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Minimum parking requirements and housing aòordabilitZ
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AbTUSacU: A HSPXJOH DPOTFOTVT BSHVFT UIBU NJOJNVN QBSLJOH SFRVJSFNFOUT
(MPRT)NBLFIPVTJOHNPSF FYQFOTJWF. JT QBQFS FYBNJOFT UXP DMBJNT GSPN
UIJT EJTDVTTJPO: (1) UIBU MPRT EJTDPVSBHF UIF DPOTUSVDUJPO PG TNBMM VOJUT;
(2) UIBU UIF DPTUT PG CVJMEJOH SFRVJSFE QBSLJOH BSF “QBTTFE PO” UP CVZFST BOE
SFOUFST JO UIF GPSN PG IJHIFS QSJDFT BOE SFOUT. HPXFWFS, UIF NFDIBOJTNT CF-
IJOE UIFTF UXP FffFDUT IBWF OFWFS CFFO NBEF FYQMJDJU JO UIF MJUFSBUVSF. JT
QBQFS QSPQPTFT, GPS FBDI DMBJN, B QMBVTJCMF NFDIBOJTN SFMZJOH PO UIF TQFDJfiD
DIPJDFT PG IPVTJOH TVQQMJFST BOE DPOTVNFST. WFQSPQPTF UIBUMPRTEJTDPVS-
BHF TNBMM VOJUT CFDBVTF UIFZ FMJNJOBUF UIFNPTU QSPfiUBCMF flPPSTQBDF/QBSLJOH
CVOEMF UP TVQQMZ UP SFMBUJWFMZ MPXFS-JODPNF IPVTFIPMET. WF QSPQPTF UIBU
QBSLJOH DPTUT NBZ CF QBTTFE PO CZ SFEVDJOH UIF TVQQMZ PG IPVTJOH PO PffFS BU
B HJWFO QSJDF.
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1 Introduction

CJUJFT JO UIF UOJUFE SUBUFT GBDF BO BffPSEBCMF IPVTJOH DSJTJT. IO 2015, 11.1 NJMMJPO IPVTFIPMET QBJE
NPSF UIBO 50 QFSDFOU PG JODPNF JO SFOU�VQ 3.8NJMMJPO TJODF 2001 (JPJOU CFOUFS GPSHPVTJOH SUVEJFT
2017). OOF QSPQPTFEXBZ UPNBLF IPVTJOHNPSF BffPSEBCMF JT UP SFMBYNJOJNVNQBSLJOH SFRVJSFNFOUT
(MPRT) XIJDI BSF MPDBM SFHVMBUJPOT TUJQVMBUJOH UIBU EFWFMPQFST CVJME QBSLJOH TQBDFT JO QSPQPSUJPO UP
UIF OVNCFS PG IPVTJOH VOJUT UIFZ CVJME�NPTU UZQJDBMMZ UP CF CVOEMFE XJUI UIF SFOU PS TBMF PG UIF
VOJUT. JT JT B QSPQPTBM XJUI HSPXJOH JOflVFODF: IPVTJOH DPTUT IBWF NPUJWBUFE MFHJTMBUJPO UP XFBLFO
MPRT JO MFYJDP CJUZ (IOTUJUVUF GPS TSBOTQPSUBUJPO BOE DFWFMPQNFOU PPMJDZ 2018) BOE B OVNCFS PG
ANFSJDBO DJUJFT BT XFMM (IOGSBODB 2014).

F TDIPMBSMZ MJUFSBUVSF PO UIF UPQJDNBLFT TFWFSBM DMBJNT SFHBSEJOH UIF FffFDU PGMPRT PO IPVTJOH
QSJDFT BOE SFOUT, XIJDI XF DBO VTFGVMMZ HSPVQ BT GPMMPXT:

1. BVOEMFEQBSLJOH BEET UP UIFQSJDF PG VOJUT BFS DPOUSPMMJOH GPS UIFVOJUT’ PUIFS BUUSJCVUFT. MBOWJMMF
(2013) fiOET UIBU BO “BQBSUNFOU XJUI CVOEMFE QBSLJOH JT BTTPDJBUFE XJUI $200” NPSF JO BTLJOH
SFOU, BOE CVOEMFE QBSLJOH XJUI B DPOEP JT BTTPDJBUFE XJUI B $43,000 JODSFBTF JO BTLJOH QSJDF.”
UTJOH EBUB GSPN UIF NBUJPOBM HPVTJOH SVSWFZ, GBCCF BOE PJFSDF (2017) OPUFT UIBU “UIF DPTU PG
HBSBHF QBSLJOH UP SFOUFS IPVTFIPMET JT BQQSPYJNBUFMZ $1700 QFS ZFBS.” LJLFXJTF, JJB BOE WBDIT
(1996) PCTFSWF UIBU, JO SBO FSBODJTDP, IPVTFT XJUIPVU CVOEMFE QBSLJOH TPME GPS $40,000 MFTT
UIBO UIPTF UIBU IBWF JU.
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2. MPRT EJTDPVSBHF EFWFMPQFST GSPN CVJMEJOH SFMBUJWFMZ TNBMM VOJUT (BFSUIB 1964; GBCCF 2015;
MPSMBO 2017).

3. F DPTU PG SFRVJSFE QBSLJOH XJMM CF “QBTTFE PO UP SFOUFST” (BFFO FU BM. 2012; GBCCF BOE PJFSDF
2017; WFJOCFSHFS FU BM. 2010). LPPLJOH BU UXFMWF NBKPS ANFSJDBO DJUJFT, SIPVQ (2014) FTUJ-
NBUFT JU DPTUT BO BWFSBHF PG $34,000 UP CVJME BO VOEFSHSPVOE QBSLJOH TQBDF BOE $24,000 UP
CVJME POF JO B QBSLJOH TUSVDUVSF.

F MPHJD CFIJOE DMBJN (1) JT TUSBJHIUGPSXBSE: CVOEMFE QBSLJOH JT BO BNFOJUZ, BOE DPOTVNFST XJMM
QBZ NPSF GPS B VOJU UIBU IBT JU�KVTU BT UIFZ XJMM QBZ NPSF GPS B VOJU XJUI HSBOJUF DPVOUFSUPQT PS B
HZN. BVU UIF MJUFSBUVSF IBT OFWFS CFFO FYQMJDJU BCPVU XIBU DBVTFT UIF PUIFS UXP FffFDUT. RFHBSEJOH
(2), POF NJHIU BTL “WIZ EP MPRT TQFDJfiDBMMZ EJTDPVSBHF TNaMM VOJUT?” AFS BMM, UIF DPTU PG BEEJOH
B QBSLJOH TQBDF UP B TNBMM VOJU PS B MVYVSZ DPOEP BSF QSPCBCMZ UIF TBNF, BOE�QFS UIF FWJEFODF MJTUFE
JO (1)�QBSLJOH SBJTFT UIF VOJU’T WBMVF, XIJDI TIPVME IFMQ PffTFU UIFTF DPTUT. RFHBSEJOH (3), POF NJHIU
BTL “HPX FYBDUMZ BSF UIF DPTUT PG QBSLJOH QBTTFE PO?” CPTUT EP OPU PCFZ B DPOTFSWBUJPO MBX, MJLF NBTT
PS FOFSHZ; JU JT OPU TUSJDUMZ OFDFTTBSZ UIBU UIFJS SJTF QVTI VQ UIF QSJDF PG fiOJTIFE VOJUT. F DPTUT PG PJM
ESJMMJOH WBSZ XJEFMZ GSPN QMBDF UP QMBDF, CVU PJM DPNQBOJFT BMM TFMM BU BCPVU UIF TBNF QSJDF.

