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QXRWa BaVNeWV: E[SORULQg aOWeUQaWLYe gURXSLQgV fRU fLVheULeV PaQagePeQW

AV DXWKRUV RI WKLV GURXS PURMHFW UHSRUW, ZH DUFKLYH WKLV UHSRUW RQ WKH BUHQ SFKRRO¶V ZHEVLWH VXFK
WKDW WKH UHVXOWV RI RXU UHVHDUFK DUH DYDLODEOH IRU DOO WR UHDG. OXU VLJQDWXUHV RQ WKH GRFXPHQW
VLJQLI\ RXU MRLQW UHVSRQVLELOLW\ WR IXOILOO WKH DUFKLYLQJ VWDQGDUGV VHW E\ WKH BUHQ SFKRRO RI
EQYLURQPHQWDO SFLHQFH & MDQDJHPHQW.
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MDXULFLR CROODGR GDEULHO DH LD RRVD
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SL\D QLX KDW LHLJK

TKH BUHQ SFKRRO RI EQYLURQPHQWDO SFLHQFH & MDQDJHPHQW SURGXFHV SURIHVVLRQDOV ZLWK WUDLQLQJ
LQ HQYLURQPHQWDO VFLHQFH DQG PDQDJHPHQW ZKR ZLOO GHYRWH WKHLU XQLTXH VNLOOV WR WKH GLDJQRVLV,
DVVHVVPHQW, PLWLJDWLRQ, SUHYHQWLRQ, DQG UHPHG\ RI WKH HQYLURQPHQWDO SUREOHPV RI WRGD\ DQG WKH
IXWXUH. A JXLGLQJ SULQFLSDO RI WKH SFKRRO LV WKDW WKH DQDO\VLV RI HQYLURQPHQWDO SUREOHPV UHTXLUHV
TXDQWLWDWLYH WUDLQLQJ LQ PRUH WKDQ RQH GLVFLSOLQH DQG DQ DZDUHQHVV RI WKH SK\VLFDO, ELRORJLFDO,
VRFLDO, SROLWLFDO DQG HFRQRPLF FRQVHTXHQFHV WKDW DULVH IURP VFLHQWLILF RU WHFKQRORJLFDO GHFLVLRQV.
TKH GURXS PURMHFW LV UHTXLUHG RI DOO VWXGHQWV LQ WKH MDVWHU RI EQYLURQPHQWDO SFLHQFH DQG
MDQDJHPHQW (MESM) PURJUDP. TKH SURMHFW LV D \HDU ORQJ DFWLYLW\ LQ ZKLFK VPDOO JURXSV RI
VWXGHQWV FRQGXFW IRFXVHG, LQWHUGLVFLSOLQDU\ UHVHDUFK RQ WKH VFLHQWLILF, PDQDJHPHQW, DQG SROLF\
GLPHQVLRQV RI D VSHFLILF HQYLURQPHQWDO LVVXH. TKLV GURXS PURMHFW FLQDO RHSRUW LV DXWKRUHG E\
MESM VWXGHQWV DQG KDV EHHQ UHYLHZHG DQG DSSURYHG E\:
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AFNQRZOHGJPHQWV

:H ZRXOG OLNH WR H[WHQG RXU GHHSHVW DSSUHFLDWLRQ WR HYHU\RQH ZKR FRQWULEXWHG DQG SURYLGHG
VXSSRUW IRU WKH FRPSOHWLRQ RI RXU MDVWHU¶V WKHVLV.

AdYLVRU:
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PhD AdYLVRU:
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COLeQW:
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E[WeUQaO AdYLVRUV:
SWHYH GDLQHV, DHDQ RI WKH BUHQ SFKRRO RI EQYLURQPHQWDO SFLHQFH & MDQDJHPHQW
CRG\ S]XZDOVNL, FLVKHULHV BLRORJLVW DW NOAA
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RREHUW BRHQLVK, PRVW DRFWRUDO FHOORZ DW CRUQHOO UQLYHUVLW\
JDNH KULW]HU, PUHVLGHQW RI NERACOOS
<DQD JLQ, HLJK MHDGRZV EQYLURQPHQWDO EFRQRPLFV FHOORZ DW EDF

:H ZRXOG OLNH WR H[WHQG RXU JUDWLWXGH WR WKH IDFXOW\ DQG VWDII RI WKH BUHQ SFKRRO RI
EQYLURQPHQWDO SFLHQFH & MDQDJHPHQW, WKH SXVWDLQDEOH OFHDQV FHOORZVKLS, :DOWRQ FDPLO\
FRXQGDWLRQ, KLQJILVKHU FRXQGDWLRQ, DQG AOOHQ CRQVWUXFWLRQ.
LDVWO\, ZH DUH JUDWHIXO WR RXU IDPLO\ DQG IULHQGV IRU WKHLU HQFRXUDJHPHQW WKURXJK WKLV OHDUQLQJ
SURFHVV GXULQJ WKH XQLTXH WLPHV RI WKH JOREDO SDQGHPLF.
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AEVWUDFW

GRRG ILVKHULHV PDQDJHPHQW LV UHVRXUFH LQWHQVLYH, DQG DV D UHVXOW, PDQ\ ILVKHULHV IDLO WR DFKLHYH
GHVLUDEOH ILVKHULHV RXWFRPHV. QXRWD EDVNHW PDQDJHPHQW PD\ KDYH WKH SRWHQWLDO WR LPSURYH
ILVKHULHV PDQDJHPHQW ZLWK D UHODWLYHO\ VPDOO QXPEHU RI TXRWDV, UHVXOWLQJ LQ UHGXFHG ILVKHULHV
FRVWV, LPSURYHG HFRORJLFDO DQG HFRQRPLF RXWFRPHV, DQG PRUH VXVWDLQDEOH ILVKHULHV. QXRWD EDVNHW
PDQDJHPHQW GLYLGHV D ILVKHU\ LQWR JURXSV ZKHUH ILVK VKDUH D FRPPRQ WUDLW DQG VHWV D KDUYHVW
TXRWD IRU HDFK JURXS. :H H[SORUH WKH IHDVLELOLW\ RI TXRWD EDVNHW PDQDJHPHQW LQ WZR ZD\V: E\
XVLQJ D PRGLILHG VXUSOXV SURGXFWLRQ PRGHO WR H[SORUH GLIIHUHQW TXRWD EDVNHW PDQDJHPHQW
VFKHPHV, DQG WKURXJK D UHYLHZ RI VLPLODU PDQDJHPHQW VFKHPHV XVHG LQ UHDO ILVKHULHV. OXU UHVXOWV
VKRZ WKDW TXRWD EDVNHWV KDYH WKH SRWHQWLDO WR LPSURYH VRPH ILVKHULHV PDQDJHPHQW VFKHPHV, EXW
WKDW TXRWD EDVNHW VXFFHVV LV KLJKO\ GHSHQGHQW RQ KRZ TXRWD EDVNHWV DUH FRQVWUXFWHG DQG KRZ WKH\
LQIOXHQFH WKH WDUJHW ILVKHU\. OXU PRGHOLQJ UHVXOWV VKRZ WKDW FDUHIXOO\ GHVLJQHG TXRWDV LQFUHDVH
SURILWV IRU DQ H[DPSOH ILVKHU\, EXW DOVR VKRZ WKDW SRRUO\ GHVLJQHG TXRWD EDVNHWV UHGXFH SURILWV
DQG VWRFN OHYHOV FRPSDUHG WR D JOREDO TXRWD. TKHVH UHVXOWV DUH HFKRHG LQ RXU FDVH VWXGLHV, ZKHUH
TXRWD EDVNHWV GUDVWLFDOO\ LPSURYHG D ILVKHU\ RXWFRPH. OYHUDOO, ZKHQ FDUHIXOO\ GHVLJQHG, TXRWD
EDVNHWV FDQ LPSURYH ILVKHULHV RXWFRPHV ZLWK D VLPSOH PDQDJHPHQW VFKHPH, EXW ZLWKRXW FDUHIXO
GHVLJQ FRQVLGHUDWLRQ, FDUU\ FRQVLGHUDEOH ULVN WR ILVKHULHV.
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E[ecXWLYe SXPPaU\
 

QXRWa baVNeW PaQaJePeQW LV a fLVKeULeV PaQaJePeQW VWUaWeJ\ ZKeUe fLVK LQ a fLVKeU\ aUe JURXSed 
b\ a cRPPRQ WUaLW aQd WKeQ PaQaJed LQ WKaW JURXS. WKeQ fLVK aUe JURXSed aQd PaQaJed LQ 
ZeOO-WKRXJKW-RXW Za\V, Ze K\SRWKeVL]e TXRWa baVNeWV caQ LPSURYe fLVKeU\ RXWcRPeV ZLWK ORZeU 
PRQLWRULQJ aQd eQfRUcePeQW cRVWV. QXRWa baVNeWV aUe aSSOLcabOe LQ PaQ\ Rf WKe ZRUOd¶V fLVKeULeV. 
MaQ\ fLVKeULeV faLO WR acKLeYe PaQaJePeQW WaUJeWV becaXVe KLJK PaQaJePeQW cRVWV SUeYeQW 
adeTXaWe PRQLWRULQJ, eQfRUcePeQW, daWa, VWaNeKROdeU eQJaJePeQW, RU VWURQJ LQVWLWXWLRQV 
(PRPeUR\, 2012; CRVWeOOR, eW aO., 2012; ​SXPaLOa eW aO., 2012; Ye eW aO., 2013; CRVWeOOR eW aO., 2016; 
FAO, 2020). TKe TXRWa baVNeW cRQceSW±beWWeU RXWcRPeV ZLWK feZeU PaQaJePeQW XQLWV±LV 
WaUJeWed aW fLVKeULeV WKaW ZaQW WR LPSURYe PaQaJePeQW bXW caQQRW LPSOePeQW cRPSOLcaWed aQd 
e[SeQVLYe VcKePeV.  

WeOO-deVLJQed TXRWa baVNeWV PLJKW LPSURYe fLVKeULeV PaQaJePeQW, bXW SRRUO\ deVLJQed TXRWa 
baVNeWV Pa\ QeJaWLYeO\ affecW fLVKeU\ RXWcRPeV. TKLV SRRU deVLJQ KaV Oed VRPe aXWKRUV WR 
cRQcOXde WKaW TXRWa baVNeWV aUe WRR ULVN\ WR cRQVLdeU fRU UeaO ZRUOd PaQaJePeQW (BRQ]RQ eW aO., 
2013). HRZeYeU, WKeUe aUe QR fRUPaO VWXdLeV e[SORULQJ TXRWa baVNeWV aV a fLVKeULeV PaQaJePeQW 
VWUaWeJ\. 

TKLV UeSRUW aQaO\]eV KRZ TXRWa baVNeW PaQaJePeQW caQ be aSSOLed WR fLVKeULeV, ZKeQ LW caQ 
VXcceed, aQd ZKeQ LW caQ faLO. FLUVW, Ze XVe a PRdLfLed VXUSOXV SURdXcWLRQ PRdeO WR deWeUPLQe 
KRZ dLffeUeQW TXRWa baVNeW JURXSLQJV affecW fLVKeU\ RXWcRPeV LQ a SURfLW-Pa[LPL]LQJ fLVKeU\. We 
WKeQ cRUURbRUaWe RXU WKeRUeWLcaO UeVXOWV ZLWK WZR caVe VWXdLeV cRPSaULQJ a TXRWa baVNeW VcKePe 
WR PRUe WUadLWLRQaO PaQaJePeQW LQ JURXQdfLVK fLVKeULeV LQ WKe PacLfLc OceaQ. FLQaOO\, Ze XVe RXU 
PRdeO aQd caVe VWXdLeV WR deYeORS JXLdeOLQeV fRU LPSOePeQWLQJ TXRWa baVNeWV WKaW acKLeYe beWWeU 
fLVKeU\ RXWcRPeV. 

OXU UeVXOWV VKRZ WKaW TXRWa baVNeW PaQaJePeQW caQ LPSURYe RQ VLPSOe PaQaJePeQW VcKePeV LQ 
WeUPV Rf SURfLW Pa[LPL]aWLRQ. AddLWLRQaOO\, Ze fLQd WKaW ZeOO-deVLJQed baVNeWV caQ Oead WR 
LPSURYed fLVKeU\ SURfLWV aQd VWRcN KeaOWK, ZKLOe SRRUO\ deVLJQed baVNeWV ULVN RYeUe[SORLWed 
VSecLeV aQd KLQdeU ecRQRPLc RXWcRPeV. FXUWKeUPRUe, Ze VKRZ WKaW TXRWa baVNeWV caQ aOWeU 
fLVKeUV WaUJeWLQJ d\QaPLcV aQd WKaW WKLV PecKaQLVP OeadV WR KLJKO\ YaULed fLVKeULeV RXWcRPeV WKaW 
deSeQd RQ WKe baVNeW cRQVWUXcWLRQ, WKe cKaUacWeULVWLcV Rf fLVK LQYROYed, aQd WKe KaUYeVW OLPLWV. We 
cRUURbRUaWe WKeVe UeVXOWV ZLWK WZR caVe VWXdLeV, ZKeUe Ze fLQd WKaW a VLQJOe TXRWa baVNeW LQ WKe 
BeULQJ Sea aOORZed fLVKLQJ Rf YaOXabOe VWRcNV ZKLOe SURWecWLQJ ZeaN VWRcNV. AV a cRQWUaVW, Ze 
fLQd WKaW SRRUO\ VeW VLQJOe VSecLeV KaUYeVW OLPLWV LQ WKe PacLfLc JURXQdfLVK fLVKeU\ aOORZed fLVKeUV 
WR fLVK ZeaN VWRcNV ZeOO beORZ VXVWaLQabOe OeYeOV.  

OXU aQaO\VLV VKRZV WKaW TXRWa baVNeWV caQ be a KLJKO\ VXcceVVfXO fLVKeULeV PaQaJePeQW VWUaWeJ\, 
aQd caQ LPSURYe SURfLW RXWcRPeV ZLWK a VLPSOe TXRWa. HRZeYeU, Ze aOVR VKRZ WKaW SRRUO\ 
cRQVWUXcWed TXRWa baVNeWV caQ Oead WR UedXced SURfLWV aQd SRRU bLRPaVV RXWcRPeV cRPSaUed WR 
eYeQ VLPSOeU PaQaJePeQW VcKePeV. A TXRWa baVNeW¶V VXcceVV LQYROYeV XQdeUVWaQdLQJ WKe WaUJeW 
fLVKeU\ aQd KRZ a TXRWa baVNeW VKLfWV fLVKLQJ aQd fLVKeULeV d\QaPLcV LQ SXUVXLW Rf a PaQaJePeQW 
JRaO. AV a UeVXOW, WKe VXcceVV Rf a TXRWa baVNeW deSeQdV KLJKO\ RQ LWV deVLJQ, aQd Ze cRQcOXde 
ZLWK a VLPSOe fUaPeZRUN Rf JXLdLQJ SULQcLSOeV fRU ZeOO deVLJQed TXRWa baVNeWV. FRU TXRWa 
baVNeWV WR VXcceed LQ a UeaO ZRUOd PaQaJePeQW VceQaULR, VLJQLfLcaQW fLVKeU\ VSecLfLc ZRUN LV 
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QeceVVaU\ WR SLcN a baVNeW JURXSLQJ WKaW acKLeYeV a fLVKeU\¶V JRaOV. HRZeYeU, Ze beOLeYe WKaW 
ZeOO WKRXJKW RXW TXRWa baVNeWV caQ LPSURYe VRPe fLVKeULeV WKURXJK UeOaWLYeO\ VLPSOe 
PaQaJePeQW VcKePeV. 
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ObMecWLYeV aQd SLgQLfLcaQce

MDLQ REMHFWLYH

OXU PaLQ RbMecWLYe LV WR deYeORS TXRWa baVNeW WKeRU\. TKLV UeSRUW ZLOO KeOS PaQageUV aQd
decLVLRQ-PaNeUV deWeUPLQe ZKeWKeU TXRWa baVNeWV aUe aQ aSSURSULaWe PaQagePeQW VWUaWeg\ fRU a
fLVKeU\.

OWKHU REMHFWLYHV

1. E[SORUe WKe cRQceSW Rf TXRWa baVNeWV fRU fLVKeULeV PaQagePeQW. OXWOLQe WKe beQefLWV,
dUaZbacNV, aQd SRWeQWLaO effecWV Rf TXRWa baVNeW PaQagePeQW.

2. DeYeORS a PRdeO WKaW dePRQVWUaWeV KRZ dLffeUeQW fLVKeU\ gURXSLQgV affecW fLVKeU\ SURfLWV
aQd VWRcNV.  

3. AQaO\]e e[aPSOeV Rf TXRWa baVNeW PaQagePeQW LQ WKe UeaO ZRUOd. 

OXU cOLeQW, WKe EQYLURQPeQWaO DefeQVe FXQd (EDF) ZLOO XVe WKLV UeVeaUcK aV a fLUVW VWeS LQ
deWeUPLQLQg ZKeWKeU TXRWa baVNeWV aUe a YLabOe fLVKeULeV PaQagePeQW VWUaWeg\. 

SLJQLILFDQFH

FLVKeULeV PaQagePeQW VWUaWegLeV RfWeQ WU\ WR Pa[LPL]e UeYeQXe aQd fRRd SURdXcWLRQ ZKLOe
VXVWaLQLQg fLVK SRSXOaWLRQV. HRZeYeU, gORbaO fLVKeULeV PaQagePeQW RfWeQ dReV QRW PeeW WKeVe
gRaOV aQd LV SURQe WR cROOaSVe (WRUP eW aO., 2006). WeOO-PaQaged fLVKeULeV UeVXOW fURP a OeQgWK\
ecRV\VWeP aQd ecRQRPLc VWXdLeV aQd RfWeQ UeTXLUe PXOWLfaceWed PaQagePeQW LQLWLaWLYeV WKaW aUe
dLffLcXOW WR eQfRUce (CKeVaSeaNe Ba\ EcRV\VWeP AdYLVRU\ PaQeO, 2006). MRVW cRXQWULeV dR QRW
KaYe WKe UeVRXUceV WR LPSOePeQW WKe beVW SUacWLceV LQ PaQagePeQW, aQd WKe UeVXOWLQg VWUaWegLeV dR
QRW baOaQce VWRcN KeaOWK, fRRd SURYLVLRQ, RU SURfLW geQeUaWLRQ (WRUP eW aO., 2009; CRVWeOOR eW aO.,
2012). CRVWeOOR, GaLQeV, aQd L\QKaP (2008) VXggeVW WKaW LQVWLWXWLRQaO UefRUPV aQd adeTXaWe
PaQagePeQW caQ SUeYeQW aQd UebXLOd RYeUfLVKed VWRcNV.

IQ WKLV SURMecW, Ze e[SaQd WKe cRQceSW Rf TXRWa baVNeWV aV a fLVKeULeV PaQagePeQW VWUaWeg\. We
Vee TXRWa baVNeWV aV a OeVV UeVRXUce-LQWeQVLYe VWUaWeg\ WKaW caQ caSWXUe VRPe Rf WKe ecRQRPLc aQd
ecRORgLcaO beQefLWV Rf cRPSOe[ fLVKeULeV PRdeOV. We K\SRWKeVL]e WKaW a ZeOO-LPSOePeQWed TXRWa
baVNeW PaQagePeQW VcKePe caQ LQceQWLYL]e VXVWaLQabOe fLVKLQg aQd SURPRWe KLgK ecRQRPLc
\LeOdV ZKLOe UePaLQLQg UeOaWLYeO\ eaV\ WR LPSOePeQW aQd eQfRUce. A ZeOO-deVLgQed baVNeW Pa\
UefOecW ecRV\VWeP aQd/RU ecRQRPLc QXaQce aW a fLQeU VcaOe WKaQ RWKeU VLPSOe PaQagePeQW
VcKePeV.

TKe EDF'V OceaQV WeaP, ZKLcK fRcXVeV RQ fLVKeULeV UefRUP, VWULYeV WR SURPRWe VcLeQce-baVed,
UeaO-ZRUOd-WeVWed fLVKeULeV PaQagePeQW aSSURacKeV. TKeLU aSSURacK SULRULWL]eV ecRQRPLcaOO\,
VRcLaOO\, aQd eQYLURQPeQWaOO\ VXVWaLQabOe LQWeUYeQWLRQV. AV PePbeUV Rf EDF'V CKLQa WeaP, RXU
cOLeQWV aUe SaUWLcXOaUO\ LQWeUeVWed LQ WKe SRWeQWLaO aSSOLcaWLRQ Rf TXRWa baVNeWV LQ CKLQa. CXUUeQWO\,
CKLQa'V fLVKeULeV PaQagePeQW SULRULWL]eV eaVe Rf LPSOePeQWaWLRQ aQd LPSOePeQWV a VXPPeU
PRUaWRULXP WR UebXLOd fLVK VWRcNV. QXRWa baVNeW PaQagePeQW SUeVeQWV a PaQagePeQW VWUaWeg\
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WKaW PLgKW LPSURYe fLVKeU\ RXWcRPeV ZKLOe NeeSLQg LPSOePeQWaWLRQ cRVWV ORZ, LQcOXdLQg LQ
CKLQa. WKLOe cRQceSWXaOO\ aWWUacWLYe, eYLdeQce WKaW TXRWa baVNeW PaQagePeQW LV ZRUWK SXUVXLQg
LV OacNLQg. TKLV SURMecW ZLOO SURYLde EDF LQVLgKW LQWR WKe effLcac\ aQd feaVLbLOLW\ Rf TXRWa
baVNeWV. 

BacNgURXQd

TKH SUREOHP ZLWK FXUUHQW ILVKHULHV PDQDJHPHQW

GORbaO fLVKeULeV PaQagePeQW VWUaWegLeV UaQge fURP VLPSOe (XQUegXOaWed RSeQ-acceVV fLVKeU\) WR
LQcUedLbO\ cRPSOe[ (ecRV\VWeP-baVed PaQagePeQW) VcKePeV. SLPSOe VcKePeV RfWeQ Oead WR
VWRcN cROOaSVe aQd SRRU ecRQRPLc RXWcRPeV (GUpbRYaOc & MXQUR, 1999; CRVWeOOR eW aO., 2010;
KUaaQ, 2011), ZKLOe ZeOO-PaQaged fLVKeULeV Pa[LPL]e ecRQRPLc UeVXOWV, LPSURYe SOaQQLQg, aQd
UebXLOd VWRcNV WKURXgK e[WeQVLYe PRQLWRULQg aQd eQfRUcePeQW (HLOObRUQ, eW aO., 2020). WKLOe
fLVKeULeV PaQagePeQW aLPV WR aYRLd cROOaSVed VWRcNV aQd LPSURYe ecRQRPLc \LeOdV,
LPSOePeQWLQg VXcceVVfXO PaQagePeQW LV UeVRXUce-LQWeQVLYe aQd KaUd WR acKLeYe fRU fLVKeULeV
ZLWKRXW VcLeQWLfLc daWa aQd caSabOe LQVWLWXWLRQV (CRVWeOOR eW aO. 2008; 2016; HLOObRUQ, eW aO., 2020).
AV a UeVXOW, ZKLOe PRVW fLVKeULeV WU\ WR LPSURYe RXWcRPeV WKURXgK PaQagePeQW, PaQ\ fLVKeULeV
dR QRW KaYe WKe UeVRXUceV WR acKLeYe WKeLU gRaOV. TKeVe fLVKeULeV RSW fRU ³PLddOe gURXQd´
PaQagePeQW, ZKeUe VRPe PaQagePeQW e[LVWV, bXW ZLWK LQadeTXaWe PRQLWRULQg, eQfRUcePeQW,
daWa, VWaNeKROdeU eQgagePeQW, RU ZeaN LQVWLWXWLRQV (PRPeUR\, 2012; CRVWeOOR, eW aO., 2012;
SXPaLOa eW aO., 2012; Ye eW aO., 2013; CRVWeOOR eW aO., 2016; FAO, 2020). OQe cRQVeTXeQce Rf
³PLddOe gURXQd´ PaQagePeQW LV WKaW WKeVe VWUaWegLeV RfWeQ faLO WR acKLeYe VXVWaLQabOe fLVKeULeV,
ZLWK RQe VWXd\ eVWLPaWLQg WKaW 64% Rf WKe ZRUOd¶V VWRcNV VWLOO Qeed UebXLOdLQg (WRUP eW aO.,
2009). QXRWa baVNeWV, WKe fRcXV Rf WKLV UeSRUW, PLgKW KeOS LPSURYe WKeVe ³PLddOe gURXQd´
fLVKeULeV PaQagePeQW VWUaWegLeV.

A PaMRU dULYeU Rf fLVKeULeV PaQagePeQW SURbOePV LV WKaW PXcK Rf fLVKeU beKaYLRU LV PRWLYaWed b\
SURfLW Pa[LPL]aWLRQ (WLOOPaQQ, 1997; AQdeUVeUQ eW aO., 2015; JacRbVeQ eW aO., 2017; BaWWLVWa,
2018; BLUNeQbacK, 2018), ZKLOe PaQageUV KaYe cRQVeUYaWLRQ, fRRd VecXULW\, RU RWKeU gRaOV.
RegXOaWed fLVKeULeV XVe TXRWaV WR PedLaWe WKLV Uace fRU KLgK-dePaQd fLVK aQd WR acKLeYe RWKeU
gRaOV. QXRWaV fRUce fLVKeUV WR WaUgeW RWKeU VSecLeV RU VWRS fLVKLQg RQce a TXRWa LV PeW. HRZeYeU,
VeWWLQg, PRQLWRULQg, aQd eQfRUcLQg TXRWaV LV UeVRXUce LQWeQVLYe, aQd LPSeUfecWO\ VeW TXRWaV Oead WR
ORVW SURfLWV aQd XQVXVWaLQabOe fLVKLQg. CXUUeQWO\, PaQageUV Rf ³PLddOe gURXQd´ fLVKeULeV PXVW
cRPSURPLVe beWZeeQ UeVRXUce aOORcaWLRQ aQd fLVKeU\ RXWcRPeV (AUQaVRQ, 2000; MaQgLQ eW aO.,
2018). IQ WKeVe ³PLddOe gURXQd´ fLVKeULeV, WKLV cRPSURPLVe RfWeQ UeVXOWV LQ UeOaWLYeO\ VLPSOe
PaQagePeQW VcKePeV WKaW faLO WR acKLeYe a fLVKeULeV gRaO.
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QXRWD EDVNHW PDQDJHPHQW LV D SRWHQWLDO
VROXWLRQ

QXRWa baVNeW PaQagePeQW UefUaPeV
fLVKeULeV PaQagePeQW LQ a Za\ WKaW aOORZV
PaQageUV WR VeW feZeU TXRWaV WKaW acKLeYe
PRUe beQefLW WKaQ RWKeU PLddOe gURXQd
PaQagePeQW VcKePeV. IQ a TXRWa baVNeW,
fLVKeULeV aUe gURXSed LQWR PaQagePeQW
XQLWV b\ a cRPPRQ WUaLW. TKeVe gURXSLQgV
aUe dXbbed TXRWa baVNeWV, RU baVNeWV fRU
VKRUW. TKeQ, TXRWaV aUe VeW fRU eacK gURXS
Rf fLVK. TKe TXRWa baVNeW aSSURacK
eQcRXUageV WKLQNLQg Rf Za\V WR gURXS a
fLVKeU\ WR acKLeYe a PaQagePeQW gRaO ZLWK
feZeU WRWaO TXRWaV.

