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 OE 1986 FEENEHTKAWL, AW EHYERTHT K EMKELRT KEKF.
HTRREBATFRTEZREAMER TR T MFE, BIERZHEREEOAERHL
% B F,2017 4K & 1l 3k 1600~ 1800 m % S A5 XA B 2 B YR, AR KA AR L
WAREAR G EMREHRAEBZER PR, AT 40 MEFHATHBAE ERKA.
UHEMRENZREETEKALEEFRARRE 2N IANER BREHFR FERTIMEE
BMEEP PERARXNAREA, HARRERNAX EEUAR.FAZHEZREE, R
AR X | A R X A B AR X A AR bR b B 2 E 0 A D 20% \50% A1 85% , A B A7
RUEATEHEZN KAEREHENTRERTINERGEA W ZRAEE SR ENHE X%
BOR WA B E W R A % LR B IR AR FE RN 1987—2017 4E 8], K & 1l R A UK X B A B
KERE LN MBELANBRETEARR 2 A IANEL . Tk B ERTE, LF,
TAHEHREBREA, LAZEIE T KR, R AR E 5 ER XS &
AR TR AANKERE, eSS TR R EE L
NEEAEMERE ZARNEAEAZREHTEAEZ ;AP ENRHERELFH
TEAB,ZUBNREERAELAFTEZRK,EELRE LK LRI NKENE.

XA Kal; BEF; ARK; BHZH,; SRk

Vegetation damage, post-disaster change degree and driving factors in the cold temperate
wind disaster area of Changbai Mountain, China. WANG Hui-yun, ZHANG Ying-jie, JIN
Ying-hua® , XU Jia-wei, TAO Yan, HE Hong-shi, GAO Xiang, BAI Yun-yu, HU Rui, HAN
Ying-ying ( Schlool of Geographical Sciences, Northeast Normal University, Changchun 130024,
China).

Abstract: The typhoon outbreaks of 1986 caused many gaps in the cold temperate coniferous forest
and Betula errmanii forest on the western and southern slopes in the Changbai Mountain. In 2017, a
research area at the 1600-1800 m altitude in Changbai Mountain was established to explore the
damage and changes of forest vegetation disturbed by the typhoon in cold temperate zone and to
reveal the regulation of damage on vegetation and post-disaster change as well as the driving factors.
The remote sensing data were used to classify research area based on the degree of vegetation damage
and post-disaster change. A total of 40 plots were set up for vegetation survey. According to the
damage degree of forest structure, three levels of severity of damage to vegetation in the cold tem-
perate zone of Changbai Mountain were classified including gently, moderately, and severely dam-
aged, in which moderately damaged area was largest, followed by gently damaged area and severely
damaged area. Tree damage significantly differed among three level areas, with 20%, 50% and
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85% reduction of the abundance of dominant trees in gently, moderately and severely damaged are-
as, respectively. The wind resistance ability of B. errmanii was higher than that of Picea jezoensis.
The wind resistance ability of B. errmanii with larger diameter grade was higher than that of those
with smaller diameter grade. The severity of damage to vegetation was strongly correlated with slope,
with lower severity on the steeper slop area. From 1987 to 2017, the vegetation of wind disaster area
significantly changed. The study area could be classified into three levels based on the degree of
changing : fast, medium, and slow, with largest area in medium changed, followed by slowly and
fast changed. The degree of vegetation changes was strongly correlated with altitude, with slower
change at higher altitude area. The recovery rate of trees was slow, with P. jezoensis recovering
slightly quicker than B. errmanii. The vegetation change mainly occurred in shrub and herb layers.
Shrub layer recovered better than the herb layer in the fast changed area, while herb layer recovered
better than the shrub layer in the medium changed area. In the slowly changed area, herb layer was
generally low and dense with varying shrub layer.

