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Based on mixed-effects model and empirical best linear unbiased predictor

predicting growth profile of height for Chinese fir

WANG Mingchu, SUN Yujun
(College of Forestry, Beijing Forestry University, Beijing 100083, China)

Abstract: Based on the data of 30 sample trees from 15 permanent plots of Chinese fir in the national forest
farm of Jiangle, at first we study the best function as the base model with the least square method among five
growth profile equations. The nonlinear mixed model was constructed based on the base model and modeling
data. We use the R for model fitting. Select the mixed model with the minimum value of AIC, BIC and the
maximum value of Loglik as the best model by changing the number of mixed parameters in fitting progress.
Using mixed model to predict growth profile of height and studying the characteristics of Empirical Best Linear
Unbiased Predictor (EBLUP). Fitting results showed the simulation’s precision of Weibull’s including three
random effect parameters (B8,, B, and B;) was maximal. In the analysis of prediction, prediction accuracy de-
creased as age interval of observations extended with the same number of previous observations. MSE decreased
as the number of previous observations increased. EBLUP prediction could fully predict individual growth pro-
cess, given that there were multiple previous observations with long-enough age intervals. [Ch, 2 fig. 9 tab. 23
ref. |
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D A AR SR OB TR A RN A IR K 22 55 2R M TG i B £ T v (EBLUP) T30 5 [ %5 Ay Pinus ponderosaﬂi
B AR A KSR, RBiFHfRE T EBLUP, HHIR AT T EBLUP (#4555 . EBLUP & F 3
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Table 3 Simulant result of height growth

Ji ZH W ZBRY WHRER. THsuks | E|
B B B
1 45517 7 0.024 1 1.192 1 0.819 9 2.698 8 0.042 7
2 41.994 9 0.013 2 1.157 9 0.819 9 2.699 1 0.076 2
3 2 647.267 0 8.858 0 0.177 1 0.820 1 2.697 2 0.002 7
4 20.734 9 2434 6 0.169 2 0.808 3 2.784 4 2.976 8
5 65.986 0 48210 -2.730 0 0.819 9 2.986 0 0.042 1

32 FEMESMMREARE

32,1 A EARGHE  FETRBY, f5 0GB, AT R 3 F HAFH R nlme p8
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4, NEFRAEORAT LA BB 2.5 () AIC, BIC fiz/H Loglik K, B4R 2 DL B, B. #l B
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Table 4  Comparison of models’ fitting precisions with different combinations of random effects parameters

TR 2 5 BEHL 2 5L AlC BIC Loglik
1.1 B 1516.717 0 1 537.274 ~753.358 4
1.2 B 1 461.503 0 1 482.060 ~725.751 3
1.3 Bs 1 600.736 0 1 621.293 ~795.368 1
1.4 Bi, Bs 1 207.652 0 1 236.432 -596.826 0
1.5 By Bs 1 147.023 0 1 175.803 -566.511 4
2.1 B 1516378 5 1 536.936 ~753.189 3
22 B 1 455.967 7 1 476.525 ~722.983 8
2.3 Bs 1 382.081 0 1 402.638 -686.040 5
2.4 B, Bs 1158.258 6 1 187.039 -572.129 3
2.5 Bi, B, B 973.412 2 1014.527 -476.706 1
3.1 B 1513.753 0 1534311 ~751.876 7
3.2 Bs 1484.579 0 1 505.136 —737.289 6
33 Bi. B 12533150 1 282.096 -619.657 7
34 Ba, B 1241380 0 1 270.160 -613.690 0

At B AL

3.2.2
By AIC A1 BIC f/)h B Loglik {Hfe R, Wi & 1F B B () 5% 2% U 2248
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Table 5 Simulation results for each residual variance model

RER Gy EVor £4H AR ZETT BTN SR AR L3 S0 5 TEER 25 ALY 3 st B v 27 e

R 757 FE I AlC BIC Loglik

iR 975.447 1 1 020.673 -476.723 5
R B 975.070 0 1 020.296 -476.535 0
i HOM R e R 977.447 0 1 026.785 -476.723 5

323 MAMASLR FM RIEFHEMGENASHITE 6, HTARLNER G ROV AL B 142 AR
R IR R IR A

H=1.954 0(1— ey, (14)
u;

b=1v; NN(OaD)eiNN[O,RJ;
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R=0.535 2G"®Var(e;)=0.535 2400446
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NI UE B 3% B FO4 g A AR Sy TOECHE , 3% 3 XEOLINMEL T3 b, 5 RGeI TR T, Ry W

x6 HEHAER

Table 6  Statistical results of the model fitting

I8 R 0 5 Bl LA 2 B by 22 A
g fliiHE i bis bia bis
B 1.954 00 bis 5.936 4 0.016 6 0.473 7
B 0.018 96 bix 0.016 6 -0302 0 -02510
Bs 1.631 90 bis 0.473 7 -0.2510 -0.6550
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RAE X, BHRFE I, f(A, B, XDt st (13)HH 8 i, Z 3853t (10)~ (12) 315545 i, b JE 5 SAS
9.3 ff) IML i 475 . 42 7 (b, BUM FI8 A 1922 a [l oM g5 (L, IF S 0RII(E Hoed) T4 8. Mafk
A (13) TS 8], WO et 5 (O) VBT 4675 , 4 IE (L OO (P A T 25 . T TR
5 3 WL (2 15 1 X BE A HE 77 EBLUP T A 5, A5 0 B R A A K i 7 A o i
FEAR A K e B2 9 0 T2 2 o FRAT 22 10 FO4, FO9, FI1, FIS fithiA, #43 EBLUP BUWl, 4% B
A I | BT AR S e T B K AR AT e (T ). Bt | TR e M A K R A
S22 BE BRI, 3EF Weibull 184450 B8 ) EBLUP 50 A 78 4 B A A Kt B . 4B
Sfiedit EBLUP BUMAOSERE, FUFREA NS 3 ALNLIIE , L TR A ROUSTRE AL (54 RE A 3875 08 1 O BEHL A
RiZ8, T A4 MU RE A B 3 R

