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STUDY ON SELF-THINNING LAW OF PINUS MASSONIANA
BASED ON ARTIFICIAL NEURAL NETWORK

Wu Chengzhen Hong Wei

(Dept. of Resources & Environment, Fujian Forestry College, Nanping 353001)

Abstract The research on forest self-thinning has been developed greatly, and a lot of
theoretical or empirical formulations were proposed. In this paper a method of artificial
neural network is introduced, and a model of three-level feedtoward back-propagation
neural network to simulate self-thinning law of Pinus massoniana is established for the first
time. The result of simulation shows that artificial neural network model can fit the observed
data very well, and it is very useful in practice, which will enrich the research method of
forest self-thinning.
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HYFAZSWER— ARBHRAER, SHEYMBASH—KRFE. B3R 0T /£ %
il 29341- 2 (density-dependent mortality) . MY EEN BAARABHRNLESIE T £
FAMAL TAEH R AR, HEBHMRERERRFABRARFHREEMEHNMEAER Z H
KARM 32 AFENY, SOREYFRE S PORBRERS, BAMIRZ M AESS LR N
ARFERFNY, fAEHRRN SR RL AR 32 BWHY, R, FARETIAX
RN RRE, EREMNBEALRUAMBER LN LR, EARZS5MBERNES.
ik, —SREFKERMAEESERNEE, R0 AERRE LB NEIS SRR
BT XA E M E— RN X T EMMRA. BT 28 5o B8R WRE R R E
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BB BRI R BB G540 S 3SR, MIRBCE BARROL T ARG 5 Y 28 (b i, B, BT
BT KA R ZRMK A B B SRR ik, RRE B BERAKF, o T EBRMAEE &AL
B REAATR, TN T HEERAE O ERNEBMEMEREFE L. Ak, *
E WM AA TR MK L RRERAE MW IV — e [P SR T, KR
TR R S R AR B AR AL B S A AR

T AN TR R 28 1 JR 2 A 55 31

1.1 ATH#EZR%

AL M 4 (Artificial neural network, fiFR ANN) & 80 4E{ LAk E bx b 7 X iy —
ARk ER 2, RHE 20 FRER T ERBAFHW, FHEAEATEE F54HE. A
HANEL IR B SR 5L SIS T 4 AR B BB o8 RIS, {8 B AT ANN 742 RSB0 R 4
RILARIE. :

AT LM R —FE AR EARGH M R AL LTS BB ARE B RN H T
w, KA AR EARBRK A%, BERSIMITIZBRRRA, 74 R AL M2 M %
., HAIREAEN) ZHEZREREREMEERE—FIERMEREMENS BRAR/NGTE¥
IHR, EHITHAREIIPER B ESIHR—MELTN LG, 2INBRELGHE
RERMZEEBIMAR, REBIBERENFERSETHE, MEWHEMERKR, W@
WHTEENERRZEE NS, MERE, RA ALK S SHER B2 MEE LS/,
AREGEHMBZELSTRAGFE. ATMERENXHAERFIGEHAICZBEEMRE N, FE8E
RfRRE R R R ERERE THE N TR BR/RT R,

1.2 ZRREREMEHENER

HAFEDIST SR T A RMR AR R B, R 09 A T4 28 R 48 70 b ik 4R
£ A% Back propagation (B-P) 4R, FEERENBP BEAISKEES, WHEES
HMr, EAYEEE WHEMSEEIIGN, RTIAFMHERFHRLEEI,, MEHRE
SHEME AN R HBAR T AR %) J5RE M. W B-P MARETS% T, MBI F
CRECE BEERA, MIARANRTEMIAN.

