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Abstract

Strategic planning of rice production at the provincial level is needed to cope
with dynamic nature of natural resources required for rice production and marketing
systems. An effective information system is therefore essential to support decision to
select potential sites for extending improved varieties, effective fertilizer management or
reducing yield gap. The desired system should deliver spatial information and their
important attributes which are essential for rice yield estimation in any selected area
and interacts friendly with a user. This project aims to develop a Rice Decision Support
System (RDSS) which integrates information technology in the form that enable
decision makers at the provincial level to plan for improved rice production programs
and projects. The study areas cover Chiang Mai and Pitsanuloke provinces in northern

Thailand.

Three major activities were carried out in order to develop RDSS, (1)
development of spatial information system related to rice production environment and
its infrastructure, (2) field validation of CERES-Rice model and (3) development of
a decision support tool to facilitate retrieval and display of spatial information and

simulation results.

The development of spatial databases was implemented in a Geographic
Information System, GIS. Spatial data created in this project include soil series, climate
(amount of rainfall, raindy days, minimum and maximum temperature and solar
radiation) paddy area, flood zone, irrigated area and network, rice mills and other

infrastructure such as administrative boundary, road and stream networks.

Soil geographic database was designed to fully utilize all attributes of soil series
available from Land Development Department. The relate tables contain data explaining
taxonomy, characteristics of the whole soil profile, physical and chemical characteristics
of each layer of the soil. Soil data required by CERES-Rice model to simulate rice yield

can be retrieved by this database.



Voluminous climatic data are required to run simulation to capture the effects of
climatic variation on rice yield. The climatic data were collected from different
government agencies and represent specific meteorological station in and around the
study areas. Various interpolation techniques were tested for their accuracy and
feasibility in building climatic surfaces from point data. It was found that Thin Plate
Spline (TPS) method produced the most accurate surface. Cross validation of the
interpolation results revealed that TPS yielded lowest values of root mean square errors
(RMSE) comparing to Kriging, Inverse Distance Weighting (IDW) and Thiessen polygon
methods. Cluster analysis was also used to create climatic zones in order to reduce
amount of space required to store daily climatic data. In this study, the climatic zones
are stored as GIS coverage in which monthly climatic data are stored as attributes.
Daily climatic data can be generated from these monthly values when CERES-Rice is

invoked to run yield simulation.

Flood-prone areas were classified from Synthetic Aperture Radar (SAR) images
prior to and during the flood event of 1997. It was found that SAR images analysis
could be used to detect flooded area reasonably well accept in the areas near the river
and in the city where tall trees and buildings dominate the landscapes. The Watershed
Modeling System (WMS) was therefore employed to simulate flooded areas using daily
water level recorded by Royal Irrigation Department. The results of flood zone
simulation with WMS was supplemented to those classified by image analysis, causing
the overall classification accuracy to be increased to 83%. The probabilities of the
areas being flooded at different depth and duration were built as GIS coverages for

further rice yield estimation.

Existing paddy lands were classified from LANDSAT-TM recorded in November
1996 and March 1997. The former date coincides with the harvest period of main
season rice crop and the later with the dry season rice cultivation. Unsupervised
classification of LANDSAT-TM band 5, 4, 3, 1 (R,G,B,intensity) was found to be
superior than other classification methods tested in this study. Further analysis in GIS
with other coverages can reveal useful information regarding associated administrative
unit, irrigation system and canals and soil characteristics and limitation. Spatial data
generated from this classification were overlayed with climatic zones and irrigated areas

to produce Simulation Mapping Units (SMU) for simulating yield with CERES-Rice.
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Field experiments were carried out to determine Genetic Coefficients (GC) of
four rice varieties grown in northern Thailand, namely, Khao Dok Mali 105, Niaw San
Pa Tong, Chainat 1, and DOA 1. They were planted on twelve different dates at one
month interval at the Multiple Cropping Center Experiment Station in Chiang Mai.
Genotype Coefficient Calculator (GENCALC) was used to calculate GC for each variety
from field data in this experiment. The data collected for the analysis include
development stage, biomass in different plant parts, yield and yield component, and

climate.

The obtained GCs were stored in the database and subsequently used in the
field validation of CERES-Rice model in Chiang Mai and Pitsanuloke. One validation
trial focused on the effects of nitrogen fertilizer rates in rainfed and irrigated conditions,
the other emphasized the effects of seeding rates and planting methods on growth and
yield of rice. The results of different validation trials revealed that the model accurately
predicted phonological development of different varieties of rice. However, the model
overestimated rice yield and biomass in various treatments. This is not surprising
because the model assumes no yield reduction due to pest, disease and weed

infestation, and yield loss due to lodging and harvesting.

The important component of RDSS is the decision support tool called POSOP
(meaning Rice Angel in Thai). The program consists of four modules, (1) module for
generating soil input data for CERES-Rice from soil geographic database, (2) module
for generating rice management data files for CERES-Rice from associated attributes of
GIS coverages, (3) module for various drivers necessary for linking data files and
driving the simulation and (4) module for displaying inputs and outputs of simulation
in GIS environment. The modules were developed in Avenue and FORTRAN to link
spatial databases, CERES-Rice and ArcView GIS to facilitate users in selecting target
areas, displaying spatial information, selecting rice varieties and management practices,

number of simulation runs and displaying and printing out the simulation results.

POSOP was used in estimating rice yield for the entire provinces of Chiang Mai
and Pitsanuloke with different levels of fertilizer management in two different seasons
under rainfed and irrigated conditions. Although the simulated yield were 14-36%
higher than those obtained the agricultural statistics during 1993-1997, however,
simulated yield can be mapped out and weighted averaged by the extent of cultivated

area. Spatial distribution of rice yield can be used for further analyzed to identify yield
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gap between existing farmer’s and improved practices. Hence, potential areas for
disseminating improved varieties or fertilizer technology can be identified. As a result,
extension programs and projects can be accelerated and direct to the needed areas.
POSOP may also be used to identify potential areas for crop diversification policy in the
dry season. Specified areas of irrigated rice that should be replaced by other crops may
be identified from accumulating the paddy areas with lowest yield until the target
acreage is reached. The results are displayed as a map that can greatly help

implementing the project.

RDSS as described above is designed to suit various types of potential users.
Rice researchers and planners who have access to and are familiar with the crop model
and GIS may use POSOP to simulate rice yield for particular area of interest to test the
responses of different varieties, planting plates, fertilizer types, amount and time of
applications order to select “best-bet” treatments for on-farm trials. Planners and
extension workers at the provincial offices who may not have access to GIS can still use
spatial information and results of the simulation of different management practices and
scenarios related to rice production in the study area. GIS browser such as ArcExplorer
is freely available and can be used to display, make specific query on particular spatial
information and yield distribution to assist their decision on specific planning activities.
The separate document is also produced with various cases and exercises to facilitate

this purpose of use.
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