TKe Ne\ WR deVLgQLQg a TXRWa baVNeW
PaQagePeQW VcKePe LV SLcNLQg a gURXSLQg
WUaLW fRU WKe WaUgeW fLVKeU\. QXRWa baVNeWV
caQ gURXS fLVK baVed RQ aQ\ QXPbeU Rf
WUaLWV, aQd aQ\ QXPbeU Rf fLVK caQ e[LVW
XQdeU a baVNeW. GURXSLQg WUaLWV, fRU
e[aPSOe, caQ be baVed RQ a fLVK¶V bLRORg\,
OLNe VL]e RU VSecLeV; a fLVK¶V PaUNeW cKaUacWeULVWLcV, OLNe SULce; KRZ a fLVK LQWeUacWV ZLWK a fLVKeU\,
OLNe beLQg a WUaZOLQg WaUgeW; RU VRcLaO LPSRUWaQce, OLNe SURYLdLQg LQcRPe fRU VeOecW cRPPXQLWLeV.

QXRWa baVNeW WKeRU\ ePeUged fURP VWXd\LQg CKLQa¶V fLVKeULeV, ZKeUe a YeU\ VLPSOe PaQagePeQW
VcKePe KaV PaQLSXOaWed fLVKLQg SUeVVXUe LQ a Za\ WKaW LQcUeaVed WKe bLRPaVV RXWSXW Rf WKe
fLVKeULeV aV a ZKROe. CKLQa KaV LQcUeaVed WKe WRWaO bLRPaVV WKe\ caWcK fURP ZLOd fLVKeULeV eacK
\eaU, WKRXgK WKe UeVW Rf WKe ZRUOd¶V caWcK KaV OeYeOed Rff (S]XZaOVNL eW aO., 2017). TKeVe WURSKLc
caVcadeV aUe a UeVXOW Rf CKLQa¶V OLPLWed fLVKeULeV PaQagePeQW, ZKLcK KaV QR KaUYeVW OLPLWV fRU
LQdLYLdXaO VSecLeV aQd MXVW cORVeV fLVKLQg fRU SaUW Rf WKe \eaU. WLWK QR VSecLeV TXRWaV, fLVKeUV
WaUgeW KLgK-YaOXe WRS SUedaWRUV. HLgK WaUgeWLQg UedXceV WRS SUedaWRUV WR YeU\ ORZ QXPbeUV, aQd
ORZeU WURSKLc VSecLeV becRPe PXcK PRUe abXQdaQW aV WKe eQeUg\ WUaQVfeU ORVV beWZeeQ WURSKLc
OeYeOV LV eOLPLQaWed (MaWVXda & AbUaPV, 2006). WKeWKeU WKe UeVXOWV aUe LQWeQWLRQaO RU
XQLQWeQWLRQaO, CKLQa'V e[aPSOe VKRZV KRZ SRZeUfXO a TXRWa baVNeW aSSURacK Pa\ be: S]XZaOVNL
eW aO. fRXQd WKaW aSSO\LQg a WeVWeUQ-VW\Oe VLQgOe VSecLeV PaQagePeQW SOaQ WR CKLQa'V fLVKeULeV
ZRXOd ORZeU WRWaO caWcKeV aQd UeYeQXeV aQd WKUeaWeQ CKLQa'V PaULWLPe fRRd VecXULW\ aQd
ecRQRPLc V\VWeP (2017).

CKLQeVe fLVKeULeV VKRZ WKaW baVNeW gURXSLQgV caQ PaQLSXOaWe fLVKLQg d\QaPLcV LQ Za\V WKaW
dLUecWO\ affecW fLVKeU\ RXWcRPeV. WeOO deVLgQed TXRWa baVNeWV LQWeQWLRQaOO\ UedLUecW fLVKLQg effRUW
WR acKLeYe a fLVKeU\ RXWcRPe. BaVNeWV baVed RQ ecRORg\, PaUNeW d\QaPLcV, RU fLVKeUV beKaYLRU
caQ cRQQecW fLVKeULeV PaQagePeQW ZLWK WKe XQdeUO\LQg d\QaPLcV Rf a fLVKeU\. TKe KaUYeVW OLPLWV
aUe VeW WR PaQLSXOaWe WKe XQdeUO\LQg fLVKeULeV d\QaPLcV WR acKLeYe a gRaO. FRU e[aPSOe, a fLVKeU\
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PaQageU WKaW ZaQWV WR acKLeYe baOaQce ZLWKLQ a fLVKeU\¶V fRRd Zeb bXW OacNV UeVRXUceV WR VXSSRUW
a cRPSOLcaWed VcKePe PLgKW VeW a VL]e baVed TXRWa baVNeW. SL]e baVNeWV aUe VWUaLgKWfRUZaUd aQd
UeOaWed WR WURSKLc VWaWXV, aQd a ZeOO deVLgQed VL]e baVNeW VcKePe PLgKW acKLeYe a baOaQced fRRd
Zeb ZLWKRXW UeTXLULQg aQ LQWeQVLYe ecRV\VWeP VWXd\ aQd WKe UeVXOWLQg VLQgOe VSecLeV TXRWaV
(JeQQLQgV eW aO., 2002; KeSSeOOeU eW aO, 2020). OU, Pa\be a PaQageU ZaQWV a PaQagePeQW VcKePe
WKaW UefOecWV KRZ fLVK aUe VROd aW PaUNeW, ZKLcK LV eaV\ WR LPSOePeQW aQd XQdeUVWaQd. BaVNeWV

PLgKW be baVed RQ PaUNeW caWegRULeV, OLNe ³VQaSSeU´, ZKLcK caQ be VeYeUaO VSecLeV Rf fLVK
(NOAA, 2020; HOME, 2020). SRPe addLWLRQaO gURXSLQgV aUe fRXQd LQ TabOe 1 aQd ASSeQdL[ 1.

MaQ\ e[LVWLQg PaQagePeQW VcKePeV aQd VWUaWegLeV caQ be UeLQWeUSUeWed aV TXRWa baVNeWV. We
VSRNe WR KRZ CKLQa OeYeUageV a fLVKeU\¶V ecRV\VWeP VWUXcWXUe WR Pa[LPL]e fLVKeU\ \LeOdV, aQd
VLPLOaU ecRV\VWeP UeVSRQVeV KaYe beeQ RbVeUYed LQ RWKeU fLVKeULeV aURXQd WKe gORbe (FUaQN eW aO,
2005; M\eUV eW aO., 2007; S]XZaOVNL eW aO., 2017). OWKeU e[aPSOeV Rf baVNeW gURXSLQgV LQcOXde
WKe MRLQW VWUaWeg\ Rf TeUULWRULaO UVe RLgKWV fRU FLVKeULeV (TURF) aQd PaULQe UeVeUYeV, ZKeUe a
WeUULWRU\ baVed baVNeW baOaQceV fRRd VecXULW\ gRaOV fRU ORcaO cRPPXQLWLeV ZLWK cRQVeUYaWLRQ
(CRVWeOOR & KaffLQe, 2010). IQ PeUXYLaQ aQcKRYeWa fLVKeULeV, aXWKRULWLeV dLYLde WKe WRWaO aOORZabOe
aQcKRYeWa KaUYeVW beWZeeQ dLffeUeQW fLVKeUV accRUdLQg WR fOeeW W\Se, VWaNeKROdeU, ]RQe,
VXbSRSXOaWLRQ, VeaVRQ, aQd PaQagePeQW gRaO (KUReW] eW aO., 2019; KaPLcKe & GaOaU]a;2015;
GaOaU]a & CROOadR, 2013).
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WKLOe ZeOO deVLgQed TXRWa baVNeWV caQ KeOS fLVKeULeV PaQageUV acKLeYe WaUgeWV ZLWK UeOaWLYeO\
VLPSOe VcKePeV, SRRUO\ deVLgQed TXRWa baVNeWV PLgKW UeVXOW LQ PaQagePeQW VcKePeV WKaW aUe
PRUe e[SeQVLYe, cRQfXVLQg aQd KaUd WR LPSOePeQW, RU Oead WR RYeUe[SORLWaWLRQ Rf ceUWaLQ VWRcNV.
OQe Rf WKe RQO\ PeQWLRQV Rf TXRWa baVNeWV LQ WKe OLWeUaWXUe deePV WKeP WRR ULVN\ becaXVe Rf
XQeYeQ deSOeWLRQ ZLWKLQ a baVNeW (BRQ]RQ eW aO., 2013). HRZeYeU, ZKLOe WKe TXRWa baVNeW cRQceSW
LV QRW QeZ, YeU\ OLWWOe UeVeaUcK KaV e[SORUed KRZ TXRWa baVNeWV PLgKW be aSSOLed aQd WKe WUadeRffV
RU daQgeUV ZLWK dLffeUeQW TXRWa baVNeW VcKePeV (CRSeV, 1986; SaQcKLULcR eW aO.2006; BRQ]RQ eW
aO., 2013).

IQ WKLV SURMecW, Ze XVe a PRdLfLed VXUSOXV SURdXcWLRQ PRdeO WR deWeUPLQe KRZ dLffeUeQW TXRWa
baVNeW gURXSLQgV affecW fLVKeU\ RXWcRPeV LQ a SURfLW Pa[LPL]LQg fLVKeU\. We cRUURbRUaWe RXU
WKeRUeWLcaO UeVXOWV ZLWK WZR caVe VWXdLeV cRPSaULQg a TXRWa baVNeW gURXQdfLVK PaQagePeQW
VcKePe WR PRUe WUadLWLRQaO gURXQdfLVK PaQagePeQW LQ WKe PacLfLc OceaQ. FLQaOO\, Ze XVe RXU
PRdeO aQd caVe VWXdLeV WR deYeORS gXLdeOLQeV fRU LPSOePeQWLQg TXRWa baVNeWV WKaW acKLeYe beWWeU
fLVKeU\ RXWcRPeV.

MRdeOLQg MeWKRdV

3.1. SWRFN G\QDPLFV

OXU TXRWa-baVNeW RSWLPL]aWLRQ PRdeO LV baVed RQ ORgLVWLc gURZWK. TKe VWRcN gURZWK, XW+1 LV
deWeUPLQed b\ WKe VWRcN'V LQWULQVLc gURZWK UaWe r, WKe WRWaO VWRcN LQ WKe ZaWeU LQ WKe SUeYLRXV
SeULRd, Xt,, WKe caUU\LQg caSacLW\, K, aQd WKe aPRXQW KaUYeVWed WKaW \eaU, Ht..

𝑋
Տ1ࡒ

࡙ 𝑋
Տ

ࡒ Ս𝑋
Տ

ࡕ 1 ࡓ  
𝑋

Տ

𝐾೻ ೼ ࡓ 𝐻
Տ

3.2. HDUYHVW

3.2.1 IQFRUSRUDWLQJ LQHIILFLHQW ILVKLQJ

TKe KaUYeVW Rf a VSecLeV LV VSecLeV caWcKabLOLW\, q PXOWLSOLed b\ fLVKLQg effRUW, E aQd VWRcN VL]e, X.

𝐻 ࡙ Ռ𝐸𝑋

SLQce fLVKLQg LV QeYeU cRPSOeWeO\ effLcLeQW, Ze LQcOXde a caWcKabLOLW\ cReffLcLeQW WR accRXQW fRU
dLffeUeQW KaUYeVW VWUaWegLeV ZLWKLQ RXU PRdeO ZKLcK deVcULbeV KRZ PaQ\ fLVK caQ be caXgKW SeU
XQLW Rf effRUW. CaWcKabLOLW\ aOORZV fRU VLWXaWLRQV VXcK aV WKe LQWeQWLRQaO (RU XQLQWeQWLRQaO LQ WKe
caVe Rf b\caWcK) caWcK Rf PXOWLSOe VSecLeV. We UefeU WR WKeVe KaUYeVW VWUaWegLeV VLPSO\ aV dLffeUeQW
WecKQRORgLeV, ZKLcK KaYe SUedeWeUPLQed caWcK UaWeV, q, fRU eYeU\ VSecLeV LQ WKe fLVKeU\. FRU RXU
PRdeOLQg UXQV, Ze VLPXOaWe b\caWcK b\ KaYLQg WecKQRORgLeV caWcK RQe VSecLeV YeU\ ZeOO (q =
0.04) aQd aOO RWKeUV SRRUO\ (q = 0.01). FRU VLPSOLcLW\ UeaVRQV, Ze caOO ³VSecLaOL]ed effRUW´ WR WKe
WecKQRORg\ WKaW e[ceOV LQ caWcKLQg a VSecLfLc VSecLeV. OXU e[aPSOe caWcKabLOLW\ PaWUL[ LV beORZ
(TabOe 2), ZKeUe eacK ceOO LV WKe caWcKabLOLW\ Rf WKe VSecLeV fRU a gLYeQ WecKQRORg\.
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Table 2: E[amSle of caWchabiliW\ maWUi[

Tech[]Y]gs Sdecieh Â Sdecieh Ã Sdecieh Ä Sdecieh Å Sdecieh Æ C]hj

1 Á�ÁÅ 0.01 0.01 0.01 0.01 1

2 0.01 Á�ÁÅ 0.01 0.01 0.01 1.5

3 0.01 0.01 Á�ÁÅ 0.01 0.01 1

4 0.01 0.01 0.01 Á�ÁÅ 0.01 2

5 0.01 0.01 0.01 0.01 Á�ÁÅ 3

TKXV, WKe KaUYeVW Rf eacK VSecLeV LQ a gLYeQ \eaU LV VLPSO\ WKe VXP Rf WKe aPRXQW caXgKW b\ eacK
WecKQRORg\ ZLWKLQ a gLYeQ \eaU.

𝐻
Տ

࡙ 𝐻
Վ1, Տ𝑒𝑐ℎ1

ࡒ 𝐻
Վ1, Տ𝑒𝑐ℎ2

ࡒ … ࡒ 𝐻
Վ1, Տ𝑒𝑐ℎՉ

3.3 FLVKHU\-ZLGH UHYHQXHV, FRVWV, DQG SURILWV

ReYeQXeV aUe caOcXOaWed SeU VSecLeV aV WKe SURdXcW Rf WKe VSecLeV¶ SULce p b\ WKe VSecLeV¶ s
KaUYeVW H LQ SeULRd t.

Ս𝑒Ց𝑒ՉՐ𝑒�₁ ࡙ Ջ
Վ1

𝐻
Վ1

We aVVXPe eacK XQLW Rf fLVK LV VROd fRU LWV fXOO SULce, UegaUdOeVV Rf KRZ LW LV caXgKW. FLVKeU\-ZLde
UeYeQXe LV WKe VXP Rf WKe VSecLeV-VSecLfLc UeYeQXeV.

Fishery-wide revenue ࡙ Ջ
Վ1

𝐻
Վ1

ࡒ Ջ
Վ2

𝐻
Վ2

ࡒ ࡒ… Ջ
ՎՉ

𝐻
ՎՉ

SLQce fLVKeUV aSSO\ WKeLU effRUW WKURXgK WecKQRORgLeV, XQOLNe UeYeQXe, fLVKeU\ cRVWV aUe caOcXOaWed
SeU effRUW SeU WecKQRORg\. TKe cRVW Rf fLVKLQg SeU WecKQRORg\ LQ a gLYeQ \eaU LV WKe WecKQRORg\'V
cRVW SeU XQLW effRUW, c PXOWLSOLed b\ WKe VTXaUe Rf WKe effRUW aSSOLed WR WKaW WecKQRORg\, E.

𝑐ՊՎՏ ࡙ 𝑐ࡕ𝐸2

We VTXaUe RXU cRVW WeUP VR WKaW cRVWV LQcUeaVe ZLWK LQcUeaVLQg effRUW aV WKLV LV PRUe
UeSUeVeQWaWLYe Rf UeaO-ZRUOd fLVKLQg d\QaPLcV, aQd SUeYeQWV cRUQeU VROXWLRQV LQ RXU PRdeO. TKe
SRZeU Rf WZR ZaV cKRVeQ VLQce WKeUe aUe VeYeUaO e[aPSOeV LQ WKe OLWeUaWXUe Rf QRQ-OLQeaU cRVWV
VLPXOaWed ZLWK VLPLOaU e[SRQeQWV (CKaUOeV, 1985). TKe cXPXOaWLYe cRVW Rf fLVKLQg fRU a gLYeQ \eaU
LV VLPSO\ WKe VXP Rf WKe cRVWV acURVV aOO WecKQRORgLeV.

𝐶
Տ

࡙ 𝑐
Տ𝑒𝑐ℎ1

𝐸
Տ𝑒𝑐ℎ1

2
ࡒ 𝑐

Տ𝑒𝑐ℎ2
𝐸

Տ𝑒𝑐ℎ2

2
ࡒ ࡒ… 𝑐

Տ𝑒𝑐ℎՉ
𝐸

Տ𝑒𝑐ℎՉ

2

FLVKeU\-ZLde SURfLWV aUe caOcXOaWed b\ VXbWUacWLQg fLVKeU\-ZLde UeYeQXeV fURP fLVKeU\-ZLde cRVWV.
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ՋՍՊ𝑓𝑖Տ ࡙ Ս𝑒Ց𝑒ՉՐ𝑒Վ ࡓ 𝑐ՊՎՏՎ

3.4 OSWLPL]DWLRQ RI HIIRUW DOORFDWLRQ DQG GHWHUPLQLQJ EDVNHWV FDSV

TR VLPXOaWe fLVKLQg d\QaPLcV, Ze aVVXPe fLVKeUV ZLOO aOORcaWe effRUW WR WKe WecKQRORg\
cRPbLQaWLRQ WKaW Pa[LPL]eV SURfLW ZLWKLQ a gLYeQ \eaU. SR, fRU aQ\ gLYeQ \eaU, a QeZ RSWLPaO VeW
Rf effRUWV LV caOcXOaWed aQd aSSOLed. NRWe WKaW Ze aVVXPe P\RSLc RSWLPL]aWLRQ: SURfLWV aUe RQO\
Pa[LPL]ed ZLWKLQ a gLYeQ \eaU (QRW fRU VeYeUaO SeULRdV).

We ePSOR\ WKe TXadUaWLc SURgUaPPLQg PeWKRd (GROdfaUb & IdQaQL, 1982; 1983) WR Pa[LPL]e
SURfLWV accRUdLQg WR a cRPbLQaWLRQ Rf effRUWV LQ a gLYeQ \eaU b\ PLQLPL]LQg WKe deULYaWLYe Rf a
PaWUL[ eTXaWLRQ fRU SURfLWV (WKe RbMecWLYe fXQcWLRQ, ETXaWLRQ 1) VXbMecW WR WZR cRQVWUaLQWV: (L) a
KaUYeVW PXVW QRW e[ceed a SUedeWeUPLQed OLPLW, aQd (LL) effRUW PXVW be QRQQegaWLYe.

PLQ 1
2  𝐸'𝐷𝐸 ࡓ 𝑑'𝐸               ՎՐ𝑏𝑗𝑒𝑐Տ ՏՊ: 𝐴𝐸 ࡟𝑏

Equation 1                                                                                                        𝐸 0 ࡟

𝑑' ࡙ 𝑃'𝐵𝑍

Equation 2

where,
s: species
i: technologies
k: number of baskets
d: iî1 vector of revenues
D: iîi matrix of technology costs
E: iî1 vector of the fishing effort of all technologies
b: kî1 vector for quota basket caps
A: kîi matrix of harvest of each species
B: sîs matrix of stocks
P: sî1 vector of prices
Z: kîi matrix of catchability of each species using available technologies

TKe Rff-dLagRQaO eOePeQWV Rf WKe WecKQRORg\ cRVW PaWUL[, D, VWRcN PaWUL[ B, aQd caWcKabLOLW\
PaWUL[ Z aUe aOO ]eUR. TKe dLagRQaO eOePeQW Rf PaWUL[ D LV , ZKeUe c LV WKe cRVW𝑖Տℎ 𝐷

𝑖*𝑖
࡙ 2𝑐

𝑖

SaUaPeWeU fRU WecKQRORg\. MaWUL[ B KaV dLagRQaO eOePeQWV Rf , ZKeUe X LV WKe𝑖Տℎ ՎՏℎ 𝐵
Վ*Վ

࡙ 𝑋
Վ

VWRcN fRU VSecLeV s. AQd PaWUL[ Z KaV WKe eOePeQW Rf , ZKLcK LV WKe caWcKabLOLW\ RfՎ * 𝑖Տℎ Ռ
Վ*𝑖

VSecLeV s XVLQg WecKQRORg\ i.

ReYeQXe¶V YecWRU d LV WKe SULce YecWRU P, PXOWLSOLed b\ PaWUL[ B aQd PaWUL[ Z (ETXaWLRQ 2).
ReYeQXe¶V YecWRU d has a dimension .𝑖 * 1
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3.4.1. IPSOHPHQWLQJ EDVNHW FRQVWUDLQWV

FRU RXU fLUVW cRQVWUaLQW, Ze cRQfLQe RXU effRUWV WR QRQQegaWLYe YaOXeV b\ LQVeUWLQg ]eURV LQWR eacK
eOePeQW Rf YecWRU j.ՏՏℎ

OXU VecRQd cRQVWUaLQW addV TXRWa baVNeW d\QaPLcV LQWR RXU PRdeO b\ gURXSLQg VSecLeV LQWR
baVNeWV XVLQg a bLQaU\ PaWUL[, M, LQdLcaWLQg ZKeWKeU RU QRW a VSecLeV LV cRQWaLQed LQ a baVNeW.
TKe eOePeQW Rf LV 1 Lf TXRWa baVNeW cRQWaLQV VSecLeV RWKeUZLVe LW LV 0. SSecLeVՆ * ՎՏℎ 𝑀

Ն*Վ
Ն Վ,  

caQ RQO\ be LQ RQe baVNeW, aQd eacK baVNeW PXVW cRQWaLQ aW OeaVW RQe VSecLeV.

MaWUL[ A LV WKe QegaWLYe Rf PaWUL[ M PXOWLSOLed b\, PaWUL[ B, aQd PaWUL[ Z. We caQ Uead Ն * 𝑖Տℎ

eOePeQW Rf aV WKe QegaWLYe KaUYeVW SeU XQLW effRUW XVLQg WecKQRORg\ L LQ TXRWa baVNeW N.𝐴
Ն*𝑖

A = íMBZ

where,
Z: kîi matrix of harvest of each species

We LQcRUSRUaWe KaUYeVW OLPLWV fRU eacK baVNeW LQWR RXU PRdeO aV a VecRQd cRQVWUaLQW XQdeU RXU
TXadUaWLc SURgUaPPLQg RSWLPL]aWLRQ. EacK \eaU¶V aOORZabOe KaUYeVW LV caOcXOaWed aV a fL[ed
SeUceQWage m Rf WKe cRPbLQed VWaQdLQg VWRcN Rf aOO WKe VSecLeV ZLWKLQ WKaW baVNeW.

𝐻𝑎ՍՑ𝑒ՎՏ 𝐿𝑖Ո𝑖Տ ࡙ Ո *  ೻𝑋
Վ1

ࡒ 𝑋
Վ2

ࡒ …𝑋
ՎՉ

೼

TKLV aOORZV WKe acWXaO KaUYeVW Rf eacK baVNeW WR cKaQge d\QaPLcaOO\ eacK \eaU LQ UeVSRQVe WR
cKaQgLQg VWRcN abXQdaQce, VLPLOaU WR KRZ \eaUO\ TXRWaV aUe VeW fRU PaQ\ fLVKeULeV. QXRWa baVNeW
YecWRU b cRQVLVWV Rf WKe QegaWLYeV Rf WKeVe caSV fRU eacK TXRWa baVNeW.ՆՏℎ

3.4.2 IPSOHPHQWLQJ EDVNHW FRQVWUDLQWV DQG GHWHUPLQLQJ EDVNHWV FDSV

QXadUaWLc RSWLPL]aWLRQ ZaV cRQdXcWed XVLQg WKe TXadSURg() SacNage LQ USWXdLR (GROdfaUb &
IdQaQL, 1982; 1983; TXadSURg YeUVLRQ 1.5-8, TXUOacK SRUW b\ WeLQgeVVeO, 2019).

We cRPSaUe TXRWa baVNeWV WR gORbaO aQd VLQgOe-VSecLeV PaQagePeQW RQ WKe baVLV Rf SURfLW
Pa[LPL]aWLRQ. TKXV, LQ eacK VceQaULR, caSV aUe VeW WR Pa[LPL]e fLVKeU\-ZLde SURfLWV.

TR deWeUPLQe ZKLcK caSV UeWXUQ WKe KLgKeVW QeW SURfLWV fRU WKe OeQgWK Rf WKe WLPe SeULRd
cRQVLdeUed, Ze XVe a PRdLfLed BFGS TXaVL-NeZWRQ RSWLPL]aWLRQ VcKePe aSSOLed WKURXgK WKe
RSWLP() SacNage LQ USWXdLR (B\Ud eW aO., 1994; RSWLP YeUVLRQ 4.02, R CRUe TeaP, 2020). IQ VKRUW,
WKLV RSWLPL]eV WKe caS fRU eacK TXRWa baVNeW VR WKaW QeW SURfLWV aUe Pa[LPL]ed RYeU WKe PRdeO UXQ
WLPe SeULRd (aOZa\V 30 \eaUV fRU RXU VceQaULRV) b\ adMXVWLQg WKe effRUW aSSOLed WR eacK WecKQRORg\
(caOcXOaWed XVLQg TXadUaWLc SURgUaPPLQg, deWaLOed abRYe).
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3.5 AQDO\VLV VFHQDULRV

3.5.1 THVWLQJ TXRWD EDVNHW WKHRU\

TR WeVW KRZ TXRWa baVNeWV cRPSaUe WR eacK RWKeU, VLQgOe-VSecLeV PaQagePeQW, aQd gORbaO TXRWaV,
aOO SRVVLbOe cRPbLQaWLRQV fRU 2, 3, aQd 4 baVNeWV fRU a K\SRWKeWLcaO fLYe-VSecLeV fLVKeU\ ZeUe
caOcXOaWed WR fRUP a bLQaU\ PaWUL[, M. TKe cRPbLQaWLRQV LQ PaWUL[ M ZeUe caOcXOaWed b\ fLQdLQg
aOO XQLTXe bLQaU\ SeUPXWaWLRQV Rf a fLYe cROXPQ, WZR, WKUee, RU fRXU URZ PaWUL[.

