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Analysis of the pattern change process of Changbai Mountain wind-damaged

landscape in the past thirty years
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Abstract: The wind-damaged landscape formed by the 1986 typhoon in Changbai Mountain Nature Reserve was studied in
this paper. High-definition remote sensing images in 1987, 1993, 1999, 2004, 2010 and 2016 were selected to decode to
analyze the change of each patch type in the study area. Fragstats 4.2 was used to quantitatively analyze the landscape
pattern indices, and a combination of principal component analysis and comprehensive landscape evaluation index was used
to make a comprehensive evaluation to reveal the process of landscape pattern changes 30 years after the wind damage. The
results were as follows: (1) the dominance of herbaceous-shrub kept decreasing, but the distribution was homogenous, the
patch shape was regular, and the degree of aggregation was high; broad-leaved forest and coniferous forest firstly increased
in large patches during the recovery process, and later on the area increase was mainly in small patches, the patch shape of
broad-leaved forest tended to be regular, and coniferous forest was complex; Betula ermanii forest firstly increased in small
patches, and later on the large patches grew in succession, the shape became more complicated, and there was a trend of
contiguous growth. (2) At the landscape level, small and scattered patches were converted into large and concentrated
patches in the restoration process, the irregularity of shape increased and the connectivity of the landscape decreased. As the

restoration continues, the landscape tended to be homogenized. (3) According to the landscape transfer matrix, herbaceous-
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shrub patches in the study area would be continuously transformed into arboreal patches, the proportion of herbaceous-shrub
gradually decreased, while arboreal increased. Among them, herbaceous-shrub mainly transformed into broad-leaved forest,
broad-leaved forest mainly transformed into coniferous forest, and coniferous forest mainly transformed into Betula ermanii
forest. The four patch types of herbaceous-shrub, broad-leaved forest, coniferous forest, and Betula ermanii forest showed a
succession relationship during the restoration process. (4) Through the principal component analysis method, two principal
components related to landscape scale and shape and landscape dispersion, respectively, were identified as key indices to
characterize landscape restoration. (5) Using the combination of principal component analysis and the comprehensive
landscape evaluation index to evaluate the wind-damaged landscape in Changbai Mountain, the results showed that during
the 30-year restoration period, the quality of the study area was improved, but the recovery was slow and still differed
significantly from that before the wind damage. (6) Multiple strong wind disturbances can form a non-standard vertical band

spectrum on the western and southern slopes of Changbai Mountain.

Key Words: Changbai Mountain; wind-damaged landscape; landscape pattern; process of change
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Fig.1 Location of wind-damaged landscape in Changbai Mountain
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Fig.2 Comparison of before and after wind-damaged in Changbai Mountain
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Table 1 Landscape pattern index of wind-damaged landscape in Changbai Mountain
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Fig.3 Classification of each type of Changbai Mountain wind-damaged landscape
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Table 2 The area change of each type in wind-damaged landscape of Changbai Mountain

BB ST AL CA/hm?

1987 1993 1999 2004 2010 2016
FIA-HE A Herbaceous-shrub 7842.69 6701.04 5516.10 5536.89 4908.78 4119.21
[i& AR Broad-leaved forest 1717.56 1290.96 1882.71 2233.89 2825.73 2976.84
£l K Coniferous forest 1422.36 2669.13 2692.44 3065.85 3095.73 3199.77
FEMERR Betula ermanii forest 728.46 1584.09 1369.71 1409.58 1414.98 1038.15
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Fig.4 The area change trend of each type in the wind-damaged
landscape of Changbai Mountain
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Table 3 Percentage of each type in wind-damaged landscape of Changbai Mountain
BEHIT (5 5L AR L ) PLAND/ %

