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(1. Z1TE AREFEMBL)R, W7 =17317100; 2. M HTEASXMW R, #7690 3180205 3. Wil fehkk
R SR SERE, WiTE AU 3113005 4. WiVTA ZRARGEUR T Hues , 3TV BT 310020)

WE: [ B4 )] WA E S M TR 1994—2019 F 25a 6] 3 MARLL (K . A £ Ao i@ et R) 200 69 25 4 T AL
ABRETRAEMALYR, HAGEHAREMAERBERE, [FE] AT 6o MEM T AT RELSFEETHIIE,
AR AR B Y AP S AMAERL, BRI 25 a sk 3 ANKEAR AL a9 AR BB A A AR PO R ALHLAE, SETRM 3 R ALAS
[£R ] O& M FTaEZMME R Bursaphelenchus xylophilus J5 VAR 8 R IE% 69 RA) B & & v L bl F L Ak, HE
8 B 1999—2004 SF3i5 2] KAAG 51 T, Meb £ b6 2AF S g B3 meiA %, QZ2mn, i, BEfH
v B A 4 AR K R Ak b R R AR B R S0 89 S B 5 BN 2019 49 14.00% . 24.90% Fo 61.20% #2518 T AR R 4.09% .
7.02% %7 88.89%, & FR AR EAFREG PLAIHEIN 2019 469 24.60% . 29.70% F= 45.70% #4@ THIE 10.07% . 11.94% #=277.99%
[## ] L, SMTEE 252 AFARTREETHLEI M, WHLEH 4RAE” , 9550800 MAAKE
HH e, ke LB B RETHR, ERASHBTE—EHRAIMREHET, AR RGERRETEAAY
SRR A 25 A LA 2 T K AR 89 bk A A A A AR PO B LA B 00 38 bk, xR AL By TR L AU A3, B2 &
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Simulation and prediction of tree species composition change of
forests in Taizhou City

REN Dianting', ZHANG Jun', JIN Xin?, LI Ping’, WANG Yixiang®, GE Hongli*, TAO Jixing*

(1. Natural Resources and Planning Bureau of Sanmen County, Sanmen 317100, Zhejiang, China; 2. Forestry Bureau of
Huangyan District, Taizhou City, Taizhou 318020, Zhejiang, China; 3. College of Environment and Resources, Zhejiang
A&F University, Hangzhou 311300, Zhejiang, China; 4. Zhejiang Forest Resources Monitoring Center, Hangzhou
310020, Zhejiang, China)

Abstract: [Objective] This study, with an exploration of the composition changes among three tree species
groups of pine, fir and broadleaf within 25 years between 1994 and 2019 in Taizhou City, Zhejiang Province, is
aimed to investigate the possible future change trends so as to provide theoretic basis for future forest
composition regulation. [Method] Based on six batches of continuous forest inventory data collected in
Taizhou City, a self-constrained model with nonlinear equations was developed to simulate the proportion of
numbers of trees and proportion of stem volume of three species over 25 years, and predict their future trends.
[Result] (1) As a result of Bursaphelenchus xylophilus and natural succession, the proportion of pine species in

Taizhou suffered a decrease, that of fir species reached a maximum between 1999 and 2004 and then decreased
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slowly whereas that of broadleaf species enjoyed a continuous and steady increase; (2) The proportions of trees
of the pine, fir and broadleaf groups accounting for the total numbers will change from 14.00%, 24.90% and
61.20% in 2019 to 4.09%, 7.02% and 88.89% eventually, whereas the proportions of the three groups in terms
of volumes will change from 24.60%, 29.70% and 45.70% in 2019 to 10.07%, 11.94% and 77.99% eventually.
[Conclusion] The total amount of forest resources in Taizhou increased in the past 25 years and, with a
structural change of tree species featured as “an increase in broadleaf and a decrease in coniferous forests” , it’s
gradually developing into a top vegetation community. Although the proportion of pine and fir trees decreases
continuously, it will eventually stabilize at a certain proportion instead of going extinct. Also, the proposed self-
constrained model of nonlinear equations demonstrated good performance in the simulation of tree number
proportion and volume proportion of forests. [Ch, 2 fig. 7 tab. 26 ref.]

