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❚❤❡ ❯✳❙✳ ❉♦❧❧❛r ❛♥❞ ●❧♦❜❛❧ ■♠❜❛❧❛♥❝❡s
∗

❑❛✐ ▲✐✉†❛♥❞ ❳✉❛♥ ❩❤♦✉‡

❏✉♥❡ ✹✱ ✷✵✶✺

❆❜str❛❝t✿ ●❧♦❜❛❧ ■♠❜❛❧❛♥❝❡s ❛r❡ ♠❛✐♥❧② ❢❡❛t✉r❡❞ ❜② t❤❡ ♠❛ss✐✈❡ ❛♥❞ ❧♦♥❣✲❧❛st✐♥❣ ❯✳❙✳

tr❛❞❡ ❞❡✜❝✐t✳ ❙✐♥❝❡ t❤❡ ❇r❡t♦♥ ❲♦♦❞s s②st❡♠ ❝♦❧❧❛♣s❡❞ ❛♥❞ ✇❛s r❡♣❧❛❝❡❞ ❜② t❤❡ ❏❛♠❛✐❝❛

❆❣r❡❡♠❡♥t✱ t❤❡ ❯✳❙✳ tr❛❞❡ ❞❡✜❝✐t ❤❛s ❜❡❡♥ ❧❛st✐♥❣ ❢♦r ❛❜♦✉t ✹✵ ②❡❛rs✳ ❚❤✐s ♣❛♣❡r ♣r♦✈❡s

t❤❛t ♣❡r♠❛♥❡♥t ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ❝❛♥ ❜❡ s✉st❛✐♥❛❜❧❡ ❞✉❡ t♦ t❤❡ s♣❡❝✐❛❧ r♦❧❡ ♦❢ t❤❡ ❯✳❙✳

❞♦❧❧❛r✱ ❜② ❜✉✐❧❞✐♥❣ ❛ t✇♦✲❝♦✉♥tr② ❝❛s❤✲✐♥✲❛❞✈❛♥❝❡ ❣r♦✇t❤ ♠♦❞❡❧ ✇✐t❤ ❛ ❞♦❧❧❛r st❛♥❞❛r❞

✐♥ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡✳ ❚❤❡ ♣❡r♠❛♥❡♥t ❯✳❙✳ tr❛❞❡ ❞❡✜❝✐t ✐s ❛♥ ✐♥❝r❡❛s✐♥❣ ❢✉♥❝t✐♦♥ ♦❢

t❤❡ str❡♥❣t❤ ♦❢ ♦✛✲s❤♦r❡ ❞♦❧❧❛r ❞❡♠❛♥❞✱ t❤❡ ❧♦♥❣✲r✉♥ ❣r♦✇t❤ r❛t❡ ♦❢ ❣❧♦❜❛❧ ♥♦♠✐♥❛❧ ●❉P✱

t❤❡ ♦♣❡♥♥❡ss ♦❢ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡✱ t❤❡ ❡❧❛st✐❝✐t② ♦❢ s✉❜st✐t✉t✐♦♥ ❜❡t✇❡❡♥ ❞♦♠❡st✐❝

❛♥❞ ❢♦r❡✐❣♥ ❣♦♦❞s✱ ❛♥❞ t❤❡ r❡❧❛t✐✈❡ s✐③❡ ♦❢ t❤❡ ❯✳❙✳ ❡❝♦♥♦♠② t♦ t❤❡ r❡st ♦❢ t❤❡ ✇♦r❧❞✳

❚❤❡ ❧♦♥❣✲r✉♥ ♥♦♥✲♥❡✉tr❛❧✐t② ♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛s t❤❡ ✇♦r❧❞ ❝✉rr❡♥❝② ❡①✐sts✳ ❙tr✉❝t✉r❛❧

❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ❛r❡ ❛❝❝♦♠♣❛♥✐❡❞ ❜② ❛♥ ✉♥❡q✉❛❧ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡ ✇✐t❤ t❤❡ t❡r♠s ♦❢

tr❛❞❡ ❜❡✐♥❣ ❜❡♥❡✜❝✐❛❧ t♦ t❤❡ ❯✳❙✳✱ ❛♥❞ t❤❡ ✇❡❧❢❛r❡ ❛♥❛❧②s✐s ✐♥❞✐❝❛t❡s t❤❛t✿ ❛ ✇❡❛❦❡♥❡❞ ❯✳❙✳

❞♦❧❧❛r ✐♥ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡ ✇✐❧❧ r❡❞✉❝❡ t❤❡ ✇❡❧❢❛r❡ ♦❢ t❤❡ ❯✳❙✳ ❤♦✉s❡❤♦❧❞s✱ ❜✉t ✐♥❝r❡❛s❡

t❤❡ ✇❡❧❢❛r❡ ♦❢ t❤❡ ✇❤♦❧❡ ✇♦r❧❞✳

❑❡② ✇♦r❞s✿ ❯✳❙✳ ❞♦❧❧❛r✱ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s✱ ❞♦❧❧❛r st❛♥❞❛r❞✱ ❝❛s❤ ✐♥ ❛❞✈❛♥❝❡

❏❊▲ ❝♦❞❡s✿ ❊✹✷✱ ❋✸✷✱ ❋✹✶

∗❚❤❡ ❛✉t❤♦rs t❤❛♥❦ t❤❡ s❡♠✐♥❛r ♣❛rt✐❝✐♣❛♥ts ❛t ❘❡♥♠✐♥ ❯♥✐✈❡rs✐t② ♦❢ ❈❤✐♥❛✳ ❚❤✐s r❡s❡❛r❝❤ ✐s s✉♣♣♦rt❡❞
❜② t❤❡ ❋✉♥❞❛♠❡♥t❛❧ ❘❡s❡❛r❝❤ ❋✉♥❞s ❢♦r t❤❡ ❈❡♥tr❛❧ ❯♥✐✈❡rs✐t✐❡s✱ ❛♥❞ t❤❡ ❘❡s❡❛r❝❤ ❋✉♥❞s ♦❢ ❘❡♥♠✐♥
❯♥✐✈❡rs✐t② ♦❢ ❈❤✐♥❛ ✭◆♦✳ ✶✺❳◆❋✵✶✷✮✳

†❈♦rr❡s♣♦♥❞✐♥❣ ❛✉t❤♦r❀ ❆❞❞r❡ss✿ ❙❝❤♦♦❧ ♦❢ ❊❝♦♥♦♠✐❝s✱ ❘❡♥♠✐♥ ❯♥✐✈❡rs✐t② ♦❢ ❈❤✐♥❛✱ ❇❡✐❥✐♥❣✱ ❈❤✐♥❛❀
❊♠❛✐❧✿ ❧✐✉❦❡②♥❡s❅r✉❝✳❡❞✉✳❝♥

‡❆❞❞r❡ss✿ ❙❝❤♦♦❧ ♦❢ ❊❝♦♥♦♠✐❝s✱ ❘❡♥♠✐♥ ❯♥✐✈❡rs✐t② ♦❢ ❈❤✐♥❛✱ ❇❡✐❥✐♥❣✱ ❈❤✐♥❛❀ ❊♠❛✐❧✿ ①✉✲
❛♥③❤♦✉❅r✉❝✳❡❞✉✳❝♥



✶ ■♥tr♦❞✉❝t✐♦♥

❙✐♥❝❡ ✶✾✼✻ t❤❡ ❯✳❙✳ tr❛❞❡ ❞❡✜❝✐t ❤❛s ❜❡❡♥ ❧❛st✐♥❣ ❢♦r ❛❜♦✉t ❢♦✉r ❞❡❝❛❞❡s✳ ●❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s

❛r❡ ♠❛✐♥❧② ❢❡❛t✉r❡❞ ❜② t❤❡ ♠❛ss✐✈❡ ❛♥❞ ❧♦♥❣✲❧❛st✐♥❣ ❯✳❙✳ tr❛❞❡ ❞❡✜❝✐t ✇✐t❤ ✐ts ♠❛❥♦r tr❛❞❡

♣❛rt♥❡rs✱ s✉❝❤ ❛s ❏❛♣❛♥✱ ❈❤✐♥❛ ❛♥❞ ❊✉r♦♣❡ ❤✐st♦r✐❝❛❧❧②✳ ❋✐❣✉r❡ ✶ ❞❡♣✐❝ts t❤❡ ❡✈♦❧✈✐♥❣ ♣❛t❤

♦❢ ❯✳❙✳ ♥❡t ❡①♣♦rt ✭❛s s❤❛r❡ ♦❢ ●❉P✮✱ t♦❣❡t❤❡r ✇✐t❤ t❤❡ ❯✳❙✳ ●❉P s❤❛r❡ ✐♥ t❤❡ ✇♦r❧❞✳✶ ■♥

t❤❡ ✜rst ❤❛❧❢ ♦❢ ✶✾✽✵s✱ t❤❡ ❞❡t❡r✐♦r❛t✐♦♥ ♦❢ t❤❡ ❯✳❙✳ tr❛❞❡ ❞❡✜❝✐t ✇❛s ❛ttr✐❜✉t❡❞ t♦ t❤❡ tr❛❞❡

✐♠❜❛❧❛♥❝❡ ❜❡t✇❡❡♥ t❤❡ ❯✳❙✳ ❛♥❞ ❏❛♣❛♥✳ ■♥ t❤❡ ♣❡r✐♦❞ ♦❢ ✶✾✾✻✲✷✵✵✻✱ t❤❡ tr❛❞❡ ✐♠❜❛❧❛♥❝❡s

❢r♦♠ ❈❤✐♥❛ ❛♥❞ ❊✉r♦♣❡ ✇❡r❡ ❞♦♠✐♥❛♥t✳ ❆❢t❡r t❤❡ ✷✵✵✼✲✷✵✵✽ ❣❧♦❜❛❧ ✜♥❛♥❝✐❛❧ ❛♥❞ ❡❝♦♥♦♠✐❝

❝r✐s✐s✱ t❤❡ ❯✳❙✳ tr❛❞❡ ❞❡✜❝✐t s❤r❛♥❦ ❛ ❧♦t✳ ■♥ ✷✵✶✸✱ ✐t ✇❛s ✸✪ ♦❢ ❯✳❙✳ ●❉P✱ ✇❤✐❝❤ st✐❧❧ ✐s

♥♦t ❛ s♠❛❧❧ ♥✉♠❜❡r✳

❋✐❣✉r❡ ✶✿ ❯✳❙✳ ◆❡t ❊①♣♦rt ❛s ❙❤❛r❡ ♦❢ ●❉P ❛♥❞ ❯✳❙✳ ●❉P ❙❤❛r❡ ✐♥ t❤❡ ❲♦r❧❞

❚❤❡r❡ ✐s ❛ str♦♥❣ ♣♦s✐t✐✈❡ ❝♦rr❡❧❛t✐♦♥ ❜❡t✇❡❡♥ ❯✳❙✳ tr❛❞❡ ❞❡✜❝✐t ❛♥❞ ❯✳❙✳ ●❉P s❤❛r❡

✐♥ t❤❡ ✇♦r❧❞ ✐♥ t❤❡ ❜✉s✐♥❡ss ❝②❝❧❡ ❢r❡q✉❡♥❝②✳ ❚❤✐s ✐s ✐♥t✉✐t✐✈❡ s✐♥❝❡ ♦♥❡ ❝♦✉♥tr②✬s ❡①♣♦rt

✐s ♣♦s✐t✐✈❡❧② ❝♦rr❡❧❛t❡❞ ✇✐t❤ t❤❡ ●❉P ♦❢ t❤❡ r❡st ♦❢ t❤❡ ✇♦r❧❞ ❛♥❞ ✐ts ✐♠♣♦rt ✐s ♣♦s✐t✐✈❡❧②

❝♦rr❡❧❛t❡❞ ✇✐t❤ ✐ts ●❉P ❝❡t❡r✐s ♣❛r✐❜✉s✳ ❊♥❣❡❧ ❛♥❞ ❘♦❣❡rs ✭✷✵✵✻✮ ❛♥❞ ♦t❤❡rs st✉❞✐❡❞ t❤✐s

❦✐♥❞ ♦❢ ♣♦s✐t✐✈❡ ❝♦rr❡❧❛t✐♦♥✳ ❍♦✇❡✈❡r✱ t❤❡ ♠♦st str✐❦✐♥❣ ❢❛❝t ❣✐✈❡♥ ❜② ❋✐❣✉r❡ ✶ ✐s t❤❛t✿

t❤❡ ❯✳❙✳ tr❛❞❡ ❞❡✜❝✐t ✐s ❛ ❧♦♥❣✲r✉♥✱ r❛t❤❡r t❤❛♥ ❛ s❤♦rt✲r✉♥✱ ♣❤❡♥♦♠❡♥♦♥✱ ❛♥❞ t❤❡r❡ ✐s ♥♦

✶❚❤❡ ❞❛t❛ ♦❢ ❯✳❙✳ ♥♦♠✐♥❛❧ ♥❡t ❡①♣♦rt ❛♥❞ ♥♦♠✐♥❛❧ ●❉P ❛r❡ ❢r♦♠ t❤❡ ❇✉r❡❛✉ ♦❢ ❊❝♦♥♦♠✐❝ ❆♥❛❧②s✐s ❛t
t❤❡ ❯✳❙✳ ❉❡♣❛rt♠❡♥t ♦❢ ❈♦♠♠❡r❝❡✱ ❛♥❞ t❤❡ ❞❛t❛ ♦❢ ✇♦r❧❞ ♥♦♠✐♥❛❧ ●❉P ✐s ❢r♦♠ t❤❡ ❲♦r❧❞ ❇❛♥❦ ❞❛t❛❜❛s❡✳

✷



t❡♥❞❡♥❝② ❢♦r ✐t t♦ ❝♦♥✈❡r❣❡ t♦ ③❡r♦ ❡✈❡♥ t❤♦✉❣❤ ✐t ❤❛s ❛❧r❡❛❞② ❡①✐st❡❞ ❢♦r ❛❜♦✉t ✹✵ ②❡❛rs

✇✐t❤♦✉t ❛♥② ❞✐s❝♦♥t✐♥✉✐t②✳ ❚❤✐s ✐♥❞✐❝❛t❡s t❤❛t ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ♦r t❤❡ ❧♦♥❣✲❧❛st✐♥❣ ❯✳❙✳

tr❛❞❡ ❞❡✜❝✐t ♠❛② ❜❡ ❛ ❧♦♥❣✲r✉♥ ❡①✐st❡♥❝❡ ❛t t❤❡ st❡❛❞② st❛t❡ ♦❢ t❤❡ ❣❧♦❜❛❧ ❡❝♦♥♦♠②✱ r❛t❤❡r

t❤❛♥ ❛ t❡♠♣♦r❛r② ♣❤❡♥♦♠❡♥♦♥ ✭✇✐t❤ s♦♠❡ ♣❡rs✐st❡♥❝❡✮ ❛s ❜❡❧✐❡✈❡❞ ❜② ♠❛♥② r❡s❡❛r❝❤❡rs

s✉❝❤ ❛s ❖❜st❢❡❧❞ ❛♥❞ ❘♦❣♦✛ ✭✷✵✵✺✮ ❛♥❞ ❋❡❧❞st❡✐♥ ✭✷✵✵✽✮✳

❲❤❛t ❤❛♣♣❡♥❡❞ ❛r♦✉♥❞ ✶✾✼✻❄ ❚❤❡ ❇r❡t♦♥ ❲♦♦❞s s②st❡♠ ❝♦❧❧❛♣s❡❞ ✐♥ ✶✾✼✸✱ ❛♥❞ ✐t ✇❛s

r❡♣❧❛❝❡❞ ✐♥ ✶✾✼✻ ❜② t❤❡ ❏❛♠❛✐❝❛ ❆❣r❡❡♠❡♥t✱ ✉♥❞❡r ✇❤✐❝❤ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ✇❛s ♥♦ ❧♦♥❣❡r

