EREERATSI PRALE S
MLm=

Master Program of Green Technology for Sustainability

College of Science and Technology

Nanhua University

Master Thesis

B 2 AT AENE P ELR 7 E L RIRES
3R Z_ 3PS
Application of Spatial Information Technigue and Fuzzy

Theory to the Assessment of Environmental

Vulnerability in the Gukeng Huashan Area

o
Miao-Jing Lin

R ey L
Advisor: Wen-Tzu Lin, Ph.D.

a3 R 111 £ 11 2
November 2022



mE X R
AR oA B R
Bt g wx

JEFR 7 1 B AT AR & L LB IR SR
BEZFE
Application of Spatial Information Technique and Fuzzy Theory
to the Assessment of Environmental Vulnerability in the Gukeng
Huashan Area

Ak ﬁ%/@Vﬁ%

£ R B B

oHREE }/‘(E \@% &
4 76 by
‘/;4@@_/\

%%ﬁﬁ:«dyéib&
o
L < W%

B4 PERR I & 11 B 5 B




Thm R d g LR EFHOEAN Pl R BHE L 2
PEBYFwox w2 REF g o g AHRHY AT R4
B2 5o whL BN EF LS4 BB 1 AHHL 2R gz
'fr';,’j_x;"ﬁ\. , tt, W =k LT B KEC N "'E’ﬁ SRR | A ;’g_‘
B A g R R KPR B R

CRYF o ORF UL R R R Mk L g b &
F2FH ARk @ A% a gl ad s A ER R

Ha, o

%i%¥ﬁ,{ﬁﬁ@ﬁ@*’ﬂéé?fWﬁ%ﬁﬁéﬁﬁzﬁﬁ
B oo AT A R o A i AL B CHER B 0 Tou
BiPEEsTRad o ¥ U REBURBHAG R E W AR ER R DT S
LILM A G R BH 0 RA A2 A Aol R A R

~Bts o B ] R R A E i R A5 A E o

\\
lal)
_—

)
)
B
r'<
2
S0\
\-‘-\



PR

7&3 g ) 5 "I‘Fﬁaﬁ’ﬁ F ‘;ﬁf‘c‘m

"l\*

A DA PR B R L E LB R

ZAFEFI T 200725 E o R ASL BH 2 LE T
l——ﬁi—& AR =R T ¥ ::LLLFMH %"fr"éi‘bl gt ﬁ/,cpég’}:h
R A RBRASTIRFFLREL SR BBl 2L LR

Al MFT Y Thle £ TR

BYriE o it e n

BH AR UITE

Ji

=

~

R 2

B R E ARIT 4
P IRBERRE
Bb 'R %25
Boo fdhy s 2
AP FEZ BB

iR e R

G T 2 PSR H BEA WG 8 s 30 AR 28
Ji.

TR ~ 2 BB ORI 2 1 A
Foo b 5\?%*%"@%%0&&;@& Y E]-)Fj,r w2
PREHARFSREFERF 2L 43 T 5%

‘\'»

SRR ERL P L LD T AT 0

5 3
SREEE £V L EHE LRI 0 T ST 3 LA

[* aE R E LA o
2R RBAITERRERL G R MK
FOEER] S FURATE A R ARIT S 4 S
AT E 2 ey o
A% BEERHEN  viFine PHARS

o 4 b
> °

7
~

L5 HWRE R A1 - RARRLGA



ABSTRACT

In recent years,the Gukeng Huashan area has been actively
transformed into a leisure village, including hosting the "Taiwan Coffee
Festival", shaping it into the "Home of Taiwan Coffee™ and turning coffee
into an industrial feature of the Huashan area. In 2007, it was selected as
one of the top ten classic villages in Taiwan.In a few years, dozens of cafes,
restaurants and hostels have been set up along the mountain roads in the
area of Guilin and Huashan villages, but the environmental risk of
developing tourist attractions should be an important issue now. This study
combines environmental database, spatial information techniques, fuzzy
theory, and hierarchical analysis to investigate the environmental risk level
of the development of recreational spots (cafes and hostels) in Gukeng
Hwashan area as a reference for the development of leisure and recreational
spots in sloping rural areas. The evaluation results are as follows:

- ~ There are a total of 66 recreational spots operating cafes or
hostels in the area, with 8, 30 and 28 recreational spots in high,
medium and low environmental risk areas respectively.

= ~ The recreational spots in the high environmental risk area are



concentrated near the entrance of Huashan stream, except for
those located in areas with weak geology or soil strength, or
close to the fault, most of them are adjacent to both sides of the
river and the adjacent land use is mainly roads and buildings.