Key words: continuous forest inventory; changes of tree species composition; self-constrained tree species

composition model of nonlinear equations; prediction

FMAE A A SRS, AR T ECWIER SO, SRREAA s AL RHE, B
HNFRIAHERS , WIRRZE o A AE BT AR Ak, DTS DRSS BRARA 40 284, X — IR FR A AR
ARG h BRARAL 23 1028 BR T 5 AR B EE R AT SCAh, s 5 A B BETAE . SR AR B OC,
W, X AR HEA T, TEARMAE S R E R IU T

KM DR A 82— EAE IR ARG T AR AR BIF9E 3l 8 B S B B A REAEL I )
HEAVER . 2R AE 55 5 THOR M B R M S B O T, B MsE i AR K R R R
g3 KGR B RAET ARG B AR AR i AR 5, RS R R MR PR A A ol
RVGE, BEE BN R E AR R, MR 7KF . FERBZKF- ARt A5 2 8T 2 AR, I HAERE & 25 (8] 73 3¢
RN T ] B A 1E W] LA FHAR XS 30 () S BUREURAR B A8 teAh, A IR BE AR e F
WHIE THMNBILE . 25 (] Btk 55 I R AR DL R it

DASRAR Ry FEAS BT R A R RO B A e, EANIE T ORI AR X, SR el o R i
W SRR R AE A S 4L, RS AR AP B AL DX R RS A8 AR Ak, HUR B R 2 AT AL G SR e A K 1Y
TAEUE R, XF AN BRI IR A AL PR, R IR E I AR R R mMHMLR
Bursaphelenchus xylophilus 3 1) f&. %, & MM TSR BRI D, 220 R, A2 28 BE IR 7 Ik
A, TRV R P 2GS IRAE R WG (L aok S 5 A A R I PO X P AR A T 9 6 DLl . A
B THOBEA 15 AR AR &, JFANIE TR IX S Rl 45 10 AR A B S ORI 0 STtk AR &
T RRAAARS e 25 A4 A5 A0 B0 AP R AT 150 S AR Ak il = 5 PR B R D0 64T T BF9 . DI R 5 M T ARAR AR b 245
LAV RES iy SR ST

1 FrRMX 5 7%

1.1 HRRXER

BT (28°01'~29°20'N, 120°17'~121°56'E) i THr VLA iy, SIHFZY 10 050 km’. %X &
B = KU, AR H B R 1.800~2 037 h, 44K H Bk 132~171 d, 4EHFE/KE N 1632
mm, K. B2 GG K M PR A O B B kR bR, R TR RN 7R
Fagaceae [l i Castanopsis eyrei. 11155#} Theaceae I A faf Schima superba 55, W = 24 5 Ay
Pinus massoniana . ¥R Cunninghamia lanceolata 55 . FEFRMISTUA FERRAMAR . FE0F R AR, & RRTR
ML HERTE I RS ATAREENY, R SR RN 67.0%.
1.2 R

BEFH A M 6 9 (1994, 1999, 2004, 2009, 2014 F1 2019 4F) FR ARG 5 1% 22 15 A [5 2 FF H A [E 2 A
KB GERHE J I 58 B0 A5 30 11 A R B (AR AR . O AR S R TR ARMREE Bl ) 43 51 h 379, 390,
388, 388, 388 1388 1>, 1994 Fl 1999 4 2 WA b BOHN 5 10 45 U1 AH LU g A 22 5%, 2 R 3 45 A
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13 MFEHLIEAT T R85 . RSB0 o FE b Y B A2 1 R 00 [ 5 FF b J2 5 52 BIVREIR X R, BVRE Hb Ry B8 R 4b
RS EA M 2B, A5 RRWIBCA R R O A, BIVRE M [ 5 0 B AR AR AN 25
A% o [ EFEHL R 800 m® MY IE J5TE o ARG VR S A 1R R S I T MR b R B8 1 AL AR AR
SafZ 1R, ARG IR A R BAUSME R EE , X T AR B S A AR A A B S a4y RS, [
A5 T 5 A 20 A% 1 FDR T A B A T AT RR LA M AE B R BB AR RPN SR A
WA, T LA R R R B TR ACMAE MR A 2 PR MR A AL R . B T PR AR LRy
W, BT AR RALIE TR AR L TR

TR Z, XA T BV A BLECRY , DR RS 20 ELAT S [R) RE: i ) b SR Ay 4l A T
AT CBEREAR R 3 AP AL . O EIE D BN . BBAS P. thunbergii, BE1LUKS P. taiwanensis . 1A
P. elliottii 5%, HP RN 4% 250, QBRI A . W Cryptomeria fortunei. 7KK Metasequoia
glyptostroboides . A% Taxodium ascendens . %1.%5.%% Taxus wallichiana var. chinensis 55, HHPAZ K 5 48 %)
Z80; QMM ZIEERE Quercus . #%)& Castanopsis. W& Liquidambar, Afif . FiF} Lauraceae 545 .

W TRARMAE AL A FRFN L (B b & R R R IR Se3t, T ARMEEAR AR R ME . 1A .

