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Table 1. Major feature of the three general circulation models used in this study

General circulation model

GFDL GISS UKMO
Source laboratory Geophysical fluid dynamics Goddard institute United kingdom
laboratory for space studies meteorological office
Reference Wetherald & Manabe (1988) Hansen et al. (1988) Wilson & Mitchell (1987)
Horizontal resolution(lat. x long) 4.4°x7.5° 7.8°x 10.0° 5.0°x7.5°
Vertical resolution (no. of layers) 9 9 11
Diurnal cycle no yes yes
Base 1 x CO, (ppm) 300 300 323
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Table 2. The genetic coefficients of rice used for DSSAT model

Value

Genetic coefficient (abbreviation)’ Tainung 67 Taichung sen 10
Juvenile phase coef. (P1), GDD 520 500
Critical photoperiod (P20), h 11.7 12.0
Photoperiodism coef. (P,R), GDDH’ 100 90

Grain filling duration coef. (P5); GDD 450 350
Spikelet number coef. (G1) 75 70
Single grain weight (G2), g 0.024 0.026
Tillering coef. (G3) 1.00 1.00
Temperature tolerance coef. (G4) 1.00 1.00

* GDD, growing degree days (C)
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Fig. 1 The relationship between modelled and observed maturity period for rice during 1992-1999 growing seasons at Taiwan

Agricultural Research Institute field sites.
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Fig. 2 The relationship between modelled and observed grain yield for rice grown during 1992-1999 growing seasons at Taiwan

Agricultural Research Institute field sites.
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Table 3. Mean and coefficient variation of maximum and minimum temperature, solar radiation and precipitation during the rice-
growing season of 1992-1999 at Taiwan Agricultural Research Institute field sites

Mean Mean Solar

Year Max. Temp.(C) Min. Temp.(C) Radiation(MJ/m’) Precipitation(mm)
I 1 I 1l 1 i I 1l
1992 26.7 30.5 18.8 21.7 1426 1364 693 697
1993 27.4 323 194 21.7 1569 1458 965 195
1994 27.6 30.7 "19.6 20.8 1533 1360 628 565
1995 28.4 313 199 22.0 1402 1317 279 62
1996 274 31.1 18.1 22.6 1496 1296 803 153
1997 28.6 31.0 20.1 21.5 1441 1233 991 437
1998 27.7 325 19.6 23.0 1290 1370 1346 560
1999 29.2 32.8 20.6 22.1 1398 1329 549 388
C.V 2.9 7.4 4.0 8.2 6.1 12.9 414 156.4

* GDD, growing degree days (C).
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Fig. 3 The sensitivity analysis for the grain yield of rice under the increase of temperature and CO, concentration by DSSAT

model simulation.
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Fig. 4 The sensitivity analysis for the grain yield of rice under the increase of temperature and CO, concentration in first and

second cropping seasons.
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Fig. 5 The sensitivity analysis for the grain yield of rice with different multiple of solar radiation and rainfall by DSSAT model

simulation.
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Table 4. Average seasonal changes in temperature, precipitation and solar radiation under the global climate model (GCM)
climate change scenarios

Temperature change Precipitation change Solar radiation change
1* crop” 2" crop annual 1" crop 2" crop annual 1" crop 2" crop annual
---------- o O — ---———-multiple------- -------multiple-------
GISS” 3.83 3.59 3.50 1.20 1.17 1.12 1.03 1.03 1.03
GFDL 3.03 2.67 2.93 0.99 1.18 1.06 1.08 1.08 1.07
UKMO 2.78 2.69 2.70 1.36 1.20 1.14 1.03 1.01 1.03

“1* crop=March, April, May and June; 2" crop = August, September, October and November.
"GISS; Goddard institute for space studies; GFDL, Geophysical fluid dynamics laboratory, UKMO; United Kingdom
meteorological office.
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The Applicability of DSSAT Model to Predict the
Production of Rice and to Evaluate the Impact of

Climate Change'

Ming-Hwi Yao’, Huu-Shen Lur’, Chun Chu’ and Jin-Chuan Tsai’

Summary

For agriculture production, climate must be managed both, as a resource to be used wisely on the one
hand, and a hazard to be dealt with on the other. Concentration of atmospheric CO, has increased from about
280 to 350 ppm in the last 200 year and has increased rapidly from 315 to 350 ppm during the past 35 year
along with other "greenhouse" trace gases. Increased CO, concentration can affect plant growth due to directly
stimulation of photosynthesis. These physiological responses known as" CO,-fertilization effects” can produce
larger and more vigorous plant as well as higher yield of total dry matter. In addition, elevated CO, can also
affect plant growth indirectly through alteration of climatic factors such as temperature and precipitation. For
this reason, it is very important to understand the impact of climate change on agriculture. Because rice is one
of the most important grain crops in Taiwan, it is important to understand the impact of weather and climate
change on rice production. In this study DSSAT(Decision support system for agrotechnology transfer) rice
model and GCM (General circulation model) were combined to predict the production of rice and to evaluate
of climate change. In addition, the sensitivity analysis simulation was used to demonstrate the effect of change
in each weather variable alone on rice yield performance. The result showed an increase in CO, level could
increase yields while an increase in temperature would reduced yields. Rice production in Taichung region was
predicted by the DSSAT model to change by +2.5, +4.2 and +4.0% under the GFDL, GISS and UKMO 2*CO,

scenarios, respectively.

Key words : Climate change, Greenhouse effect, CO, fertilization effect, General circulation model.
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