~ The recreation spots in the medium environmental risk area are

i

scattered around the high environmental risk area. The
recreational spots in the low environmental risk area are mostly
far away from the sides of the river, near the land use of
agricultural land or forest land, and in the relatively gentle
terrain.

2 ~ The environmental risk assessment model established in this
study can be used as a reference for the development and

operation of sloping rural recreation and leisure spots.

Keywords: Fuzzy Theory, Analytic Hierarchy Process, Environmental

Risk Assessment
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Y EX 2 F R ¥R L S
(mm) (&C) (%) (H)
-7 27.5 16.8 77.9 161.4
- 449 17.7 79.3 139.7
=13 53.0 20.2 79.3 157.9
w3 86.6 23.5 79.8 157.0
B 170.0 26.3 79.9 175.5
> 7 318.6 28.3 775 186.6
- 387.4 28.9 77.2 206.4
N2 443.8 28.4 80.1 182.2
1 7 212.3 27.4 80.1 186.2
+ 30.2 24.9 78.9 197.0
+ - 21.5 22.0 78.7 158.9
L -3 25.8 18.4 76.8 159.2
&3+ 1821.6 23.6 78.8 2068

o Hp R
%) 2012~2021 2012~2021 | 2012~2021 | 2012~2021

XFH RGP F G sk s LB 3 ? BT P &7 kb £ R

102 BEF BT EFBTH

# D= b BB | BME | EIER | PRFEK
2017 24.5 36.7 9.8 76.2 175
2018 24.2 36.7 4.7 78.0 179
2019 24.3 35.7 10.1 75.6 172
2020 24.7 37.2 5.8 74.5 196
2021 24.1 33.0 16.6 79.9 196
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H B2 %5 (H) 161.4139.7/157.9 157 175.5186.6 206.4182.2186.2 197 158.9/159.2 2068
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https://zh.m.wikipedia.org/wiki/%E5%B1%8B%E9%A0%82
https://zh.m.wikipedia.org/wiki/%E9%81%93%E8%B7%AF
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https://zh.m.wikipedia.org/wiki/%E6%AD%A3%E5%88%87
https://zh.m.wikipedia.org/wiki/%E6%AD%A3%E5%88%87
https://zh.m.wikipedia.org/wiki/%E7%99%BE%E5%88%86%E6%AF%94
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BB A B 5 §E(%) . I% %,)k ¥
ok 2 & (Ug,)
1 <5% 0.000
2 5~15% 0.012
3 15~30% 0.225
4 30~40% 0.692
5 40~55% 0.970
6 >0655 1.000

3.4 3%
23 (447% * Boden - 3% tsoil) £- f&p X4 d AT F

E &2 B (443  Bodenhorizont - 3% ° soil horizon) 7= -
B a\l/%{’v?%#%ffo IREfeAF (FF) LR A RE LR
%&é%ﬂ‘“g‘%#i’téﬁ%ﬁﬁﬁia( N REE: 2 i
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LA SRR N ER YA E SR e I SN P TURAR A e
FIRpEY RPE Lt B3k 0 M B RRYE 2 e
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%

B Ea - L

~xbe

(BB EE I EBFI) 1 > IELF 4B 14 d 232 BB
b RiE R R R L RYR 0 & 2 5% & (Soil Strengths,
kg/cm2) % %% Kulhawy §= Mayne (1990) » #73+ 8 2. TR B b *& ik 2%
BB dr(4 5) °
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SRR P iR iT

Hge teip A RIRT
ek AL g SNV i < SN PR
TR TELATRLMAS A 2o AT BoLine TREME
T2 PR P ELT R CVEEAE > 11 50 % L AFEIFLRER AR
2k PEAe(£ ) o

27 BEP VIEREZ BB R SR ER

SO 158 WANC S A& jE(m) [RE B
o a6 R (Ug,)
1 <50 1.000
2 50~100 0.735
3 100~150 0.265
4 150~200 0.020
5 >200 0.000
6.2 3 4

?"é_% TR B I 2 5 9 FAe(R 16) 0 3t R E +£(115.80 =
)~ AR B (25.97 2 F) ~ £-F 4R(359.25 ) ~ 223+ (8054 2E)~ B
v (1044.76 2*8)~ ¥ 3 (0.81 = E) ~ 257 * +» (0.30 2 7) ~ i B (40.58
DME)E KB (4253 2rE)E o B-H B AT fﬁeﬁzﬁ@(ﬁ}{ American
Society of Civil Engineers, 1969; McCuen, 1998; Ministry of Traffic and
Communication, 2002):& 7% & b "¢ B35 % (% 8) o
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0 2 4 Kilometers

