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Landscape pattern optimization based upon the concept of landscape functions

network: a case study in Taiwan,China
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Beijing 100871 China; 2. Graduate School of Shenzhen, Peking University Shenzhen 518055 ,China). Acta Ecologica Sinica,2005,25(7) : 1707~
1713.

Abstract; Aiming at maintaining ecological balance and promoting economical development, it is necessary to strengthen the
spatial connections among the landscape units whose functions are similar. The growing awareness of the negative effects of
habitat fragmentation on natural systems has resulted in a rapidly increasing number of actions to reduce current fragmentation
of natural systems as well as a growing demand for scientific tools to predict and evaluate the effect of landscape changes on
connectivity in the natural world.

Landscape contains a spatial structure that formed by contacting corridors and patches. Interaction of flow, energy and
material in a landscape must depend on the landscape network structure. In order to maintain ecological balance and restrain
out-of-order urban sprawl in Taiwan,China, this paper attempts to construct a landscape functional network based on ‘least-
cost’ modeling in Wuxi watershed. ‘Least-cost’ modeling (available as a toolbox in GIS-systems) has been used to calculate
‘effective distance’, a measure for distance modified with the cost to move between habitat patches based on detailed
geographical information on the landscape as well as behavioral aspects of the organisms. We will apply this method to the
small-scaled landscape system in Taiwan,China. Based on the theory of interaction between landscape function and pattern,
this study analyzes the spatial difference of the ecological function in Wuxi watershed and discusses the landscape pattern
optimization proposal. It would help future landscape ecological development in Taiwan,China.

The importance of technical aspect and ecological assumption underlying this modeling method is discussed as well. The
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method is shown to be a flexible tool to model functional connectivity between landscape units and mobility of organisms as well
as in scenario building and evaluation in wild life protection projects and applied land management projects. Since ‘effective
distance’ has thc same units as Euclidean distance (m), it may be a straightforward way to include both landscape and
behavioral aspects in other models which consider distance as a measure for isolation.

Key words :landscape function network; landscape pattern optimization; ‘least-cost’ modeling; Taiwan, China
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Fig. 1 The location and landscape type in study area
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1.2 BB RELET

BT RWA RS F ARV R % 8 5 5 VL Th B R AR M G BB A B A S IR T R LR A S T R K
FHAE EAARNER SRVAES PR ERLESHESARANBR T, HERRERALERRITE.

HEFRAE Y SR B Y R ERRE A RUR RN REA L E SRS B AT R BRI RGO 4
BSRRER BB S B L 8 T (stepping stones) GBAL RANETE R BIE B E o X LRI RWR F bk RIS &
TR 7 0201018 (o S R Y 4 ) R Al B o % R UL 2K A 2 TR A A B R B b R YT
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Table 1 Optimized targets, methods and index of landscape pattern

B R 4L AR Landscape pattern

optimized targets

B W& A {646 7 i Landscape pattern

optimized methods

WL B PR 18 47 Evaluation index of

landscape pattern

R A4 B Promotingbio-diversity

# Y | 88 B 38 Maintaining material

conservation,energy circulation

47 B A% B BT F Maintaining the

balance of landscape pattern

B4 15 A3 & B Promoting life and

environment quality

¥ R0 HE A PR T # Enlarging the area

of core eco-patch
R AE B4 Adjusting vegetation
structure

F 7 B A Establishing stepping stones
Rk Rt BB &R B i Strengthening and

building connecting corridor

BEZ WX Setting buffer
BF R F FH Promoting landscape

heterogeneity

3% 90 4% b 8 35 T R Increasing the percent

of greenbelt area

B KB Largest patch area
189 78 3% 9 1 B Percent of vegetation cover
7K #th 491 #b Lt 1) Percent of native species
B LR Landscape type diversity

PEHEE Patch density ]

JA - m I Ratio of perimeter and area

JAE B FEBE L9 BF Width and density of corridor
%38 ¥ Connectance index

B FEFF Contagion index

X FHE Width of buffer
B LR Diversity of landscape type

15 9 8 25 1% Percent of vegetation cover

1.3 RWINBEM = IR R R

7l A S X 2 B 5 B R ] A R R B S RN U, B R 5 K AT A () b B RE AR BT BRARTT AR 5 L3R

FAR R T REEYERFT RS MFRSEBHRASKENERHNSZAERX S b T LHRBAR . ERE S
BB RFHRNERS ARS M EERE SR, AR F Y5 oK, AR MM £ R A RD 2, Bk, FBRET
BMDESKBANER MTESSRM AN EERRT X BESE LAOEAXER G2, ATARS R LM ERRGR
AR, AR o R VAR R (R AL A B .

