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Modeling Analysis and Method Comparison for Individual Tree Mortality
in Natural Forests with Irregular Interval Lengths
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(1. Beijing Forestry University ~Beijing 10083)

Abstract: [Objective] Tree mortality is a critical component of forest ecosystem dynamics, directly affecting forest str
ucture, composition, and function. Understanding and accurately modeling tree mortality processes are essential for assessin
g forest sustainability and ecological services. However, due to the complexity of factors influencing tree mortality, it rema
ins one of the most challenging phenomena to predict. In the context of multi-period fixed plot data with irregular measur
ement intervals, this study adopts several commonly used individual tree mortality modeling strategies to improve predictio
n accuracy. [Method] Using 20 years of monitoring data from fixed plots in a mixed conifer forest in northeastern Chin
a, we explored effective modeling of tree mortality under conditions of irregular measurement intervals and hierarchical dat
a structures. The study examined three key factors: model form (Logit and Gompit functions), adjustment methods for inte
rval length (annualization, covariate adjustment, and exposure), and data structure (traditional non-overlapping versus multi-
combination data structures). [Result] The results showed that the Gompit function provides better fit than the Logit functi
on by capturing potential nonlinear relationships in mortality. Among interval adjustment methods, the exposure approach
(Gompit-exposure) performed best with multi-combination data, offering significantly improved model fit. In contrast, while

multi-combination data structures slightly improved fit, they did not enhance predictive accuracy, indicating that increased s
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ample size can sometimes add prediction variance. [ Conclusion] This study concludes that the Gompit-exposure mixed-effe
cts model is a robust and accurate approach, offering improved simulation and predictive capability for single-tree mortalit
y in complex forest plot data. This finding provides a theoretical basis for modeling irregular interval-length mortality and
similar ecological phenomena in natural forests.

Key words: Natural forest; individual tree mortality; interval length; logistic; Gompit..
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Dennis %5 (1985) #5HH, LBl R EANIERBIUIENAG E1E, Fi, ERETMREIE T R
H, SRR RERBERZ R ARKEETTET RS TINEN . ML E AR ok IR, Xk — P
T AET AR R . H AT, OO R N ) Z KA R G R (Weiskittel er al, 201
D, HPFEAE R B RSN R T DI RE,  pede T MR H 77k T RORFE T 2R (I
)R (A AR Stk — RO Ay — MRS R, A T Ao e ) 22 SRR SR R AT R . SR, ZE0 [ 5
FEH 0 22 91 2 K BEAT A, TG = R R (1) X DURS B AR SE TR AR R E] s (2) ARV
JE A B2 ] PR S b AL ) s (3) A Bk AT ER AR T ZR M B IR B R 38 LGt e L. IR B AR BT
TR I 200 0 A M T $R v, AR ST N N R B K AN T o AEFE T MR RSB TS
Hetlar, DR R MBI RFEAAAAEREES, SEORWEY (&GN E) A% (Gelman and Hil
1, 2006) . KHEB7>HE T2 Z A TEAMHA 7] 900 58 18] B R it IR AN S A B AR B 45 400 & A AN E T AR A
Re—E WA, PR 75 R IR 3] ) AR K AR IR T 3R B B 48— (WIS [ G 1 AREL 5 ). b4, 3t
TIRAEN— PR WA, RIS AU, Lo/ T 45 SR B, DALk Ak 30 AN A5 S FE )
Bt 5 BN AMASE T MR I 1) AR A A% OB SER N I PR oS BB (SRS 55, 2009; Pogoda
et al., 2019).

AR, B8 RARM PR ARZE T B0 B3R o A2 355 AR I 7T 05 1, AR A8 T A A1 52
FZERBEMAHEAER (RA, 2020; ME%, 2008; Nyland, 1996). A RIFFFIER T 5 mHAIE
TR 2 MOCHAR &, (HIX AR B0 BE T3 (52 WA W] REAE AR RREE B AT BRI IEAG 77 . BG4
W W R PR TR 5 B AR A Y (Dennis et al., 2006,), SR, X 5345 P8 4 i 1 AN 355 IR 2% 5o
ARBETZZRI L FEA T 5, 3K R PR 9 B0 B R 453 R ASEAD) 22 3 T = 7 B el e 00 FE b ) ] Bl ke (B
ircher et al, 2015). LK, VWWEIESCHIRZ IR T AR AT MR ARSI Rk 4T 1 ARADL AN
e, BRI KRR AR BT 1) 3 IR S [K 5 (Hartmann et al., 2007 5F; Das et al., 2011; Cailler
et et al., 2014; Anderegg et al., 2015; Cailleret et al., 2016; Hilsmann et al., 2018; Weiskittel et a
L, 20200, HTHIERIE, @EETE. ARG NI Z 5, AERHISUR IRt BR A K 5 5E
TR Z K R — TR Bk (Wunder e al., 2008; #X{&7F, 2010).

