pre-defined fraction, e.g. 0.6, of the average amount of food available
per capita in the region. Rice, the main staple in the Region, is used as indicator;

Economic indicators at regional level: net present value (NPV), henefit-cost ratio (B/C),
benefit-investment ratio (N/K), internal rate of return (IRR) and payback period;

Socio-economic indicators at regional level: income per capita, income distribution
(expressed in a similar way as food distribution), employment generation;

Environmental impact indicators at regional level: proportion of the population supplied
with fresh water for domestic use, minimum land cover in the dry season (important in the
Region to restrict oxidation in acid sulphate soils), total pestictde use (influencing fauna
habitat, in particular natural sources of shrimps, prawns and fish).

Some goals can be expressed by different indicators; for example, generated

employment and reduction in unemployment. Only one indicator will be used in the current
analysis, although decision makers may require values for both. Other goals such as total food
production and food distribution, and income and income distribution are interrelated but refer
to different issues, and all are used in the analysis.
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431 Increasing production and processing for export are major activities to improve
foreign currency eamings. Therefore, economic and socio-economic indicators are calculated
for two cases: ‘without’ and ‘with processing’ of major exported products.

432  Relevant land use types have been identified by sectoral planning agencies and can
be grouped in five categories as given in Table 5.

Included in the fourth category (land for other uses) are settlements, roads and other
infrastructures, salt fields, canals, rivers, etc. The area for some specific production purposes,
e.g. salt fields, is almost fixed, because such land wse requires specific conditions, but the area
of other land use types such as settlements, roads, etc., may change in the course of
development of the Region.

4.33 The model structure presented in Chapter 111 (II1.2.4 Model Unit) is applied to the
Region. Components of each sub-model are identified on the basis of goals, bio-physical and
socio-economic conditions, key interventions, institutional structures, current knowledge and
data required for other sub-models. The hierarchical model soucture for the Region is shown
in Fig. 34.

Some effects are only dealt with qualitatively such as change in water pH, change
in soil productivity, effects of regional socio-economic conditions on those at the farm level.
Many other effects are assessed as “unknown’, such as:

long-term effects of rice cultivation on soil production capacity;

- effects of changing water conditions on natural fisheries;

- effects of pesticide use on aquatic habitats;

- effects of water management on groundwater quantity/quality;

- effects of new demands of the country on the Region;

- effects of policy changes and institutional modifications on water management;

- effects of variations in world market prices of major products produced in the Region.

Hence, these effects have not been included in the model structure. Assumptions can
be made in the mathermatical model in incorporating qualitative analyses and in identifying
the effects of uncertainties on the final ranking of a selected scenario.
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Figure 34: Model components for the Quan Lo Phung Hiep region.




An example in the real world: Conceptual model

Table 5:  Land use types distinguished in the Quan Lo Phung Hiep region in 1990
{Compiled by sectoral planning institutes)

Description Area (ha) %
Total arca 458,586 100.0
A. Agriculture (arable farming) 247,819 54.1
A.1 Annual crops 243,157 53.0
A.l.l Rice crops 243,157 530
1. Single rice cropping, traditional variety 109,673 239
2. Single rice cropping, high yielding variety 114,762 25.1
3. Double rice cropping 18,722 40
a. Summer-Autumn and 2nd rainfed crop, traditional variety 18,657 4.0
b. Summer-Autumn and 2nd rainfed crop, high yielding variety 0 0.0
¢. Summer-Autmn and Winter-Spring 65 0.0
A.1.2 Annual upland crops 0.0 0.0
1. Summer-Autumn beans in rotation with rice 0 0.0
2. Winier-Spring beans in rotation with rice 0 0.0
3. Spring-Summer beans in rotation with rice 0 0.0
A.2 "Perennial” upland crops 4,662 1.0
1 Sugarcanc 1,224 0.3
2 Pineapple 3438 0.7
B. Agquaculture ) 29,109 6.3
B.1 Shrimps 25,288 55
1. Shrimps in ponds 21,646 47
2. Shrimps in rotation with salt fields 3,642 0.8
3, Shrimps in rotation with rice (included in area for rice crops) 12,990 2.8
B.2 Prawns 29 0.0
1. Prawns in ponds, one crop per year 29 0.0
2. Prawns in ponds, two crops per year 0 0.0
3. Prawns in rice fields, one Crop per year 80 0.0
4. Prawns in rice fields, two crops per year 0 00
B.3 Fish ponds 3,792 0.8
C. Forestry 12,287 2.7
C.1 Eucalyptus forests 0 0.0
C.2 Mangrove forests 8,083 1.7
C.3 Melaleuca forests 4204 09
C.4 Nipa palm (included in area for canals and rivers) 2,130 0.1
D. Other uses 107,826 23.5
D.1 Specific uses (Settlements, roads, etc.) 37,063 8.0
D.2 Homestead gardens 35,032 7.7
D.3 Canals and Rivers 35,731 7.8
E. Uncultivated area 61,545 13.4
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434  Each component of the model requires specific calculations dealing with specific
factors as presented in IV.3 (Development of CAILUP for the Quan Lo Phung Hiep region).
Interactions among sub-models and relations among factors are presented in a matrix of data
exchange (Table 6, pages 94-95).

4.35 In the preceding studies on water management in the Region, several discussions have
taken place to identify the boundaries of the Region in relation to the Ca Mau Peninsula, and
the Mekong Delta as a whole. Finally, taking into account the key intervention, ie.
‘construction of the new water management system’, and its impact on fisheries production,
the boundaries of the region have been defined as shown in Fig. 28.

The water management system, designed for protection against salt water intrusion,
and irrigation of the central part of the Region (hereafter called the Inside, see 4.2) with fresh
water, will affect water conditions ard land use in the area downstream. To assess these off-
site effects, the economic analysis and the goal and impact analysis are carried out for two
situations: i) the Region as a whole and ii) the Inside, as a water management project.

4.36 Two levels of spatial resolution have been distinguished:

1/ The first level is defined by the main (primary) canals that divide the region into 20 water
management units (Fig. 28);

2/ The second level comprises 181 sub-units in the Region, delineated by the combination
of the village boundaries and the water management unit boundaries. Average elevation,
soil type, population type (rural or urban), dominant farmer group, etc. were identified for
each sub-unit on the basis of available information from maps (elevation map, soil map),
inventories (population census) and expert knowledge (dominant farmer group based on
knowledge of local planners).

4.37 For the Quan Lo Phung Hiep region, the time horizon should exceed:
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the year when the water management system exerts its full effect (depending on
construction schedule, possibly up to 17 years);

the year when the longest growing crop is harvested (12 years for mangrove forest);

the final year of economic analysis of the investment in the water management system (30
years).

Consequently, a time horizon of 30 years has been applied.

4.38  Based on current knowledge and available data on interactions among indicators and
factors, four time steps have been selected:

one hour: applied in the tidal hydraulic and salinity calculations;

half a month: applied in the crop growth calculations;

one year: applied in the socio-economic calculations, and intermediate goal and impact
assessments;

whole planning period (30 years): applied in the final goal and impact assessment.

4.39 Seven schedules of water management construction have been formulated based on

the availability of funds and the strategy in minimizing the acid water effects:

A:
B:

main sluices construction sequentially from east to west over a period of 7 years;

main sluices initiation at the same time in both the Soc Trang and the Minh Hai province
and realized within 5 years;

as B, but the construction period is 7 years in the case of lack of investment funds;

as A for main sluices, but in addition, secondary canals are constructed early in the areas
with active acid sulphate soils, to allow for sufficient leaching of acid by salt water, prior
to the initiation of the introduction of irrigation;

as B for main sluices, and as D for secondary canals.

the area protected from salt water is divided into 2 parts on the basis of river networks
conveying saline water (the My Thanh and Ganh Hao rivers, Fig. 29), and protection is
separated by five years 1o allow monitoring of the environmental, social and economic
impacts.

as F, but the area protected from salt water is divided into 3 parts on the basis of soil
types.
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Table 6: A matrix of data flows expressing interactions among sub-models
{(for the Quan Lo Phung Hiep region).

Sub-mode] recsiving data i &) 13 14 15 16 m
————————————— — Intervention | Physical [mpact | Bio-physkal Sub- | Ecosomic Sub- | Sockal Sub-iodel | Demography Sub- Land Us:
Data st o sub-moded Geperating Sub-madel hodel model 4t Farth at Farm Laval model Weighting Sub-

v gererating data Sub-modd Lavel model

H» <H> <B» B> «<B>» <E> <E»
<E> Existing conditions socio- scheon conditions (z) {0 (laty [¢] (aht)

coonamic | Current water kewel, | Maximuam observed Population type {x)
conditions (s) | salinity #ud pH (s) yield (luy
Crop calotdsr (fut)

<0

=G> Goals of Coals and

ok s »
<17 <l> <l> <> <1> <>
Modificd ydesulic C i G i C Projected growth | Government palicy
acheme scheduke (3,y) schedule (sy) schedule (3} ke (ay) {ay)
& ! Cultivati Cultivation costs Family lnboyr [mmigration: ruls
(1]  [Intervention schednly {3,y) techrique (5,y) (ut.y) dernand (un) [£X0)]
Generating Sub-model Raulea for crop Product prices Warking days per
yield in relation to py) Tabourt (3,3}
physical conditions it support
(] )
<>

121  Physical Impact Sub- Modificd water

modsl level, salinity mnd
FH(sy)
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Note: (s,y,lut,p,g) = per sub-unit or water management unit, per year, per land use type, per
product, per goal

1) 191 [10] 1] 113] 13) [14]
Land Use Eroductlon y Economic Sub-model at |  Soclal Sub- Eovironmentsl Goal & Limpact Analysls Sub-model
Alloeation Sub- Sub-model | Intervention Sub-model Reglonal Level model at [inpact Sub-model
modal Regional Level
B> B> <B» B> B> <E>
Current land use | Current yiald Crrrent land use (s) Cursent land nse (1) Current land use | Current land uan (=)
{8.lut) reduction by Current popalation (z) {9 Curzent popolation
‘popalation pests and. Cusrent 6]
(0] disases (x) population {x)
<G>
Goalz & indicators (y)
Discaent factor (g)
Priority {g)
<1> <l= <1> <1> <1> <1>
Construction FProjecizd pest | Consruction schedule (3,y)| Conrtruction schodula (5,y) | Waking days Relationship
whedale (5.¥) & diseaws Rule in production Conts of water munagenwnt| per Inbonrer between wiler
Land use allocation | control {s,y) llocation (3%} e3) conditions sod
ritke (3,y} Pow-harveat Lo (py) Mitigation costs (sy) Labowr dectiand | - maleria, fncidonce:
Land uw conversion Ruk in by-product Cultivation costs (lu,y) For caltivation Water quality
rubo (lut Jut) generation (3,y} Procensing costx (py) Cuty) standard for
Waicr demand Material yyputs for Product prices (p.y) domestic use (3,y)
standard {3,y) cnltivaion (lu} Discount rate:
2
Modified water
lovel, alinity and
pH sy
<3= <3 3= <>
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Aylug (syln Gyl
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T
Weighting fctor
(rydut)
<> <H> B> a> B> 2>
Arca (sy Jat) Area (5,yJut) Arca (a,y ht) Araa {3,3]ut) Arca (a,yJut) Arca (s.yJuty
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Production {s,y.c) Froduction {3.y.c} Producti Prodactioa (a,y,c}
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<13>
Malaria meidence {3,y
Minienam land cover in dry seaeon (sy)
Total pesticids wse (y)
Population supplicd with frazh wanar (s.y)
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Four land use stategies, corresponding to four production orientations have been
formulated:

l:  Maximize rice production: rice production is the focus and the rice cropping system
yielding the highest rice production is selected;

2:  Maximize income from rice production: rice production is the focus, but the rice
cropping system yielding the highest net income is selected;

3:  Crop diversification: crops vielding the highest net income are selecied.

4: Minimize effects of acid water: acid tolerant crops cultivated in areas of slightly and
moderately active acid sulphate soils, and no land use changes. are allowed on strongly
active acid sulphate soils;

4.40 Twenty-cight development scenarios have been identified by combining the 7
construction schedules with the 4 land use strategies. These scenarios were compared with
the ‘zero’ scenario, i.e. the "without case”, in which the water conditions and the land use
patterns are assumed to remain as they are now, with the exception that more land is allocated
for specific use (housing, urban, roads, etc.), as a function of population growth rate.

4.41 The personal computer (PC) was selected for CAILUP for the Quan Lo Phung Hiep
region because:

»  The personal computer is becoming increasingly popular in planning institutes in
Vietnam, including local planning departments. Larger computers (mini-computers or
mainframes) are only available at a limited number of agencies;

»  During recent years, the capacity of the PC hardware has been improved considerably
in terms of speed, data storage, and graphical display while costs have decreased
significantly.

442  The DOS environment is most suitable for CAILUP for the Quan Lo Phung Hiep
region, because:

»  The DOS environment is available on most personal computers in Vietnam, therefore
exchange and integration of data is not a problem;

»  Most planners at Vietnamese planning institutes are able to work with DOS;
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An example in the real world: Development of CAILUP

The DOS environment allows high speed data retrieval and calculation, in comparison
1o other environments like WINDOWS. This feature is important in view of the
calculation requirements of CAILUP,

Commercial software packages developed for the DOS environment provide adequate
tools for programming, data management and graphical display;

Other operation systems such as UNIX or ZENIX for PC’s may provide a higher speed
and a larger memory for the calculation than DOS, however DOS is more user-friendly
and a large number of software packages are available.

Microsoft QuickBasic was selected as the programming language in CAILUP for the

Quan Lo Phung Hiep region because:

»

4.44

QuickBasic is a multipurpose language, but it is so simple and user-friendly that a
version of it, QBasic, has been included in the DOS package;

The Microsoft QuickBasic package provides a good environment for debugging in the
interpreting mode. This feature is important for the programming of models, in
particular with a large model that requires expanded memory;

A QuickBasic program can be compiled and run as an executable programme;

Programmes for menus, windows, mouse control, etc. are included in the Microsofi
QuickBasic version 7.0 (also called Professional Development System (PDS) [Holzner,
1990});

Other models in the field of land use planning have been developed, using the
FORTRAN or BASIC language. They could be more easily referred to by CAILUP if
a closely related language had been used;

Some models for the Quan Lo Phung Hiep region have been developed in the Microsoft
QuickBasic 4.5 environment.

To apply the advantages of the available programmes, some additional tools are used

in combination with CAILUP for the Quan Lo Phung Hiep region:

»

EDIT.COM of MS-DOS, a programme available in the DOS environment that also uses
the QBasic editor;

LIST.COM version 7.7a, a non-commercial programme for reading data files.

A worksheet software package, e.g. QUAPRO or LOTUS, with many economic
functions, is used for data processing and graphical display.

445

The hierarchical menu system of the Core Expert Unit is described in Fig. 35.
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Menu system of CAILUP

1.1.1 General intreduction

Introduction to CAILOR l—[

1.1.2 This CAIIUR Versien

1.2.1 English language

Language

H]

1.2.2 Vietnarwse language

1.3.1 Change Current Directory

Change diractory

1.3.2 Change CAILUP Diraatory

1,4.1 Temporary Exit to DXS

Bxit to DOS

1.4.2 Exit CAIIOPR

Introd, to CAILOP Core Expert Unit j

2.1.1

Change acenaric directory

Bcanario directory 2.1.2

Bead scenario file

2.1.3

Edit sosnario file

2.2.1

Change input direckory

2. Database
Unit

Input directory 2.2.2

Read input file

2.2.3

Edit input file

2.3

2.3.1
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Change output directory
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2.,3.2

Read cutput file

L L
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3.2.8
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froduction Sub-modal

3.2.10
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3.2.13
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446  Getting started with CAILUP:

»  CAILUP starts with a logo (Fig. 36).
Figure 36: CAILUP logo.

CAILUP

A Computerized Aid
o Integrated
Land Use Planning

Phan mem Quy hoach
Su dung dat Tong hap

{Press any kay to stari>

G

L]
Chv Thal Hoanh, 1993

»  An introduction to the current CAILUP version and a main menu system will appear
after pressing any key (Fig. 37).

Figure 37:  CAILUP introduction.

INTERNATIONAL INSTITUTE FOR AEROSPACE SURVEYS & EARTH SCIENCES
1TC, Enschede, The Netherlands

caAa I LUFP
A COMPUTERIZED RID TO INTEGRATED LAND USE PLANMING

Version for the Quan Lo Phung Hiep area, Nekong delta, Vietwam
updated in April 1994 by Cha Thai Hoauh
and installed in
D:\CAILUP

Press <Alt> or Move Mouse to activate Menus



file://D:/CAILUP
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In the first run, when the user has
not defined the directory where
CAILUP was installed, the model
will ask for this information (Fig,
38).

By pressing the <Alt> key, then
the bold character or using arrow
keys and <Enter>, or moving the
mouse to a selection, the user can
select one of the four items of the
main menu at the top of the
screen (Fig. 37).

"CAILUP" menu

The "CAILUP" menu options
are shown in Fig. 39.

Figure 38: CAILUP directory.

CAILUP Directory
was not defined in file CAILUP.INI yet.

Enter Directory of CAILUP files:

DNCATLUP |

<Ok > |

"CAILUP" sub-menus.

Figure 39;
BataBase Models QIS

Geneeal Taf oemat ion

This CAILUP Version

»English

Ujetnanese

Chanwge Current Directory
Chawge CAILUP Directory

Temporary Exit to DOS
Exit CAILUP Ctrl-X

Introduction to CAILUP

General Information: provides general information about CAILUP (Fig. 40).

Figure 40: General information about CAILUP.

|'|Emnataam Models GIS
l Sesera [ [t -

This CAILUP CAILUP
Color is a Computerized fid to Integrated Land Use Planning
ationochrome
— developed by Chu Thai Hoanh from Uietmam
*English by using Hicrosoft QuickBASIC Uersion 7.0
Vietnamese during his Ph.D. study from 1992 to 1995
—— at
Change Curr The International Institute for ferospace Surveys
Change CAIL and Earth Sciences (ITC)
————— P.0.Box 6, 7500 AR Erschede, The Hetherlonds
Temporarily Tel: (853) 4874414 Fax: (653) 1074460
Exit CAILUP
— { it >
Introductio
or Move Mouse to activate Pemus
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This CAILUP Version: Figure 41:  CAILUP version.

for presenting the currently used

CAILUP version (Fig. 41). Since This CAILUP Yersion

different models can be developed Is d"""j’fdﬂ:";e;u"ﬁuq'mtﬁ? S'f'ﬂ“wl"" arca
for different objectives or study ) o
areas, but can be run in the same e a bl ek
CAILUP environment, the user under the Interventions in water management

. . for salt water protection and fresh water supply.
should pay attention to the version

being used. < Quit >

Erglish: for selecting the English language for CAILUP.

Vietmamese: for selecting the Vietnamese language for CAILUP (Fig. 42). The selected
language is indicated by a mark ».

Figure 42: CAILUP in the Vietnamese language.
ST CosoDulies HoHinh GIS

Tang quat
He CAILUP dang dung

r Hﬁ Anh '

Doi The mauc Hien lam viec
Doi Thu muc Chua CAILUP

Tam ve DOS
Ra khoi CAILUP Ctrl-X

Giol thieu Chuc nang CAILUP ho vung Quan Lo Phung Hiep
gl sony Cuu Long, Viet Mam
[EEIRIS M hanh cap nhat thang 4-1995
va cal dat trong thu muc
DNCAILUP

fn phim <Alt> hoac Di chuyen Con chuot de khoi dong Memu

Figure 43:  Change current directory.

Change Current Directory:
for changing the current working
directory. This option allows the

Current Directory:
D:s

Enter new Directory:

user to move the CAILUP set-up IL —'

to another directory than that from i

which CAILUP was started (Fig. <OF > I
43).

Change CAILUP Directory: for changing the directory in which CAILUP was installed. This
option is required if different CAILUP versions or models are used.
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Temporary Bxit to DOS: for temporarily leaving CAILUP and returning to DOS. This option
allows the user apply DOS commands or other programs in the DOS environment. By typing
"EXIT", the program returns to CAILUP.

Bxit CAILUP: for permanently returning to DOS. Curl-X is a shortcut key for this function.

Introduction te CAILUP Core Expert Unit: For introducing the general functions of this menu
and giving a HELP on each item (Fig. 44).

Figure 44:  Introduction to CAILUP Core Expert Unit.
[ ICTIEIRN DataBase Fodels GIS

. b e R R R
This CAILUP Care Expert Unit
is thi= waln progran that integrates
=Engli the Database Unit, the Model Unit and the GIS Unit
Vietn and controls the sequence of calculation.
Chang HELP for CAILUP Core Expert Unit:
Chang

. General Introduction: General information on CAILUP,
Tempo| . This CAILUP Version: Information on the present versiaon.
Exit . English : Uze English language.

. Yiet . H Use Vietnamese language.

INEED] - Change Current Directory: Change the working directory.
| . Change CAILUF Directory: Charnge the name of directory
i where CAILUP was installed.

. Tenporarily to DOS: Tenporarily back to BIS and

return to CAILUP by typing 'EXIT’.

. Exit CAILUP ! Permamently back to DOS.

< Quit >

448 "Database” menu
The Database menu options are shown in Fig. 45.

Scenario Directory: for changing the name of Figure 45:  "Database” sub-menus.
the directory containing the scenario definition ESEIERE Models  GIS
files (Fig. 46).

Seenarin Directors:
. L D:\CAILUPNSCENAR IO
Figure 46  Scenario directory. Read Scenario File

Edit Scenario File

Current Directory of SCENARID Files:

D:\CAILUP\SCENARIQ B i I

Read Input File
Edit Input Flle

D:\CATLUPNMAXRICE I Output Directory:

D :NCATLUPNOUTEUT
Read Output File

Enter Directory of SCENARIO Files:

< DK > |

Introduction to DataBaze
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Read Scensrio File: for reading a  Figure 47:  Scenario definition file.
scenario definition file. A description

and an example of this file are Read a SCENARIC file in:
presented in 4.52 and Appendix S1. DINCAILUPNSCENARID
The user can select a filename by Enter file specification
typing into a query window (Fig. 47) w.SCE

and a list of files will be provided

(Fig. 48). CAILUP links to

LIST.COM for this function. COR>

Figure 48: Read scenario definition file,
| Ca PP Models GIS

gl

Read a SCENARID file in:
D:\CAILUP-SCENARIO

b IVE4h . SCE 1

: DIVESH .SCE |
Read Inp EIBASEG _SCE
Edit Inpp-——— ENVI{A.SCE E

— ENVIZA.SCE
Output D ENVI3A.SCE 1

Dp:sCAILUETIRE| EMVI4A . SCE
Read Dutput File ENVISA . SCE :!

Introduction to

Press <A

Bdit Scemario File: for editing a scenario definition file. Selection of a filename is identical
to the "Read Scenario File’ (Figs. 47 and 48). CAILUP links to EDIT.COM for this function.

Input Directory: for changing the name of the directory storing the input data files (similar
to Scenario Directory, Fig. 46).

Read Input File: for reading an input file (similar to Read Scenario File, Figs. 47 and 48).
An input file contains the various data required for execution of each sub-model. A detailed
description of input data for each sub-model is presented in TV.3.5.

Edit Input File: for editing an input file (similar to Edit Scenario File).

Cuiput Directory: for changing the name of the directory storing the output data files (similar
to Scenario Directory, Fig. 46).
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Read Qutput File: for reading an output file (similar to Read Scenario File, Figs. 47 and 48).
An output file contains data calculated by each sub-model, that can be used as input for
subsequent models. A detailed description of output data from each sub-model is presented
in IV.3.5.

Introduction to DataBase Unit: for introducing the general functions of the DataBase Unit and
for the provision of a HELP on each item (Fig. 49).

Figure 49: Introduction to the Database Unit.
CAILUPF BPRLERGE Models GIS

Sce
D CAILUP Database Unit
Rea| stores scenario & inputsoutput data tosfrom the Model Unit.

b—— HELP far CAILUP Database Unit:

Inp|. Scenario Directory : Change directory of scenario files.
D|. Read Scemarin Data : HRead scenario options in a file.

Rea|. Edit Scevario Data : Edit scenario options in a file.

Edi|. Input Directory ¢ Change directory of input files. H
. Read Input Datae ! Read data inputted to the models, ‘B
But|. Edit Input Data ¢ Edit data inputted to the models.
D). Butput Directory : Change directory of output files. g
Rea]. Read Dutput Pata : Read data outputied from the models. N |
I'[m < Quit >
Press <Alt> or Move Mouse to activate Menus

I

Figure 50: "Models" menu options.
GIS

Select Scenario File:

MAR11A.3CE

»[1] Interventions
4.49 "Models” menu »[Z] Physical Impact
I —— »[3] Bio-Physical

. »[41 Farm Economic
The "Models” menu options are shown »[51 Farm Social

in Fig. 50. [61 Demography
[7] Land Use Weighing

[81 Land Use Allocation

13} Productjion

[10]1 Supplementary Intervention
[11] Regionmal Ecomomic

[12]1 Regional 3Social

[13] Environmental Impact

[14] Goal & Impact

Introduction to Model Unit
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Select Scenario File: for selecting a scenario definition file in the scenario directory before
running any model (Fig. 51). CAILUP controls the sequence of calculations, and shows a
mark » next to the name of models already executed (Figs. 50 and 51).

Figure 51:  Selection of a scenario file for models.
CATLUP TataBase JZINEN GIS

Sub-models [1] so [14]: for running a sub-model. CAILUP does not run a sub-model if

preceding sub-models have not been run yet (Fig. 52).

Figure 52: Refusal to run a sub-model.
MIIIEN 61

Seiect Scenario File:
MARI1A.SCE

»[1] Interventions
»[Z2} Physical Impact
»[3]1 BioPhysical
=»[4] Farm

[?1 Land

O Lo

»[5]1 Farn This sub-model camot be run
[6]1 Demo| before the preceding sub—models!

[91 Prod < Quit >

[16]1 Supp
111) Region!
[12] Reglonal Soclal
[13] Environmental Impact
[14] Goal & Impact

Introduction to Hodel Unit
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k) HARI1A. Select a SCEMARIG file in:
D:\CALLUPNSCENARID
»[1] Inter
»[2] Physi
INTERNATIO|»[3] Bio-T BASESI _SCE
»[41 Farn BASEL.SCE |
»[5] Farm DIVE1A.SCE
[6] Demogi— DIVEZA.SCE
[71 land D IUEAG . SCE
A C] [8] Land DIVE4A .SCE |
191  Froduct{fIN DIVESA.SCE
Uersion| [10] Supplement 1 EIBASEQ.SCE i Nt
(11] Regiomal Ecen ENVI1A.SCE |
[12] Regiomal Soc ENVIZA.SCE ]
[13] Eavirommenta EMVI3A,SCE ]
[14] Goal & Impac EMVI4n . SCE 1
P — 1
Introduction to It OK > < Cancel >
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Introduction to Model Unit: for introducing the general functions of the Model Unit and
giving a HELP on each item (Fig. 53).
Figure 53: Introduction to the Model Unit.

Base PIEIEN GIS
REss ]
il

CAILUP Model Unit
containg CAILUP wodels for integrated land use plamning.

HELP for CAILUP Hodel Unit:
Select Scewario File: Select a file of scenario options
avallable in Scenarlo Directory.
[1]1 Interventions : Edit input files corresponding to
a Sub-—model.
[2} to [14] ¢ Run a Sub-Model.

NOTES: CAILUP refuses ta run a nodel that vequires
Input data generated as outputs fron preceding
Sub-models if theze Sub-models uere not run yet,

< Quit >

tivate Menus

[hitroduction to Mudel Uit

4.50 "GIS" menu Figure 54: "GIS" menu options.
The "GIS" menu options are shown in Fig.

54, Functions of the various items are:

GI15 Birectory:

) DINCAILUPNGIS
Read Map Data
Read Map Datn: for reading a map definition file that Edit Map Data
contains information on the base map and the Map Display
input/output data to be shown. ‘Read Map Data’ is Introduction to GIS Unit

identical to ‘Read Scenario File’. More details of map
definition are discussed in IV.3.4.

Bdit Map Dats: for editing a map  Figure 55:  Select a map.
definition file. This function is identical IS |
to the ‘Edit Scenario File'. 1

GIS Dire
D'\CAI| Select MAP to be displayed in: |
Read Hap DINCAILUPNGIS

. . . Edit Ha
Map Display: for selecting a map (Fig. Iﬂ!ﬁ Enter file specification
55) to be shown on screen. The CAILUP — ‘

version for the Quan Lo Phung Hiep
region is linked to a simple GIS for this I
purpose (see 4.55). <OR >

Introduc : »_HOP
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Introduction to GIS Unit: for introducing the general functions of the GIS Unit and giving
a HELP on each item (Fig. 56).

Figure 56: Introduction to the GIS Unit.
CATLUP DataBase Hodels TEIRN

D:N\CAILUPNGIS
5| Read Map Data
il Edit Map Data

| 61S Directony: ‘ i
Map Display

CAILUP GIS Unit
displays the inputsoutput data to-from the Model Unit
stored in the Database Unit,
on a basemap of land use sub-units.

The GIS program linked to this Version is
‘A Poor Man’s GIS' HOAMAP EXE (Chu Thai Hoanh, 1992). nag

HELF for CAILUP GIS lnit:

. GIS Directory: Change directory of GIS files.

. Read map data: Read data in map Formulation file.
. Edit map data: Edit data in map formulation file.
. Display map : Run the GIS program.

{ Quit >

4,51 The Database Unit of CAILUP for the Quan Lo Phung Hiep region has 3
components: Scenario Definition, Input Data and Qutput Data.

The Database Unit has a flexible structure: depending on the complexity of a
scenario, data for each component can be stored in one or various directories that can be
selected by the user, as explained in 4.48.

4.52 The Scenarip Definition component consists of scenario definition files with extension
" SCE". Each scenario definition file contains information on the selected land use scenario
and input/output filenames. An example of a scenario definition file is given in Appendix S1
(File MARI1.SCE).

4.53 The Input Data component contains input data in ASCII code for the Model Unit
separately for each sub-model. Filenames are selected by the user; they should match with
informafion in the corresponding scenario definition file. Some inpur data such as financial
and economic data should be processed by worksheet or database software packages before
being inputted in the modeis. These data can be stored in worksheet or database formats and
converted to ASCII codes before input in the models.
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As discussed in 3.14, in general, a relational database structure is applied for the
input files: rows for spatial units (sub-unit, water management tnit or region) per time interval
(year, month, half a month) and columns for attributes. Integer or real values in input files
are free format. Two special characters " & " and " * " at the beginning of a lin¢ can be used
to show remarks.

Examples of input data files for each sub-model are presented in Appendices 82 to
S14.

4.54 The Output Data component contains output data from the Model Unit. Since large
amounts of data are gencrated, two types of computer code are used:

i)  Binary code for output data at sub-unit level that are exchanged among Sub-models;

ii) ASCII code for data at sub-unit level for selected years, and water management unit and
the regional levels for all the years during the planning period. The user can select years
with output data for sub-units for detailed analysis and mapping. Filenames are selected
by the user, and a specific extension is given for each sub-model; e.g. scenario-
name.S02, scenario-name.S03, etc. for sub-model [2], [3], etc.

Since the total time of a complete run on a 486 PC is approximately two hours (9
minutes per sub-model, on average), the data at sub-unit level in ASCII code (about 3
megabytes for one year for all sub-models together) can be deleted after analysis and mapping,
and only data in binary code (about 4 Megabytes for 30 years for all sub-models) are stored.
These data can be converted to data in ASCII code, if needed.

Examples of ASCH output data files are presented in Appendices 52 to S14.

4.55 The GIS Unit of CAILUP for the Quan Lo Phung Hiep region is a map display facility
for spatial analysis. "A poor’s man GIS" deveioped by Chu Thai Hoanh in 1992 is used for
this purpose. This GES software package comprises two main groups of functions:

i) A graphic editor for drawing a base map on screen and storing it in a graphic format;

ii) Display of output data at sub-unit level in different colours or pattems,

4.56 The GIS Unit consists of:

i)  Map definition files, with functions similar to the scenario definition files, contain
information about filenames of the base map, overlay map, sub-unit coordinates, label
coordinates, and input or output data, to be displayed.

An example of a "map definition” file is given in Appendix §1 (File LANDUSE.MAP).
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ii) Base map files containing data on a map of the Region with sub-unit boundaries. Local
coordinates on screen of these sub-units and labels are stored in ASCII files.

iii) Qverlay map files containing data of a map with specific information such as canal
network, roads, etc. superimposed on the data map displayed on screen. This option can
be selected by the user.

4.57 The mathematical model for the Quan Lo Phung Hiep region comprises 14 sub-models
as discussed in IIL.2.4.C and the conceptual model is presented in IV.2.

458 Windows on the screen are used as a model-user interface. Sub-model [1] provides
functions with various windows for editing scenario definition and input data files as presented
in 4.60. Sub-models [2] to [14] start with three windows displaying the model tide, the
scenario and options, and the calculation sequence (F'g. 57).

Figure 57:  Sub-model windows.

’sg., k|

CATLUP Number of years:

Quan Lo Phung Hiep area, Vietnam, Apr.1994 Construction schedule:
Sub-modei G: Land use allocation Extract water:
Scenario: RICE-OR{EMIED + WATER COMTEOL 1 Change water pH:
File: maril.SCE Start: 60:48:06 Land use option:

input file D:NCATLUPSINFUTWALLORULE . 568 was found.
input file D CATLUPSINPUTNEMISTING 503 was found.
input file H:\CAILUPSOUTPUTNBIMARIL.56Z was found.
input f1le B CAILUPSDUTPHEINBIMARLY 563 was found.
input file B NCATLUPSRITPHIWGINARTL.S586 wvas Found.
input file BSCATLUPSOUTPISEBIMARI1. 587 was found.
input f£ile B:SCATLUPSINFUTSSUBUSTAT.SO8 was found.
Data input File BiNCALLUES INPUTNCLIMATIC 308 was found.
Data input File B:\CATLUPSINFUTNDENMAND 595 was found.
Data output File 5:“CAILUPNOUTPUTNEIMARIL1.508 was found.
Duerwurlte it (0,0, § to Stopl: 7

FUREI R S R R R R

4.59 Main steps in the calculation sedquence are displayed, so that the user can stop the
model, temporarily exit to DOS for checking the output, then return to the model again to
continue the calculation or terminate the model. When the calculations in a sub-model have
been completed or are stopped by the user, the sub-model is ended and the system is
connected to the CAILUP main program. The code of the completed sub-mode! is cutputted
1o a file ‘scenario-name.RUN’ to inform the user and create the option for running the next
sub-model from the CAILUP main program, as shown in Fig, 52.
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Function: Generate an intervention data set as input for the other sub-models.

Input data:

<G> Qualitative information from the conceptual model on goals and development issues
as discussed in IV.2. This information has to be expressed in quantitative terms in the
input files of other sub-models;

<E> Existing conditions in the Region as a reference for the selection of input data for other
sub-models.

Output data:
<l> Interventions as input data for other sub-models. Examples of such input data in other
sub-models are presented in Appendices 52 to $14,

Operation procedure: Figure 58:  Sequence of operations
The operation sequence in sub-model [1] is in sub-model [1].
a simple procedure as shown in Fig. 58.

' Start sub—model [1] I
Main steps in the operation sequence are:

Select sub—-madel
+o be intervened

1) Start sub-model [1]: sub-model [1] is run [
directly in the environment of the CAILUP main Lineut scanario information |
program, i.e. it cannot be run independently without | select file to be modifiad |
starting the main program. Sub-model [1] starts ¥
with 2 list of other sub-models (Fig. 59). [__Eckt salectad file |

[ Erd sub-modet 11}

2} Select sub-model to be intervened. the user can
select a sub-model to be intervened, from the list in Fig. 59.

Figure 59:  Select a sub-model for intervention.

PEIIER Gis
1
Select 3
BAR11 [11 Interventions to Sub-Hodel:
Sl T 2 Thysical
>[2]1 Py [31 Bio-Physical
=[3] Bio (41 Farm Economic
»[4) Far IS} Farm Social
»[5]1 Far [61 Demography
[6] Dem [?1 Land Use Welghing
[?} Lan (81 Land Use Allocation
[8]1 Lan 191 Production
921 PFro [10] Supplementary Intervention
[10]1 Sup [11]1 Regional Economic
[11] Reg £12) Regional Social
[12] Reg [13] Environmental Impact
[13] Env [14) Goal & Impact
[14) Goa
EE— < OR >
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3) Input scenario information: the names of input files corresponding to each sub-model are
read from the selected scenario definition file (see 4.52).

4) Select a file to be modified: depending on the sub-model selected, a list of input files
corresponding to that sub-model is provided (Fig. 60). The user can select the file to be
modified.

Figure 60: Select an input file.
CAILUF DataBase JNCINN GIS

R
Select §

HARI1 [1]1 Interventions to Sub-Model: l

b D1 Tt [EEIUITE| Select a file to edit:

»[2]1 Phy [31 Bio- BERS—
INTERNATIO|»[3]1 Bio {41 Farm SUBUNUDE . 502
»(41 Far {51 Farn NOEX9 .UAT
»[5] Far {6l Demo WAPH.UAT
»[6] Dem 71 Land WAL
»{7] Lan [B81 Lamnd MNAL
A C|»[B] Lan 9] Prod NOEX6 .UAT
»[9] Pro [10]1 Supp MNOEXS8 .UAl

Verzion Regi EX11IMARI .UAT

< 0K > < Cancel >

5} Edit selected file: the selected file is edited by using EDIT.COM of DOS. A backup file
is created before editing,

6} End sub-model [1] and connect to CAILUP main program: when editing is completed,
sub-model {1] is ended and connection is made to the CAILUP main program with a warning,
as shown in Fig. 61.

Figure 61: Warning on edited file.

File D:NCAILUP\INPUTNSUBUNDDE .502 ]
vas edited?
Run again related models if necessary.

< Quit >

- 111 -



http://uaph.ua
http://EDIT.COM
file://D:/CftILUP/lNPUT/SUBUN0DE.S02

Chapter IV: Section 3

Function: Predict physical conditions under the scenario selected. For the Quan Lo Phung
Hiep region, sub-model [2] predicts the water conditions in each sub-unit with
respect to three main factors: water level, salinity and pH, for different
construction schedule options.

A water model for the Qunan Lo Phung Hiep region:

Because of the complicated water regime in a delta with a dense network of rivers
and canals fully under tidal influence, a hydraulic and salinity model is run separately to
generate water data as input into sub-model [2] before starting CAILUP. Sub-model [2]
transfers the water data from the hydraulic and salinity model scheme to sub-units and
integrates these water data with the construction schedule of the water management system.

Several hydraulic and salinity models have been developed (et Hydrulics, 1989; van dec Tuin,
1991; NEDECO, 1991s, 1991b, 1991) 10 predict water level and salinity under a tidal regime. The VRSAP
{Vietnam River Systems And Plains) model has been used for the Quan Lo Phung Hiep
region. Details on this model can be found in the relevant references (xhue, 19914, 19915; ESSA etal.,
19926, 1992¢; NEDECO 1991a, 1991b, 1991c, 1992a, 19925, 1993, 1993, The VRSAP model is a programme for
mathematical modelling of one-dimensional hydrodynarnic movement, transport and dispersion
of mixed substances such as water and salt. An algorithm following an implicit finite
difference method to solve the one-dimensional Saint-Venant equations and the advection-
dispersion equation, is applied to a complex network of rivers, canals, and sewers. During its
application for water resources planning and hydraulic design, it has been regularly refined.
A recent version reprogrammed in QuickBasic 7.0 can be run on a microcomputer for a large
scale network of about 1,500 segments, and is suitable for the Mekong Delta as a whole,

Input data required for the VRSAP model are:

» Topographic data describing the river and canal system. The system is represented by a
series of segments (each comprising a portion of a canal or river) separated by nodes and
linked to plains (areas along the canal or river). Different types of hydraulic structures,
e.g. dams, sluices, etc. can be included in the scheme.

» Hydrological and meteorological data comprising water level, discharge and salinity at
boundary nodes and rainfall in fields.

Output data, including water levels and salinity at selected nodes, and flow at both
ends of selected segments, can be presented in tabular form or displayed as a graph. In
addition to simulating water conditions in the present canal and river network, the effects of
interventions in the system (water extraction, canal excavation, building new hydraulic
structures) and variations in water resources (changes in the natural flow from upstream) can
be predicted by changing the topographic and hvdrological input data.
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As the canal and river system in the Mekong Delta is dense and interconnected, a
hydraulic scheme for the Region must also cover the surrounding area, i.e. the complete Ca
Mau peninsula of which it is a core zone (Fig. 28), The hydraulic scheme, comprising 372
segments, 4355 nodes and 190 fields, is part of the Mekong Delta hydraulic scheme.

Hourly hydrological data from 44 water level stations, 19 discharge stations and 24
salinity stations, collected in the measurement campaigns in 1989-1990 have been used to
calibrate the model. As discharge and salinity data are only available at distinct time intervals,
the VRSAP model only gencrates data on water conditions at nodes and in plains at pre-
selected periods (e.g. the first half of February, April, June, August, October and December),
including averages of daily maximum and minimum water levels, daily average water level,
and daily average salinity. Water conditions at other moments are obtained by linear
interpolation in sub-model [2] as shown in Fig, 62.

Figure 62: Interpolation of water data.

00

Water level (cm)

T T T 1 T T 1 T F T T T T T T T L) T 1 T T T T T
Jan Feb Mar Apr HMay Jun Jul Aug Sep Oct Nowv Dec

Tine steps (half-month)

—=— {Jutput from VRSAF —=— Interpolated data

Sub-model [2] has been designed in such a flexible way that it can be run in
conjunction with different time steps in the VRSAP model. Obviously, if data are available,
exccution of the VRSAP model with shorter intervals may improve the prediction,

Assumptions on water pH in the Quan Lo Phung Hiep region:

In an area with acid sulphate soils, water pH in the canals usually decreases at the
onset of the rainy season and then remains constant for one or two months, depending on
rainfall, Changes in water pH may occur due to lowering of the water table in the acid
sulphate soil area and the additional water extraction for agriculture after completion of the
new waler management system.

A model for the prediction of water pH for a complex canal system as that of the
Region is not yet available. Existing models for acid sulphate soils mainly refer to the plot
level and require detailed soil and groundwater data that are not available on a large scale.
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A comprehensive model for acid sulphate soils, linking soil and water components at different
spatial scales, is being developed by a Vietnamese modelling group headed Prof. Erik Eriksson
from the University of Upsala, Sweden [Eriksson, 1991]. An operational version of that model
is expected to be available in 1996. For the time being, water pH data from 14 stations in the
Quan Lo Phung Hiep region, collected since 1988, have been used to characterize the water
pH situation at different nodes in the hydraunlic scheme.

Assumptions have to be made about the variation in water pH under the influence

of the water management system. Two water pH scenarios can be considered:

13

2/

Unchanged water pH scenario: water pH is assumed not to be affected by changes in
WaAIET management.

Unfavourable water pH scenario: water pH is assumned to be unfavourably affected by
changes in water management. Field investigations have shown that during and following
excavation of secondary canals, the water pH decreases due to acid water leaching from
the disturbed soils.

In this scenario, for the period from the onset of the rainy season till a few months
after its end (from June to January), water pH is set to the lowest observed value during
the construction of secondary canals in the water management unit and this situation is
maintained for some years. The period of low water pH in each year, and the number of
years having that condition (according to field surveys, about 3 years), can be set by the
user. In the worst case, low water pH will be a permanent condition (Fig. 63).

Figure 63: Effects of the construction of secondary canals on water pH in
different scenarios.

Construction of
secondaruy canals | Extension of low eH in worst case
. 2203

| Extansion of low fH |

Unchanged pH scanario in worse case

HWater pH
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Input data:

<E> Data on the present canal network, hydrological and meteorological conditions required
for the VRSAP model. Water levels and salinity at nodes and in plains, generated in
the VRSAP model, and water pH at nodes based on observed data are used as input
data for this sub-model;

<1> Interventions with respect to the construction schedule of main sluices, main canals and
secondary canals, assumptions about the variation in water pH;

<8> Water demand associated with future land use.

From data on water demand, the water volume extracted from the canals in each sub-
unit is calculated and allocated to nodes in the hydraulic scheme. The VRSAP model
is then run again to generate water level and salinity conditions under the new land use
scenario. Changes in land use, causing significantly higher water extraction can only
occur when the entire modified water management system has been implemented. A
small change in water extraction causes a minor effect in the whole system. In
practice, therefore, water data under the present extraction level can be used for the
first few years of construction.

Output data:

<2> Water level, salinity and pH for each sub-unit at each time step in each year. To limit
the size of the data file, only data from the years having different conditions than the
preceding year are transferred to other sub-models.

Calculations: The main steps in the sequence of calculations are (Fig. 64):

Figure 64:  Sequence of calculations in sub-model [2].

[ start sub—model c21 |

¥
] Input rules in calculations of water conditions |
¥

|Inpuf matrix linking sub units 8 hudraulic schemel

| tnput construction schedule |
¥
llndenﬁfg years with diffarent water condiﬁonsl

2 laT-] Nge
dif ferent water conditions

Input water data

Cross—tabulate water dat 3
from hydrauvlic scheme to sub—units

Interpolate water data
i Dutput water data ] :

I End sub-model [2] l
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1) Start sub-mode! [2]: as described in 4.58.

2) Input rules in calculations of water conditions: these rules are applied to select water pH
scenario as discussed above.

3} Input matrix linking sub-units and hydraulic scheme: a mairix, linking sub-units with the
nodes and plains of the hydraulic scheme is used to transfer data from nodes and plains to the
corresponding sub-units (File SUBUNODE.S02 in Appendix S2).

4) Input construction schedule (File CONSTRUC.SCH in Appendix §2).

5) IMdentify years with different water conditions: by analyzing the construction schedule,
years with different water conditions (modified water level or salinity or pH in any sub-unit)
are identified (Table 7).

Table 7:  Effect of construction schedule on water conditions.

Year Construction Water conditions
1 Present waler management system Present water conditions
2 Completion of 3 main sluices New water level, salinity and pH
3 Start of excavation of secondary canals in water management unit 1 New water pH
4 End of excavation of secondary canal in water management unit 1 Identical to previous year
5 Completion of 5 main sluices New water level, salinity and pH
6 Start of excavation of secondary canals in water managentent unit N New water pH
7 End of excavation of secondary canals in water management unit N Identical to previous year
8 No construction work Identical to previous year
9 End of the effect on water pH in unit N New water pH
10 No construction work Identical to previous year

6} Loop for N years with different water conditions.

6.1) Input water data: if a new water condition was identified in the year under
consideration, data on water level and salinity (generated in the VRSAP model), and observed
water pH at selected time steps are inputted (File NOEX0.802 in Appendix $2). If the
scenario of a change in water pH has been selected, new pH values are determined as
discussed above.

6.2) Cross-tabulate water data from the hydraulic scheme to sub-units: input water data from
nodes and fields in the hydraulic scheme are transferred to sub-units by using the linking
matrix (File SUBUNODE.S02 in Appendix $2).

6.3) Interpolate water data: data at time steps not calculated by the VRSAP model are
obtained by interpolation between the input data.

