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Devwudfw

Wkh srvw Zruog Zdu LL hud vdz wkh ghyhorsphqw ri srzhuixo vhoi0frqwdlqhg

�vklqj  hhwv/ vr0fdoohg glvwdqw0zdwhu  hhwv +GZIv,/ zklfk urdphg wkh zruog*v

rfhdqv/ vhhnlqj rxw ulfk kduyhvwlqj wdujhwv zkhuhyhu wkh| pljkw eh irxqg1

Wkhvh  hhwv sudfwlfhg sxovh �vklqj/ kduyhvwlqj d jlyhq �vk vwrfn lqwhqvlyho|/

wkhq prylqj rq/ ohdylqj d ghsohwhg �vkhu| zklfk pljkw uhtxluh pdq| |hduv wr

uhfryhu1

Zlwk wkh fuhdwlrq lq wkh 4<;3v ri frdvwdo vwdwhv* h{whqghg hfrqrplf

}rqhv +HH]v,/ wr pdqdjh �vkhulhv rxw wr 533 plohv iurp wkh vkruh/ lw zdv

krshg wkdw wkh GZIv zrxog forvh grzq1 Exw wkh udqjhv ri pdq| lpsruwdqw

frpphufldo �vk vwrfnv vwudggoh wkh erxqgdulhv ri vhyhudo HH]v/ dqg frqwlqxh

rxw lqwr lqwhuqdwlrqdo zdwhuv1 Wkxv wkh frqvhtxhqfh ri fuhdwlqj wkh HH]v

kdv ehhq wr hqfrxudjh ghyhorsphqw ri frdvwdo frxqwulhv* qdwlrqdo  hhwv/ zkloh

wkh GZIv frqwlqxh wr kduyhvw lq lqwhuqdwlrqdo zdwhuv1 Vlqfh wkhvh vhsdudwho|

pdqdjhg  hhwv duh kduyhvwlqj iurp d frpprq srro uhvrxufh/ wklv vlwxdwlrq vhwv

xs d ghvwuxfwlyh frqiurqwdwlrq/ d fodvvlf ��vk zdu�1

Khuh zh prgho wkh �vk zdu ehwzhhq d GZI dqg d uhjlrqdoo|0edvhg

frdolwlrq ri frdvwdo vwdwhv/ rshudwlqj rxw ri wkhlu HH]v1 Wkh rxwfrph lv d

djdlq d sxovh �vkhu|/ exw rqh zklfk pd| eh hyhq pruh ghvwuxfwlyh wkdq zdv

wkh iruphu vlwxdwlrq/ zkhq wkh GZI zdv xqrssrvhg1

Ilqdoo| zh srlqw rxw wkh uhohydqfh ri wkh �vk zdu prgho wr wkh lvvxh ri fuh0

dwlqj h�hfwlyh pxowlqdwlrqdo Uhjlrqdo Ilvkhulhv Pdqdjhphqw Rujdql}dwlrqv�d

qhfhvvdu| vwhs iru dfklhylqj vxvwdlqdeoh ehqh�w iurp wkh kduyhvw ri wkh uhjlrqdo

vhdv1

�

Xqlyhuvlw| ri Prqwdqd

|
Qruzhjldq Vfkrro ri Hfrqrplfv dqg Exvlqhvv Dgplqlvwudwlrq

}
Irxqgdwlrq iru Uhvhdufk lq Hfrqrplfv dqg Exvlqhvv Dgplqlvwudwlrq

5



LQWURGXFWLRQ
4

Wkh 4<;5 X1Q1 Frqyhqwlrq rq wkh Odz ri wkh Vhd +OrV, hvwdeolvkhg qdwlrqdo H{0

whqghg Hfrqrplf ]rqhv +HH]v,/ iru wkh pdqdjhphqw ri pdulqh �vkhulhv zlwklq 533

plohv ri wkh vkruhv ri frdvwdo vhdv1 Sulru wr wkdw wlph/ srzhuixo glvwdqw0zdwhu �vklqj

 hhwv +GZIv, kdg urdphg wkh frdvwdo vhdv/ vhhnlqj wr h{sorlw wdujhwv ri rssruwxqlw|

zruogzlgh 1 W|slfdoo| wkhvh  hhwv sudfwlfhg sxovh kduyhvwlqj/ khdylo| �vklqj0grzq dq

dexqgdqw vwrfn dorqj d sduwlfxodu vkruh/ dqg wkhq prylqj rq wr kduyhvw hovhzkhuh�

zdlwlqj iru wkh ghsohwhg vwrfnv wr uhfryhu ehiruh uhwxuqlqj wr h{sorlw wkhp djdlq1

Zlwk wkh hvwdeolvkphqw ri wkh HH]v/ lw zdv h{shfwhg wkdw wkhvh zlgh0udqjlqj  hhwv

zrxog vlpso| eh uhsodfhg e| vpdoohu qdwlrqdo  hhwv ri frdvwdo vwdwhv/ dqg wkdw qd0

wlrqdo dxwkrulwlhv zrxog eh deoh wr frqvwudlq kduyhvwv wr prghudwh vxvwdlqdeoh ohyhov1

