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Tab.3 Standard elliptical parameters for immovable cultural relics in different periods within the basin
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RICHT 105. 68°F 30. 16°N 329 249 76.27
B 375 A 105.55°E 30.39°N 360 293 66. 81
AR LK 105.78°E 30.11°N 339 295 66.38
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Tab.4 Classification of geohazards risk assessment index
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AR R <8 <5 >3000 >2000 <800 >300
rhRUE: 8 ~20 5~10 2000 ~ 3000 1000 ~ 2000 800 ~ 1200 150 ~300
rh s IR 20 ~45 10 ~15 1000 ~2000 500 ~ 1000 1200 ~ 1400 100 ~ 150
[ a >45 >15 <1000 <500 > 1400 <100




Vol.43, No.5 VU AN ] S Bl S 25 A2 -5 3 R AU X 729

I3 N 6 B o R MR AL BRANE
4.2 E-F AHP RR 5 Hikra i #| i 16 % M T PR R bR)E T A TR R PP R A R T R

RO T 3 R K PR T vk R AL ERUH RN — B AR R D A4 o —E
5 AHP 2R3 ik  Topsis MR A i€ RBGE S HB, LTI 19 FIBHERARE R (R S) .
JER ML B SR LUK Al RE 52 28 B 732 fri A MR 1-9 FUWTE AR BERAGHEEN S B X545
TR TERE AL R FE XN PR8I 2z e )2 C R G .

e
>

A3 2 PR 2

T T A
FROMUES: rhOXUS:
050 100 150 it o 50 100 150 s A
(a) SIS 532 (b) M T L XU 53 4

K732 PR32

[ oAV [ Ji9ANE
UK U
e UK TR AR
030 100150, oo e 1020 N

(c) 7K ZR B S UK 73 24 (d) PHTRHY I 9 DL 230

j

AR5 2K PR32

[ [ il
A A
AR i
PR 0 10 120y,
() AR 24 () HRE R 2

6 BISIRRE 5 R E

Fig.6 Risk classification zonation of single index



730 1

1l 354

A

£S5 19 FIERERRER

Tab.5 19 judgment matrix scale

b L
U SRR, R AR
3 URPIMHEAL, B L

5 FRAFE R, T G E Y S

7 FORAPERML B LG H R

9 FORWAE M, AT# S 0
2,4,6,8  FoR LRAHSRHITY b E(E

HHR I SRR EELEZ N oy IBAKE

B g w2 by @y = 1/a,
7C, C, Cu Cn. Cs Ciql
w Cp Cy Cy Cy Cy
o |G Cn Cu G Gy Gy
C, C, C, C, Cs Cig
g Cy Cy Co Co Cs
LCy Cy Cu Co Co Cuod
-1 0.2 014 05 2 17
5 1 033 05 3 1.5
g_| 6 3 1 2 7 (6)
2 2 05 1 4 2
0.5 0.33 0.14 0.25 1 0.5
L1 0.67 0.17 0.5 2 14

XA PR T IH —fR AR BE .

A.
o= — =120 7
i Z;Aq J (7)
S b B i Y A B AT AR N
No= ¥ A ij=12,m  (8)
RN, =[N, N, ... N, 17 RARE )
FEN, = [N, N, N, 1" 470 ab 5
N, = ___N — (9)
(N, +N, +--+N,)
o, N, R REHEE A TR A w.,

TR EAR «
. (AN),

Mo = 2, oy (10)

TR —E e b

S

)\max_n’ (11)

n-1

B BWEIRPR R, 3%, TASCH F IR 1R IR 5L
n=6,KIR,=1.24,

THE—BE L)

Cp: Cp = (12)

¢ :C =

R — PR LR €, <0. 10 IR W%
Wi i — BRI AS 1 Cp (N 0. 0326, 35
G A e p s B
4.3 MIEENERITH SRS

ARSCRHJZ oM ik CAHP) Hf R RRAE i) ik
BERTEARAE (309) , B R Z A1 1, P 4
PR HAR P FC A5 R L% 6. JLvh, i 5= XU
(0. 422) FIE 27 I (0. 202) BYAL FH S i, 1T 3L TP
M (0.075) Rk AR HiES (0. 048) AL H I

x6 ZETMEBHRNESEE

Tab.6 Weight distribution of comprehensive assessment index

HirZ EisuS AL
e 0.166
TR 0.075
145

U] FHh KR 0.048
i O — 0,200

R &I R '
FREKE 0.087
7= R 0.422

BT HANTRER KRS T 4 2R, DL S &R AR X 25
A MU PP ) 5T BRAS L R/, R Aregis BRI T
AR IRE  FHEZR G KPR AR (B T) o

KT 2

[ AU
R
R
02 kA

7 MRKE LS E

Fig.7 Zonation of comprehensive geohazards risk assessment



Vol.43, No.5

VU AN ] S Bl S 25 A2 -5 3 R AU X 731

FE TG B P, KB A KU X, P
ey 68. 2% ; LUK im KU L X 21. 2% , IR XU
M X 5 10.6% .