6.4) Cuput water data: data at all time steps in years with water conditions different from
the preceding one are outputted to the binary and optional ASCII files (File MARI13.502 in
Appendix §2),

7) End sub-model 2], then connect to CAILUP main program as described in 4.59.
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- Sub-modet [3]: - Bio-Physical Sub-t

ok
T

¥

Function:  Estimate yield for relevant land use types in agriculture (rice and upland crops),
fisheries (shrimps, prawns and fish) and forestry (mangrove, melaleuca,
eucalyptus and nipa palm).

Input data:

<E> Existing physical conditions such as soil type, elevation, etc.

<l> Selection of cropping calendars, pumping of water for early sowing, etc.
<2> Water level, salinity and pH.

Output data:
<3> Yield of all products.

For sensitivity analysis and calibration, information on effect of main factors on yield
is also outputted, as in examples in Appendix S$3 (Files MARIL.IHY, MARIL.BEA,
MARI1.SPO and MARIL.FOR).

Calculations: In general, yield is expressed as a proportion of the maximum observed yield
after reductions due to the effects of main physical factors such as soil type, water conditions,
etc. as discussed in 3.29.

Notes:
i) In the following, the "effect of a factor on yield" means the proportion of the maximum
yield after a yield-reduction due to the influence of that factor;

ii} In the equations of this sub-model, ‘t* stands for time step, ‘st’ for soil type, ‘crop’ for
cropping calendar, ‘sta’ for crop stage, ‘NSta’ for number of crop stages, ‘Nt’ for
number of time steps in a growth cycle, It and Ft for initial and final time step in a
growth cycle, respectively.

The main steps in the sequence of calculations are {Fig. 65):

- 117 -



Chapter IV: Section 3

Figure 65: Sequence of calculations in sub-model [3].

| start sub—model £33 }
¥
| Ineut rules for yield caculations |
¥
I nput years With modified water conditions _]
¥
| Input prasent land use & soil data ]

Year = A

conditions?

Copy wvield data ¥#ro
precading year

Calcuviate yiald of
uvpland crops

Calcutate annual
incrament of foraest

| Eng sub—moom1 £33 |

1) Start sub-model [3]: as described in 4.58.

2) Input rules for yield calculations: rules for yield calculations deal with relations between
physical conditions and yields, cropping calendars, pumping of water for early sowing, etc.
(File AGRIRULE.S03 in Appendix 53).

3) Input years with modified water conditions from sub-model [2].

4) Input present land use and soil data (percentage of each soil type in each sub-unit (Files
EXISTING.803 and SOILTYPE.S03 in Appendix S3).

S) Loop for N years: two situations are possible:

» If a new water condition occurs in the year under consideration, a new yield level has to
be calculated from 5.7.

» If water conditions in a year are identical to those in the preceding year, yield calculation
is not needed and a loop for all sub-units is performed to copy yield data from the
preceding year.

5.1) Loop for N sub-units:

5.1.1) Input water conditions (water level, salinity and pH) from sub-model [2].
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aleulations of rice yield

5.12) Calculate rice yield: the main steps in the sequence of calculations are (Fig. 66):

Figure 66: Sequence of calculations for rice yields.

Start subroutine
for rice gield
¥
Estimate effect of soil factor on uield |

( Loop for N rice crops )
¥

Examine double rica possibilitu
¥
Select varietu

ate final gield

1
aftar reduction due o all factors

h

Select case of highast uield |
¥

Examihe Summar—Autumn crop gossibiity I

I Caculate averaae dield for all weather cases I

¥
Raturn to sub—model 3]
main prooram

5.12a) Estimate the effect of the soll factor on yield: the effect of the soil factor on yield
is calculated by aggregating the effects of all soil types on yield*, weighted for the area of
each soil type in a sub-unit;
Nst

YSoil = X [YSi(st) » 2reats ,

stel TotArea
where:  YSoil = the effect of soil factor on yield;
Nst = number of soil types;
YSt(st) = the effect of each soil type on yield;
Area(st) = area of each soil type in sub-unit (ha);
TotArea = total area of sub-unit (ha).

* The effect of each soil type on yield has been estimated by agronomists and soil scientists,
based on experiments, yield inventories and field surveys [Sub-NIAPP, 1990].
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5.12b) Loop for N weather cases: although normal weather conditions have been
assumed in sub-model [2], two situations are considered to analyse the risk of rice yield
reductions due to weather variations, both resulting in drought at the beginning of the rainy
SEason.

» In favourable years, rainfall is regularly distributed and irrigation by canal water is not
needed. Water quality in the field, therefore, is set to rain water quality (salinity = 0%«
and pH = 7), and is not a constraint in rice cultivation.

» In unfavourable years, rainfall is irregularly distributed at the beginning of the rainy
season, irrigation by canal water is needed and water quality in the field is set to water
quality in the canal.

More details on the field water quality in these situations are discussed in 5.1.2g.

5.1.2c) Loop for N rice crop types: six types of rice crop are considered:

» Single rice crops: - Traditional rice, one crop (One Trad.)
- High yielding rice, one crop {One HY).
» Double rice crops: - First crop:  Summer-Autumn rice  (SA)
- Second crop: Traditional rice (2nd Trad.)
High yielding rice (2nd HY)

Winter-Spring rice (WS).

5.1.2d) Examine double rice possibility: double rice is only practised if yields for both
crops exceeds 0 or a certain predetermined yield level (e.g. over inputs for cultivation
expressed in rice equivalents). The SA version is considered first, and if it cannot be realized,
the second crop is skipped.

5.1.2e) Select variety: two groups of rice varicties are considered:

» Traditional varieties, with an average cycle length of 11 time steps (165 days),
including the nursery period. Depending on water conditions, farmers usually use
varieties with an as long as possible cycle. However, because of salt water intrusion,
harvesting should take place before the second half of February. These varieties are
used as One Trad. and 2nd Trad. rice crop.

» High yielding varieties, with an average cycle length of 8 time steps (120 days).
These varietics are used as One HY, SA, 2nd HY and WS rice crop.

5.12f) Loop for N cropping calendars: each rice crop has a number of cropping
calendars as shown in Figs. 67 and 68.
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Figure 67: Cropping calendars of single rice crops.
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Figure 68: Cropping calendars of double rice crops.
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The cropping calendars are given in order of priority by farmers based on the current
water conditions. In the model, rice yields for all these cropping calendars are calculated and
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the crop with the highest yield is selected, except for the SA crop. Selection of the highest
yielding first crop may limit the possibilities for the second crop, therefore, an option has been
included to enable the user to simulate selections made by farmers. The options included for
the SA crop are:

i)  selecting the first cropping calendar with rice yield exceeding 0 or a certain
predetermined level (see 5.1.2d) (usually selected by inexperienced farmers); or

il)  selecting the cropping calendar giving the highest yield (experienced farmers).

Maximizing the total yield of both crops in case of double rice is not usually
practised by farmers in the region, and is, therefore, not considered in the model.

5.12g) Identify initial and final step of the growth cycle: the initial and final time step
of each cropping calendar are selected for the double rice crop. The 2nd HY crop can only
be started after harvesting the SA crop. The 2nd Trad. crop is transplanted after harvesting
of the SA crop, therefore it should be started 4 time steps before harvesting the SA crop.

5.1.2h} Estimate the effects of water conditions on yield: the main steps in the sequence
of calculations are (Fig. 69):

Figure 69: Sequence of calculations to estimate the
effect of water conditions on rice yield.

Start subroutime for
effect of water conditions
on rice yield

Identify nitial & final steg of stage

Calculatae avaragae field watar laveal,
8.

Estimate effect of field water depth on yield |

Estimate effect of field water salinity on vield |

Estimate effect of field water pH on yield

' Agoregate effects of all water conditions on yield i
L]

Return to subroutine
for rice yield

1/ Loop for N stages: the growth cycle of the rice crop is divided in three stages: seedling,
tillering and yield formation.

la/ [Identify initial and final step of the stage: time steps for each stage are determined.
For traditional varieties, the length of the tillering stage depends on the number of time steps
available for this stage as mentioned in 5.7.2¢):
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Tillering = (Initial - Final) - Seedling - YieldFormation

where: Tillering = length of tillering stage (in time steps of half a month);
Initial initial time step of the crop;

Final = final time step of the crop;
Seedling = length of the seedling stage (in time steps of half a month)
YieldFormation =

length of yield formation stage (in time steps of half a month).

1b/ Loop for N time steps from the initial to the final step of each stage to calculate
average field water level, salinity and pH:

» For water level, two options have been included to calibrate the model:

« If the quality of the irrigation and drainage system is poor, the field water level is
assumed identical to the water level in representative plains from sub-model [2]:

FWL(sta) = [g PWL(1)] /Nt

=t

where: FWL(sta)

field water level (cm);

It and Ft = initial and final time step of the stage;
PWL(t) = plain water level {cm) per time step from sub-model [2];
Ni = number of titme steps in the stage.

» When the quality of the irrigation and drainage system has been improved by farmers,
the field water level is close to the canal water level from sub-model [2]:

Ft
[ECWLMm]/Nt

=]t
field water level {cm);
canal water level (cm) per time step from sub-model [2].

FWlL.(sta)

where: FWL(sta)
CWL(t)

» For field water salinity and pil:

FWS (sta) = [)Ff WSal(r)] / Nt

t=It
Ft
FWpH(sta) = [ X WpH{t)] / Nt
t=It
where: FWS(sta), FWpH(sta) = field water salinity (%) and ficld water pH, respectively;

WSal(t), WpH(1) = water salinity (%o) and water pH, respectively, determined
as follows:
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¢ In the rainy season of favourable years:
WSal(t) = RWS and WpH(t) = RpH

where: RWS = rain water salinity (assumed at O %eo);
RpH = rain water pH (assumed at 7).

« In the rainy scason of unfavourable years:
- from the beginring to mid-July:

WSal(t) = CWS(t) and WpH(t) = CWpH(1)

where: CWS(t) and CWpH(t) = canal water salivity and pH per time step from
sub-model [2].

- for the remainder of the growth cycle:
WSalit) = RWS and WpH(t) = RpH
where: RWS and RpH = rain water salinity and pH.
+ In the dry season of both favourable and unfavourable years:
WSal(t) = CWS(t) and WpH(t) = CWpH(1)
where: CWS(t) and CWpH(t) as defined above.

Two exceptions are made:

- during the seedling stage before mid-July, leaching of acidity is needed, therefore:
WpH(t) = CWpH(t)

- during the yield formation stage of traditional varieties (One Trad. and 2nd Trad. crops),
irrigation by canal water is not required, therefore:

WSal(t) = RWS and WpH(1) = RpH

le/  Calculate field water depth:

FWD(sta) = FWL(sta) - FElevation

where: FWID(sta)
FWl1.(sta)
FElevation

field water depth (cm);
field water level calculated in step 1b/ (cm);
field elevation of the sub-unit (cm).

Field elevation is set to the dominant elevation of the sub-unit.

To avoid salinity at the end of the growth cycle, Winter-Spring rice should be sown

as early as possible. Farmers may pump water out of the fields before recession of the flood.
If that technique is applied:

FWD(sta}) = FWL(sta) - FElevation - Pump

where: Pump = reduction in water level by pumping (cm).
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Id/ Estimate the effect of field water depth on yield: the effect of field water depth on rice
yield YFWD(sta) [Sub-NIAPP, 1992, ESSA et al,, 1992b] is shown in Figs. 70 and 71.

Figure 70:

Effect of field water depth at different growth stages on yield of HY
rice.
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le/ Estimate the effect of field water salinity on yield: the effect of field water salinity on
rice yield YFWS(sta) {Sub-NIAPP, 1992, ESSA et al,, 1992b) is shown in Figs. 72 and 73.

Figure 72;
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Figure 73:  Effect of field water salinity at all growth stages on yield of traditional
Tice.
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1/ Estimate the effect of field water pH on yield: the effect of fickd water pH on rice yield
YFWpH(sta) [Sub-NIAPP, 1992, ESSA et al,, 1992b] is shown in Figs. 74 and 75.

Figure 74: Effect of field water pH at different growth stages on yield of HY
rice.
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Figure 75: Effect of field water pH at different growth stages on yield of
traditional rice.
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2/ Aggregate the effects of all water conditions on yield: the effect of all water conditions
on rice yield is estimated by applying the ‘rule of the minimum’* based on the effect
of field water depth, salinity and pH in ali 3 stages of the growth cycle:

NSta
YWater(crop) = Min [ YFWD (sta), YFWS (sta), YFWpH (sta)]

ska=1

where:  YWater(crop) the effect of water conditions on yield;

YFWD(sta) the effect of field water depth on vield;
YFWS(sta) = the effect of field water salinity on yield;
YFWpH(sta) = the effect of field water pH on yield.

3/ Return to subroutine for rice yield.

5.1.2i}) Estimate the effect of solar radiation on rice yield: higher yields can be achieved
if the cropping calendar is shifted to the dry season with higher solar radiation (Fig. 76). Such
a shift can be applied under medified water conditions. An empirical equation is applied in
the model to estimate the effects of differences in solar radiation as a proportion of maximum
observed yield [Sub-NIAPP, 1992, ESSA et al., 1992b]:

Figure 76: Monthly solar radiation at Ca Mau station.

(MJ n2)

Total solar radiation
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First, total solar radiation during the growth cycle of each cropping calendar is
calculated:

Ft
TotSolar(crop) = X SR(1)

1=h
total solar radiation during the growth cycle (MJ/m®);
solar radiation per time step (MJ/m”).

where: TotSolar(crop)
SR(t)

* Different parametric methods such as averages, addition, multiplication, exponent, etc.
have been tested. In this case, the minimum value is most suitable in matching estimated
yields with observed yields (see 3.29).
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Subsequently, maximum total solar radiation for a given variety (traditional or high
yielding) is selected:

NCrop

MaxTotSolar = Max {TotSolar(crop) ]

crop=1
maximum total solar radiation possible for a variety;
number of cropping calendars possible for a variety.

where: MaxTotSolar
NCrop

Finally, the effect of solar radiation on yield is calculated for each cropping calendar:

YSolar(crop)

TotSolar(crop) / MaxTotSolar

where: YSolar(crop) = the effect of solar radiation on yield.

For example, maximum total solar radiation for the traditional variety is that during
the third cropping calendar of One Trad. crop (124 MJin?, Fig. 77). Thus, for that crop
growth cycle, the effect of solar radiation on rice yield is set at 1.

Figure 77: Total solar radiation during the growth cycle in relation to its start.
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The effect of solar radiation on yield in the last 2nd Tra. cropping calendar is:

YSolar(last2ndTra.) = 89/124 =072

For the HY variety, only solar radiation during the last 3 steps of the growth cycle

(last step of the tillering stage and 2 steps of the yield formation stage, totalling 45 days) has
a significant effect on rice yield.

5.1.2j) Estimate the effect of two successive crops on yield (YDouble(crop)): due to the
buildup of pest populations, micronutrient depletion, etc. when two rice crops are grown in
succession, yield of the 2nd crop is lower than that of a single crop with the identical weather
and water conditions. Therefore, for the 2nd crop, a reduction of (.1 for the HY variety and

0.2 for traditional varieties is applied (i.e. YDouble(crop) = 0.9 and 0.8 for 2nd HY and 2nd
Trad., respectively).
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5.12k) Calculate final yield after reduction due to all factors: a parametric method is
applied to calculate final yield:

Yield (crop) = MaxY * YSoil * YWater{(crop) * YSolar(crop) * YDouble (crop)

where: Yield(crop) = resulting yield (t/ha);
MaxyY = maximum observed yield in the Region (t/ha);
YSoil, YWater(crop), YSolar{crop) and YDouble(crop) as defined above.

5.1.21) Select case of highest yield: the highest yielding variant for each rice crop is
selected:

NCrop
SelYield = Max [Yield (crop)]

crop=1
yield (t/ha) of highest yielding variant;
number of cropping calendars for a nce crop.

where: SelYield
NCrop

5.1.2m) Examine SA crop possibility: double rice can only be practised if yields in both
crops exceed 0 or a certain predetermined level (see 5.7.2d). I the 2nd crop (2ndTrad., 2nd
HY or WS) cannot be cultivated, the double rice option is omitted.

5.12n) Calculate average yield for all weather cases: in the Region, a frequency of
drought at the beginning of the rainy season (e.g. once in every two years) has been observed.
Therefore, rice yield is calculated as the weighted average of yields in favourable and
unfavourable years. Since the frequency of drought is different in different water management
units, the weighting factor varies among water management units.

5.1.20) Return to sub-model [3] main program

5.1.3) Calculate yield of upland crops: The main steps in the sequence of calculations are
(Fig. 78):

Figure 78: Sequence of calculations for yield of upland crops.
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5.13a) Estimate the effect of the soil factor on yield: the effect of the soil factor on yield
is calculated identically to that for rice (see 5.1.2a).

5.1.3b) Loop for N cropping calendars: each upland crop has a different cropping
calendar, as shown in Fig. 79:

Figure 79:  Cropping calendars of upland crops.
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Sugarcane: one crop cycle comprises three years, but within one growth period, two
options are defined:
1. from early May to late January;
2. from early November to late July.

Pineapple: grown from the beginning of the rainy season (early May) and harvested
every year during three years.

Beans: three cropping calendars of beans have been defined, alternating between
Tice Crops:
1. Summer-Autumn (SA) from early May to late July;
2. Winter-Spring (WS) from early December 1o late February,;
3. Spring-Summer (8S) from early February to late April

5.1.3c) Estimate the effect of water conditions on yield: the main steps in the sequence
of calculations are shown in Fig. 80.

Upland cropping calendars are not divided in stages as those for rice crops. Two
procedures are applied:

» The first procedure is applied for ‘perennial” upland crops (i.e. pineapple and sugarcane).
Average water conditions during the complete growth cycle of one year are used to
determine the effect of the water conditions on yield.

» The second procedure is applied for annual upland crops (i.e. beans). Since the growth
cycle is short (6 time steps), the effect of water conditions is determined for each time
step, and a final value is selected by applying the ‘rule of the minimum’:
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Figure 80: Sequence of calculations to estimate the effect
of water conditions on yield of upland crops.

Start subroutine for
effect of water conditions
on yield of uvpland crops

¥
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| Calkvinta field water

{1 Estimate affeact of field water depth on wield

Estimate effect aof field water salinity on yield

Estimate effect of field water pH on wisld

fﬂggr‘eoafe aeffects of all water condtions on uleidl
¥
Return o subroutine
for yiald of upland crops

i/ Identify initial and final step: the time period for each cropping calendar has been
shown in 5.1.3b.

2/ Loop for N time steps from the initial 10 the final step of the cropping calendar.

23} Calculate field water level, salinity and pH: field water level, salinity and pH are
calculated similarly to those for rice crops in 5.1.2h.

2b/ Calculate field water depth: similarly to that for rice crops in 5.1.2hA.

2c/ Estimate the effect of field water depth on yield. the effect of field water depth on the
yield of upland crops [Sub-NIAPP, 1992, ESSA et al,, 1992b), mainly due to the reduction in
area as a result of the construction of raised beds, is shown in Fig. 81,

Figure 81:  Effect of ficld water depth on yield of upland crops.
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2d/ Estimate the effect of field water salinity on yield: the effect of field water salinity on
the yield of upland crops [Sub-NIAPP, 1992, ESSA et al,, 1992b] is shown in Fig. 82,

Figure 82:

Effect of field water salinity on yield of upland crops.
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2¢/ Estimate the effect of field water pH on yield: the effect of field water pH on the yield

of upland crops

[Sub-NIAPP, 1992, ESSA et al, 1992b] is shown in Fig. 83.

Figure 83:  Effect of field water pH on yield of upland crops.
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3/ Aggregate the effects of all water conditions on yield: similarly to rice, the effects of
all water conditions is determined on the basis of the ‘rule of the minimum’.

5.13d) Calculate final yield after reduction due to all factors: a parametric method is
applied to calculate the resulting yield:

where:

Yield(crop) =

Yield(crop)
MaxY

YSoil
YWater(crop)

MaxY = YSoil * YWater (crop)

resulting yield (t/ha);

maximum observed yield in the Region (t/ha);
the effect of the soil factor on yield;

the effect of water conditions on yield.
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For sugarcane, the cropping calendar generating the highest yield is selecied. For
both sugarcane and pineapple, during a growth cycle of three years, the yield in the second
year is highest, therefore a reduction of 0.2 is applied for the first and the third year.

5.1.3e) Return to sub-model [3] main program

5.14) Calculate fisheries yield: the sequence of calculations of fisheries yield is presented
in Fig. 84,

Figure 84: Sequence of calculations for fisheries yield.

Start subroutine for
fisheries yield
[ ]
Estimate effect of soil factor on yield I

Aogregata affacts

Return to sub—model [3]
main proaram

Rules applied in this sub-model to analyse the effect of physical factors on fisheries
yield (File FISHRULE.S03 in Appendix $3) have been provided by specialists on fisheries
[Can, 1992; ESSA e1al, 1992b], and are based on data from ficld observations, experimental farms
and literature.

5.14a) Estimate the effect of the soil factor on vield. the effect of the soil factor on
fisheries yield is calculated similarly to that for rice (see 5.1.2a).

5.14b) Loop for N fish groups. twelve groups of aquatic species (including shrimps,
prawns and fish) with different cropping calendars (Fig. 85) are considered:

Group 1: Shrimps in ponds, 1st crop, extensive
Group 2: Shrimps in ponds, 2nd crop, extensive
Group 3: Shrimps in salt fields, one crop, extensive
Group 4: Shrimps in rice fields, one crop, extensive
Group 5: Natural shrimps from catching
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Group 6: Prawns in ponds, Lstcrop, semi-intensive

Group 7: Prawns in ponds, 2nd crop, semi-intensive

Group 8: Prawns in rice fields, st crop, semi-intensive

Group 9: Prawns in rice fields, 2nd crop, semi-Intensive

Group 10: Natural prawns from catching

Group 11: Fish in ponds, full year (only freshwater fish is considered)
Group 12: Natural fish from catching

Figure 85: Cropping calendars of fisheries.
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1/ Determine sotrce of seeds: the source of seeds is one of the factors affecting fisheries
yield. Two sources of seeds are distinguished in the region: natural seeds from rivers
and canals, and seeds from hatcheries, For shrimps and prawns, the natural seed supply
in each water management unit depends on distance from the breeding location, i.e. to
the main estuaries. For fish, since many freshwater and brackish water species exist in

the region, the natural seed supply is assumed to be abundant in all water management
units.

2/ Estimate the effect of age on yield: fisheries products can be harvested at any time
during the growing period, depending on water conditions. Realized yield, therefore,
may not be potential yield. Relative yields as a function of the age of fish groups are
given in Fig, 86.
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Figure 86:  Effect of age on fisheries yield.

140

Frauns

7 of maximum observed yield

Note:
estimated.

Values below 100% are based on field survey data, values above 100% have been

Although the period for catching natural shrimps, prawns and fish may cover many time
steps, a seasonal cycle for the first two species has been observed, i.e. the yield of these
groups is affected by age. For the third species, fishes of different ages are caught
throughout the year, and the effect of age on fish yield is incorporated in the maximum

observed yield.

3
of calculations are shown in Fig. 87.

Figure 87:  Sequence of calculations to estimate the effect

of water conditions on fisheries yield.

Start subroutina for
affact of water conditions
on fisharies gield
¥
| Identify initial & final step |

Calculate water level, =alinity and pH

|_ Estimate affact of water lavel on uvield }
¥

[ Estimata effect of fiald water salinity on wield |
¥

[ Estimate affect of field watar oH on uield |
¥

Agoregate affaects of
averasae water cnndl‘l‘inns uield

Return to suhrouﬂna
for fisherias viald

3a/ [dentify initial and final step:
shown in 5.1 4b.
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3b/ Loop for N steps from the initial to the final step to calculate water level, salinity and
PH: two types of water conditions are considered in the model to estimate fisheries
yield: extreme conditions and average conditions. Data on these conditions are
selected or calculated from data generated by sub-model [2]:

MaxCWL = [)FEMCWL(t)]/Nt

=11
where: MaxCWL = average maximum canal water level {cm);
MCWL(t) = maximum canal water level (cm) per time step
from sub-model [2].

Ft
MaxFWL = { X MPWL(t)] /Nt

t=lt
where: MaxFWIL = average maximum field water level (cm);
MPWL(t) = maximum plain water level (cm) per time step
from sub-model [2].

Fu
MinFWpH = Min[CWpH(1)]

r=It
where: MinFWpH = minimum field water pH;
CWpH() canal water pH per time step from sub-model [2].

R
AvePWD = [ X PWL(t)]/ Nt - FElevation + PD

t=lt
average pond water depth (cm);
PWL{t) plain water level (cm) per time step from sub-model [2];
FElevation dominant field surface elevation (cm) of sub-unit;
FD = pond depth {cm). A normal pond or ditch depth of 1.3 m is applied
for ponds and ditches around rice fields (Fig. 88).

where: AvePWD

nu

Lt
AveFWS = [ZCWS(D) /Nt

talt
where: AveFWS = average field water salinity (%o);
CWS(1) canal water salinity (%e) per time step from sub-model [2].

Ft
AveFWpH = (X CWpH(1) ]/ Nt

talt
average field water pH;
canal pH per time step from sub-mode! [2].

where: AveFWpH
CWpH(t)

3¢/ Esiimate the effect of water level on yield: three effects of water level on fisheries
yicld are considered:
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» Effect of average maximum canal water level (YMaxCWL): since water should enter
the ponds or ditches by gravity, to collect natural seeds, two situations are
distinguished:

« if average maximum canal water level is below the elevation of the intake sluice (0.6
m below ground surface, as shown in Fig. 88), water cannot enter, i.e. cultivation is
impossible (YMaxCWL = ().

- if average maximum canal water level exceeds the elevation of the intake sluice,
cultivation is possible (YMaxCWL = 1)

Figure 88: Scheme of ditch system for combined shrimp-rice cultivation.
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» Effect of average maximum field water level (YMaxFWL): in the combination of
shrimp-rice or prawn-tice, a water layer of at least 10 cin is required on the rice field.
Therefore, two situations are distinguished:
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« if average maximum field water level is below 10 cm, cultivation is impossible
(YMaxFWL = 0).

« if average maximum field water level exceeds 10 cm, cultivation is possible
(YMaxFWL = 1).

» Effect of average pond water depth (YAvePWD): this effect is illustrated in Fig. 89.
In practice, if pond water depth exceeds 1 m, farmers usually operate the sluice to
maintain optimum water depth, therefore in this case, YAvePWD = 1.

Figure 89: Effect of average pond water depth on fisheries yield.
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3d/ Estimate the effect of field water salinity on yield (YAveFWS): the effect of field
water salinity on fisheries yields is shown in Fig, 90.

Figure 90:  Effect of water salinity on fisheries yield.

= w005 . -
L&) N ! i v ~
-y " Yy H - 3 ~
= NS T L <.
‘ m-- Ky H ‘~ la’ Trmrnemm :‘ \\ T
g %! . F Y 1
A S ~ ‘&J i 1Penacus
[} JH ¥ S . A Meeennn
2 60 i 5 : .
-] g ~ /7 > Prawns Y ShrinpsN_ 4
L) Y \
£ 404 P SPUR Y JU, YRR orammmanraanan Chemmmmmamm dpee
3 T \‘ \
E P S Metapeneus’
z 204 .............:........'.'z-.“.‘...........&‘..........................‘..,‘.........l'.‘...........................3\... PO
z 7 Viay ™ - . k)
o ; Frcs%. Mt Y %
S et water fish ““uny e maa o
DA=== T T Ay 1 Y by T n
N 1] 3 10 15 20 253 a0 40 45 30

Salinity G2)

Notes on Fig. 90:

+ Two major groups of shrimps are identified in the region: Penaeus (Penaeus indicus or
Penaeus monodormn), tolerant to high salinity and Metapenaeus (Metapenaeus ensis or
Metapenaeus lysianassa) suitable for low salinity. As over 70% of the shrimps observed
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at 10 stations in the region belong to the 2nd group, a common curve indicating the
effect of water salinity on shrimps has been included in Fig. 90.

* Since the high value fish species are freshwater species, only the effect of water salinity
on these species is considered.

3e/ Estimate the effect of field water pH on yield: two effects of field water pH on
fisheries vield are considered:

» Effect of minimum field water pH (YMinFWpH): if water pH at any time step drops
below the lowest acceptable value (pH =4 in Fig. 91), all fishes die, i.e. YMinFWpH
=(); otherwise, YMinFWpH = 1.

» Effect of average field water pH (YAveFWpH): this effect is shown in Fig. 91.
Figure 91:  Effect of average field water pH on fisheries yield.
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3f/ Aggregate the effects of average water conditions on fisheries yield (YAveW):

» For species reared in ponds, the effect of average water conditions is determined by
the "rule of the minimum":

YAveW = Min [YAvePWD, YAveFWS, YAveFWpH]
» Tor species grown in rice or salt fields, yield is only affected by salinity and pH:
YAveW = Min [ YAveFWS, YAveFWpH]
» For species from the natural catch:
» natural shrimps or prawns are not affected by water level:

YAveW = Min{ YAveFWS, YAveFWpH]

« natural fish is only affected by water pH (natural freshwater fish is replaced by
brackish water fish if salinity increases):

YAveW = YAveFWpH

3.g/ Return to subroutine for fisheries yield,
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4/ Aggregate the effecis of all factors on yield: each aquatic species lives in specific water
conditions, hence separate calculations are required:

» Groups 1, 2, 6 and 7 (shrimps and prawns in ponds) are affected by all factors except
maximum field water level:

Yield = Max¥ # (NSeed + ASeed) = YAge » YSoil
* YMaxCWL * YMinFWpH * Y AveW

where: Yield = final yield (kg/ha);
MaxY = maximum observed yield (kg/a);
NSeed = natural seed supply (from 0 to 1);
ASeed = additional seed supply from hacheries (from 0 to 1);
YAge = the effect of age on yield;
YSo0il = the effect of the soil factor on yield,

YMaxCWL, YMinFWpH, YAveW as defined above.

» Group 3 (shrimps in sal¢ fields) is affected by all factors except the soil factor (soil
quality already improved during salt production):

Yield = MaxY * (NSeed + ASeed) » YAge
* YMaxCWL * YMinFWpH * Y AveW

» Groups 4, 8 and 9 (shrimps and prawns in rice ficlds) are affected by all factors except
the soil factor (soil quality already improved during rice cultivation);

Yield = MaxY = (NSeed + ASeed) * YAge
* YMaxCWL * YMinFWpH * YAveW

» Groups 5 and 10 (natural shrimps and prawns) are not affected by extreme water
conditions, i.e. maximum water level and minimum pH, as they can move along the
canal to a suitable location during critical periods, and the soil factor (no effect of the
soil type in the streambed on natural fisheries):

Yield = Max¥ *NSeced » YAge * YAveW

» Group 11 (freshwater fish in ponds) are affected by all factors except the maximum
water level, as demand of water exchange is not as high as for shrimps and prawns:

Yield = MaxY *(NSeed + ASeed) » YAge * YMinFWpH * Y AveW

» Group 12 {natural fish) is only affected by average water conditions:
Yield = MaxY xYAveW

5.14c) Return to sub-model [3] main program.
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5.15) Calculate annual increment in forest resource: forest production (called ‘annuai
increment’ in the following) represents the annual increase in stand volume (m’/ha/year) based
on site class., Site class is defined as "a measure of the relative production capacity of a site
for the crop or stand under study, based e.g. on volume or height, or the maximum mean
annual increment that is attainable at a given age class" [FAO, 1984].

In this model, site class is determined by the physical conditions in each sub-unit in
each year. Accumulated volume increment until forest harvest is referred to as forest yield
and is calculated in sub-model {9).

As for the calculation of agricultural yields and fisheries yields, rules applied in the
madel (File FORERULE.S03 in Appendix §3) to simulate the effect of physical factors on
annual increments in forests, have been provided by foresters [Duyet, 1991; ESSA eral., 1992b] and
are based on data from field observations, experimental farms or literature,

The main steps in the sequence of calculations are presented in Fig. 92.

Figure 92:  Sequence of calculations for annual
increments of forests.

start subroutine for
annual increment of forest
¥
Estimate affect of soil factor on annual incraement I

Loop for N tree species

Determine agoregate site class g
based on water conditions
Determined final site class as
af‘ec‘l‘ed by Val'l fact

Inferpolata annual incremant
as a function of site class

Raturn to sub-madel [3]
main erosram

5.1.5a) Estimate the effect of the soil factor on annual increment: the effect of the soil
factor on site class of forest is calculated similarly to that on rice (see 5.1.2a).

5.15b) Loop for N tree species: four tree species are considered in this sub-model:
Melaleuca {(Melalenca leucadendron), Eucalyptus (Eucalyprus camadulensis), mangrove
{Rhizophora) and nipa palm (Nipa fruticans}.
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Each specics has its specific annual increment for each site class (Figs. 93 to 96).

Figure 93:  Yield of Melaleuca as a function of age, for different site classes.
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Figure 94:  Yield of Eucalyptus as a function of age, for different site classes,
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Figure 95:  Yield of mangrove as a function of age, for different site classes.
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Figure 96:  Yield of nipa palm as a function of age, for different site classes.
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1/ Loop for 24 time steps to estimate the effect of water conditions on site class definition
of forest: the effect of water conditions is determined over 24 time steps and aggregated
for the annual site class. Then, a resulting site class based on water conditions and the
soil factor is determined, Each tree species is affected by water conditions in a specific
way {Table 8), hence for each species, specific criteria are applied:

Table 8:  Effect of water conditions on site class determination for tree species.

s;rs;s Water conditions Poor site class Medéll; t:s site Rig; :Sm
Melaleuca Field water depth (m) > 1 < 0.5 05t 1
Eucalyptus Depth of water table (m) >0 0t -0.5 < -0.5
Satinity (%) > 18 1210 18 < 12
Field water depth (m) > 1 0510 1.0 < 05
Mangrove  Salinity (%) <20 or > 30 20 t0 25 25 10 30
Tide fluctuation (m) <050r>25 0.5 0 1.0 1.0 10 2.0
2.0 (t)cl; 2.5
Nipa palm  Salinity (%o) <4or>18 12 to 18 41012

» Melaleuca: site class of Melaleuca forest based on water conditions is determined by field

water depth:

FWD(t) = CWL(1) - FElevation

where: FWD(1)
CWL(D)
FElevation

water depth (m) in Melaleuca forest;
canal water level from sub-model [2];
dominant field elevation (m) in sub-unit.
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SCWat(t) = SCFWD(1)

where: SCWat(t)
SCFWD(1)

site class based on water conditions;
site class based on field water depth.

» Eucalyptus: Eucalyptus is affected by the depth of the water table and salinity. Eucalyptus

is grown on raised beds with a height of about 0.5 m above surface level (Fig. 97),
therefore:

WTD(@®) = CWL(t) - (FElevation + HRB)
where: WTD(1)

depth of water table (m) in Eucalyptus forest;

CWL(®1) = canal water level from sub-model [2];
FElevation = dominant field elevation {m) in sub-unit;
HRB =

height of raised beds (m).

Figure 97:  Raised beds for Eucalyptus.

High watler

Since Eucalyptus forests are protected from salt water intrusion if possible, field water
salinity is determined for two periods:

« In the dry season:
FWS(t) = CWS(1)

where: FWS(1)
CWS(t)

water salinity (%e) in the Eucalyptus forest;
canal water salinity from sub-model [2].

= In the rainy season:
FWS() = RWS
where: RWS = rain water salinity (assumed = 0 %o).
Site class of Eucalyptus forest based on water conditions is determined as:
SCWat(t) = [SCDWT(1)} + SCFWS(1)]/2

where: SCWat(t) = site class based on water conditions;
SCDWT( site class based on depth of the water table;
SCFWS(n site class based on field water salinity.
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» Mangrove: Mangrove is affected by field water depth, tide fluctuation and salinity:

FWD(t) = CWL(1) - FElevation

where:  FWD(t) = field water depth (m) in the mangrove forest;
CWL() = canal water level from sub-model [2];
FElevation = dominant field elevation (m) in sub-unit.
FTF(t) = TF(1)

where: FTF(t) = tide fluctuation (m) in the mangrove forest;
TF(t) = tide fluctuation from sub-model [2].

FWS(t) = CWS(1
where: FWS(1) = water salinity (%o) in the mangrove forest;
CWS(1) = canal water salinity (%) from sub-model [2].
Site class of mangrove forests based on water condition is determined as:
SCWat(t) = [SCFWD(t) + SCFTF (1) + SCFWS{(t)]/3

where: SCWat(t) site class based on water conditions;

SCFWD(t) = site class based on field water depth;
SCFTF(t) = site class based on tide fluctuation;
SCFWS(t) = site class based on ficld water salinity.

» Nipa palm: site class of nipa palm based on water conditions is only determined by water
salinity:
FWS(1) = CWS(1)

where: FWS(1)
CWS(

water salinity (%o) in the nipa palm area;
canal water salinity (%o) from sub-model [2].

SCWat(t) = SCFWS(1)

where:  SCWat(t)
SCFWS(1)

site class based on water conditions;
site class based on water salinity.

non

2/ Determine aggregate site class based on water conditions: site class values for each
time step are aggregated to one annual value:

Nt
SCWatYear = [X SCWat(t)]/ Nt

t=1
where: SCWatYear = site class based on all relevant water conditions.
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3/ Determine final site class as affected by all factors:

» For Melaleuca, Eucalyptus and mangrove:

FinalSC = SCWatYear * SCSoil

where: FinalSC = final site class;
SCWatYear as defined above;
SCSoil = site class based on soil factor.

» For nipa palm: the effect of the soil factor on nipa palm is minor, therefore:

FinalSC = SCWatYear

4} Interpolate annual increment as a function of annual site class: annual increment is
derived from the graphs in Figs. 93 to 96.

An additional rule is applied for mangrove and nipa palm to simulate their occurrence
in areas irrigated with fresh water part of the year: if salinity is low over a certain number
of time steps in the year (for example, an annual average below 2 %e for mangrove and a six-
month average below 4 %e for nipa palm), these tree species will die, i.e. annual increment
= 0 and accumulated production = 0.

5.15¢c) Return to sub-model [3] main program.

5.1.6) Owput yield dara (Files MARIL.1HY, MARI1.BEA, MARI1.SPO and MARI1.FOR
in Appendix $3).

5.2} Loop for N sub-units to copy yield data from the preceding year 10 the current year if
water conditions are the same as those in the preceding year.

6} End of sub-model [3], then connect to CAILUP main program as described in 4.59.
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Function: Estimate feasibility of land use types based on yields generated in sub-model [3]
and economic criteria at farm level.

Input data:

<E> Existing financial conditions such as farm-gate prices, land use conversion and
operation costs, level of income of representative households, ctc.

<1> Interventions with respect to economic factors, such as taxes, credit availability, etc.

<3>  Yields

<12> New financial data, if available.

Output data:
<4>  Bio-physical/economic feasibility at farm level (File MARI16.504 in Appendix S4).

Discussion on sub-model [4] for the Quan Lo Phung Hiep region:

1/ As in other economic analyses, assumptions are made in this sub-model to:
i)  generalize rules that are diverse in the Region;
i1}  test rules that are uncertain doe to limited insight;
iii) analyze the effects of interventions.

2/ For the Quan Lo Phung Hiep region with small farm sizes and limnited investment
possibilities for farmers, different financial analyses are applied for specific land use types to
simulate the selection process of the local farmers, based on the following assumptions:

» The financial analysis is applied for a typical household of 5.6 persons, comprising 2.5
labourers, and 1 hectare of land.

» Variations in financial values related to factors such as soil type, transport conditions, local
markets, etc., are assumed to be negligible.

» For agricultural production, following the construction of main sluices, higher operational
costs are assumed to result in better income. For fisheries and forestry production, costs
are assumed to be identical in the ‘without’ and ‘with’ cases.

» For agricultural and fisheries production, the financial analysis is limited o a net income
analysis. For forestry production, where income is only achieved after several years, a
discounted cash flow analysis is applied to convert future benefits per unit of product into
present value.

3/ The objective of sub-model {4] is to generate feasibilities of relevant land use types
(relative values to compare between land use types) as a basis for land use allocation. The
financial analysis is performed by using worksheet software packages before operating sub-
model [4]. Examples of financial worksheets are given in Appendix S4 (File AGRIFLWQ1
and FISHFLWQ1),

4/ A bio-physical/economic feasibility of cach land use type is generated by integrating
financial factors at farm level with the suitability of the land use type as expressed by the bio-
physical yield from sub-model [3]. In the financial analysis, yield values in different physical
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units (tonnes of rice/ha, kg of shrimps/ha, m3 of wood/ha) are transformed into monetary
values to make the land use types comparable.

Based on these monetary values, feasibility is determined for each land use type in
several steps. First, it is expressed as a ratio of the maximum income from all land use types
in each year. Subsequently, it is refined through various filters in sub-model [4] or in
subsequent sub-models: investment capacity, social issues at farm level, government policy,
etc., before being applied as a weighting factor for land allocation. The quality of each filter,
fine or coarse, depends on the level of analysis, and can be improved through better
understanding and more available data.

5/ Two main factors are considered in this sub-model:
i) feasibility of each land use type with respect to net income of the farmer;
ii) the investment capacity of the farmer for a land use type.

Calculations: The main steps in the sequence of calculations are (Fig. 98):

Figure 98: Sequence of calculations in sub-model [4].

[ Start sub-model La3 ]
¥

Input economic ruleax at farm laval
L

Input financisl data
¥

Input construction schedule
L ]
Input requr-ed sluicas for- water smanagement

[ |
[ |
[ Input housahold data I
| - 1
[ ]

( Loop For N sub—units )

Input yield data from sub model €31 |

Calculate net incomms
Record maximum net income in the raglion

(_Looe for- H sub—units )

l End sub—modal C4]3 l
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1) Start sub-model [4]: as described in 4.58.

2) Input economic rules ar farm level: the characteristics of household types, such as income,
investment capacity, credit support, etc. are derived from social and economic surveys, local
inventories and reports (Files FARMRULE.S04 in Appendix $4).

3) Input financial dota: outputs from the financial analyses of each cropping pattern for
‘without' and ‘with’ cases are compiled (File FINAN.S04 in Appendix S4). Some assumptions
should be made in generating these input data:

» Required capital for cultivation:
ReqCap = ConvCost + (OpeCost * WorkRatio)

where: ReqCap = required capital (VN Dong/ha);
ConvCost = land use conversion costs (VN Dong/ha);
OpeCost = operation costs (VN Dong/ha);
WorkRatio = ratio of working capital to operation costs,

Operation costs do not include family labour costs (considered a part of the farmers
income). The ratio of working capital to operation costs is assumed 0.5 for annual crops
and 1 for crops with cycles longer than one year, such as sugarcane and pineapple or
forestry.

» Capital intensity for cultivation:
Caplnt = ReConvCost + OpeCost

where: Caplnt
ReConvCost
OpeCost

Repayment for land use conversion costs is calculated, based on land use conversion costs,
rate of interest and repayment period, assurning that farmers incur debts for investment.
Different rates of interest and different repayment periods can be tested. The official
interest rates applied by commercial banks usually range from 2.85 to 4.5% per month, but
farmers usually pay 30 to 50% per three months to private lenders when borrowing money
for seeds, fertilizer, etc. [NEDECO, 1991d]. For land use conversion costs, a rate of interest
of 24% per vear during 10 years is assumed for agriculture and fisheries, but no interest
is considered for forestry since income per hectare from forest production is so low that
farmers are assumed to invest their own capital only, in this production. For the currently
cultivated area, no land use conversion costs apply.

capital intensity (VN Dong/ha);
repayment for land use conversion costs (VN Dong/ha);
operation costs (VN Dong/ha).

» Farm gate prices: real prices are applied for the past and the current year. For subsequent
years, prices are assumed to be the same or they can be defined as a function of demand

and supply derived from sub-models {11] and [12] (Economic and Social Sub-models at
Regional Level).

» Taxes: defined as a fraction of gross income (6% for all agricultural and fisheries

production and (% for forestry production). These values can be adjusted for modified
tax policies.
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4) Input household data: based on the current conditions (1990), households in the region
are classified into 5 income groups with respect to average annual income per capita:

= Rich: > 1,000,000 VN Dong (or 1,000 kg rice);
» Well-to-do:  from 700,000 to 1,000,000 VN Dong;

+ Mediom: from 500,000 to 700,000 VN Dong;

» Poor: from 300,000 to 500,000 VN Dong;

« Very poor: < 300,000 VN Dong;

The investment capacity of each household is assumed to be proportional to its
income, i.e. it varies per household group (File FARMRULE. S04 in Appendix S4). Data on
household groups at village level are available only for part of the Region. A classification
of sub-units is, therefore, required to determine sub-unit investment level, The distribution
of household groups in each sub-unit is based on the general distribution in the Region (File
HOUSE.S04 in Appendix S4).

The effect of a credit support system is considered by assuming that credit support
is available for a certain fraction of the households (File HOUSE.S04 in Appendix 54) to
upgrade one grouping level. Different rates of credit support (e.g. 30% of households in the
‘without’ case and 50% of households in the ‘with’ case) and different support strategies
{(support to either the ‘poor’ or the ‘medium’ sub-unit) can be tested to analyze the effect of
credit support on the bio-physical/feconomic feasibility.

5} Input consiruction schedule: financial values of the ‘without’ case are applied to a sub-
unit when the main sluices relating to that sub-unit have not been completed, and vice versa
(File CONSTRUC.SCH in Appendix $2).

6) Input required sluices for water managemens: certain main sluices are required to change
water conditions in each sub-unit. These requirements are defined by water resources planners
(File SUBUNODE.S02 in Appendix $2).

7) Loop for N years:
7.1} Loop for N sub-unizs:

7.1.1) Input yield data from sub-mode! [3]
7.12) Loop for N land use types:

7.1.2a) Select financial case: if the construction of main sluices required for changing
water conditions in one sub-unit has been completed, financial values for the ‘with’ case are
applied, otherwise values for the ‘without’ case are used.

7.1.2b) Check upgrade possibility: capital formation is taken into account by assuming that
after a number of years, households in a certain income group can be upgraded to a higher
income group. The number of years varies for the various income groups (for the richer
group, capital formation is assumed to proceed faster) and for the ‘without’ or ‘with” case
(faster in the ‘with’ case).
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7.12¢c) Calculate ner income: net income per ha is calculated by the following formula:
Netnc = [(Yield * FGPrice) * (1 - Tax}] - Caplnt

where: Netlnc net income (VN Dong/ha),
Yield = yield (tha or kg/ha or m*/ha);

FGPrice = farm gate price (VN Dong/t or VN Dong/kg or VN Dong/m’);
Tax = rate of taxes as discussed above;
Caplnt = capital intensity (VN Dong/ha).

Net income is calculated for two situations: ‘without’ land use conversion costs
(NetIncWithout) for currently cultivated areas and ‘with® land use conversion costs
(NetIncWith) for newly cultivated areas. Average net income from each land use type is
calculated:

[ (NetIncWithout * CurArea) + (NetIncWith * (CulArea - CurArea)]
CulArea

AveNetlnc =

where: AveNetlnc average net income (VN dong/ha);

NetIncWithout net income ‘without’ land use conversion costs (VN Dong/ha);
CurArea = current cultivated area (ha);

NetIncWith = net income ‘with’ land use conversion costs (ha);

CulArea = cultivable area (ha), calculated as:

CulArea = TotArea - ASpec - AGard - AWat

where: TotArea total area of sub-unit (ha);

ASpec = area for specific uses (ha);
AGard = area of homestead gardens (ha);
AWat = area of water surfaces (ha).

