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Abstract

7KH G\QDP L Fa&trueturdslaw dgtermined by the coupling of functional

components (such as restaurants) and human population. Yet, there still lacks mechanism

models to quantify the forces on spatial distribution of the components. Here, a gradient

model is explored to simulate the individual density curves of multiple types of city

functional components based on the equilibria of gravitational and repulsive forces along

the urban-rural gradienthe model is concise for it relying four key variablé¥,K H
DWWULEXWHVY RI FRPSRQHQWYV R QFQX GIH) QIHWR @ F R QW VA . Q/
DQG WKH DWWULEXWHYV Rl FLWULEBQG GRGXG D W DR MW W WOHK|
FRHIILFLH&Mmddel has been used to simulate the distribution curves of 22 types of
components on the urban-rural gradients in 13 cities in two periods. The model reveals a
bottom-up mechanism that the patterns of the componeatstinare determined by the

economic, ecological, and social attributes of both cities and components. Strongly

backed by empirical data, our model can predict the distribution curves of many types of
components along with the development of citiess odel provides a general tool for

analyzing the distribution of multiple objects on the gradients.

Keywords: environmental index, population pattern, urban-rural gradient, land rent,

transport costs.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Main Text
Introduction

$ IDVFLQDWLQJ HYHQW LQ KXPDQ DFWLYLWLHV LV WKH
DQG UHQHZDO RI$ FALMWM\HMY FRPSRVHG RI KXPDQ EHLQJV DQ
IXQFWLRQDO FRPSRQHQWY RU QDPHO\ IDFLOLWLHV ZKL
LOQVWLWXWLRQV WKDW SURYLGH JRRGW¥HDgQFOHRYHF HWY GK
FRPSRQHQWY DUH MXVW GHILQFRSQVGRIWIIJ DL (PR GEHLUQR UG
FLW\ DV-PH®OSBUYLQJ VI\VWHP DQG D FLW\ FHQWHU LV D F
FRPSRQHQWYV VXFK DV EDQNV DQG UHVWDXUDQWY DUH I
FRQWUDVW DV D FLW\ GHYHORSVY VRPH FRPSRQHQWYV V:
RXWzDUG IURP WKH FLW\ FHQWHU ZKLOH VRPH HPHL
VWRUHV VSULQJ XS)LQ WKXKHKHWPHQ IJIMHOOHFH FRH[LVWHQFH
PLJUDWLRQ DQG H[WLQFWLRQ RI WKH FRPSRQHQWYV VKDSH
7KH VWXGLHVY RQ FLW\ VWUXFWXUH DUH OLPLW LQ WKHRL
TXHVWLRQV )RU H[DPSOH KRZ PXFK LV WKH LPSDFW RI
IXQFWLRQDO FRPSRQHQWV" +RZ WKH SRSXODWLRQ SDWWI
vVSDWLDO GLVWULEXWLRQ" +RZ WKH UHVLGHQWYV HFROR.
FRPSROQHQW GLVWULEXWLRQ" 7R XQFRYHU WKH HYROXWLR
WKH JUDGLHQWY FDQ GHHSHQ WKH IXQGDPHQWDOO\ XQC
VWUXFWXUH

,Q JHQHUDO HDFK W\SH RI IXQFWLRQDO FRPSRQHQW KD

JRU H[DPSOH D W\SH RI IDVW IRRG UHVWDXUDQW FDQ

QLFKH LQ D FLW\ D SKHQRPHQRQ DNLQ WR D ELRORJLFDO
4
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7KH SUHVHQW PRGHOV IRU WKH QXPEHU RI FRPSRQHQWYV
UHVSRQVH Rl WKH ORFDO LQGLYLGXDO GHQVLW\ RI FRPS]
UHVWDXUDQWY VFKRROV KRVSLWDOV DQG EDQNV2WR WK

- 7KHVH PRGHOV FDQ H[SODLQ QHLWKHU WKH ZKROH
GULYLQJ IRUFHV2DSDUW IURP WKH SRSXODWLR®2EHKLQG
VHULHV RI VSDWLDO HFRQRPLF®RGCHPIQ $[B QB HQ HAGK B\ PHHF
IRU WKH ORFDWLRQV Rl ODQG XVH W\SHV DQG IXQFWLRQD
DQG WUDQVSRUW FRVW 3BEBYHQWWKHVH VSDWLDO HFRQRF
QRW LQYROYHG WKH LPSDFW Rl SHRSOHfV HFRORJLFDO SU
PHWKRGRORJ\ ZKLOH UHIHUULQJ WR WKH UHOHYDQW WKHF

WKH PHFKDQLVP RI FLW\ VWUXFWXUH DQG WKH HYROXWLRQ

7KH VSDWLDO SDWWHUQ RI ALXW\DRR PORCGHVEWSTHM) XUEDQ
,Q WKLV SDSHU D X/UFEBNQYDROH VOWWBI® ZKLFK KDV EHHQ
HXNDUFLW)\ $ JUHDW QXPEHU RI YDULRXV W\SHV RI IX
RYHUOMIYMOULEXWH LQ FLW\ FRUH FLW\QXPOHXW DQG Wk
‘H LQYHVWLJDWH WV\SHV Rl FRPSRQHQWV DQG FKRRVH
SURFHVVHVY WKDW PHHW WKH OLYLQJ GEHRDQG\GRWWKH WRI
\HDUV Rl WKH FRPSRQHQWV DUH LQYHVWLJDWHG DQG F
HQWXFN\ )ULHG &KLFNHQ VKRSV .)& DUH)ERQFEMXWMUDWHG
=KRQJWRQJ H[SUHVV RXWOHWV =72 ZKLFK SURYLGHYV
FRQFHQWUDWHG RQ WKH RXWHU VLGH RI .)&V WKH FXOWL