5 ST A DX XU S

ANHET ArcGIS 15, R H A AR M Sk K 25
EVEA o0 (DR 9T XUBS 23 O 4 A A5 G IR
(0.924 ~1.254) i RUK (1. 254 ~2.367) H i X
K (2.367 ~3.374) 5 MUK (3. 374 ~4.032) . %
I BRI A B o3 AR AE A T30 03, e PR, TG
it BEA P, DA 25 (8] 73 SR 52 PP AR 21 2 2R H

Oy WL ) 10 N SO R SRS B 3 X
WA Jey , A S0 L AR AR SR B 2 E KU 2545
VRO, 45 G ST AR b0 A XU XU AR, 30 2375
H SIS U S (R T) o RAEZR T I3 #r,

e XU S A FP o0 A T 2 A 28 TR A M L e 2
MO VY R % 0 Ll st P, AR RV A L VBT A
M (RS L TR L A5 DI85 e XU S A
TEJSCARF- JEURN F 30 PN U 45 75 M 5 3 L, B 935 i AT -
JEF- X% J 10 6 s HE 22 S5 1 s B 7 3 451X
Sl s v XU SO AR R0 A AE 1| PP B X A 45 R
Z& DX g SR AR L e g DX 45 DX AR XUBS: ST 4
OIMARTEINAR AT I AT, AL 16 AR 28 1L -5 280 LU 257
HARS 1L -IE LM A A | EE DR T X 1) AR A A
X3

6 g
S U1 A TS B30 55 A3 A 5

R AT , RGUIT R 1 3509 35 KBS P4 55 30
G A XA, 32 25 i 1] 4 2 (] ML) m i

RT TABIHNIYER S5 SRR E KR ER

Tab.7  Geohazards risk level of concentrated distribution areas of immovable cultural relics

R % % Hb BB TE R 4y X B4l 43 HTEHHE
-SRI R A FRHUAS , T IR L, M- 1A M AT R
A8 -WA A LA A Lk 5 25 # A7 A JR s /N RS 3T
o WA 177 2k L LW H A B .
e IR N
(0.924 ~1.254) R EI A R I T

KAF-E R A
Jr 3 th-E R 2% 1

WA 5 SEATATRI 0 50E , 22 B U vh B i
ILFABED, TR R A

FRESE X 2 NG, TR RR BN,
a 22?‘@&367) JI R R TR Il B X e A M ST TR, e R AR AR L 22 o B LR R 1
A2 IIITIL B X TR A, SRR, AR
AR X HIEEEAR I8 T RPIRT 50, 3P0 e R
y HhFAGE AR B S AR 22 K, OB R, R R E AR . IR
FR T IR AR 5 A X oy .
7 EEaHh
(2.367 ~3.374) TRAF RENSEN
2 ‘%\F“;‘ s 2 > S s 4 7‘ . l—'—'i[:lk
W22 Sl FE A %E% y%% LB AR, RRK S v, T b L 19 40 55 b
IEERRR o
URYT A 3
L B MR KRG , A IRRE 2 WA Y X s 2R
ST 2 BT Z Wy SCH  m MR e TEZE , BX U, FHA 1R 220K,
RO BRI B K 2 M AR 5
A WA
o U o
(3.374 ~4.032) U 45 Hb
Uk FE 11 e 1) HIE AR AR, AR o 22 W1 S, PR B o W 0 DR A %
S PG R 3 %% ,
L g o EUMBIE AT B, oK S R AT 2 . HiSEiE B
g 7 g N A




732 1

S

43 %5

SCATE = PR3 A I T R o 1 DAy LR 3t B AR,
D2 M0 A S 0 5 ) 22 ) S5 A i 36 XL 22 7]
FATE S35 X2 S o AR DA B B AR £ 17
N 38 3o i 7R S s ) A 5 1 T T XS ] 14
FRAR, AL TR = A 1 i s R