AL G AE LGRS [R5 VAL VA B 00 B ] 3 2 22 e A AL BRARE J2 IR 5 R 7 T PR S8R, [N R B AS [ )
B it SEAE N, DOE il B T AN A 8RR RSB T A . BRI &, AR5
FYECLT R (1) PP AS [F)RR FE 8 S 391 B 22 S B R IR G5 A DT TR R I (2) RRIFXTEE
BT AR SR @7, DU A ROl R ARTE T F ) 2 IRE) R R .

1 5T XL

WX SRR T M I IR R A M B SA MRy (43° 7" ~43° 52" N, 129° 60 ~131° 35’
E), K 300~1 200 m, W3 5° ~25° , R RGBS, TR, FHERKZ 2
360 h, AL 130 d, FHELAIN 10 C, FRKELHN 650 mm. TIEEMJET %L KL LR
o RIRBIZET IR RS IAE MG 0 X 2L AR EAL[15], AR E S, 8 W R A
ik 712 (Picea jezoensis) #4LJ{ A2 (Picea koraiensis)« RV5K. (Abies nephrolepis) 41K (Pinus kor
aiensis); i WLRE A FE AR (Acer mono) WM (Betula costata)~ LH( Populus davidiana) 1%
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(Tilia amurensis)~ /KMMI (Fraaxinus mandshuria) MW (Acer tegmentosum) TEFEML (Acer ukuru
nduense); i WHERARE T H (Syringa reticulate) FITLI (Acanthopanaxsenticousus)~ ¥ (Corulus
heterophylla); WA TN EE (Carex siderosticra)~ LI3% (Spuriopimpinella brachycarpa) %% .
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2.1 HHIRE
Bk A T M TEB MO R &I 2000—2022 FEREEE T KX 5 AN/NX I 106 Bef# E R, #
HOTEIFA N 0.04 hm2. RPN T 5 em MR FIZFR. Bt MRECLEMEPIRES GEEk
BE), HETIXEGMELR, HE TEFEEE (N WOWIAR (BA) DL P ES (dg). XEEFEH
SRIGLTT 3 E] 6 REFIE, MR 2 ER] 12 FR%, EAAGHHE BE 1 iR,
1 HEFCREHIE AN

Tab. 1 Basic characteristics of the three sampling plots

T BB HER B (R
e bR BE O 35 ($§*@E) Mﬁﬁ%gX(ﬁ "
1 19 12 657 - 787 21.1 £ 8.1 983 + 382
2 23 12 648 - 796 154 £ 59 888 + 366
3 22 10 711 - 770 13.9 + 4.7 792 + 301
4 22 14 639 - 761 149 + 57 773 + 209
5 20 5 600 - 695 157 £ 63 975 + 362
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LR SEPE FEVER 4T

(1) P

EMITET, HTHETRBEREREUEN, FUA TR EES T R RIAA P EH A E EAt. Flew
elling &N\ (2002) F77 VAT 10 1 t1 2 8] ) A FH 8 5 AR KSR ERAE AR A AE . ZEA SE RTINS R] (8] & 1A
RIEEEA AL FAETH R ZMEFUE A FIE 2SR (EH AL (1) 58 2) HREE—MRETERD.
RAEMAFEMAR (Ps) AT A 1 PP A0 T MR RIRAG, MUIR KAAEMZ (Pstl) RS 2 X
(3) {5

Pstl = Ps(t0) x Ps(t0+1) x Ps(t0+2) x.. xPs(t0+A)  (3)
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Pmtl] = 1-Pstl (4)

