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ABSTRACT

Uncertainties in weather forecasts would affect the reliability of yield prediction using crop
models. The objective of this study was to compare uncertainty in crop yield prediction
caused by the use of the weather forecast data. Daily weather data were produced at 10 km
spatial resolution using Weather Research and Forecasting (WRF) model. The nearest neighbor
method was used to downscale these data at the resolution of 5 km (WRF5K). Parameter-
elevation Regressions on Independent Slopes Model (PRISM) was also applied to the WRF data
to produce the weather data at the same resolution. WRF5K and PRISM data were used as
inputs to the CROPGRO-SOYBEAN model to predict crop yield. The uncertainties of the gridded
data were analyzed using cumulative growing degree days (CGDD) and cumulative solar
radiation (CSRAD) during the soybean growing seasons for the crop of interest. The degree of
agreement (DOA) statistics including structural similarity index were determined for the crop
model outputs. Our results indicated that the DOA statistics for CGDD were correlated with
that for the maturity dates predicted using WRF5K and PRISM data. Yield forecasts had
small values of the DOA statistics when large spatial disagreement occured between maturity
dates predicted using WRF5K and PRISM. These results suggest that the spatial uncertainties
in temperature data would affect the reliability of the phenology and, as a result, yield
predictions at a greater degree than those in solar radiation data. This merits further studies to
assess the uncertainties of crop yield forecasts using a wide range of crop calendars.

Key words: Seasonal yield forecast, Numerical weather prediction model, Uncertainty, Crop
model, Soybean
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7|58 B33} Ban ef al(2019) E3T ZHERE
21 DSSAT (Decision Support System for Agrotechno-
logy Transfer)& AM&s}o] n]3te] 0 %] Alelo)
St ke a|ZsHe AATS s

AERYS il AR A3 919 Fa)
A4 o5 AmSel dedEz Agd 4 gt
(Cantelaube and Terres, 2005). Shin et al.(2009)2 4=
Z] o 2 (Numerical Weather Prediction; NWP) X&-S
ARgstel A2 AR THARS 15T 4 9t
Ao BBl So), 54 ool 58] o]
o AL NE] Slal SR A7 o] e
%31 Qlti(Baigorria et al., 2008). & &
w9le] m) A
2 9|=317] Y3l Weather Research and Forecasting
(WRF) m3je] 279 2eims AEnyge) et
22 &85t} Shin ef al(2010)2 82 =X|7|A4F

S

rlm

;

Kaeomuangmoon et al.(2020)2 2|

5g A o ARE
e mojsglr

AR 2o 19 24 gstel o] 74
A7E ARESH= Ao] F85cHZhao et al., 2015).
Gardner et al.(2021)2 A= AARRE AR
2 AR A ARy dEgte] AFEE WE 4
2S 2 sk WRF 23S 33 NWP 23E
& Agslol TBE ARE AR 5 glout, ol
e A1 B Aol 2pErkBoha o .
2006). HHH, BAZ AHAE 7He Ajdoz He
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2.1. g4 X"

ulstollA] o]t Al Gl FUE Ao
Ao Ao AASLTKFig 1), BUE A
Hl B AJAIRES] 47%2 AXIFITNASS, 2021),
S 5 4eolae] A FES viEold e gk
(KREL 2021). ufepa] a5 xefo] e 3 42 o
o I F 5 AL 28l G PRE AT
4 ol Apolis ZHER] Hgshs Aol
ol, ofoloe}, JAs, UReRist B uFe] 2 th
om 7K 8 W S B Ate] ol BAsIgITE

o
=
[e]

-

2.2. AXE J7|A Xi=

WRF 288 AMgslo] vl 2ule oo digt A
ke A28 74 oA RS ANtk WRF W
%2 National Center for Atmospheric Researcho| A
e SR 2] 71AF 28 o]t (Skamarock e al.,
2008). WRF =% -5 A| A= 27] 9 34 737
Z7 © 2= Pusan National University Coupled General
Circulation (PNU CGCM,; version 1.1) o] o
29 Feoll AaS AlRksto] A A Thele] A
T oz 7} AR&E ek Hur and Ahn, 2015). PNU
CGCM-2 Asia-Pacific Economic Cooperation Climate
Center (APCC)9] th5 g JAHES 93t A7) AF
oS5 Al2dlof| Frofshal Sl & o|tHKim and Ahn,
2015).

