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Dummy variables model of increment of Larix kaempferi

LI Zhong-guo,SUN Xiao-mei, CHEN Dong-sheng, L1 Zi-jing

(Research Institute of Forestry,Chinese Academy of Forestry;Key Laboratory of Tree Breeding and Cultivation .

State Forestry Administration , Beijing 100091, China )

Abstract: [Objective] The growth model of the Larix kaemp feri was constructed in northern sub-
tropical alpine area and middle mountain area of warm-temperate zone to elucidate the growth process,so it
can help us to manage the artificial forest of L. kaemp feri more properly. [Method) The concept of dummy
variable was introduced according to the character of different areas while establishing the models of DBH,
tree height and volume by stem analysis data of 96 trees. Excel 2003,ForStat 2. 1 and SPSS 16. 0 were used
in processing data and curve fitting. [Result] The results showed that the dummy variable Richards equa-
tion was the best model of the DBH and tree height,the determination coefficient R? respectively achieved
0.996 6,0. 995 5;the mean error MSE respectively was 0. 163 2,0. 207 7,the average absolute residual re-
spectively was 0. 349 1,0. 436 7. The volume model’s fitting result by the dummy variable quadratic func-
tion was most ideal,with the determination coefficient R* 0. 997 979, mean error MSE 0. 000 018,the aver-
age absolute residuals 0. 003 276. [Conclusion] The models can be used actually for the accuracy is above
90% according to independent test. And the un-compatible problem of models built separately was re-

solved.
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Table 1

SEHEMTEHWEILFEMMGITE

Theoretical equations with dummy variable and estimate functions

TR R R
Equation and
function type

7 5 R R

Equation and function name

75 FE 5 pR R Ik 5

Equation and function expression

F A 2% Richards

y=(a1S;+a,S;)(1—e @)’

AN in]
é%ti?iji LA Logistic y=C(a1S1+a»S;)/(1+be” )
ikﬂléﬁé Gompcrtz y= (a1 S| +a: Sz)cibciu
it B8 TR R Quadratic y=c+(b1S)+b:S:)t+ (a1 S| +azS:)t?

Estimate functions

=R EL Cubic

y:dJr(qSl+(-252)t+(/)151+I;252)12+(a151+a352)t3

TE =y A MAR R sl b R A L AR

e BRI S .Sy HIRKBAI ab.cd HTFESHL.

Note:y is the increment of DBH, tree height or volume; is age;e is the base number of natural logarithm;S;,S; are area code;a,b,c,d are

undetermined parameters.
2 R

Zimm AL TS HAREHRNERKE
Xof HE B o L XS G R e L DX H AT A
Ml g e AR ARG AR 2R B 2 A XK H AR

2.1

FABIBAS B e A AR A R i LS IR A
15 AR Z i AU BT 55 11 X H AR 7 I T 42 RS AR

BARK S TRIEA I X 15 LU B A .
MR E .2 /\l:ﬁji H A& s i #2 A E A AL AR A K
wEFRNGE 2,

*2 ARHMERBAXREHMEE MeMMRNIEKE
Table 2 Increments of DBH,tree height and volume of L. kaemp feri in different area
Wi/ Jt I #4HF Northern sub-tropical zone Z 547 Warm temperate zone
S /a _
Age K/ em s /m PEL/m’ W /em s /m HE/m?
DBH Tree height Volume DBH Tree height Volume
4 0.912 1. 850 0.004 0 0.793 2.310 0.000 3
8 5.273 5.427 0.008 9 4.609 5.854 0.006 9
12 9.033 9.011 0.034 1 8.512 9. 878 0.031 4
16 11.999 12.092 0.075 1 12. 443 13. 149 0.083 8
20 14. 624 15.028 0.137 2 14. 981 16.010 0.144 0
24 16. 544 17.090 0.208 0 17. 414 18. 234 0.216 7
2.2 HEAEMMRMTEERKENHES HHLA 45 R L3 3,
2.2.1 JEAREEAR H AR MR AR A R
3 HAEHRMEHEZTTEMEER
Table 3 Dummy variables regression results of diameter curve at breast height of L. kaemp feri
_ 95% {7 X )
" - .
Iy B8 SRl Pl B 22 95% confidence Interval . I iR q:lijiﬁ
Eouation Parameter Parameter Standard R? MSE X ok 2
~quatio aramete value error T L - |E|
Lower bound Upper bound
aj 24.953 0 0.599 3 23.7515 26.154 5
i as 25.109 0 0.621 7 23.862 5 26.355 5
A% ’ . 0 0.996 6 0.163 2 0.349 1
Richards b 2.126 5 0.099 4 1.927 2 2.325 8
¢ 0.077 1 0.004 3 0.068 6 0.085 6
ap 22.409 4 0.435 8 21.535 8 23.283 1
eI as 22.618 6 0.486 8 21.642 6 23.594 6
SRRz ’ 0.992 7 0. 348 4 0.349 3
Gompertz b 4.039 1 0.163 5 3.711 3 4,366 9
C 0.116 6 0.004 6 0.107 5 0.125 8
ap 20.621 2 0.457 2 19.704 5 21.537 8
T as 20. 896 6 0.552 2 19.789 5 22.003 6
AL 5 ‘ 0.981 6 0.8815 0.854 8
Logistic b 16.612 7 1.842 4 12.919 0 20. 306 4
¢ 0.193 6 0.009 7 0.174 1 0.213 0

T a ORI P I X ar AURBERAT X, £ 40,

Note:a; is the northern sub-tropical alpine area;a, is the warm-temperate zone. Table 4 is same.

