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Abstract

Whole Crop Barley (WCB) is a representative self-sufficient winter annual forage crop, along with Italian
Ryegrass (IRG), in Korea. In this study, we examined the path relationship between WCB yield and cli-
mate factors such as temperature, precipitation, and sunshine duration using a structural equation model.
A Bayesian approach was considered to overcome the limitations of the small WCB sample size. As prior
distribution of parameters in Bayesian method, standard normal distribution, the posterior result of struc-
tural equation model for WCB, and the posterior result of structural equation model for IRG (which is the
most popular winter crop) were used. Also, Heywood case correction in prior distribution was considered
to obtain the posterior distribution of parameters; in addition, the best prior to fit the characteristics of
winter crops was identified. In our analysis, we found that the best prior was set by using the results of a
structural equation model to IRG with Heywood case correction. This result can provide an alternative for
research on forage crops that have hard to collect sample data.
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1. M2

AR 2 (Whole Crop Barley; WCB)+ o2t 2ho]2gf(Ttalian Ryegrass; IRG)SF g4 Ut
go| A AuiE = tE2ZH QA FAZEZA W} ARANAZ £, FA7T FUodA MitsE o AFAES
= Aol vt Ao Wit T is/dol st AjujA] o] @il 53k = wde] Ut (Shin F,
2012; Kim 5, 2010). =ujellA 48} & 59 WErtsS f3 A7+ vsd 44, 53] EAIS
Y 7HAEAT DEFAE J3l FARE 2ol FAIEY il 9 vAE 8 e A+
£ Mol AIFS FAoltt. bR oz FAZESY Y] dFE X HFEE VT, EY, 5,
A 7lE Sol EHA Jow 53] 7|20] T AR FANA e FAEL AR njxe 99
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o] 3t} R AT} (Schlenker?} Roberts, 2009; Descheemaeker 5, 2014). T3t FALE A4H]
71200 ot oheFst A7 A7) iEE P, WA HEEAS A3 AT E Peng 5 (2013)3} Lee
T (2013)2 S5 Ak #A" 71 HMSE o835t HF2ERTE A4k 5 (accumulative
temperature) 7} AR WA ZA4d4et dxA|7re] 223 W4 YS st Sung 5
(2014)2 IRG AEFTHSZ dASS A8 712, 45 9 d2AE o] 83 3ARME it 18
I Kim 5 (2014a)2 E421S F7ksto] ojgeet gto] ks AESTF SR FS
ERT AEFF uX+ JFo| o vk Busigitt. 1 o= A JRE o]83
9o G 2 A AR E Lol ATE Y ATt (Kim 5, 2013).

TERYAAE o] 83t 7T A A8 1T AFAAAE vt H 2 AT (Kim 5, 2014b) ol A
IRG AJategel thate] 727129 ZH A Q% 5712, 5745 2 k729 AFA 4] 3l
Hstech Tel} dudos TEYRAEYL

o] (bias) 7} gl A o] 7FastA g, B8] 277 2-2(300 R A oh = Z737HE S BEAIA
2R tigt sjAe] A ajAE & vkl &elA Aok (Gao T, 2008). o]#g 28 9 3l
£ F537] A8 Kim 5 (2015)2 F7t2AME Eote] BAlE iz IRG At50] 7244 RY
AL 3to] HYE wiAI3 s A o] 7b53kth Kim 5 (2015)< IRG A& 9} tjEo] WCB 2224
Tt erl, WCB ¢ %29 27|17} ol HeHd 7ol st =7 EAbRS Al 73
X