Key words: Changbai Mountain; cold temperate zone; wind disaster area; vegetation damage;

vegetation change.
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Table 1 Damage degree of research area based on vegeta-
tion NDVI difference

Y NDVI 24 {H i [l FERE IR
Classification Range of Damage degree

NDVI difference of vegetation
1 >-0.05 RWIR Unaffected
2 -0.09~-0.05 A RE R IR Gently damaged
3 -0.15~-0.09 FEEBIR Moderately damaged
4 <-0.15 HEJERIR Severely damaged
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Table 2 Change degree of research area based on vegeta-
tion NDVI difference

FELR NDVI 2 B TH AL LR

Classification Range of Change degree
NDVI difference of vegetation

1 <0.33 15 Slow

2 0.33~0.43 4 Medium

3 >0.43 R Fast
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Table 3 Vegetation information of plots in the study area
i HH FEIRAFN FEHEARFH FERAF FEJT L
No. Type Main tree species Main shrub species Main herb species Number of
samples
1~6 ARWIR-Z e B2 RN BEERE X EMEE R R R KT BB Deyeuria 6
Unaffected-slowly changed  Betula ermanii, Picea jezoen-  Lonicera caerulea var. edulis,  angustifolia, Fragaria orien-
sis, Salix raddeana Betula ermanii talis
7~12 RERIR-AR L M, 8 2 K2 Bewla EAEERWN ERERBL AME ZHEEE Dey- 6
Gently damaged-slowly ermanii, Picea jezoensis Betula ermanii, Lonicera cae-  euxia angustifolia, Maianthe-
changed rulea var. edulis mum bifolium
13~18 TR R AR TR e B n 2 R K EHEERN & W Beula /N R RIS Deyeuria 6
Moderately  damaged-fast  Betula ermanii, Picea jezoen- — ermanii, Juniperus sibirica angustifolia, Fragaria orien-
changed sis, Abies nephrolepis talis
19~22 BRI A A T fe 8 B = A2 Bewla EMEHERTE ESERE A NHE UUMKEEE Dey- 4
Moderately damaged-medium ermanii, Picea jezoensis Betula ermanii, Lonicera cae-  euxia angustifolia, Vicia bai-
changed rulea var. edulis calensts
2325 UERREILN EHE B LAY, RRRR A ERTA N ORI Do 3
Moderately damaged-slowly — ¥& M #8 Betula ermanii,  Lonicera caerulea var. edulis,  euxia angustifolia, Vicia bai-
changed Picea jezoensis, Picea ko-  Betula ermanii calensis
raiensis,, Larix gmelinii
26~28 o R AR TR EAE B 22 Beule EMEEFW ERERAL R R ER Deyeuria 3
Severely damaged-fast ermanii, Picea jezoensis Betula ermanii, Lonicera cae-  angustifolia, Fragaria orien-
changed rulea var. edulis talis
29~34 i RO b 4 M. 8 & K2 Bewla IS EHEECHE Junipe- /N E 4 35 Deyeuxia 6
Severely damaged-medium  ermanii, Picea jezoensis rus sibirica, Betula ermanii angustifolia,  Synurus  del-
changed toides
35~40 ORI - ks TEHEEHE Junipe- /DB 3% Deyeunia 6

Severely damaged-slowly
changed

rus sibirica Burgsd, Betula
ermanii

angustifolia,  Synurus ~ del-

toides
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Fig.1 Distribution of vegetation damage degree and post-disaster change degree in the cold temperate wind disaster area of Changbai
Mountain.

a) FHWSZFEE S50 Distribution of vegetation damage degree; b) AHHE % J5 A8 {4 45 9% 5347 Distribution of vegetation post-disaster change
degree; ¢) FHAZ I K IGAEILFRBE S 4514l Distribution of vegetation damage degree and post-disaster change degree. U: KMIR Unaffected; G 5%
JEWIR Gently damaged; M: HERIR Moderately damaged; S: FEEMIR Severely damaged; Fast: ZZfbR Fast changed; Medium: 25k HH4%E Medium

=x

changed ; Slowly: kg Slowly changed; CL: ZE = 2% Contour line. F[A] The same below.

KT 30 4R AT ACIR B T XU S5 7Y T A 52 40 15 B0
(R 4) KR XTEAREREER N, HRTTRAZ PR
T 30 A4 1% 19 I AL 1 €0 685 2 42 (Picea jezoensis ) 1R
A R AT DL o B HE R R 28 i I & 2 AR
JE N BRI RRAE.

