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XA TR, IO R A R g R
PO b X AR AR A AR A EZAK SR - A HR A
kAU SR R iRt 13 A R T4 G

(CHoP koA IRBER . KT B
KT 56T ), W T =/t (Pinus yunnanensis
Franch. ) AR>S MIAREAY e & A B AR 23
i A8 Sl o 3, EHOWHRBE P RDE R A8
gk

XFTIEZ A, SN B I
Hx b B A AR A L2, BT, Y
R Z 7 2B 3 (SR) . B AR 15
At ST S 1 e A 1S e T R B A
BIvh o WAEFRZIT LA, AURYE PIEESE, 17
TE—E MR BRYE, A AT REIE 231kt TUAR A2 117,
WA, TEFNTRRIS, — B N T (0% Fhakrs
SRR R URY  T SR B3I RE
£ 75 IRLE AR i ORI iR U, ISR B YA
e PE YT TR, BRI B 1A
FEMERTREAR K, & Z s A A By AN PR A LA
A E R R A R AT HET, — 7 T 2 Al A Y
IATRENE, SEREIRYE TR %E, 5 —Jrm
o> B ) TR TORUR ™ Az TR A1,

DU LA #47% ( Bayesian model averaging,
BMA ) 2722 i b 6 R AN PEARRL ) o — Ao
TE, 5EGTEAR, EIREUS H— iR
FEPRERY, 27 RS AL A (] N i A m] B B 20
SRR, FHAS AR ) ) B AP 1475 31—
B, ARG ARAE A F S SR THE R S SR
AR E MY AR BMA JrRTEMOL B
WARH], 0 BRI AR A R AT
AR W T ARUGE R 22 A R R T HR
7K EXF BMA REUIFSE AN . ABESE LA AR
i 28 SIS AR N ARSI MO T SE R 42, o
S DL USSR S g 0 R A [ S AT AZ ApR
orEs BE SRR AURE T ZRRRER,
ANV PR B EE A, A EAZ AR B R A K
B

1 B RS 5 i B 3

1.1 FAREXHER
WFFE XA T s B T LI A7, shabase
WA i kAR rE ML X, A ARB LXK,

WA EZOARI L W, R 250~700 m, B
25°~35°, M@ WA XS, AR RR
17.7°C, HOmMKR-7.9°C, £4F H B4 1740.7 h,
AEREK L 1768 mm, AFEFEIARXIIRAE 82%. 4%
IR B AL A By 3, L2
B, RS R T ARG AN (Schima
superba Gardn.et Champ. ), H1EFZE ( Elaeocarpus
chinensis (Gardn. et Chanp.) Hook. f. ex Benth.) .
24 % ( Castanopsis fargesii Franch. ) Fl&H i 1

( Elaeagnus pungens Thunb. ) %5, MT EAIMEYIAH
WA ( Woodwardia japonica (L. F.) Sm.) . 153

( Dicranopteris dichotoma (Thunb.) Berhn. ) , H14¢
W 9 ( Hicriopteris chinensis (Ros.) Ching ) . i
i ( Pteris semipinnata L.Sp. ). *EFTEMk ( Cyclosorus
parasiticus (L.) Farwell. ) 5,

1.2 HiEEE

AW SRRV T 15 A2 A8 B S50 i o

FEHL, BEHLR/N A 20 m x 30 mo 1980 4R FH#RAR
AR, RABEDLIX A piken, & 5 ks
B, U5 A: 2m*x3m, B: 2mx1.5m, C: 2mx
Im, D: Imx15m, E: 1mx1m, GFEEE
53R 5 B BE i /NI R AR U R G RS
100 £k, 200 ¥k, 300 Bk, 400 ¥k, 600 &k, JfxfI
TR S IR AR R, T M A2 A i o 1 AR
1984 —1990 4F 4 4F Il & 1 %K, 1992—2010 4 ¢
2 AR 1R, BRI A ST S AERE AR A KA IR S
A ZES N —FFF R AE KT T, Hd 1986 4E
SRR A R T, 2 S IR R R R LA
B 50 BRI S A4 v o FEI S AR v A R S A
PR E R RE L . T EBA I 2 Bk,
1Bk, 35 B mARE MR IEHAAR, LLRMSHE
PRV . R AR — o R 2 5 A it
B AR

v = 0.000 065 47DBH>°%! 924908 (1)
GBI R AR BRI, A B AR B
Bl M (mhm™), HEHIAR R T4 it W3 1,
AWFFE T SAE S B Climate AP 33k
130 AR AE R RIS DX 2 46 B AR B AR
AR REEER T, RS EOFEY R
(MAT), F¥FEKE (AP), H& AR
& (MCMT), F¥RHdE% (4HM), KT 0<C
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Table 1 Summary statistics of stand variables of Chinese fir plantations
i v B T AR PR ot E SERIAE W ERE
VIR 25 BA/(m*hm™?) N/(tree-hm™?) Hd/m Dg/cm MJ/(m*-hm )
Plantingdensity
Mean SD Mean SD Mean SD Mean SD Mean SD