Lqvwhdg wkh roghu yhvvhov riwhq zhuh qrw ghfrpplvvlrqhg/ ohdglqj wr d zruogzlgh skh0

qrphqrq ri h{fhvvlyh kduyhvwlqj fdsdflw|1 Ixuwkhupruh/ wkh udqjhv ri pdq| kduyhvwhg

vwrfnv +vr0fdoohg �vwudggolqj vwrfnv�, duh qrw frq�qhg wr d vlqjoh HH]/ dqg lqghhg

riwhq h{whqg eh|rqg wkh frdvwdo duhdv dqg rqwr wkh kljk vhdv1 Khqfh glvwdqw zdwhu

 hhwv riwhq vlpso| uhgluhfwhg wkhlu kduyhvwlqj h�ruwv wr wkh kljk vhdv sruwlrq ri wkh

suhylrxvo| h{sorlwhg vwudggolqj vwrfnv* udqjhv1 Wkh uhvxow kdv ehhq hyhq juhdwhu ryhu0

kduyhvwlqj/ dqg vhyhuh ghsohwlrq ri pdq| ri wkh zruog*v prvw lpsruwdqw frpphufldo

�vk vwrfnv1

Dq h{dpsoh lv surylghg e| wkh ulfk jurxqg�vk vwrfnv lq wkh Ehulqj Vhd/ kduyhvwhg

sulru wr OrV pdlqo| e| wkh XV/ Uxvvld/ dqg Mdsdq ^Plohv dqg Exunh 4<;<`1 Fuhdwlrq

ri wkh XV1 dqg Uxvvldq HH]v dovr fuhdwhg wkh �Grxjkqxw Kroh�/ d kljk vhdv sruwlrq ri

wkh udqjh zklfk lv hqwluho| vxuurxqghg e| qdwlrqdoo|0pdqdjhg zdwhuv1 Wkh Mdsdqhvh

 hhw/ qrz edqlvkhg iurp wkh HH]v/ frqfhqwudwhg rq wkh Grxjkqxw Kroh/ dqg lq d ihz

4
ILQDQFLDO VXSSRUW IURP WKH XV QDWLRQDO VFLHQFH IRXQGDWLRQ LV DF0

NQRZOHGJHG1
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|hduv kdv edgo| ghsohwhg wkh vwrfn wkhuh1 Wkhuh lv dw suhvhqw olwwoh lqwhuhvw lq ixuwkhu

�vklqj lq wkh Kroh/ exw uhvwudlqw e| wkh XV1 dqg Uxvvldq  hhwv fdq eh h{shfwhg wr

uhexlog wkh vwrfnv1 Wkxv lq ixwxuh wklv �vkhu| fdq h{shfw wr dwwudfw d sdwwhuq ri

glvwdqw zdwhu  hhw sxovh0�vklqj1

D vhfrqg h{dpsoh frqfhuqv Hxurshdq Xqlrq GZI kduyhvw ri jurxqg�vk vwrfnv lq

wkh Judqg Edqnv/ r� Qhzirxqgodqg ^Jrugrq dqg Pxqur 4<<9`1 Vlqfh fuhdwlrq ri

wkh Fdqdgldq HH]/ wkhvh  hhwv kdyh ehhq frq�qhg wr kduyhvwlqj lq olplwhg kljk vhdv

sruwlrqv ri wkh edqnv1 Wkhvh vhyhuh frqvwudlqwv/ soxv qhz olplwdwlrqv lq kduyhvwlqj

srvvlelolwlhv lq Hxurshdq krph zdwhuv/ kdyh ohg wr rqjrlqj glvsxwhv ehwzhhq wkh HX

dqg Fdqdgd1 Lqghhg/ frqwlqxlqj kljk vhdv kduyhvwlqj ri ghsohwhg vwrfnv/ hvshfldoo| e|

Vsdqlvk yhvvhov/ ohg xowlpdwho| wr gudpdwlf kljk vhdv frqiurqwdwlrqv ehwzhhq Fdqdgldq

dxwkrulwlhv dqg yhvvhov ri wkh GZI1

Lq uhvsrqvh wr wkhvh dqg vlplodu vlwxdwlrqv zruogzlgh/ wkh zruog*v �vklqj qdwlrqv

dgrswhg lq 4<<8 wkh X1Q1 Ilvk Vwrfnv Djuhhphqw/ vshoolqj rxw sulqflsohv iru frq0

vhuydwlrq dqg pdqdjhphqw iru vwudggolqj vwrfnv dqg kljko| pljudwru| vwrfnv1 Wkh

Djuhhphqw vshfl�hv wkdw doo kduyhvwlqj ri vxfk d �vk vwrfn/ zkhuhyhu zlwklq wkh elrorj0

lfdo udqjh lw rffxuv/ vkrxog eh frruglqdwhg e| d frdolwlrq ri wkh wudglwlrqdo kduyhvwlqj

vwdwhv/ dfwlqj wkurxjk d X1Q1 vdqfwlrqhg Uhjlrqdo Ilvkhulhv Pdqdjhphqw Rujdql}d0

wlrq +UIPR,1 Zkloh vlpxowdqhrxvo| uhfrjql}lqj wkh uljkw ri doo vwdwhv wr xwlol}h wkh

elrorjlfdo uhvrxufhv ri wkh kljk vhdv/ wkh djuhhphqw fdoov iru wkrvh qdwlrqv zkr zlvk

wr sduwlflsdwh lq kduyhvw ri wkh vwudggolqj vwrfn/ exw duh qrw fxuuhqwo| phpehuv ri wkh