7.12d) Record maximum net income in the Region: to analyze the distribution of the
feasibility of each land use type in the region, the feasibility in each year is expressed as the
ratio of net incorpe from that land use type to maximum net income from among all land use
types in that year. Maximum value of net income (MaxNetInc), therefore, is traced during
the loops of sub-units and land use types.

7.2) Loop for N sub-units, then Loop for N land use types:

7.2.a) Calculate income feasibility:
NetIncFea = AveNetInc / MaxNetInc

where: NetlncFea
AveNetlnc
MaxNetInc

net income feasibility of a land use type;

average net income (VN Dong/ha);

maximum net income (VN dong/ha) in the Region from among all
land use type.

7.2.b) Aggregate fotal investment capacity. for each sub-unit, the capacity of investment
into a land use type is expressed as the fraction of the number of households able to invest
into that land use type, subject to the condition:
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InvCap = IE [GFract(g)]

g=1

where:  InvCap
NG
GFract(g)

investment capacity (without credit);

number of income groups { = 3 in the Region);

fraction of number of households in the income group (g) having an
investment capacity of 2 the required capital;

oo

Investment capacity will increase in the future when households are upgraded (see
7.1.2b). Tf credit support is available, total investment capacity also increases:

TotinvCap = InvCap + [ GFract(g - 1) * CredFract]

where: TotInvCap
g

total investment capacity;

the lowest income group having an investment capacity of = the
required capital;

fraction of the number of households in the income group (g-1) (e.g.
if (g) is ‘medium’ group, then (g-1) is ‘poor’ group);

fraction of number of households in income group (g-1) receiving
credit support.

1]

GFract(g-1)

CredFract

7.2.c) Calculate bio-physicalleconomic feasibility:
BEF = NetlncFea * TotlnvCap

where: BEF = bio-physical/economic feasibility.

7.3) Owput feasibility dara: data on net income and feasibility are outputted (File
MARI16.504 in Appendix 34).

8) End of sub-model {4], then connect to CAILUP main program as described in 4.59.

Function;: Estimate final selection of land usc types by farmers, based on bio-
physical/economic feasibility and social criteria at farm level.

Input data:

<E> Household income groups, family labour requirements for cultivation, etc.
<l> Preferences of farmers or the local population

<4> Net income and bio-physical/economic feasibility

<12> New social data, if available.

Output data:
«5> Integrated feasibility of each land use type (File MARI16.5035 in Appendix S5).
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Discussion on sub-model [5] for the Quan Lo Phung Hiep region:

1/ This sub-model assumes that the prediction of prices based on market demand and the
dissemination of economic information to farmers are imperfect. Therefore, farmers cannot
seiect land use types by maximizing a goal such as net income. Consequently, whenever a
land use type has a bio-physicalfeconomic feasibility exceeding 0, it will be practised
somewhere. The area of each land use type in the total area of a sub-unit is assumed to be
proportional 1o its feasibility, i.e. in this sub-model, feasibility is a relative value considered
in the context of a sub-unit and not for the whole region as in sub-model [4].

2/  This sub-model comprises four relevant social rules (see 8.2.c, d, e and fin Calculations).
The preference of the local population among products (income elasticity of demand) is
expressed by a preference value that depends on income, i.e. varies with income group.
Calculations: The main steps in the sequence of calculations are (Fig. 99):

Figure 99:  Sequence of calculations in sub-model [5].

Start sub-model [5]1 |
[ ]
Input social rules at fars level I

¥

Input household data |
¥
tnput construction schadula & required slull:asl

L
| ineut labour data |
|
|

Loop for- N years

( Loop for I: sub—units )

Input naet incoma & bio—phusical/aconomic
faasibility from C4]

¥
l Racalculate feasibilily as “ of I

=sub—unit tatal

Loop for N sub—units

alculate feasibility on the basis of Ist. rulef
alculata feaxibilily on the basis of 2nd. ru
Calculate faasibilitu on the basis of 3rd. rul

[ End sub—madel £531 |
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1) Siart sub-model [5]: as described in 4.58.

2) Input social rules at farm level: social data required for sub-model [3] are priority of land
use, preference in product consumption of each income group, etc. (File FARMRULE.S05 in
Appendix 85).

3) Input labour data: family labour-days required for each land use type in ‘without’ and
‘with’ cases have been estimated in the financial analysis in sub-model [4] (File FINAN.S04
in Appendix S4).

4) Input household data (File HOUSE.S04 in Appendix S4).

5) Input construction schedule and required sluices as in sub-model [4] (Files
CONSTRUC.SCH and SUBUNODE.S02 in Appendix §2).

6) Loop for N years:
6.1} Loop for N sub-units:
6.1a) Input net income and bio-physicalleconomic feasibility from sub-model [4).

6.1b) Recalculate the feasibility as a percentage of sub-unit total; in this sub-model, the
feasibility is recalculated as fraction of the sub-unit total:

NP
NBEF(i) = BEF(i)/[ ¥ BEF(lut)]
=1
where: NBEF(i) = new bio-physical/feconomic feasibility of land use type (i);
BEF(i), BEF(lut) = bio-physical/feconomic feasibility of land use types (i) and
(lut), respectively, from sub-model [4];
total number of productive land use types;
productive land use type.

NP
lut

The same calculation for feasibility is repeated following application of each social
rule in steps 6.2¢, 6.2d, 6.2¢ and 6.2f.

6.2) Loop for N sub-units, then Loop for N land use types:

6.2a) Select the labour case: if the construction of main sluices required for changing
the water conditions in a given sub-unit has been completed, labour values for the ‘with’ case
are applied, otherwise values for the ‘without’ case are used.

6.2b) Check upgrade possibility: as in sub-model [4], after some years, households in
a certain income group can be upgraded to a higher income group (e.g. from the ‘poor’ group
to the ‘medium’ group).
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6.2c) Caleulare feasibility on the basis of the 15t rule: the first social rule assumes that;

a- Land use types are ranked according to the priority of farmers, based on their requirements
for investment, labour, cultivation techniques, etc.

b- A competitive relationship exists among different land use types. Thercfore, if the
increment in net income from a land use type (i) compared with that from the next higher
priority (j) is less than or equal to a threshold increment, land use type (i) will be
converted to land use type (j) (e.g. if the increment in net income associated with
replacement of single rice by double rice is marginal, farmers prefer the single crop
because of its lower inputs):

If [NetInc(i) - Netlnc(j))/Netlne@) < TIncrernent(ij), then:
Feas1(j) = NBEF(j) + NBEF(i) and Feasl(i) = 0
where: Netlnc(i), NetInc(j)

net income {monetary units/ha) from land use types (i) and
(j), respectively, generated in sub-model [4];
TIncrement(ij) = threshold increment 1o convert from (i) to (j);

Feas1(i), Feasl(j) feasibilities of land use types (i) and {j), respectively, after
application of the 1st social rule.

The threshold increment depends on land use types (i) and (j) {e.g. the value for
selection between single rice and double rice is higher than for selection between two double
rice cropping patterns). Similarly, the value for selecting between fisheries and agriculture
is higher than that among various agricultural cropping patterns.

6.2d} Calculate feasibility on the basis of the 2nd rule: the second social rule is based
on the assumption that farmers only practice a land use type if net income per labour-day
exceeds a minimum value (‘desired income’ per family labour-day). That value varies among
income groups: a rich farmer requires a higher income per labour-day than a poor farmer.
A loop for ali household groups is performed:

TotSel (i) = 1E[GFI"act (g) * Sel(g}]

g=1

where: TotSel(i)

fraction of all households selecting land use type (i) over all
households in the sub-unit;

NG = number of income groups { = 5 in the Region);

g = income group;

GFract(g) = fraction of number of households in income group (g) in the total
number of households in sub-unit;

Sel(g) = a factor reflecting the selection of land use type (i) by income group
(g): Sel(g) = 1 if {NetInc(i)/fFamLab(i)] = Dinc(g);

Sel(g) = 0 if {Netnc(i)/FamLab(i)] < DInc(g);

Netlnc(i) = net income (monetary unitsfha) from land use type (i) generated in
sub-model [4};

FamLab(i) = family labour-days required for land use type (i);

Dinc(g) = ‘desired income’ per family labour-day of income group (g);
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and: Feas2(i) = Feasl (i) = TotSel(i)

where: Feas2(i) = feasibility of land use type (i) after application of the st and 2nd
social rule,

6.2e) Calculate feasibility on the basis of the 3rd rule: the third social rule assumes that
a preference among products in each production sysiem cxists, based on the storage and
processing capacity at farm level. The feasibility of each land use type is modified by
multiplying with a preference value, but the total feasibility in each production system remains
unchanged:

Feas3(i) = [Feas2(i) = Pref(i) NEP Feas2(lut)]/ N):? [Feas2(lut) *Pref (lut) ]
Tot=1

Tut=1

where: Feas3(i) feasibility of land use type (i) after application of the 1st, 2nd
and 3rd social rule;

number of land use types in a production system;

land use type;

preference value of land use types (i) and (lut}, respectively.

NP
lut
Pref(i), Pref(lut)

Preference values can be equal to 1 if there is no preference or the preference is not
clear (e.g. among fisheries products).

6.2f)  Calculate integrated feasibility on the basis of the 4th rule: the fourth social rule
assumes that traditional rice is preferred by the local population to high yielding rice. Part
of the area of high vielding rice, therefore, is converted to traditional rice. The feasibility of
rice land use types is recalculated with a preference valve between two varieties:

InFe(i) = [Feas3(i) » RPref() » 3 Feas3(tut)]/ 3 [Feas3 (lut) «RPref (lut) |

lat=1 lut=1

where: InFe(i) integrated feasibility of rice land use type (i) after
application of all four social rules;

preference value of rice land use types (i) and (lut) based
on variety, respectively;

NRice = number of rice land use types.

RPref(i), RPref(lut)

For the non-rice land use types, the integrated feasibility is the feasibility after
application of the 3th social rule:

InFe(i) = Feas3(i)

6.3) Outpur feasibility date: data on integrated feasibility are outputted.

7) End of sub-model (5], then connect to CAILUP main program as described in 4.59,
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Function: Estimate population and available labour force.

Input data:

<E> Existing demographic situation: population, type (rural or urban), percentage of labour
force engaged in agricultural activities, etc.

<1> Projection of population growth by birth control program, fraction of urban population
in the total population, migration possibilities, etc.

<4> Net income

<5> Integrated feasibility

Output data:
<6> Population and labour force (File MARI11.506 in Appendix S6).

Discussion on sub-model [6] for the Quan Lo Phung Hiep region:

A variety of population forecasting techniques exists varying from relatively simple
to complex [Conyers & Hills, 1984, FAQ, 1991b). Main factors taken into account in these
techniques are fertility, montality and migration rates.

Sub-model [6] deals with three main issues:
(i) population growth;
(i) redistribution of the population in the Region due to urbanization;
(iii) redistribution of the population as a consequence of water management.

Sub-model [6] focuses on the second and third issue, and has been developed on the
basis of the following assumptions:

1/ Population growth: population growth originates from two sources: natural growth
(fertlity - mortality) and ‘external migration’ (i.e. migration from/to outside). Projected rates
of natural growth and external migration are derived from targets of population control
programmes. Rates of natural growth are assumed to be equal for all water management units.
Rates of external migration to various water management units are different, therefore a
spatial-temporal adjustment coefficient is used to allocate total external migration to each unit.

2/ Redistribution of the population due to wrbanization: the total urban population is defined
as a proportion of the total population and derived from urbanization studies [NEDECO, 1993c].
Assuming that no new urban centres will be created in the future, movement of people from
rural sub-units to urban sub-units is controlled by administrative regulations (e.g. movement
to main towns is only possible within a district or a province as expressed in a matrix of
migration possibilities (File MIGRAT.S06 in Appendix S6).
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In the Lewis-Fei-Ranis model [Todare, 1982, 1992], it is assumed that urban wages would
have to be at least 30% higher than average rural income to induce workers to migrate from
their home areas. However, in the ‘expected income’ model [Todaro, 1982, 1992] it is pointed
out that the decision to migrate depends on ‘expected’ rather than actual urban-rural wage
differentials. Since data on urban income are not available and there is no promising off-farm
income in rural sub-units in the Region, the number of people migrating from rural sub-units
to an urban sub-unit is assumed inversely proportional to income from land use in each sub-
unit: when income is low, more people will migrate (see Calculations for details).

3/ Redistribution of the population in rural areas as a consequence of water management:
a relevant effect of interventions in water management is the increase in income from land
use. Consequently, inhabitants from other rural sub-units will migrate to these sub-units,
particularly from areas with many natural constraints, similar the urbanization process. The
number of persons moving between two rural sub-units is assumed to be controlled by:

» administrative regulations (e.g. movement is possible only between two adjacent sub-units
or among sub-units in the same district) and social conditions (Khmer people living on the
sand ridges or high tidal flats are not willing to move to the inundated area) as expressed
in a matrix of migration possibilities (File MIGRAT.S06 in Appendix S6);

» the difference between the expected income in the sub-unit of destination and the current
income in the sub-unit of origin, For ruralfurban migration, a differential of 30% is
assumed by Lewis (Todaro, 1982, 1992], therefore for ruralfrural migration, it shouid be higher
because of less attractive facilities in the rural areas;

» the difference in job opportunities in the sub-unit of destination and the sub-units of origin.
In urban/rural migration, Todaro [Todare, 1982, 1992] assumed that migration rates in excess
of urban job opportunity growth rates are not only possible but rational. However, in
rural/rural migration, assuming that people are only willing to move to new areas if job
opportunities there are better, migration is assumed to stop when the labour force available
for land use per hectare of cultivable land in the sub-unit of destination is equal to that in
all relevant sub-units;

» only a proportion of the population making the final decision in migration, reflecting
effects of other factors such as resettlement support by the Government, communication
facilities, etc.

Calculations: The main steps in the sequence of calculations are (Fig. 100):
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Figure 100; Sequence of calculations in sub-model [6].

| Start sub—model [6&] l

input rules in demogeaping
¥

I

| Input population data
¥

I

I

I

Input migration possibilities I
¥

|

L Input labour data
L

Ilnpu'l' construction schedule & ragquired s'luicesi

2 = T T T

nterpolate rates of natural growth. :
axternal migration % urbanzation :

{_ Loop for I: sub—units )

Input incoma from [4]
¥

Input intfegrated feasibiity from [5]
¥

Select labour case
¥

Calculata expectad ncoma

s )
Calculate population after
natural orowth 8 extarnal migration

(__Loop for N sub—unit
¥

Loog for B urban sub—units)
[ E—

Allacate total rural/ur-ban mioration
¥

Calkculate population moving from each
rur-al sub—unit
¥

Calculate population after
rural ~ urban sigration

{__Loop for N sub—units
¥

Calculate labour force

Output population 8 labowr force data

| €End sub-model t61 |
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1) Start sub-model [6]: as described in 4.58.

2) Input rules in demography: rules in demography comprise rates of population growth and
external migration, difference in income causing migration, percentage of the population
making final decision to migrate, etc. (File POPURULE.S06 in Appendix $6).

3) Input population data: present population, sub-unit type (urban or rural) (File
EXISTING.S03 in Appendix S3).

4} Input migration possibilities: possibilities of migration from rural sub-units to urban sub-
units and among mural sub-units are defined in a matmix with different codes for different
migration types (File MIGRAT.S506 in Appendix S6):

0 for no migration 2 for migration to district towns

1 for migration between two rural sub-units 3 for migration to provincial towns

5) Input labour data: numbers of labour-days required for each cropping pattern in the
‘without” and ‘with’ cases have been estimated in the financial analysis in sub-model [4] (File
FINAN.S04 in Appendix S4).

6) Input construction schedule and required sluices as in sub-model [4] (Files
CONSTRUC.SCH and SUBUNODE.S02 in Appendix S2).

7) Loop for N years:

7.1} Interpolate rates of natural growth, external migration and urbanization: the projecied
natural growth rate (fertility - mortality) and net rate of external migration at a number of
target ycars as consequences of birth control and urbanization programmes, are selected.
Rates of natural growth and external migration are interpolated from projected values between
two target years.

7.2) Loop for N sub-units:
7.2a) [Input income from sub-model [4].
7.2b) Input integrated feasibility from sub-model 15].

7.2¢c) Select the labour case: if the construction of main sluices required for changing
the water conditions in one sub-unit has been completed, kabour values for the ‘with’ case are
applied, otherwise values of the ‘without’ case are used.

7.2d) Calculate expected income: expected income is calculated by aggregating income
and integrated feasibility:
NP
ExplInc(s,y) = [ NetInc(s,y,lut) * InFe (s,y,lut)]
1

lut=

where: Explnc(s,y) = expected income (VN Dong/ha) from land use in sub-unit (s) in
year (y),
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NP = number of productive land use types;

ut = land use type;

Netlne(s,y,Jut) = net income (VN Dong/ha) from sub-model [4];
InFe(s,y,lut) = integrated feasibility from sub-model [5].

7.3) Loop for N sub-units 1o calculate population afier natural growth and external migration:
the "modified exponential” method [Conyers & Hills, 19841 is applied in this sub-model to estimate
the population in each year:

where:

NEPopu(s,y) = Popu(s,y-1) * [1 + NGRate(y)] #[1 + RExt(y)]
NEPopu(s,y)

population (persons) in sub-unit (s) after natural growth and
external migration in year (y);

Popu(s,y-1) = population (persons) in sub-unit (s) in year (y-1);
NGRate(y) = natural growth rate in year (y);
REx1(y) = rate of external migration in year (y).

7.4) Calculate total urban population: the population in all urban sub-units is assumed to
increase each year at the same rate, from three sources: natral growth, external migration,
and migration from rural areas to urban areas. Total ruralfurban migration, therefore, is the
difference between projected urban population and projected urban population after natral
growth and external migration (Fig. 101).

where:

Figure 101:  Projected population growth.
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Total projected urban population is estimated as a proportion of the total population:
TotUrPopu = TotPopu(y) * UrFract(y)
TotUrPopu(y} = total urban population (persons) in the Region in year (y);

TotPopu(y) total population in year (y);
UrFraci(y) projected fraction of urban population in the total population.

Urban population increase by natural growth and external migration is estimated by the
"modified exponential" method:
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TotUrNEPopu(y) = TotUrPopu{y-1) * [1 + NGRate{y)] * {1 + RExt(y)]
where: TotUrNEPopu(y)

total urban population (persons) in year (y) after natural
growth and external migration;

total urban population (persons) in year (y-1);

natural growth rate in year (y);

rate of external migration in year (y).

TotUrPopu(y-1)
NGRate(y)
RExt(y)

7.5) Loop for N urban sub-units:

7.5a) Allocate total ruralfurban migration to each urban sub-unit:
RUMig(u,y) = NEPopu(u,y) * [TotUrPopu(y) / TotUrNEPopu(y)]

where: RUMig(u,y) number of persons migrating to urban sub-unit (u) in year (y);

[}

NEPopu(u.y) population (persons) in urban sub-uait (u) in year (y) after
natural growth and external migration;
u = urban sub-unit.

7.5b) Calculate population moving from each rural sub-unit. the number of persons
migrating from rural sub-units to an urban sub-unit is assumed to be weighted on expected

income in rural sub-units:
NRSub

Mig(r,u,y) = RUMig(u,y) * ExpInc(t,y) /[ ¥ Explnc(k,y)]
k=1

where: Mig(r,u,y) number of persons migrating from rural sub-unit (r) to urban

sub-unit (u) in year (y);

u = urban sub-unit;

r.k = rural sub-units;

RUMig(u,y), ExpInc(r,y) and ExpInc(k,y) as calculated in 752 and 7.2d;

NRSub = number of rural sub-units from where migration to the uwrban

sub-unit (u) is possible.

7.5¢) Calculate population after rurallurban migration: for urban sub-unit (u):
NRSub

Popu(u,y) = NEPopu(u,y) + ¥ Mig(ruy)
=1

where: Popu(u,y) = population (persons) in year (y);
NEPopu(u,y) = population (persons) after natural growth and external migration.

For each relevant rural sub-unit (r):
RUPopu(r.y) = NEPopu(r,y) - Mig(r,u,y)

where: RUPopu(r,y) = population (persons) in rural sub-unit (r) in year (y)} after
rural/urban migration.
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7.6} Loop until migration among rural sub-units completed:

Loop for N rural sub-units: assuming that first a sub-unit of destination receives
emigrants from the poorest emigration sub-unit, the calculation is repeated with the new labour
force per hectare of cultivable land until migration between rural sub-units is completed.

7.6a) Calculate required labour force: in this sub-model, the area of each land use type
is assumed to be weighted for the integrated feasibility from sub-model [5]. The labour force
required for land use is estimated:

NP

NP
ReqLab(s,y) = E Lab (y,lut) * CulArea(s,y) * InFe (s,y,lut) / [%InFe (s,y,1) 1

lut=1

where: RegLab(s,y) required labour force (labour-days) for all productive land use

types in sub-unit (s) in year (y);

NP = number of productive land use types;

lut, i = land use types;

Lab(y,lut) = number of labour-days required for land use type (lut);
CulArea(s,y) = culiivable area (ha) as calculated in sub-model [4] (total area

minus areas for specific uses, homestead gardens and water
surface). For the first un of the model, current land use areas are
used. New areas from sub-model [8] can be used if a return from
the following sub-models is needed to adjust for the effects of new
land uses on migration,

InFe(s,y lut), InFe(s,y,i) = integrated feasibility from sub-model [5].

7.6b) Calculate available labour force: the degree of participation in the labour force
and the percentage engaged in land use (from age 15 to 60) of the total population have been
estimated from several social studies [Thu, 1991, NEDECO, 1991¢] and are assumed equal in all
sub-units in each year, hence the avatlable labour force is:

Avail.ab(s,y} = Popu(s,y-1) * RLab(y) * RLULab(y) * NWDay(v)
where: Availab(s,y)

available labour force (labour-days) for land use in sub-unit (s) in
year (y),

Popu(s,y-1) = population (persons) in year (y-1);

RLab(y) = fraction of the labour force in the total population in year (y) (e.g.
0.45 in the Region);

RLULab(y) = fraction of the labour force engaged in land use in the total labour
force in year (y) (e.g. 0.75 in rural sub-units);

NWDay(y) = number of working days in a year (labour-days).

7.6¢c) Calculate expected migration:
ExpMig(s,y) = [ReqLab(s,y) - AvaiLab(s,y)]/RLULab(y)/RLab(y)
where:  ExpMig(s,y) = expected migration (persons).
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7.6d) Calculate relevant total population and total cultivable area in the rural/rural
migration: a rural sub-unit (i) is involved in migration to another rural sub-unit (r), if the
following conditions are satisfied:

i)  Migration from (i) to (r) is possible under current administrative regulations and social
conditions (see 4/ in Discussions);

ii) The difference in expected incomes exceeds a threshold value:

EKPIIIC (l’sY) B E.XPIHC (I,Y) > ExpDiff
Explnc (i,y)
where: Explnc(r,y), ExpInc(i,y) as calculated in 7.24;
ExpDiff = expected difference in income.

ili}  Expected migration in (r) greater than expected migration in (i):
ExpMig(r.y) > ExpMig(i,y)

Then, the relevant total population and total cultivable area in the rural/rural migration

are:
NRSub
TotMig = RUPopu(r,y) + % RUPopu(i,y)
- NRSub
TotCulArea = CulArea(r,y) + X CulArea(iy)
i=l
where: TotMig = relevant total population (persons) including the

rural/rural migration to sub-unit (i) in year (y);
population (persons) after rural/urban migration
calculated in 7.5¢;

RUPopu(r,y), RUPopu(i,y)

i = rural sub-units;

NRSub = number of rural sub-units satisfying the above
conditions;

TotCulArea = relevant total cultivable area (ha).

7.6e) Calculate average population density:
Density = TotMig / TotCulArea

where: Density = average population density in sub-unit (r) and
relevant sub-units (i).

7.6f) Calculate migrating population:
Migi = [CulArea(r,y) * Density ] - RUPopu (r,y)

where: Migi = population (persons) migrating to sub-umit (r).
7.6g) Allocate migrating population to relevant rural sub-uniis:

For each relevant sub-unit (i):
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Mig(,y) = ExpMig(,y) » [Migi/ TotMig] * Decide(y)

where: Mig(i,y) = population {persons) migrating from sub-unit (j) to (i);
Decide(y) = fraction of the population deciding to migrate.

The fraction of the population deciding to migrate reflects the effect of other factors

such as government support, conservative character, etc. In addition, an upper limit {(e.g. 2%

of the total population) is the maximum population migrating from a sub-untt. These fractions

are adjusted in model calibration.
Populations in sub-unit (r) and each relevant sub-unit (i) are:
Popu(r,y) = RUPopu(r,y) + NRZSZWMlg (Ly)
Popu(i,y) = RUPopufiy) - Mlg (i)

where: Popu(r,y), Popu(i,y) = populations {persons) in sub-unit (r) and (i) in year (y).
7.7} Loop for N sub-units to calculate labour force for land use:

LabFor¢s,y) = Popu(s.y) * RLab(y)

LabForLU(s,y) = LabFor(s,y) * RLULab(y)

where: LabFor(s,y)
LabForLU(s,y)

labour force (persons) in sub-unit (s) in year (y);
labour force (persons) for land use in sub-unit (s) in year (¥).

7.8) Outpwt population and labour force data (File MARI11.806 in Appendix S6).

8) End of sub-model [6], then connect to CAILUP main program as described in 4.59,

Function: Generate weighting factors to allocate land resources to each land use type.

Input data:

<E> Current area of each land use type <5> Integrated feasibilities
<l> Government policy factors <6> Population dynamics
<3> Yields

Current area <E> and population <6> are only used as references in the selection of

government policy factors.

Output daga:
<7> Weighting factors for each land use type.
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Calculations: The main steps in the sequence of calculations are (Fig. 102):

Figure 102:  Sequence of calculations in sub-model [7].

| start sub-madel [71 |
¥
I Input rulas in generating weighting factors ]
¥
i Input data on policy in 1and use |

[ End sub—model £71 |

1) Starr sub-model [7]: as described in 4.58.

2) Input rules in generating weighting factors: one, two or all three factors: integrated
feasibilites, policy factor and yields can be selected to generate weighting factors. (File

WEIGRULE.S07 in Appendix S7).

3} Input data on policy in land use: government policy on land use is expressed by a ‘score’
for each land use type in each water management unit. Different policies can be applied in
different years, e.g. before, during and after construction of the new water management

system. (File WEIGVALU.S807 in Appendix 57).

4) Loop for N years, then
Loop for N sub-units:

4.1} Input yields from sub-model [3].
4.2) Input integrated feasibilities from sub-model [5].
4.3} Calculate weighting factors:

» For productive land use types, weighting factors are:
Weig(s,y,lut) = InFe(s,y,lut) * PoFa(s,y,lut)

]

where: Weig(s,y,lut)

in year (y);
InFe(s,y,lut) = integrated feasibility from sub-model [5];
PoFa(s,y,lut) = policy factor.
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In a food-oriented scenario, rice crops with high yield are preferred although their
integrated feasibility may be low. Then, weighting factors of rice crops are adjusted by yield
values:

NRice
¥ Weig0(s,y,lut)

lut=1

Weig(s,y,r) = Weigl(s,y,r) = Yield (s,y,r) » e
X [WeigO(s,y,lut) * Yield (s,y,lut)]
Tut=1

weighting factor for rice land use type (r);

rice land use type;

weighting factor of land use types (r) and (lut),

respectively as calculated in the above equation;

rice yield (t/ha) of (r) and (Int);

number of rice land use types taken into account

in the adjustment.

where: Weig(s,y.r)
r, lut
WeigO(s,y,r), Weig0(s,y,lut)

nnu

Yield(s,y,r), Yield(s,y,lut)
NRice

» For non-productive land use types (specific uses, homestead gardens), weighting factors
are equal to policy factors (a ratio of increase in area per capita of these land use types to the
area per capita in the preceding year, see 4.67 for details).

4.4} Ouipur weighting factors (File MARI16.807 in Appendix S7).
5) End of sub-model [7] and connect to CAILUP main program: as described in 4.59.

Function: Generate the area to be allocated to each land use type and the water volume
extracted from the water management system.

Input data:

<E> Current area of each land use type and present population
<1> Land use conversion, water demand, etc.

<3> Selected cropping calendars

<6> Population dynamics

<7> Weighting factors

Output data:
<8> A resource use plan comprising land and water resource allocation.

Calculations:  In the equations in this sub-model, (s,y,lut) refers to land use type (lut) in sub-
unit (s) in year (y). The calculations are divided in two parts: land use allocation and water
resource allocation.

The main steps in the sequence of calculations are (Fig. 103):
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Figure 103: Sequence of calculations in sub-model [£].
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1} Starr sub-model [8): as described in 4.58,

2) Input rules in land use allocation: possibilities for land use conversion, cultivation period,
fraction of cultivated land occupied by the water management system, etc. (File
ALLORULE.S08 in Appendix §8).

3) Input current land use and population (File EXISTING.S03 in Appendix 83).
4) Input construction schedule (File CONSTRUC.SCH in Appendix 32).

5) Calculate current average area per capita of specific uses and homestead gardens: for
urban sub-units:
NUSub

NUSub
AASU =1 I Area(s,0,speci))/[ ¥ Popu(s,0)]
s=]

g=1

NUSub NUSub
AAGU = [ ¥ Area(s0,gard}}/[ ¥ Popu(s,0)]
s=l

g}

where: AASU = present average area {(hafurban capita) of specific uses;
NUSub = number of urban sub-unit;
Area(s,0,speci) = current area (ha) of specific uses in year 0;
Popu(s.0) = current population (persons) in year 0;
AAGU = average area (hafurban capita) of homestead gardens;
Area(sO,gard) = current area (ha) of homestead gardens in year 0.

Similar calculations are carried out for current average area of specific uses (AASR)
and homestead gardens (AAGR) in rural sub-units.

6) Loop for N sub-units:
6.1) Loap for N years:

6.1a} Input rice cropping calendars from sub-model [3].
6.1b) Inpur population data from sub-model [6].
6.1c) Input weighting factors from sub-model {7].

6.1d} Determine fixed area: the arca of salt fields is assumed to be fixed during the
planning period:

Area(s,y,salt) = Area(s,0,salt)

where:  Area(s,y,salt)
Area(s,0,salt)

area (ha) of salt fields;
current area (ha) of salt fields (in year 0).

6.1e} Calculate remaining area:
RemArea(s,y) = TotArea(s) — Area(s,y,salt)
where: RemArea(s,y) = remaining area (ha);
TotArea(s) = total area (ha) of sub-unit (s).
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6.1f) Calculate area of non-productive land use types:

» For grban sub-units:

Area(s,y,speci) = Area(s,y-1,speci) + AASU » Wei(s,y.speci)
* Max[(Popu (s.y) - Popu(s,y-1)), 0]

Area(s,y.gard) = Area(s,y-1,gard) + AAGU » Wei(s,y,gard)
* Max [(Popu{s,y) - Popu(s,y-1)), 0]

where: Area(s,y,speci), Area(s,y-1,speci) = area (ha) of specific uses in years (y) and (y-
1), respectively;
area (ha) of homestead gardens;
weighting factors of specific uses and
homestead gardens from sub-model [7], as
fractions of AASU and AAGU, respectively;
Popu(s,y), Popu(s.y-1) = population {persons).

Area(s,y.gard), Area(s,y-1,gard)
Wei(s.y.speci), Wei(s,y.gard)

» Similar calculations are carried out for the rural sub-units.
» Part of the uncultivated land can be used for nature reserve:
Area(s,y.,uncul) = Area(s,y—1,uncul) * Wei(s,y,uncul)

where: Area(s,y,uncul), Area(s,y-1,uncul) = area (ha) of uncultivated land;
Wei(s.y,uncul) = weighting factor from sub-model [7], as a
fraction of area of uncultivated land in year
(y-1).

6.1g) Calculate remaining area for cultivation:
CulArea(s,y) = RemArea(s,y) - Area(s,y,speci) - Area(s.y.gard)
- Area(s,y,uncul) - Area(s,y-1,water)

where: CulArea(s,y)
Area(s,y-1,water)

area (ha) for cultivation;

area (ha) of water surface in canals and rivers in year (y-1).
Expansion of this area depends on the allocation of other
land use types.

6.2) Loop for N years:

6.2a) Calculate toral weighting factor: since the land resource is first allocated to land
use types that require a separate land area (hereafter called ‘primary’ productive land use
types), the total weighting factor does not include combined land use types such as shrimps
in rice fields, beans in rotation with rice, etc.

NPP
TotWeig(s,y) = X Weig(s,y,lut)

lut=1

where: TotWeig(s,y)
NPP

Weig(s,y,lut)

total weighting factor,
number of ‘primary’ productive land use types;
weighting factor from sub-model [7].
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6.2b) Loop for N ‘primary’ productive land use types to calculate expected areas:
ExpArea(s.y,lut) = CulArea(s,y) * Weig(s.y,lut) / TotWeig(s.y)

where: ExpArea(s,y,lut) = expected area (ha),
Weig(s,y,lut) = weighting factor from sub-model {7].

6.3} Loop for N years, then
Loop for N ‘primary’ productive land use types to revise the expected areas:

6.3a) Revise expected areas for land use types refering to crops with a long growth cycle:
some of the land use types refer to crops with a long growth cycle (e.g. 3 years for pineapple
or 8 years for Melaleuca forest). The expected areas of these land use types should be
matched with land use conversions in the past and the possibilities in the future.

Match with area converted in the past:

GClup
ExpArea(s,y,tut) 2 X [ExpArea(s,i,lut) - ExpArea(s,i-1,lut)]
i=1

and with possibilities in the future:

y+6Cu0
ExpArea(s,y,Jut) € Min [ExpArea(s,ilut)]
i=y+l
expected area (ha);
duration (y) of the growth cycle;
year number in growth cycle.

where: ExpArea(s,y,lut)
GC(lut)
i

0.3b) Revise expected areas of ‘primary’ productive land use types requiring completion
of the on-farm system:

» Before construction of the on-farm system, the area cannot be expanded:
ExpArea(s,ylut) = ExpArea(s,y—L1.lut)
» During construction of the on-farm system:

ExpArea(s,y.lut) < ExpArea(s,y-1,lut)
+ [(ExpArea(s,yf(s},lut) - ExpArea(s,yi(s),Jut)) / (yf(s) - yi(s)+1)]

where:  yi(s), yi(s)

final and initial years of the construction period of the on-farm
system;

(yf(s)-yi(s)+1) construction period.

6.4) Loop for N years to calculate area subject to land use conversion:
6.4.1) Loop for N ‘primary’ productive land use types:

6.4.1a) Calculate the area of each land use type after expansion of the area of specific uses
and homestead gardens:
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DemLand(s,y) = [Area(s,y,speci) + Area(s,y,gard)]
- [Area(s,y-1,speci) + Arca(s,y-1,gard)]

where: DemLand(s,y) = demand for land (ha) for expansion of the area of specific uses
and homestead gardens.

The area converted from each ‘primary’ productive land use type to specific uses and
homestead gardens in year (y) is assumed to be proportional to the area of that land use type
in year (y-1): NEP

RedArea(s,y,Jut) = Area(s,y-1,lut) * [1 - (DemLand (s,y)/ £ Area(s,y-1,0))]

i=1

where: RedArea(s,y,lut) = area (ha) after reduction due to expansion of the
area of specific uses and homestead gardens;
area (ha) of land use types (lut) and (i) in year (y-
1), respectively;

number of ‘primary’ productive land uvse types;
land use type.

Area(s,y-1,lut), Area(s,y-1,i)

NPP
i

6.4.1b) Calculate expected change (incrementidecrement) in area.
ExpChange (s,y,lut) = ExpArea(s.y,lut) — RedArea(s,y,lut)
where: ExpChange(s,y,lut) = expected change (ha) in area.

If the expected change is positive or negative, an increment or a decrement in area
is required in year (y).

6.4.2) Loop for N ‘primary’ productive land use types with increment in area: the expected
increment in area of a land use type (lut) is taken from the total potential decrement in area
of all land use types (i) that can be converted to (lut).

6.4.2a) Calculate porerﬁg'gl decrement in area:
PotDec (s,y,fut) = X ExpChange (s,y.i) with ExpChange (s.y,i) <0

i=1

where: PotDec(s,y,lut)

total potential decrement (ha) in area of all land use types that
can be converted to (lut);
number of land use types that can be converted to (lut);

NPlut
i land use type.

1

6.4.2b) Match expected increment with total potential decrement: Loop for N ‘primary’
productive land use types that can be converted to iand use type (lut):

Three situations are considered:

1/ ExpChange(s,ydut) >= -PotDec(s,y lut) > 0 the total potential decrement is insufficient
to satisfy the demand for land use type (lut), then all decrements in land use types (i)
are converted to land use type (Jut):
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ConvArea(s,y,i,Jut) = - ExpChange(s,y,1)

where: ConvArea(s,y,ilut) = area (ha) converted from land use type (i) to (lut).

2/ ExpChange(s,ylut) < -PotDec(s,y,iut): the potential decrement gxceeds the demand for
land use type (lut), then land is converted in proportion to the potential decrement in
each land use type (i):

ConvArea(s,y,i,lut) = ExpChange (s,y,lut) » ExpChange(s,y.i) / PotDec (s,y,lut)

3! ExpChange(s.ylut}) > 0 but PotDec(s,y,lut} = 0: no decrements in other land use types
are expected. The increment in area of a land use type (lut) is, therefore, distributed
over all land use types (i). Subsequently, the deficit in area of land use types (i) will be
converted from other land use types in 6.4.2e.

3.a/ Calculate potential area that can be converted to land use type (lut):
NPlut

PotArca(s,y,lut) = X RedArea(s,y.i)

i=1

where: PotArea(s,y,lut) total potential area (ha) of all land use types that can be
converted to (lut);
NPlut = number of land use types that can be converted 10 (lut);

i = land use type.

3.6/ Match expected increment of land use type (lut) with the total potential area: three
situations similar to those in 6.4.2b 1/ 2/ and 3/ are considered:

it ExpChange(s,y,lut) >= PotArea(s,y,lur) > 0: 1otal potential area is insufficient to
meet the demand for (lut), then:

ConvArea(s,y,i,Jut) = - RedArea(s,y,i)
iil  ExpChange(sy,lut} < PotArea(sy,lut):
ConvArea(s,y,1,luty = ExpChange(s,y,lut)
* RedArea(s,y.i} / PotArea(s,y,lut)

ijif PotArea(s,y,lut) = 0: no land available for the increment in land use type (lut), ie.
ExpChange(s,y,lut) = 0.

6.4.2c) Check the area for land use conversion:

Loop for N ‘primary’ productive land use types: when the calculation of all land use
conversions is completed, the area converted from each land use type is verified:

NPP
TotConv(s,y;i) = ¥ ConvArea(s,y,i,lut)

Jut=1
where: TotConv(s,y,i) = total area (ha) converted from land use type (i);
NPP = number of ‘primary’ productive land use types.
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If TotConv(s,y,i) > RedArea(s,y,i), then adjustment is needed for all cases of
conversion from land use type (i):

ConvArea(s,y.i,lut) = OldConvArea(s,y,i,lut) *RedArea(s,y.i) / TotConv (s.y.i)

where: ConvArea(s,y,ilut) = converted area (ha) from land use type (i) to (lut) after
adjustment;

OldConvArea(s,y.ijut) = ConvArea(s,y,ilut) as calculated in 6.4.26 (i.e. before
adjustment).

6.4.2d) Calculate the area after land use conversion: Loop for N ‘primary’ productive
land use types:

NEP
Area(s,y,lut) = RedArea(s,y.lut) + ¥ ConvArea(s,y.i,lut)
jm]
area (ha) of land use type (lut);
number of ‘primary’ productive land use types;
land use type.

where: Area(s,y,lut)
NPP
i

6.4.2¢) Loop for N ‘primary’ productive land use types to repeat the conversion
procedure if needed: after land use conversion, the expected change is recalculated on the
basis of the new area:

ExpChange (s,y.lut) = ExpArea(s,y,lut) - RedArea(s,y,lut)
where:  ExpChange(s,y,lut) = expected change (ha) in area.

If the expected change in area of any land use type > 0, i.e. expansion in area of that
land use type is still expected, the calculation returns to step 6.4.2a with Area(s,y,lut) (newly
calculated in 6.4.2d) replacing RedArea(s,y,lut).

6.4.3) Calculate the new area of water management system and of canal water surface: Loop
for N ‘primary’ productive land use types:

Part of the cultivated land is used for the new water management system, therefore:
WMSArea(s,y.lut) = Area(s,y,lut) » Wei(s,y,water) * WMSFract(y) / (yf(s) - yi{s) + 1)
where: WMSArea(s,y,lut)

area (ha) of water management system in area of land use
type (lut);

Area(s,y,lut) as calculated in 6.4.24;

Wei(s,y,water) weighting factor of water management system from sub-
model [7], reflecting the policy with respect to expansion of
the water management system in cultivated land;

fraction of cultivated land occupied by water management
sysiem;

initial and final year of the construction period.

WMSFract(y)

It

yf(s), yi(s)
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where:

where:

where:

An example in the real world: Sub-model 8

In the new water management system, the area of canal water surface is:
WArea(s,y.lur) = WMSArea(s,yJut) x WFract(y)

WArea(s,y.lut)
WFract(y)

area (ha) of canal water surface;
fraction of canal water surface area in the water management
system.

Cultivated area of each (lut), therefore, decreases:
Area (s,y,lut) = OldArea(s,y,lut) - WMSArea(s,y,lut)

Area(s,y,luf)
OldArea(s,y,lut}

area (ha) of land use type (lut);
Area(s,y,lut) calculated in 6.4.2 (i.e. before the reduction due
to the new water management system).

while area of canal water surface and specific uses increases:

NPP
Area(s,y,water) = Area(s,y-l,water) + L WArea(s,y,lut)

Iut=1

NPP
Area(s,y,speci) = OldArea(s,y.speci) + X [WMSArea(s,yJut) - WArea (s,y,lut)]

lut=1

Area(s,y,water), Arca(s,y-1,water) = area (ha) of canal water surface;
NFP = number of ‘pimary’ productive land use types;
Area(s,y,speci) = area (ha) of specific uses;

OldArea(s,y,speci) Area(s,y,speci) calculated in 6.1f (i.c. before the increase due

to the new water management system).

6.4.4) Calculate area of combined land use types:

where:

Area(s,y,nipa) = Area(s,y,water) *Weig(s,y,nipa)

Area(s,y,shsa) = Area(s,y,salt) » Weig(s,y,shsa)

Area(s,y,shri) = [Area(s,y,onetra) + Area(s,y,oncHY)] * Weig(s,y,shri)
Arca(s,y,prri) = [Area(s,y,onctra) + Area(s,y,SAtra)] * Weig(s,y,prri)

Area(s,y,nipa), Area(s,y,shsa), Area(s,y,shri) and Area(s,y.prri) = area (ha) of nipa
palm, shrimps in salt fields, shrimps in rice fi¢lds and prawns in rice fields,

respectively;

Area(s,y,water), Area(s,y,salt) = area (ha) of water surface and salt fields,
respectively as calculated in 6.4.3 and 6.1d;

Area(s,y,onetra), Area(s,y,oneHY) and Area(s,y,SAtra) = area (ha) of single

traditional rice, single high yielding rice and Summer-Autumn + 2nd traditional
rice, respectively;

Weig(s,y,nipa), Weig(s,y,shsa), Weig(s,y,shri) and Weig(s,y,prri) = weighting
factors for nipa palm, shrimps in salt fields, shrimps in rice fields and prawns
in rice fields from sub-model [7].
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Beans are only cultivated in rice fields if their cropping calendar does not overlap
with the rice cropping calendar:

NRice
Area(s,y,beanSA) = [ X Area(s,y,i)] * Wei(s,y,beanSA)

i=l
where: Area(s,y,beanSA) = area (ha) of Summer-Autumn beans;

NRice = number of rice land use types with cropping calendars not
overlapping the cropping calendar of Summer-Autumn beans;
rice land use type;
weighting factor for Summer-Autumn beans from sub-model

[71.

Similar calculations are applied for Winter-Spring and Spring-Summer beans.

i
Wei(s,y,beanSA)

6.4.5) Output land use data: data on land use area (File MARI1.508 in Appendix S8) and
areas converted among land use types are outputted.

7) Link to calculations of water demand.

Following the allocation of land to all land use types, water resource allocation, based
on water demand in each sub-unit, is considered a prerequisite for the implementation of the
selected scenario. Data on water demand are transferred to the hydraulic and salinity model
to examine whether improvement of the canal systems is necessary for irrigation purposes, or
for controlling the salt water intrusion in the surrounding areas. With respect to water
resource allocation, two zones are distinguished in the study region:

1/ In the first zone, canal water is of low salinity ("fresh water”) and can be used for
irrigation of the relevant agricultural land use types and to some extent, for specific uses.
Water management measures such as expansion of canals can be applied to satisfy the water
demand in this zone.

2/ In the second zone, the salinity of canal water exceeds the frrigation criterion for
agriculure. Irrigation of rice and upland crops with this water would cause yield reductions
as calculated in sub-model {3]. However, canal water is also used for other purposes such as
irrigation of scattered trees and forests, fisheries (shrimps) ponds, receds and sedges in
uncultivated land. Fresh water is only supplied for specific uses and originates from other
sources, such as rain water storage or groundwater.
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8)

+ Data on Penman potential evapotranspiration and rainfall at two and four stations,
respectively [NEDECO, 1991¢) (File CLIMATE.S08 in Appendix S8).

An example in the real world: Sub-model 8

The main steps in the sequence of calculations are (Fig. 104):

Figure 104: Sequence of calculations for water demand.

| Start calculations of water demand |

¥
( Input water demand data |

o

(__Loop for N sub—units )
[ meut selected cropping calendars from [3] |
¥

L nput land uvse areas calculated in Part | I

Calculate water demand for rice a-oes
Cakulata water demand for upland crops

Calculata watar demand for
homaestead garrdens & forests

Calculate watar demand for fisharias ponds
Calculate watar lossas from water surfaces

Output water demand

[ Eng sub—model ted |

Input waiter demand data: data required for water demand calculations comprise:

Codes of climatic stations pertaining to each sub-unit (File SUBUSTAT.S08 in Appendix
58) defined by applying the Thiessen method [Chow et al., 1988).

Water demand characteristics: crop factors for rice crops. upland crops, perennial trees
and forests, and grass in uncultivated land, evaporation from surface water in canals and
rivers, replenishment water for fisheries ponds, and water demand for specific uses
(domestic use, industry, public use, etc.) {File DEMAND.S08 in Appendix S8).
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9) Loop for N selected years, then

Loop for N sub-units: only data for selected steps in certain years are calculated and
transferred to the hydraulic and salinity model.

