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Abstract; Forest spatial structure plays an important role in the health and stability of forests, so studying the spatial
structure and analyzing the adjustment strategy of Dongting Lake water conservation forest has very important theoretical and
practical significance for the restoration of the Dongting Lake forest ecosystem. This research was based on the theoretical
principles that underlie structure-based forest management. We established a forest spatial structure optimization model to
study the regulation structure and control strategy of the Dongting Lake water conservation forest using the search features of
a particle swarm algorithm, and we combined the multi-objective optimization of water conservation forest spatial structure
with the Particle Swarm Optimization (PSO) algorithm. Four important aspects of forest stand spatial structure are species
composition, intraspecific and interspecific competition, spatial distribution pattern and vertical structure. A number of
measures related to these aspects including the degree of mingling, competition index, uniform angle index, stand layer
index, spatial density index and open comparison index were selected as the objective functions for water conservation forest
health management and optimization of forest spatial structure. In this paper, the entire stand was mapped to the goals
solution space of the particle groups and each individual tree was used as a solution in the PSO space. This was done to
translate the stand space optimization problem into an optimization process. A PSO optimization algorithm was used that

iteratively improved a fitness function, based on the multi-objective function, to identify the optimum solution to the stand
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spatial structure model. Based on the output of this model, we developed a business strategy for the target tree space
structure unit. Based on an analysis of 10 block fixed sample case studies from Changde Hefu national forest park, Taoyuan
Guniu mountain, Huangshi, Longtang and the Shejiaping area to the west of Dongting Lake, the research results show that
the space optimization model of water resource conservation forest in Dongting Lake is used for forest spatial structure
adjustment. The model output with regards to the target tree and its spatial structure unit as the control object was adjusted
in terms of tree species composition, competition regulation, horizontal pattern and layering, using single selective cutting,
replanting and other management measures. Comparison of the forest stands before and after optimization adjustment showed
that the forest spatial structure indexes were very different. The non-spatial structure, tree diameter, species order and age
class distribution index remained unchanged. The degree of health increased significantly while the forest layer index
remained unchanged. The other three aspects that contribute to the space structure index improved to different degrees. The
optimized structure tended to be healthier and more stable while reducing the top target tree competition pressure. From the
overall optimization of the stand structure, the optimization model and algorithm can accurately locate weaknesses in stand
spatial relationships. Management measures can significantly improve forest spatial structure, which can promote the
positive succession of forest ecological systems, become the theoretical basis, and provide technical support for the
restoration of Dongting Lake water forest ecological function and health. The optimization model and algorithm proposed in
this paper are superior to traditional forest management for water conservation forest health management, and provide a new

application of intelligent information technology to forest spatial management.

Key Words: water resource conservation forest in Dongting Lake; stand spatial structure; multi-objective optimization ;

particle swarm optimization ; forest health management
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(Ulmus pumila) 55 ) o AR A B A S MU GORH B | BT e B9 AR AR I 1 2 2 i R T4, 2 g K iy it
JEH A S TE U AR A AR, RN E A 80 A PR Rl B AR AR AR R HEARZ B AR R85 o [ b v
HFEANEOAER 1 PR, SRR R A X PR N AR R T 5 em W& SLARSETTE A S5 S B
KGR A P 28 A AR A5 R MROR 2SR 37 | 25 () 5 AR 95 K0 (G045 JF 1 LU 25, i A B i RUBE  bROZ 48
B s 10 2 BE R A RACHE TEAHR B S PR BR[O R G s (R 5 AR T AR SR AR A0 2 2 TR (LARE i
D1 AL R H])