♣❡❣❣❡❞ t♦ ❣♦❧❞ ❛♥❞ ✢♦❛t✐♥❣ ❡①❝❤❛♥❣❡ r❛t❡ r❡❣✐♠❡s ✇❡r❡ ❛❧❧♦✇❡❞ ❢♦r ♦t❤❡r ❝✉rr❡♥❝✐❡s✳ ❚❤❡

❞❡♠♦♥❡t✐③❛t✐♦♥ ♦❢ ❣♦❧❞ ❞✐❞ ♥♦t ✇❡❛❦❡♥ t❤❡ ❣❧♦❜❛❧ r♦❧❡s ♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ♠✉❝❤✳ ❆❧♦♥❣

✇✐t❤ ♦✐❧ ❛♥❞ ♦t❤❡r ♠❛❥♦r ✐♥t❡r♥❛t✐♦♥❛❧ ❝♦♠♠♦❞✐t✐❡s ❜❡✐♥❣ ❞❡♥♦♠✐♥❛t❡❞ ✐♥ t❤❡ ❯✳❙✳ ❞♦❧❧❛r

❛♥❞ t❤❡ ❝❤❛♥❣❡ ♦❢ ❣❧♦❜❛❧ ❣❡♦♣♦❧✐t✐❝s✱ t❤❡ r♦❧❡s ♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛s ❛ ✇♦r❧❞ ❝✉rr❡♥❝② ❤❛✈❡

❜❡❝♦♠❡ q✉✐t❡ st❛❜❧❡✳ ●♦❧❞❜❡r❣ ❛♥❞ ❚✐❧❧❡ ✭✷✵✵✽✮ s❤♦✇ t❤❛t✿ t❤❡ ❞♦❧❧❛r ✐s ♦✈❡r✇❤❡❧♠✐♥❣❧②

✉s❡❞ ❢♦r ✐♥✈♦✐❝✐♥❣ ❜♦t❤ ❡①♣♦rt ❛♥❞ ✐♠♣♦rt ♣r✐❝❡s ❢♦r t❤❡ ❯❙ ❡❝♦♥♦♠② ❛♥❞ ♦t❤❡r ❡❝♦♥♦♠✐❡s✳

❚❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛❧s♦ ♣❧❛②s ❛ ♣r♦♠✐♥❡♥t r♦❧❡ ✐♥ t❤❡ ♣♦rt❢♦❧✐♦s ♦❢ ❢♦r❡✐❣♥ ❡①❝❤❛♥❣❡ r❡s❡r✈❡

❛❝❝♦✉♥ts✳ ❆♥❞ t❤❡ ❞♦❧❧❛r ✐s ❛ ❧❡❛❞✐♥❣ tr❛♥s❛❝t✐♦♥ ❝✉rr❡♥❝② ✐♥ t❤❡ ❢♦r❡✐❣♥ ❡①❝❤❛♥❣❡ ♠❛r❦❡ts

✭●♦❧❞❜❡r❣✱ ✷✵✶✵✮✳ ❙✐♥❝❡ ✶✾✼✻ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❤❛s ❜❡❡♥ ♣❧❛②✐♥❣ ❛ ❝❡♥tr❛❧ ❛♥❞ ❞♦♠✐♥❛♥t r♦❧❡

✐♥ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡ ❛♥❞ ✜♥❛♥❝❡ ❛s ❜♦t❤ ❛ st♦r❡ ♦❢ ✈❛❧✉❡ ❛♥❞ ❛ ♠❡❞✐✉♠ ♦❢ ❡①❝❤❛♥❣❡✱

❛♥❞ ♥♦ ♦t❤❡r ❝✉rr❡♥❝✐❡s r✐✈❛❧ ✐t✳ ❚❤❡ ❯✳❙✳ ❞♦❧❧❛r ✐s t❤❡ ♦♥❧② ❝✉rr❡♥❝② t❤❛t ❝❛♥ ❜❡ ✈✐❡✇❡❞ ❛s ❛

✇♦r❧❞ ❝✉rr❡♥❝② ✐♥ t❤❡ ❣❧♦❜❛❧ ❡❝♦♥♦♠②✳ ❚❤❡ ❣❧♦❜❛❧ r♦❧❡s ♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛s ❛ st♦r❡ ♦❢ ✈❛❧✉❡

❛♥❞ ❛ ♠❡❞✐✉♠ ♦❢ ❡①❝❤❛♥❣❡ ✐♥ ❣❧♦❜❛❧ ♠❛r❦❡ts ✐♥❞✉❝❡ ❣❧♦❜❛❧ ❞❡♠❛♥❞s ❢♦r ✐t✱ ✇❤✐❝❤ ❣❡♥❡r❛t❡

❜♦t❤ t❤❡ s❤♦rt✲r✉♥ ♥♦♥✲♥❡✉tr❛❧✐t② ♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ✐♥ t❤❡ ❣❧♦❜❛❧ ❡❝♦♥♦♠②✱ ❛s ✐❧❧✉str❛t❡❞

❜② ▲✐✉ ✭✷✵✶✹❛✮✱ ❛♥❞ t❤❡ ❧♦♥❣✲r✉♥ ♥♦♥✲♥❡✉tr❛❧✐t② ♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛s t❤❡ ✇♦r❧❞ ❝✉rr❡♥❝②✱

✇❤✐❝❤ ✐s ❛❝❝♦♠♣❛♥✐❡❞ ✇✐t❤ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ❛♥❞ ✇✐❧❧ ❜❡ ❢✉rt❤❡r s❤♦✇♥ ✐♥ t❤✐s ♣❛♣❡r✳

❆❝❝♦r❞✐♥❣ t♦ ❛ r❡♣♦rt t♦ t❤❡ ❯❙ ❈♦♥❣r❡ss ❜② t❤❡ ❙❡❝r❡t❛r② ♦❢ t❤❡ ❚r❡❛s✉r② ❉❡♣❛rt♠❡♥t✱

❜❡t✇❡❡♥ ✺✵ ♣❡r❝❡♥t ❛♥❞ ✼✵ ♣❡r❝❡♥t ♦❢ t❤❡ ❯✳❙✳ ❝✉rr❡♥❝② ✇❛s ❤❡❧❞ ♦✉ts✐❞❡ t❤❡ ❯✳❙✳ ✐♥ ✷✵✵✵✳✷

❙✐♥❝❡ r✉♥♥✐♥❣ ❛ tr❛❞❡ s✉r♣❧✉s ✐s ❛ ♠❛❥♦r ✇❛② t♦ ♦❜t❛✐♥ ❯✳❙✳ ❞♦❧❧❛r ❢♦r ♦t❤❡r ❡❝♦♥♦♠✐❡s✱

❣❧♦❜❛❧ ❞❡♠❛♥❞s ❢♦r t❤❡ ❯✳❙✳ ❞♦❧❧❛r ♠❛❦❡ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ❛ str✉❝t✉r❛❧ ♣❤❡♥♦♠❡♥♦♥✿ ❯✳❙✳

❤❛s r✉♥ tr❛❞❡ ❞❡✜❝✐ts ✇✐t❤ ❛❧♠♦st ❛❧❧ ✐ts ♠❛❥♦r tr❛❞❡ ♣❛rt♥❡rs ❢♦r ❞❡❝❛❞❡s ❛s ❞❡♣✐❝t❡❞ ✐♥

✷❚❤✐s r❡♣♦rt ✐s ❞♦✇♥❧♦❛❞❛❜❧❡ ❢r♦♠ ❤tt♣✿✴✴✇✇✇✳tr❡❛s✉r②✳❣♦✈✴♣r❡ss✲❝❡♥t❡r✴♣r❡ss✲
r❡❧❡❛s❡s✴P❛❣❡s✴r❡♣♦rt✸✵✽✹✳❛s♣①✳

✸



❋✐❣✉r❡ ✷✳✸ ❆s ❧♦♥❣ ❛s t❤❡r❡ ✐s ❛ ♥♦♠✐♥❛❧ ❣r♦✇t❤ ♦❢ ❞♦❧❧❛r✲❞❡♥♦♠✐♥❛t❡❞ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡s

❞✉❡ t♦ ❡✐t❤❡r ❣❧♦❜❛❧ ❡❝♦♥♦♠✐❝ ❣r♦✇t❤ ♦r t❤❡ ❞❡❡♣❡♥✐♥❣ ♦❢ ❣❧♦❜❛❧✐③❛t✐♦♥✱ t❤❡ r❡st ♦❢ t❤❡

✇♦r❧❞ ❡①❝❧✉❞✐♥❣ ❯✳❙✳ ♥❡❡❞s t♦ r✉♥ ❛ tr❛❞❡ s✉r♣❧✉s t♦ ♦❜t❛✐♥ ❡①tr❛ ❞♦❧❧❛rs ♥❡❡❞❡❞ ✐❢ t❤❡r❡

✐s ❛ ❝❛s❤✲✐♥✲❛❞✈❛♥❝❡ ✭❈■❆✮ ❝♦♥str❛✐♥t ❢♦r t❤❡s❡ tr❛♥s❛❝t✐♦♥s✳

❋✐❣✉r❡ ✷✿ ❯✳❙✳ ❚r❛❞❡ ✭●♦♦❞s✮ ❇❛❧❛♥❝❡s ✇✐t❤ ▼❛❥♦r P❛rt♥❡rs

❖❜st❢❡❧❞ ❛♥❞ ❘♦❣♦✛ ✭✷✵✵✺✮ ❛♥❞ ❋❡❧❞st❡✐♥ ✭✷✵✵✽✮ ♣r❡❞✐❝t❡❞ t❤❛t✿ ❛ ♣❡r♠❛♥❡♥t tr❛❞❡

✐♠❜❛❧❛♥❝❡s ❜❡t✇❡❡♥ ❯✳❙✳ ❛♥❞ t❤❡ r❡st ♦❢ t❤❡ ✇♦r❧❞ ✐s ✉♥s✉st❛✐♥❛❜❧❡✱ ❛♥❞ t❤✉s ❛ s✉❜st❛♥t✐❛❧

❞❡♣r❡❝✐❛t✐♦♥ ♦❢ t❤❡ ❞♦❧❧❛r✬s r❡❛❧ ❡①❝❤❛♥❣❡ r❛t❡ ✇✐❧❧ t❛❦❡ ♣❧❛❝❡ ✐♥ t❤❡ ❢✉t✉r❡✳ ❚❤✐s ✈✐❡✇♣♦✐♥t

♥❡❣❧❡❝t❡❞ t❤❛t t❤❡ s♣❡❝✐❛❧ r♦❧❡s ♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛s t❤❡ ♦♥❧② ✇♦r❧❞ ❝✉rr❡♥❝② ✇✐❧❧ ❝r❡❛t❡

♠♦r❡ ❛♥❞ ♠♦r❡ ❞❡♠❛♥❞s ❢♦r ✐t ✐♥ ❛ ✇♦r❧❞ ✇✐t❤ ♥♦♠✐♥❛❧ ❡❝♦♥♦♠✐❝ ❛♥❞ tr❛❞❡ ❣r♦✇t❤✱ ❛♥❞

t❤✐s ❢♦r❝❡ ❝❛♥ ♣r❡✈❡♥t t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❢r♦♠ ❞❡♣r❡❝✐❛t✐♦♥✱ ❡✈❡♥ ✐♥ t❤❡ ❧♦♥❣ r✉♥✳ ❋✐❣✉r❡ ✸✹

❞❡♣✐❝ts t❤❡ ❡✈♦❧✈✐♥❣ ♣❛t❤ ♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ✭❯❙❉✮ ✐♥❞❡① ✐♥ t❤❡ ♣❛st ❢♦✉r ❞❡❝❛❞❡s✳ ❆❧♦♥❣

✇✐t❤ t❤❡ ❢♦✉r✲❞❡❝❛❞❡ tr❛❞❡ ❞❡✜❝✐ts ♦❢ t❤❡ ❯✳❙✳✱ ✇❡ ❝❛♥ ♥♦t s❡❡ ❛♥ ❡✈✐❞❡♥t tr❡♥❞ ♦❢ t❤❡ ❯✳❙✳

❞♦❧❧❛r✬s ♥♦♠✐♥❛❧ ❞❡♣r❡❝✐❛t✐♦♥✳ ■♥ ❢❛❝t t❤❡ ❯❙❉ ✐♥❞❡① ✇❛s ❛❜♦✉t ✾✵ ♦♥ ❛✈❡r❛❣❡ ✐♥ t❤❡ ✜rst

q✉❛rt❡r ♦❢ ✷✵✶✺✱ ✐♥❞✐❝❛t✐♥❣ ❛ str♦♥❣ ❯✳❙✳ ❞♦❧❧❛r✳ ❈♦♥s✐❞❡r✐♥❣ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ t❤❡ ❯✳❙✳

✐♥✢❛t✐♦♥ r❛t❡ ❝♦♠♣❛r❡❞ t♦ t❤❡ ✐♥✢❛t✐♦♥ r❛t❡s ♦❢ ♠❛❥♦r ❡❝♦♥♦♠✐❡s ✐♥ t❤❡ ✇♦r❧❞ ❞✉r✐♥❣ t❤❡

♣❛st ❞❡❝❛❞❡s✱ ✇❡ ❝❛♥ ♥♦t s❡❡ ❛ s✉❜st❛♥t✐❛❧ ❞❡♣r❡❝✐❛t✐♦♥ ♦❢ t❤❡ ❞♦❧❧❛r✬s r❡❛❧ ❡①❝❤❛♥❣❡ r❛t❡✳

✸❚❤❡ r❡❧❡✈❛♥t ❞❛t❛ ✐s ❢r♦♠ t❤❡ ✇❡❜s✐t❡ ♦❢ t❤❡ ❯✳❙✳ ❈❡♥s✉s ❇✉r❡❛✉✿ ❤tt♣s✿✴✴✇✇✇✳❝❡♥s✉s✳❣♦✈✴❢♦r❡✐❣♥✲
tr❛❞❡✴❜❛❧❛♥❝❡✴✳ ❆♥❞ t❤❡ ❯✳❙✳ tr❛❞❡ ❞❡✜❝✐t ♠❛✐♥❧② ❝♦♠❡s ❢r♦♠ t❤❡ ❞❡✜❝✐t ✐♥ ❣♦♦❞s✳

