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An Analysis of Agricultural Land Change
Factors and Spatial Planning Policies Review
for Lan-Yang Plain: The System Approach

Wei-Bin Chen*, Chun-Lin Lee**,
Chi-Ru Chang***, Chiung-Hsin Wang*

ABSTRACT

Since the construction of National Freeway No. 5 in 1991 and the amendment of
the Agricultural Development Act in 2000, real estate prospects have driven a rapid
bloom of housing developments in agricultural lands in the Lan-Yang Plains. Such land-
use transformations have not only diminished the provisioning services of agricultural
land, but also degraded their cultural, regulating, and supporting services. In this study, a
systems approach is used to examine various hypotheses regarding the transformation of
farms to housing developments in Lan-Yang Plains. Information gathered from interviews
with farmers and experts in agricultural land-use planning are used to form a farm-scale,
process-based systems model of agricultural land-use change. Land use maps from 1977,
1995, and 2006 are divided into 245 square grids (1.5 km x 1.5 km) and analyzed with
GIS to derive farm, neighborhood (within same grid), and external factors. Stepwise
regression models with these factors are then used to parameterize the probability of
agricultural land-use change in the systems model. Empirical results suggest that the rate of
agricultural land-use change is affected by: 1) fragmentation of agricultural lands; 2) unit land
price; 3) the area of abandoned fields still developable under current regulations; 4) availability of
shopping and services in the same grid; 5) the density of housing in the same grid; 6) proximity
of grid to other housings, business districts, roads wider than 4m, university campuses, river-
fronts, and other factors that enhance investment prospects; and 7) proximity of grid to secondary
train stations. We suggest that agricultural land use policies should be more aligned to the factors
driving the land-use decisions of individual farmers, especially because such decisions have
spatial implications much larger than the space allotted to housings.
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AR A TR RAVATTE [ BHE IR RE— B S # 2 r—i0
43 FRTHETERRVEAE ~ HEK - HrE B RS0 g — PR R i L A T 2R R
FA# - SR A A B A A3 (irreversible) HYRE » (15 EHIE IR AR E
ZENEE (FREHE » 2006 ; FERFEFERIG > 2012) © 20005 EE R RFE
PIEIEE S - SEEM L - BaEg - B B SR - T
— A ER TERNEMERERNRE (TRE » 2006 ; BRAEESE > 2009) - B
Daily (1997 ) {24 RERMINRES (ecosystem services) HYEREL (HLFEIIRE
SALTIRE ~ BAENEIRE B S RFIIRE ) Ko AT R R AR DIRERR - BHIAYZ
TLIIRERIAHE E - L 2R R ESNE T BRI R R0 e ~ EE
fEE B FHEE (FRFESZE > 2009 ; Bergstrom, 2005; De Groot and Hein,
2007) - Kl - EHgE A AR AR ME R R EYI R g Bl s & - H¥E
JR T @ AR P SR DA S Bt A RE SRR P Y ER 2 AL ~ BREN B S Ff ohREth—
2% (Millennium Ecosystem Assessment, 2005 ) ©