o

X kLo g rr

o
A
| 9F& A7 2 skt
AFolM= WCB #A52] 2z IAE s dstr] $sto] wlol x|t H24 (Bayesian approach)&
glstirh. wlol At W thdet AP R Aol TFed B ofleEt thEE ZAbel gl A
oJE8kA] oFof EE| 77 A2 AfolE B AAE AlFSta, AtE AEREE 5 A
AAzo] AR EE ARG 7FeE Aol 9tk (Dunson 5, 2005). EE Ho] A ¢k H2H 2 2HAE W
W HEo] tha® A7 S8 7] dAE S56] A Y S stuE 48A o
(Mullen 5, 1995; Gao %, 2008; Lim¥} Melville, 2009; Kazama %, 2010). 2322 H 3= #jo]
A b S o] 83to] A APAAEE P, WCBe tidt T2 A RS F5) WCB it
o 7157} v = ARAAE shetstazt gt
2 = A2 v 2ok 28elA AR 4 9 e Aretar wol A 2
of tiste] Argsiict. 342 AA ARE o]§dto] FEAHFEE, IRGEE WCBo| thgh 721
=4 2Ads AHEER AME 298 vlasigith vAge R 4732 48 9 A7
FS A7 el sl =33t

o oX, X
X, >
to o ot

2 A7 tide WCBe 585439 B2 2 ASFAEES +UdFSANE 49 3 A8, &
A/FAZRE AESMNT 35ATHIAL JEFYNZZAHA LI A58 A=A 5
20123712 (2047 970 A (H+, =4,
oA 4L 337) EFo= % 31670Ao|tt. WCBY A4k
HEZ 7oz RE de 4@, 4L, dFATL, 4%

1ol TEste] olEal ol 487 o]
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S 1 €875y Hateld, FHEE VI W BE2EY otk Fes 94 Ao
o B3ol7 Zdet 2ol Folth, o7 Bdst Aol lmm 2R 7|%H Ugol
Th 7 A A4 WAE Table 313 20h AUTE Uehht ¥4t 48 F welx 9w 24
+= A Z4 2 (Fresh Matter Yield; FMY)3 A% & &3} AE43(Dry Matter Yield; DMY)©]
1&gl S4E H4E 595 L35 AR 717E S48 7FEAS 717 (Autumn Growing Day;
AGD)F} 54 7|7 RS ST 712+ F 2% (Autumn Accumulate Temperature; AAT) ]
U}. O]%ﬁﬂ 2ol &34 ‘?“;-T—% o5l 1¥1¢Y ol%

5o 2 ABAARY £HARAY A0S 24

o] &2AE FAxl HLZJQC(Sprng Ac-
cumulate Temperature; SAT), 343}%—-;](1%3)-/] ‘73 25 & S4% H 3L P25 (Mean Temperature
in January; MTJ), 0Col4to] H+& GHE 252 o] 1500] & Z71A] Z2d 7|74 1505 27]
ZF(Period to Degree 150; PD150), 1€¥ 1¥HE 87129 AXAI7HE S48 HE A=A 7H(Spring
Sunshine Time; SST), ¥A717+e] a9 B3 (Spring Rain Fall; SRF), 28|31 7o)
Immol4 7|58 442 oz B 7}4A<4(Spring Rainfall Day; SRD) o]t}

2.2. WOIXIOF PZ A

%%%WM YL WSS BANS(R)E FooHe SHREH AANS o) ARE G 7
ZREOR o] Fo] AL} (Arbuckle, 2005). Z¥-Ee] P4 vhe3) 2t

y=uvy+Ayn+e€,
T =vy + A€+ D+ 6.

y1,92) s & = (21,22, 23, T4, T5, To, T7, Ts, T9) , vy} vet FAEAHA
Ayt Az’C 1-’?'&‘%, ne REeHTREE S49 20 E ol (= @i“é%—’?_‘?:—‘?ﬁ

T2 747 eapiEeln Dy At Ade UEhls A dolrh &
1= FMY, y2= DMY, 212 AGD, zo2 AAT, z32 SGD, z42 SAT, x5 SRF, 262 S
SST, zs2 MTJ % z92 PD150°]t}. AGDE} SGD, AATS} SATE 7123 Eo X9 &2 Hsp
oz 2} Ik Aol EAT Aor JPsta AR AFNE vbgsty] Al 24k AtolE s ¥
g DE S =@k ALY U9} 6" S AAEEE wEY, ¢ ~ N(0,1y),
¥y = diag (03,,05,), 0" ~ N(0,%), 8z = diag (03,,...,0%,) 2 7FI3IAth. $EAE S4L UE
e LA 42388 D ~ N(0,Qp) =2 7H 383l