✹❚❤❡ ❞❛t❛ ✐s ❢r♦♠ t❤❡ ✇❡❜s✐t❡ ♦❢ ❋❡❞❡r❛❧ ❘❡s❡r✈❡ ❇❛♥❦ ♦❢ ❙t✳ ▲♦✉✐s✿
❤tt♣✿✴✴r❡s❡❛r❝❤✳st❧♦✉✐s❢❡❞✳♦r❣✴❢r❡❞✷✴✳

✹



❋✐❣✉r❡ ✸✿ ❯✳❙✳ ❉♦❧❧❛r ■♥❞❡①

❚♦ s✉♠♠❛r✐③❡✱ t❤❡ ❧♦♥❣✲❧❛st✐♥❣ ❯✳❙✳ tr❛❞❡ ❞❡✜❝✐t✱ ✐♥❞✐❝❛t✐♥❣ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s✱ ✐s ❛

❧♦♥❣✲r✉♥ ❛♥❞ str✉❝t✉r❛❧ ♣❤❡♥♦♠❡♥♦♥✱ ❛♥❞ t❤❡ s♣❡❝✐❛❧ r♦❧❡s ♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛s t❤❡ ✇♦r❧❞

❝✉rr❡♥❝② s❡❡♠ t♦ ❜❡ ❛♥ ✐♠♣♦rt❛♥t ❢❛❝t♦r t♦ ❡①♣❧❛✐♥ t❤✐s ♣❤❡♥♦♠❡♥♦♥✳ ❚❤✐s ♣❛♣❡r ♣r♦✈❡s

t❤❛t ♣❡r♠❛♥❡♥t ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ❝❛♥ ❜❡ s✉st❛✐♥❛❜❧❡ ❞✉❡ t♦ ❛ s♣❡❝✐❛❧ r♦❧❡ ♦❢ t❤❡ ❯✳❙✳

❞♦❧❧❛r✱ ❜② ❜✉✐❧❞✐♥❣ ❛ t✇♦✲❝♦✉♥tr② ❝❛s❤✲✐♥✲❛❞✈❛♥❝❡ ❣r♦✇t❤ ♠♦❞❡❧ ✇✐t❤ ❛ ❞♦❧❧❛r st❛♥❞❛r❞

✐♥ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡✳ ❚❤❡ ♣❡r♠❛♥❡♥t ❯✳❙✳ tr❛❞❡ ❞❡✜❝✐t ✐s ❛♥ ✐♥❝r❡❛s✐♥❣ ❢✉♥❝t✐♦♥ ♦❢

t❤❡ str❡♥❣t❤ ♦❢ ♦✛✲s❤♦r❡ ❞♦❧❧❛r ❞❡♠❛♥❞ t♦ ✜♥❛♥❝❡ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛♥s❛❝t✐♦♥s✱ t❤❡ ❧♦♥❣✲r✉♥

❣r♦✇t❤ r❛t❡ ♦❢ ❣❧♦❜❛❧ ♥♦♠✐♥❛❧ ●❉P✱ t❤❡ ♦♣❡♥♥❡ss ♦❢ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡✱ t❤❡ ❡❧❛st✐❝✐t② ♦❢

s✉❜st✐t✉t✐♦♥ ❜❡t✇❡❡♥ ❞♦♠❡st✐❝ ❛♥❞ ❢♦r❡✐❣♥ ❣♦♦❞s✱ ❛♥❞ t❤❡ r❡❧❛t✐✈❡ s✐③❡ ♦❢ t❤❡ ❯✳❙✳ ❡❝♦♥♦♠②

t♦ t❤❡ r❡st ♦❢ t❤❡ ✇♦r❧❞✳ ❚❤❡ ❧♦♥❣✲r✉♥ ♥♦♥✲♥❡✉tr❛❧✐t② ♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛s t❤❡ ✇♦r❧❞ ❝✉rr❡♥❝②

❡①✐sts✳

❚❤❡ ✐♥t❡r♥❛t✐♦♥❛❧✐③❛t✐♦♥ ♦❢ ❘▼❇ ❤❛s ❜❡❝♦♠❡s ❛ ❤♦t t♦♣✐❝ r❡❝❡♥t❧②✳ ❲❤② ❞♦❡s ♦♥❡

❝♦✉♥tr② ❝❛r❡ s♦ ♠✉❝❤ ❛❜♦✉t ✐ts ❝✉rr❡♥❝②✬s r♦❧❡ ✐♥ ❣❧♦❜❛❧ ♠❛r❦❡ts❄ ❖♥❡ ❡❝♦♥♦♠✐❝ r❡❛s♦♥

✐s t❤❛t✿ ❜② ❜❡❝♦♠✐♥❣ ❛ ✇♦r❧❞ ❝✉rr❡♥❝② ❧✐❦❡ t❤❡ ❯✳❙✳ ❞♦❧❧❛r✱ ♦♥❡ ❝✉rr❡♥❝② ❝❛♥ ❜r✐♥❣ s♦♠❡

♣❡r♠❛♥❡♥t ✇❡❧❢❛r❡ t♦ ✐ts ❝♦✉♥tr②✳ ❚❤✐s ♣❛♣❡r s❤♦✇s t❤❛t✿ str✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ❛r❡

❛❝❝♦♠♣❛♥✐❡❞ ❜② ❛♥ ✉♥❡q✉❛❧ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡ ✇✐t❤ t❤❡ t❡r♠s ♦❢ tr❛❞❡ ❜❡✐♥❣ ❜❡♥❡✜❝✐❛❧ t♦

t❤❡ ❯✳❙✳✱ ❛♥❞ t❤❡ ✇❡❧❢❛r❡ ❛♥❛❧②s✐s ✐♥❞✐❝❛t❡s✿ ❛ ✇❡❛❦❡♥❡❞ ❯✳❙✳ ❞♦❧❧❛r ✐♥ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧

tr❛❞❡✱ r❡♣r❡s❡♥t❡❞ ❜② ❛ ✇❡❛❦❡r str❡♥❣t❤ ♦❢ ♦✛✲s❤♦r❡ ❞♦❧❧❛r ❞❡♠❛♥❞✱ ✇✐❧❧ r❡❞✉❝❡ t❤❡ ✇❡❧❢❛r❡

✺



♦❢ t❤❡ ❯✳❙✳ ❤♦✉s❡❤♦❧❞s✱ ❜✉t ✐♥❝r❡❛s❡ t❤❡ ✇❡❧❢❛r❡ ♦❢ t❤❡ r❡st ♦❢ t❤❡ ✇♦r❧❞❀ ❛♥❞ t❤❡ ✇❡❧❢❛r❡

♦❢ t❤❡ ✇❤♦❧❡ ✇♦r❧❞ ✇✐❧❧ ❜❡ ✐♠♣r♦✈❡❞ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ✉t✐❧✐t❛r✐❛♥ st❛♥❞❛r❞✳

❚♦ s✐♠♣❧✐❢② t❤❡ ❛♥❛❧②s✐s✱ ✐♥ t❤✐s ♣❛♣❡r ✇❡ ❢♦❝✉s ♦♥ t❤❡ ❯✳❙✳ ❞♦❧❧❛r✬s ❞♦♠✐♥❛♥t r♦❧❡ ✐♥

t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡✱ ❜✉t ✐❣♥♦r❡ ✐ts r♦❧❡ ✐♥ ❣❧♦❜❛❧ ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts ❛s ❛ ❣❧♦❜❛❧ r❡s❡r✈❡

❝✉rr❡♥❝②✳ ❙♦ ✜♥❛♥❝✐❛❧ ❛✉t❛r❦② ✐s ❛ss✉♠❡❞ ❢♦r ♦✉r ❢♦❧❧♦✇✐♥❣ ❜❡♥❝❤♠❛r❦ ♠♦❞❡❧✳ ❲❡ ❜❡❧✐❡✈❡

t❤❛t t❤❡ r♦❧❡ ♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛s ❛ ❣❧♦❜❛❧ r❡s❡r✈❡ ❝✉rr❡♥❝② ✐s ❛❧s♦ ✈❡r② ✐♠♣♦rt❛♥t t♦

❡①♣❧❛✐♥ t❤❡ ❧♦♥❣✲r✉♥ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s✳ ❙❡❝♦♥❞❧②✱ ✇❡ ❢♦❝✉s ♦♥ t❤❡ ❧♦♥❣✲r✉♥ st❡❛❞② st❛t❡

❛♥❛❧②s✐s ♦❢ t❤❡ ❣❧♦❜❛❧ ❡❝♦♥♦♠②✱ ❜✉t ✐❣♥♦r❡ t❤❡ ❜✉s✐♥❡ss✲❝②❝❧❡ ♠♦✈❡♠❡♥t ♦❢ t❤❡ ❯✳❙✳ ❛♥❞

✇♦r❧❞ ❡❝♦♥♦♠②✱ ✇❤✐❝❤ ❤❛s ♣❛rt❧② ❝❛♣t✉r❡❞ ✐♥ ❋✐❣✉r❡ ✶ ❛♥❞ ✸✳ ❲❡ ❧❡❛✈❡ t❤❡s❡ ✐ss✉❡s ❢♦r

❢✉t✉r❡ st✉❞✐❡s✳

❚❤❡ r❡st ♦❢ t❤✐s ♣❛♣❡r ✐s ♦r❣❛♥✐③❡❞ ❛s ❢♦❧❧♦✇s✿ ❙❡❝t✐♦♥ ✷ r❡✈✐❡✇s t❤❡ r❡❧❛t❡❞ ❧✐t❡r❛t✉r❡❀

❙❡❝t✐♦♥ ✸ ❝♦♥str✉❝ts t❤❡ ❜❡♥❝❤♠❛r❦ ♠♦❞❡❧❀ ✐♥ ❙❡❝t✐♦♥ ✹ t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ str✉❝t✉r❛❧

❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ❛♥❞ ❞❡❡♣ ♣❛r❛♠❡t❡rs ♦❢ t❤❡ ❣❧♦❜❛❧ ❡❝♦♥♦♠② ✐s ❞✐s❝✉ss❡❞ ✐♥ ❞❡t❛✐❧✱ ❛♥❞

✇❡❧❢❛r❡ ❛♥❛❧②s✐s ✐s ♣r♦✈✐❞❡❞ ❛s ✇❡❧❧❀ ✐♥ ❙❡❝t✐♦♥ ✺ ✇❡ ❝♦♥❝❧✉❞❡✳

✷ ▲✐t❡r❛t✉r❡ r❡✈✐❡✇

▲✐t❡r❛t✉r❡ ♦♥ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ❛♥❞ ♠❛ss✐✈❡ ❛♥❞ ❧♦♥❣✲❧❛st✐♥❣ ❯✳❙✳ tr❛❞❡ ❞❡✜❝✐t ✐s r✐❝❤✳

❆❝❝♦r❞✐♥❣ t♦ ❞✐✛❡r❡♥t r❡❛s♦♥s ♣r♦✈✐❞❡❞ t♦ ❡①♣❧❛✐♥ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s✱ t❤❡ ❧✐t❡r❛t✉r❡ ❢❛❧❧s

✐♥t♦ t❤❡ ❢♦❧❧♦✇✐♥❣ ❝❛t❡❣♦r✐❡s✳

❇❡r♥❛♥❦❡ ✭✷✵✵✺✮✱ ❇❛❝❦✉s ❡t ❛❧✳ ✭✷✵✵✺✮ ❛♥❞ ♠❛♥② ♦t❤❡rs ❜❡❧✐❡✈❡ ✐♥ t❤❡ ✏❣❧♦❜❛❧ s❛✈✐♥❣s

❣❧✉t✑ st♦r②✱ ❛♥❞ t❛❦❡ t❤❡ ✈✐❡✇♣♦✐♥t t❤❛t ❛ ❧❛❝❦ ♦❢ ✐♥✈❡st♠❡♥t ♦♣♣♦rt✉♥✐t✐❡s ❛♥❞ ❤✐❣❤ s❛✈✐♥❣s

✐♥ t❤❡ r❡st ♦❢ t❤❡ ✇♦r❧❞ ❝❛✉s❡❞ ❛♥ ❡①❝❡ss✐✈❡ s✉♣♣❧② ♦❢ ❢✉♥❞s t♦ t❤❡ ❯✳❙✳ ❛♥❞ t❤✉s r❡s✉❧t❡❞

✐♥ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s✳

❈❛❜❛❧❧❡r♦ ❡t ❛❧✳ ✭✷✵✵✽✮ ❛♥❞ ▼❡♥❞♦③❛ ❡t ❛❧✳ ✭✷✵✵✾✮ ✉s❡ t❤❡ ❛s②♠♠❡tr② ♦❢ ✜♥❛♥❝✐❛❧ ❞❡❡♣✲

♥❡ss ❛♥❞ t❤❡ ✐♥t❡❣r❛t✐♦♥ ♦❢ ❣❧♦❜❛❧ ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts t♦ ❡①♣❧❛✐♥ t❤❡ ✏❣❧♦❜❛❧ s❛✈✐♥❣s ❣❧✉t✑✳

❚❤❡② ❛r❣✉❡ t❤❛t t❤❡ s✉♣❡r✐♦r q✉❛❧✐t② ❛♥❞ ❞❡♣t❤ ♦❢ t❤❡ ❯✳❙✳ ✜♥❛♥❝✐❛❧ s②st❡♠ ❛♥❞ ❝❛♣✐t❛❧

♠❛r❦❡t ✐♠♣❡r❢❡❝t✐♦♥s ✐♥ t❤❡ ❡♠❡r❣✐♥❣ ♠❛r❦❡ts ❤❛✈❡ ❧❡❞ ❣❧♦❜❛❧ ✐♥✈❡st♦rs t♦ s✉♣♣❧② ❢✉♥❞s

❝❤❡❛♣❧② t♦ t❤❡ ❯✳❙✳

❊♥❣❡❧ ❛♥❞ ❘♦❣❡rs ✭✷✵✵✻✮✱ ▼❝●r❛tt❛♥ ❛♥❞ Pr❡s❝♦tt ✭✷✵✶✵✮ ❛♥❞ ❍♦✛♠❛♥♥ ❡t ❛❧✳ ✭✷✵✶✶✮

❝♦♥s✐❞❡r t❤❛t r❡❛❧ ❢❛❝t♦rs s✉❝❤ ❛s ❞✐✛❡r❡♥t✐❛❧s ✐♥ ❣r♦✇t❤ ♣r♦s♣❡❝ts ♦r ♣r♦❞✉❝t✐✈✐t②✱ r❛t❤❡r

✻



t❤❛♥ ✜♥❛♥❝✐❛❧ ❢❛❝t♦rs✱ ❛r❡ t❤❡ ❦❡② r❡❛s♦♥s ❧❡❛❞✐♥❣ t♦ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s✳

P♦❧✐❝✐❡s ❛r❡ ✐♠♣♦rt❛♥t ❛s ✇❡❧❧✳ ❇❧❛♥❝❤❛r❞ ❡t ❛❧✳ ✭✷✵✵✺✮ ❛♥❞ ❖❜st❢❡❧❞ ❛♥❞ ❘♦❣♦✛ ✭✷✵✵✾✮

❛ttr✐❜✉t❡ t❤❡ ❧♦♥❣✲❧❛st✐♥❣ ❯✳❙✳ tr❛❞❡ ❞❡✜❝✐t ♣❛rt✐❛❧❧② t♦ t❤❡ ❡❝♦♥♦♠✐❝ ♣♦❧✐❝✐❡s ♦❢ ❯✳❙✳ ❛♥❞