UIPR/ wr ghfoduh d zloolqjqhvv wr mrlq dqg wr hqwhu lqwr qhjrwldwlrqv ryhu pxwxdoo|

dffhswdeoh whupv ri hqwu|1

Rqfh d Uhjlrqdo Pdqdjhphqw Rujdql}dwlrq kdv ehhq hvwdeolvkhg/ wkh ruljlqdo qd0

wlrqdo phpehuv qdwxudoo| zrxog suhihu wr h{foxgh kduyhvwlqj e| dq| rwkhuv1 Krzhyhu/

lq wkh devhqfh ri frhuflyh frqwurov/ rqh fdq suhglfw wkdw kljk vhdv kduyhvwlqj e| qrq0
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phpehu0vwdwhv hyhqwxdoo| zloo ehfrph djdlq d sureohp1 Krzhyhu/ wkh Djuhhphqw

surylghv wr wkh Uhjlrqdo Rujdql}dwlrq qr frhuflyh hqirufhphqw srzhuv/ wr h{foxgh

qrq0phpehu*v kduyhvw ru wr vhw wkh whupv ri hqwu| lqwr phpehuvkls1 Wklv odfn ri hq0

irufhphqw srzhu kdv fdxvhg pdq| wr grxew wkh h�hfwlyhqhvv ri wkh sursrvhg uhjlrqdo

pdqdjhphqw phfkdqlvp1 Dv ghsohwhg vwrfnv duh uhexlow/ qdwlrqdo  hhwv ri rxwvlghu

vwdwhv pd| zhoo eh whpswhg wr uhwxuq wr h{sorlw wkh rshq dffhvv �vkhu| rq wkh kljk

vhdv sruwlrq ri wkh udqjh1

Wzr sureohpv lq sduwlfxodu kdyh ehhq flwhg= Wkh �uvw/ wkh �lqwhuorshu sureohp�/

frqfhuqv wkh gl!fxow| ri frqwuroolqj wkh kduyhvwlqj e| qrq0phpehu yhvvhov/ lqfoxglqj

lqglylgxdoo| rshudwhg yhvvhov +shukdsv  |lqj  djv0ri0frqyhqlhqfh,/ exw dovr lqfoxglqj

frruglqdwhg pxowl0yhvvho �glvwdqw zdwhu  hhwv� vhhnlqj wdujhwv0ri0rssruwxqlw|/ lqwhqw

rq vnlpplqj r� d erxqwlixo kduyhvw zkhuhyhu lw rffxuv/ exw zlwk olwwoh lqwhuhvw lq wkh

orqj0whup frqvhuydwlrq ri wkh vwrfnv1

Wkh vhfrqg/ fdoohg e| wkh �qhz phpehu sureohp�/ ^Ndlwdod dqg Pxqur/ 4<<6`

frqfhuqv wkh lqkhuhqw gl!fxowlhv ri qhjrwldwlqj pxwxdoo| dffhswdeoh whupv ri hqwu| iru

d srwhqwldo qhz phpehu/ vshfli|lqj lwv phpehuvkls uljkwv dqg reoljdwlrqv1 Lqghhg wkh

lqwhuhvwv ri wkh fxuuhqw phpehuv dqg wkh dssolfdqw duh riwhq vwurqjo| rssrvhg/ zlwk

fxuuhqw phpehuv idflqj wkh olnholkrrg ri kdylqj wr jlyh xs d sruwlrq ri wkhlu suhvhqw

txrwdv wr wkh qhzfrphu/ dqg wkh dssolfdqw eholhylqj wkdw lw*v ehvw vwudwhj| pljkw eh

ghod| hqwu| lqwr wkh UIPR/ frqwlqxlqj wr kduyhvw sur�wdeo| zkloh ghprqvwudwlqj wkh

vwuhqjwk ri lwv edujdlqlqj srvlwlrq1

Lq wklv duwlfoh zh vkdoo irfxv rq wkh qhz phpehu sureohp1 Pruh vshfl�fdoo|/ zh

vkdoo h{d4�?h wkh g|qdplfv ri d orqj0uxq frpshwlwlrq/ ryhu kduyhvw ri d jhrjudsklfdoo|

glvshuvhg �vk vwrfn/ ehwzhhq d uhjlrqdoo| edvhg  hhw/ frruglqdwhg e| d UIPR/ dqg

d fhqwudoo| pdqdjhg glvwdqw zdwhu  hhw/ rshudwlqj rq wkh kljk vhdv1 Dv lq prvw

fxuuhqw vlwxdwlrqv +lqfoxglqj wkh wzr h{dpsohv flwhg deryh, wkh uhjlrqdo  hhw grhv
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qrw yhqwxuh rqwr wkh kljk vhdv/ exw frq�qhv lwv kduyhvw wr wkh HH]v ri lwv phpehu

vwdwhv1 Zkloh/ lq wkh prgho/ wkh GZI kdv uhpdlqhg rxwvlgh ri wkh UIPR/ wkh

survshfw ri lwv frqwlqxlqj suhvhqfh lq wkh �vkhu| pd| surylgh lw d frqylqflqj �wkuhdw

vwudwhj|� iru wkh hyhqwxdo kdug edujdlqlqj ryhu lwv srvvleoh hqwu| lqwr wkh UIPR1

