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Table 1 The statistics of plot factors
A Giit4Ehr “F-24){H Mean wKME RME
Effect factors Statistics indicator (kxiEZ Standard error) ~ Max value  Min value
4% D/cm 12.7(7.5) 82.7 5.0
43P E4% Dg/em 15.3(4.2) 30.9 6.3
AT #A Basal area/(m?-hm ?) 22.9(9.4) 57.7 3.0
1999 3 WA Number of stems/(stems . hm ™) 1343(621) 3317 250
AR Canopy density 0.900.2) 1.0 0.5
SEYIMEE Mean age/a 60(25) 154 14
A BIURE 454K 20 Number of mortality stems/(stems-hm2) 88(78) 367 17
[fi#% D/em 12.9(7.6) 83.6 5.0
MAr TP EHZ Dg/em 15.7(4.1) 31.3 6.3
AT AR Basal area/(m*-hm2) 24.1(8.8) 59.7 3.8
s ijlkjr? ;Tr?elﬁior 2004 N BiUREEL Number of mortality stems/(stems-hm ) 1370(618) 3250 350
ik PHIFE Canopy density 0.9€0.1) 1.0 0.6
P4k Mean age/a 61(24) 159 19
2> WA 35K $ Number of mortality stems/(stems-hm2) 117(97) 600 17
Hi 4% D/em 13.5(8.0) 84.9 5.0
W35 H A% Dg/em 16.5(4.1) 32.6 6.6
LT AR Basal area/(m*-hm?) 26.2(8.5) 61.2 73
2009 A BRI Number of mortality stems/(stems-hm 2) 1347(584) 3550 367
AR 1 Canopy density 0.9€0.1> 1.0 0.6
PRI Mean age/a 65(24) 164 19
I BiUR 45 /52 Number of mortality stems/(stems-hm2) 127(95) 650 17
4R Elevator/m 596(196) 1280 100
ii @ffr HFE Slope/(°) 21(9) 45 0
i 1A) Aspect F5 7510 3 INO~3 60, 53 94N )
*2 FERFTELHSI
Table 2 The statistical table of main climate variables
at USEs Climate factors i/ Min 5K Max “F#3) Mean
IR E(MAT) Mean annual temperature/°C. 1.3 6.6 3.9
g H PSR (MWMT) Mean warmest month temperature/ °C. 183 23.6 20.9
4 A5 IR(MCMT) Mean coldest month temperature/C. -19.0 -11.5 -16.1
AR B K B (MAP) Mean annual precipitation/mm 1139 676
P E ZR(5—9 ) ME/K # (MSP) Mean annual summer (May to Sept.) precipitation/mm 884 527
ToRE IR H (NFFD) The number of frost-free days 197 175
48 H B MHETHIIFE T E(PAS)  Precipitation as snowbetween August in previous year and July in current year/mm 155 68

FFVAS TR 1 A S e R Rt b, LR T3 v T
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A B B B B R 2 27 IR AL 5t
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£ Logistic BERIAYILRN I, 5 EREHIK- | B
KA B K (FEHLPI A E AR ) BIREDLEL
(43 Bt LA A 07 A Bt B 28 B, PR I )

25 R KO A fEAE Blesk, (R L
AIC. BIC F1—-2LogL {H 43 7l /& 18 559, 18 639 #
18 539, it & T B UV AL Y . 7575 R /K FAL
NiRF, TCIefhAlEl, BRIYIARRBISL., % &
BEHKSEREHL R BOEN T, 3 NS HLL ERIBEDLL
RIS, %08 2 A S5, R RS LI
B, SRR R AR A AR A SR b
BLRRIE ,  2F e R s 7 A AR X G A W T
i, FRAVREAEIRSI ., HARBHIRITTR) 4IC, BIC,
—2LogL. LRT. AUC{H F1Z ¥l v 18 WL 3% 3.
22 3 7, M1 &S Logistic [FIHFRRT, M2 H7ER
PE I 2% BEBEALBON TR A AN T, M3 S 7
R0 28 78 o T) 2% R B AL, P TR A5 A5 Iy A AR
M4 R AE R IR 0 G R W T VAR I [ ) 25 pE
BE LSO TR A R AR