9.1} Input selected cropping calendars from sub-model [3].
9.2) Input land use areas calculated in Part I of this sub-model.
9.3) Loop for N selected time steps:
9.3a) Input water salinity from sub-model [2].
9.3b) Calculate water demand for rice land use types: the FAQO method [Brouwer &
Heibloem (1986), Doorenbos & Pruitt (1992), Smith (1992)] is applied to calculate the irrigation demand

at each time step for each rice land use type:

IRR (t,lut) = Kc(t,lut} * ETo(t) + Perc ~ [P(t) * Pe] + Sat(t.,lut) + [WLa(t,lut)/ 2]
where: IRR(t,lut)

]

irrigation demand {(m) at time step (t);

Ke(tjut) = crop factor for rice;

ETo(t) = reference crop evapotranspiration (m);

Perc = percolation (m);

P(t) = rainfall (m);

Pe = effective rainfall coefficient;

Sat(t,lut) = amount of water (in) needed to saturate the soil for land preparation
in the initial time step.
For other time steps, Sat(t,lut) = 0;

WLaitJut) = water layer (m) established during the two steps following the initial

step. For other time steps, WL(t,lut) = 0.
Total water demand for rice land use types is:

WDRice (s,y,t) = [N;:m(IRR (t,lut) * Area(s,y,Jut))] * IRRe

lui=1

where: WDRice(s,y.t) water demand (m?®) for rice land use types in time step (1);

Area(s,yJut) = area (m?) of rice land use type as calculated in Part I;
NRice = number of rice land use types;
IRRe = 1irrigation efficiency.

9.3c) Calculate water demand for upland crops (WDUpland(s,y,t): the equations applied
for rice are also used for sugarcane, pineapple and beans, except that the water layer WL(t,lut)
is not needed.

9.3d) Calculate water demand for homestead gardens and forests (WDForest(s,y,t)):
calculations similar to those for rice land use types are applied, except that water for saturation
Sat(t,lut) and the water layer WL(t,lut} is not needed.
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An example in the real world: Sub-model 8

9.3e} Calculate water losses from uncultivated land (WL.Uncul(s,y.t)): uncultivated land
is covered by reeds and sedges. Calculations similar to those for homestead gardens and
forests are applied.

9.3f) Calculate water demand for fisheries ponds: water demand for fisheries ponds
comprises (wo components: evaporation from surface water and water for regular
replenishment.

NFish

WDFish(s,y,t) = (Evapo(t) + Reple(t)) * ¥ Area(s,y,lut)

Tut=1
where: 'WDFish(s,y,t) water demand (m®) for fisheries ponds in time step (f);

Evapo(t) = evaporation (m) from surface water;

Reple(t) = water for replenishment (m),

NFish = number of land use types of fisheries ponds;

Area(s,ylut) = area (m®) of fisheries (shrimps, prawns or fish) ponds calculated

in Part T of this sub-model.
9.3g) Calculate water losses from water surfaces:

WLoss(s,y,t) = Evapo(t) * Area(s,y,water)

where: WLoss(s,y,t) = total water loss (m®) from water surfaces of canals and rivers in
time step (t);
Area(s,y,water) = area (ha) of water surfaces of canals and rivers.

9.3h) Calculate water demand for specific uses:

WDSpec(s,y,1) = Popu(s,y) * SWR(y)

where: WDSpec(s,y.t)

Popu(s,y)
SWR(y)

water demand {m’) in time step (t);

population (persons);

standard water requirement (m*/capita). Different standards are
applied for the urban and the rural population.

L |

9.3i)  Calculate total fresh water demand: if water salinity in the sub-unit is below the
salinity threshold for irrigation:

TotWD(s,y,t) = WDRice(s,y,t) + WDUpland (s,y,t) + WEForest (s,y,t) + WLUncul(s,y,t)
+ WDFish(s,y,t) + WDSpec(s,y,t} + WLoss(s,y,t)

otherwise:

TotWD(s,y,t) = WDSpec(s,y,t)
9.3j) Output water demand (File MARI18. W08 in Appendix $8).

10) End of sub-mode! [8], then connect to CAILUP main program as described in 4,59,
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Function: Generate the production from each land use type.

Input data:
<E> Current area of land use type and present population

<1> Interventions in pest and disease control, improvement of input supply
<3> Yields

<8> Area of each land use type.

Output data:
<9> Production of each product.

Calculations:  In the equations in this sub-model, (s,y,lut) refers to land use type (lut) in sub-
unit (s) in year (¥). The main steps in the sequence of calculations are (Fig. 105):

Figure 105; Sequence of calculations in sub-model {9].

| start sub—madel £92 |
_ ¥
Input rules for production cakulations

Calculata production of perannial crops
Calculate production of forasts

| Eno sub-mndael [91 |

1} Start sub-model [9]: as described in 4.58.

2) Input rules for production calculations: rules for production calculations deal with yield
reductions due to the effect of pests and diseases, the level of pests and diseases in each year
during the planning period and yield reductions due to the delay in supplying input materials.
(File PRODRULE.S09 in Appendix S9).

3) Loap for N years, then
Loop for N sub-units:

3.1) Input yields from sub-model [3].
3.2} Input land use areas from sub-model [8).
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An example in the real world: Sub-model 9

3.3} Calculate production of annual crops: production of annual crops such as rice, beans,
shrimps, prawns and fish is:

Prod(s,y,lut) = Arca(s,y,lut) * Yield(s,y,lut) * (1 - PeEff (y,lut)) * (1 - InEff (y,lut))

where: Prod(s,y,lut) = production (tonnes or kg);

Area(s,ylut) = area (ha) from sub-model [8]. For combined crops of rice
with shrimps or prawns, the area of rice crops is reduced by a fraction {(e.g. 0.1),
representing the area of ditches around rice fields;

Yield(s,y,lut) = vyield (tha or kg/ha) from sub-model [3];

PeEff(y,Jut) = a fractional yield reduction due to the effects of pests and
diseases. Three levels of pest incidence (low, medium and high, corresponding
to different yield losses) are considered for different risk analyses (see 3.41);

InEff(y,Jut) = a fractional yield reduction due to a delay in supplying input
materials. This factor reflects a gap between expected (attainable) production
based on yields from sub-model [3] and recorded (actual) yields, and is used as
a spatial-temporal adjustment coefficient during model calibration.

3.4) Calculate production of perennial crops: perennial crops (sugarcane and pineapple), are
harvested annunally. The dynamics of perennial crops is illustrated in Fig. 106.

Figure 106; Exampie of the dynamics of perennial crops.

SITUATION IN YEAR (g — D

Aoer 1 2 3
b i ik B
i ]
Araat 9 ha - 2 + 4 + 3
SITUATION IN YEAR (@) 2 Production in uaar (1
1 First case; increasing ta Nl ha..
Age: aW s N R |
+ 2haxWl +4haxN +S5haxT
fArea: 1 ha = 2 + 4 + 3+2

2. Second case: decreasing o 7 ha or 3 ha or 1 ha..

2a. Aga: 20 31 L Y
TEEN 7 5

5 2haxir +4haxll + 1haxl
Araa: = 2 o+ 4 + 1

Zb.  Age: 2W 1

3

2haxilf +3hax

2

Area: - + + -]
2c.  Aga: 2 1
| ha =W
Arest 1ha = 1 + 8 +
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3.4a) Loop for N years representing the duration of the growth cycle to calculate area
of each age class:

» In the first year, the total area is assumed to be evenly distributed over the age classes:

AArea(s,y,aluty = Area(s,0,lut) / GC(lut)

where: AArea(s,y,a,lut) area (ha) of age class (a);

a age class, varying from (1) to GC(lut);
Area(s,0,lut) = current area (ha) in year §;
GC(lur) = duration (y) of the growth cycle.

» In the other years:

+ Shift the arcas by one age class:

AArea(s,y,alut) = AArea(s,y-1,a-1,lut)

+ Calculate the change in area:

Change(s,y,lut) = Area(s.y,lut) - Area(s,y-1,lut)

where: Change(s,y.lut)
Area(s,y Jut), Areafs,y-1,lut)

change in area from year (y-1) to year (y);
arca (ha) from sub-model [8].

» If the change in area is positive, the crop is replanted in the area of the oldest age class
in year (y-1), i.e. entered in the first age class in year (y) (Case 1 in Fig. 106):

AArea(s,y,1lut) = AArea(s,y-1,GC(lut),Jut) + Change (s,y,lut)

where: AArea(s,y,1,lut) = area (ha) of first age class in year (y);
AArea(s,y-1,GClut),lut) = area (ha) of oldest age class in year (y-1).

= If the change in area is negative, i.e. if land is required for other land use types, the crop
is not replanted (Case 2a in Fig. 106). If the required land exceeds the area of the oldest
age class in year (y-1)*, the required area is assumed to be converted from the next
oldest age class (GC(lut)-1, GC(lur)-2, etc. in year {y-1), until no land is required (Case
2b and 2¢ in Fig. 106).

Although this situation is normally avoided as discussed in 4.67, it still occurs to a limited
extent in the Region.

- 182 -



An example in the real world: Sub-model 9

3.4b) Calculate production: the production of land use types of perennial crops is
caiculated by a formula similar to that for annual crops:
GC(lup)
Prod(s,y,Jut) = X [AArea(s,y.a,lut) * Yield(s,y.a,lut) * (1 - PeEff(y,lur))]

a=]

where: Prod(s.ylut) = production (tonnes);
GC(lut) = duration of the growth cycle (years),
a = age class;
Yield(s,y,a,lut) = yield (t/ha) of age class (a) from sub-model [3];

PeEff(y.lut) fractional vield reduction due to the effects of pests and diseases.

3.5} Calculate production of forests: forests, such as Melaleuca, mangrove or Eucalyptus, are
harvested after a complete growth cycle, except when they are replaced by new plantings.
The dynamics of forests, therefore, is slightly different from those of other perennial crops.
The dynamics of forests is illustrated in Fig. 107.

Figure 107: Example of the dynamics of forests.
SITUATION IN YEAR ¢y — 1 :
fioa: 19 27 3?
] B ]
o
Freat Sha = 2 + 4 + 3
SITUATION IN YEAR <) ¢
1. First case: increasing to fl Da. ? Production in year G :
Age: 2 ? 3 1® 1t
i ol & e A ?
EERAmE " 3 hax
Area: 11 ha = 2 + 4 + 3 +2

2. Second casa: dacreasing to 7 ha or S ha or 1 ha..

2a. Foe 2? 3? g
; 3 ha x?

Araa;

Z2b. FAge:
3 bha x? + 1 ha x?

Area;

2c.  FAger ?
3 ha x +4ha><?+ thax?
Areas 1 ha = T+
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3.5a) Loop for N years representing the duration of the growth cycle to calculare the
harvested area of each age class and youngest harvested age class (HArea(s,y.a,lut) and Ya).
Calculation sequences are similar to those for perennial crops by assuming that:

« In year (v) only forests at the end of their cycle (age class GC(lut) in year y-1) are harvested
and forests are replanted if the area is available (Case 1 in Fig. 107);

« If the land is needed for other land use types, areas harvested are not replanted (Case 2a in
Fig. 107);

« If the required land exceeds the size of the area harvested (see footnote * in 3.4a), the next
oldest age classes GC(lut)-1, GC(lut)-2, etc. in year (y-1) are harvested successively until
the requirement is satisfied. The youngest harvested age class (Ya} is the age of oldest age
class to be harvested in that case;

» Illegal harvest is already included in the change in area from year (y-1) to year (y).

3.5b) Loop for N years representing the duration of the growth cycle to calculate
accumulated volume of each age class:

AVol(s,y,alut) = X Anlnc(s,y-a+ilut)
i=l

where:  AVol(s,y,a,lut) = accurnulated volume (m’ha) in age class (a);
i = year, from (1) to (a);
AnlInc(s,y-a+iut) = annual increment (m’/ha) in year (y-a+i) from sub-model [3].

3.5¢c) Calculate production of forests:
Ya
Prod(s,yut) = £ [HArea(s,y.a,lut) * AVol(s,y.a.lut)]

#=GC(lug)
where:  Prod(s,y,lut) production (m®);

Ya = youngest harvested age class (years) identified in 335a;
CGlut) = duration of the growth cycle (y);
a = age class;

HArea(s,y,a,lut), AVol(s,y,a,lut) as calculated in 3 5¢ and 3.5b.

Nipa palm has been growing or was planted for many years in the Region and is
harvested annually, Therefore, its yield is assumed to be a function of site class estimated in
sub-model [3] and not of age class. Calculations of nipa palm production are identical to
those for annual crops in 3.3).

3.6) Output production dara. (File MARI16.509 in Appendix §9).

4) End of sub-model [9], then connect 1o CAILUP main program as described in 4.59.
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An example in the real world: Sub-model 10

Function: Generate data on volume of products used for different purposes, production of
livestock as by-products from rice production and materials required to support
the selected scenario.

Input data:

<E> Current land use area and present population

<1> Pest and disease control, demand of products per capita, pig and duck raising
<6> Population dynamics

<8> Land use areas in each year

<9>  Production from land use types

Output data:

<10> Volume of products to be processed for local consuinption, exportedfimported from/to
the region, production of pigs and ducks, volume of materials such as fertilizer,
pesticides, fuel, etc. required for the selected scenario,

Calculations: In the equations in this sub-model, (s,y,lut,p) refers to product (p) and land
use type (lut) in year (y) and in sub-unit (s). The main steps in the sequence of calculations
are (Fig. 108):

Figure 108: Sequence of calculations in sub-model [10].

| Start sub—mode) C10] I

| mput rules for supplementary interventions |
¥

[ Input rules for praduction cakulations |
¥

|Inpuf consthruction schadula B requirad sluicasJ

mput land use areas from [8]

Input praduction from [97

Calculate age dizstribution of parannial crops

Calculate fuel damand

Calculate demand of fisheries seeds

| End sub—-model 103 |
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1) Start sub-model [10]: as described in 4.58.

2) Input rules for supplementary interventions: rules for supplementary interventions deal
with the demand for primary products per capita, post-harvest losses, quantity of by-products
from rice production, etc.; (File SUPPRULE.S10 in Appendix S10),

3) Input rules for production calculations: Pest and desease incidence levels in each year
during the planning period are needed for calculations of pesticide demand (File
PRODRULE.S(? in Appendix $9).

4} Input construction schedule and required sluices: these data are needed to specify the
‘without’ or ‘with’ case in the calculatons of demand of input materials (Files
CONSTRUC.SCH and SUBUNODE.S02 in Appendix S2).

5) Loop for N years, then
Loop for N sub-units:

5.1) Input population from sub-model [6].
5.2) Input land use areas from sub-model [8].
5.3} Input production of each product from sub-model [9].

5.4) Calculate the age distribution of perennial crops: as different amounts of fertilizers are
used for perennial crops of different ages, calculations as in sub-model [9] (see 4.68) are
applied to calculate the age distribution of these crops.

5.5) Calculate the volume of products used for different purposes: products from the region
are used for two major purposes: local consumption (in each sub-unit or in the Region) and
export. Export here means transported out of the sub-unit for redistribution in the Region
(export at sub-unit level), or out of the Region for redistribution in the country and for export
to other countries (export on regional basis). If the demand for certain products in a sub-unit
is higher than the supply, import is needed. Import here means transported from outside the
sub-unit, possibly from other sub-units, or from other regions in the country or from other
countries.

Four characteristics are calculated for main products such as rice, sugarcane,
pineapple, wood, shrimps, prawns and fish: total production, local consumption and
praoduction of by-products, imported/exported volume, and redistributed volume within the
regiomn.

1/ Calculation of total production:
» For rice, beans, shrimps, prawns, fish and wood (Melaleuca, mangrove and Eucalyptus):
NPp
TotProd(s,y,p) = [ £ Prod(s,y,lut)] * [1 - PoLoss(y.p) ]
lue=1

where: TotProd(s.y,p) = total production (tonnes, kg or m’),
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An example in the real world: Sub-model 10

NPp = number of land use types producing a certain product (p);
Prod(s,y,Jut) = production (tonnes, kg or m®) from sub-model [9};
PoLoss(y,p) = {fraction of post-harvest losses in total production.

» For sugarcane, pineapple and nipa palm:
TotProd(s,y.p) = Prod(s,y,lut)] = [1 - PoLoss(y,p)]

where: TotProd(s,y.p)
Prod(s,y,lut)
PoLoss(y.p)

total praduction (tonnes or number of leaves);
production (tonnes or leaves) from sub-model [9];
fraction of post-harvest losses in total production.

2/ Calculation of local consumption and production of by-products: the general equation
applied for all products is:

PopuCon(s,y,p) = Popu(s,y) *» Demand(y,p)

where: PopuCon(s,y,p)

Popu(s,y)
Demand(y,p)

consumption (tonnes, kg or m®) of the local population;
population (persons) from sub-model [6];
demand (t/capita, kg/capita or m’/capita)

o

For products other than rice, PopuCon(s,y,p} is the total local consumption
LocCon(s,y,p). Rice is not only used for human consumption, hence additional calculations
are required:

» The local population uses the major part (approximately 85%) of the rice unsuitable for
human consumption {locally called ‘bad’ rice), broken rice and bran, for pig raising.
Therefore pork is considered a main by-product, closely related to rice production [Sub-NIAPP,
1992]. The remainder is used for activities such as raising chickens, ducks, fish in ponds, etc.

RicePig (s,y) = TotProd(s,y,rice) » (UnFract + BkFract + BrFract)
TotProd(s,y,pig) = RicePig(s.y) * RicePigProp / PigFact
where: RicePig(s,y) = rice (tonnes)} for pig raising and other similar activities;
TotProd(s,y,rice) = total rice production (tonnes);
UnFract = fraction of ‘bad’ rice,
BkFract = fraction of broken rice;
BrFract = fraction of bran;
TotProd(s,y,pig) = total production (tonnes) of pork;
RicePigProp = proportion of ‘bad’ and broken rice, and bran used for pig
raising;
PigFact = conversion factor (tonnes of rice per tonne of pork).

» Rice for pigs and other activities is added to local human consumption:
LocCon(s,y,rice) = PopuCon(s,y,rice) + RicePig(s,y)

where: LocCon{s,y.rice) = total local consurnption of rice (tonnes).
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» Duck is another main by-product from rice production [Sub-NIAPP, 1992). Young ducks are
fed at the farm till up to 30 days of age, then released in newly harvested rice fields to eat the
residual rice and clearing the fields from insects. Obviously, rice cultivation combined with
shrimps or prawns cannot be combined with duck rearing.

NRice NRxecFish
NDuck(s,y) = |( X Area(s,yJut)) -( X Area(s,y,lut)) | * DuckRate * DuckProp
lut=1 lut=1

TotProd (s,y,duck) = NDuck(s,y) * DuckWeight
where: NDuck(s,y) number of ducks (animals),

NRice = number of rice land use types;

Area(s,y.lut) = area (ha) from sub-model [8];

NRiceFish = number of shrimp-rice and prawn-rice land use types;
DuckRate = number of ducks (animals) per hectare of rice fields;
DuckProp = proportion of rice fields having duck raising.
TotProd(s,y.duck) = total production (tonnes) of duck;

DuckWeight = average weight (tonnes) per duck.

3/ Calculation of imported/exported volume:
ImExVol (s,y,p) = TotProd(s,y,p) - LocCon(s,y.p)

where: ImExVol(s,y,p) = imported/exported volume (tonnes, kg or m’),

If the value is positive, products are exported; in the reverse case, import is needed
to satisfy local demands. Tmported/exported volume toffrom the Region is calculated by
aggregating data of all sub-units.

Production of nipa palm, currently used as construction material for housing, is
negatively affected by the protection against salt water intrusion, therefore alternative materials
should be supplied. The production gap, compared 1o the ‘without” situation (i.e. a constant
production equal to that in year 0) is caiculated each year:

Nipal.oss(s,y) = TotProd(s,0,nipa) - TotProd (s,v,nipa)

where: Nipal.oss(s,y) = losses {(number of leaves) in production of nipa palm;
TotProd(s.0,nipa), TotProd(s,y,nipa) = total production (leaves) of nipa palm
in year () and year (y), respectively, as calculated in 1/,

5.6) Calculate pesticide demand. annual pesticide demand per sub-unit is the sum of
pesticide demand for each agricultural crop defined as a function of the levels of pest
incidence in each year:

NALut

PestDem(s,y) = X [Area(s,y,lut) * Pestlla(PestLevel(y),lut))

lut=1

where: PestDem(s,y) = pesticide demand (kg);
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NALut = number of agricultural land use types;

Area(s,y,lut) = area (ha) from sub-model [8];

PestHa(PestLevel(y),Jut) = pesticide demand (kg) per ha corresponding to level
of pest incidence;

PestLevel(y) = pest incidence as used in sub-model [9].

5.7} Calculate fertilizer demand: as under modified water conditions after construction of the
main sluices, fertilizer application to agricultural crops changes, ‘without” and ‘with’ cases are
distinguished in calculating fertilizer demand.

NP
FerDem(s,y) = Y [Area (s,y,lut) * FerHa(wm,lut)]

lut=1

where: FerDem(s,y) fertilizer demand (tonnes);

NP = number of productive land use types;

Area(s,ylut) = area (ha) from sub-model [8];

FerHa(wm,lut) = fertilizer demand (tonnes) per hectare per water management
situation;

wm = water management case (‘without’ or ‘with’® new water

management Systemt).

5.8) Calculate fuel demand: demand for fuel, the main energy source for cultivation {(e.g. for
water pumping, threshing, etc.), is assumed identical for the ‘without’ and ‘with’ cases and
is estimnated for all crops.

NP
FuelDem(s,y) = X [Area(s,y,lut) * FuelHa(lut)]

Jut=1
where: FuelDem(s,y) = fuel demand (litres);
FuelHagtut) = fuel demand (litres) per hectare.

5.9) Calculate demand of fisheries seeds from hacheries: in addition to natural seeds
originating from canals and rivers, seeds from hatcheries are needed for fisheries ponds:
NFish

SeedDem(s,y) = X [Area(s,y,lut) * SeedHa(lut)]

Tut=1
total seed demand (number of seeds) from hacheries;
number of aquacultural land use types;
seed demand (number of seeds) from hacheries per hectare.

where:  SeedDem(s,y)
NFish
SeedHaluc)

([T

3.10) Ouwpur dara on supplementary interventions (Files MARI18.P10, MARI18.E10,
MARI18.F10, MARI18.U10 in Appendix S10).

6} End of sub-model [10], then connect to CAILUP main program as described in 4.59.
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Function: Estimate economic and financial indicators of the selected scenario at regional
level.

Input data:

<E> Current land use areas and present population

<1> Modified prices, taxes, operation and maintenance costs, administrative costs, etc.
<8> Land use areas and land use conversion in each year

<9> Production from land use types

<10> Total production of by-products

Output data;
<11> Economic or financial indicators at regional level

Discussion on_sub-model [11] for the Quan Lo Phung Hiep region:

1/ This sub-model is based on economic analysis for water management projects and
generates:

» Economic indicators to assess the economic return from investment in water management.
Opportunity costs and economic prices are applied in estimating costs of all activities and
revenues from the production of all products;

» Financial data to analyze the allocation of budgets during the planning period, an option
in application of this sub-model. In this case, financial prices are applied.

2/ The outputs from the economic calculations are generated for two situations: ‘without
processing” and ‘with processing’ of products (see 4.31) and for two areas: the Region and
the Inside (see 4.35).

Calculations: In the equations in this sub-model, (s,y.lut,p} refers to sub-unit (s) in year (y)
for land use type (lut) and product {(p).

The main steps in the sequence of calculations are (Fig. 109):

1) Start sub-model [11): as described in 4.58.

2) Input rules for economic calculations: rules in economic calculations at regional level deal
with costs of all components of the water management system, costs of mitigation, cultivation
costs and prices of products (File ECORULE S11 in Appendix S§11).

3) Input rules for supplementary interventions: post-harvest losses as used in sub-model [10]
are applied (File SUPPRULE.S10 in Appendix S$10).

4} Input construction schedule and required sluices: these data are needed to specify the
‘without’ or ‘with’ case in the calculations of costs (Files CONSTRUC.SCH and
SUBUNODE.S02 in Appendix §2).
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Figure 109: Sequence of calculations in sub-model [11].

[ 8tart sub—madel £ |
[ Input rules for -:f:rmmil: calculations I
I nput rulaes for suppl:mnnflrg nterventions I
Ihpu‘l' construction :che;ule 2. raquired sluicesl
I Input current 'l:nd uUse aress |

Ineut land use araas 8 conversion from 8
Input praductian from £9] i

Input total production of main products
& bu—products F

[A h ]
Calculata costs of land use convarsion

Calculate construction costs

for plo & duck raisnog

Calculata total productiaon
after post-harvast losses

Calculata gross benafits from land usa

ulate annual incremental costs & benatits

| Calculate economic indicators ]
L ]
I Outeut economic data at regional leuveal ]
¥
[ Eng sub—madel om |

3} Input current land use areas (File EXISTING.S03 in Appendix S3).
6) Loop for N years

6.1) Calculate annual costs of the water management system: the water management system
consists of:

1} Main sluices for protection against salt water intrusion;

ii) Main canals for irrigation and drainage, including canals for extracting fresh water from
the Bassac river upstream of the Region. Costs of canals linking to the Bassac river are
shared with the upstream regions;

iii) Secondary canals;

iv) Secondary sluices and on-farm systems;

v) Improvement of rural roads connected with the water management system.
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Costs of each component (¢} in year (y) consist of:

Cons(y,c) = TotCons(c) / NConsYear(c)

where: Cons(y.c)

annual construction costs (US$) during the construction period
of component (c).

Outside of this period, Cons(y,c) = 0;

total construction costs (US$);

number of years of construction period.

TotCons(c)
NConsYear(c)

¥
O&M(y,c) = [ XCons(tc) | *» O&MRatio(c)
tul
where:  O&M(y,c)
t
O&MRatio(c)

annual operation and maintenance costs (US$);
year number from the initial year of the construction period;
ratio of annual O&M costs to annual construction costs.

Rep(y.c) = | Ey: Cons{t.c) ] * RepRatio(c)
t-l

where: Rep(y,c)
t
RepRatio(c)

annual replacement costs (UUS$);
year number from the initial year of the construction period;
ratio of annual replacement costs to annual construction costs.

Adm(y,c) = O&M(y.c) * AdmRatio(c)

where: Adm(y.c)
AdmRatio(c)

annual administrative costs (US$);
ratio of annual administrative cosis to annual O&M costs.

For main sluices, O&M, replacement anc_l administrative costs are only incurred after
the construction has been completed, while for other components, they are incurred
immediately after the start of the construction.

6.2) Calculate costs of mitigation:
1} Mitigation costs for the transportation system comprise costs for:

» Additional excavation to maintain the present navigation capacity of canals in the Inside,
as the new water management systemn results in lower water levels in these canals.

» Construction of a transitional port at Ca Mau to maintain the access to the Region
throngh the Quan Lo - Phung Hiep canal which will be blocked by a main sluice.

» Protecting the highway along canals downstream of the main sluices since closing of
these sluices causes higher water levels in these canal sections during flood tide.

These items are considered integral components of the water management system. Their costs
are also separated into construction, O&M, replacement and administrative costs.

ii)) Mitigation for losses in nipa palm production: the shadow price of nipa palm leaves is
applied in calculation of the economic losses in nipa palm production due to the construction
of the new water management system,
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where:

An example in the real world: Sub-model 11

NSub
NipaCost(y) = X [NipaLoss(s,y) * LeafPrice ]

s=1

NipaCost(y) = cost (US$) of mitigation for nipa palm losses;
NSub = pumber of sub-units in the Region;
NipalLoss(s,y} = number of lost leaves from sub-model [10];
LeafPrice = price (US$) per nipa palm leaf, calculated as:

LeafPrice = HouseCost/NLHouse

HouseCost
NLHouse

costs (USS) of substitute materials for housing;
number of nipa palm leaves per house.

6.3) Loop for N sub-units:

6.3a) Input land use areas and land use conversion from sub-model [8].

6.36) Input production from each land use type from sub-model [9].

6.3c) Input total production of main products and by-products from sub-model [10].

6.3d} Caiculate costs of land use conversion: conversion costs for each land use type are
estimated for a base case of converston from uncultivated land. An adjustment coefficient is
applied for the conversion from other land use types (File ECORULE.S11 in Appendix S11).

where:

NP

NP
Conv(s,y) = E [ ¥ (ConvArea(s,y,i,lut) * ConvHa(lut) * AdjCoeff {i,lut))]

n=1 1=1

Conv(s,y) = conversion costs (US$);

NP = number of productive land use types;

ConvArea(s,y,iJut) = area (ha) converted from land use type (i) to (lut);

ConvHa(lut) = conversion costs (US$/ha) from uncultivated land to land
use type (lut);

AdjCoeff(i,lut) = adjustment coefficient for conversion from land use type (i)

to land use type (lut).

6.3e) Calculate construction costs for pig and duck raising.

where:

PDCons(5,y) = [TotProd(s,y.pig) - TotProd{s,y-1,pig)] » PigCons
+ [ TotProd (s,y.duck) - TotProd (s,y-1,duck)} * DuckCons

PDCons(s,y) = construction costs (US$) for pig and duck raising;
TotProd(s,y,pig), TotProd(s,y-1,pig), TotProd(s,y,duck) and TotProd(s,y-1,duck)

= total production (tonnes) of pigs and ducks in year (y)
and year (y-1), respectively, from sub-model [10];
construction costs (US$) per tonne of meat for pig and
duck raising, respectively.

PigCons, DuckCons
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6.3f) Calculate operation costs for cultivation:
» Operation costs for land use types with annual crops:
NPA
AOpe(s,y) = X [Area(s,y.lut) » OpeHa(wm.lut)]
lut=1

where:  AOpe(s,y) operation costs (US$) for annual crops;

NPA = number of land use types of annual crops;

Area(s,y,lut) = area (ha) from sub-model [8];

OpeHa(wm,lut) = operation costs (US$) per hectare;

wim = water management case {*without’ or ‘with’ construction of the

new water management system),

» Annual operation costs for land use types with perennial crops and forests: since different
operation costs can be applied for perennial crops (sugarcane, pineapple) and forests of
different ages, the area of these crops is subdivided according to age classes, as calculated in
sub-model [9] (see 4.68).

NPPF  GC(lut)
POpe(s,y) = ¥, [ ¥ (Area(s,y.alut) » OpcHa(wm.a,lut))]
lut=1 a=l

where: POpe(s,y) operation costs (US$) for perennial crops and forests;

NPFF = number of land use types for perennial crops and forests;
GC(lut) = duration (y) of the growth cycle;

a = age class;

Area(s,y.a,lut) = area (ha) of age class (a) from sub-model [9];
OpeHa(wm,a,lut) = operation costs (US$) per hectare for age class (a);

wm = Water management case.

» Operation costs for pig and duck raising:

PDOpe(s.y) = [TotProd (s.y,pig) * OpePig] + [ TotProd (s,y.duck) * OpeDuck]

where:  PDOpe(s.y) = operation costs {USS) for pig and duck raising;
TotProd(s,y,pig), TotProd(s,y,duck) = total production (tonnes) of pig and duck
from sub-model [10];
OpePig, OpeDuck = operation costs (US$) per tonne meat of pigs and ducks,
respectively.

6.3g) Calculate working capital for land use:

» Working capital is estimated as a fraction of the operation costs and also depends on land
use conversion:
NE

NP
WCap(s,y) = Y. [Z(ConvArea(s,y.i,lut) * Diff (wm,i,lur))]

Tu=l =l
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where: WCap(s,y) working capital (US$);

NP = number of productive land use types;

i = land use type;

ConvArea(s,y,i,lut) = area (ha) converted from land use type (i) to land use type
(lut);

wm = waler management case;

Diff(wm,i,lut) = difference in working capital (US$) per ha between land

use type (i) and land use type (lut), calculated as:

Diff (wm,i,lut) = [OpeHa(wm,lut) * Fract(lut)] - [OpeHa{wm,i) * Fract(i)}

where:  OpeHa(wm,lut), OpeHa(wm,1) = operation costs (US$) per ha of land use types
(lut) and (i), respectively. If land use conversion includes
perennial crops, OpeHa(wm, 1,lut) and/or OpeHa(wm, 1,i} in
the first year of the growth cycle are used;
Fract(lut), Fract(i) = working capital as a fraction of operation costs for land use
type (lut) and (i), respectively.

Working capital of a land use type, therefore, can be negative in a certain year if land
is converled from a type with high working capital to another with low working capital.

» Working capital for pig and duck raising:

PDWCap(s,y) = [(TotProd(s,y,pig) - TotProd (s,y-1,pig)) * OpePig *Fract(pig)]
+ [(TotProd (s,y,duck) - TotProd (s,y-1.duck) ) * OpeDuck *Fract(duck)]

where: PDWCap(s,y) = annual operation costs (US$) for pig and duck raising;
TotProd(s,y.pig), TotPrad(s,y-1,pig), TotProd(s,y.duck) and TotProd(s,y-1,duck)

= total production (tonnes) of pigs and ducks in year (¥)
and year (y-1);
operation costs (US$) per tonne meat of pigs and ducks,
Tespectively;
working capital as a fraction of operation costs for pig
and duck raising, respectively.

OpePig, OpeDuck

Fract(pig), Fract(duck)

» Aggregated working capital during the planning period, if positive, is assumed to be
recovered by the end of the planning period.

6.3h) Calculate total production afier post-harvest losses: calculations identical to those in
sub-model [10] (see 4.69) are carried out to calculate total production of each product after
post-harvest losses (TotProd(s,y.p)) from production of each land use type generated in sub-
model [9].
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6.3i) Calculate gross benefits: gross benefits are calculated for two situations:

» ‘Without’ processing:
NProd

GBWo(s,y) = X [TotProd(s,y,p) » FGPrice(p)]

p=1
where: GBWoq(s,y) gross benefits (US$) ‘without” processing;

NProd = mnumber of products;
TotProd(s,y,p) = total production (tonnes, kg or m®) from sub-model [10};
FGPrice(p) = farm-gate price (US$) per tonnes, kg or m’.

» ‘With’ processing:
NProd
GBWi(s,y) = X [TotProd(s,y,p) = ProcFract(p) * ProcPrice (p)]

where: GBWi(s,y) gross benefits (US$) ‘with’ processing;

NProd = number of products;

TotProd(s,y,p) = total production (tonnes, kg or m®) as calculated in 6.34;
ProcFract(p) = fraction of processed product in total production;
ProcPrice(p) = price (US$) per tonne, kg or m? of processed product.

ProcCost(s,y) = Nglmi[TotProd(s,y,p) * ProcUnit(p)]
p=1

where: ProcCost(s,y) processing costs (US$);

NProd = number of products;
TotProd(s,y,p) = total production (tonnes, kg or m®) from sub-model [10];
ProcUnit(p) = processing costs (US$) per unit of original product.

6.4) Calculate annual incremental costs and benefits

»  “Without’ processing:

NC
CostWo(y) = [E(Cons(y.c) + O&M(y.c) + Rep(y.c) + Adm(y,c))] + [ NipaCost(y)]

c=1
NSub

+[ X (Conv (s,y) + PDCons (s,y) +AOpe(s,y) + POpe(s.y) + PDOpe (s.y)
+ WCap(s,y) + PDWCap(s,y))]

total costs (US$) of the selected scenario *without” processing;
number of components in the new water management system,
including mitigation for transport;

c = component in the new water management system,

Cons(y,c), O&M(y.c), Rep(y.c) and Adm(y.c) as calculated in 6.1 and 6.2.
NipaCost(y)  as calculated in 6.2;

NSub = number of sub-units in the Region;

Conv(s,y), PDCons(s.y), AOpe(s.y), POpe(s,y), PDOpe(s,y), WCap(s,y) and
PDWCap(s,y) as calculated in 6.3d, 6.3¢, 6.3f and 6.3g.

where: CostWo(y)
NC
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» ‘With’ processing:
NSub

CostWi(y) = CostWo(y) + X ProcCost(s,y)

s=1
where: CostWi(y) = total costs (US$) of the selected scenario ‘with’ processing;
ProcCost(s,y) as calculated in 6.3i.

» All costs and benefits are calculated for a base case (‘without’ construction of the new
water management systern (see 4.40)) before performing calculations for the selected scenario.
Then:

IncCostWo(y) = CostWo(y) - CostWoBase (y)

where: IncCostWo(y)
CostWoBase(y)

= incremental costs (US$) ‘without’ processing;
= total costs (US$) for the base case ‘without’ processing.
NSub NSub
IncGBWo(y) = X [GBWo(s,y)] - ¥ [GBWoBase(s,y)]
5=l sml
where: IncGBWo(y) incremental gross benefits (US$) ‘without” processing;
GBWaoBase(s.y) gross benefits (USS$) for the base case ‘without’ processing.

IncNBWo(y) = IncGBWo(y) - IncCostWo(y))

where: IncNBWol(y) = incremental net benefits (US3$) ‘without’ processing.

» Similar calculations are applied for the ‘with’ processing situation.

7) Calculate economic indicators for the selected scengrio: indicators are calculated with
various discount rates for two situations: ‘without’ processing and ‘with’ processing and for
two arcas: the Region as a whole and the Inside.

Ng(lncNBWO (y)/(1 +DRY)

NPV =
y=1

NY NY
B/Cratio = [ Z (IncGBWa(y)/ {1 +DRY)] /[ X (IncCostWo(y)/ (1 + DRY)]

y=l y=1

NY T-1
N/K ratio = [ X (IncNBWo(y) /(1 + DRY)] /[ X (IncNBWo(y) / (1 + DRY)]

y=T y=1

NY
IRR = DR with [ X (IncNBWo(y)/(1 +DR)")] = 0
yu=l
FY
PB = The first year FY when [ X IncNBWo(y)] > 0
y=l
where: NPV = net present value (US$) of the selected scenario;

B/C ratio = benefit-cost ratio;
N/K ratio = net benefit-investment ratio;
IRR = internal rate of return;
PB = payback period;
NY = number of years in the planning period;
IncNBWo(y), IncGBWo(y) and IncCostWo(y) as calculated in 6.4;
DR = discount rate;
T = year when incremental net benefits IncNBWo(y) have turned positive.
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NPV, IRR and B/C ratio are often used in economic analysis of investment projects,
and N/K ratio can be used for ranking the projects [Giuinger, 1982]. The payback period is not
a convenient indicator for the assessment of water management projects because it is an
undiscounted measure of project worth and earnings after the payback period has not been
taken into account [Gittinger, 1982). Despite these disadvantages, it is often used by local
authorities, in particular in financial analysis.

8) Output economic data at regional level: (Files MARIL1.S11 and MARI12.811 in Appendix
S511).

9) End of sub-mode! [11], then connect to CAILUP main program as described in 4.59,

Function: Estimate per capita income and production, and employment generated from land
use in the region.

Input data:

<E> Current land use areas

<l> Number of working days per labourer, labour requirements for land use, etc.
<3> Selected cropping calendars

<6> Population dynamics and labour force

<8> Land use areas and land use conversion in each year

<9>  Production from land use types

<10> Production of by-products

<11> Costs and benefits in land use

Qutput data:
<12> Socio-economic indicators at sub-unit level and at regional level.

Discussion on_sub-model [12) for the Quan Lo Phung Hiep region:

1/ Distribution of income, production of rice and employment generation are major socio-
economic issues related to land use in the region. Income and production per capita are
calculated at sub-unit level and compared to the averages for the Region as a whole.

2/ Employment is balanced with labour force available for land use. Employment is
calculated per production system for two types of labourer: skilled and unskilted. Education
programmes will be needed as a supplementary intervention, if the demand for skilled labourer
for a certain crop exceeds the supply, in particular after construction of the new water
management system,
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Calculations: in the equations in this sub-model, (s,y.t,lut,p)} refers to sub-unit(s) in year (y)
at time step () of land use type (lut) and product (p).

The main steps in the sequence of calculations are (Fig. 110):

Figure 110: Sequence of calculations in sub-model [12].

| Start sub—model 121 |
-

[ wput rules for socio—aconomic calcutations |
¥

|_ Input construction schadule £ raqused shvices ]
¥

[ Input current land use aroas |

Input population & labour force from L6]

ln Tand ar‘e conuver-sion from L8]

Input production of bu—-products fr-om [18]
Input costa & benefits from Ci11]

Calcuvlata indicator af product distribuotion
(_ Loop for H tina staps )

Balance labour supply 8 damand
at each time step

Balancae labowr =upply & demand
an anl 1 basis

Output socio—aconomic data at ragional lavel

rEnd sub—modeal C12] '

1} Start sub-model [12]: as described in 4.58.

2) Input rules for socio-economic calculations: rules in socio-economic calculations at
regional level refer to number of working days per labourer, labour requirements for land use
conversion and cultivation, etc. (File SOCIRULE.S12 in Appendix S$12).

3) Input construction schedule and required sluices: these data are needed to identify the
‘without” or ‘with” cases to be applied in calculations of labour requirements (Files
CONSTRUC.SCH and SUBUNODE.S02 in Appendix $S2).

4) Input current land use areas (File EXISTING.S03 in Appendix §3).
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5) Loop for N years:
5.1) Loop for N sub-units:
S.1a) Input selected cropping calendars from sub-model [3].
5.1b} Input population and labour force from sub-model [6].
S.Ic} Inpur land use areas and land use conversion from sub-model [8].
S5.1d) Input production from sub-model [9].
5.1¢) Input production of by-products from sub-model [10];
5.1f) Input costs and benefits from sub-model [11].

5.1g) Calculate annual income per capita: annual income per capita in each sub-unit and
its ratio to average income in the Region (as a measure of income distribution) are calculated
for both, ‘without’ and ‘with processing’.
» Income per capita ‘without’ processing:
IncWo(s,y) = [(GBWo(s,y) - CostWo(s,y)] / Popu(s,y)

where: IncWo(s,y) income (US$) per capita ‘without’ processing;

GBWo(s,y) = gross benefits (US$) ‘without’ processing from sub-model [11];
Popu(s.y) = population (persons) from sub-model [6];
CostWo(s,y) = total costs (US$) ‘without’ processing, calculated as:

CostWol(s,y) = Conv(s,y) + PDCons(s,y) + AOpe(s,y) + POpe(s,y) + PDOpe(s,y)
+ WCap(s,y) + PDWCap(s,y)

where: Conv(s,y) costs (US$) of land use conversion from sub-model [11);

PDCons(s,y) construction costs (US$) for pig and duck raising from sub-
modet [11};

AOpe(s,y) = operation costs (US$) for annual crops from sub-model [11];

POpe(s,y) = operation costs {US$) for perennial crops and forests from sub-
model [11];

PDOpe(s.y) = operation costs (US$) for pig and duck raising from sub-model
[113;

WCap(s,y) = working capital (US$) for cultivation from sub-model [11];

PDWCap(s,y) = working capital (US$) for pig and duck raising from sub-model

(111
» Income per capita ‘with’ processing:
IncWils,y) = [GBWi(s,y) - (CostWo(s,y) + ProcCost(s,y))]/ Popu(s.y)

where:  IncWi(s,y) income (US$) per capita ‘with® processing;

GBWi(s,y) = gross benefits (US$) ‘with’ processing from sub-model [11];
ProcCost(s,y) = processing costs (US$) from sub-model [11].
Popu(s.y) = population (persons) from sub-model [6].
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5.1k) Calcnlate indicator of product distribution: calculations identical 1o those in sub-
model [10] are carried out (see 4.69) to calculate total production of each product after post-
harvest losses (TotProd(s,y,p)) from production of each land use type, generated by sub-model
[91. The ratio of production per capita in each sub-unit to the average for the Region is used
to illustrated the distribution of a product in the Region:

TotProd(s,y,p) f Popu (s,y)
NSub NSuly

[ £ TotProd(,y.p1/[ F Popu (i,y)]
=l =1

ProdRatio(s,y,p) =

where: ProdRatio(s,y,p)

ratio of production (p) per capita in sub-unit (s) to the average
in the Region,

TotProd(s,y,p) = total production (tonnes, kg or m’);
Popu(s,y) = population {persons) from sub-model [6];
NSub = number of sub-units in the Region;

i sub-unit.

5.1i) Loop for N time steps to balance labour supply and demand at each time step: the
following calculations are applied for both skilled and unskilled labour.

1i Calculate labour requirements for land use conversion: the number of labour-daystha
required for land use conversion from any given land use type to another, is given in a matrix
(File SOCIRULE.S12 in Appendix $12). For each time step during the land use conversion
period (usually at the beginning and the end of the rainy season), labour requirements for land
use conversion are calculated:

NP NP
ConvLab(s,y.t) = X [X(ConvArca(s,y,iut) * ConvHa(,lut)}1/NTT (lut)
lut=l i=1
where: ConvLab(s,y,t) = labour requirements (labour-days) for land use conversion;
t = time step in the period when conversion to land use type

(lut) is possible;

NP = number of productive land use types;

ConvArea(s,y,iJut) = area (ha) converted from land use type (i) to (lut) from sub-
model [8];

ConvHa(i,lut) = labour requirements (labour-days) per ha for conversion
from land use type (i) to (lut);

NTT(lut) = number of time steps in the conversion period.

2! Calculate labour requirements for land use operations:

» Labour requirements for operation of annual crops:

NPA
AQOpeLab(s,y,t) = ¥ [Area(s,y,lut) * Opel.abHa (wm,t,lut))

lut=1

where: AOpeLab(s,y,t) = labour requirements (labour-days) for operation of annual
Crops;
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t = time step in selected cropping calendar of land use type
(lut) from sub-model [3];

NPA = number of land use types of annual crops;

Area(s,y,lut) = area (ha) of land use type {lut) from sub-model [8];

OpeLabHa(wm,t,lut) = labour requirements (labour-days) per hectare for
operation in time step (t);

wm = water management case (“without’ or ‘with’ new water
management system).

» Labour requirements for operation of perennial crops and forests:

NPFF GO(lut)
POpeLab(s,y.x) = E [ ¥ (Area(s,y.alut) * OpelabHa(wm,a,tlut))]
lut=t a=l

where: POpeLab(s,y.t) labour requirements (labour-days) for perennial crops and

forests,

NPPF = number of land use types for perennial crops and forests;

GC(lut) = duration (y) of the growth cycle;

a = age class;

Area(s,y,a,lut) = area (ha) of age class (a) of land use type (lut) as
calculated in sub-model [9];

OpeLabHa(wm,a,tlut) = labour requirements (labour-days) per hectare for

operation in time step (t) of age class (a).

» Labour requirements for pig and duck raising:

PDLab(s,y,t) = [TotProd(s,y,pig) * LabPig] + [ TotProd(s,y.duck) * LabDuck]

where: PDLab(s,y.1) = labour requircments (labour-days) for pig and duck raising;
TotProd(s,y,pig), TotProd(s,y.duck) = total production (tonnes) of pigs and ducks,
respectively;
LabPig, LabDuck = labour requirements (labour-days) per tonne of meat for pigs
and ducks.

3/ Balance labour supply and demand in each time step:
LabBal(s,y,t) = [LabForce(s,y) * NDay(t)]
- [ConvLab(s,y,t) + AOpeLab (s,y,t) + POpeLab(s,y.t) + PDLab(s,y,t}]

labour balance (labour-days) in time step (t) (positive value:
surplus, negative value: shortage of labour);

where: LabBal(s,y,t)

LabForce(s,y) = potential lahour force (labourers) engaged in land use from sub-
model [6];
NDay(t) = number of days in time step (t);

ConvLab{s,y,t), AOpeLab(s,y,t), POpeLab(s,y,t) and PDLab(s,y,t) = labour
requirements (labour-days) for each itemn as calculated in 5.7¢ 1/
and 2/,
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5.1j) Balance labour supply and demand on an annual basis:
AnnuLabBal(s,y) = [LabForce (s,y) * NWKDay(y)]
NT

- X[ConvLab(s,y,t) + AOpeLab(s,y,t) + POpeLab(s,y,t} + PDLab(s,y,t)]

t=1

where: AnnulabBal(s,y) = annual labour balance (labour-days) (positive value: surplus,

negative value: shortage of labour);

LabForce(s,y) = potential labour force (labourers) engaged in land use from
sub-model [6];

NWZKDay(y) = number of working days per labourer in a year;

NT = number of time steps in a year;

ConvLab(s,y.t), AOpeLab(s y,t), POpeLab(s,y,t) and PDLab(s,y,t) = labour
requirements (labour-days) for each item calculated in 5.1i.

