Thai J. For. 27 (2) : 28-40 (2008) NINIIUMAAS 27 (2) : 28-40 (2551)
Original article

Decision Support System for Eucalypt Plantation I nvestment
in Chachoengsao Province

Piyawat Diloksumpun

Faculty of Forestry, Kasetsart University, Chatuchak, Bangkok 10900
Tel. 02-5790170 # 105 E-mail: fforpwd@ku.ac.th

Received: May 7, 2008 Accepted: May 23, 2008

ABSTRACT

The present study was aimed to develop an integrated decision support system (DSS) for
eucalypt plantation investment in Chachoengsao province that could be able to determine site
suitability, plantation yield, appropriate plantation management, and economical profits.

To meet all objectives of the present study, the DSS devel opment can be separated into 4
main parts including database design and analysis, DSS procedure, user interface design and
system output. Firstly, a system database was designed and devel oped to provide critical require-
ments for decision making based on the DSS objectives. Secondly, decision hierarchy was
constructed to clarify the choice situation of user-defined areas accordingly. Based on economic
production of the 3-year rotation, site suitability was classified into 4 classes, i.e. very good, good,
moderate and unsuitable sites. Yield estimation of eucalypt plantation was analyzed to provide
information for financial analysis procedure. Thirdly, the user interface management system was
designed according to the user-friendly interactive concept for simplicity and high information
content. The welcome homepage, input data page, interactive pages and output page were then
designed to communicate with users step by step. Lastly, summary report output page was
designed to briefly provide all information needed for decision making of eucalypt plantation
investment.

Furthermore, the DSS devel oped in the present study was designed to be flexible and could
be updated some system database for future uses and development. Development of a growth
model that integrated site potential, climatic data and physiological characteristics as well as
management practices is, therefore, essential to improve the accuracy of the growth/yield
prediction in decision making.
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INTRODUCTION

A rapid expansion of wood-based commercia plantationsof eucalypts, playing an
industries has led to the acute demand for outstanding role in woodchip and short-fiber
eucalypt wood in Thailand. Consequently, wood pulp industries, have been expanded
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extensively in both government and private
sectors. The current production capacity based
onthetotal plantation areaof about 500,000 ha
seems sufficient to meet the domestic demand.
Nevertheess, Thailand has been facing eucdypt
timber shortage since the major sources of raw
material seem rather too far to be profitably
transported to woodchip factories (Thaitusa
et al., 2004). Plantation entrepreneurshave also
realized the extremely high variations in their
growth and yield as the results of planting
genetic materials, site conditions and environ-
ments, and silviculture and management
practices (Luangviriyasaeng, 2003; Thaitusa
et al., 2004), regardless of their fast and easy
growing and low mortality rates. Moreover,
cogtsof plantation establishment and management
must be taken into consideration prior to the
investment of commercia plantations. These
factorslead to complicated decision making for
plantation management to fulfill the demand for
eucalypt wood and to maximize profits.
Decision support system (DSS) is an
interactive computer-based information system,
which helpsto utilize data and modelsin order
to solve non-structured management problems
for improved decision making (Turban and
Aronson, 2000). It basically utilizes data,
provides an easy-to-use interface, and alows
for the decison maker's own ingghts. Application
of DSS for forest management is considered
valuable since the requirements defined are
extremely high due to the complexity, the
uncertainty and the enormous amount of data.
Many support tools are also available in
practices for commercia plantation manage-
ment, e.g. potentia of planting site, soil mapping,
growth model, benefit-cost analysis, but these
have not yet been brought together into an
integrated system. The present study was,
therefore, aimed to develop an integrated DSS
for eucalypt plantation investment in
Chachoengsao province, where major
woodchip and pulpindustries have been located,
to be able to determine the site suitability,

provide plantationyieldinformation, recommend
appropriate plantation management, and analyze
the economical profits.

MATERIALS AND METHODS

Sudy Site

The present study focused solely on
eucalypt plantationsin Chachoengsao province,
well-known as an industrial complex for
woodchip and pulp industries. Specifically,
privately-owned plantations available in the
province were selected to obtain growth data
in awide range of soil series.

