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Table 1 The characteristics of experimental stands established plot
FEHLS TR R Wem o W A% 2 B 23 BT Y
Plot number ~ Area/hm’ Elavation/m Aspect Slope  The mean diameter/cm The stem number/(N-hm?) Basal area per hectare/(m?-hm ?)
301 0.077 5 760 4k 10 14.93 955 16.83
302 0.077 5 760 A 10 14.71 1572 26.69
303 0.13 760 it 10 14.26 1098 17.64
304 0.097 5 760 4k 10 15.88 883 17.56
305 0.2 780 i 18 15.07 1158 20.64
306 0.2 780 At 7 13.66 2008 29.42
307 0.2 780 i} 18 15.02 1153 20.50
308 0.2 780 4t 10 15.82 846 16.39
309 0.25 660 [iiig]a 6 15.61 1189 22.86
310 0.25 670 [liiE] 10 16.18 860 17.74
311 0.25 670 (1Bl 6 17.20 833 19.39
312 0.25 680 [iiig]a 10 15.49 914 17.30
315 0.1125 660 B[ 7 13.58 1 694 24.44
316 0.1 645 B[ 7 14.87 1127 19.66
317 0.1 615 A 7 13.51 1286 18.65
318 0.1125 610 4k 7 14.39 919 15.03
319 0.1 605 A 9 15.17 820 14.84
320 0.1 600 | 9 13.65 1670 24.41

PR PROPBERE . RO GEHE SR 8] 1) 78 4 S22
AR F BB TG AR iR A . R
AR M SRR R . R TXT R AR
AR . WIAEAR S BORREC . WA AR 02 B I T A
WA AR A WU R WA AR 3 W42 4 e e A
Fo SLHBPH PR AR RO L IR KA
TIEER A, RN AOR ARG BLIR AL, AHE
IY FEBERRIEE | B ) SR A R R RO 5
Al
122 BAFHFE  FEEPE Cox P HUr kil
FIMRAAG 0 S A AU, i S Dy ST B s 2
A2 Cox Eb 51 XU R BICRE Y R (B 15 o 48L& 0 8
U R e B i TR & W S 50 G e B
ARG A 1Y) Schoenfeld FY5%2E, AR A xR M
AR ) A A A HERR S5 JS R FH 3% 25 R A 5
Schoenfeld 5% 2% 5 B [ Bk IO AH CHE . AR PR E A7 7E
CERAE DA Ry 2 s AN Tl 2 Cox LE A8 KU {1 1% o
HAKE Schoenfeld 522545 WL (2) -
Schoenfeld¥% % = x; — Z Xk Pm

meR(t;)

2)

o, e N TR N 20 K A RS AR 1 26 kA B2
(Y SEBRIBUAEL , 26,00 A 2,5 200 080 7 XU 4R FL A AR OR mi)
SN UVERIBUE,  p, KBS S AR AR mAE 1 5 210 &
ARG I REE

7E 2k H Schoenfeld 5% 2= &1 ] Wr 2 75 AT L1 H
Cox LI XS pREL S, AT R T Wald 545 K F
P BIA B B BTHSCR . 78 OB R AL 405 4K
RILLHE, RH AIC {75 EHEN ( Akaike information
criterion, AIC) . BIC {5 E#EN ( Bayesian Informa-
tion Criterion, BIC ) Fl-2*%f 24K {5 ( -2*Log-
likelihood, -2LogL ) 3% 3 M . iX 3 M {EH /),
Wi WAL AL RCR B 250 LRT RO A H]
R LAY 2 ) ) 2 S o R R

2 HEERFHpH

FE T 35 BR3Pl R ST s PR A S AR
A Cox L XU pREBE AL 25 FIH SAS9.4
RO T . 5 P84S T 2 IR A i 22 2R 1
(VIF<5) FIEFH (a<0.05) HH T, 4585
i RA AP RS . KT R G ARWT T AR 46 Ak