VXEXUEDQ DUHDV QHDU WKH XUEDQ IULQJH -XQE&DMKH GDL
5
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DUHDV (DFK W\SH RI FR\PFERDOIQMW KDXDOV LQ D FLW\ H[FH
IDUPV ZKLFK 6D US SHDABHEDPH FKH LQGLYLGXDO GHQVLW\ RI
FRPSRQHQW YDULHG @LIWRPWWHK HG E Y WIDQFHEHXXQLYDULDWH
SRO\QRPLDO UHJUHVVLRQV VKRZ WKDW IRU D W\SH RI ERF
KDV D S#HdDN.KLFK LV ORFDWG® GDDWQD SRKUWIDRDIODIGLHQW

F DG $SSHQ®IE[OH 7&KH UDQN FRUUHODWL RQ ¥ KWR\BHIG RW K D \
FRPSRQHQW LV UHODWHG WR WKH VXSSO\ DELOLW\ RI WKE
UHWXUQ WR WKH LQYHVWRU IRU FRQVWUWIFWLQ8QDQG RSFH
HIFHSWLRQGRWKDW RXWVLGH *+ DOWKRXJK WKH QHW VHU
WDUJHW DQG DFFRPSDQLHG VHUYLFHV RI ') LV KLJKHU W
YDOXH ZKLFK LV WKH UDWLR RI HQYLURQPHQWDO LPSDFW
*+ 6, $SSHQBGEOHDARRG ZH ®HWQOQWWH tHQYLURQPHQWDO LQGHI[!
PRGHO ZH XVHG FDQ KHOS XV DETXLUH WKH 6EKDUDFWH

$SSHQGREOHEXW FDQQRW XQFRYHU WKH GULYLQJ IDFWRUYV

ORGHOLQJ RYHUYLHZ

7KH GLVWULEXWLRQ SDWWHUQV RI WKH IXQFWLRQDO
HFRQRPLF IDFWRAKH FRPSRQHQWY ZKLFK DUH DUWLILFLDO
HQRXJK HFRQRPLF UHWXUQV WDUJHW VHUYLFHV WR WKH
WKH GLVWULEXWLRQ RI FRPSRQHQWY DUH WKH ODQG UH
HFRORJLFDO FRQVWUDLQWVY DUH HQYLURQPHQWDO LPSD
JHRJUDSKLFDO GLIIHUHQFH DQG RQO\ RQH FLW\QXFOH

PRQRWRQLFDOO\ GHFUHDVHV IURP WKH XUEDQ FHQWHU
6
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FRPSRQHQWY DUH ORFDWHG DQ®LS UMY KE+HBWHRUQY VY ER@ DI® U
SDWWHUQ RI DWWULEXWHV RI FLW\ DQG-ERPSRPHRWO FD
LQGLYLGXDO GHQVLW\-BXUDP DB® QU XW\ED GV LV
HPSKDVL]HG WKDW DOWKRXJK WKH HDERMH SUWQFLWOMOGR S
IRU SRO\FHQWULF FLWLHV 7KH JUDGLHQW DQG HTXLOLEUL
FDQ DOVR EH VHSDBBQWWGE UURPDWSKRHO VRHEQW ULFE FLW\

7KH JUDYLWDWLRQRQJI PIWKMDBDIYDGLHQW IRU D W\SH R
PDLQO\ GHWHUPLQHG E\ WKH VSDWLDO SDWWHUQ RI WKH
VXSSRUW FRPSRQHQWY VXFK DV UHVWDXUDQWY WKH FR
QHJDWLYHO\ FRUUHODWHG WR WKH GHQYLWG7RH ORFDO
WUDQVSRUWDWLRQ FRVW GHSHQGY RQ KXPDQ SRSXODWLR
WUDQVSRUWDELGIQVHO\ SRSXODWHG DUHDV DWWUDFW WK
FRPSRQHQWVGXH WR D VPDOO DYHUD JMSIW B B BUSRRGNNFDWV L W/ (
FRQVXBHYYSHQBGL[6 ) WKH FLW\QXFOHXV WKH SRSXODWLI
LQ XUEDQ IULQJH DQG UXUDO DUHDV JRU WKH KXPD
UHVSRQVH WRGWIKHR BB EVWD@EFHOH XV WKH BISRQ EE&WW X DWW
WKDW VXSSRUW &ODUN LI WKH UDQJH OLPLW WR XUED
DUHD WKH SRZHU ODZ IXQFWLRQSS HDEHEEHVW ILW UHJUH\

3R& $G

ZKHBRS® LV WKH DYHUDJH KXPDQ SRSXODWLRQ GHQVLW\ R
IURP WKH FLW\G@REOHOWXAHKHZHUH PHDVXUHG WKURXJK |

LQYHVWLIJDWLRQ R WKAVKHQLWWHG PRHIILFLHQW 7KH DW

LV IRU WKH KXPDQ SRR WK BN IRIRIDG HIDVG IMWHQ W
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%DVHG RQ WKH QHJDWLYH FRUUHODWLRQ EHWZHHQ S|

SRSXODWLRQ GHQVLW\ N§RUNEHNPSHD @ | GER/B\SIBR@MMNQ W D W
N@LFIZ.@;

ZKHN® LV WKH DYHUDJH uODVW NLORPHWHUY GLVWDQFH E

DQG WKH FRQVXPERY WWHORBPBQRIDGQLHDUMH FRPH IURP

HTXDWLRQ

7TKH WUDQVSRUW FRVW DOVR GHSHQGV RQ SURGXFW W
DPRQJ GLITHUHQW W\SHV RI FRPSRQHQWY )RU H[DPSOH Z
D)&TV WVRDKMNH SURGXFWYV LV OLPLWHG WR NP LQ WKH FDVH F
UXOHV RI VWRUHV LWK WKH GHY HOWREIPMH DN UR F XDRNHX XK |
YHIHWDEOHY IURP WKH JUHHQKRXVH FDQ EH WUDQVSRUWF
ORFDO DFBHS®®PH)BEL][ 6 EKH pLFHEHUJ WUDQVSRUW PRGHO
YDOXH ORVV LQ WKH WUDIQN EQRWWREXRIPGSWRFHYYFXODWH
RI WKH SURGXFWYV

%:@; L+ :2BA

ZKH®HH@LVWKH WUDQVSRUWGRQ VWK B WK DBIBO® WICREY KHH W

FRHIILFLHQW IRU WKH LQLWLRO YDOKXKW WKIB MAKEHRU SFRRGI.