®1 WEREMER

Table 1 Survey of research plots

SRS A fiRFA B2

FRIBS S RIFRALR Number of L% Land Cano
Plot code  Tree species composition . Soil type . p Y
Survey trees form density
DI i Cinnamomum camphora EHE Quercus myrsinaefolia ARSAF Schima superba = 101 o7 5 1 0.855
WK Liriodendron chinense f4) # broussonetia papyrifera | (S Quercus fabri - k .
D2 H WX Cyclobalanopsis glauca K Quercus mongolica ¥Mll Kandelia candel 47 g il 0.70
D3 HH Quercus myrsinaefolia J#iAR Phoebe nanmu FEH Quercus mongolica 49 413 S 0.70
TR broussonetia papyrifera 54K Melia aiedarch #R4% Pterocarya tonkinesis . 75 H -
D4 e ) : ) 91 Z - 0.80
Toona sinensis . Z& W Morus alba L e
- . ) L e .
X Cyclobalanopsis glauca B Quercus mongolica . ¥ #1 Cortex Phellodendri " e
D 2 21 458 3 .
> Chinensis /K Phoebe nanmu 8 L Bz 0.75
ERi! Quercus myrsinaefolia , 2 A Liriodendron chinense EES Quercus fabri RN o .
D6 96 Z - B 0.80
BetulaBetula platyphylla Lk e
HaiR Ulmus pumila L W Melia aiedarch TA1% Pterocarya tonkinests 5 Toona . .
D7 ) A 102 2135 3
sinensis . Z& W Morus alba 0 L R 0.85
D8 R Cinnamomum camphora ARTJaF Schima superba R Liriodendron chinense | 69 o1 g 0.70
TP broussonetia papyrifera o - ’
M Toona sinensis. & B Morus alba . ¥4 B broussonetia papyrifera i .
b N N N 7 AR 3 .1
0 Melia aiedarch 3 LR fepe 0.75
D10 HH Quercus myrsinaefolia | A Phoebe nanmu , Bx# Quercus mongolica | E3) 38 o1 g 0.0

Morus alba
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Table 2 Homogeneous indexes and influencing factors distribution of different trees in stand D1

H s R
FrRE g Rk R MR e e ek -
¥ R Ff IS [ B Open Objective Uniform Stand A 7/& {tF)q; M$}E ﬁ MR ﬁ‘}ﬁﬁ
. . . Spatial Mingling  Competition Heterogeneity
No. Species Horizontal comparison tree angle layer . . .
. . . . . density degree index index
position index characteristics index index .
. index
index
1 Hh (0.28,0.94) 0.75 0.75 0.50 0.75 0.69 0.50 0.055 1.9577
2 i (0.82,0.33) 0.75 0.75 0.75 0.50 0.97 0.75 0.221 0. 6230
3 HH (0.43,0.99) 0.75 0.75 1.00 0.25 0.56 0.75 0.136 1.1557
4 i (0.28,0.47) 1.00 1.00 0.50 0.75 0.99 0.50 0.193 0. 8430
5 ik A (0.82,0.14) 0.50 0.75 0.50 1.00 0.99 1.00 0.629 0.9408
6 Frfit (0.63,0.13) 0.75 0.75 0.50 0.50 0.40 0.50 0.154 0.9284
7 Ao (0.54,0.53) 0.75 0.75 0.75 0.75 0.90 0.75 0.441 0. 6260
8 HiR (0.24,0.78) 1.00 0.75 1.00 0.50 0.90 0.75 0.174 1.0987
9 Ty (0.96,0.66) 0.70 0.50 0.50 0.25 0.64 1.00 0.029 2.7686
10 Fr it (0.26,0.35) 0.75 0.75 0.75 0.75 0.71 0.50 0.205 0. 9980
11 i (0.27,0.75) 0.75 0.75 0.75 0.25 0.71 0.75 0.196 0.9770
12 HiR (0.64,0.87) 0.50 0.50 0.50 0.00 0.47 0.25 0.087 1.3886
13 A (0.21,0.62) 0.50 1.00 0.50 0.25 0.50 0.00 0.077 1.6501
14 R (0.62,0.24) 1.00 0.75 0.50 1.00 0.78 0.25 0.139 1.0975
15 I AR (0.61,0.98) 0.50 1.00 0.75 0.50 0.78 0.25 0.154 0.9288
100 (L) (0.71,0.18) 1.00 0.50 0.75 0.50 0.78 0.25 0.256 0.7311
101 R (0.53,0.77) 0.50 0.50 0.50 0.75 0.94 0.00 0.341 0.6817
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v,(t+1)=wv,(t) +cr[py —x,(t)] + czrz[pg -x,(t)] (1)
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(3)
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12 Hbras [ R R S, M ARS8 004k H ARTEAR 7325 6] vh 48 5 5 s 21228 n) @l i OC B, AR ST PSO
SR R RS M R % 2 BARIE S PSO IRALTILSS & M T 2 H bRk BF 00 bk 43 25 ] A AL A5
A A AR R MR N B — B R AL PSO il 23 [ Hf i — A, RIVRE 3N R o 25 ] S5 Sk s -
PRI E AR R it 25 1] R PRATEAR 53 P 19 25 [ AL A R S Ay < R A 2 8] H B 67 8 368 3 AR 7025 ] 1Y) 22 H A bR
BB E LT REIA A 10 BE BRI, Kbk S5 2 TR RIS T 2 A SR 5 AT A 2 () b ik AR S R . MO-PSO B
B IR 2 AE TSR S B R IFAT I B A AR 04 T B ZE AR 732 8] 8 S0 A Ak E AR B RROR , 8k e 4 fi 114
SEI ARG T B ) B B B A (] 2548 BT, RIVSE A AR 2 [H] Z5 B 8 AR B SC B
2.2.3 RO E EOH AL