Data Preparation

As summarized in the conceptual
framework (Figure 1.), data prepared for the
DSS development included spatial data, soil
series map and description and published allo-
metric equations for eucalypt yield estimation.
The spatid data st was prepared for system da
tabaseincluding administrative boundary derived
from the Department of Provincial Administra-
tion in 2004, land-use classification from the
National Parks, Wildlife and Plant Conservation
Department in 2000, rainfall and temperaturedis-
tribution from the Thai Meteorol ogical Depart-
ment in 2008, and topographic map from the De-
partment of Water Resources. The digital map
cooperated with soil seriesin Chachoengsao prov-
ince derived from Land Development Depart-
ment (LDD) was also employed.

Data Collection

The soil suitability map for eucalypt
planting defined by the LDD (Soil Survey and
Classification Division, 2000) was used to
locate sampling plots in privately-owned
plantations of all soil series, where eucalypt
plantations were mainly established. Such soil
series were classified mainly as suitable and
partly asfairly unsuitablefor eucalypt planting.
Number of sampling plots for each soil series
depended on land area, variation in soil properties,
and exigting plantation areas. Thesampling plots
of different ages, 2-5 years old, were scattered
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throughout each soil series. Practically, the
sampling plots were undertaken on the planta-
tions, which were established with different
genetically improved cloneswell adapted tothe
site and with intensive management. Totaly,
therewere 327 sampling plotslocated in 24 soil
series. For each sampling plot, the location was
undertaken using globa poisoning system (GPS)

and mean diameters at breast height (DBH)
and heights were obtained from stands.

In addition to plantation growth,
details and costs of plantation establishment,
management, harvesting and transportation
were obtained by interviews with targeted
plantation entrepreneurs and farmers in the
study area.
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Figure 1. A conceptua framework of the DSSfor eucalypts plantation investment in Chachoengsao

province.

Data Analysis

Eucalypt plantationyield, above-ground
biomass (dry weight) and economic production
(stem fresh weight), of each sampling plot were
analyzed by allometric equations (Wachrinrat,
2003) and the differences among soil series
were also compared. Site quality index of
eucalypts planted on the soil series, where plan-
tation growth was undertaken, were established
according to anamorphosismethod (Prasomsin,
1991) on the 3-year basis. The defined site

quality for each soil series was then prepared
to produce site suitability map for the DSS
database. Net Present Vaue (NPV) and benefit-
cost ratio (B/C ratio) were aso employed as
economic parameters to financially evaluate
whether the investment of eucalypt plantation
iseconomically worthwhile.

DSS Design

DSSfor eucaypt plantation investment
in Chachoengsao province was developed in
theweb-based interactive system using the PHP
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script. The UMN Internet Mapserver was
applied in the process of spatia data display
and user defined location input, while the
MySQL was used for database design. Due to
user-friendly concept, the Thai system language
was applied to simply communicate with Thai
entrepreneurs and farmers. The DSS design
can be separated into 4 main parts, i.e. system
database development, database analysis
system, user-interface management system,
and system outpuit.

Development of system database
generaly involved spatial database (e.g. admin-
istrative boundary, land use classification, soil
series) and generally database (e.g. description
of related spatial database, financial database).
Data analysis system was mainly related to the
eucalypt production models, based on site
suitability classification of each soil series, and
financial analysis. The user interface manage-
ment system was al so designed to communicate
with users step by step. Lastly, the system
output was designed to provide information
for investment of eucalypt plantation, e.g. site
characteristics, site suitability, plantation yield,
economical profits, and recommendation for
plantation management.

DSS Evaluation

Toevauate DSSthat provides sufficient
information for users, interviewswere periodi-
cally made during the process of DSS develop-
ment in order to include all essential data or
information needed by users in the proposed
design. Furthermore, growth data of other 34
sampling plots of 2-to-5-year old eucalypt
plantations in 7 soil series, where growth
data were not obtained for the site suitability
classification, were collected and the planta-
tion yield was analyzed to compare with that
predicted by the DSS in respective soil series.

