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Evaluation and simulation of historical range of variability of forest landscape

pattern in Huzhong area
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1 State Key Laboratory Of Forest And Soil Ecology, Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China
2 State Key Laboratory of Urban and Regional Ecology , Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China

Abstract: After randomizing the input information of age and distribution of forest species we simulated the long-term
(2500 years) dynamic of forest landscape pattern of huzhong area in Great Xing'an Mountains using spatially explicit
landscape model (LANDIS) , Then we took the period when simulation results reached stable as the time range to estimate
the historical range of variability (HRV ). Furthermore, we analyzed the relationship between HRV and the forest landscape
pattern of 1990 and 2000 using principal component analysis and kernel density estimation methods. The simulation results
showed that the succession of almost all forest species arrived to their stable status at around 900th year of the simulation,
and the period afterwards was utilized to estimate the HRV ; as to the characteristics of forest, landscape pattern in 1990 fell
out of the HRV in area of patches and the degree of landscape fragmentation, especially mature and over-mature forest
deviated significantly from HRV in patch area and fragmentation; though forest harvest management was better planned after

1990, the forest landscape pattern in 2000 still deviated from the HRV.

Key Words: historical range of variability ( HRV ) ; landscape pattern; principal component analysis ( PCA); kernel

density estimation method; the Great Xing’ an Mountains
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Table 1 Establishment coefficients for each species in different land types

e (N - ! TR/
e LRI e = 1Ef FIHE i it R e
A+ b2 A . Pinus . ) ! . Ita]/4E
K Larix R Picea Pinus Betula Populus Populus Chosenia o
Soil type . sylvestris var. . . - o Minimum
gmelini . koraiensis pumila platyphylla davidiana suaveolens arbutifolia .
mongolica maturity age
I)Hiﬁ 0.4 0.2 0.03 0 0.3 0.2 0 0 50
Southern slope
.
B 0.4 0.1 0.05 0 0.2 0.2 0 0 40
Northern slope
R X
Ez.mu_”_ 0.3 0.08 0 0.1 0.05 0 0 0 100
Ridge top
[} Terrace 0.01 0 0 0 0.05 0.05 0.07 0.2 40

STHIZETY 6 At 2EE L B HE FHBE BB KT 1000m BYNE E5 1L X AERRH R . FE A Rk B
M Landsat TM 1B A5 28 B WA 13015, B db | BA3E  BA3EAIRT 1000m AYE =5 1L X N DEM HhgRAs AR 4
LANDIS #EARLE BB ZN A HILA F 6 B A= 2 H 53 Sy - Tosi 4 2 A B ) A 850 1 b S A0 (R4 ) | i
FALFG KSR M, 3 5 A 5T X TR 0. 8% , J AL 4E B M | BH3E B3 AR F 1000m A9 @5 1L X, 43
1) P A ST IX AR 5. 0% ,38. 4% ,45.2% F110. 6% , FEARFFHIUG R FTIR T, 8 TR HLITH
i RSB DX R AR B 90m x90m 43 R, 7 [A] —Fh L M S AL N, B — > W) B Y I R B X — 2K
(£1).

HAATHRARAE KPR X i B F AR T, BRI ARSI G X AR TP A RS Lt 2 40 1 4R 0%
B L | p e 3 NI 5 L XA 9% Jobede [m1 3143 531k 500,160,150 AT 140a'"15777

YRR A TG S RRIE LANDIS 4. 0 B prifs B0 A A= 1% S0 SECE 8 ar ARSI B I A
RAGARIE B I RAGIRIE B W R R/ NB AR ) AR X 8 AN B A6 38 SRR AE S5 L3 215
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BIEAR,5) KR E R 6) BEHRIES L | 7) BEVRRAEE W] Fragstats3. 3 #4573 5158 LANDIS #4045 5 K
1990 452000 4F- 5 WL 7 [ YA S5 WA R PR 480, B4 S5 WK S RIS TR OK SF- | 28 U 7K DLUAR 8 RS AR R 73 D 4
IR PR AR IR R b