3.3.2 EBLUP H 800 % 447 763017 B AC 0 10 A4 O BN 2 B0, L (0 0 5 5 900 46 2 1 41
AT HGRE TR AR T S et 15 8 A 0 060 . OO B 5 L T e, A T 0 45

ORI 75 1 V00 TS FE 1995 635 40 2977 1522 ()

RT7 TR R A0 AE B

Table 7 The matrices and vectors used for prediction

yi/m Xila fA; B, X)/m Zis Za Zs bi

16.60 23 18.713 9 0.957 7 137.837 1 8.196 0 -24123
15.00 18 17.195 6 0.880 0 262.154 1 14.369 5 -0.016 4
12.00 13 13.923 5 0.712 6 369.254 3 17.961 2 0312 6

®8 FI8HAMBUNE. S&MiHE. EBLUP HN{EL &K

Table 8 Comparison of observations of height, population mean, and EBLUP predicted for F18

A% /a 5 e U /m SARAGTHE/m EBLUP 50 {1 B IEAE
22 16.28 18.509 2 16.533 9 -1.9753
21 15.96 18.261 8 16.312 6 -1.949 2
20 15.64 17.965 1 16.034 2 -1.930 9
19 15.32 17.612 1 15.689 3 -1.922 8

20 Fo4 . 20r  Fo9 P
16} - 161 S
E12¢ L y E12F
i 2 Iz
® 8 = ® 8F
af J° 4t
0 7 1 I I ] 1 () L= . I I I I ] J
4 8 12 16 20 24 4 8 12 16 20 24 28 32
E#/a HE b /a
241 ppy 2417 FI18 _ -
20 L - - 20 | - Ve
16 =16 L7
fnf Z E12 .
oz K - v
K 8L f = 8 ,
. /
4+ 4 v
0 1 | 1 | 0 1 1 L 1 1 L 1
10 20 30 40 4 8 12 16 20 24 28
Fie/a R /a
— EEYWME - - BRI - - - EBLUPHIIME

Al #esikds

Figure 1  Comparison of the height growth
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18, 15, 12 AFEAEIX 2 13k 6 AN m UL IR ; WM (a] B ok 1 a LI O YR, il ffi FH 35, 34, 33 4/,
24, 23, 22 4RI K 12, 11, 10 A 5K 3 4138 9 AR W . B T K04, FI8 AR H /N, BUk A i
FTIRIRR 5 a 9 YRAULI o DAAR U8l B SEath, AR = (8) T b, B, T XA 5 38 4F T A S >R 3
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Table 9  The statistical analysis of data verification

ML 15 i /a WL AR ST
FO4(23 4F4) F18(28 4:4:) F15(35 4:4:) F11(38 4F4)
1 3 5.546 0 4.178 7 12.396 0 22.533 3
3 3 2.866 1 1.092 4 3.388 9 2310 8
5 3 2.746 0 0.391 7 2704 3 0.941 7
1 6 52186 3.982 9 52383 3.607 2
3 6 0332 1 0.214 5 22120 0.9259
5 6 0.271 6 0.195 6 0.284 0 0.707 1
1 9 4256 1 2.401 7 2.6317 1.020 8
3 9 0.167 0 0.189 4 0.200 3 0.379 7
5 9 0.094 6 0.247 0

WL U TR, Bt WL [] B 38 O, 37 iR 22 ek o IR B o 3, WLl i 1, 3, 5 a,
A AT A 1) 3% 75 0% 2 B 5 L0 11 5 P9 38 R T P Al R AR o SO 1] o A ) s, e L0 O Ry 8, 24907 R

ZEREAR o WL EI PR35 O 3 a I, BEE WL UEON 3 g i #) 9 035+

W, AL R MM OE, IR | 8 S a fimpE L -+;£$
TAE, @IS L. DLFLS i, WERS  oos o323k
ol a b, BEZ VI GBON 3 WM INE 9 %, WHEEM Kool
12.396 0 £ f£ 3 2.631 7, Ro.st /\

WE 2 A A “1a 3% MM 28, 27, 26 010F  \
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FRE, “3 a3 W7 TEREES 20 4 A I3 ) iR 2 IR K, T 05 30 25 30
“Sa 3T MULIIE A 28, 23, 18 4R, HAEE 2 ity ik Eiht/a
ZBAK, FTLLLE EBLUP WUMME, B2 B0 20 g5 PR B b, i) B 2 MEATAR FIS R FFml eh3h 7 % £
SRR, 247 15 25 8 W A5 Figure 2 The value of F18 yearly forecast Eys
4 i
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