TS BCRIBR 22 55 W3R 1. b, B/ MAS AR £1 FAKEPRFAGZST
GEIRIELLTE AALERY 5.0 em, MBI Table | DBH statistics of tree species groups in different stages of
1.3 HIEmAE arbor forest

T BT TR EMPEAR G, ST o e beson W/
3R G SR AR B SR B L H B . A R e O [T 0 S N
Pk B ARG P LG A B, AR — T R UEES 110 298 95 85 378
FAHEM . X ERIRR H Tdr HARBR . St 1094 K 2 240 87 82 3.3
A W ZH 1 AR TFIRAG AR REL (A 4 Ui 1 3 S 7 362 88 75 388
BIMRARTAEIET J5 M A3 235 B, Fr DA YR A AR £, WA 103 328 9.7 8.9 3.84
HOXE DL X 3 R AR A, BT AR A S 1099 k2% 2 285 86 78 3.6
TE—, FFRRAEA), TR Fn i 25 1 IS 10 393 86 72 3.5

1.4 BZARER

. , . N i 105 313 103 9.4 420
ot 3 e R el 1K
W%’l NS %) ﬂ:ﬂ 3 A3 RRAZE | A2 - 2 o 2004 K% 54 346 94 35 357
HARRBCL BB B LL B, ¢ ARGy, ATAS . - o 05 78 68 308
¥ = (4 4+ e % 81 332 109 98 462
y2 = (/A 4 L (o fape> i e (D 46 397 100 91 395
y3 = [(1/22)e™2/ + (A1 Ap)e =72/ 1 1! IS 54 396 8.1 70 332
KM H: 4 Ay oy By, AERISE. AR M e ol 40 1Ls 105 543
ZHADNHE L 0<y1, y2, »=<1, yrvtys=l, 4, 0 k% ) 440 106 96 447
A>0, 1, p2=<<0, FrRIAHFTORE S (1) fir 43 AR LR 24 82 44 87 15 381
PR A AR LSRR, () HEFIREE -
. . s 5 st A 4T " - FAZE 41 376 127 104 6.18
52, REmEHESE RN A F0 R ST sote Bk o s 1s es s
PLEHIEE, AR T HERGE S, B 1994 526} _—_— ' ' ' '
fFa -2k 95 459 9.2 75 4.18

By B S, 1999 4ERTAY ¢ B 10 45, 44Kt AT L ESE
BREC1994. 1999 . yi. vy, vy APAEBIEHRIA yior o pao (BRI ). AR (1) WIS
Vieo = tlirgyl =1/(1+ 21+ )7
Yoo = limys = L1+ i+ )7 2)
Y3eo = }i{g% = L1+ + )"

1.5 HRERXEfTT
W BRAE A5 i K ekt , BAHE R Lo By = (V1c0s Y200, 300) AR ER B AT, AR SR THAY
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J1ZDA:
D(yico) = (afl +a§2 +203,2,)/(1+ A1 + A2)*
D(y2) = [(1+ 2’0y + 4707, —201(1+ Ao 1/ (A + A +42)* (3)
D(y300) = [0 +(1+ %07 =22(1+ )0 1,1/(1+ 41+ )"

K Q) o2 ol o SHHER L M7 ERENTZ 2
()4 4L SR T TR SRR AT 6 41, FI AT 2, LI RERITINEEA £ 4
fidrid, R T BRI RENT 00 KT 1, FRLUN R IR ¢ 50, 12 F1 I k1Y o i

B PRECK p(t, k), WIER ¢ 73 A ER % pR AL pa(t, k) M
h@bzp@bﬁ,fzj?@bwo (4)

A @) # 47 XAk i, B AR AE R Excel B9 X N pRECSE IR . % o B B EPEKFE, 4o,
te(K)a 2 16 2 LT 254 -

1(k)aj2 1
J; palt,k)dr =a /2, Lﬂ@mpwthuﬂo (5)

D45 R ELAE Yoo 1) 1—a XA X ) A 34y

[Voo = 11(K)a/2 VDWeo)s Yoo + t:(k)as2 VDYoo)l = (Voo = Alaj2, Yoo + Ara/2) o (6)
%‘l‘](k)(, N tr(k)a%/@u‘F%'fﬁF
1K)y 1
ﬁ) pat,k)dt =, LiMprALkMtzao 7

mu*&BEEﬁYm>tl(k)a VD(yoo) = Al'a E/‘yf%%ﬁ‘j 1_(1, IE]}E, Yoo <1 _tr(k)a/ VD(yoo) =1 _Arn E"J*%%ﬁ‘j 1—-o.

2 HRGH

21 HIETAAELER
211 BMALAGAEARBRE . MARAF ] N 2 FIEE 3 AT RUE . ARECEL BRI AL L 9 R B T A
FIRORLAEE, MAZEILEIRRS: TR, MM ps: EIb, 2025 TR TR,
212 R ARME ., RAERKEAEYERMRETL G40 W ARSI HE FARMRBE T I,
WE 28 () FAMRECE LT, HORRIE K T RIAZ R T, 5 a dE A5 S a SR 25051k Wi JE 491 9
K HE AR BARBOR R A A SR B S W1 0006 SEAR BAREU FfE . AR 5 AT DL . AAZEST- 35 sk A Y
LT, ZRRENS, FIHGEAE BT, RN TS T, MR SO A d R R R
R
22 BEERBREMITER