BaVNeW caSV (cRQVWaQW SeUceQWageV) ZeUe caOcXOaWed WR Pa[LPL]e fLVKeU\-ZLde, 30-\eaU QeW SURfLWV
aV deVcULbed LQ VecWLRQ 3.4 abRYe. PaUaPeWeUV fRU eacK VSecLeV aQd WecKQRORg\ ZeUe NeSW cRQVWaQW
aQd aUe fRXQd LQ (TabOeV 4 aQd 5). AOO WecKQRORg\ cRVWV SeU XQLW Rf effRUW aUe $ 1.

Table 4: SSecieV SaUameWeUV foU anal\]ing eYeU\ baVkeW combinaWion

Sdecieh g K Sjagji[g
hj]ck

Pgice

Â 0.15 100 50 10

Ã 0.2 100 50 20

Ä 0.2 100 50 8

Å 0.3 100 50 10

Æ 0.4 100 850 12

Table 5: Technolog\ maWUi[ foU anal\]ing eYeU\ baVkeW combinaWion

Tech[]Y]gs Sdecieh Â Sdecieh Ã Sdecieh Ä Sdecieh Å Sdecieh Æ

1 0.04 0.01 0.01 0.01 0.01

2 0.01 0.04 0.01 0.01 0.01

3 0.01 0.01 0.04 0.01 0.01

4 0.01 0.01 0.01 0.04 0.01

5 0.01 0.01 0.01 0.01 0.04

GORbaO aQd VLQgOe-VSecLeV PaQagePeQW VceQaULRV ZeUe caOcXOaWed b\ UXQQLQg RXU PRdeO afWeU
gURXSLQg VSecLeV LQWR RQe (gORbaO) RU fLYe (VLQgOe-VSecLeV) baVNeWV, UeVSecWLYeO\.

TR LOOXVWUaWe WKe effecWV dLffeUeQW baVNeW cRPbLQaWLRQV KaYe RQ fLVKeU\ SURfLWV, Ze cRPSaUed
fLVKeU\ SURfLWV VXPPed RYeU WKe 30-\eaU SeULRd ZLWK QR dLVcRXQWLQg fRU eacK baVNeW cRPbLQaWLRQ.
TR VKRZ WKe effecWV RQ VWaQdLQg VWRcN bLRPaVV, Ze cRPSaUed WKe bLRPaVV LQ \eaU 30 fRU eacK
VSecLeV XQdeU eYeU\ baVNeW cRPbLQaWLRQ.

3.5.2. THVWLQJ JURXSLQJ K\SRWKHVHV

TR WeVW KRZ gURXSLQg VSecLeV b\ dLffeUeQW aWWULbXWeV affecWV fLVKeU\ RXWcRPeV, Ze aQaO\]ed a
fLYe-VSecLeV, WZR-baVNeW fLVKeU\ XQdeU WKUee dLffeUeQW baVNeW gURXSLQgV. BaVNeW caSV (cRQVWaQW
SeUceQWageV) ZeUe caOcXOaWed WR Pa[LPL]e fLVKeU\-ZLde, 30-\eaU QeW SURfLWV aV deVcULbed LQ
VecWLRQ 3.4 abRYe. TKe WecKQRORg\ PaWUL[, Z ZaV NeSW cRQVWaQW fRU eacK VceQaULR aV LQ TabOe 5,
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aQd aOO WKeLU cRVWV aUe $1. IQSXW SaUaPeWeUV ZeUe YaULed RQO\ fRU WKe gURXSLQg YaULabOe, aQd
RWKeUZLVe NeSW cRQVWaQW. BaVNeWV ZeUe defLQed b\ VSecLeV¶ LQWULQVLc gURZWK UaWe, r, caUU\LQg
caSacLW\, K, RU SURfLW (WKe dLffeUeQce beWZeeQ SULce aQd cRVW). IQSXW SaUaPeWeUV fRU WKeVe gURXSLQg
VceQaULRV aUe fRXQd LQ TabOe 6.

EacK VceQaULR cRQVLVWed Rf WKUee dLffeUeQW baVNeW gURXSLQgV Rf VSecLeV KaYLQg eLWKeU a KLgK RU ORZ
WUaLW fRU eacK aWWULbXWe.

AWWULbXWe WUaLWV

1. PURfLW: KLgK WUaLW SULce LV $40, aQd ORZ WUaLW SULce LV $20.
2. IQWULQVLc gURZWK UaWe: KLgK WUaLW UaWe LV 0.4, aQd ORZ WUaLW UaWe LV 0.2.
3. CaUU\LQg caSacLW\: KLgK WUaLW caSacLW\ LV 300 WRQV, aQd ORZ WUaLW caSacLW\ LV 100 WRQV.

SceQaULR gURXSLQgV

A. SLPLODU (RXQ 1)- VLPLOaU VSecLeV gURXSed WRgeWKeU (ORZ baVNeW: 3 ORZ WUaLW VSecLeV, KLgK
baVNeW: 2 KLgK WUaLW VSecLeV),

B. SRPHZKDW DLIIHUHQW (RXQ 2)- VRPe dLffeUeQW aQd VRPe VLPLOaU VSecLeV gURXSed WRgeWKeU
(KLgK baVNeW: 2 KLgK WUaLW, 1 ORZ WUaLW VSecLeV; ORZ baVNeW: 2 ORZ WUaLW VSecLeV), aQd

C. 9HU\ DLIIHUHQW (RXQ 3)- PRVWO\ dLffeUeQW VSecLeV gURXSed WRgeWKeU (ORZ baVNeW: 2 ORZ
WUaLW, 1 KLgK WUaLW VSecLeV; baOaQced baVNeW: 1 ORZ WUaLW, 1 KLgK WUaLW VSecLeV)

BaVNeW cRPbLQaWLRQV aUe fRXQd LQ WKe baVNeW gURXSLQgV cROXPQ Rf TabOe 6. TKe cRORUV deQRWe Lf
WKe VSecLeV VKaUe WKe VaPe baVNeW LQ eacK VceQaULR UXQ.

Table 6: SSecieV SaUameWeUV foU anal\]ing gUoXSingV

We YaOLdaWe WKe SURfLW UeVXOWV fRU eacK baVNeW aUUaQgePeQW b\ YaU\LQg WKe YaULabOeV Rf eacK ORZ
WUaLW VSecLeV. IQ WKLV Za\, Ze WeVW Lf WKe RXWcRPeV cKaQge ZKeQ WKe OLNeQeVV aPRQg VSecLeV WUaLWV
LQcUeaVeV.

VaU\LQg aWWULbXWeV
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1. PURfLW: ORZ-WUaLW SULceV gR fURP $2 WR $40 (VWeS 2).
2. IQWULQVLc gURZWK UaWe: ORZ-WUaLW UaWeV gR fURP 0.02 WR 0.4 (VWeS 0.02).
3. CaUU\LQg caSacLW\: ORZ-WUaLW caSacLWLeV gR fURP 100 WRQV WR 300 WRQV (VWeS 10).

3.5.3 PULFH DQG FRVW VFHQDULRV

TR WeVW KRZ dLffeUeQW VSecLeV SULceV aQd WecKQRORg\ cRVWV affecW baVNeW RXWcRPeV, Ze aQaO\]ed a
fRXU-VSecLeV, WZR-baVNeW fLVKeU\ ZLWK eLWKeU dLffeUeQW SULceV RU cRVWV XQdeU VeYeUaO RSWLPaO baVNeW
gURXSLQgV cRPSaUed WR a cRQWURO Rf XQLfRUP SULceV aQd/RU cRVWV. TKe cRPbLQaWLRQV LQ bLQaU\
PaWUL[ M ZeUe caOcXOaWed b\ fLQdLQg aOO XQLTXe bLQaU\ SeUPXWaWLRQV Rf a fRXU cROXPQ, WZR URZ
PaWUL[. TZR VceQaULRV ZeUe WeVWed fRU SULceV aQd WZR fRU cRVWV.

FRU SULceV, SceQaULR A WeVWed WKe effecWV Rf a VLQgOe KLgK-SULced VSecLeV ZLWKLQ a dLffeUeQWLaWed
fLVKeU\, ZKLOe VceQaULR B WeVWed WKe effecWV Rf WZR SRVVLbOe SULceV. FRU cRVWV, SceQaULR A WeVWed
WKe effecWV Rf a VLQgOe KLgK-cRVW WecKQRORg\ ZLWKLQ a dLffeUeQWLaWed fLVKeU\, ZKLOe VceQaULR B
WeVWed WKe effecWV Rf WZR SRVVLbOe WecKQRORg\ cRVWV aQd WZR SRVVLbOe LQWULQVLc gURZWK UaWeV. FRU
bRWK WKe SULce aQd cRVW VceQaULRV, WecKQRORgLeV ZeUe QRW SeUfecWO\ VeOecWLYe (Vee caWcKabLOLW\
PaWUL[ LQ TabOe 5). BaVNeW caSV (cRQVWaQW SeUceQWageV) ZeUe caOcXOaWed WR Pa[LPL]e fLVKeU\-ZLde,
30-\eaU QeW SURfLWV aV deVcULbed LQ VecWLRQ 3.4 abRYe. IQSXW SaUaPeWeUV ZeUe YaULed accRUdLQg WR
TabOeV 7 aQd 8.

Table 7: PaUameWeUV foU Whe SUice VcenaUio

    Sce[agi] A Sce[agi] B
Sdecieh K X c d g d g

1 100 50 1 Either 1 or 40 0.15 Either 20 or 30 0.15

2 100 50 1 Either 1 or 40 0.2 Either 20 or 30 0.2

3 100 50 1 Either 1 or 40 0.3 Either 20 or 30 0.3

4 100 50 1 Either 1 or 40 0.4 Either 20 or 30 0.4

Table 8: PaUameWeUV foU Whe coVW VcenaUio

    Sce[agi] A Sce[agi] B
Sdecieh K X d c g c g

1 100 50 20 Either 1 or 2 0.15 Either 1 or 2 0.2

2 100 50 20 Either 1 or 2 0.2 Either 1 or 2 0.2

3 100 50 20 Either 1 or 2 0.3 Either 1 or 2 0.3

4 100 50 20 Either 1 or 2 0.4 Either 1 or 2 0.3
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ReVXOWV

THVWLQJ TXRWD EDVNHW WKHRU\

We K\SRWKeVL]ed WKaW a fLVKeU\ PaQaged ZLWK WZR RU PRUe TXRWa baVNeWV ZLOO RXWSeUfRUP a gORbaO
TXRWa, LQ WeUPV Rf fLVKeU\ SURfLWV; aQd WKaW VLQgOe VSecLeV PaQagePeQW (ZKeQ eacK VSecLeV KaV LWV
RZQ TXRWa) ZLOO RXWSeUfRUP TXRWa baVNeWV. We aOVR K\SRWKeVL]ed WKaW LPSOePeQWLQg TXRWa
baVNeWV caQ acKLeYe VSecLfLc fLVKeU\ RbMecWLYeV b\ VKLfWLQg fLVKLQg effRUW. We WeVWed WKeVe
K\SRWKeVeV b\ cRPSaULQg WKe WRWaO fLVKeU\-ZLde SURfLWV aQd \eaU-30 bLRPaVV OeYeOV fRU fLVKeULeV
PaQaged ZLWK aOO SRVVLbOe SURfLW-Pa[LPL]LQg (UefeUUed WR aV µRSWLPaO¶) aUUaQgePeQWV Rf 1-5 TXRWa
baVNeWV.

:HOO-GHVLJQHG EDVNHWV LPSURYH ILVKHU\ SURILWV FRPSDUHG WR D JOREDO TXRWD

TKLV cRPSaULVRQ VKRZV WKaW WKe RSWLPaO WZR, WKUee, aQd fRXU baVNeW gURXSLQgV LPSURYe XSRQ
gORbaO PaQagePeQW, ZLWK eacK Rf WKeVe beLQg, UeVSecWLYeO\, $915.83, $1,344.37, aQd $1,353.89
PRUe SURfLWabOe WKaQ WKe gORbaO TXRWa (FLgXUe 2). TKeVe dLffeUeQceV beWZeeQ RSWLPaO TXRWa
baVNeWV aQd a gORbaO TXRWa aOVR UeYeaO decUeaVLQg PaUgLQaO UeWXUQV. WKLOe LQcUeaVLQg WKe QXPbeU
Rf baVNeWV fURP RQe WR WZR UeVXOWV LQ a 9.2% LPSURYePeQW LQ SURfLWV, LQcUeaVLQg fURP fRXU WR fLYe
baVNeWV RQO\ \LeOdV a PeUe 0.07% LPSURYePeQW. TKXV, aV WKe QXPbeU Rf baVNeWV LQcUeaVeV, WKe
PaUgLQaO beQefLW Rf aQ addLWLRQaO baVNeW decOLQeV. TKe SURfLWV UeWXUQed b\ WKe fRXU baVNeW VcKePe
aUe YLUWXaOO\ LdeQWLcaO WR WKaW Rf fLYe baVNeWV (VLQgOe-VSecLeV PaQagePeQW). TKeUefRUe, aOWKRXgK a
ZeOO-deVLgQed TXRWa baVNeW VcKePe caQ RXWSeUfRUP gORbaO PaQagePeQW, ZeOO-deVLgQed dReV QRW
QeceVVaULO\ LPSO\ KLgK-cRPSOe[LW\. SLPSOe TXRWa baVNeW VcKePeV Pa\ be VXffLcLeQW WR PeeW
PaQagePeQW gRaOV.

PRRUO\ GHVLJQHG EDVNHWV FDQ UHGXFH ILVKHU\ SURILWV FRPSDUHG WR D JOREDO TXRWD

OXU UeVXOWV aOVR LQdLcaWe WKaW LW LV SRVVLbOe fRU TXRWa baVNeWV WR XQdeUSeUfRUP cRPSaUed WR gORbaO
TXRWaV. SSecLfLcaOO\, WZR dLffeUeQW 2-baVNeW cRPbLQaWLRQV SURdXce SURfLWV WKaW aUe, UeVSecWLYeO\,
$320.30 aQd $446.57 beORZ WKe SURfLWV deOLYeUed b\ a gORbaO TXRWa (FLgXUe 2). TKXV, ZKLOe TXRWa
baVNeWV caQ LPSURYe SURfLWV fRU a fLVKeU\, WKe\ aUe QRW gXaUaQWeed WR be beWWeU WKaQ a gORbaO TXRWa.
TKLV XQdeUVcRUeV WKe LPSRUWaQce Rf cKRRVLQg aQ aSSURSULaWe VcKePe dXULQg WKe SOaQQLQg VWage.

BDVNHW GHVLJQ LV PRUH LPSRUWDQW WKDQ EDVNHW QXPEHU

FXUWKeUPRUe, RXU UeVXOWV VKRZ WKaW LQcUeaVLQg WKe QXPbeU Rf baVNeWV dReV QRW aOZa\V UeVXOW LQ
KLgKeU SURfLWV LQ RXU K\SRWKeWLcaO fLVKeU\ (FLgXUe 2). IQ facW, WKeUe aUe 20 cRPbLQaWLRQV Rf
3-baVNeW VcKePeV WKaW SeUfRUP ZRUVe WKaQ WKe beVW 2-baVNeW VcKePe, aQd 17 cRPbLQaWLRQV Rf
4-baVNeW VcKePeV WKaW SeUfRUP ZRUVe WKaQ WKe beVW 3-baVNeW VcKePe. TKXV, baVNeW deVLgQ LV a faU
PRUe LPSRUWaQW deWeUPLQaQW Rf fLVKeU\ RXWcRPeV WKaQ WKe QXPbeU Rf baVNeWV.

BDVNHW GHVLJQ GLUHFWV ILVKLQJ SUHVVXUH WRZDUGV FHUWDLQ VSHFLHV

A cRPSaULVRQ Rf \eaU-30 bLRPaVV OeYeOV SeU VSecLeV UeYeaOV a ZLde UaQge Rf SRWeQWLaO bLRPaVVeV
XQdeU RSWLPaO WZR, WKUee, aQd fRXU baVNeW VcKePeV (FLgXUe 3). FRU e[aPSOe, WKe SRWeQWLaO \eaU-30
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bLRPaVVeV fRU VSecLeV fRXU UaQgeV fURP a22 WR a79 WRQV (U = 0.3). TKXV, fRU VRPe cRPbLQaWLRQV,
WaUgeWLQg VSecLeV 4 LV eVVeQWLaO WR Pa[LPL]e SURfLWV, OeadLQg WR ORZ \eaU-30 bLRPaVVeV fRU VSecLeV
fRXU. IQ RWKeU cRPbLQaWLRQV, VSecLeV fRXU LV baUeO\ WaUgeWed, OeadLQg WR KLgK \eaU-30 bLRPaVVeV.
FXUWKeUPRUe, RXU UeVXOWV aOVR dePRQVWUaWe WKaW LW LV SRVVLbOe fRU bLRPaVV WR be ORZeU XQdeU TXRWa
baVNeWV WKaQ LW ZRXOd be XQdeU VLQgOe VSecLeV PaQagePeQW aQd eYeQ XQdeU a gORbaO TXRWa. FRU
e[aPSOe LQ RXU K\SRWKeWLcaO fLVKeU\, WKeUe aUe 13 WZR-baVNeW cRPbLQaWLRQV ZKeUe VSecLeV WZR KaV
a ORZeU bLRPaVV WKaQ LW ZRXOd KaYe XQdeU a gORbaO TXRWa (FLgXUe 3), aQd RQO\ 2 ZKeUe LW e[ceedV
WKe gORbaO TXRWa. TKe WZR KLgK-bLRPaVV cRPbLQaWLRQV SOace VSecLeV WZR LQ eLWKeU aQ LQdLYLdXaO
baVNeW (VecRQd-KLgKeVW VSecLeV WZR bLRPaVV), RU RQO\ ZLWK VSecLeV RQe, WKe VORZeVW-gURZLQg
VSecLeV (KLgKeVW VSecLeV WZR bLRPaVV). IQ WKeVe cRPbLQaWLRQV, WKe TXRWaV RQ WKe baVNeW cRQWaLQLQg
VSecLeV WZR aUe WKe ORZeVW WZR SRVVLbOe becaXVe WKe TXRWa LV baVed RQ WKe RYeUaOO gURZWK UaWe Rf
WKe baVNeW. B\ LWVeOf, WKe VSecLeV WZR baVNeW gURZV aW VSecLeV WZR¶V UaWe. WKeQ cRPbLQed ZLWK
VSecLeV RQe, WKe baVNeW RYeUaOO gURZV eYeQ VORZeU, bXW VSecLeV RQe VaWLVfLeV VRPe Rf WKe baVNeW
TXRWa. TKXV, dXe WR WKe LQcOXVLRQ Rf VSecLeV RQe, WKe baVNeW TXRWa LV VOLgKWO\ KLgKeU, \eW VWLOO
aOORZV VSecLeV WZR bLRPaVV WR accXPXOaWe be\RQd WKaW fRXQd LQ aQ LQdLYLdXaO baVNeW.

FXUWKeUPRUe, PRVW VSecLeV¶ \eaU-30 bLRPaVV OeYeOV aUe KLgKeVW XQdeU WKe RSWLPaO aUUaQgePeQWV.
FRU e[aPSOe, XQdeU WKe beVW-SeUfRUPLQg 2-baVNeW cRPbLQaWLRQ, WKe bLRPaVV OeYeOV Rf aOO WKe
VSecLeV e[ceedV WKaW XQdeU WKe gORbaO TXRWa; aQd XQdeU WKe RSWLPaO 3-baVNeW cRPbLQaWLRQ, RQO\

13



VSecLeV WKUee KaV a bLRPaVV OeYeO PaUNedO\ ORZeU WKaQ LW LV XQdeU WKe gORbaO TXRWa. IW LV LPSRUWaQW
WR QRWe WKaW aOO Rf WKeVe RSWLPaO aUUaQgePeQWV KROd bLRPaVV OeYeOV beORZ WKe MSY Rf 50 XQLWV.
HRZeYeU, ZKLOe WKe Pa[LPL]ed gORbaO TXRWa dReV aOORZ VRPe VSecLeV abRYe MSY, WKLV LV RQO\ aW
WKe e[SeQVe Rf VeYeUeO\ RYeU-fLVKLQg RWKeU VSecLeV. TKeVe UeVXOWV VKRZ WKaW dLffeUeQW baVNeW
cRPbLQaWLRQV caQ VKLfW fLVKLQg effRUW WR UeVXOW LQ dLffeUeQW VWaQdLQg VWRcN bLRPaVV OeYeOV
deSeQdLQg RQ ZKLcK VSecLeV aUe gURXSed WRgeWKeU ZLWKLQ a baVNeW.

BLRPDVV RXWFRPHV FRQYHUJH WR VLQJOH VSHFLHV PDQDJHPHQW DV PRUH EDVNHWV DUH DGGHG

SLQce TXRWa baVNeWV aSSO\ a VLQgOe TXRWa WR PXOWLSOe, dLYeUVe VSecLeV, WKe RSWLPaO TXRWa fRU a
baVNeW VKRXOd OLe VRPeZKeUe beWZeeQ WKe RSWLPaO TXRWa fRU eacK VSecLeV LQdLYLdXaOO\. TKXV, Ze
e[SecW WKaW aV WKe QXPbeU Rf baVNeWV ZLWKLQ a fLVKeU\ LQcUeaVeV, WKe VSecLeV bLRPaVV OeYeOV VKRXOd
aSSURacK WKRVe XQdeU VLQgOe VSecLeV PaQagePeQW. OXU \eaU-30 bLRPaVV UeVXOWV VKRZ WKaW fRU
VRPe VSecLeV (L.e. VSecLeV RQe, WKUee, aQd fRXU), bLRPaVVeV decUeaVe ZLWK WKe addLWLRQ Rf baVNeWV,
ZKLOe fRU RWKeUV (L.e. VSecLeV WZR aQd fLYe), bLRPaVVeV LQcUeaVe (FLgXUe 3). TKeVe
decUeaVeV/LQcUeaVeV XOWLPaWeO\ Oead WR a cRQYeUgeQce RQ WKe gORbaO TXRWa bLRPaVV OeYeOV. TKXV, aV
WKe QXPbeU Rf baVNeWV LV LQcUeaVed, WKe \eaU-30 bLRPaVVeV fRU eacK VSecLeV aSSURacKeV WKe VLQgOe
VSecLeV PaQagePeQW bLRPaVVeV.
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THVWLQJ JURXSLQJ K\SRWKHVHV

TR e[SORUe KRZ gURXSLQg VSecLeV b\ dLffeUeQW WUaLWV affecWV fLVKeU\ RXWcRPeV, Ze aQaO\]ed a
fLYe-VSecLeV, WZR-baVNeW fLVKeU\ XQdeU WKUee dLffeUeQW baVNeW gURXSLQgV: RQe ZKeUe eacK baVNeW
cRQWaLQV LdeQWLcaO fLVK (³AOO SaPe´), RQe ZKeUe baVNeWV aUe cRPSRVed Rf PRVWO\ VLPLOaU fLVK
(³SRPeZKaW DLffeUeQW´), aQd RQe ZKeUe baVNeWV cRQWaLQ YeU\ dLffeUeQW fLVK (³VeU\ DLffeUeQW´).

SLPLODU EDVNHWV JHQHUDOO\ LPSURYH SURILWV

OXU cRPSaULVRQ Rf VSecLeV gURXSLQgV b\ WUaLWV LOOXVWUaWeV WKaW baVNeWV cRQWaLQLQg VSecLeV ZLWK
VLPLOaU WUaLWV geQeUaOO\ Pa[LPL]e fLVKeU\-ZLde SURfLWV (FLgXUe 4). IQ cRQWUaVW, baVNeWV ZKeUe
VSecLeV KaYe KLgKO\ YaULabOe WUaLWV WeQd WR SeUfRUP ZRUVe (ZLWK WKe e[ceSWLRQ Rf LQWULQVLc gURZWK
UaWe (U), dLVcXVVed OaWeU). TKeVe UeVXOWV KLgKOLgKW KRZ gURXSLQg VLPLOaU VSecLeV LQWR baVNeWV
XVXaOO\, bXW QRW aOZa\V, Pa[LPL]eV fLVKeU\-ZLde SURfLWV.

GURXSLQJ VSHFLHV ZLWK GLIIHUHQW WUDLWV FDQ OHDG WR ORZ ELRPDVVHV

OXU cRPSaULVRQ Rf VSecLeV gURXSLQgV b\ WUaLWV aOVR LQdLcaWeV WKaW baVNeWV cRQWaLQLQg VSecLeV ZLWK
VLPLOaU WUaLWV WeQd WR KaYe KLgK fLVKeU\-ZLde bLRPaVV (FLgXUe 5 aQd 6). WKeQ VSecLeV RQO\ dLffeU
LQ WKeLU UeVSecWLYe caUU\LQg caSacLWLeV, bLRPaVV OeYeOV dR QRW VKLfW PXcK LQ UeVSRQVe WR dLffeUeQW
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baVNeW gURXSLQgV. HRZeYeU, ZLWK UeVSecW WR LQWULQVLc gURZWK UaWe aQd SURfLW, VLPLOaU gURXSLQgV
WeQd WR UeVXOW LQ VWabOe bLRPaVVeV. IQ cRQWUaVW, gURXSLQg KLgKO\ YaULabOe VSecLeV WRgeWKeU
LQcUeaVed fLVKLQg SUeVVXUe RQ VRPe VSecLeV, \LeOdLQg ORZ fLVKeU\-ZLde bLRPaVVeV. TKeVe UeVXOWV
VKRZ WKaW baVNeWV cRQWaLQLQg VLPLOaU VSecLeV XVXaOO\ UeVXOW LQ KLgK VWaQdLQg bLRPaVV fRU a fLVKeU\.