F3 BT NEHEREGENT &R AN ER 77 RR BAMRRERIEE R

Table 3 The result of parameter estimate based on generalized linear model and

generalized linear mixed model in tree mortality

£ I 5 27
Variable Fixed effects M1

BEHLARSE AL RE HRIE + I B R MR ﬁﬁ%ﬁé@ﬁﬁﬁﬁﬁ
Random effect M2 Intercept + D M3 RESA
Intercept + Bal M4

i Intercept —3.412 0(0.263 6)***

AW D 0.074 7(0.009 8)***
KX G TR Bal 4.979 1(0.235 2)***
AT A Basal area —0.261 8(0.014 8)***

AR N 0.225 3(0.051 1)***
P a —0.016 8(0.001 5)***
PR E MAT 0.161 7(0.034 3)***

R Z(5—9 H) /K & MSP
b8 H E METH KIS T & PAS

—0.002 8(0.000 4)***

0.023 4(0.001 8)***

—5.544 7(0.703 Sy**+
0.032 9(0.011 8)**

4.514 0(0.244 0)y*+*
~0.239 7(0.018 1)*+**

0.513 9(0.122 6)***
~0.011 9(0.003 4)***

0.238 1(0.101 2)*
~0.003 9(0.000 6)***

0.051 6(0.003 2)***

—4.892 0(0.735 9)***
—0.033 8(0.013 4)

~6.690 3(0.850 9)***
~0.001 4(0.013 9)

3.975 3(3.975 3)*** 4321 2(0.323 5) #**
~0.195 0(0.021 9)*** ~0.217 7(0.022 0) ***
0306 8(0.131 3)* 0.617 2(0.141 5) ***
~0.012 8(0.003 5)*** ~0.009 1(0.003 9)*
0.225 8(0.104 5)* 0.354 0(0.116 4)*
~0.004 3(0.000 6)*** ~0.003 1(0.000 7)y***

0.053 0(0.003 3)*** 0.053 8(0.003 5)***

AlC 15 347 14 566 14 417 14 433
BIC 15424 14 601 14 459 14 474
—2LogL 15329 14 546 14 393 14 409
AUC 0.779 0.838 0.852 0.850
LRT MI1/M2(LRT =783, M2/M3(LRT = 153, M2/M4(LRT =137,
p<0.00D p <0.00D p<0.00D
e

VE:*Hp < 0.05; ** Hp < 0.01; ***Kp < 0.001. MI~MAKFAFT BT G5
Note: *is p < 0.05; **is p < 0.01; ***is p < 0.001. M1~M4 is corresponding model number.

3 MBIAIR R, SRR T RE

MUV 5, AIC. BIC. —2LogL {14 H ¥ 2% fekE D
A REHLRCN (EEL /N, U B ARG i PR AR FR B =5

JEBENLRON AR 2L T AN & REA LN A5
B R LRT X AR B AT 7 22 007, % )8
FEHLBERLEON G, 5 e MR L, 2 543k
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Fig. 1 Relationship of classification rate and threshold for the mortality model of Mongolian oak

AL, AR (ML) H, MEEN
0.06 ARG ERG 73 28% (TPR) fefii, M 81.9%,
ME(E R 0.08 B, FEIG HERG 70253 (TNR) &
B, N T72.7%; IRERE (M3) T, SEI{EHR 0.06
AL HERR 23253 (TPR) fels, M 84.1%, 4
(A 0.07 B, A% B HER 4 28% (TNR) Hem,
H 75.4%. TEHEREGN)G, T BE N 0.06.
0.07 B 0.08, A4 AL O TERR 7 JS 3300 T LA
BERY T A A5 FIAE 15 IO R 3 S8 R (IR T A 852

R EATHRAER IR (ACR) |, HERRBIAY |5
{H4 0.08 B, SIEBZEERE, N 72.6%; RA
BORNSE M 0.07 I, SIEHM2ER G, N 75.7%.
PR b AT e 88 D80 5 e S B i 4 32 SR A [
(FEALEIE ) 1EN eI