JT QBQFS BEWBODFT XBZT UIBU (2) BOE (3) NJHIU BSJTF GSPN TQFDJfiD, QMBVTJCMF BDUJPOT PG IPVTJOH
DPOTVNFST BOE TVQQMJFST. F BJN JT UP FOSJDI QPMJDZ EJTDVTTJPOT XJUI BO VOEFSTUBOEJOH PG UIF TQF-
DJfiD NFDIBOJTNT XF QSPQPTF, BOE UP TUJNVMBUF GVSUIFS UIPVHIU BCPVU PUIFS QPTTJCMF NFDIBOJTNT. F
DMBJN UIBU MPRT BSF BO PCTUBDMF UP IPVTJOH BffPSEBCJMJUZ JT NPSF DSFEJCMF JG CBDLFE CZ DMFBS DIBOOFMT
PG DBVTBUJPO.

FSF BSF UXPNBJO TFDUJPOT UP UIF QBQFS. EBDI QSPQPTFT B UIFPSZ FYQMBJOJOH POF PG UIF UXP DMBJNT
BOE UIFO XPSLT UISPVHI BO FDPOPNJD NPEFM EFTJHOFE UP JMMVTUSBUF UIF UIFPSZ. SFDUJPO 2 BSHVFT UIBU
MPRT DBO EJTDPVSBHF TNBMM VOJUT CZ QSPIJCJUJOH B EFWFMPQFS GSPN CVJMEJOH UIF UZQFT PG IPNFT UIBU BSF
NPTU QSPfiUBCMF UP TVQQMZ UP SFMBUJWFMZ MPXFS-JODPNF NBSLFU TFHNFOUT, XIJDI IPNFT BSF BMTP TNBMMFS.
SFDUJPO 3 BSHVFT UIBU UIF DPTUT PG MPRT BSF QBTTFE PO UP DPOTVNFST WJB NBSLFU-XJEF FffFDUT: UIFZ
SFEVDF UIF TVQQMZ PG IPVTJOH POPffFS BU B HJWFOQSJDF, MFBEJOH UIFNBSLFU UP DMFBS BU B IJHIFS FRVJMJCSJVN
QSJDF. SFDUJPO 4 DPODMVEFT BOE PffFST JEFBT GPS GVSUIFS SFTFBSDI.

BFGPSF CFHJOOJOH, JU XJMM IFMQ UP OPUF TFWFSBM QPJOUT. FJSTU, GPS TJNQMJDJUZ, XF SFGFS UP “SFOUT” BOE
“SFOUFST” BT UIPVHI BMM IPVTJOH XFSF SFOUFE PVU, CVU GPS UIF TBLF PG JOUFSQSFUBUJPO UIF SFBEFS TIPVME
BTTVNF UIBU BOZ FffFDU UIBU JOflBUFT SFOUT XJMM BMTP JOflBUF CVZ QSJDFT�UIF FYBDU SBUJP CFUXFFO UIF UXP
EFQFOEJOH PO GBDUPST CFZPOE UIF TDPQF PG QBSLJOH. SFDPOE, UIF QBQFS BTTVNFT UISPVHIPVU UIBU QBSLJOH
JT CVOEMFE XJUI JUT BTTPDJBUFE IPVTJOH VOJU�FWFO UIPVHI JU NBZ JO GBDU CF MFHBM GPS B EFWFMPQFS UP SFOU
PS TFMM NBOEBUFE QBSLJOH TQPUT UP QFPQMF OPU MJWJOH JO UIF BTTPDJBUFE IPVTJOH. JT BTTVNQUJPO DBO CF
KVTUJfiFE CZ UIF GBDUT UIBU CVOEMJOH JT WFSZ DPNNPO (MBOWJMMF 2017), UIBU EFWFMPQFST IBWF TPNFUJNFT
SFTJTUFE FffPSUT BU GPSDFE VOCVOEMJOH (WFJOCFSHFS FU BM. 2010, Q. 8) BOE UIBU NBOZ IPNFT DPNF XJUI
CVOEMFE TQPUT FWFO XIFO UIFJS SFTJEFOUT EP OPU PXO WFIJDMFT (GBCCF BOE PJFSDF 2017). OOF FYQMB-
OBUJPO GPS UIF VCJRVJUZ PG CVOEMJOH JT UIBU UIFSF FYJTU TJHOJfiDBOU USBOTBDUJPO DPTUT UP TFMMJOH PS MFBTJOH
TQBDFT JO NBOZ SFTJEFOUJBM EFWFMPQNFOUT UP OPO-SFTJEFOUT. LFWJOTPO BOE OEMZ[LP (2008) OPUF UIBU
CVOEMJOH JT DPNNPO UP USBOTQPSUBUJPO TFSWJDFT EVF UP USBOTBDUJPO DPTUT�CPUI fiOBODJBM BOE NFOUBM.
RFDFOUMZ, TFWFSBM UFDIOPMPHZ fiSNT (F.H., SQPUHFSP, PBWFNJOU) IBWF TQSVOH VQ UP FBTF USBOTBDUJOH GPS
UIF SJHIUT UP QBSLJOH, XIJDI TVHHFTUT TVDI USBOTBDUJPOT IBWF OBUVSBM PCTUBDMFT UP PWFSDPNF.

2 The discouragement of small units

2.1 Argument

IO SFDFOU ZFBST, TPNF US DJUJFT IBWF USJFE UP FODPVSBHF EFWFMPQFST UP CVJME TNBMMFS, DIFBQFS IPVTJOH
VOJUT CZ UXFBLJOH MBOE-VTF SFHVMBUJPOT (IOGSBODB 2014). SVDI VOJUT BSF TBJE UP CF BffPSEBCMF “CZ EF-
TJHO” (SPUR 2007; WIJUF FU BM. 2016), JOTPGBS BT XIBU NBLFT UIFN DIFBQ JT OPU SFOU DPOUSPM CVU TJN-
QMZ UIBU UIFZ BSF MFTT EFTJSBCMF�UIF TBNF XBZ UIBU B TNBMM IPUFM SPPN JT DIFBQFS UIBO B MBSHF POF.
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RPVHIMZ TQFBLJOH, TVDI VOJUT DPNF JO UXP WBSJFUJFT: “BDDFTTPSZ EXFMMJOH VOJUT” (ADUT) BOE “NJDSP-
VOJUT.” ADUT (BMTP DBMMFE “JO-MBX VOJUT” PS “HSBOOZ flBUT”) BSF TNBMM VOJUT TJUVBUFE PO UIF TBNF MPU BT
BO FYJTUJOH IPNF. MJDSP-VOJUT BSF VOVTVBMMZ TNBMM BQBSUNFOUT PS DPOEPNJOJVNT.