♦t❤❡r ❡❝♦♥♦♠✐❡s✳ ■t ✐s t❤♦✉❣❤t t❤❛t ❛ ❧♦♦s❡ ♠♦♥❡t❛r② ♣♦❧✐❝② ❛❧♦♥❣ ✇✐t❤ ❝r❡❞✐t ♠❛r❦❡t

❞✐st♦rt✐♦♥s ✐♥ t❤❡ ❯✳❙✳ ❛♥❞ t❤❡ ♠✐s❛❧✐❣♥♠❡♥t ♦❢ ♥♦♠✐♥❛❧ ❡①❝❤❛♥❣❡ r❛t❡s ♦❢ ♦t❤❡r ❡❝♦♥♦♠✐❡s

✇✐❧❧ ❧❡❛❞ t♦ ❡①❝❡ss✐✈❡❧② ❝❤❡❛♣ ✐♠♣♦rt ♣r✐❝❡s ❢♦r t❤❡ ❯✳❙✳ ✐♥ t❤❡ s❤♦rt r✉♥✱ ✇❤✐❝❤ ✇✐❧❧ ❝❛✉s❡

t❤❡ ❯✳❙✳ tr❛❞❡ ✐♠❜❛❧❛♥❝❡✳

❉❡♠♦❣r❛♣❤✐❝ ❢❛❝t♦rs ✐♥ ❞✐✛❡r❡♥t ❡❝♦♥♦♠✐❡s ❛r❡ ❛❧s♦ ❡♠♣❧♦②❡❞ t♦ ❛❝❝♦✉♥t ❢♦r ❣❧♦❜❛❧

✐♠❜❛❧❛♥❝❡s✱ s✉❝❤ ❛s ✐♥ ❉♦♠❡✐❥ ❛♥❞ ❋❧♦❞❡♥ ✭✷✵✵✻✮ ❛♥❞ ❋❡rr❡r♦ ✭✷✵✶✵✮✳ ❋❡rr❡r♦ ✭✷✵✶✵✮

✐♥✈❡st✐❣❛t❡s t❤❡ ❝♦♥tr✐❜✉t✐♦♥ ♦❢ ♣r♦❞✉❝t✐✈✐t② ❣r♦✇t❤✱ ❞❡♠♦❣r❛♣❤✐❝s ❛♥❞ ✜s❝❛❧ ♣♦❧✐❝② ✐♥

❡①♣❧❛✐♥✐♥❣ t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ t❤❡ ❯✳❙✳ ❡①t❡r♥❛❧ ✐♠❜❛❧❛♥❝❡s ❛❣❛✐♥st ✐♥❞✉str✐❛❧✐③❡❞ ❝♦✉♥tr✐❡s✳

❍❡ ♣♦✐♥ts ♦✉t t❤❛t ✇❤✐❧❡ ♣r♦❞✉❝t✐✈✐t② ❣r♦✇t❤ ♣❧❛②s ❛ ❞♦♠✐♥❛♥t r♦❧❡✱ ❞❡♠♦❣r❛♣❤✐❝s ❡①♣❧❛✐♥

❛ ♥♦♥✲♥❡❣❧✐❣✐❜❧❡ ❛♥❞ ♥❡❛r❧② ♣❡r♠❛♥❡♥t ❝♦♠♣♦♥❡♥t ♦❢ t❤❡ ❯✳❙✳ tr❛❞❡ ❞❡✜❝✐t✳ ❇❡s✐❞❡s t❤❡

❛❜♦✈❡ ❡①♣❧❛♥❛t✐♦♥s✱ t❤❡ ❧❛r❣❡ ♣✉❜❧✐❝✲s❡❝t♦r ❜✉❞❣❡t ❞❡✜❝✐ts ♦❢ t❤❡ ❯✳❙✳ ❛♥❞ s♦♠❡ ♦t❤❡r

r❡❛s♦♥s ❛r❡ s♦♠❡t✐♠❡s ♠❡♥t✐♦♥❡❞ ❛s ✇❡❧❧ t♦ ❡①♣❧❛✐♥ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s✳

❚♦ s✉♠♠❛r✐③❡✱ ♠♦st ♦❢ t❤❡ ❧✐t❡r❛t✉r❡ ✈✐❡✇s t❤❡ ❯✳❙✳ tr❛❞❡ ❞❡✜❝✐t ❛♥❞ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s

❛s ❛ ♣❡rs✐st❡♥t tr❛♥s✐t♦r② ♣❤❡♥♦♠❡♥♦♥ ❛t t❤❡ ❜✉s✐♥❡ss✲❝②❝❧❡ ❢r❡q✉❡♥❝②✱ r❛t❤❡r t❤❛♥ ❛ ❧♦♥❣✲

r✉♥ st❡❛❞② st❛t❡ ❡①✐st❡♥❝❡✳ ❚❤❡②✱ s✉❝❤ ❛s ❖❜st❢❡❧❞ ❛♥❞ ❘♦❣♦✛ ✭✷✵✵✺✮✱ ❋❡❧❞st❡✐♥ ✭✷✵✵✽✮

❛♥❞ ❍♦✛♠❛♥♥ ❡t ❛❧✳ ✭✷✵✶✶✮✱ ❞♦ ♥♦t t❤✐♥❦ t❤❛t ❛ ♣❡r♠❛♥❡♥t tr❛❞❡ ✐♠❜❛❧❛♥❝❡ ❜❡t✇❡❡♥ t❤❡

❯✳❙✳ ❛♥❞ t❤❡ r❡st ♦❢ t❤❡ ✇♦r❧❞ ✐s s✉st❛✐♥❛❜❧❡ ❢♦r❡✈❡r✳ ❙❡❝♦♥❞❧②✱ ♠♦st ♦❢ t❤❡ ❧✐t❡r❛t✉r❡

✐❣♥♦r❡s t❤❡ s♣❡❝✐❛❧ r♦❧❡s ♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛s t❤❡ ✇♦r❧❞ ❝✉rr❡♥❝② ❛♥❞ t❤❡✐r ❝♦♥tr✐❜✉t✐♦♥ ✐♥

❛❝❝♦✉♥t✐♥❣ ❢♦r ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s✳ ❚❤✐s ♣❛♣❡r ♣r♦✈❡s t❤❛t ♣❡r♠❛♥❡♥t ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ❝❛♥

❜❡ s✉st❛✐♥❛❜❧❡ ❞✉❡ t♦ ❛ s♣❡❝✐❛❧ r♦❧❡ ♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛s t❤❡ ✇♦r❧❞ ❝✉rr❡♥❝②✱ ❜② ❜✉✐❧❞✐♥❣

❛ t✇♦✲❝♦✉♥tr② ❝❛s❤✲✐♥✲❛❞✈❛♥❝❡ ❣r♦✇t❤ ♠♦❞❡❧ ✇✐t❤ ❛ ❞♦❧❧❛r st❛♥❞❛r❞ ✐♥ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧

tr❛❞❡✳ ❚❤✐s ♣❛♣❡r ❛❧s♦ ♣r♦✈❡s t❤❡ ❧♦♥❣✲r✉♥ ♥♦♥✲♥❡✉tr❛❧✐t② ♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛s t❤❡ ✇♦r❧❞

❝✉rr❡♥❝②✱ ❛♥❞ r❡♥❡✇s t❤❡ t❤♦✉❣❤ts ❛❜♦✉t ♠♦♥❡② ♥❡✉tr❛❧✐t② ✐♥ ❛♥ ♦♣❡♥✲❡❝♦♥♦♠② s❡tt✐♥❣

✇✐t❤ ❛ ✇♦r❧❞ ❝✉rr❡♥❝②✳

✼



✸ ❚❤❡ ▼♦❞❡❧

❚❤❡r❡ ❛r❡ t✇♦ ❝♦✉♥tr✐❡s ✐♥ t❤❡ ✇♦r❧❞✿ t❤❡ ❯✳❙✳ ✭❞❡♥♦t❡❞ ❜② H✮ ❛♥❞ t❤❡ ❘❖❲ ✭r❡st ♦❢ t❤❡

✇♦r❧❞✱ ❞❡♥♦t❡❞ ❜② F ✮✳ ❚❤❡ ✇♦r❧❞ ✐s ♣♦♣✉❧❛t❡❞ ✇✐t❤ ❛ ❝♦♥t✐♥✉✉♠ ♦❢ ❛❣❡♥ts ♦❢ 1 + n ♠❛ss✱

✇❤❡r❡ t❤❡ ♣♦♣✉❧❛t✐♦♥ ✐♥ t❤❡ s❡❣♠❡♥t [0, n) ❜❡❧♦♥❣s t♦ t❤❡ ❯✳❙✳ ❛♥❞ t❤❡ ♣♦♣✉❧❛t✐♦♥ ✐♥ t❤❡

s❡❣♠❡♥t (n, 1 + n] ❜❡❧♦♥❣s t♦ t❤❡ ❘❖❲✳ ❚❤❡ ❯✳❙✳ ❞♦❧❧❛r s❡r✈❡s ❛s t❤❡ ✐♥✈♦✐❝✐♥❣ ❝✉rr❡♥❝②

✐♥ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡✳ ❊❛❝❤ ❝♦✉♥tr② s♣❡❝✐❛❧✐③❡s ✐♥ ♦♥❡ s❡♠✐✲✜♥❛❧ ❣♦♦❞ ✭♣r♦❞✉❝❡❞ ✐♥

❛ ♥✉♠❜❡r ♦❢ ✐♥t❡r♠❡❞✐❛t❡ ❣♦♦❞s ✇✐t❤ ♠❡❛s✉r❡ ❡q✉❛❧ t♦ ♣♦♣✉❧❛t✐♦♥ s✐③❡✮✿ ❤♦♠❡ ❣♦♦❞ YH,t

♣r♦❞✉❝❡❞ ❜② t❤❡ ❯✳❙✳ ❛♥❞ ❢♦r❡✐❣♥ ❣♦♦❞ YF,t ❜② t❤❡ ❘❖❲✳ ❚❤❡ ✜♥❛❧ ❣♦♦❞ ❢♦r ❡❛❝❤ ❝♦✉♥tr②

✭Yt ♦rY
∗
t ✮ ✐s ❛ ❝♦♠♣♦s✐t❡ ♦❢ t❤❡ ❤♦♠❡ ❣♦♦❞ ❛♥❞ t❤❡ ❢♦r❡✐❣♥ ❣♦♦❞✱ ✇❤✐❝❤ ❝❛♥ ❜❡ ✉s❡❞ ❢♦r

❤♦✉s❡❤♦❧❞s✬ ❝♦♥s✉♠♣t✐♦♥ ❛♥❞ ❝❛♣✐t❛❧ ✐♥✈❡st♠❡♥t❀ ❛♥❞ t❤❡ ❝♦♠♣♦s✐t✐♦♥ ❈❊❙ t❡❝❤♥♦❧♦❣✐❡s

❛r❡ ❛s ❢♦❧❧♦✇s✿

Yt =

[

(1− ρH)
1

ω ·
(

Y H
H,t

)

ω−1

ω + (ρH)
1

ω ·
(

Y H
F,t

)

ω−1

ω

]
ω

ω−1

Y ∗
t =

[

(1− ρF )
1

ω ·
(

Y F
F,t

)

ω−1

ω + (ρF )
1

ω ·
(

Y F
H,t

)

ω−1

ω

]
ω

ω−1

✇❤❡r❡ ω r❡♣r❡s❡♥ts t❤❡ ❡❧❛st✐❝✐t② ♦❢ s✉❜st✐t✉t✐♦♥ ❜❡t✇❡❡♥ ❞♦♠❡st✐❝ ❛♥❞ ❢♦r❡✐❣♥ ❣♦♦❞s✱ ρj

✭j = H ♦r F ✮ r❡❢❡rs t♦ t❤❡ s❤❛r❡ ♦❢ ❞♦♠❡st✐❝ ❛❣❣r❡❣❛t❡ ❞❡♠❛♥❞ ❛❧❧♦❝❛t❡❞ t♦ ❢♦r❡✐❣♥ ❣♦♦❞s

❛♥❞ ✐s t❤✉s ❛ ♥❛t✉r❛❧ ✐♥❞❡① ♦❢ ♦♣❡♥♥❡ss ❢♦r ❝♦✉♥tr② j✱ ❛♥❞ Y j
i,t✭i = H ♦r F ✱ ❛♥❞ j = H ♦r

F ✮ ✐s t❤❡ ❞❡♠❛♥❞ ♦❢ ❝♦✉♥tr② j ❢♦r t❤❡ ✐♥t❡r♠❡❞✐❛t❡ ❣♦♦❞ ♣r♦❞✉❝❡❞ ❜② ❝♦✉♥tr② i✳

✸✳✶ ❚❤❡ ❯✳❙✳ ❡❝♦♥♦♠②

✸✳✶✳✶ ❍♦✉s❡❤♦❧❞s

❚❤❡ r❡♣r❡s❡♥t❛t✐✈❡ ❤♦✉s❡❤♦❧❞ s❡❡❦s t♦ ♠❛①✐♠✐③❡ t❤❡ ❧✐❢❡ t✐♠❡ ✉t✐❧✐t② ♦❢ ❡❛❝❤ ❢❛♠✐❧② ♠❡♠❜❡r✿

U0 = E0

∞
∑

t=0

βt
·

(

ln

(

Ct

n

)

− φL ·
(Lt/n)

1+η

1 + η

)

✇❤❡r❡ E ✐s t❤❡ ❡①♣❡❝t❛t✐♦♥ ♦♣❡r❛t♦r✱ β ✐s t❤❡ ✉t✐❧✐t② ❞✐s❝♦✉♥t ❢❛❝t♦r✱ Lt ✐s ❛❣❣r❡❣❛t❡ ❧❛❜♦r
s✉♣♣❧②✱ ❛♥❞ Ct ✐s ❛❣❣r❡❣❛t❡ r❡❛❧ ❝♦♥s✉♠♣t✐♦♥✳

❚❤❡ r❡♣r❡s❡♥t❛t✐✈❡ ❤♦✉s❡❤♦❧❞ ❝❛♥ ✐♥✈❡st ✐♥ t❤❡ r❡❛❧ ❯✳❙✳ ❝❛♣✐t❛❧ Kt ✇✐t❤ ❛ ❝❛♣✐t❛❧ r❡♥t❛❧

r❛t❡ rt✳ ❉✉❡ t♦ t❤❡ ♠♦♥♦♣♦❧✐st✐❝ ♣♦✇❡r ♦❢ t❤❡ ✐♥t❡r♠❡❞✐❛t❡✲❣♦♦❞ ✜r♠✱ ♥♦♠✐♥❛❧ ♣r♦✜t Dt