3.4 IRPULGIE

HRE 3 MREHUZE SR, 4r B M1 AT M3 A
TUTE 0 50 UF M B AR AR AR B T RS AR (9 115
JETHR A B AUCH, I B & B ) R A
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Table 4 Confusion matrix result of tree mortality model of Mongolian oak

BIE 7 Hr 45 R The result of threshold

BIBEER 534 Confusion matrix analysis

Positivel = 45 Dead

Negative0 = {77 Living

81.9%(4 =0.06)

TPR(M1) 70.6%(B = 0.08) FPR(M1)
Positivel = f{ifi Dead 77.3%(C=0.07)
84.1%(4 = C=0.06)
TPR(M3) FPR(M3)
80.4%(B =0.07)
18.1%(4 = 0.06)
FNR(M1) 29.4%(B =0.08) TNR(M1)
BN IR _ Negative0 = 7% Living 22.7%(C = 0.07)
Classification of predicted variety
15.9%(4 = C=0.06)
FNR(M3) TNR(M3)
20.0%(B =0.07)
62.0%(A4 =0.06)
AR Fixed model(M1) ACR 72.6%(B =0.08) MCR

67.5%(C=0.07)

72.4%(A4 = C=0.06)
TR B Mixed model(M3) ACR MCR
75.7%(B =0.07)

39.3%(4 =0.06)
27.3%(B =0.08)

33.2%(C=0.07)
28.4%(A4=C=0.06)
24.6%(B=10.07)
60.7%(4 = 0.06)
72.7%(B = 0.08)
66.9%(C=0.07)
71.6%(4 = C=0.06)
75.4%(B =0.07)
57.4%(4 =0.06)
56.7%(B =0.08)
55.7%(C=0.07)
44.3%(4=C=0.06)

44.5%(B=0.07)

fEo Hr, M3 MBIRE, TR TR Rl
BLAKNE , D)y SE SR 0 A5 A e 1) AT LR
R, R FTEABIERE, FEYLSOYSEOTR
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BJa A MR AUC{E N 0.763, M3
R AUCH M 0.766, TTHELEREH, 7EdiEEm
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B ST M1 B X SRR T 4 e
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4 it
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Modeling of Individual Tree Mortality and Analysis of Influence
Factor in Mongolian Oak Stand Based on Generalized
Linear Mixed Effect Model

LI Chun-ming"?

(1. Research Institute of Forest Resource Information Techniques, Chinese Academy of Forestry, Beijing 100091, China; 2. Key
Laboratory of Forest Management and Growth Modelling, National Forestry and Grassland Administration, Beijing 100091, China)

Abstract: [Objective] To establish a mortality model so based on the generalized linear mixed effect model so as to
improve the precision of simulation and prediction. [Method] On 295 permanent plots established in 1995 at Mon-
golian oak (Quercus mongolica) natural forest in Jilin province, the individual tree-level mortality model was estab-
lished taking the effects of stand characteristics, climate, and site type variables into consideration based on logistic
regression and generalized linear mixed effect model. The fit of model was compared with conventional generalized
linear model method, and validation data was used to verify the accuracy of model. [Result] The results showed that
the good-fitness of the model was greatly improved after considering plot’s random effect compared with the fixed
effect model. When considering random effects of intercept and diameter variables, the fitness was the best. The stand
basal area, stand age, and mean annual precipitation in summer (May to September) were negatively correlated with
mortality. The basal area in larger trees, the stand density, the mean annual temperature, and the precipitation in the
form of snow between August in previous year and July in current year were positively correlated with the mortality.
The effect of the initial tree diameter on the mortality was complicated, so it is needed to analyze combined with oth-
er factors. [Conclusion] Identifying the sources of variation and influence factor in tree mortality will help further
adopt suitable forest management measures.

Keywords: generalized linear mixed effect model; tree; mortality; Quercus mongolica; logistic model
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