FSF JT B DPOTFOTVT UIBU MPRT SFQSFTFOU B NBKPS PCTUBDMF UP UIF EFWFMPQNFOU PG TNBMM VOJUT.
AT SFHBSET ADUT, UIF OBUVSF PG UIF PCTUBDMF JT HFPNFUSJD: JU NJHIU CF VOUFOBCMF UP BEE QBSLJOH UP
BO BMSFBEZ-EFWFMPQFE QBSDFM XJUIPVU SFDPOfiHVSJOH UIF QSPQFSUZ (BSPXO FU BM. 2017; CIBQQMF FU BM.
2012). BVU TDIPMBST BOE EFWFMPQFST BMTP BSHVF UIBU MPRT EJTDPVSBHF TNBMM VOJUT PO DMFBSFE MPUT. IO B
TUVEZ PGOBLMBOE, CBMJGPSOJB CFGPSF BOE BFS BOMPRXBT JNQMFNFOUFE JO 1961, BFSUIB (1964) GPVOE
UIBU UIF MPR FODPVSBHFE EFWFMPQFST UP CVJME MBSHFS VOJUT XJUI NPSF BNFOJUJFT BOE IJHIFS SFOUT UIBO
UIFZ IBE CFGPSF UIF PSEJOBODF. GBCCF (2015) MJTUT MPRT BT POF PG UIF NBJO CBSSJFST UP NJDSP-VOJU
DPOTUSVDUJPO JO SBO FSBODJTDP. HJOTIBX BOE HPMBO (2011, Q. 18) (PG LMN ASDIJUFDUT) DBMM MPRT
UIF “DIJFG DVMQSJU” BNPOH PSEJOBODFT EJTDPVSBHJOH NJDSP-VOJUT JO SFBUUMF. DFWFMPQFST JO SBO DJFHP
IBWF DPNQMBJOFE UIBU UIF DJUZ’T IJHI MPRT IBWF NBEF NJDSP-VOJU EFWFMPQNFOU JOGFBTJCMF (MPSMBO
2017; TSBHFTFS 2018), BOE, SFMBUFEMZ, ? DJUFT MPR CFJOH TUSFOHUIFOFE BT B XBZ UP FOE B XBWF PG OFX
SJOHMF RPPN ODDVQBODZ (SRO) VOJUT JO UIBU DJUZ.

F BSHVNFOU PG UIJT TFDUJPO JT UIBU MPRT, XIFO IJHI FOPVHI, EJTDPVSBHF TNBMM VOJUT CZ NBLJOH
JU MFTT QSPfiUBCMF UP CVJME VOJUT GPS MPXFS-JODPNF IPVTFIPMET. WF TBZ “MPXFS-JODPNF” (BOE “IJHIFS-
JODPNF”) SBUIFS UIBO “MPX-JODPNF” (BOE “IJHI-JODPNF”) UP FNQIBTJ[F UIBU UIF DMBTTJfiDBUJPO JT SFMBUJWF;
FWFSZPOF CVU POF QFSTPO IBT MFTT JODPNF UIBO TPNFPOF FMTF. OOF EPFT OPU IBWF UP CF USVMZ “MPX-
JODPNF,” BT UIF UFSN JT VTFE JO DPNNPO QBSMBODF, UP GPSHP CVOEMFE QBSLJOH, OPS “IJHI-JODPNF” UP CF
XJMMJOH UP QBZ GPS JU.

F SFBTPOJOH CFIJOE UIF BSHVNFOU SVOT BT GPMMPXT: HPVTJOH VOJUT BSF OPU HFOFSJD FOUJUJFT CVU
SBUIFS CVOEMFT PG BUUSJCVUFT�PG XIJDI UIF UXP HFSNBOF UP UIJT EJTDVTTJPO BSF TJ[F BOE UIF BNPVOU PG
QBSLJOH BWBJMBCMF. HPVTJOH DPOTVNFST, MJLFXJTF, BSF OPU BMM UIF TBNF CVU SBUIFS DBO CF VTFGVMMZ HSPVQFE
JOUP WBSJPVT NBSLFU TFHNFOUT, XIJDI BSF FBDI NPTU QSPfiUBCMZ TFSWFE CZ VOJUT XJUI DFSUBJO BUUSJCVUFT.
SQFDJfiDBMMZ, UIF NPTU QSPfiUBCMF UZQF PG VOJU UP CVJME GPS B MPXFS-JODPNF NBSLFU TFHNFOU XJMM IBWF MFTT
QBSLJOH. VT, BOMPR�CZ QSPIJCJUJOH VOJUT XJUI MJUUMF PS OP QBSLJOH�SFEVDFT UIF QSPfiUT FBSOFE CZ
CVJMEJOH VOJUT GPS TVDI IPVTFIPMET. SJODF JU JT BMTP USVF UIBU MPXFS-JODPNF NBSLFUT BSF NPTU QSPfiUBCMZ
TFSWFE CZ SFMBUJWFMZ TNBMM VOJUT, B CJOEJOH MPR NBZ XJOE VQ EJTDPVSBHJOH TNBMM VOJUT.

INQPSUBOUMZ, UIJT MPHJD DBO PQFSBUF BU UIF MFWFM PG B TNBMM OFJHICPSIPPE PS BO JOEJWJEVBM QBSDFM�
FWFO JG UIF BNPVOU PG FYUSB IPVTJOH QSPWJEFE JT OPU MBSHF FOPVHI UP TVCTUBOUJBMMZ BMUFS UIF PWFSBMM NBS-
LFU DPOEJUJPOT JO B DJUZ. JT GBDU NBUUFST UP QSBDUJDF, CFDBVTF TPNF PG UIF BGPSFNFOUJPOFE SFHVMBUPSZ
DIBOHFT EFTJHOFE UP QSPEVDF TNBMM VOJUT BQQMZ UP POMZ DFSUBJO BSFBT PG B DJUZ�F.H., BSFBT BSPVOE USBOTJU.
PBSLJOH WBSJBODFT BSF FWFO HSBOUFE GPS JOEJWJEVBM QBSDFMT. OG DPVSTF, TNBMM DIBOHFT BEE VQ; UXFBLJOH
SVMFT JO FOPVHI QMBDFT XJMM DIBOHF BO PWFSBMM NBSLFU. BVU TDBMF JT OPU OFDFTTBSZ GPS PVS MPHJD, BOE TP GPS
TJNQMJDJUZ XF QSFTFOU B NPEFM UIBU JMMVTUSBUFT UIF BSHVNFOU GSPN UIF QFSTQFDUJWF PG B MPOF EFWFMPQFS.
F NPEFM JT JO UIF USBEJUJPO PG MVUI (1969): B EFWFMPQFS EFTJHOT VOJUT GPS IPVTFIPMET XJUI QSFGFS-
FODFT EFfiOFE PWFS QBSLJOH BOE flPPSTQBDF. WF DPOTJEFS UIF EFWFMPQFS’T NPTU QSPfiUBCMF VOJU EFTJHO
XJUI BOE XJUIPVU BO MPR, UIFO QSFTFOU B OVNFSJDBM FYBNQMF. FSBODP (2017) QSPQPTF B TJNJMBS TFUVQ,
UIPVHI XJUI B GPDVT PO USBffiD FYUFSOBMJUJFT BOE B TMJHIUMZ EJffFSFOU VUJMJUZ GVODUJPO.
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2.2 Model