✽



✐s ❣❡♥❡r❛t❡❞ ❛♥❞ t❤❡♥ ❞✐str✐❜✉t❡❞ t♦ ❤♦✉s❡❤♦❧❞s✳ ❚❤❡ ❤♦✉s❡❤♦❧❞ r❡❝❡✐✈❡s ❛ ♥♦♠✐♥❛❧ ❧✉♠♣✲

s✉♠ tr❛♥s❢❡r Tt ❢r♦♠ t❤❡ ♠♦♥❡t❛r② ❛✉t❤♦r✐t②✳ ❚❤❡r❡❢♦r❡✱ t❤❡ ❜✉❞❣❡t ❝♦♥str❛✐♥t ❢♦r t❤❡

r❡♣r❡s❡♥t❛t✐✈❡ ❤♦✉s❡❤♦❧❞ ✐s✿

PtCt + PtIt +MH
t+1 ≦ rtPtKt +WtLt +Dt + Tt +MH

t ✭✶✮

✇❤❡r❡ Pt ✐s t❤❡ ❛❣❣r❡❣❛t❡ ♣r✐❝❡ ❧❡✈❡❧✱ It✭= Kt+1 − (1− δ)Kt✮ ✐s t❤❡ ✐♥✈❡st♠❡♥t ♦♥ t❤❡ r❡❛❧

❯✳❙✳ ❛ss❡t✱ δ ✐s t❤❡ ❞❡♣r❡❝✐❛t✐♦♥ r❛t❡ ♦❢ t❤❡ r❡❛❧ ❛ss❡t✱ MH
t ✐s t❤❡ ♠♦♥❡② ✭t❤❡ ❯✳❙✳ ❞♦❧❧❛r✮

❞❡♠❛♥❞ ♦❢ t❤❡ ❯✳❙✳ ❤♦✉s❡❤♦❧❞s✱ ❛♥❞ Wt ✐s t❤❡ ♥♦♠✐♥❛❧ ✇❛❣❡ r❛t❡✳

▼♦♥❡② ✐s ✐♥tr♦❞✉❝❡❞ ❜② ❛ ❝❛s❤✲✐♥✲❛❞✈❛♥❝❡ ✭❈■❆✮ ❝♦♥str❛✐♥t ❛s ❢♦❧❧♦✇s✿

ξ · (PtCt + PtIt) ≤ MH
t ✭✷✮

✇❤❡r❡ ξ > 0 ❞❡s❝r✐❜❡s t❤❡ str❡♥❣t❤ ♦❢ t❤❡ ❈■❆ ❝♦♥str❛✐♥t ♦♥ ♣r✐✈❛t❡ ❝♦♥s✉♠♣t✐♦♥ ❛♥❞

✐♥✈❡st♠❡♥t✳ ❲❤❡♥ ξ = 1✱ ✐t ✐s t❤❡ ✉s✉❛❧ ❈■❆ ❝♦♥str❛✐♥t✳ ❆❧t❤♦✉❣❤ t❤❡r❡ s❤♦✉❧❞ ❜❡ ❛

❈■❆ ❝♦♥str❛✐♥t ❢♦r ✐♠♣♦rt ❛s ✇❡❧❧✱ t❤✐s ✐♠♣♦rt ❈■❆ ❝♦♥str❛✐♥t ❢♦r t❤❡ ❯✳❙✳ ❤♦✉s❡❤♦❧❞s

❤♦❧❞s ♥❛t✉r❛❧❧② ❛s ❧♦♥❣ ❛s ✐♥❡q✉❛❧✐t② ✭✷✮ ✐s s❛t✐s✜❡❞✱ ❜❡❝❛✉s❡ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡ ❛❞♦♣ts

t❤❡ ❞♦❧❧❛r st❛♥❞❛r❞ ❛♥❞ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ✐s ❜♦t❤ ❛ ♥❛t✐♦♥❛❧ ❝✉rr❡♥❝② ❛♥❞ ❛ ✇♦r❧❞ ❝✉rr❡♥❝②✳

❍♦✇❡✈❡r✱ ❛s ✇❡ ✇✐❧❧ s❤♦✇✱ ✐t ✐s ♥♦t t❤❡ s❛♠❡ ❢♦r t❤❡ ❘❖❲ ❤♦✉s❡❤♦❧❞s✱ ❜❡❝❛✉s❡ t❤❡② ♥❡❡❞ t♦

❤♦❧❞ ❡♥♦✉❣❤ ❯✳❙✳ ❞♦❧❧❛rs ✐♥ ❛❞✈❛♥❝❡ t♦ ✜♥❛♥❝❡ ✐♠♣♦rts ❢r♦♠ t❤❡ ❯✳❙✳ ❛♥❞ ❛❧s♦ ✐ts ✐♥t❡r♥❛❧

tr❛♥s❛❝t✐♦♥s ❞❡♥♦♠✐♥❛t❡❞ ✐♥ t❤❡ ❯✳❙✳ ❞♦❧❧❛r✳

❚❤❡ ✜rst ♦r❞❡r ❝♦♥❞✐t✐♦♥s ✭❋❖❈s✮ ♦❢ t❤❡ ✉t✐❧✐t② ♠❛①✐♠✐③❛t✐♦♥ ♣r♦❜❧❡♠ ❛r❡ ❣✐✈❡♥ ❜②















































φL · Lη
t ·

1
n1+η − λ1

tWt = 0

1
Ct

−
(

λ1
t + ξ · λ2

t

)

Pt = 0
(

λ1
t + ξ · λ2

t

)

Pt − β · Et

[

λ1
t+1Pt+1 (1− δ + rt+1)

]

−ξ · β · Et

[

λ2
t+1Pt+1 (1− δ)

]

= 0

λ1
t − β · Et

(

λ1
t+1 + λ2

t+1

)

= 0

✭✸✮

✇❤❡r❡ λ1
t ❛♥❞ λ2

t ❛r❡ r❡s♣❡❝t✐✈❡❧② t❤❡ ▲❛❣r❛♥❣✐❛♥ ♠✉❧t✐♣❧✐❡rs ❝♦rr❡s♣♦♥❞✐♥❣ t♦ ✐♥❡q✉❛❧✐t②

✭✶✮ ❛♥❞ ✭✷✮✳ ●✐✈❡♥ t❤❛t t❤❡r❡ ✐s ❛ ♣♦s✐t✐✈❡ ✐♥✢❛t✐♦♥ r❛t❡ ❛♥❞ ❛ ♣♦s✐t✐✈❡ ♣r♦✜t ♦❢ ✐♥✈❡st♠❡♥t

♦♥ t❤❡ ❯✳❙✳ ❛ss❡t✱ ✐t ✐s ❡❛s② t♦ ♣r♦✈❡ t❤❛t ❜♦t❤ λ1
t ❛♥❞ λ2

t ❛r❡ ♣♦s✐t✐✈❡✱ s♦ ✐♥❡q✉❛❧✐t② ✭✶✮

✾



❛♥❞ ✭✷✮ ❛r❡ ❜♦t❤ ❜✐♥❞✐♥❣✳

❇❡❝❛✉s❡ t❤❡ ❯✳❙✳ ❞♦❧❧❛r s❡r✈❡s ❛s t❤❡ ❣❧♦❜❛❧ ❝✉rr❡♥❝② ❛♥❞ t❤❡ ❘❖❲ ❤♦✉s❡❤♦❧❞s ♥❡❡❞

t♦ ❤❛✈❡ ❡♥♦✉❣❤ ❯✳❙✳ ❞♦❧❧❛r ✐♥ ❛❞✈❛♥❝❡ t♦ ✜♥❛♥❝❡ ✐♠♣♦rts✱ t❤❡r❡ ✐s ❛ ❢♦r❡✐❣♥ ❞❡♠❛♥❞ ♦❢ t❤❡

❯✳❙✳ ❞♦❧❧❛r✱ MF
t ✱ ✇❤✐❝❤ ✐s ♥♦r♠❛❧❧② ❝❛❧❧❡❞ ✏♦✛s❤♦r❡ ❞♦❧❧❛r✑✳ ❚❤❡r❡❢♦r❡✱ t❤❡ t♦t❛❧ ❞❡♠❛♥❞

♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r✱ Mt✱ ❝♦♥s✐sts ♦❢ t✇♦ ❝♦♠♣♦♥❡♥ts✿

Mt = MH
t +MF

t

✸✳✶✳✷ ❙❡♠✐✲✜♥❛❧ ❣♦♦❞s ♣r♦❞✉❝t✐♦♥ ❛♥❞ Pr✐❝❡ ✐♥❞✐❝❡s

■♥ t❤✐s ♣❛♣❡r ✇❡ ❛ss✉♠❡ t❤❛t t❤❡ r❡♣r❡s❡♥t❛t✐✈❡ ❤♦✉s❡❤♦❧❞ ♣r♦❞✉❝❡s t❤❡ ✜♥❛❧ ❣♦♦❞ ❜②

❤✐♠s❡❧❢✳ ❊q✉✐✈❛❧❡♥t❧②✱ ♦♥❡ ❝❛♥ ❛❧s♦ ❛ss✉♠❡ t❤❡r❡ ❛r❡ ♣❡r❢❡❝t❧② ❝♦♠♣❡t✐t✐✈❡ ✜♥❛❧✲❣♦♦❞ ♣r♦✲

❞✉❝❡rs ✇✐t❤ t❤❡ s❛♠❡ ❈❊❙ t❡❝❤♥♦❧♦❣✐❡s ❣✐✈❡♥ ❛❜♦✈❡ ❛♥❞ t❤❡r❡ ✐s ③❡r♦ ♣r♦✜t ❢♦r t❤❡♠✳ ❙✐♥❝❡

t❤❡r❡ ✐s ❞♦❧❧❛r st❛♥❞❛r❞ ✐♥ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡✱ t❤❡ ❡①♣♦rt ❣♦♦❞s ❢r♦♠ ❡✐t❤❡r t❤❡ ❯✳❙✳ ♦r t❤❡

❘❖❲ ❛r❡ ♣r✐❝❡❞ ✐♥ t❤❡ ❯✳❙✳ ❞♦❧❧❛r✳ ❈♦♥s❡q✉❡♥t❧②✱ ✐t ✐s P❈P ✭♣r♦❞✉❝❡r ❝✉rr❡♥❝② ♣r✐❝✐♥❣✮ ❢♦r

t❤❡ ❯✳❙✳ ❛♥❞ ▲❈P ✭❧♦❝❛❧ ❝✉rr❡♥❝② ♣r✐❝✐♥❣✮ ❢♦r t❤❡ ❘❖❲✳ ●✐✈❡♥ t❤❡ ♣r✐❝❡ ❧❡✈❡❧s ♦❢ ❣♦♦❞s✱

t❤❡ ❝♦st ♠✐♥✐♠✐③❛t✐♦♥ ♣r♦❜❧❡♠ ♦❢ t❤❡ ✜♥❛❧ ❣♦♦❞ ♣r♦❞✉❝❡rs ②✐❡❧❞s t❤❡ ❢♦❧❧♦✇✐♥❣ ❞❡♠❛♥❞

❢✉♥❝t✐♦♥s✿

Y H
H,t =

(

1− ρH
)

·

[

PH,t

Pt

]−ω

Yt ✭✹✮

Y H
F,t = ρH ·

[

PE
F,t

Pt

]−ω

Yt ✭✺✮

✇❤❡r❡ PH,t ✐s t❤❡ ♣r✐❝❡ ❧❡✈❡❧ ♦❢ ❤♦♠❡ ❣♦♦❞✱ ❛♥❞ PE
F,t ✐s t❤❡ ♣r✐❝❡ ❧❡✈❡❧ ✭❞❡♥♦♠✐♥❛t❡❞ ✐♥ t❤❡

❯✳❙✳ ❞♦❧❧❛r✮ ♦❢ ✐♠♣♦rt❡❞ ❢♦r❡✐❣♥ ❣♦♦❞✳

❙✐♠✐❧❛r❧②✱ s❡♠✐✲✜♥❛❧ ❣♦♦❞s ♠❛r❦❡ts ♦❢ ❡❛❝❤ ❝♦✉♥tr② ❛r❡ ❛❧s♦ ♣❡r❢❡❝t❧② ❝♦♠♣❡t✐t✐✈❡✳ ❙❡♠✐✲

✜♥❛❧ ❣♦♦❞s ❛r❡ ♣r♦❞✉❝❡❞ ❜② ❝♦♠❜✐♥✐♥❣ ❛ ❝♦♥t✐♥✉✉♠ ♦❢ ❞♦♠❡st✐❝ ✐♥t❡r♠❡❞✐❛t❡ ❣♦♦❞s✱ YH,t(i)

♦r YF,t(i)✳ ❚❤❡ r❡❧❡✈❛♥t t❡❝❤♥♦❧♦❣✐❡s ❛r❡ ❛❧s♦ ❈❊❙ ❛s ❢♦❧❧♦✇s✿

YH,t =

[

(

1

n

)
1

ε
ˆ n

0
YH,t(i)

ε−1

ε di

]

ε

ε−1

YF,t =

[
ˆ 1

0
YF,t(i)

ε−1

ε di

]

ε

ε−1

✶✵



✇❤❡r❡ i r❡♣r❡s❡♥ts t❤❡ ❜r❛♥❞ ♦❢ ✐♥t❡r♠❡❞✐❛t❡ ❣♦♦❞s✱ ❛♥❞ ε ❞❡♥♦t❡s t❤❡ ❡❧❛st✐❝✐t② ♦❢ s✉❜st✐✲

t✉t✐♦♥ ❜❡t✇❡❡♥ t❤❡ ❞✐✛❡r❡♥t✐❛t❡❞ ✐♥t❡r♠❡❞✐❛t❡ ❣♦♦❞s ✇✐t❤✐♥ ♦♥❡ s✐♥❣❧❡ ❝♦✉♥tr②✳ ❚❤❡♥ t❤❡

❢♦❧❧♦✇✐♥❣ ❞❡♠❛♥❞ ❢✉♥❝t✐♦♥s ❝❛♥ ❜❡ ♦❜t❛✐♥❡❞✿

Y H
H,t(i) =

1

n

(

PH,t(i)

PH,t

)−ε

· Y H
H,t

Y F
H,t(i) =

1

n

(

PE
H,t(i)

PE
H,t

)−ε

· Y F
H,t

Y F
F,t(i) =

(

PF,t(i)

PF,t

)−ε

· Y F
F,t

Y H
F,t(i) =

(

PE
F,t(i)

PE
F,t

)−ε

· Y H
F,t

✇❤❡r❡ Y j
k,t(i)✱ Pj,t(i) ❛♥❞ PE

j,t(i) ✭j = H ♦r F ✱ ❛♥❞ k = H ♦r F ✮ ❤❛✈❡ s✐♠✐❧❛r ♠❡❛♥✐♥❣s t♦

Y j
k,t✱ Pj,t ❛♥❞ PE

j,t ❡①❝❡♣t t❤❛t t❤❡② ❛r❡ ❢♦r ✐♥t❡r♠❡❞✐❛t❡ ❣♦♦❞s r❛t❤❡r t❤❛♥ t❤❡ s❡♠✐✲✜♥❛❧

❣♦♦❞s✳

✸✳✶✳✸ ■♥t❡r♠❡❞✐❛t❡ ❣♦♦❞s ✜r♠s ❛♥❞ ♣r✐❝❡ s❡tt✐♥❣

❚❤❡ ✐♥t❡r♠❡❞✐❛t❡ ❣♦♦❞s ♠❛r❦❡t ✐s ♠♦♥♦♣♦❧✐st✐❝❛❧❧② ❝♦♠♣❡t✐t✐✈❡✳ ❋✐r♠ i ♣r♦❞✉❝❡s ❛ ❞✐✛❡r✲

