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jIrAls-SW: An Object-Oriented Model for Soil-Water Flow Simulation
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ABSTRACT

This paper applied the object-oriented approach for developing a soil-water flow model. Java
and Repast, an agent-based modeling toolkit, were selected as development tools. The jirAls (Java,
Irrigation, Atrtificial Intelligences) model was designed for simulating hydrological processes in
agricultural land; jIrAls-SW was a module of the main model. jIrAls-SW model simulated 1-D soil-water
flow processes using Richards’ equation and solved the equation by finite difference method. The
model structure consisted of three main objects: “Weather”, “Crop” and “Soil”. These objects were
linked by message passing. The object “Soil” was the core component for simulating soil-water flow. In
order to test the model, daily soil water movement was simulated during the period of two years
(January 2001 — December 2002) in Nakhon Pathom and Saraburi soil series. The simulation options
included 2 cases, bare soil and grass covered surface. For validating, the results of jirAls-SW model
were compared with those of SWAP model. Both models were configured with identical parameters
and input variables. It was found that, soil evaporation and transpiration estimated by the jIrAIS-SW
and SWAP model were in good agreement. Moreover, a good consistency could be observed from sail
moisture variation curve in cases of bare soil and grass covered surface. Finally, the object-oriented
approach is applicable for developing complex soil-water flow model. However the model application
in large scale area requires appropriate processes in object analysis and design, and high
performance computer.

Key words: Field water management, Unsaturated soil water flow, Soil-plant-water relations,
Object orientation, Simulation modeling.
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Figure 2 Conceptual model of soil water flow
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Soil

dt : Double

crop:Crop

weather : Weather
solverRichards : SolverRichards
soilProfile : SoilProfile

createSoilProfile

run()
setRelation()
getH() : Double
getZ() : Double
getDz() : Double
getEp() : Double

forSolvingRichards

SolverRichards

profile : SoilProfile

solverUtility : SolverRichards Util
matrixSize : Integer

Emax : Double

Imax : Double

Qbot : Double

SoilProfile

compartment : SoilCompartment
SoilIDESC : SoilDescription
noComartment : Integer

layerID: Integer

Z: Double

dZ : Double

setH()

setSa()

isSaturated() : Boolean
getH() : Double

getO() : Double

createSoilCompartment

1.n

run()
setTopBoundary()
checkConvergence() : Boolean

SoilCompartment

Z: Double
dZ: Double
Ores : Double
Osat : Double
Ksat : Double
H: Double

O : Double

KO : Double

setH()

setC()

setK0()

calO() : Double
getH() : Double
getKO() : Double

Figure 3 Class diagrams of class “Soil” and its composite classes.
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Figure 4 Daily rainfall and cumulative rainfall at Chainat station (January 2000 — December 2001)
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Figure 5 Comparison of soil evaporation estimated by SWAP and jIrAls models in case of bare soil:
(a) potential evaporation (b) actual evaporation.
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Figure 6 Soil evaporation estimated by jIrAls-SW model in case of bare soil.
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Figure 7 Comparison of soil evaporation estimated by SWAP and jlrAls models in case of grass
covered surface (a) potential evaporation (b) actual evaporation.
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Figure 8 Soil evaporation estimated by jIrAls-SW model in case of grass covered surface.
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Figure 10 Transpiration estimated by jIrAls-SW model in case of grass covered surface
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Figure 11 Dynamics of moisture in soil column in case of bare sail.
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Figure 12 Dynamics of moisture in soil column in case of grass covered surface
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