FETF 2 MR 34, R Stata 15.1 LG AL RBRL, 250 0L 6. & 1 FIEl 2, DAL 1 FIAl 2 AT
12019 4E 2 J5 40 a BRECFI A B TR &0, ARER LU 0145 B FRE AR LU (455 Y %) o, 2,53 901 R 0.239 4 1
0.051 9,

®2 BWARARKEBRE LS

Table 2 Numbers of total sample trees and their proportions by species group

o R FE BB BT ATRE A B L

: ik % 2% ait ik b S ait
1994 6418 1926 460 8 804 0.729 0219 0.052 1.000
1999 6 409 3758 1023 11 190 0.573 0.336 0.091 1.000
2004 7270 6462 3606 17 338 0.419 0.373 0.208 1.000
2009 5420 6990 6918 19 328 0.280 0.362 0.358 1.000
2014 4251 5539 10 328 20118 0.211 0.275 0.514 1.000

2019 3119 5557 13 664 22 340 0.139 0.249 0.612 1.000
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Table 3 Volumes of total sample trees and their proportions by species group

N R RILEAEAM T/ m’? A RILEAE AR FR LA
} ok % % it K i % 4t
1994 214.9 44.9 13.9 273.7 0.785 0.164 0.051 1.000
1999 223.0 82.5 30.5 336.0 0.664 0.245 0.091 1.000
2004 300.7 187.0 77.2 564.9 0.532 0.331 0.137 1.000
2009 268.5 193.3 161.5 623.3 0.431 0.310 0.259 1.000
2014 270.0 242.7 296.6 809.3 0.334 0.300 0.366 1.000
2019 250.8 303.1 466.5 10204 0.246 0.297 0.457 1.000
® 4 BHFHERRE M R AR R AR
Table 4 Numbers of ingrowth trees and numbers of felled and dead trees by species groups
S HEFARRE I RABABR I B 5 alf i /% 5 aRHi /%
TR B M A B BX R M BE BX WS B BX i
1994—1999 1683 2141 833 4657 1916 456 92 2464 2622 111.16 181.09 29.85 23.68 20.00
1999—2004 2321 2397 2894 7612 1466 432 84 1982 36.21 63.78 28289 2287 11.50 8.21

2004—2009 912 901 4255 6068 2656 1537 511 4704 1254 1394 118.00 36.53 23.79 14.17
2009—2014 600 933 5133 6666 1755 813 895 3463 11.07 1335 7420 3238 11.63 1294
2014—2019 420 788 4946 6154 1519 702 1196 3417 9.88 14.23 47.89 3573 12.67 11.58

x5 BHTHARNFHEKRMREN

Table 5 Change of mean single tree volumes by species groups

= oL X7 p AT SR EARAA R LA
FAZE Iz it 2k Jse ) (IS W 2422 12k
1994 0.0335 0.023 3 0.030 2 0.031 1 0.901 1.295 0.696
1999 0.034 8 0.0219 0.029 8 0.030 0 0.857 1359 0.631
2004 0.041 4 0.028 9 0.021 4 0.032 6 0.518 0.740 0.700
2009 0.049 5 0.0277 0.0233 0.032 2 0.471 0.844 0.558
2014 0.063 5 0.043 8 0.028 7 0.040 2 0.452 0.655 0.690
2019 0.080 4 0.054 6 0.034 1 0.045 7 0.425 0.626 0.678
*6 BARKEHWUMEER
Table 6 Fitting results of self-constrained models
e P e ZAL
A A 2y 7 72
e R4 e B AE/ % R YClEN
24 1.718 0 21745 8 -8.780 3 -56.058 8 Y1eo 4.09 R 0.996 7
R it 0.168 4 4.833 8 0.896 5 4617 1 Y2co 7.02 R 0.989 3
P 0.00 0.00 0.00 0.00 Y3c0 88.89 R} 0.992 9
SR 1.1858 7.743 6 -9.080 6 —49.356 3 Yleo 10.09 R 0.996 4
MR Frifi2E 0.1230 1.983 6 1.1312 5.678 8 Y2e0 11.94 R 0.987 0
P 0.00 0.00 0.00 0.00 V3e0 77.99 R} 0.986 1

23 WRBRXEMEITESR

MR TR XA AT SEPE Y R 95%, B a Gi—HX 0.05. 4% ¢ (H¥ R H R 2 tniEfuik 2
AT IUE . SUI A3 A X AR T 25 Y 95% A 0 T BRAN PR, Bl anAn 2 FRIEAE 1.50%~7.63% HIHER A
95% . EA 53 A DX ) Ak T BR BRI BR (A K T3 A T BR AR EE R 95%, I QA kER L5 A i BR {5 K T
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Figure 1  Graph of predicted percentages of the numbers of trees by Figure 2 Graph of predicted percentages of the volumes of trees by
species group species group
®7 KBEfEiTER
Table 7 Results of interval estimation
DS/ D R 1 R 1 S 1 441
L B B XU U ; ) PR AT
R VD) T Map Ao G0 G TS IR/ FIY (R 5 /1]
% A% 1(2)a2 (2 a2