VU SO A S B 2 %07 SR R A
oy U X R S R ) B
DI SO A B R e 5 4 XK AE T 2 21 S Akt
P FE S 1 R — B, i — AP EIE T SO e
23 [) PR Al AR SRl M . SR, TR
Ik b DAETSE E R T4 T EURIC
JEFFAIT Y EARAE T e FBOR (R A —
FEREE B PRATEOA SRy N4 1 3t B AR
itk o AT T 58 B BT SR IT 0 A,
7T BRI B L st P A S — B A T
DX F 114 et XU 2 47 X114 225 18] 2852, BT o A2 17 71X
S ARG 7455 F DA A7 LG LA A 1 B
BT MU I ZAE S R E

B EAL T7 18T, AS BIF 8 44 A 1) 4 B A R 5 A
LR IRIRE STt 3 Y R R . ARIRER G PP S
BIALEEL (32 6) B 2 7o RIS, 5 W 2Ry I ) Ay ke s
DT, 5 vt e X SR T 24 3 o 5 S
P VR TR AR A, (0 5 A A2 408 2 2
[ GETT5 A D M A T BB ST — B, 98
M7 3% — RIS A ST BB 3 S AR
T AR 22 5%, I B TS Pk A
PRIETIAEHNE SN T IO ALE AR X B g o X R 57
ST DX O T BT R R ARAS AN [] - 1] 5
T G AR k5 B 1 B X B R i s K
DI SRR IR T BN I AR R (R 8
FEG B FE XL PF O A B R i B B S EEAR ) S
(2T F AR AR v X, G o o B 22 32 K
SAVE R ES, X4 R b i 5 R
M5 XU A PR AN A1 A AS R 0 BE T S8 AN
Pty o FEEAT A IX dalt B R BE A A (14 22 ALV
AR B REE, PPAGEE AR A XU AL DX 3slons vfe
B RE A A PG P G B AR S SR A,
STt 22 P 1R SN T - S 0 A i e AR T 1 i
G0 8RB 7 DX R A AT 5 [ R —
" AR GE, Al S Air HL e e XU X3, 3o P 3 30T H >R B
RIS PR AR T 100, O X O I8 7= 1 RGO K
RS PR SRR s

BT AE—E SR FRYE. 15 o, AT 508 3C
P PP BT A 24 SRS SR AT VA R 800 % TE
LERREY QRAFIRBLAE A B R R 25 575 FLK, PR 4R
PRiR R B C R A ARBOK N T, HA ARG 3)
JRy B A AF A IO PR R 5 B A o E S et
FEH, AT AE G SC A A 55 1 9 - DX o B K
GORE, SIA BB 0 I T R G R AR
B SRS A R R R AL o AT — 20 B U
Hn 5 URASA T 5, BEUL I RV 1) 3 25 35 A
i, A 7 S LT A 4 ) St XL TR A 2R .
X IR R TR A SRR, f B AE N AR KA 0l 52 3]
ST W DR 4 5 38 107 A A P i R T O S )
HE

7 4hig

AR SC LA VY| 3 P9 T e LA B SO AR B B R i
FERG G AR GIS 25 [l Hr He R 5 2 3 i
(AHP) % 77 52 s 39 20 b P AS ] % 2 SC 40 1 B 4 3
Flas i B H i 5 0 3 ARG R R AT T O, R
WF.

(1) 2 () 43 A 7 1T, %3300 P9 SC 400 2 B 3 A
R R AL A 43 A FRAE , B 2 b/ VI AR .
PE RS S OG— FEAC X O R R R X, H 5T
B S AR B ERX, AL TRFERX, I
)2k B b, 3 1 SO 3t A7 450 I I 1 TR o R R

(2) Py sk A8 J7 T, SC B S R = K B
JE FLARS T3 s 01 A I8 06, s R R TR 48 X
23 (B 43 A B S [RIHE RS el 20 08 T AR 5, I SR 10
SO oA AR S v (B AR AR 40 0.48) s HkH
W1V (0.57) 5 5 HAL(0. 66) 5 S HiT 5 S5 2 B 19
SCH RN B, S AR AR Ay Bk 1,04 A1 1,22,

(3) Hh ¢ JRUBS: 77 1T, Hb i RUBS: (0. 422) 5 Ik 2444y
S (0.202 ) B B i, 4 KU PE ke 32 31 5
TERIE (0.075) 57K R S (0. 048 ) X 8 1A DY 52
M52 5553 5 b ¢ XU 2 1A S P g v AR LA 35, -
JRURS: o5 Ll g i 89. 4% IR XUE X 10. 6% 5 i XU [X.
AR T P B S L M-I S A 5 e AU X 43 A
TSGR D R YR R A 5 v RS DX DL )1 g 5 ERURL
Bz XA ) ASFA TR 4