B TEM G2 A AT R — GRS S TR R 1 RAT RS S i B, AR R FAR 48 () 6 8 S8 Ty
2, () FN(2) AT R BT IS A 3 KA B AILAEL , AR AT b A 1) 2 ] 20 A7 2 A o 1, 200 e D) e
B HRL T B ABEGRMOR B2 [ A AR, Sy 1 REAIORE 74— YAk A BT 5 A RE AR AR I3 23 8] v B LR AR
AT EEXS PSO SR P B SR HLHRIAE H 20T ek - A7 ABE BIL D7 2B kL 1 9 o 8 e AT R B (75 X i il
LA B IMDAEIE , R T RERL -5 45 B35 7 7R IR B0 S5 i I MROR 67 8 48 TF 1t B 55 TR+ BEAIL A &
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w(t+1)=x,(t) +o(t +1) +d,,(x;,5) (4)
A, d,(xy) AR AR SRS R BEHLAL S S BT AROR B BRICEE RS, j = 1,2, N N AARIr IARAR
J58 88

(LB 23 72 ae VAR 51§ B8 o d 2 i/ 7 N A 1 5o g A Ve /9 W = R A e T VA e ) | I
—ANBEAL R DAk 2 DX 2 O S [ R T R B AR R A 3G OK TR R s RIS L R kA A
A LB R RA T RE A L TP G B b ) i S BB FMROR B
2.2.4 BPEHTBRE

BHER F o () 2R TR T AT BB i 288, 2 ARAT I B T 75 BT 7R BOR 1 25 (] 1 [ b 4
QP NTii7 R S R vy N TR A e U o | 8 A ) i A g e = A S TN 2 0K 7 S R =/ A 2 3 el
L AR R R P ek il A T AR T

o(t)=w, -t(o, -o,)/T (5)
X, 0, HBERFEKBUE, o, FBEEFRENUE, T ARk R,

TERTEAR S PAARBIR A 0 ) DX, 8 SR T32% DX AROAR i 1 2 42 (R BCBE 7 ) 19 B A, o 5k P -
B, WA AT R AR Bk 32 DX, e B A A5 R TG R BIUE I AL () B (R . Bt & 3 5 542 B 1 LA
TAMFRAAHEE L,

2.2.5 GV EERREL

A5 38 3 3 7 PR SONT AR P A PP, A 1 B R R Ry A A i 25 ]
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BTSRRIV R OB R RO TR RE 1) F s pRE, 0L (1938 107 B2 bR 50T LAAR 31 40 22 F AR ML R A8E 2 ok
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minimize M, = L v; (6)
n j-
_ -~ 4
maximize CI, = ! (7)
j=1 d; : Lij
maximize W, = LZZU -0.5 (8)
n j=1
C c; 1 %
minimize S; = — X — ) s, (9)
3 n j=1 !
r.
maximize D, =1 - —— (10)
rmﬂ
minimize OP, = € Z Ly (11)
n -y
F=(M,CI ,W,S,,D,, 0P) (12)
subject to A;=0.75 (13)
o, M, RS S BT 2 B8R i ROIR ST, v, SR IR A Y IUEAS 1, HUEE SO0 S IR i 555 j Bkl
PBARIAERFIES v, =1, 2, v, =05 CL RS IR ST FHREL, L RS IR SR ] ZEEEE , d, 251