ZKLFK LV WKH SURSRUWLRQ RI YDOXH ORVW SHU XQLW RI G
&RPELQLQJ HTXDWLRQV DQG
G:@L +ksFA"oL +:sF@
ZKHYHS LV WKH JUDYLWDWLRQIDD |IRUPELRQWUWBDQR FLW\

VKRZV WKDW WKH DWWUDFWLRQ LV PRQRWRRLF GHFUHDVL

8



10

11

12

13

14

15

16

17

18

19

20

21

22

23

7KH UHSXOVL YMHOIRQYF BOXXDBDIUDGLHQW LV PRQRWRQLF
FLWA\QXFOHXV RXWZDUG *HQHUBUDOBS XO/NKKHVKLRRHODRGE HHRK
RXWSXW FRPSRQHQWYVY DZzZD\ IURP WKH FLW\ FHQWHU
HFRQRPLF RXWSXW FDQ EH ORFDWHG QHDU WKH FLW\QXFC
ODQG UHQW :H KDYH IRXQ®G5 WKD\WRWWHFOW QIBV UHHOUMY SR
GHFUHDVLQJ-R®UWDIOHIXY DERE Q W

I5G F&

ZKHIBHG LW KH ODQG UHGRWY Wi KH ORI R O\G MHCHVO D QG UH G
FRHIILFLHQWU8® GV WKH ODQG UHQW DWWHQXDWLRQ FRH

%HVLGHV WKH LP SDFQFRILRODG BREOMNRQHQW IVQFRQRP L
SHRSOHYV SUHIHUHQFH IRU HQYLUR OFWH QWD G H RS FRW 8 FOIDH
L H

:@; L4:@; :10U; L ?2@®0;

ZKHEHOLWEKH UHSXOVLYH GRIF HV B MUXURBTIDON URDGE LW & M/
DEVROXWH! YDODXAX{DWLRQ PHDQV WKDW D ODUJHU QHW H
FRPSRQHQW WR EH GLVWULEXWHG QHDU WK-KNHUWWYW\RKFOH X
SXVKHV WKH FRPSRQHSBMHM RHMWZb FBM H[DPSOH ZLWK WKH
SURVSHULW\ LQ UHFHQW GHFDGHV WKH FRPSRQHQWYV ZLW
IDU IURP WKH FLW\QXFOHXV GXH WR SHRSOHYV JURZLQJ
TXDOLW\

7KH PLQLPXP RI JUDYLWDWLR®®PDOPuJOXV BHBROIONVQY Z URH
WKH GHYHORSPHQW RI FLW\ DQG LW LV DOVR GLIITHUHQW L

FLWALJ G7KH RSWLPXB OFRRADWWHMIR Q (RUVWRWNEH RI FRPSRQF
9
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RQ WKHUXWHmMQJUDGLHQW ZKHUH WKH 3®R[RFRRUM GLYLGXDO
F (DFK W\SH Rl FRBSR@G YW\WPKDRIDWKHP FDQ RYHUODS GXH
DUH GLVWULEXWHG DFURVV G)LIHUBQW ORFDWLRQV ZLWKL:

7KH WRWDO DPRXQW RI D W3SH. @ IDFRPWR QW (BM \W B GPW®H
WRWDO GHPRGGWKH QHW HFRVRY WHKRM \FRRPBIRFKHH QW H IRO
IRUP RI 1HZWRQYV JUDYLW\ PRGHO DQG VODINM DWK W KSHUR G X F
QXPHUDWRU WHUP 7KHQ WKH LQGLYLGXDO GHOXUWN® RI D V

JUDGLHQW LV

. EHa
2'@L)¢U><; > 8x%;
ZKHPK®W LYV WKH FRPSRQHQW GRKQ WIKW UXNW FRFIMAUGR @ Q W

FRHIILFLHQW WR DGMXVW WXHH RB&EEWIRSOAMHWLWXGH RI WK

KHQ HTXDWLRQV DQG DUH VXEVWLWXWHG LQWR

LQGLYLGXDO GHQVLW\ FXUYH RI DUX\WBEHORIUERFPLSROM QW RQ

2:@L),Ek5 EHa i

x 0> Ox—;

7TKH FRQVWDQW RI *SUIR®B RUWDRWQRQLW\ ZLOO EH DFTXI

VLPXODWLR-@HRUMWXB DWD O

ORGHO RSWLPL]DWLRQ

7TKH LQSXW YDULDEOHY ZHUH FDOFXODWHG XVLQJ WKH L
LQGLYLGXDO GHQVLW\ FXUYHV XVLQJ HTXDWLRQ 7KH
/IHYHQEBUJITXDUGW DOJRULWKP ZKLFK FDQ SURYLGH QXPFE

PLQLPL]DWLRQ ORFDO PLQLPXP 7K6&, SEEBDE®EBHVEDQG F
10
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7DEOHV 6ZHUH LQSXW WR WKH QRQOLQHDU ILWWLQJ PRC
2ULJLQ/DE &RUSRUDWLRQ WR H\EW LPWW BHERUHKERGBNOLRQ \
WKH W\SHV Rl IXQFWLRQDO FRPSRQHQWYV LQ FLWLHYV
SDUDPHWHUV LV HYDOXDWHG DQG LPSURYHG LQ LWHUDWL
DFFXUDF\ Rl WKH PRGHO SDUDPHWHUV FDQ QR ORQJHU
VLPXODWHG GLVWULEXWLRQ LQGLYLGXDO GHQUKWD GEXUY H\
JUDGLHQW LQ PRVW FLWLHV ZHUH QRW JRRG ILWV WR WKH
FRQIRUP WRRWIOK GHDDAMD 7KLV PHDQV WKDW HTXDWLRQ F

