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Application of cluster analysis to division of land utilization in the
protected Kaomei wetland

th e RER L
SENERRI

PEAR-F R ER



BPHELFFTNRRBP FERDIFRT LR
FLLiF R R EER L
PESRURE NN Y

i &

FPR T4 HH REIRAL T FERFTEASEEZE REARE T X
A AN T SN :eg?ﬂ R AR LA KeE e P g RPN 2

R B enifd s Rm o Pog Ri A DA RHK 2R

—\

S A

$¢u$i%%%é%éww,@%ﬁﬁéﬁ%%wW&ﬂéﬁﬁﬁ
LRIZERAFEAFEREOTE > 22 m{| PRl ndln 2 - A
TR AR (A &&%é&miﬁm4#%ﬂ’®?*h?
ERRHLFA PRI ORGP B R Q)E T AEKET B S D
Fd FREAITHRE R RS RERA GZF 0 () TR AR T e
BETETRALE G BERPAPINEEHR fe Rfie®as B R

BIFE o 1945 0 b A2 B rSF 012 /87 (7 andli 2 %

gh’i
fin

PRS- R RSN § SRS ] &?ﬁ&ﬂaﬁﬁﬁ%%ﬁaﬁba

P BN AN B SRRSO TR B R Y R OEYT
E@ERRBRP ENEE c AEEESRER D

BAEE OBARPLELRLRALBOTOEFRDBETERE 0 Ra frg
TIof R PR o A P B 2 RS E R TA R

TR BIR R G 8400w f BT - Al o

Bied =8~ A5 S HREE T FEDRT £ R ST

FEFLZPCOR R Z ’“\‘??'J?’ % oo R RE R P 2

");“"%I’]kﬂa/pf“miéﬂb0%—%/2'@71)7@};]‘. I,E—?Eﬁ:mi

o

ﬁ

‘1
=

34
‘&_r



Application of cluster analysis to division of land
utilization in the protected Kaomei wetland

Author:You-Rui Ke Advisor:Dr. Hsien-Kuo Chang
Department of Civil Engineering National Chiao Tung University

ABSTRACT

Based on the wildlife conservation law a protection area can be divided into
three zones, that are core zone, buffer zone and sustainable use zone, depending
on biodiversity and the importance of protected animals or plants to limit human
activity for wildlife conservation. However, an applicable methodology is
unavailable so far.

The paper investigates a method of dividing zones of alike biota in the
Kaomei protected wetland using the cluster analysis. Key techniques are
included: (1) virtual boundary-condition of species index on the protected zone;
(2) the Kriging method for interpolation of Shannon’s index of diversity at grid
cells; (3) three groups divided by the cluster analysis on the cells for different
variables; (4) two criteria for determining valid division. Those are the rank of
mean richness index of some kinds of species in each zone and the buffer zone
surrounding the core zone. Following the rules of the proposed method three
applicable results are obtained.

Using the variables of location and Shannon’s index of fish diversity or
crab diversity satisfies the criteria and has the required rank of mean Shannon’s
index of diversity and mean species richness index of bird, fish, crab, plant and
benthos and mean number of protected rare species. However, using the

variables of location and Shannon’s index of fish diversity as well as crab
I



diversity cannot hold the required rank of mean number of protected rare species.
The cells of three divided zones by the present method corresponding with those
by Taichung City Government are assembled at an 84 percentage of the whole
cells.

Considering the location, species richness and rare species in a protected
area the investigation provides an applicable method of dividing the protected
area into core zone, buffer zone and sustainable zones for wildlife conservation,
environmental education and outdoor recreations. Further application of the

proposed method to other protected areas will be done to examine the validity.
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== 3 A (0y) + 23 A () - 23 - (3-10)

i=1 j=1

AR U B s F L A NG 2T E 4 &k 5 4235 (Kriging system

equation)4-(3-12) ;% ~ (3-13)5% #757
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S 4(0y) + 1= 7(B) i =12,1

2 (3-12)
gﬂi -t (3-13)

PUAEY 7 T R (3-14)58 o

_7(h11) y(hy) . y(hy,) 1) 4 _7(h10)_
y(hy) y(hy) .. w(hy) 1(4, 7(hy)
: S N
y(hy) 7(hy) o () 1[4, | | 7(hy) (3-14)
1 1 ... 1 Oj_ﬂ_ w1 |