AR DX ZRMAE W) BV 20 03 Ry T - - 3
B AR, DR 8 R AZ IR A £ H
W S ME RN A0 B S AZ KR LU R T 2 - 1, e
ARG TARE PSR 9.2 m, A2 0T 1Y
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L RMEIR XA L, 8 B 3R X Te R B b T 24
20% , FEHERIA I 7 AZ 1Y FU QL B R R, B0 He ol
1.6+ 1A 2 A2 I B /D F AR IR X, {3 -2 0k
e I A2 W v 5 B M 1 80 BE AR B IR XU D &
30.6% , HL V-S54 e A A2 #0026 T AR BEIR X

ERBIRIX A, o BEREIR X TR AR D T
T 50% , FEHE A U SRR B 0 2 T i o 42 B
Fe2y ok 4 ¢ 1R MERY RO HE R BE IR XD 40% , (H
- Fa3 ok g M A T KT AR B IR X #6542 O B
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Table 4 Comparison of dominant species characteristics of arbor in communities with different degrees of damage in the cold

temperate wind disaster area of Changbai Mountain

AR PEHFh SEIRREL FEbk SRR R =30 RRY IR <30 AR TEANIR] B4
Degree of Dominant species Average Average Average SRR R RAL RS
damage number height diameter Average Average Jr i B o
(m) (em) number number Proportion in
of age of age communities with
=30 <30 different degrees
years years of damage
(%)
FRIEN Hi#E Betula ermanii 18.0 8.54 19.47 17.5 0.5 67.9
Unaffected 11 7 k2 Picea Jezoensis 8.0 10.67 19.33 7.7 0.3 30.2
BN T#E Betula ermanii 12.5 8.51 19.36 12.0 0.5 62.0
Gently damaged i 22 Picea jezoensis 7.7 11.23 20.98 7.4 0.3 38.0
o B R IR THE Betula ermanii 10.8 10.73 24.05 10.8 0 77.2
Moderately damaged 11 73 k2 Picea Jezoensis 2.6 7.41 15.38 2.3 0.3 18.6
HEIR FEHE Betula ermanii 1.9 5.49 20.78 1.9 0 47.5
Severely damaged i 22 Picea jezoensis 2.1 6.76 14.96 1.8 0.3 52.5
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FEARBEIR XU 2 67% , ~F- 33k i b A 44 i 2 /)
FARMEIR DA 1 BE IR DI, 0 08 25 42 32 31 BE K
I e b a0 2 A2 UL L9/, HORAR R AR L /N
TR XU LI BE /)N

SRR XA L, H R AR XA 7 A K il o
T 85% , FAk B LMK KAR I e, 0 i = A2 1Y
AR RC /D U] 2 BRI R AR TR AR LT
Eou JRER
2. 2.2 fHBCEAR 22 SRR DT IR AR R o, R
T30 M AB AR D, B S A2 L EHEL R
TeARA KGN, 0 2 A2 10 AR S BE I R T At A
PR S BRI AR AR 2 5 |

XF 3 JEA[R]AE AR E B TE AT REAAE T AT 48
oI, S5 RS A b B R R R X - A TR Y
FEVE EARZ R Z AR B X5 BE R SRR
Wz VHm B MARROHL, Hoh AL Rh A £
BE R A E R R WA R YT 2 R R
JEHREAR A e (H SRREU 22, 7 34 8 2
=, Rl S B O F M /NI B ( Deyeuxia angustifolia)
MIMREUR 2 | BB 5 A DR XU e, A2 Ak
A B RE TR TR 2 B T AR R 5 LA A
TR BB E D YRR D (B 2 AR R
R DEF b F R £ 85 2 A2 1) ST v i /D AR
Py AR RIS 5] BE L AR AR PR 8 DX, Aol o 2
BD B R Z | AR 2 B A e L o
/I ) g BE AR AR g R A R ) DR L, A2 A
AR T RSS2 B o 22 B S 5 JEE 2 e fr , (HL