$IWHHYDHOXDWLRQ D=QHD\SDOQWRMHRBHBEHG LQWR WKH GHC
PRGHO )ZKIRQOVK WKH FRQVWUXFWLRQ RI D JUDGLHQW PR

DORQJ UXEDQ JUDGLHQWYV

i AHa
2:@L )ﬁks 2 x0> Ox2;

>0
ZKHUH SDEDMHBSWHVMHQWY WKH RWKHU IDFWRUV EHVLGHV V
IRUFHY LQ WKH PRGHDVDWKHZHFGWEHRK&GH[T GXH WR LW EHL
DWWULEXWHY UHYHDOHG E\ VWDWLVWLFV H GLG QRW IX
HTXDWLRQ EHFDXVH HDFK SDUDPHWHU KDV SK\VLFDO V
PHFKDQLVP EHKLQG WKH GLVWULEXWLRQ RI FRPSRQHQWYV
$00 WKH PHDQLQJV RI WKH PRGBBOHDW B PHYDHOU\G DW H QWK
VLPXODWLRQ RI GLVWULEXWLRQ RI PXOWLSOH W\SHV RI FR

XVHG WR SUHGLFW WKH SDWWHUQV RI FRPSRQHQWYV LQ GLI

TDEOHKH SDUDPHWHUYVY DQG WKHLU VLIJQLILFDQFH LQ WKH J

11
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SDUDPHWHUYV 6\PERC

,QSXW YDULDEOH

7RWDO GHPDQG IRU VSHFLILF JRR( 0
1HW HFRV\VWHP VHUYLFHV RI WKH
FHEHUJ DWWHQXDWLRQ LQGH[ LQ 2
&RHIILFLHQW RI VWDWLVWLFDO IX
'LVWDQFH IURP FLW\QXFOHXV G
&RHIILFLHQW RI VWDWLVWLFDO X F

/IDQG UHQW DWWHQXDWLRQ SRZHU
5DWLR RI HFRAHNWYWHMGMWR WDUJH
6LPXODWHG RU DGMXVWHG SDUDPH
$GMXVWPHQWORRPQVWDQW IRU *
&RHIILFLHQW LQ WUDQVSRUW FRV' ,
&LW\ LQGH] =

Results
ORGHO VLPXODWLRQ DQG YDOLGDWLRQ
8VLQJ WKH PRGHO HT ZH UXQ WKH ILWWLQJ PRGXOH
GHQVLW\ FXUYHV FRLQRU®H: Z3DWKD WLKH MUARDEHAUE R GV
$SSHQGDEOH56HVXOWY VKRZHG WKDW WKH ILWWLQJV DUH \
RI WKH ILWWLQJ FXUYHV 7TKH LQGLYLGXDO GHQVLW\ F
WKH JUDYLWDWLRQDO DQG UHSXOV)LYH TRHRFHMW XX BSRRW RF
WKH LQGLYLGXDO GHQVLW\ FXUYHV RI WKH FRPSRQHQWYV
IRXU FRPSRQHQWY DUH RUGHUHG .)& =72 *+ ') DQG VR
)L -KH 7KH PLQLPXP BRIUHWBXOVLYH SOXV JUDYLWDWLRQDC

WKH 6, $SSHQ®IE[OH)RU H[DPSOH DORQJ ZLWK WKH GHYHOI

12
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&LW\ WKH FXUYH Rl ODQG SULFH-DRGD®R$SXDGMHLQRWYVDWR Q
JHQWOH DEVRORQGEMPOKBWHRI UBMXRIW LR J=17Q WKH QG
'Yy GHFUHDVLQJ E\ DQG UHY 8 RFWQ Y HRX\W D RGGIVC
)LJ -@ 7KH UHDVRQ LV WKDW ZLWK WKH GHYHORSPHQW R
UHSXOVLYH IRUFHV IRU WKH IRXU FRPSRQHQWY -LOFUHDVH
K $00 WKH DERYH PRGHO EHKDYLRUV 2KLFEKR UW WRKKIWK W\BK
HTXLOLEULXP Rl IRUF® V D®RMW WK PLGHW\ WK B BWULEXWHV G
DGGLWIGRR| WKIHVY ORFDWHG D W XEKBIUH®JI HZ RIL AKKHHEGHOWYV \
DQG VL]H Rl WKHJIXUETKQWWBHDQV WKDW WKH GULYLQJ IRUF
TXDQWLILHG E\ WKH JUDGLHQW PRGHO FDQ EH XVHG WR VW
7KH W\SHV Rl FRPSRQHQWY VLPXODWHG E\ WKH JUDGLF
DOO WKH LQGLYLGXDO GHQVLW)\ FXUZRIWORSI GIXW DF R PS@IQ HBI
H[FHSW IRU .)& LQ 6KDR[LQJ &LW\ DQG =72 LQ -LD[LQJ &LW
LQGLYLGXDOV IRU-VLPQO BWESRQGL[ 6 7KH LQGLYLGXDO GHC
FXUYHV Rl .)& =72 *+ DQG ') ZHUH VLPXODWHG ZHOO E\
DYHUDJRI 5 DQG UHVSHFWLYHO\ ORUH LPSI
PRGHO FDQ VLPXODWH WKH LQGLYLGXDO GHQVLW\ FXUYH
FRUUHVSRQGLQJ FRHIILFLHQWY DQG SDUDPHWHUV LQ D Fl
FRH[LVWHQFH DW DQ\ ORFDWEBR ®SBHQGLY FAKML BWDGLHQW