ANEIRE Bl SCH A kg iR S0 Ak A% 7K 1) B B A8



Vol.43, No.5

VU AN ] S Bl S 25 A2 -5 3 R AU X 733

SCHRER A A% D ARIT Sk & i R R A2 5 5

U R AR 5 R G R A B2 o AT
BB LA A T JEAS R RS Bl S b Jo 0 XL
B A5 XK , 485 7 SCH) oA 5 15 o AU
MRS R R, O KOO R Gt R 5 25 (8] 45
PEERAE T EIB KR SRS

2 3Lk ( References)

(1] £R, £& et i (M) Jeat: 4R A,
2016: 8 — 10. [ WANG Chen, WANG Yuan. Introduction to
cultural heritage [ M]. Beijing: Tsinghua University Press, 2016
8-10]

T, EEW. P ESCRE RS [M]. TR IARKR
2200 f7 4k, 2008: 12 — 17. [ YU Haiguang, WANG Jushan.

—
(%]
[

Introduction to the protection of cultural heritage in China [ M].
Jinan: Shandong University Press, 2008 12 -17]

. [E RSO AR R AR (1] sl ik, 2022,
46(2): 71 - 78. [ DONG Wei. An initial approach to the

—
w
[

establishment of national historic and cultural spatial system [J].
City Planning Review, 2022, 46(2): 71 —78 ] DOI. 10. 11819/
cpr20211626a

(4] fride, SR, KRR, WA AT R 3l SCH N 23 7 A1 AL S
FEm N R —— LA L B SO PRI s B[] Z B,
2023, 43(4) . 217 -228. [ HE Feng, SHI Tairun, ZHANG Shiyu.
Spatiotemporal distribution characteristics and influencing factors of
immovable cultural relics in Hunan Province: Taking cultural relic
protection units as example at and above the municipal level [J].
Economic Geography, 2023, 43(4) : 217 -228] DOI: 10.15957/
j. enki. jjdl. 2023. 04. 022

(5] BJn ), SRMks, WA B TR T BUAC Tl a8 7™ i 2 [ 4% )=
AEBT S —— 25 T4 [ T SC IR s A (7). B 7 a3,
2022, 12(7): 44 - 54. [ LI Qiguo, GUO Shuzhi, XU Zhaomin.

Temporal and spatial patterns of modern industrial heritage in

China: Considering the national key protection units of cultural

relics [J7. South Architecture, 2022, 12(7) : 44 =547 DOI. 10.

3969/j. issn. 1000 —-0232.2022. 07. 006

ARIES, B YR HL AR GERT & 5 AW B 38 77 2 [ R AE
FOWHLERBITE ()], MOt sE 594, 2024, 43(3) : 90 - 96.

[ YU Zhengyong, ZHAO Shuang. Research on spatial characteristics

—
=)}
[

and influence mechanism of traditional villages and intangible
cultural heritage in southwest China [J]. Areal Research and
Development, 2024, 43(3) : 90 —96] DOI; 10.3969/j. issn. 1003
-2363.2024.03.014

tReta, AREAR, W, S RS AR B SCA 7 R 2 )43
AR KRB AALRIRF R L] IR FIK I g2 R (s
Bl#RR) , 2024, 40(6) : 101 —=109. [ XU Guihong, ZHU Huilin,
CHANG Yang, et al.

—
~
[

Research on the spatial distribution

characteristics of intangible cultural heritage and the mechanism of

tourism activation in Henan Province [ J]. Journal of North China
University of Water Resources and Electric Power ( Social Sciences
Edition) , 2024, 40(6) : 101 =109] DOI: 10. 13790/j. ncwu. sk.
2024.075
(81 5k—. Jnpg BT D4 SO AR 388 7 e 45 8] 43 A AR AE— LAAS AT B 3l 3¢
W [J]. st 58 51 &, 2021, 40 (6): 160 - 165.
[ ZHANG Yi. Temporal and spatial distribution characteristics of the
cultural heritage of the Yellow River in Henan Province: Taking
immovable cultural relics as example [J]. Areal Research and
Development, 2021, 40 (6) : 160 - 165] DOI: 10. 3969/j. issn.
1003 -2363.2021.06.027
FARK , 2R ﬁ? GIS 1Ry PY AR 4 5 SC A3 7™ M 38 45 ] S A
PR RAFFELT]. BT IBE R B ARBLA R , 2021,
38(1): 91 - 100. [CHEN Wei, CAI Yinxiao. Research on the