FLVKHUV SULRULWL]H KLJK JURZWK VSHFLHV ILUVW

MXcK Rf WKe UeVXOWV Rf RXU VSecLeV gURXSLQgV b\ WUaLW cRPSaULVRQ caQ be aWWULbXWed WR a SaUWLcXOaU
SKeQRPeQRQ: RSWLPaO SURfLWV aUe acKLeYed b\ WaUgeWLQg VSecLeV WKaW \LeOd KLgK UeWXUQV. SLQce WKe
UeWXUQV Rf a VSecLeV deSeQd RQ WKe TXaQWLW\ KaUYeVWed, LW LV RSWLPaO WR WaUgeW KLgK-gURZWK VSecLeV.
TKLV LV LOOXVWUaWed b\ WKe dLffeUeQW bLRPaVV aQd KaUYeVW UaWeV Rf WKe ³AOO SaPe´, ³SRPeZKaW
DLffeUeQW´, aQd ³VeU\ DLffeUeQW´ cRPbLQaWLRQV baVed RQ LQWULQVLc gURZWK UaWe (U). IQ WKeVe
cRPbLQaWLRQV, WKe faVW-gURZLQg fLVK (VSecLeV 4 aQd 5) aUe WaUgeWed, VRPeWLPeV WR WKe deWULPeQW Rf
WKe RWKeU VSecLeV (FLgXUe 5). TKe LQWeUSOa\ beWZeeQ WKLV WaUgeWLQg Rf faVW-gURZLQg VSecLeV, aQd WKe
caSV RQ WKe WZR baVNeWV SURdXceV WKe UeYeaOLQg e[ceSWLRQ WR WKe WUeQd PeQWLRQed eaUOLeU WKaW
VLPLOaU baVNeWV Pa[LPL]e SURfLWV. IQ RXU K\SRWKeWLcaO fLVKeU\, WKe ³SRPeZKaW DLffeUeQW´
cRPbLQaWLRQ gURXSed b\ U SURdXceV KLgKeU SURfLWV WKaQ WKe ³AOO SaPe´ cRPbLQaWLRQ. TKLV UeVXOW
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ecKReV WKaW fRXQd dXULQg WKe cRPSaULVRQ Rf WKe 1-5 TXRWa baVNeW cRPbLQaWLRQV dLVcXVVed eaUOLeU
(FLgXUe 2). HeUe Ze fLQd WKaW LW LV beVW, LQ WeUPV Rf SURfLWV, WR gURXS RQe VORZ-gURZWK VSecLeV ZLWK
WZR KLgK-gURZWK VSecLeV becaXVe LW LV RSWLPaO WR KaUYeVW KLgK-gURZWK VSecLeV aV PXcK aV
SRVVLbOe. FRU WKe ³SRPeZKaW DLffeUeQW´ cRPbLQaWLRQ, gURXSLQg a VORZ-gURZWK VSecLeV ZLWK WKe
KLgK-gURZWK VSecLeV UeVXOWV LQ aQ LQLWLaOO\ KLgKeU KaUYeVW UaWe fRU WKaW VORZ-gURZWK VSecLeV WKaQ
ZKeQ LW LV gURXSed ZLWK RWKeU VORZ-gURZWK VSecLeV (FLgXUe 6). TKLV LQLWLaO KLgKeU KaUYeVW UeVXOWV
LQ KLgKeU WRWaO SURfLWV fRU WKe ³SRPeZKaW DLffeUeQW´ cRPbLQaWLRQ RYeU WKe 30-\eaU SeULRd
cRPSaUed WR WKe ³AOO SaPe´ cRPbLQaWLRQ. HRZeYeU, VLQce WKLV LQLWLaO KLgK KaUYeVW UaWe LV
VKRUW-OLYed, WKe PaUgLQaO SURfLW beQefLW Rf gURXSLQg a VORZ-gURZWK VSecLeV ZLWK KLgK-gURZWK
VSecLeV UaSLdO\ dLPLQLVKeV RYeU WLPe. SLPLOaUO\, WKe UeVXOWV fRU WKe ³VeU\ DLffeUeQW´ cRPbLQaWLRQ
aUe aOVR WKe cRQVeTXeQce Rf WaUgeWLQg KLgK-gURZWK VSecLeV. SLQce WKeUe LV RQe KLgK-gURZWK
VSecLeV LQ eacK baVNeW LQ WKe ³VeU\ DLffeUeQW´ cRPbLQaWLRQ, WKe RSWLPaO TXRWaV fRU bRWK baVNeWV
aUe TXLWe VLPLOaU, VOLgKWO\ faYRULQg WKe WZR-VSecLeV baVNeW VLPSO\ becaXVe WKe RYeUaOO gURZWK UaWe
Rf WKLV baVNeW LV KLgKeU WKaQ WKaW Rf WKe WKUee-VSecLeV baVNeW.

OYeUaOO, RXU aQaO\VLV UeYeaOV WKaW geQeUaOO\ PRUe baVNeWV LPSURYeV fLVKeU\ RXWcRPeV bXW ZLWK
decOLQLQg PaUgLQaO UeWXUQV, bXW LQcUeaVLQg WKe QXPbeU Rf baVNeWV dReV QRW gXaUaQWee
LPSURYePeQW. TKXV, WKe cRPSRVLWLRQ Rf baVNeWV LV faU PRUe LPSRUWaQW WKaQ WKe QXPbeU Rf
baVNeWV. RegaUdLQg baVNeW cRPSRVLWLRQ, SURfLWV aUe RSWLPaO ZKeQ: (L) VSecLeV ZLWK VLPLOaU WUaLWV
aUe gURXSed WRgeWKeU, aQd (LL) TXRWaV aUe VeW WR Pa[LPL]e WKe e[WUacWLRQ Rf TXLcN-gURZWK VSecLeV.
TKeVe WZR SKeQRPeQa VRPeWLPeV dR QRW aOLgQ (aV LQ WKe caVe Rf LQWULQVLc gURZWK UaWe), aQd RfWeQ
SURfLW Pa[LPL]aWLRQ RccXUV aW WKe e[SeQVe Rf VWaQdLQg bLRPaVV. TKXV, ZKLOe gURXSLQg fLVK ZLWK
VLPLOaU WUaLWV LV a gRRd VWaUWLQg SRLQW fRU baVNeW cRQVWUXcWLRQ, RWKeU gURXSLQgV Pa\ acWXaOO\ be
RSWLPaO.

PULFH DQG CRVW SFHQDULRV

TKe SUeYLRXV VecWLRQ begaQ LQYeVWLgaWLQg WKe UROe WKaW SULceV aQd cRVWV cRXOd SOa\ LQ TXRWa
baVNeWV b\ cRQVLdeULQg WKe YaOXe (SURfLWV) Rf a VSecLeV. TR e[SORUe WKe UROe Rf SULce fXUWKeU, a
cRQWURO Rf XQLfRUP SULceV ZaV UXQ aORQg ZLWK aOO SRVVLbOe cRPbLQaWLRQV Rf WZR addLWLRQaO
4-VSecLeV VceQaULRV: a) OQe KLgK-SULced aQd WKUee ORZ-SULced VSecLeV; aQd b) TZR KLgK-SULced
aQd WZR ORZ-SULced VSecLeV. IQ bRWK VceQaULRV, eacK VSecLeV cRXOd KaYe RQe Rf fRXU SRVVLbOe
LQWULQVLc gURZWK UaWeV. SLPLOaUO\, WR e[SORUe WKe UROe Rf cRVWV fXUWKeU, a cRQWURO Rf XQLfRUP cRVWV
ZaV UXQ aORQg ZLWK aOO SRVVLbOe cRPbLQaWLRQV Rf WZR addLWLRQaO 4-VSecLeV VceQaULRV: a) OQe
KLgK-cRVW aQd WKUee ORZ-cRVW WecKQRORgLeV; aQd b) TZR KLgK-cRVW aQd WZR ORZ-cRVW WecKQRORgLeV.
AOWKRXgK WecKQRORgLeV ZeUe QRW SeUfecWO\ VeOecWLYe, eacK WecKQRORg\ ZaV PaUNedO\ PRUe
ZeOO-VXLWed WR caWcKLQg RQO\ RQe Rf WKe fRXU VSecLeV. SR, aVLde fURP PLQRU b\caWcK, eacK
WecKQRORg\ ZaV effecWLYeO\ caWcKLQg LWV UeVSecWLYe VSecLeV (L.e. WecKQRORg\ 1 caWcKeV
SUedRPLQaQWO\ VSecLeV 1). IQ VceQaULR A, eacK VSecLeV cRXOd KaYe RQe Rf fRXU SRVVLbOe LQWULQVLc
gURZWK UaWeV, ZKLOe LQ VceQaULR B, VSecLeV cRXOd KaYe eLWKeU Rf WZR SRVVLbOe LQWULQVLc gURZWK
UaWeV.
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PURILWV DUH RSWLPL]HG E\ WDUJHWLQJ KLJKHU-YDOXH VSHFLHV.

TKe UeVXOW Rf WKe SULce aQd cRVW VceQaULRV UeYeaOed WKaW WaUgeWLQg KLgK-YaOXe VSecLeV LV RSWLPaO.
TKLV WUeQd LV YLVLbOe LQ WKe e[SORUaWLRQ Rf WKe PaUgLQaO beQefLW Rf LQcUeaVLQg WKe QXPbeU Rf
baVNeWV LQ a fLVKeU\ LQ WKe UeVXOWV Rf VSecLeV 2 aQd VSecLeV 3 aUe cRPSaUed LQ WKe eYeU\ baVNeW
VceQaULR (FLgXUe 3). IdeQWLcaO e[ceSW fRU WKeLU SULceV (SULce VSecLeV 2 > SULce VSecLeV 3), RQ
aYeUage VSecLeV 2 KaV a ORZeU \eaU-30 bLRPaVV WKaQ VSecLeV 3. TKLV WUeQd LV PRVW cOeaUO\ VeeQ LQ
VceQaULR A Rf RXU SULce aQd cRVW e[SORUaWLRQV. IQ SULce VceQaULR A, WKe aQQXaO bLRPaVV Rf WKe KLgK
SULced VWRcN ZaV aOZa\V ORZeU WKaQ LW ZRXOd KaYe beeQ XQdeU XQLfRUP SULceV. SLQce UaLVLQg WKe
cRVW Rf caWcKLQg a ceUWaLQ VSecLeV LV TXLWe VLPLOaU WR ORZeULQg WKe SULce WKaW VSecLeV feWcK, WKLV
WUeQd Rf VeeNLQg KLgK-YaOXe VSecLeV ZaV ecKRed LQ WKe cRVW VceQaULRV. IQ cRVW VceQaULR A, WKe
aQQXaO bLRPaVV Rf WKe VWRcN WaUgeWed b\ WKe KLgK cRVW WecKQRORg\ ZaV aOZa\V KLgKeU WKaQ LW
ZRXOd KaYe beeQ XQdeU XQLfRUP cRVWV. TKLV WUeQd SeUVLVWed LQ VceQaULR B, WRR, eYeQ ZKeQ WKeUe
ZeUe RQO\ WZR dLffeUeQW gURZWK UaWeV, QRW fRXU.

PURILWV DUH RSWLPL]HG E\ WDUJHWLQJ IDVWHU-JURZLQJ VSHFLHV.

TKLV WUeQd ZaV dePRQVWUaWed LQ WKe gURXSLQg aQaO\VLV LQ FLgXUeV 4 aQd 5, aV ZeOO aV WKe B
VceQaULRV fRU SULce aQd cRVW. WKeQ VORZ-gURZLQg VSecLeV KaYe a KLgKeU cRVW (RU a ORZeU SULce),
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WKeLU aQQXaO bLRPaVV LV KLgKeU WKaQ LW ZRXOd be ZLWK XQLfRUP cRVWV (RU SULceV). TKe cKaQgeV KROd
WUXe QR PaWWeU Lf WKeUe aUe fRXU dLffeUeQW gURZWK UaWeV LQ SOa\ RU MXVW WZR.

BLRPDVV OHYHOV FDQ YDU\ GUDPDWLFDOO\ GHSHQGLQJ RQ WKH SDUWLFXODU VSHFLHV FRPELQDWLRQV
DFURVV EDVNHWV

TKe LQWeUSOa\ beWZeeQ WaUgeWLQg faVW-gURZLQg aQd KLgK-SULced VSecLeV caQ SURdXce dUaPaWLcaOO\
dLffeUeQW bLRPaVV OeYeOV. TKLV LV dePRQVWUaWed b\ WKe cRPSaULVRQ Rf WUaLW gURXSLQgV LQ FLgXUeV 4
aQd 5. IQ WKLV cRPSaULVRQ, WKe ³VeU\ DLffeUeQW´ cRPbLQaWLRQ SURdXceV WKe ZRUVW RXWcRPe LQ bRWK
SURfLWV aQd bLRPaVV (FLgXUe 7). IQ WKe baVNeW ZLWK WZR ORZ-YaOXe VSecLeV aQd RQe KLgK-YaOXe
VSecLeV, KaUYeVW LV cRQceQWUaWed RQ WKe PRVW SURfLWabOe VSecLeV (VSecLeV 4), TXLcNO\ deSOeWLQg LWV
bLRPaVV. TKe e[WUacWLRQ Rf WKe ORZ-YaOXe VSecLeV LQcUeaVeV LQLWLaOO\, WKeQ gUadXaOO\ decOLQeV RYeU
WLPe VLPXOWaQeRXV WR WKe dUaPaWLc deVceQW Rf VSecLeV 4. TKLV LQLWLaO LQcUeaVe fROORZed b\ a
gUadXaO decUeaVe VeeQ LQ WKe WZR ORZ-YaOXe VSecLeV RccXUV becaXVe fLVKLQg SUeVVXUe VKLfWV fURP
WKe KLgK-YaOXe VSecLeV aQd RQ WR WKe ORZ-YaOXe VSecLeV aV WKe KLgK YaOXe-VSecLeV becRPeV OeVV
abXQdaQW. AW WKe VaPe WLPe, LQ WKe RWKeU baVNeW, WKe VPRRWK decOLQe Rf WKe KLgK YaOXe VSecLeV LV
PLUURUed b\ WKe gURZWK Rf WKe ORZ-YaOXe VSecLeV. AcURVV bRWK baVNeWV, aV WKe KLgK-YaOXe VSecLeV
becRPeV OeVV abXQdaQW, WKeUe LV OeVV RSSRUWXQLW\ fRU SURfLW, aQd WKXV, fLVKeU\-ZLde SURfLWV fROORZ
WRWaO bLRPaVV, aQd decOLQe RYeU WLPe.
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TKH ³EHVW´ EDVNHW FKDQJHV DV ILVKHU\ SDUDPHWHUV FKDQJH

TR Vee dLffeUeQW baVNeW VSecLeV SaUaPeWeUV cKaQge WKe UeOaWLYe RXWcRPeV Rf dLffeUeQW baVNeW
aUUaQgePeQWV, Ze cRPSaUed WKe WRWaO 30 \eaU QeW SURfLWV Rf RXU ³AOO SaPe´, ³SRPeZKaW
dLffeUeQW´, aQd ³VeU\ dLffeUeQW´ baVNeWV RYeU a UaQge Rf LQWULQVLc gURZWK UaWeV fRU WKe ORZ gURZWK
UaWe VSecLeV (FLgXUe 8). CKaQgLQg WKe LQWULQVLc gURZWK VKRZV WKaW WKe beVW baVNeW, LQ WeUPV Rf
SURfLW, cKaQgeV deSeQdLQg RQ WKe VSecLeV SaUaPeWeUV. TKe "AOO VaPe" baVNeW cRQVLVWeQWO\
SURYLdeV KLgK SURfLWV, aQd LV WKe beVW baVNeW ZKeQ WKe VSecLeV LQWULQVLc gURZWK dLffeUeQce LV VPaOO
(KLgK U LQ FLgXUe 8). IQ cRQWUaVW, WKe "SRPeZKaW dLffeUeQW" baVNeW LV WKe beVW baVNeW aUUaQgePeQW
ZKeQ WUaLWV dLffeUeQceV aUe bLggeU (ORZeU U LQ FLgXUe 8). TKLV fLQdLQg UeLQfRUceV WKaW TXRWa baVNeW
PaQagePeQW LV beVW ZKeQ WKe WaUgeW fLVKeU\ aQd LWV bLRORg\ aUe ZeOO XQdeUVWRRd.

FigXUe 8: Added UeWXUn foU 3 diVWincW baVkeW aUUangemenWV oYeU Whe baVkeW ZiWh Whe loZeVW SUofiW foU changing
inWUinVic gUoZWh UaWeV. Profit outcomes for a five species fishery with three low r species and two high r species (r =
0.4), where the r values for the low r species range from 0-0.4, with a 0.2 step.  Profit outcomes are calculated as the
net profits from a 30 year run of our quota basket model with three distinct basket groupings: "All Same", where
high trait species and low trait species are grouped separately; "Somewhat different", where one basket contains
two low trait species and the other contains two high and one low trait species; and "Very different", were one
basket contains a high and low trait species, and the other contains two low and one high trait species. This graph
shows the added return from each basket, or each basket¶s profit outcome minus the lowest performing basket for
each growth rate.

CaVe SWXdLeV

TKe TXRWa baVNeW aSSURacK LV a UefUaPLQg Rf VeYeUaO fLVKeULeV PaQagePeQW WacWLcV, UaWKeU WKaQ a
WUXO\ QRYeO PeWKRd. AV VXcK, ceUWaLQ fLVKeULeV KaYe LPSOePeQWed TXRWa baVNeW VcKePeV WKaW aUe
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VLPSO\ UefeUUed WR b\ RWKeU QaPeV. IQ WKLV VecWLRQ, Ze aQaO\]e WZR VLPLOaU fLVKeULeV, RQe PaQaged
b\ a TXRWa baVNeW aQd WKe RWKeU PaQaged ZLWKRXW. TKe fLUVW LV WKe PacLfLc GURXQdfLVK fLVKeU\, a
OaUge PXOWLVSecLeV fLVKeU\ ZKeUe PaQ\ VWRcNV cROOaSVed deVSLWe UeOaWLYeO\ LQYROYed PaQagePeQW.,
We WKeQ e[aPLQe WKe BeULQg Sea aQd AOeXWLaQ IVOaQdV gURXQdfLVK fLVKeU\, ZKeUe a WZR-PLOOLRQ
WRQ ³TXRWa baVNeW´ KaV SUeYeQWed RYeUfLVKLQg aQd VLgQLfLcaQW VWRcN decOLQe fRU WKLUW\ \eaUV.

TKe PacLfLc GURXQdfLVK fLVKeU\ aQd WKe BeULQg Sea GURXQdfLVK fLVKeU\ aUe bRWK PL[ed VSecLeV
fLVKeULeV ZLWK KLgK VSaWLaO, fLVKLQg LQWeQVLW\, VSecLeV OeYeO, aQd geQXV OeYeO YaULabLOLW\, aV ZeOO aV
VLgQLfLcaQW YaULaWLRQ LQ WKe aPRXQW eacK VSecLeV KaV beeQ VWXdLed. BRWK fLVKeULeV cRQWaLQ
KLgK-YaOXe fLVK WKaW beaU WKe bUXQW Rf WKe UegLRQ¶V fLVKLQg SUeVVXUe - PacLfLc WKLWLQg LQ WKe PacLfLc
GURXQdfLVK fLVKeU\, aQd PROOacN LQ WKe BeULQg Sea fLVKeU\ - bXW aOVR cRQWaLQ PaQ\ URcNfLVKeV,
eOaVPRbUaQcKV, fOaWfLVKeV, eWc. (NPFMC, 2015; PFMC, 2016). HRZeYeU, WKeLU RULgLQaO
PaQagePeQW dLffeUed: WKe PacLfLc fLVKeU\ VeW PRVWO\ VLQgOe VSecLeV KaUYeVW OeYeOV, ZKLOe a WZR
PLOOLRQ WRQ WRWaO KaUYeVW caS VXSSOePeQWed VLQgOe VSecLeV OLPLWV LQ WKe BeULQg Sea fLVKeU\ (COaUN,
1991; NPFMSC, 2015; NMFS, 2020).

TKe TXRWa KaUYeVW OLPLWV VeW RQ WKe PacLfLc GURXQdfLVK fLVKeU\ faLOed. IQ 1998, a VXUYe\ Rf VeYeUaO
gURXQdfLVK VSecLeV VKRZed VLgQLfLcaQW RYeUfLVKLQg aQd cRQWLQXed SRSXOaWLRQ decOLQeV ZLWK QR
fRUeVeeabOe WUaMecWRU\ WR UeacK eTXLOLbULXP KaUYeVW aW WKe WKeQ-cXUUeQW PRUWaOLW\ OeYeOV (RaOVWRQ,
1998). TKe fL[ed cRQVWaQW PRUWaOLW\ cKRVeQ WR acKLeYe FPP\ = 35% fRU WKe fLVKeU\ ZaV VWLOO WRR
PXcK fLVKLQg fRU VRPe ³ZeaN VWRcN´ VSecLeV WR KaQdOe. IQ addLWLRQ WR VLgQLfLcaQW bLRPaVV
decOLQeV LQ ³ZeaN VWRcNV´, WKe TXRWa baVNeW aSSURacK aOVR VLgQLfLcaQWO\ LPSacWed fLVKeU\
UeYeQXeV. AfWeU decOLQLQg VWRcNV Oead WR dLPLQLVKed KaUYeVW, WKe e[WUePeO\ ORZ KaUYeVW OLPLWV
e[aceUbaWed WKe UeYeQXe ORVV acURVV WKe fLVKeU\. TKXV, dXe WR RYeUe[SORLWaWLRQ aQd XOWLPaWeO\
cROOaSVe, fLVKeU\-ZLde UeYeQXeV LQ 2000 decOLQed WR KaOf Rf ZKaW WKe\ ZeUe LQ 1982 (WaUOLcN,
2018).

TKe BeULQg Sea GURXQdfLVK, KRZeYeU, KaV VeeQ WKLUW\ \eaUV Rf VXVWaLQabOe KaUYeVW XQdeU a TXRWa
baVNeW (PFMC, 2016). A WZR PLOOLRQ WRQ TXRWa LV a UeOaWLYeO\ cRQVeUYaWLYe TXRWa fRU WKe fLVKeU\,
aQd KLVWRULcaO fLVKLQg KaV RQO\ RccaVLRQaOO\ e[ceeded 2 PLOOLRQ WRQV (WLWKeUeOO eW aO., 2000;
PFMC, 2016). IQ facW, WKe WZR PLOOLRQ WRQ caS LV ZeOO beORZ WKe VXP KaUYeVW Lf eacK VSecLeV ZaV
fLVKed aW 80% Rf Pa[LPXP VXVWaLQabOe \LeOd (WLWKeUeOO eW aO., 2000; DLCRVLPR eW aO., 2010;
MeOQ\cKXN eW aO., 2013). A Ne\ facWRU LQ WKe VXcceVV Rf WKe BeULQg Sea GURXQdfLVK fLVKeU\ LV WKaW
WKe VSecLeV LQYROYed RccXS\ a ZLde UaQge Rf PaUNeW dePaQd, ZKeUe SROOacN feWcK a PXcK KLgKeU
SULce aQd KaYe a PXcK OaUgeU PaUNeW WKaQ RWKeU VSecLeV (PFMC, 2016). AV a UeVXOW, WKe PaMRULW\
Rf WKe fLVKLQg effRUW LQ WKe BeULQg Sea LV SXW WRZaUdV SROOacN, aQd SROOacN caWcKeV fLOO RYeU KaOf Rf
WKe TXRWa (PFMC, 2016). PROOacN caQ KaQdOe WKLV OeYeO Rf fLVKLQg SUeVVXUe, aQd WKe UePaLQLQg
TXRWa LV VSOLW beWZeeQ aOO Rf WKe RWKeU VSecLeV LQ WKe fLVKeU\. TKe UeOaWLYeO\ OLPLWed UePaLQLQg
TXRWa NeeSV fLVKLQg SUeVVXUe RQ aOO WKe RWKeU VSecLeV ORZ, PaLQWaLQLQg a VXVWaLQabOe fLVKeU\.

CRPSaULQg WKeVe WZR fLVKeULeV OeadV WR a feZ LPSRUWaQW cRQcOXVLRQV abRXW TXRWa baVNeWV. TKe
fLUVW LV WKaW fLVKeUV ZLOO fLVK be\RQd Pa[LPXP VXVWaLQabOe \LeOd ZKeQ OefW WR WKeLU RZQ deYLceV,
aQd TXRWa baVNeWV caQ KeOS OLPLW WKLV WeQdeQc\ WR RYeUfLVK. OYeUe[SORWaWLRQ Rf VWRcNV LV a ZeOO
NQRZQ cRQVeTXeQce Rf RSeQ acceVV fLVKeULeV, (BMRUQdaO & CRQUad, 1987) bXW SRWeQWLaOO\ OeVV
cOeaU XQdeU a geQeURXV PXOWLVSecLeV TXRWa. IQ WKe BeULQg Sea, Ze Vee a TXRWa baVNeW SUeYeQW
RYeUfLVKLQg Rf ZeaN VWRcNV b\ dLUecWLQg fLVKLQg SUeVVXUe WRZaUdV KLgK YaOXe SROOacN. IQ WKe
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PacLfLc GURXQdfLVK fLVKeU\, WKe OacN Rf a gORbaO TXRWa aOORZed fLVKeUV WR WaUgeW gURXQdfLVK be\RQd
VXVWaLQabOe OeYeOV deVSLWe a VLPLOaU KLgK YaOXe fLVK, PacLfLc WKLWLQg, e[LVWLQg LQ WKe fLVKeU\. HeUe,
a VLPSOe gORbaO KaUYeVW TXRWa dUaVWLcaOO\ cKaQged fLVKLQg RXWcRPeV LQ WKe BeULQg Sea.

TKe VecRQd LV WKaW a TXRWa baVNeW deVLgQ LV PRUe LPSRUWaQW WKaQ TXRWa baVNeW QXPbeU. QXRWa
baVNeWV caQ KeOS SUeYeQW cROOaSVe, bXW WKeLU VXcceVV KLgKO\ deSeQdV RQ WKeLU deVLgQ. IQ WKe PacLfLc
GURXQdfLVK fLVKeU\, VSecLeV decOLQeV ZeUe PaLQO\ caXVed becaXVe VLQgOe VSecLeV KaUYeVW OLPLWV
ZeUe VeW WRR KLgK. HRZeYeU, a VLQgOe addLWLRQaO gORbaO TXRWa Oed WR VWabOe fLVKeULeV LQ WKe BeULQg
Sea. TKLV UeVXOW, WKaW TXRWa baVNeW deVLgQ LV PRUe LPSRUWaQW WKaQ QXPbeU, LV UefOecWed LQ RXU
PRdeOLQg, ZKeUe Ze VKRZ WKaW gRRd baVNeW deVLgQ LPSURYeV fLVKeU\ SURfLWV, bXW SRRU baVNeW
deVLgQ caQ SeUfRUP ZRUVe WKaQ a gORbaO TXRWa (FLgXUe 2).