%31

BHEW]: LT Cox LB PREI RS RN ) 75 A Ve AL IR SRR ARG T BB 5

95

I3 N RRECEE IRy PR - X PROR A 11 AT 22 5%
Wi o T S7H PR T 3 AN LA PR TS MROR B A 3 25 9
Al Esm, BARBHIEE R LR 2 AL 1 (ML) .
FIF Schoenfeld 5% 255347 [ ke H] Wi S 56 Kl 1 AR
TR AR Cox Hu Ml JXURS: bR E5OAE 78 0 45 Rk

ZERDLIE 10 MNIET 1R 3 AN FRZEEIT LI, R
WIha A S WM AN SRR R L KT RRAM:
TR A0 A A3 2 R K55 L B i) AN S e 5
Z, ULWAASRBIETE R B Bt 58 245 & Cox LLAA
KBS, PR K 25 PR, AT AIE$E Cox FE A1) IXURS: bR

&2 Cox LLfIXUEE &F ER BRI 25 R
Table 2 The result of Cox proportional hazard model

AL (M1) BiAI2(M2) BiAI3(M3)
WA Model 1 Model 2 Model 3
Covariatevariable TGRS Pl i R Pl T GRS Pl
Estimate result(Standard error) P value  Estimate result(Standard error) P value Estimate result(Standard error) P value
FARBI IR AE
Initial DBH/d —0.052 7(0.007 6) <0.000 1 —0.077 8(0.012 4) <0.000 1 —0.089 5(0.006 5) <0.000 1
KT R GBI (BAL)
Basal area of the trees larger 0.104 7(0.021 1) <0.000 1 0.056 4(0.048 5) 0.244 7
than the subject tree/(m*-hm™2)
WIBER 53 2 WTR 2
it s e ) ) 0.656 5(0.066 4) <0.000 1 0.535 8(0.311 2) 0.0852
Wald#s x
aldiiba 304.078 9 <0.000 1 528.049 0 <0.000 1 523.407 5 <0.000 1
Wald value
AIC 21 164.6 20 944.6 20 948.8
BIC 21180.3 20 960.3 20 964.5
—2LogL 21158.6 20938.6 20942.8
LRT M2/M1LRT=220(p < 0.001) M3/M2LRT=4.2(p > 0.05)
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Fig. 2 Thesurvival curve of tree of initial diameter with 10, 15 and 20 cm
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Fig. 3 The survival curve of tree with initial stand density of 1 000, 1 500 and 2 000 trees-hm™
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Mortality Model of Larix olgensis-Abies nephrolepis-Picea jazoensis
Mixed Stands Based on Cox Proportional Hazard Function
and Mixed Effect Model

LI Chun-ming

(Research Institute of Forest Resource Information Techniques, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: [Objective] The survival analysis method and mixed effect model are combined to construct tree mortal-
ity model and improve the simulation precision of the model. [Method] Taking 20 plots of Larix olgensis-Abies
nephrolepis-Picea jazoensis mixed stand in Wangqing Forestry Bureau of Jilin Province as examples, the tree mortal-
ity and survival model were constructed based on Cox proportional hazard function of survival analysis method, and
the stand factor and site factor was added into the model as covariates. The plot’s random effect was considered and
compared with the simulation effect of the traditional model. [Result] It showed that the Cox proportional hazard
function model had fitting goodness in describing tree mortality. The initial DBH of tree was negatively correlated
with the hazard function of the tree, and positively correlated with survival rate. The BAL was positively correlated
with the hazard function of the tree, and negatively correlated with survival rate. The initial stand density per hectare
was positively correlated with the hazard function of the tree, and negatively correlated with survival rate. Compared
with the fixed effect model, the accuracy of Cox proportional hazard function model was greatly improved after con-
sidering plot’s random effect. Because the BAL and initial stand density per hectare showed no significant effect after
considering the plot’srandom effect, only the initial DBH was considered, and the difference also reached a signific-
ant level. [Conclusion] In forest management, the Cox proportional hazard function model provides a good basis for
determining the reasonable management density for forest operators.

Keywords: survival analysis; mixed effects model; mortality; Cox proportional hazard function; hazard ratio
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