[9

[

geographical spatial distribution and influencing factors of Tibetan
intangible cultural heritage based on GIS [J]. Journal of Nanning
Normal University ( Natural Science Edition) , 2021, 38(1) . 91 -
100] DOI: 10.16601/j. cnki. issn2096 —7330.2021.01.016

[10] ARIEH, B, BRX4. PU)IE GRS S AR Uil 25 [
RAFHELIY AT )], WIRE IR B AR B4l
2024, 47(4) . 13 -24. [ YU Zhengyong, ZHAO Shuang, CHEN
Xing. Research on the characteristics of spatial relationship and
formation mechanism of traditional villages and intangible cultural
heritage in Sichuan Province [J]. Journal of Natural Sciences of
Hunan Normal University, 2024, 47 (4). 13 -24] DOI. 10.
7612/j. issn. 2096 —5281.2024. 04. 002

[11] Exévk, SR, B, & Ml A% 8hsew S5 E B
3B S AR B AR [ T]. M TS, 2023, 35(11):
50 - 59. [ WANG Xingbing, MA Yuan, XIAO Bohong, et al.
Distribution features and protection suggestions for immovable
cultural relics and intangible cultural heritage in Foshan City [J].
South Architecture, 2023, 35(11): 50 =59 ] DOI. 10.3969/j.
issn. 1000 —0232.2023. 11. 006

[12] LIAN Weiyu, DIMITRIJEVIC B. Analytic hierarchy process-based

[

industrial heritage value evaluation method and reuse research in
Shaanxi Province—a case study of Shaanxi steel factory [J].
Sustaina_bilily, 2025, 17(9) ; 4125. DOI; 10.3390/SU17094125
LT, B BT GIS WYV VE 4 20 ik i B 23 ] 43 AT A%
éﬁ"uT AR Sh A A SC N I L] Al 22, 2022,
41 (2): 125 - 131. [ HONG Xiafang, HUANG Lingguang.

[13

[

Analysis of the spatial distribution pattern of red tourism resources

in Jiangxi Province based on GIS: Taking immovable revolutionary

cultural relics as an example [ J]. Enterprise Economy, 2022, 41

(2): 125 - 131] DOI; 10. 13529/j. cnki. enterprise. economy.
2022.02.014

[14] kiledl, SKT7, A, 45 PR BTICE I FE N

SAMAERFAE [J]. K SCHB B L RE s S5, 2014, 41(1): 119 -

127. [ QIAN Haitao, ZHANG Lifang, XIU Liwei, et al. Types

and distribution characteristics of earthquake induced geological



734 [TTI 43 %5 M
disasters in China [J]. Hydrogeology and Engineering Geology, disaster susceptibility evaluation of certainty factor method in
2014, 41(1): 119 - 127] DOI: 10. 16030/j. cnki. issn. 1000 — Haicheng City [J]. Journal of Capital Normal University ( Natural
3665.2014.01.014 Science Edition) , 2021, 42(4): 62 - 68 ] DOI. 10. 19789/j.