4

82 7o AZE Yeille T2 R AL the) 2tk

n=a+Bn+T{+r,
o714 aw AW WEol1, By FRFERIAA FAWUS n 3 ?ﬂ%*é% Uetdls AegEEs of
e ¢7F noll wAle 9%Fe vehlis A

N5
223
29 pgog 9 r= AR =Y AFEEE tﬂréﬂi § ~ N(ue, %), Q¢ =
7~ N(0,9,), Q- = diag (w Tl,...,wfn)i 714

AL AE 25 SRR h F2UAARYY S o 2t
L (y7 ‘ra’r]vgl@) = H N (yi‘l/y,i + Ayn’iv Zy) N (‘T’i|yzvi + AIfZ + Di7 EI)

i=1

X N(171|a2 + an +Ffz,Qq—)N(@,LLL&,Q&)N(DJO,Q[)),
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AZIA FAHE 1,8 vy AREE
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Hlo| A ¢F W& RpFhs A% Alet A1) APAREE udsfof ity & dAellA] AR

= Axto] Lo F FHAPHAEE (conjugate prior distribution)E ©]-&3FA T} Zx%u]-z%ﬂoﬂ/ﬂ 2
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SR 229 o7, 0y, wi, wi D whE FHY A-ANEZE AARZR P AR z
259 B3 LU GO2 RGS WCB Ao MEE T244A2Y 2o 20 astel 4
2ASY H 2 24 32 ARSETh - AR 2ESFE A H R A9t

wob o] 471 WA B4 QBdo] EAldle] ATANFRER Y FUEES o o] o
(8 A9 SR Aol AL L] A o MOMC PaelEE A
(Dunson %, 2005). MCMC €a2]&2 ulg= A3f(Markov chain)ol| ]3] H3& &3 (target distri-
bution) ZFE 9o HES AT & EH7IEE ZE(Monte Carlo integration)& ©] &3l R4-E

F733H YHolth. 2 MER(Gibbs sampler) e} WEZZ -5 o]AEA La1e]E (Metropolis-
Hastings algorithm)-2 vlZ =z A& o] &3] MCMC €18&S 3= iz ey, 7~
AZ2](Gibbs sampler)= Z} Wo] ZARAZEZZHE RS dHEx o7 AYsh= Hbyo|t). &
aTE 9o AEAE B

AR} PRESE ZARNT 2 olgsign. WA
BARS g, £ FRES B, 19 ZARATYE Stk ATAFEE SEGo AHUEE
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AZNA figi = ALE], Qp = AQA'0)31, A= [I — B] 'olt}. webd 0o BEE N(;, Q)2 B

MT

i = Qn |:A;J2;1(yi —vy) + leﬁm’]a
A—1 -1 &—1
Q' =N, A, +Q

Argulae] 29 €9 2ARASE

Hel

© ohes 2o,
7r(€i|77i7QT7V967)\9272907371—‘7.“679573:1')
X T ($1|VI + A& + Dy, Ez)ﬂ'(m|B77i - FfiQT)TK' (§i|M§,Q§)ﬂ'(Di|O,QD)

€ = Qe [ALN (w0 — va) + T'Q7 (i — Bmi) + Q¢ ' ae],
Q= AL A+ T 'TT + .+ Q!
2 ol
2AAF T FFFE FAsE F2ALA By (i =1,...,m)9 ZARAFRE} APAS 2
&ol W] 22 ol BlXE A3 YElE v,y (r— 1 om, j=1,...,n)8 ZARASEE
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£ Dunson 5 (2005)c4 =% A7he} SQaA etk B, () =1,...,m)8 ZARATRE
= 1

n m
BTj =wg 57[; + Z 771 Z’Yv"sgz Z Brtné )