A 36.22 19.00 1621 120.51 13.71 6.44 16.01 5.83 245.65 156.67
B 41.79 20.33 3160 338.82 12.52 5.79 12.49 441 240.38 140.12
C 44.99 21.45 4465 854.97 12.35 5.96 11.19 4.24 242.03 139.56
D 48.68 24.02 5791 1225.28 11.52 5.85 10.32 4.10 249.43 152.39
E 45.17 18.60 7957 2625.04 10.65 5.11 9.02 3.77 210.22 116.13

K¥ (DD0), EEV¥HEEiRE (SMMT), %4
Z P RARIE ( WMMT ), f5c 8 1 24 15 5
(MWMT ) MEZFER (SMT). 1984—2010
SEAIER G I 2,

*2 SEETF&IHE

Table 2 Summary statistics of climate variables

A A N2

Climate variables Mean SD
) 18.96 0.45
Mean annual temperature/ °C : :
fix A S35 IR (MM
L) . 28.26 0.94
Mean warmest month temperature/ C
et H T X8I (MCM
o fn 2 MEVID) 834 117

Mean coldest month temperature/ C

SELIE K B (AP
i e 179579 27139
Mean annual precipitation/mm
FIERARI(AHM)
Annual heat-moisture index 1645 2.35
T 0CKE(DDO
RB ) 1.48 0.63
Degree-days below 0°C
H 2V Y v I L (SMMT)
R 5 32.10 0.81
Summer mean maximum temperature/ °C
AR AR S (WMMT) 105 0.96
Winter mean minimum temperature/ °C : .
BT IR (SMT)
18.53 0.75

Spring (Mar. — May.) mean temperature/ “C

TE: AHM = (MAT+10)/(4P/1000).
Note: AHM = (MAT+10)/(AP/1 000).

2 R FE

FHT A 7 AR AR o PR A A A
To MR NTHEEAREL (PD) . ik
(A) . B Wi AR (BA) . B2 BURR B

(N), RBRKFEHE (Hd), W5V
(Dg); SN T44% MAT, AP, MCMT, AHM,
DDO, SMMT, WMMT, MWMT, SMT,
2.1 MHBEREEE

AHIF ST RE HERR S 35 B AR AR 1 22 T [ A5
R -

M =By+B,PD+B,N+B;BA+B,Dg+BsHd + BsA+
BMCMT +BsAP+ By AHM + B1o0S MMT + 5 WMWT+
B1oS MT + B3 MAT +3,,DD0 + ;s MWMT o
Ab: MO ERR, Bo—ps WIS HL.
2.2 BMA [FIiE

R y WK BB, Z 2 WA BTG
WEE (B SmE MR R T ), £~
iy Ch=1,n) AERITA W] RE A BL 20 1Y
PRIz E] o U]y IR S8 50 A A -

k
POIZ) = )" P(RIZ)POIfi2) 3)
k=1

K PO | fio 2) RTELE TSR Z FIREAL £, 1Y
FET y WIREIE, P(R|Z) ARG ERHE Z 11
BT f AR B P EAE . R (3) T,
y 5 543 A S B b LU AR P(f|2) AN,
XoF BT A SR 1) s 36y 4 AR A T A ) — 349 e, D
3 AR AR Y P B T R AR s [ v BT A AR )
B MRS (] R A SR B AR K, A A AR A
Bk 6 4>, ABARMELEAT B2 HAE RO TR
RUECER AT K 64 4o DL I 25 B BMA 91
Wk S, XN A BB H, R X AR
EREW T RERE 2R, W
B NET 0 RIS A 2 K7 BMA DT A E
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B X BIAZ AR 3 BURBLRL Y S5 0 R )
YER B REETF 0 1R SR T

P(B#012) = )" PUFIZ)L(By #0) @)

