55 45 %55 19 1) S & 7 i Vol.45,No.19
2025 4F 10 H ACTA ECOLOGICA SINICA Oct.,2025

DOI: 10.20103/j.stxb.202412012947

JEMG BB, 1 Rk BT IR R TTIR [ 50 PR AR S AU 27 R WA AR 524, 2025,45(19) « - -
Zhou B, Huang M H, Xiao L L, Yu H.Comprehensive ecological risk assessment of Qianjiangyuan National Park.Acta Ecologica Sinica,2025,45(19) .

%?.IIJ?. .E‘E:’&Hlﬁ'—m I:HJI

Bl WU A R G R R
1 TR, T 315211

2 T EREB RN 5 FHRBT T, Jbat 100101

3 L2k, dEst 100101

E BRI Al A 2 UG S R 2 Dl A B ) SRR AR IR AT LRI SR 2 el DA S 091, 3k T+ A 2 XU 52 MR- 1 £ 285
DR PRI HE SR R T 1R 5200 Bl A 25 KU PP R BT EAT 1 SRR 9 . S5 SE iR (18 BURAR 1R 4 8 A R DR B a5 22 R
Bl KT GIS 23 [ BN AT HA W ERVT R 5 2 bl (9 A= 25 UL HEA T 18 B AR PG I8 7R T 2SI 0 AR . WFFE R B, &
T I 0 P FO AR A 2 DU S5 B AT A 28 KUK DX 3805333124 36.53 km® 15 58.50 k', o S HI B 24 52.68% , 3= 24 75 [ 52 /4
JCER R BB A AR D5 R A S XU DX TR AR 1 e 008 32.81% 55 14.419% 388 DX 5 R0, 22000 T [ 2 2 bl
R A GE A DX U SR T DX LA B B 7 DRI g B8 30 2 Aty | 3 8 KRS DRG0 5 U L6 2l RO B BRSBTS X%
G o MR 2 XS 9 25 18] 3 A REAIE , ISR AN [ A 285 XU 45 48 DX Sl R M 22 S A 9 7 P R , s, 11 92K 9 36 T8 A A 25 W A
B, A R 52 bl A 25 KRS ) U3 A5 A BB A T BB )y 12 Xk AR PR AP ) T R R i BAT A ML
SRR [E bl 5 A 2SR 5 £ VA s 20 DRSNS TR

Comprehensive ecological risk assessment of Qianjiangyuan National Park
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Abstract; Scientific assessment of ecological risk was the key technical link to realize the management of national parks.
This study used Qianjiangyuan National Park as a case study, developed an ecological risk assessment framework based on
the “source-receptor-response” theory of ecological risk, and integrated various data sources, including statistical data,
remote sensing imagery, questionnaire surveys, and interview data. By applying GIS spatial overlay analysis techniques, the
study quantitatively evaluated the ecological risks in the park and explores their spatial distribution patterns. The results
showed that the areas with low and very low ecological risk in Qianjiangyuan National Park were 36.53 km” and 58.50 km’,
respectively, accounting for approximately 52.68% of the total area. These areas were primarily concentrated in the park’s
northern and central ecological conservation zones. In contrast, areas of medium and high ecological risk occupied 32.81%
and 14.41% of the total area, respectively, with a fragmented distribution mainly in the park’s central traditional utilization
zone, recreational zone, as well as parts of the conservation area and southern edge. The major risk sources included
recreational activities, agricultural practices, forest fire hazards, and geological and meteorological disasters. Based on the

spatial distribution of ecological risks, this study suggested implementing differentiated mitigation measures for areas with
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varying risk levels and recommended strengthening early warning systems for natural disasters and improving ecological
monitoring mechanisms. This research provided a theoretical foundation for the identification and management of ecological

risks in national parks and offered valuable insights for the sustainable development of protected areas worldwide.