2.2.1 UnconTUSaJned deWelopmenU

CPOTJEFS B EFWFMPQFS CVJMEJOH VOJUT DIBSBDUFSJ[FE CZ UXP QIZTJDBM BUUSJCVUFT: flPPSTQBDF, f , BOE QBSL-
JOH BSFB CVOEMFE XJUI UIF VOJU, s .Ʋ F EFWFMPQFS GBDFT B FMPPS ASFB RBUJP (FAR) MJNJU SBUIFS UIBO B
MJNJU PO UIF OVNCFS PG VOJUT UIBU DBO CF CVJMU PO B QBSDFM, BOE TP UP NBYJNJ[F QSPfiU PWFSBMM UIF EFWFM-
PQFS EFTJHOT VOJUT TP BT UP NBYJNJ[F QSPfiU QFS VOJU BSFB PG flPPSTQBDF. F DPTU PG CVJMEJOH B QBSLJOH
TQPU JT cs , UIF DPTU PG CVJMEJOH B VOJU BSFB PG flPPSTQBDF JT c f BOE UIF SFOU DIBSHFE QFS VOJU BSFB JT r .
VT, QSPfiU QFS VOJU BSFB PG flPPSTQBDF JT

π= r − cs s/ f − c f . (1)

F EFWFMPQFS IBT UISFF WBSJBCMFT UP DIPPTF: r , s BOE f . IO DIPPTJOH, TIF GBDFT B QIZTJDBM DPO-
TUSBJOU: s BOE f NVTU CF QPTJUJWF (TIF DBOOPU QSPWJEF OFHBUJWF QBSLJOH PS OFHBUJWF flPPSTQBDF). AOE
TIF GBDFT BO FDPOPNJD DPOTUSBJOU: TPNFPOF NVTU XBOU UP SFOU UIF VOJU. WIFUIFS TPNFPOF EPFT EF-
QFOET PO SFOUFST’ QSFGFSFODFT BOE UIFJS BMUFSOBUJWFT. F EFWFMPQFS PQFSBUFT XJUIJO B NBSLFUQMBDF GPS
IPVTJOH DPNQPTFE PG SFOUFST XIP BMM IBWF VUJMJUZ GVODUJPOT

v(z, f , s) = zα f β(s + s0)
γ (2)

XJUI α,β,γ ∈ [0,1] BOE α+β+ γ = 1. F WBSJBCMFT s BOE f BSF UIF QBSLJOH BOE flPPSTQBDF PG
UIF SFOUFS’T IPNF, XIJMF z JT B “OVNFSBJSF” UIBU TUBOET JO GPS BMM OPO-IPVTJOH TQFOEJOH. s0 JT B QPTJ-
UJWF DPOTUBOU BEEFE GPS SFBMJTN: XJUIPVU s0, B NBOTJPO BOE B IPWFM ZJFME UIF TBNF VUJMJUZ JG CPUI MBDL
QBSLJOH.

AMUIPVHI BMM SFOUFST IBWF UIF TBNF VUJMJUZ GVODUJPO, UIFZ WBSZ JO PUIFS XBZT BOE DBO CF DMBTTJfiFE JO
EJffFSFOU HSPVQT. A SFOUFS PG UZQF i IBT JODPNF yi BOE “SFTFSWBUJPO VUJMJUZ” ui . F SFTFSWBUJPO VUJMJUZ
(B QPTJUJWF OVNCFS) JT UIF VUJMJUZ UIBU UIF SFOUFS DBO HFU GSPN UIF OFYU-CFTU BMUFSOBUJWF UIBU JT OPU VOEFS
UIF EFWFMPQFS’T DPOUSPM�TVDI BT UIF VOJU UIF SFOUFS BMSFBEZ MJWFT JO.

IO PSEFS UP BUUSBDU B SFOUFS PG UZQF i , UIF EFWFMPQFS NVTU FOTVSF UIF f /r/s DPNCJOBUJPO TIF PffFST
MFUT UIBU SFOUFS BUUBJO BU MFBTU VUJMJUZ ui . RFOUFST GBDF UIF CVEHFU DPOTUSBJOU

z = y − f r, (3)

XIFSF UIF QSPEVDU f r JT XIBU XF XJMM DBMM UIF “UPUBM SFOU,” XIJDI JT UIF SFOU UZQJDBMMZ BEWFSUJTFE. GJWFO
UIJT CVEHFU DPOTUSBJOU, UP NFFU i ’T SFTFSWBUJPO VUJMJUZ, JU NVTU CF UIF DBTF UIBU

ui ≤ (yi − f r )α f β(s + s0)
γ . (4)

BZ JTPMBUJOH r JO UIJT FYQSFTTJPO, XF fiOE UIF IJHIFTU r UIF EFWFMPQFS DBO DIBSHF B SFOUFS PG UZQF i GPS
B VOJU XJUI s QBSLJOH BOE f flPPSTQBDF:

r ≤ 1

f

yi −
 ui

f β(s + s0)
γ

1/α . (5)

Ʋ FPS TJNQMJDJUZ, XF MFU s CF B DPOUJOVPVT WBSJBCMF�FWFO UIPVHI JO SFBM MJGF JU JT QSPCBCMZ UIF JOUFHFS OVNCFS PG TQPUT UIBU
NBUUFST.
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TP NBYJNJ[F QSPfiU, UIF EFWFMPQFS dPeT DIBSHF BT NVDI BT QPTTJCMF, TP XF TVCTUJUVUF UIF SJHIU-IBOE
TJEF PG (5) GPS r JO (1), ZJFMEJOH

π=
1

f

yi − cs s −
 ui

f β(s + s0)
γ

1/α− c f . (6)

FSPN IFSF, UIF EFWFMPQFS fiOET UIF WBMVFT PG s BOE f XIJDI NBYJNJ[Fπ DPOEJUJPOBM PO IBWJOH BO
i -UZQF SFOUFS. LFU UIF NBYJNVN QSPfiU QPTTJCMF GSPN TFSWJOH UZQF i CF π∗i . IG π

∗
i JT OFHBUJWF GPS FWFSZ

i , UIFO UIF EFWFMPQFS XJMM OPU CVJME; PUIFSXJTF TIF XJMM CVJME UIF PQUJNBM VOJU GPS UIF NBSLFU TFHNFOU
XJUI UIF IJHIFTUπ∗i .

2.2.2 DeWelopmenU XJUI an MPR

SP GBS UIJT BOBMZTJT IBT BTTVNFE UIBU UIF EFWFMPQFS JT GSFF UP DIPPTF BOZ WBMVF PG s�UP QSPWJEF BT NVDI
PS BT MJUUMF QBSLJOH BT EFTJSFE. SVQQPTF OPX UIBU UIF DJUZ QMBDFT BO MPR PWFS UIF OFJHICPSIPPE XIFSF
UIF EFWFMPQFS JT CVJMEJOH, XIJMF IPMEJOH QPMJDZ JO UIF SFTU PG UIF DJUZ DPOTUBOU. ATTVNF UIF OFJHICPS-
IPPE JT TNBMM FOPVHI UP OPU TJHOJfiDBOUMZ BffFDU SFOUFST’ PWFSBMM PQUJPOT, TP UIBU SFOUFST’ SFTFSWBUJPOT
VUJMJUJFT TUBZ UIF TBNF.