#(3-12) & & w (3-10) 77 #(3-15) X

07 = VarlZ" (%) - 20)] = YA Ah,) + (3-15)

i=1
He o ot R 8BHceod 5o £ A2 BT LEFHEL L BEL
Fr@EO) @15 T RE R EE H R4 &% R #ik(Kriging
estimated variance)
% Al &2 P LURE D 472 % & (semi-variogram) k 4 i K e gk

i 0 H i A B 4e 3-2-3 #7ik e

3-2-3 L% B #c
LREEALFRFAOZIFREGR A FRFTEF T DL PR
F & RB L % 2 #ic(experimental semivariance) > & 4o 3¢

r(0) =5 D2 (%) = Z(x, + h)F (3-16)

B x 5z Bk Z(x) s X BF RIE > h & Z(x)E Z(x+h) 4 $

BEdE o N 5 ffr s h ph iz 2 5 9 P 2o 3 fic(Pairs) o L % B A 47
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FEAEY RPN PR PIBEEES B TR FI € A 2 - Btk
d r(h)2 henfd 7 g 232 FH o 4oB) 3-1 977 o

'Y(h)_} r“.‘. U o *—

Scale
Sill

Sill=Scale +Nugget Effect

Nugget Effect

”
L J

| 1
\
Influence Range

Bl 3-1#es LR

d Bl 3-1 7 s AR BT Ayt oy wom Bl P o RSBk T At B
i T ABE o

BHREFREBEEF h B Em bR A% 0% h=0pF>r(0)=0-
BT b F € DR r(0)£0 endiR o gt IR % AL 5 BBl i (nugget effect) - h
BB AL P - R R AR - BRTE M LEHR S T E

£Esill) @ eh %R B R g h s F5 2 54 Fl(influence range) -
FI7 ofed % B @ LR (scale) &7 i oc g et e o

3-2-4 im £ %R B

LA %‘ﬂﬁiﬁ_ %ﬂ@é{J‘Iﬂ {ﬁ‘*m/};ﬂ: y B 4+,4,\*qu%%

%%
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#3¢ (variogram model) $4¢ p kit (7 % & (fitting) o 38 # £ * 3%
2 m 2 %

Eom 2 R er GARF R > T A3 Y * o

| E»’)
%%

TR
= KEB G
BB 0 4o 3-2 fror o

1. zkA5#-3¢ (spherical model)

e

r(h) =C, +C[1.5(h/a)-0.5(h/a)®] forO<h<a
r(h)=C, +C forh>a (3-17)
PEFEF=a
2. % 27H-3" (Gaussian model)
(3-18)

r(h)=C, + C(1—exp(-h/a)?*)
¥ = 3
3. dp#cHi5* (exponential model)
r(h) = C, + C[1-exp(=h’a)] (3-19)
¥ 54 Fl= 3a

(1) Spherical model
v(h) (2) Gaussian model
(3) Exponential model

Sill=Scale +Nugget Effect

Scale

Nugget Effect

>

h

F13-2 = 46% » ermmsh 2 5 B Ho5



2 F R R 5 4] £ T 393% 1 (Standardized Kriging Average Error,
SKAE)4%:7*t 0 2 &% it 5.4 £ % £ #(Standardized Kriging Variance, SKV)
ARITA L SRR > RFPFEERE RGO A LR A o

7 -7
1 I)

1. SKAE :%i( | (3-20)
- S (3-21)

2

HPon i@ pedkh Z 5% i BRlab Rt E0Z 5% 0 Biplbl R pE
o, % wil & 5% 2 #(Kriging estimation variance) -

A2 AR NBREEY TG E PRGN AT A 5
o AR RS E T Jp it o
33 4 F i 1R2 fff - BE S

Ard itk TR ERE AL SARPIFT VS (HELE (RF
BY) H R PFR 5 2006 £ 6 % 3 2007 & 7 2 otk adegay b A AR -
07 - 2 Rlgdht - A TR ASES EF A B A4 5 R Eira

#

xﬁ'—;ﬁ?\g 2 EVANE (’V‘ SR B FEE S X ’?f' ?\f)’]‘%i—zg » H A e

1. § BB )%,i;q #c(Shannon's index of diversity, H')

2T - HREPMAPAEOE AR PHEKLFAT LS RITE]S o
BEGATZREFREG IR T ATEREET RS R

LHHFSH -
n. n.
H =-> (L) In(— i
Z(N) (N) (3-22)
Beon H3Zply A2 2 B N SRl 252 ARk

2. £ & 4p #<(Species Richness index, SR)
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A HERN LS BEOR G BEH SR FRERPN DL PR
g -

(S-1)
InN (3-23)