❡♥t✐❛t❡❞ ✐♥t❡r♠❡❞✐❛t❡ ❣♦♦❞ YH,t(i) ✇✐t❤ t❤❡ ❢♦❧❧♦✇✐♥❣ ❈♦❜❜✲❉♦✉❣❧❛s ♣r♦❞✉❝t✐♦♥ ❢✉♥❝t✐♦♥✿

YH,t(i) = at · [Kt(i)]
1−α [At · Lt(i)]

α

✇❤❡r❡ t♦t❛❧ ❢❛❝t♦r ♣r♦❞✉❝t✐✈✐t② ✐s ❞❡❝♦♠♣♦s❡❞ ✐♥t♦ ❛ t❡♠♣♦r❛r② s❤♦❝❦ at ❛♥❞ ❛ ♣❡r♠❛♥❡♥t

tr❡♥❞ At ✇❤✐❝❤ ✐s ❣r♦✇✐♥❣ ❛t ❛ r❛t❡ γ1✿

ln (At) = ln (At−1) + γ1

❚❤❡ ❋❖❈s ♦❢ t❤❡ ❝♦st ♠✐♥✐♠✐③❛t✐♦♥ ♣r♦❜❧❡♠ ❛r❡ ❣✐✈❡♥ ❜②✿







Wt

Ptrt
= α

1−α
·
Kt(i)
Lt(i)

mct =
1
at

(1−α)α−1

αα

(

Wt

PtAt

)α

(rt)
1−α

✭✻✮

✇❤❡r❡ mct ✐s t❤❡ r❡❛❧ ♠❛r❣✐♥❛❧ ❝♦st✳

❚❤❡ ✜r♠s ♥❡❡❞ t♦ s❡t ♣r✐❝❡s ❢♦r ❜♦t❤ ❞♦♠❡st✐❝❛❧❧② s♦❧❞ ❛♥❞ ❡①♣♦rt ❣♦♦❞s✱ ❜♦t❤ ❞❡♥♦♠✲

✶✶



✐♥❛t❡❞ ✐♥ t❤❡ ❯✳❙✳ ❞♦❧❧❛r✳ ■♥ t❤✐s ♣❛♣❡r ✇❡ ❛ss✉♠❡ t❤❡r❡ ✐s ♥♦ ♣r✐❝❡ st✐❝❦✐♥❡ss ❛♥❞ ✜r♠s

❝❛♥ ❢r❡❡❧② s❡t ♣r✐❝❡s ✐♥ ❛♥② ❣✐✈❡♥ ♣❡r✐♦❞✺✱ s♦ t❤❡ ❧❛✇ ♦❢ ♦♥❡ ♣r✐❝❡ ✭▲❖❖P✮ ❤♦❧❞s✳ ❙✐♥❝❡ t❤❡

♠❛r❦❡t ✐s ♠♦♥♦♣♦❧✐st✐❝ ❝♦♠♣❡t✐t✐♦♥✱ t❤❡ ✐♥t❡r♠❡❞✐❛t❡ ❣♦♦❞s ✜r♠s ✇✐❧❧ s❡t t❤❡ s❛♠❡ ♣r✐❝❡s✱

✇❤✐❝❤ ❛r❡ ❛ ♠❛r❦✉♣ ♦✈❡r t❤❡ ♥♦♠✐♥❛❧ ♠❛r❣✐♥❛❧ ❝♦st✳ ❚❤❡r❡❢♦r❡✱ t❤❡ ❢♦❧❧♦✇✐♥❣ ❤♦❧❞s✿

PH,t = PE
H,t = κ · Pt ·mct ✭✼✮

✇❤❡r❡ κ = ε/(ε− 1) ✐s t❤❡ ♠❛r❦✉♣✳

✸✳✶✳✹ ❊q✉✐❧✐❜r✐✉♠ ❛♥❞ ❛❣❣r❡❣❛t✐♦♥

❚❤❡ ❢♦❧❧♦✇✐♥❣ ✐s t❤❡ ❛❣❣r❡❣❛t❡ ❞❡♠❛♥❞ ❡q✉❛t✐♦♥ ♦❢ t❤❡ ❯✳❙✳ ❡❝♦♥♦♠②✿

Yt = Ct + It

❘❡❛❧ ●❉P ♦❢ t❤❡ ❯✳❙✳ ✐s ✐♥ ❢❛❝t YH,t✱ ❛♥❞ t❤❡ ❢♦❧❧♦✇✐♥❣ ✐❞❡♥t✐t② ❤♦❧❞s✿

YH,t = Y H
H,t + Y F

H,t

❆❝❝♦r❞✐♥❣ t♦ ❡q✉❛t✐♦♥ ✭✹✮ ❛♥❞ ✭✺✮ ❛♥❞ t❤❡✐r ❝♦✉♥t❡r♣❛rts ❢♦r t❤❡ ❘❖❲✱ t❤❡ ❛❜♦✈❡ ❡q✉❛t✐♦♥

✐s ❡q✉✐✈❛❧❡♥t t♦ t❤❡ ❢♦❧❧♦✇✐♥❣✿

YH,t =
(

1− ρH
)

·

[

PH,t

Pt

]−ω

Yt + ρF ·

[

PE
H,t · EXt

P ∗
t

]−ω

Y ∗
t ✭✽✮

✇❤❡r❡ P ∗
t ✐s t❤❡ ❛❣❣r❡❣❛t❡ ♣r✐❝❡ ❧❡✈❡❧ ♦❢ t❤❡ ❘❖❲✱ ❛♥❞ EXt ✐s t❤❡ ❡①❝❤❛♥❣❡ r❛t❡ ♦❢ t❤❡

❘❖❲ ❝✉rr❡♥❝② ✭♥❛♠❡❞ ❛s Ro✮✳

❙✉♣♣♦s❡ t❤❡ ♠♦♥❡② s✉♣♣❧② r✉❧❡ ♦❢ t❤❡ ❯✳❙✳ ✐s✿

lnMt+1 = lnMt+1 + εt, lnMt+1 = lnMt + γ2

✇❤❡r❡ Mt ✐s t❤❡ ❜❛❧❛♥❝❡❞✲❣r♦✇t❤ ❧❡✈❡❧ ♦❢ t❤❡ ♠♦♥❡② s✉♣♣❧②✱ γ2 ✐s t❤❡ ❜❛❧❛♥❝❡❞ ❣r♦✇t❤

r❛t❡ ❛t t❤❡ st❡❛❞② st❛t❡✱ ❛♥❞ εt ✐s ❛ t❡♠♣♦r❛r② ♠♦♥❡② s✉♣♣❧② s❤♦❝❦✳ ❚❤❡ ✐♥❝r❡❛s❡ ♠♦♥❡②

s✉♣♣❧② ♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ✐s ❞✐str✐❜✉t❡❞ ❛s ❛ ❧✉♠♣✲s✉♠ tr❛♥s❢❡r t♦ t❤❡ ❯✳❙✳ ❤♦✉s❡❤♦❧❞s ♦♥❧②

r❛t❤❡r t❤❛♥ t♦ t❤❡ ✇♦r❧❞ ❤♦✉s❡❤♦❧❞s✱ s♦ ✇❡ ❤❛✈❡✿

✺❙✐♥❝❡ ✇❡ ✇✐❧❧ ❢♦❝✉s ♦♥ t❤❡ ❧♦♥❣✲r✉♥ st❡❛❞② st❛t❡ ♦❢ t❤❡ ♠♦❞❡❧✱ ✐t ✐s ✐♥❞✐✛❡r❡♥t t♦ ❛ss✉♠❡ ♣r✐❝❡ st✐❝❦✐♥❡ss
♦r ♥♦t✳

✶✷



Mt+1 −Mt = Tt

✸✳✶✳✺ ❚❤❡ ❡①t❡r♥❛❧ s❡❝t♦r

◆♦♠✐♥❛❧ ♥❡t ❡①♣♦rt ♦❢ t❤❡ ❯✳❙✳✱ NNXt✱ ✐s ❞❡♥♦♠✐♥❛t❡❞ ✐♥ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛♥❞ ❞❡✜♥❡❞ ❛s✿

NNXt = PE
H,t · Y

F
H,t − PE

F,t · Y
H
F,t

❈♦♠❜✐♥✐♥❣ t❤❡ ❛❜♦✈❡ ❡q✉❛t✐♦♥ ✇✐t❤ t❤❡ ✐❞❡♥t✐t✐❡s ❛♠♦♥❣ ♣r✐❝❡ ✐♥❞✐❝❡s✱ ✇❡ ❝❛♥ ❡❛s✐❧② ♦❜t❛✐♥
t❤❡ ❢♦❧❧♦✇✐♥❣ ♥❛t✐♦♥❛❧ ✐♥❝♦♠❡ ✐❞❡♥t✐t②✿

PH,tYH,t = Pt · Yt +NNXt ✭✾✮

❙✐♥❝❡ t❤❡ ♥♦♠✐♥❛❧ ♣r♦✜t ♦❢ t❤❡ ❡❝♦♥♦♠② ❝♦♠❡s ❢r♦♠ t❤❡ ♠♦♥♦♣♦❧✐st✐❝ ♣♦✇❡r ♦❢ ✐♥t❡r♠❡❞✐❛t❡
❣♦♦❞s ✜r♠s✱ t❤❡♥ t❤❡ ❢♦❧❧♦✇✐♥❣ ✐❞❡♥t✐t② ❤♦❧❞s✿

Dt = PH,tYH,t − rtPtKt −WtLt

●✐✈❡♥ t❤❡ ❛❜♦✈❡ ✐❞❡♥t✐t✐❡s ❛♥❞ t❤❡ ❜✐♥❞✐♥❣ ❤♦✉s❡❤♦❧❞✬s ❜✉❞❣❡t ❝♦♥str❛✐♥t✱ ✐♥❡q✉❛❧✐t② ✭✶✮✱

✇❡ ❝❛♥ ❣❡t t❤❡ ❢♦❧❧♦✇✐♥❣ ✐❞❡♥t✐t② ❧✐♥❦✐♥❣ t❤❡ ♥❡t ❡①♣♦rt ❛♥❞ ♦✛✲s❤♦r❡ ♠♦♥❡② ❞❡♠❛♥❞ ✿

MF
t+1 −MF

t +NNXt = 0 ✭✶✵✮

❚❤✐s ♠❡❛♥s t❤❛t ✐❢ t❤❡ ❤♦✉s❡❤♦❧❞s ♦❢ ❘❖❲ ✇♦✉❧❞ ❧✐❦❡ t♦ ❤♦❧❞ ♠♦r❡ ❯✳❙✳ ❞♦❧❧❛r ✭MF
t+1 −

MF
t > 0✮✱ t❤❡ ❘❖❲ ♠✉st r✉♥ ❛ tr❛❞❡ s✉r♣❧✉s ✭NNXt < 0✮✱ ✇❤✐❝❤ ✐s ✐♥t✉✐t✐✈❡✳

✸✳✷ ❚❤❡ ❡❝♦♥♦♠② ♦❢ t❤❡ ❘❖❲

▼❛♥② ❝♦♠♣♦♥❡♥ts ♦❢ t❤❡ ♠♦❞❡❧ ❡❝♦♥♦♠② ♦❢ t❤❡ ❘❖❲ ❛r❡ s✐♠✐❧❛r t♦ t❤❡ ❯✳❙✳ ❋♦r ❡①❛♠♣❧❡✱

❛s t❤❡ ❝♦✉♥t❡r♣❛rt ♦❢ ❡q✉❛t✐♦♥ ✭✽✮✱ ●❉P ♦❢ t❤❡ ❘❖❲ ❝❛♥ ❜❡ ❡①♣r❡ss❡❞ ❛s ❢♦❧❧♦✇s✿

YF,t = ρH ·

(

PE
F,t

Pt

)−ω

Yt +
(

1− ρF
)

·

[

PF,t

P ∗
t

]−ω

Y ∗
t

❚❤❡ ✐♥t❡r♠❡❞✐❛t❡ ❣♦♦❞s ♠❛r❦❡t ✐s ❛❧s♦ ♠♦♥♦♣♦❧✐st✐❝❛❧❧② ❝♦♠♣❡t✐t✐✈❡✳ ❋✐r♠ i ♣r♦❞✉❝❡s

❛ ❞✐✛❡r❡♥t✐❛t❡❞ ✐♥t❡r♠❡❞✐❛t❡ ❣♦♦❞ YF,t(i) ✇✐t❤ t❤❡ ❢♦❧❧♦✇✐♥❣ ♣r♦❞✉❝t✐♦♥ ❢✉♥❝t✐♦♥✿

YF,t(i) = a∗t · [K
∗
t (i)]

1−α [A∗
t · L

∗
t (i)]

α

✶✸



✇❤❡r❡ t♦t❛❧ ❢❛❝t♦r ♣r♦❞✉❝t✐✈✐t② ✐s ❞❡❝♦♠♣♦s❡❞ ✐♥t♦ ❛ t❡♠♣♦r❛r② s❤♦❝❦ a∗t ❛♥❞ ❛ ♣❡r♠❛♥❡♥t

tr❡♥❞ A∗
t ✱ ✇❤♦s❡ ❣r♦✇t❤ r❛t❡ ✐s ❛❧s♦ γ1✳ ▲❖❖P ❤♦❧❞s ❛s ✇❡❧❧ ❛♥❞ t❤❡ ♣r✐❝❡ s❡tt✐♥❣ ✐s ❣✐✈❡♥

❛s✿

{

PF,t = κ · P ∗
t ·mc∗t

PE
F,t = PF,t/EXt

❚❤❡ ❘❖❲ ♠♦♥❡② s✉♣♣❧② r✉❧❡ ✐s s✐♠✐❧❛r❧② ❞❡s❝r✐❜❡❞ ❜②✿

lnM∗
t+1 = lnM∗

t+1 + ε∗t , lnM∗
t+1 = lnM∗

t + γ2

M∗
t+1 −M∗

t = T ∗
t

✇❤❡r❡ M∗
t ✐s t❤❡ ♠♦♥❡② s✉♣♣❧② ♦❢ Ro ❛♥❞ T ∗

t ✐s t❤❡ ❧✉♠♣✲s✉♠ tr❛♥s❢❡r ❢r♦♠ t❤❡ ❘❖❲

❝❡♥tr❛❧ ❜❛♥❦ t♦ t❤❡ ❘❖❲ ❤♦✉s❡❤♦❧❞s✳ ❲❡ ❛ss✉♠❡ t❤❡ st❡❛❞②✲st❛t❡ ♠♦♥❡② ❣r♦✇t❤ r❛t❡ ♦❢

Ro ✐s t❤❡ s❛♠❡ ❛s t❤❛t ♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r✱ t♦ s✐♠♣❧✐❢② t❤❡ ♠♦❞❡❧ ❛♥❞ t❤❡ ❛♥❛❧②s✐s✳