W17 23 % F

TR kOB R CRAIE TR R

28 IH T2 HBBERGHEBHER

E - & kT eE A%
R 2 R (Uan)

REAH 0.35 0.000

R E 0.70 0.754

£ F 0.40 0.010

= 0.80 0.953

B 0.60 0.410
i 0.40 0.010
YRR B 0.70 0.754
R 0.90 1.000

S TR A S A
AR AT 2 Ok A $E IR 2, % 2 Fuzzy c-mean algorithm(FCM) 2.
T3 5 A A FCM 5 Bezdek(1981)#7#& &1 » H = 2 3P 4o

|

T - FRBEYCHEAZFUZ cBERAET AF4028(1)

M

J,U ,V)=ii(uu)muyj _ViH2 1)

i=1 j=1
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e

= {1 Yy Yo JCR, C=AHc#cP, 2<c<n,
=7}§§:3‘%}§§:, 1<m<oo,

U = fuzzy c-partition of v, Uc M,

U=y a# v, 2 5o &6 o ik,

1

ij = —

Iy, ~wlf /Iy, ~w )

k=1

Vv, :(Vl,VZ,...,Vc) =g up B,

| '= y, % & v,2 Euclidean jed -

BF A B D N B TR b R R Sl
= ~ k& %4~ 452 (Analytic Hierarchy Process)
& e 2 7% (Analytic Hierarchy Process » AHP)E_d 7 %<~ £ &
# Thomas L. Saaty >+ 1971 & #14 d1éh— B LR > % > BAffeanf® 58
Fadbik 2 SR B B K LM TR A R S T 2 gp
SR ARE R FFHARARZA LR EFER KT
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SR BER L UAH RS S REERE TS RE 0 LT A
AP AR Y BT R w2 A 0 AT JI* AHP e & & A X3TR
FhkemiihitefgeL
R B 472 (AHP) L & B3R ¢ 3501 T A 8R(Saaty, 1980) -
1. R T S wh T 5 AN 1R FE > PEASG R
e R BE T2 o
LF BIE SIS F - 2L
F- KBz BEHVE - kB2 ERED AV RER o
B F W enip B R s KRS M (transitivity) 2 & o

mE RSP RG BR FINRAFTY FE A ERSE A

1 =~ W DD

™ 8 ¥ Bl 3R (consistency)2 & R AZR ©

6. & & %2 pHARRHEd o igi2 Rl (weighting principle) -2 -

AHP 2 35 (FRES T A 5 00T = A R S I B A e

2 A KRR BB R B E R e E 0 LR
Bl Bl B > B b B I ST o
122 R32 ik s

SR REZ. A REF AT b AT R BT i g,fgfimg_ﬁ\& 152

BEZEER >R FRARRE A 7iE 8T 4 f2(Decomposition) s B
B AT RAA RS - AR 2B B s da AR R
(Objective)> ;- i & p|(Criteria)=> /& i + & p|(Sub-criteria)>:% % = %
(Alternatives) » fjd-% 482 1 & pEpF > "R R R A2 4p5 M
A e
245 2 A AR

BREAAEZVREFNEFE U - EaE - 8% 2R A
" ,T;tl“r— Rz o & Z 22 Sl RAEE > Ben 38 Fl R R
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BH AR P Z AR > T Z AIMAHE S P AL HEFLE
% & & 12 $0 g (Pairwise Comparison) x5 & 2 B2 £ & &

P gam s we g e Al e a5

1 Yo o e

Q7 Q2 **° Qn 1 12
A= Ay, Az ** Qzn _ /a 1 “r Qop

B R 12
: : 1 :
Apny Qpz *** Qpn

1/0. 1/c:.'. 1
- nl 2n -

CRERD AN R

PREER AT AR PR R P R PR R4 ALt
2R Rplgs 2 R FE /'Pw@& R R

% Bl Vg kS § RohTR 0 2 Saaty # 0 G LA KK

AR ERZApHERBHETA AL SR - PR B 7 FAE
738 o
AN SKFERE

Mo - PP B P2 LR FFEFAAPIT RS FSUIENE doR
—kBdF onABmEZ O MARELEEST n(n-1)/2 &2 = Hrt e

ok

ISR (ESE) ~ B (HR3E) ~ G5(§95)% B3 15 2R 0 Xk
Saaty :£3k ™ 7 AZiE4 B=v 2 B S RBI( 9) e
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29 AHP#R R L &2 &P

