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Abstract: [ Objective | This study aims to analyze the situation of stand mortality, construct the stand—lev-
el mortality model, and discuss the influencing factors of tree mortality thus providing a reference basis for sci-
entific management and effective management. [ Method | 1973 sample plots of Cunninghamia lanceolata with
pure forest in the forest resources inventory of Ganzhou City, Jiangxi Province in 2009 were selected as the data
source. These sample plots were randomly divided into simulation data (1 579 plots) and validation data (394
plots ) according to the ratio of 4:1 for model construction and verification , respectively.Four models such as the
zero—inflated model and hurdle model based on Poisson distribution and negative binomial distribution forms
were selected.The number of mortality trees in the stand was taken as the dependent variable, and a total of 17
environmental factors including stand factors, site factors and climatic factors were taken as independent vari-
ables to construct the stand-level mortality model of Cunninghamia lanceolata forest.The variance inflation fac-
tor (VIF) was used to exclude the factors with large correlation between environmental factors ; the three model
evaluation indexes of Akaike information criterion (AIC) , Bayesian information criterion(BIC)and —2log-likeli-
hood function value (—2logl.) were used to analyze and compare the fitting effect between each model , and the
mean absolute error(MAE ) and root mean square error (RMSE ) were selected to compare the prediction effect,
in order to select the optimal stand—level mortality model. [ Result] (1) Except the mean temperature of the
warmest month , the mean temperature of the coldest month and the number of frost—free days, there was no mul-
ticollinearity among the other 14 environmental factors (VIF<10).(2)In the zero part of the model , the estimat-
ed values of each parameter were significant at the 0.001 level, indicating that altitude, stand age and density of
trees were important factors affecting the stand—level mortality of Cunninghamia lanceolata forest; In the count
part of the model, the estimated values of each parameter were significant at the 0.01 level, the estimated values of
the parameters of altitude and density of trees were all positive values,and the stand age were all negative values.
These values indicated that the number of stand—level mortality stems increased with the increase of altitude and
the augment of density of trees, and reduced with the increase of stand age.(3)By comparing the model evalua-
tion indexes, it was concluded that the AIC value (4 841.73) , BIC value(4 890.01)and —2logL. value (4 823.73)
of the zero—inflated negative binomial model were smaller than other models, and its MAE value (39.429 3)and
RMSE value(116.508 9)were also smaller than other models , indicating that the zero—inflated negative binomial
model had the best fitting effect and prediction effect.The second were the hurdle negative binomial model and
the zero—inflated Poisson model, and the hurdle Poisson model had the worst effect.[ Conclusion | Based on the
results of model comparison, the zero—inflated negative binomial model was the best to construct the stand-level
mortality model of Cunninghamia lanceolata forest in southern Jiangxi.
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AG: Age; MH: Mean height; BA : Basal area; DOT: Density of trees; AL: Altitude ; SA : Slope aspect; SP: Slope position; SG:

Slope gradient;SD : Soil depth; HD : Humus depth; MAT : Mean annual temperature ; MAP : Mean annual precipitation ; PAS : Precip-

itation as snow between Aug. in previous year and Jul. in current year; MSP: Mean summer precipitation.
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Fig.3 Multicollinearity diagnosis of independent variables
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Tab.1 Statistics of environmental factors

i tre/ME e RAH - bRk R 22
Variable Min. Max. Mean + Standard error

Ml /a(AG) 2 47 15+0.16
- 244 1 fm (MH) 2.0 19.5 7.0+0.06
Wi Y/ (m®-hm™) (BA) 0.6 64.3 12.9+0.23
B BE/(N-hm™) (DOT) 238 5138 1398+18.93
T /m(AL) 26 1110 389+3.23
P (SA) FEPER T

Wi (SP) EPERE T

WEES (SG) 0 49 27+0.16
2R fem(SD) 5 130 78+0.32
JE5 98 T J2 PR fem (HID) 0 30 11+0.13
AEEHRE S C(MAT) 15.99 21.23 19.43+0.02
AR 4 B W 12 /mm (MAP) 1 404.10 1 990.00 1621.16+2.39
Hi—4F 8 A 2 M4F 7 A YIS & /mm(PAS) 0.10 5.30 1.170.01
X7 248 W it /mm (MSP) 495.70 855.30 618.24+1.18
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AG:Age; MH: Mean height; BA: Basal area; DOT: Density of trees; AL: Altitude ; SA : Slope aspect; SP: Slope position; SG:
Slope gradient;SD : Soil depth; HD : Humus depth; MAT : Mean annual temperature ; MAP : Mean annual precipitation ; PAS : Precip-

