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Abstract

Aims Understanding the processes and drivers of vegetation change in giant panda habitats plays an important
role in their conservation and management.

Methods Based on the long-term normalized difference vegetation index (NDVI) time series that was constru-
cted by all available Landsat TM/ETM/OLI images from 1986 to 2018, we employed the BFAST (Breaks For Add-
itive Seasonal and Trend) method and harmonic model to monitor the vegetation change during the period of
1986-2018. Three types of NDVI changes (i.e. vegetation accumulated abrupt change, accumulated gradual cha-
nge, and total change) were built to reveal the spatial distribution characteristics of vegetation change. The effects
of different factors (i.e. mean annual precipitation, mean annual air temperature, elevation, slope, aspect, distance
to rivers, soil type, land cover type, distance to roads and distance to engineering disturbance area) on the spatial
distribution of the three types of vegetation change were evaluated by Geodetector.

Important findings 1) A total of 9.13% of vegetation abrupt change in the study area was detected, which was
mainly distributed around the eastern boundary of the habitats, and the largest abrupt change areas occurred in
2011 and 2013. 2) The proportion of vegetation accumulated abrupt change showing degradation accounted for
40.17% of the vegetation accumulated abrupt change area, and the accumulated gradual change and total change
which presented increasing trends accounted for 94.58% and 97.02% of the study area, respectively. 3) The spatial
distribution of vegetation changes was mainly affected by four factors: mean annual precipitation, mean annual air
temperature, elevation, and soil type. The strongest explanatory factors of vegetation accumulated abrupt change,
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accumulated gradual change, and total change were mean annual precipitation, elevation, and soil type, respec-
tively. The interactions between driving factors were mutually enhanced and nonlinearly enhanced.
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Fig. 1 Location of the study area of giant panda habitats in Qionglai Mountains. The boundary of giant panda habitats (including

potential habitats) is from the Fourth National Giant Panda Survey.

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights 1‘0scr\'cdDOIhIlt?wzl/7§\2\1/\CJRelﬁxqgﬁ@[226



358 HEMIEZ IR Chinese Journal of Plant Ecology 2021, 45 (4): 355-369

FR 5 H A 70 285 AN 70 XRF A, 30 U (41
B EREKE) M. SRR, B
SRR AL SRR A, iR . 5 TAEMEX
PR B9 5 N PR 7R I 5 DX R A AR A 1) 3R 5 R k
AT AT (R L)e A I RIS T R U IA B 4
7V & (http://www.resdc.cn); = A2 B R IE T b B
== (B8 =7 4 (http://www.gscloud.cn), 3 7] 3 &
ol B SRR T R 7 o BRI T A
] Hh 2R3 25U H 5% IR %% R G (http://www.webmap.
cn); T8 % R VAT A0 ER A R R T AR U T TR A A 1A
(OpenStreetMap, OSM)(https://download.geofabrik.de);
TR BN X R NGB (— Bt TREE BN R 4G
M 3E B — R B FE I Y X(BR A, 2014), (EAHT
Fuh TR EARTR K . AR XS, 3L
P AR T VU ) 1148 R BE A S K st L il X
fi FL 2 o3 A B (DY )1 A AR ST, 2015), 15 Bl AreGIS
1025 Al Google ¥, B RS iR EE 2R, X H 73 (]
AT L o T EEE SRR S HE AN ], %)
BT B e . RGN N R A B AR 3T A v
HRFE . BFFT ORI AL B
1.3 #RAEE
1.3.1 EHEFFINDVIELE N5 %

BFAST & H] T 73 #r I o 22 JRAE 1 & it ™ it 20
3 B9 DB RS SRV, AT LA A A ) SR AR A AR
FEREME S AT AU B Rl TE X E], A TR AR K
IF 16 P F1 R e S 508080 70 W7 (Verbesselt et al., 2010a;
TRESE, 2017), ZiEC ZHTARASRS
I 1) > 271 28 SO 1) AR A A MU (Chen et al., 2014;
Fang et al., 2018; Geng et al., 2019). KFBFAST/7
2RI I X 198620184 FIND VIS [6] 3 S #EAT B