RESULTS AND DISCUSSION

Database Design
The system database as depicted inthe

DSS conceptual framework (Figure 1.) was
designed and developed to meet all objectives
of DSS for eucalypt plantation investment in
the present study. The system database consists
of 11 entities of spatial and general databases.
The spatial database designed comprises of the
following 6 entities: (1) Subdistrict entity,
attributes related to administrative boundaries;
(2) CCS SoilSeries entity, attributes of soil
series classification; (3) LandUse entity,
atributes related to land use classification; (4)
TopoMap entity, the topographic map used as
abackground map; (5) Rainfall entity, attributes
of rainfall distribution; and (6) Temperature
entity, attributes of temperature distribution.
Of the 5 entities of general database,
the4 entities, i.e. Subdistrict, SoilDesc, Soilsuit
and LandUseClass, are integrated by the first 3
respective entities of spatial database. Inaddition,
the Financia entity, attributes containing costs
per unit land area throughout the management
program, is based upon the manual for eucalypt
planting provided by targeted entrepreneursin
the study area. Timber price was a so provided
for estimating financial returns. Moreover, loan
and deposit interest rates and discount factor
were given to analyze datain monetary terms.
DSS usually evolves a somewhat
simple and straightforward management
approach based on a multiple-use concept to a
complex multi-faceted process. Computer
based modeling, particularly linear programming,
has been widely applied to address the com-
plex problems involved in the DSS for forest
management. Moreover, aspatial DSShasbeen
developed to assist andysts and decison makers
to link between spatial DSS and GIS for forest
management planning (Church et al., 2000). In
this study, simple growth model was applied to
predict eucalypt plantation yield according to
sitesuitability integrated by related Gl Sdatabase,
e.g. topographic map, land use classification,
soil series, climatic data. Site description
and plantation yield as well as alternative
management according to soil conditions and
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site qualities were given to decision making of
the investment.

Database Analysis

Soil Classification

Based onthedigitd mapin Chachoengsao
province cooperated with soil seriesclassification
by LDD (1983), there are 30 soil series and
other 23 soil mapping units, which can not
be distinguished solely in either group. Such
soil mapping units includes soil variant, soil
association, unidentified soil group, soil complex,
and soil phase. The occurrence of the total 53
s0il series/soil mapping units can be categorized
into 4 groups based on soil geology and parent
materials,i.e. tida flat, former tidal flat, alluvial
terrace and fan complex, and erosion surface
and local washes. In addition to the 4 soil
categories, there are also the s ope complex and
other land uses, e.g. residential areas, ponds,
canals, reservoirs, occupying 4.04 and 0.10%
of the total land area, respectively.

Based on the LDD criteria (Soil Sur-
vey and Classification Division, 2000), thetotal
53 soil series/mapping units in Chachoengsao
province were classified into 3 soil suitability

classesfor eucaypt planting, i.e. suitable, fairly
unsuitable and unsuitable, based on general soil
characteristics of the soil series group. The 28
soil series/mapping units, occupying about 46%
of the total area of, was classified to be suit-
able for eucalypt cultivation, while 15 and 10
soil series/mapping units were categorized to
be fairly unsuitable and unsuitable, occupying
about 18 and 35% of thetotal arearespectively.
Apparently, suitable soilsfor eucalypt planting
mainly occur on the alluvia terrace and fan
complex and erosion surface and local wash
categories, both of which the soils are moder-
ately well to well drained, and mostly found in
the eastern uplands of the province.

Site Suitability Classification

According to an anamorphosis method
(Prasomsin, 1991) on the 3-year basis, the site
quality of eucalypt plantationsin Chachoengsao
provincewasclassified into 3 classes, i.e., very
good, good and moderate. The productivity of
eucalypt plantations on the very good, good and
moderatesitesranged from 17.72 - 20.67, 14.79
- 17.72 and 11.86 - 14.79 tons/rai (area 1
ha=6.25 rai), respectively (Table 1.).