1987 1993 1999 2004 2010 2016
HAR-MEA Herbaceous-shrub 64.0470 54.7237 45.0463 45.2131 40.0873 33.6366
& 1K Broad-leaved forest 14.0264 10.5426 15.3748 18.2415 23.0762 24.3083
EFIFAR Coniferous forest 11.6156 21.7973 21.9874 25.0351 25.2811 26.1287
EHEM Betula ermanii forest 5.9489 12.9364 11.1855 11.5103 11.5554 8.4773
F4 KALRRSEW 1987—2016 SN LERE/hm?
Table 4 Landscape transfer matrix from 1987 t02016 of wind-damaged in Changbai Mountain
2016
1987
B -HEAR Al TEHERR ERntpk e iy it
HAR-FEAR Herbaceous-shrub 3846.38 2202.18 168.03 1264.30 3634.51 7480.89
FE Ik Broad-leaved forest 99.36 518.43 7.65 945.78 1052.78 1571.22
EHEM Betula ermanii forest 13.11 18.07 489.47 19.46 50.64 540.11
£ Coniferous forest 109.68 157.66 193.68 801.56 461.03 1262.58
B A In 222.16 2377.91 369.35 2229.54 5198.96
&t Total 4068.54 2896.35 858.82 3031.09 10854.80
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Fig.5 The index variation at the class level of wind-damaged landscape in Changbai Mountain
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BEHLHREL(LPY) Bk TR , BT i Lu B 12% 2647, Ui A 25 BESR IS B 3 A LA 450 1A S — Fh sl LR BE
Hoph 28 B DL, SoERFE L (1ST) S BEH A 4E B0 ( AREA_MN) SEIIEARFEEL(SHAPE_MN ) 20K
BRI SN, 0 S e T A SO A TR (4 52 2 B AN KT AN O Tt 56 W R 5 DX ) S 00 25 () T 2 1)
B LA RIS A (PAFRAC) BUE S B — M AE 1—2 Z (0], 32 AR TP AR B R i 4
VT 1532 N TH R R /N5 212 3% IX. PAFRAC (B30T 2, U HATEAIF 5 XA 1 10k 52 I 38 0 K 5% 35
FUGN R TG, SELEEEFREL( CONTAG) e/ 50 W AN [R] 28 70 B B 114 11 3R A 38 il A Je s 34, XL 52 0 1987 —
2016 4F- & 9 FEFE K 2h T W, 3 B 50004 SE PEREAIG, X6 07 52 0043 %035 5 ( DIVISION ) 43 B 48 50 (SPLIT) 1) I
T, S AR EE RGN, B flk ZAEPE (SHDD) F8 b e —Fh 3 05 8 BRIE 10 48 55, B S i 0 57 i, B0 2
TR A SIS AT 5 25 S8 0N, WSS R TR SO s (] S A R A A DB o X B
TR RS Y AR (AT) A a3, Uh A S5 LA SR 4 B 1 0 (R s/ I, S5 43 A T I 57

£S5 FWKFEINUXRBEY

Table 5 The index variation at the landscape level

NP PD LPI LSI AREA_MN SHAPE_MN PAFRAC  CONTAG  DIVISION SPLIT SHDI Al

1987 9672 78.9859 24.5822 68.9417 1.2660 1.2557 1.5028 43.4916 0.9117 11.3300 1.1154 71.2694
1993 6187 50.5258 13.2546 62.1551 1.9792 1.3041 1.4495 35.1208 0.9671 30.3799 1.1637 74.9802
1999 14962 122.1847 9.6406 85.3367 0.8184 1.2270 1.5204 26.1695 0.9861 72.0630 1.4012 62.3662
2004 5069 41.3924 11.6544 59.3774 2.4159 1.3297 1.4464 33.3729 0.9691 32.3585 1.2648 76.5158
2010 8612 70.3295 12.4190 68.3787 1.4219 1.2535 1.4629 26.8224 0.9673 30.5695 1.3018 71.6061
2016 8573 70.0053 12.6282 70.7358 1.4285 1.2832 1.4764 30.2383 0.9722 35.9393 1.4636 70.3606