✸✳✷✳✶ ❘❖❲ ❤♦✉s❡❤♦❧❞s✬ ♣r♦❜❧❡♠ ❛♥❞ ❈■❆ ❝♦♥str❛✐♥t ❢♦r ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡

❙tr✉❝t✉r❛❧ ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ t❤❡ ❯✳❙✳ ❛♥❞ t❤❡ ❘❖❲ ❡①✐st ❜❡❝❛✉s❡ ♦❢ t❤❡ s♣❡❝✐❛❧ r♦❧❡

♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛s t❤❡ ✇♦r❧❞ ❝✉rr❡♥❝②✳ ❆s ❡①♣❧❛✐♥❡❞ ❛❜♦✈❡✱ t❤❡r❡ ✐s ❛ ❈■❆ ❝♦♥str❛✐♥t

❢♦r tr❛♥s❛❝t✐♦♥s ✉s✐♥❣ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛s t❤❡ ✐♥✈♦✐❝✐♥❣ ❝✉rr❡♥❝②✱ ❛♥❞ t❤❡ ❘❖❲ ❤♦✉s❡❤♦❧❞s

♥❡❡❞ t♦ ❤♦❧❞ ❡♥♦✉❣❤ ❯✳❙✳ ❞♦❧❧❛rs t♦ ✜♥❛♥❝❡ ✐♠♣♦rts ❢r♦♠ t❤❡ ❯✳❙✳ ❛♥❞ ❛❧s♦ ✐ts ✐♥t❡r♥❛❧

❞♦❧❧❛r✲❞❡♥♦♠✐♥❛t❡❞ tr❛♥s❛❝t✐♦♥s✳ ❚❤❡r❡❢♦r❡✱ ❢♦r t❤❡ r❡♣r❡s❡♥t❛t✐✈❡ ❘❖❲ ❤♦✉s❡❤♦❧❞✱ t❤❡

❢♦❧❧♦✇✐♥❣ ❈■❆ ❝♦♥str❛✐♥t r❡❧❛t❡❞ t♦ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❤♦❧❞✐♥❣s ♠✉st ❜❡ s❛t✐s✜❡❞✿

ξD ·
[(

PE
H,tY

F
H,t

)

+ ϕ ·
(

PF,tY
F
F,t/EXt

)]

≤ MF
t

✇❤❡r❡ ξD ✐s t❤❡ str❡♥❣t❤ ♦❢ t❤❡ ❈■❆ ❝♦♥str❛✐♥t ❢♦r ❞♦❧❧❛r✲❞❡♥♦♠✐♥❛t❡❞ tr❛♥s❛❝t✐♦♥s ♦✉ts✐❞❡
t❤❡ ❯✳❙✱ ❛♥❞ ϕ ✐s t❤❡ ❢r❛❝t✐♦♥ ♦❢ t❤❡ ❘❖❲ ✐♥t❡r♥❛❧ tr❛♥s❛❝t✐♦♥s ❞❡♥♦♠✐♥❛t❡❞ ✐♥ t❤❡ ❯✳❙✳
❞♦❧❧❛r✳

❚❤❡ r❡♣r❡s❡♥t❛t✐✈❡ ❘❖❲ ❤♦✉s❡❤♦❧❞ ❝❛♥ ❛❧s♦ ✐♥✈❡st ✐♥ t❤❡ ❞♦♠❡st✐❝ r❡❛❧ ❝❛♣✐t❛❧ K∗
t ✇✐t❤

❛ ❝❛♣✐t❛❧ r❡♥t❛❧ r❛t❡ r∗t ✳ ❚❤❡♥ t❤❡ ❜✉❞❣❡t ❝♦♥str❛✐♥t ✐s✿

P ∗
t C

∗
t + P ∗

t I
∗
t +M∗

t+1 + EXt ·M
F
t+1

≦ r∗tP
∗
t K

∗
t +W ∗

t L
∗
t +D∗

t + T ∗
t +M∗

t + EXt ·M
F
t ✭✶✶✮

✇❤❡r❡ ✈❛r✐❛❜❧❡s ✇✐t❤ ❛st❡r✐s❦ ❤❛✈❡ s✐♠✐❧❛r ❞❡✜♥✐t✐♦♥s ❛s t❤❡✐r ❝♦✉♥t❡r♣❛rts ♦❢ t❤❡ ❯✳❙✳

✶✹



❡❝♦♥♦♠②✳

❚❤❡ ❘❖❲ ✐♥t❡r♥❛❧ ❈■❆ ❝♦♥str❛✐♥t ❢♦r ✐ts ♥❛t✐♦♥❛❧ ❝✉rr❡♥❝② ✉s✐♥❣ ✐s t❤❡♥ ❣✐✈❡♥ ❜②✿

ξ∗ · (1− ϕ) · PF,tY
F
F,t ≤ M∗

t

❇❡❝❛✉s❡ t❤❡ ✜♥❛❧ ❣♦♦❞ Y ∗
t (= C∗

t +I∗t ) ✐s ❛ ❈❊❙ ❝♦♠♣♦s✐t❡ ♦❢ ❞♦♠❡st✐❝ ❛♥❞ ❢♦r❡✐❣♥ s❡♠✐✲✜♥❛❧
❣♦♦❞s✱ Y F

F,t ❛♥❞ Y F
H,t✱ t❤❡ ❛❜♦✈❡ t✇♦ ❈■❆ ❝♦♥str❛✐♥ts ❝❛♥ ❜❡ ✇r✐tt❡♥ ❛s✿

ξ∗ · (1− ϕ) · PF,t ·
(

1− ρF
)

·

[

PF,t

P ∗
t

]−ω

(C∗
t + I∗t ) ≤ M∗

t ✭✶✷✮

ξD ·

{

PE
H,t · ρ

F
·

[

PE
H,t · EXt

P ∗
t

]−ω

+ ϕ ·
1

EXt
· PF,t ·

(

1− ρF
)

·

[

PF,t

P ∗
t

]−ω
}

(C∗
t + I∗t ) ≤ MF

t

✭✶✸✮

❚❤✉s t❤❡ r❡♣r❡s❡♥t❛t✐✈❡ ❘❖❲ ❤♦✉s❡❤♦❧❞ ❝❤♦♦s❡s
(

L∗
t , C

∗
t ,K

∗
t+1,M

∗
t+1,M

F
t+1

)

t♦ ♠❛①✐✲

♠✐③❡ ❤✐s ❧✐❢❡ t✐♠❡ ✉t✐❧✐t②✿

U∗
0 = E0

∞
∑

t=0

βt
·

(

lnC∗
t − φL ·

(L∗
t )

1+η

1 + η

)

s✉❜❥❡❝t t♦ t❤❡ ❜✉❞❣❡t ❝♦♥str❛✐♥t ✭✶✶✮ ❛♥❞ t✇♦ ❈■❆ ❝♦♥str❛✐♥ts✱ ✭✶✷✮ ❛♥❞ ✭✶✸✮✳ ❚❤❡♥ ❋❖❈s
❛r❡ ❣✐✈❡♥ ❜②✿



























































φL · (L∗
t )

η − λ3
tW

∗
t = 0

1
C∗

t
− λ3

t · P
∗
t − λ4

t · (1− ϕ) · ξ∗ ·RFt − λ5
t · ξ

D ·

(

RHt + ϕ ·
1

EXt
·RFt

)

= 0

λ3
t · P

∗
t + λ4

t · (1− ϕ) · ξ∗ ·RFt + λ5
t · ξ

D ·

(

RHt + ϕ ·
1

EXt
·RFt

)

−β · Et

{

λ3
t+1 · P

∗
t+1

(

1− δ + r∗t+1

)}

−β · Et

{

λ4
t+1 · (1− ϕ) · ξ∗ ·RFt+1 · (1− δ)

}

−β · Et

{

λ5
t+1 · ξ

D ·

(

RHt+1 + ϕ ·
1

EXt+1
·RFt+1

)

· (1− δ)
}

= 0

λ3
t − β · Et

(

λ3
t+1 + λ4

t+1

)

= 0
λ3
t · EXt − β · Et

(

λ3
t+1 · EXt+1 + λ5

t+1

)

= 0

✭✶✹✮

✇❤❡r❡ λ3
t ✱ λ

4
t ❛♥❞ λ5

t ❛r❡ r❡s♣❡❝t✐✈❡❧② t❤❡ ▲❛❣r❛♥❣✐❛♥ ♠✉❧t✐♣❧✐❡rs ❝♦rr❡s♣♦♥❞✐♥❣ t♦ ✐♥❡q✉❛❧✐t②
✭✶✶✮✱ ✭✶✷✮ ❛♥❞ ✭✶✸✮✱ ❛♥❞ RFt ❛♥❞ RHt ❛r❡ ❞❡✜♥❡❞ ❛s ❢♦❧❧♦✇s✿

RFt , PF,t ·
(

1− ρF
)

·

[

PF,t

P ∗
t

]−ω

RHt , PE
H,t · ρ

F
·

[

PE
H,t · EXt

P ∗
t

]−ω

■t ✐s ❛❧s♦ ❡❛s② t♦ ♣r♦✈❡ t❤❛t λ3
t ✱ λ

4
t ❛♥❞ λ5

t ❛r❡ ❛❧❧ ♣♦s✐t✐✈❡✱ s♦ ✐♥❡q✉❛❧✐t② ✭✶✶✮✱ ✭✶✷✮ ❛♥❞ ✭✶✸✮
❛r❡ ❛❧❧ ❜✐♥❞✐♥❣✳

✶✺



✸✳✷✳✷ ❖✛✲s❤♦r❡ ❞♦❧❧❛r

❚❤❡ ♦✛✲s❤♦r❡ ❞♦❧❧❛r ❤♦❧❞✐♥❣s✱ MF
t ✱ ❡✈♦❧✈❡ ❛s ❢♦❧❧♦✇s✿

MF
t+1 = MF

t +NNX∗
t ✭✶✺✮

✇❤❡r❡ NNX∗
t ✐s t❤❡ ♥♦♠✐♥❛❧ ♥❡t ❡①♣♦rt ♦❢ t❤❡ ❘❖❲✱ ❞❡♥♦♠✐♥❛t❡❞ ✐♥ t❤❡ ❯✳❙✳ ❞♦❧❧❛r✳ ❚❤❡

❛❜♦✈❡ ✐❞❡♥t✐t② t♦❣❡t❤❡r ✇✐t❤ ❡q✉❛t✐♦♥ ✭✶✵✮ ❝❛♥ ②✐❡❧❞ t❤❡ ❢♦❧❧♦✇✐♥❣✿

NNXt +NNX∗
t = 0

✇❤✐❝❤ ✐s ♦❜✈✐♦✉s❧② tr✉❡ ✐♥ ❛ t✇♦✲❝♦✉♥tr② ♠♦❞❡❧✳

✸✳✸ ❙t❡❛❞② st❛t❡

❙✐♥❝❡ ❛t t❤❡ ❧♦♥❣✲r✉♥ st❡❛❞② st❛t❡✱ t❤❡ ❣r♦✇t❤ r❛t❡s ♦❢ tr❡♥❞ t❡❝❤♥♦❧♦❣② ✐♥ ❜♦t❤ ❯✳❙✳ ❛♥❞

❘❖❲ ❛r❡ t❤❡ s❛♠❡ ❛♥❞ s♦ ❛r❡ t❤❡ ❣r♦✇t❤ r❛t❡s ♦❢ ♠♦♥❡② s✉♣♣❧②✱ ❛ ❜❛❧❛♥❝❡❞ ❣r♦✇t❤ ♦❢ t❤❡

✇♦r❧❞ ❡❝♦♥♦♠② ✇✐❧❧ ❜❡ ❛❝❤✐❡✈❡❞ ❛t t❤❡ st❡❛❞② st❛t❡✿ r❡❛❧ ❛❣❣r❡❣❛t❡ ✈❛r✐❛❜❧❡s ♦❢ t❤❡ t✇♦

❡❝♦♥♦♠✐❡s ✇✐❧❧ ❣r♦✇ ❛t t❤❡ s❛♠❡ r❛t❡ ❛s t❤❛t ♦❢ ♣❡r♠❛♥❡♥t t❡❝❤♥♦❧♦❣② ❣r♦✇t❤ ✭✇❤✐❝❤ ✐s

γ1✮✱ ♥♦♠✐♥❛❧ ✈❛r✐❛❜❧❡s ✭♠♦♥❡② ❛♥❞ ♥♦♠✐♥❛❧ ✇❛❣❡s✮ ✇✐❧❧ ❣r♦✇ ❛t t❤❡ s❛♠❡ r❛t❡ ❛s t❤❛t ♦❢

♣❡r♠❛♥❡♥t ♠♦♥❡② ❣r♦✇t❤ ✭✇❤✐❝❤ ✐s γ2✮✱ ❛♥❞ ♣r✐❝❡ ❧❡✈❡❧s ♦❢ t❤❡ t✇♦ ❡❝♦♥♦♠✐❡s ✇✐❧❧ ❣r♦✇ ❛t

t❤❡ s❛♠❡ r❛t❡ ♦❢ (γ2 − γ1)✳

❚❤❡r❡❢♦r❡✱ ❛❢t❡r ❞❡tr❡♥❞✐♥❣ r❡❛❧ ❛❣❣r❡❣❛t❡ ✈❛r✐❛❜❧❡s ❜② At✱ ♥♦♠✐♥❛❧ ✈❛r✐❛❜❧❡s ❜② Mt✱

♣r✐❝❡ ❧❡✈❡❧s ❜② Mt/At✱ ❛♥❞ ▲❛❣r❛♥❣✐❛♥ ♠✉❧t✐♣❧✐❡rs ❜② 1/Mt✱ ✇❡ ❝❛♥ ♦❜t❛✐♥ ❛ st❛t✐♦♥❛r②

s②st❡♠✱ ❛♥❞ t❤❡♥ t❤❡ st❡❛❞② st❛t❡ ❝❛♥ ❜❡ s♦❧✈❡❞ ♥✉♠❡r✐❝❛❧❧②✱ ✉s✐♥❣ t❤❡ st❡❛❞②✲st❛t❡ ❡q✉✐✲