He SLZZRI2Z 25 N ZZRTF 252 BB Wk

AP THHRL P BB RE G RT A B i RS 4
BE T R OBHER SR EF NS RS EH BRI B8
BEREERY e T e B EBnfig B A0 R & g R B R
4 (http://conservation.forest.gov.tw/ct.asp?xltem=44417&ctNode=631&mp=10)
¢l B LA kY0 BT £ 5% 04310

% 3] WA hin T £k

SR =

I FRTRE fADTE 4 # 4e

i R Lt

HESGER RS L A &Iﬁ%ﬁnﬁui
II rJ’J/\ ~ ""& ——“‘:E_-‘%Q;s /J\ ’55:%% ’ J‘,( 3 f;‘:]'-;‘:;‘ ‘.5; III m_‘ *]g% ° I,( '_ %ﬁﬁﬁ
PR B ST LB C o
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Yr® FEFROLFIXK
4-1 FE T BN T BRI

)50 B SRR B 2 RE BT 5 T0L 20T » A 2 BT R
b7 A 701 B %4 0 F %) 5 100mx100m 4] 4-1 5 5

o

& mqﬁ;z;%gi%écgw;{@ R A A en % o d 2 b il 7
HRR > APy 3K FE SRR ] i #% 8 =k (unreal station) > 4 #
H R e R B R B %#%“F"ad PAEUTAL ik o B RFIKE

-—\

Bl 4 5 matia i o ok 2 Mt e
B Mgk s miad BMiFL T 2R

Bedh o AT B R B PRI B R .



B 4-2 mFEPIR(c - ZR)E G EERIE(S S 2 )il R
A RE DORRBHER B A SR BB deB] 4-3 97 o F § 0
A Ao MBI RGEE TR SRR
;ﬁﬁéﬁi?'}ﬁé’»“ R R | R R TR E o
AR SR PHAT AR R W A R o

bRy - F oo

()47 (d) J& A £1 4
Bl 4-3 m R (S~ ZR)E w872 P RIE(% I 2 R)Di=E R
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B3 m BRI SR IR B U R F R R B IR TEAR 0 VLR A 2
45 B e

4-2 FHE L7

AR FE LA ATE PR L  lp s S 28 TR 2 e
BERHEEFIIZBA T od A =2 F 7 oo FR A OIRAELS I
B M BT R xR s BB T
1. S8 adp b 1

* < % Wuder (2002) s 3% 0 & S BF cnip b Glic< >t 0.8 FF 0 L
BREZAPM DEEFHE » & A~ TiE Y A M B HHiE Y )
0.8+ &4y U X B A sttt i o

%A1 R AHEA F e LR B aphl GHE i

BiR X LAY | S | AA | | | A s

AR X 1 - = — _ | _
EfEY [1.8x10Y 1 = — _ = _
- 0.41 0.39 1 Al SN _

k=3 0.06 009 | 069 | 1 74 — —
A 0.02 Bl P04 0@ 040 P — —
[ 0.03 0.09 |0.69 | 077|054 | 1 —

Kt 4 0.01 0.07 | 0.52 | 0.67 | 0.70 | 0.61 1

2. SEcL A

FHEAFIARBREAFEERZFHMT o g R FRET D
Hr 72 - REVHAELILEBL o wh2 B8 - BAF AEEY B R
in e > F] %@}%?% P H i A rEAY AT RE AT R R
HA 0L 1 2R VAL Bl FRIRCTHEERI R

g 7 S IR o S i R e
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3. BT AR

TR RS R RLK L2 BEE 0 & Kmeans #-3E4
A P FHELs N2 R B Y FlE R IR HE 430 R (T
el Y RBUTHREERLEFOLEFREE o

D ABRLPEBRLREE RSk o

(2) # ® i B RApdc s ERIpdE G AR HikE < |5

Poo AN EEEY EHE S TAE F o

jﬁ%ﬁ{{ﬁ?ﬁ?Mﬁ%?%ﬁﬁw%ﬁﬁﬁ£§@4ﬁ%@%
Proc T R o 0 3 ek R B A LA B R Gt e 5 B 7]
PSR E SRR LS {ﬁii*’”fﬁ R 5 kw2

4-3 &7 BSHDL T

B 4-4 3 B46 %7 Fhcens B4KE > 2P Bl4-4 4 ch i
R B A SRR B45 % mE B EEE 8 B B 4-6 ch¥ s
PR B AN FRHRER B B PO R OB AT A