TKe OaVW cRQcOXVLRQ Ze caQ dUaZ fURP WKeVe caVe VWXdLeV LV WKaW WKe VXcceVV Rf aQ\ TXRWa baVNeW
deVLgQ deSeQdV RQ KRZ WKe TXRWa aQd UeVXOWLQg fLVKLQg SUeVVXUe LQWeUacWV ZLWK WKe VSecLeV
LQYROYed. A PaMRU UeaVRQ WKaW WKe BeULQg Sea TXRWa baVNeW VXcceeded LV becaXVe SROOacN dUeZ
fLVKLQg SUeVVXUe aZa\ fURP RWKeU VSecLeV XQdeU a ORZ KaUYeVW OLPLW. WLWKRXW SROOacN RU ZLWK a
KLgKeU caS, WKLV baVNeW Pa\ KaYe Oed WR RYeUfLVKLQg Rf ZeaN VWRcNV, aV LQ WKe PacLfLc GURXQdfLVK
fLVKeU\. TKeVe caVe VWXdLeV UeLQfRUce WKe Ldea WKaW a cOeaU XQdeUVWaQdLQg Rf WKe WaUgeW fLVKeU\ LV
YeU\ LPSRUWaQW WR deVLgQLQg a gRRd TXRWa baVNeW VcKePe.

DLVcXVVLRQ

EYeU\ fLVKeULeV PaQagePeQW VcKePe PXVW cRPSURPLVe VRPe RbMecWLYeV LQ SXUVXLW Rf RWKeUV, aQd
TXRWa baVNeW PaQagePeQW LV QR e[ceSWLRQ. ReVeaUcK VXggeVWV WKaW VRPe PaQagePeQW gRaOV aUe
LQcRPSaWLbOe (AQdeUVeQ eW aO. 2015), bXW VRPe aYRLdabOe WUade RffV e[LVW (JacRbVeQ, BXUgeVV, &
AQdeUVeQ, 2017). TKRXgK Ze XVed a SURfLW-Pa[LPL]aWLRQ aSSURacK, TXRWa baVNeWV VKRZed WKe
SRWeQWLaO WR acKLeYe VWabOe VWRcNV aQd gRRd SURfLWV RYeU WLPe b\ gURXSLQg fLVK ZLWK VLPLOaU RU
dLffeUeQW cKaUacWeULVWLcV. HRZeYeU, QRW aOO gURXSLQgV aUe VXcceVVfXO, aQd Ze caQ LdeQWLf\ VRPe
UecRPPeQdaWLRQV WKaW Pa\ aYRLd SRRU fLVKeU\ RXWcRPeV.

QXRWD EDVNHWV DUH GHVLJQHG ZLWK D FOHDU JRDO LQ PLQG.

A PaQageU ZLOO RQO\ aSSO\ a QeZ PaQagePeQW VWUaWeg\ WR a fLVKeU\ Lf WKe VWaWXV TXR fLVKLQg dReV
QRW acKLeYe WKe PaQageU'V gRaOV. QXRWa baVNeWV, WKeQ, ZLOO LPSURYe RQ VWaWXV TXR fLVKLQg Lf WKe\
aUe deVLgQed ZLWK a VSecLfLc gRaO LQ PLQd. OXU PRdeO UeVXOWV VKRZ WKaW ZeOO deVLgQed baVNeWV
LPSURYe fLVKeU\ SURfLWV, bXW SRRUO\ deVLgQed baVNeWV VacULfLce SURfLWV cRPSaUed WR gORbaO
PaQagePeQW aQd Oead WR ORZ bLRPaVV RXWcRPeV (FLgXUeV 2, 3, 4, 5). A PaMRU beQefLW WR TXRWa
baVNeWV LV WKaW WKe PXOWLWXde Rf SRWeQWLaO baVNeW gURXSLQgV aOORZV baVNeWV WaLORU Pade WR acKLeYe a
ceUWaLQ UeVXOW. OXU UeVXOWV VKRZ WKaW fRU SURfLW Pa[LPL]aWLRQ gRaOV, TXRWa baVNeWV caQ LPSURYe
XSRQ VLPSOeU PaQagePeQW VcKePeV. We beOLeYe WKaW WKLV UeVXOW LV WUXe fRU aQ\ WaUgeW gRaO: a ZeOO
deVLgQed TXRWa baVNeW VcKePe caQ LPSURYe fLVKeU\ RXWcRPeV fRU PaQ\ gRaOV. HRZeYeU, WKe PaQ\
baVNeW RSWLRQV aOVR OeaYeV PaQ\ baVNeWV WKaW KLQdeU fLVKeU\ RXWcRPeV. CKRRVLQg WKe beVW TXRWa
baVNeW deVLgQ fRU a SaUWLcXOaU VLWXaWLRQ deSeQdV RQ KaYLQg a cOeaU fLVKeU\ RXWcRPe LQ PLQd.
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A TXRWD EDVNHW KDV D FOHDU PHFKDQLVP WR DFKLHYH WKDW JRDO.

TKe d\QaPLcV Rf a fLVKeU\ XQdeU aQ\ TXRWa baVNeW VcKePe aUe cRPSOe[, eQWZLQLQg fLVKeULeV
bLRORg\, PaUNeW fRUceV, aQd fLVKeU¶V beKaYLRU. WKLOe LW LV QeaU LPSRVVLbOe WR SUedLcW eYeU\
cRQVeTXeQce Rf a TXRWa baVNeW, a PaQageU VKRXOd SXW VLgQLfLcaQW effRUW LQWR XQdeUVWaQdLQg KRZ a
TXRWa baVNeW acKLeYeV LWV gRaO fRU a VSecLfLc fLVKeU\. IQ RXU PRdeO, fLVKeU\ RXWcRPeV aUe a dLUecW
UeVXOW Rf fLVKeUV WaUgeWLQg KLgK YaOXe VSecLeV (FLgXUe 5, 6). AV VXcK, Ze caQ bXLOd TXRWa baVNeWV
WKaW OeYeUage fLVKeUV WaUgeWLQg beKaYLRU WR LPSURYe fLVKeULeV RXWcRPeV aQd aYRLd SRRUO\
cRQVWUXcWed baVNeWV (FLgXUe 3). AV SURRf WKaW WKLV cRQceSW WUaQVOaWeV WR WKe UeaO ZRUOd, RXU BeULQg
Sea caVe VWXd\ VKRZV KRZ a VLQgOe TXRWa caQ LQfOXeQce fLVKeUV WaUgeWLQg beKaYLRU WR SURWecW ZeaN
VWRcNV LQ WKe fLVKeU\.

WKLOe Ze fRcXV RQ SULce aQd WaUgeWLQg beKaYLRU, fLVKeULeV d\QaPLcV aUe cRPSOe[, eQWZLQLQg
ecRORg\, PaUNeW LQfOXeQceV, VRcLaO d\QaPLcV, aQd PRUe WKaW aOO deWeUPLQe KRZ a TXRWa baVNeW ZLOO
affecW a fLVKeU\ RXWcRPe. DLffeUeQW baVNeW cRQVWUXcWLRQV ZLOO UeVXOW LQ YeU\ dLffeUeQW fLVKeU\
RXWcRPeV. TKLV SURYLdeV a gUeaW RSSRUWXQLW\: CKLQa KaV PaQaged WR bROVWeU fRRd SURdXcWLRQ
WKURXgK ecRV\VWeP PaQLSXOaWLRQ LQ WKeLU fLVKeULeV (S]XZaOVNL eW aO., 2017). HRZeYeU, SUedLcWLQg
WKe d\QaPLcV Rf a TXRWa baVNeW PXVW be dRQe LQ a fLVKeU\ VSecLfLc Za\. BecaXVe eacK fLVKeU\ LV
XQLTXe, ZLWK YaULed VWaNeKROdeUV, fLVKLQg geaUV, aQd VSecLeV cRPSRVLWLRQV, aQd PRUe, WKe VaPe
TXRWa baVNeW aSSOLed WR WZR dLffeUeQW fLVKeULeV PLgKW UeVXOW LQ YeU\ dLffeUeQW RXWcRPeV. FRU
VXcceVVfXO TXRWa baVNeW PaQagePeQW, a fLVKeULeV PaQageU PXVW XQdeUVWaQd KRZ a SURSRVed TXRWa
baVNeW ZLOO LQfOXeQce WKe WaUgeW fLVKeU\.

TUDGHRIIV IRU WKH EDVNHW DOORFDWLRQ DUH ZHOO XQGHUVWRRG.

QXRWa baVNeWV aUe LQWeQded aV a UeOaWLYeO\ VLPSOe PaQagePeQW VcKePe WKaW caQ LPSURYe WKe
RXWcRPeV Rf PaQ\ fLVKeULeV. QXRWa baVNeWV aUe QRW LQWeQded WR acKLeYe SeUfecW fLVKeULeV
PaQagePeQW, ZKaWeYeU WKaW Pa\ be. AV a UeVXOW, eYeU\ TXRWa baVNeW KaV WUadeRffV. IQ RXU
PRdeOLQg, Ze Vee WKaW a fLVKeU\ ZLWK WZR baVNeWV caQQRW acKLeYe WKe SURfLWV WKaW a 3, 4, RU 5
baVNeW VcKePe PLgKW (FLgXUe 2). FXUWKeUPRUe, a WZR baVNeW VcKePe caQ UeVXOW LQ VWRcNV aW
daQgeURXVO\ ORZ OeYeOV (FLgXUe 3). HRZeYeU, a WZR baVNeW VcKePe OLNeO\ UeTXLUeV feZeU
PRQLWRULQg aQd eQfRUcePeQW cRVWV WKaQ a 4 RU 5 baVNeW VcKePe, aQd WZR baVNeWV caQ LPSURYe
SURfLWV fRU WKe fLVKeU\ cRPSaUed WR a gORbaO TXRWa.

WKeQ LPSOePeQWLQg a TXRWa baVNeW LQ WKe UeaO ZRUOd, XQdeUVWaQdLQg WKeVe WUadeRffV eQVXUeV WKaW
WKe VacULfLceV Pade XQdeU eacK VcKePe aUe acceSWabOe fRU a gLYeQ fLVKeU\. AOO fLVKeULeV
PaQagePeQW cRQVLVWV Rf WUadeRffV, VR WKLV SUecedeQW LV ZeOO XQdeUVWRRd, bXW TXRWa baVNeWV dR
caUU\ VLgQLfLcaQW ULVN Rf VWRcN cROOaSVe aQd RWKeU deWULPeQWaO effecWV. TKLV ULVN LV VR VeYeUe WKaW
RWKeUV KaYe dLVcaUded TXRWa baVNeWV aV a YLabOe VWUaWeg\, WKRXgK Ze VKRZ WKaW caUefXOO\
LPSOePeQWed baVNeWV caQ VWLOO LPSURYe fLVKeULeV RXWcRPeV (BRQ]RQ eW aO., 2013).

A VWaUN e[aPSOe Rf acceSWabOe WUadeRffV LV CKLQa¶V PaQagePeQW Rf fLVKeULeV: CKLQa KaV
deWeUPLQed WKaW Pa[LPL]LQg fRRd SURdXcWLRQ gRaOV aQd UedXcLQg PRQLWRULQg aQd eQfRUcePeQW
cRVWV LV ZRUWK VeYeUe deSOeWLRQ Rf VRPe WaUgeW VSecLeV (S]XZaOVNL eW aO., 2017; CRVWeOOR, 2017). A
VecRQd e[aPSOe LV RXU BeULQg Sea KaUYeVW caS, ZKeUe ORZ KaUYeVW OLPLWV VacULfLce UeYeQXe aQd
\LeOd LQ faYRU Rf VXVWaLQabOe fLVKeULeV (DLCRVLPR eW aO., 2010; MeOQ\cKXN eW aO., 2013). We
K\SRWKeVL]e WKaW VLPSOeU TXRWa baVNeWV ZLOO VXffeU PRUe fURP WUade RffV, WKRXgK addLWLRQaO ZRUN
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LV Qeeded WR VXSSRUW WKLV cOaLP. RegaUdOeVV, XQdeUVWaQdLQg WKe WUadeRffV ZLWK aQ\ TXRWa baVNeW
VcKePe LV Ne\ fRU aQ\ PaQageU.

QXRWD EDVNHWV DUH HDV\ WR XQGHUVWDQG DQG HQIRUFH.

A PaMRU beQefLW Rf TXRWa baVNeWV LV WKaW WKe\ aUe UeOaWLYeO\ VLPSOe PaQagePeQW VcKePeV WKaW
PaQage WR LPSURYe fLVKeU\ RXWcRPeV. We VKRZ WKaW WZR TXRWa baVNeWV caQ cRQVLdeUabO\ LPSURYe
fLVKeULeV RXWcRPeV cRPSaUed WR RQe gORbaO TXRWa (FLgXUe 2). HRZeYeU, LW LV eQWLUeO\ SRVVLbOe WR
gURXS VSecLeV baVed RQ a WUaLW XQNQRZQ RU XQcOeaU WR WKe SeRSOe SaUWLcLSaWLQg LQ WKe fLVKeU\. A
gRRd e[aPSOe LV WURSKLc OeYeO: ZKLOe a fLVKeU\ bLRORgLVW KaV a cOeaU XQdeUVWaQdLQg Rf WURSKLc
d\QaPLcV, WKe cRQceSW LV QRW cRPPRQO\ XQdeUVWRRd, YeU\ dLffLcXOW WR PeaVXUe, aQd KaUd WR
eQfRUce. CRPSOLcaWed, YagXe, RU abVWUacW TXRWa baVNeWV ZLOO OLNeO\ UeTXLUe VLgQLfLcaQW UeVRXUce
aOORcaWLRQ fRU VXcceVVfXO LPSOePeQWaWLRQ, aV edXcaWLRQ, PRQLWRULQg, aQd eQfRUcePeQW becRPeV
PRUe dLffLcXOW. WKLOe cRPSOLcaWed VcKePeV PLgKW aSSeaU WR dUaVWLcaOO\ LPSURYe fLVKeULeV
RXWcRPeV RQ SaSeU, cRPSOLcaWed aQd e[SeQVLYe VcKePeV UXQ cRQWUaU\ WR WKe cRUe Ldea Rf TXRWa
baVNeWV: beWWeU PaQagePeQW LQ a VLPSOe Za\. AfWeU aOO, KLgKO\ effecWLYe, UeVRXUce PaQagePeQW
VcKePeV aUe ZeOO VWXdLed aQd RfWeQ ePSOR\ed LQ fLVKeULeV, OLNe ecRV\VWeP baVed PaQagePeQW,
aQd a gRRd cKRLce fRU PaQageUV ZLWK WKe UeTXLVLWe caSLWRO (PLNLWcK eW aO., 2004). QXRWa baVNeWV aUe
LQWeQded WR LPSURYe fLVKeULeV WKaW caQQRW aOORcaWe WKe UeVRXUceV QeceVVaU\ WRZaUdV LPSOePeQWLQg
cRPSOLcaWed VcKePeV, aQd aV a UeVXOW, TXRWa baVNeWV PXVW be eaV\ WR XQdeUVWaQd, PRQLWRU, aQd
eQfRUce.

OQH EDVNHW JURXSLQJ PD\ QRW EH HQRXJK WR PHHW WKH JRDO.

WKLOe gURXSLQg a fLVKeU\ baVed RQ RQe cKaUacWeULVWLc LV a VLPSOe Za\ WR LPSURYe VRPe fLVKeU\
RXWcRPeV, a VLQgOe gURXSLQg SaUaPeWeU Pa\ Oead WR XQZaQWed cRQVeTXeQceV, OLNe VSecLeV
e[WLQcWLRQV. OXU PRdeO SUeYeQWV VWRcN e[WLQcWLRQ becaXVe WKe aOORZabOe KaUYeVW fRU eacK VSecLeV
LV caOcXOaWed aV a SeUceQWage Rf VWRcN bLRPaVV. HRZeYeU, UeaO ZRUOd KaUYeVW OLPLWV caQQRW
QeceVVaULO\ SUeYeQW fLVKLQg VWRcNV beORZ cULWLcaO OeYeOV, aQd gORbaO fLVKeULeV RfWeQ VXffeU fURP
VWRcN deSOeWLRQ (WRUP eW aO., 2009). WKLOe RXU PRdeOLQg UeVXOWV fRcXV RQ LPSRVLQg RQe TXRWa
baVNeW gURXSLQg RQ a fLVKeU\, LW LV SRVVLbOe WKaW PXOWLSOe TXRWaV aUe QeceVVaU\ WR SURWecW
SaUWLcXOaUO\ YXOQeUabOe RU LPSRUWaQW VWRcNV. IQ WKe PacLfLc GURXQdfLVK fLVKeU\, VSecLeV aUe
cXUUeQWO\ caWegRUL]ed aQd PaQaged b\ PaQ\ PRUe KaUYeVW TXRWaV WKaQ LQLWLaOO\ LPSOePeQWed
(PFMC, 2015). A gORbaO TXRWa fRU WKe fLVKeU\ cRXOd QRW SUeYeQW RYeUfLVKLQg Rf ceUWaLQ ZeaN
VWRcNV, aQd VR addLWLRQaO PaQagePeQW PeaVXUeV ZeUe Qeeded.

AddLWLRQaO PaQagePeQW acWLRQV aUe QRW OLPLWed WR KaUYeVW TXRWaV, aQd RWKeU VWUaWegLeV, VXcK aV
caWcK VKaUeV RU QR-WaNe MPA'V, caQ be XVed LQ cRQMXQcWLRQ ZLWK a TXRWa baVNeW VcKePe. DLffLcXOW
eQfRUcePeQW PLgKW be UePedLed WKURXgK LQdLYLdXaO WUadabOe TXRWaV RU LQdLYLdXaO YeVVeO TXRWaV,
deSeQdLQg RQ WKe fLVKeU\. OWKeU VceQaULRV PLgKW ZaUUaQW aQ aSSOLcaWLRQ Rf VRPe WRROV Rf SRUWfROLR
WKeRU\ WR acKLeYe fLVKeU\ dLYeUVLfLcaWLRQ, OLNe a YaULaQce-cRYaULaQce aUUa\ acURVV VSecLeV WR
VWabLOL]e fLVKeU\ eaUQLQgV b\ PLQLPL]LQg ULVN fURP VeaVRQaOLW\, QaWXUaO Ka]aUdV, aQd ecRQRPLc
VKRcNV (SaQcKLULUR eW aO., 2006.)
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LLPLWDWLRQV DQG RWKHU FRQFHUQV

OXU PRdeO PRdLfLeV a VXUSOXV SURdXcWLRQ PRdeO WR accRXQW fRU TXRWa baVNeW gURXSLQgV aQd WKe
UeVXOWLQg fLVKeU\ d\QaPLcV. HRZeYeU, Ze PaNe cUXcLaO aVVXPSWLRQV WKaW Pa\ QRW UefOecW
UeaO-ZRUOd fLVKLQg LQ RXU aQaO\VLV. FLUVW, Ze aVVXPe ]eUR b\caWcK dLVcaUdV, aVVXPLQg WKaW aOO
VSecLeV aUe VROd aW WKe PaUNeW fRU WKeLU fXOO SULce. WKLOe VRPe PXOWLVSecLeV fLVKeULeV PLgKW VeOO
fLVK LQdLVcULPLQaWeO\, LQ UeaOLW\, fLVKeUV WaUgeW fLVK WKe\ caQ VeOO aQd aUe OLNeO\ WR dLVcaUd fLVK WKaW
aUeQ'W WKRVe (BaWVOeeU eW aO., 2015). TKe PRdeO KLQWV aW VRPe SRWeQWLaO effecWV Rf LQcRUSRUaWLQg
dLVcaUdLQg. IQ WKe fLUVW SOace, VRPe UeVXOWV LPSO\ WKe fLVKeUPeQ PLQLPL]e WKe aOORcaWLRQ Rf effRUW
LQ WKe ORZ-WUaLW VSecLeV WR Pa[LPL]e WKe e[WUacWLRQ Rf WKe SURfLWabOe VSecLeV. TKLV UefOecWLRQ LV
UeLQfRUced b\ WKe ORZ LQcLdeQWaO caWcKabLOLW\ YaOXe (Rff-dLagRQaO) WKaW dReV QRW VeeP WR deWeU
fURP ]eUR VSecLaOL]ed effRUW aVVLgQPeQW RQ ORZ-WUaLW baVNeWV. IQ acWXaO fLVKeULeV, WKe dLVcaUd
aPRXQW ZLOO LQcUeaVe ZLWK WKe YaOXe Rf LQcLdeQWaO caWcKabLOLW\ aQd SURfLWabLOLW\ dLffeUeQce aPRQg
VSecLeV. TKeVe fLQdLQgV aUe cRQceUQLQg becaXVe LW YeULfLeV WKe XQeTXaO deSOeWLRQ ULVN (BRQ]RQ eW
aO., 2013) aQd UeYeaOV WKaW RQce WKe KLgK-SURfLW VWRcN decOLQeV, WKe WZR ORZ-WUaLW VWRcNV aOVR
e[SeULeQce a QRWabOe UedXcWLRQ. BeVLdeV, RXU TXRWa caS cULWeULRQ aXgPeQWV WKLV VLWXaWLRQ becaXVe
LW aOVR Pa[LPL]eV SURfLWabLOLW\. A SRWeQWLaO VROXWLRQ LV cRQVWUXcWLQg a TXRWa baVNeW caS WKaW
baOaQceV SURfLW aQd cRQVeUYaWLRQ gRaOV, bLQdLQg WKe KaUYeVW Rf dLffeUeQW VSecLeV ZLWKLQ WKe baVNeW. 

AddLWLRQaOO\, Ze XVe a VLPSOe cRVW VWUXcWXUe LQ PaQ\ Rf RXU aQaO\VeV. OXU PRdeO'V ceQWUaO
aVVXPSWLRQ LV WKaW fLVKeUV face QR VZLWcKLQg cRVWV beWZeeQ WecKQRORgLeV, aOORZLQg fRU
QeaU-RSWLPaO effRUW aOORcaWLRQ WKaW dReV QRW UefOecW UeaO-ZRUOd cRQVWUaLQWV (SeOgUaWK eW aO., 2018,
NRacN & CRVWeOOR, 2019; CaVKLRQ, 2020). IQcRUSRUaWLQg VZLWcKLQg cRVWV cRXOd caXVe WLPe OagV,
VKLfW RSWLPaO aUUaQgePeQWV, aQd UedXce RXU PRdeO'V SURfLW RXWcRPeV. BeVLdeV, fLVKeUV KaYe
dLffeUeQW VWaUWLQg fLVKLQg geaU WKaW PLgKW be dLffLcXOW WR UeSOace dXULQg WKe fLUVW \eaUV Rf TXRWa
baVNeW LPSOePeQWaWLRQ. IQ WKLV cRQWe[W, LW LV UeaVRQabOe WR WKLQN WKaW VRPe WecKQRORgLeV KaYe
VXbVWaQWLaO e[LW baUULeUV dXe WR cRQVWUaLQWV OLNe fLQaQcLaO UeVRXUceV, caSLWaO OLfeVSaQ, aQd e[SecWed
UeWXUQV. IQ WKLV cRQWe[W, Ze WKeRUL]e WKaW a TXRWa baVNeW PLgKW LPSURYe WKe SOaQQLQg Rf effRUW
aOORcaWLRQ, bXW WKRVe adMXVWPeQWV ZRXOd be gUadXaO RYeU WLPe. AQRWKeU VRXUce Rf VZLWcKLQg cRVWV
LV WKe WUaQVfRUPaWLRQ caSLWaO aVVRcLaWed ZLWK facWRULeV. A WecKQRORgLcaO VKLfW caQ SURYRNe
XQbaOaQced VXSSO\ WR ORcaO facWRULeV RU dLVSOacePeQW Rf fLVKLQg RYeUcaSacLW\. WKLOe WKe OaWWeU LV
gRRd QeZV fRU cRQVeUYaWLRQ gRaOV, LW ZLOO caXVe VRcLaO cRQfOLcW. 

OXU VecRQd cRVW OLPLWaWLRQ LV WKe RPLVVLRQ Rf PRQLWRULQg cRVWV. We WKeRUL]e WKaW TXRWa baVNeWV
LPSO\ feZeU PRQLWRULQg cRVWV becaXVe WKe fLVKeULeV aUe UegXOaWed aV a gURXS. WKLOe VRPe TXRWa
baVNeWV (WeUULWRU\, WLPe, VL]e) caQ be cKeaS, RWKeU aSSURacKeV aUe UeVRXUce-LQWeQVLYe b\ defLQLWLRQ
(WURSKLc OeYeO, ecRV\VWeP fXQcWLRQ, ULVN). DeSeQdLQg RQ WKe QXPbeU Rf baVNeWV, WKe PaQageU
PLgKW be PRWLYaWed WR LQVWead cKaQQeO LWV caSacLW\ LQWR gUadXaOO\ LPSOePeQWLQg a feZ
VLQgOe-VSecLeV VcKePeV. FXUWKeUPRUe, LW caQ be ULVNLeU WR LQWURdXce TXRWa baVNeWV fRU 100 fLVKeULeV
WKaQ 10 VSecLeV VLPXOWaQeRXVO\ Lf WKe aXWKRULW\ OacNV baVNeW deVLgQ e[SeULeQce. SWLOO, TXRWa baVNeW
aQd VLQgOe-VSecLeV PaQagePeQW aUe cRPSOePeQWaU\ VcKePeV WKaW caQ beQefLW fURP eacK RWKeU. 

FLQaOO\, ZKLOe TXRWa baVNeWV caQ LPSURYe aVSecWV Rf fLVKeULeV PaQagePeQW, VSecLfLc SURbOePV
SeUVLVW. FRU e[aPSOe, ZLWK aQ\ TXRWa VcKePe, dLVcaUdLQg aQd KLgK gUadLQg LV aQ LVVXe. A TXRWa
baVNeW VcKePe Pa\ e[aceUbaWe WKeVe WeQdeQcLeV, aV aOO fLVK LQ a baVNeW cRXQW WRZaUdV a TXRWa.
B\caWcK WKaW LV faU OeVV YaOXabOe WKaQ a WaUgeW VSecLeV VWLOO cRXQWV WRZaUdV WKe TXRWa, ZKLcK
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LQceQWLYL]eV dLVcaUdLQg WKeVe XQdeVLUabOe fLVK. TKeUe Pa\ be addLWLRQaO fLVKeU\ SURbOePV WKaW
TXRWa baVNeWV PaNe ZRUVe, VRPe VSecLfLc WR LQdLYLdXaO fLVKeULeV. We eQcRXUage WKLQNLQg cULWLcaOO\
abRXW aQ\ TXRWa baVNeW VcKePe aQd KRZ LW Pa\ LQfOXeQce WKe fLVKeU\'V SaUWLcLSaQWV aQd beKaYLRU.