W RE T & 3R

1 %% RMEALLBRERSER

e - RS B 9 3 BTy B F bR A BT
2 4 35 (H4 59) ¥ _s%

‘ REHR I F U7 R B F LR B A B4
3 KA 55 (AR 59) ¥ _B%
23k L E L "‘E;‘k v e

. V3% (435 TE ET?F’%"&;{‘QI‘J T —2
5 @R(853) B RPHEE T RS

5.3 5 Fiew £ & 5 X ki

B 17 :;\ﬁ—z‘EKEA lauJ R B s B2 TR A A Bt O
¥ e £ (eigenvector)Z # i (eigenvalue)  iEX N 1B & % FF 2_ g B 4F
B A R WA HEE c A AL B FHRE S LR
RS RIEE T AR LR Rl 15 A A L R

FIE F2 BHc WE REFLIEL F2 ke E o

(lll (112 eee (Iln “‘1 / “‘1 ]"1 f ]"2 cee “~1 / “-n
{ Ay Gy - Ay | |WolWy w,/w, w, /
_(1"1 (l": csse (I"n : _\"" / ".1 1"" / \"2 cee \‘-" / “.n-

He oamwilwg o Wi~ wj & 2 BRI 2 j2 B E o
BRI BB AL - 1| B AT LR LD g
o 4T 2 AR

aij= 1/aj;

aij=aik/ajk

£ RS RUEE AR L A BRI R E 2 b Bw
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w=(W1 > W2 > A o W)

FIE T ENT O

wy/wy wy/w, e Wy /W, Wy W
_lwa/wy owyfw, e oW fw, | (W2 WS
AW = | = e - d =]
w,/wy w,/w, - w,/w,l LWn w,

1 w1 w W n

Amax =—(—+ +.t—)

n"w, Ww, W,

‘.ﬂaij:a Lﬁ\% BT R L Iuﬁ—hl-'-t/‘—», 23 EE?L
Wi/WjE %3 RARE AR wAw=mwif &2 = 2 > SaatyiE R M AE
0 oL i@ B i o

72 AW= A max W
(A-)Lmax|)\7v:0

SEEAZ S B o 0 B TAION RE A @ TiE 2 B Bk
wE o 2 G LR L -

i,j=12.A ,n

i
w, = d
3 n
n-;
Zafj
i=1

6.— R{tiw T

3R LIEGEFE AT LSRN Y R RN - R
(Consistency)z- 4+ > 1% - & Fi#ﬁ 1% (Consistency Index, C.I.) >
T bR rE L HETEL LT S - KPR o

- RLApiRd Fpee 220 FiBz e n(aEd af)y S Jﬁz iR
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i B2 2 A GFEBSREALEE 111 2 7 P REAEE
66F§,_jg'¢:lz;<_uc/v\:v,[‘t, E‘&‘E\Tﬁ‘”ﬁ 25@,;]&;5]%‘“@%;5?
SR » 4 ByLFRE 1405 RIACHE o AT P B2 TRE TS b %I
BRBA Y 2R S R AT R 2 P R B AR
50 2 & 2 4y A% L0 > AT R EAoR 120 BE TG 0 SRR

L

EHE 2 P LA g BR>0T7 NP2 Bt 2k ARAES G 0 B

B oA G 30%0 b i % K (U, 20.692)F 6k AR EEAE
) P37 F BEARITE B0 2 % p ¥ F 13 Ao 50-100 2 %

HP 16 BETRFEE S G o (URGE F BIERETR iR 7>06 2

212 BEFIF2LRGHEPHER

ID W 1 IRl WA BB T w5k 7 B
1 1.000 1.000 0.410 0.000 1.000 0.749
2 1.000 1.000 0.591 0.000 0.735 0.732
3 1.000 1.000 0.547 0.012 0.735 0.730
4 1.000 1.000 0.531 0.225 0.265 0.708
5 1.000 1.000 0.536 0.012 0.265 0.654
6 1.000 1.000 0.514 0.000 0.020 0.592
7 1.000 1.000 0.712 0.012 0.265 0.591
8 1.000 1.000 0.722 0.012 0.735 0.653
9 1.000 1.000 0.722 0.012 0.735 0.653
10 1.000 1.000 0.476 0.012 0.020 0.527
11 1.000 1.000 0.657 0.012 0.000 0.532
12 1.000 1.000 0.657 0.225 1.000 0.645
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23
24
25
26
27
28
29
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32
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34
35
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37
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45
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56
57
58
59
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61
62
63
64
65
66
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1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.950
0.950
0.950
0.950
0.950
1.000

1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.950
0.950
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.763
1.000
0.763
0.763
1.000

