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Abstract: The purpose of making a national park is to protect the country’s important natural ecosystems, as well as the
plants and animals that live there. Scientific planning of the quantity and travel time of tourists has become an urgent issue
for national parks. Wuyishan National Park is composed of three areas: Wuyishan National Nature Reserve ( BHQ),
Wuyishan National Scenic Area (JQ), and areas in—between (GDQ). Based on the normalized difference vegetation index
(NDVI) (250 m resolution) from 2000 to 2018, digital elevation model (DEM, 90 m resolution) , land cover/usage data,
geographic information data, and meteorological data, we estimated the length of growing season, interannual variability of
NDVI, and Vulnerability of forest vegetation in the three types of areas ( BHQ, JQ, GDQ) of Wuyishan National Park, and
assessed the impact of human activities and climate change on the growth of forest vegetation. We set up 5 vegetation plots in
each type of areas (BHQ, JQ, GDQ) under similar climatic conditions for the study. The results show that tourist activities
shortened the growing season of forests. The growing season of JQ ends in September, one month earlier than that of BHQ,
due to the change of vegetation types caused by tourist activities. Both climate change and tourist activities from 2000 to
2018 increased NDVI, while the impact of tourist activities was greater than that of climate change. The annual NDVI
growth rate of JQ, GDQ, and BHQ was 0.046/10a, 0.032/10a, and 0.007/10a, respectively. The growing season mean

temperature was found to be largely responsible for the change of forest vegetation, and an increase in temperature was
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beneficial to the vegetation growth. Tourist activities increased the Sensitivity of forest vegetation and reduced the
Adaptability of forest vegetation, which in turn increased the Vulnerability of forest vegetation. As a result, the ranking of
Sensitivity and Vulnerability for the three types of areas was JQ > GDQ > BHQ, while that of the Adaptability was BHQ >
GDQ > JQ. Tourist activities degraded the structure and function of ecosystems, which showed greater vulnerability and
instability. Part of the negative effect from tourist activity on the change of forest vegetation was offset by climate warming
and effective tourism management. This study shed insights into the planning of travel time and quantity of tourists in

Wuyishan National Park.

Key Words: Wuyishan; national park; forest vegetation; tourist activity; growing season; vulnerability
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Fig.2 Intra-annual trend of NDVI in three types of researching areas

2.2 NDVI B4FEPrAEfk

3K A A KT JEA KA NDVISFIE, LR sk 1135 A TR 04 K B Fof 18] 45 4 118 2 2 [l
AEE R FE (R 1), 2 NFEShsgm, it e A KR EARAE K2, 5 ORI XA NDVI Y2 8] 809 -7+
s N HARAE RS LI RAER S, 2800 ik 8 B H BB E KT, 244 NDVI 5t X 53 588
0.046/10a, &P X 24 0.032/10a, 5t X8 0E = Fad X, PR3P IX ] NDVI BERKBRIEAE K ZEM 3 AR 11 b
B 0 FHKOEAh AR B NDVIE ISR IF AR 3 0 B HKF  24F AR AR K0 NDVI K WA AR A

http ; //www.ecologica.cn



7272 JAE = 40 4

) F MK, 3 B XA K I (5—8 J1) NDVI AR b S5 A 38 21 i E MK, AL NDVI A4 X 38 4 i
T, NI B0 U DRI R 24 e DX A A K B B U VR, AT e 5 K I LR i Sl A TR AN T4
FA AR TR, TS NDVI ZEAE Bl A K RE RS 25 5 ik S A A 560 A K 22 24K NDVI
DR HE B A0, AN 50 2R BRI, REAS 55 v B 1 IS 107 M 4% A AR PRAS AR L, 55 45 4F NDVI 8 Kfa 3 — 3, ¥ 2
3 I

RFINIRHEFE ARKRBAEA RS EYREAEE EIHEER (R 1), 3 K05 XA NDVI 25
A AR ZE AR R ENT A RBEKEE A Pearson AHOCHT R, i ¥ X R4 X () NDVI fi 2=
AR ZERPFE AR5 52 A OC A OGRS 1 0.497 F1.0.506 (P<0.05) , 5% X NDVI i 25 5 4 4F |
AR ZE R A K Z 34 R - B A SRR 1) B KO 53 85T X NDVI 22 5 4 4F A K EMIEA K S
() SRR K BE -2 JC B A O (2 2) o Wl id, 72 TC 2800 B2 PR AT, 5 i 1 5 Pl g A K i
[EHF ARV, SR RA R TS 08 N — e B0 s g (b i X)) X g A K
M 58 /0N, A 28 Ak 5 AR AR AR S 3 R OG5 5 DX PR i A B 2E K I R BR AR IR T4, AR AR 3 22 N o 22
R, KIEShgm N R R R AR FERE AR SRR N AL IC I A e