PRGHO FOHDUO\ VKRZV WKH PHFOOOGMLVYH RIR UF B YV VIDSHM /I

QLFKH RI FRPSRQHQWV DRQJW REILSFHBBRO[ 6

SUHGLFWLRQ DQG DSSOLFDWLRQ DELOLW\ RI WKH JUDGLHQ
13
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,Q RUGHU WR YDOLGDWH WKH UREXVWQHVYV DQG WKH Sl
ZH DQDO\]H WKH UHODWLRQVKLSY EHWZHHQ WKH FRHIILFL
WKH FDVH FLWLHYVY DQG FRPSRQHQWYV =FHJWKMVRERRS RQB QW
ZKLFK DUH ORFDWHG LQ XUEDQ DUHDV BUHKLIDHBWKIKE WR X
FRPSRQHQWYV ZKLFK DUH ORFDWHG LQ UXUDO D&HDV DUH
$SSHQGL[ 6 +RZHMN@RW UHODWHG WR DQ\ DWWULEXWHV :H
DUH LQGLUHFW UHODWLRQVKLSY DQG WKHQ WKH DJJUHJD\

UHSXOVLYH IRUFHV LV GHULYHG

("@ LB+ksF @E @2 CL r
ZKHUH WKH V\PEROV DUH WKH VDPH DV LQ HTXDWLRQ
UHSXOVLYH IRUFHV LV WKH PLQLPXP WKH LQGLYLGXDO GF

YDOXH DQG WKH GHULYDWLYH RI WKH VXP RI UHSXOVLYH L
FDQ EH FDOBXODWHG Y
+Lo_a@?
7KH YDOXH RI WKH VDPH W\SH RI FRPSRQHQW FDQ EH RE
RI WKH VDPH FRPSRQHQW LQ PXOWLSOH FLWLHV
) L :AGehu® ©
ZKHUHLY WKH FRQVWDOQW RI ISWKIRYDOQRB DROLAKLEG EVWRE\
PRGHO ILWMWLNVQW KBIQ@GXPEHU RI WKH FDVH FLWLHV
7KH UHJUHVVLRQ DQD®@\ \RUVDVW RZH 8 | WWRPS RQKIKQW ZDV VI
UHODWHG WR WKH XUEDQ SR SKIOTHQIRIQ) RIKWRBQ EFLWLHYV

GHULYHG PKRFK LV GHWHUPLQHG E\ WKH JUDYLWDWLRQDO
14



10

11

12

13

14

15

16

17

18

19

20

21

22

23

VWXG\ WKH HIIHFWV RI FLW\ GHYHORSPHQW RQ FRPSRQHC
ODWHVW SHULRG LQ +DQJ]KRX DQG 1LQJER ZHUH XVHG WR
DQG *+ RYHU WLPH 7KH SUHGLFWLRQV PDWFKHG WKH FR
5 1 6, $SSHQGL[ 6

7KH PDJQLWXGHV *RRW.K& DYEUHYPHORFDWHG LQ XUEDQ L

ZKLOH WKH PDJQLWXGHV*RID®&H)DORKEDWHG RXWVLGH

DQG UHVSHFWLYHO\ 7KH* MDOMXUHWQRH ERPWKBHQWYV LQ
RXWVLGH WKHRRIGHUW RIBD$SEWIGHOH 6

'H SUHGLFW WKH LQGLYLGXDO GHQVLW\ FXUYHV RI WKH
WZR FLWLHV :XKDQ DQG 1DQMLQJ &LW\ DFFRUGLQJ WR W
SDUDPHWHUV DQG WKH & WMBSHEXINHE/ 7IKH S FH@/ILFHWHG FXU
PDWFK ZHOO 3 -ZRIWDIG VGIOW D HOOWKH GLVWULEXWLR
UHVSHFOVLYHIHQIGIL[6 7KH SUHGLFWLRQV YDOLGDWH WKH
PRGHO DPRQJ GLa|HSKHOWIEHRIDMVHIVX UWKHUPRUH WKH JUDGL
FRXOG EH H[WHQG WR VLPXODW HN[ IP\DW \L @ \BXWVE B E\B\& VS-RQ H

6, $SSHQGL[6

Discussion

-RKQ YRQ 1HXPDQQ XVHG WR VD\ 3ZLWK IRXU SWUDPHWI
PHDQV WKDW H[FHVVLYH DUELWUDU\ SDUDPHWHUYV PDGH P/
RXU JUDGLHQW PRGHO KDV RO O QRQ W KH RIW\KUHIUY W & R USDPUHL
DQRE FDQ EH FDOFXODRNHGG G RS WHPGL[ 6 7KH SDUDPHWHUYV

XVHG LQ WKH JUDGLHQW PRGHO DUH HDV\ WR REVHUYH DQ
15
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FDQ EH YHULILHG E\ ILOHG LQYHVWLJDWLRQV ,W PHDQV V
UREXVW IRU LW VWDQGY RQ WKH VROLG JURXQG RI SK\VL
WZBLPHQVLRQV PDLQO\ LGHQWLI\ pLVODQGVY RU pHPORZODQ(

7KHLU GDWD DQG DQDO\VLV FDQ HDV-LDRHVH RQDDQ VIR
JUDGLHQW PRGHO DQG TXDQWLI\ WKH UHOHYDQW YDULDEGO
LQFOXGLQJ WKH HFRQRPLF UHYHQXH SRSXODWLRQ GLVWL
HIDPSOH-GWRHVLRQDO JUDGLHQW PRGHO FDQ SURYLGH D -
&KULVWDOOHU V FHQWUDO K\SRWKHVLV SUEDQ SODQC
SUHGLFW KRZ FLWLHV ZLOO GHYHORS RYHU WLPH E\ FRQ'
UHQW DQG HFRORJLFDO FRQVFLRXVQHVYV