TH/% LFRR/% #2), TR% t2), EBR/%

Mk e 4.09 0.0082 09811 0.0150 0.0763  0.0259 0.0355 1.50 7.63  0.0210 2.10  0.0650 6.50
Hef] e 7.02 0.0135 09825 0.0267 0.1286  0.0435 0.0584 2.67 12.86 0.0371 371  0.1099 10.99

iRy 88.89 0.0210 09828  0.7983 09571 0.0906 0.0682 79.83 95.71 0.8272 8272 09407 94.07

A Ve 1007 0.0204 09804 0.0364 0.1890 0.0643 0.088 3 3.64 18.90 0.0513 513  0.1609 16.09
el v 1194 0.0240 0.9805  0.0435 0.2231 0.076 0 0.1036 4.35 2231 0.0612 6.12 0.1901 19.01

Byl 7799 00430 09805  0.5990 09176  0.1809 0.1377  59.90 91.76  0.6552 65.52 08851 88.51

2.10% WIMER N 95% . [ FE M43 A5 1 BRFe s BRAE /N T x4~ EBRAYHER K 95%, B AnAs SSRRE L 31 )
W RAE/NT 6.50% HIREZE K 95%

3 3t
3.1 BRI RN TN R

AWFGER] . SIS AIRRE L BRI R L I TR R S s N R, 228158 EIHE TR, 237
PR I . [ AR RR LT HA A T 1994—2019 4F 25 a [B] & MM T IR AR 3 SRRl 2H o bk 5 1 51
MR A AR AR 1O

A A2 R SERRER L ] A B PR A 35300 R 4.09% . 7.02% . 88.89%, A FRLLAFI R 10.07% .
11.94% . 77.99%. 1% 95% WY FTSEME, A2 A2 28 0 Il i bk B30 b ) B B 4 A B0 DX Tl £ 11 53 51 A
1.50%~7.63% . 2.67%~12.86%. 79.83%~95.71%, # FL Lk 6 53 5 A 3.64%~18.90% . 4.35%~22.31%.
59.909%~91.76%. M X [E Al 2B . A8SE . A28 L ik SR B LL B AR BR 43 K T 2.10% . 3.71%.
82.72%, 4 ill/NTF 6.50%. 10.99%. 94.07%, #FLELHG]53 51 KT 5.13%. 6.12%. 65.52%, 43 il/NTF
16.09%. 19.01%. 88.51% WIFIRENE R 95%. AT UL, FEM-BERE G X U, AR L olfs 25 & f iy,
AAGEANZR, B UARG — B, X S50 ATRECHABNS, 20 Hud) eha2ems &, ok DUAK
Lo il — EAELE

AL RYT: ASIEAY MR RS o, DU B4R F A, A2k rE 7, HAl
SRR TR BRI RS B, (0 BT EE LA SRS AR, UM AR LR £, et
FKEMAHMAM R LA, M 1994 4E11) 0.901 T (%5 2019 4F 1) 0.425, [EM 252K M HLE M 1994 4
) 1.295 T FEE] 2019 4E11% 0.626, A LS. FARM B AR AL S 30 T A SSRAZ M bR EIOR B L f51)
AVINT A BB L], IR SR A AR R, BRECER B R T A AR B

AR AR A 25 5 R R A T R RE 25 5% 0 ARTFFE R . N 1999—2004 4F 3% > 5 45 1
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TEUR, AR ARMRBEFE R IR, SER R A TR, 15 ARSIV 9 7 LoD, B2k
HPFBI R R BT, A2 A IR IS oL, iR i 28 ORS8N, B0 R B K 518
32 $HEEEHNEERE

ARWFFEFRIA . LIRSS N EAIRE BN 2004 459 105 A FRER] 2019 4R 414, 18T 60%; Fk
B AR R 5 EE 3 B 1994 4R 1) 0.729 1 0.785 BATE T & 2 2019 4E 14 0.140 1 0.246, [ BEAR
o PSS BT B Y S 2 S R A A R A AE 1, 2019 4F, WV A BT A A 2 HOR R A TR
29.88 JThm®, F¥EIRALFEAAI IR 413.74 TIREPY . IARBESE T LIE Y, FAZSHRAG R 2R 2 . Bl
PR O 0 B A DT, IR R MR R RN T SR AR BB B/ T R R R T 1 A1) A
o BN G 298 G e, TN T MG N R, T IRE AN, B RTE ik
AR, R RS PHEAR AR IE G SRR b AR 25 S, Xt T BT A RO () R T A
MBI 3 22224