PL=)Z B-P M2 44, BFEHARMENINGTFEMSE. ZMERE—-ITHRAR, —
MR- NMEETR (NMREZSERNENESNERER) . BPIE 2T R 4 AR 28 4 0
R A, Cuk=1,2,m), BEHLHLL H %A R B B 2 W) 16 1 B AUE Y — A FEALNE vV,
[ it BE AL 25— AL B  R B B S AR B W U R R & B BT v A 0, Fnify i Z 800
MBME ;. REXZEIFRBAMBPERE A, C(k=1,2,m) #T T4

(1) B ERPUERE (MR Z A E W —HEINE) MEIBEANBATBERES BN

WOFI: b= f(3. A+ 0) 1)

Hepi=1, 2+, p, WIHEBEN Sigmoid BH: f(x) =2/(1+e?)—1 )
)4
() HILH R ITEOBAF: C=(0, Wb, +1) )
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oo j=1,2,°q, (WHAIZ W 30— 241478 M BEHLANE ).

(3) HEHBRATH—RIIRE: d=C,(1-C)C-C) 4)
Hpj=12,q, C/ AMBZHT ] MR H.

@) HERER BT TG — d, Wik e=b,(1 - b,)(jil W,d) ()
Hii=1, 2, -, p.

(5) MEREERTI D ZRTHIEENE: AW, =ubd; 6)

CHRi=1, 2,0 p =1, 2, 0, q, e AFEIET (0<a<]),

(6) WEH L ZHEE: Ar=ad, %)
Hij=1,2, -, q.

(7) MEHABELTCRRE BRTHERDUE: AV,=PAe (3)
Heh=1,2, -, nMi=1,2, -, p, BHFEBET(0<p<1).

(8) MBREEHTHBE: AO=fe, )

©) EHE (1) B (8) RMHHH B, HI j=q M k=m, 5 LERH 4 50205 K2
Z, HEWEFNEHRENTRENRSREN, WEER. ENELES, B-P MEMK
ERWZLREY, WEL)Ig, MENEREAERDPRETHRAER. HETUESD, EI
MAEMEMINEIER b RBERIEREROHAZIG L0 ERENERY B A SMEE
AERE, XEEZREMBERHET, RIEBXESPRNERTRHA, RERT s
4 o AN SR 35 A2 B B AT AT AN Y

2 LDEMBGHAENATHEMYE B-P AR ME

21 WMREHBASEMAKE

Bl X, MALEERA IR, HGALTE AR E LK SIS R,  Jb T DAl 8 04 L bk 5 Wi
WESR, AREmNERE, Bk, £XLKgy, RERER, WEXH, —BRIEIRE 500-
1000 m, SEBPEHFRERE, SERE, WERWN, BEX, HXZE, £FFHKE
14—-19TC , WuKES<E 39.7 C, EREREIBERAREE -11.5C, S PHREAKELE 1500—
1900 mm, WESHAY, BRET-8H, BME1-24, FHEELE 1200—1500 mm, H
SHZE R 80%—85%. TIRIFEHNRFEANSE. WE. KA. TUAS R TR LM, Ra
¥, TERE, FUbNREEPAE, KHS A+ABEKRTF 25 om, HEHEK., ZXEEMH
B A 16 BE VR M SR AR, BE YR A R PP B A2 K (Cunninghamia lanceolata) . B F& #1 (Pinus
massoniana) . Ml ¥ ( Cryptomeria fortunei) . 8L (P. elliottii) K X IE# (P. taeda) %. SR
Pa— M43 TR 1000 m AT, SR ATHBPEREE.

HBRWERHERF, ZHMASERKT S-6 40, WERMBHREFHERES, MEKE
MR HWRITR T, BEENERHER, ZRmE, Sk, ERDBHKRKRZBE SN
BEARMRAFT. HATEEIDREMATHAARRWET 153 inEb iRl FARdEHmHY
0.067 hm’, MALERIFE 520 FZ A, MHEHEE 0.8 HHSEWERE, KZANTF
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. dRiL, B CAs [ RAVR R E A U RS RS AT AR E A, BAEBHE
EM AT 5-20 FHEEINE.