7KH VHQVLWLYLW\ DQDO\VLV RI WKH JUDGLHQW PRGH(
PXOWLSOH W\SHV RI FRPSRQHQWY DUH PRPUHL DKI@GBVLWLYH \
WKDQ RWKHU SDUDPHWHUYV 7KHVH IRXU SDUDPHWHUV ODU
IRUFBHVSSSHQEG®GEOHWHDQV WKDW WKH DWWULEXWHV RI FRP
WKH DWWULEXWHYV RI FLWLHV MRLQWO\ GHWHUPLQH WKH
DWWULEXWHYV RI FRPSRQHQWY PQPQBGHQFHWRBPRID\W WG AL ®
DQG WKH DWWULEXWHV RI FLWLUIHW Q® FSORXSXHD MWW QREQ UMY W
FRHIILFLHQMWQ\ UHVHDUFKHUV ILQG WKDW WKH ODQG UHQ
GLVWULEXWLRQ RI FRPSRQHQWYV EXW IHZV-PRGHOV T
GLPHVLRQDO JUDGLHQW PRGHO TXDQWLILHV WKH LQIOXHQI
IDFWRUYV ) Rthe étpByBt&Ogdrvice intensityof greenhouses is much smaller
than that of KFCs, so it cannot afford the high land rent, therefore they are repulsed by

the city center. Meanwhile, the fresh-keeping distanckgreenhouse products is longer
16



10

11

12

13

14

15

16

17

18

19

20

21

22

23

than that of KFCs, so they are less attracted by the city center. The equilibrium of the two
forces mainly drives those greenhouses locate outside urban areas and far from other
functional components.

7KH JUDGLHQW PRGHO-KXKRFERR MUV DOKH MRRFAMILFDO PHI
GHYHORBPHRQW)\ V IXQFWLRQDO VWUXFWXUH 7TKH WHFKQ
FRPSRQHQWYV LQFUHDVEKW®BH SHRGNPWLYLWAKH RHIQYLURQP|
WKH FRPSRIQHQWSURYHPHQWY RI WKH PQOEQWGRHQWHIKHW FRIF
FRPSRQHQWYV UDLVH WKH JUDYLWDWLRQ IRUFH WR WKH FF
GHQVLW3SRDMWKH LQGLYLGXRB:QWRDPRY SIXO@HFAKGIDVHY RQ
XUEDXQUDO Juesiee®l)y &#&KVH UHVXOWYV VXSSRUW WKH O
HQWHUSULVHV FLW\ IXQFWLRQDO FRPSRQHQWY RU RUJDQI
LQQRYDWLRQV FRQWLQXRXVO\ JXUWKHUPRUH WKH |
WR/KH HQYLUR Q AHQW DO L. QV&KH[W LQQRYDWLRQV PXVW DOVF
LPSDFW RI FRPSRQHQWY LQ RUGHU WR DGDSW WR WKH FKL
WR EH VWULFWHU RQ HQYLURQPHQW TXDOLW\ ZIKWHAK LQFU
VXSHUOO FLW\ PRGHO KDV DQDO\|HG WKH VSDWLDO UHOI
FLW\QXFORKN JUDGLHG@W KRHRWHXD QWVKH LPSRUWDQW LPSDF
SURGXFWLRQ FDSDFLW\ HFRORJLFDO FKDUDFWHWLVWLFV
RQ WKH FLW\{V IXQFWLRQDO VSDWLDO VWUXFWXUH

7KH ODQG UHQW UHIOHFWYV WKH UHVXOW RI FRPSHWLWL
UHVRXUFH 7KH GHYHORSPHQW RI FLWLHVY IODWWHQV
KXPDQ SRSXODWLRQ $V WKH OD Q & pyRIQWVK HX IIRYXHIV VE\KS FHR

RI FRPSRQHQWYV GHFUHRNHKH+ DO RQORADKMHG RXWVLGH Wi
17
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PRYHV RX8NZBBE FOEOH,® RWKHU ZRUGY WKH JURZWK RI ¢
SHULSKHULHV RI WKH FLW\ L\6 FOX/HHEGE {6 VEK B OX IV BV IX]@ WAL
WKbkbRI FRPSRQHQWYV BR IS SRMQGAD BGKH G\QDPLFV RI FLWI
ZKLFK LQFOXGH XUEDQL]DWLRQXBRREQWBW XRIEDRUH WV RIQC
FKDQJH Rl WKH FLW\ DWWULEXWHYV )RU H[DPSOH WKH I
VL]H XUEDQ DUHD DQG VWWHKFWRQHH LQ WRWDO GHPDQG
VHUYLFHV RI D W\SH RIOFRPSIRGFQW WXKH GLQDPLFV RlI WKH
LWV SUHIHUHQFHYV 3:3Q GKHWF DWH EH®® AW KW/ KLJKO\ UHODWH
PD[LPXP ODQG UHQW DQG WKH WL]HSBHQEH HYKPQRHEDQ
WK3Hp EXW PDLQWDLQV ®VKH $SBWIMBILRQ6RIKURXJK DERYH
PHEFKDQLVP WKH JUDGLHQW PRGHO-RRXD QLEKBW BRXQV SWR FTHK
RI D HXNDUFLW\ LQFOXGLQJ FRH[LVWHQFH RI DQG FRPSHI
RUJDQDUDV UHYHDOHG E\ &KDQJ HW DO 7KH PHEFK
SUHGLFWLQJ WKH IXWXUH FLW\ VWUXFWXUH EDVHG RQ
GHYHORSPHOQW RI FLW

$OWKRXJK HDFK FDVH FLW\ KDV LWV XQLTXH VSDWLDO \
JUDGLHQW PRGHO LQ WKLV VWXGLMWRR/ CEHIM@\ | B U K H QV SVX
GLVWULEXWLRQ RI FLW\ IXQFWLRQDO FRPSRQHQWV $FWX
VBWLDO GLVWULEXWLRQ IXQFWLRQ RI KXPDQ SRSXODWLR
SURGXFWLRQ FDSDFLW\ :H FRQVLGHU WKDW WKH PRGHO K
DURXQG WKH ZRUOG 2Q WKH RQH KDQG ZH KDYH IRXQG
SRSXODWLRQ GHQVLW)\ -EXWDH DORGLHQMH RAUERPH FLWLH