Table 1. Summary of site suitability classification for eucalypt planting based on 3-year rotation

in Chachoengsap province

Site suitability No. of Economic production Area Coverage
class soil series' (tons/rai)* (rai)’ percentage
Very good 21 17.72 - 20.67 1,109,071.75 34.61
Good 15 14.79 - 17.72 671,757.24 20.96
Moderate 1 11.86 - 14.79 42,525.19 1.33
Unsuitable* 16 1,381,433.07 43.10
Total 53 3,204,787.25 100.00

Remarks: 1.No. of soil series including other soil mapping units, e.g. soil variant, soil

association, soil phase etc.;

2. Economic production referring to stem fresh weight;

3. Area 1 ha = 6.25 rai; and

4. Area of unsuitable site including the area of slope complex and other land uses
e.g. residential areas, rivers, ponds, canals.
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Most of soil series/mapping units,
categorized in the present study as avery good
site quality, were classified by LDD criteriaas
suitable soilsfor eucalypt planting (Soil Survey
and Classification Division, 2000). They were
observed preferentially on the eastern uplands,
erosion surface and local wash and alluvial
terrace and fan complex, sandy loam to sand,
and moderately to very well drained (Figure 2.).
Likewise, thegood site quality wasobservedin
soil series/mapping units classified by LDD
criteria as suitable and fairly unsuitable soils.
The only one soil series was classified as a
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moderate site quality, Chon Buri series (Cb).
The unsuitable sites were mainly soil series
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soilsand partly asfairly unsuitable soils, where
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They were found mainly on the western
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Figure 2. Classification of site suitability for eucalypt planting in Chachoengsao province based on
an anamorphosis method on the 3-year bas's.

The dte potential may not beacomplete
indicator for growth and yield of eucalypt
plantations since the sampling plotsweretaken
from privately-owned plantations with different
clones and management regimes. Practically,
such plantations were well established with
genetically-improved materials well adapted
to the site and with intensive plantation

management suitable to the site. Nevertheless,
estimation of growth of eucalypt plantation
based on the site quality index could be used to
represent the growth range as data input for
DSS for eucalypt plantation investment in the
study area.

Financial Analysis
Cost benefit analysis in terms of B/C
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ratio and NPV was carried out to recommend
userswhether theinvestment of eucaypt plantaion
iseconomically worthwhile. The average price
of stem fresh weight was taken to be 1,250 baht
per ton (US$ 1= about 33 baht), based on the
timber price in 2008 given by targeted entre-
preneursin the study area. The price is under-
stood to be for timber larger than 2.5 inchesin
diameter, including bark, sold at the spot market.
Codgsfor harvesting and transport were, therefore,
necessary to beincluded to thetotal cost (Table
2.). The investment cost includes all costs of
eucaypt planting occurring from Site preparation
through transportation to aspot market, based on
400 trees per ra and up to 5-year rotation. The
costs were mainly establishment costs, while
trangportation and harvesting costs accounted
for 13.6 and 10.4% of timber price, respectively.

Thefinancial analysisrevealedthat the
benefits from eucalypt plantations varied re-
markably with site qualitiesand rotation (Table
2.). Thefinding suggested that the investments
of eucalypt plantation were economically prof-
itable after 3 years for all site qualities. The
investments were even more economically
worthwhile for longer rotations as the tending
costs decreased after a few years of establish-
ment. Xu (2003) set up cost scenarios for eu-
calypt plantation on plantation establishment and
management regimes in Southern China and
suggested that the investment tended to gain
more profits after the first rotation, despite of
lower productivity of the second one. Thiswas
mainly because, in the second rotation, estab-
lishment costs were deduced and tending costs
wereminimal.