A2 20 o B B B L 091 B B R L 0 1994 28 2004 4E[R]3E N, HF 4808 . AR A RE b E
1994 AR (1) 22 AN ZE 2004 4F 14 54 A, 170 [R) B A AA AR b AR Ak TR, U BH A B 3 15 M T e AR
DR E L. WEFEHEE A TR, 2P REAR G4, Il TAFRRE N TR, ARG
Z . (B AREA W R, AR R LU AAZSAIE, JEFRIE AR FE AN SEmE &, (L LE R 2R AIRAR
%, EMTAZWMMEREINEE, REELWRRR L, Egm TR,

i 28 R S R A HL B 1994 4E 1Y 7 AN G N & 2019 4519 95 A4, R ECEL 1] A AE AR B 41 43 S A
1994 4Ef4 0.052 1 0.051 | FF5] 2019 4E 1 0.612 F1 0.457., #E R ARKRE L %HE M 1994 4E 1Y 833 ¥k | T+
2019 411 4 946 A, RIS UE ARSI 48 504 I, XFEHAZ2E, BRT 1994—1999 J& 1.6 fi57h, HAx
JE 335U b MR 3 W A SR AR T AR S 2/5, R RS R A3 i = A LU LA i
OR TS ge bR, KRB LB MORURRR 25 A PR3, o8 75 5 I 2l PR ORI R 2 VEE A R 8 oy o P A
QWA T FARZE 2GR, M T RKEM “Frokld” |, @ E R R A S IE T 5 FME Fa A sl A 2F
A I A TR SR AR A PR AN 2 s DB AT AR AR S R GEIATR B3R =, LR B Y
T, ARG I T S ARES X R AR AR SRR (DRAR LR U T S BT MAMBE IR Rk, (RLIR] A
SR REAM R IR Y K PR T 2s [h] ;. OREE O ORWIHE T, WK, RN B Se B R Y TE S )
TR, JEBWREIR, R RRR UL RREK, BZ A B RS R T A IR T AR R Y,

— MR U S i MR O B TR AR VR, B R AE S IRE, (H i & A SRS SR il
AR THEYZREER RS A S TIRE A . ZEFS IR Ze RO A RTHE T, FAZSRARLF 09 SO R A
MR, A2 R R AR, JEHR R R B L e B A . AR R M RIAZ 2Rt
BIESRAE TR, (HIRZS L—E W L BIAFE A 2 T

AR 3 R AR A 5, H 3 AR AL % BRSO B U TERRE B K o TR AR BRE Hb 55 A
2004 FEFFIRFAKRE , (B EMRBCR B BUANE RS K, BB DA X 2 B ARSI R . T g R A
42 58 P ZRR AR AR E DL i, X P RARA R BB K, 2R i T B o K S EOR FE i, X
T B Y s R AR
33 AEHEEMESARE

ARG S — A IR T AR B ARLAE, T B R MBHE 8 . T 2 AR A B oy
BRI ES 2 AR s — TR AN JE 200 A4, USRS A 2 A8 0 D) 2 st g AR R AG: 56 (14 B 1
AE o, BARIEERNEER; R 6 AR ARMBE T A Z B2 AN, 11 3 B WA A
13 %3, JHBARATED), (EAEMAHISA M, A MNTRAMAE G HAL S, A i LA 1 2 A5
ST, TEARMBEHAE 2, TeARMEE b AR b, 3k 48 50 ARG 36 1 B T RRIST . T LA A
FER T AL A T AT SRR B A AT O ik

K () BHA 4S5, EEEEE A 6 4, AmERA 2, USRI H BN 2 M/
A ¢ 53 A A TR BR A A W DR A T T LRI AR T RE /N T 0 KT 1, BTG T TR TR,
RISRFH T #UR ¢ o3 AL, AN BRB L AR B 23 A 95% T BEMEAE 1.50%~7.63%, KF 2.10% K FI fig



55 40 45 3 4] fEHLHEST . 3 M T TR AR Fh 45 44 22 AL Tt 615

Mh 95%, REALRSZMEN.
4 i

JRLRPETT RRLH 11 24 RO 25 A AR R P T K DX IRt A 2H 548 RS R TN . 2 S e DX B ) B AR AR AL
T, (HRNRE R R FE AN o 25 a [A] 5 N i TR ARG IR S AERF LRI, (H2 3 “BHmiia g 7 g
OAZ AL U 8 T DL I A AR 0 P AR R B8 A R EL IR RS2 A, @2 iR sgm, 2280
BITE 1999—2004 4[] 35 B 5 KA G TR T BE, AREBE ELAN /N, DRI 209 Ll SR BUAFEE L AR B
e, g AR ARSI AR AE N, (SRR e —E R B STHET . X RH
G N AR S R G IR W12 DA AR ON 3 L 540 T A B A AE R ) I T R

5 5F it

[1] ZELLER L, LIANG Jingjing, PRETZSCH H. Tree species richness enhances stand productivity while stand structure can
have opposite effects, based on forest inventory data from Germany and the United States of America [J]. Forest
Ecosystems, 2018,5(1): 36 — 52.