R O Ly O AE AV S M R AR A B SR BN R T

AN, A AR R A Y R A A T R SR 23 M
I 16 P 70 ] DR R R e R e, LA OD BR T 73 328
DA — > = M 5k 72 - J7 T (RSS) HE B SR 56 {1
(I 1 28 Kl I ) R AN AR B se) 5 B AR BL (&
b R4 B A (A Q) T R A AR AE)
Z IR Ay 2)38 e f b DL S S HE U 3R A B
Per BUE 3)Wr w7 B N8 T £ /MU RSSHE R 25 H 11
P A AT REr X7 S PRI RSSRAFE »

. 2 . (2
P, npyr = B; + a; cos il +b; sin Lol
T T
c;t {TZ_I <t<z’Z} 2

b, R, o AN, SRR N
WARINDVI; pNEEE; aflbh 2R B
PERIA RS &, RIEME TR, ol
NDVIEALFEH, THREF365K .

BT 22 K02 %43 BEND VT % 38 B /N — ek
flith, F4k, Wi AN E RIS — N EESHUE
SEREA KN BNy BE R 5 (), BEAR R/ INR I
T 45 58 I 8] 72 51 (R R 52 8, ORI R mT B2 3
IERIRRE P, B i i B, BUMATTRE
2K I 3 AR T 55, AR Dutrieux 25 (2016b) Al Li%%
QOI7HIHEFT, Frhk B NO.1, LAERLRA 0%
THRIUNA WA Y, 25 58 B0 5T X FPLAH X D,
B R AL IR E N6 IR, 3K W AN BE 5T I [A]
BEN s K Re K AE6IRRAL . il JE BFAST /7 15 Al
6] 3> FND VIR I P W s BRI A R A2 9878
132 #E#Tk

AHIE T RO AR AR, T AR
WA AT o ET R REANME T 8] 7 F BT (1) 3453

Table 1  Drivers of vegetation change of giant panda habitats in Qionglai Mountains

S sit] FINE 7 (6] 43 AL B (2R )
Factor type Factor Spatial resolution (m) Preprocessing (resampling)
S5 Climate 4 [% /K Mean annual precipitation (X1) 1 000 ML N AfiT% Bilinear interpolation
£ 145 I Mean annual air temperature (X2) 1000 LMY Bilinear interpolation
i) Topography 2 Elevation (X3) 30 -
W RE Slope (X4) 30 -
WH Aspect (X5) 30 -
VR River 5SS Distance to rivers (X6) 30 -
LKA Soil type 3K Soil type (X7) 1000 4830 P4 Nearest interpolation
AFiEZ) Human activity +317 536287 Land cover type (X8) 30 -
518 R Distance to roads (X9) 30 -
S5 THEMBNIX R Distance to engineering disturbance area (X10) 30 -
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Table 2 Area proportion for various number of vegetation abrupt change of giant panda habitats in Qionglai Mountains during 1986-2018

7 AR X 3k LIl Proportion of abrupt change area (%)

FEAF YKL di i 5E X LLfFl Proportion of study area (%)
Number of abrupt change 1§ 2.4 Habitat AhEE X35, Peripheral area 1§ 2. 4h Habitat AhEE X35, Peripheral area

0 58.09 32.78 — —

1 5.74 2.92 62.87 31.98

2 0.24 0.21 2.63 2.30

3 0.01 0.01 0.11 0.11

4 0.00 0.00 0.00 0.00

=1 5.99 3.14 65.61 34.39
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Fig. 2 Spatial distribution of vegetation abrupt change of giant panda habitats in Qionglai Mountains during 1986-2018. A,
Number of abrupt change. B, Year of the latest abrupt change.
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Fig. 3 Vegetation change of giant panda habitats in Qionglai
Mountains during 1986-2018. A, Vegetation accumulated
abrupt change. B, Vegetation accumulated gradual change. C,
Vegetation total change.
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3 IR LL KRS 5 R TR 2545 ()
Table 3 Results of factor detector of giant panda habitats in Qionglai Mountains (g)

T B RS T RBAL BB
Factor Vegetation accumulated abrupt change Vegetation accumulated gradual change Vegetation total change
g p(sig) Squif?: of g 9 p (sig) SqujfE of g 1 p(sig) Squif?: of g