Table 1. Cost-benefit analysis of eucalypt plantation investment on different site suitability classes

in Chachoengsao province

Site suitability =~ Rotation Yield Benefit Cost B/C NPV
class (years) (tons/rai) (baht) (baht) ratio (baht)
Very good 3 19.20 23,998.14 10,519.55 2.11 8,994.77
4 23.79 29,733.81 12,596.11 2.11 9,929.28
5 31.84 39,798.77 15,431.70 224  12,492.72
Good 3 16.26 20,323.13 9,637.55 1.94 7,006.76
4 20.14 25,180.46 11,503.31 1.93 7,730.04
5 26.96 33,704.11 13,968.99 2.07 9,864.43
Moderate 3 13.33 16,658.65 8,758.07 1.74 5,024.45
4 16.51 20,640.15 10,413.64 1.73 5,537.10
5 22.10 27,626.91 12,510.46 1.86 7,243.67

Remarks: Based on 7% of loan interest rate and 12% of deflation rate.

DSS Procedure

The DSS for eucalypt plantation
investment in Chachoengsao province can be
separated into 4 main parts, namely input data,
system database, data analysis, and system
output (Figure 1.). In order to clarify the choice
situation of the user-defined location, decision
hierarchy was constructed as depicted in
Figure 3. The top of the hierarchy involves
input data of a user-defined location. The

system specifies whether the location isin the
Chachoengsao boundary. Subsequently, the
location within water boundaries or protected
areas is basically excluded from the DSS
procedure as not within possible areas for
commercia planting. Alternatively, thelocation,
which does not meet such criteria, isthen clas-
sified whether it is within suitable soil series.
The suitable area is proceeded further for site
suitability classification, i.e. very good, good,
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moderate (Figure 2.). Theyield estimation and
financial analysis of the respective site quality
are then determined.

A hierarchical approachto DSSisvery
conceptually appeaing and hasbeenwiddly used
for forest planning, for example, forest planning

for forest ecosystem management (Church et al.,
2000) and landscape ecol ogical forest planning
(Kangas et al., 2000). In this study, the decision
hierarchy wassmplified to clarify choicestuation
inthe form of true (T) or False (F) and detailed
information was provided accordingly.

Input of user defined location

Outside study area

Within suitable soil
series?

F

|

Within
possible area for
eucalypt
lanting?

Mot suitable for
eucalypt plantation

T

'

Mot in suitable
soil series

Within suitable
so1l series

'

Classification of site quality,
Yield estimation and
Investment analysis

Figure 3. Decision hierarchies of the DSSfor eucalypt plantation investment in Chachoengsao

province.

DSS User Interface Design

The user interface management system
was designed according to the user-friendly
interactive concept. Due to such a concept, the

Tha system language was applied to simply
communicate with Thai entrepreneurs and
farmers. The user interface design, which is
used to communicate with users step by step,
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includes welcome homepage, input data
page, interactive pages and output pages, as
shown in Figure 4. The welcome homepage
provides general information on the DSS, e.g.
introduction, instruction (Figure 4a), while
the input data page requires users to define
location of the area (Figure 4b.). Once the
user-defined location has been entered, decision
hierarchy is proceeded to clarify whether the
location meets criteriaof possibility for eucalypt
planting. Interactive pages or notifications are
made by dialogue boxes to users step by step
(Figure 4c). If the user-defined location is
within the possible areas, classification of
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soil series, soil description, climatic data and
classification of site suitability for eucalypt
planting are provided. Users could also obtain
detailed information on soil characteristics of
the defined soil series as preferred. For a
suitable site, yield estimation and analysis
economical profits are proceeded accordingly.
The pre-defined financial data set is provided
and allowed to modify by users to suit the
current financial situations. The output pages
are also displayed to provide information on
wood production, benefits, and aggregate costs
of plantation investment as well as choices for
the investment (Figure 4d.).
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DSS Output

In order to meet all specific objectives
of the DSS for eucalypt plantation investment
developed in the present study, summary report
output page was designed to briefly provide al
information needed for decision making as
follows: (1) genera information of the defined
area; (2) wood production and benefits; (3)
aggregate costs throughout the plantation
management program; and (4) financia analyss
(Figure 4d.).

