Journal of the Korean Society of Agricultural Engineers
Vol. 54, No. 1, pp. 47~54, January, 2012
DOl:http://dx.doi.org/10.5389/KSAE.2012.54.1.047

7| F WS Ay o mE v =H 9 AT gl AL et 4
Analyzing Consumptive Use of Water and Yields of Paddy Rice by Climate Change
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ABSTRACT

Agriculture is dependable to weather condition and its change so that it is necessary to understand the impacts of climatic change.
The aim of this study is to analyze the change of consumptive use of water and rice yield due to climate change using CERES-Rice.
In this study, the weather data of three emission scenario of A1B, A2 and Bl created from CGCM (Coupled General Circulation
Model) were used from 2011 to 2100, and downscaled daily weather data were simulated using LARS-WG (Long Ashton Research
Station Weather Generator). The input data for cultivated condition for simulating CERSE (Crop-Environment Resource Synthesis)-Rice
were created referring to standard cultivation method of paddy rice in Korea. The results showed that consumptive uses of water for
paddy rice were projected decreasing to 4.8 % (2025s), 9.1 % (2055s), 12.6 % (2085s) comparing to the baseline value of 403.5
mm in A2 scenario. The rice yield of baseline was 450.7 kg/10a and projected increasing to — 0.4 % (2025s), 3.9 % (2055s), 17.5
% (2085s) in A1B scenario. The results demonstrated relationships between consumptive use of water and rice yields due to climate
change and can be used for the agricultural water resources development planning and cultivation method of paddy rice for the future.
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Fig. 1 Flow Chart
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Table 1 The annual average temperature and precipitation
on study area by climate change

AlB A2 Bl

Temp. Prep. Temp. Prep. Temp. Prep.
(C) (mm) () (mm) () (mm)

Baseline 12.2 1383.1 12.2 1383.1 12.2 1383.1

2025s 13.1 1459.6 13.3 1285.2 13.2 1576.1

2095s 14.3 1515.4 14.2 1571.9 13.7 1410.3

2085s 15.0 14704 16.0 1680.9 14.1 1577.2

* Temp.: Temperature, Prep.: Precipitation
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Fig. 2 Comparison of monthly average climate data during
baseline period and future period (A1B)
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Fig. 3 Comparison of monthly average climate data during
baseline period and future period (A2)
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Fig. 4 Comparison of monthly average climate data during
baseline period and future period (Bl)
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Table 2 Genetic coefficients for estimating value of the Rice

Classification P1 |P20| P2R | P5 | Gl | G2 | G3 | G4

Kimet al. (2002) | 200.0 | 11.5 | 105.0 | 465.0 | 65.0 | 0.026 | 0.60 | 1.00

Shimet al. (2010) | 390.0 | 12.0 | 20.0 |520.0 | 55.0 |0.025| 0.61 | 1.00

Jeong et al. (2011) | 220.0 | 11.5 | 105.0 | 520.0 | 68.0 | 0.026| 0.60 | 1.00

Estimating value | 230.0 | 12.0 | 135.0 | 530.0 | 55.0 {0.026 | 0.60 | 1.00

*

P1: Degree days above 9 “C vegetative period

P20: Critical photoperiod or the longest daylength in hours

P2R: Extent to which phasic development leading to panicle initiation
is delayed for each hour increase in photoperiod above P20

P5: Degree days above 9 ‘C from beginning of grain filling to
physiological maturity

G1: The number of spikelets per gram of main culm dry weight

G2: Single grain weight(g) under ideal growing conditions

G3: Tillering coefficient relative to IR64

G4: Temperature tolerance coefficient

*

*

* X * *
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Table 3 Factors that affects rice yield for baseline and Table 4 Comparison of consumptive use of water for the
future period baseline and future periods (unit: mm)
_ _ Period AlB A2 Bl
Factor Unit | Scenario - ; ; }
Baseline | 2025s 2055s 2085s consumptive % consumptive % consumptive %
AlB 120 112 107 use of water ¢ use of water | use of water ¢
Duration | days | A2 131 119 112 102 Baseline 451.6
Bl 120 116 113 2025s 421.0 -6.8 421.3 —-6.7 424.8 -59
AIB 14 23 31 2055s 401.0 —11.2 392.6 —13.1 420.7 —6.8
Day days A9 3 15 % 35 2085s 392.2 —13.2 365.5 —19.1 412.7 - 8.6
above 32 C
Bl 16 20 24
AlB 24.2 25.4 26.2 500 -
Mean e A2 23.0 243 | 26 | 213
temperature
Bl 24.3 24.9 25.3
AlB 472.1 623.8 789.0
CO2 ppm ppm A2 353.1 495.7 662.2 911.6