Zh ehjlq e| uhylhzlqj dqg h{sdqglqj rq dqdo|vlv ri d prgho/ e| Uhhg +4<:7, dqg

Mdtxhwwh +4<:7,1 Wklv prgho kdv ehhq dssolhg wr h{sodlq wkh hduolhu sxovh �vklqj

sdwwhuq e| dq xqrssrvhg glvwdqw0zdwhu0 hhw/ sulru wr wkh fuhdwlrq ri frdvwdo vwdwhv*

H{whqghg Hfrqrplf ]rqhv1 Zh wkhq h{sdqg xsrq wklv ghflvlrq prgho/ wxuqlqj lw lqwr

d jdph ehwzhhq wzr frpshwlqj  hhwv/ d GZI dqg d uhjlrqdoo|0edvhg  hhw zklfk lv

frruglqdwhg e| d UIPR1 Lw lv dvvxphg wkdw erwk  hhwv pdlqwdlq orqj0whup lqwhuhvwv

lq sduwlflsdwlqj lq wkh �vkhu|/ exw zloo gr vr lqghshqghqwo|/ dv orqj0whup frpshwlwruv1

Ilqdoo| zh uhwxuq wr wkh qhz phpehu sureohp/ eulh | glvfxvvlqj wkh lpsolfdwlrqv ri

wkh frpshwlwlrq prgho*v rxwfrph iru wkh survshfwv ri d frrshudwlyh uhvroxwlrq1

WKH EDVLF ILVKHU\ PRGHO= RSWLPDO FHQWUDOL]HG

PDQDJHPHQW

Lq wkh vlpsohvw pxowlvhdvrqdo �vkhulhv prgho/ wkh vxusoxv surgxfwlrq prgho/ wkh

vwdwh ri d �vk srsxodwlrq lv ghvfulehg wkurxjk d vlqjoh vwdwlvwlf/ qdpho| lwv elrpdvv1

Dw wkh ehjlqqlqj ri wkh kduyhvwlqj vhdvrq wkh elrpdvv lv whuphg wkh uhfuxlwphqw/

ghqrwhg e| -1 Wkh kduyhvwhg elrpdvv gxulqj wkh vhdvrq lv ghqrwhg e| M� Ilqdoo|/

wkh elrpdvv uhpdlqlqj dw wkh hqg ri wkh vhdvrq lv fdoohg hvfdshphqw/ dqg lv ghqrwhg

e| 71 Wkxv

7 ' - �M�

Elrpdvv jurzv ehwzhhq vxffhvvlyh kduyhvw vhdvrqv/ zlwk wkh hvfdshphqw 7 dw wkh

hqg ri d sduwlfxodu vhdvrq ghwhuplqlqj uhfuxlwphqw -n dw wkh ehjlqqlqj ri wkh qh{w

kduyhvwlqj vhdvrq1 Wkdw ghshqghqfh lv txdqwl�hg lq d vr0fdoohg vwrfn0uhfuxlwphqw
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uhodwlrq

-
n
' 8 E7��

Wkxv/ vfkhpdwlfdoo|/ wkh vwrfn ohyho lv vhhq wr hyroyh vhdvrqdoo| dffruglqj wr

-$ 7 $ 8 E7� ' -
n
�

Khuh/ iru vlpsolflw|/ zh zloo dvvxph wkdw 8 E7� lv dq lqfuhdvlqj frqfdyh ixqfwlrq

zlwk 8 Ef� ' f/ dqg dvvxph iru wklv jurzwk ixqfwlrq d fduu|lqj0fdsdflw| g : fc vxfk

wkdw

8 Eg� ' g�

Dq xqkduyhvwhg vwrfn zloo frqyhujh ryhu wlph wr d vwhdg| vwdwh dw g 1

Wkurxjkrxw wklv vhfwlrq/ vxssrvh wkdw d vlqjoh fhqwudol}hg dxwkrulw| frqwurov wkh

kduyhvw1 W|slfdoo| wkh dxwkrulw| zrxog vhw dqqxdo kduyhvwv wr pd{lpl}h wkh glv0

frxqwhg vxp ri qhw dqqxdo uhwxuqv �E-c 7�/ ryhu dq lq�qlwh wlph krul}rq=

LE-f� ' 4@ 
t7|�

"[

|'f

�
|
� �E-|c 7|�czkhuh -|n� ' 8 E7|��

Gxulqj hdfk kduyhvwlqj vhdvrq/ wkh vwrfn zloo eh gudzq grzq judgxdoo|/ iurp lqlwldo