FoRei Rt e T BT, o DUE— P EREI AT RERVFERAEGR
AR BN A HE 2B SR ERET i AT RERY B2 2R 1 - Hidr o B
HI2 (2010) DIzzf gt U PRET HREEIR 19954 22 20065 i = st R HERY
BRI WHRH A LSRR ~ AR EmELs « B SHE - #i
Zef FHmAE LLE] ~ ERTHETEE I E E DL S B2 AR Ry Bk R e
FERYIRT- - HEFH (2008 ) 152 2EERA R V- i = S i FH B Bl 2 5 ) s B2 A
FHHSEH - JREEH B R R S i BR T RE S R O R, BN
AP MR B SR - HS R TEIRGE RN RS - B RR R
EEHNG IFE AR R s+ MAER TR B PTG 2 - AN - TER
PREAAT o~ TAREGIROL—EEREEE  » T REMEVEERE, - TR
OEEEE  ~ TEMATERE ) T RIREREZEEERE - " BRI EDER
PEEE T RUPSHAUOEERE ) B T REREEE , SEUVERT 0 R B
FI5(1995-20065F 245 A BB T A F- (BERSE » 2013) © 64 » 1995-
20065 H. R I 9 2385 22 [ 43 AT B MR A+ bl R ~ B ~ 1AL
[l ;e 2 AN e Fe K i E IR B F R (FFofm + 2010) © [MPogas, et
al. (2011) R E+E8 (landscape metrics ) 2577 A BRA LS| LR aER A 1l
SOl A =T RSEM AR - ISR E S B R BRI BT TECR -
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AR - S EEWEFE 25 DUREET 7 325 1) B A= St i ) Bl L At R+ R 2 5 17 AE
BAfR - SIS R B FT BERET s 5 B R M F R R AR+ TR RE
FHEE LR T Bt SR T R R RS (process) o MNEAEREY -
Lourdes, et al. (2011 ) HELUBES) ) (driving forces) HYEHES - #HlogitilblER 7
AR R R - TIEE RN I —IEREE) K T o AR R B
T B EHEAY (Dyna-CLUE) M3 AT -2 I el 2 St s ) St A
IARGEARIEEET © HLAh > Colson, et al. (2011) FEFRSTE P RE B 8RB I Y
EEZE T MR SEh - D0 ABCRAVIESAEE T AN R AR = st AR » 4R
FHAE A R R i A BASE MR 52 22 - AR+ R E E &SR
I EIEE S R E A K se 2 DL — B R = (BFothm @ 2010 5 BRE
120 2010) - EAAS[FIIRF IR 30 P 52 2 HE B BOR 2 52 Z EE T TR ARYER
By e

Lambin, etal. (2000 ) &AL R FHESBRIISE )T iEEr TEi R » 32
Fo B2 ELRE (process-based ) B3 » AHEN B G FIZKERGET 1t R I H /2 508
ZW5E - HREEN IR RIR T R#EEIEE (system feedback) § 52
%o LA o ] SR B A Yy Y B R R AR v B e g A A AR B
£+ 1058 LeR R T 22 A SRy 7 =R EREY HAH AL 219382 (Drummond
et al., 2012) - [fiiVerburg, et al. (2013 ) JREEk T HSRIER BLEE T4 2 2
MY JTHFSE (local studies of production systems) - 757 Y REFLREEH

(pattern-based perspectives ) ° Coelho, etal. (2001) HILUREERTTE (farmers’
behavior) HYPRIHEFE B BLPEET B M 0 s - Hrh 8 DUR R BG
(systems approach ) TEHRET I FH 0437 Hh n] A5 2 I g 25 {1l 52 222 R 11
i A th i ey At o i R KB R IR AR A = s S A Hh s B Y
At o K o DUEHIRE (farm-scale) $EaT B R Bl H o SR FE & BRI
T HREMREBCRIIERET EHERIFER (Rounsevell et al., 2003) © i
Calvo-Iglesias, et al. (2009) BIDUEMRHE ~ LA - AL ERHEREIRE
TSR » BRETPREE A LAl EHE IR © 1fiRoose, et al. (2013 ) &fE())
Dt s B ERET AR AR b = My F BRER 48R - {H L BAAAST S H A 3]
FHESER L BB REET TIREY o TSR i ~ BIRA A HIlE - B R e
EI1J55 R b S 5 S e A2 St ) K] B AR BORPRET < 98 » 600 T R Heilas |
T HRE RS R K0y B ReR - W — P EEERR R ~ &
o ~ FEE RN B R - DU s Ry SRR T R B A Y R B
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PR (Alfiky et al., 2012; Ribeiro et al., 2014; Munteanu et al., 2014; Mozumder
and Tripathi, 2014 )

Von Bertalanffy (1968) f&Hi— M A#M M (general system
theory ) - FAlE DUCRAEIRERE & H AREHE Bl it & BHE2 R 52 i 58 (L g5 52
9 (interdisciplinary ) [EJRYERETS » AGAE SEELAEAVERG 0B H B 1 A5