F2 BUNENZEERAXR

Table 2 Spatial relationship of landscape function

AR SUR i) 2yl W TR R

BWAR Eco-function type Buffer-function type Urban-function type
Landscape type s Kbk W 3 #HX R

Forestland Water Grassland Cropland Building area Road
B MK Building area - - + Tt
4% #5 Cropland — — + + +
M Forestland ++ + — —— __
M Grassland + + + _ _
A4k Water ++ + - — -
i % Road - —— - + 44

FRRAXBARYHEXR AFERBE MR LA, ++ RALARE ARERAEERA S TRARN)E: + BRER
SBAFRMDBERA —EHWEMEE; — RRBAYWRNIEEE, BHEER—ENGHH; - — RRMIHL, X RIS 4 5 # R
ik

1.4 HBEEERES
#E 28 05 B (Cost distance) , & /MIALEE B (Shortest weighted distance) 53 Bk RBF B A2 4L, EFRIAKERZ @S
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LRI RE 3 LR B R IR T 47 2 P S B TR0 IR R RAE R R T RO RE 3 R ORI O, B 1Y
FERE R A 0T T B A RS AR SR A SO A T B IR R D TR & — B Kt T AR AR SR A 40
FE 2 R B (Cost coefficient) 7R 8- B TE A T35 9 Pk S DU 58 303 AL A 0 R0 A 4. S 00 AR Ao MO X 59 AR I e
FE 90T SR HRATR 6] 4 R UM 77 % %), X4 L (Source point) B E 376 R A 1, 3R KA 3 HOBLAFRLAD

#E 2% B = 7 A 5 T B 38 (Graph theory) iR 3 , 7] A £ R &
A BT BE B R IR A M B /b B UK 3% BE B (Accumulative cost
distance) , H (2 F e 4R 51 5 16 B 0 R 98 0 2 10 B /N HE 90 O
B RB TR B R T W A/ R TR (B 2) B
FERRR A B BT DB RS S
R A R IK R A AR B — L R T 8 -
BB 1 S TE R #E B 538 3 102

HRASTE ¢ B 4 NSO BT i+ 1 IR BB R 0
2 B 3T 5 R R S TR SRR B — ¢ B

Niyy =N+ i+ rin1) /2

RN, 5 SR RIERT § 9 RRARETHRF
BN 5 o RERHE R TE i+1 0 BB RE SRR,

0 ML TE R 4 /I 4 40 B 86T TS SR 3
A -

B2 BAHEBEEERERD

Fig.2 Algorfthm underlying ‘least-cost’ modeling(?4]

Now =N+ V2 X i+ r/2

BRE/NRFHE RIS T A ¥, 8t ARC/INFO # GRID 3k #) Cost distance ZyREMEIF T8, I B A X LSBT |
BANRERAESRE HERHAETESEESEHFNIMESR. TS, % TF Cost path &, 7 d1 R M AL R REK T2
51178 3 B /NI BE#E 22 7 5] (Minimum-cost path) 5 #842 (Minimum-cost direction), K ER%E R, 75 1 ST RE M 45 1925 ] 2
i R GBI RER M REEAXE. ‘

2 FR5iHe
2.1 RWBRIH

BAEMAREERE R, TR, FABERAUSERLNERY, i FHEBTMRAUAEERTRE, LI EFHHE
ERSREEMESEE, AEREXARRTE, REE NI AR, 50 5 )8 R IR AR AR R ET R M0 4
FHRMBAE, BHEARG R BERE WS EW, A TFEAXE . RAGZ AR THREREMTPRWER  ERX N EE
MFHERFH CEAMEEHIREROKBE L) AE AHEUESHE, KO FTEFHFHRAXARA FRESERX
o (6], 4 T K U B AR SR M (B 1),

FERIRMERAFEH T GE 3), R £ LR HBBT & A9 T R Il K (27 16 94) IR 7 #EBE (20. 86 Y6 ) Ko R AR (19. 53%) &%
B4 L LB B RSB T BB A R R i, A IR R B O, B R SARREE, X SANMEMERK
BEFR BRI EREARRLIGHSBERE L. SHREERR WK ZEEFERLE RS HTBER FEBLETRY
J& HUR B T A R AR T ARAR U B Dy B O L IR 2 L TR
2.2 AEBYHEEHEBEE

HRERUERDEETR EREE ERERMALBNKRBFECE D5HRFIENE K OUIFESIRM =R E
8. s ESELL 100m X 100m B WA 4B 98 X 2140 b BB — BUB BT IR 6 & ST ISR ALAR R R R IE 5 IR S b BE MY
fiE B A A S T RESR B (E (8 3), KA R RE N FERBE R 4 d7 it e #E 38 R B MK R .

PR AT S NEHS KB ESIBEN AR AL ANS AR B, TEZ AL MER TR M EBR
SMRERMEBRE ARG HA, B R U R A GIRFRARM SETRAE N, AR RGBSR REBEESEY

@ Villalba S, Gulinck H, Verbeylen G, et al. Relationship between patch connectivity and the occurrence of the European red squirrel,
Sciurus vulgaris, in forest fragments within heterogeneous landscapes. In: Dover, J. W., Bunce, R. G. H., Eds. Key Concepts in
Landscape Ecology. Preston, 1998, 205~220

® Walker, R., Craighead, L. In: Proceedings of the ESRI European User Conference on Analyzing Wildlife Movement Corridors in Montana
Using GIS, Copenhagen, 1997. 1~18
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B B KA FHAREREE RERAARE AL KRER Y RAEFNE. AANKRQETER
WEWEKIR L EE AR R T IE & AR T O IR R R D) B BB 0 D) BE S BRI AR M M MR IR I oy T RAEH K 5
FENEHL BB GRS, HENIBFATEREN BEME HRAXNESEAFREERIERRAEHE.