- wr �qdo 7c zlwk wkh qhw yduldeoh uhwxuq udwh/ shu0xqlw ri odqglqjv/

ZE%� ' R� �E%�

ghshqglqj rq fxuuhqw zlwklq0vhdvrq vwrfn ohyho %� Khuh R lv d �{hg xqlw sulfh iru wkh

odqghg kduyhvw dqg �E%� lv wkh xqlw yduldeoh frvw ri kduyhvwlqj zkhq wkh vwrfn ohyho

lv %1 Wklv xqlw frvw lv dvvxphg wr lqfuhdvh/ dv wkh vwrfn ohyho lv gudzq grzq lq wkh

frxuvh ri wkh vhdvrq1 Wkxv wkhuh zloo eh d xqltxh euhdn0hyhq elrqrplf vwrfn ohyho

7
J � fc vxfk wkdw

�E7J� ' R

:



dqg ehorz zklfk kduyhvwlqj lv xqsur�wdeoh1 W|slfdoo|

�E%� '
S

%
c

lq zklfk fdvh wkh elrqrplf vwrfn ohyho lv

7J

'

S

R
�

Wkhuh pd| dovr eh d �{hg frvw ri kduyhvw/ ghqrwhg Vc zklfk lv dssolhg rqo| lq wkrvh

vhdvrqv zkhq wkh  hhw dfwxdoo| kduyhvwv/ l1h1 zkhq M : f� Wkxv lq jhqhudo wkh qhw

vhdvrqdo uhwxuq wr kduyhvw lv

�E-c7(V� '

;?
=
U
-

7
ZE%�_%� V �s - : 7(

f �s - ' 7�

Iru d uhjlrqdoo|0edvhg  hhw/ lw zloo eh dssursuldwh wr dvvxph wkdw wkhuh lv qr vljqli0

lfdqw �{hg frvw ri kduyhvw / exw rqo| yduldeoh frvwv1 Wkxv V ' fc dqg wkh qhw uhwxuq

iurp wkh hqwluh vhdvrq*v kduyhvw lv

�E-c7( f� '

]
-

7

ZE%�_% ' RM �

]
-

7

�E%�_%�

Dffruglqj wr vwdqgdug dqdo|vlv ^h1j1 Fodun/ 4<<3,` rswlpdo pdqdjhphqw uhtxluhv

ghwhuplqlqj dq rswlpdo wdujhw hvfdshphqw ohyho/ 7W

/ zklfk lv lqghshqghqw ri |/ dqg

dgrswlqj dq hvfdshphqw srolf|

7| ' 4�?d-|c 7
W

o�

Wkdw lv/ dozd|v kduyhvw grzq wr wkh wdujhw ohyho 7W zkhqhyhu uhfuxlwphqw h{fhhgv lw>

rwkhuzlvh gr qrw kduyhvw/ exw doorz wkh vwrfn wr jurz xqwlo lw ulvhv deryh 7W1

Wkh rswlpdo 7W vdwlv�hv d pdujlqdo uxoh +wkh vr0fdoohg �jroghq uxoh�,

ZE7W� ' �8 �E7W� � Zd8 E7W�oc +4,
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zklfk htxdwhv wkh pdujlqdo ydoxh ri wkh �qdo xqlw kduyhvwhg lq d jlyhq vhdvrq wr

wkh iruhjrqh ydoxh ri uhwdlqlqj lw lq wkh vwrfn/ wr frqwulexwh wr wkh iroorzlqj |hdu*v

uhfuxlwphqw1

Lq frqwudvw/ iru d fhqwudoo| pdqdjhg glvwdqw0zdwhu  hhw/ lw zloo eh dssursuldwh wr

lqfoxgh d srvlwlyh �{hg frvw ri hqwu| V lq wkh vhdvrqdo kduyhvw uhwxuq1 Wklv �{hg frvw

pd| eh mxvwl�hg dv wkh frvw ri wudyho iurp d glvwdqw krph sruw/ ru dv wkh rssruwxqlw|

frvw ri iruhjrqh dowhuqdwlyh kduyhvwlqj rswlrqv/ hovhzkhuh rq wkh kljk vhdv1

Zlwk d srvlwlyh �{hg frvw ri hqwu|/ d vrphzkdw pruh frpsolfdwhg kduyhvwlqj srolf|

lv dssursuldwh Lqghhg/ wkh  hhw zloo qrw hqwhu lq dq| jlyhq vhdvrq xqohvv wkh uhvxowlqj

orqj0uxq hqkdqfhphqw ri sd|r�/ wkdw zrxog uhvxow iurp wkdw hqwu|/ zrxog h{fhhg wkh

�{hg0frvw zklfk hqwu| zrxog wuljjhu1 +Vhh Uhhg ^4<:7` dqg Mdtxhwwh ^4<:7`1 zkrvh

zrun dssolhg pruh jhqhudoo| wr vwrfkdvwlf jurzwk prghov1,

H{solflwo|/ Uhhg dqg Mdtxhwwh suryhg wkdw wkh rswlpdo kduyhvwlqj srolf| lv ri d
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Lw iroorzv/ lq sduwlfxodu/ wkdw li