(2] BERRNE. MRS IM]ABITRR. dLat: dE MOl R, 2006: 165 — 169.

XUE Jianhui. Forest Ecology [M]. Revised ed. Beijing: China Forestry Publishing House, 2006: 165 — 169.

[3] TAYLOR A R, CHEN H Y H, van DAMME L. A review of forest succession models and their suitability for forest
management planning [J]. Forest Science, 2009, 55(1): 23 — 36.

[4] Jr SHUGART H H, CROW T R, HETT J M. Forest succession models: a rationale and methodology for modeling forest
succession over large regions [J]. Forest Science, 1973,19(3): 203 — 212.

[5] PACALA S W, CANHAM C D, SAPONARA I, et al. Forest models defined by field measurements: estimation, error
analysis and dynamics [J]. Ecological Society of America, 1996, 66(1): 1 — 43,

[6] MEDLYN B E, BERBIGIER P, CLEMENT R, et al. Carbon balance of coniferous forests growing in contrasting climates:
model-based analysis [J]. Agricultural and Forest Meteorology, 2005, 131(1/2): 97 — 124.

[7] IBROM A, JARVIS P G, CLEMENT R, et al. A comparative analysis of simulated and observed photosynthetic CO, uptake
in two coniferous forest canopies [J]. Tree Physiology, 2006, 26(7): 845 — 864.

(8] ST, ZF3L. /N2 SR LIRS SN [T A2 752441, 1998, 18(1): 38 — 47.

SANG Weiguo, LI Jingwen. Dynamics modeling of korean pine forest in southern lesser Xingan mountains of China [J].
Acta Ecologica Sinica, 1998, 18(1): 38 —47.

[9] SHUGART H H. A Theory of Forest Dynamics: the Ecological Implications of Forest Succession Models [M]. Berlin:
Springer-Verlag, 1984.

[10] MLADENOFF D J. LANDIS and forest landscape models [J]. Ecological Modelling, 2004, 180(1): 7 — 19.

[11] YEMSHANOV D, PERERA A H. A spatially explicit stochastic model to simulate boreal forest cover transitions: general
structure and properties [J]. Ecological Modelling, 2002, 150(1/2): 189 — 209.

[12] VANCLAY I K. Modeling Forest Growth and Yield: Appli-cations to Mixed Tropical Forests [M]. Wallingford: CAB
International, 1994.

[13] KORZUKHIN M D, TER-MIKAELIAN M, WAGNER R G. Process versus empirical models: which approach forforest
ecosystem management? [J]. Canadian Journal of Forest Research, 1996, 26(5): 879 — 887.

(14] FAK, HEES, RIERE, 5. M S LARAAEY LRI A SRR 047 L] Wi IRl BHE, 2017, 37(6): 51 - 56.
WANG Dongmi, QIU Zhimin, CHEN Zhenghai, et al. Native woody plant resources and their characteristics in Taizhou [J].
Journal of Zhejiang Forestry Science and Technology, 2017, 37(6): 51 — 56.

[15] W5 2%, sk ETE, 2238 55 BRARSTIR— 280 A 5 S A Buia il Sl & 0roe (1], #rvipoll R, 2016, 36(6): 8 — 14.
TAO lJixing, ZHANG Guojiang, JI Biyong. Research on data control and fusion of continuous forest inventory and forest
management inventory [J]. Journal of Zhejiang Forestry Science and Technology, 2016, 36(6): 8 — 14.

[16] ZELLER L, PRETZSCH H. Effect of forest structure on stand productivity in central European forests depends on
developmental stage and tree species diversity [J]. Forest Ecology and Management, 2019, 434: 193 — 204.

[17] KAZMIERCZAK M, WIEGAND T, HUTH A. A neutral vs. non-neutral parametrizations of a physiological forest gap


https://doi.org/${refdoi}
https://doi.org/${refdoi}
https://doi.org/10.1186/s40663-018-0150-2
https://doi.org/10.17221/73/2008-JFS
https://doi.org/10.3321/j.issn:1000-0933.1998.01.006
https://doi.org/10.3321/j.issn:1000-0933.1998.01.006
https://doi.org/10.3321/j.issn:1000-0933.1998.01.006
https://doi.org/10.1016/j.ecolmodel.2004.03.016
https://doi.org/10.3969/j.issn.1001-3776.2017.06.009
https://doi.org/10.3969/j.issn.1001-3776.2017.06.009
https://doi.org/10.3969/j.issn.1001-3776.2016.06.002
https://doi.org/10.3969/j.issn.1001-3776.2016.06.002
https://doi.org/10.3969/j.issn.1001-3776.2016.06.002

616 WroIL R R K A R 2023 4E 6 H 20 H

model [J]. Ecological Modelling, 2014, 288: 94 — 102.

(18] &, A, Tk, A5 TP X B AR N TR B RAIE AT (0], MOk RL#AIFSE, 2019, 32(6): 48 — 55.