SRR T, N 1987 4FF] 2016 4F, K 1L KUK WL BE S B (NP) | BEBR % B (PD) | & IE B 48 4K
(CONTAG) JRAFE (AD) S S B D iy AR A 3 s SO ARFE £ (LST) SF-HIBER S 4E 40 ( AREA_MN) P
K ARFE B (SHAPE_MN) | 5t WL 73 #1456 %0 ( DIVISION ) | 73 5 45 £ (SPLIT ) Al 54K 2 444 (SHDI) 3Z #r 15 i
Ut BH Bt XU S UL B (AP B2, /0N T 43 00 BRE SR 48t oA SR T 4 w4 BRE | ) kAN UL DO 2 B 1 TR 52 2%, 4%
BB (i) A0 P AT 8 A AR A T RIS, SR AL B

3 WiREHSRR

31 it

(1) K LRI S W B e

SRR S T T RV SR S PR SR AE (R DB 25, X 5OUZK T | 4% SoUAs Jm F $i0H — b ab B | 347 32
AT A BN RN 6.7 Fs .t 6 TR, SEMR A 1 50 2 Fir i R 22 BT AIA B 93.753% ,
JERT 90% I E R . X FRIEAL T I8 FR ] x 278, LST M x,, AT} x, ,NP 4 x,,PD N x,, AREA_MN } .,
SHAPE_MN 4 x¢ ,PAFRAC 4 x,,SPLIT 2 %y ,SHDI 4 x,, LPI 24 x,,, DIVISION 4 x,,, CONTAG 4 x,,, H %k
T AR (3R 7) W LIS B A E T LA A

BRI 1 56 2 R T AR STBREL, AT LUE 050 1 U005 SRR A8 80 el R A %
AHSCHMER g 5 56 2 0T 5 B R BEER AR K 5 00 70 48 50 & 9 B 1 BOM e MR AT L3R 1 o5 5 R
B ERAR G, 56 2 W05 SOULSRRIURE A G, W 288 PR AT AV A Al 6K 1 LLRUI SRR 5 2 2 1 O SEPE R A
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Table 6 Principal component analysis of landscape pattern index at landscape level

ERG FRALAE FEEE I % it TrER %
Principal component Eigenvalue Variance percentage Cumulative variance contribution rate
1 7.560 63.004 63.004
2 3.690 30.749 93.753

R7T EEVEBETER

Table 7 Matrix of principal component of landscape index

%43 Component %43 Component
1 2 1 2
LSI 0.992 -0.112 PAFRAC 0.826 -0.521
Al -0.991 0.115 SPLIT 0.792 0.513
NP 0.965 -0.242 SHDI 0.603 0.602
PD 0.965 -0.242 LPI -0.298 -0.946
AREA_MN -0.889 0.393 DIVISION 0.367 0.921
SHAPE_MN -0.854 0.406 CONTAG -0.561 -0.767

F,=0.992 x,-0.991 x,+0.965 x,+0.965 x,~0.889 x5-0.854 1, +0.826 x,+0.792 x4 +0.603 x9~0.298 1) +0.367 x,, ~0.561 x,, ;
Fy==0.112 x,+0.115 x,~0.242 x,~0.242 1,+0.393 x,+0.406 x4~0.521 x,+0.513 x,+0.602 x,—0.946 x,,+0.921 x,,-0.767 x,,

(2) KRG S 30 4F 500 Jm B b 2i A 1

XTSRS SR IR R IR AR, H AT B T 500 R B 46 ISR FH IR 23 A vk el 2 i 8808
R E R P AR SO SO B A o AT 2 SR — 2B AR R R A 32 4 PR B T 4
HHFG 25T Z AL R BRI R W0« 1 RECH  (0.992%63.004%—0.112%30.749% ) /
(63.004%+30.749% )= 0.6299 , 1S RNZEAFF AT H .V =0.6299 x,-0.6283 x,+0.5691 x,+0.5691 x,-0.4685
x5—0.4407 x,+0.3842 x,+0.7005 x,+0.6027 x,~0.5105 x,,+0.5487 x,,-0.6286 x,,, N REHLELEGE, RHIA
— AL FEBR B Softmax PREGHEATIH—ILAL R, 75 314550 UK Jo 8 BB A (E AN 4 8 IR