[15] ZHENG Qian, LYU Haimin, ZHOU Annan, etal. Risk 1004 —9398.2021.04.011
assessment of geohazards along Cheng-Kun railway using fuzzy AHP [23] FE, R0, S6l], & Tt 2RSS E R RS
incorporated into GIS [J]. Geomatics, Natural Hazards and Risk, TR () SR A L M T K E ) R PETEAN [T ], TR =i,
2021, 12(1): 1508 - 1531. DOI: 10. 1080/19475705. 2021. 2023, 31(4): 1333 - 1349. [ YU Xikun, ZHANG Zizhao, SHI
1933614 Guangming, et al. Evaluation of geological hazard susceptibility in
[16] AT, FRLER, H474s, 4. 3T AHP-{Z B R B i Emin County, Xinjiang based on deterministic coefficient and
ERSIEM[T]. FRERESHOR, 2015, 38(6P) ; 430 -435. information coupling model [J]. Journal of Engineering Geology,
[SUN Ran, WANG Chengdu, XIA Zhebing, et al. Geologic 2023, 31(4): 1333 —1349] DOI: 10. 13544/j. cnki. jeg. 2023 —
diasters risk assessment in Fee County based on AHP-information 0205
method [J]. Environmental Science & Technology, 2015, 38 [24] FEMisC, DA, HXMT0, 5. BRI 8N 1998 FH 48y
(6P) : 430 —435] DOI; 10.3969/j. issn. 1003 - 6504.2015. 6P. Al [I]. N2, 2005, 24 (2): 104 - 120. [ PEI
088 Shuwen, WEI Qi, FENG Xingwu, etal. The stone artifacts
(17] JABB, ZoKer, WRET, &5, JET 255 Il AR A iy Ll X4 excavated from Gaojiazhen Paleolithic site in 1998 [J]. Acta
Hi 509 = RS TR 5 e (7], Bkl b5, 2025, 20(1); 81 — Anthropologica Sinica, 2005, 24 (2): 104 - 120 ] DOI; 10.
91. [ZHOU Xiubo, LI Yonghong, CHEN Jianping, et al. Risk 16359/j. enki. enl1 - 1963/q. 2005. 02. 002
assessment method of geological hazards in mountain towns based [25] BBty ZRIEHH KA S HE L] mwhlsy,
on logistic regression model [ J]. Urban Geology, 2025, 20(1) : 1992(S1): 3 —=12. [ZHAO Dianzeng. Archaeological discoveries
81 -91] DOI: 103969/j. issn. 2097 —3764.2025.01.010 at Sanxingdui and the study of Ba-Shu ancient history [J].
(18] ¥ruh, WUAEH), TR T, &5 HETZEMITHR 10| i i Sichuan Cultural Relics, 1992(S1): 3 ~12]
PR EEOT S )], KOO TR, 2013, 40(3) . (26] Bk, PEtEMg, skET7. T 50 AR |4 <AL AL R AL W
98 - 104. [ XU Chong, DAI Fuchu, XU Suning, et al. eI, VAR K22 ( BARBL22 /), 2010, 32(9): 115 -
Application of logistic regression model on the Wenchuan 120. [ CHEN Chao, PANG Yanmei, ZHANG Yufang. On the
earthquake triggered landslide hazard mapping and its validation characteristics of climate change in Sichuan Basin in the recent 50
[J]. Hydrogeology & Engineering Geology, 2013, 40(3) : 98 - years [J]. Journal of Southwest University ( Natural Science
104 ] DOI: 10.16030/j. cnki. issn. 1000 —3665.2013.03.019 Edition) , 2010, 32(9): 115 - 120] DOI. 10. 13718/j. cnki.
[19] CHEN Zhaohua, WANG Jinfei. Landslide hazard mapping using xdzk. 2010.09. 019
logistic regression model in Mackenzie Valley, Canada [J]. [27] ARHRAE. DU GG AT 8B Y B 25 3 A R AIE B R A

[20]

[21]

[22]

Natural Hazards, 2007, 42(1) : 75 -89. DOI: 10. 1007/s11069
-006 -9061 -6

T BT ERILE A PR 0 3t BT AR M —— L BT
FHX R [J]. M T, 2019, 38 (21): 236 — 240.
[ WANG Lei. Geological hazard risk assessment based on fuzzy
comprehensive evaluation method: Take Agan mining area as an
example [J]. Value Engineering, 2019, 38 (21 ). 236 - 240 ]
DOI: 10.14018/j. cnki. ¢nl3 —1085/n.2019. 21. 088

g, X3, BMZE A EAREE H R KX A 1] 2
WA METEN AR HITT] . o B F S B if 244,
2020, 31(4): 71 -=76. [ LI Xiaoting, LIU Wenlong. Application
of fuzzy comprehensive evaluation method to debris flow risk
evaluation in Shimen Township, Wudu District of Longnan City,
Gansu Province [J]. The Chinese Journal of Geological Hazard
and Control, 2020, 31(4). 71 —=76] DOI. 10. 16031/j. cnki.
issn. 1003 —8035.2020. 04. 09

o, O, ARIASE. BE M R KA NI LT R F S
SN [T]. E AR R A 2240 ( B AR BHEARR) , 2021, 42
(4):62-68. [ LI Jianfeng, LU Yanli, ZOU Zhiliang. Geological

]

Analyses on spatial-temporal characteristics of mudrock flow and

IR 4, 2003, 22(S1): 83 -89. [ YU Shuhua.

landslip in Sichuan Basin and its meteorological cause [J].