(complexity ) [/ - &4 » SHERTHE AMBLROIGE S s » H
o RHAEREEEZH. T. OdumZ BEE AT (energy circuit symbols)
T ZE DU T/ T AR 2R TR R e o AH I e HAE R3S B A E A £ - TR AL a5
K752 BERIENTR T AERE - Pak and Brieva (2010) FEEEH) B ELERAYER
JG BRI ) = SE M AR - SRATRMAIE (flow diagrams) B @ G
25 BRI R AT B A a8 (Role-Playing Games) » DUSHI R EEE
A S SE M S B A B RE o SR CEIRL B RE B SR EIY T H - 248 - SR
ARERET 197120065 [ 2218 1 b AR Wt Sl i i R B8 L T8 (Huang et al.,
2011) - [KIL - SR BEE AR R AR B BRE T Rt g - B 52
KA A s R PR BT o RN » AR A A 2 1 R U2 S R 3t
ST R Tk - WA BT RS TR R HE A K9 S LA
et Bl i BB A B ER AT hs M P e R B i 28 R ] Py (B Wi A B R AT R
IRF - {HANERREE S ERET HE i iE DU R AR EOR < e 28R -
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ST DRI - R E SR EEN R - RS E AR DREN R
M REIAE R —E 22 b TRE R B [FA S 88 RAVE H BRI - SEEARES
LI ERYIER AR B HRYANA - AERIT BEtR e A A R - R EZenyn]
RETE o MBS EIR RIS S ALE & & - 519919 B8 fLathd Tk - 78k 7 hi3Ere
B U S B R S R A BB B+ BFSEHR I 1977219955 M REI P 45 448.15
INEERY R > 199522200647 [ 58 /553 90 1 .84 23 LY 2 st Ak Y e (1 A
(R - 2014) - IR T PIER P SETREIEE - Kt - AiHEEE
+ I A B R A S 0 L9774 20065 M TG IR R 1] (A& BE I
P~ RERJRGN ~ TEEISE ~ ERETT B - TURSSE - REEREH ~ = EAE ~ LR - AR
SHEANEH - 2 5E 1) - BES | AREEEEH. T. OdumAVREERHEH] - A FEH
AIREREH ~ NAMIAREERR - VG EEA TR REAEE
FRAE o RS R 580 (landscape metrics ) ~ HIPHEFHAM (Geographical
Information System, GIS) HZZ[E]5 M7 ELHEE N E RIAYFEALELZE AL HET (stepwise
regression) 20T /7ik » $EET L HEEA (1977-1995821995-2006) Bl REE (FRE - 7
RAELNERIT ) B NRYERE AT - REEGEHRE VAR - AR
SREE FIROU A A2 2R 0% - DRI R MR S BORC BReaE - Hrb - FRgst
H i ARG FER IR DR S 78 - AT Sk < PR - &
RGATE FH R T < B A AT IR e -