R2 MRRYFHEREFESH
Table 2 Species attributes for Huzhong Area

ARG YN ]
Yyl F i/ a AR/ a i B 14 it e Az FEES/m HHES/m

i 42 R H 4240/ a

Species Longevity  Maturity age  Shade tolerance Fire tolerance Effective spread  Maximum Ge”f;?:ﬁ"“ Ge":;“:ﬁ”“
distance spread distance

MLBETEIAL 300 20 3 4 150 400 0 0

R 210 40 1 2 50 200 0 0

=FZ 300 30 4 2 50 150 0 0

{2 250 30 4 1 50 100 0 0

FIE 150 15 1 3 200 2000 0.8 40

iY77} 180 30 1 3 -1 -1 1 40

fiie 7] 150 25 1 4 -1 -1 1 40

PN 250 30 2 2 -1 -1 0.9 30

£3 EWMAERKFHSNREIEY
Table 3 Landscape pattern indices for landscape and class levels

S S Deseription L%"”f‘TI SR ik Deseription

FRAEE Amount of forest

PLAND Percent of landscape — i BAANBEH R BT & 1 R 43 H

TCA Total core area i1 f#H BAABEH RO X T o 1 TR

BEHA/IN Patch size/abundance

AREA_MN Mean patch size i 1 f# BEHLAYF- 347 T AR

AREA_CV Coefficient of variation of patch area fifi ol B RS 5 R B

LPI Largest patch index e o ﬁ%ﬁﬁk%ﬂ Hh B R KB e o A 0L T B

PD Patch density i ol 4§ 100 2L AR A9 BE B g

2% Edge abundance

ED Edge density fii ol (YN UL SR

BEHIEIR Patch shape

PAFRAC Perimeter-area fractal dimension i ] Bt A SR

FHAIE T Diversity of classes

SIEI Simpson’s evenness index fii AT BERZ R

BEYL [ Patch connectivity

ENN_MN Mean nearest neighbor distance i i BEHe ] - 15 de /N L LA B

COHESION Patch cohesion index i i1 BRI [B] (1% WHE 2T R

KEHLBEAEFE Patch contagion

IJT Interspersion and juxtaposition index i i AN SR ] (&I e i

Al Aggregation index = b BECRY AR L

ERr I HTIT I (PCA) RERS XS B 52 {5 B AT AR 25 M8, I 2207 12 o o ok 5 LA B R AT e s 0, O ik
WA — | A B T RS R AT
2.3 AL

R BEAS T D5 vk Y AT AT A5 ) 43 A7 s A ) 9 180 2 B, AR BIF 50 R H 3% 0 Y B D e AR A 4 2R 3 A
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2.4 1990 4EF1 2000 455 HT e 5 D7 5 AR S ) b A

1990 4FF1 2000 4F FRAR ST ] 733 1 H 2445 RO 1AL BEIFAAS A A5 2, 8 T X5 W5 S 4F 003 1) 2R b
WURFAE 55 17 s A AT LUARE, 1 P64 1990 4F 1 2000 4F S50 W28 Y [ 35 A7 550 WA J&y 43 B Fl 32 L4343 A, 38
TR RHEAE , FRIBTE 7 S AR SA% % B A BT 1 4 s (Rl N A T LA
3 ZERHW
3.1 Ty ARB RS

BLALEE I o (8] 1), T AR MR 4341 TETFR 53 0 7E 280a 1 460a Ji ik BIAH X AR RS, AP R AR
R EEAR ) TR BT 4% H IR IR . & b | P8 Bk SRS R 2 i R () 52> | DRI Ay 98 s 14) A 2 1 e
I T DATELE R 2R bR [ ARAE (MR AR SR A AR A TRV /I R I I K ) A 2 1 3
T, HAWYFIAERS TR B2 AGHEREL KM A5 7373 7E 730 410,890 ,490a Fll 530a 447 ik #Fe e IR
o WFFREERL 1000—2500a 1524 [y s A2 A5 B AR B BEAREA

50 - 25 |-
{-ﬂ
L M e A NN
- i ww~w T V‘V‘V“-“-\"""'w" . - ;
2 = < -8
% 40 - 7 % 20 RN
— . —
2 £ it
— . o
g% 30 ¢ o
}E Qc)o by qt:fo
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Fig.1 Time for two major species to reach their stable state of area proportion variation