2.2 DEMERMEMAIHREMEEIMET

F B-P W% 3 T AR A TAK B B SE AT B0, L 5— 18 4R Ay T AR A LA 2 BE A 3
VORI g b 22 I 4 2 3 IO R AR SRR AR, 3 B 19, 20 4EA0 T R AN A AR5 BERME S04
A H AR AL 3 BT RL

H T i B-P W% Sigmoid B &M, X—@DRMAIAEEWRNFI (X) ET 3K
$e: E=(X;— S0t 0)/Sma (10)
RS M S, KRR hB/MERBAME, d—/E, DMRIEZIREH E 7 I RKEE
ANT 1 FIE/MERS AT 0. FHRIEE REM A © 4 A5 HUE M D B A A AR B — 4E i 8] JF 5 (E)
EB%, WRBEERS. HAEKTEARXN, T —46EFS: Et). E(t). ~Et) (1)
HUTARNEHIRREE 4T Et). Et). —Et,)

E(t,+1). E(t,+1). - E(t,+17) (12)
E(t,+kt). E(t,+kt). - E(t,+kt) HF m<n,

B E(t,). E(t,+1), - E(t, + ko) FFFMENEIMEHIARE Y, HRFIERMEETH
BAMAGE., AXIELFRTENERE 1| E0MNFH, T9h 44, HiL, RS EEREIHF
KR, FIABTH0)M(12) REBBHHDEMALK 518 FEHEERMA T
o0 255 ) i A G REAN B S I

£ 1 iR BP MEIIGE
Table 1 Standardized back propagation training set of the network

IR A W EIREHA b:ti)ok g
Learing samples input  Expected output Learing samples input  Expected output
0.7282  0.7178  0.6342 0.5872 0.4430 0.3826 0.3490 0.2819
0.7178  0.6342  0.5872 0.5436 0.3826 0.3490  0.2819 0.2483
0.6342  0.5872  0.5436 0.5034 0.3490 0.2819 0.2483 0.1946
0.5872  0.5436  0.5034 0.4430 0.2819 0.2483 0.1946 0.1443
0.5436  0.5034  0.4430 0.3826 0.2483 0.1946 0.1443 0.0839
0.5034  0.4430  0.3826 0.3490
RAZRRER M (B-P) MEHBBER—N A, BABRNIZATE BERBEIAY

AL FESE RS HF RS EE F4r B 0.65 1 0.45, 2R 4 Fh AR BRI E B V1 IR
(0, 0.3) Z AR BEALEL. I 4% 5 b A H=;(Ai—ci)2ﬁ€%&mzﬁimkm, FARBEMAMN H &

FE/A, BEAR (1) —©9), £33 12850 wWizE, WiRE H=0.0102 BT &K/, EIH
H. B-PERFITE2.

W42 TR A EM S AL R E 3. TUER, MELLEIEUABRESAWE
B, ULBAATMEM SR TDREMALNBRMAPRETITH.
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Table 2 Back propagation model of selfthinning law of Pinus massoniana

BREZB{i Threshold value in concealing layer -0.03864 0.005308  0.1163 0.1143  0.05594
WABRSBREREEMML Linking value between 0.3677 0.3059 0.1722 0.4352 0.3687
input and concealing layer 0.3740 0.4547 0.2604 0.3464 0.4094
0.2960 0.2169 0.2024 0.3623 0.2827
RERSHEEAEENE Linking value between 0.2834 1.2018 1.1223 0.5809 1.5292
output and concealing layer
M ERM Threshold value in output layer 1.1989

%3 DBREMAHDRENEESHIME (Individuals hm?) H&
Table 3 Comparison of observed value and simulated value (Individuals hm?) of
Pinus massoniana population density change during self-thinning

Fi UK -3} BlE i WE{E B Ei WY B
Age (a) Observed value Simulated value Age (a) Observed value Simulated value Age (a) Observed value Simulated value
8 3840 3664 12 2925 3066 16 2085 2152

9 3645 3535 13 2775 2853 17 1860 1888
10 3465 3385 - 14 2475 2626 18 1590 1638
11 3195 ' 3238 15 2325 2381

