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Multi-objective Analysis of Ecological Landscape
Planning for Agricultural environments
— A Case Study for Conserving Birds in Highland Farm
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ABSTRACT

Spatial configuration of landscape structure significantly influences various
ecological processes and landscape dynamic strongly changes habitat suitability of
species. Ecological landscape planning that account habitat trade-off among species can
provide useful recommendations for decision making in landscape planning, especially in
agricultural ecosystems. We applied a genetic algorithm based spatial optimization tool,
termed Land-Use Pattern Optimisation Library (LUPOIib), to a multi-objective landscape
planning intended to protect three bird species that has distinct habitat preference (Vivid
Niltava, Brownish-flanked Bush-warbler, and Green-backed Tit) in the highland
experimental farm at National Taiwan University (HEF, NTU). Our results showed the
three focal species had distinct and conflict habitat preferences. Vivid Niltava preferred
small patches of forest embedded in the agricultural landscape, Brownish-flanked
Bush-warbler preferred edges of open areas, and Green-backed Tit prefer large patches of
broadleaf forests. We conducted an overlapping analysis of the inferior solutions to
demonstrate the spatial distributions of the irreplaceability of each replaceable land-use
type. The farmlands in the eastside of HEF provided critical habitat for Brownish-flanked
Bush-warbler and thus had high irreplaceability. The west side of HEF was suitable to
restore some small forest patches for Vivid Niltava. Also the broadleaf forests in
southeastern HEF had high irreplaceability and could be improved by restoring broadleaf
forests to connect current forest patches for Green-backed Tit. In conclusion, the
multi-objective analysis can effectively support the decision-making process of landscape
planning with respect to ecological compensation or habitat restoration.

Land-Use
Pattern Optimisation Library (LUPOIib), Multi-objective planning, Conservation

Keywords: Agricultural environments, Landscape Ecological planning,

Jll[

—‘ﬁl‘j

B4 HE 22 (landscape ecology) B ifF 52 5
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A (A HR) BAK

kBE 0.4 0.65%
& 7.36 11.95%
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JR AR 27.33 44.36%
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2.3 ARAZE
2.3.1 L E AR

1 St 3 BT 1y 2% S R 50 Y A i s W Al S 1
FrE A R BREEIR B RREE - DLO 2 1 8
FONEHIBIN A B SRR - BEGE E M B
AR EsE Ry W RER A B v O B R BRI v R L
PRGN » WA B B M2 AN R BRI T
Bl - S0 F P ORSRIR AR s 2 5 R - S
L A T R R A R E W L H B
& o FEEHTE R (logistic model) By —#fE Y » 55
PR (odds ratio) AU EARHEMAE R E RS -
QITRSE R TE AT SO » H0A] F AT S A e B B
A ARSI P R BT S T A A
= TRR
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Log[l—hlsii}:ﬁo+ﬁ1xl'i+ﬂzxz'i Fooe +ﬂnxn,i

hsi; Fydth®h i 2 BEEEME 5 X, Fo B i 228 n
BRI+ Bo Bl By o3 I B M =iz
A (NSRS RIS v

AHFFEABRE) IR T3 | o Rt B
ZE [ RSO S AR R 2 S 2 - BREELIE RS
Tt BEEEAN - A S BRI (class
area, cay) * A kSRS TE S (largest patch index, Ipi) *
P R A E R A% R 5 (edge sum, es;p)
TR B Y B2 458 (patch cohesion, coh,) S 3kt &
Bl 22 TR » DL R Rl b b R P A B
Bl & - 4 5 F2 At 40 F (Holzkamper et al.,
2006) :

) K- P — ®)
p=1
Ipi :—malx(apyI )xlOO ............................. (4)
2P { 1 }
coh =|1- =—"—F—=||1-—=| x100
I: Zp:j_PPv'\/a \/a
................................... (5)
€Sm = Zn:eCpJ,m ---------------------------------- (6)
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o
2.3.2 TIF A R T HE (Land Use Pattern

