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ABSTRACT

Suitable climate condition is essential for stable growth of crops which directly leads to an in-
crease in crop production. Preceding domestic researches mostly used crop models to predict grain or
crop yield in relation to climate change. However, the use of various models and input data based
on foreign background lowered the reliability for result. Therefore in this study, we evaluated domes-
tic applicability by comparing and analyzing various crop models developed abroad. In addition, we
selected models based on the possibility of acquiring input data and suggested domestic applicability.
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Table 1. Characteristics of crop model

Model Scale Characteristic Country Year Developer
The estimation of crop productivity in relation to water supply and agronomic mana-
AquaCrop P . K . R USA 2010 D. Raes
gement based on plant physiological and soil water budgeting concepts
The model does not include the effects of pests and diseases. hence, the simulation .
APSIM R . X . Australia 1996 R.L. AcCown
results are most likely to be higher than the actual observed yields
CERES-Maize | P | Prediction crop phenological stages and grain yield Columbia 1989 W.T.H. LIU
Process-based model to simulate crop growth & development, soil water, nitrogen
DSSAT R USA 1989 IBSNAT
balance
Using a unified approach to simulate more than 100 types of crops. Long term eff- .
EPIC R . . . . USA 1983 Wiliams and others
ects of various components of soil erosin on crop production
GEPIC R | Integration of EPIC model with GIS Switzerland | 2006 J. Liu
GUMCAS R | Process-oriented model, describing the growth of cassava Canada 1993 R.B. Matthews
Hybrid-Maize P Coml?ining the strengthsv c?f two mc?deling approaches, the growth, development USA 2003 Dobermann
functions and the mechanistic formulation
ORYZA2000 N S.irr?ula.ting gronthA ar¥d development of lowland rice under potential production, water Netherlands | 2004 | Bouman and Van Laar
limitations, N limitations
STICS R | Using of generic parameters relevant for most crops, interactive modelling platform France 2003 Brisson and others
Process-based crop growth model developed to predict regional crop yield, water .
SVAT P . . . China 2004 X. Mo
consumption and water use efficienct using remotely sensed data
\WOFOST R The growth and production of annual crops in physical terms developed by the Netherlands | 1989 CA. can Diepen

Centre for World Food Studies

* P: Plot, R: Region, N: Nation
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Table 2. Input factors of models

Model Input factors
Climatic : minimum and maximum air temperature, evapotranspiration
AquaCrop Soil : saturated hydraulic conductivity, volumetric water content at saturation, field capacity, permanent wilitng point
Crop : GDD, crop-specific parameters(provides default or sample values)
Climatic : minimum and maximum temperature, precipitation, solar radiation
APSIM Soil : rooting depth, plan available water capacity for each soil layer, NOs-N, NH,-N, initial nitrogen and organic carbon, soil pH
Crop : cultivars, a date of sowing and weeding, fertilizer management(type, amount, dates of application), inter cropping, plant density,
crop phenology, photoperiod sensitivity, potential harvest index, canopy height
Climatic : minimum and maximum air temperature, precipitation, solar radiation, cloud cover data
CERES Soil : lower limit of plant-extractable soil water content, drained upper limit soil water content. saturated soil water content, soil depth
-Maize based on rooting depth, soil albedo, whole profile drainage coefficient, run-off curve number
Crop : hybrid, GDD, photoperiod sensitivity, potential kernel number, potential kernel growth rate, LAI, historic yield
Climatic : daily maximum and minimum temperature, rainfall and solar radiation
DSSAT Soil : clay content, carbon content, description, layers, nitrogen content, pH, water holding capacity
Crop : fertilizer, irrigation, manure, residue incorporation, plat cultivar variety, row spacing, plant population
EPIC & Climatic : minimum and maximum temperature, number of wetting days, precipitation
GEPIC Soil : land use, soil depth, percent sand and silt, pH, organic carbon content, DEM(Digital Elevation Model), slope
Crop : fertilizer, irrigation, manure, tillage, plant species
Climatic : runoff, drainage, soil evaporation, daily minimum and maximum temperatures, photoperiod
GUMCAS Soil : soil evaporation, soil water deficit factor, actual water uptake, potential water uptake
Crop : maximum crop growth rate, LAI, LAR, SLA(specific leaf area)
Climatic : minimum and maximum air temperature, precipitation, solar radiation
Hybrid Soil : total N application amount, plant population density, and actual dates of planting, emergence, silking, and physiological maturity,
-Maize sowing depth, a date of sowing
Crop : GDD, canopy architecture, grain filling period, historic grain yield
Climatic : solar radiation, temperatures, concentration of CO,
ORYZA2000 Soil : N fertilization rate maximum leaf N content, stem N content
Crop : cultivars, transplanting date, sampling times, development stage, number and maximum growth rate, partitioning factor, fraction of
stem reserves
Climatic : minimum and maximum temperatures, radiation, rainfall, evapotranspiration
Soil : organic nitrogen content, active lime content, clay content, run-off coefficient, pH, soil evaporation accumulation(during the potential
STICS phase)

Crop : sowing(date, dapth, density, variety), planting(interrow, row orientation), mineral and organic fertilisation, irrigation, fertigation, soil
tillage with ploughing-in of residues, use of plant or plastic mulching, thinning, cutting(forage) or harvesting
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Table 2. Continued.