5.2} Oumput socio-ecoromic data ar regional level: (Files MARI13.112, MARI13.C12 and
MARTI3.E12 in Appendix S12).

6} End of sub-model [12], then connect to CAILUP main program as described in 4.59.

Function: Estimate values of specific environmental impact indicators.

Input data:
<E> Current land use arcas

<1> Standards in water quality for domestic use, level of malaria incidence
<2> Water quality

<3> Selected cropping calendars

<6> Population dynamics

<8> Land use areas in each year

<10> Total pesticide and fertilizer use

Output data:
<13> Values of indicators for specific environmental impacts, required for evaluation of the

selected scenario.

Discussion on sub-model [13] in the Quan Lo Phung Hiep region:

1/ This sub-model deals with specific environmental impacts in the Region, associated
with construction of the new water management system and the associated land use changes.
However, current knowledge is often insufficient for accurate prediction of many
environmental impacts such as changes in properties of certain soil types, effects of pesticide
use on the habitat, changes in aquatic populations due to irrigation, etc. Thematic studies are
required for modeliing these impacts. This sub-model focuses on the impact on human living
conditions.
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Four issues related to environmental impact in the Region are considered:

Due to shortage of fresh water in the region, surface water is used for many purposes.
The local population considers improvement of the water quality for domestic use, in
particular with respect to salinity and pH, an important cbjective. In this sub-model, water
quality is compared with standards to identify the effect of the new water management
systern on the supply of fresh water for domestic use.

Increasing surface water use may cause spreading of waterborne diseases. In this sub-
model, the impact of the new water management system on the incidence of malaria is
estimated as an example for this issue.

The main soil types in the Region are acid sulphate and saline soils. To limit salinization
effects from saline soils and oxidation of the pyrite layer in acid sulphate soils, a water
layer associated with crop cultivation is required. Land cover, in particular a vegetation
cover in the dry season, also provides a favourable environment for human life. Hence,
increased land cover in the dry season is an environmental objective of land use planning
in the Region. Therefore, this sub-model generates data on land cover for each sub-unit
at each time step.

Application of pesticides and fertilizer for agriculture is another environmental issue in the
Region, in particular with respect to the effect of pesticide residues in aquatic population
and eutrophication of coastal areas. Current knowledge and data on these impacts are
inadequate for simulation modelling. This sub-model generates data on total pesticide and
fertilizer use over the planning period, as indicators for these effects.

Calculations: The main steps in the sequence of calculations are (Fig. 111):

Start sub-model [13]: as described in 4.58.

Input rules for environmental impacts: tules for environmental impacts refer to standards

of water quality for domestic use, relationships between water salinity and levels of malaria
incidence, etc. (File ENVIRULE.S13 in Appendix $13).

Loop for N years, then
Loop for N sub-units:

3.1} Input water quality from sub-model [2].

3.2} Input selected cropping calendars from sub-model {3].

3.3) Input population and labour force from sub-model [6].

3.4) Input land use areas from sub-model [8].

3.5) Input total pesticide and fertilizer use from sub-model [10];

3.6) Match surface water quality with standards for domestic use: salinity and pH are two
factors considered in sub-model [13]. For drinking water, salinity should be below 0.5 %o and
pH between 6.5 and 7.5. For domestic use, in particular in the areas intruded by salt water,

the local population has to accept to salinity levels up to 1 %e.
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Figure 111:  Sequence of calculations in sub-model [13].

[ start sub—model 0131 §}

Ineut rules for environmantal impacts |
¥

Loop for N years

Loop for N sub-units
e 2

Input watar quality fram [2]
s i R
Input selected oropping calendars from £31

i Match surface water quality
: with standards for domestic use
= e T e

Identify level of malaria incidence
Calculate land cover ratio

® SRR

¥
| End sub-model £131 |

Surface water quality in each time step is compared with these standards to determine whether
they are met. If these standards are met at all time steps in a year, surface water may be
supplied for domestic use. Otherwise, other fresh water sources (stored rainwater or
groundwater) should be used during particular time steps or year-round.

3.7) Identify the level of malaria incidence: based on observations by the public health
institute, three levels of incidence of malaria (fresh water species, dominant in the area) have
been identified as a function of surface water salinity (Table 9):

Table 9:  Relation between surface water salinity and incidence of malaria

Salinity level (%) 0to 0.6 0.6 10 4.0 > 4.0
Incidence level High Medium Low

The level of malaria incidence at each time step can thus be derived from the salinity level.

3.8) Calculate land cover ratio: ratio of land cover to the total area is calculated for each
time step:

LCRatio(s,y,t) = [Area(s,y,speci) + Area(s,y,gard) + Area(s,y,water)
NP
+ X (Area(s,y,lut) * Pres(t,lut))] / TotArea(s)

Jut=1

where: LCRatio(s,y,t) = land cover ratio in time step (t) of sub-unit (s) in year (y);
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Area(s,y,speci), Area(s,y.gard), Arca(s,y,water) = arca (ha) of specific uses,
homestead gardens and surface water in canals and rivers from
sub-model [8];

NP = number of productive land use types;

lut = land use type;

Arca(s,y,Jlut) = area (ha) from sub-model [3];

TotArea(s) = total area (ha),

Pres(t,iut) = presence of a crop in fand use type (lut) at time step (t). Pres(t,lut)

= 1 when (t) is within the selected cropping calendar from sub-
model [3], otherwise Pres(t,lut) = 0.

3.9) Calculare wtal pesticide and fertilizer use:

¥
TotPest(s,y) = LPestDem(s,y) and  TofFert(sy) = ¥ FertDem(s.y)
i=l

iw]

where: TotPest(s,y), TotFert(s,y)

cumulative pesticide (kg) and fertilizer (tonnes) use
in sub-unit (s) from year (1) to year (y);

i = vyear, from year (1) to year (y);

PestDem(s,y), FertDem(s,y) = pesticide (kg) and fertilizer (tonnes) demand in sub-
unit (s) in year (y), from sub-model [10].

Distribution of these indicators in the region allows identification of the sub-units
where the impact of pesticides and fertilizer on the environment needs to be monitored and
controlled.

4) Quiput data on environmental impacts: (File MARI11.813 in Appendix 813).

5} End of sub-mode! [13], then connect to CAILUP main program as described in 4.59.

S Tey——

Functions: - Aggregate land use area, production, socio-economic achievements, and
impacts (subsequently referved to as impact values) from sub-unit level to
water management unit and regional levels, for analysis and reporting.

- Compare achievements and impacts of the selected scenario with the values
of goal indicators to calculate scores for ranking of land use scenarios.

Input data:

<G> Target values of goal indicators and parameters used in goal and impact analysis
<6> Population dynamics and labour force

<8> Land use areas

<9>  Production from land use

<11> Economic indicators at regional level

<12> Social indicators at regional level

<13> Indicators of environmental impacts
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Qutput data:
<14> Production, area and yield, socio-economic and environmental impact indicators at
water management unit and regional levels; scores for ranking of the selected scenario.

Discussion on sub-model [14] for the Quan Lo Phung Hiep region:

1/ As introduced in 4.30, achievements of development goals in the Region are
characterized by the values of food production, economic, socio-economic and environmental
impact indicators. Depending on the objectives of development, different priorities may be
given to different goals, as discussed in 3.46. Positive priority values are assigned to
indicators for which ‘higher is better’, such as total food production, income per capita,
benefit-cost ratio, etc., and negative values to indicators for which ‘lower is better’, such as
total pesticide use, proportion of the population with a low income, etc. A zero value implies
that the indicator is not taken into account in evaluation of the selected scenario.

2/ Similar to the calculations in the Economic Sub-model [11] at Regional Level, goals
and impacts are analyzed for two sitnations: ‘without’ and ‘with’ processing of products, and
for two arcas: the entire Region and the Inside.

Calculations: The main steps in the sequence of calculations are (Fig. 112):

Figure 112:  Sequence of calculations in sub-model [14].

| start sub—model C141 |
k]

I Input par-ameters in goal B inpact analusis |
¥
I Input aconomic Indicators from [ I

Outeput aaareaated data

[ Calculate score for each goal _|

Il Calculate :ntal score ]

Ij Dutput goal & impa:'f analysis results J
| End suh—:lodnl 41 |
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1) Start sub-mode! [14]: as described in 4.58.

2) Input parameters in goal and impact analysis: parameters in goal and impact analysis deal
with the selected economic discount rate and priority of goals (File GOALRULE.S14 in
Appendix $14).

3) Input economic indicators from sub-model [11].
4) Loop for N years:

4.1} Input target values and discount factors during the planning period (File
GOALRULE.S14 in Appendix S14).

4.2} Loop for N sub-units to aggregate land use area, production, socio-economic
achievements, and values of environmental impact indicators, from sub-unit level to water
management unit and regional level:

4.2a) Input population from sub-model [6].

4.2b) Input land use areas from sub-model [8].

4.2c) Input production from sub-model [9].

4.2d) Input socio-economic indicators from sub-model [12].

4.2e) Input environmental impact indicators from sub-model [13],;

4.2f) Aggregate area, production ard yield from sub-unit level to water management unit
and regional level for spatial analysis and reporting.

4.2g) Aggregare realized values of goal indicators from sub-unit level to water
management unit and regional level. Realized values of goal indicators comprise:

» total rice production from sub-model [9];
* economic indicators at regional level such as NPV, IRR, etc., from sub-model [11];
= rice production per capita from sub-model [12];
« rice distmbution (ratio of rice per capita in each sub-unit to the average for the Region)
from sub-model [12};
» income per capita from sub-model [12];
« income distribution (similar to rice distribution} from sub-model [12];
» employment generation and balance of labour supply and demand from sub-model [12];
+ minimum land cover ratio in the dry season from sub-model [13];
» total pesticide use from sub-model [13].
» proportion of the population supplied with surface fresh water determined as:
NSub NSub

WSProp(y) = [ ¥ (Popu(s,y) * WSPoss(s,y))1/[ X Popu(s,y)]

where: WSProp(y) = proportion of the population supplied with surface fresh water in
the Region in year (y);
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NSub = number of sub-units in the Region;

§ = sub-unit;

Popu(s.y) = population (persons) from sub-model [6];

WSPoss(s,y) = possibility of water supply by surface water in sub-unit (s) in year

(y), from sub-model [13].

These calculations are applied to each water management unit in the Region.

4.3) Calculate relative deviation of realized values: the relative deviation of realized values
from targets at regional level, is calculated for each year:

RDev(g,y) = [RVal(g,y) - Goal(g,y)] / Goal(g,y)

where:  RDev(g,y)
RVal(g,y)
Goal(g,y)

relative deviation of realized value from goal (g) in year (y);
realized value of goal (g) in year (y) (in units of that goal);
target value of goal (g) in year (y);

4.4) Output aggregated data (Files MARI1.114 and MARIL.P14 in Appendix S14).

5) Calculate score for each goal: as discussed in 3.46, depreciation with a variable discount
rate is applied in calculating the score for each goal:

NY
GScore(g) = Prior(g) * ¥ [RDev(g,y) * DFact(g,y)]
y=1
where: GScore(g)

score of goal (g);

Prior(g) = priorty of goal (g);

NY = number of years in planning period;
¥ = year

DFact(g,y) = discount factor for goal (g).

6} Calculate total score for ranking of the selected scenario:

NG
TotScore = Y. GScore(g)

z=1

where: TotScore = total score;
NG = number of goals;
g = goal.

7) Output goal and impact aralysis results (File MARI1.814 in Appendix $14),

8) End of sub-mode! [14], then connect to CAILUP main program as described in 4.59.
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474  The aim of calibration is to improve parameter estimation [Jgrgensen, 1994] by

determining values that best match model outputs with actwal data. Actual data for CAILUP
are defined as observed data, i.e. “point’ data from a survey at small scale, or inventory data,
i.e. data regularly collected at large scale, spatially and temporally. Some sub-models are not
subjected to calibration, such as sub-model [1] (used as a tool for generating input data to
other sub-models) sub-models [11] and {12] (generating values for economic and socio-
economic indicators in the Region), and sub-models [13] and [14] (integrating data from other
sub-models).

4.75 Some specific remarks on the calibration of CAILUP:

i) Actual data are evidently not available for some types of intermediate outputs such
as bio-physical/feconomic feasibility from the Economic Sub-model at Farm Level [4],
weighting factors from the Land Use Weighting Sub-model {71, etc. Therefore, in calibrating
these. sub-models, an attempt has been made to generate values that are proportional with
actual land use areas. Qutput values are verified indirectly in the subsequent sub-model. For
example, the weighting factors in sub-model [7] are indirectly evaluated by the differences
between outputs from the Land Use Allocation Sub-model [8] and actual data from the
inventories.

i} Acmal data are available for verification of other model outputs (e.g. water level from
the Physical Impact Sub-model [2], crop yields in the Bio-Physical Sub-model [3], etc.). A
sub-model is considered one component of a series of sub-models (e.g. from the Bio-physical
Sub-model [3] to the Land Use Allocation Sub-model {8]). Calibration is not restricted to
matching outputs from a specific sub-model with actual data, but includes matching the final
outputs of a series with actual data for this series. Therefore, calibration of a sub-model may
be repeated. First, initial outputs that best match the actual data of a sub-model are generated
and transferred to other sub-models. Subsequently, the whole series is recalibrated to match
the final outputs of the series with actual data.

The procedure of calibration of single sub-models, followed by that of a senies, is
helpful if actual data for a sub-model are limited. It also helps to identify problems in data
aggregation (see 3.29) and error propagation among sub-models.

ii) In calibrating of the CAILUP model, attention is also paid to spatial and temporal
aspects. Calibration does not only aim at matching model outputs with actual data at the sub-
unit level in a given year, but also at the water management unit level and for the entire
Region during the whole period for which actual data are available. For regional planning,
the latter two levels, i.e. the water management unit and the Region, are the major focus,
indeed. Actual data may not be available for verification of certain outputs, therefore ‘expert
knowledge’ collected in field surveys is also used for model calibration.
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476  Data used for calibration of CAILUP for the Quan Lo Phung Hiep region are:
« Data on water conditions in 1989-1990, used for sub-model [2];

= Data on rice yields at village level, and on non-rice yields at district level from 1986 to
1990, used for sub-model [3];

e Data on population and land nse areas in 1985 and 1990 at village level, used for sub-
models [6], [7] and [8];

« Data on production at district level from 1985 to 1990, used for sub-models {9] and [10].

Actual data at village and district levels have been disaggregated to sub-unit and
water management unit level, respectively. The procedure of calibration followed the
sequence of model operations described in 3.30. Population and land use in 1985 at the sub-
unit level were used as initial conditions. The aim of calibration was to match model outputs
at the water management unit level with actual data from 1986 to 1990.

477 As discussed in 4.61, the VRSAP hydraulic and salinity model was calibrated to
generate data on water conditions for the Physical Impact Sub-model [2]. An example of
water level and salinity simulated by the VRSAP model and observed in the hydrological
measurement campaign in 1990 is given in Fig. 113.

=
w®
=

-

[

113:  Comparison of simulated and observed water level and salinity at
the Xom Cui station.

Observed water level

(TR,

Q [Ibser!ch salinity Simulated salinity
] 0 2 1@ 14 13 18 12 @ 19 20 =2 22
February 1990

Salinity{orsoo0) Water levellcn}

4.78 The simulated outputs from the Bio-physical Sub-model [3] were calibrated by
adapting some spatial and temporal coefficients, e.g. those related to local weather, represented
by the percentage of unfavourable years in rice yield calculations, or to irrigation capacity of

small creaks, represented by the selection of canal and plain water levels in yield simulations
(see 4.62),
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Problems of data aggregation may also be identified by comparing modei outputs
with actual data. For example, according to the inventory, sugarcane was successfully grown
in a limited area (on sand ridges with high elevations), while simulated yields were negligible
due to inundation (as a result of using the dominant elevation in a sub-unit, see 3.29).

Spatial and temporal variations in the real world may also lead to differences between
model outputs and observed data in certain years. For example, the actual rice yield in a year
with specific weather conditions may be different from the simulated yield that is based on
average conditions. Moreover, the simulated yield is considered an attainable yield expected
by farmers, under average weather and water conditions, and for specific soil management and
cultivation techniques. Effects of factors leading to yield reduction such as pests and diseases
or to a delay in supplying input materials, have not been taken into account here, but are only
considered in the Production Sub-model [9].

A comparison of simulated and actual yields is shown in Fig. 114.

Figure 114:  Comparison between simulated yields and actual data.

QUAN LO PHUNG HIEP

Differences between
model outputs and inventory data
in 181 sub-units

Average rice yleld
in 1986-1990

20x to 304
10% to 20«
¢ to 10%

-20x to —10%
Ny —30% to =204

479  Acual data on the bio-physical/economic feasibility generated in the Economic Sub-
model at Farm Level [4] are of course not available. The aim of calibration, therefore, was
to generate values that are proportional with the areas of land use types in each sub-unit. Data
used in the financial analysis, e.g. the amount of input materials, the number of hired
labourers, rate of interest, etc. (see 4.63) were revised and adjusted to guarantee that farmers
attain a certain net income from the yield simulated in sub-model [3].
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4,80  Calibration of the Socio-economic Sub-model at Farm Level [5] was similar to that
of sub-model [4]. Data on preferences in the social rules (see 4.64) were adjusted to generate
the integrated feasibility with the same purpose as in 4.79.

An example of the spatial distribution of the integrated feasibility of two rice crops
(Summer-Aummn and 2nd traditional variety) in comparison with their actual areas, is shown
in Fig. 115.

Figure 115:  Comparison of calculated integrated feasibility and percentage of
actual area.
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The observed differences reflect different effects from Government policies and
factors other than those considered in sub-models [4] and [5], on the selection of land use by
farmers in the various sub-units in the Region.

4.81 The Demography Sub-model [6] was calibrated by adjusting the distribution of
emigration over the water management units, the matrix of migration possibilities and the
proportion underlying the decision to migrate {see 4.65). Calculated migration among sub-
vnits is also affected by the integrated feasibility from sub-model [5], therefore, calibration
of this sub-model should be carried out in series as discussed in 4.74.

- 213 -



Chapter 1V: Section 4

A comparison of model output with actual data on population increase is shown in
Fig. 116.

Figure 116:  Comparison between population increase simulated by CAILUP and
that from the inventory.
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4.82 As discussed in 4.74, actual data are not available for calibration of the Land Use
Weighting Sub-model [7]. Therefore, calibration of this sub-model was combined with that
of the Land Use Allocation Sub-model [8].

First, weighting values of non-productive land use types (specific uses, homestead
gardens and uncultivated land) were adjusted by modifying policy factors (see 4.66) to match
calculated areas of these land use types with actual data. Then, policy factors of ‘primary’
productive land use types, and finally those of combined productive land use types were
adjusted in combination with the integrated feasibilities from sub-model [5} to generate
weighting values for land use allocation.

Outputs and actual data on land use areas are compared in Table 10. Aggregation
from sub-unit level to both water management unit and district level for comparison, may help
in identifying which sub-units need to be reconsidered.
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Table 10: Comparison between the areas (ha) of relevant land use types from sub-model
[8} and those from the 1990 inventory.

No Water manag. Single rice Double rice Sugarcane and Forests Shrimp
onit pineapple
ar Dislriet

Model Inven  Dif. Model Inven Dif. Model Inven Dif. Model Inven Dif. Model Inven Dif.

1 28 7203 6437 766 4409 3975 434 256 229 27 75 66 9 Q9 173 -173
2 29 18294 17259 103§ 6043 5712 331 138 132 6 3051 2803 248 1354 1284 70
3 30a 2777 21842 935 13645 13079 566 7% 73 3 313 308 5 0 0 0
4 0b 20563 2009% 464 15486 15153 333 0 [V Q 9 0 3302 3222 &
5 31 15020 15045 25 14589 14611 .22 107 105 2 0 9 0 57 33 -1
[ 32 14016 13696 320 13049 13632 317 167 165 2 171 165 6 342 339 3
7 33 5220 %612 -392 3244 3493 49 3- 15 -12 0 ¢ 0 545 580 -35
8 34 691 6455 515 2518 2336 182 12 1 1 0 o 9 4244 4040 204
9 35 7216 7135 81 4938 4874 4 219 235 4 212 213 - 0 [} L)
10 36 8915 9778 -863 1654 1814 -160 1976 2169 -193 0 o 0 0 [} 1}
1 37 4109 4032 77 247 2297 50 1239 1219 20 231 252 21 1] 0 [}
12 38 2543 3218 678 1015 1293 -278 77 124 47 70 153 -83 30 764 -T34
13 39 7434 7241 193 1617 1333 84 0 1 -1 0 o 0 2251 2714 -463
14 40 27350 26059 1291 20859 19876 983 3 0 3 2583 2811-228 4314 10947 -2633
15 41 9654 10320 -666 8399 8675 -576 0 9 0 2662 2872210 4672 4943 271
16 42 13744 13893  .149 9465 9567 -102 0 0 0 2020 2400-380C 4376 4405 .29
17 43 4785 9158 373 2912 3123 211 Q o 0 0 [V 2069 3049 -80
18 a4 8173 7790 383 4451 4248 203 0 o 0 Q 0 0 175 166 9
19 52 6820 5683 1137 2636 2195 44t 211 174 37 216 182 34 0 787 187
20 54 14437 13683 754 972 1633 661 0 ¢ 0 63 62 1 511 807 -296
1 MyTu 10163 7997 2166 5251 4640 611 262 25 37 17718 2649 -87t 87 193 -106
2 Tharh Tri 29508 28082 1426 15545 13110 2435 230 270 -40 1433 741 692 888 86 802
3 My Xuyen 16195 1593 -T44 10887 7786 3101 49 0 49 193 0193 2428 4350 -1922
4 Vinh Chan 22082 21440 642 16641 16065 576 3 [} 3 2165 1670 495 6100 8904 2804
3% Ba¢ Licu Ti40 6727 413 5551 5757 -206 3 0 3 522 1272-750 2823 2549 2Ta
6 CaMau 10701 11287 .586 4963 4641 322 [} [UR ] 0 ¢ 0 219t 742 1449
7 Hong Dan 35190 32795 2395 20640 19561 1079 3524 3914 -390 561 570 -9 294 1200 -906
8 Vinh Lot 33708 35741 -2033 27621 33545 -5924 142 0 142 2646 2741 .95 5409 4614 795
9  Gia Rai 39565 40346  -781 24103 23953 150 80 79 1 2089 2400 -311 11318 11558 -240
10 Thei Binh 20274 19586 688 2081 3076 995 211 0 211 120 62 358 1604 4082 -2478
11 Vinh Thuan 4717 3495 1222 1865 1285 3% Q0 174 -174 160 182 -22 0 0 0
Total 229243 224433 4808 135148 133419 1729 4504 4662 -158 11667 12287 -62¢ 33142 38278 -5136
Difference (%) 2 1 -3 -5 -13

Notes: Model = Model output, Inven = Inventory data, Dif. = Model ocutput - Inventory
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Comparison between the areas (ha) of relevant land use types from sub-model
[8] and those from the 1990 inventory (continued).

No. Water manag. Fish ponds Canals and rivers Uncultivated land Specific uses Homestead gardens
unit
or District  \rogel Inven  Dif.  Model Inven  Dif.  Model Inven Dif. Model Inven Dif.  Model wen Dif.
1 28 1 1 ¢ 851 851 ¢ 1465 1478 13 882 1527 645 1945 1971 26
2 29 3 36 2 2539 2498 41 2984 2956 28 2463 3628 -1165 1981 2230 249
3 Ha 123 116 7 2931 2875 56 288k 2820 61 2560 3457 897 1869 2128 -259
4 30b 173 168 5 1342 1314 28 1243 1254 11 2953 3531 538 3125 3070 55
5 31 264 261 3 925 93¢  -¢ 1446 1430 16 1438 1261 177 1268 1431 -163
6 32 0 490 490 1422 155¢ -132 2217 2218 .1 1674 1191 483 1621 1876 -255
7 33 0 211 211 2041 1970 71 1650 1686 36 1300 645 655 B28  B68 4D
8 34 0 490 45 1986 2028 42 2937 2911 26 954 1097 -143 1311 1433 12
g 35 26 211 S 517 S17 0 1901 1874 27 1174 1372 198 1222 s af
10 36 175192 -7 219 276 3 4217 4231 14 1158 750 408 1893 1173 720
n 7 0 s -5 14 116 2 84T7 8552 15 568 494 74 194 1162 22
12 % 0 86 -86 2085 2485 400 67 6054 93 127 312 975 1917 954 963
13 EL) ¢ 57 .57 2187 261 2% 233 238¢ 55 1519 1142 377 1664 1807 .143
14 40 14 213 199 4613 4596 17 G146 5994 152 555D 6693 -1143 3982 3669 -287
15 41 1 151 150 5470 s501 -3 756 751 5 3097 1548 1549 742 949 207
16 42 0 627 627 3202 1167 35 2726 2683 43 4354 3086 1268 1915 2070 -155
17 43 ¢ 23 237 %6 946 0 2131 A% 5 938 745 193 2303 1787 516
18 “ 0 108 -108 617 617 0 637 641 -4 869 1048 179 2012 2112 -100
19 52 4 3 1 20 220 0 5815 5827 .12 1565 2502 .9%7 101 892 209
20 54 0 1B 19 966 1105 -138 3704 3670 34 1022 1024 2 217 2275 42
1 MyTu 1m0 11 1087 1020 77 2060 2640 -580 1322 2041 -71% 2330 2564 225
2 Thenh Tri 285 60 235 4603 4870 267 S5T0 4691 879 3555 5876 23 2619 2814 .195
3 My Xuyen 105 121 -16 1105 935 170 1232 9S00 332 2265 3380 -1115 2373 2310 63
4 Vinh Chau 7 170 -163 408 3271 818 4723 5415 692 4231 6018 -1787 2801 3252 451
5  BacLiew 9 2 7 806 1759 653 1632 768 86¢ 2278 1355 9273 B85 68O 205
6 CaMa 0 129 129 1974 2048 74 1859 1147 T12 1877 2072 -195 2891 3628 737
7  Hong Dan 383 1098 715 4017 5807 -1790 2231722349 32 5218 3225 1993 7000 5484 1516
8  VichLoi 205 320 -115 7143 6363 280 1954 1900 54 5530 3496 2035 3179 3866 687
9  GiaRai 0 1781 1781 8175 7492 683  935110519-1168  T7I8 5667 2111 744 6550 494
10 Thoi Bith 0 33 33 2072 1511 S61 7134 6821 313 2030 1638 392 3576 3233 343
11 Viah Thuan 4 0 a4 172 155 17 3982 4395 413 1200 2295 -1005 903 651 282
Total 1009 3792 2783 35253 35731 478 6181461545 269 37375 37063 312 35610 35032 578
Difference (%) 73 -t 0 b 2
Notes: Model = Model output, Inven = Inventory data, Dif. = Model output - Inventory

The relative difference between calculated areas and inventory data on fish ponds is
50 very high, because small fish ponds in homestead gardens were included in the inventory
while only large fish ponds with viable economic returns were taken into account in the
CAILUP model.
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An example in the real world: Applications of CAILUP

4.83  The Production Sub-model [9] was calibrated by modifying the spatial and temporal
adjustment coefficients describing the effects of pests and diseases and of delay in supplying
input materials (see 4.68). Model outputs and actual data are compared in Fig. 117.

Figure 117:  Comparison between regional rice production simulated by CAILUP
and that from the 1994 inventory.
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Note: Outputs in 1986-1990 have been established after calibration, while those in
1991-1994 are from validation (see 4.86).

4.84  Values of demand per capita for local consumption and of factors dealing with pig
and duck raising (see 4.69) were adjusted in the calibration of the Supplementary Intervention

Sub-model [10], to match the calculated production of pigs and ducks with actual data.

4.85 The aim of validation is to compare model behaviour with available data over the
range of represented conditions [Jergensen, 1994). Actual data at district level from 1991 to
1994, not used for model development and calibration, are available for model validation.
Govemment policies and hence socio-economic conditions in the Region changed during that
period, therefore model parameters were adapted accordingly. Water conditions and the
associated land uses at the eastern side of the Region changed as a result of the completion
of three sluices under the new water management systetn,
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486  Population and land usc in 1990 were used as initial conditions in model validation,
Values of parameters such as rate of migration, policy factors, etc. were adjusted to represent
actual conditions for the 1990-1994 period. The procedure of validation is identical to that
of calibration. Examples of comparison between model outputs and inventory data on land
areas and production are given in Table 11 and Fig. 117.

Table 11:  Comparison between total areas (ha) of relevant land use types from sub-madel
[8] and those from the 1994 inventory.
Single fice Double rice Sugarcane and pineapple Forests Shrimp
Model Inven  Dif Model Inven Dif Model Inven Dif.  Model Inven Dif Model Inven  Dif.

223764 214461 9303

167730 166039 1691 8140 8425 -285 15255 16261 -1006 3377937450 -3671
(4%) (1%) (-3%) (-6%) (-10%)
Fish ponds Canals and rivers Uncultivated land Specific uses Homestead gardens

Model Inven  Dif

Model Inven Dif

Mode]l Inven Difl

Model Inven  Dnf

Model Inven Dif.

2470 6266 -3796

(61%)

41647 42457 -809

2%)

24724 25444 -T20
(3%)

40678 38857 1811

(5%)

38874 39698 -324

(-2%)
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An example in the real world: Applications of CAILUP

487  Twenty eight development scenarios have been identified by combining 7
construction schedules of the water management system with 4 land use strategies (see 4.39
and 4.40). Water conditions and land use in 1990 were used as initial conditions. The values
of parameters and of adjustment coefficients determined in the model calibration and
validation were used for all scenarios, except for the construction schedule of the new water
management system (Table 12), and also except policy factors.

Table 12:  Construction periods (in years) of the new water management system.

Construction Main features Investment  Main  Secondary On-farm
schedule sources  sluices & canals sysiems
main
canals
A (SEQ7) - Main sluices built sequentially from east to Internal 7 9 9
west over 7 years
B (SIM5) - Main sluices built simultanecusly in two External 5 5 5
provinces over 5 years
C (SIM7) - As B, but over 7 years Internal 7 9 9
D (ASS7) - As A, with early construction of secondary  Internal 7 3 9
canals in acid sulphate soil areas
E (ASS5) - AsB for main sluices and D for secondary  External 5 3 5
canals
F (SEP10y - Construction work separated in 2 parts and Internal 10 12 12
completed in 10 years
G (SEP17) - Construction work separated in 3 parts and Internal 17 17 17

completed in 17 years

Notes: ~ With external investment funds (e.g. a loan from international financing agencies),
construction of all components in many water management units can be started and
also completed simultaneously.

The values of policy factors in sub-model [7] were adjusted for each land use
strategy. Parameter values were derived from other studies (see 4.2) for projections on
population in sub-model [6], demand for main products per capita in sub-model [10], costs
of the water management system and other activities in sub-model [11], factors relating to
environmental impacts in sub-model [13], target values of goal indicators in sub-model [14],
elc.

A summary of land use areas in year 20 for construction schedule ASS7 is presented
in Fig. 118 and Table 13,
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Figure 118: Allocation of land resources in year 20 for different land use strategies

combined with construction schedule ASS7.
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* Among scenarios, total areas of single rice and double rice crops are almost the same, but
varieties and cropping calendars are different.
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Tabte 13:  Areas (ha) of relevant land use types in year 20 (construction schedule ASS7).

Land use Main features Single Double Sugarcane Forests Shirimps Fish Canals Speci- Home-
stategy rice®  rce*® & ponds &  fic uses stead
pineappie rivers gardens

0: BASE 'Without’ water management system 185626 64417 17338 28140 38683 952 44419 43420 44020
1: MAXIN Maximize income from rice production 153551 115828 8731 19182 27139 4883 44409 44325 43996

2: MAXRI Maximize rice production 153554 115830 8732 19182 27139 4883 44400 44319 4399
3: DIVER Diversification based on income 146141 120368 9214 16405 29716 7661 44409 44304 4399
4: ENVIR Minimize effects of acid water 144412 114181 11469 16930 27138 15483 44571 44310 43547

Note: * See footnote in page 220.

4.88 Sub-models [2] to [11] were applied for a base case, i.e. ‘without’ construction of the
new water management system. Current water conditions were assumed o be maintained
throughout the planning period. Land use changes in this base case are mainly due to
expansion of areas for specific uses and homestead gardens as a result of population growth,
and improvement in investment capacity of farmers. Policy factors were identical to those
used in model validation.

In this case, rice production increases from 0.7 million tonnes in year 1 (1991) 10 12
million tonnes in year 4 (1994) and fluctuates around this level in the course of the planning
period due to different levels of pest and disease occurence in various years.

4.89 Target values of the goal indicators were only defined by decision-makers for target
years, i.c. at five-year intervals, before and after completion of the new water management
system, and at the end of the time horizon (year 3(0). Target values for other years were
obtained by linear interpolation between values in these target years. Two economic
indicators usually considered by decision-makers in the Region, i.e. B/C ratio and IRR with
a discount rate of 12%/y, were used in ranking the scenarios. All goals were assumed equally
important in priority setting, and a discount rate of 2%/y was applied for all indicators other
than the economic ones,

490  Table 14 presents an example of target values realized values and their relative
deviation from the targets for the entire Region in scenario ASS7-MAXIN, combining
construction schedule ASS7 with land use strategy MAXIN,
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An example in the real world: Applications of CAILUP

In this scenario, the goal of increasing rice production to approximately double that
in year 1 (0.7 million tonnes) after completion of the new water management system, can be
achieved in years without high incidence of pests and diseases (Fig. 119).

Figure 119:  Rice production and income in scenario ASS7-MAXIN.
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Although rice production per capita in the Region in year 1 (550 kg) exceeds the
demand per capita for local consurmnption (estimated at 235 kg), increasing rice production per
capita is still a goal because it represents the main source of income to farmers and it is
unequally distributed in the Region. The goal of increasing rice production per capita from
550 kg in year 1 to 700 kg under the new water management system, can be realized until
year 18 (Fig. 119). Subsequently, population growth exceeds the increase in production, so
that per capita availability gradually decreases. Possible solutions could be:

i}  increasing rice production from year 18 by expansion of the irrigated areas outside the
ceniral part;

il) inwmoducing new high yielding varieties;

iii) intensifying the current birth control programme.
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Since sub-units with favourable soil and water conditions will develop faster then the
others, differences in per capita availability among sub-units increase with the increase in rice
production in the Region. Target values, therefore, are higher following construction of the
new water management system (Table 14). The percentage of the population with a per capita
availability below 0.6* times the average in the Region is used as an indicator for the goal
of equity in food availability. The goal of limiting this percentage to below 45% after
completion of the new water management system can be attained in this scenario (Table 14).

A similar sitnation exists for the goals of increasing income per capita and equity in
income (Fig. 119). The percentage of the population with an income below 0.8* times the
average in the Region, will be about 51 in year 10, very close to the target value of 50%. The
spatial distribution of income per capita in the Region in this year is shown in Fig. 120.

Figure 120:  Calculated distribution of per capita income in the Region
in year 10.

QUAN LO PHUNG HIEP

Ratio of per capita income in sub-unit
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Incone distribution
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*  No objective criterion is available in selecting this value. It is based on fluctuations in the
indicator value around the average and the development situation in the region.
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On the other hand, the target value for employment generation cannot be realized
{Fig, 121), as this was set high at 50% of the available labour force for land use (Table 14).

Figure 121:  Employment, land cover, water supply and pesticide use in scenario ASS7-
MAXIN.
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Since not many crops are cultivated during the dry season, due to limited fresh water
availability, minimum land cover in the dry season does not increase significantly in this
scenario (Fig. 121).

The objective of protection from salt water is mainly to extend the period of low
salinity into the dry season, for agriculture. Year-round protection requires building sluices
at the west side of the Region at very high costs, therefore it is not considered for the coming
30 years. The goal of increasing the proportion of the population supplied with fresh surface
water is set at only 14%, representing the population in the north-east of the Region (Fig.122),
The reatized value is at maximum 16% in year 8, when the construction of main sluices is
completed (Table 14 and Fig. 121).
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Figure 122:  Fresh surface water supply for domestic use in year 10, scenario
ASS7T-MAXIN.

QUAN LO PHUNG HIEP
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Annual pesticide use in the Region is targeted at below 500 tonnes, to limit negative
impact on the environment, ‘Cumulative total pesticide use” was selected as the indicator for
the goal of limiting pesticide use, because some types of pesticide can leave residues in the
environment and in aguatic animals, In this scenario, where the focus is on rice production,
this goal cannot be attained after completion of the new water management system (Fig. 121).

491 Scores for 28 development scenarios, calculated in sub-model [14] are presented in
Table 15,
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Table 15:  Scores for 28 development scenarios.

Scenario Rice Rice Rice Income Income Employ- Fresh Minimum Total B IRR  Total Rank
produc- per disti- per  disti- ment surface land cover pesticide ratio

tion capita bution capita bution generation water nse
supply
SEQ7-MAXIN 1.5 12 07 1.3 0.4 -2.0 39 1.7 -2.9 [N | 7.2 1
SIM5-MAXIN 06 04 -16 07 -06 -3.0 4.6 2.0 -2.0 05 12 28 5
SIM7-MAXIN 1.5 12 -05 0.7 0.8 -1.6 4.1 12 -8 03 10 6.7 3
ASST-MAXIN 1.5 1.1 03 13 0.4 -2.0 4.1 1.7 -9 06 1.7 71 2
ASSS-MAXIN 0.6 03 -14 07 03 -3.0 4.7 21 -2.0 04 1D 3.0 4
SEP10-MAXIN @2 -02 -05 -03 05 =29 29 19 -1.2 01 04 0.4 6
SEP17-MAXIN 02 -01 -07 -03 0.0 -6 -1.0 1.5 -1.8 05 10 33 7
SEQ7-MAXRI 1.5 12 0.7 1.3 04 -2.0 3.9 1.7 a1 07 21 71 1*
SIM5-MAXRI 07 04 -16 07 -06 -3.0 46 2.0 22 04 12 2.9 5
SiM7-MAXRI 1.5 1.2 06 07 [1%:3 -1.6 4.1 22 -30 03 10 6.5 3
ASST-MAXRI 1.5 12 03 13 0.4 -2.0 4.1 1.7 3.1 06 17 11 1*
ASS5-MAXRI 06 04 -15 07 -03 -3.0 4.7 21 2.1 04 11 29 4
SEPIO-MAXRI 02 -0.1 -05 08 0.5 -2.7 2.9 1.9 -1.4 01 04 0.4 6
SEP17-MAXRI 03 01 -07 -02 0.0 -2.6 -1.0 13 20 0s 1.0 -3.4 7
SEQ7-DIVER 13 1.1 -13 1.3 0.2 -1.5 19 25 25 06 21 17 2
SIMS-DIVER 05 02 23 06 -1 2.2 4.6 31 -1.2 04 12 18 5
SIM7-DIVER 13 1.0 -09 0.6 0.6 -1.1 4.1 30 -24 03 10 15 3
ASST-DIVER 13 1.0 -D.8 1.2 03 -15 4.1 26 -2.5 a6 1.7 79 1
ASS5-DIVER 05 02 -22 0.6 09 22 4.7 31 -1.1 3 10 4.0 4
SEPIC-DIVER 00 03 -11  -09 03 22 29 b ) 0.6 0o 03 12 6
SEP17-DIVER ¢1 -02 -12 03 .02 -2.1 -1.0 23 -13 04 10 -25 7
SEQT-ENVIR 08 05 -14 04 1.0 -1.8 39 29 -2.3 02 12 4.7 2%
SIM3-ENVIR 0.1 00 -15 -11 0.7 22 4.6 3.1 -2.0 0o 05 2.0 5
SIM7-ENVIR 08 05 14 12 15 -1.2 4.1 33 2.2 0 03 4.7 2%
A3S7-ENVIR 0.7 05 -11 06 13 -16 4.1 29 -23 01 038 4.9 1
ASS5-ENVIR 01 01 -16 -L1 0.7 -2.2 4.7 32 -19 01 03 21 4
SEPIG-ENVIR 03 05 08 -0 13 23 19 30 16 01 00 0.2 6
SEP1T.ENVIR  -0.2 0.5 -1.0 -16 0.9 -2.2 -1.0 26 -1.5 01 05 -41 ki

Notes: * These two scenarios have the same rank because their total scores are equal.

Total scores for the various scenarios are compared in Fig. 123. Among construction
schedules, ASS7 and SEPL7 have the highest and lowest total score, respectively. Among
land use strategies, DIVER and ENVIR have the highest and lowest total score, respectively.
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Figure 123:  Total scores for all 28 scenarios.
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Construction schedules

Single scores for each of the goals show that schedules with short construction
periods, such as SIMS and ASS5 not always lead to high values of indicators for economic
returns (B/C ratio and IRR) and production, since investments in land use conversion by
farmers are not in harmony with those for water management implemented by the
Govermnment, Hence, during the first few years, the cultivated area decreases due to expansion
of the new water management systern, while benefits from the system are only realized after
land use conversion. This indicates that integrated planning for land use and water
management in the Region is essential.

Conflicts among goals are also illustrated in Table 15, e.g. a scenario may have a
high score for rice production but a low value for income per capita. Construction schedule
ASS7 has the highest total score in combination with most land use strategies (except with
MAXIN: its total score is slightly lower than that for schedule SEQ7). It also may help to
avoid the risk of low pH in the acid sulphate soil area at the west side of the Region (see
4.100), and to promote equity in the distribution of rice production and income in the Region,
since water conditions in the less endowed areas will be improved earlier. It also meets an
institutional requirement, i.e. the construction of the new water management system starts In
both provinces under a limited budget from the Government,

Table 15 also illustrates the ranking order among four land use strategies combined
with all construction schedules. Rice-oriented strategies such as MAXIN or MAXRI lead o
high scores for rice production, B/C ratio and IRR. Srategy DIVER does not provide
significantly higher scores for the B/C ratio and IRR than strategies MAXIN and MAXRI, but
it has the highest total score because of its high score for minimum land cover, as more crops
arc cultivated in the dry season in this scenario. Strategy ENVIR has the highest score for
minimum land cover and income distribution, but low scores for rice production, rice per
capita, B/C ratio and IRR lead to the lowest total score, in particular when combined with
construction schedules SEP1() and SEP17.
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492  ‘With’ processing of main products, the total score for each scenario increases due
to higher B/C ratio and IRR compared to ‘without’ processing, The B/C ratio, IRR and total
score ‘without’ and ‘with’ processing for 7 scenarios representing land use strategy MAXIN
for both the Region as a whole and the Inside separately, are given in Table 16.

Table 16:  B/C ratio and IRR for the entire Region and the Inside ‘without’ and ‘with’
processing.

Scenario For the entire Region For the Inside

“Without’ processing "With’ processing ‘Without’ ‘With’
processing  processing

B/C IRR Total Rank B/C IRR Total Rank B/C IRR B/C IRR

ratio (%) score ratio (%) score ratio (%) ratio (%)
SEQ7T-MAXIN 20 367 72 1 23 395 79 3 1.8 316 2.0 1356
SIM5-MAXIN 17 268 28 5 20 295 33 5 16 264 18 298
SIM7-MAXIN 16 239 67 3 18 291 80 1 1.7 270 19 325
ASS7T-MAXIN 19 324 71 2 22 351 80 1 1.8 279 20 314
ASS5-MAXIN 1.7 246 3.0 4 1.9 270 35 4 16 241 1.8 271
SEP1I0-MAXIN 18 238 04 6 20 254 13 6 16 224 1.8 249
SEP17-MAXIN 13 165 -33 7 15 198 -27 7 14 196 1.6 234

493  After completion of the new water management system, rice production per capita
and income per capita in the Inside are approximately 30% higher than those for the entire
Region, If all costs of the new water management system would be covered by the Inside as
a project area, the B/C ratio and IRR for the Inside would be lower than those for the entire
Region (Table 16), because shritmp production will not be possible in the Inside after the
construction of sluices. Land use strategy in the Region as a whole is to allocate more land
to shrimp raising in the coastal areas (not belonging to the Inside} to mitigate losses in
shrimps in the Inside, therefore the B/C ratio and IRR for the entire Region are higher.
However, the values of the economic indicators for the Inside are still high enough to consider
the new water management system as a promising project in terms of economic returns.
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494 The aims of sensitivity analyses are:

1) To provide a measure of the sensitivity of the outputs of greatest interest in the model
to either parameters, functions or sub-models [Igrgensen, 1994). The major cutputs from
CAIJLUP are values of goal indicaiors and the total score from sub-model [14].

) To analyse the impact of changes in values of inputs on model outputs [Turban, 1993].
The model contains many parameters, therefore only changes in those parameters having a
very strong effect on model outputs were considered. The variation in some parameters can
be estimated on the basis of levels and frequencies of variation in actual data (drought, rice
price), while that in others can only be determined on the basis of values from various
assumptions (water pH, population growth rate).

The discussion on sensitivity analysis focuses on values of goal indicators and the
total scorcs by comparison with their values generated in the evaluaton of development
scenarios (subsequently referred to as ‘normal’ sitvation). Construction schedule ASS7, a
schedule with great attention from decision makers because of the reasons discussed in 4.91,
has been selected for illustration of the results. Modified parameters were also applied in the
base case of ‘without’ construction of the new water management system.

4.95 The first aim of sensitivity analysis received attention during development, calibration
and validation of each sub-model as shown in Fig. 5. For example, different values of soil
and water factors, and different parametric methods (addition, muitiplication, exponent,
minimum value, etc.) were tested in sub-model [3] for yield estimation, and those leading to
the best match between model outputs and actual data were selected. The second aim of
sensitivity analysis is emphasized in CAILUP applications and discussed in the following.

4.96 The effect of water extraction on land use in the Region was analysed by comparison
of outputs from the run *without’ water extraction with a rerun ‘with’ water extraction. Since
rice cropping calendars in the Region can be adjusted to perieds with suitable water conditions
(see sub-model [3] in 4.62), only 0.5% of the area, approximately 500 ha, of double rice crops
has to be changed to single rice or other land use types. This effect is not significant in
determining the total score. The small difference between two runs “without’ and *with” water
extraction also reflects the attempt in formulation of land use strategies, at limiting water
extraction in the dry season, e.g. by limiting the area of Winter-Spring rice crop.

497  Pig and duck raising is an important activity associated with rice production. For
example, without these activities, the B/C ratio and IRR in scenario ASS7-MAXIN are as low
as 0.4 and 2.5%, respectively (compared with 1.9 and 32.4% in the ‘normal’ situation in Table
14), causing a reduction in the total score from 7.1 to -7.3. These values indicate that these
activities associated with rice production may be also important in justifying the construction
of the new water management system.
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498  Pest and disease outbreaks often occur at different locations in the Region. The
model was applied for a ‘worst’ case, assuming that the incidence of pest and disease
outbreaks will be high during the first ten years, medium in the middle 10 years and low in
the last 10 years. Scores for 7 scenarios representing land use strategy MAXIN are presented
in Table 17.

Table 17:  Scores in the ‘worst’ case of pest and disease outbreak.