itation as snow between Aug. in previous year and Jul. in current year; MSP: Mean summer precipitation.
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Tab.2 The simulation results of stand—level

mortality model

BRI %
Modelj:ype Parariter M M2 M3 M
TRy L 9.5302(0.8825)™ 9.3879(0.9005)  -9.5302(0.8825)""  -9.5302(0.8825)""
Zero part AL -0.003 1(0.000 5)™  -0.003 1(0.000 5)™"  0.003 1(0.000 5)™ 0.003 1(0.000 5)™
AG -0.0559(0.010 )™ -0.059 1(0.0104)™  0.0559(0.010 1)™ 0.0559(0.010 1)™
DOT -0.8256(0.1198)™  -0.808 7(0.122 )™ 0.8256(0.119 8)™ 0.8256(0.119 8)™
BRIy i -0.9515(0.0846)"  -0.1476(0.9214)  -0.9516(0.0846)"  -0.1612(0.9217)
Count part AL 0.001 3(0.00003)™  0.001 4(0.0004)™  0.001 3(0.00003)™  0.001 4(0.0004)"
AG -0.026 4(0.000 8)™  -0.0333(0.0119)"  -0.026 4(0.0008)™  -0.0329(0.011 8)™
DOT 0.747 2(0.011 2)™ 0.646 0(0.127 6)""  0.747 2(0.0112)™ 0.647 1(0.127 6)™
i 0.576 1 0.576 1

M1 Z R IIAFARERY M2 S R IK 7 — SRR M3 ST AABERY M4 S A £ — IR s Al (BRifEDR 22 ) 5 AL
HEIR, AG DR , DOT SRR BE 5 %2 P<0.05 , ##2 P<0.01, i) P<0.001
M1 correspond to ZIP model, M2 correspond to ZINB model, M3 correspond to HP model and M4 correspond to HNB model;
Estimation(Standard error) ; AL is Altitude, AG is Age,DOT is Density of trees; * is P<0.05,** is P<0.01, *** is P<0.001.
R3 MOKERPERYER
Tab.3 Fitting effect of stand—level mortality model

PN PR
M1 M2 M3 M4
Evaluation index
HAE BAEN] (AIC) 63 048.66 4841.73 63 048.66 4841.76
DL -4 EED] (BIC) 63 091.58 4890.01 63 091.58 4 890.04
=2 FE XTI ER PR B (—2logL.) 63 032.66 4.823.73 63 032.66 4823.76

MR AU M2 R 50— ST M3 AR A M4 R 6 — S0

M1 correspond to ZIP model,M2 correspond to ZINB model, M3 correspond to HP model and M4 correspond to HNB model.
2.3 HEBRIIHIE
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Fd4 MK ERIRERTHR

Tab.4 Prediction effect of stand—level mortality model

PN FEFR Evaluation index M1 M2 M3 M4
SN2 (MAE) 39.584 0 39.429 3 39.584 0 39.440 4
Y7 iR 1% 2% (RMSE) 116.950 7 116.508 9 116.950 8 116.5315

M1 ZEEIRAAAAMSERY , M2 Sy SR I i 67 — S50 A , M3 S A DA AR AL, M4 Sy B £ — S 1
M1 correspond to ZIP model , M2 correspond to ZINB model , M3 correspond to HP model and M4 correspond to HNB model.
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3 ®
3.1 Mot EF

AW S A B, MR PRI FIRR K 2 5 W A2 AR A 4 A B2 PR 70 R0 DR b, AR Ak A
WX AMAM I AR A W35 o BEAREE BRI , AR B8 D | X 5 Caspersen™ 5 T 25 &R JH 2k
ARGERE A BE A5 ) AR 7R 45 TR — 25, 5 3 6 4520 o ok R e VEAS VL i 52 3 R 37 11 48 Skt it 47
BF5T , 15 H B BRI AF I8 RAR 55 2= b 9% A (Larix gmelinii ) N T 408 PRAR S5l 350k B0 5 TE AH G 1 45 SR A
2, 3% ] RS PR R ASWIF ST A2 AR AR Z Sy N TR B 3 AR AR BR 1 15, D88 ) (8 22 B R A0 A AR o0 N 58
G/ NI AR RO D . S PEIE AR, o TR RO A AR XS T IR K 5325 19 5
RIS BT AR ESE N, 5 Zhao SF M ST 245 AR