CRQcOXVLRQV
OXU UeSRUW LV WKe fLUVW fRUPaOL]ed, aQaO\WLcaO PRdeO Rf a TXRWa baVNeW aSSURacK WR PXOWL-VSecLeV
fLVKeU\ PaQagePeQW. QXRWa baVNeWV VKaUe VRPe VLPLOaULW\ WR aSSURacKeV VXcK aV SRUWfROLR
PaQagePeQW, bXW aUe QRWabO\ dLffeUeQW (SaQcKLULcR, 2003). OXU UeSRUW XVeV a VLPSOe SURfLW
Pa[LPL]aWLRQ PRdeO WR e[aPLQe WKe fXQdaPeQWaOV Rf TXRWa baVNeWV, SURYLde a fRXQdaWLRQ fURP
ZKLcK WR cRPSaUe WR RWKeU PaQagePeQW aSSURacKeV, aQd WR fXUWKeU deYeORS TXRWa baVNeW WKeRU\.

QXRWa baVNeW PaQagePeQW KaV KLVWRULcaOO\ beeQ LgQRUed becaXVe Rf KLgK ULVNV aVVRcLaWed ZLWK
gURXSed TXRWaV, bXW Ze VKRZed WKaW TXRWa baVNeWV caQ LPSURYe fLVKeULeV PaQagePeQW ZLWKRXW
caXVLQg VLgQLfLcaQW KaUP (BRQ]RQ eW aO., 2013). IQ facW, TXRWa baVNeWV caQ LQcUeaVe fLVKeU\ SURfLWV
cRPSaUed WR gORbaO PaQagePeQW eYeQ LQ a VLPSOe WZR-baVNeW VcKePe. WKLOe RXU WKeRUeWLcaO
aSSURacK dReV QRW caSWXUe WKe fXOO QXaQce Rf UeaO ZRUOd fLVKeULeV, RXU UeVXOWV VXggeVW WKaW TXRWa
baVNeWV aUe a cRQceSW ZRUWK e[SORULQg fRU PaQ\ ³PLddOe gURXQd´ fLVKeULeV. FXUWKeUPRUe, Ze
VXggeVW a feZ VLPSOe gURXQd UXOeV fRU deVLgQLQg aQd LPSOePeQWLQg TXRWa baVNeWV LQ WKe UeaO
ZRUOd WKaW ZLOO KeOS a PaQageU aYRLd SRRU RXWcRPeV. OXU UeVXOWV aOVR VXggeVW WKaW fLVKeU\
RXWcRPeV aUe KLgKO\ deSeQdeQW RQ baVNeW cRQVWUXcWLRQ, fLVKeU\ cKaUacWeULVWLcV, aQd KaUYeVW OLPLWV
ZLWKLQ RXU PRdeO. FRU a PaQageU WR acWXaOO\ cRQVLdeU a TXRWa baVNeW VcKePe, VLgQLfLcaQW fLVKeU\
VSecLfLc ZRUN PXVW WaNe SOace WR XQdeUVWaQd KRZ dLffeUeQW baVNeWV ZLOO affecW WKe fLVKeU\
RXWcRPeV. TKLV UeSRUW SURYLdeV WKe RQO\ gXLdeOLQeV fRU cRQVLdeULQg TXRWa baVNeW PaQagePeQW,
aQd LV a cUXcLaO VWeS WRZaUdV cRQVLdeULQg TXRWa baVNeW PaQagePeQW aV a YLabOe, UeaO ZRUOd
PaQagePeQW VcKePe.
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ASSeQdL[

ASSeQdi[ 1: ReWhiQNiQg fiVheUieV

OYHUYLHZ:

TKe RbMecWLYe Rf WKLV UeVeaUcK LV WR UefUaPe cXUUeQW fLVKeULeV PaQagePeQW XQdeU RXU TXRWa baVNeW
aSSURacK. TKLV aSSURacK fRcXVeV RQ eVWabOLVKLQg gURXSLQg cULWeULa b\ cKaUacWeULVWLcV (RU WUaLWV)
WKaW caQ be ecRQRPLcaO, bLRORgLcaO, RU VRcLaO. HRZeYeU, WKe VWaNeKROdeU'V LQWeUSUeWaWLRQ Rf WKe
bXQdOLQg WUaLW caQ PRdLf\ WKe baVNeW deVLgQ aQd LWV SXUSRVe. FRU e[aPSOe, accRUdLQg WR a
WeUULWRU\, gURXSLQg VSecLeV PLgKW LPSO\ cULWLcaO KabLWaWV, ORcaO PaUNeWV, cRPPXQLW\ ORcaWLRQV, RU
MXULVdLcWLRQaO UegXOaWLRQ. EacK RQe, RU a cRPbLQaWLRQ Rf WKeP, caQ be cRQVLdeUed a WeUULWRU\-baVed
baVNeW, bXW WKe\ Pa\ SULRULWL]e dLffeUeQW gRaOV (TabOe A). UQdeUVWaQdLQg WKe LQWeUQaO (YaOXeV,
PRUaOV, bLaVeV) aQd e[WeUQaO facWRUV (ecRQRP\, VRcLeW\, SeeU SUeVVXUe) LV cULWLcaO WR LQfOXeQce a
VKLfW LQ beKaYLRU (A]MeQ, 1991). TKe VWaNeKROdeU'V LQWeUacWLRQ ZLWK WKe VSecLeV LV UeOeYaQW becaXVe
WKeUe PLgKW be addLWLRQaO YaOXe VRXUceV be\RQd SULce (fRRd VecXULW\, cXOWXUe, WUadLWLRQ). HaYLQg
UegaUd WR WKeVe cRQVLdeUaWLRQV, WKLV VecWLRQ ZLOO UeYLeZ WKe beQefLWV aQd dUaZbacNV Rf SRWeQWLaO
gURXSLQg cULWeULa.

Table A: GoalV, challengeV, and WaUgeW YaUiableV b\ VWakeholdeU in Whe fiVhing VecWoU

SWDNHKROGHU GRDO CKDOOHQJHV TDUJHW YDULDEOHV
AXWKRULWLeV
(cRQVLdeU WKe
SaUWLcLSaWLRQ Rf
PXOWLSOe VWaNeKROdeUV)

- EcRQRPLc aQd
deYeORSPeQW gURZWK
-MLQLPL]e SROLWLcaO aQd
VRcLaO cRVWV
-RefeUeQce YaOXe Rf WKe gRaO

-LLPLWed bXdgeW
-CUedLbLOLW\ ORVV
-PROLc\ deOa\
-MLVUeSRUWLQg
-PUefeUeQce fRU VWaWXV TXR

-PROLWLcaO cRVWV aQd
gRYeUQaQce
-MaQagePeQW aQd
eQfRUcePeQW cRVWV
-AdMXVWPeQW cRVWV
-TUadeRff cRVWV
(bLRPaVV, MRbV, Wa[eV,
fRRd VecXULW\)

ScLeQWLVWV
(AQWLcLSaWe
RSSRVLWLRQ, UedXce
XQceUWaLQW\, SURYLde
LQVLgKW abRXW
VXVWaLQabOe bLRPaVV)

-CRQVeUYaWLRQ aQd
- MLQLPL]aWLRQ Rf ecRV\VWeP
KaUP
- PURYLde LQVLgKW abRXW
VXVWaLQabOe bLRPaVV OeYeOV
aQd RedXce XQceUWaLQW\
-AQWLcLSaWe RSSRVLWLRQ

-LLPLWed bXdgeW
-LLPLWed LQfRUPaWLRQ
-LLPLWed SROLWLcaO SRZeU
-HXPaQ eUURU
-UQceUWaLQW\
-LacN Rf WUaQVSaUeQc\

-BLRORgLcaO aQd SK\VLcaO
YaULabOeV
-TURSKLc OeYeO
-MRQLWRULQg cRVWV

FLVKeUPeQ
(VeeNV LQcRPe RU
bXVLQeVV
cRQVROLdaWLRQ,,
UecRgQLWLRQV, WUXVW,
NeeS WUadLWLRQV,
beORQg WR a
cRPPXQLW\)

 -Ma[LPL]e SURfLWV/LQcRPe
WRda\
- IQdXVWU\ cRQVROLdaWLRQ
- RLVN UedXcWLRQ
- IQcRPe dLYeUVLfLcaWLRQ
- EPSOR\PeQW
- FRRd VecXULW\
- DeYeORSPeQW

-OYeUcaSacLW\
-IOOegaO, XQUeSRUWed, aQd
XQPaQaged fLVKeULeV
-HLgK gUadLQg, b\caWcK, aQd
dLVcaUdLQg
-IQadeTXaWe fLVKLQg geaUV
-PROLc\ aQWLcLSaWLRQ

-PURfLWV (SULce aQd cRVWV)
-SRcLaO QRUPV
-MRQLWRULQg cRVWV
-FLQaQcLaO WRROV
-IQYeVWPeQW
-Ta[eV
-PURSeUW\ ULgKWV

BaVed RQ GRdfUe\ & FXMLWa (2016) aQd PRdLfLed ZLWK LQfRUPaWLRQ fURP OQR eW aO. (2017), SLOYa & LRSeV (2015),
VaQ VXgW, M. (2002) aQd VaQ VXgW eW aO. (2000)

QXRWD EDVNHW DSSURDFKHV
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QXRWa baVNeW WKeRU\ ePeUged fURP a VeaUcK fRU aOWeUQaWLYe VWUaWegLeV WKaW Pa\ LPSURYe CKLQeVe
fLVKeULeV' caWcK dLYeUVLW\ aQd ecRV\VWeP fXQcWLRQ ZKLOe PeeWLQg fRRd VecXULW\ aQd ecRQRPLc
gRaOV. AccRUdLQg WR WKe cXUUeQW WURSKLc baOaQce LPSRVed b\ \eaUV Rf WRS-dRZQ fLVKLQg SUeVVXUe,
WKe WKLQNLQg ZaV WKaW PaQagLQg CKLQeVe fLVKeULeV PLgKW PaLQWaLQ KLgK caWcKeV ZKLOe LPSURYLQg
ecRORgLcaO aQd ecRQRPLc RXWcRPeV.

A TXRWD EDVNHW EDVHG RQ DQ LQGLYLGXDO ILVK'V WURSKLF OHYHO LV WePSWLQg becaXVe WKe UeVXOWLQg
PaQagePeQW VWUaWeg\ eQcRPSaVVeV bURad-VcaOe ecRV\VWeP d\QaPLcV, VLPLOaU WR KRZ aQ
ecRV\VWeP-baVed PaQagePeQW VcKePe PLgKW. TKLV LV LQcUeaVLQgO\ UeOeYaQW LQ gORbaO fLVKeULeV, aV
decadeV Rf KLgK fLVKLQg SUeVVXUe KaYe caXVed fLVKeU\ caWcKeV WR decOLQe, RQ aYeUage, LQ a WURSKLc
OeYeO (PaXO\ eW aO., 1998). FXUWKeUPRUe, RYeUfLVKLQg LQ WKe cRQWe[W Rf gORbaO cKaQge WKUeaWeQV WR
caXVe UegLPe VKLfWV LQ PaQ\ Rf WKe ZRUOd'V fLVKeULeV (MaXUeaXd eW aO., 2017). TURSKLc baVNeWV WKaW
OLPLW WKe RYeUfLVKLQg Rf KLgK WURSKLc OeYeO VWRcNV PLgKW UeVWRUe baOaQce WR WKe fLVKeU\ ecRV\VWeP
aQd SRWeQWLaOO\ KaOW aQ LPSeQdLQg UegLPe VKLfW.

OUgaQL]LQg a fLVKeU\ LQWR WURSKLc baVNeWV caQ aOVR SURYLde a SRZeUfXO WRRO WR Pa[LPL]e a fLVKeU\'V
\LeOdV. WKeWKeU WKe UeVXOWV aUe LQWeQWLRQaO RU XQLQWeQWLRQaO, WKLV aSSURacK PaLQWaLQed KLgK fLVKeU\
\LeOdV LQ CKLQa. TKLV LQcUeaVed \LeOdV UeVXOW fURP WKe UePRYaO Rf aSe[ SUedaWRUV fURP WKeLU
PaULQe fRRd Zeb, aQd VLPLOaU ecRV\VWeP UeVSRQVeV KaYe beeQ RbVeUYed LQ RWKeU fLVKeULeV
ZRUOdZLde (FUaQN eW aO., 2005; M\eUV eW aO., 2007; McCOaQaKaQ eW aO., 2008; S]XZaOVNL eW aO.,
2017). ReaO-ZRUOd fLVKeULeV KaYe VeeQ fLVKLQg-LQdXced \LeOd LQcUeaVeV PaLQO\ aV a b\SURdXcW Rf
LQWeQVe fLVKLQg SUeVVXUe RQ KLgK WURSKLc OeYeO VSecLeV. AV a UeVXOW, a gURZLQg WKeRUeWLcaO OLWeUaWXUe
VXggeVWV WKaW LQWeQWLRQaO PaQLSXOaWLRQ Rf fRRd Zeb VWUXcWXUe Pa\ be WKe beVW Za\ WR LQcUeaVe
fRRd SURYLVLRQ fURP PaQ\ fLVKeULeV (AQdeUVRQ eW aO., 2015; MaWVXda eW aO., 2006).

A WURSKLc OeYeO TXRWa baVNeW aOORZV a PaQageU WR UeaS WKe fRRd SURYLVLRQ beQefLWV Rf ecRV\VWeP
PaQLSXOaWLRQ ZLWK a VLQgOe VWUaWegLc KaUYeVW OLPLW fRU KLgK WURSKLc OeYeO VSecLeV. AddLWLRQaOO\, ORZ
TXRWaV RQ KLgK WURSKLc OeYeO VSecLeV, ZKLcK aUe RfWeQ KLgK-YaOXe WaUgeW VSecLeV, Pa\ eQcRXUage
caWcK dLYeUVLfLcaWLRQ, a SURYeQ PecKaQLVP fRU LQcUeaVLQg a fLVKeU\'V UeVLOLeQce aQd UeYeQXeV
(YOeW\LQeQ eW aO., 2018, RRbLQVRQ eW aO., 2020). IQ WKLV PaQQeU, a WURSKLc OeYeO TXRWa baVNeW caQ
LPSURYe SURfLWV, KaUYeVW, aQd ecRQRPLc UeVLOLeQce.

Of cRXUVe, a WURSKLc OeYeO baVNeW KaV OLPLWaWLRQV. TURSKLc OeYeOV aUe WRXgK WR PeaVXUe, aQd a
KaUYeVW OLPLW fRU a WURSKLc baVNeW LV aW beVW e[SeQVLYe aQd aW ZRUVW LPSRVVLbOe WR eQfRUce
(CaUVcaOOeQ eW aO., 2012). FXUWKeU cRPSOLcaWLQg WKLQgV, a VLQgOe VSecLeV caQ fOXcWXaWe beWZeeQ
VeYeUaO WURSKLc OeYeOV WKURXgK LWV OLfe, PaNLQg WKe WURSKLc OeYeO Rf aQ LQdLYLdXaO fLVK cKaOOeQgLQg
WR TXaQWLf\ (LaL]-CaUULyQ eW aO., 2015). AQ addLWLRQaO dLVadYaQWage Rf a WURSKLc baVNeW LV WKaW
WURSKLc OeYeOV aUe a UeOaWLYeO\ abVWUacW aQd QLcKe cRQceSW, LQcUeaVLQg WKe OLNeOLKRRd WKaW fLVKeUV RU
UegXOaWRUV PLVXQdeUVWaQd RU PLVeQfRUce WKe TXRWa.

A SUR[\ fRU a WURSKLc OeYeO WKaW LV eaVLeU WR XQdeUVWaQd, PRQLWRU, aQd eQfRUce LV aQ LQdLYLdXaO
fLVK'V VL]e. A VL]H-VWUXFWXUHG TXRWD EDVNHW PLgKW OeYeUage WKLV LQWR a VXcceVVfXO PaQagePeQW
VcKePe. SL]e LV QRW a SeUfecW LQdLcaWRU Rf WURSKLc VWaWXV, eVSecLaOO\ beWZeeQ VSecLeV RU fRU
KeUbLYRURXV fLVK, bXW LW caQ SURYLde VWUaLgKWfRUZaUd baVNeWV UeOaWed WR WURSKLc VWaWXV (JeQQLQgV eW
aO., 2002; KeSSeOOeU eW aO., 2020). FXUWKeUPRUe, a VL]e-baVed baVNeW KaV addLWLRQaO adYaQWageV aV
ZeOO. IQ PRVW PaUNeWV, Ze WeQd WR fLQd WKaW cRQVXPeUV SUefeU VSecLeV ZLWK OaUgeU bRd\ VL]eV aQd
OaUgeU VSecLPeQV ZLWKLQ a VSecLeV (TVLNOLUaV & PRO\PeURV, 2014; SM|beUg, 2015). SL]e OLPLWV aUe
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aOUead\ cRPPRQO\ LPSRVed RQ fLVKeULeV, geQeUaOO\ aV KaUd cRQVWUaLQWV (L.e. a PLQLPXP VL]e
UeTXLUePeQW) UaWKeU WKaQ VL]e-baVed TXRWaV (L.e. a OLPLW RQ 5-10 LQcK fLVK) (Re\QROdV eW aO., 2001).
SL]e-baVed TXRWaV LQWeQd WR OeW LQdLYLdXaO fLVK age WR PaWXULW\ befRUe KaUYeVW (BeYeUWRQ, 1992).

AddLWLRQaOO\, LQ VSecLfLc fLVKeULeV, VL]e baVNeWV Pa\ UedXce SUeVVXUe RQ WKe OaUgeVW, ROdeVW
LQdLYLdXaOV Rf VRPe SRSXOaWLRQV, RfWeQ WKe PRVW fecXQd fLVK (HL[RQ eW aO., 2014). TKLV caQ RccXU
Lf WKe OaUgeVW, PRVW YaOXabOe LQdLYLdXaOV aUe LQ a baVNeW ZKeUe fLVKLQg effRUW LV beWWeU VSeQW
WaUgeWLQg RWKeU VSecLeV. FLQaOO\, VRPe fLVKLQg geaU UeVWULcWLRQV, QaPeO\ PLQLPXP PeVK VL]eV fRU
QeWV, LPSOLcLWO\ RUgaQL]e fLVK LQWR VL]e baVNeWV: WKRVe beORZ aQd WKRVe abRYe WKe PLQLPXP PeVK
VL]e. TKXV, a JHDU-VWUXFWXUH TXRWD EDVNHW LV aQRWKeU faceW Rf a VL]e-baVNeW, aQd LW LV ePSOR\ed
ZKeQ WKe fRcXV LV WKe fLVKeUPeQ'V beKaYLRU aQd LQVWaOOed fLVKLQg caSacLW\. TKe eVWabOLVKPeQW geaU
baVNeWV caQ LPSURYe OaQdLQg SUedLcWabLOLW\, gUadXaO RYeUcaSacLW\ aQd LQWeQVLfLcaWLRQ UedXcWLRQ,
aQd geaU VKLfWLQg (CKXeQSagdee eW aO., 2003; SeOgUaWK eW aO., 2018). IQ WKLV PaQQeU VL]e aQd geaU
baVNeWV caQ cRQWULbXWe b\ aOLgQLQg cRQVeUYaWLRQ aQd VRcLaO RbMecWLYeV.

SL]e aQd geaU baVNeWV KaYe VKRUWcRPLQgV aV ZeOO. BecaXVe MXYeQLOeV aQd adXOWV fURP dLffeUeQW
VSecLeV caQ be WKe VaPe VL]e, WKeUe LV QR OLPLW WR caWcKLQg fLVK ZeOO beORZ PaWXULW\ aQd dLVUXSWLQg
WKe fRRd Zeb baOaQce. IQ aQ e[WUePe caVe, a fLVKeU\ ZLWK RQe e[WUePeO\-YaOXabOe fLVK UeOaWLYe WR
WKe RWKeU fLVK cRXOd Vee fLVKeUV WaUgeW WKaW fLVK aW eYeU\ VL]e, RYeUfLVKLQg WKe YaOXabOe fLVK. TKe
faYRULWLVP fRU a KLgK-YaOXe VSecLeV PRWLYaWeV SUacWLceV OLNe KLgK-gUadLQg, ZKeUe WKe OeaVW
YaOXabOe fLVK aUe dLVcaUded WR KaYe LQcUeaVed VWRUage aYaLOabLOLW\ SeU WULS (SaQcKLULcR eW aO. 2006).
FXUWKeUPRUe, SRRUO\ SOaQQed VL]e aQd geaU baVNeWV PLgKW VKLfW WaUgeWLQg WR VSecLfLc OLfe VWageV Rf
ceUWaLQ fLVK, caXVLQg dePRgUaSKLc LQVWabLOLW\ LQ WKeVe SRSXOaWLRQV. AQRWKeU cKaOOeQge cRPSULVeV
WKe aXWKRULW\'V caSacLW\ WR eQfRUce VL]e OLPLW, OegaO geaU, aQd WKe fLVKeUPeQ'V geaU SUedLOecWLRQ.
TKe fLVKeUPeQ PLgKW be RSSRVed WR VL]e aQd geaU UeVWULcWLRQV becaXVe (L) WKeLU caSLWaO LQYeVWPeQW
PLgKW be WRR KLgK (RYeUcaSacLW\), (LL) VLgQLfLcaQW e[LW baUULeUV e[LVW, (LLL) WKe cXUUeQW WecKQRORg\ LV
gRRd aW KaUYeVWLQg PXOWLSOe cRPPeUcLaO VSecLeV, aQd (LY.) VKLfWLQg WecKQRORgLeV eQdaQgeUV
VRcLeW\'V KRXVeKROd OLfeVW\Oe. IQ WKLV VeWWLQg, WKe VXcceVV deSeQdV RQ WKe bXdgeW aYaLOabLOLW\,
PRQLWRULQg caSabLOLWLeV, aQd WKe aXWKRULW\'V abLOLW\ WR cRQdXcW a SURgUaP WR WUaLQ aQd cRPSeQVaWe
WKe ageQWV affecWed b\ WKLV WecKQRORgLcaO WUaQVLWLRQ.

THUULWRU\ VWUXFWXUHG EDVNHWV aUe WKe PRVW VWUaLgKWfRUZaUd aSSURacK WKaW LQYROYeV VSecLeV,
VWaNeKROdeUV, aQd PaQagePeQW gRaOV. TKe defLQLWLRQ Rf WKe MXULVdLcWLRQ bRXQdaULeV (cULWLcaO
KabLWaWV, ORcaO cRPPXQLWLeV, PaUNeWV, eWc.) deSeQdV RQ WKe VWaNeKROdeU'V SULRULWL]aWLRQ. TeUULWRU\
baVNeWV cRQWULbXWe WR PaLQWaLQLQg ecRV\VWeP fXQcWLRQV, cRQVeUYaWLRQ (PaULQe UeVeUYeV), aQd
fRRd-VecXULW\ (TeUULWRULaO UVe RLgKWV fRU FLVKeULeV) gRaOV. TKe HFRV\VWHP IXQFWLRQDO JURXSV caQ
be PaQaged WR SUeVeUYe fXOO ecRV\VWeP fXQcWLRQ ZLWKRXW UeTXLULQg VLQgOe VSecLeV TXRWaV. WKLOe
bLRdLYeUVLW\ LQ PaQ\ ecRV\VWePV LV KLgK, WKe fXQcWLRQaO dLYeUVLW\ Rf aQ ecRV\VWeP, RU KRZ PaQ\
XQLTXe UROeV a VSecLeV Pa\ RccXS\, LV faU ORZeU (TLOPaQ, 2001). FLVKLQg SUeVVXUe KaV caXVed
fXQcWLRQaO gURXS VKLfWV LQ PaQ\ Rf WKe ZRUOd'V fLVKeULeV, aQd SURWecWLQg fXQcWLRQaO dLYeUVLW\ OeadV
WR UeVLOLeQW, VXVWaLQabOe fLVKeULeV (MRXLOORW eW aO., 2013; VLOOegeU eW aO., 2017; McWLOOLaP eW aO.,
2018; TULQdade-SaQWRV eW aO., 2020).

FXUWKeUPRUe, WKLV VWUaWeg\ caQ aOORZ VeOecWLYe WaUgeWLQg Rf ceUWaLQ fLVK ZKLOe VLPXOWaQeRXVO\
eQVXULQg WKe eQWLUe ecRV\VWeP baOaQce LV QRW dLVUXSWed. A fXQcWLRQaO gURXS VWUaWeg\ ZLOO eQabOe
fLVKeUV WR cRQWLQXe WR WaUgeW KLgK-YaOXe VSecLeV ZKLOe SUeYeQWLQg WKe ZKROe fXQcWLRQaO gURXS'V
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cROOaSVe. WKLOe VXcK a VWUaWeg\ Pa\ cRQWUaVW ZLWK cRQVeUYaWLRQ gRaOV, a fXQcWLRQaO gURXS VWUaWeg\
caQ LPSURYe ecRORgLcaO RXWcRPeV ZKLOe PaLQWaLQLQg fLVKLQg VLPLOaU WR WKe VWaWXV TXR. TKLV
gURXSLQg LV SaUWLcXOaUO\ aSSOLcabOe WR fLVKeULeV LQ SOaceV OLNe CKLQa, ZKeUe fRRd VecXULW\ aQd
fLVKeUV' OLYeOLKRRd gRaOV aUe SULRULWL]ed (CaR eW aO., 2017). OQ WKe RWKeU KaQd, WKe SURWecWLRQ Rf
cULWLcaO KabLWaWV b\ PDULQH UHVHUYHV eQKaQce dLYeUVLW\ (HaOSeUQ, 2003), SRSXOaWLRQ (LeVWeU eW aO.,
2009), aQd UeVLOLeQce WR cOLPaWLc LPSacWV (MLcKeOL eW aO., 2012), eQabOLQg WKe VSLOORYeU Rf WKe
VSecLeV WR adMaceQW aUeaV (HaOSeUQ eW aO., 2009). AOWeUQaWLYeO\, WKe TURFV SURYLde VLPLOaU
RXWcRPeV WR UeVeUYeV b\ eOLPLQaWLQg WKe OO\PSLc Uace WR fLVK (CaQcLQR eW aO., 2007). TKeUe LV
eYLdeQce WKaW WKLV WeUULWRULaO RUgaQL]aWLRQ caQ ZRUN V\QeUgLVWLcaOO\ (CRVWeOOR & KaffLQe, 2010):
WKe VSLOORYeU fURP WKe PaULQe UeVeUYe UeLQfRUceV WKe TURF'V UeVLOLeQce. IQ RWKeU ZRUdV, a
cRQVeUYaWLRQ baVNeW (QR-WaNe ]RQe) VXSSRUWV a fRRd VecXULW\ baVNeW (TURF). CRQVeTXeQWO\,
WeUULWRU\ baVNeWV cRQWULbXWe WR UecRgQL]LQg ecRV\VWeP VeUYLceV, cRQVeUYaWLRQ KRWVSRWV,
ePSRZeUPeQW Rf ORcaO cRPPXQLWLeV aQd OLfeVW\OeV, aQd LPSOePeQWaWLRQ Rf SURSeUW\ ULgKWV eaV\ WR
XQdeUVWaQd.