FPSNBMMZ, UIF MPR JT B QPTJUJWF MPXFS-CPVOE, smin, PO UIF DIPJDF PG s . HPX XJMM UIJT JNQBDU UIF
EFWFMPQFS’T EFDJTJPO? TP DIFDL, XF MPPL BU UIF fiSTU-PSEFS DPOEJUJPO PO s , ∂ π/∂ s = 0, XIJDI HJWFT
UIF CFTU-QPTTJCMF WBMVF PG s GPS SFOUFST PG DMBTT i (TVCKFDU UP s CFJOH QPTJUJWF):

s∗i =max[γ yi/cs − (α+β) · s0, 0] (7)

FSPN (7), XF TFF UIBU UIF PQUJNBM BNPVOU PG QBSLJOH, s∗i , UP QSPWJEF TPNF SFOUFS SJTFT BOE GBMMT
MJOFBSMZ XJUI UIF SFOUFS’T JODPNF BT MPOH BT UIBU BNPVOU JT QPTJUJWF. VT, UIF MPR XJMM QSPIJCJU UIF
VOJU EFTJHOT UIBU BSF NPTU QSPfiUBCMF GPS SFOUFST XJUI JODPNFT CFMPX B DFSUBJO MFWFM�TQFDJfiDBMMZ, UIPTF
XJUI JODPNFT

yi <ϕ, (8)

XIFSF
ϕ :=

c

γ
[smin+(α+β) · s0]. (9)

WJUI UIF MPR, TFSWJOH POF PG UIFTF UZQFT JT OPX MFTT QSPfiUBCMF, CFDBVTF UIF EFWFMPQFS IBT UP
QSPWJEF UPP NVDI QBSLJOH. ANPOH UIFTF NBSLFUT, UIF MPXFS UIF SFOUFS’T JODPNF, UIF GBSUIFS GSPN UIF
PQUJNBM flPPSTQBDF/QBSLJOH CVOEMF UIF EFWFMPQFS NVTU EFWJBUF.

IG POF PG UIFTF MPXFS-JODPNF UZQFTXFSF OPU UIFNPTU QSPfiUBCMF BOZXBZ, UIFO UIFMPRXJMM IBWF OP
FffFDU: UIF EFWFMPQFS XJMM DBSSZ PO QSPWJEJOHNPSF UIBO smin QBSLJOH. BVU UIF GBDU EFWFMPQFST DPNQMBJO
BCPVU MPRT (F.H., HJOTIBX BOE HPMBO (2011)) BOE USZ UP HFU WBSJBODFT UP BWPJE UIFN TVHHFTUT UIBU
UIFZ TPNFUJNFT EP fiOE TVDI UZQFT UP CF UIF NPTU QSPfiUBCMF. A HPPE FYBNQMF JT TUVEFOU IPVTJOH.

HPXFWFS, JG TPNF UZQF XJUI yi <ϕ XPVME PUIFSXJTF CF NPTU QSPfiUBCMF, UIFO UIF MPR DBO XJOE
VQ EJTDPVSBHJOH TNBMM VOJUT JO TFWFSBM XBZT. IO TPNF DBTFT, CZ SFNPWJOH UIF NPTU QSPfiUBCMF PQUJPO,
UIF MPR NBZ NBLF EFWFMPQNFOU VOQSPfiUBCMF BMUPHFUIFS. IO PUIFST, UIF EFWFMPQFS XJMM TXJUDI GSPN
TFSWJOH B QPQVMBUJPO L XJUI yL <ϕ UP TFSWJOH B QPQVMBUJPO H XJUI yH >ϕ. IG UIF MPR EPFT NBLF
UIF EFWFMPQFS TXJUDI JO UIJTNBOOFS, UIFO UIF SFTVMUJOH VOJU XJMM CF MBSHFS. F QSPPG JT JO UIF BQQFOEJY.
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Table 1: OQUJNBM EFTJHOT

MPR UZQF T f r f r π
OPOF L 0.0 1.01 2.46 2.47 1.46
OPOF H 1.03 1.92 2.83 5.43 1.4

smin = 0.8 L 0.8 0.98 2.9 2.85 1.24

2.2.3 NVmeSJcal eYample

BFGPSF DMPTJOH UIJT TFDUJPO, XF XJMM XPSL UISPVHI B OVNFSJDBM FYBNQMF UPNBLF UIF BMHFCSB BCPWFNPSF
DPODSFUF. F FYBNQMF JT EFTJHOFE UP JMMVTUSBUF UIF SFTVMU PG BFSUIB (1964): UIBU MPRT DBO DBVTF EF-
WFMPQFST UP TXJUDI UP CVJMEJOH MBSHFS VOJUT.

SVQQPTF UIBU UIFSF BSF UXP UZQFT PG SFOUFS JO UIF NBSLFUQMBDF GPS IPVTJOH: L BOE H . TZQF L
IBT JODPNF yL = 6 BOE SFTFSWBUJPO VUJMJUZ uL = 2. TZQF H JT XFBMUIJFS BOE CFUUFS Pff, XJUI JODPNF
yH = 12 BOE SFTFSWBUJPO VUJMJUZ uH = 3.7. LFU α = 0.5,β = 0.35, γ = 0.15, s0 = 1.5, cs = 0.8 BOE
c f = 1.

WJUIPVU BO MPR, UIF EFWFMPQFS XJMM DBMDVMBUF UIF PQUJNBM EFTJHOT GPS FBDI UZQF PG SFOUFS, XIJDI
BSF MJTUFE JO UIF fiSTU UXP SPXT PG TBCMF 1. F EFWFMPQFS XJMM UIFO CVJME GPS UZQF L, BT UIJT ZJFMET B
IJHIFS QSPfiU (π= 1.46) UIBO TFSWJOH UZQF H (π= 1.4). F SFTVMUJOH VOJU XJMM IBWF OP QBSLJOH.

NPX TVQQPTF UIF DJUZ JOTUJUVUFT BO MPR PG smin = 0.8, TP UIBU XIBU IBE CFFO UIF NPTU QSPfiUBCMF
VOJU UZQF (SPX 1) JT OPX CBOOFE. SJODF UIF PQUJNBM VOJU GPS UZQF H SFOUFST (SPX 2) BMSFBEZ JODMVEFT
NPSF UIBO UIF NJOJNVN PG QBSLJOH (s = 1.03), UIFSF JT OP OFFE UP SFDPOfiHVSF UIBU UZQF’T VOJU. FPS
UZQF L SFOUFST, CZ DPOUSBTU, JU JT QSPfiUBCMF UP QSPWJEF OP NPSF UIBO UIF SFHVMBUJPO SFRVJSFT, BOE UIF
SFTVMUJOH VOJU JT TIPXO JO SPX 3. CPNQBSJOH SPXT 2 BOE 3, XF TFF UIFMPRIBTNBEF JUNPSF QSPfiUBCMF
UP TFSWF UZQF H SFOUFST UIBO UZQF L, TP UIF EFWFMPQFS CVJMET UIF VOJU JO UIF TFDPOE SPX. JT VOJU JT
BMNPTU UXJDF BT MBSHF BT UIF VOJU UIF EFWFMPQFS XPVME IBWF EFTJHOFE BOE IBT NPSF UIBO UXJDF UIF UPUBM
SFOU. NPUF UIBU UZQF L JT TUJMM XJMMJOH UP QBZ NPSF QFS VOJU BSFB (DPNQBSF UIF WBMVFT PG r JO UIF TFDPOE
BOE UIJSE SPXT), CVU UZQF L’T PQUJNBM VOJU JT NVDI TNBMMFS, BOE TP UIF DPTU PG QBSLJOH JT TQSFBE PWFS MFTT
BSFB.