Korean Journal of Agricultural and Forest Meteorology, Vol. 24, No. 3
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717-& 4200|194tk F714) WRFRRO] A A&
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10km s=9] 25 ARSIl en o] WRF10K
Aok Yok
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al., 1994; Daly et al., 2002; Daly et al., 2003; Daly,
2006; Daly et al., 2008). ASTER Global Digital
Elevation Model (Version 2; Tachikawa et al., 2011)
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A9 1%, X|&FH(topographic facet), 3l|%=(coastal
proximity) 5 X|2lARE Ao, el A

WRF 139 B4 zQl(domain)> E3F 54|
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Fig. 1. Study area including Illinois, lowa, Kansas, Nebraska, and Missouri.
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Table 1. Configuration of the WRF

WRF configuration

Version
Resolution

Initial and Lateral boundary condition
Microphysics scheme

Shortwave radiation scheme
Longwave radiation scheme

Surface layer scheme

Land surface scheme

Planetary boundary layer scheme

Cumulus scheme

WRF version 3.0

Domain 1 (United States) :
Domain 2 (Corn belts) :

PNU CGCM version 1.1

WSM6 (Hong and Lim, 2006)

Dudhia (Dudhia, 1989)

RRTM (Mlawer et al., 1997)

Monin-Obukhov (Paulson, 1970)

Noah land-surface model (Chen and Dudhia, 2001)
YSU (Hong et al., 2006)

Kain-Fritsch (Kain, 2004)

176 x 108 (spatial resolution : 30km)
108 x 97 (spatial resolution : 10km)

A Topography, WRF(10km)

55°N

B Land use Category, WHF(10km)

Domain 1 (ﬂokm)
S0°N s

135°W 120°W

C Topography, PRISM(5km)

102°W 100°W 98°W 96°W 94w

1 401 801

T
105°W 90°W

105°W 100°W 95°W 85°W
["7 01, Urban and Built-Up Land

[ 02, Dryland Cropland and Pasture

I 08, Irrigated Gropland and Pasture

[ 04, Mixed Dryland/Irrigated Cropland and Pasture
I 05, Gropland/Grassland Mosaic

[ 06, Crogland/Woodland Mosaic

I 07, Grassland

I 08, Shrubland

I 09, Mixed Snhrubland/Grassland

I 10, Savenna

I 11, Deciduous Broadieaf Forest

I 12, Deciduous Needleleaf Forest

Il 13, Evergreen Broadleaf

I 14, vergreen Needleleaf

[ 15, Mixed Forast

I 15, Water Bodies

92°W 90°W 88°W

1201 1601 2001 2401 2801 3201 3601

Fig. 2. Topography (Unit: m) for (A) WRF (spatial resolution: 30km and 10km for domain 1 and
domain 2, respectively) and (C) PRISM (spatial resolution: Skm). (B) Distribution of the USGS
Land-use category used in the WRF domain 2.

A2l 50kmE FHOR 2GAR ARSI £ §
Az Skm AR H= JYREH(30km) 2tof]l 3=
WRF10K ZAA5L AA3c) gskabs oke] WRF
10K AA o] a1k, A, FAE) sjgd=s est
of AFAleker A3 WRFI0K ZAA}F 7ke] A[5%] FA
A& 7RI ALLS) 2 QAEel tijt 714
27 RS Hong et al(2007)0114 AIAIZH BHE 2]

3k o#gt Hlog dojxl 7RIS 0|85t
7V FHAE AT 3, 7 AR 71 Uk
Z=A5d}h AR Skm 27F|AHE 2] PRISM A&
L = qupsko 2 3087, YEHFEke 2 1547)10] A}
oz =S tiFig. 20).