x8 ERWiEHE—LE

Table 8 Standardized results of landscape index

X X X3 X4 Xs X6 X7 xg X9 X10 11 X1

0.122 0.035 0.115 0.115 0.041 0.042 0.095 0.131 0.119 0.039 0.112 0.035

xp BEPIBARTERCLSL; ) : AL ALy  BEVEGE NP s, BEHUR L PD s PRI BEH S 4R R0 AREA_MN s« V- ARFE £ SHAPE_MN ; , : il

KT HER PAFRAC ;xg : 2X BSHE 8L SPLIT ;x0 : T 2 REPEHE X SHDI; 1 : Tt R BEHFE R LPT; x, ¢ 5% W20 145 %L DIVISION ; x, ; 52 ZE J& $5
%t CONTAG

ARSCNGEAE JEAR AEHEE SRRV R ZR R, e BCRUIR A B S el I AR o 4R 5 A
RE R R SR A B TAERR , 25 G RO AR BONZ Dr A TP, LA, R SCSH TR KA
RO IX 1977 A7 KUK AT SRS R B, VR0 E RIS 30 AFA% SR AR A Xt BRI 2515 0L By
{EANZE 9 Fs R 45 BUE AT I — AL AL BEAR 210 3% 10, 4583 1011, 75 B4 1 L KUK S WA 2535 45 0
(%12),

®9 KBALURRSURF/IENZEFTEER

Table 9 Evaluation index of landscape pattern of wind-damaged landscape in Changbai Mountain

FAR Year LSI PD PAFRAC SHDI Al
1977 72.5013 3.3062 1.6415 1.4135 81.8137
1987 68.9417 78.9859 1.5028 1.1154 71.2694
2016 70.7358 70.0053 1.4764 1.4636 70.3606
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Table 10 Standardized results of evaluation index of landscape pattern in the study area

A4y Year LSI PD PAFRAC SHDI Al
1977 1.000 0.000 1.000 0.856 1.000
1987 0.000 1.000 0.160 0.000 0.079
2016 0.504 0.881 0.000 1.000 0.000

11 EF=WIEMNIERNE
Table 11 Evaluation index weight table

LSI PD PAFRAC SHDI Al

0.122 0.115 0.095 0.119 0.035

F12 KEURRSWENGERZS

Table 12 Landscape comprehensive evaluation index of wind-damaged landscape in Changbai Mountain

AEA)y Year 1543 Score A5y Year 1543 Score
1977 0.354 2016 0.282
1987 0.133

MBFFELE R KK K AR, 1 X IRBERTE AR B 2, W D B R BB 4L B8, S AR AR, XU & A
IR IR A3 A W AR T, B o0 ) B/ N BB 2835 30 AR MR AR, K L UK SO LR A TR A5 53 T
1, WA 2T X B AR SO0 5 I A BT (HR A 2818, 5 XU & AR TR AR A 25 e, BRZEIED 45 & 5t
T84, 38 Fl F2 00 0 B i R ZE 6 PPN 8 B0 052, WHiT e 42 38 1L LR AR AR IX 4 10 R DX 0OUR 2 A Sy i
FEVEA , 5 R BIANAE 10 AF I R] 5L AR5 XA SOULLE A A 48 BG4 31 0.527 , 57 28 A3 52 010 A 1k
W SOM AR SRR ARXT & BERRA MR EE T iR 1 KU SR 285 30 AR IR R, SO 2 BT T L
Tt AR RS EOT = ARG 2% K R AR A, XS KA X AEES R ME Kk 52 2
TR L R R 2R AT G R T AR AR R R AR RN A AR E Y W @ AR AR Tk
Fy 2SRRI IE T RS X PN BRSO SR S A sh ARk, 3945 1 T 4 A Ll S0k T i e Ak 1
5, AR RR SORMF R S5 e —3, ENIMEEERMER R Z TG RHE R T AT AN P
HHEAR KB AB RGN RS A R P A Y% 2 R TR KA R
BT PEAWIAEAE , BT B AR —E AR 1 RS K, 43 A1 3595 L 38 P 35 -, o7 3 T 7 ¢ 5 X AS Ti) A 7 AR SRR B
AN, e A S R R EIRE