B =1 w& t=1,t#j
n
i\ 2
J
7].
a]—l — i:l( Z) i
A w2, w3
Ol FI, vy (r=1,...,m, j=1,...,n)2 TABAZEIZE N(%,;,02)2 AFEZE nay

R LR S S VD SCHOED DI I

oyt == %
W2, w5
Aok o] B RARATLEE AR F 2 dalEES o8kl 2Es A4St
BUFD L & (myﬁ(a)%ﬂ)’ 20) D(j))
AU g (V\%ﬁ““) Ly gm’D(a))
A g (l,x|y7 BUTY G 2O, D(j)) 7
DUty o (D|y,ﬁ(j+1),7<j+1), N ,wg(j+1)) .
ol#1 g 3= 50,0000 WHESte] A2 50,000709] AAFES o]§3te] 7t A=A B eape] S
EE TStk

WA ZxgAngel WEEs 42 A8 253 ogHe Aestgh o714 o44e Kim 5
(2014b) 0] AHE vhRehrl 2 Aol Bf3 BB FA1YES oGBS 2 A3 AS 16714, |

2 20371A0IEh WolA gk HTE A% AR
22 TEYTRE, WOBS IRGS] 72334 RYe Weed 278 nejstget. o714 WOBS

2437 A% AALEL RG] FAAHE 1o o5t RG7 SeliebolA] 7 ol Al
o] ge] tEAol S5 WE, WCBE AjA o] 22 die] F95o] BEL F2 24
£ 0] AR} HIGRAR off7] WEolth Ee APATANN FHW IRG ARE YiHOE BE
Bl = 0380l P2 B 423P1 42545 2 29ag7) uEl RGS) AHE WOB

W 0] 2| gk Aol W3Sk St

Kim 5 (2015)°] AAS IRGY 72334 BAATA 29 Lazgzte] Adse slol$e
Al o]~ (Heywood Cases; HC)7F A3ty HC7F @ASH= gdoz 4R B AY 723 24

A (misspecification) ©] 1+ A% (Kolenikove} Bollen, 2012), o]/} g 3FA|
1987), 284 221" (under-identification) Q1 7% (Rindskopf, 1984), ZZo] 9= 3% (Wothke,
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Table 3.1. Variable characteristics of data

Variable Symbol  Min Max Mean S.D. Quartile
(unit) 1st 2nd 3rd
FMY (kg/ha) vl 11820 56710  31280.73  8446.75 24525 30925 35785
DMY (kg/ha) ) 4490 18580  11250.64  2250.19 9820 11400 12595
AGD(day) x1 18 71 46.45 11.75 40 47 55
AAT(°C) x2 184.1 788 468.56  142.66 3767  454.1 545.6
SGD(day) x3 51 124 93.14 15.45 82.5 92 105
SAT(°C) x4 497 15472 1178.16  206.92  1089.5  1183.5  1313.5
SRF(mm) 5 86.1  736.8 324.29 139.4 224 3090.9 375.5
SRD(day) x6 34 68 49.4 8.19 44 50 53
MTJ(°C) X7 ~73 5.5 ~1.46 3.16 ~3.1 ~11 0.1
SST(hr) X8 518.1  1028.7 752.81  116.87  689.3  755.55 825.2
PD150(day) x9 30 90 66.1 16.08 58 71 76

FMY = fresh matter yield of crops, DMY = dry matter yield of crops, AGD = growing days in autumn,
AAT = accumulated temperature in autumn, SGD = growing days in next spring, SAT = accumulated
temperature in next spring, SRD = raining days in next spring, SRF = amount of rain in next spring,
MTJ = mean temperature in January, SST = time of shining in next spring, PD150 = period to reach
at accumulated temperature 150.