ZHE 298 x3sl= WRF 129 7|5 71 2k=
9} WRFIOK 22 23 53t aejate] a3t
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Table 2. Management options

Variable Range

Year 2011 - 2018
100 - 180 (8 day interval)
MG2, MG3, MG4

Planting date

Cultivar parameter

PRISM =3 7|4l 7|4} RFRE-S 2011~2018d 7|7}
Zob AAksgith. WRF10K 2} PRISM A} 7b7}
Lambert conformal conic (LCC) ¥ World Geodetic
System 1984 (WGS84) ZiE A= 7FAc) aigd Z}E
ol AR el E8E 4 e ¥d FHu
A7, 9 W Aalero] EakE lry.

WRF10K$} PRISM 22 @ o]2 zHamdo] ol
shel glofxl ZurEe] ANES AATslolA Halsh
WA 5 Ame) HiA % RS AN N2
2 U AMESlel AShARES] WRFIOK 4122 7]
HEO 2 PRISM 2}29} 7+ 5 km E7FAES] A&
(WRF5K)Z AFsHgITh. WRFSK©] Z#}= PRISM
Ao ARt FUT T SRR st ofE
A3l RO raster 3jj7]X|of| &M projectRaster g5
g5t

23. 2288 23S

A= AJS- 1 ojE 98l DSSATO] 3Z5HE CROPGRO-
SOYBEAN® &S A5t CROPGRO-SOYBEAN

BRE 3 2AL viEon g AKES ANk
AETeH] ARy o thofet Al 2o et A
% mop} sksstch ofg Sol, ofdf SEs FEL
Zahat Aele. M B g o 4 ook g
AgEge 2ot le] 715wt daF Woh 2
HUEs 5o Z4E3 Qltiimak er al., 2005;
Battisti et al., 2018; Ovando et al., 2018).

25 A 2700] Rol7} wAE A9, Folxl 74
2 22 A% olEgle] Beie] SR 4 9)
ok A A7) 25 B0 Wi s ] Aol
BAel] 98] mEolah BEe A 2dow Ags)
FTtHTable 2). £ 2] - day of year (DOY) 100
ool 49 1092E 82 7HAC R 11749] Yaol] s}
of 4% molE stk Bl A4S BUE A

ofl Al AeiE 4= Sl Aol sfdehe s AN
ek T FHE ol ME LY WS Aol el
o] A<=-(Maturity Group; MG)E&Z 5= 4= ¢lo

Ol
- =

o, Boote et al.(2003)-2 o|2|3t Auitd EEHSE

AAFGL dukAo T AL ES W g JLEE N
SAE B4 PR Ao 487 BES Uehuic

2 A-tollAs FHEE A Aof AfuiE —’F— U= MG2,
MG3 % MG4o] sdoh= F587E 3 79 o5
517 918 ARE-sHTh

g S 5O IPgo A Eok] wE avkE 4
sa7] s 2AS Aol HgH 4 iz 54
EE AEsto] HA| x| Hefl #8531tk Gijsman ef
al(2007)2 DSSAT EExta= 724 WISE &
& dlolgHo] A5 FFE53itE & Aol A= ol
glojgjHjo| o] =55 ESF & WI PHUSO27ZE=E
717 Bofe vl=r FHIE A9 B tm R AAs)
ek AlRjERE 28 kN ha'! & AAskelon, Iz
719] 74 oAl Bl hrhal 7gste] AE
= A5l