A BMAE, d; ARRABA j BORAE s W, RS BEORBUAXS R, 2, A REREAR & S, EMETREL, ¢, S 1]
B § BRI, o, SEARR B 1t LB SE S M B0 5% MAAR AR 20 s, =1, %2, 5, =
0; D, =S MR @ B2 B EREEL, r, NS BRI B SRR n BRI B R/ VAR 5 o FEARSTHOARAR R AR AR
EREE RS s OP, 2 ZIRM i BOTT I LB, ¢ TP REURE, HIBUEE LR 242 IR 0 SARGRAR j 17K PR
KRTSIW i SHMAj IR RZ 220, ¢, =1,R2Z, t; =0;F RZ BFRPFN IS sRE, XRS5 AR
RIATEE WIRBABIN) MG F IRARARE S A A SCLL H AR R R 35 B SR bR o3 2 8] 3 2 1) A Aol
2y, H BB FR R RS bR 7343 ) 45 K BT R AR R 5 2 A TR A 7 S A A G 2R 2 L TR
R S RO U —Fh RS MRS E R R AR S RS, R AR S R G E R H AR 5t
WL AR RIS ORI i R AR AR A U A, AR R AR PR K A, U E S (1) TRARAFAL R B, A, =1
(2) AL EEVEREE IR, A, =0.75; (3) JeBERERERRN, A, =0.5;(4) S HRIFN, A, =0.25;(5) ARRFN, 4, =
0, FEISEAT & & W 1 B TR o 3k A7 23 ) 8 458, R Y RS R8O B R M R RE R 5 A, R T4 T
0. 75111200 PRI AR S 4 S AL SR Sy < FE MR A3 DA R B SR B IR BB /NI PR OR 43 T] AR AR P (s,
¥i)o
WRIF AL —BR S IR 4 B B AR SR AR 2 (B AL JRCHEAR Y 25 8] G 2R | 45 23 ()8 B T TSR 2 7 7 X b
BARGER RTT R FERE 12 ARSI 0 RUE R 4 R Sl G 1 00, KR Y BE B IR 5 m SRR
GEnp X, G XN RIS E NI . FARPREL(6) — (1) BRSSO SMOR =3 [l 4% Jmg e i BRI 20 A1
HEFF AN Z RN DB DR [B] AR 58 4, DL AR U2 1, PR A AR S0 BREAR S , e 1) LR () bR 4325 [ 2544
T ARZE D, TR AR A AR IR AR S 15% |, BRI ASBITSE ol ER B RS AR 5
1 10% o WIRRLFREA R AL E BELTEAE (NX0. 1) BRATRI AR F, N bk o AR 8, wid 25 i fk
AR AT
Algorithm  MO-PSO

Procedure MO-PSO

Begin

FAMAZS [ AR WA fe BRJZ A2 S5 T B AR i B S B
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WEAEHNEN S 0, 0, m.T.e.1.71,.¢ .63
FEA AR FREA RS AR R B xR e, i =1, .. N X 0. 15
G AL (6)—(11) R R FHE N F, i =1,... ,Nx0.1;
ERARE =15
while (¢ <T)
Begin
WAEIENAE F, BOHORL 1 i) AL p, AR RO E p, ;
Fi R 57 B B HIT AL ) B BT I P 3 R
v(t+ 1) =w(t)o(t) +er[py —x(0) ] +ery[p, —x,(8) ]
x,(r+ 1) =0,(t) +o,(t +1) +d,,(x",,y)
RN FRENEF,,i=1,... ,Nx0.1;
t=t+1
End
iy MR T2 T B e AR B (L e RS M) |, B REAS & 38 038 Moy 2 (B 45 44, 75 B S TR 8 1 25 )
S RA BRTT AR B S BER ( HARRT) |
End
3 £R551%
3. MO-PSO F 78 4551
DIREHL D1 PR AR SCI0 28 (B 25 AL 28 X 52 % RE R 35 0 A AR A VR, IR AR AR B A S em L
AR 101 B, A8 6 AR L B AR SRR AR L X TR A, R b R AROR ZS (R AR AR AR
RS (AR BRI AR i A i, Horp 3050 I iR 25 58 AR T
i3 Matlab 7 %44 5 10D 2 7 IR AR AR ZS (B 554 MO-PSO A58 | B R i S 80 B8 B A0 R L 7400 LR BEAAR
Bom=12, BN TF o, =0.9, 0, =0.4,ERA0%8 7=500, B FASHEFE o AR R BEHL 5 20tk 1725 (] 48
OB [ TR LA B N F ¢, =¢,=0,
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SERA ) SR PTLE
3.2 A E5H ERIT IR L
L MO-PSO #5584 H ) H AR S Hezs (a1 45 0 Bt R iR P i 42 | 3 IR 25 TR Ak 2278 H AR A7 b 2 A
P SEFT KT EE MRZ R SO BTSRRI M, 28 TR R B B P A
SR 3 AR AME 2 LA K A b X TRl R b AU AR AR BN TR A AR B | I RBAIE 4
ARA K20 A 4% i 1 Bt ML 0 A 7 A8 B A 1 R ARG TE pp g ) LR R R e 3 B
3.3 ZERCRITHN
ZLE 75 B A 25 A RS B AR, A RE X A8 () 45 44 7= A 1 TS ), 5 A A R HEA TR . AR
I3 AE R ARAR SO () — A B, HLA 25 6] 7T 43 3 0 P 3R 34 o 1, B DB IR I sz et b o 2288 1 1 il B s R
SEETERT I TAE XS AT 7 R GEANSE IR EE T ARGy (MR BBk B A5 5, ABFSE I FHIZ S8 B il
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Fig.1 The MO-PSO model graphical output results
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Table 3 Target tree spatial structure information and regulation strategies
= A R Fp W42/ cm 1/ m iR/m RN RS E R
No. Coordinate Species DBH Height Crown The reason for adjustment and management measures
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1 N
L=—>Y1 15
v 2L (15)