[i€Q

Fob Lo O/ AR 7R84, 24 p el £, I=1,
JRZH 0, QABRZE . — AN PB, #02) <
0.5 RN BA UESE R M X 2AZ A i BUR A2 1L
M2 R 55 0.5 < P(B #012) < 0.75 Fn A 55 11
TEGE W] X R A2 AP 23 3 BUR S AL R S T TR 5
0.75 < P(B: # 012) < 0.95 L/ A MRINIESE R Y] X, 2
KRGy 2 BRI S A F 5 P(B#012) =
0.95 F73 A R IR B UESE R W] X JEAZ AR 2 B
AEALRI R R 7T, 25 X AL AR B B AR 1k
HUSEIRIIN T, PSR T X BT AR Bt (A -

E@Z) = ) BiP(fI2) 5)

H, Bo=EQBIf.2). SRIGHRIEIZAE 5 R
HETHEY , s A2 AR M E AR £ 2
$= A1 P R o= 11 SNV R N Y oy N e U
2.3 HEELEM

AR FE R R? FISF AR R 22 (MD) 1 M
R AP FE bR . —ROoRUE, R MK, MD 4%t
{EH /N, ARG

R=1-) (=10 ) (Y~ ¥ (©)
i=1 i=1

MD= ) (Yi~P)/n Y

APy R &R Y, I (E, VR BE R
XA (E

T 5 i BIL A HCE KO 1Y) 60% A D 45 40 %K
i, R 40% 1E 0 BEECE . 2 %I A A BMA 5
B AR A AR B AR A . BMA S i DL
W A IS N AR (BAS) SEEIPY, &0 A i
step PRECSEBL. FITA BOTHRSTE R AR oE . e
DU BT k5, A Zellner—Siow 74 5
LR TR (B e 2 S CiRv i i

3 HREH

3.1 WA EHENREEIMNIER

B N PAUG BAR T & BB 5 BMA 5
A A KB AL (36 3), {HJ2 BMA Al
T A RN A EH S, MIEET M ERE
BRI AR e (1) REPER 3 FME 1] &
MW, MaEREARRIE R AR AR, i
SEHZ BRI

Hk, FERRIPEMY b, IR B4 R He A A
o XA AR R MM (R=0.99), BMA K
MD }-0.55, %4 EIA%E MD H 0.55, L4,
HRYE A 2 WAl A3, H4E BMA J5 i 350l i A2 AR Ak
SrEEERE A LR, A WA R 25
32 TEEEHLR

BMA 77 4 5 B IESE R A2 AR 3 B A=
K5 PD i (JGHMEE P=0.81<0.95), fA1R®
fUE G 2 B 5 B4, Dg, Hd, A, DD0, SMMT
L SMT IEARDG, SHEHSIRGAAAE (FHRE5E P>
0.95, #4), MEZLEIEEF, EAMSERE
ARBRT S L —eAr i B A, RS
N. AP, AHM Fl WMMT ‘.3 EAHE, 5 MWMT
WERAL (£4),

R 3 WHAEEENASERSEET BMA AR EIHEEE
Table 3 Model selection and its posterior probability (Post prob) of forest volume model using
BMA and stepwise regression model

BT T Jm B 5
Models and post prob

AR B

Variables selected

Mode 11 (0.429)
Model 2 (0.119)

BMA Model 3 (0.102)
Model 4 (0.035)

Model 5 (0.028)

PD, BA, Dg, Hd, A, MAT, DD0, SMMT, SMT
PD, N, BA, Dg, Hd, A, MAT, DD0, SMMT, SMT

BA, Dg, Hd, A, MAT, DDO, SMMT, SMT

PD, BA, Dg, Hd, A, MAT, AP, DDO, SMMT, SMT

PD, BA, Dg, Hd, A, MAT, MWMT, AP, AHM, DD0, SMMT, WMMT, SMT

SR PD, N, BA, Dg, Hd, A, MAT, MWMT, AP, AHM, DDO, SMMT, WMMT, SMT

T AT PRAA AL IR . U IR BRI AT S M.

Note: Posterior probability of each model is in parenthesis. The top five models with the largest posterior probabilities were showed in this table.
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FERIHER Model rank
1 2 3

4 5 6 7 9 12 15
Intercept
PD

N

B4
Dg
Hd

A
MAT
MWMT
McMT
AP
AHM
DDO
SMMT
WMMT
SMT

475 4t Independent variables

4277  2.998 1.763 1.387 0.865 0.052

XU BHER Log posterior odds
e BONREZAER P HEBR A A G, BEARR 1 B 15 RS IR
MK E/NHERF F % . Note: The variables that are excluded in a model are
shown in black for each column. The x-axis corresponds to the possible

models ranked by their posterior probabilities.
El 1 BMA &ty ERERBMEE 5
Fig.1 The model space of forest volume model
determined by BMA method