&1 2000—2018 £ NDVI NS S EENLMTH#EE
Table 1 Linear trends of NDVI and meteorological factors from 2000 to 2018

FisJ ] Time Ky Keng Kgno Ky Kp

1 H Jan 80 20 17 0.024 -2.068

2 H Feb 85" 40" -4 -0.045 -0.772

3 H Mar 42 44" 43" 0.020 4.342

4 H Apr 35" 56" 32 0.031 -3.32

5 H May 52 73 23 0.021 7.99

6 A Jun -37 -7 -59 0.019 3.44

77 Jul 29 5 =34 -0.014 -0.78

8 H Aug 31 -11 -1 0.031 -1.32

9 H Sep 48 30" -9 0.057 2.64

10 A Oct 47" 30 -4 0.035 -2.36

11 7 Nov 66" 31 31" 0.066 2.65
12 H Dec 74" 76" 60 -0.15 1.35
24E Yearly 46 ** 32 7 0.021 14.44
Rz Growing season 26" 25* -9 0.023/0.024 1.29/8.93
FEERE Non-growing season 66 ** 42 ** 29 0.016/0.012 3.15/5.51

Kjo: 5% NDVIAEBRZEE# 353, Interannual trend rate of NDVI in Wuyishan national scenic area; Kgpq: 1 X NDVI AEPRAE L $5%
Interannual trend rate of NDVI in the area between Wuyishan national nature reserve and Wuyishan national scenic area; Ky : #R47X. NDVI 284k #
3 Interannual trend rate of NDVI in Wuyishan national nature reserve; K;: i3 113 35S RAEPR S L #K | Interannual trend rate of mean
temperature at Wuyishan station; K, : B3 L35 BFHEK PR ML | Interannual trend rate of accumulated precipitation at Wuyishan station; *
R NDVI AEBRAE LA ) B KT (P<0.05) 5 # # 7R NDVIAEFRARfL Ik B 825K (P<0.01) 2B K2 K KRG 2 AMEAS XN 4—9 A
1 4—10 H RERERRBEHERE HEE KT 5 AKX

*2 HRENDVIREMSKERHHEXSH
Table 2 Correlation analysis between NDVI deviation and meteorological factors in researching areas

IR B B 2 M Correlation coefficient and significant

R |
Factors Time NDVI 22 (JQ) NDVI 22 (GDQ) NDVI 2% (BHQ)
NDVI deviation( JQ) NDVI deviation( GDQ) NDVI deviation( BHQ)

TR EET i 0.427 0.231 0.326

Mean temperature anomaly R 0.407 0.497 " 0.506 "
AR E 0.126 -0.113 -0.030

R 7K B S LA -0.154 -0.317 -0.059

Precipitation anomaly HRKZE -0.181 -0.310 -0.055
AR 0.002 -0.071 -0.069

* FR AN ETE P<0.05 7K FAHX i 3
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Table 3 Sensitivity, Adaptability and Vulnerability indexes for the forest vegetation plots in the three types of researching areas

NDVI 4F R K AH NDVI 4P
R Annual maximum value of NDVI Annual mean value of NDVI
Plots B T g 554 B T iS55
Sensitivity Adaptability Vulnerability Sensitivity Adaptability Vulnerability

JQ1 0.79 0.13 0.66 0.87 0.00 0.87
JQ2 1.00 0.00 1.00 1.00 0.14 0.86
JQ3 0.72 0.35 0.37 0.79 0.19 0.60
JQ4 0.83 0.06 0.77 0.87 0.13 0.74
JQ5 0.63 0.25 0.38 0.87 0.11 0.76
GDQI 0.38 0.65 -0.27 0.21 0.56 -0.35
GDQ2 0.44 0.35 0.08 0.55 0.23 0.32
GDQ3 0.12 0.90 -0.77 0.14 0.57 -0.44
GDQ4 0.50 0.31 0.18 0.46 0.27 0.19
GDQ5 0.28 0.56 -0.29 0.25 0.47 -0.22
BHQI 0.08 0.83 -0.75 0.28 0.67 -0.40
BHQ2 0.16 1.00 -0.84 0.38 1.10 -0.72
BHQ3 0.67 0.88 -0.21 0.16 0.89 -0.73
BHQ4 0.12 0.85 -0.73 0.02 0.83 -0.81
BHQS 0.00 0.96 -0.96 0.00 1.01 -1.01

3 Fig5itig
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FRAE 237 B | A A TRR B LA SRR MR 32, S X 32 N2 Bl i i 463 o] A o 8 428 S B b, A 0 DAL S
FAFIAZ AR 3 3 XA T 8 2 ) AR A DA RR AR B AT 32, 35 R0 . AR SCICH , T30 3 5T XA
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