=« Hige kBt

(—) &5R=E

AWFTERTRRY TR o fREE T E AR R RIERE S - DU RS A
Al EE B RS ~ B EESEREMAZ M T, o (R R ER
fE~ B (ERE) S - KT hREA e i TES ) fRigEME - T
B REEE - AFICIRARTE B 1004 OB Py G st S P 1 72 B - F1
AR R R R ERY T — g EURRE (5 ) (R R AT - ARBSETRRY TR
Mmoo FRIBEEHIAZIE SRR F PR R 2R AL ~ 20 ~ B ~ /DN~ TS
% (R TR R E AR S BlG - AT T - fRER
o F 7 U R S e (et it - O A AT A1 9774E ~ 19954F- B 20064 = {8 -
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R (2RE2) o ARWTEATEN T RERE ) - IR EREE DK
FEERTH LR R E RS — iR - ReEE RS FEA - R (R
AR « ARRRFER ARy T 2R EIEGR 5 BREERIITUE - SREIRBIRS - B
HOREH 55 ~ RSERR RG] ~ AN B ERR T - Mo F 43 B S R 2 R i
TRIFPRMIC BOR » DURBLEE 7% ~ EREHEERTE - IRHEEE S - BATE MR
FE R P AR AL BGR o Hrh - 197719959 ] E B mI T Em A HHHREEGR (1983-
19894 fit " 55— B oK A E S A I E /N AE3 T2 L+ 1989-1995F F iy " 7
KA R E R AR ) BEREE A - B R A K7 ] gETE AR s 2
(ANRHEERE ~ BB BB RS ) » 1M11995-20064F i Il vTH£E T 38 7157 5 T
FITERA LB ~ BRI T (EEAr )~ BB OERETE ~ MsEE AR
FrrlRptalnG (1997 KR HFIFFAER S ) ~ BEREHEE:SE - RERRENE
T B[] B 2 o S R S R St F (K152 288 o BLAh - ARRRSER AT BNy T AR B
% RIGEME K 28N RE - B E R (ATidny) EIERYR
[FIMAZRE » FEAREE SRS (NE) EEA R 22 -
BEAh » R (system) FIHEEZR R—HILER ~ JURAE M BT ZR R R FRPTHE K
MRS » R SHBOT R EETT S L BRaE - WAl SR A RYHEITE -
TR G W Je S M T 32 I B B R e e ET i (B F S » 2002 5 Chadwick,
1978) - KL » AWFSEHR AR TR ) EEH TR, ~ T RMERE B TR
EHZER T DIRERHEA "2 200, S Hrp - Rt~ F
PEERAGRC AL » (RFEH R SRR ~ BB R BB R IRFTE - thAh - ARIHTE
rh DR AR RE B2 B sl AR RE B g iR 3w (hierarchy theory ) FyBEfE » W 12L20065F
Bl IR RN " R AR =45 ) RJEAI (O'Neill et al., 1996) - #E15A
B X 1SAHEM TR ) o RV E o R4S ERErgz2R - ALARET %
AR 2 P B A SRR R o Horp » Ry SR R S FH B 2% s B IR s (Y
BEORHER » ANHFFEIE I B K 25 ) 2 A BRI H Ry 1 5 L AYHERE - 2 sbks
] B R - 2 ) S CEORHE Ry | AR X VA RBGHERSE R - FEFEEE TR
BB —R (19955 ) & =2k (20065 ) B+ FHEREE(F Rt selEE - HigDIa e st
FAM -

2 1983-1989 it " 55— B AR AL A8 IR I N ARG T L 0 1989-1995FF Ay " Rk AR e
BB ERAERTE . 1997-2007 B " /K HFIFHFREETE ) FEEEBCR » & R
FHIEFEhE 7 B R e AR IS AG T -

3 RIS FHICHI REER/ N RE & 82 R RS 5 SR MTRUAESR » [RIBE AT FE b i HE 3 (358 H
N INE P
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BEITHINS | BRI E H b 2 SR H - R AR - DU S R BRI S
(Lee et al.,2008) -

(=) RF %
1. R A E

LA ¥ Georg Hegel fEFE H RARNVER &% » DABIRENYIEHRE (process) ZKqz
FER T PSS A G AR R s B R Y58 FE. (Littlejohn, 1992) - #%## » £ Von Bertalanffy
(1968 ) tEH MR H A (general system theory ) Z1% » A-REEE -« PHEL - §&
T B2 Bl iy B R ST EE T i SR A B B R AR AT T R AR A R G R P REE -
FAftEHEE (system simulation) ZEIKFZEAE (Forrester, 1969 ) El (Odum, 1983 ) 1Y
FET  BFRHRMENEEA (system dynamic model ) BLRMAERBEAY (system
ecology model) - Alfiky et al., (2012) 2SR = 22053 R POl i A B » 1)
T RH#HT (system analysis) o (REEVIIEFERE AT HTIEE L » FHLUSE R
IR ~ 22 5 2) TR (conceptual modeling) | @ FRAIEIZRETEE5EH
BTk RERTR AR L RIRBACRATAH S 5 3) T BUERAAY (mathematical model ) B%
NGRS (computer model) | FRFEHIAE B T2 A BGERSRHTE » JGHE
VIRRRIRE 5 4) TEAEAT (model analysis) | fRERERSIVEIS T ERAILRE - DL
TR R AR HE R B s -

ARWFERTS [FIRYRAE T - RECRREERTRES B T 2ot o B T s
AU R AR - RSEIRE R EE » DIFUE RIS ] S 22 R - Mg R R
FHRA o B - DU R A SR #E - HoAr - [KlOdum (1983) HIREER
MAFIRE ARG RITRTYE - EEEZERRIRRRL - AT S8
Seifili o
2. HIREA KA