(2) hAZEx:
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(3) HF=L
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FEREH, Shaffer (2004 4£) FEH T —Ff logisitic-exposure B, TR 5h W75 A [F) B 4 52 T2 I 1) 1 F)
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ln[M]=Xﬂ=n (5)
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In [~In (1 —m,,)] = XB + In (A?) (6)
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Fig. 1. Data structures in time series

224 AWML
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SERJHEAT AR, AR AN TOREHIEL L R TE] RO BEATL RSN o A SR AR A B i K AR SRVE HEAT UL
B BENURSON AR NN SIS 1 (1] 5 2087 24 DL N B8 2 RS o AT T T R i e HoE . A 3]
KEEMBEMA IR, S T 12 AR (3R 2D,
R2 12 MRS
Tab. 1 Combination of twele modeling strategie
HIRLEH Data struct BB Functi BHREITRAY

ure onal form adjustment

Annualized
Logit Covariate
Traditional Exposure
(01=2316) Annualized
Gompit Covariate
Exposure
Annualized
Logit Covariate
Exposure

All combinations
(n=4899) Annualized

Gompit Covariate

Exposure

2.2.5 AR IFE

A FENGETHHEWT . TR EE I AT S =05 RO AR AT PPl . Ca) el oh R B35
PERIFES, JRELER AIC 1 BIC {H; (b) i ROC £ FTHIA (AUC) FEEiR/IE (MCE) 1Pl il
BE77; (o) £l Tl FIZE - S MR M R K, DOWSEAS [R5 1 42 25748 8 1) A0 T2 e A T AR
TR B, SR ANR AR S AT B0 5 2 7E A B R A 36 250 b R B T LA R Gt & kAT
WA BHRIRZE (RMSE). “FY¥{RZ (mean bias) UL M ZE AR ZETES (CED, Fifgiit B& THBRM
SR Ak, BN TR ZE D A B R 1 B, DU 8 R AR S B A E

RMSD = \/ZYkﬂ:l (yj ke ~ Tyji)®
m

Bias = Z;(n:1 (ﬁylx,k — Yylxk
m

m
CEI = Z dklny|x,k - T[y|x,k|
k=1

e Hiy g My e A5 k ADMBIARSER A TRIAE TR AMMNIET- 3 m R deh
¥k MERERNES.

3 ZRSMN

3.1 AEEAHAESENEEERIZI

SRS, exposure VETEALGEEUE 4510 F1 2 B2 & Hdls 45 M T O S 8 TH R SE Infafi (3% 3D, Gomp
it-exposure 1 Gompit-Covariate [IBIA T FE /5 A, T EIRLE W UT, Gompit-exposure J7i%H AU
C fEfm (0.803 F10.802), MCE {HHZAK (0.186 F1 0.181), 1M ] 1t 445 Bif 5 1] % At AR A8 5 19 7 =X s
BRI, SR HAR T AR 5 2200, NI BN &5 SR s it o AR T 2 A & Bl gii . AL
T E B N EEN U BT R, XM ZGE SAE Logit AR R0y W] R AH JL T 45 R AE SE
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bR Al & (B 2, % 3). MifE Covariate fll Exposure /515 K, Logit fR74E ARG IIFET: % i 25 T
W5 Gompit BEAHHZEH LT — 3. EEREIESHT, Gompit-FEAU TN VER M ZE B /Do LRE iR ZETREL
(CED) X KEEFMRET TR KNE, 458EKW Gompit- Covariate AATE 1Z 8 s - R A, Gompit-exp
osure TiEIRZ (R 4).
3 B BALHE AN T R

Table 3 Goodness-of-fit and prediction capabilities by the various modelling strategies of mortality examined in
this analysis.