A2 GO 7V ARE AHERF Y Jextwre A
21517] 93l CORDEX data support library (CDSL)2
ARSIt Yoo and Kim, 2017). WRF5K £} PRISM
AT A EL AAARE #%Sk= netCDF (network
common data format) g4 02 AYAFE|Ict. CROPGRO-
So 47 A8
Q7 uhiel, A% A AHeH) AR Flshe
1Hgo] W aslh CDSLL: netCDF9} 78 Az} 24
g B AmehE 54 7 HeE A
o= 7eS BASHL Qlck
g5t} 71 dARE A= A e|sto] CROPGRO-
SOYBEAN©|| ¢l&s}9ich

PV Amo] W A8 S o] Aukg Bl
1ol el 0 ae Wend A= Yrle A

]:

SPAT A Ol WeRe SRAYLD)Y 5 g4l
e F= FAFON), JJEH ‘ﬁUﬂV—Wv{LX), 7Nt

0.

2U(AD), J%AMD) 3 ) G5 =HAULD)
S wgesict % AR AgelEREe AgE
-

HE It Table 3).
A Aso] B HA Ao F A= A
}olstola otse Agsiol sk 7] T
Ho o5 B4 o]¢ z&el MODIS MCDI2Q1 A&
7} 3= 3iek MCDI12Q1-2 F 500m 2] F7 e =s
7}A]21 1o International Geosphere-Biosphere
Programme (IGBP) 7]&9] X% E& X5 E A|E3t
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Table 3. Abbreviation for the crop model output variables and accumulated weather variables obtained using

weather data from PRISM and WRF model

PRISM WRF5k
Yield YLDprism YLDwrrsk
Number of seeds SNprism SNwrrsk
Flowering date ADprism ADvwrrsk
Mature date MDprism MDwrrsk
Maximum LAI* LXprism LXwrrsk
Date of Maximum LAI LDprism LDwrrsk
Cumulative growing degree days CGDDprism CGDDwrrsk
Cumulative solar radiation CSRADprism CSRADwrrsk

*LAI : Leaf Area Index
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CGDD = ZmaxMD (Tmaxq+ Tming)

d=100 2 = Thase (Eq- 1)

CSRAD = YL7450" S (Eq. 2)

Tmaxg, Tming & S¢= ZHzF dYof sl g
o}, 2|7 emel ArS ek maxMDE 22

xg% ‘__,__L}E ;X—I% /\4/\01 = -’—]EH7 < 1:1:6—]_]:1_ _,_4

e 712 229 The= 10°CE 44 3FtH Castro
et al,, 2009). A5 HLE AAFlo] ZHE PSS WO

shedr] whol, Apere HAoA Alelstaic.

25, UX|= EA=

PRISM#} WRESKS A8t} Qlojz] 7]4hi: i
gk W ARy £ W45 V4 9 Aeds
ulwsts] 15 A AAw FARS AN
AR AE7Ee] H|WE $J3f structural similarity
(SSIM) index, root mean square error (RMSE) 4!
normalized root mean square error (NRMSE)E &-&
31t} CGDD ¥ CSRADY] H|WE 93t AX|= FA|
e A AL, 20y ) s o
o A= FA A A B dwdR bzt

ARFEIQITE 3k 714 9 A AR o2t
o A ool v AL RAG) 9ol &

Z 12, JdrE 2 Q2107 450 dA% B
% | Tiet EAREAl(Analysis of variance; ANOVA)E
st

SSIM index= & oju]z|o] AR EE Ha

Ao 2 olnl2| o} A= ek A
A HRE 7o) 37”1 A= B4 $fsl
AREE o] gFH(Liu et al., 2020). SSIM index& A4k}
7] 9fsl olufA|e] Flk, Hjy], 2 5 o 8450]
S 7, o], 7R 2k = ofujx] Aol
BatAQl ko] Apel, wEHALO| o, Wl A E
Et"7]'11}(Brunet et al., 2011). E3|, -=2o] tjst dx|x=
FARRE v)iL oA Apolo] Bba] Bl ot A}
=& Z35ith SSIM index+= 4] Alla) sl All 2o
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2 PGS AHgste] 2%k AlE SSIM index
e o33 o] ALETHWang er al., 2004):