1.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

0.717
0.760
0.897
0.634
0.728
0.898
0.717
0.727
0.799
0.715
0.725
0.364
0.541
0.541
0.596
0.727
0.717
0.536
0.596
0.657
0.690
0.640
0.657
0.629
0.662
0.662
0.657
0.536
0.476
0.722
0.662
0.591
0.591
0.410
0.358
0.657
0.531
0.799

0.647

0.881
0.662
0.891
0.853
0.782
0.651
0.547
0.470
0.531
0.569
0.536
0.717
0.010
0.410
0.623

0.012
0.012
0.012
0.012
0.012
0.012
0.012
0.012
0.012
0.012
0.012
0.225
0.012
0.012
0.012
0.012
0.012
0.012
0.012
0.692
0.225
0.012
0.012
0.012
0.012
0.225
0.692
0.012
0.225
0.012
0.012
0.225
0.225
0.225
0.225
0.692
0.692
0.012

0.012

0.012
0.012
0.012
0.012
0.012
1.000
0.225
0.012
0.225
0.012
0.692
0.225
0.012
0.012
0.692

1.000
0.735
0.000
0.265
1.000
1.000
0.000
1.000
0.020
0.735
1.000
0.000
0.000
0.020
0.020
1.000
0.735
0.735
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.020
0.000
0.000
0.000
0.265
0.000
0.735

0.735

1.000
1.000
0.735
0.735
0.020
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.020
0.000
0.000

0.606
0.575
0.487
0.497
0.601
0.617
0.475
0.606
0.487
0.573
0.608
0.478
0.453
0.457
0.504
0.601
0.565
0.548
0.477
0.615
0.527
0.481
0.505
0.503
0.506
0.526
0.617
0.459
0.495
0.494
0.488
0.526
0.643
0.592
0.624
0.759
0.711
0.582

0.568

0.631
0.627
0.614
0.621
0.501
0.706
0.545
0.485
0.606
0.587
0.589
0.514
0.501
0.590
0.743
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https://udn.com/search/tagging/2/%E6%B0%A3%E8%B1%A1%E5%B1%80

% 13 AHP % ®E %3+ %

WE B wE EEEE EREE HEHE
ci

bt ci (LG 0.96 1.33 2.75 2.50
e 044 (100 1.27 1.69 1.08 0.75
I 1.04 0.79 POON 092 2.08 2.50
B EE 0.75 0.592593 1.090909[ 006 | 150 2.5
BEE R 0.363636 0.923077 0.48 0.666667[ 100 |
R 0.4 1333333 0.4 0363636 0.47058824|
_ Sum(Ci/Sum(Cij) AW
wl 0.2535 1.6035
w2 0.1465 1.0238
w3 0.1957 1.2460
wh 0.1805 1.1231
w5 0.1306 0.7703
Wb 0.0932 0.5953

n 6

Lamda_max 6.36

CI 0.0730

RI 1.24

CR 0.0589 <=0.1

414 AR REL
S W 1

BiA] 0.2535
< : +IF 0.1465
."(i & B3 % -
RILE T AR R 0.1957

1 35 ZAHP 1% -
R RMPFS e gy 0.1605

EaEHIES 0.1306
13 FH 0.0932

Oy [l | Lo [N [~ [—
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ID e % & ID e bR R B
1 0.749 1 34 0.527 3
2 0.732 1 35 0.481 3
3 0.730 1 36 0.505 3
4 0.708 1 37 0.503 3
5 0.654 2 38 0.506 3
6 0.592 2 39 0.526 3
7 0.591 2 40 0.617 2
8 0.653 2 41 0.459 3
9 0.653 2 42 0.495 3
10 0.527 3 43 0.494 3
11 0.532 3 44 0.488 3
12 0.645 2 45 0.526 3
13 0.606 2 46 0.643 2
14 0.575 2 47 0.592 2
15 0.487 3 48 0.624 2
16 0.497 3 49 0.759 1
17 0.601 2 50 0.711 1
18 0.617 7 o1 0.582 2
19 0.475 3 52 0.568 2
20 0.606 2 53 0.631 2
21 0.487 3 54 0.627 2
22 0.573 2 55 0.614 2
23 0.608 2 56 0.621 2
24 0.478 3 57 0.501 3
25 0.453 3 58 0.706 1
26 0.457 3 59 0.545 3
27 0.504 3 60 0.485 3
28 0.601 2 61 0.606 2
29 0.565 2 62 0.587 2
30 0.548 3 63 0.589 2
31 0.477 3 64 0.514 3
32 0.615 2 65 0.501 3
33 0.749 1 66 0.590 2
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