Key Words: national park; ecological risk; comprehensive assessment; multi-source data; Qianjiangyuan
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Fig.1 Ecological risk source-receptor-response key components of Qianjiangyuan National Park
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Fig.2 Location diagram of Qianjiangyuan National Park
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Table 1 Ecological risk source indicators and weights of Qianjiangyuan National Park

e &izt TRARR ZRARR L& L 2
Primary indicator Secondary indicator Tertiary indicator Weight 1 Weight 2
JRUES: I Risk source (A;) AR (B)) RERERE (C)) 0.309 0.0445
HBTR EWFE (C,) 0.254 0.0366

ANBYRERE (Cy) 0.189 0.0272

YR RERE (C,) 0.249 0.0359

NSRS (B,) Ti%HIE (Cs) 0.232 0.0501

RFIREE (Co) 0.167 0.0361

RIEHE (C;) 0.156 0.0337

L AALHEE I (Cy) 0.139 0.0300

15K AR (Co) 0.177 0.0382

AR SE YRR (C o) 0.128 0.0276

Ay KU TR Risk source; By : H 28 RUBE U5 Natural risk source; B, : A SCIKUBE IR Anthropogenic risk source; C, : % K FE 45 %R Frequency of
meteorological disasters;C, : Hi 5T % F 45l % Frequency of geological disasters; C;: AfR Y FH % & Density of invasive species; C, ; 2 ¥ 95 HUE 5 %
Frequency of biological pests/diseases; Cs: 1/j % % f Visitor density; Cg: {5 5k % £ Density of tural tourism facilities ; C,: 15 % £ Density of
homestays ; Cg : £ 16 A fif F it Agricultural fertilizer usage; Co: 15 7K HE iU it Wastewater discharge volume; C o« [ 4 5 35 4 HE U it Solid waste

discharge volume

http ; //www.ecologica.cn



6 xR 45 %

232 Kk

LR OUL A 2 BRI AR 25 R 00 2 I 0 0 B A 2 XU TIEA v B S A2 A, Ui i 5 7 o e 2R S
RIS DIRE A AT RRgetk A i i A A2 AR AR, BB AT RO A 5 R VA 1 A S KU, Ry A S R
PR AR IR 2K . SR FOWSE BN E R A AR S R RE RIFERY , SoOULRERERE U043 155 B RSO 34
JEE AR B T LA RT3 el 5500 1) 2 TR 5 4 S R i v 55 O e 3 R S O 85 B ) e o 2 3 350 8
Mo B R BeAk , BELAS A R 22 8] A T4 5 FE DR 50 3, A 3 2B 28 R Ge B 3 k22 S5 U A A8 D) sz e T e —
A S BT S A S S AT, 1 BE A T RE S B ZREPERR AR, BRI A St IR R AT e,
Ve T SOV RE SR 5L A3 B e O S LA A 1 A i R S LA PR T

IR USR5 A B R G R M S R R (R kR R BRI M 7 o 3 0 ol 7 5 R
B ERA A SRR EE ISR, TR R R T - iR AR T Y R AR S S UK
TR, TR SR S5 M R A S5 o Y BRI 5 R U 5 ) I A T B A s ) AT Sk R B, A
W e S PR AR AR A A A B ) AR o P 3 SR 5 R % Il A ) 2 R AR A A 25 A 45 T
FEREYIAE  Fe % BRSO AT T, B8R T R R DGR B BRI G M b 7 T R 3 AN
TN RSB,

A 25 R GRS PRI ) 22 B 2 0 e A A XU A2 PR A A2 R B, A 0 = B 4 ORI B R G B i
B RIS e B B bR, AR BU M T RS R G R R oE R A PR A E
EREABRG R EE  BRHEAATWF B B A S RGN 2R A R R, kK
AR R LS RGGR A RUR AT G MO, BB W F B AR B R PR W R B AR N
AR RGN RIS, ST DL T, A EE T i BRSO AES AR R G 3 A — %485, 8
AR BRI AR VTR [ 5N el AE SRS B2 R AR R (% 2)

®2 HIEBEERAEESKEZETMNEHENE

Table 2 Ecological risk receptor evaluation indicators and weights of Qianjiangyuan National Park

— A ZYE R BT & L 2
Primary indicator Secondary indicator Tertiary indicator Weight 1 Weight 2
Z/A Receptor (A,) AR (By) SO AR AL (Cyy) 0.333 0.0258
SO B EEAREL (Cpy) 0.308 0.0239

FOMARIESE (Cp3) 0.360 0.0279

HEEABE (B,) TIRRIEREE (Cy) 0.242 0.0288

MR FESREE (Cp5) 0.286 0.0340

P HEFEF (Cp) 0.473 0.0562

HEBRGE (Bs) Y FRESREL (Cyy) 0.563 0.0769

FE RPN HIFIEEE (Cig) 0.438 0.0598

A, : 31K Receptor; By : [ 98 5 W Natural landscape; B, : 42 25 ¥ 8 Ecological environment; By : 2E 2% 2 4 Ecosystem; C,, ; 5t WUR 8 B 45 %