Plateau Meteorology, 2003, 22(S1); 83 -89]

(28] #¥k, A8, XU/NHE. U1 DR A 1 A BEAR A K

[29] Bl 24k

FEREs X LI]. W, 2002, 20(4) : 456 -460. [ YANG
Tao, DENG Ronggui, LIU Xiaoli. The distributing and subarea
character of the seismic landslides in Sichuan [J]. Mountain
Research, 2002, 20 (4): 456 — 460 ] DOI. 10. 16089/j. cnki.
1008 —2786.2002.04.011

b, WY, 5. 2022 P01 E M,6. 6 TR
S HUFR F 2 (AT SR R R [T]. MR P24 5 R 24
2022, 44(6): 971 —-985. [ CHEN Bo, LI Zhenhong, HUANG
Wubiao, et al.

geohazards induced by the 2022 M 6.6 Luding ( Sichuan, China)

Spatial distribution and influencing factors of

earthquake [J]. Journal of Earth Sciences and Environment,

2022, 44(6) : 971 —-985] DOI: 10. 19814/]. jese. 2022. 10012

(307 1 e DX ot Bk FE G P S X AT B (D], AR

. EFL TR, 2005 41 —44. [ XIANG Xiqiong. Regional



Vol.43, No.5

VU AN ] S Bl S 25 A2 -5 3 R AU X

735

[31

]

[32]

[33

[34

[35

]

—

[

landslide hazard assessment and risk management [ D]. Chengdu;
Chengdu University of Technology, 2005 ; 41 —44]

b, E2x, BN BB S R 05 R A
BT E fa B M PEA [J]. hiAE R, 2009, 27 (1) 115 -
121. [ FENG Hangjian, WANG Lanzhong, TANG Xiaoming.
Appraise of geology disaster fatalness for rebuilding plan of Malu of
Qinghai 5.12 [J].
Research, 2009, 27 (1) 115 = 121] DOI; 10. 16089/j. cnki.
1008 —2786.2009. 01. 009

B, XITH, sk, 55T AHP-(5 8 B8 (4 H AR b s
RERKAETEH [T]. )7 P9 IW 5 K22 ( B ARBE ),
2025, 43(3) ; 143 —155. [ LYU Shuang, LIU Qianyu, ZHANG

after Wenchuan earthquake Mountain

Xiangru. Risk assessment of geohazards using AHP-information
model in Guilin, China [ J]. Journal of Guangxi Normal University
( Natural Science Edition) , 2025, 43(3): 143 —=155] DOI: 10.
16088/j. issn. 1001 —6600. 2024082301

W, FEWH, PR, % —FhEET B E S A A 1 X
SRR s A4k T 3% [T PHAE R, 2023, 56(3) -
232 - 238. [ FENG Wei, TANG Yaming, JIA Jun, etal. A
method for optimizing territorial space planning of mountain towns
based on geological hazard risk assessment [J]. Northwestern
Geology, 2023, 56 (3): 232 - 238 ] DOI. 10. 12401/j. nwg.
2023074

N st T IS e R TGty <k I TE )
4R, 2023, 41 (4):. 545 - 553. [ XU Hui.
characteristics and variation trend of rainfall-induced landslides in
China [J]. Mountain Research, 2023, 41(4) : 545 -553] DOI.
10. 16089/j. cnki. 1008 —2786. 000769

FIRUE, ZEEE RAENTER LI A SO 7 45 ) 23 A7 7 AiE B AR
BB RELI]. iR, 2022, 40(4) : 581 -596. [ WANG

Zhaofeng, LI Qin. Spatial distribution of red cultural heritage and

Extreme

high-quality tourism development along the Long March [J].
Mountain Research, 2022, 40(4) : 581 —=596 ] DOI. 10. 16089/
J. enki. 1008 —-2786. 000695

[36] XU, XL, AR, 45, QR4 B0k I RE I v VL e R

[37

[

[38

[

[39

[

[40

[

[41]

=SR] 3 A 2]
Ping, LIU Jiping, ZHAO Rong, et al. Determination of Lancang

M2k, 2007 (10): 32 -34. [LIU

River Basin’s residential distribution type by adjacent-point index
method [J]. Bulletin of Surveying and Mapping, 2007 (10 ) :
32 -34]

VR, BT, 4. ArcGIS $y A B R 58 % ] 43 0T 56 56 R
[M]. dtxi. Bl HipAt, 2012: 201 —207. [ TANG Guoan,
YANG Xin, etal. Experiment tutorial for ArcGIS geographic
information system spatial analysis [ M]. Beijing: Science Press,
2012 201 -207]