3 “Passing onw costs

3.1 Argument

ASFGSBJO DPNNPO UPEJTDVTTJPOT BSPVOEMPRT JT UIBU UIF DPTU PG CVJMEJOH BEEJUJPOBM QBSLJOH JT “QBTTFE
PO” UP SFOUFST BOE CVZFST JO UIF GPSN PG IJHIFS SFOUT PS QSJDFT.Ƴ JT TFDUJPO FYQMPSFT IPX UIJT QIF-
OPNFOPO NJHIU IBQQFO, CVU UP EP TP SFRVJSFT B NFBOJOHGVM EFfiOJUJPO PG XIBU JU NFBOT GPS DPTUT UP
CF “QBTTFE PO.” IO UIF OVNFSJDBM NPEFM PG SFD. 2, UIF MPR SBJTFE UIF SFOU POMZ CFDBVTF UIF EFWFMPQFS
CVJMU B MBSHFS VOJU XJUI NPSF QBSLJOH. F SFOU PG B VOJU XJUI BOZ HJWFO flPPSTQBDF/QBSLJOH DPNCJOB-
UJPOXPVME IBWF CFFO UIF TBNFXJUI PS XJUIPVU BOMPR, TJODF UIF VOJU BOE JUT SFOU IBE UP MFBWF SFOUFST
BU MFBTU BT XFMM Pff BT PUIFS BMUFSOBUJWFT, XIJDI XFSF OPU BffFDUFE.

A NPSF NFBOJOHGVM EFfiOJUJPO PG “QBTTJOH PO” DPTUT JT UIBU UIF MPR MFUT B EFWFMPQFS DIBSHF NPSF
GPS UIF TBNF VOJU. BVU UIF EFWFMPQFS XJMM OPU CF BCMF UP EP TP, BOE TUJMM fiOE XJMMJOH SFOUFST, VOMFTT UIF
MPR BMTP DPOTUSBJOT UIF SFOUFST’ BMUFSOBUJWFT. F BSHVNFOU PG UIJT TFDUJPO JT UIBU BO MPRT DPTUT DBO

Ƴ SFF GPS FYBNQMF LFXJT (2016), LPOEPO BOE WJMMJBNT-DFSSZ (2013), PNQTPO (2016) BOE SDIOFJEFS (2018, Q. 4).
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CF QBTTFE PO JG UIFZ ESJWF TPNF VOJUT PVU PG UIF NBSLFU BU B HJWFO SFOU, UIFSFCZ SFEVDJOH UIF TVQQMZ PG
IPVTJOH PO PffFS. A MPXFS TVQQMZ DBVTFT SFOUFST UP DPNQFUF XJUI FBDI PUIFS GPS BWBJMBCMF VOJUT, XIJDI
MFUT B EFWFMPQFS DIBSHF B IJHIFS SFOU BOE TUJMM fiOE UFOBOUT. JT JT BO FffFDU PG BO FOUJSFMZ EJffFSFOU TDBMF
UIBO UIBU PG SFD. 2�POF UIBU SFRVJSFT DIBOHFT UP HFOFSBM NBSLFU DPOEJUJPOT.

IU JT VTFGVM UP DPOUSBTU UIJT BSHVNFOU XJUI BU MFBTU POF BMUFSOBUJWF UIFPSZ UIBU JT BMTP TPNFXIBU
JOUVJUJWF: QFSIBQT EFWFMPQFST QSBDUJDF TPNF GPSN PG “DPTU-QMVT” QSJDJOH�UIBU JT, UIFZ MPPL BU UIFJS
DPTUT BOE UIFO BEE TPNF “SFBTPOBCMF” BNPVOU GPS QSPfiU. IO UIBU DBTF UIF DPTUT PG IPVTJOH VOEFS BO
MPR BSF QBTTFE PO EJSFDUMZ, CFDBVTF EFWFMPQFST CBTF UIFJS SFOUT PO B IJHIFS DPTU CBTF XIFO UIFSF JT
BO MPR. BVU UIFSF JT B flBX JO UIJT “DPTU-QMVT” UIFPSZ: JU JT JODPOTJTUFOU XJUI UIF JEFB UIBU EFWFMPQFST
NBYJNJ[F QSPfiU. WIZ EP EFWFMPQFST XJUI CFMPX-BWFSBHF DPTUT DIBSHF MPX SFOUT XIFO UIFZ DPVME SBJTF
UIFJS SFOUT BOE TUJMM TUFBM SFOUFST GSPN DPNQFUJUPST XJUI IJHIFS DPTUT? IG UIF DPTUT PG CVJMEJOH QBSLJOH
XFSF UP GBMM, XIZ XPVME EFWFMPQFST MPXFS UIFJS QSJDFT?

F EJTUJODUJPO CFUXFFO UIF UXP WJFXT IBT TFWFSBM QPMJDZ JNQMJDBUJPOT. IO UIF fiSTU QMBDF, PVS “TVQ-
QMZ BOE EFNBOE” BSHVNFOU SFRVJSFT UIBU, UP TFF UIF DPTU TBWJOHT PG XFBLFOFE MPRT TIPX VQ JO SFOU, B
DJUZ NVTU BMMPX EFWFMPQFST UP CVJME BEEJUJPOBM IPVTJOH; JG [POJOH QSPIJCJUT NVDI BEEJUJPOBM CVJMEJOH
UIFO UIF EFWFMPQFST’ DPTU TBWJOHT XJMM OPU CF TVCTUBOUJBMMZ QBTTFE UISPVHI. BZ DPOUSBTU, UIF “DPTU-QMVT”
WJFX IBT JU UIBU EFWFMPQFST XPVME BVUPNBUJDBMMZ MPXFS SFOUT JG UIFJS DPTUT GBMM�FWFO JG OP BEEJUJPOBM
IPVTJOH JT CVJMU. IO UIF TFDPOE QMBDF, PVS BSHVNFOU JNQMJFT UIBU DPTU TBWJOHT XJMM SFRVJSF UJNF UP CF
QBTTFE UISPVHI, TJODF JU UBLFT UJNF UP CVJME OFX TUSVDUVSFT. “CPTU-QMVT” TBWJOHT DPVME TFFNJOHMZ IBQ-
QFO JOTUBOUMZ.

3.2 Model

CPOTJEFS B SFOUBM NBSLFU GPS HFOFSJD “IPVTJOH VOJUT,” XIJDI BSF BMM JOUFSDIBOHFBCMF JO UIF XBZ UIBU
CBSSFMT PG PJM BSF JO DPNNPEJUJFT NBSLFUT; UIFZ EP OPU WBSZ JO TJ[F BT UIFZ EJE BCPWF. JT JT XIBU
ASOPUU (1987) DBMMT UIF FBSMZ “MBSTIBMMJBO” USFBUNFOU PG UIF IPVTJOHNBSLFU. DJffFSFOUJBUJPO IBT CFFO
FYDJTFE CFDBVTF, XIJMF SFBMJTUJD, JU JT OPU OFDFTTBSZ GPS UIF MPHJD XF BSF QSPQPTJOH UP NBLF TFOTF. FTF
VOJUT BSF TVQQMJFE DPNQFUJUJWFMZ CZ MBOEMPSE-EFWFMPQFST, DPOTJTUFOU XJUI FWJEFODF JO (GMBFTFS FU BM.
2005).