AAERY %o B0 R A 42577

TS

¢
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3| 2010

Bl 4-5 ikl & st B R SHcas F K E

B 4-6 i =% 27 b 47 ~ PSpu B R H¥cehs R 3K B
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%42 27 b RHATRHI A L ® DA Teow f(H I E)

- s Poe k| R | RFHT R

B AN ER 300 202 199

EE N S 86 93 522
% A BB BER | 206 272 223

A2 B R R PR EATZA RN PP SR TR
FMOBEAR A TARBDIFAERSEY L LG LA RLD
UHTRB % 432 £ 4452 RRIEELEDAHREFFBELE LS T DT EM
PREER HEBELIPURANEFRER AEHFR A R H

PARHLN i F A otz e iR R iR £ o

%43 %7 RBinL FEPBELL RPN DT ERE R EER L)

e 418 s E FEHE AT E

L4 | 1.71(0.23) | 1.13(0.47) | 0.39(0.74)
a4F [1.47(0.25) | 0.62(0.21) | 0.01(0.15)
{=#F | 0.45(0:31) | 0.15(0.17) | 0.06(0.04)
#4 0.29(0.08) | 0.16(0:11) | 0.01(0.11)
Rie6 4 | 0.67(0.34)1 0.28(0.22) | 0.05(0.09)
4 | 1.79(0.26) [ 1.60(0.37) | 0.58(0.78)
a4 [1.53(0.33) | 1.22(0.45) | 0.16(0.41)

o B 4]

-

i@;i ':;j . {4 | 0.89(0.18) | 0.43(0.12) | 0.07(0.04)
| 4 | 0.34(0.09) | 0.28(0.09) | 0.02(0.13)
A 1 | 0.84(0.28) | 0.59(0.32) | 0.12(0.19)

5% | 1.76(0.23) | 1.27(0.43) | 0.41(0.74)

- @2 | 1.56(0.24) | 0.78(0.26) | 0.01(0.17)

4 | 0.59(0.31) | 0.15(0.11) | 0.06(0.04)
# 4+ ]0.32(0.08) | 0.19(0.09) | 0.01(0.11)
B tes 4 | 0.77(0.31) | 0.34(0.25) | 0.06(0.09)

BT~ s R R
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344D BB TR S LA BN T YR (R L)

% e PR | Pew | EEEER | AFTE

5% | 2.85(0.39) | 1.93(0.83) | 0.94(1.35)

- 5 448 ]1.99(0.43) | 0.82(0.29) | 0.01(0.21)

4 4—;;& ?l 5 % | 0.49(0.34) | 0.14(0.17) | 0.06(0.04)

4 |0.39(0.14) | 0.23(0.19) | 0.01(0.28)

R e 4 | 0.98(0.43) | 0.41(0.32) | 0.08(0.12)

548 | 3.03(0.40) | 2.73(0.56) | 1.21(1.33)

. 4% | 2.05(0.48) [ 1.67(0.71) | 0.23(0.56)

e {#%F | 0.95(0.23) | 0.45(0.15) | 0.07(0.05)
Fps R R -

4 | 0.44(0.09) | 0.37(0.12) | 0.05(0.28)

Ate# 3 | 1.19(0:33) | 0.82(0.42) | 0.18(0.28)

548 | 2.98(0.37) | 2.14(0.71) | 0.97(1.34)

g %% | 2.14(0.24) | 1.06(0:26) | 0.01(0.17)

G4 AL R R i.%ﬁ 0.64(0.31) [.0.15(0.12) | 0.06(0.04)

¥4 |0.41(0.08) | 0.26(0.09) | 0.01(0.11)

R fe# 4 11.09(0.41) | 0.51(0.35) | 0.09(0.12)

FEF DT < BE RPN SRR R AFOREFIRE
Ay ® 2 B ieR e Rl 5 enfff fhoded 450977 « ki § - 488
PRREE Y FRBPREREKOL RREET O PO REEFRF S
RIS s F LR 2 A BHRALRA SRS RF > LS

T RINAFIFAINPICT 0 AT SRR LET T AL 0 ES
%IJ’:‘;L:"% ;\ °

2 A5 RF P RBDASFE LA H N DT AT OB AEGRE R L)

2
’l“’“ TN B2 A l‘§ | %
4 !
B AN B R 1.30(0.92) | 1.24(1.51)| 0.29(0.22)
eB R R 1.27(0.72) | 1.21(0.86)| 0.53(0.85)
B s A SRR | 1.23(0.72) | 1.42(1.55)| 0.31(0.27)
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