Scenario Rice Rice Rice Income Income Employ-  Fresh Minimum Totl BAC TRR Total Rank
produc- per disti- per  distri- ment surface  land  pesticide ratio
tion capila bution capita bution generation water cover use

supply
SEQT-MAXIN(p) 0.7 00 07 -12 03 -19 39 1.7 -16.7 06 15 -1.7 3
SIM5-MAXIN(p) -02 -08 -15 -i8 -0.7 -29 4.6 20 -155 03 08 -156 5
SIM7-MAXIN(p) 07 00 -06 -18 0.9 -1.6 4.1 22 -164 02 07 -1L§ 2
ASST-MAXINp) 07 00 -04 -12 0.4 -19 4.1 1.7 -166 05 13 -114 1
ASSS-MAXINGE) -2 08 -14 -19 0.4 -29 47 2.1 -15.5 63 07 -153 4
SEPIO-MAXIN(p) -0.5 -1.1 -07 3.1 0.7 2.6 29 1.9 -i41 00 08 -162 6
SEPt7-MAXIN(p) -04 -11 -06 -25 0.0 -2.5 -1.0 1.5 -150 04 03 205 7

The total scores in this situation are lower than those in the ‘normal’ situation (Table
15) due to lower scores for rice production, income, B/C ratio, IRR, and especially for total
pesticide use, since pesticides are required in the earlier stages of the planning period.
Construction schedules ASS7 and SEP17 remain at the highest and lowest ranks, respectively.

4.99 Droughts, causing significant yield reductions in double rice cropping, and tc a lesser
extent in single rice crops, were observed once every two years during 1980-1990. In a high
risk case, this effect is assumed more serious than in the ‘normal’ situation. The proportion
of unfavourable years used in the rice yield estimation (see sub-model [3] in 4.62) is assumed
to increase from 20 to 30%, on average for the entire Region. The decrease in total rice
production in scenario ASS7-MAXIN goes down from 11% in year 1 10 3% in year § afier
compledon of the new water management system. The total score decreases from 7.4 in the
’normal’ situation, to 5.6.

QObviously, any phenomenon causing reductions in rice yield leads to a decrease in
scores, with a strong reduction in land use strategies MAXRI, MAXIN, and less in DIVER
and ENVIR, Nevertheless, scenario ranks hardly change because in all scenarios rice
production contributes approximately 75% to total income, and up to 90% if income from pig
and duck production is included to the income.

4.100 A fall in water pH in the acid sulphate soil area is an important environmental issue
in the Region (see sub-model [2] in 4.61). In the ‘worst’ case, water pH is assumed constant
at the minirnum observed value over the planning period. Its effect on land use is evident at
the west side of the Region, as shown in Fig. 124,
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Figure 124:  Effect of water pH in “worst’ case.
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Total scores of the scenarios for strategy MAXIN are presented in Table 18.

Table 18:  Scores in the ‘worst’ case of water pH change.

Scendrio Rice Rice Rice Income Income Employ- Fresh Minimum Totz2l B/C IRR Towwl Rank
produc- per distri-  per  distr- ment  surface land cover pesticide ratio
tion capita bution capita bution generation walter use
supply
SEQ7-MAXINGHy 09 07 D4 07 0.1 -2.5 3.8 1.7 24 06 18 5.0 2
SIM5-MAXIN(pH) -09 -11 -1.7 -06 -02 -4.2 4.6 24 02 01 03 -1.9 6
SIM7-MAXIN(PH) 09 06 06 06 0.6 -2.5 4.1 1.8 21 05 12 4.6 3
ASST-MAXINGGH) 10 07 -04 D8 0.8 -2.4 19 1.7 24 06 16 5.1 1
ASSS-MAXIN(H) -09 -11 -17v -1.1 02 -4.2 1.6 24 03 01 03 -13 5
SEP10-MAXIN(pH) -0.2 04 .07 -1.1 0.4 3.2 2.8 1.7 0.9 0.1 04 -1.0 4
SEPI7-MAXIN(pH) -0.8 -1.1 -1.1 -13 0.1 -4.0 -2.5 0.9 04 06 08 -8.8 7

In this ‘worst’ case, most individual goal scores and the total score are lower than
those for the ‘normal’ situation (Table 15), except for total pesticide use.

4.101 The rice price declined in the international market during the last 20 years [Rosegrant
& Pingali, 1994]. A reduction of approximately 5% per year was recorded over the period 1980-
1990. Values of economic indicators and scores were analysed with the assumption of a rice
price decline as over 1980-1990, during the first ten years of the planning period. The B/C
ratio, IRR and the total score of four scenarios in the construction schedule ASS7 are
presented in Table 19.
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Table 19:  Values of economic indicators and total scores under modified rice prices.

Scenario Current price of rice Reduced price of rice
B/C IRR Total B/C IRR Total
ratio (%) score ratio (%) score

ASS7T-MAXIN 1.9 324 7.1 0.9 8.3 -6.2
ASS7-MAXRI 1.9 325 7.1 0.9 8.3 -6.2
ASS7-DIVER 1.9 323 7.9 0.9 84 -5.7
ASS7-ENVIR 1.3 222 49 0.6 0.0 15

Table 19 indicates that economic returns under the new water management system
very much depend on rice production. Similarly to the other effects on rice production, the
effect of a decline in rice price is less in land use strategies DIVER and ENVIR than in the
two others,

4102  Since many indicators of development goals are related to population size, such as
rice production and income per capita, fresh surface water supply, etc., the model was also
applied to analyse the effects of population growth and migration policy. A situation in which
the current population growth rate is maintained during the planning period is compared with
the ‘normal’ situation in Fig, 125, for scenario ASS7-MAXIN. The total score in this scenario
decreases from 7.1 in the ‘normal’ situation to 5.5 due to low scores for rice production and
income per capita.

Figure 125:  Effect of population growth on income per capita.
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Urban population is projected to increase from 22% of the total population in year
1 to 40% in year 30. If migration to urban sub-units is limited to half the projected value and
arca of specific uses and homestead gardens per capita keep cxpanding at a rate as during
1990-1994, the areas of these land use types will increase as shown in Fig. 126.

Figure 126:  Changes in areas of specific uses and homestead gardens under
limited urbanization.
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Compared with the ‘normal’ situation for scenario ASS7-MAXIN, rice area and
production will decrease by approximately 25,000 ha and 200,000 tonnes, respectively, in year
20. Scores on rice production, rice and income per capita, and employment decrease, but
scores on rice and income distribution, water supply and total pesticide use increase, resulting
in a total score of 7.6 compared with 7.1 in the ‘normal’ situation. Changes in values for
other scenarios are similar.

4.103 Different policy views can be taken into account by medifying priority and/or
discount factors assigned to each goal. Scores and ranks for four scenarios for the
construction schedule ASS7, with different priority settings are shown in Table 20.
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Table 20:  Scores and ranks for scenarios with different priority settings.
Scenario ‘Normal'  Only rice Ricefcapita & Rice Fresh surface B/C All goals, with

situation  production Incomefcapita  distribution  water supply  ratio & a negative discount

& Income  Minimum land IRR Tale
distribution  cover & Total (-10%/y from year 10}
pesticide for rice production &

®0) 1 ® *3) rice/capita

(P4) ®5) ®6)

TS R TS R TS R T8 R TS R TS R TS R
ASS57T-MAXIN 72 2 1.5 1 z4 2 0.0 3 29 3 23 1 70 2
ASST-MAXRI 7.1 3 1.5 1 25 1 0.1 2 2.7 4 23 1 72 1
ASST-DIVER 79 1 13 3 23 3 06 4 41 2 23 1 61 3
ASST-ENVIR 49 4 07 4 01 4 02 1 47 1 10 4 02 4

Notes:
TS Total score
R = Rank
(P0) = ‘'Normal’ situation in which all goals are taken into account as given in 4.89.
(P1) = Only rice production is considered, in views of its contribution of food to the
country.
(P2) = Only the increase in food and income per capita are taken into account.
(P3) = Only social issues, i.e. distribution of food and income, are considered.
(P4) = Only three indicators dealing with environmental impacts are considered.
(P5) = Only economic indicators are taken into account,
(P6) = All goals are taken into account, with the additional consideration that according

1o the national development plan, from year 10 onwards, the annual increment in
food production in the country will be lower than the population growth rate, hence
food demand by the country on the Region becomes important (see 3.46).

4,104 Taking into account development objectives and possible impacts of the new water
management system on the bio-physical and socio-economic conditions, and also considering
institutional issues in the Region, construction schedule ASS7 was selected. Three main
sluices at the east side were completed in 1993, In 1993, construction of three others has been
started. Secondary canals have been excavated at the west side of the Region, as planned.

Since each land use strategy has the highest score for at least one of the goals in the

situations

considered, selection of a land use strategy is more difficult than that of a

construction schedule,
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Rice-oriented strategies (MAXIN and MAXRI) satisfy the demands by the country
on the Region, but lead to high risks of monoculture, and provide a relatively low income that
is difficult to increase. Diversification (DIVER) may limit the risk of econormic losses in rice
production, but requires much effort in activities such as capital formation for investment,
marketing, trading, etc., that are new to the local population. Minimizing the effect of acid
water (ENVIR) is a cautious strategy that leads to a better situation in environmental
protection, and food and income distribution, but cannot satisfy the demand for production and
is difficult to implement under the dynamic conditions of the free-market system.

Therefore, although the decision on the construction of the new water management
system reflects a rice-oriented land use strategy in the Region, attention is also paid by the

local population to crops other than rice, in particular outside the area protected from salt
walter.
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V.1 PRELIMINARY EVALUATION OF CAILUP - CONCLUSIONS

V.2 CHALLENGES IN DEVELOPMENT AND APPLICATIONS
OF CAILUP - RECOMMENDATIONS
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5.1 The first part of this Chapter presents a preliminary evaluation of CAILUP as
conclusions of the study. The results in Chapters H, III and IV are discussed against the
background of the two objectives of the study formulated in Chapter I:

(i) to develop and implement a method and corresponding software system for integrated
land use planning ot regional level in irrigated areas;

{ii) 1o test the method and the system in the Quan Lo Phung Hiep region.

Challenges and recommendations in development and applications of CAILUP based
on experiences during the study are discussed in the second part of this Chapter,

5.2 Discussions in the preceding chapters, in particular Chapter 1V, indicate that
integration in land use planning, including land and water resources, is essential.

‘Biodiversity’ leads to a large number of land use types with various cultivation techniques,
while ‘sociodiversity’ results in a variety of socio-economic objectives and preferences. The
more diverse the land use pattern, the more important integration in planning and management.

CAILUP can help in integration in multi-level and multi-sectorat planning, integration
between bio-physical and socio-economic factors, between local expertise and international
expertise, and between computer technology and land use planning,

53 Integration in land use planning can be realized through simulation medelling
(Chapters IIT and IV). An ‘ideal’ model is a copy of the real world, as a physical model at
scale 1:1 or a prototype. Such a model, however, is impossible 1o achieve at regional level,
In CAILUP, simulation implies development of a model and study of its behaviour and
modelting implies simplification of reality in accordance with its philosophy. The main aim
in model development is to incorporate all relevant factors in a structure (both temporal and
spatial) that resembles reality.

CAILUP starts from a key intervention dealing with one factor, and is then expanded
with more interaction factors to analyze its impact in the entire region. The various types of
integration indicated above are gradually implemented during the development of the model.
This type of simulation modelling increases insight in behaviour of the farmers who, better
than any specialist, know why, where, when and how to apply different techniques under the
local bio-physical and socio-economic conditions. This behaviour is described in sub-models
[3], [4] and [5] of CAILUP., Knowledge from other sources, e.g. national and international
experts, can be included to analyse the scope for improvements in management at farm level
and regional level.
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54 Development of ‘building blocks’ is a suitable technique in developing CAILUP, as
described in Chapters III and IV. First, main blocks and their relationships are identified and
a frame is established to link all the blocks., A simple structure for each block is formulated
and gradually more details are included, which, however, are always considered in the context
of the whole system.

Some analysts are afraid that by applying this method, the risk exists that if one
block is ‘weak’, the whole system may fail. However, CAILUP is also a leaming tool, As
illustrated in Chapter IV, ‘weak’ blocks, formulated on the bagis of current knowledge and
available data, are also incorporated in CAILUP, rather than being ignored with the
consequence of an incomplete system comprising only ‘strong” blocks. CAILUP thus also
serves to identify knowledge and information gaps, and to limit inconsistencies in the level
of detail of various components, that may occur when existing models for single disciplines
are simply linked.

5.5 CAILUP has been developed for the purpose of gxploration of possibilities rather
than for prediction. As illustrated in Chapter 1V, it is a tool to answer ‘what-if* questions in
support of planning and management, and not to answer the question ’what is going to
happen’. The ‘what-if’ questions are related to the impacts of the key intervention and
possible supplementary interventions.

5.6 Any method requires suitable conditions for its successful applications. To develop
and apply CAILUP in a regional study as in the example of the Quan Lo Phung Hiep region
{Chapter IV), the components listed below are required. These components are classified into
two groups:

(a)  essential components, i.e. components that are indispensable in the development and
applications of CAILUP;

(b)  optional components, i.e. components that contribute to improvement of the quality,
and extension of the capabilities of CAILUP,

Human resources:

« Farmers (a) living in the region, understanding the local conditions, whose knowledge can
be relied upon in the course of the study;

« A multisectoral planning team (a) with proper coordination and sufficient knowledge of both
bio-physical and socio-economic conditions in the region. Planners from the sector
responsible for the key intervention will play the role of generalists and coordinators in the
study;

* Modellers (a) able to translate conceptual models developed by the planning team into
mathematical models and computer programmes;
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» Decision makers (a) familiar with the development plan of the country and the region, and
prepared to apply CAILUP as a decision and management support systern;

« International experts (b) with knowtedge in specific disciplines and insight in the relevant
issues in the region.

Data and information:

+» Data on current bio-physical and socig-gconomic conditions (a) such as climate, land, water,
population, household groups, farmers’ preferences, etc.

« Data on current land use (a) soch as land use types, crop requirements, cultivation
techniques, production, etc,

« Information on the key and supplementary interyentions in the region and development plans
for the country and for swrounding regions (a).

« Information on existing models (b).

Hardware and software packages:
« Computers* (a) and peripherals (b) such as printers, digitizers, etc,

» Worksheet, programming and GIS software packages* (a) suitable for application by the
modellers and the planning team.

+ Existing models (b) relevant to the problems in the region,

5.7 In summary, the two objectives of the study have been attained. Taking into account
major issues in land use planning methodoiogy, the CAILUP was developed to facilitate
integration in land use planning. A corresponding software system was developed and tested
successfully for the Quan Lo Phung Hiep region with its specific bio-physical and socio-
economic conditions.

* No specific computers, programming languages and sofiware packages are recommended,
as CAILUP is developed on the basis of local condiions. Obviously, modern hardware
and powerful software packages may facilitate the development and applications of
CAILUP. However, the local capabilities, in terms of knowledge and facilities for
operation and maintenance, and specifications of hardware and software packages, should
match.
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58 Although the above requirements (5.6) have been fulfilled, development and
applications of CAILUP are still confronted with many challenges. These challenges refer to
three main issues: integration (5.9 to 5.12), modelling (5.13 to 5.20) and applications (5.21
to 5.24). However, this classification is relative as some challenges refer to two or all three
issues (e.g. 5.9, 5.12, 5.13, 5.16, 5.17) and are associated (e.g. 5.8 and 5.9; 5.8, 5.10, 5.12 and
5.13;, 5.9, 5.17 and 5.18; 5.22 and 5.23, etc.).

Each challenge derives from the existence of two alternatives.

59 ‘Single’ versus ‘mudti’:  this challenge refers to the tension between single
disciplinary versus multidisciplinary, single sectoral versus multisectoral and single level
(farm, regional, national, etc.) versus multilevel studies. Although development of ‘building
blocks’ is a suitable technique for CATLUP, two directions are possible in its development and
refinement: expansion (‘multi’) or intensification (‘single’). This challenge is identical to that
of allocating a limited resource to many users, or concentrating on one or a small number of
users. In the past few decades, many ‘single’ models have been developed by specialists,

therefore ‘multi’ models developed by generalists are required to integrate these ‘single’
models.

5.10 ‘Bio-physical’ versus ‘socio-economic’: CAILUP is developed to integrate knowledge
and insight in the bio-physical and socio-economic realms. These two realms can be
compared with the ‘body’ and the ‘mind’ of a person, i.e. they require different methods for
survey, study and management, but functionally they are always integrated. Corrent
knowledge on the interactions among factors in each realm and in paricular on the
interactions among factors in the two different realms is still limited. A challenge for
CAILUP is to avoid bias in integration, so that relevant factors in both realms and their
interactions are included in the model in a well-balanced way.

3.11 ‘Local’ versus ‘global’: depending on the objectives of application, two directions
can be distinguished in developing a model:

(i) Focus on generally valid factors and interactions so that the model can be ‘globally’
used, as most of the model introduced in 2.20. Applications of such models are faced
with the problem of specificity represented by local conditions.

(ii) Focus on factors and interactions for a specific case, so that the model can be used
‘locally’. With the current widespread availability of computers, a large number of
maodels with local names or even ‘noname’ are being developed by modeilers in many
countries.

For the first type, attempts have been made to increase the flexibility of the model
by including as much as possible local factors and interactions, so that the model can be
applied for various situations.
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For the second type, although the model is developed and applied for a specific case,
the modeller in many cases also has the intention to apply it for other cases without or with
minor modifications.

A possible solution is to break up the model in small sub-models and modules so that
the model can easily be adapted by adding a new module or replacing an existing module by
a more appropriate version. However, implementation of this option is often difficult in
reality. First, ‘local’ and ‘global’ factors and interactions have not been not explicitly
distinguished by the modeller during model development, but are usually detecied during
model application., To increase the flexibility of a wmodel, therefore requires efforts in
reprogramming. Secondly, many models are provided in the form of compiled executable
files, thus making it impossible to adapt them to local conditions.

512 ‘Aggregation’ versus ‘disaggregation’: as discussed in 3.29, although aggregation
may cause error, it cannot be avoided in regional planning, since point data have to be
aggregated to area data. On the other hand, some types of data are only available at a higher
spatial or temporal level than the lowest level applied in the calculations, e.g. at regional level
or district level while calculations are performed at village level. In practice, therefore
although disaggregation is avoided as much as possible, it may still be needed. A challenge
is to determine a lowest level, so that all data can be aggregated or disaggregated to that level
and errors caused by aggregation or disaggregation are minimized.

5.13 ‘Simple’ versus ‘complex’: a model is a simplification of reality. If two models can

be applied and provide the same output, a practical user, such as a manager, prefers the simple

one, but others, such as many research scientists, may prefer the complexer one because:

(i) they think that complex models are more appropriate representations of the real world;

(ii)  complex models can be applied to analyse more possibilities;

(ili)y there is a preference of complexity in model application similar to the ‘love of long
words and complex structures’ in using language.

A challenge in modelling is to identify the limit of ‘simplicity’ that still meets the
demands of model application, but provides enough the ‘complexity’ to express the
perceptions of users.

5.14 ‘Explanatory’ versus ‘descriptive’: most models start from a descriptive version in
which inputs and outputs are linked through a black-box. With increasing knowledge, the
black-box is opened and the model is refined. Inside the black box, the modeller may find
many black sub-boxes. Factors within these black sub-boxes and their interactions are
included in a new version that is less ‘black’ {descriptive) and more ‘white’ (explanatory).
Such cycles are continuously repeated during model refinement. However, the number of
black sub-boxes is so large that a completely explanatory version, though ideal, will never be
attained. A similar situation occurs when a model is expanded by adding new black boxes
for explanation of relations among some factors. A chailenge in modelling is to determine
when the purpose of modelling has been attained and the cycle of opening and linking black
boxes can cease.
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5.15 ‘Static’ versus ‘dypamic’: a dynamic process can simply be described by compiling
a number of static states into a temporal sequence, as applied in animation techniques. In land
use planning, the situation is more complex, as illustrated in Chapter IV. For example, not
one, but many copportunities can be opened from a new static state in land use; to attain
sustainable development, decisions in land use in any given year are based on the states in
many years, rather than on only that in the preceding year.

5.16 ‘Exact’ versus ‘approximare’: a mode! dealing with bio-physical processes usually
requires exact data from intensive surveys and experiments, but a model dealing with socio-
economic processes is usually based on approximate data from sampling, interviews and
expert knowledge. A challenge in integration of these two types of processes is to decide
which data can be used as inputs and which data have to be updated.

517 ‘Ouantitative’ versus ‘gualitative’: quantitative data are preferred in modelling as
they are easily used. However, quantitative data are not always available, in particular those
originating from ‘expert knowledge’. A conceptual model is used to deal with qualitative
data, but that is an abstract object that can hardly be used as means of communication among
scientists, although it can be represented in various formats as pictures, flow charts, formulae,
etc. An attempt has been made to convert qualitative data to guantitative data for
mathematical modelling, by applying conventions for classification at international, national
or local levels. Units such as kilogramme, meter and the Richter’s earthquake scale are
examples of international conventions. Soil or household group classifications as in Chapter
IV represents national and local conventions. Conversion of qualitative data into quantitative
data remains a major challenge in modelling.

5.18 ‘Verifiable’ versus ‘speculative’: one type of models deals with repeatable or
recurring systems, ie. the same inputs, relations among components and outputs can be
observed at different locations and times, such as the physical and bio-physical sub-models
in CAILUP, Following model calibration, experimeniation is possible to generate data for
validation. Another type of models refers to unique systems and experimentation is
impossible, such as the demography and socio-economic sub-models in CAILUP. Only a
limited number of verifiable sub-models can be ‘really’ validated on the basis of observed
data. Other speculative models are validated on the basis of expert knowledge. Integration
of these two types is a challenge for planning models.

5.19 ‘Single’ operation versus ‘interactive’ operations: normally, users prefer models that
generate final outputs after a single operation. However, for a planning tool such as CAILUP,
interactive operations (see 3.31) are required. A larger number of iterations may cause
difficulties to the user, in particular if a large data volume has to be analysed to limit error
propagation, before starting a new iteration. Design of an interactive model suitable for the
purpose of application is a challenge in modelling for planning.

5.20 ‘Transparent’ versus ‘opague’: a system like CAILUP requires a model so
transparent that the uwser can easily understand input data, trace calculation sequences and
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analyse output data. On the other hand, the user prefers a system with fast calculations {(no
internal checks) and not requiring much effort in preparing input data and in analysing output
data. The choice between a (more) transparent and opaque character is always a challenge
in modelling.

5.21 ‘Research’ versus ‘management’: many models have been developed as a scientific
tool for research purposes to increase understanding, but planning requires readily applicable
models. Selecting the purpose: research or management, is a challenge in modelling.
However, during applications and after refinements, a research model may become a
management tool and a management model may also be used in research. So, distinction
between ‘rescarch’ or ‘management’ may be only valid during model development.

5.22 ‘Subjective’ versus ‘objective’: a model should simulate what happens in reality,
therefore its outputs should be independent of the modeller and the user. Nevertheless, it is
a simplification of reality in accordance with the explicit purpose formulated by the modelier,
Parameters can be adjusted to generate outputs within a range accepted in model calibration,
although they may fall out of the observed range. Model outputs are, more or less, subjective
to the modeller and the user. Limiting the subjectivity of modeller and user is a challenge in
modelling.

5.23 ‘Short-term’ versus ‘long-termt’: incorporation of short-term and long-term objectives,
which are often contradictory, should be implemented in land use planning. A challenge in
the application of CAILUP is the taking into account of the conflicts between short-term and
long-term objectives in evaluation of development scenarios.

5.24 ‘Explorative’ versus ‘prospective’: as discussed in 5.6, CAILUP is developed for
explorative studies rather than for prospective studies. In practice, these studies can be
considered different phases in a sequence comprising explorative, prospective and instrument
studies. Data used as inputs in an explorative study in which various scenarios are examined,
as illustrated in Chapter IV, refer to many preceding prospective studies such as those on
population projection, national development plan, sectoral plans, etc. The explorative study
will be followed by other prospective studies in which a highly probable scenario will be
identified, to formulate an action plan, and subsequently instrument studies in which
instruments to implement the plan, are selected. These selected instruments then serve as the
key interventions in a new explorative study, and the sequence will be repeated towards the
future.

5.25 The final conclusion, and also recommendation is that the above alternatives in each
challenge always show a cyclic behaviour in which at any point in model development, a
choice is being made for one alternative. For all the challenges, there is also a cycle in which
one challenge becomes dominant and is the main subject of many studies during a number of
vears. The attempt of development and application of CAILUP in further studies is not to
avoid these challenges, but to develop and apply a system adapted to these cycles.
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Appendix §1: Examples for scenario and map definition,

File: MARI1L.SCE (Example of a scenario definition file).

DATA ON SCENARIO DEFINITION FOR CAILUP FOR QUAN LO PHUNG HIEP REGION
Last updated: 20 December 1995 by: Chu Thai Heanh

SCENARIO NAME

’
’
v
’
r
’

RICE-CRIENTED + CONSTRUCTION SCHEDULE 1

GENERAL INFORMATION TO ALL SUB-MODELS

Number of years to be simulated

- m o

30

! Construction schedule No.

1

* Land use scenario (maximum 4 characters)

MARI

! Extract fresh water for cultivation (Y/N)

Y

’ Change water pH (Y/N)

N

¢ Input file for construction schedule

CONSTRUC.SCH

SPECIFIC INFORMATICN TO FACH SUB-MODEL

SUB-MODEL 2: PHYSICAL IMPACT

Rules of water variations.

L T

WARULE.S502

’ Input data file to link nodes, fields to sub-units

SUBUNODE.S02

Rumber of cases with different water conditions

[
r
* Year and input file of each case
' Year Water level Water pH Number of
’ and salinity sluices
[
1 NOEX0,.WAT, WApH.WAIL, 0
3, NOEX3.WAI, WApPH.WAI, 3
5, NOEX5.WAI, WApH.WAI, 6

- 249 -



Appendices

File: LANDUSE.MAP (Example of a map definition file).

’
r
v
v
’
2

-

LAND USE MAR OF QUAN LO PHUNG HIEP REGION
Last updated: 15 December 1995 by: Chu Thai Hoanh

MAP NAME

QUAN LO PHUNG HIEP

LOCATION {(x,y) AND COLOUR OF MAP NAME IN SCREEN (WIDTH 80,

10 4 4

INFORMATICN ON BASE MAP

File name

GLPHBASE

Single colour (=1} or multicelour ({>1)
1

%olour code of base map {any number if multicolour)

FILENAME OF OVERLAY MAP (0 if no need)

Q

FILENAME OF MAPPING UNITS
Data structure in this file is: No.,x,y, Unit name

QLPH.XY

FILENAME OF UNIT LABELS {0 if no need)
Data structure in this file is: No.,X,¥, Unit label

QLPHWMU . XY

LOCATION (x,y) OF LEGEND (Maximum 80, 43)

48 47

NUMBER OF DATA FILES

5

INFORMATION OW DATA FILE 1

Filename
C:\CAILUP\INPUT\EXISTING.S03
Name of Data type
CURRENT LAND USE
Colour code of this name

4

Total number of data type
32

Colour code of data type name cn screen
2

DISPLAY
{0=no displayed)
(l=displayed)

Ne. DATA NAME TYPE UNIT
{0=character)
{l=numeric)
1, Sub-unit, 1, R
2, Water management unit, 1, .
3, Total area, 1, ha
4, Single traditional rice, 1, ha
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Appendix 8§2: Examples of input and ountput data of the Physical-Impact Sub-model [2]

File: CONSTRUC.SCH (Example of input data on construction schedules)

INPUT DATA TO CAILUP FOR QUAN LO PHUNG HIEP REGION — Physical Impact Sub-meodel [2]
CONSTRUCTION SCHEDULE

Last updated: 20 November 19392 by: Truong Tien Dung

(pata from the Institute for Hydraulic Construction Survey and Design)

OPTION 1 OPTION 2
No. Items Start End Start End
guarter year quarter year quarter year quarter year

PN T T TR SIS

MAIN SLUICES & CANALS

1 , My Phuocg, 1 1 8 2 1 1 6 2 ...
2 , Cai Tram, 5 2 8 2 3 1 [ 2 -
s
' SECONDARY SLUICES & ON-FARM SYSTEMS (in 20 water management units)
1, 28 B i 1 10 3 1 1 8 2 -
2, 29 ’ 1 1 10 3 1 1 8 2 e

File: SUBUNODE.S02 (Example of a matrix linking sub-units to nodes and fields)

’
/ INPUT DATA TQ CAILUP FOR QUAN LO PHUNG HIEP REGION - Physical Impact Sub-model [2]
‘ MATRIX LINKING SUB-UNITS T{ NODES AND PLAINS OF THE WATEFR SCHEME

 AND LIST OF REQUIRED SLUICES TO PROTECT FROM SALT WATER FOR EACH SUB-UNIT

* Last updated: 20 December 1993 by: the Hydraulic and Salinity Modelling Group
‘ Notes on required sluices: 0 = no need for this sub-unit

! 1 need this aluice to protect for sub-unit

’
’
’
,
,
'

2 = outside the sluice system, not protected
Abbreviations: Sub = sub-unit WMU = Water management unit
Sub WMU Pravince District Village Rode Plain Sluices
S1 82 S3 54 S5 86 S87...
1, 28, HG, MY TU, Long Hung, 75 12 1 Q 0 0 0 4} 0...
2, 28, HG, MY TU, Hung Phu, 76 12 1 1 o 0 0 4] 0...

File: WARULE.S02 (Example of input data on rules in variation of water conditions)

’
¢ INPUT DATA TC CAILUP FCR QUAN LO PHUNG HIEP AREA - Physical Impact Sub-model [2]
‘ RULES IN VARIATION OF WATHER CORDITIONS

* Last updated: 27 June 1994 by: Chu Thai Hoanh

'

’

'

Number of years in which water pH is lew {in worst case, 1000 years)

3

last step of low water pH (> 24 if the affect lasts to the next year)
26

File: NOEX0.802 (Example of input data on current water level and salinity)

* INPUT DATA TO CAILUP FOR QUAN LO PHUNG HIEP AREA — Physical Impact Sub-medel (2]

f WATER LEVEL AND SALINITY WITHOUDT SLOICES OR ADDITICHAL WATER EXTRACTION

' Last updated: 24 January 1994 by: the Hydraulic and Salinity Modelling Group

* (Water level and salinity data extracted from outputs of VRSAP model, pH is observed).

¢ Step Node (N) Code Water level (cm) Average

4 or Plain (P) Max, Min, Average Salinity {o/oo0)
3, W, 126 48 -42 -1 9.9 6.9
3, N, 134 417 -41 -1 15.2 7.0
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Filee MARI13.802 (Example of output data on water conditions)

POAR KA AR AR AR IR R AR AR AR AR AN R A AR AR R R R A AR AR R R AR AN AR A N A Ak N AR A AW N AR Rk Ak kA AR ARk khkhh ko hkkhk kkw
‘ QUTPUT DATA FROM CAILUP FOR QUAN LC PHUNG HIEP AREA - Physical Impact Sub-medel [2]

‘ WATER COHDITIORS Generated at 18:12:16 on 06-01-199%4
! Scenario: RICE~-ORIENTED + CONSTRUCTION SCHEDULE 1 (File: MARI1.SCE)

’ Extract water: Yes Water pH change: Wo

o ohkkkkkkAkkkk ARk ARk kA k ko kA kk kA ko ko w ks kokkkkk Ak kA kb krhxhdd%
’
,

Sub-unit Year Step CanalWlL MaxCanalWl PlainWlL PlainMaxWL Tide Salinity pH

1 1 3 24 Bl 34 37 132 1.0 ;.

1
2 1 3 24 75 34 37 125 1.8 1

Appendix S3: Examples of input and output data of the Bio-physical Sub-model [3]

File: EXISTING.S03 (Example of input data on current land use)

INPUT DATA TO CAILUP FOR QUAN LO PHUNG HIEP AREA - Bio-physical Sub-model [3]
LAND USE N 1550

Last updated: 27 Janvary 19%2 by: Le Khanh Chien
(Data from the Mekong Delta Water Resourcea Planning Qffice)

r
[
’
’
’
! Abbreviations: OneTra = Single traditional rice
‘ Sub = Sub-unit OneEY = 8ingle high yielding rice
* WMU = Water management unit SATra = Double rice, Summer-Autumn and traditional
* Prov = Province SAHY = Double rice, Summer-Autumn and high yielding
! Dist = District SAWS = Double rice, Summer-Autumn and Winter-sSpring
’ Total = Tetal area SA = Summer—Autumn rice
! Popu = Populatien {perascns) 2ndTra = Second traditicnal rice
! PType = Population type 2ndHY = Second high yielding rice
’ Elev = Elevation (cm) ws = Winter-Spring rice
’ BeanWs = Winter-Spring beans ShPo = Shrimps in ponds Mela = Melalsuca
’ BeanSS = Spring-Summer beans ShRi = Shrimps in rice fields Mang = Mangrove
’ BeanSA = Summer—Autumn beans Shsa = Shrimps in salt fields Euca = Eucalyptus
! Sugar = Bugarcane ShNa = Shrimps in canals Nipa = Nipa palm
' Sugarl = Sugarcane, lst year PrPol = Prawns in ponds, one crop
' Sugar2 = Sugarcane, 2nd year PrPo2 = Prawns in ponds, Lwo crops
' Sugar3d = Sugarcane, 3rd year PrRil = Prawns in rice fields, one crop
f Pine = Pineapple PrRi2 =~ Prawns in rice fields, two crops
f* Pinel = Pineapple, lst year PrNa = Prawns in canals
" Pine2 = Pineapple, 2nd year FiPo = Fish pond
' Pined = Pineapple, 3rd year FiNa = Figsh in canals
: Nota: All land use areas are in hectares. Population type: R = Rural, U = Urban
f Sub WMU Prov Village Popu PType Elev Total OneTra OneHY SATra SAHY ...
T
1, 28, HG, Long Hung, 4115, R, 30 1368 232 363 155 0 ...
2, 28, HG, Hung Phu, 10759, R, 35 3698 638 388 266 o ...

File: SOILTYPE.S03 (Example of input data on soil types)

INPUT DATA TO CAILUP FOR QUAN LO PHUNG HIEP AREA - Bio—physical Sub-model {3]
PERCENTAGE OF S0IL TYPE IN EACH SUB-UNIT

Last updated: 20 August 1991 by: Tran Van Khanh

{Data from the Sub-Institute for Agricultural Planning and Prejection)

.

’

’

’

,

' Abbreviaticons: Sub = Sub=-unit W = Water management unit

’ Soil classificatien:

! Vietnamese FAO-UNESCO USDA

' Cz = Ralsed ridge sandy soils Haplic aencsols Fluventic tropcopsamment

’ Mm = Saline mangrove soils Gleyie solonchaks Salic hydraquents

r

Ters

* sub village Dominant scil type TYpes: 1 2 3 4 s [ e

4 ymbol} (%} cz Mm Mn M Mi SplMm ...

r
1, Long Hung, si2, 0.0 0.0 0.0 0.0 0.0 0.0 ...
2, Hung Phu, s3jz, 0.0 0.0 0.0 0.0 0.0 0.0 ...
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File: AGRIRULE.S03 (Example of input data on rules in agricultural yield)

INPUT DATA TO CAILUP FOR QUAN LO PHUNG HIEP REGION ~ Bio~physical Sub-model [3]

ROUOLES IN AGRICULTURAL YIELD Last updated; 30 November 1991 by: ¥Nguyen Manh Hung
[Data from the Sub-Institute for Agricultural Planning and Projection)

Abbreviations: see file EXISTING,S03 in Appendix 83

RICE CROPS

.

Maximum observed rice yield (t/ha): HY (high yielding) wvarieties Traditional varieties

7 5

Input for cultivaticn: SA 2ndHY 2ndTra WS OneHY OneTra {in rice equivalent t/ha)
(= ¢ to generate all low yield values)

1.8 1.8 1.3 1.8 1.8 1.3

r
‘ Crop length HY: 8 steps Traditicnal {nermal case}: 11 steps
4 Seaedling Tillering Yield formaticn Seadling Tillering Yield formation
r
2 3 3 5 4 2
’
¢ Effect cof water depth on yield of HY variety
‘ Seedling stage Tillering stage Yield formation stage
r
x cm, 0 10 30 1000 Q 20 5¢ 1000 0 20 70 1000
¥, 1 1 0 0 1 1 ] 0 1 1 o] 0
‘ Bumber of 5A crop cases, initial and final steps of each case {in pricrity order)
’ Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
’
6 9 18 10 17 11 18 12 19 13 20 38 15

Percentage of unfavourable years for production
WMU = 28 29 30a 30b 31 32 33 34 35 36 37 38 39 40 41 42 43 44 52 54

For SA rice, 40 35 30 20 10 15 15 20 15 15 15 10 15 10 5 25 20 20 10 S

. m

Effact of soil factor on rice vield

[

cz Mm Mn M Mi Splbm Sp2Mm SplM Sp2M S3IM  S32M sj1  sj2 18
0.7 0 0.8 0.8 1 0 o 0.8 0.8 0.6 0.8 0.6 0.8 0.5
s
‘ 1. SUGARCANE 2. PINEAPPLE 3. EERANMS
1
' Yield of sugarcane and pinsapple in each year as proportion of maximum observed yield
! 1st year 2nd year 3rd yeaxr
¥
0.8 1.0 0.8
,
' Maximum observed yield (t/ha) Sugarcane Pineapple Beans
'
80 30 2
r
' Input for cultivation: Sugarcane Pineapplas Beans {in product equivalent t/ha)
f (= 0 to generate all low yield values)
.
0 ] 0
.
* Crop length {(by steps) Sugarcane Pineapple Beans
' (sugarcane: 22 steps, but effect of water conditions only significant in initial 18 steps)
r
18 24 6
’
¢ Effect of water depth on yield of upland crops {(due to loss of land between raised beds)
’ sSugarcane Pineapple Beans
’
x cm, 0 50 70 1600 0 50 0 1000 0 50 70 1000
Y, 1 0.5 0.3 0 1 0.5 0.3 0 1 0.5 0.3 0
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File: FISHRULE.S03 (Example of input data on rules in fisheries yield)

INPUT DATA TO CAILUP FOR QUAN LO PHUNG HIEP REGION - Bio-physical Sub-model [3]

RULES IN FISHERIES YIRLD Last updated: 20 January 1992 by: Tran Duc Can
(Data from the Institute for Aquaculture Research Wo.II)

Fish group 1: ShPel = shrimps in ponds, lst crop, extensive

Fish group 2: ShPc2 = Shrimps in ponds, 2nd crop, extensive

Fish group 3: ShSa = Shrimps in salt fields, one crop, extensive
Fish group 4: 5hRi = Shrimps in rice fields, one crop, extensive
Fish greup 5: ShNa = Shrimps in canals (natural conditions)

Fish group 6: PrPol = Prawns in ponds, lst crop, semi-intensive

Fish group 7: PrPo2 Prawns in ponds, 2nd crop, semi-intensive

Fish group B8: PrRil Prawns in rice fields, lst crop, semi-intensive
Fish group 9: PrRiZ = Prawns in rice fields, 2nd crop, semi-intensive

Fish group 10: PrNa
Fish group 1ll: FiPo
Fish greup 12: FiNa

Prawns in canals (natural conditions)
Fish in ponds, full year (only fresh water fish is conaidered}
Fish in canals (natural conditions)

nwawnuni

Maximum observed yield of fish groups {(kg/crop—ha of water surface)
ShPel ShPeo2 ShSa ShRi ShWNa PrPol PrPo2 PrRil PrRi2 PrNa FiPo FiNa

250 250 170 220 30 300 700 250 250 10 4000 50

F R T T T R T

Natural source of shrimp seeds in water management units
28 29 30a 30b 31 32 33 34 35 36 37 38 39 40 41 42 43 44 52 54

0.10.4 0,40.7 0.6 0,40.70.70.30.60.40,20,20,80.70.91.01.00.20¢.2

- -

Initial and final steps in croppling calendars of fisheries
shpPol shpo2 Shsa ShRi ShNa PrPel FPrPo2 PrRil PrRiz PrNa Fipo FiNa

6 15 18 27 13 21 23 32 10 26 13 22 110 13 22 110 17 27 2 23 1 24

Depth of water intake below ground surface (cm)
Shpcl Shpo2 sShsa ShRi ShNa PrPol PrPo2 PrRil PrRi2 PrNa FiPo FiNa

50 50 &0 60 0 50 50 €0 60 0 Q 0

P

Required average high water level in rice field for shrimps and prawns {cm)

5

! Pond depth in relation to ground surface (em)
130

Yield of shrimps by age (Values < 1 are from farm records, > 1 are estimated)

X steps, 0 6 8 10 12 14 20
¥, 0 0.65 0.80 1.0 1.1 1.1 1.0

Filee FORERULE.S03 {Example of input data on rules in forest production)

INPUT DATA TO CAILUP FOR QUAN LO PHUNG HIEP REGION - Bio-physical Sub-model [3]
RULES IN FORESTRY PRODUCTION

Last updated: 02 Januwary 1992 by: Nguyen Vano Duyet

{Data from the Sub-Institute feor Ferest Inventory and Planning)

P A L )

Annual yield: Melaleuca Mangrove Eucalyptus Nipa palm
{m3/ha-year) (m3/ha=-year) {m3/ha~year) (leaves/ha-year)
Site class: Poor Medium Rich  Poor Medium Rich  Poor Medium Rich  Poor Medium Rich
X class, 1 2 3 1 2 3 i z 3 1 2 3
Y, 4.3 6.0 7.7 5.8 8.8 11.8 10.0 12.8 15.¢ 7000 11000 17000
’
’ Effect of water depth on site class of Melaleuca and mangrove
! Medium Rich Poor Rich Medium Poor
Water depth (m), 0.5 1.0 0.5 1.0
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File: MARILIHY (Example of output data for rice yield)

rhkkhkkrkhddh T kbt hdwhkkkrarhbhrkrhh bk rh kA kb b A Ak kA A rkhkkkhhhAk bk krkdhkdariihdi
OUTEUT DATA FRCM CAILUP FOR QUAN 1O PHUNG HIEP REGION — Bic-physical Sub-model [3]
SINGLE HIGH YIXLDING RICE Generated at 18;04:56 on 06-30-193%5
Scenario: RICE-ORIENTED + CONSTRUCTION SCHEDULE 1 (File: MARI1.SCE)

Extract water: Yes Water pH change: Yes Year: 1 Maximize SA rice: Yes Pump WS: Yes
Abbreviations: Sub = Sub-unit WI Water level (cm) Soil = Effect of soil factoer

WMU

= Water manag. unit Sa = Water salinity {%) Water = Effect of water condltiona
It = Initial time step pH = Water pH Solar = Effect of solar radiation
Ft = Final time atep %Y = % after reductien Two crop = Effect of two
Yield = Crop yield (t/ha) Final = Effect of all factors consecutive crops

Case = Unfavourable (U) or Favourable (F) weather conditicns

RRERRA KUK R AR KR IR KRR I IR RIS R R AR K KRR KRR IR IR AR R RNRAK AN NRA AR IR A AR AN KA AR

Sub WMU Village Case Seedling. .. S0il Water Solar Twe Final Yield
It st WL %Y Sa %Y pH %Y... crop

1, 28, Long Kung, U, 14 21 35 100 0.0 100 7.0 100 75 74 76 100 as 2
1, 28, Long HBung F, 14 21 5 100 0.0 100 7.0 100 75 4 76 100 g 2

R . T T T S e S

File: MARILBEA (Example of output data for yield of beans)

AR KA R R A A A XA AR LA AR F ARk A ko kA kA kA vk kA hkkk kA khhhhhkhhhhhhxrkd

’
‘ QUTPUT DATA FROM CATLUP FOR QUAN LG PHUNG HIEP REGION - Bio-physical Sub-model |[3]

‘ YIEBLD QF BREANS Generated at 18:04:56 on 06-30-1995
* Scenaric; RICE-ORIENTED + CONSTRUCTION SCHEDULE 1 (File: MARI1.SCE)

! ExXtract water: Yes Water pH change: Yes Year: 1

* Bhbbreviations: see file MARI1.1HY above.

LS 2R R RS E R 22 R R L F A R T T TR R R R R R P SR
* subk WMU Vvillage Sunmer—Autumn

4 It Ft WL %Y Sa %Y pH %Y Soil Water Final Yield
’

1, 28, Leng Hung, 9 14 g 88 0,0 100 7,1 100 54 88 48 1.0
2, 28, Hung Phu, 9 14 4 95 0.0 100 7.1 100 56 95 53 1.1

File; MARILSPO (Example of output data for shrimp yield)

ARk A kA AR AR AR A AT AR RAR A AR A AR Ak kA w kb kA AR AT N R AR AR A A A Ak Ak R AT ARk Ak ddxkkkdhdkktkdar

*****iii*****ttg*******E**i*****i***k*i************i*i**t******************k*tt**l******
Sub WMU village Source SHRIMPS IN PONDS, 1lst CRCOP (Effect of age = 100%) e
of seeds Scil WL %Y Sa %Y pH %Y Wat MinpH %Y Depth 3Y Final Yiel

’

* OUTPUT DATA FROM CAILUP FOR QUAN LO PHUNG HIEF REGION -~ Bio-physical Sub-model [3]

‘ SHRIMPS IN PONDS AWD SALT FIELDS Generated at 20:26:31 on 07-18-1995
’ Scenario: RICE-ORIENTED + CONSTRUCTICN SCHEDULE 1 (File: MARI1,SCE)

f Extract water: Yes Water pH change: Yes Year:

! Abbreviations: WL = Water level {cm) Y = % yield after reduction

' Sub = Sub-unit Sa = Water salinity (%) Wat = Effact of aver.water conditions
f WMU = Water man.unit pH = Water pH 50i]l = Effect of scil factor

f It = Initial step MinpH = Minimum water pH Final = Effect of all facters

" Ft = Final ste Depth = Pond water depth (cm] Yield = Yield of shrimp (kg/ha

'

,

v

r

1, 28, Long Hung, 10 62 137 100 1,0 16 7.2 100 16 7.1 100 =38 100 1 3
2, 28, Hung Phu, 10 64 132 100 1.4 24 7.2 100 24 7.1 100 -24 100 2 4

File: MARILFOR (Example of output data for forest yield)
LR S T RS SR A R R R R T AR ST S T R E SRR RS S LA ETE R E RS SRS RS SSRIESS LS SRS ST L
f QUTPUT DATA FROM CAILUP FOR QUAN LC PHUNG HIEP REGION — Blo-physical Sub—model {3]

' FOREST PRODUCTION Generated at 20:26:31 on 07-18=-1995
! Scenaric: RICE-QRIENTED + CONSTRUCTION SCHEDULE 1 (File: MARI1.SCE}

f Extract water: Yes Water pH change: Yes Year:

f Abbreviations:

‘ Sub = Sub-unit Soil Effect of soil factor WL = Site ¢lass by water depth

‘ WMU = Water Water S.class by water conditions Sal = Site class Ly salinity

' man.unit Final Site class by all factors Tide = Site class by tide fluctuation
* Yield = Annual increment {m’/ha/year) Notes: Site classes: 1 = Poor 2 = Medium 3 = Rich
P okhkhhhkkhhkhhhkhhxhhhhkhkhkhhrnhhrhkhkhhhhakhkhhkhhkdhhhkkhhkhhkhkhhkhrhhkhkhdhhbohrkrxkrhixxxikkdxidh
' Sub WMU Village MELALEUCA EUCALYPTUS WIPA PALM

! Soil Water Final Yield WL Sal Soil Water Final Yield sSal Yield

’

1, 28, Long Hung, 100 2.0 2.0 6.0 1.4 3.0 100 2.2 2.2 13.3 0.0 0
2, 28, Hung Phu, 100 2.0 2.0 6.0 1.6 3.0 100 2.3 2.3 13.8 0.0 0
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Appendix S4: Examples of input and output data of the Economic Sub-model at Farm
Level [4]

File: AGRIFLWQl (Example of a worksheet for financial analysis for agricultural
production)

ECONOMIC STUDIES FOR QUAN LO PHUNG HIFP REGION

FIMANCIAL AHALYSIS FCOR RICE CROPS (1 ha/year)

Last updated: 20 July 1995 Dby: Chu Thai Hoanh

(bata from the Sub-Institute for Agricultural Planning and Prejection and ESsa Ltd.,
updated with prices in NEDECC reports)

Abbreviations: gee file EXISTING.S03 in Appendix 83

I. Land uase conversion costs from uncultivated land {1,000 VN Deng/ha)
Note: All labourers are hired

Without water management system With water management system

Item One One SA 2nd 2nd WS One Cne SA 2nd 2nd Ws

Trad HY Trad HY Trad  HY Trad HY
1, Topographic survey 2.5¢ 2,50 1.25 1,25 1.25 1.25 2,50 2,50 1,25 1,25 1,25 1.25
2, 8oll survey 1.50 1.50 0.75 0,75 0.75 0.75 1.50 1.50 0.75% 0.75 0.75 0.75
3. Feaslbility study 2,50 2.50 1.25 1.25 1.25 1.25 2.50 2.50 1,25 1.25 1.25 1.25
4. Relccaticn survey 0.50 0.50 0.25 0.25 0.25 0.25 0,50 §4.50 0,25 0,25 0,25 0.25
5. Land clearing 1500 1500 750 750 750 750 1500 1500 750 7?50 7S¢ 750

6. Excavation/road level 2 60 60 a0 30 30 30 60 60 30 30 10 30

7. Excavation/road level 3 120 120 75 15 75 75 120 120 5 75 75 75
8. Levelling 500 500 400 400 400 400 500 500 400 400 400 400
Total 2187 21B7 1259 125% 12%9 1259 2187 2187 1259 125% 1259 1259
I11. Operating quantities & coats (1,000 VN Dong/ha)
Notes: - All labour farmer's family except those for threshing
- Hired labours are paid by rice equivalent for threshing
- Ho cost for renting land - Coat-Fami. = Costs excluding family labour
Without water management system
Unit Unit OneTrad CneHY Summer—Autumn ...
Item price Quan Cost Cost- Quan Cost Cost— Quan Coat Cost-—
tity Fami. tity Fami, tity Fami .