DAI Dong, PENG Chucai, HUANG Xin, et al. Community succession characteristics of Pinus massoniana plantation in
central Hubei Province [J]. Forest Research, 2019, 32(6): 48 — 55.

[19] 22285, K, WA, A5, AAPFZR P AT HT LA BREE SR 22 55 FAN (D], MRl 2835, 2009(8): 68 — 73.

LI Lanying, GAO Lan, WEN Yali, et al. Environmental impact eco-assessment of pine wood nematode in Zhejiang Province
[J1. Forestry Economics, 2009(8): 68 — 73.

(20] FHEse, WRisC, #mk, 5. 20194 F A E AL HURG e 2007 (1] v [ ZRpofig t, 2021, 40(1): 32 - 37.

PAN lJialiang, YAO Hanwen, DONG Yingqian, et al. Analysis of the epidemic situation of pine wilt disease in China in
2019 [J]. Forest Pest and Disease, 2021, 40(1): 32 — 37.

(21] A ST S AR 11CS AR R A RSl A HUA L] AR 2241, 1995, 6(1): 11 — 13,

PENG Shaolin. Comparison of the growth dynamics of the 1st generation and the natural renewal generation of artificial
Pinus massoniana in Dinghu Mountain [J]. Chinese Journal of Applied Ecology, 1995, 6(1): 11 —13.

(22] T2, AR WTTR I SRR MEE R AR5 AR B A FUAL (0], A2 5771, 1999, 19(3): 318 — 323,
DING Shengyan, SONG Yongchang. The comparation of photosynthesis physi-ecology of evergreen broad-leaved forest of
Tianton National Forest Park in Zhejiang Province, China [J]. Acta Ecologica Sinica, 1999, 19(3): 318 — 323.

(23] VEBUE, WU, BR KRG, 5. DRI R L DXCRARARARAETS 2R SR IR (0], A= 257741, 2003, 23(7): 1415 — 1422.
WANG Dianpei, JI Shuyi, CHEN Feipeng, ef al. A study on the species diversity and succession situation of natural forest
communities in Nanshan District, Shenzhen City [J]. Acta Ecologica Sinica, 2003, 23(7): 1415 — 1422.

[24] COELHO P A, SANTOS P F, de PAIVA PAULA E, et al. Tree succession across a seasonally dry tropical forest and forest-
savanna ecotone in northern Minas Gerais, Brazil [J]. Journal of Plant Ecology, 2016, 10(5): 859 — 868.

(25] Zetgte, BoCE, PERRIE, 55, RN TR A AR E BIPERCR 1], Aol B, 2014, 50(5): 90 — 100.

LI Tingting, LU Yuanchang, PANG Lifeng, et al. Initial effect of close-to-nature management of Chinese fir plantation [J].
Scientia Silvae Sinicae, 2014, 50(5): 90 — 100.

[26] fa275. DhRANA S MATE T~ EFh A 5 AR AR ST RET A IS 0] AR 274 (A AR, 2018, 34(3):
71-1717.

ZHAN Xueqi. Evaluation of ecological benefits for Pinus massoniana stand interplanting hardwood tree species after twenty

years [J]. Journal of Fujian Normal University (Natural Sciences Edition), 2018, 34(3): 71 = 77.


https://doi.org/10.1016/j.foreco.2018.12.024
https://doi.org/10.13275/j.cnki.lykxyj.2019.06.007
https://doi.org/10.13275/j.cnki.lykxyj.2019.06.007
https://doi.org/10.13843/j.cnki.lyjj.2009.08.010
https://doi.org/10.13843/j.cnki.lyjj.2009.08.010
https://doi.org/10.19688/j.cnki.issn1671-0886.20200042
https://doi.org/10.19688/j.cnki.issn1671-0886.20200042
https://doi.org/10.3321/j.issn:1001-9332.1995.01.004
https://doi.org/10.3321/j.issn:1001-9332.1995.01.004
https://doi.org/10.3321/j.issn:1000-0933.1999.03.005
https://doi.org/10.3321/j.issn:1000-0933.1999.03.005
https://doi.org/10.3321/j.issn:1000-0933.2003.07.021
https://doi.org/10.3321/j.issn:1000-0933.2003.07.021

	1 研究地区与方法
	1.1 研究区概况
	1.2 研究数据
	1.3 数据预处理
	1.4 自约束模型
	1.5 极限值的区间估计

	2 结果与分析
	2.1 数据预处理结果
	2.1.1 各树种组的样木株数、材积及其比例
	2.1.2 进界木株数、采枯木株数和平均单株材积变化

	2.2 建模及极限点估计结果
	2.3 极限区间估计结果

	3 讨论
	3.1 自约束模型的模拟和预测效果
	3.2 针减阔增的主要原因
	3.3 方法的合理性与不足

	4 结论
	参考文献