TeUULWRU\ VWUXcWXUed TXRWa-baVNeWV aUe eaV\ WR e[SOaLQ bXW dLffLcXOW WR LPSOePeQW. IWV aOORcaWLRQ LV
cRPSOe[ becaXVe KLgK-PRbLOLW\ VSecLeV aQd ecRV\VWeP fXQcWLRQV PLgKW UaQge LQ a YaVW e[WeQVLRQ
RYeUOaSSLQg PXOWLSOe MXULVdLcWLRQV, LQWeUeVWV, aQd cRQfOLcWLQg gRaOV. CRQVeTXeQWO\, a WeUULWRU\
PLgKW be e[SeQVLYe LQ cRPSLOLQg VcLeQWLfLc eYLdeQce, cRRUdLQaWLQg ZLWK dLffeUeQW gRYeUQPeQW
OeYeOV, aQd eQgagLQg YaULRXV LQYROYed ageQWV. DLVWXUbaQceV OLNe EO NLQR eYeQWV e[aceUbaWe WKe
VKLfWLQg LQ ecRV\VWeP SURceVVeV aQd fLVK PLgUaWLRQ aQd UeTXLUe addLWLRQaO SOaQQLQg aQd
QegRWLaWLRQ UeVRXUceV. IQ eVWabOLVKLQg V\QeUgLeV beWZeeQ baVNeWV, AfWeUbacK eW aO. (2014)
UecRPPeQd WKaW a TURF-UeVeUYe faYRU faVW-gURZWK VSecLeV WR VeW adeTXaWe LQcRPe e[SecWaWLRQV
LQ ORcaO cRPPXQLWLeV PLgKW LPSURYe LQcRPe aQd VSUead VXSSRUW fRU WKeVe VcKePeV. LaVWO\, VWURQg
LQVWLWXWLRQV LQ aOO LQYROYed OeYeOV aUe UeTXLUed WR RUgaQL]e, PRQLWRU VXcceVVfXOO\, aQd eQfRUce
WKeVe VcKePeV, eVSecLaOO\ ZKeQ PaQ\ VWaNeKROdeUV SaUWLcLSaWe. IQ WKLV VeQVe, WKe LQfRUPaWLRQ
abRXW WKe cRPPXQLW\ VWUXcWXUe (OeadeUVKLS, VeOf-UegXOaWLRQ PeWKRdV, aQd KLVWRU\) LV cUXcLaO ZKeQ
RUgaQL]LQg PXOWLSOe LQWeUeVWV (VaQ VXgW eW aO., 2000).

A SRRUO\ e[SORUed YeUVLRQ Rf WKe WeUULWRU\ baVNeW LV a TXRWD EDVNHW EDVHG RQ PDUNHW FDWHJRULHV.
OfWeQ, VeafRRd LWePV aUe gURXSed aQd VROd accRUdLQg WR WKeLU PaUNeWV WKaW dLffeU fURP WKeLU
PaQagePeQW RU ecRORgLcaO W\SeV. FRU e[aPSOe, LQ FORULda, VQaSSeU VSecLeV aUe VcaWWeUed
WKURXgKRXW dLffeUeQW PaQagePeQW cRPSOe[eV (NOAA, 2020a) bXW VROd accRUdLQg WR WKeLU QaPe.
IQ facW, ZLWKLQ a PaQagePeQW cRPSOe[, SULceV caQ YaU\ PaUNedO\. FRU e[aPSOe, WKe aYeUage SULce
Rf VQaSSeUV LQ WKe deeSZaWeU cRPSOe[ ZaV $3.61 SeU SRXQd LQ 2019, bXW BOacNfLQV RQO\ feWcKed
$2.98 SeU SRXQd ZKLOe QXeeQV cRXOd bULQg $4.01 Ob. (NOAA, 2020b). BeQWRXVL (2020) fRXQd WKaW
XQdeU WKLV W\Se Rf YaU\LQg SULceV, SULce LQcUeaVeV UeVXOW LQ LQcUeaVed fLVKLQg effRUW, ZKLOe
EOfRXWa\eQL (2020) fRXQd WKaW LQcRUSRUaWLQg WKLV VcKePe LQWR a cRPSeWLWLRQ PRdeO fRU VSace aQd
fRRd UeVXOWed LQ aQ RSWLPaO KaUYeVW VWUaWeg\ WKaW dLffeUed PaUNedO\ fURP RQe ZLWKRXW YaU\LQg
SULce.

A WLPH-VWUXFWXUHG TXRWa baVNeW LQcRUSRUaWeV WKe VSecLeV' YaULabLOLW\ dXe WR bLRORgLcaO, cOLPaWLc,
aQd cRQVXPeU SUefeUeQce facWRUV (e.g., LQcUeaVed fLVK cRQVXPSWLRQ dXULQg WKe HRO\ WeeN). TKe
eVWabOLVKPeQW Rf VeaVRQV WUadeV a "P\RSLc RSWLPL]aWLRQ" ZLWKLQ WKe \eaU fRU a fRUPaOL]ed KaUYeVW
SOaQ. SKaK & YeROeNaU (2016) fRXQd WKaW Lf LQceQWLYeV aUe adMXVWed WR VSUead RXW WKe KaUYeVW Rf a
KLgK-YaOXe VSecLeV RYeU a VeaVRQ ZLWKLQ PXOWLVSecLeV fLVKeULeV, ORZeU-YaOXe VSecLeV cRXOd eQd XS
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beLQg KaUYeVWed eaUOLeU. TKe\ fRXQd caWcK caQ be XQUeVSRQVLYe WR bLRORgLcaO aggUegaWLRQ (L.e.,
VeaVRQaOLW\, VSaZQLQg, eWc.) ZKeQ fLVKeUV baOaQce LQceQWLYeV LQ PXOWLVSecLeV VeWWLQgV. TKXV, ZKeQ
WaUgeWLQg PRUe WKaQ RQe VSecLeV, fLVKeUV aUe ZeLgKLQg WKe RSSRUWXQLW\ cRVWV aVVRcLaWed ZLWK eacK
VSecLeV, ZKLcK dLffeU dXe WR WKe XQdeUO\LQg dLffeUeQceV LQ cKaUacWeULVWLcV beWZeeQ WKe VSecLeV. TKe
VXPPeU PRUaWRULXP LQ CKLQa LV aQ e[ceOOeQW e[aPSOe Rf a WLPe-VWUXcWXUed baVNeW. A SRWeQWLaO
adYaQWage Rf a WLPe TXRWa baVNeW PLgKW VaYe PRQLWRULQg, eQfRUcePeQW, aQd VRcLaO cRVWV Lf PaQ\
VSecLeV VKaUe VLPLOaU beKaYLRU RYeU WLPe (UeSURdXcWLRQ VeaVRQ, LQWULQVLc gURZWK VSeed, PLgUaWLRQ
SaWWeUQV, MXYeQLOe caWcK UaWe, aQd dLVWXUbaQce VeQVLWLYLW\). CRQVeTXeQWO\, cRPbLQLQg VORZ-gURZWK
aQd TXLcN-gURZWK VSecLeV LQ a baVNeW becaXVe eacK VSecLeV' deSOeWLRQ aQd UecRYeU\ ZLOO QRW
cRLQcLde. BeVLdeV, WKe e[WUacWLRQ Rf a UaSLd-gURZWK VSecLeV deOa\ed b\ VKaULQg WKe baVNeW ZLWK a
VORZ-gURZWK VSecLeV ZLOO caXVe VRcLaO SUeVVXUe aQd cRQfOLcW. LaVWO\, a WLPe TXRWa ZLWKRXW
cRPSOePeQWaU\ acWLRQV (OLNe SRSXOaWLRQ PRQLWRULQg, LQdLYLdXaO TXRWaV, aQd effecWLYe cORVXUeV)
ZLOO faLO becaXVe dLVWXUbaQceV (e.g., EO NLQR) aQd WKe OO\PSLc Uace PLgKW aOWeU WKe VeaVRQ'V
SUedLcWabLOLW\. A WLPe baVNeW cRQWULbXWeV WR adeTXaWe SOaQQLQg, LQcRPe aQd ePSOR\PeQW VWabLOLW\
aQd RYeUcaSacLW\ UedXcWLRQ.

PUeYLRXV baVNeW gURXSLQgV LQWeQd WR SUeVeUYe bURad-VcaOe ecRV\VWeP, ecRQRPLc, VRcLaO
aUUaQgePeQWV, bXW LW LV SRVVLbOe WR bXQdOe RQ VSecLfLc VSecLeV cKaUacWeULVWLcV: FXUUHQW VWDWXV,
JURZWK UDWHV, DQG OLIH KLVWRULHV.

A VWUaLgKWfRUZaUd aSSOLcaWLRQ Rf TXRWa baVNeWV LV WR gURXS fLVK LQWR WZR FDWHJRULHV: WKUHDWHQHG
VSHFLHV DQG VWDEOH VWRFNV. A PaQageU ZLWK cRQVeUYaWLRQ gRaOV PLgKW VeW a ORZ TXRWa fRU
eQdaQgeUed VSecLeV aQd aOORZ PRUe fLVKLQg fRU VWabOe VWRcNV. AddLWLRQaOO\, fRU VeYeUeO\
WKUeaWeQed VWRcNV, a TXRWa Rf ]eUR caQ eQabOe WKe SRSXOaWLRQ WR UecRYeU. SLPLOaU "UeacWLYe TXRWaV"
aUe aOUead\ cRPPRQSOace, ZKeUe WKe aOORZabOe caWcK Rf aQ LQdLYLdXaO VSecLeV LV UeOaWed WR WKeLU
SRSXOaWLRQ VWaWXV (HLObRUQ eW aO., 2020). HRZeYeU, cXUUeQW UeacWLYe TXRWaV aUe baVed RQ
VLQgOe-VSecLeV VWRcN aVVeVVPeQWV, ZKLcK aUe UeVRXUce-LQWeQVLYe. TKe TXRWa baVNeW aSSURacK
eQcRXUageV gURXSLQg VSecLeV LQWR caWegRULeV, OLNe eQdaQgeUed, WKUeaWeQed, aQd VWabOe, WKeQ
PaQagLQg eacK gURXS ZLWK aQ LQdLYLdXaO TXRWa. TKLV cLUcXPYeQWV WKe Qeed fRU e[WeQVLYe VWRcN
aVVeVVPeQWV, aV aQ eVWLPaWe Rf VWaWXV LV adeTXaWe. SWaWXV-baVed TXRWa baVNeWV aUe PRVW SRWeQW
ZKeQ VWacNed ZLWK RWKeU baVNeWV aV aQ addLWLRQaO Za\ WR SURWecW WKe PRVW YXOQeUabOe VSecLeV.
AQRWKeU PaMRU OLPLWaWLRQ LV LQdLYLdXaO VSecLeV caQ VXffeU ZKeQ gURXSed LQ a baVNeW. AddLQg a
baVNeW baVed RQ VWaWXV PLgKW aOORZ YXOQeUabOe VWRcNV WR UecRYeU LQ a PaQagePeQW VcKePe.

WKLOe UeacWLYe TXRWa baVNeWV, OLNe a VWaWXV baVNeW, PLgKW SUeYeQW WKe cROOaSVe Rf e[SORLWed
VSecLeV, a SURacWLYe gURXSLQg caQ gURXS VSecLeV baVed RQ WKeLU RYeUe[SORLWaWLRQ ULVN. We caQ aOVR
fUaPe WKLV aV gURXSLQg b\ VSHFLHV H[SORLWDELOLW\. A VLPSOe SUR[\ fRU WKLV PLgKW be a VSecLeV
gURZWK UaWe, U, ZKeUe faVW-gURZLQg VSecLeV caQ UeVSRQd WR KLgKeU fLVKLQg SUeVVXUe WKaQ
VORZ-gURZLQg VSecLeV (PLQVN\ & B\OeU, 2015). TKe OLQN beWZeeQ gURZWK UaWeV aQd e[SORLWaWLRQ
ULVN ZaV UeceQWO\ RbVeUYed fRU WXQaV, ZKeUe VORZ-gURZLQg WXQaV aUe PRUe OLNeO\ WR be
RYeUe[SORLWed WKaQ WKeLU faVW-gURZLQg cRXQWeUSaUWV (JXaQ-JRUdi eW aO., 2015). SeYeUaO UeaO-ZRUOd
e[aPSOeV e[LVW Rf VORZ-gURZLQg VSecLeV VXffeULQg fURP KLgK fLVKLQg SUeVVXUe, LQcOXdLQg WKe QeaU
e[WLQcWLRQ Rf a VNaWe (BUaQdeU, 1981) aQd WKe cROOaSVe Rf WeVW CRaVW URcNfLVK VSecLeV (BURd]LaN,
2002).
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AcWXaO VSecLeV VXVceSWLbLOLW\ LV baVed RQ a cRPbLQaWLRQ Rf OLfe-KLVWRU\ SaUaPeWeUV aQd WKe UeaO
OLNeOLKRRd a fLVK LV caXgKW. BaVNeW gURXSLQgV baVed RQ VSecLeV VXVceSWLbLOLW\ aOORZ a PaQageU WR
fLVK UeVLOLeQW VWRcNV aW a KLgK OeYeO ZKLOe OLPLWLQg fLVKLQg RQ YXOQeUabOe VWRcNV. SeYeUaO
fUaPeZRUNV e[LVW WKaW caWegRUL]e VSecLeV baVed RQ WKeLU VXVFHSWLELOLW\. FLVK VSecLeV aUe
LQcUeaVLQgO\ VWXdLed baVed RQ WKeLU OLfe KLVWRU\ gURXSLQg. SeYeUaO fUaPeZRUNV e[LVW fRU VSecLeV
gURXSLQgV, aQd WKeVe fUaPeZRUNV LQcRUSRUaWe OLfe-KLVWRU\ SaUaPeWeUV VXcK aV gURZWK UaWeV, a
QXPbeU Rf RffVSULQg, age aW PaWXULW\ (AdaPV, 1980; PXUYLV eW aO., 2000; Re\QROdV eW aO., 2005;
HXWcKLQgV eW aO., 2012; KLQdVYaWeU eW aO., 2016). A PRUe cRPSUeKeQVLYe fUaPeZRUN LV WKe
VXVceSWLbLOLW\ VcRULQg V\VWeP aSSOLed WR WeVW CRaVW GURXQdfLVK, ZKLcK cRPbLQeV bLRORgLcaO
VXVceSWLbLOLW\ ZLWK fLVKLQg VWUeVVRUV WR UaQN VSecLeV baVed RQ WKeLU ULVN Rf RYeUfLVKLQg (PFMC,
2010). A TXRWa baVNeW VcKePe WKaW eQcRXUageV KaUYeVWLQg VSecLeV baVed RQ WKeLU WROeUaQce WR
fLVKLQg caQ be cUeaWed fURP aQ\ Rf WKeVe fUaPeZRUNV aQd caQ PaLQWaLQ KLgK fLVKeU\ \LeOdV ZKLOe
SURWecWLQg YXOQeUabOe VSecLeV.

PULceV aUe WKe XOWLPaWe facWRU WKaW dLUecWO\ LQfOXeQceV fLVKeUPeQ'V beKaYLRU. BeLQg SURfLW-dULYeQ,
fLVKeULeV fROORZ WKe OaZ Rf VXSSO\: ZKeQ VXSSO\ LV KLgK, SULceV WeQd WR dURS (BaNeU, Q.d.). TKe OaZ
Rf RQe SULce aOVR KROdV, eVSecLaOO\ LQ ZeOO-LQWegUaWed PaUNeWV: ZKeQ dePaQd LV KLgK, VLPLOaU
SURdXcWV UaSLdO\ fORZ acURVV geRSROLWLcaO bRXQdaULeV WR VaWLVf\ WKe dePaQd (AVcKe eW aO., 2012).
IQ a cRPSeWLWLYe PaUNeW, SULceV UeYeaO LQfRUPaWLRQ abRXW VSecLeV VcaUcLW\ (KeaOWK VWaWXV, gURZWK
UaWe, VeaVRQ), cRQVXPeU SUefeUeQceV (TXaOLW\, RULgLQ, QXWULWLRQ YaOXe, fOaYRU), VXbVWLWXWeV, aQd
VSecXOaWLRQ. IQ WKe SUeVeQce Rf PaUNeW faLOXUeV OLNe LPSeUfecW LQfRUPaWLRQ, SXbOLc gRRdV aQd
PRQRSRO\, LW LV QaWXUaO WR WKLQN abRXW SULFH-EDVHG TXRWD WR VKLfW WKe fLVKeU\ WRZaUdV aQ ecRQRPLc
RSWLPXP WKaW XOWLPaWeO\ UeVXOWV LQ KLgK SURfLWV aQd VWabOe VWRcNV. BLRecRQRPLcV WKeRULeV (FAO,
1998) LQdLcaWe WKaW WKe fLVKeU\'V ecRQRPLc RSWLPXP LV aW a ORZeU KaUYeVW OeYeO WKaQ WKe bLRORgLcaO
RSWLPXP. AQd \eW, acWXaO SULcLQg PecKaQLVPV aUe UaUeO\ e[SOLcLWO\ cRQVLdeUed LQ PRdeOLQg
(NLeOVeQ eW aO., 2018) RU PaQagePeQW fUaPeZRUNV, OeadLQg WR SRWeQWLaOO\ VXbRSWLPaO KaUYeVW
VWUaWeg\ UecRPPeQdaWLRQV. TKe PaLQ UeaVRQV fRU XVLQg e[RgeQRXV SULceV aUe WKeLU PXOWLSOe
deWeUPLQaQW facWRUV, YaULabLOLW\, aQd PaQ\ VWaNeKROdeUV' QRW LQfOXeQcLQg WKeP LQ LQWeUQaWLRQaO
PaUNeWV (SULce WaNeUV). DLVVecWLQg aOO WKeVe cRPSRQeQWV UeTXLUeV WLPe aQd UeVRXUceV WKaW PLgKW
dLVWUacW XV fURP RWKeU fLVKeULeV' WUaLWV. AQRWKeU dLVadYaQWage LV SULceV aUe QRW eQRXgK WR LdeQWLf\
fLVKeUPeQ'V beKaYLRU: Ze aOVR UeTXLUe NQRZOedge abRXW KRZ cRVWV deWeUPLQe fLVK SURfLWabLOLW\.
We Qeed WR be caUefXO abRXW VeWWLQg WKe LQceQWLYeV becaXVe a KLgK-SULce VSecLeV Pa\ be aWWUacWLYe,
bXW LW dReV QRW PeaQ WKaW WKe cRVWV aUe QRW SURKLbLWLYe fRU WKe PaMRULW\ Rf ageQWV. OQ WKe RWKeU
KaQd, aXWKRULWLeV KaYe UeVWULcWed acceVV WR cRVW daWa, aQd, PaQ\ WLPeV, SULce LV WKe RQO\ aYaLOabOe
LQfRUPaWLRQ. IQ cRQcOXVLRQ, SULceV aUe QRW WKe RQO\ facWRU fRU TXRWa baVNeW deVLgQ, bXW WKe\ caQQRW
be RPLWWed.

RLVN LV aQRWKeU SRWeQWLaO cULWeULRQ fRU TXRWa baVNeW bXLOdLQg becaXVe VWaNeKROdeUV PRQLWRU WKe
Ka]aUdV WKaW eQdaQgeU WKeLU VWaWXV TXR. A ULVN-VWUXcWXUe TXRWa baVNeW VeeNV WKe VaPe gRaOV Rf
SRUWfROLR PaQagePeQW Rf fLVKeULeV: Pa[LPL]e UeWXUQV aQd dLPLQLVK WKe YaULabLOLW\ LQ WKe
SURdXcWLYLW\ aQd SRSXOaWLRQ LQ PXOWLSOe VWRcNV (SaQcKLULcR & SPLWK, 2003; PeUXVVR, 2005).
RLVN-VWUXFWXUHG EDVNHWV caQ cRQVLdeU WKe VSecLeV YaULaQce aQd cRYaULaQce LQ cULWLcaO YaULabOeV
(SURfLWV aQd bLRPaVV) WR VeW a VWUaWeg\ WKaW Pa[LPL]eV SURfLWV ZKLOe PLQLPL]LQg YaULabLOLW\ RYeU
WLPe. A cULWeULRQ caQ be gURXSLQg WKe VSecLeV ZLWK QegaWLYe cRYaULaQce WR aYRLd WKe abXQdaQce
VKLfWV acURVV fLVKLQg VeaVRQV.  DeVSLWe WKe aWWUacWLYeQeVV Rf PXOWLSOe SRUWfROLRV, LW UeTXLUeV
URXWLQeO\ cROOecWed LQfRUPaWLRQ WR MXVWLf\ a URbXVW eYaOXaWLRQ Rf WKe WUadeRffV beWZeeQ UeWXUQ aQd
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ULVNV. IQfRUPaWLRQ Rf TXaOLW\ aQd a cOeaU XQdeUVWaQdLQg Rf WKe VWRcN d\QaPLcV aUe eVVeQWLaO fRU WKe
ULgKW SROLc\ SUeVcULSWLRQ (SaQcKLULcR, SPLWK, & LLSWRQ, 2008). LaVWO\, WKLV aSSURacK LV
cKaOOeQgLQg WR cRPPXQLcaWe WR WKe LQYROYed VWaNeKROdeUV becaXVe LW LQYROYeV d\QaPLc SULceV,
ecRORgLcaO YaULabOeV, aQd YaULabLOLW\.
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ASSeQdi[ 2: OUigiQaO CaVe SWXdieV

OYHUYLHZ:

QXRWa baVNeWV LV a UefUaPLQg Rf fLVKeULeV PaQagePeQW, UaWKeU WKaQ a WUXO\ QRYeO PeWKRd. AV a
UeVXOW, ceUWaLQ fLVKeULeV KaYe LPSOePeQWed TXRWa baVNeW VcKePeV, bXW caOOed WKeP aV RWKeU QaPeV.
IQ WKLV VecWLRQ, Ze SLcN WZR e[aPSOeV Rf VLPLOaU fLVKeULeV, RQe PaQaged ZLWK a TXRWa baVNeW aQd
RQe ZLWKRXW, WKaW UeVXOWed LQ YeU\ dLffeUeQW RXWcRPeV. TKe fLUVW LV WKe PacLfLc GURXQdfLVK fLVKeU\,
a OaUge PXOWLVSecLeV fLVKeU\ ZKeUe PaQ\ VWRcNV cROOaSVed fURP SRRUO\ VeW VLQgOe VSecLeV KaUYeVW
OLPLWV. AV a cRXQWeUe[aPSOe, Ze WKeQ e[aPLQe WKe UeVRXQdLQg VXcceVV Rf WKe BeULQg Sea aQd
AOeXWLaQ IVOaQdV gURXQdfLVK fLVKeU\, ZKeUe a WZR-PLOOLRQ WRQ TXRWa baVNeW KaV SUeYeQWed
RYeUfLVKLQg aQd VWRcN decOLQe fRU WKe OaVW WKLUW\ \eaUV.

PDFLILF GURXQGILVK

HRZ LV WKH PDFLILF GURXQGILVK ILVKHU\ D TXRWD EDVNHW?

TKe PacLfLc GURXQdfLVK FLVKeU\ cXUUeQWO\ LQcOXdeV 90 VSecLeV acURVV fRXU gURXSV. TKeUe aUe fRXU
eOaVPRbUaQcKV, VL[ URXQdfLVK, 60+ URcNfLVK, aQd WZeOYe fOaWfLVK LQcOXded LQ WKLV fLVKeU\, aQd WKe
fLVKeU\ e[WeQdV aORQg WKe eQWLUe PacfLc cRaVW Rf WKe UQLWed SWaWeV EEZ (PFMC, 2016).

A PL[ed VSecLeV fLVKeU\ ZLWK KLgK VSaWLaO YaULabLOLW\, VLgQLfLcaQW VSecLeV OeYeO aQd geQXV OeYeO
YaULaWLRQ, VLgQLfLcaQW YaULaWLRQ LQ WKe aPRXQW a VSecLeV KaV beeQ VWXdLed, aQd KeWeURgeQeLW\ LQ
fLVKLQg LQWeQVLW\ aQd cKaUacWeU becNRQV a cRPSOLcaWed PaQagePeQW VcKePe: LQdeed, cXUUeQW
PaQagePeQW SUacWLceV fRU PacLfLc GURXQdfLVK LQcOXde effRUWV VXcK aV VLQgOe-VSecLeV VWRcN
aVVeVVPeQWV WR VeW LQdLYLdXaO VSecLeV TXRWaV; b\caWcK UegXOaWLRQV; caWcK-VKaUeV, aQd geaU
UeVWULcWLRQV (PFMC, 2020; KaXeU eW aO., 2018).

HRZeYeU, WKe PacLfLc GURXQdfLVK fLVKeU\ LQLWLaOO\ UeOLed RQ a YeU\ VLPSOe PaQagePeQW VcKePe,
ZKeUe a VLQgOe MSY ZaV VeW baVed RQ aVVXPSWLRQV abRXW gURXQdfLVK VSecLeV¶ OLfe KLVWRU\
cKaUacWeULVWLcV aQd WKeQ aSSOLed WR WKe ZKROe fLVKeU\ (PMFC, 2016). TKLV VLQgOe KaUYeVW TXRWa
aSSOLed WR aQ eQWLUe PXOWLVSecLeV fLVKeU\ LV a TXRWa baVNeW.

SSHFLHV LQYROYHG LQ WKH PDFLILF GURXQGILVK ILVKHU\

TKe PacLfLc GURXQdfLVK fLVKeU\ cRQWaLQV VSecLeV ZLWK a ZLde YaULeW\ Rf OLfe KLVWRULeV.
EOaVPRbUaQcKV, fRU e[aPSOe, aUe VORZ gURZLQg, ORQg-OLYed VSecLeV, ZKeUeaV PRVW fOaWfLVK gURZ
UeOaWLYeO\ TXLcNO\ (NMFS, 1990). EYeQ ZLWKLQ WKe VaPe geQXV, VSecLeV caQ e[KLbLW YaVWO\
dLffeUeQW OLfe-KLVWRULeV. FRU e[aPSOe, Sebastes VSecLeV UaQge fURP e[WUePeO\ ORQg-OLYed aQd VORZ
gURZLQg VSecLeV OLNe S. rosenblatti, ZLWK a Pa[LPXP age Rf a50 \eaUV, WR VKRUW-OLYed, faVW
gURZLQg VSecLeV OLNe S. hopkinsi (LRYe eW aO., 1990). TKLV ZLde YaULaWLRQ LQ OLfe KLVWRULeV LV aQ
LPSRUWaQW cKaUacWeULVWLc Rf WKe PacLfLc GURXQdfLVK fLVKeU\.
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SSecLeV aOVR e[KLbLW VLgQLfLcaQW KabLWaW YaULabLOLW\, aQd aUe KeWeURgeQRXV LQ ZKLcK KabLWaWV WKe\
RccXS\ aQd WKe deSWK aW ZKLcK WKe\ aUe caXgKW (PFMC, 2010; MLOOeU eW aO., 2014; McCaLQ eW aO.,
2019).