FHEZZ0 W% (Boomsma, 1983) 508 w1 gth B oA HC7F 283 9L

= A WA Ql

o] ko = thA|stth (Arbuckle, 2005). B Ao Wls2A LxuA A
A3 dgste] HCE A8kt wlol At 274 Ry oA= HC 3]

WA At HCE +A438 vis2A 24 4das o]§ste] 747 A= 2
to] HC7F ARE=AE gelstgith. 28Eg B A7 AHd AR EE 2301 =
gshA 82 WCBeF IRGS] WI=E24 7244 23 9 HCE 743 WCBe}F IRGS] HEE4
2974 ARE TR0 BF 571418 ALAATh 2470 AR e o)k Baluhy 2
£ v237] 935 AIC(Akaike Information Criterion), BIC(Bayesian Information Criterion) %
DIC(Deviance Information Criterion)E AAF}FATE & g]Ee] ¥HE == W o] Agdoez 2 %
7] 5,000 & A LA F 50,0000 WHESFTE I HAA 0] 7Y FTFES WA FRls] A
3 —10.0, 0.1 ® 10.08] 372 27|35 ARkt 27849 RI=84 A3 AMOS 21.0& A+
2393, Wlol At TRUYAAL WinBUGS14E A-8-3te] B39

3. 243}

WCB #A59] 71284 ZAiE= Table 3.13 Zth 3 & A k2 £33 FMYS Hd2
31289.73(kg/ha), DMYS] 3L 11250.648 FMYQ o] oF 3u] AE =4 gyt &, A
& (percentage of dry matter) o] <F 30% 94-& ol v|stty. FMY S DMY BEF Ha3 $+7F vl=3t
A e, FAFEEE Al AT Al AR Ao 7t vl Al UERS T

Kim 5 (2015)- IRGS} WCBS] A4bels) 7132912k A48 S 2487 $15te] 727127 27)
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Figure 3.1. Path diagram of longitudinal structural equation model in WCB.

Ateloll A”EIAE Uetlle F9E FRYRARY S 2593t £ dF+= Kim 5 (2015)9]
PorHH sAo] ol AT EAE A A Figure 3.13 22 2PE AUtk 7|4 F12 7t
71eo® AGDS} AATE, F2r B7|203 SGDS} SAT, F3:= B7}4-2 SRFS) SRD, F4= X3t
7122 SST, MTJ ¥ PD1502, 181 F5 Aoz FMYS DMY = o]t AGDS}
SGD, AATS} SATE 7H3 &l 49 22 BFo|BE a7l 59| 5A geth mepA] Ad
ETE Hkdsh] S8 L1 AtolE ettt WCBol| thet 239 A3 w = GFI(Goodness of Fit
Index) 7} 0.665, CFI(Comparative Fit Index) 7} 0.597, NFI(Normed Fit Index)”} 0.5902 e},
IRGY| i3t B3o] A3tz zhzk 0.721, 0.702 L 0.698% JERJT Inz 2uxts TREAA
232 WCBALg Ht}h IRGAFR O & A 3esirt.

WCBAEE ] Bt wlo] 29k P2 AR o] AHEEE A7) §1s] WCBSE RGOl 447 F9Aks
FTRUAATRES HLe MEEd FAIE Table 3.29F ZTh Table 3.2% HC £ glo] WCBS}
IRGS WI=8d FTHART2YAAE AFst 2(42 MLE1Y} MLE2)$ HCE 4743 WCBS}
IRGY FHAETZYAA 372 MLE3S} MLE4)E At A7 AZATE JUehile
g FE7t BT gFolBR ZF a8 ke A SIS sttt sHAIRE F4(FsHE e <)
PD150(150=27|7H 2] A2 At BF 242 Ueth & LT 1500 £238l= 7|7ko] &
55, Bo] 44 55 AuFo] Tk AS gttt Est WCBE IRGE BEF &9 &4t
FAFE 2t HCZF 285t WCB+ 3709 4tol|A] HC7ZL 85ttt §3] 652 MLELC|A

e ot rlo
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Table 3.2. The result of maximum likelihood method in WCB and IRG(from left, MLE1: not modified Heywood
case in WCB, MLE2: not modified Heywood case in IRG, MLE3: modified Heywood case in WCB, and MLE4:
modified Heywood case in IRG)

