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A Panel Analysis on the Locality of Paddy Rice Yield’s Response to Temperature
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ABSTRACT

The impact of climate change on paddy rice yield is thought to be spatially heterogeneous and local. We analyzed the
relationship between climate factors and paddy rice yield over the past 18 years using fine-scale gridded weather data,
temperature bin-based degree days, and unobserved effect panel model. A 1-km-resolution PRISM dataset was added to the
national map of paddy rice distribution. Extreme weather events and technological changes were also considered afterwards.
A model with temporal and spatial autocorrelation correction showed large disparities in rice yield response to temperature
conditions over different agroclimatic zones and growth stages. Integration of crop growth models and the expansion of

included weather variables could lead to further advancements in this approach to modeling paddy rice yield response.
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Fig. 1. A map of Korean mainland sigungus,

with the three surveyed agroclimactic
zones (as defined by Choi and Yun.
1985) colored in green, brown and
orange

ojgjol% =1 HA| HLF7|(5YE H~99 I, Table 2
AR)0) AHA FEFRHEAH (Ol ERAG)= B
27.68CT 9} 17.35C 9 Y% i -HAXEE HQl ¥d, &
WA R HEA T (o]oF FHAIY )= 2843T2 18.35C 9
B HA-HA 255, 9d WSAH(elsH EHRAS )=
Bt 28.95C 8} 19.34C 9] HaL-F[A] 225 HAH A5
F71 § dBd FHeHE 42 1061 mm, 901 mm,
893 mmZE 4Jo|stth & A4 FEHHFE S8
9 189 BAE2 EFAY 627 kg/10 a(H|H 696
kg/10a, |4 594 kg/10 a), FEA Y FHat 688 keg/10 a(F]
o 710kg/10a, A 662kg/10a), FEAA HF 653
kg/10 a(Zd] 666 kg/10a, FA 636 kg/10 )= ZF A Y

Table 1. List of data surveyed
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(micrometeorological) 45 ¥ & AJAJAE AL7|AY
HolE &, ol sEFAMER AT FWAGIS 2020)7
AgE o] Al =8 BAR] TAREE FAcks H
o &&=t} &, GISE &-8olo] ZF Ao 23td
H AR AS A Al =9 A e He=
et F, olE THSAE E8olo] AL, Fi2E 9
A5 7HsEdS TEolnh ol ol ATt =H
A o] A9 A BEE AR FR7| H Ao =
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Variable type Name (Unit) Description Notes
Tmax () Daily maximum temperature of the municipality (weighted). | Used to calculate portions of the
day spent in individual
Weather Tmin (C) Daily minimum temperature of the municipality (weighted). temperature bins.
. o . Used to calculate extreme
prep (mm/day) Daily precipitation (weighted).
weather events.
HR[unitless] Portion of the municipality’s rice cultivating area having Calculated prior to the grid data
unitless
Extreme experienced a daily precipitation exceeding 80 mm. weighting. (See footnote 2.)
weather events | cumprcp (mm/Sday) Maximum 5-day cumulative precipitation. -
dconsec (day) Maximum number of no-rain days in the given survey period -

(Source: All data are based on the Korea Meteorological Administration’s 1 km gridded weather data, with a span of 18 years (2000~2017))
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Table 2. Dates designated to three growth stages
for each region

Northern Central Southern
Stage 1 5.20~6.26 525~7.18 530~7.13
Stage 2 6.27~17.27 7.19 ~8.18 7.14~8.13
Stage 3 7.28~9.11 8.19~10.2 8.14~9.28

and Roberts, 2009)4. B o=

of B 272 A5 s Al A9E=E 2t B
F719 4 FALES} U HI2TE FABIATE o]o]A
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29 = JQE e AASHATH(Table 3).

Table 3. Range of temperature bins designated to
each region (based on quantiles)

Northern Central Southern
Stage 1 5~35C 8~35C 8~38T
Stage 2 12~36T 15~39C 16 ~40T
Stage 3 6~36C 4~37C 5~38T
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3.1 2y ME o X% 1p|Yed
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Al A9 BEoA 19 77k SEE ATVl {415
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QAR A7) HAONA FEREA G4 = 0.269
p-valueZ AZHE 27143/ 9] BA 7Hdol |AEHAL
o, FoHd 2714 A 0279 p-value2 7] ZHE 4]
ofy sttt SHEAIGNA= 2+t 0.0052F 0.072] p-value
2 A A7)dRE BARE 7124 E Ao FRA oA
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HE 714E U

3.2 XIgd Jl2-4%H
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74 2= Table 491 gt ZF L=AE 28 A7H0
FHz 2AE 7|2Hees Al A BFolA Feek ST
71780l wlste] 2 842 e MR AAEHA

Al AF2 2 B5F7] 71229 Q] disf wolt
S AASIAT. EFRAGeIME 727 F3
IJFEE 2= A7I7F RARIAE v, SFEAGA=
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Table 4. Bin—-based linear regression results