A, MATgRIALS COSTs

1. See kg 1 100 100 100 150 150 150 180 180 180 ...
2. Fertilizer

- Urea kg 2.3 33 76 76 50 115 115 33 76 76 ...
- DAP kg 4 0 0 0 17 68 68 17 68 68 ...
- NPK 16-16-8 kg 2.8 0 0 0 0 0 4] 17 48 48 ..
3. Pesticide+Herbicide
- Pesticide bottle 8 1 48 418 6 48 18 6 48 48 ...
- Herbicide kg 20 1 20 20 1 20 20 1 20 20 ...
L Pumpin? for irrigation
= Fue litre 2 0 0 0 0 0 0 30 60 60 ...
- Pumping cest kg 1 0 0 o 0 0 0 55 55 55 ...
5. Land Preparation
- Tilling (2 times} kg 1 200 200 200 200 200 200 220 220 220 ..,
B. LABQUR COSTS
6, Seed soaking+broadcasting man-day 10 1 10 0 2 20 0 2 20 0 ...
7. Field clearing+levelling man-day 10 10 100 0 10 1490 0 10 100 0 ..
8. Growing Season
- Field work+weeding man-day 10 20 200 0 30 300 0 30 300 0 ...
- Fertilizing (3 times) man-day 10 1 10 0 3 30 g 3 k1Y 0 ...
- Spraying {2 times) man~day 10 1 10 0 2 20 0 2 20 0 ...
9, Harvesting
— Cutting+gathering man-day 10 15 150 0 20 200 0 20 200 0 ...
- Threshing kg 1 125 125 125 200 200 200 15¢ 150 150 ...
- Drying+storing man~day 10 3 30 0 5 50 0 4 40 0 ...
- Transportation man—-day 10 3 30 0 5 50 0 4 40 0 ...
C. OTHER COSTS
10. Water charge kg 1 0 0 0 0 0 0 20 20 20 ...
11. Agricultural Tax 6% yield
Total coperating costs 1149 549 161l B0l 1735 945 ..
Total labour-days 54 71 75
Total family laﬁour—days 54 77 75
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File: FISHFL.WQ1 (Example of a worksheet for financial analysis for fisheries production)

ECONOMIC STUDIES FOR QUAN 10 PHUNG HIEF REGICN

PINANCIAL ANALYSIE FOR FISHERIES (1 ha/year)

Last updated: 20 July 1995 by: Chu Thai Heanh

(Data from the Institute for Aquaculture Research No,II, E5SA Ltd, and NEDECO)
Abbreviations: see file EXISTING.S03 in Appendix 83

I. Land use conversion costs from uncultivated land (1,000 VN Dong/ha)

Note: — All labour is hired ‘Without’ & 'with’ water management ayatem
Item ShPo sShri shSa shNa FrPel PrPo2 PrRil PrRi2 PrNa FiPo FiNa
1. Pre-construction 149 124 99 0 495 0 124 0 0 495 4]
2., Access road construction 99 413 165 0 660 0 413 0 0 660 4]
3, land clearing 198 a3 66 0 330 0 83 0 Q 330 0
4. Dike construction 2871 1238 1850 0 9408 0 1238 Q 0 9405 0
5. Drainage ditch excavatien 248 1238 330 0 1155 0 1238 0 Q 1155 0
6. Housing 495 413 330 0 1650 Q0 413 Q ¢ 1650 0
7. Gate constructicn 891 413 495 0 1815 Q 413 0 0 1815 0
8. Irrigation canal 0 0 0 0 825 0 0 0 0 825 0
9. Levelling 0 206 165 Q 165 0 206 Q 0 165 0
Total 4950 4125 330¢C 0 16500 ¢ 4125 g 0 16500 0
II. Operating quantities & costs (1,000 VN Dong/ha) (for both ‘without’ and 'with’ cases
Notes: — Skilled and unskilled labour are from farmer’s family for one crop/year

- Spacialists are hired Cost-Family = Costs excluding family labour force

Item Unit Unit

ShPa ShRi e
price Quantity Cost Cost-Family Quantity Cest Cost-Family

1. Equipment lump sum 650 660 124 124
2. Fuel & C€il litres 2.0 80 160 180 60 120 120
3. Seeds for shrimps 1000 seeds 210.0 0 0 0 Q 0 0 ...
for prawns 1000 seeds 50.0
for fish 1000 geeds 33,0
4, Fertilizer kg 4.0 0 o] o] 10 40 10 ...
5. Feed: low protein kg 0.8 ] 0 0 120 26 96 ...
medium protein kg 2.0 0 Q g 0 0 0 ...
high protein kg 3.0 0 0 0 0 0 o ...
6. Pesticides/Lime kg 0.4 0 1] G 400 160 160 ...
7. Maintenance lump sum 990 990 465 495 ..,
8. Labour: Skilled man—-day 10,9 20 200 ] 20 200 0 ...
9., Labour: Unskilled man-day 5,0 180 900 4 60 300 o ...
10. Labour:; Specialist man-day 10.¢ 10 100 100 10 100 100 ...
11. Taxes (% of gross income)
12. Housing lump sum 84 84 v
Total coperating costs 3094 1994 1718 1218 ...
Total labour-days 210 90
Total family la%our—days 200 80

File: FINAN.S04 (Example of input data for financial analysis)

f

* INPUT DATA TO CAILUP FOR QUAN LO PHUNG HIEP REGION ~ Economic Sub-model at Farm Level [4]
* PINAMCIAL ANALYSIS {ha/year} Original worksheet file: FINAN,WQ1

‘ Last updated; 29 July 1965 by: Chu Thai Hoanh

* (Data from planning institutes and ESSA itd., updated with prices from NEDECC reports)

* Abbreviations: see file EXISTING,S03 in Appendix $3

* Note: Case=0: without, Case=1: with water management system Unit: 1,000 VN Dong/ha-year
'

'
’

Item Year Case OneTra OneHY SA 2ndTra 2ndHY WS ...
. Yield unit: tonne tonne tonne tonne tonne tonne
Number of years, 4
*Land use converaion costs, 1 o] 2187 2187 1259 125% 125% 1259 ...
‘Qperational costs {excluding tax), 1 0 549 801 945 542 786 1150 ...
‘Percentage of working capital, 1 0 50 50 50 S0 5 50 ...
Required capital, 1 0 2452 2608 1752 1550 1672 1854 ...
' Interest (g.f'year) y 1 0 24 24 24 24 24 24 ...
'Repayment period (years), 1 0 10 10 10 10 10 10 ...
'Annual repayment faor cenversion casts, 1 0 504 594 342 342 342 342 ...
Capital intensity (Repayment+Gperation, 1 0 1203 1435 1327 924 1168 1532 ...
Farm—-gate price, 1 0 1000 1000 1000 1000 1000 1QCC ...
Tax | ?ross income) , 1 0 3 6 [ 6 6 6 ...
Family lakour (labour—day), 1 0 54 17 75 78 110 77 ...
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File: FARMRULE.S04 (Example of input data on economic rules at farm level)

INPUT DATA TO CAILUP FOR QUAN LO PHUNG HIEP REGION - Economic Sub-modal at Farm Level [4]
RULES IN ECOROMICS AT FARN LEVEL

Last updated: 20 July 1995 by: Chu Thai Hoanh
(Data from the Institute of Hygiene and Public Health and NEDECO)

Parcentage of household groups in different sub-unit investment levels
Sub—unit level / Household groups: Rich Well-to-do Medium Poor Very poor

L

Rich level, 30 30 20 17 3
Well-to-do laevel, 17 30 30 20 3
Medium level, 16 18 31 32 3
Poor level, 1 5 22 52 20
Very poor level, 0 3 19 19 29

Investment cagacit{ of househeold group (1,000 VN Cong)
Yeoar Ric Hell-to-do Medium Poocr Very poor

Wumber of subseguent years, 4
1 45240 15080 9048 4524 2262
58812 19604 11762 5881 2941

Number of ¥ears required te upgrade houssheld group with respect to capital formation
Wit

e w we

hout water management system With water management system
Rich Well-to-do Medium Poor Very poor Rich Well~to-do Medium Poor Very poor
0 5 [ 7 a 0 3 4 5 6

-~

Percentage of households getting credit support: Without case With case

30 50

File; HOUSE.S04 (Example of input data on household groups)

r
r INPUT DATA TO CAILUP FOR QUAN LO PHUNG HIEP REGION — Economic Sub-modal at Farm lLevel [4]
' SUB-UNIT INVESTMENT LEVEL

‘ Last updated: 20 July 19395 by: Chu Thai Hoanh

‘ {(pata based on planners’ knowledge)
'
'
’
¢

Sub WMU Province District Village Sub—unit level Credit support (0=Ko, l=Yes)
Without case With case

1, 28, HG, MY TU, Long Hung, 2 0 0
2, 28, HG, MY TU, Hung Phu, 2 0 1

File: MARI16.504 (Example of output data on bio-physical/economic feasibility)

Pk kAR Kk Ak ko Nk kTN A AN AR R Ak hk kA A A AR AR AR AN RN AL KK AN RE AR R AA IR AR ARk KRR AR ARk kkkkrhhkdk
' QUTPUT FROM CAILUP FOR QUAN 10 PHUNG HIEF REGION - Economi¢ Sub-model at Farm Level [4]
 BIO-PHYSICAL/ECONOMIC FEASIBILITY Generated at 21:52:14 on 08-02-19%5

! Scenario: RICE~-ORIENTED + CONSTRUCTION SCHEEDULE 1 (File: MARIL.SCE)

‘ Extract water: Yes Water pH change: No Year: &

‘ Abbreviationg: see file EXISTING.S03 in Appendix 33

! Unit of net income: 1,000 VN Dong/ha/year, Feasibility & capacity: %

I . s R TR R R R R e e E S R e e s S R R SIS S s R EL )
’
'
’

Sub WMU Village Item OneTra OCneHY SATra SaHY SAWS ...
Yield unit: tonne tonne tonne tonne tonne ...

1, 28, Long Hung, Yield, 3.1 4,1 7.0 6.3 9.3 ...
Net income, 1897 2665 4749 3805 6441 .,

Income feasibility, 15.6 22.0 39,2 31.4 53.1 ...

Investment capacity, 100.0 100.0 97.0 97.0 27.0 ...

Bio-phys,/econ. feasibility, 15.6 22,0 38,0 30.4 51.5 ...
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Appendix S5: Examples of input and cutput data of the Social Sub-model at Farm Level
[5]

File: FARMRULE.S05 (Example of input data on social rules at farm level)

INPUT DATA TG CAILUP FOR QUAN LO PHUNG HIEP REGION - Social Sub-model at Farm Level [5]
ECOHOMIC AND SOCIAL RULES AT FARM LEVEL

Last updated: 08 August 1985 by: Chu Thai Hoanh

(Data based on planners’ knowledge)

1lst RULE: Priority if difference in net income is miner
CneTra OneHY SATra SAHY SAWS Sugar Pine Euca Mang Mela ShPo ShSa ShRi PrPol PrPo2

L

1 2 3 4 5 6 710 9 8 12 0 0 13 14 ...

Percentage of difference below which a higher priority type will be selected
OneTra OneHY SATra SAHY S5AWS Sugar Pine Euca Mang Mela ShPo ShSa ShRi PrPol PrPo2

0 2 2 2 5 5 5 5 5 5 5 1} 5 5 5 5

~ .

LN

2nd RULE: Limit of income per capita (1,000 VN Dong) kelow which farmer will not accept

Number of subsequent years, 4
4 Ye?r Richlgroup ?el -to-do 9Medium GPoo: Vgry poor

2 20 16 12 8 4
3 25 20 15 pa¢] 5
4 29 24 18 iz 6

3rd RULE: Preference value (%) of agricultural products
based on consumption preference, farm storage and local processing facilities
Rich greup Well-to-do Medium Poor  Very poor

Rice, 100 100 100 100 100
Sugarcane, 70 &0 S0 40 30
Pineapple, 40 35 a0 25 20

4th RULE: Preference wvalues of traditional rice and HY rice
based on preference in rice consumption
Rich group Well-to-do Medium Poor Very poor

.-y

Traditional riece, 100 100 100 160 100
HY rice, 70 a0 90 100 100

File: MARI16.505 (Example of output data on integrated feasibility)

PR AR KRR Rk A Ak A Ak kA Ak ko kA Ak A kR A R Rk kR Rk w AR Ak kR AR F AR d Ak kA ke k Ak kb kA kA Ak h kA khh ki h ke m ko
‘ QUTPUT DATA FROM CAILUP FOR QUAN LO PHUNG HIEP REGION -~ Sccial Sub-model at Farm Level [5]
¢ INTEGRATED FEASIBILITY Generated at 09:2¢:36 on 08-08-1995

' Scenaric: RICE-ORIENTED + CCONSTRUCTION SCHEDULE 1 (File: MARI1.SCE)

’ EXtract water: Yes Water pH change: No Year:

‘ Netes: BEF = Bio-physical/economic feasibility (% of total in sub-unit)

' 1st = Feasibility after lst rule ({priority with minor incocme difference)

' 2nd = Feasibility after 2nd rule {minimum income per family labour-day}

r 3rd = Feasibility after 3rd rule ({preference in each producticn system)

’ InFe = Integrated feasibility after 4th rule

‘ (preference traditional rice and HY rice)

¢ Abbreviations; see file EXISTING.S03 in Appendix S3

f Unit: % of total in sub-unit

PoAA Ak ANk AAA N KA R A AR RRA AR AR T NA R RN A kA ke kA kA kb khw kA kAdkhnkbah kA dh kbR AR kR ®
’

’

Sub WMO Village OneTra OneHY SATra SAHY SAWS Sugar Pine Euca Mang

1, 28, Long Hung, ?EF, 8.1 11.3 20.2 16.2 27.3 8.6 6.1 0.8 0.0

st, 8.1 11.3 20.2 16.2 27.3 8.6 6.1 0.8 0.0 ...
2nd, 8.6 12.1 21.é i7.3 29.3 6.5 4.6 0.0 0.0 ...
Ard, 9.0 2.7 22.7 is.1 30.7 4.8 1.9 0.0 0.0 ...
InFe, 11.3 i1.1 28.2 15.8 26.8 4.8 1.9 a.0 0.0 ...
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Appendix S§6: Examples of input and output data of the Demography Sub-model [6]
File: POPURULE.S06 (Example of input data on rules in demography)

INPUT DATA TO CAILUP FOR QUAN LO PHUNG HIEP REGION - Demegraphy Sub-model [6]
RULES IN DEMOGCRARHY

Last updated: 10 August 1995 by: Chu Thai Hoanh
(Data from the Institute of Hygiene and Public Health, ESSA Ltd. and NEDECO)

Projectlion in demography

r
2
'
r
’
¥
¢

Number of subsequent yeara, 5 0 ] 10 25 60
Projected natural growth rate (%), 2.3 2.1 1.7 1.5

Projected rate of lmmigration (%), 1.5 1.7 1.0 0.4 0.0
Projectad urban/total ratio (%), 21,7 23 26 36 3]
Maximum number of werking days per year, 305 305 305 305 305
% total labourers in total population, 47 47 47 47 47
% rural labourers for land use in total labour force, 75 75 73 5 75
% urban labourers for land use in total labour force, 15 15 15 15 15

’
‘ Percentage of migration from outside tc each water management unit

f WMU: 28 29 30a 30b 31 32 33 34 35 36 37 38 3 4¢ 41 42 43 44 52 54
r

Number of subsequent years, 3
1 -1 2 2 =20 -10 -7 0 2 -17 -10 2 1le 25 40 10 2 15 20 6 23
] -1 2 2 =20 =10 =7 0 2 -17 =10 2 16 25 40 10 2 15 20 23
10 0 2 2 a 2 2 0 2 2 0 2 2 20 10 2 a z 20 0 30

[-2]

! Percentage of differsnce in income causing desire of migration among rural sub-units

Number of subseguent years, 5, 0 3 10 25 60
Percentage of difference in income, 0 ¢ 10 10 50

’ Migration amcng rural sub-units

Rumber of subsequent years, 5, 0 5 10 25 60
Percentage deciding to migrate, 20 20 20 30 30
Maximum migration ?%) from one sub-unit te¢ ancther, 0.3 0.3 0.3 0,3 0.3

File: MIGRAT.S06 (Example of input data on migration possibilities)

INPUT DATA TOQ CAILUP FOR QUAN LOQ PHUNG HIEP REGICN - Demography Sub-model [6]

HATRIX OF POPULATICHN MIGRATION POSSIBILITIES

Last updated: 14 August 1995 by: Chu Thai Hoanh

Notess 0 = Wo migration 1= Migration possible between adjacent sub-units

2 = Migration pessible from rural sub—unit to urban district sub-unit

3 = Migration possible from rural/urban district sub=-units te urban provincial sub-units

P IR T T T T N

Sub: 123456789111111111122222,,,1111111
01234567869%901234...7777788
.. 5678901

Sub Village Migration possibility
1 , Long Hung ,112100000000000000000000...00000200¢0
2 , Hung Phu ,11211110010000000000000C0.,.00000¢00¢0

v

File: MARI11.S06 (Example of output data on population)
AE AT KRN RR RN T AR AN AR AR AR AT R AR RN RN AR A AR A A AR AN AR AA AR R R AR A A A A Ak kR kA A Ak wk kA Ak
OUTPUT DATA FROM CAILUP FOR QUAN LO PHUNG HIEP REGICN — Demograph¥ Sub-model [6]

3:13:46 on 08-17-1995

+

r

! POPULATION DYRAMICS (persons) Generated at

‘ Scenario: RICE— ORIENTED + CONSTRUCTICN SCHEDULE 1 (File: MARI1,SCE)

! Extract water: Yes Water pH change: No

' Abbrewviations: Sub = Sub-unit WMU = Water management unit Popu = Present population
! P.txge = Pogulation t¥ge (U = urban, R = rur

FokkkRkkkhkkkhkkk FhkrwERTAw kA Xwrk ek **tt**tt**‘k*ii*ﬁ*i*t*t*********ti**k*****************
’Sub WMU Village Popu P.type Changes Year 1 2 3 a4 ...

1, 28, Long Hung, 4115, R, After natural growth & emigration 4235 4207 4247 42%4 ...
After rural/urban migration 4225 419%5 4239 4285 ...
After rural/rural migration 4091 4133 4182 4224 ...
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Appendix S7: Examples of input and output data of the Land Use Weighting Sub-model
71

File: WEIGRULE.S07 (Example of input data on rules in generating weighting factors)

[ ——

* INPUT DATA TO CAILUP FOR QUAN L0 PHUNG HIEP REGION - Land Use Weighting Sub-medel [7]
RULES IN LAND USE WEIGHTING

Last updated: 26 Rhugust 1995 by: Chu Thai Hoanh

Select factors to generate weighting factors: 0 = not selected 1 = selected
Bic-physical yield Integrated feasibility Government policy

0 1 1

If yield factor is selected, which crop yield is used: 0 = not used 1 = used
OneTra OneHY SATra SABHY SAWS Sugar Pine Euca Mang Mela ShPe ShSa ShRiI PrPol ...

1 1 1 1 1 0 0 0 0 0 0 0 0 0

v
v
v
?
?
’

are

File: WEIGVALU.S07 (Example of input data on Government policy factors)

INPUT DATA TC CAILUP FOR QUAN LO PHUNG HIEP REGION - Land Use Weighting Sub-model [7]
GOVERNMENT ROLICY

f

f

'

¢ Last updated: 26 August 1995 by: Chu Thai Hoanh

* Abbraviations: see flle EXISTING.S503 in Appendix 53

f Notes: Inside = Area will be protected from salt water and irrigated with fresh water
: Outside = Area will not be protected and irrigated

Number of subsequent years, 3
Year, 1

Gevernment policies:

Starting the construction of water management system

Agriculture: More double rice in fresh water areas, sugarcane in low salinity areas,
pineap{le in acid sulphate soil areas, little beans.

Aquaculture: Start limiting shrimp ponds and shrimp-rice inside, few prawn ponds
and prawn-rice inside; maximize fish pond.

P

Forestry : Maximize man?rove outside, Melaleuca lnside. Limit Eucalyptus in view of
environmental impact.
Others : Uncultivated land not reserved. Water, specific and homestead gardens

not. limited. Nipa palm not limited.

’ WMU OneTra OneHY SATra SBHY SAWS Sugar Pine Euca  Mang Mela ShPo ShSa ShRi,..

24 ., 100 100 100 100 100 100 50 50 a0 100 50 0 50
29 , 100 100 100 100 100 100 50 30 80 100 50 0 50

File: MARIL6.507 (Example of output data on weighting factors)

TRk A kAR kM ARk Ak AR A kAR A R AR AR AR AR AR AR R ARk Rk AR AR AR A R IR R AR A AR AR AR T AR AR
7 QUTPUT DATA FROM CAILUP FOR QUAN LG PHUNG HIEP REGION - Land Use Weighting Sub-medel [7]
’ WREIGHTING FACTORS Generated at 10:27:29 on 09-03-1995

" Scenario: RICE-ORIENTEC + CONSTRUCIION SCHEDULE 1 (File: MARI1.SCE}

' Extract water: Yes Water pR change: No Year: 6

" Abbreviations: see file EXISTING.S503 in Af endix 53
FhhkkhkhkhkhARRkhkkkhkkkkARTRE AR wAFeRrA Ak trdk AAEIART I A AR AR AR AR AR AR AR Ak Ak kA kAt
v

r

r

Sub WMU Village OneTra OneHY SATra SAHY SAWS Sugar Pine Euca  Mang Mela ShPo...

1, 28, Long Hung, 5.6 5.2 16.0 7.2 17.9 2.8 0.6 0.0 0.0 Q.0 0.0...
2, 28, Hung Phu, 5.8 4.9 15.5 10.53 16.9 4.3 0.9 0.0 0.0 0.0 0.0...
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Appendix §8: Examples of input and output data of the Land Use Allocation Sub-model

(8]

File: ALLORULE.S08 (Example of input data on rules in land use allocation)

,
r
r
r
r
’
r
r
r
’
’
’

INPUT DATA TO CAILUP FOR QUAN LC PHUNG EIEP REGION - iland Use Allocation Sub-model [8]
8 IN LAND USE ALLOCATION

Last updated: 6 September 1995 by; Chu Thail Hoanh

Abbreviations: see file EXISTING,S803 in Appendix S3

Possibility of land use converaion and total labour-days required
From To ———> Notes: -1 = Converslon is impossible
| 0 = Conversion does not require labour

| N = Not considered
v OneTra OneHY SATra SAHY SAWS Sugar Pine Euc¢a Mang Mela ShPo ShSz ShRi ...
1, OneTra, 0 219 252 252 252 669 669 536 104 103 446 N a7l
2, OneHY, 219 0 252 252 252 669 669 536 104 103 446 N 37
3, SATra, 213 219 0 252 252 669 -1 -1 -1 -1 446 ) -1

Exgected number of years to apply one land use t.ytpe before conversion to another
= 1 for annual crops, > 1 for perennial crops or forest or high investment land use types
CneTra OneHY SATra SAHY SAWS Sugar Pine Euca Mang Mela ShPo ShSa ShRi PrPol PrPoZ

1 1 1 1 1 3 3 7 12 8 5 1 5 5 3

Expansion of areas of water management system and specific uses

Number of subsequent years, 4

Year, 1 3 10 15
Percentage of water management system in cultivated land, 5 5 5 5
Percentage of water surface in new water management system, 75 65 s 30
Percentage of area for gpecific uses for newcomers/capita, 35 15 5 5
[comparegewith preaent area per capita)

File: MARIL.S08 (Example of output data on land use allocation in each sub-unit)

’
.
v
’
’
’
r
’
’

File: SUBUSTAT.S08 (Example of the matrix linking sub-units and climatic stations)

THHAEKKEATAR A EAHRNR KA AR AR AR AR R AR A A AN A AR AR AR AR AR R AR I NI AR KRNI AR AR R AN ANR KRNI IRRNARR
OUTPUT FROM CATLUP FOR QUAN LC PHUNG HIEP REGION ~ Land Use Allocation Sub-model [8]

USE AREAS IN EACH SUB-UNIT Generated at 09:10:25 on 09~29-1995
Scenaric: RICE-ORIENTED + CONSTRUCTION SCHEDULE 1 {File: MARIL,SCE)
Extract water: Yes Water pH change: No Year: 10

Abbreviations: see file EXISTING.S03 in Appendix 83
AR AR KA R A AN R R R AN R RN R AR R AT AT AR RN T AR AR TR AR AR AR AR A AR AR A ATRAKRAAARARA A RN KA AR AR vk Ak bk Ak

Sub WMU village OneTra OneHY SATra SAHY SAWS Sugar Pine Fuca Mang Mela ...
1, 28, ZLong Hung, 101 87 293 82 318 27 5 0 0 1 ...
2, 28, Hung Phu, 210 164 1106 0 591 109 21 0 4] 1 ...

INPUT DATA TO CAILUP FOR QUAN IO PHUNG HIEP REGION - land Use Allocation Sub-model [£]
X LINKING SUB-UNITS TO CLIMATIC STATIONS FOR WATER DEMAND CALCULATIONS

Evaporation statiens: 1

i

Bac Lieu

Soc Trang Rainfall stations; 1 =
2 = Vi Thanh

= Soc Trang 3
= Ca Mau 4

Ca Mau

Sub WMU Province District Village Evaporation station Rainfall station

1, 28, HG, MY TU, Long Hung, 1 1
2, 28, HG, MY TU, Eung Phu, 1 3
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File: CLIMATE.S08 (Example of input data on climatic conditions)

INPUT DATA TO CAILUF FOR QUAN LO PHUNG HIEP REGION -~ Land Use Allocation Sub-mcdel [8]
CLIMATIC DATA FOR CALCULATIONS OF WATER DEMAMD

last updated: 30 January 1535 by: Nguyen Viet Dong

{Date from the Sub-Institute for Water Resources Planning and Management}

Evapeotranspiration Penman (mm) in each time step

P

Step: 1 2 3 4 5 [} 7 8 9 10 ...

Wumber of stations, 2

SOC TRANG, 6§9.0 77.0 87.5 20.5 9B,0 96.0 99.0 94,0 79.5 0.5 ...

CA MAU, 70.0 74.0 80.0 83.0 90.0 88.0 89.0 87.0 72.5 67.5 ...
f* Rainfall (mm) in each time step
r tep: 1 2 4 5 6 7 8 9 10 ...
r

Number of stations, 4

SOC TRANG, 0.0 0.0 0.0 0.0 0.0 3.0 0.0 4B8.8 39.4 96.2 ...

BAC LIEU, 0.0 17.2 0.0 0.0 0.0 0.0 9.4 10.3 61.5 46.2 ...

File: DEMAND.S08 (Example of input data on water demand per land use type)

INPUT DATA TO CAILUP FOR QUAN LC PHUNG HIEP REGION — Land Use Allocation Sub-model [8]
WATER DEMAND Last updated: 20 October 1994 by: Chu Thai Heanh
Abbreviations: sgee file EXISTING.S03 in Appendix 83

Kc FOR RICE WITH DIFFERENT CROPPING PATTERNS (from NEDECO, Working Paper 3, 1991)
Crops, HNumber of time steps Kec values in each step

r
r
v
’
’
r
’
v

WS rice, 8 ¢.71 0,70 0,85 0,97 1,16 1.05 1.00 0,82
OneHY or SA or 2dnHY, 8 g.70 0.7¢ 0,70 G.98 1,08 1,03 1.083 0.95
OneTra or 2ndTra, 9 0.70 0.70 0.70 0.98 1.08 1.08 1.03 1.03 0.95
10 0.70 0.70 0.70 0.98 1.068 1.08 1.03 1.03 0.95 0.95
i
* Effective rainfall coefficient Percolation (mm/time step) Irrigation efficiency
0.85 0 0.8

Water layer (mm} in 2 first steps and water {(mm) for soil saturation in initial step
OneTra OneHY SA 2ndTra 2ndHY WS OneTra OneHY SA 2ndTra 2ZndHY

100 50 50 100 50 50 50 100 300 O 0 0

Evaperation (mm/day) and water replenishment (m3/day=ha) for fisheries ponds

5 55
.
! Water supply criteria Urban populatiocn Rural population
,
Humber of subsequent iears, 1 10 20 50 1 10 20 50
Water supplied (l/capita-day), 40 100 120 140 10 50 S0 50

File: MARII8.W08 (Example of output data on water demand per sub-unit)
LEE SRR R R R A S E LR SRR R RS R E Rt FE R R L R AR RIS E YIS RIS RS R RS TS RS
QUTBUT FROM CAILUP FOR QUAN 1O PHUNG HIEP REGION - Land Use Allccation Sub-model [8]

.
'
" WATER DEMAMD (m3/sec) Generated at 13:05:52 on 10-26-1995
* Scenaric: RICE-ORIENTED + CONSTRUCTICN SCHEDULE 1 (File: MARI1,SCE)
" Extract water: Yes Water pH change: No Year:
" Abbreviations: Sub = Sub-unit WMU = Water management unit ST = Time step
' Rice = Water demand for rice crops Upland = Water demand for upland crops
f Peren = W,demand for perennial crops and forests Fish = Water demand for fisheries
* Uncul = Water lesses from uncultivated land Speci = Water demand for specific uses
' Water = Water lousses from water surface Sali = Water salinity
' Total = Total water demand Fresh = Total fresh water demand
POk ARk IR AT I I KRR bk ok kAR kXA R Ak Ak Ak hhh kA ko h kA wkd kA kR kA kA hdhkhdhAhhdki
‘ Sub WMU Village ST Rice Upland Peren Uncul Fish Speci Water Sali Total Fresh
r
1, 28, Long Hung, 3 0.38 0.11 0.97 Q.00 0.00 0.00 0.06 1,1 0.63 0.63
2, 28, Hung Phu, 3 0.79 (.32 0.14 ¢,00 0.00 0.01 0.30 0.9 1.54 0.01
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Appendix §9: Examples of input and output data of the Production Sub-model [9]
File: PRODRULE.S09 (Example of input data on rules for production)

INPUT DATA TC CATLUP FOR QUAN LO PHUNG HIEP REGICHN — Production Sub—model [9]
RUOLES IN PRODUCTION CALCULATION

Last updated: 31 October 1994 % Chu Thai Hoanh

Abbreviationa: see file EXISTING.503 in Appendix 53

e e e

Percentage of shrimp/prawn ditches in rice field

10
,
' Age (years] when forest is harvested: Fucalyptus Mangrove Melaleuca
.
7 12 8
r
! Effect of pests on y:.eld of rice crop (percentages of remaining yield)
: Low Medium High
OneTra, 100 90 60
OneHY, 100 80 60
SR, 100 80 60
s
! level of pests during N years 0 = Low 1 Medium 2 High
: Crop Year: 1 2 3 4 5 6 7 8 91011 12 13 14 15 16 17 18 19 20 21 22 23 ...
OneTra, o1 2 01 2 9012 012 01 2 91 2 01 2 0 1 ...
OneHY, 12 061 2 ¢ 1 2 0 1 2 01 2 01 2 ¢ 1 2 0 1 2 ...

File; MARI16.509 (Example of output data on production in each sub-unit)

P kR A AR AR KA Ak AT AR R AR ARk R IR AR IR AT A AR KA A AN A A AR R AR AR A A N AR Ak AR AR A AT I T T W
¢ QUTPUT FROM CAILUP FOR QUAN 1O PHUNG HIEP REGION - Preduction Sub-model [9]
’ PRODUCTION AT SUB-UNIT LEVEL Generated at 17:29:34 on 11-04-1995
' Scenario; RICE-ORIENTED + CONSTRUCTION SCHEDULE 1 (File: MARI1.SCE)
¢ Extract water: Yes Water pH change' No Year: 6
‘ Abbreviations: ee file EXISTING.S03 in gendix 53
’ ****i*ﬁ*******~k-k-ll****tt*t***************** *****************t********a**********ii*i*k*
’ Sub WMU village Cnelra OneHY SA 2ndTra 2ndHY WS Sugar Pine BeanSA...
’ tonne tonne tonne tonne tenne tonne tonne tonne tenne ..,
.
1, 28, Long Hung, 193 369 2878 487 185 1706 868 57 0 ...
2, 28, Hung Fhu, 426 706 7350 2061 0 3207 3700 269 0 ...
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Appendix §10: Examples of input and output data of the Supplementary Intervention Sub-
model [10]

File: SUPPRULE.S10 (Example of input data on rules for supplementary interventions)

INPUT TO CAILUP FOR QUAN LO PHUNG HIEP REGION - Supplementary Intervention Sub-model [10]
RULES IN SUPPLEMENTARY INTERVENTIONS
Last updated: 046 November 1994 by: Chu Thai Hoanh
(Data from: ~ NEDECO, 1991; Identification of National & Export Markets and Constraints
- NEDECO, 1991: Technical report on price structures and market prospects of
ggr agricultural products in the Mekong delta
NIAPP, 1992: Information and data in relation te Agriculture involved
in the study for the project of integrated development of the QLPH region)

Projection of local consumption per capita per year

L T TR T TR T R R Y

Notes: Sugar preductien 10% of sugarcane production
Milled rice preducticon = 63.8% of production of rice (or paddy)
Year Rice Sugar Pineapple Beans Wood Shrimps Prawns Fish Pork Duck
kg kg kg kg m3 kg kg kg kg kg
Numbar of subsequent years, 5
1 235 60 a 2 0.3 0 O 18 5.0 1.0
5 240 90 0 10 0.3 0 0 27 2.7 i.5

Percentage of post-harvest losses
Year Rice Sugarcane Pineapple Beans Wood Shrimps Prawns Fish

Number of subsequent years, 4
1 15 290 30 10 o] 30 aa 20
10 5 14 15 5 0 15 15 10

Percentage of rice used for pig raising and similar activities
Rice unsuitable for human consumption Broken rice Bran

5 5 8

H
r
'
r

' Required rice (tonne} per tonne cof pork
¥
4

f Average number of ducks per hectare of rice crops
'
50

' Percentage of rice field used for duck rearing (%)
'

Number of subsequent years, 5, 1 5 10 20 30
Percentage, 18 15 15 15 15
’

* Average weight of one duck (kg)
1.5

Pesticides for agricultural cropa (in kg/ha equivalence of highly concentrated liquid form)
for both cases of ‘without’ and ‘with’ water management system

N e

{Case D = Low 1 = Medium 2 = High pest outbreak}
Casesg Onelra OneHY SA 2ndfra 2ndHY WS Sugarl $ugarZ Sugar3 Pinel PineZ ...
0 0.7 1.4 1.4 0.7 1.4 1.7 0 0 0 2 2
1 1.4 2.7 2.7 1.4 2.7 3.4 0 0 0 2 2
2 2,0 4.0 4.0 2.0 4.0 5.0 0 0 0 2 2
' Fertilizers fer agricultural crops (kgihal ( without’ water management system)
! OneTra OneH 2ndTra 2ndHY WS Sugarl SugarZ sSugar3...
’
Urea , 33 50 33 33 a0 50 250 250 250 ..,
DAP B 0 33 i7 ] 17 17 0 0 0 ...
NPK R ] Q 17 0 0 17 0 Q 0 ...
Potassium R Q 0 Q 0 0 0 200 200 200 ...
Supper phosphate, 0 0 0 0 0 0 0 0 o ...
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File: MARIIS.P10 (Example of output data on products used in each sub-unit)

PRk AR RN R AERE AT R AR AR AR AN KRAAR R AR TR A A kb kAR kA ke k kb ko kAR Ak X Ak bk kb d Ak ket xh

' OUTPUT FROM CAILUP FOR QUAN LO PHUNG HIEP REGION - Supplem. Intervention Sub-model [l0]

‘ DISTRIBUTION CF PRODUCTION Generated at 18:24:24 on 11-10-1995

* Scenario: RICE-ORIENTED + CCMSTRUCTION SCHEDULE 1 (File: MARI1.SCE)

¢ Extract water: Yes Water pH change: No Year: 8

O ORRR AR AR RR AR R R d kR Nk Ak Ak Ak k ke ARk F AR R kA AR kAR A kA kAR ARk AA Nk kR kT hk kA kXA AR A AR I I K

* Sub WMU Village Ttem Rice  Sugarcane Pineapple BReans Wood

! tonne tonne tonne tonne m3 Ve

’

1, 28, Long Hung, Total production, 3810 1083 75 EL] 0 .en

Local consumpticn, 1778 496 0 62 1306 -
Import or export, 2032 587 75 -24 -130¢ Pee

File: MARIIS.E10 (Example of output data on pesticides used in each sub-unit)

P AR AAR R R RNk kR ARk kAR AR TR Ak kR AR AR N AR KRR A AR R T AR RN AR R ARA KRR AR IR AR AR R Ak kA hhh RN XN ARK KK
* QUTPUT FROM CAILUP FOR QUAN LC PHUNG HIEP REGION - Supplem, Intervention Sub-mocdel [10]
 PESTICIDES USED IN RACH SUB-UNIT (kg) Generated at 18:24:26 on 11-10-198%3
¢ Scenario: RICE-ORIENTED + CONSTRUCTION SCHEDULE 1 (Pile: MARIL.SCE)
r Extract water: Yes Water pH change: No Year- 8
* Abbreviations: gee file EXISTING.S03 in Aggendlx
I okkhkXkAAhNAkARkdedrkkkwdhkhhh kA khkrkkkkhkndk ****ii’**********i***ﬁ****’k*‘k***k*’k'k'l'k*******
' Sub WMU  Village Total OneTra OneHY SA 2ndTra 2ndHEY WS Sugarl Sugarz...
.
1, 28, ZLong Hung, 5926 143 352 2800 414 332 1605 0 Qo ...
2, 28, Hung Phu, 13601 301 664 6936 1582 0 3020 0 o ...

File: MARI18.F10 (Example of output data on fertilizer used in each sub-unit)
AN h kA AR R AR R AR R kA R AN kA AN AR A AT AR A A A A A AR N AL AR KL RN kAR AN AR AL AR AT AR kA Ak AN
CUTPUT FROM CAILUP FOR QUAN LO PHUNG HIEP REGION — Supplem. Intervention Sub-model [10]

FERTILIZERS USED IN EACH SUB-UNIT (tonne) Generated at 18:24:28 on 11-10-1995
Scenario: RICE-CRIENTED + CONSTRUCTION SCHEDULE 1 (File: MARI1,SCE)
Extract water: Yesz Water pH change: No Year: 8

Abbreviations: see file EXISTING,S03 in Appendix S3
********************ta***ﬂ*****************************************************i********

Sub WMU  Village Types Tetal OneTra OneHY  SA 2ndTra 2ndHY WS ...
1, 28, ZLong Hung, Urea, 82 3 4 30 10 4 18 ...
DAP, 419 2 3 23 5 3 13 ...

NPK, 25 0 1 12 g 1 5 ...

Potassium, 7 3} 0 0 0 0 0 ...

Supper phosphate, 2 0 0 Q 0 o o ...

File: MARII8.U10 (Example of output data on fuel used in each sub-unit)

R Rt T e e T L IR E L R IR ey
QUTPUT FROM CAILUP FOR QUAN LO PHUNG HIEP REGION - Supplem. Intervention Sub-medel [10]

FUEL USED IN EACH SUB-UNIT (litres) Generated at 18:24:36 on 11-106-13%5
Scenario: RICE-QORIENTED + CONSTRUCTION SCHEDULE 1 (File: MARIL,SCE}

Extract water: Yes Water pH change: Ne Year: 8

Abbreviations: gee file EXISTIEG 503 1n Appendix 83

P L I O T S L T L R L L S TR e
Sub WMU  Village Total OneTra OneHY SR  2ndTra 2ndHY WS Sugar Pine ...

o mm e m .

1, 28, Long Hung, 768%0 0 0 42000 o3 0 25680 0 150 ...
2, 28, Hung Phu, 192620 0 0 104040 0 0 48320 0 710 ...
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Appendix 811: Examples of input and output data of the Economic¢ Sub-model at Regional
Level [11]

File: ECORULE.S11 (Example of input data in economic analysis at regional level)

INPUT TO CAILUP FOR QUAN LO PHUNG HIEP REGION - Economic Sub-model at Regional Level [11]
RULES AND DATA IN ECOMOMIC ANALYSIS AT REGIONAL LEVEL
Last updated: 14 November 19%4 by: Chu Thai Hoanh

CONSTRUCTION COSTS OF WATER MANAGEMENT SYSTEMS {1,000 US5%)
No. Main sluices and main canals Costs
1, My Phuoc sluice, 1824
2, Cai Trau sluice, 619

) .[‘)redging of main canals, 10673
Excavation of main canals, 12635
Excavation of irrigation canals from the Bassac river, 21250

’

‘' WMU 2ndary canals 2ndary sluices & on-farm systems Rural roads

’
28, 260 2149 1073
29, 2834 2935 1061

Other costs (Operation & Maintenance and Replacement costs as % of construction costs)
{Administrative costs as % of D&M costs)

-~ e w.