XAHRZE, BRI, WOUEE. R EBRHRRL A 23 A% S B0 A s 2
T T L SRR HE i B ) SR ST (D], s R
2021, 41(11): 1917 - 1924. [ LIU Huajun, SHAO Mingji, JI
Yuanmeng. The spatial pattern and distribution dynamic evolution
of carbon emissions in China: Empirical study based on county
carbon emission data [ J]. Scientia Geographica Sinica, 2021, 41

(11): 1917 —1924] DOI: 10. 13249/]. cnki. sgs. 2021. 11. 005
TREEA, PRARAR. 2 RO PM, 5 628 00 SR iE L35 ey

fEpr ], FETRA S, 2023, 36 (4): 637 - 648. [ XU
Wenli, CHEN  Qianggiang. Spatial-temporal ~ variation

characteristics and pollutants analysis of urban PM, 5 in the Yellow
River Basin [ J]. Research of Environmental Sciences, 2023, 36
(4): 637 —648] DOI: 10.13198/]. issn. 1001 —6929. 2022. 10.
06

FaE, WM, INKE. BRGTENEIRSMAELT].
E2 4 Bl %3], 2008, 18 (5): 148 - 153. [ GUO Jinyu,
ZHANG Zhongbin, SUN Qingyun. Study and applications of
analytic hierarchy process [J]. China Safety Science Journal,
2008, 18(5) ; 148 — 153 ] DOI; 10. 16265/j. cnki. issnl003 —
3033.2008.05.018

R, AR, SRR, AE. MBI E XU PE AL B AR B
()], HuFEE R, 2009, 28(8): 995 — 1005. [ WU Shuren,
SHI Jiusong, ZHANG Chunshan, et al. Preliminary discussion on
technical guideline for geohazard risk assessment [J]. Geology

Bulletin of China, 2009, 28(8) : 995 — 1005 ]

Spatial Evolution and Geo-Hazard Risk Zoning of

Immovable Cultural Heritage in the Sichuan Basin, China

WANG Rui, WANG Bin, LIN Junpeng*, MA Yixin, GONG Kaiwen

(College of Architecture and Planning, Fujian University of Technology, Fuzhou 350118, China)

Abstract:; Scientifically assessing geohazard risks faced by immovable cultural relics and subsequently conducting

risk zoning are pressing practical needs and active academic topics for promoting systematic protection and
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utilization of regional cultural heritage. The Sichuan Basin hosts a huge number and diverse types of immovable
relics, yet it is located in a seismically active zone where frequent geological hazards pose severe threats to the
heritage safety.

This study focused on cultural relics protected at the municipal level or above in the Sichuan Basin, employing
kernel density analysis, nearest neighbor index, and standard deviational ellipse methods to reveal their spatial
patterns and spatiotemporal evolution. Subsequently, an indicator system comprising slope, terrain moisture,
distance to water bodies, distance to fault zones, annual precipitation, and earthquake risk was constructed, with
their weights determined using Analytic Hierarchy Process ( AHP) to complete the geohazards risk assessment of
cultural relics. Finally, GIS spatial analysis techniques were utilized to conduct hazard zoning for immovable
cultural relics.

(1) Spatially, heritage sites were generally scattered but locally clustered, with larger numbers of cultural
relics in the southern basin and higher densities in the west than in the east.

(2) Temporally, site numbers exhibited a wave-like increase, with peaks in the Sui-Tang/Five-Dynasties and
Ming-Qing periods and troughs before the Sui and during the Song-Yuan; spatial distribution shifts from dispersion
to agglomeration over time.

(3) According to risk analysis, earthquake and fault-distance indices held the highest weights, whereas
topographic-wetness and river-distance indices were the lowest; geohazard risk decreased from south-west to north-
east, with medium-to-high-risk zones accounting for 89.4% and low-risk zones only 10. 6% . Zoning reveals that
the high-risk belt in the transitional zone between mountains and river valleys on the southwestern margin of the
basin; medium-to-high-risk zones concentrated in the Chengdu Plain and secondary basins; medium-risk zones
were distributed in the central Sichuan hills; and low-risk zones were located in the parallel ridge-valley region of
eastern Sichuan.

The study provides technical support and decision-making references for precise risk control of cultural heritage

and for territorial-spatial planning in the Sichuan Basin.

Key words: immovable cultural relic; spatial evolution; geohazards;risk zoning; Sichuan Basin
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