£3 BRERUXBDREBBRE

Table 3 Landscape type and pattern characteristic in study area

BMER g2 RREHEK BB RER FALER 3 EL B A5 H IR
Landscape type PLAND LPI LSI PLAD] 1
# i X Building area 16. 61 0. 68 23.71 98. 39 77. 80
4 # Cropland 27.16 0. 62 21.30 98. 87 69.17
FEAK Forestland 19.53 3.73 23.00 98.56 64. 88
¥ By Grassland 20. 86 7.14 34.16 97.93 85.75
JK{& Water 8.14 5. 64 26.51 97.43 75. 50
B % Road 7.70 7.14 88.77 91.15 97. 62

2.3 AARRE ML
BEEBRNEH P HLSREN TR, TRAREESTHS
BRAMNIE B THEAXNARHEEES REDBERE
WEERZV ERUEEERNEEEDENERE. LR
ERNMELEETEEEE - EHNEAREREREY. K
TERAS o O SN A TR N TR IR B R
EHTRAMBESEEN TR RAEARKE RS
B ER ERAEREIEY, 5B ERESIHEBRA,
HEASRRTAEREZRT (A O, A€ B/MER
By AT RBAESBEMN S RMEES).,
2.4 BRMYBESE EMHEEER
NTHEERNERABESHPHHEELXR EHRR
100m X 100m BRI £ THATAR R ML R4 RS, B BT
ROUULERBR —RRER WAL RFE— RN
B ERTHTERERESLRENLY, WS HEAN BN
BfERAXRROBEHEREHEE. BRI L RMNEALE
HERNARBHSENZRALEE 6,
2.5 BWHmRMKALT R
BAEESREMERRWIBE w8 8, TR ENRAS
WHEKFNWEART . AT ERTEH TR 2 575 E (A
7). BT RWH R B E R TR R WA &S S WD
R, RELBURARGESHBER EHEEZN L
Bl MBS RRERBEERRBEN K S IE, %
REERGTIERR, HK ERRBEWE LTSS RAE
MRS RS REAESRRAESE LW EBKE,FE
X438 S B 1 SR, AL E HLTh B
3 Zighitie

Fa WRESJWHEE SRS MEHTHEEHED

Table 4 Ecosystem services value of Landscape types in study
areal?5]
FMR T L
Landscape type Ecosystem services value(Yuan/hm?)
# . [X Building area 0
7% # Cropland 760
M Forestland 26840
BB Grassland 5840
K& Water 70193
il #% Road 0
|
L
|__SES |

'
| R !
|
| | |
| |
| | |
o Em
[ | |

L Sl
S Strong eco-function

& IhES

Weak eco-function

0 340 680m

B3 HRXESNESEBRE

Fig. 3 Distribution of eco-function intensity in study area

FEBROETHERAR ERRNEARTETFEMN ARERHREIETRR, RN ERREE P RBMEE, IR
MELXHESRESHAERBOEA. B FRSARRMNER ERAEERWM L, 0ES ARG BREE.H
RENZ HUTRAWEMENUET EEEELESHERNEEPLETSRERHERREWELE.

RMDEZRNARE SEEHRANERNER, =EZRSH LRNER FRAGHEBERTESHRRRNTE,
FAEEN 2T FAMBRAE, WA BENRNERREZZARERLETRRARMNERR . FEFEREAERN RN
EMENEER TREARNAR ABZREREIE ZNERESH BEESFBNERREE, TR/ ESIEH

FERYIR R B4R, F AT SRR R WA IS LI B B B
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1 235 S K 0 335 670m R
—_—

B # Legend
e “AHAE (M) Ecological function source PHY Legend
B E&ThAE (HEERD) Ecological function target [ EFHThAE (345 ) Ecological function source
- FEM ST IEFE R High cost di ) _ _

B 4:#Thi (HER A ) Ecological function target
B WA EREREE Low sccumulative cost distance #: &M} Ecological corridor

B 4 WA BRFERERRE Bl 5 WFRXAESBIENEERZ
Fig. 4 Accumulative cost distance surface in study area Fig. 5 Ideal path of ecological corridor in study area

0 335 670m 1 0 335 670m 1
A Legend P Legend
Ll L] el iieiided 2S5 [ s
Incompatible Impedimental - First cells l.njzplimized Cells to be optimized

B 6 BIFXFMIREM R ETT B 7 BRI S A R
Fig. 6 Incompatible cells of landscape function in study area Fig. 7 Cells to be optimized in study area
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HTFATRA BN R BN RRNESHER RSN RYTRT A RERREBEAA TR ESE R IER
B i B KRB S SR TR C R R AR R MBI E AN R RRRD R EEZROERS
BHTBE.
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