6WDWHV -DSDQ 6RXWK .RUHD $XVWUDOLD DQG (XURSH DL
18
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FLWLHVY DQG LW VKRZV WKH PRQRWRQLF DWWHQXDWLRQ W
WKH RWKHU KDQG UHFHQW VWXGLHV KDYH VKRZQ WKDW \
WKH SRVLWLRQ RI XUEDQ FHQWHU HYHQ LQ PHJD FLWLHV
VLPLODU WR WKH FDVH &KLQHVH FLWLHV LQ WKLV VWXG\
WKH RXWHU VXEXUEV WKH VPDOO SRSXODWLRQ FDQQRMW
DFFHVVLELOLW\ Rl XUEDQ FHQWHU 7KHUHIRUH RQFH WKt
PRGHO FRXOG EH XVHG WR GHVFULEH WKH GLVWULEXWLR
RWKHU FLWLHV ZRUOGZLGH , @ HAKHUIDHGX B MW WKAH R VWX @ HH
FRXQWULHV IRU FRPSDULQJ WKH VLPLODULWLHY DQG GLII
DQG UHYHDO WKH SULQFLSOH EHKLQG WKH SKHQRPHQRQ
7KLV PRGHO LQWHJUDWHY WKH YDULRXVGDEMERURQRG W
XUEDXQUDO JUDGLHQW DQG ILQGYV TXDQWLILHG UXOHV 7KLV
UHVXOWYV RI YDWLKRHMFREIRPREW\VWHP LQ UHODWLYH HTXLC
PHFKDQLVP PRGHO LQVWHDG RI WKH VWDWLVWLF PRGHO
GHYHORSPHQW H[SDQVLRQ DQG UHQHZDO RI WKH FLWLH
GHHSHQV WKH XQGHUVWDQGLQJ RI FLW\ VWUXFWXUH EDVF
%DVHG RQ WKH KLVWRULFDO GLVWULEXWLRQV RI WKH IXQF
WKH PRGHO FDQ EH XVHG WR SUHGLFW WKH GHMKHHORSPHQW
PRGHO FDQ DOVR KHOS WR H[SORUH WKH OLPLWDWLRQV RI
DQG WR ILQG RXW WKH FUXFLDO RSWLPL]DWLRQ SRLQWV W
FRQWH[W RI JOREDO XUEDQL]DWLRQ ,W FDQ EH IXUWKHU
VWXGLHV DFURVV ILHOGV VXFK DV HFRORJ\ HFRQRPLFV X

HQJLQHHULQJ
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Materials and Methods
6HOHFWLRQ RI FDVH FLWLHVY DQG IXQFWLRQDO FRPSRQHQW
7KH FULWHULD IRU FKRRVLQJ FDVH FLWLHV WKH GI
SDWWHUQ RI SRSXODWLRQ RI WKH FLW\ LV DYDLODEOH
SULFH RI WKH FLW\ LV DY-MXOWDQAKYDEOPDP ELWK IR KEFHOH W H
IXQFWLRQ $FFRUGLQJ WR WKH FULWHULD ZH VHOHFWHG
7LDQMLQ 6X]KRX :XKDQ +DQJ]JKRX 1DQMLQJ :X[L 1L
&KDQJ]KRX 6KDR[LQJ -LD[LQJ DQG =KHQMLDQJ &LW\ DQ
FLWEH$SSHQGEOH KH FULWHULD IRU FKRRVLQJ WKH W\SH |
IXQFWLRQ RI WKH FRPSRQHQWYV LV WR SURYLGH VHUYLFH)
UHODWHG WR WKH SRSXODWLRQ RI WKH FLW\ HDFK FRP
IRUPQLQGLYLGXDO GHQVLW\ GLVWULEXINL RQ DRXUWHMWD OR @IL
WA\SHV RI FRPSRQHQWY KDYH GLVWLQJXLVKDEHXHD®LVWUL
JUDGLHQW RQH W\SH LV FRQFHQWUDWHG QHDU WKH FLW\
W\SH LV QHDU WKH XUEDQ -MULEDE DLMH® REH RV GIQQW MHR HY K
FKRVH D W\SH RI IDVW IRRG UHVWDXUDQW .HQWXFEN\ )
ZKLFK DUH QHDU WKH FLW\QXFOHXYV D W\SH RI H[SUH
RXWOHWY PRVW RI ZKLFK DUH RXWVLGH WKH FLW\QXFOH?’
FRPSRQHQW FXOWLYDWHG JUHHQKRXVHYVY ZKLFK DUH PDLC
D W\SH RI VHFRQGDU\ ELRORJLFDO SURGXFWLRQ FRPSF

ORFDWHKG® ERQOH®,UHTBH QGL [ 6

20
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'DWD VRXUFH DQG HFRV\VWHP VHUYLFHY DVVHVVPHQW

7KH GDWD Rl FLW\ DWWULEXWHY DQG IXQFWLRQDO FRPS
RU SXEOLF GDWDEDVH WKH GHWDLOV VHH 6XSSOHPHQWDU
PDSSLQJ RI WKH ODQG SULFH RI FLWLHV LW LV {RXQG WKD
FHQWHU FLWLHV 21 FRXUNHQWKY EIHW HDW P \RBHPEOWWALX U E |
IXUWKHU VWXG\ $FFRUGLQJ WR WKH OLOOHQQLXP (FRV\VW]
LQFOXGH SURYLVLRQLQJ VHUYLFHV UHJXODWLQJ VHUYLFH
VHUYLFHV ,Q WKLV VWXG\ WKH HERV\VWHP VHUYLFHYV
DUWLILFLDO HERV\VWHPVY FRPSRQHQWY DUH GLYLGHG LQYV
VHUYLFHV \6H $B B8 B QBION\6 7KH FDOFXODWLRQV RI WKH HFF
VHUYLFHV Rl WKH FRPSRQHQWY VHH 6XSSOHPHQWDU\ ,QIRL