O&M Replacement Administrative costs
Main sluices, 1.0 0.8 5.0
Main canals, 5.0 0.0 5.0
Secondary canals, 5.0 0.0 5.0
Secondary sluices & on—farm systems, 10,7 2.7 5.0
Rural roads, 10.7 0.0 5.0

’

Costs of mitigation activitiea (1,000 US$) Construction 0&M Feplac. Administrative

Additional dredging of the Phung Hiep canal, 1109 5.0 c.0 5.0
Ca Mau port, 1000 1.0 0.8 5.0
, Protection ¢f the lst National Highway, 2400 10.7 2.7 5.0
' Number of cases and discount rate (%)
.
5 8 10 12 14 16
ECONOMIC ANALYSIS (for 1 ha/year) Exchange rate (1991}): 8250 VN Dong/US$
Notes: - Case = ‘Without’ (0] or 'with’ (1) new water management

- ‘Basic¢’ land use conversion costs = Costs for cenversion from uncultivated land
- Percentage after processing: main products + by-products (in price equivalence)

Abbreviations: see file EXISTING.S03 in Appendix 53
Items Year Case OneTra OneHY SA  2ndTra 2ndHY ...
Yield unit: tonne tonne tonne tonne tonne e
Basic land use conversion costs, 1 0 265.08% 265,09 152.55 152.55 152.55 ...
Oparating costs, 1 0 104,06 147,14 163,23 116_38 166.77 ...
Percentage of working capital, 1 0 50 50 50 50 50 ...
Farm-gate price, 1l 0 103.00 100.00 100.00 103,00 100.00 ...
Percentage of product after processing, 1 10 75 75 75 15 5 ...
Price of processed product, 1 0 230 200 200 230 200 ...
Processing cost (per unit of product), 1 0 40 40 40 40 40 ..
PR
‘ LAND CONVERSION POSSIBILITY AND COSTS
‘ Possibility and costs {as percentage of ‘basic’ conversion costs above)
‘ From To ——=> Notes: -1 = Conversion is impossible N = not considered
’ 0 = Conversion does not require costs
: v OneTra OneHY SATra SAHY SAWS Sugar Pine Euca Mang Mela ShPo ShSa ShRi ...
1, OneTra, 0 0 13 13 13 60 60 50 0 0 100 N w0 ...
2, OneHY, 0 0 13 13 13 60 60 50 ] 0 100 N 00 ...
3, SATra, 0 0 0 13 13 60 60 50 4] 0 100 N -1 .
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MARIL.S11 (Example of output data from economic analysis at regional level)

T S R T e s e R R T I LRSS SR R R R SRR R LR
CUTPUT FOR QUAN LO PHUNG HIEP REGION - Economic Sub-model at Regicnal Level [11]
Generated at 12:50:30 on 11-29-19%5

’

P

o mmw wmw my

;
’
’
il
il

ECUNOMIC DATA

Scenario: RICE~CRIENTED + CONSTRUCTION SCHEDULE 1

Extract water: Yes Water pH
Abbreviations: Cast =
Replac = Replacem

tiga =

ECONOMIC DATA AT REGIONAL LEVEL

(
FOR THE ENTIRE REGION

change:; Neo

Congtruction costs

ent costs

Mi Mitigation for transportaticn & for nifa
kAR A AR R AN R AR AR KA AR AN AR AR R AR AR KA AR A AR AR kA kA k kXA AN A ARk A kW hknkw

1,000 Us$)

(File: MARIL.SCE)

oM
Admin =

Operation and maintenance costs
Administration costs

falm
KkhkkkrkrkkRkkr Ak khkkkkn

Year TOTAL Main sluices Main canal dredging -
Cost 04M Replac Admin Cost 0O&M Replac Admin Coat O&M Replac Admin ...
1 16804 1417 244 71 1443 0 0 0 0 0 0 0 ...
2 31132 3728 584 186 2062 35 28 2 1779 a9 0 4 ..
Year Items TOTAL OneTrz OneHY SA ?2ndTra 2ndHY NS ...
1, Land use conversion costs , 19135 2888 7555 134 121 5 B ...
1, Working capital ' 197 -809 —-4346 132 31746 31 43 ...
1, Operation costs , 80534 11195 20618 3457 2498 65 100 ...
1, Benefits without processing, 141878 30807 53220 6802 4229 54 206 ...
1, Benefits with processing , 229974 51584 79844 10204 7078 82 309 ...
1, Processing costs , 55435 8970 15971 2042 1228 17 62 ..
CALCULATIONS OF ECONOMIC INDICATOR {1.000C US$)
WITH WATER MANAGEMENT SYSTEM ... Incre- Incre— Increm, Increm.
Year Water Miti-~ Landuse Work. Landuse Benefit ... mental mental benefit benefit
manag. gation constr. capital operat, no ... benefit benaefit - cost - cost
cost cost cost cost process ,., Without with without with
Process. process, process. process.
1 18536 0 19135 1979 80534 141878 ... 4136 5626 -15348 -14004
2 35630 277 4204 1985 84265 149155 ... 898 300 ~34688 —34005
ECONOMIC INDICATORS WITHOUT PROCESSING WITH PROCESSING
Discount NPV BC ratio N/K ratio NEV B/C ratio N/K ratio
rate (%) (1,000 USS) (1,000 USS)
8 152022 l1.26 0.69 2€6758 1.33 2,09
10 93887 1.20 0.62 184461 1.28 1.87
12 53584 1.13 0.56 126483 1.23 1,69
14 25291 1.07 0.52 84979 1.19 1.55
16 5231 .02 0.48 €46 1.14 1.44
IRR (%) Payback period (years) IRR(%) Payback period (years)
6.8 11 22.79 9

FOR THE INSIDE

File:

MARI12.511 (Example of output data from economic analysis at sub-unit level)

P A AR RER R AR R KA TR AR AN R AR A KA RN R R AR AR AR AR AR R KA R R R KRR KRN R AR AR AR AN AR AR R KA R KA A Ak kv bk ke ke hhk
QUTPUT FOR QUAN LO PHUNG HIEP REGION — Eccnomic Sub-model at Regional Level [11

]
Generated at 12:32:40 on 11-29-195%5
Scenario: RICE~CRIENTED + CONSTRUCTION SCHEDULE 1 (File: MARIL,.SCE}

’

N mommoee

ECORCMIC DATA FOR FRODUCTION (1.00

Extract water: Yes

Abbreviations:

0 Us$)

Water pH change:; No
see file EXISTING,3503 in Appendix 53

Year:

TR T EE kLR KA KRR R AT AR AR A AT AN KR RRAR AR AR AN AR AN KRN A A AR AR AR AR R AR AWK FA AR A AN AR KAk A kA owd

sub WMU Village Items OneTra GnellY S5& 2ndTra ZndHY WS ...
1, 28, Leng Hung, Land use conversion costs, o 0 3 1 o] 2 ...
Operation costs, 21 17 32 26 0 37 ...
Working capital, 0 0 2 3 (1} 11 ...
Benefits without precessing, 42 90 128 41 0 75 ...
Benefits with processing, 71 135 192 69 0 113 ...
Processing costs, 12 27 38 12 g 23 ...
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Appendix §12: Examples of input and output data of the Social Sub-model at Regional
Level [12]

File: SOCIRULE.S12 (Example of input data in socio-economic analysis)

'
/ INPUT TO CAILUP FOR QUAN LOC PHUNG HIEP REGION - Social Sub-model at Regional Level [12]
' RULES AND DATA IN SOCIO-ECOMOMIC AMALYSYS AT REGIONAL LEVEL

* Last updated: 01 December 1994  by: Chu Thal Heanh
L}
¥
'

Projection of number of working days in a vear of one labourer

Number of subsequent years, 5 0 5 10 25 30
Number of working days per year, 305 305 305 308 305

Required labour-days/day for each rice crop in each step

Single rice - traditicnal variety: Number of cropping calendars, 5
mger cf steps {step 0 for land preparation & last step for post-harvest), 13
Steps, 0 1 2 3 4 5 3 7 8 3 10 11 12
Without case: Skilled labour, 3 6 6 4 2 1 1 1 1 1 1 1
Unskilled labour, 3 3 2 1 2 2 Z 2 1 1 1 12 13
With case: Skilled labour, 3 [ 6 6 4 2 1 1 1 1 1 1 1
Unskilled labocur, 3 3 2 1 2 2 2 2 1 1 T 12 13

Periods suitable for land use conversion ({initial and final time steps of each period)

- .

Number of periods, 2 9 16 23 26

LABCUR—DAYS REQUIRELD FOR LAND USE CONVERSION
Peasibility, skilled and unskilled labour-days required for land use conversiocn

R I Y

From To —=—> Notes; -1 = Conversion is impossible N = Not ccnaidered
i 0 = Conversion does not require labourer
v OneTra OneHY SATra SAHY SAWS Sugar Pine Euca Mang Mela ,.,

1, OneTra, Skilled, 0 0 4] o] 0 0 G 0
, OneTra, UnSkilled, 0 0 33 a3 33 450 450 317

g, oneBY, Skilled, 4] 0 o 0 0 0 0

B 0 0

COoo
CcCOoOo0O

0
OneHY, UnSkilled, 33 33 a3 450 450 317

File: MARI13.112 (Example of output data on income and production per capita)

P RRE R AN T R R AR AR R AR AR R AR AT AR AR R XA AR R A AR AR AR LA AR AR AT AR AR A AR A AL LI RN A N kA h Ak krh kA Ak Ak Ak wk
* GUTPUT FROM CAILUP FOR QUAN LO PHUNG HIEP REGION - Social Sub-model at Regional Level [12]
INCOME AND PRODUCTION PER CAPITA Generated at 10:57:18 on 12-06-1995
Scenario: RICE-ORIENTED + CONSTRUCTION SCHEDULE 1 (File: MARI1.SCE}

Extract water: Yes wWater pH change: No Year:

'
r
'
' Hotes: % average = Percentage compared with average in the Region

Rt T At i i L L T T o g R T R R A A R g
'

'

r

Sub WMU Village Income (US$} % Income (US$) % Rice (kg) %
na precessing  average with prec. average average

1, 28, long Hung, 60.2 132 101.8 222 1316 159 v

2, 28, Hung Phu, 78.5 172 119.7 262 1310 158

File: MARI13.C12 (Example of output data on employment)

PR AR A AR AR T KRR AR AR N Ak h AT R A AN AN R AR IR A AR A AR AR N AR hkdh ko hkhhahhhnkhhkkhhkhhkhhhkhhkkkkk
* QUTPUT FROM CAILUP FOR QUAN LO PHUNG HIEP REGION - Social Sub-model at Regional Level [12]
‘ EMPLOYMENT IN RACH STEP BY PRODUCT (Labour-days) Generated at 10:55:46 on 12-06-1995

‘ Scenario: RICE-CRIENTED + CONSTRUCTION SCHEDULE 1 (Flle' MARI1,SCE)

* Extract water: Yes Water pH change: Neo Ye 3
r**xx**x*****a*****w**********************t*******************************w*******i***ti***
" Sub WMU Village Preduct Labour type Step 1 2 3 4 5 6 ...
’
1, 28, Long Hung, Rice, Skilled, 2440 2440 2060 1500 380 380 ...
Rice, Unskillad, 5080 7320 4300 1500 1500 5620 ...
Sugarcane, Skilled, 120 120 120 120 120 120 ...

Sugarcane, Unskilled, 890 890 150 150 150 150 ...
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File: MARI13.E12 (Example of output data on labour force balance)

’
’

P T TR R BN

AR AR AR KK I AR ARk AR I IR AT E KRR AT AR AR R AR IR AR R AR kR AR AR A KR AR Rk RN R dkh kR Rk ke wwd hk
QUTPUT FROM CAILUP FOR QUAN LO PHUNG HIEP REGION - Social Sub—model at Regional Lewvel [12]
EMPLOYMENT

1.000 labour-days) Generated at 10:51:44 on 12-06-1995
Scenario: RICE-ORIENTED + CONSTRUCTION SCHEDULE 1 (Fille: MARI1.SCE)
Extract water: Yes Water pH change: No Year: 3

Notes: LU labour
Available lab.-days
Required lab,-days
Annual balance

Labour eggaged in land uae

Annual labour-days available for land use

Annual labour-days required for land use

Annual available minus annuval required labour-days

Skilled skilled labour—dags required for land use in each step
Unskilled Unskilled labour-days required for land use in each step
Balance = Potential labour—-days minus required labour-days in each step

{In balance: Negative wvalue = shecrtage Positive value = surplus)
EER AR AL I A AR AR RN AL AR TR AR AR N AR ARk A AR AR AR N R R A kA h R A AR AR Ak Ak kA kv h Ak kA hhhh &k
Sub WMU Vvillage Popu LU labour Available Required Annual labour S$tep 1 2 ...
(persons) {1,000 labour-days) balance type

1, 28, Long Hung, 41%6 1469 44810 327.8 120.3, skilled,
Unskilled, 1
Balance,

2, 28, Hung Phu, 10387 3661 1116.6 732.1 384.5, Skilled, 1
Unskilled, 2
Balance, 1

3.7 ...
2.9 ...
5.4 ...
2.1 ...
3.9 ...
1.9

Appendix S13: Examples of input and output data of the Environmental Impact Sub-

model [13]

File: ENVIRULE.S13 (Example of input data for analysis of environmental impacts)

B

. e m oo

INFUT DATA TO CAILUP FOR QUAN LO PHUNG HIEP REGION - Environmental Impact Sub-model [13]
RULES IN ENVIRONMEN IMPACTS
Last updated: 06 December 19%4 by: Chu Thai Beanh

Standard of water quality for domestic use

Maximum salinity (%), 1

pH range, 6 1.5

Water salinity in relation to levels of malaria incidence
Leval of malaria incidence: High Medium Low
Water salinity (%), 0.6 4

File: MARI11.513 (Example of output data on environmental impact indicators)

?
]
il
¥
r
r
’
’
’
[
r
r
’

P L T T e e s L]
OUTPUT DATA FROM CATLUP FOR QUAN 10 PHUNG HIEP REGION - Environmental Impact Sub-model [13]
ENVIRONMENTAL

IMPACT INDICATORS Generated at 13:13:35 on 12-07-1995
Scenario: RICE-ORIENTED + CONSTRUCTION SCHEDULE 1 (File: MARIL.SCE)
Extract water: Yes Water pH change: No Year:
Notes: Pestic. use Total pesticide use from year 1

Fertic. use Total fertilizer use from year 1
Water supply Surface water for domestic use (1 = possible, 0 = impossible)}
Malaria Malaria incidence (0 = low, 1 = medium, 2 = high)
Land cover Percentage of land cover over total area
R I I I I I T T O I O R e T AT R R P TS T T T T 20

Suk WMU  Village Pestic.,use Fertic.use Item Step: 1 2 3 4 5 6 7 8

1, 28, Long Hung, 2 122, Water supply, P
Malaria,
Land cover, s
2, 28, Hung Phu, 3 295, Water supply,
Malaria,
land cover, 6

e
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Appendix S14: Examples of input and output data of the Goal and Impact Analysis Sub-

model [14]
File: GOALRULE.S14 (Example of input data in goal and impact analysis)
,
f INPUT TO CAILUP FOR QUAN LO PHUNG HIEP REGION — Goal and Impact Analysis Sub-~model [14]
' RULES IN GOAL & IMPACT ASSESSMENT
/ Last updated: 08 December 1994 by: Chu Thai Hoanh
* DATA FOR THE ENTIRE REGICN
r
: Percentage of average in the Region used for assessment of food distribution
60
r
: Percentage of average in the Region used for assessment of income distribution
80
r
' Selected discount rate (%).
'
12
f
" Goal priority in the entire Region:
' Rice Rice % Income % Income % Employment % Surface ...
‘ preoduction /capita Dbelow /capita below /capita  below labour water
: limit no proc., limit with proc. limit force quality
s 1 1 -1 1 -1 1 -1 1 0 1 .
‘ Goal priority in the entire Region
' NPV B/C Ratio W/K Ratio IRR Payback pericd
.
1 1 0.8 1 -0.5
.
* Non—-fixed discount facteor (%) used in goal & impact assessment
'
’ Year Rice Rice % Inceme % Income % Employment % Surface ...
’ production /capita Dbelow /capita balow /capita below labour water
! limit no proc. limit with proc. limit (1000 force quality
: (teonne) {kg) (USS§) (USS$) labour—days)
1 95 95 98 98 98 98 98 ] 98 98
2 21 91 96 96 986 96 96 96 96 96
see
’ Goals in the entire Region
,
' Year Rice Rice % Income % Income % Employment % Surface ...
! production /capita below /capita below /capita below labour watar
’ limit no prec. limit with proc. limit (1,000 force quality
: (tonne) (kg) (US$) (Us$) labour-days) ($population)
1 1060000 800 30 40 30 50 30 66000 70 50
2 110G000 850 30 45 30 55 30 60000 70 50
7 "Without processing
! NPV B/C Ratic N/K Ratio IRR Payback period
41000 Uss % years
1
50000 . 1.2 15 10
' With processing
s NPV B/C Ratiec N/K Ratio IRR  Payback period
' 1000 USS % years
'
120000 1.2 1.2 18 10

: DATA FOR THE INSIDE
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File: MARILI14 (Example of output data en achievements in water management units)

L T L Ty L T L T P T T s T T LT s T )

f QUTPUT FROM CAILUP FOR QUAN LO PHUNG HIEP AREA - Goal and Impact Analysis Sub-model [14]

‘ ACHIEVEMENTS AY WATER MANAGEMENT UNIT LEVEL Generated at 13:56:42 on 12-13-1994

! Scenaric: RICE~ORIENTED + CONSTRUCTION SCHEDULE 1 (File: MARI1.SCE)

‘ Bxtract water: Yes Water pH change: N

I T T L L R L L e e T 2 L 2 2 2

‘MU Year Population Rice Income Income Employment % Surface ...

’ fcapita fcapita /capita labour water ...

! no proc. with proc. (1,000 force supply

: (persona) (kg) (Us$) {Us$) labour-days} (% populatlon)
28, 1, 39721 736 25 53 2237 58.5 0.0 ...
29, 1, 92879 712 42 65 4148 45.1 0.0 L.,

File: MARILP14 (Example of output data on production, arca and yield)

P RR KA AR AR AR AR R AR R R A XA N KRR R AR RN R AR A AR AR Ak kA Rk kkh kAR A RN KA R A RN AR R A AR KA RN AR R A kwk ok
* OUTPUT FROM CAILUP FOR QUAN LO PHUNG HIEP AREA — Gecal and Impact Analgsis Sub-model [14]
‘ PRODUCTION, ARRA & YIELD IN WATER MAMAGEMENT UNITS Generated at 13:56:40 on 12-13-1%94
f SBcenaric: RICE—ORIENTED + CONSTRUCTION SCHEDULE 1 (File: MARI1.SCE)

f Extract water: Yes WRater pH change: No Abbreviations: see EXISTING.S03 in Appendix S3
PR AR kR R Ak A AR R Rk kAR AR A AR AR AR AR R TR AR AR IR RRR I AR R ARk R AR d Ak h ko k& kK A ok Ak o ki ok ok
‘ WMU Year Items OneTra OneHY SA 2ndTra 2ZndHY Ws Sugar Pine BeanSA...
: {Unit of production tonne tonne tonne tonne tonne tonne tonne tonne tonne

28 , 1, Prod., 8451 10903 8544 3776 296 2424 15001 934 56 ...
Area (ha), 2722 2592 2030 1424 144 462 312 54 43 ...
Yield, 3.1 4.2 4.2 2.1 2.1 5.2 48.1 17.3 1.3 .

File: MARILS14 (Example of output data on goals and impact analysis)

AR RH KRNI RKAH R AR IR R AR AR AR RN A ARk kA kA AR N R AT AR RN R A RN A KRR ARRARE TR R A AI AR Aok AR RN IR R AAR K
" OUTPUT FROM CAILUP FOR QUAN LO PHUNG HIEP REGION — Goal and Impact Analysis Sub-model [14]

GOAL & IMPACT ANALYSIS Generated at 18:07:04 on 12-14-19%5
Scenario: RICE—QRIENTED + CONSTRUCTION SCHEDULE 1 (File: maril,SCE)
Extract water: Yes Water pH change: No

Notes: % below limit = % below 0.60 average of rice production per capita in the Region

or % below 0.80 average of income per capita in the Region
R R E RS R S E R A N RS R s R R R S R R R R R e e R R R TR AT A A R RS SR R R E TS

P N

Year Rice Rice % Income % Income % Employment % Surface.,.
preduction fcapita below /capita below Jcapita  below labour water
limit no proc. limit with prec. limit (1,000 force supply
{(tonne) (kg) (U g (os%) labour-days) (%populatlon)
THE ENTIRE REGICN
1 942972 718 18.9 31 39.4 56 35.9 66183 57.4 0,0
2 1011453 749 19.7 43 30.7 68 28.5 56028 47.4 0.0

! R?latlve deviation of realized value from goal (%)

-3, -10.2 37.1 -38.8 -31.5 -20.7 -19.8 10,3 -18.0 -100.0
2 1.1 -6.4 34.2 -13.1 -2.3 -2.6 4.9 -6.6 -32.3 -100.0
;-
f Economic indicatora: Without processing With processing
' NP B/C W/K IRR Payback NPV B/C W/K IRR Payback
' (1,000 UsS$) (%) {years) {1,000 UsS) (%) (years)
r
‘ 54607 1.14 0.59 16.8 11 127291 1.23 1.27 22.9 g
* Relative deviation: 9.2 -5.2 -50.9 11.7 -10.0 6.1 2.9 43,22 27.1 10.0
’
' Score of single goal:
’ Rice Rice % Income % Income % Employment NPV B/C N/K ...
' production /capita below /capita below /capita below
’ limit no proc. limit with proc. limit
13.4 2.4 -2,1 6.0 -10.9 6.8 ~9.5 5.0 10.6 -6.5 0.1 ...
r
Total score without processing, 1.1, Total scere with processing, 4.3

f FOR THE INSIDE
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Het probleem - Doel van de studie

Landgebruiksplanning is een essentiéle activiteit voor ieder land, omdat de vraag naar
produkten van verschillende vormen van landgebruik gewoonlijk groter is dan wat de
beschikbare natuurlijke hulpbronnen kunnen leveren, Landgebruiksplanning houdt in dat
doelstellingen, die met elkaar in conflict zijn vanwege verschillende belangen in de
maatschappij, tegen elkaar moeten worden afgewogen. Ook de vraag naar water is vaak groter
dan de hoeveelheid die beschikbaar is.

Het doel van deze studie is het ontwikkelen en implementeren van een methode en software
systeem voor geintegreerde landgebruiksplanning op regionaal niveau in geirrigeerde gebieden
en de methode en het systeem te testen in het Quan Lo Phung Hiep gebied in de Mekong
Delta in Vietnam. In de studie is gebruik gemaakt van een methodologie voor
systeemontwikkeling - System Development Methodology (SDM) - die bestaat uit zeven
specifieke stappen. Daarmee is een computermodel voor geintegreerde landgebruiksplanning -
Computerized Aid to Integrated Land Use Planning (CAILUP) - ontwikkeld.

De onderzocksfilosofie

De grootste nitdaging in landgebruiksplanning is de diversiteit in landgebruik, zoals die tot
niting komt in verschillen in landgebruikers, doelstellingen, management en gebruikie
technologieén, te integreren in het planningsproces. De benadering als gebruikt in CAILUP
houdt rekening met die diversiteit in landgebruik door veelbelovende vormen van landgebruik
voor landbouwkundige, visserij- en boshouwdoeleinden te integreren met het gebruik van land
voor andere doeleinden.

Integratic is een belangrijk aandachtspunt in landgebruiksplanning. Binnen CAILUP is
gestreefd naar integratie van keuzen voor landgebruik op verschillende hi€rarchische niveaus,
van biofysische en sociaal-economische factoren, van lokale en internationazle kennis, en van
computertechnologie en landgebruiksplanning.

In CAILUP wordt integratie van verschillende hi€rarchische niveaus bereikt door top-down
en bottom-up benaderingen te combineren. Interventies worden afgeleid van doelstellingen
voor regionale ontwikkeling, binnen de nationale context. De uitvoerbaarheid van deze
interventies wordt beoordeeld door rekening te houden met voorkeuren en prioriteiten van de
lokale landgebruikers, en vervolgens de resultaten en effecten van de interventies te evalueren.
Beslissingen met betrekking tot landgebruik worden daardoor beslissingen van de
gemeenschap met bijdragen van wetenschappers, planners, gespecialiseerde
regeringsinstellingen en landgebruikers. Integratie in de publieke besluitvorming wordt bereikt
door het beslissingsproces te simuleren.

- 275 -



Samenvatting

Een geintegreerde biofysische en sociaal-economische benadering - Integrated Bio-physical
and Socio-economic approach (IBS) - wordt gebruikt om de effecten van alternatieve vormen
van waterbecheer vast te stellen. Deze integratie vraagt om een gelijke resolutie (in ruimte en
tijd) van zowel biofysische als sociaal-economische gegevens. Landeenheden worden daarom
ruimtelijk bepaald door zowel administratieve grenzen, als door grenzen gebaseerd op
eigenschappen met betrekking tot de inviced van belangrijke fysische interventies.

Landgebruiksplanning houdt ook in integratie van verschillende sectoren. De belangrijkste
interventie wordt in eerste instantic vastgesteld, bijvoorbeeld de constructie van een
walerbeheerssysteem voor een geirrigeerd gebied. Anderc interventies zijn aanvullend en
dienen de efficiéntie van het waterbeheer te verbeteren. Het team,; dat verantwoordelijk is
voor landgebruiksplanning, moet kunnen beschikken over een groot aantal kennisvelden.
CAILUP bevat een "knowledge base”, die specialistische kennis van zowel lokaal (regionaal
en nationaal) als internationaal niveau integreert,

Simulatietechnicken zijn veelbelovende hulpmiddelen om integratie te bereiken in
landgebruiksplanning, Bij de ontwikkeling van CAILUP is gekozen voor integratie van
eenvoudige sub-modellen van alle relevante componenten, en niet voor een beperkter aantal
complexe sub-modellen die zijn ontwikkeld binnen disciplinair onderzoek. CAILUP bevat
functies om de effecten van verschillende, door planners geformuleerde, hypotheses en
scenario’s te analyseren. Een scenario bestaat uit een aantal acties en effecten, waarmee
doelstellingen in meerdere of mindere mate worden gerealiseerd. De effecten van waterbeheer
op de fysische omstandigheden worden eerst geévalueerd. Veranderde fysische
omstandigheden leiden tot gewijzigde biofysische produkiieniveau’s die, na toetsing aan
sociaal-economische criteria op bedrijfsnivean, worden gebruikt om ‘een geintegreerde
haalbaarheid ("feasibility™) voor elk landgebruikstype vast te stellen. Deze feasibility wordt,
in combinatie met beleidsdoelstellingen op nationaal niveau, gebrueikt om een landgebruiksplan
te formuleren. Uiteindelijk wordt nagegaan wat de gevolgen zijn van uitvoering van het plan
en wat de effecten zijn op de biofysische en sociaal-economische omstandigheden.

Integratie van computertechnologie en landgebruiksplanning is bereikt binnen een systeem dat
bestaat uit kwantitatieve modellen, databanken en een geografisch informatiesysteem (GIS)
gebaseerd op de concepten van beslissingsondersteunende systemen ("decision support
systems") en specialistensystemen ("expert systems™).

Een computermodel voor beslissingsondersteuning bij geintegreerde landgebruiksplanning
{A Computerized Aid to Integrated Land Use Planning - CAILUP)

CAILUP bestaat uit vier componenten: een "core expert” companent, een databank component,
een GIS component en ecn modelcomponent. De modelcomponent die de essenti€le functies
van het systeem uitvoert, bestaat uit een mathematisch model dat ontwikkeld is op basis van
een conceptueel model.
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Het conceptuele model werd ontwikkeld door het identificeren van achtereenvolgens
problemen bij het huidige landgebruik, doelstellingen en indicatoren, relevante
landgebruikstypen, relevante componenten, factoren, ruimielijjke omvang en resolutie,
tijdshorizon en tijdsstappen, en opties "met” en "zonder" interventies.

Het mathematische model bestaat uit 14 sub-modellen:

[1]1 Een Interventic-Genererend Sub-model, dat gegevens genereert voor de opties "met” en
"zonder" interventie.

[21 Een Fysisch Impact Sub-model, dat een dataset van de gewijzigde fysische
omstandigheden genereert.

[31 Een Biofysisch Sub-model (landbouw, visserij, bosbouw), waarin gewasgroeikalenders
worden geselecteerd en opbrengsten geschat onder de gewijzigde fysische
omstandigheden.

[4] Een Economisch Sub-model op bedrijfsniveau, dat de gecombineerde
biofysische/cconomische "feasibility” genereert, op basis van financi€le criteria op
bedrijfsniveau.

[51 Een Sociaal Sub-model op bedrijfsniveau, dat een geintegreerde "feasibility” genercert
op basis van sociale voorkeuren en de biofysische/economische "feasibility” van [4].

(6] Een Demografisch Sub-model, dat gegevens over bevolking en arbeidspotenticel
genereert,

[71 Een Sub-model voor weging van landgebruiksvormen, dat wegingsfactoren bepaalt op
basis van de geintegreerde feasibility [5] en het vigerend regeringsbeleid.

[8] Een Sub-model voor allocatie van landgebruik, dat verschiliende vormen van landgebruik
toewijst aan landeenheden op basis van de wegingsfactoren [7] en regels voor
landgebruiksconversie,

[91 Een Produktie Sub-model, dat de totale produktie berekent door oppervlakten met
opbrengsten te vermenigvuldigen.

[10] Een Aanvullende Interventies Sub-model, dat aanvullende interventies genereert ter
ondersteuning van de landgebruiksscenario’s.

[11] Een Economisch Sub-model op Regionaal Niveau, dat de economische baten berekent
op het niveau van landeenheid en regio.

[12] Een Sociaal Sub-model op Regionaal Niveau, dat sociaal-economische indicatoren
berekent op het niveau van landeenheid en regio.

[13] Een Milieueffect Sub-model, dat indicatoren berekent met betrekking tot de
milieneffecten.

[14] Een Sub-model voor analyse van de Ontwikkelingsdoelstellingen en de Effecten, dat een
rangorde toekent aan de geselecteerde scenario’s.
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Een voorbeeld uit de werkelijkheid

De Quan Lo Phung Hiep regio met een totale oppervlakte van ongeveer 450.000 hectare,
gelegen in de Mekong Delta in Vietnam, is gekozen voor de case studie. De
landbouwproduktie in deze regio wordt beperkt door ongunstige bodem- en watercondities.
Lage regenval gedurende de droge tijd maakt landbouw zonder irrigatie onmogelijk. Intrusic
van zout water vit de zee maakt het water in rivieren en kanalen in grote delen van de regio
ongeschikt voor irrigatie. Aan het begin van de regentijd wordt de kwaliteit van het
oppervlaktewater beinvloed door drainagewater uit kattekleigebieden waardoor de pH
plaatselijk daalt tot beneden 4, wat uiterst schadelijk is voor de produktie van gewassen, vis
en garnalen.

In het gebied werkt 83 procent van de bevolking in de landbouw, visserlj en bosbouw.
Relevante landgebruikstypen zijn de verbouw van €én gewas per jaar (rijst, suikerriet, enz..),
combinaties van verschillende gewassen (rijst+rijst, riist+bonen) en combinaties van gewassen
met andere activiteiten (bv. rijst+garnalen), met verschillende produktietechnicken. Rijst is
het belangrijkste gewas. De levensstandaard in gebieden met zout en brak water zou lager zijn
dan in gebieden met zoet water.

Een waterbebeerssysteem, dat de intrusie van zout water tegengaat en de toevoer van zoet
water uit de Mekong rivier vergroot, wordt beschouwd als de belangrijkste interventie voor
de ontwikkeling van de regio. De voornaamste doelstellingen van verbeterd waterbeheer zijn
het verhogen van voedselproduktie en inkomens en het verbeteren wvan de
levensomstandigheden. Een partiéle waterbeheersoptie, bestaande uit bescherming tegen zout
water van en creéren van mogelijkheden voor irrigatie voor het centrale deel van de regio door
middel van 11 middelgrote sluizen, werd geselecteerd. Zeven alternatieve constructieschema’s
zijn geformuleerd, die verschillen in benodigde investeringen en strategieén met betrekking
tot het terugdringen van de effecten van zuur drainagewater. Vier doelstellingen met
betrekking tot landgebruik zijn geformuleerd: maximaliseren van rijstproduktie, maximaliseren
van inkomkn uit rijstproduktie, gewasdiversificatie en minimaliseren van de effecten van zuur
water.

AILUP als ontwikkeld voor de Quan Lo Phung Hiep regio is gebruikt voor het analyseren
van de effecten van verschillende constructieschema’s en landgebruiksstrategiegn.

Voor de calipratie werden watergegevens van 1989-1990, opbrengstgegevens van 1986-199%0,
produktiegegevens van 1983-1990, en gegevens over bevolking en landgebruiksarealen van
1985 en 1990 gebruikt. Na calibratie van individuele sub-modellen werden combinaties van
opeenvolgende sub-modellen gecalibreerd, Het model werd gevalideerd met gegevens van
1991 en 1994,
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Achtentwintig ontwikkelingsscenario’s, gevormd door combinatie van de 7 constructieschema’s
van het waterbeheerssysteem en de 4 landgebruiksstrategieén, zijn vergeleken met een optie
zonder waterbeheersmaatregelen  ("without case"). Voor evaluatie van de
ontwikkelingsscenario’s zijn "scores” voor afzonderlijke doelstellingen en totale "scores”
gebruikt. Een gevoeligheidsanalyse is uvitgevoerd om de gevoeligheid vast te stellen van
outputs voor variaties in veranderingen in verschillende parameters, functies en sub-modellen,
en de effecten van veranderingen van inputwaarden op scenario scores.

Een constructieschema werd gekozen op basis van ontwikkelingsdoelstellingen en mogelijke
effecten, als weerspiegeld in de scores van verschillende scenario’s, rekening houdend met de
institutionele omstandigheden in de regio. Het kiezen van een landgebruiksstrategie was
moeilijker, omdat voor de geanalyseerde situaties, elke strategie leidt tot een hoogste score
voor op zijn minst één ontwikkelingsdoelstelling. Er is gekozen voor een op rijst
georiénteerde sirategie met meer gewasdiversificatie buiten het tegen zout water beschermde
gebied.

Conclusies en aanbevelingen

De doelstellingen van de studie zijn gerealiscerd. CAILUP is ontwikkeld om integratie in
landgebruiksplanning gemakkelijker te maken, waarbij rekening is gehouden met de
belangrijkste aandachtspunten in de methodologie voor landgebruiksplanning, Een software
systeemn is ontwikkeld en met succes getest in de Quan Lo Phung Hiep regio. Het
ontwikkelen en met succes toepassen van CAILUP is alleen mogelijk onder omstandigheden
waarbij kundige staf, gegevens, hardware en software beschikbaar zijn.

Hoewel de bovengenoemde omstandigheden gunstig waren bij de ontwikkeling van CAILUP,
moet er bij verdere ontwikkeling en toepassing toch rekening gehouden worden met vele
vitdagingen, die voortkomen uit telkens twee alternatieven (zie Hoofdstuk V.2). Deze
ontwikkeling vertoont een cyclisch gedrag, waarbij gedurende een aantal jaren één uitdaging
dominant is, en het hoofddoel van vele studies, waarna het wordt afgelost door een andere
uitdaging. Bij de ontwikkeling en toepassing van CAILUP in verdere studies moeten
pogingen worden ondernomen om het CAILUP systecm aan te passen aan deze cycli.
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Vin dé - Muc tiéu nghién cirut

Quy hoach sir dung tai nguyén déi dai 1a cong tdc thigt y&u tai bél cit qudc gia ndo, vi nhu ciu d4
dai cin cho céc loai sir dung dét khdc nhau thudng vugt qua tai nguyén déi dai hien c6. Quy hoach
sir dung (2i nguyén d4 dai bao ham su cin nhic gilta cdc muc ticu mau thuin nhau, vitrong x4 hoi
luon ¢é cdc moi gquan tam khdc nhav. Nhu ciu nudc ciing thudng cao hon thi nguyén nude hién
co.

Mugc tigu ciia nghien ciu ndy 13 xay dung va thyc hign mot phuong phép vi phdn mém mdy tinh
tuong tng ding cho viéc quy hoach tdng hgp sir dung thi nguyén ¢4t dai c4p ving cho cong tic
phit trién thay lgi, va thir nghiem phuong phdp nay trong viing Quén Lo Phung Hiep, dong bing
song Cim Long, Viét Nam, Phuong phip Xay dwng Hé théng (System Development
Methodology, SDM) bao gom 7 giai doan duce 4p dung trong nghién cta nay. Mot Phan mém
Quy hoach Tdng hop Sir dyng Dat (Computerized Aid to Integrated Land Use Planning, CAILUP)
dd duoc xay dyng.

Quan diém nghién ciru

Thir thach Ién nhat trong quy hoach sir dung tai nguy2n dat dai Ia 1am the nao k&t hgp tinh da dang,
bao gom nhizu doi tegng sir dung, nhidu myc tigw, nhitu phuong tate quan 1§ va canh tdc, vao tién
trinh quy hoach. Tinh da dang nay duge dua vio CAILUP bing céch 1éng hop cdc loai si dung
dét c6 trién vong cho san xuit nong nghiép, thiy san va lam nghiep v6i cdc loai sit dung dat cho
cdc muc tidu khic.

Tdng hop 1a mét cong tde quan rong trong quy hoach skt dung d4t. CAILUP dat trong tam vio
viec téng hop sy chon lira loai sir dung dat & cdc cdp quan 1§ khéc nhau, téng hop cdc y&u (6 sinh
hoc w nhién ¥6i cic y&u 1§ kinh & x4 hoi, tdng hop kign thifc chuyén gia trong nudc vd6i kign thirc
chuyén gia qudc 1€, va 1dng hop k¥ thuit mdy tinh vdi quy hoach sit dyng déi.

Su téng hop giita cdc cip quin 1§ duge thue hién trong CAILUP bing céch k&t hgp phuong phdp
quy hoach tir trén Xxuéng va tir dudi len. Cdc cong tdc cin thye hi¢n duge dua trén muc tiéu phait
trién cia viing trong boi cinh phdt ri¢n chung cia qudc gia. Tinh hién thye cda céde cong tic ndy
duge dinh gid bing cdch xem xét thi hi¢u v muc do wu tien clia nhimg ngudi sir dung d4t tai dia
phuong, va sau d6 t&t cd cdc thanh qué va tic dong cia cic cong lic ndy duge ddnh gid chung.
Vigc chon hra loai sit dung dat duge coi nhr mot quy&t dinh chung ciia x4 hoi bao gom su déng
g06p ciia cdc nha khoa hoc, quy hoach, linh dao, cdc co quan chuyén nganh v ngudi sit dung d4.
Viéc chon lya nay dugc tdéng hgp biing cich mé phong tién trinh chon hya loai sit dung d4t thich
hop dang din ra trong thye 1€,

Mot phuong phép tdng hop cic yéu to sinh hoc tw nhign va kinh t& x3 hoi (Integrated Bio-physical
and Socio-economic, IBS) duge d¢ nghi dé danh gid ket qua ciia cong tdc thiy loi. Viec tong hop
doi héi 56 Li¢u vé sinh hoc e nhién va kinh & x4 hoi phdi ¢6 cing mot do phan gidi (khong gian va
thoi gian)., Cic don vi dél dai duge xdc dinh bing ranh gidi hanh chinh két hop v&i ranh gidi ciia
cong trinh thity 1gi chinh.
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Quy hoach sir dyng thi nguyen ¢4t dai cling 6 th€ coi nhu mot tién (rinh 16ng hop da nganh. Mot
cong tdc chil chot duge xdc dinh, dé 1a xdy dung mot he thong cong trinh thay loi. Céc cong tic
khidc ducge coi 1a cong tic hé trg dé nang cao hi¢u qua ciia phét trién thiy 1gi. Nhdém cong tic quy
hoach sir dung t2i nguyén dat dai phii bao gom chuyén gia nhizu 13nh vige. CAILUP bao gom mot
h¢ thong kign thiic chuyén gia téng hop tir kién thifc ciia chuyén gia trong nwde (viing va quic gia)
vdi kigh thitc chuyén gia quéc t&,

Xay dung mé hinh mé phong 12 k¥ thuat thich hgp cho viec téng hogp trong quy hoach sir dung dat.
Chién hrge xay dung mo hinh cia CAILUP 1a tdng hop ¢dc md hinh don nganh don gian cla i ca
c4c thanh phin, thay vi chi bao gdm mot 56 mo hinh phic tap xdy dung cho nghién citu chuyén
nganh. CAILUP c6 céc chitc ning d¢ phin tich tdc dong cha cic cong tic phat tridn véi cdc gid
thi¢t hodc tinh huéng khdc nhau do cdc nha quy hoach d2 ra. Mat tinh hudng phét trién bao gdm
mdl loal cic cong tic va kel qui trong dd cic muc tidu duge danh gid dat & midc d¢ ndo. Trse hét
, ldc dong cia cong tdc thiy 1gi trén cdc yéb t¢ wr nhien duge phan tich.  Dieu kién ¢ nhi¢n moi
s& dem lai nang sudt sinh hoc mdi, duge ding dé xdc dinh h¢ $6 kha thi ciia timg loai sir dung dét
bling cich so sdnh vdéi cdc titu chudn kinh ¢ x3 hoi c4p nong ho.  Hé s6 kha thi nay duge sir
dung, cing v@i cdc myc ticu va cki¢n luge cia Chinh phi, d€ xay dung mot quy hoach sir dung tai
nguyén dil dai.  Cudi cling, thinh qui cia quy hoach nay va cdc tdc dong k&m theo v2 sinh hoc ty
nhién va kinh t& x4 hoi s& dugc xem xét.

Vigc tdng hop k¥ thuat may tinh va quy hoach sit dung i nguyén dat dai s& dat duge bing cich
x4y dung mot he phan mém bao gom mo hinh dinh brgng, co s& dir iéu va he thong thong tin dia
1§ (GIS) trén quan diém ciia he thong hé trg quyét dinh va he chuyén gia.

Phiin mém Quy hoach Téng hop St dung ddt

CAILUP bao gom 4 bo phan: bo phan chuyén gia hat nhan, co s& dit i2u, bo phan GIS va he
théng mo hinh. H¢ thong md hinh, bo phan chinh thuc hién nhigm vy cia CAILUP, bao gom mot
mo hinh todn phét trién 1r mot mo hinh nhan thic.

Mo hinh nhan thirc duge xay dyng theo trinh o xdc dinh cdc vin dg, cdc muc tieu va chi so dé
ddnh gid, nhitng loai sir dung dét thich hop, c4c thinh phin, cic thong s cin phan tich, pham vi va
d¢ phan gidi khong gian, thé¥i gian quy hoach va cdc budc tinh todn, va cic tinh hudng "¢6” va
“"khong" thye hign cong tdc thiy loi.

M@0 hinh todn bao gom 14 mo hinh con:

{11 Mo hinh Xdy dung Cong tdc cang cip mot bd sd licu cho tinh hudng "cé” hoac "khong” thue
hi¢én cong tic thiry igi.

[2] M6 hinh Tdc dong Vdt Iy tinh todn s¢ lieu vé diéu kien tu nhign mdi,

[31 M6 hinh Sink hoc Ty nhién (Néng nghiép, Thily sdn, Lam nghiép) udc tinh niang suat va thoi
vu chon lyra theo dicu ki¢n ty nhién méi.
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[4]1 Mo hinh Kink t& Cdp Néng hé tinh todn he 56 kha thi sinh hoc 1y nhién/kinh 1€ trén co s& cdc
titu chudn tai chinh & cép nong ho.

(51 Mo hinh Xd hoi Cdp Néng ho 1Ong hgp thi hitu x4 hoi voi he s6 khd thi sinh hoe
nhign/kinh £ dé tinh ra mot he s6 kha thi téng hop.

[6) M6 hinh Ddn sinhtinh todn s¢ li¢u vé dan so vi lao dOng.

[71 Mo hinh Trong 56 Si dung ddt xdc dinh céc 1rong s6 trén co s& he s6 kha thi téng hgp va
chién Irgc ciia Chinh phil.

[8] Méd hinh Phin phdi Stk dung D4t tinh wodn phan phdi (i nguyén 44t dai trén co s trong s6 va
céc quy luat vé chuyén déi sit dung d4t,

[91 M6 hinh Sdn lueng tinh todn tdng san hegng biing cdch nhan dién tich vdi nang sudt.

[t0] Mo hinh Céng tic Hé tro tinh todn khoi wong céc cong tac khdc cin thuc hién ¢é hé trg cho
phuong dn sir dung tai nguyén dat dai.

[11] Mo hink Kinh t¢ Cdp Viing tinh hiéu qué kinh 1€ cho cdc don vi d4t dai va todn viing.

[12] M6 hinh Xd hoi Cdp Ving tinh todn cdc chi so kinh i€ xi hoi cho cdc don vi dat dai va toan
ving.

[L3) M6 hinh Tdc dgng Moi tricong tinh todn cdc chi sd dién ta cdc tic dong ve moi truomg.

[14] M6 hink Phdn tich Muc tiéu va Tdc déng tinh todn mot 1 s§ dé€ x&p hang tinh hudng phair
trién cin xem xét.

Mat thi du trong thuc 16

Viing Quin Lo Phung Hidp tai dong bing song Cira Long, Vit Nam, v&i téag dién tich khodng
450.000 ha, dé dugc chon lam viing nghién citu dién hinh. San xu4t nong nghi¢p tai ddy bi han
ché vi ditu kién ddt va nrée.  Néu khong cé ngudn nudéc mat, sin xual nong nghie¢p bi gid¢i han bdi
Iwgng mua thip trong mda khé.  Tuy nhign, nwdc man xam nhap tir bi€n vao am cho chit lugng
nuée tai phin 16n dign tich trong viing khong ddng duge cho nong nghigp.  Vao dau mda mura,
cdc chit doc rira troi (i d4t ph2n 13m 6 nhiém nguon nwdc mat va ha thdp do pH xudng dudi 4,
khong thé sir dung cho nong aghiép va thiy sin,

853% dan s0 trong ving song nhi& nong nghi¢p, thily sin va 1am nghi¢p. Céc loai sitr dung dat
thich hop 1a don canh (Wia, mia, v.v.) hodc két hop nhi2u loai canh téc (hia hai vy, hia + dau, lda +
tom, v.v.) v6i cdc bien phap canh tic khic nhan. Lia 12 loai cay trong chinh. Mic song & ving
nudc man va nude lg duge ghi nhan 14 thap hon & viing ¢6 murde ngot.

Phit trién thiy lgi dé ngan mén vi gia tang lvgng nude ngot dan 1wedi tir song Cim Long duge coi 1a
cong tac hang dau cho vi¢e phdt trién trong ving. Cac muc tieu chinh cia cong tac thily 1¢i 1a
nang cao san luong lwong thuc va thu nhap cho nong dan, v cdi thién didu kien s6ng. Mot
phuong 4n ngan man quy mo vira di dugc chon Iua, trong dé vdng trung tam dugc ngdn min va
ti€p nude ngot tir song Ciru Long bing 11 cong ngan mén quy moé trung binh. Bay tién d¢ xay
dung cong trinh khdc nhau di dugce soan thiao dya trén ngudn von va chién luge han ch¢ dnh hudmg
cla nude chua phen. Bon chién luge sir dung dét 42 duoc xay dung: T&i da hod san lugng hia, T6i
da hod thu nhip tir canh tic Ida, Pa dang hod cay trong va Toi thidu hod dnh hudng cia nudc chua
phén.
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CAILUP cho ving Quin Lo Phung Higp 43 duge xay dimg va sit dung d€ phan tich inh huimg
ciiaccdc tign d¢ xay dyng va chign luge sir dung d4at khdc nhau,

§6 licu dang dé ditu chinh mo hinh 1A s6 litu vé ditu ki¢n nudc narm 1989 va 1990, ning sudt Lir
nam 1986 den 1990, dan s6 va dien tich sir dung dt ndm 1985 vi 1990, va s¢ licu sin lugng (i
nam 1985 dén 1990, Viec dicu chinh timg mo hinh ri2ng 1¢ duge kém theo bing vi¢c digu chinh
mot loat mo hinh lién h¢.  Sau d6, cdc mo hinh dugc ddnh gid lai v6i s6 Li¢u (¥ nam 1991 d&n
1994,

Hai muoi t4m tinh hudng phat trién, tdng hep tir 7 ti¢n &) xay dyng cong trinh thiy 1gi va 4 chién
Iwge sit dung dat, dii duge so sanh véi trudng hop “khong” xay dung trong 46 gia sit khong c6 cong
trinh thiy lgi mdi. Diém xép hang cho timg muc tiéu riéng 1é va diém téng cong la cdc tri s¢ tinh
todn chinh ding d€ dinh gid cdc tinh huong phdt trién. Viec phan uich do nhay 43 duge thuc hién
dé tinh todn do nhay clia két qua tinh tir mo hinh d6i vdi cdc thong sd, cdc cong (hic tinh todn hay
mo hinh con, va d€ phan tich 4nh hudng cia vidc thay d6i tri s6 nhap vio mo hinh ddi vdi diém
x€p hang caa tinh hudng.

Mot tién do xay dung cong trinh dd duge chon lya trén ¢o s& cdc muc tiéu phdt tridgn va cde tdc
dong ¢6 thé xiy ra phin dnh qua diém x&p hang clia cic finh hudng phét trién, cé x6t 161 co clu td
chiic quén 1y trong vang. Viéc chon hya mot chigh lwoc sir dung ddt khé khin hon ¥i trong céc
tinh hudng 43 tinh todn, mdi chién uge du c6 it nhit diém x&p hang cao nhit cho mot muc ticu,
Chi¢n hrge d3 duge chon Iya cd trong tam 13 sdn xudt lda, v6i gia tang da dang hod he thdng canh
tdc ngoai vimg duge ngan min.

Két ludn va kién nghi

Céc muc tién nghién ciu d@ ra d3 dat duge. Tir viec phan tich cdc vén dé chi chét trong phuong
phdp luan quy hoach sit dung tii nguyen dit dai, CAILUP di duge x4y dimg d€ thuc hién vige
téng hop rong quy hoach nay. Mot he phan mém twong vng di dirge xay dumg va thir nghiém
thanh cong cho ving Quén Lo Phung Hi¢p. Dé c6 thé x4y dung va 4p dung thanh cong, CAILUP
ddi héi cdc digu ki¢n thich hop v2 nhan lyc, thong tin va s¢ licu, va phuong tién phin cing va phan
mem. :

Mic du cdc didu ki¢n trén c6 thé thod man, vi¢e xay dung va 4p dung CAILUP cfing con nhigu thir
thdch, ma méi thir théch phit sinh do luon luén co hai giai phdp khic nhau. Mot chu k¥ nghién
cifu d3 duge ghi nhan trong d6 mot thix thich trd nén ndi bat vi trd thanh d6i tugng cda nhidu cong
tic nghién ciu trong nhidu nam, va cling cé mét chu k¥ twong ty trong vi¢e chon lya mot trong hai
gidi phdp cia méi thir thaich. N& luc cia cdc nghién ciu Liép theo s€ 1a xay dung va dp dung
CAILUP phi) hop vdi cac cho Ky nay.
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