8
d�3�oE7J

k
� 	 -J

k
� 8 E7J

q
� � 8

d� oE7J
k
�c

dqg li V
J

lv jlyhq e| +8, zlwk e7k ' 7
J

k
dqg

e-k ' -
J

k
/ wkhq wkh srolf| sur�oh

id7J

k
c -J

k
oc 7J

q
j

zloo surylgh wkh xqltxh shulrg � frh{lvwhqw Qdvk htxloleulxp ri wdujhw2wkuhvkrog

w|sh fruuhvsrqglqj wr wkh �{hg frvw VJ�
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q0Iohhw Grplqdqfh= 8 Ee7q� 	 e-k

Vxssrvh wkdw

8 Ee7q� 	 e-k � 8
d� oEe7

k
�

dqg
e7q � 7f

q� Wkhq/ iroorzlqj dq lqlwldo wudqvlhqw shulrg/ wkh k0 hhw zloo eh h{foxghg/

dqg wkh q0kduyhvw zloo dwwdlq d vwhdg|0vwdwh zlwk hvfdshphqwv e7q +qrw qhfhvvdulo| dw

wkh vroh0rshudwru ohyho, dqg vxevhtxhqw uhfuxlwphqwv -q ' 8 Ee7q��

Lq idfw/ wkh deryh lqhtxdolw| lpsolhv iru dq �0f|foh wkdw

e7q 	 8
d�3�oEe7

k
�(

Khqfh d w|slfdo sdwwhuq ri hvfdshphqwv dqg vxevhtxhqw uhfuxlwphqwv iru � ' � dqg

8 Ee7k� 	 e7q whu4�?dwlqj lq d vwhdg|0vwdwh vlqjoh0shulrg f|foh zklfk h{foxghv wkh

k0 hhw lv looxvwudwhg lq Iljxuh 81

Fohduo|

Lqd8 Ee7q�o '
�

�� �

]
8 Ee7q�

e7q

Zqc

dqg iru -q :
e7q/

Lqd-qo '

] -q

e7q

Zq n �Lqd8 Ee7q�o '

] -q

e7q

Zq n
�

�� �

]
8 Ee7q�

e7q

Zq�

Frqvlghu wkh h{suhvvlrq iru LqE-q� lq htxdwlrq +6,/ vshfldol}hg wr Q@41 Pdn0

lqj h{solflw wkh ghshqghqfh ri xsrq e7qc dqg gl�huhqwldwlqj sduwldoo| e| e

7qc

Y
e7q
LqE-qc e7q� '

�

�� �

q
�ZqEe7q� n �8 �Ee7q�Zqd8 Ee7q�o

r
�

Wkxv wkh �uvw0rughu frqglwlrq iru pd{lpl}lqj Lqd-qo ryhu 7
J
q �

e7q 	 8 d3�oE e-
k
� lv

wkdw

e7q ' 4�?d7
W

qc8

d3�oE e-k�� "o�

4<



Rq wkh rwkhu kdqg/ iru -
k
: e-

k

LkE-k� '

]
-k

e7k

Zk�

Khqfh dq "0rswlpdo e7k lv dv vpdoo dv srvvleoh1

Lq sduwlfxodu/ wkh srolf| sur�oh

id7J

k
c -J

k
EVJ�oc 7J

q
j

frqvwlwxwhv d Qdvk htxloleulxp1 Dv xvxdo -
J

k
EVJ� lv jlyhq lpsolflwo| e| htxdwlrq +8,/

ryhu wkh udqjh ri VJ jlyhq e| +9,1

FRQFOXVLRQV

Wkh prgho dqdo|}hg khuh surylghv dq lqlwldo shuvshfwlyh rq wkh kljk vhdv frqiurqwd0

wlrq ehwzhhq d uhjlrqdoo|0edvhg �vklqj  hhw dqg d glvwdqw0zdwhu  hhw1 H{solflwo| lw

prghov wkh fdvh zkhuh wkh glvwdqw0zdwhu  hhw*v �{hg0frvw glvdgydqwdjh lv r�vhw e| lwv

dvvxphg �uvw0pryhu*v dgydqwdjh lq hdfk vhdvrq*v kduyhvw1 Wkh odwwhu zh kdyh mxvwl0

�hg e| dq dvvxpswlrq wkdw wkh hqwluh �vk vwrfn/ diwhu vsdzqlqj lq wkh HH]v/ pljudwhv

wr lqwhuqdwlrqdo zdwhuv/ exw wkdw wkh uhjlrqdo  hhw ghflghv wr frq�qh lwv kduyhvw wr lwv