PAES
S

Stage Variable Northern region Central region Southern region
bin 1 -0.6609(0.41932) 0.05330(0.10367) 0.18805(0.29832)
bin 2 -0.6707(0.39919) 0.10546(0.07628) 0.20190(0.26486)
bin 3 -0.6464(0.39796) 0.08457(0.08689) 0.20153(0.27841)
bin 4 -0.6466(0.39852) 0.09119(0.08671) 0.20129(0.27377)

| bin 5 -0.6452(0.39810) 0.09184(0.08397) 0.19381(0.27646)
bin 6 -0.6499(0.39721) 0.09703(0.08720) 0.19534(0.27440)
bin 7 -0.6759(0.39950) 0.07600(0.08164) 0.19987(0.27643)
bin 8 -0.6605(0.40160) 0.11439(0.08982) 0.21369(0.28174)
bin 9 -0.5106(0.39899) 0.15184(0.08492) 0.22904(0.26811)
bin 10 -1.1566%(0.48025) -0.0096(0.29257)
bin 1 0.14945(0.24013) -0.2454(0.15627) 1.00730%*(0.34153)
bin 2 0.06381(0.23177) -0.1143(0.12762) 0.99937**(0.34638)
bin 3 0.08717(0.23410) -0.1272(0.13137) 1.00175%**(0.34590)
) bin 4 0.07346(0.23324) -0.1221(0.13057) 0.98914**(0.34270)
bin 5 0.08051(0.23290) -0.1099(0.12648) 1.01083*%(0.35603)
bin 6 0.09938(0.23510) -0.1470(0.13621) 1.01521%%(0.33829)
bin 7 0.06101(0.23430) -0.1352(0.12341) 0.99691**(0.33987)
bin 8 0.34483(0.30108) 0.43169(0.62054) 0.24760(0.78030)
bin 1 0.35389(0.50314) 1.03236***(0.20003) -0.8695(0.61431)
bin 2 0.76463(0.44626) 0.96579***(0.15623) -0.3351(0.57804)
bin 3 0.68422(0.44573) 0.95505***(0.15683) -0.3717(0.57877)
bin 4 0.67972(0.44604) 0.96621***(0.15597) -0.3864(0.57179)
bin 5 0.68036(0.44688) 0.96314***(0.15806) -0.3755(0.57534)
3 bin 6 0.68183(0.44661) 0.96226***(0.15707) -0.3720(0.57512)
bin 7 0.68836(0.44658) 0.95191***(0.15871) -0.3753(0.57156)
bin 8 0.66559(0.44610) 0.97833***(0.15893) -0.3824(0.57432)
bin 9 0.65537(0.44851) 0.93345***(0.16300) -0.3726(0.58052)
bin 10 0.83071(0.44710) 0.97169***(0.13152) -0.3763(0.57416)
bin 11 1.13684***(0.33618) -0.5087(0.56374)
prep 0.00034(0.00017) -0.00005(0.0003) -0.0002*(0.00012)
| HR 0.02111(0.03639) -0.0084(0.01216) 0.03481*%*(0.01184)
cumprcp -0.0005*(0.00026) 0.00017(9.13475) 0.00008(0.00007)
dconsec 0.00092(0.00220) -0.0023(0.00123) -0.0019(0.00227)
prep -0.0002**(0.00009) -0.00007(0.00008) -0.0001(0.00013)
) HR 0.02917*(0.01153) 0.01982**(0.00590) 0.03006(0.02362)
cumprcp 0.00014(0.00013) -0.0001*(6.99213) -0.0002(0.00018)
dconsec 0.00333(0.00423) 0.00300(0.00204) 0.00236(0.00123)
prep -0.0001**(0.00006) -0.0001*(0.00004) -0.0001(6.97374)
3 HR 0.01076(0.00948) 0.00531(0.00653) 0.02690**(0.01008)
cumprcp -0.0001(0.00008) 0.00002(0.00001) -0.0003**(0.00009)
dconsec 0.00006(0.00210) -0.0008(0.00081) -0.0001(0.00091)
T, -0.0041(0.00496) -0.0125%*(0.00446) 0.02077***(0.00331)
T? 0.00030(0.00032) 0.00073**(0.00022) -0.0008***(0.00020)
Intercept -2.523(26.175) -37.841%%(11.9131) -16.037(28.3996)
R*(Adj. R?) 0.730(0.647) 0.799(0.728) 0.841(0.772)
x%(df) 369.59(42) 472.16(42) 527.47(43)

*= p-value <0.05, **<0.01, ***<0.001
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Southern region yield response to temperature
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B Stage 1(Posttransplant vegetative growth)
B Stage 2(Panicle initiation-Flowering)
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Fig. 2. An illustration of the yield—temperature relationship, in the case of Southern region
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CPl-adjusted farming equipment cost
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Fig. 3. Cost of farming equipment per unit area in the Southern and the

Central region, showing distinctly different trends
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