SSIM = l(Op‘rism' Owrf)ac
(Oprist OWTf)BS(Oprism' Owrf)y (Eq. 3)

SSIM index+= o, B, v gkoll wet 2H2e] FAES
7ssto] AR 4= Slom, i dAtollA= 71 gkl
10] AREEIRITE 1(Oprisms Owat)s (Oprisms Owet)s S(Oprisms
Ouw)= 217 PRISMI} WRFSKE 2-85f0] &4
W ALo] 9] Pt tjH], FLxof tigh YA = SA ]
o th33} Zro] AXEITHWang et al., 2004):

2UprismBwrftC1

(Oprism, O =
( prism wrf) “?;rism”l%vrf+cl (Eq. 4)
20prism0 +C
c(o... ’0 L prismOwrfTt2
( prism wrf) ‘T;Z;rism+‘7\f/rf+c2 (Eq. 5)
_ OprismwrftC3
5(Oprism Owrs) = - (Eq. 6)

OprismCwrf +C3

Mprismy M, Oprism 3 G 212+ PRISMZ} WRFSKS
YeERER dojxl Hpso] gt #FHAE &
3l ®3F Gpismars PRISMZ} WRFSK S AR&-5}o]
ALHE W Afo]9] FEARS UERdTE C), Gy, Ci=
Afzeolt}. SSIM index= Zho] 19]] 717k 42 T o]
1] 2)7} A2JgHe: LERATE SSIM index A4S $13) &
A BA Lol RO SpatialPack T)|7]A] oA A|-Zd}=
SSIM 345 2853t

A Az st SSIM index ZH ZAX}E SSIM
indexzte] B0 & AL SSIM index AARS 9
Sxl= sl AETE ofufe} S A7ER| . Adgho] ¢l
ojo git} 12}, PRISM AFRollE= nla Qi3 2|9
of sk Aol Fagh 7 7L QA skt
(Fig. 2C). ol2fgt AEol= 05 ddshleh ®3h
WRFSK 2lzo] thsfialte s Agks 008 d7sto]
SSIM index& AAFSFGITE of2igh S XA Al 74
9] °F 13%5 ZPAIstaL Qlo] Aol & FFe A4
US Aow wE ok

RMSE 9 NRMSE gk th&3} gdo] A= ek

RMSE = x/Z?ﬂ(OPRISM—i_OWRF—i)Z/n (Eq- 7)

NRMSE = RMSE /Opgrism (Eq. 8)

Oprisyy X Oyrr= 247} PRISMY} WRF5K A25
Agstol AEE AR Au W 4 A Aas
Stttk is WA AAE 25 s A A3 5
UERATE Oparsy-2 PRISM &0 2 AJALE H220]
Bk b,

7} QA AR 1 B4 nfel A2 o v
o] 5ol ALSEIICE. SSIM index= B7Hel 214
w410 f2lsh7] el Table 3¢ Z3E= K=
2ol thato] ARLE]gich RMSESH NRMSES 232k
o] A7) Ul AVg L 7S Aole] QA=
A Ask=dl 8=k 9l £°1, YLDwresk
9—]’ YLDPRISM /\}'0]9—] SSIM index %}\'ﬂ]' NRMSE%}:?_]_
SSIMyrp ¥ NRMSEyip7} 34 X9& tiife s 2t
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Table 4. ANOVA table describing a impact of year, planting date, and cultivar on degree of agreement statistics
between yield estimation using WRF and PRISM weather input data, Structural similarity index (SSIMyip)

and normalized root mean square error (NRMSEyip)

Variable SSIMy1p NRMSEvip
Year 18.357** 48.339**
F value Planting Date 14.715%* 4.565%*
Cultivar 0.555 6.837**

** indicates p < 0.01
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