3.2 s AR A b

[ER WK b, ER T R s (R 4) 55— F M0 (PCL) R RIS EUE 519 63.8% , E 5 21 5%
WL B A 5 B2 B AR DGV | G046 DU S8 0. ES R/NMEEL(AREA_MN, AREA_CV, LPI, PD), %+ 5 E+E
¥ (ED) , B S AU (ENN_MN, COHESION) FIZRAEREFEEL (AL) ,PCl AERIEH A/ NFIRERE, £
FHA (PC2) il RE T 5t S S S0 24. 3% I+ 5 B DR (TCA) UL E (ED) SHE4EE( PAFRAC) &
R (AD)H —E WA, I 3R 36 T S TTRURN BE B MR 2 2% R B, 001 s £ 36 06 26 R
ITE

TEFHUIKT b AR AR T bR SRR I bk 5 AN T E A e, e e s R R (%
4) B AR P ARSI BOPRGX 3 AN Y 3 A o B 2 SR R AR AL, A B R AR, IR KR 3 NS
AR BR , J5 P AE N AR, HET IS 82537 o

XIS MR 5, PCL 43 AR T 3 Fh IR IS AR 48 £5048 5119 59. 3% ,62. 3% 1 58. 7% , B 5 $E 7%
MEFIE FL ( PLAND, TCA ) B K /N AREA_MN, AREA_CV, LPI, PD) ih%ZF & B (ED) B Heid 45 B
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(COHESION) M SRAERE (T, Al) ZRFRE0CA sl sl IR A AHOCH: , PCL ARER T 28R i AR M iR AL FR BE . PC2 MR
T =R ARIY 26. 4% ,28.3% F129. 6% , FEE 5 S YEFEE (PAFRAC) FIEEHE$E B2 (ENN_MN) AH2C, IR Bt
HIEARE I,

R4 EHRATTNFERBESLURENS EEENELEXRBIER

Table 4 The correlation matrix and variance explained by the Principal Components Analysis
. KT LK Class level i
FOAREL Landscane level Ak ARES Middle- UMK Quasi- IR K Over-
Landscape indices P Seedling aged cohorts matured cohorts Matured cohorts matured cohorts

PC1 pPC2 PC1 pPC2 PC1 pPC2 PC1 PC2 PC1 PC2 PC1 PC2

7 2258 B E 43 IL The proportion of

explained variance/%

5 3 p 43S A A &M Correlation

63.8 24.3 59.3 26.4 62.3 28.3 58.7 29.6 55.2 27.2 58.3 25.6

with PCs

PLAND NA NA 0.96 -0.12 0.92 -0.13 0.97 -0.09 0.94 -0.24 0.93 -0.06
TCA 0.57 0.79 0.88 0.09 0.91 0.23 0.89 0.12 0.92 -0.27 0.94 0.25
AREA_MN 0.89 -0.07 0.89 0.14 0.87 -0.15 0.91 0.24 0.92 0.12 0.83 0.36
AREA_CV 0.64 -0.30 0.91 -0.21 0.94 0.32 0.8 -0.18 0.8 -0.15 0.91 -0.12
LPI 0.62 -0.32 0.79 0.63 0.85 0.45 0.92 -0.19 0.86 0.19 0.86 -0.36
PD -0.88 0.07 -0.85 0.32 -0.89 0.26 -0.93 -0.26 0.34 0.79 0.55 0.76
ED -0.74 -0.64 -0.78 0.53  -0.90 0.34 -0.78 0.43 0.83 0.34 0.79  0.45
PAFRAC 0.03 -0.73 0.23 0.83 0.11 0.89 0.23 0.82 0.23 0.83 0.17 0.44
ENN_MN -0.72 0.477 0.32 0.76  -0.31 0.88 0.46 0.91 0.18 0.92  -0.37 0.88
COHESION 0.74 -0.284 0.91 -0.09 0.83 0.14 0.80 0.05 0.45 0.77 0.23 0.80
I -0.53 0.591 0.21 0.46 0.71 0.68 0.67 0.56 0.89 -0.23 0.82 0.11
Al 0.74 0.64 0.79 0.22 0.82 0.13 0.74 0.35 0.87 0.16 0.77 0.44

XM T 5, BBV BRI P A 2R = Lo AL, PCL 43 SR 1 TR o i A s O 45
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