Moreover, preliminary report output
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d) output page

pages providing information on site suitability
classification, e.g. coordinate, administrative
boundary, temperature data, rainfall data, are
given in separate output page as preferred.
Similarly, financial report output pagesarealso
presented to provide detailed information for
benefits from wood production and aggregate
costs throughout the 5-year rotation as well as
the financial analysis of different choices of
harvesting during 3to 5 years. Additionally, the
DSS also demonstrates choices of economic
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returns depending on sources of investment.
Current deposit and loan interest rates are
applied in case of users investing their own
money or loaning from financial organizations,
respectively.

DSS Evaluation

Economical production of other 34
sampling plotsin 7 soil series was analyzed to
compare with that obtained from the DSS in
the respective soil series. The scatter diagram
in Figure 5. indicated the close relationship

Thai J. For. 27 (2) : 28-40 (2008)

between observed and estimated values of
economic production in younger stands, 2-3
years. Overestimation of the plantationyield by
the DSS became more pronounced in older
stands dueto great variation in observed yields
in each soil series. The finding suggested that,
for the choice of longer rotation, particularly
5-year rotation, overestimation of the financia
benefits should be taken into consideration
prior to decision making of the investment.
(Figure5.)
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Figure 5. Scatter diagram of the relationship between observed and estimated values of plantation
yield of eucalypt plantation on different site qualities in Chachoengsao province.

The present study intends to provide
preliminary information prior to theinvestment
based on site potential developed from simple
growth model. Growth and yield of eucalypt
plantation generally depends not only on site
potential but also on suitable planting materials
and plantation management. Productivity of
eucalypt plantations could be increased by
matching suitable clones to the site (Aramsri,
1999) and by appropriate site managements
(Bouillet et al., 2000; Gongalves et al., 2000).

Successful decision making to maximize
economic profits of the plantation investment
generaly requiresreliable, versatileand efficient
methods for predicting the harvesting yield of
wood productsin relation to site conditionsand
stand management. Simple process-based
models have attracted increasing interest as
an integrated tool or as a component of a
sophisticated management information system.
Prediction of eucalypt plantation yield in the
present study was, therefore, based primarily
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onsmplegrowth model inrelationto sitequality
index. The 3-PG model, from which climatic
factors, site conditions and physiological
characteristics of the species are modeled, has
been widely implemented for both softwood and
hardwood plantations in many countries
(Landsberg et al., 2003). Recently, Morris and
Bakker (2003) had developed a process-based
model to estimate eucalypt productivity in
southern China based on the 3-PG model.
However, the DSS developed in the present
study was designed to be flexible and could be
updated some system database for future uses
and development. Development of such a
growth model that integrated site potential,
climatic data and physiological characteristics
as well as management practices is, therefore,
essentid to improvethe accuracy of the growth/
yield prediction in decision making of eucalypt
plantation investment in Chachoengsao
provincefor future uses. Furthermore, the DSS
developed in the present study could be
implemented to other planting areasby modifying
the related system database.

CONCLUSION AND
RECOMMENDATION

The DSS development for eucalypt
plantation investment in the present study
can be separated into 4 main parts including
database design and analysis, DSS procedure,
user interface design and system output. A
system database was designed and developed
to provide critical requirements for decision
making to meet the DSS objectives, while
decision hierarchy was constructed to clarify
the choice situation of the user-defined areas
accordingly. The user interface management
system was also designed based on the user-
friendly interactive concept for smplicity and
high information content. The welcome
homepage, input data page, interactive pages
and output page were then designed to
communicate with users step by step. Finaly,

summary report output page was designed to
briefly provideall information needed for decision
making, i.e. genera information of the area,
wood production and benefits, aggregate costs
throughout the plantation management program,
financial analysis.

The DSS developed in the present
study was designed to be flexible and could be
updated some system database for future uses
and devel opment and for implementation to other
planting areas. Development of agrowth model
that integrated site potential, climatic data and
physiological characteristics as well as
management practices is, therefore, essentia
to improve the accuracy of the growth/yield
prediction in decision making of eucalypt
plantation investment.
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