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ABSTRACT

Global air temperature has risen by 0.6°C over the last one hundred years due to increased
atmospheric greenhouse gases. Moreover, this global warming trend is projected to continue in the
future. This study was carried out to evaluate spatial variations in rice production areas by simulating
rice-growth and development with projected high resolution climate data in Korea for 2011-2100,
which was geospatially interpolated from the 25 km gridded data based on the IPCC SRES A2
emission scenario. Satellite remote sensing data were used to pinpoint the rice-growing areas, and
corresponding climate data were aggregated to represent the official “crop reporting county”. For the
simulation experiment, we used a CERES-Rice model modified by introducing two equations to
calculate the leaf appearance rate based on the effective temperature and existing leaf number and
the final number of leaves based on day-length in the photoperiod sensitive phase of rice. We tested
the performance of this model using data-sets obtained from transplanting dates and nitrogen
fertilization rates experiments over three years (2002 to 2004). The simulation results showed a good
performance of this model in heading date prediction [R? = 0.9586 for early (Odaebyea), R* = 0.9681
for medium (Hwasungbyeo), and R? = 0.9477 for late (Dongjinbyeo) maturity cultivars]. A modified
version of CERES-Rice was used to simulate the growth and development of three Japonica varieties,
representing early, medium, and late maturity classes, to project crop status for climatological normal
years between 2011 and 2100. In order to compare the temporal changes, three sets of data
representing 3 climatological years (2011-2040, 2041-2070, and 2071-2100) were successively used to
run the model. Simulated growth and yield data of the three Japonica cultivars under the observed
climate for 1971-2000 was set as a reference. Compared with the current normal, heading date was
accelerated by 7 days for 2011-2040 and 20 days for 2071-2100. Physiological maturity was
accelerated by 15 days for 2011-2040 and 30 days for 2071-2100. Rice yield was in general reduced by
6-25%, 3-26%, and 3-25% per 10a in early, medium, and late maturity classes, respectively. However,
mid to late maturing varieties showed an increased yield in northern Gyeonggi Province and in most

of Kwangwon Province in 2071-2100.
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Table 1. Estimated parameters of the equation for accumulated
temperature and leaf appearance rate

Estimated parameter

Variety

a b c
Odaebyeo 19.2370 2258.9408 -1.2237
Hwasungbyeo 21.7508 3668.3946 -1.2901
Dongjinbyeo 21.8196 3179.6060 -1.2668

Table 2. Estimated parameters of the equation for final
number of leaves in photoperiod sensitive phase

Estimated parameter

Variety

a b c
Odaebyeo 13.0518 -0.0265 0.6527
Hwasungbyeo 14.5681 0.0187 2.6582
Dongjinbyeo 14.8678 0.0155 2.7156
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Fig. 1. Comparison between simulated and observed leaf (top), column (middle) and dry weight (bottom) of 3 maturity groups
in Japonica rice (left:Odaebyeo, middle : Hwasungbyeo, right : Dongjinbyeo, B : observed, A : simulated).
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Fig. 2. Comparison between simulated and observed leaf age (top), leaf area index (middle) and tiller number (bottom) of 3
maturity groups in Japonica rice (left:Odaebyeo, middle:Hwasungbyeo, right:Dongjinbyeo, M : observed, A& :simulated).
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Fig. 3. Comparison between simulated and observed heading dates under different transplanting dates (left) and different
nitrogen fertilization rates experiments (right) of 3 maturity groups in Japonica rice over a period of three years (2002-2004).
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Fig. 3. Comparison between simulated and observed
heading dates under different transplanting dates (left) and
different nitrogen fertilization rates experiments (right) of 3
maturity groups in Japonica rice over a period of three
years (2002-2004).
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Fig. 4. Comparison between simulated and observed physiological maturity under different transplanting dates of 3 maturity

groups in Japonica rice over a period of three years (2002-2004).
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means deviation of rice yield in 2011-2040 subtracted from that of 1971-2000, Df4170 is deviation of rice yield in 2041-2070
subtracted from that of 1971-2000, and Df7100 deviation of rice yield 2071-2100 subtracted from that of 1971-2000,

respectively).

380 keolth. $AF e Y=ot Ha S10kg,
Ayze} A 500kg, B7I=9} g o' 410kg
oy, THE FAME A%, AT} AHIx
510 kg, A7)z} ¥4 ol'do] 420 kgeloh.

71EREde] 713200 BoE A 849} )
A P AL nus) By, 5589 A SIS
sPduisel FXH e 58 At FAsIA e, 7%
ol & GFE VA= ol Ak FIHIECIA
A Jepsith, =g e 2AER 2o
A 1027 6-25%, TS sHIule] AF 3-26%,
TE SREE 3-25%7R) ek AeE JERd
ThFig. 11).

3.5. n&
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23 BEPIS BP9z ATl be $
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5670 AR FRARY FHaAA 712 9 Haah
£ 197120008 30 GRE 38l 270 m s
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A AR 2011-210008 717k 370 A (2011-2040,
2041-2070, 2071-2100) 71FA 2] Q6] ZAS ] &)
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I olE EdE fa5E AR oF) BRI E
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