Landscape fragmentation index;C,, SO R B Landscape separation index;C 3 =l n-Jis Landscape dominance index;C,, IR R Soil
Erosion Intensity; C5: M5 75 3R Environmental noise intensity ; Cq: kT S Vegetation coverage rate; C,;: EX/EN T Biodiversity
abundance index;Cg: B R PAR P YR Density of nationally protected species
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Table 3 Ecological risk response indicators and weights of Qianjiangyuan National Park

— ARG e/ E i o 67 & =10 L& &)
Primary indicator Secondary indicator Tertiary indicator Weight 1 Weight 2
Wi )i Response (A,) BURFZT (Bg) R (Clo) 0.172 0.0263
NLAMIRIRES) (Cyp) 0.288 0.0440

IMRBEERA (Cy)) 0.238 0.0364

RS HEERETT (Cy) 0.301 0.0460

FEIX 2 (B,) FEX IR (Cy) 0.339 0.0306

XIS (Cyy) 0.216 0.0195

FEXAMEDLE] (Cos) 0.445 0.0402

& )2 (Bg) TR ABTEIR (Cy) 0.445 0.0284

VIHHEHET (Cy) 0.339 0.0216

Pig BRLE (Cy) 0.216 0.0138

Aj: M i Response ; By : B )2 11 Governmental level ; B;: 1t X JZ 1l Community level; By: W7 % )2 1 Tourist level; Cio: ¥F B AR P ik it
Environmental protection facilities; Cy, L N 2 N BE 7 Emergency response capability ; C,, MR %4 TR A Environmental protection investment;C,, i
W HE ST Risk supervision capability ; C,; SRR Community environmental awareness;C,, R X B Community environmental measures;
Cops : #E X AMEDLH] Community compensation mechanism  Coq : UiF % 24£ A5 B 11 Tourist ecological awareness; Cp, : T & B H Visitor environmental

education ; Cg : % HIRLYH Visitor self-regulation
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A b 375 g KU A5 bR (104T) ) (GB 15618—2018) (V57K 25 & HERUbRME) (GB 8978—1996) . ( FE ¥R LS
Bt brifE) (GB 3096—2008) ( Ml zs S BT bnifk) (GB 3095—2012) M T IEFREG Fde At b 1375 4L X
B FERRUE (IRAT) ) (GB 36600—2018) 453014, 28 S MR3m 10 225 e A FH IR LA AR 4 s IR 58 ot 1 17
M S AEZS RS IS A2 2 s B, DLRGE B P B AR DG H8 B, SR S HL O e e KU S5 4%, 2R
SR FEXS T HeZ AR HE 5 , B T AR B St E AR, BIEEHSZ A8 3 TR AR ER 2 T IX
SRR M, SRR A b BT RS KO 1 SR, R ArcGIS 10.2 Wi FH 2R 7 24 1572 ( Natural
Breaks ) XVE 1550 A TAREAL AL PR (3R 4) .
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Table 4 Ecological risk comprehensive evaluation indicators grading of Qianjiangyuan National Park

g i MBS Risk level
Evaluation indicator Unit PR 24 1 RS54 11 TR 2R T e AU 4 TV
RRRTIE
ARKHBK . W/ a 0.000—0.596 0.596—0.973 0.973—1.349 1.349—1.999
Frequency of meteorological disasters (C,)
Y 4ES

X ER }; . . K/a 0.000—2.588 2.588—6.940 6.940—15.056 15.056—29.994
Frequency of geological disasters (C,)
AR

114 ! o . / 0.000—0.007 0.007—0.020 0.020—0.036 0.036—0.050
Density of invasive species (Cs)

e/« | — _ —

Frequency of biological pests/diseases (C,) X/a 0.000—0.316 0.316—0.645 0.645—1.430 1.430—3.000
Vi

T TR km? 0—0.666 0.666—2.093 2.093—4.724 4.724—8.117
Visitor density (Cs)

F
ZQ%/J i . e . A/km? 0—0.007 0.007—0.020 0.020—0.036 0.036—0.050
Density of rural tourism facilities (Cq)
N
" A/km? 0.000—0.316 0.316—0.645 0.645—1.430 1.430—3.000

