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A Generalized Non-linear Mixed-effects Model for
Forest Growth Analysis
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Abstract: For the grouped growth data sampled individually with repeated measures,
two types of growth curves can be simultaneously estimated by using a
multivariate non-linear regression model with random effects. One is the
average growth curve for the group, and the other is each individual growth
curve within the group. With the use of forest stand growth data we elaborate
methodological steps for estimating the average growth curve as well as an
individual growth curve. A confidence interval of the average growth curve
for the group is also determined. We apply a generalized non-linear mixed-
cffects model to the analysis, which is one of multivariate non-lincar
regression models with random effects.
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1.1 Appendix

A 1. AR F—=FTRFY XA
Z Z T, Ohtaki & Tzumi (1999) ik » TIREZ WAL £ =TT

RRZDOWTHRAT D, ZDO7 = U XL Line Search {# (Bazaraa & Shetty

1979 IZHE L7z b O T, Bl % 20 F ERELICAWSd, ==2—F

ViR LR AW REERWT. BREAEFHNHL TN ZLITEV R

BEEIT2 DD THLD, TOMRE, ==— M AEL DEHFEMB5 L0

ARMEFEON, ma—brEEAvizE i LIELIESE Z 2808 E0zT

B CHAERHMET A LW Z B8R, FORD, AN F—TAITYX

LTEEE O K LB EATI OIZBE LT VT Y XLEE LB,
EFREHERE x 2BT D f(x) OR/MEBBEESE XD, AN F—T T

VX AT, Flofif x S EEREHr TR SRS x—7, x+17D 3 HOBER

RIZEWTR/MEZTRT, £ LT, POl ThoMl % & iR % k<

L. SOfE ThoME % & iEh Ol B Ml & 22 2 Eic 9 & LIRR#RFE 2R

FTHUKERREEHRL, TOERINTEERCR/MIL 22 8% 5T L

WA B RAEBYIE LE/MEL RS REELTWVLS, 2F ),

. HLfEBENTHoTZE, fOERNMITIRTx-1L x+7 DM
WZhD LR L, BRAOPLIZTOE T THRERMZE 1205 128k<
T5, 2EVHLVEERESE x-7/2, x. x+7/2L7T 5,

2. bLfa-0)BBRNTHoML, fO ERMITEEAETY LY b/
WREIZH D ERR L, BRAOFLENIVFICT S LERREE 2
fEIZIRIT D, DEVHLWEESREx-37, x-1., x+7&7T 5,

3. bLfE+D)BRANTHoEL, FOERMITIEEZ LY bAE
WRIZHD LA L, BRADHLEREWHIZT S LEER#EZ 2
FICET 2, 2EVFHLWERESAE x—7, x+7, x+3r &7 5,
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FLUWERETER/MEE L 2EERL, T CREBRLEHRT D, 207
O AFIKRTHFE THRYIET I LI L0 EEN2 70 2R/McT 2 lE2S
BIERTEEDITHD, TOTATY AAEHAERT DL, UTFO
2725,

BAERL A XA F—F A= U R A (SPIDER 1 : Ohtaki & [zumi 1999)

Stepl: 7, ZERERPMA L L., ¥IHHEx, IZH L1 UHTED TR,

Step2: 7,=x, & L fy=min{f(®)|x=x,-7,, %, x,+7,} HAHT 2., D&
&g bx U FOFMECHE > CHEET 5,
O f=/(x) Thhilr=1/2, x=x,;
(i) f,=f(x-7) Thhide=27,. x=x,-71, ;
(iii) £, = f(x, +7,) THRIE G =27, x=x,+7, ;

Step3 : 7, & x, & i O Y IR L TH OIS RHRHIE L Mz & DL
Ly fe=mn{f(ole= 7. %0t} &8T5, Dol Py,
L FOFIEICGE S THEHT 5.
=) Sl =2, %, =%
) f=f(x,—-7) Thife, =21, x,=x-1, ;
(iii) £ = f(x, +7) ThhiLz, =27, x, =x+7, ;

Step4 : FRERK|(f, - f)/ f|<d ZWiT=FE TStep 3Z4EVIET L, ZDL
EDx, & fOERMNITDx EF2, EELJIZICRE T