MR E RN Ry — H A 2 RE 22 & AT ~ fiF - B - RBIE ST T
H o HFERE AR - 8BS HCE R R - IR A R S
X i~ BREGHEFERELZ o AT EELLAre GIS 10. 1A’ it &%
WK IR 22 IR - SEINLAGT R 2 R - 2R - AfsiRd: - DUTEEZE R A7 AH
BALRAIIRIF- - BERLER2 « ARIHFERDIAE (vector) [BE R REREEITRTE - WLL1.S5
PNEX1SABRZ RMEICHEE - #a5t (summaries) #EAREEMEHK T ~ £
MR PR B A R o PR R E A BREE - Rl EEHOR R (raster)
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BRI R - B R R R R E SR R B R R R - B E A R/
RlAR - BERGMS e T B R AR, - LIRS ERHEE (Lee et al.,
2008) -
3. &L WER DT

WE AT EEEAE TR ) R T FE L MR T - RS R TR =S AR
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SLARE » JRT] AR THEM AR B B L, « Horp - SFIER AT I8 25 el i oA 7 ik
L AN E IS T I A T e RS S I R SRR T I o ] R R R A R Sy
Mgk » DARRE i SLTHEI R - 2 FAEESRERMERIIFZE 710 » DAPRET R a8 T
BRAEAE TEIHI FAE A TE (480 » 2000) - ARSI FiftAre GISEEEEIM
ZSfAER R - FEFHAG RS (SPSS 18) WUZBA-MER /T - DI H R RS S 1977-
19954 52 1995-20064F 2 3t F 09 i A3 (R 1-#H & » SN 7 T 65 1 il s Sttt ) el s 5
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MR T & IEZE /5T (spatial analyst) DHEE » HEFT19774E ~ 19954F ~ 20064F
FRIF P I A B B A B 2 JE N B 0 FE R A R A T A I A o R R o5
M+ SBELUHETTRR RS IR R TSR EeEE ) AR RS - HIE—0 S
The AR T, TRmCRMEAGR . - T eiEE SR B T hai A 2
Ve, o MR DA R AR CREL & o AT R e — R 2 iy - P T T A
ERERERES » RAT O RS (EREREEEE) - HE— PR R
fajBAze ]z 22 520, » MR DIERES T HERIECGR ) 2B 2 -

=~ BREREIL

AT ERE SRR IR R A BB S S G P I B Y 2 [R5 - AR ~ (5
RIS RIS - WHRDRE T R - R R, TR
Riggim y ~ TAEEEREEOSE - BHEARES - TR ERESG 0 B
TR ) BTG ~ AQUE ~ KHE ~ RIS SRR - HEHIER
e ) FHIER VIR R L O EER - B - Ryt — D PRI BOR B2 R
B (REREAERMT) BB R E AR - A 7SR B R EE % - A
B R R ET T Rt I A R e (RS RN BOR & s B R R AR -
BRI R RO (e it s (B BE RGN REF St e B - St
Rig s RGBS B MR - A R EEFT R e
15 BRI A RIS - SR S AR - BURERIIR RSN
HAIEPIE BRI 5 AT TSR R i Ry - ERHBAO(ERS ~ R
AR ~ s RERY SRR I S S S S RN O Y R BRIRF RIS 5 DU Bt
MTEAYSE R ~ R (AIRERe) ~ sGBMERERE (IiE ) H&RE
St GIERBRGESHAE) F0RMF) - MORFATG AR N 7% " RS R g Bl

" RRMARIE R R ) Ll sy - BEME RIS - AR EERD - 1A - HIRERRT S
ESE A TR GG IR - AErhIARIE T IRE ) L BEEE - 2B
IR B IR TSR - 11 B R re e - ot (R S 2 R A P R I DA 2 5
ekt R 2 B R E R s B T

BESL > ARWTFURIBEH R EZH L ~ NPT RETRR AR - i T AR
BIBGG ) ~ TEREEHERC ) - T RIREIELF ) B T MHBABCGRP ) MYEMS Z v RERE A
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