X1 0.048 1 2.78E-10 1 0.0315 6.49E-11 4 0.068 1 6.44E-10 5
X2 0.0213 2.89E-10 2 0.037 6 6.14E-12 2 0.089 1 2.69E-11 3
X3 0.0189 1.56E-10 3 0.0377 5.38E-10 1 0.089 6 8.18E-10 2
X4 0.001 1 5.61E-11 10 0.000 3 2.78E-10 10 0.001 5 5.49E-10 10
X5 0.001 4 5.03E-10 9 0.001 6 2.10E-10 9 0.005 8 1.87E-10 9
X6 0.0117 4.07E-11 5 0.0123 6.59E-10 6 0.028 2 3.72E-10 6
X7 0.013 6 3.11E-11 4 0.037 5 1.95E-10 3 0.097 4 6.81E-10 1
X8 0.0059 5.49E-10 7 0.023 8 4.22E-10 5 0.0797 3.07E-10 4
X9 0.010 6 2.98E-10 6 0.008 0 6.97E-11 7 0.018 3 9.47E-10 7
X10 0.002 5 2.20E-11 8 0.003 1 6.36E-10 8 0.0103 2.07E-10 8

HT7(X1-X10) @1,
Factors (X1-X10) are the same as in Table 1.

R4 IRk L R RESH AV 5 M A2 ELAE BRI 25 SR (R A AR I B BT OB R g I HEAT HEFF)
Table 4 Results of interaction detector (the first nine larger g were selected and ranked for each vegetation change) of giant panda habitats in Qionglai
Mountains

T RIRA T R AL EESE A
Vegetation accumulated abrupt change Vegetation accumulated gradual change Vegetation total change
[ Factor q [ Factor q ¥ Factor q
X1NX6 0.071 4" X7NX1 0.0525 X7NX3 0.1348
X1NX7 0.068 9" X7NX3 0.050 2 X7NX8 0.1334
X1NX2 0.065 3 X7NX2 0.049 7 X7NX2 0.1319
X1NX3 0.064 0 X7NX8 0.047 5 X7NX1 0.1302
X1NX9 0.0619" X3NXl1 0.0457 X8NX3 0.122 6
X1NX10 0.061 5" X8NX3 0.0450 X8NX2 0.1215
X1NX8 0.057 0" X8NX2 0.0450 X7NX6 0.1178
X1NX5 0.0519 X8NXI 0.044 9 X7N0X9 0.1145
X1NX4 0.0510 X7NX6 0.044 4 X8NX1 0.1138

*, XL A EAR R T AR vy, RAZEAERE TAERR. BT XI-X10)FE%K],
*, the corresponding interaction belongs to nonlinear enhancement, the other interactions belong to mutual enhancement. The factors (X1-X10) are the same as
Table 1.

X2

MR REE
Vegetation accumulated abrupt change

2468101214 123456780910 12345678 12345678
A A7 B4 IX Different partitions of all factors

B4 TRk 1L K RE A AT S A A R AR KSR 25 45 R . A FV/NE FRERIRANF 73 X Z AMFAE 35 %2 R (p < 0.05),

FXI-X10)FE1.

Fig. 4 Risk detection result of vegetation accumulated abrupt change of giant panda habitats in Qionglai Mountains. Different

lowercase letters indicate significant differences between the different partitions (p < 0.05). The factors (X1-X10) are the same as
Table 1.
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Fig. 5 Risk detection result of vegetation accumulated gradual change of giant panda habitats in Qionglai Mountains. Different
lowercase letters indicate significant differences between the different partitions (p < 0.05). The factors (X1-X10) are the same as

Table 1.
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Fig. 6 Risk detection result of vegetation total change of giant panda habitats in Qionglai Mountains. Different lowercase letters
indicate significant differences between the different partitions (p < 0.05). The factors (X1-X10) are the same as Table 1.
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Fig. 7 Impacts of vegetation abrupt change of giant panda habitats in Qionglai Mountains on the results of factor detector (g). Area I
represents the area where vegetation abrupt change is detected, and area II represents the area where vegetation abrupt change is not

detected. The factors (X1-X10) are the same as Table 1.
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