WF XJMM OPX DPOUSBTU UXP SFHJNFT SFHBSEJOH QBSLJOH. SVQQPTF fiSTU UIBU UIFSF QSFWBJMT B SFHJNF
JO XIJDI IPVTJOH VOJUT MBDL CVOEMFE QBSLJOH. IO FJHVSF 1, UIF DVSWFT Sh BOE Dh BSF, SFTQFDUJWFMZ, UIF
TVQQMZ BOE EFNBOE DVSWFT GPS UIFTF IPVTJOH VOJUT XJUIPVU QBSLJOH. F FRVJMJCSJVN NBSLFU SFOU JT
Rh .

NPX TVQQPTF, JOTUFBE, UIBU BMM UIF IPVTJOH XBT CVJMU VOEFS BO MPR PG POF TQBDF QFS VOJU, XIJDI
DPNFT CVOEMFE XJUI IPVTJOH. IG cs JT UIF BNPSUJ[FE DPTU PG CVJMEJOH B QBSLJOH TQBDF, UIFO UIF TVQQMZ
DVSWF JT TIJFE VQXBSET, UP Sh+s , CZ UIF BNPVOU cs . AU UIF PME SFOU Rh , UIFSF BSF OPX GFXFS UIBO
qh IPVTJOH VOJUT PO PffFS, CFDBVTF EFWFMPQFST BU UIF NBSHJO (MJLFMZ UIPTF XJUI SFMBUJWFMZ IJHI DPTUT
PS XIP XFSF EFWFMPQJOH PO TJUFT UIBU XFSF BMTP QSJNF GPS OPO-SFTJEFOUJBM VTFT) IBWF CFFO ESJWFO PVU
PG UIF NBSLFU. VT, FWFO JHOPSJOH BOZ QPTTJCMF JNQBDU UIBU UIF CVOEMFE QBSLJOH IBT PO EFNBOE,
BO JOEJWJEVBM EFWFMPQFS XJMM CF BCMF UP DIBSHF TPNFXIBU NPSF UIBO Rh BOE TUJMM fiOE B SFOUFS. JT
TJUVBUJPO XJMM QFSTJTU BU BOZ SFOU MFWFM MPXFS UIBO Rh+s , BOE TP Rh+s JT UIF OFX FRVJMJCSJVN SFOU. IO
TVNNBSZ, TPNF QBSU PG UIF DPTU PG QBSLJOH IBT CFFO “QBTTFE UISPVHI” UP DPOTVNFST WJB UIF DIBOHF JO
DPNQFUJUJWF DPOEJUJPOT, SFQSFTFOUFE CZ UIF TIJ JO UIF TVQQMZ DVSWF.

NPUF UIBU UIJT QSPDFTT SFRVJSFT UIBU UIF NBSLFU RVBOUJUZ BDUVBMMZ JT UIF POF TFU CZ UIF JOUFSTFDUJPO
PG TVQQMZ BOE EFNBOE�J.F., UIBU EFWFMPQFST BSF GSFF UP CVJME XIBUFWFS VOJUT BSF QSPfiUBCMF TVCKFDU UP
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Figure 1: SIJ PG UIF TVQQMZ DVSWF EVF UP BO MPR

Figure 2: SIJ PG TVQQMZ BOE EFNBOE DVSWFT DBVTFE CZ MPR

UIFMPR. BVU JG [POJOH SFHVMBUJPOT DBQ TVQQMZ BU TPNF MPX-FOPVHI MFWFM, UIFO EJffFSFOU SFTVMUT NBZ CF
FYQFDUFE. SVQQPTF, GPS JOTUBODF, UIBU B DJUZ VTFT [POJOH SFHVMBUJPOT UP DBQ IPVTJOH TVQQMZ BU UIF MFWFM
qmax TIPXO JO FJH. 1. IO UIJT DBTF, UIF FRVJMJCSJVN SFOU XJMM CF Rmax XJUI PS XJUIPVU UIF MPR. F
MFTTPO JT UIBU XFBLFOJOH MPRT XJMM OPU diSecUMZ MPXFS SFOUT; IPVTJOH TVQQMZ NVTU FYQBOE.

AMM UIJT EFEVDUJPO, PG DPVSTF, JHOPSFT BOZ JNQBDU UIF MPR IBT PO EFNBOE, CVU TJODF QBSLJOH JT
BO BNFOJUZ, UIF BEEJUJPO PG CVOEMFE QBSLJOH XPVME TIJ UIF EFNBOE DVSWF VQXBSET BT XFMM. FJHVSF 2
JMMVTUSBUFT, XJUI UIF EFNBOE DVSWF TIJJOH VQXBSE UPDh+s . CPOTJEFSJOH UIF TIJT JO CPUI UIF TVQQMZ
aOd EFNBOE DVSWFT, UIF NBSLFU SFOU XJMM CF R′

h+s , XIJDI JT IJHIFS UIBO Rh+s . VT, TPNF QBSU PG UIF
JOflBUJPO XF TFF GSPN BO MPR JT EVF UP DPTU QBTT-UISPVHI, BOE TPNF QBSU JT KVTU EVF UP UIF BNFOJUZ
WBMVF PG QBSLJOH.
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4 Conclusion

JTQBQFSIBT QSPQPTFE TQFDJfiDNFDIBOJTNT UIBU QMBVTJCMZ KVTUJGZ UXPDMBJNT JO UIFEFCBUF PWFSMPRT:
(1) UIBU MPRT EJTDPVSBHF TNBMM VOJUT; (2) UIBU UIF DPTUT PG QBSLJOH SFRVJSFE CZ MPRT BSF “QBTTFE PO”
UP IPVTJOH DVTUPNFST. SFDUJPO 2 TIPXFE UIBU MPRT DBO, BU UIF MFWFM PG BO JOEJWJEVBM QBSDFM PS TNBMM
OFJHICPSIPPE, NBLF JU MFTT QSPfiUBCMF UP CVJME VOJUT GPS MPXFS-JODPNF IPVTFIPMET CZ GPSDJOH UIF EFWFM-
PQFS UP QSPWJEF UIFNXJUINPSF QBSLJOH UIBO JT QSPfiUBCMF. SFDUJPO 3 BSHVFE UIBU GPS DPTUT UP CF QBTTFE
PO, JO UIF TFOTF UIBU FRVJWBMFOU VOJUT DPTU NPSF, SFRVJSFT B MBSHFS-TDBMF DIBOHF JO NBSLFU DPOEJUJPOT:
UIF DPTUT PG QSPWJEJOH SFRVJSFE QBSLJOH ESJWF TPNF VOJUT PVU PG UIF NBSLFU BU B HJWFO SFOU.