BARLHM D L 7S AUC MCE
BN
ata At LogLike AIC BIC
odel i Est. low.CI  upp.CI Est. low. CI upp. CT
structure ad justment
Annualized -3017.79 10216.71 12562.15 0.596 0.562 0.613 0.231 0.215 0.325
Logit Covariate -4321.65 11022.73 12027.48 0.798 0.765 0.808 0.348 0.310 0.369
fEg 1
Exposure -3958.51 9925.41 10221.32 0.711 0.662 0.751 0.201 0.183 0.235
radit
Annualized -3217.25 13219.149 12336.21 0.678 0.635 0.697 0.289 0.282 0.316
ional
Gompit Covariate -4521.46 10174.377 11997.63 0.803 0.781 0.813 0.185 0.169 0.208
Exposure -4023.80 9898.93 10251.26 0.803 0.786 0.818 0.181 0.169 0.213
Annualized -9927.13 18237.13 19321.53 0.632 0.616 0.645 0.306 0.285 0.326
% &
Logit Covariate -10231.26 15214.23 17014.29 0.798 0.771 0.805 0.202 0.197 0.224
M A
Exposure -11756.33 14986..20 14998.02 0.791 0.759 0.805 0.298 0.271 0.313
11 co
Annualized -993321 18016.21 18945.57 0.605 0.591 0.623 0.316 0.301 0.321
mbina
i Gompit Covariate -11563.10 16351.33 16780.37 0.801 0.793 0.817 0.189 0.167 0.207
ions
Exposure -11570.21 14721.52 13921,63 0.802 0.791 0.814 0.186 0.173 0.208
Functional form —  Logit Gompit
Annualized Covariate Exposure

|eUoBIpE. L

Annual probability of mortality
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Fig. 2. Predicted Categories of Annual Mortality for Individual Trees Based on Different Modeling Approaches
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WA IR SR G, 2 AL B 850 (K R Bl THE R R TR T SR 451 (3R 4). iR
R AMB ARSI XL, FUTHERBRS B HE S exposure THAFEMRZR (R 4). 54
Hm st L, 2 B4l G 8 a5 TR B IRTT RE 77, FEACE I IN Sy S SOt A8 K. ST
By SAUFPHAREER R (RREOE MK RS M, RSt R R mEsh . i
HAm g, FARTHERSET R EARR A DISCbr (B 20, K, £ mAGHIRS MmN TR
TGRS, Gompit LR ZE BN, W] R HHE 45 4 (O MR E LA

® 4 BB EANHE

Tab.4 Parameter Estimates on Different Modeling Approaches

SR ZEHAGHEREN
MEM ¥ ad TR GHAR LT Traditioal
VHE St All combination
odel justment
atistics B0 p1 B2 [ik] p4 5 B6 [ill] p1 p2 3 p4 B5 B6
16.86 -3.03 -0.01 0.50 -0.03 -0.12 6.84 -0.40 0.00 0.02 -0.04
Est. 0.00
0.67 0.03 0.01 0.54 0.00 0.01 0.67 0.01 0.46 0.00 0.02
Annualized Std.Err. 0.02
0.00 0.00 0.49 0.36 0.00 0.00 0.00 0.00 0.00 0.00 0.12
P-value 0.00
6.45 -0.31 0.00 3.80 -0.03 -0.05 0.22 4.65 -0.04 -0.69 0.03 -0.01 0.33
Est. -0.05
0.36 0.01 -0.01 0.80 0.00 0.01 0.04 0.54 0.01 0.04 0.00 0.01 0.05
Logit Covariate Std.Err 0.04
0.00 0.02 0.99 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.53 0.00
P-value 0.00
9.72 0.03 0.00 5.80 0.22 -0.04 5.23 0.20 0.53 0.02 1.76
Est. 4.32
0.03 0.01 0.00 0.00 0.15 0.01 0.01 0.00 0.00 0.00 0.00
Exposure Std.Err. 0.02
0.06 0.05 0.00 0.00 0.04 0.02 0.00 0.00 0.00 0.00 0.02
P-value 0.00
18.31 -7.22 -0.07 0.48 -0.03 -0.31 8.90 -0.63 -0.69 0.57 -0.05
Est. -0.01
0.69 0.34 0.05 0.34 0.04 0.01 0.46 0.01 0.38 0.02 0.02
Annualized Std.Err. 0.04
0.00 0.00 0.00 0.00 0.02 0.00 0.03 0.01 0.00 0.00 0.02
P-value 0.00
Gompit
5.09 -0.03 -0.36 0.97 -0.05 -4.56 0.36 3.85 -0.05 -0.63 0.06 -0.03 0.52
Est. -0.74
0.39 0.06 0.01 0.80 0.00 0.01 0.05 0.54 0.03 0.05 0.00 0.04 0.05
Covariate Std.Err 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.53 0.00
P-value 0.00
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789  -2.38 0.00 0.67 -0.17 -0.04 4.59 -0.26 -0.58 0.52 -0.18