3 B-P A% 5 H AR Y H A

HESLE B-P RSB EYI AR, BRI RBIME, KU M 38 BBl & 47
M2 P B (R 4) . TTAET R A AR B £ R AFBEHY, 2m50% %4
SR BTIR s 99 B A LA 3 0 B MR SO AR R BB, 48 o 2T o S T A SR R B
BERBI D R AT BB, K B-P BB R 5% 0T o 5% 2250 4 10 1 45 304>
Hi LB M Pearson- Il AR A AL IS G5 R MEATLLAE (2 4) . TR, B-P 4B A AR 695 B
P EERE LR R, BT Pearson- T A BARE, MEAARETLTME LE
%K. 48¥5 A Pearson- I B4 A AL /N, T HLZE# LR BB, 158050 45 AL A Pearson-
I B3 Ao, A S BT R T RER T B RCR™, T BP A A B EF %I YHY
fig, WTRAESAARAE RS, — MR TR 486 L ERHE L& T BT TAE, MY
8, MHMERT A piEd, EREESHMEMLA.

4 BPRASHTHEEMHRLLRILR

Table 4 Comparison back propagation model with other models for simulation

BUigE] B-P #% FERAY BRI AER Pearson- I ALK
Item B-P model Power model Index model Pearson- [l model
X3 ¥ Correlative index 0.99 0.97 0.98 0.94
FIRWETHH Surplus square 110804 365874.6 216325 679275
B Precision (%) 96.8 94.28 95.00 95.01

4 B-P BZUHI
RABVI AR S xRS T VIR 19, 20 4819 5 R HA A AR5 e A 047 T
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iR, FHxX 2 ERMILAEA BN BRGE R BTHIE, HEHBMBEE. AESTL, Bk
WERSAWER, 19,20 FROTWBIRFHATRZEN R 1.32%. B ERETHTN S
B, RMTUEREMFR, 3T 19,20 FERNIREMATHEEFTNBRATEER X LR
BHIR. EREFATHEMEEIIN, RRERHERREGSMMEEY, B, BHRAR
MRS ERAFER X, EETIASBEEGMXME, 24 30R M — 4R 8 7 31 3 & W
AT HEMNEREEGNTE, RAOFATX—MXEEERE, AMRET HHREE.

- %5 DRATE (Individuals hm?) THFRERLE

Table 5 Test of forecast results of density (Individuals hm?) change of Pinus massoniana

FEif LR E myE H iR 2 HxiRE
Age (@) Observed value Prediction value Absolute error Relative error
19 1350 1334 16 1.19
20 1035 1020 15 1.45
P-4 Mean 15.5 1.32

5 g

MAGUMRZITE R HSERLRERTHAARBHRAR. DEMATLH B RBH KB
AN IAGE: WA (5-124), ERAARRERSEE, KA LRSS ZE#R
B ARWHNT B (13-204F) , WHRARREEY, WASMRHE, BEAKREMIE, Pk
WHE;, =RAK/WBIBHNB (20 4£)F) , BAMBPEREY, KA MLER, WEHIT,
OB RE. A DIRMATHEE 4R BFIENE, HRAANSEFIIFES
ZEB-PHEBAMELTLRMALHARBRMEEE, FRERRZUTEILN B-PHAGE
WERRG BMATAMNS BRMHISE, B S BIIUN BE AW R Aol 4 7= B B4R 19 &
R, R, HTPKEEIINGE, RBEHTHERSERTERRENZIHSRMALIAA
FERETW, +odEaslld =M. BR A TH LW %M —4Em mFSh R B 7k,
MNERMATH A GEIFH b L BA R EER - R, RERMEESHUWNRD
MAKEER, AT RN BRI IR T —Fh 38 I k.

AT EMGR— BRSBTS 85 T EARE, AR L
HA&MBHANTR, HEESFSBRN T ZRALERT) RESZRIARE I, &IOME
T, EMBINERN, AR RFER/D ST A RS BN, BRI [ A AR
AR, EHERESENEELH, 2ISEMTAEEFTXRE, YFE/FRTE-LHEAR
.

LRMATH GBI RME B BR, o T IDRMWEMNEZMAERAEAEIE LMK
FREMEAEY, TTUEIRINEFERFTHNE, EFEREMETIRE, HEIRBBRATHES
BEEMEA, ATUEIHRELAGRSBEERITR S B-P 4R, PUgER & A 7 A R A
M E.

5% SRk
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