2 rlo

Consumptive use of water ([mm)
w
g g
Il 1

450 -
Bl 429.4 475.3 522.6

471 % C0; 7t 2715 ehagsiatgol F7ielo] A

ol F7RITHL sHgleh. whebA] njef = o] Al 9 A
ARFe] Wsks EAsl7o A AS7IE 717 WellA 24
71& 32 C ol 718 EY| &, B2, COp BE § &
= e walks durgion 1 Avk= Table 33 2tk 300 , ,

Base

WA Fo7|7ke] HEle AmE 712dE (1981-20109)9 A1B2025s  A22025s B120255
H)a) Al 7H] AlUgE] o) BE 7RSS o 2 9t} o2 Fig. 5 Comparison of consumptive use of water (2025s)
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k. CO, =9 49 IPCC SRES datadaseol|d] Al&sH= 4=
2ol w2t 210090ll= A1B, A2, Bl AlUg]Q 2 7H} 789.0
ppm, 911.6 ppm, 522.6 ppm& FAE YEPH AoZ o&E]
ek
4. AH|EO| Ha}
300 - T T T
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7]1dE (1981-20109)9] AH|48FS 451.6 mmO2 UEL
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A
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Consumptive use of water (mm)
w
& g
1 1

A1B2055s  A22055s B12055s
Wt o= Hong et al. (2009), Chung (2010)°] YA 9GS Fig. 6 Comparison of consumptive use of water (2055s)
g Abget SR 7 487.9 mm, 464 mm} W] w3}
< 1 A dF gro = wdEnt n|Ee] ARk HojR|= ek AR A 7FA] Alu] QoA BT Zashe AR

2025s, 2055s, 2085sell el Z}2F A1B Alue] oflA= 421.0 Bol=t, o= vl =1 B&7|7te] GEEHA Yeh= |
mm, 401.0 mm, 392.2 mm¢] 3 YeRfo], 7|Edzof v]s| dom gekEnh A2 Alue] Lol 2085sell4] 57Tt o
6.8 %, 11.2 %, 13.2 % 74T FAOR oSt A2 AU 2 Ay e vlg] 59, 109 T FolA|HA]l Au|agko] 714
QoAM= 6.7 %, 13.1 %, 19.1 % A4 AOR dEE|glon, Wo| hastglon, Bl AV 29 ¢ 20850014 45717t
Bl Au2]2o AL 59 %, 6.8 %, 8.6 % A2 AR o= 7V DA UL An|aeRke] s AA e
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Fig. 7 Comparison of consumptive use of water (2085s)
5. B ARO[ 5}

CERES-Rice ®&2 53l A3t njefe] =1 il Table
59} Aorom MA|H R Alpo] ZrH Aog dSE Yt
71w MAkRF 1o A= 508.9 kg/10aSE UERTE o
+ Lee (2007)7} Al@2A4 T} Ao FAHHE diifor
Z ARt AArEE 507 kg/10a, 520 kg/10a$} BlwsI9S o] 2%
gk o FroR woE) oo 2 AandS 8t vl
=n] YARES wolst Avl 2025s, 2055s, 208550l thaf 2+
7} A1IB AU 204 517.9 kg/10a, 524.6 kg/10a, 569.9
kg/10a2] #E& Uehion, ol 7|2d= At} vl uglhs uf
1.8 %, 3.1 %, 12.0 % <713t Zholch. A2 AlUE] k= 4.9 %,
4.6 %, 8.3 % 571 2= AFE|FoH, Bl AU 29| ¢
—1.1 %, 50 %, 2.3 % Z7}3 Aoz A==t}

Al 7HA] AlgE] QoA B Aakeko] Sk A0 & Kol A
AFFE A7) 71 Y 9FEY COp =9 W3t
Ak o 37| Qe VA= AoR wekEc) oet Ayt
+ AIB AU 20fxfe] Atk Bl Alue] ofAe] AJAkgS:
vl gro 2 helst & otk AIB AU S A8st Avj=
Bl AlU2| & 835t Aupict B&717F i 7]0] A UEt

Table 5 Comparison of rice yield for the baseline and future
periods (unit: kg/10a)

AIB A2 Bl
rice yield ‘ % rice yield ‘ % rice yield %
Baseline 508.9
2025s 517.9 1.8 533.8 4.9 503.1 -11
2055s 524.6 3.1 532.2 4.6 534.5 5.0
2085s 569.9 12.0 550.9 8.3 520.8 2.3

52

Yield (kg/10a)

Yield (kg/10a)

Yield {kg/10a)

550

g

450

550

g

1

450

1

A1B2025s A22025s B12025s

Fig, 8 Comparison of rice yield (2025s)

111

A1B2055s A22055s B12055s

Fig. 9 Comparison of rice yield (2055s)

ih

A1B2085s A22085s B12085s

Fig. 10 Comparison of rice yield (2085s)
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