LR RO AR A B E B o X AT RE S RO A ARTE A K R RO B IR R
T A A, B TRE AR BE 1 1 T TR RS SR AR, NS A AR AR X kiR IR A5 ) — 3. (H
WA FHR I SARP A — S5 R, W Radcliffe 5558 2 % 2 M A< B Y 82 8 0.05 hm? [ 5 F 1l
PEATIFSE 15 1 AL SE L0 AR (Quercus rubra) BRSNS 07 1 2R EA 5 B3 H BB 2 B, KT T 4 o
J2 B JE 5 AW (Acer pictum) $H A5t .35 40 5C , ZEA (Pinus koraiensis ) 44 A A 453 ) = 22 32 3% BE A9 52
Wi o SRMIAEABIFFE R, BRI AL, oA S 3 R AR rp 24 W 2 33 n] BB UM A2 AR N T3 by 2 A
A HE 72 2% T SR A ST SR ARt (g e, RLMCTE A B 5 i A FH 09 1 973 Bt A 709 2245 (R
3 17 PR 3, 80% LA 1 R RE LI BE A T 16°~357,2/3 Z2 A7 HRE Hb A R TR K T 80 em, 2/3 A2 A7 (1 BE
Hb FE 2 PR E R T 10 e, REHBAEIR A7 3 85 | )23 B T R J 8 o J22 J B 22 i) 22 S AN RT3 350y, v
PIAAR B X A 458 B s i) L, 33X 5 2845 BH 2500 FH o KA 295 58 15 Bk (Quercus mongolica ) M ELEAS H )
ZERARZERL

WHD ARG AU A T S AR AR BUAT G o 20 Kim S5 T i [ [ SRR BT YT A 230l
FIFH MSN i A4 AR 3 AP AU RL , TAA ST AR ARG B AR A5 Bt B v H - Y5038 B8 1 T s A S i i 4
Zhang Z5" 15 A2 AR TR Rl AR B R AR P4 0RLRE i FH i o AHASBIEGE b, A PR X AZ AR PR AR
OI R RS AN B2 TTRESE T AT XAZ A A DX F2 B P 1 [A) Y 22 S 55008 A AT REJE:
TR HIE R 5 T — AR AU D 1 RS20, 20 Wou S5A K HE DR - 22 8] %) 22 572 [R5 52 0 2k
ARERE b BRI /K S5 A58 R - 1 20 A1 A% 0, 32 052 Wil AR 70 1 A A RS IR 10 o
32 EBMEHR

A FERI] A2 ARBRAR 3 7K Pl A5 Y 1) 4805 28R A T 00 25 SR 34 LA ZINB B A fe -, L oy HNB #52
B ZIPRERL HP ARSI RY 5 2% o (e LG RCR 1, 2 R B AR Li S5 AS 21 T S5 A S AR [F] i 4521
17T K A 17 S5 R T 3 MOl Ry 48 TR I 37 4K 1V RS AR S B L 45 Hh INB BB R D05 ROR e o 7R
BT AR I, 5545 X242 (Abies fabri) BRAR A5 B8 45 R — B0, (B BA 2 E 15 R R A 45
B Crecente—Campo 5583 T P8 FE 25 E 307 5 b X A4 2R AR % U5 T 28 B0 | 4% S 56 01 Z1P 55 780 7 000 A 57,
AR EROR I o X ST A (9 de (R I A S B A A — i 22 5%, X AT BEJ2 32 P98 R 4 L IX s
FRUBE LA B A58 PR -3 PR R (R 52 >

4 & it

ABIEFE AT PU 8 R A2 AR MO BIETERS G2, AR AR R AIOh R AR S, RABRSY (R L S7 R 5 0 = e
P45 T4 PRIE IR o A 78 B A AL AR KR SRS , RTEM ART R 0 ) R 3R 2R R
WY, A2 AR 23 7K1 R A58 ) 4005 5CR A B A0 2R 32 LA ZINB A Y 5, LR O HNB AR ZIP 578
HP AT 45 2 5 T A0 PR TR 50 5 38 1 52 WA AR MR R 45 ) B 2 DR, i = PR e L e 5
Wil o FE4 e WIBIFTE b A 15 1k — 20 25 RE T S R AROACR A | L 3 AL R S R R 3 A T 55 P 3R e
TR 73, IS AR R RO A i s sl e

B ST KR AT CCOF (FRUBAR A Ak 48 ) T V05 I 33T H (0229-PRC) FVL PG 4 Aol BHE 81T e 10 (41357 & 33
(2021133 5) [AI I XS ABFFE L5 T 1 95 B, B0 &
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