HH]v1 Wklv lghdol}hg dvvxpswlrq grhv vhhp wr dssur{lpdwh uhdolw| iru d qxpehu ri

pdmru vwudggolqj vwrfn �vkhulhv/ dqg wkh surmhfwhg uhvxowv duh qrw lqfrqvlvwhqw zlwk

zkdw kdv ehhq revhuyhg1

Xqghu wkhvh flufxpvwdqfhv/ wkh prgho*v surmhfwlrqv iru frpshwlwlrq duh frqvlvwhqw

zlwk wkh fodvvlfdo xqghuvwdqglqj wkdw dq xqrssrvhg glvwdqw0zdwhu kduyhvwhu zloo hq0

jdjh lq sxovh �vklqj/ dqg xqghu vwdeoh frqglwlrqv zloo uhwxuq shulrglfdoo| wr �vk0grzq

wkh uhfryhulqj vwrfn1 Wkh suhvhqw prgho suhglfwv wklv vdph ehkdylru hyhq lq wkh suhv0

hqfh ri d uhjlrqdoo|0edvhg frpshwlwru1 Zkdw lv gl�huhqw lq wkh frpshwlwlyh vlwxdwlrq
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lv wkdw wkh shulrg ehwzhhq uhwxuqv zloo eh h{whqghg dqg wkh vwrfn ohyhov zloo eh gh0

suhvvhg hyhq pruh vhyhuho| wkdq zkhq rqo| d vlqjoh xqrssrvhg  hhw lv lqyroyhg1 Lq

h{wuhph fdvhv/ ghshqglqj rq wkh uhodwlyh frpshwlwlyh vwuhqjwkv ri wkh  hhwv/ rqh ru

wkh rwkhu pd| eh frpsohwho| h{foxghg iurp wkh �vkhu|/ exw h{foxvlrq zloo eh dfklhyhg

e| wkh ylfwru rqo| e| ghsuhvvlqj wkh vwrfn1 Lq wkh pruh olnho| vlwxdwlrq ri uhodwlyh

sdulw|/ uhvxowlqj lq  hhw frh{lvwhqfh lq wkh �vkhu|/ wkh vwrfn ghsohwlrq zloo eh vwloo

juhdwhu1 Wkhvh ihdwxuhv pd| doo eh uhjdughg dv pdqlihvwdwlrqv ri wkh zhoo0nqrzq

�wudjhg| ri wkh frpprqv�/ wkh uhvxow ri frpshwlwruv kduyhvwlqj iurp d frpprq srro1

Wkhuh lv d fhuwdlq lurq| lq wkhvh uhvxowv/ iru wkh| vxjjhvw wkdw wkh fuhdwlrq ri wkh

HH]v kdv qrw vroyhg wkh sureohp ri glylghg pdqdjhphqw lq pdulqh �vkhulhv/ exw pd|

dfwxdoo| kdyh h{dfhuedwhg wkh sureohp lq pdq| sduwv ri wkh zruog1

Wkh uhvxowv ri wkh suhvhqw prgho ghshqg lpsruwdqwo| rq rxu dvvxpswlrq wkdw wkh

GZI uhwdlqv d orqj whup lqwhuhvw lq wkh sduwlfxodu �vkhu|/ dqg fdq eh h{shfwhg wr

uhwxuq uhshdwhgo| wr kduyhvw dv wkh vwrfn uhfryhuv1 Wklv shuvshfwlyh lv hqvkulqhg lq

wkh prgho*v dvvljqhg remhfwlyh ixqfwlrq iru wkh GZI�qdpho| dv d glvfrxqwhg vxp ri

qhw dqqxdo uhwxuqv ryhu dq lq�qlwh wlph krul}rq1

Lw lv wkh orqj0whup lqwhuhvw ri wkh GZI wkdw pdnhv lw lqwhuhvwlqj lq wkh dqdo|vlv

ri wkh �qhz phpehu sureohp�1 D qrq0phpehu vwdwh zlwk dq dfwlyh GZI pd| yhu|

olnho| h{suhvv dq lqwhuhvw lq mrlqlqj wkh UIPR1 Krzhyhu lw zloo zlvk wr hqwhu/ li

dw doo/ rqo| rq kljko| idyrudeoh whupv�whupv wkdw qhfhvvdulo| zloo dgyhuvho| d�hfw wkh

kduyhvw txrwdv douhdg| dvvljqhg wr fxuuhqw phpehuv 1 Wkxv d qdwxudo vwudwhj| iru wkh

dssolfdqw zloo eh wr frqwlqxh lwv lqghshqghqw kduyhvwlqj zkloh lw qhjrwldwhv�d vwdqfh

zklfk zloo hqvxuh lw lpphgldwho| sur�w zkloh vlpxowdqhrxvo| hqkdqflqj lwv edujdlqlqj

srvlwlrq ryhu wkh xowlpdwh whupv ri lwv hqwu|1

Zh kdyh qrw xqghuwdnhq khuh wr prgho wkh edujdlqlqj jdph wkdw pljkw uhvroyh wkh
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frqiurqwdwlrq1 Rxu sxusrvh dw suhvhqw lv rqo| wr foduli| wkh qhjdwlyh dvshfwv ri d

frqwlqxlqj frqwhvw/ lq zklfk wkh sduwlhv erwk vwulyh wr ghprqvwudwh wkhlu frpshwlwlyh

vwuhqjwkv1 Lq d jhqhudo zd|/ wkh qhjdwlyh h�hfwv duh zhoo0nqrzq/ ghulylqj ixqgdphq0

wdoo| iurp wkh idfw wkdw kduyhvwhuv duh h{sorlwlqj d frpprq elrorjlfdo vwrfn srro1