Model

Input factors

SVAT

Climatic :

mean, minimum and maximum air temperature, mean vapor pressure, atmospheric pressure, daily sunshine duration, daily rainfall

Soil : land use/cover digital data and land use map, irrigated/rainfed distribution map, DEM, soil texture map
Crop : County-level crop yield data

WOFOST

Climatic :

minimum and maximum air temperature, irradiation, humidity, wind speed, monthly rainfall, number of rainy days

Soil : soil type, maximum rooting depth, presence of ground water table, soil moisture characteristics, soil hydraulic conductivity, N-fertilizer,

P-fertilizers, K-fertilizers

Crop : initial dry weight, life span of leaves, properties that determine assimilation and respiration rates, rate of phenological development, death

rate, fractions of assimilates partitioned to plant organs, and the minimum and maximum nutrient concentrations per plant organ

Table 3. Output factors of models

Model Output factors
AquaCrop | Depletion of the root zone, transpiration, canopy cover
APSIM Crop yield, biomass, plant growth stages, water use and stress, nutrient use and dynamics runoff and leaching, soil carbon dynamics, protein in
crops, total soil water, total soil N, deep ripping and N fertiliser on grain yield, sowing dates on shoot biomass production, soil erosion losses
CERES-Maize The date of all the phenological stages throughout the growth cycle, cumulative biomass, LAI*, max LAI, evapotranspiration, plant
transpiration, rooting depth, root length, weight(leaf, root, stem, ear), rooting depth, silking and maturity date, grain yield, kernel weight
DSSAT Yield, nitrogen uptaken, root exudate, soil water & temperature dynamics, biomass nitrogen, total carbon & nitrogen
EPIC & GEPIC| Yield, seasonal ET*** crop water productivity, biomass, transpiration, irrigation, harvest index, N fertilizer input, annual ET
GUMCAS | Soil water deficit, vegetative rate of progression, reproductive rate of progression, crop growth rate, daily leaf weight increment, leaf size

Hybrid-Maize

LAI*, max LAI, maize leaf area expansion, grain and stover yield, HI, dry matter accumulation, AG biomass**, PAR, gross assimilation, leaf
biomass growth, the minimum fraction of dry matter partitioning to roots

ORYZA2000 | LAI*, biomass of total dry matter, leaves, stems, panicles, grain yield, daily rate of canopy CO, assimilation, daily potential demand for N
STICS LAI*, Max LA potential yield, soil water content, Evaporation, Transpiration
SVAT Crop dry mass, yield, spatial patterns of crop yield, dynamic crop growth, water consumption, water use efficiency
Dry weights of living leaves, stems and storage organs, leaf area index, development stage, crop transpiration rate, gross assimilation rate,
WOFOST | maintenance respiration rate, total above ground biomass, actual transpiration and evaporation rates, soil moisture content, surface water

storage and amount of water stored in the soil

*LAIL Leaf Area Index, **AG biomass: Aboveground dry matter
accumulation ***ET: Evapotranspiration
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Table 4. Ensuring possibility to build input data for applicable models

Class Factors Applicable foreign Possibility Map scale in Korea
models

Temperature 9 e}
GDD 3 o)

Climatic Climatic map lkm
Solar radiation 7 0)
Precipitation 6 @)
Soil evaporation 5 @)
Soil texture 5 @)
Water capacity 5 o

Soil Soil pH 3 0) Soil map 1/25,000
Rooting depth 4 o
Run-off 2 o
Drainage 3 @)
Crop growth rate 4 @)
Cultivars 3 @)

Crop Crop phenology 3 o Agriculture map
Photoperiod sensitivity 3 @) 1/25,000

Historic yield 2 o)
Canopy architecture 3 -
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Table 5. Description of models applied to Korea
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Models Description Objectives
. . . ... | To validate the model for Korean rice varieties and field con-
Testing the simulation capability ditions, the measured yields and flowering times from three
APSIM of APSIM-ORYZA under diff- ’ ¥ &

(Zhang et al., | erent levels of nitrogen fertiliser
2005) and transplanting time regimes
in Korea

field experiments conducted by the Gyeonggi Agricultural Re-
search and Extension Services (GARES) in Korea were com-
pared against the simulated outputs for different management
practices and rice varieties.

AquaCrop

Simulating Evapotranspiration and | AquaCrop 3.1 crop model is used to analyze the impact of
Yield Responses of Rice to Cli- | climate change (such as CO, concentration, temperature, preci-

(A=, 2010) | mate Change using FAO-Aqua- | pitation) to water environment (at farm), evapotranspiration and

Crop yield of crops.

Growth simulation of rice under

Korean environments using OR-

(O]'é_\__ %a

To verify about the feasibility of model to Korean environ-
ment and species, the rice (target species) yield has been pre-
dicted, and attempted to execute growth simulation based on
climate data.

2005; A Simulation of Rice Production

5> 2012) on Climate Change New Scena-
rio(RCP8.5) Using ORYZA 2000
Model

The objective of this study was to evaluate the potential im-
pacts of future climate change on the rice production and
adaptation methods in Korea.
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