DAL E LA P PE AT 5 TR A 22 A DL AN 36 4 B | il 7 T H AR S5 6 d5, )5 5 B Ak
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Table 4 The average change of spatial structure between before and after regulation

gy P PR WA AL TR/ %
No. Parameter Befor'e Afle{r Change n:end
regulation regulation and magnitude

1 R AZJ¥ mingling degree 0.56 0.78 a4 39

2 T ATEEL competition index 0.17 0.09 [RAG 47

3 £ ]RUE uniform angle index 0.61 0.54 FEAK 11

4 MIZHEEL stand layer index 0.43 0.44 a2

5 2% ) 88 S 5 spatial density index 0.67 0.52 REARG 22

6 FF i e %k open comparison index 0.44 0.57 B 29

7 PAAR I P8 H0 (13 —1k) Single wood heterogeneity index ( Normalization ) 0.34 0.68 H4m 50

8 FiFh Species 6 6 AAE

9 2 Diameter number 8 8 ANAR

10 R Health degree 0.58 0.72 1 24

11 W 534 Age class distribution L= S N

12 MAIIBEFE S (1H—1k) stand heterogeneity index( Normalization ) 0.47 0.61 1t 29

4 ZigHitie

AT 25 B R R RO IR 7 ) BE I MR IR P A s Jrg R TR S b A B Ao ] 5 4 | 22 J2 TR T L4
¥y, P2 BT R G M AU AR ARZE A ZK IR IR R IR U A S e s (W) 45 4 22 F R A AR ) 2 B Y R P
AE PSO F k5 KA IFATIHARE S 18 3R o0 23 6] B Ess B1 1Y, I b i fg AR o3 22 F b s 1) ML S R 2 £ by k1
EAEACT LIRS, AR 368 2ok 1] J 1) 38 b 7 DR SR R SE PR BT, T SE S SRR, BT PSO SAE SR ARy
2S5 22 BRI AT W R ARCR | 8 i 0 (AR T 228 S ) e ], A AR A5 AR 23 (] 25 A R Aot A8 B e o A
AR B IEA L AR 23 [ S5 A 25 TS AR (BRARZIE LN ) B 20 | MR IR b 82 i AR o0 s TR 34 1) 2 o i
FUAR, X2 AR 25 2R G A fE B ARG E | WK A2 1) 2 T8 i AR bR A A5 D RE LA H A S0 3

EER TR LE R RIS SEMA N 3R 2, MR s TR G M s 2 — R i A, AN REIT IR i I
SEZVRBITUIRCR , 11 H— SR bR i R B 5 R B R A2 1L, PR i A — A 2% ShB
PR , 7 B 22 A B A REIE AL [ AR AR A M T BARDIRZS . D3 A0 AR SCH th O A0 AR B T80 8 ) 29 TR 2%
PR  RIRE TR BAR L RS 55 , AR BE M ™ B £ B 255 R B 22 1) PR BOR FE S AR SCA TR AR A AR T AR HCE
UFRIBTFEEE R . ARBFTE B R T — M I 28 B s A% (HARZS ] N R0 TR S R R R —
2 SRR MRy 2 (] S5 A S AR S M ESA R 4G, S — P N IR A S R G S DB G R

TEARRMMAETY 225 S, ARG ML A 2 B R Yy T ST (0 5 A G e DX IR o] 26 P 3 B U 22
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