30p
20} « ® o
= 10}* .' 5 e ?
= L
2 ) L 4 * ) e’y ase o* =
R S TR 30q, 400 500 600
S N S
= I o* * . e
-
—20 } ] ‘
30
o EFUE Stand volume/(m*-hm)

B2 ET BMAEETMUKHSERERE

Fig.2 Residuals of stand volume against observed volume
output from BMA model

4 itk
BMA 5 SR B L%
TEARMFGE T, A5 BMA BRI 5% 4 1] 1

4.1

TR A MG & R SR8 1 P R U R
TR B MIH 5 R 4 [ A2 5 1) PRI T &
FE . R, (R Rk R PEATfES
FPAERCKRIIR S, G AR LLECRET, PAE]
A IA 0 200 FUL B R LU B, T RS o
FEBINES, A RCR A s, BERISS RR AT EERY
AR, A5 FRIAZ D [ A7 20 TR B AN
PR 2 SRR b S S TN A 1 IR AR i AR
RURy e AR, RIVBERUAS B B AN

BMA JiiEA ], B IFARAUE tH—A> By
REAY | TS R AT RE I PRIV DL R 45 AR
FJEBaMER, R A5 SR I BCTE415 81—~
DU, AR5 AR SRR T AR A T AN
T 0y I B ME R gE 7 A i SR R HE R
BMA AUt T 5 K5 S S8, [R] A 45
TEBIRY P J5 B, S S HEE 1 R/ INTA 2545
RIS, A SO 1 ko3 3 B R ) AN
PN,

MR BE R EAARI T B B A S B A
FFATE BMA 5 I8 BRI S A5 B3 g i A 7
(% 3). XRUIMI & BIBAEAE AN
P, HBL R R 2R T X —. A, ZFP
AR o ) e B TR A i . FEARESE T, Bl
L% T N MCMT. AP. AHM Tl WMMT.,
R, AR AR AR AR BRI, W5
i BUESREK R AP AT 24550 AHM XTI
MO K I B R E R o i HAZ X
S AR A6 e H 3R MCMT F4-Z=F-1
AR WMMT WARMEXTAZ AR 3 A K A B 2 Y
YEH o Besh, B4 mIA kb 28 AR & N AR
B &5 BAAHIE . Genell 25050 3 i ALK B 2 1A
BMA AN EFETUARZS S AR & T mH ik,

*®4 BEHEFEN BMA FHERYEREERHSHMEITE
Table 4 The parameter estimates of forest volume model determined by BMAand stepwise regression (SR) method
T H Items PD N BA Dg Hd A MAT
BMA 0.000 1(0.81) 0.249 9(1.00) 0.410 9(1.00) 0.207 7(0.98) 0.189 8(0.99) 3.372 0(1.00)
SR 0.000 3* 0.000 2* 0.265 7* 0.427 3* 0.203 7* 0.250 7* 8.522 2%
T H Ttems MWMT MCMT AP AHM DDO SMMT WMMT SMT
BMA 2.001 0(1.00) 1.414(1.00) 1.976(1.00)
SR 1.135% 0.014 0* 1.444 5* 2.140 0* 3.776 0* 0.765 8* 3.019 0*

VE: *RREEIZS EHH S P <0.05. X TBMAJE, (X5 EHAERPAT0.75/ S 5UG THE

Note: * indicates that the parameter P < 0.05 in stepwise regression. For the BMA method, parameter with a posterior probability P > 0.75 is listed.



3 E &%

BT DU RS AR AL AR 28 B A AR 69

I HLE P BTN P AR 5 2828 [T AR AL

— ke AR AR R 2, RETOR R .
Madigan il Raftery™" UFBH T BMA #5271 kG 4 X}
ANGART B I AT f o B — AR, XA
WFFE P WA 3] THESS . A 0 R (EAHT . iX
SR FAERFEA T, PIRREBAIEREA Y, X
FANEEA, DL 5 2k i MR RE A TA% B2 7 ik
Wang S50 5 20 DU Hir 5 i S AR R TR A AU A%
RIGEATLOES, DMGTTHH APt , IR mRh
T AR RAR R RIARRL, WX /A, bt
W R RS £
42 EHMEAMHERETHHETF