Wkh uroh ri rxu dqdo|vlv lv wr ghvfuleh lq vrph ghwdlo krz wklv h�hfw lv sod|hg rxw1

Wkh suhglfwlrqv ri wklv sduwlfxodu prgho duh qrw wkh odvw zrugv rq wkh pdwwhu1 Wkh

rxwfrph zh kdyh ghvfulehg ghshqgv yhu| pxfk rq dvvxplqj wkdw wkh wzr  hhwv phhw

rq d uhodwlyho| ohyho �sod|lqj �hog�1 Exw lq idfw wkh frpshwlwlrq zloo qrw riwhq eh

d frqwhvw ehwzhhq htxdov1 Wkhuh duh vrphwlphv flufxpvwdqfhv suhvhqw zklfk pd|

vwurqjo| idyru wkh lqfxpehqw uhjlrqdoo|0edvhg frdolwlrq1 Lw vhhpv sodxvleoh wkdw wkh

lqfxpehqw  hhw pd| wkhq eh deoh wr h{sorlw wkhvh dv|pphwulhv vwudwhjlfdoo|/ dqg wxuq

wkhp wr frpshwlwlyh dgydqwdjh1

Rqh srvvlelolw| wkdw zh kdyh h{soruhg lv wkdw wkh uhjlrqdoo|0edvhg  hhw pljkw uhdfw

pruh djjuhvvlyho| wr wkh wkuhdw srvhg e| wkh glvwdqw zdwhu lqydghu/ iru h{dpsoh e|

prylqj d sruwlrq ri lwv rzq kduyhvw wr lqwhuqdwlrqdo zdwhuv dqg xvlqj lwv HH] uhixjld

vwudwhjlfdoo| wr surwhfw wkh �vk vwrfn +vhh PfNhoyh| hw1 do/ ^4<<<`,1

UHIHUHQFHV

^4` Fodun/ Frolq Z1/ 4<<3/ Pdwkhpdwlfdo Elrhfrqrplfv= Wkh rswlpdo pdqdjhphqw ri

uhqhzdeoh uhvrxufhv/ Qhz \run/ Mrkq Zloh| ) Vrqv1

^5` Jrugrq/ Gdqlho Y1 dqg Jrugrq U1Pxqur/ 4<<9/ Ilvkhulhv dqg Xqfhuwdlqw|= D Suh0

fdxwlrqdu| Dssurdfk wr Uhvrxufh Pdqdjhphqw/ Fdojdu|/ Xqlyhuvlw| ri Fdojdu|

Suhvv1

^6` Mdtxhwwh/ G1O1/ 4<:7/ D glvfuhwh0wlph srsxodwlrq0frqwuro prgho zlwk vhwxs frvw/ Rs0

hudwlrqv Uhvhdufk 55= 5<; 0 6361
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^7` Ndlwdod/ Yhlmr dqg Jrugrq U1 Pxqur/ 4<<6/ Wkh pdqdjhphqw ri kljk vhdv �vkhulhv/

Pdulqh Uhvrxufh Hfrqrplfv ;= 646065<

^8` PfNhoyh|/ Urehuw/ Ohli N1Vdqgdo/ dqg Vwhlq Lydu Vwhlqvkdpq/ 4<<</ Wkh G|qdplfv

ri Frpshwlwlrq dqg Frrshudwlrq= Lpsolfdwlrqv iru Wudqverxqgdu| Ilvkhulhv/ 54

ss/ +Surfhhglqjv iurp= Frqihuhqfh rq wkh Pdqdjhphqw ri Vwudggolqj dqg Kljko|

Pljudwru| Ilvk Vwrfnv dqg wkh XQ Djuhhphqw/ Qruzhjldq Vfkrro ri Hfrqrplfv

dqg Exvlqhvv Pdqdjhphqw/ Ehujhq,1

^9` Plohv/ Hgzdug O1 dqg Zlooldp W1 Exunh/ 4<;</ Suhvvxuhv rq wkh Xqlwhg Qdwlrqv

Frqyhqwlrq rq wkh Odz ri wkh Vhd ri 4<;5 dulvlqj iurp qhz �vkhulhv frq lfwv=

Wkh sureohp ri vwudggolqj vwrfnv/ Rfhdq Ghyhorsphqw dqg Lqwhuqdwlrqdo Odz/

55=676068:1

^:` Uhhg/ Z1M1/ 4<:7/ D vwrfkdvwlf prgho iru wkh hfrqrplf pdqdjhphqw ri d uhqhzdeoh

dqlpdo uhvrxufh/ Pdwkhpdwlfdo Elrvflhqfhv 55= 646 0 66:1
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Figure 1.
Monopolistic harvesting. The case of �����.
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Figure 2. The repeating pulse cycle in the case with �������dominance.  �����.
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Figure 3.  The repeating pulse cycle in the coexistence case for �����.
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Figure 4. The repeating pulse cycle in the coexistence case.  ����	.
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Figure 5.
The repeating single-period pulse cycle in the case with �������dominance.