7KH WDUJHW VHUYLFHV RI D W\SH Rl FRPSRQHQW DUH Gt
WKH DUWLILFLDO HERV\VWHP 7KLV PHDQV WKDW WKH\ FDQ
FXOWXUDO VHUYLFHV LQ OLOOHQQLXP (FRV\WVWHP $VVHVVP]
JUHHQKRXVHV DQG GDLU\ IDUPV LV WKH SURYLVLRQLQJ RI
WKH SURYLVLRQLQJ VHUYLFHV RI QDWXUDO HFRV\VWHPV Z
UHJXODWLQJ VHUYLFH RI GLVWULEXWLQJ JRRGV WR SHRSO
HTXLYDOHQW WR WKH H[WHUQDOLWLHY SRVLWLYH RU QHJI
FDWHJRUL]JHG LQWR SURYLVLRQLQJ UHJXODWLQJ RU FXOW
IXUWKHU GLYLGHG LQWR SRV LWLHUHY LFHWVY ILRHW KD Q G MS$HH D W
WKH JXLGHOLQHV LQ /LX HW DO

7KH QHW( M) LY WKH VXP RI WKH HFRV\VWWHP VHUY

VHUYLFH SRVLWLYH UHJXODWLQJ WHUWLAHW HR G IMXRIQROH Y
21
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LPSDFWYV
0'5 LA (6
ZKHUBKUSD m?yr) LV WKH YDOXH RI HFRWMYWHPKWHUXRPEHU RI
HFRV\VWHP VHUYLFHV FRQVLGHUHG LQ WKLV VWXG\
(QYLURQPHQWROPRQWIBPDOFXODWHG E\ WKH UDWLR RI WD
VHUYLFHV 7¥BHUWIRFBYV ('6 RI D W\SH Rl FRPSRQHQW

U L('6_

6WDWLVWLFV

7KH VWDWLVWLF IXQFWLRQV IRU WKH DWWULEXWHV RI F
WKH FLW\QXFOHXV XVHV OLQHDU DQG QRQOLQHDU UH.
&RRSHUDWLRQ /LQHDU DQG QRQOLQHDU UHJUHVVLRQV :
EHWZHIPD@G WKH FLW\ DWWULEXWH VDD QGV MG HV E HVAO 1D BW
UHJUHVVLRQ IRUP

7KH QRQOLQHDU ILWWLQJ PRGXOH LQ 2ULJLQ 3UR 2
WR VLPXODWH WKH VSDWLDO GLVWULEXWLRQ RI IXQFWLR
QRQOLQHDU ILWWLQJ SDUDPHWHUV PD\ DIIHFW WKH VLPXO
WKH DSSURSULDWH LQLWLDO YDOXHV $W WKH EHJLQQLQJ
GHIDXOW YDOXH RI DV W®8O0HPIQZKDO H DXHX HLH RED X V H
RQO\ DIIHBFWXLWKRXW WKH SHDN SRVLWLRQ $IWHU WKH PF
VWDJH ZH UHOD|[ W R EFRAWLIGRM RQWK WKH LWHUDWLYF

ILQDO ILWWLQJ SDUDPHWHUYV
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Figure 1. $ FLW\TV OD\RXW LQGLFDWHG E)\ OXOXFWLLROQWDLAR 6 RPIS R
PXOWLSOH W\SHV RI FRPSRQHQWY GLVWEUBNEXWHG IURP FLW
GLPHQVLRQDO SDWWHUQ RI IRXU W\SHW RH (PRRERQHQWE L C
&KLEFNHQ VKRSY HHBUHVV RXWBOHQKRXEBY U\)IDERW
GLPHQVLRQDO LQGLYLGXDO GHQVLW\ FXUYHV RI WKH IRXU
UXUDO JEBIGRNOQWHP VHUYLFHV Rl WKH IRXU W\SHV RI FRP:
VHUYLFHV GLDJRQDO EDU DFFRPSIV/QIUGEG AHHW YEGBIFN SRU O]

DEVROXWH YDOXHVRIUWKHHUW WU RHRI GHVYLFHY RI WKH FRF
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JLIXUH ORGHO K\SRWKHVLV IRU WKH PHFKDQLVP RI WK
FRPSRQBEHQWWQ LGHDO GULRHQWKRDWZRGLVWULEXWLRQ SDW
DQG IXQFWLRQDO FRPSRQHQWYV REWDLQ WKHLU KLJKHVW
EHFRPH VSDUVHU IDUWKHU RXW 7KH FRORUV RI WKH SR
FRPSRQHQWY DQG WKH FRORUV RI WKH ULQJ IURP GDUN V
GHQVLW\ IURP KLORFWR/ LRRZ Rl WKH LOBLYRGRDE BHKN RV
FRPSRQHQW VKLIWWY XUDROQ JOW WERIK@EW @ FWWKHH GLVWULEXW L

RI WZR W\SHV RI FRPSRQWQ@WD OD ORIG L V@G XRABED Q
FRUUHVSRQG WR WBEGORBDWLERORUIV Rl OLQHV FRUUHVS

W\SHV Rl FRPSRQHDWNSXDVLYHGRWMHGGOV®&H DQG UHYHU
IRUFH WKLQ GDVKHG OLQH -BRXUDRP $RMGICHDW R @ IOH) X K EBN
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VKRZ WKH DJJUHJDWH IRUFHV DQG WKH FRORUV RI WKH O
FRPSRQHQWV(DIMQ®% DUH WKH PLQLPXP DJJUHJDWH IRUFHYV

WKH GLUHFWLRQV LQ ZKLFK IRUFHVY DFW RQ WKH FRPSRQHC
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JLIXUH 6LPXODWHG VSDWLDO GLVWULEXWLRQ RI W\SH

7TKH LQGLYLGXDO GHQVLW\ RI .HQWXFN\ J)ULHG &KLFNHQ VI
DQG FXOWLYDWHG FRHUHMGRBRWHIGY WRWKH OHIW D[LV ZKLO
FRUUHVSRQG WR WKH ULJKW D[LV 1RWH WYWWHVWH@WH. QHZ
VRPH RWKHU FLWLHV 7KH QXPEHU RI .)&V LQ 6KDR[LQJ &
QXPEHU RI =72V LQ -LD[LQJ &LW\ DUH WRARRIHZGWERD &/HD VY A K
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