K 3IGERBR.3 AT R RN K
Richards™Gompertz>>Logistic, I 3 J7 1% 2= I F- 24

o 35F 7% 22 1 K/ IR P A Richards<<Gompertz<<Lo-
gistic, A] Wl ,Richards FREM R* & K, M JFikE
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FIF 2 48 X6) 5% 22 B /Iy R W Richards J5 #2 B9 15 3%

Rl b, 8 Richards J7 B2 AE S g 12 Az A

R WCH A T b AR A AR AR AR Ry
D,=(24.953 0S,+25.109 0S,) X

(1—EXP(—0.077 11))%'7,
(&chﬁ&%%kaﬁﬁ; (3
0,0,
KD, FoRbgte, S, Rondb WA m Il X, S, &

PIAGERILE A, REAAU,3 DI R RN
J¥ 4 Richards™>Gompertz>>Logistic, [fif ¥ 77 1= 22 Fl1°F
Y3448 %6k % 22 1 K /NI A Richards<< Gompertz<<Lo-
gistic, Yo B Richards 7 B #l & FF i . R b, %
Richards J7 Ry #4 Az AR B fe Ry 5 idi . il H AR
7o AR o 0 A5 Jt A AL

H,=(27.520 6S,+28.301 8S,) X

(1—EXP(—0.062 41))"7°,
1.2 S, S5 b AN DX

AR A X e RORAERE k=1,2, (S = I, 4
. o - 0,45,
2.2.2 HZHAREEAR  HAREMN A S A KR . -
o N — T\ H, AW E
(RN 5 R AR A KA Y T R AR ], 3 A O R 1
T4 BAEHMRSHEMTEMSER
Table 4 Dummy variable regression results of tree height of L. kaemp feri
ZHUE T 1 22 Y LT S 1y 44
1 Py Z A i THE T 95% confidence interval B TRED K
Fjjj?; N P'lr%rf&l . Parameter Standard R? sz/{T;;f X} 8% 2%
~quato aramete value error T R kR - |E|
Lower bound Upper bound
a) 27.520 6 0.996 0 25.522 0 29.519 3
: as 28.301 8 1.009 7 26.275 6 30.328 0
B 2 ’ 0.995 5 0.207 7 0.436 7
Richards b 1.709 0 0.083 9 1.540 6 1.877 4
c 0.062 4 0.004 7 0.052 9 0.071 9
a) 23.602 3 0.508 6 22.581 8 24.622 8
3 as 24,446 1 0.5359 23.370 8 25.521 4
‘ﬁtdﬁ?‘g 0.993 1 0.318 9 0.514 5
Gompertz b 3.523 8 0.114 4 3.294 3 3.753 3
c 0.107 0 0.004 1 0.098 8 0.115 3
ap 21.460 4 0.489 0 20.479 1 22.441 6
AR HE A as 22.402 0 0.541 5 21.315 4 23.488 5
AT A 0.985 0 0.696 7 0.766 1
Logistic b 13.302 2 1.136 0 11.022 6 15.581 7
c 0.179 9 0.008 0 0.163 8 0.196 0
2.2.3 MARARKRA ABFRFRA RN = RUEKS.
R G 2 A X3 H AR I5 R b B AR AR TR, 25
5 HAEMHRHBBALZTTEMEER
Table 5 The volume parameter estimates result of dummy variables quadratic function of L. kaemp feri
ZHH [TRIANT = P B S ¥4
—_— P Zx b I 1R 22 95% confidence interval R -4
F I*Ifj( P /ﬁt Parameter Standard R? i@ﬁ;ﬁt Xf bk 2
unction arameter Value error ‘F I;E L IKE ‘Ijj‘
Lower bound  Upper bound
C 0.009 293 0.002 127 0.005 019 0.013 567
by —0. 005 281 0. 000 342 —0.005 969 —0.004 593
— R b — 392 444 — 528 — 501 797 18 3276
Quadratic Do 0. 004 39 0. 000 444 0.005 284 0.003 50 0.997 979 0. 000 0 0.003
ay 0. 000 588 0.000 011 0. 000 565 0.000 611
as 0. 000 547 0. 000 019 0. 000 509 0. 000 585
d 0. 004 632 0.002 109 0. 000 390 0.008 874
1 —0.002 209 0. 000 622 —0.003 460 —0. 000 959
c —0.004 544 0. 000 802 —0.006 158 —0.002 929
=R EREL
Cubic by 0. 000 302 0. 000 049 0. 000 204 0. 000 400 0.999 067 0. 000 010 0. 002 392
by 0. 000 645 0. 000 080 0. 000 484 0. 000 807
ay 0. 000 007 0. 000 001 0. 000 004 0. 000 009

. 000 004 0. 000 002 -

0. 000 008 0.