AddLWLRQaOO\, fLVK cRPPaQd YeU\ dLffeUeQW SULceV aQd KaYe VLgQLfLcaQW YaULaWLRQ LQ PaUNeW
dePaQd (NMFS, 2020). SabOefLVK aQd PacLfLc WKLWLQg KaYe KLVWRULcaOO\ geQeUaWed RYeU 50% Rf
WKe WRWaO gURXQdfLVK UeYeQXe VLQce 2003, aQd OLNeO\ befRUe WKeQ aV ZeOO (NMFS, 2020).
NRQ-ZKLWLQg UeYeQXeV aUe dLVWULbXWed eYeQO\ acURVV dLffeUeQW geaU W\SeV, ZLWK QRQ-ZKLWLQg
WUaZOLQg geQeUaWLQg PRVW Rf WKe QRQ-ZKLWLQg fLVKeU\ UeYeQXe. NRQ-WUaZO WecKQRORg\ geQeUaWed a
VPaOO SRUWLRQ Rf UeYeQXe UeOaWLYe WR WUaZOLQg LQ WKe QRQ-ZKLWLQg fLVKeU\ (NMFS, 2020).

TKH PDFLILF GURXQGILVK DSSURDFK

TKe cKaOOeQge LQ PaQagLQg a dLYeUVe fLVKeU\ OLNe WKe PacLfLc GURXQdfLVK fLVKeU\ LV baOaQcLQg WKe
ZLde YaULeW\ Rf OLfe KLVWRULeV, VSecLeV e[SORLWabLOLWLeV, PaUNeWV, aQd geaU W\SeV VR WKaW WKe fLVKeU\
geQeUaWeV aV PXcK UeYeQXe aV SRVVLbOe ZKLOe SURWecWLQg WKe PRVW VXVceSWLbOe VSecLeV WR
RYeUfLVKLQg. RRbeUW FUaQcLV, LQ a UeSRUW PRdeOLQg VWRcN UeVSRQVe WR PXOWLVSecLeV fLVKLQg LQ WKe
Sebastes VSecLeV cRPSOe[ LQ SRXWKeUQ CaOLfRUQLa, cRQcOXded WKaW WKe PRUe dLYeUVe a VSecLeV
PaQagePeQW WaUgeW LV, WKe PRUe cRQVeUYaWLYe WKe aOORZabOe caWcK PXVW be (FUaQcLV, 1986). TKe
cKaOOeQge KeUe LV VeWWLQg a TXRWa cRQVeUYaWLYe eQRXgK WR SURWecW WKe PRVW YXOQeUabOe VSecLeV, bXW
OaUge eQRXgK WR Pa[LPL]e UeYeQXe fURP WKe fLVKeU\. FUaQcLV VKRZed WKaW a VLQgOe KaUYeVW OLPLW fRU
a PXOWLVSecLeV fLVKeU\ LQeYLWabO\ OeadV WR ORVW UeYeQXe cRPSaUed WR WaLORUed VSecLeV TXRWaV, aQd
WKaW RYeUfLVKLQg ceUWaLQ VSecLeV LV VWLOO SRVVLbOe eYeQ ZLWK a TXRWa WKaW UeVXOWV LQ ORVW UeYeQXe
(FUaQcLV, 1986).

IQLWLaO gURXQdfLVK PaQagePeQW aWWePSWed WR SLcN RQe KaUYeVW UaWe fRU WKe ZKROe fLVKeU\ WKaW gRW
aV cORVe WR Pa[LPXP \LeOd aV SRVVLbOe ZKLOe NeeSLQg WKe ULVN Rf RYeUe[SORLWaWLRQ ORZ. BaVed RQ
WKe beVW VcLeQce aW WKe WLPe, PaQageUV SLcNed a KaUYeVW OeYeO Rf FPP\ = 35% fRU eacK VSecLeV, RU
fLVKLQg VWRcN OeYeOV dRZQ WR 35% Rf WKeLU VWRcN OeYeOV befRUe e[SORLWPeQW (NMFS, 2020; COaUN,
1991). TKLV OeYeO ZaV VSecLfLcaOO\ VeOecWed aV a cRQVeUYaWLYe KaUYeVW UaWe e[SecWed WR PLQLPL]e
WKe ULVN Rf RYeUKaUYeVWLQg eYeQ Lf PaQageUV NQeZ aOPRVW QRWKLQg abRXW WKe VWRcN OLfe KLVWRULeV
LQYROYed.

RHVXOWV RI WKH PDFLILF GURXQGILVK QXRWD BDVNHW

HRZ dLd RQe KaUYeVW UaWe aSSOLed WR eacK VSecLeV SeUfRUP? PRRUO\, LQ 1998, a VXUYe\ Rf VeYeUaO
LPSRUWaQW cRPPeUcLaO gURXQdfLVK VSecLeV VKRZed VLgQLfLcaQW RYeUfLVKLQg aQd cRQWLQXed
SRSXOaWLRQ decOLQeV ZLWK QR fRUeVeeabOe WUaMecWRU\ WR UeacK eTXLOLbULXP KaUYeVW ZLWK cXUUeQW
PRUWaOLW\ OeYeOV (RaOVWRQ, 1998). IQ RWKeU ZRUdV, WKe fL[ed KaUYeVW UaWe cKRVeQ fRU eacK VSecLeV
ZaV VWLOO WRR PXcK fLVKLQg fRU VRPe VSecLeV WR KaQdOe.

IQ addLWLRQ WR VLgQLfLcaQW bLRPaVV decOLQeV LQ ³ZeaN VWRcNV´, WKLV aSSURacK aOVR VLgQLfLcaQWO\
LPSacWed fLVKeU\ UeYeQXeV. PacLfLc GURXQdfLVK ORVW UeYeQXe fURP RYeUe[SORLWaWLRQ aQd cROOaSVe Rf
WKe fLVKeU\. ReYeQXeV LQ 2000 ZeUe KaOf Rf ZKaW WKe\ ZeUe LQ 1982 (WaUOLcN eW aO., 2018). TKLV
ZaV WKe cXOPLQaWLRQ Rf WZR VeSaUaWe SKeQRPeQa: decOLQLQg VWRcNV OeadLQg WR dLPLQLVKLQg KaUYeVW,
a UeVXOW Rf RYeUfLVKLQg aQd SRRU eQYLURQPeQWaO cRQdLWLRQV; aQd e[WUePeO\ ORZ KaUYeVW OLPLWV aV aQ
aWWePSW WR UedXce fLVKLQg SUeVVXUe RQ VWRcNV QeaU cROOaSVe.
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CKaUWLQg WKe decOLQe Rf UeYeQXeV LQ WKe PacLfLc GURXQdfLVK fLVKeU\ UeYeaOV a feZ WUXWKV abRXW
fLVKeULeV PaQagePeQW LPSRUWaQW fRU TXRWa baVNeW WKeRU\. TKe fLUVW LV WKaW fLVKeUV ZLOO fLVK be\RQd
Pa[LPXP VXVWaLQabOe \LeOd ZKeQ OefW WR WKeLU RZQ deYLceV. TKLV LV, Rf cRXUVe, a ZeOO NQRZQ
cRQVeTXeQce Rf RSeQ acceVV fLVKeULeV, (BMRUQdaO & CRQUad, 1987) bXW SRWeQWLaOO\ OeVV cOeaU XQdeU
PXOWLSOe TXRWaV, OLNe ZaV LQLWLaOO\ LPSOePeQWed LQ WKe PacLfLc RRcNfLVK FLVKeU\. TKe VecRQd LV
WKaW Pa[LPL]LQg UeYeQXeV LQ WKe QeaU WeUP caQ KaYe VLgQLfLcaQW cRQVeTXeQceV LQ WKe ORQg WeUP,
aQd WKaW PRUe VWULQgeQW PaQagePeQW LPSOePeQWed eaUOLeU WKaW SUeYeQWV fLVKeULeV cROOaSVe Pa\
acWXaOO\ LQcUeaVe WRWaO UeYeQXeV fURP WKe fLVKeU\ RYeU WLPe.

CRQVHTXHQFHV RI D GLYHUVH ILVKHU\ LQ WKH PDFLILF GURXQGILVK QXRWD BDVNHW

TKe LQLWLaO cRQVWaQW PRUWaOLW\ PaQagePeQW SROLc\ fRU PacLfLc GURXQdfLVK faLOed fRU RQe PaMRU
UeaVRQ LQ SaUWLcXOaU: gURXQdfLVK ZeUe faU OeVV SURdXcWLYe WKaQ WKe ³aYeUage´ dePeUVaO fLVK
PaQageUV XVed aV a baVeOLQe fRU KaUYeVW OLPLWV (M\eUV eW aO., 1999). FXUWKeUPRUe, VRPe VSecLeV
ZLWKLQ WKe gURXQdfLVK gURXS ZeUe SaUWLcXOaUO\ XQSURdXcWLYe, OeadLQg WR VLgQLfLcaQW UaWeV Rf
RYeUfLVKLQg LQ VeOecW VSecLeV (NMFS, 2020).

IQ 2011, CRSe eW aO. cKaUacWeUL]ed OLfe-KLVWRU\ WUaLWV aQd RWKeU cKaUacWeULVWLcV LQWR VXVceSWLbLOLW\
caWegRULeV, WKeQ UaQNed WKe VXVceSWLbLOLW\ Rf RYeUfLVKLQg fRU eacK VSecLeV LQ WKe PacLfLc
GURXQdfLVK fLVKeU\ baVed RQ WKeLU aWWULbXWeV (CRSe eW aO., 2011). TKe\ TXaQWLf\ WZR dLffeUeQW
PeWULcV fRU VWRcN YXOQeUabLOLW\: SURdXcWLYLW\, ZKLcK LV PaLQO\ baVed RQ fLVKeV OLfe KLVWRULeV, aQd
VXVceSWLbLOLW\, ZKLcK LV baVed RQ KRZ a VWRcN LQWeUacWV ZLWK WKe fLVKeU\.

PURdXcWLYLW\ LV baVed RQ fLVK OLfe KLVWRULeV, aQd WKLV aQaO\VLV UeLQfRUceV WKe LPSRUWaQce LQ
XQdeUVWaQdLQg a fLVKeU\¶V OLfe KLVWRULeV ZKeQ PaNLQg PaQagePeQW decLVLRQV. RRcNfLVK aUe VRPe
Rf WKe OeaVW SURdXcWLYe VSecLeV LQ WKe RceaQ, ZLWK geQeUaOO\ VORZ gURZWK UaWeV, ORQg OLfeVSaQV, aQd
ROd age aW PaWXULW\. LRZ SURdXcWLYLW\ aORQe LV eQRXgK fRU URcNfLVK WR be cRQVLdeUed aW
PRdeUaWe-KLgK ULVN Rf RYeUfLVKLQg, ZKeUeaV fOaWfLVK aUe UeOaWLYeO\ SURdXcWLYe aQd UeceLYe a ORZ
VcRUe (CRSe eW aO., 2011). TKLV aQaO\VLV caQ gXLde VeWWLQg a TXRWabaVNeW fRU a ZLde YaULeW\ Rf
VSecLeV, ZKeUe WKe OeaVW SURdXcWLYe VSecLeV aUe, fURP WKe VWaUW, WKe PRVW YXOQeUabOe WR RYeUfLVKLQg.
IQ WKe PacLfLc GURXQdfLVK fLVKeU\, VSecLeV WKaW VXffeUed WKe PRVW Kad geQeUaOO\ ORZ SURdXcWLYLWLeV
(MNFS, 2020).

TKe VecRQd YXOQeUabLOLW\ PeWULc, VXVceSWLbLOLW\, e[SORUeV KRZ a VSecLeV LQWeUacWV ZLWK WKe
d\QaPLcV Rf fLVKLQg ZLWKLQ a fLVKeU\. TKLV LV geQeUaOO\ VSOLW beWZeeQ KRZ a VSecLeV LQWeUacWV
VSaWLaOO\, aQd KRZ OLNeO\ a fLVK LV WR be caXgKW XVLQg WKe WaUgeWed geaU (CRSe eW aO., 2011). FRU
gURXQdfLVK, WKeLU VXVceSWLbLOLW\ LV UeOaWed WR WKeLU VSaWLaO UeOaWLRQVKLS ZLWK WKe fLVKeU\, SOXV WKe
caWcKabLOLW\ Rf eacK fLVK ZLWKLQ WKe fLVKeU\. BeLQg a WUaZO fLVKeU\, WKe PRVW VXVceSWLbOe VSecLeV aUe
WKRVe ZLWK OaUge aUea aQd deSWK RYeUOaS ZLWK fLVKLQg SUeVVXUe, aQd aOVR WKRVe e[KLbLWLQg KLgK
caWcKabLOLWLeV LQ WKe WUaZO geaU (PFMC, 2010; CRSe eW aO., 2011).

WKaW caQ Ze WaNe aZa\ fURP WKLV aQaO\VLV? Of WKe WZR Za\V a VSecLeV PLgKW be YXOQeUabOe WR
RYeUfLVKLQg, SURdXcWLYLW\ LV baVed RQ a VSecLeV¶ bLRORg\, aQd VXVceSWLbLOLW\ LV baVed RQ WKe
cKaUacWeULVWLcV Rf a fLVKeU\. Of WKe WZR, VXVceSWLbLOLW\ LV OLNeO\ WR eYROYe RYeU WLPe aV fLVKLQg
WecKQRORg\, SUeVVXUe, aQd UegXOaWLRQV cKaQge, ZKLOe YXOQeUabLOLW\ LV a PRUe VWaWLc PeaVXUe.
UQdeUVWaQdLQg KRZ a TXRWa baVNeW ZLOO affecW a fLVKeU\ UeTXLUeV XQdeUVWaQdLQg bRWK SURdXcWLYLW\
aQd VXVceSWLbLOLW\.
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LHVVRQV OHDUQHG IURP WKH PDFLILF GURXQGILVK ILVKHU\

TKe PacLfLc GURXQdfLVK fLVKeU\ decOLQe KaV VeYeUaO Ne\ WaNeaZa\V fRU TXRWa baVNeW WKeRU\.
GeQeUaOO\, a SRRUO\ VWXdLed PXOWLVSecLeV fLVKeU\ LV a ULVN\ caQdLdaWe fRU gURXSed PXOWLVSecLeV
PaQagePeQW: WKe ULVN Rf RQe RU VeYeUaO VWRcNV beLQg RYeUfLVKed LV WRR KLgK. SLPLOaUO\, TXRWa
baVNeWV Pa\ QRW ZRUN fRU fLVKeULeV ZLWK dLYeUVe OLfe KLVWRULeV \eW VLPLOaU caWcKabLOLWLeV, aV
eYLdeQced b\ WKe cROOaSVe LQ ceUWaLQ ³ZeaN VWRcNV'' LQ WKe fLVKeU\. TKLUd, WKe beVW PaQagePeQW
UeTXLUeV gRRd VWRcN aVVeVVPeQWV aQd PRQLWRULQg. FRXUWK, baVNeWV ZLOO aOZa\V VacULfLce VRPe
UeYeQXe cRPSaUed WR RSWLPaO VLQgOe VSecLeV PaQagePeQW, bXW SRRUO\ VeW TXRWa baVNeWV caQ caXVe
VLgQLfLcaQW decOLQeV LQ ORQg-WeUP UeYeQXe aQd VLgQLfLcaQWO\ KaUP fLVKeUV¶ OLYeOLKRRdV.

BHULQJ SHD GURXQGILVK

HRZ LV WKH BHULQJ SHD JURXQGILVK ILVKHU\ D TXRWD EDVNHW?

SLQce 2005, WKe BeULQg Sea gURXQdfLVK fLVKeU\ KaV RSeUaWed XQdeU a 2 PLOOLRQ WRQ aQQXaO caS,
ZKeUe WKe WRWaO fLVKeU\ KaUYeVW eacK \eaU PXVW QRW e[ceed 2 PLOOLRQ WRQV. TKLV LV a TXLQWeVVeQWLaO
TXRWa baVNeW, ZKeUe aOO gURXQdfLVK aUe gURXSed WRgeWKeU LQ a VLQgOe baVNeW ZLWK a VLQgOe KaUYeVW
OLPLW.

A VWaUN cRQWUaVW WR WKe cRPSOe[, UeacWLYe PaQagePeQW KLVWRU\ Rf WKe PacLfLc GURXQdfLVK, WKe
BeULQg Sea gURXQdfLVK fLVKeU\ PaQagePeQW KLVWRU\ PaLQO\ UeYROYeV aURXQd b\caWcK cRQWUROV
(WLWKeUZeOO & PaXW]Ne, 1997). TKLV LV OaUgeO\ becaXVe QR VLQgOe VSecLeV LQ WKe fLVKeU\ KaV eYeU
QeaUed cROOaSVe. SR, ZKLOe PacLfLc GURXQdfLVK KaV gRQe fURP a faLOed TXRWa baVNeW VcKePe WR
PRUe LQWULcaWe PaQagePeQW, WKe BeULQg Sea GURXQdfLVK KaV aSSOLed a TXRWa baVNeW aV aQ
addLWLRQaO PaQagePeQW PeaVXUe RQ aQ aOUead\ VWabOe fLVKeU\.

HRZeYeU, WKe UeceQW gORbaO caS LV QRW WKe RQO\ TXRWa baVNeW aSSURacK WKe fLVKeU\ KaV WaNeQ.
IQLWLaOO\, WKe fLVKeU\ VeW a VLQgOe VSecLeV TRWaO AOORZabOe CaWcK fRU MXVW a feZ LQdLYLdXaO WaUgeW
VSecLeV, ZKLOe WKe UePaLQLQg VSecLeV ZeUe gURXSed LQWR VSecLeV cRPSOe[eV. FRU e[aPSOe,
beWZeeQ 1980 aQd 1988, WKeUe ZeUe KaUYeVW OLPLWV VeW fRU WKUee VSecLeV cRPSOe[eV: fORXQdeUV,
URcNfLVKeV, aQd ³RWKeU VSecLeV´ (NPFMS, 2005). WKLOe WKeVe gURXSV KaYe beeQ bURNeQ dRZQ LQWR
fLQeU PaQagePeQW aUUaQgePeQWV VLQce WKeQ, WKe gURXSLQgV dLd QRW Oead WR QegaWLYe RXWcRPeV LQ
WKe fLVKeU\.

SSHFLHV LQYROYHG LQ WKH BHULQJ SHD JURXQGILVK ILVKHU\

TKe VSecLeV LQYROYed LQ WKe BeULQg Sea gURXQdfLVK fLVKeU\ aUe VLPLOaU WR WKRVe LQ WKe PacLfLc
GURXQdfLVK fLVKeU\ (NMFS, 2015). AfWeU aOO, WKe fLVKeULeV bRRNeQd WKe VaPe CaOLfRUQLa CXUUeQW
ecRV\VWeP. SSecLeV LQcOXde SROOacN, cRd, VeYeUaO fOaWfLVKeV, VabOefLVK, PacNeUeO, QXPeURXV
URcNfLVKeV, VTXLd, a feZ VKaUNV aQd Ua\V, aQd VTXLd (NPFMC, 2015). TKe VSecLeV LQcOXde a bURad
UaQge Rf OLfe KLVWRULeV, ZLWK YaULaWLRQ LQ VSecLeV VLPLOaU WR WKe YaULaWLRQ fRXQd LQ WKe PacLfLc
GURXQdfLVK fLVKeU\. A QRWabOe e[ceSWLRQ LV WKaW WKe ³RWKeU VSecLeV´ caWegRU\ LQcOXdeV VTXLdV aQd
RcWRSXV, ZKLcK aUe QRW fLVK aQd QRW PaQaged LQ WKe PacLfLc fLVKeU\. HRZeYeU, WKeVe VSecLeV aUe
cRPPRQ WaUgeW RU b\caWcK VSecLeV Rf WKe fLVKeU\.

RHVXOWV RI WKH BHULQJ SHD WZR PLOOLRQ WRQ FDS
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TKe BeULQg Sea GURXQdfLVK fLVKeU\ LV PaQaged b\ a gORbaO TXRWa (2 PLOOLRQ WRQV) aQd addLWLRQaO
LQdLYLdXaO KaUYeVW OLPLWV, fRU eLWKeU VLQgOe VSecLeV RU cRPSOe[eV. TKe VLQgOe VSecLeV KaUYeVW OLPLWV
aUe VeW aW F40% fRU PaQ\ VWRcNV aQd cRPSOe[eV, ZKeUe WKe VWRcN OeYeOV PXVW QRW faOO beORZ 40% Rf
WKeLU XQfLVKed OeYeOV (NPFMC, 2015). TKLV LV VLPLOaU WR WKe LQLWLaO KaUYeVW OLPLWV VeW fRU WKe
PacLfLc GURXQdfLVK fLVKeU\. SR ZK\, WKeQ, KaV WKe BeULQg Sea gURXQdfLVK fLVKeU\ aYRLded aQ\
VLgQV Rf RYeUfLVKLQg aQd cROOaSVed VWRcNV?

TKe aQVZeU OLeV LQ WKe gORbaO TXRWa. A WZR PLOOLRQ WRQ TXRWa LV a UeOaWLYeO\ cRQVeUYaWLYe TXRWa fRU
WKe fLVKeU\, aQd KLVWRULcaO fLVKLQg KaV RccaVLRQaOO\ e[ceeded 2 PLOOLRQ WRQV (WLWKeUeOO eW aO.,
2000; PFMC, 2015). IQ facW, WKe WZR PLOOLRQ WRQ caS LV ZeOO beORZ WKe VXP KaUYeVW Lf eacK
VSecLeV ZaV fLVKed aW 80% Rf Pa[LPXP VXVWaLQabOe \LeOd (WLWKeUeOO eW aO., 2000; DLCRVPR eW aO.,
2010; MeOQ\cKXN eW aO., 2013). BeULQg Sea gURXQdfLVK RccXS\ a ZLde UaQge Rf PaUNeW dePaQd,
ZKeUe SROOacN feWcK a PXcK KLgKeU SULce aQd KaYe a PXcK OaUgeU PaUNeW WKaQ RWKeU VSecLeV
(PFMC, 2015). AV a UeVXOW, WKe PaMRULW\ Rf WKe fLVKLQg effRUW LQ WKe BeULQg Sea LV SXW WRZaUdV
SROOacN, aQd SROOacN caWcKeV fLOO RYeU KaOf Rf WKe TXRWa (PFMC, 2015). TKe UePaLQLQg TXRWa LV
VSOLW beWZeeQ aOO Rf WKe RWKeU VSecLeV LQ WKe fLVKeU\. TKe UeOaWLYeO\ OLPLWed UePaLQLQg TXRWa NeeSV
fLVKLQg SUeVVXUe RQ aOO WKe RWKeU VSecLeV ORZ, PaLQWaLQLQg a VXVWaLQabOe fLVKeU\.

A VLde effecW Rf WKe YeU\ VXcceVVfXO gORbaO caS LV WKaW PaQagePeQW caQ fRcXV RQ fLQe VcaOe
LPSURYePeQWV UaWKeU WKaQ RXWULgKW VWRcN UecRYeU\. FRU e[aPSOe, KaUYeVW OLPLWV ZeUe aW fLUVW
geQeUaOO\ aSSOLed WR VSecLeV cRPSOe[eV LQ WKe fLVKeU\. OYeU WLPe, KaUYeVW OLPLWV ZeUe LPSURYed,
aQd PaQ\ WaUgeW VSecLeV LQ WKe fLVKeU\ KaYe Kad fXOO VWRcN aVVeVVPeQWV cRPSOeWed (PFMC, 2015).
A ZeOO LPSOePeQWed TXRWa baVNeW aOORZed PRUe cRVWO\ PaQagePeQW LQLWLaWLYeV WR be
LPSOePeQWed RYeU WLPe, deOa\LQg WKe aVVRcLaWed cRVWV. AddLWLRQaOO\, BeULQg Sea fLVKeU\
PaQagePeQW QRZ fRcXVeV RQ SURacWLYe PeaVXUeV OLNe b\caWcK UedXcWLRQ, aQWLcLSaWLQg fXWXUe
SURbOePV befRUe WKe\ PaQLfeVW LQ VWRcN cROOaSVe (WLWKeUeOO eW aO., 1997; AOdeUVWeLQ & TUXPbOe,
1998; BUaQcK & HLObRUQ, 2008).

KH\ WDNHDZD\V IURP WKH BHULQJ SHD FDVH

TKe BeULQg Sea gURXQdfLVK gORbaO caS VKRZV WKaW TXRWa baVNeWV, eYeQ fRU a gURXS Rf VSecLeV ZLWK
dLYeUVe OLfe KLVWRULeV, caQ be YeU\ VXcceVVfXO. TKeUe aUe a feZ Ne\ d\QaPLcV WKaW Oed WR WKe BeULQg
Sea VXcceVV. TKe fLUVW ZaV a cRQVeUYaWLYe KaUYeVW OLPLW. SecRQd ZaV aQ XQdeUVWaQdLQg Rf WKe
d\QaPLcV Rf WKe fLVKeU\. TKLV baVNeW PaLQO\ VXcceeded becaXVe PRVW Rf WKe fLVKLQg SUeVVXUe ZeQW
WR SROOacN, a KLgK YaOXe VSecLeV. Had SROOacN beeQ VORZeU gURZLQg, RU Kad URcNfLVK beeQ WKe PRUe
e[SeQVLYe fLVK, VRPe VSecLeV PLgKW KaYe cROOaSVed. UQdeUVWaQdLQg ZKLcK fLVK aUe PaQaged LQ a
baVNeW LV Ne\. TKe WKLUd Ne\ WaNeaZa\ LV WKaW LQWeULP PaQagePeQW PeaVXUeV, OLNe TXRWa baVNeWV,
LQWURdXce VXVWaLQabOe fLVKeULeV PaQagePeQW WKaW caQ aOZa\V be LPSURYed XSRQ OaWeU. DXe WR WKe
VXcceVV Rf WKe RULgLQaO PaQagePeQW SOaQ, WKe BeULQg Sea gURXQdfLVK fLVKeU\ KaV beeQ abOe WR
fRcXV RQ LPSURYLQg aQd e[SaQdLQg PaQagePeQW ZLWKLQ WKe fLVKeU\ LQ WKe \eaUV VLQce. SLPLOaU
fLVKeULeV WKaW ZaQW RU Qeed VRPe UegXOaWLRQ PLgKW Vee TXRWa baVNeWV aV a VWeSSLQg VWRQe WR PRUe
cRPSOLcaWed PaQagePeQW LQ WKe fXWXUe.
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