MLE1 MLE2 MLE3 MLE4
Parameter
Mean S.D. Mean S.D. mean S.D. mean S.D.
51 0.423 0.057 0.099 0.035 0.462 0.979 0.133 0.744
B2 0.019 0.317 0.727  0.052 0.245 0.807 0.734 1.308
B3 0.332 0.055 0.457  0.036 0.472 1.080 0.469 0.923
Ba 0.448 0.094 0.925 0.247 2.302 13.586 0.907 6.182
A1 1.103 0.135 0.665 0.141 1.128 2.318 0.921 0.436
A2 1.027 0.076 1.064 0.022 1.003 1.356 1.060 0.410
A3 0.011 0.178 0.806 0.054 0.088 0.996 0.814 1.411
A4 9.825 4.890 4.726  1.002 5.546  30.624 4.745  25.779
As —2.788 0.473 —4.285  0.873 —4.933  27.360 —4.253  22.111
A6 0.144 0.131 1.023 0.051 0.824 0.584 1.035 1.283
o1 0.207 0.094 —0.366  0.283 0.227 1.545 0.005
b2 0.072 0.114 0.403 0.126 0.046 1.940 0.174 0.256
03 0.205 0.050 0.116 0.014 0.185 0.927 0.114 0.179
04 0.150 0.052 —0.002 0.015 0.173 0.944 0.005
o5 —13.026 233.156 0.247  0.043 0.005 0.254 1.103
J6 0.988 0.086 0.510 0.039 0.982 1.391 0.505 1.000
o7 0.734 0.111 0.097 0.077 0.209 0.309 0.087  2.000
d8 0.991 0.082 0.958 0.054 0.967 1.374 0.958 1.385
d9 —2.161 1.171 0.258 0.065 0.005 0.266 1.642
€1 0.846 0.119 0.149 0.034 0.342 0.498 0.139 0.847
€2 —4.311 4.683 0.186  0.033 0.005 0.196 0.820
1 5.192 4.675 0.526  0.043 0.715 1.048 0.509 1.077
T 0.596 0.111 0.452  0.036 0.537 1.133 0.441 0.897
D13 —0.028 0.036 0.002 0.013 0.024 0.635 0.003 0.256
Doy 0.103 0.034 —0.02 0.012 0.098 0.618 0.019 0.230

WCB = whole crop barley, IRG = Italian Ryegrass.

~13.0262 AU AL THE HOZF AR AT )¢ 2 2507 EEUAE 2331562
2 2ol B2d oA RETh MLE2GAE 2709 924517 d1)olA HO7 2Askgies] 2+
7} 3667 —.0022 LhERETh ol2lah g9 BAEHSe FHe 0.0052 thAS APAEES} MLE3SH
MLE4o]t}h. F2(27]2)014 F5(A4)2 ool A= (fs), 7He44717HAGD)oIA F1o2 ojo}7l
A2 (A1) B 2AG/ZHSAD)oIA F22 olo]a A= (A7t BE ME2H F2 AupolA ul%a
Bt EE WCBS| 27 % HC 44 o] MTI(H 898 7L5)0lA FA(H89712)2 olojd 4
= (A1), PDIS0(150E2717H) oA FAZ o]0}l A= (\s) B FY (425 F5(A4HZ olojz]
AR (Xe) 7} 22} 5.546, —4.933 2 0.824% IRGS] B2l 4.745, —4.253 2 1.0359} 052314 el
o} ST WOBS] 4 BRA7)7} 27 wjo] MEed A7E A=) ojge a4} Ack.