Density of homestays (C,)
A AN 1
& . ¢ {Eﬁﬁi . t 0—0.666 0.666—2.093 2.093—4.724 4.724—8.117
Agricultural fertilizer usage (Cg)
5K R
Wastewater discharge volume (C) t 0—0.341 0.341—0.899 0.899—1.560 1.560—2.423
SR HECE
. ﬁg%#% F " t 0—0.087 0.087—0.210 0.210—0.358 0.358—0.492
Solid waste discharge volume (C )
SO AR
SRR S - / 0.050—33.127 33.127—65.043 65.043—96.378 96.378—148.604
Landscape fragmentation index (C,,)
SO RS REFR AL
- o / 40.024—2390.399 2390.399—6356.659 6356.659—11424.657 11424.657—18843.031

Landscape separation index (C,,)
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AR iy BAF4R Risk level
Evaluation indicator Unit BRAR R 740 1 MIEARAR 2 11 RS el AR IV
SONLHBE
. - . / 0—0.345 0.345—0.542 0.542—0.773 0.773—1.000
Landscape dominance index (C,5)
R R
124 i 51 Hiomzl fz
Soil Erosion Intensity (C,,) / i i & BOHERL R
PRIEIE FH O
. .o . dB 37.000—41.448 41.448—43.971 43.971—47.291 47.291—53.997
Environmental noise intensity (C,s)
ML
%ﬁ%ﬁm}: % 0.580—0.984 0.386—0.580 0.155—0.386 0.033—0.155
Vegetation coverage rat (Cyq)
AR
%+E #3 . / 79.872—94.000 52.106—79.872 31.988—52.106 3.977—31.988
Biodiversity abundance index (C,;)
EP USRI
. . - . A/km? 0.002—0.133 0.133—0.261 0.261—0.487 0.487—0.819
Density of nationally protected species (Cg)
SRR
E{Rﬂﬁ it . s / 4.226—5.000 3.859—4.226 3.500—3.859 3.000—3.500
Environmental protection facilities (C )
o7 2 37 1
e g / 4.863—5.000 4.621—4.863 4.336—4.621 4.000—4.334
Emergency response capability (C)
IRBEEBA
%J Lo / 237.561—349.995 148.156—237.561 60.106—148.156 3.211—60.106
Environmental protection investment <C21)
KU W48
.Blm " Hb. . . / 4.625—5.000 4.305—4.625 3.836—4.305 3.000—3.836
Risk supervision capability (C,,)
X R EIR
. . / 4.269—4.545 4.094—4.270 3.956—4.094 3.760—3.956
Community environmental awareness ( C,5)
X FR PRI
MR / 4.703—5.000 4.289—4.703 3.758—4.289 3.000—3.758
Community environmental measures (C,,)
HEDCHMEEBLT
s - . . . / 2.922—3.000 2.754—2.922 2.461—2.754 2.000—2.461
Community compensation mechanism ( C,5)
WA RSN
. . / 4.556—5.000 4.385—4.556 4.227—4.385 3.875—4.227
Tourist ecological awareness ( C,q)
WENEHE
ﬁg P%( N . . / 4.067—4.240 3.947—4.067 3.828—3.947 3.600—3.828
Visitor environmental education ( C,;)
VI AR
/ 4.238—5.000 3.817—4.238 3.348—3.817 2.000—3.348

Visitor self-regulation ( C,g)
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) 3 T ) 5 el A 25 2R 0 ) 22 4 5 XU e AT , 3 e — SO AG B0 1 a2 6 7™ | 4 B M 0 A R S L 6
TE R AR 25 AR Ml | DT 5 2% A 25 XU 22 46 vh S 0 22 4 i 50 A il i R PE A T 4 . 190 1m) 15 1A
TR VTR R AT AR E TAEZ R 0B R RN , FFZERMATEL 9/9—9/1 i J3E 2 6 4530 A 285 IKUBS: PEAN 8 bk
(R AT L . 8 ZO 45 F6 b 1) T SR B (A A TR 25 57, ad WA AR R B A™ B 2901 IR b 1 b
SEAH, I A SEA A 2 FIW R, BifiJe , A Matlab 0431550 8 A 40 W00 %0 1) B KRR AR AL A, BRI AR ]
i IR A R T — SRR TR A [ S P A S KU PR PR AR AR (R 1 R 2) .
2.7 LAETEMBIAR
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Fig.3 Ecological risk source evaluation results of Qianjiangyuan National Park
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Fig.4 Ecological receptor evaluation results of Qianjiangyuan National Park
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Fig.5 Ecological response evaluation results of Qianjiangyuan National Park
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Fig.6 Ecological comprehensive evaluation results of Qianjiangyuan National Park
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