AR RV B 1 A AR & | AR R ARG
BRI B AR/ B A AR AR A, At
AR 2 HEA)Z B LA PRSI, —Fh
TEA IR AR BB IR IX, VE A2 P Z R PE Yy
SRR R L R R, 5 — M
P BERCIR X VEAR JZ () P Z2 R A 5] BERRAIR
Bt b PR B W (R 5 A 2).
2.3 WK XA B SZ B KI5 AL FREE Y IR BE 15 5t

X IRUIE IX 1) 3 SR ) Rl B 104 T 2 e 35kt i
M7 ( detrended correspondence analysis, DCA ) VHR
—AHEBR R B 2.21 /N 3, KIZBEE H T
HE1T RDA 4347

5 XA ) L 350 5 BRBE R 1 RDA 434t
AT AEY RS BT 1R R G R B S — B
h 0.550, 7E55 4l o0 0.351, B W Sl A B b 5 205
HHIE R B A IR G 95.2% fiE 4% 34 5% R 1 fit
FE.RDA 73 M 28 — Wl BB fift B 77. 4%, 565 — Ml figt B
17.8%. 5351 , A R 14k RE el 5 RDA 25—
HE -l 9 AH 56 R BN 0.07 ,0.23,-0.08 ;5 RDA
55 ZHEF b AR OC R AU R -0.34 . -0.16 . -0.15.
T 55— HE T R T IR i AR %
5% —H P r A OC R B0 0.23, B 5
S —HERP A I AR OGO 2R AR U B R TR
ARt RS FLZ R T 558 —HE il i A 56 R ECh
-0.34, GLBH W3R 5 55 —HEP o A C O R R
I R TR K A 0 B T ) R IR RN AR b R AT B

.

£S5 KAUEEBTKRXERMERRRZ YT EMFFE

Table 5 Species composition of communities of shrubs and herbs layer in the cold temperate wind disaster area of Changbai

Mountain

20 5 HEAKJZ Shrub layer A JZ Herb layer JEL// U

Group wis mEE A wis Rz B Total
Number of FEMEFEHL EisE 4 Number FEPEFR %L HE species

species SW J. of species SW J.

RBIR-AE 1 7 1.40 0.72 32 2.70 0.78 39

Unaffected-slowly changed

R EERR AR 5 1.22 0.76 31 2.70 0.79 36

Gently damaged-slowly changed

Hh EZ AR AR 10 1.65 0.72 20 2.40 0.73 30

Moderately damaged-fast changed

R EE R IR ARl A 4 1.11 0.68 24 2.56 0.74 28

Moderately damaged-medium changed

 BERIR- A Al 8 1.17 0.56 21 2.12 0.70 29

Moderately damaged-slowly changed

IR AR 10 1.45 0.63 19 1.87 0.64 29

Severely damaged-fast changed

IRl 4 4 1.06 0.61 26 2.64 0.81 30

Severely damaged-medium changed

WA E 5 0.97 0.60 23 2.70 0.80 28

Severely damaged-slowly changed
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Fig.2 Characteristics of shrubs and herbs layers and their dominant species in the cold temperate wind disaster area of Changbai

Mountain.

1) #EARJZE Shurb layer; 2) Wik R4 Lonicera caerulea var. edulis; 3) EHEEF T Betula ermanii renewed seedlings; 4) 72 EH W Picea
Jjezoensis renewed seedlings; 5) HAJZ Herb layer; 6) /NI Deyeuxia angustifolia.
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Fig.3 Redundancy analysis (RDA) of the cold temperate wind
disaster area of Changbai Mountain.

DA /NHEE Deyeuxia angustifolia; FO: %77 5i%F Fragaria orientalis;
LC: WHER AL Lonicera caerulea var. edulis; PJR . =42 8
Picea jezoensis renewed seedling; BE; fEHE Betula ermanii; PJ. fafgfz
#2 Picea jezoensis; BER: FEHEHEHIH Betula ermanii renewed seedling;
VB DUIN/REF Wi & Vicia baicalensis; SD: W1 4-3% Synurus deltoids
TT. WILEVAR Thalictrum tubertferum.
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