000 001

T TR BREC s abe 4350 T — I R ORI BT = BRI b e d G300 R =R TR — YA AR ORI RO

Note:a,b,c is the coefficient of quadratic term,linear term and constant of quadratic function respectively;a,b,c,d is the coefficient of cubic term,

quadratic term,liner term and constant of cubic function.
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SR B S KRB L . =R R?
WS TR o 1) iR 2 TR Y 5 4 %o B 22 W /I 5 10 B = TR R B
AR T ki g, Z IR RS =R
B 0L G RSCR B AR BRALL, T S B W L U R AR
RN T . FLAE 35 B B ARURS B L BOAR 98 R —
YRR B HAS 6 A b BRI G A2 i A RS UL
S5 N
V,=0.009 293— (0. 005 281S,+0. 004 392S,)t+
(0. 000 588S,+0.000 547S,)¢*,
(S)— 1,24 S, Rk A DI, )
0,750,
AV, ZaRMEL
2.3 BAREHRUITEEKERPKE
KA 5 ANGeih &t %t ir g 57 4 H AR 9% i
i W 7% i A AR TR A7 0 ST PR A 5
D2 (Mean Error, ME) .

ME:§1<Q> 6)

n
2) ¥ 4 3w 22 (Mean Absolute Error,
MAE) .

Yi Vi
n

MAE=23 . 0
=1

i

3) Y48 X i 22 (Mean Percent Error, MPE) .
MPE:ii<u)x1oo% (8)
ni=1 Vi
4) - 29 FH %) 22 48 X (B (Mean Absolute Per-
cent Error, MAPE) .

MAPE=-3

=1

i Vi
Vi

X100% . (9)

SYBHERE P—(1—250) %1009 ;o
y

=
Ahey=2y/ny=2y/n.y ARFIIE .y, 0K
A A n AR RFEAKL
S F 20 Ak H A 7 I A A A 1 S A58 57
A 0 Fh G 0 R RS R O A g I A T AR A
TR BUE KRB B AT R 00, 25 R UL 6. ISR 6 1]
LAFE o T 3 7 H A 9 IR T A RS e AR R A R A
AU ME AR /IN L T AL RS B2 #BAR 5. 35 2 T 9000
DAL 150 B sk e 50 R AT DL Sf il 38 8 S ety v 1 X
55 R A R L DX AR A A AR RO, AT U
A R AR AR AT F

(10)

F6 MIEANBAFHREE WEMHRERERNEBRER

Table 6 The test result of DBH,tree height and volume of L. kaemp feri for independent data
. y - B 4t %ok -S4 AH X S X5 HH T NI
X 1 RN - 14 N . i ik e/ O
- fah e iz W% wmwy O EHE
MAE MPE MAPE
A6 A 42 DBH 0.021 066 0.388 106 0.5717 2.967 3 93.631 5
North M5 Tree height  —0. 639 223 0.750 287 —1.711 9 7.763 1 91.925 4
subtropical
zone L Volume 0. 000 003 0.003 928 2.083 3 4,236 3 93.372 3
B I #9142 DBH 0.053 448 0.244 985 0.6015 1. 800 9 93. 840 4
Warm M5 Tree height  —0.301 560 0.736 530 6.344 9 12.240 5 90. 695 7
temperate
zone L Volume —0.000 013 0.004 156 —2.7711 6.486 1 92.200 1
3 Lk AR AR, SR, HATE R MR AR A R
h Te

T [ b W BT a7 L DR RS R L XA R H AR
TR HT 51 DXL 2 A DS 9 B A B AR L AR s R R
PR 225 . OB /N B Ll AR X
Ak T FR ] B8 R 2% 5 b B Y L U b L BT LA
TER AT b2 A X 22 BN AR B &, DA X H
AT AN A R 1 R S 3

TE 3 72 1) AR A5 7R R bR B3 T 1 15 W AR At i 2
AN [ DX P A AR 2 A A AU BB 6% ] — > 8 — B S AL
IR XA RRER TR AR B D T TR
FE ST I H AR VR A M AR AR s AR BN AR i AR K
A H, B G AR 8 Y Richards 5 #2 $1 -G B £2 A0 4%
e B A RO B i B W AR e Y R BRI B G A R

A KA R TATORG BE AR AE 90 20 LA L, TIUI RS B /N it
Fr g WA = FA R > iy o I SEASE TR R L R Al i L
P BT e L DX LAY R L DX AR I 0 2R RO
IR T A RIR AR B AR 2 228 H AR i

N TR T BA B2
[ 5% 3Tk |
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