Optimization Library, LUPOIib)

R B R IR T & H AR i Bk
& - ZAKHFSE3ER Holzkamper (2006 ~ 2007
2007°) et - MR A% R B L T H LUPOIib
TR REIYGE - LUPOIlib Fy clc++Ba#E s ik
BE > DB S (Genetic Algorithms » GA) By
BT B TR AR i - SR BB R R —
154 & IR LiE B2 (Goldberg, 1989) » HRITELE
12 FC Ty ML S A 1 R o B L R (5
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FHRK - BLERRR 0 ~ 1 #REB-RIE - LUPOIib
7 R B B S 1 7 A CE BN LA R B B A
FEA A M F PR A ) e AGE BRE B
G tigh - KR EICRE R R
B A5 L RO 9. Ry RGZ
A& - RN RBPSRL e I FE
i
(3) FEMAEE 100 fHALEREE R w)Aa R REEE -
A PLH 1 ek B A o R AE TR AT
(current solution) -
(4) EHEGESITTIT  EEER TR R
(crossover) ~ &% (mutation) » 8 EEHE

TCHYET - RIS U S tle - MEF 5K

FHBTIRES - B R R -
A2 O AT R W R R AR et
B8 KB AR G S e i TR AR T
B TCFER (RS R FAERY) 25 DL
BEA TGRS 228 T — R
TmEs o R ZeE R RIE aiEh 2T
% PaEtsoos H R R DA A TR
gutaf - Kt > A EEEEE TR E T
— R R - ARFFEE R B HE
pCross Fy 0.5 ~ Z&##& pMut 5 0.01
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% H R SR R RE R 12 H B AE A R R R
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EIE o RIMCORENIES, SAfg rTH LR R A A
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FUERHE R » T HA R EEREE - BHA
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192 fRRNFESEME - REREEMA S TISEIREZ
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JELBMEES (15 0 2002) - LUPOIib B—H A5
MR SRR R R T H - 8 AR
MIREEEREE » I —E e E AT T L ]
FARCE & i1l - REf 2% H A% (trade-off) B2 H B
(b RO B A 5 » AT SE H AR T
i

Max{W{, HSl, +W;HSI; +WeHSIg ) ....... )

Hrep o aRyiREEmE o JFERBHR N E
HSIy ~ HSIs ~ HSIg 73 AR NENIEE ~ TR
BTS2 2 SEHIREHGE L1 5 Wy ~ Ws > We 53
AIRFER MR - H Wy +Ws +Wg =15 7E
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g BT = AL SS IR B HF LA
& A AR E # (M) 3.59 -4.169 2.305
AL &M @A (M) 4.278 -5.173 -3575
AL B @A (mP) -
R A AR RY 8 RS 0.025
AT HFERN IR 0.01
AT ERN TG H - 0.012
& BOR B % R 48K (m) -0.117 - -
&M B HE R 4K (m) - 0.046 -0.105
F B A HHE R 48K () -0.256 -
RIEAAL S ERER LR (M) -0.094 -0.082
REAALHERGREEM) - -
JB A AR BB 3% R 48 (M) 0.064 -0.089
Frrofi A T4k R4 (M) -0.057 0.14
HEHLILA T B AR R 48K (m) - -0.08
KRR # (Ipi) -0.022 -0.01
$13% M35 At (m) 0.003 0.008 -
138 9% ¥6 d (M) - 0.022 -0.028
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ROC 0.706 0.766 0.749
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T i A st e A R B B Lt By 7 K
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& ¥ 8 Hh #7 (Receiver operating characteristic,
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(HREFE S AR BERE TR BUR BN &) Bl V) b iE
B (BLE RS ~ AR IE) 5 #RS 1 LRI R
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PGB S IEM RSG5 LEEH 52 BLRE (2004)
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