M AR T, B BEE MO
T, ARy, BT TE AR A B g 0% B 4
XSGR GR A (4R — B SEARRR . P
P4 FT-SR  XF 2 pg b B AR AR KA AR
o TEEREARY W2 AR B 5 T4
BAPEFIREDRIEADCER,, BALITTIAH 534k
WEICK . FDAGED TE A BRI RL Fifh AR 43 3 R
T, A O Y FAR S T AR 2 2 AR
RRKMEET, SAMIRER -8, BRITEZRVIHE
JERR, BRI, BRI LLAT AT A [
ARAT SRR AR B T AR A B TR A, R
HHHK, UM 3 B e TR~ R i 4R
FHRTRRET, 25 BERCARAT, WIAR % B AL TS e b vy
M EREHBEIRIEMCKR, YHERE e
FERF, EHREOR TR v 2 A AR L, PR
FE—E KR, AR ST 25 5 1 RE A AT 2
K, SRR, HRMEELZ, O8RS
A AR Ay B R B 2 AR N o R e A Y
K BUREA IR B B IR B T s, B
R JE /N, FE 1111 BR-hm 2 i, E R
R FERE R, ZARMEX IR JEIRAETTIR
SEMEN, WK KB 2B A,

SMEEF, ERP R FE R
8T 0°C REFR M BB A RIEN . FHR
TR PR S M B R U R —
PR UL IR B AR TN SR A AR K . H R
B, ARNTHAERKZERSAITER, IBAaHA
Kt oy, mASMHRASEREE N, &
ZOFHPRA TR, MAZARREREA K, HERE
FN ISR . WFIE R IL AN ( Pinus koraiensis
Sieb. et Zucc. ) K AUE PR MM CR, B

N HRAY BTG R TIPRAERT, THFE TR L
Yilst, ST R —ARRERB R A KR TEAIESE
W, i T ESE IR TR R, R e A X
S, A2 AREWGRIE PREE, PR K B 54
BONAZ A & B BRI ANE B 5 1R

5 %ib

ATIFGE R FHIZE A 1A 7 7 R DL AR A S 45
GIHTASAR N TR 8 R SR A8 e DR A<
HFH R . WFIE R IIZ A [ VR T i B A
ANTE BMA BE 19 J5 B0 A 355 i B T S5 B v
M B M 6 1Y) A BE 6B, B A Il I AR RS L
BMA BADE AR, Hik, B2 RIHZAE B —1
PR A e LAY, iy D1 i S 2R S A AR Al A [ A
RUM 5 A 2[R T A T R B AL, R
BRI e, [FEE, 225 mEZE AT BMA J5
B GERIURAS R, TURASEA N, MCMT, AP,
AHM Tl WMMT, BEAk, X PRP 73 Bir 2 0 L0 Ao A5
RUTRINRE BEAH S o A2 ARG 35 R Bl oA 3 B ey
Wi, SEOrEMAE . RRGE . AR . BT
. AZEFERART 0°C REUWH g .
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Stand Volume Growth Model of Chinese Fir Plantations Based on
Bayesian Model Averaging Approach

WANG Zhen"?, LU Le-le', ZHANG Xiong-qing"*, ZHANG Jian-guo', JIANG Li Ai-guo', DUAN Ai-guo'

(1. Key Laboratory of Tree Breeding and Cultivation of National Forestry and Grassland Administration, Research Institute of Forestry,
Chinese Academy of Forestry, Beijing 100091, China; 2. Collaborative Innovation Center of Sustainable Forestry in
Southern China, Nanjing Forestry University, Nanjing 210037, Jiangsu, China)

Abstract: [Objective] To study the factors influencing the stand volume change of Chinese fir (Cunninghamia
lanceolata) plantations under the context of climate change. [Method] Based on the long term spacing trails of
Chinese fir plantations established in Weimin Forest Farm, Shaowu, Fujian Province, the authors modeled the stand
volume growth in relation to stand variables (including planting density, stand basal area per hectare, number of trees
per hectare, stand quadratic mean diameter, dominant height, age) and climatic factors (including mean annual tem-
perature, mean warmest month temperature, mean coldest month temperature, mean annual precipitation, annual heat-
moisture index, degree-days below 0°C, summer mean maximum temperature, winter mean minimum temperature,
spring (March to May) mean temperature) based on Bayesian model averaging (BMA) and stepwise regression meth-
ods (SR). [Result] The stand volume of Chinese fir increased with the increase of stand basal area per hectare, stand
quadratic mean diameter, stand dominant height, age, summer mean maximum temperature, spring mean temperature,
and Degree-days below 0°C. The model determined by SR method was not in the top five models with the highest
posterior probability selected by BMA, which indicated that the model uncertainty. In view of the posterior probabil-
ity of a model, SR method had lower accuracy. [Conelusion] The stand volume of Chinese fir plantations is signific-
antly affected by stand and climate factors. Compared with SR method, BMA method shows a better performance be-
cause of its considering the model uncertainty.

Keywords: stand volume; stand factors; climate factors; Bayesian model averaging; stepwise regression;

Cunninghamia lanceolata
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