HIFEOETHS,

WIZ, ZOHEROANSNAL F—TNTY) X LEEERITET S,
Ohtaki & Izumi (1999) T3 SPIDER | 4 Wik LAVD Z & CHR#{L %17
SEROAN—F—7 T X5 SPIDER2 ## 2R L TWAM, LLFT
X, B TRERBRICEA L ERASRL F—T AT RAZRET S,
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Al 00 1 DWTRPDEEE D LI RENE LT STDg x1 =Y
Mg =Gneeonndyy) 2B XD, ZOLETATORSOEALELEITI EH
5DTI=1..,3" ThD, 2B, ZOX7 MIRAZRLE LIEFRO
HHEDEIZR>TWE, flZE, g=20& %3,
Gi=C1-1) g,=(1 0 j=(11
[32] Z=(0-1)" g;=(0 0 j=(01
J=01-1)" 4=(10)" =11
Thd, TO7 MO EFVT, SPIDER 1 # B & fulam & LEE
RREBTRICIEET 5, 2L, B/ME%E L DEBFLEATHEHED
B MEWMEALELI T DL L5, EREREALETHAT. &/ME
ZEDLMERH -T2 HIANSRIT D, FA. | ICEERHOERRRE A A
%R,

ZDLIREHFTAI) XAEHRERLTLLUTORICRS,

GERANSA F—FT T XA
Stepl : 7, =(7,,..,7,) & gx1ERE@H~7 b &L, #IHIE

Ty = (e X, ) 12D B L HRDTH L,
Step2 : D, =diag(j) & L. f=min{/(@|e=g, + D, (I=1,...,3)} £ 35
T5, ZOLET Lo ZUTFOFECHE-TEHT 5,
@D f=/(x) THhiET =7,/2, x=g, ;
(i) f, = f(z,) THIIE, £, LRBEZ 2 +DT, LTHE

= 2 =2 ;
T, =Ty +D, 7y, a':lfanrD: Tés
o
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Step3 : T, & @, % i IOV E LT LA HEIGGER L MR & 52 |
reL, f=min{f@|e=2+D7,(=1..3)} & T5, ZOL
T

i+l

Lz BUTOFIEICH> TEHT S,
O f=f)ThbhiXr, =1,/2. =

1 = Ty »

() f = f(x) THWE, f bRz +DT, LTHL

— 2 _ .
T =T, +D,‘Ti B, =T +Dr T\l
f

Step4 : FEXK|(f,, - f)/ f|<d T+ ETStep3 Z#EVIEL, =L
BAle, & [ ERNIT D e & T 5, 1272 Ld EHERIE
THREEDETH S,

A. 2. YRR MBROFIEEHB OZEH

I T3 ETOEREZEIT S, Vonesh & Carter (1992) (210, ¥4
REMHEOD ETHLNS 0 FLUUTO L 5 AWERMEZ > Z Lt bh T
5, HDEFNDRSA—F %04 L, £7-¥ ., 6213 ¥.=lim,_, ¥,
o’=lim,, 6 DX I REZWKTHLTH L,

@) 0 13 6 DI —FHEE R TH 5,

(ii) 6 VR T B

331 Vr(6-0)—25N,0,0(1.) (1)

&b, ffL, 7= (0l vech(¥.),07) TH Y.,

[34] QhJ—M{liZ@ﬁjﬂymﬁﬂha%-
now | g '

ThHD.
A, T—7—RERICLD
[35] \/E{f(tj,é)-ﬂf(tpﬂ‘)} = z(’pé)r‘quOP(n“”Z)
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ThHILdibrs, = Lu=Vn@-6) ThHs, UTF

B61  n{f(,8)- 11,0}~ 2(1,6)u
ELTEZD, T80 2 RIEROFHED LEREOERTTHI A, <7 v
d, zIZELT
71 ED gy
x'Ax
D X 5 A AREEFREL Y VD (Rao 2002, p 60, A HBH), —OR%ERE
FAT+TE L, TXToOr 2L TAR%ER
{z(t},é)’m}2
=(t,0YQ(3)=(1,.0)

BELNIED, 22,

[38] <uw'Q(3) 'u

D -
[39] u—N,(0,Q(v.)) QF)—=Q(v.) (n—x)
THhad I EICEETRIE, [38] OFTIIIMNEAICE HEE g @ 2 5T
RT3 ZE0Bbhd, ZREZAVE L,

. n{f(.8)- £(,6.))

[40] _ .
z(1,0) )z (t,0)

2
<pTRTD ¢t |21-a
PUHEAIIZEL Y SLD, Z 2T,

[41] =

__nlred-se00)
= - r F = ;
T B0, 6 AT

LpL b, r ORERSEE

[42] P(r<x,..,r,<x)=P(,, <x)
THBEDT,

[43] P € 2", sl S 20, ) = PO S 2%, ) 21—
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BWHLANC LY S0 KR r, <27, & ¢ < f(1,0.) <™ IXRETH

50T,

D
[44] P(c,, <n(t.0.)<c,)-P(r<y’, .....r, <1, )21«

Thd, £oTRIIEMHTANC - 22 B REEHERIZ/A S = 2 33h
D,
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