(3) K LIV | RS BB b 4 A R ) 2 T i 17 i R

Tty i X 58 0 A B 35 2 P Ll AR B T VG | A (DA A 2 TR B i S A I G e e P R
By PR AR P L PG | R Bk R A RN X B Y AR, Lt A Xk L AR A B 1) £
RIRIFE MR X — 22 SRR . BT A fR5 ik, 2225 U000, B B LA g0 2™ E R IR
AR I LR S S e AN T 589 AR 22 471353 BEANEL 48 1000 Z24F 1000 Z24F Rl Y K Ll T3 A F- 7 1% B 278
Bk , FE 8 43 A o A b o B TR AT . 1986 4FAK A L 8 38 Y 5 KUBEIR T P8 | RS 3 A R, A SCa ok e XU St
SR ASHT A0 T 78 R R BEE AL B 2558, T30 R B AN [ (R BEB | 5 R B Mk 52 A R R0 T, 4 s BEA )
i BT B A BB 25 TR A0 A A% SRy, DR AR S M bty Al (%) BRI Ak 2 p A T s R %), 22 Wk i X4 T
DB LK L7 R3S ARG RS i BB i i 25
32 #p

AR SCLAA L AT S A ATF 5 X3, 3 2ok ik 135 7S 30 v T S B AR B , A T F AT 1K 1987—2016 4F- 4% BE bk
RIS B, 77 R 28 TR 7K S WK -4 531 2 B [+ S O 0, 435 4 08 T ARV B 0 I, BRI 921X 30
AESRARRINK BB 3 P A 5L A ERAE | %5 5 0AR R AL s I, EESSIB T
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(1) FEPEHE RO |, FAR-FEAR R PR BEAWT T K (B0 AT 24 5], BEHURARBN , 3G R w5 ; W i A A
B AT IR S i e ARG IR B O 2 J 9 T AL i =5 B LA/ INREBR Oy 32 ] I AR REBSRIE R ES T 0
BE AR 2% s EAEARYR S S R R SR LU I NRES R S I LURBE i B K BRI TR 24 REE FIH A
R AR RS

(2) FEFEWAKF- L /N 5 H3C ) JRE R S 3t o e DAy AT 4 A BRE R, T2 DR AN B U8 B 38, 5 WL
M T R A I B RO AN T EAT | S LS B PR AT, SO T e

(3) WS RS AR | BT X FEAS - AR BE S 2 AN W ) TR AR BESR AL , B AR —WEAR P o LU T e, 7
BT He) BTt o AR TR SRR A bR I AR A D AR BT I bR T B AL O SR AR
DU SEHR SRR R A 3 B rh R — R G R . 200 30 ARRUMKSE 1, Bl MR B MK S AT, ERTES 28 A
REEA KBGO AR R AL RA MR IEAL TR B RE RS A R IR R AR K

(4) 3z E R ik B E 1 38 T R SR WK A2 PR AR A4 S B B, WA o o3 3l 5 5 WSS JE
ARFN SR B AR

(5) i I EMGM 3 i 5 SO G VPN PR BOR 256 19 I K WL XUR SOMLEA T IE A, 25 SRR W] 30 4F
PRSI v | IR DR AR S 0 Jm) B B A B T (B SZ G48 | 55 R R AR R AR A 22 5K
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