Est. -0.57
0.53 0.00 0.00 0.45 0.34 0.01 0.62 0.00 0.36 0.05 0.03

Exposure Std.Err. 0.02
0.06 0.02 0.00 0.00 0.01 0.00 0.05 0.00 0.00 0.00 0.03

P-value 0.00

3.3 PEMREFARHERLE RV
SATIE , Gromit BREUE AL SRR T logit (3R 5) 7RG RN AL T & 71 77 Thi 72 AH

[7 B o SO R A B 7 v I B S5 M ZH & Logit Al Gompit 7 MAKTRMIBE /1A BEER (R 5),
3 AUC il MCE M E/S[X /A, Gompit-exposure. Gompit-Covariate 1 logit-exposure /AL E 1L,
BEERFEMAKT a =005 ~, HHAGZAAHLTLGIT %R WA, Logit BAMIET EHNLGEL &
Gompit !, JuHZSE exposure 5% FH AR, Kk, FAIFET B ER KRR ERR T HER A
MIERAR VR, X — ASTE R B S L B T L J 5 R

ST S, TR A G /7%, Gompit BIAUEALE & BT T A5 HT (£5) 45 BTk, 4%
ERAEREE AT G SRR I, AT A FRAEAT T HE T SR A AL S8 45/ Gompit-ex
posure R DL K AY ] 22 B4 G400 45 F Gompit-exposure, Gompit-covariate 1%

K5 HEAVEN Fabs
Tab.5 Evaluation Metrics on Different Modeling Approaches

HRs ALY SR HIiR FI KER HRF-
Data structu
= Model adjustment rZ RMSD 2% Bias ¥ CEI Rank
re
Annualized 0.670 0.380 510.50 12
Logit Covariate 0.085 0.051 75.00 6
Exposure 0.280 0.210 230.00 8
Traditional
Annualized 0.250 0.180 297.00 9
Gompit Covariate 0.061 0.053 66.00 4
Exposure 0.025 0.046 39.00 1
Annualized 0.430 0.280 360.00 10
Logit Covariate 0.096 0.068 76.50 6
All combination Exposure 0.077 0.080 86.00 5
S Annualized 0.135 0.090 72.50 7
Gompit Covariate 0.057 0.051 53.00 3
Exposure 0.055 0.060 53.50 2
4 e

4.1. MARIET-HIZHE

WARSET ARy — P SRS, B Rl Ak, FLAe m ia) A a) bR B 25 (K 2 b
SRR ARRISE T I G T DAL R],  (EAE KRR 25 28 G PRS0 5 3 AR 1O BE T2 ek (8] A0 R R 475 B A
IRRBeRE o IX— R MG 1 B ARSET (SRS A 3 IHERE . BUA AU AR EEAREE 1T Wt J0 0@ 5 R A
Tk, BARREW LT ES, ERX—INARBC R R, EELREEE HEA R, B, 2
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Gl AR TR I RSN AR, 7 B E AR AR AT R RE MR, AR
ERFLPRTHRMEE CRARIETR) (BT BB 18] 3 5B, B 22 1) o 55 4 Qi 1) 4dis

IRTAT, IX— T RAE AR U2 B V2 5. Veblen 28N (1996) J:Tix— (R, FIHAMLHM
AN R S B 5 R A ER S &, HENARMAED 52240, JR1, Norden ZFA (2015) B TEER
WY, RIMEAESREE A AE AT PP AR LR QB ARy o, O POL th n] REAFAERORZE S . X R WIAERT TEARAK
SRS, I AP A v RT REAS A2 DA T A Sk (I ah AR I RE, W 7R T AR I U ik DL S AT RO A A A
R

4.2 BEMSIAETY S

AR S SRR G AR L O B R () EAE A R JE B S A R . ARV 25 T MARISE T R0 e,
PR A P R0 308 5 PR Ml AR A3 B RV B N EAT, Sy 2 45 4 5 BPE 23 BT B AN A b 9 R BT A
fEFHMFEZREE CINFIBA), M5 KIAEE IS (Schabenberger, 2002; Shi et al. 2022). MIHRA
FEGEE 3 b h 2% R R 1K 0 2 4500, 34 S BUT ZA5THAMERR, s Ba i ie A S . 2R G AR
BRI AEGE T B ROHAL B ) R A5, A o v il b B 2 1) RV 348 U7 2 — (Pinheiro et al., 200
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