BPUI NPEFMT, PG DPVSTF, JOWPMWF TFSJPVT TJNQMJfiDBUJPOT PG SFBMJUZ. IO UIF fiSTU NPEFM, NBSLFU TVQQMZ
JT BCTFOU; BOE UIF TFDPOE POF JHOPSFT UIBU IPVTJOH VOJUT DBO WBSZ JO TJ[F. A SFBMJTUJD BQQSPBDI XPVME
DPNCJOF JOTJHIUT GSPN CPUI NPEFMT. FPS FYBNQMF, CZ FMJNJOBUJOH UIF NPTU QSPfiUBCMF VOJU EFTJHOT, BO
MPR DPVME NBLF NBSHJOBM QSPKFDUT JOGFBTJCMF, BOE UIFSFCZ SFEVDF UIF TVQQMZ PG IPVTJOH. BVU UIF HPBM
IFSF IBT OPU CFFO TP NVDI UP QSPWJEF B GVMM BDDPVOU PG XIBU IBQQFOT JO SFBM IPVTJOH NBSLFUT BT UP
JTPMBUF BOE DMBSJGZ IPX DFSUBJO QIFOPNFOB, BMSFBEZ OPUFE JO UIF EFCBUF, NJHIU BSJTF GSPN UIF TQFDJfiD
BDUJPOT PG EFWFMPQFST BOE IPVTJOH DVTUPNFST.

IU JT UIF BVUIPS’T PQJOJPO UIBU PG UIF UXP NFDIBOJTNT, UIF EJTDPVSBHFNFOU PG TNBMM VOJUT JT QSPC-
BCMZ UIF NPSF JNQPSUBOU POF UP QPMJDZ DPOTJEFSBUJPOT. SJODF UIF NPEFM UBLFT QMBDF BU UIF MFWFM PG UIF
JOEJWJEVBM EFWFMPQNFOU, SFGPSNJOH MPRT DPVME IBWF B RVJDL JNQBDU PO UIF OVNCFS PG TNBMM VOJUT
BWBJMBCMF. BZ DPOUSBTU, UP NBLF IPVTJOH NPSF QMFOUJGVM BU UIF NBSLFU TDBMF XPVME SFRVJSF FOPVHI UJNF
GPS TVCTUBOUJBM OFX DPOTUSVDUJPO. MPSFPWFS, UIF ANFSJDBO DJUJFT UIBU GBDF BffPSEBCMF IPVTJOH DSJTFT
EP OPU POMZ JNQPTF MPRT CVU BMTP QVSQPTFGVMMZ MJNJU UIF IPVTJOH TVQQMZ WJB [POJOH (GMBFTFS BOE GZ-
PVSLP 2018; õVJHMFZ BOE RPTFOUIBM 2005).

AO JNQPSUBOU RVFTUJPO GPS GVSUIFS SFTFBSDI JT UP FTUBCMJTI NPSF DSFEJCMZ UIBU UIF FffFDUT EFTDSJCFE
EP FYJTU BOE, JG TP, IPX TUSPOH UIFZ BSF. F POMZ FNQJSJDBM TUVEZ UP JTPMBUF UIF MJOL CFUXFFO MPRT
BOE VOJU TJ[F (BFSUIB 1964) JT PWFS fiZ ZFBST PME. FPSUVOBUFMZ, MFYJDP CJUZ BOE BVffBMP, NFX YPSL
(HFTT 2017), IBWF SFDFOUMZ FMJNJOBUFEMPRT FOUJSFMZ. IO EVF UJNF BMMPXJOH GPS EFWFMPQNFOU, B CFGPSF-
BOE-BFS TUVEZ PG DPOTUSVDUJPO BOE QSJDFT JO TVDI DJUJFT�DPNCJOFE XJUI DPNQBSJTPOT UP PUIFS DJUJFT
LFFQJOH PS TUSFOHUIFOJOH UIFJS MPRT�DPVME CF JOWBMVBCMF.

IO DMPTJOH, JU JT JNQPSUBOU UP SFDPHOJ[F UIBU UIF NFDIBOJTNT EFTDSJCFE BCPWF BSF OPU UIF POMZ QPT-
TJCMF XBZT UIBU MPRT NJHIU JOUFSBDU XJUI IPVTJOH SFOUT BOE QSJDFT. DFUBJMFE TUVEZ PG QBSUJDVMBS PSEJ-
OBODFT DBO QSPCBCMZ TIFE MJHIU PO PUIFS FffFDUT. OOF QSPNJTJOH DIBOOFM JT UIBU MPRT TPNFUJNFT WBSZ
XJUI UIF PWFSBMM OVNCFS PG VOJUT JO B QSPKFDU, SFRVJSJOHNPSF QBSLJOH QFS EXFMMJOH VOJU JO QSPKFDUT XJUI
NPSF VOJUT. FPS FYBNQMF, JO 2013, PPSUMBOE,OSFHPO JOTUJUVUFE B SFHJNF JOXIJDIMPRT BSFXBJWFE GPS
CVJMEJOHT XJUI GFXFS UIBO 30 VOJUT. AO JOGPSNBM TUVEZ CZ MPDBM BDUJWJTUT (JPSEBO 2017) TIPXT UIBU UIF
ZFBST TJODF IBWF TFFO B CPPN JO OFX QSPKFDUT XJUI FYBDUMZ 30 VOJUT CVU GFX XJUI NPSF. WIFUIFS UIJT
QPMJDZ IBT MFE, PO OFU, UP NPSF PS GFXFS VOJUT JT BO FNQJSJDBM NBUUFS (BOE EFQFOET PO XIBU UIF BMUFSOB-
UJWF SFHJNF XPVME CF), CVU UIF QMBVTJCJMJUZ PG UIF OPUFE FffFDU JOWJUFT GVSUIFS TUVEZ PO TNBMM EFUBJMT PG
QBSUJDVMBS QBSLJOH SVMFT.
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AppendiY

JT BQQFOEJY QSPWFT B DMBJN NBEF BU UIF FOE PG SFD. 2.2.2: UIBU JG BO MPR PG smin MFBET UIF EFWFMPQFS
UP TXJUDI GSPN TFSWJOH B QPQVMBUJPO CFTU TFSWFE CZ MFTT QBSLJOH UIBO smin UP POF CFTU TFSWFE CZ NPSF,
UIFO UIF SFTVMUJOH VOJU XJMM CF MBSHFS. TP QSPWF UIJT, XF OPUF UIBU GSPN UIF fiSTU-PSEFS DPOEJUJPOT PG (6),
JU DBO CF EFUFSNJOFE UIBU

f ∗i =
β(yi + cs s0)

π∗i
(10)

GPS BOZPOF XJUI JODPNF yi ≥ cs so(β+α)/γ , BOE

f ∗i =
βyi

(β+ γ )π∗i
(11)

GPS BOZPOF XJUI JODPNF yi < cs s0(β+α)/γ .
NPX, JU NVTU CF UIBU π∗L > π

∗
H PS FMTF UIF EFWFMPQFS XPVME OPU IBWF TFSWFE H JO UIF fiSTU QMBDF.

IU GPMMPXT UIBU JGϕ> yL ≥ cs s0(β+α)/γ , UIFO

f ∗L
f ∗H
=
π∗H · (yL+ cs s0)

π∗L · (yH + cs s0)
< 1, (12)

NFBOJOH H ’T PQUJNBM VOJU JT MBSHFS UIBO L’T.
SJNJMBSMZ, JG yL < cs s0(β+α)/γ , UIFO XF IBWF

f ∗L
f ∗H
=

π∗H yL
π∗L · (β+α)(yH + cs s0)

. (13)

SJODF yH >ϕ> cs s0(α+β)/γ > yL, UIJT SBUJP JT BMTP MFTT UIBO POF.
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