3.2. HIO|X|OF 2XRBPHAIDS] Ay}

WCBARE 24517 913 ol AIek 72844 Wl AHee AT Table 337 2o} o714 B2
AHE3E, MLE1, MLE2, MLE3 ¥ MLE4E AHAEXEE AMR-3F A37) 217 Posteriorl, Posterior2,
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Table 3.3. The result of posterior distribution by Bayesian approach in WCB and IRG with different priors(from
left, Posteriorl: standard normal, Posterior2: not modified Heywood case in WCB, Posterir3: not modified Hey-
wood case in IRG, Posterior4d: modified Heywood case in WCB, and Posterior5: modified Heywood case in IRG)

Posteriorl Posterior2 Posterior3 Posteriord Posteriorb
Parameter

mean S.D. mean S.D. mean  S.D. mean S.D. mean S.D.
51 0.048 0.073 1.231 0.163 1.548 0.582 0.741 0.113 0.598 0.086
B2 0.257 0.078 —0.269 0.052 0.616 0.143 0.296 0.111 0.345 0.143
B3 0.410 0.082 0.222 0.069 0.082 0.070 2.158 0.072 0.084 0.069
B4 —0.600 0.105 —0.869 0.348 0.417 0.144 —0.112 0.069 0.382 0.147
A1 0.974 0.037 2.273 0.103 1.305 0.283 1.493 0.063 1.159 0.047
A2 0.897 0.039 0.903 0.039 0.928 0.041 0.901 0.039 0.899 0.040
A3 0.099 0.071 —0.065 0.056 0.124 0.155 0.131 0.112 0.209 0.168
A4 1.217 0.061 9.822 0.008 0.465 0.038 5.505 0.032 4.672 0.038
As —1.170 0.063 —3.004 0.082 —0.426 0.043 —4.930 0.036 —4.234 0.043
A6 0.893 0.041 0.889 0.042 0.924 0.044 0.932 0.046 0.924 0.044

o1 —0.046 0.578 0.113 0.383 —0.365 0.138 0.068 0.589 0.005
d2 —0.104 0.537 0.116 0.331 0.396 0.311 0.082 0.485 0.412 1.424
03 —0.112 0.695 —0.205 0.675 —1.021 1.579 —0.078 0.895 0.330 1.460

i3 —0.184 0.727 —0.617 0.650 —1.000 1.575 —0.053 0.883 0.005
b4 0.002 0.065 —13.03 0.017 —0.211 0.664 0.005 —0.206 0.667
I5 0.004 0.057 0.965 0.448 0.199 0.700 0.586 0.581 0.164 0.702
d6 0.009 0.075 0.783 0.338 0.053 0.460 0.025 1.098 0.044 0.455
o7 —0.006 0.092 0.725 0.389 0.633 0.592 0.632 0.589 0.607 0.581
08 0.009 0.074 —2.156 0.033 0.217 0.524 0.005 0.223 0.554
€1 0.047 0.505 0.425 0.033 —0.119 0.885 —0.123 1.049 —0.056 0.879
€2 0.060 0.565 —4.311 0.300 —0.115 0.903 0.005 —0.044 0.918
T1 0.084 0.649 5.192  0.008 0.282 0.839 0.393 0.722 0.529 0.817
T —0.099 0.649 0.912 0.323 0.116 0.836 0.399 0.751 0.090 0.809
D13 0.048 0.576 —1.584 0.560 —1.457 0.921 —0.808 0.765 —1.573 0.826
Doy 0.102 0.535 —1.052 0.647 —1.667 1.128 —0.976 0.784 —1.421 1.139

WCB = whole crop barley, IRG = Italian Ryegrass.
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Table 3.4. Fitness of each Bayesian approach

Not modified Heywood case Modified Heywood case
Posteriorl Posterior2 Posterior3 Posteriord Posteriorb
AIC 3283.333 5903.940 4921.170 3693.770 3691.690
BIC 3319.628 5940.238 4957.468 3730.068 3727.988
DIC 5916.830 7030.530 6813.090 6127.250 6054.870

AIC = Akaike information criterion, BIC = Bayesian information criterion, DIC = deviance information

criterion.

Posterior4 @ Posterior50| A ZF2ZF —.269, .616, .296 & .345% EFIT). £3] Posterior2oA] <
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Figure 3.2. Density diagram of posterior distribution of path parameters.
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Figure 3.3. History of path parameters until 300th replications.
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