❧✐❜r✐✉♠ ❝♦♥❞✐t✐♦♥s ❣✐✈❡♥ ✐♥ t❤❡ ❆♣♣❡♥❞✐①✳✻

✻❙✐♥❝❡ t❤✐s ♣❛♣❡r ❢♦❝✉s❡s ♦♥ t❤❡ ❧♦♥❣✲r✉♥ st❡❛❞② st❛t❡ ❛♥❛❧②s✐s✱ ✐t ✇✐❧❧ ♥♦t ❞✐s❝✉ss ✇❤❡t❤❡r t❤❡ ❣❧♦❜❛❧
❡❝♦♥♦♠✐❝ s②st❡♠ ✐♥ t❤❡ ♥❡✐❣❤❜♦r❤♦♦❞ ♦❢ t❤❡ ❜❛❧❛♥❝❡❞✲❣r♦✇t❤ st❡❛❞② st❛t❡ ✐s s❛❞❞❧❡✲♣❛t❤ st❛❜❧❡ ♦r ♥♦t✳
❚❤❡ s❛❞❞❧❡✲♣❛t❤ st❛❜✐❧✐t② ✐s ❛ ❤♦❧✐st✐❝ ♣❤❡♥♦♠❡♥♦♥✱ ❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ ✐♥t❡r❛❝t✐♦♥ ♦❢ ❛❧❧ ❛❣❡♥ts✬ ❜❡❤❛✈✐♦rs✳
■♥ ❛ ❝❧♦s❡❞ ❡❝♦♥♦♠②✱ t❤❡ ❚❛②❧♦r ♣r✐♥❝✐♣❧❡ ✉s✉❛❧❧② ♠❛❦❡s t❤❡ ♠♦❞❡❧ s❛t✐s❢② t❤❡ ❇❧❛♥❝❤❛r❞✲❑❛❤♥ ❝♦♥❞✐t✐♦♥s✱
✇❤✐❝❤ ❣✉❛r❛♥t❡❡ t❤❡ st❛❜✐❧✐t② ❛♥❞ ❞❡t❡r♠✐♥❛❝② ♦❢ t❤❡ ❞②♥❛♠✐❝ s②st❡♠✳ ■♥ t❤✐s ♣❛♣❡r t❤❡ s✐♠♣❧❡ ♠♦♥❡②
s✉♣♣❧② r✉❧❡s ❣✐✈❡♥ ❜② ✉s ♠❛② ♣♦ss✐❜❧② r❡s✉❧t ✐♥ ✐♥❞❡t❡r♠✐♥❛❝②✱ ❛♥❞ t❤❡ ♠♦♥❡② s✉♣♣❧② ♣♦❧✐❝② ♠❛② ♥❡❡❞ t♦
♣r♦♣❡r❧② r❡s♣♦♥❞ t♦ ♦✉t♣✉t ❣❛♣ ♦r ✐♥✢❛t✐♦♥ ❣❛♣ t♦ ❣✉❛r❛♥t❡❡ s❛❞❞❧❡✲♣❛t❤ st❛❜✐❧✐t②✳ ❆❧t❡r♥❛t✐✈❡❧②✱ ❛ ♠❡t❤♦❞
♣r♦♣♦s❡❞ ❜② ❋❛r♠❡r ❛♥❞ ❑❤r❛♠♦✈ ✭✷✵✶✸✮ ❝❛♥ ❛❧s♦ ❤❡❧♣ t♦ s♦❧✈❡ t❤❡ ✐♥❞❡t❡r♠✐♥❛❝② ♣r♦❜❧❡♠✳ ❚❤❡s❡ ✐ss✉❡s
t❤❡♦r❡t✐❝❛❧❧② ✇✐❧❧ ♥♦t ❝❤❛♥❣❡ ♦✉r r❡s✉❧ts ♦❢ st❡❛❞②✲st❛t❡ ❛♥❛❧②s✐s ✐♥ t❤✐s ♣❛♣❡r✱ ❛♥❞ ✇❡ ❧❡❛✈❡ t❤❡♠ ❢♦r ♦✉r
❢✉t✉r❡ st✉❞✐❡s ❛❜♦✉t ❝②❝❧✐❝❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s✳

✶✻



✸✳✹ ❈❛❧✐❜r❛t✐♦♥

❚❛❜❧❡ ✶ ❜❡❧♦✇ ❣✐✈❡s t❤❡ ❝❛❧✐❜r❛t❡❞ ✈❛❧✉❡s ♦❢ t❤❡ ❜❡♥❝❤♠❛r❦ ♠♦❞❡❧ ♣❛r❛♠❡t❡rs✳ ❚❤❡ ❧❛❜♦r

s❤❛r❡ α ✐♥ t❤❡ ♣r♦❞✉❝t✐♦♥ ❢✉♥❝t✐♦♥ ✐s s❡t t♦ ❜❡ ❛ st❛♥❞❛r❞ ✈❛❧✉❡✱ ✵✳✸✸✳ ❚❤❡ ✉t✐❧✐t② ❞✐s❝♦✉♥t

r❛t❡ β ❛♥❞ t❤❡ ❝❛♣✐t❛❧ ❞❡♣r❡❝✐❛t✐♦♥ r❛t❡ δ ❛r❡ ❝❤♦s❡♥ r❡s♣❡❝t✐✈❡❧② ❛s ✵✳✾✻ ❛♥❞ ✵✳✶✵ s✐♥❝❡ ♦✉r

♠♦❞❡❧ ✐s ❛♥ ❛♥♥✉❛❧ ♠♦❞❡❧✳ ❚❤❡ ✈❛❧✉❡s ♦❢ η ❛♥❞ ω ❛r❡ ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ❧✐t❡r❛t✉r❡ s✉❝❤ ❛s

❆❧✈❡s ❡t ❛❧✳ ✭✷✵✵✼✮✳ ❚❤❡ ♦♣❡♥♥❡ss ♣❛r❛♠❡t❡r ρH ✐s s❡t t♦ ❜❡ ✵✳✷ ❢♦r t❤❡ ❯✳❙✳✱ ❛♥❞ t❤❡ ♣r✐❝❡

♠❛r❦✉♣ κ ✐s ✶✳✶ ❛s ✐♥ t❤❡ ❧✐t❡r❛t✉r❡✳ ❚✇♦ ❈■❆ ❝♦❡✣❝✐❡♥ts✱ ξ ❛♥❞ ξ∗✱ ❛r❡ ❜♦t❤ s♣❡❝✐✜❡❞ t♦

❜❡ ✶✱ ✐♥❞✐❝❛t✐♥❣ ❛ ♥♦r♠❛❧ ❈■❆ ❝♦♥str❛✐♥t ❢♦r ❞♦♠❡st✐❝ tr❛♥s❛❝t✐♦♥s✳ ξD ✐s s✐♠♣❧② s❡t t♦ ❜❡

❡q✉❛❧ t♦ ξ✳

❚❛❜❧❡ ✶✿ P❛r❛♠❡t❡rs ♦❢ ❇❡♥❝❤♠❛r❦ ▼♦❞❡❧

▼❛✐♥ ♣❛r❛♠❡t❡rs

♣❛r❛♠❡t❡r α β δ η ω ρH φL κ ξ ξ∗

✈❛❧✉❡ ✵✳✸✸ ✵✳✾✻ ✵✳✶✵ ✷✳✵ ✶✳✺ ✵✳✷ ✶✳✵ ✶✳✶ ✶✳✵ ✶✳✵

■♥❢❡rr❡❞ ♣❛r❛♠❡t❡rs

♣❛r❛♠❡t❡r γ1 γ2 n ρF EX m ϕ

✈❛❧✉❡ ✷✳✽✽✪ ✻✳✶✽✪ ✵✳✸✼ ✵✳✵✼✹ ✵✳✾✸✺✼ ✶✳✹✸✵ ✽✳✻✪

❚❤❡ s❡❝♦♥❞ ♣❛♥❡❧ ♦❢ ❚❛❜❧❡ ✶ ♣r♦✈✐❞❡s ✐♥❢❡rr❡❞ ♣❛r❛♠❡t❡rs ✇❤✐❝❤ ❛r❡ ❝❛❧✐❜r❛t❡❞ t♦ ♠❛t❝❤

t❤❡ ❯✳❙✳ ❛♥❞ ❣❧♦❜❛❧ ♠❛❝r♦❡❝♦♥♦♠✐❝ ❞❛t❛✳ γ1 ❛♥❞ γ2 ❛r❡ r❡s♣❡❝t✐✈❡❧② s♣❡❝✐✜❡❞ ❛s t❤❡ ❛✈❡r❛❣❡

❣r♦✇t❤ r❛t❡s ♦❢ t❤❡ ❯✳❙✳ r❡❛❧ ●❉P ❛♥❞ t❤❡ ❯✳❙✳ ♥♦♠✐♥❛❧ ●❉P ♦✈❡r t❤❡ ♣❡r✐♦❞ ✶✾✼✻✲✷✵✶✸✳

❚❤❡ ♣❛r❛♠❡t❡r n ✐♥❞✐❝❛t✐♥❣ t❤❡ r❡❧❛t✐✈❡ ❡✛❡❝t✐✈❡✲❧❛❜♦r ♣♦♣✉❧❛t✐♦♥ ♦❢ t❤❡ ❯✳❙✳ t♦ t❤❡ ❘❖❲

✐s s❡t t♦ ❜❡ ✵✳✸✼✱ ✐♥ ♦r❞❡r t♦ ♠❛t❝❤ t❤❡ ❯✳❙✳ ●❉P s❤❛r❡ ✐♥ t❤❡ ✇♦r❧❞ ♦♥ ❛✈❡r❛❣❡ ♦✈❡r t❤❡

♣❡r✐♦❞ ✶✾✼✻✲✷✵✶✸ ✭✇❤✐❝❤ ✐s ✷✽✳✵✻✪✮✳ ❚❤✉s ρF ✐s ❝❛❧✐❜r❛t❡❞ t♦ ❜❡ n ·ρH ✱ ❛s ❡①♣❧❛✐♥❡❞ ✐♥ ▲✐✉

✭✷✵✶✹❜✮✳ EX ✐s t❤❡ st❡❛❞②✲st❛t❡ ❡①❝❤❛♥❣❡ r❛t❡ ♦❢ Ro✱ ✇❤✐❝❤ ✐s s❡t t♦ ❜❡ ✵✳✾✸✺✼ t♦ ♠❛t❝❤

t❤❡ ❛✈❡r❛❣❡ ❯❙❉ ✐♥❞❡① ♦✈❡r t❤❡ ♣❡r✐♦❞ ✶✾✼✻✲✷✵✶✸✳ ❆♥❞ t❤❡♥ t❤❡ ♣❛r❛♠❡t❡r m✱ ✇❤✐❝❤ ✐s

❞❡✜♥❡❞ ❛s t❤❡ st❡❛❞②✲st❛t❡ r❛t✐♦ ♦❢ t❤❡ t✇♦ ❡❝♦♥♦♠✐❡s✬ ♠♦♥❡② s✉♣♣❧✐❡s ✭m , M∗
t /Mt✮✱

✐s ❝❛❧✐❜r❛t❡❞ t♦ ♠❛t❝❤ t❤❡ ✈❛❧✉❡ ♦❢ EX. ❋✐♥❛❧❧②✱ ✇❡ ❝❤♦♦s❡ t❤❡ ✈❛❧✉❡ ❢♦r ϕ✱ ✇❤✐❝❤ ✐s t❤❡

❢r❛❝t✐♦♥ ♦❢ t❤❡ ❘❖❲ ✐♥t❡r♥❛❧ tr❛♥s❛❝t✐♦♥s ❞❡♥♦♠✐♥❛t❡❞ ✐♥ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛♥❞ r❡♣r❡s❡♥ts

t❤❡ str❡♥❣t❤ ♦❢ t❤❡ ♦✛✲s❤♦r❡ ❞♦❧❧❛r ❞❡♠❛♥❞ ✐♥ s♦♠❡ s❡♥s❡✳ ❆s ✇❡ ✇✐❧❧ ❡①♣❧❛✐♥ ❧❛t❡r✱ ❛

♥♦♥✲♥❡❣❛t✐✈❡ ✈❛❧✉❡ ❢♦r ϕ ✇✐❧❧ ❛❧✇❛②s ❣❡♥❡r❛t❡ ❛ ♣❡r♠❛♥❡♥t ♣♦s✐t✐✈❡ tr❛❞❡ ❞❡✜❝✐t ♦❢ t❤❡ ❯✳❙✳

✶✼



❛t t❤❡ st❡❛❞② st❛t❡✱ ❡✈❡♥ ✇❤❡♥ ✐t ✐s ③❡r♦✳ ■♥ t❤✐s ♣❛♣❡r✱ ✇❡ ❛ss✉♠❡ t❤❛t ϕ ❝❛♥ ❜❡ ❧❛r❣❡r

t❤❛♥ ③❡r♦✳ ❚❤✐s ✐s r❡❛s♦♥❛❜❧❡ ❜❡❝❛✉s❡ ✐♥ t❤❡ r❡❛❧✐t② ✐♥t❡r♥❛t✐♦♥❛❧ tr❛♥s❛❝t✐♦♥s t❛❦❡ ♣❧❛❝❡

♥♦t ♦♥❧② ❜❡t✇❡❡♥ t❤❡ ❯✳❙ ❛♥❞ t❤❡ ❘❖❲ ✭✇❤✐❝❤ ❝♦♥s✐sts ♦❢ ♠❛♥② s❡♣❛r❛t❡ ❡❝♦♥♦♠✐❡s ✐♥ t❤❡

r❡❛❧ ✇♦r❧❞✮ ❜✉t ❛❧s♦ ✇✐t❤✐♥ t❤❡ ❘❖❲✱ ❛♥❞ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ✐s t❤❡ ♠❛❥♦r ✐♥✈♦✐❝✐♥❣ ❝✉rr❡♥❝②

♦❢ ❛❧❧ t❤❡s❡ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛♥s❛❝t✐♦♥s✳ ❋♦r t❤❡ ❜❡♥❝❤♠❛r❦ ♠♦❞❡❧✱ ϕ ✐s s❡t t♦ ❜❡ ✽✳✻✪ s♦ ❛s

t♦ ②✐❡❧❞ ❛ ♣❡r♠❛♥❡♥t ✷✳✹✪ tr❛❞❡ ❞❡✜❝✐t✲●❉P r❛t✐♦ ♦❢ t❤❡ ❯✳❙✳✱ ✇❤✐❝❤ ✐s ❛♥ ❛✈❡r❛❣❡ ♥✉♠❜❡r

♦✈❡r t❤❡ ♣❡r✐♦❞ ✶✾✼✻✲✷✵✶✸✳

✹ ❙tr✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s

■♥ t❤✐s s❡❝t✐♦♥ ✇❡ ✇✐❧❧ ❞✐s❝✉ss t❤❡ str✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s✱ r❡♣r❡s❡♥t❡❞ ❜② ❛ ♣❡r♠❛♥❡♥t

st❡❛❞②✲st❛t❡ tr❛❞❡ ❞❡✜❝✐t ♦❢ t❤❡ ❯✳❙✳ ✇✐t❤ t❤❡ ❘❖❲✱ ❛♥❞ ❛♥❛❧②③❡ ✐ts r❡❧❛t✐♦♥s❤✐♣ ✇✐t❤ ❞❡❡♣

♣❛r❛♠❡t❡rs ♦❢ t❤❡ ♠♦❞❡❧✱ s✉❝❤ ❛s t❤❡ ♣❛r❛♠❡t❡r ϕ ✇❤✐❝❤ ❞❡s❝r✐❜❡s t♦ ✇❤❛t ❡①t❡♥t t❤❡ r❡st

♦❢ t❤❡ ✇♦r❧❞ ❞❡♠❛♥❞s t❤❡ ❯✳❙✳ ❞♦❧❧❛r✱ ❣❧♦❜❛❧ ❧♦♥❣✲r✉♥ t❡❝❤♥♦❧♦❣② ❣r♦✇t❤ r❛t❡✱ t❤❡ ♦♣❡♥♥❡ss

❞❡❣r❡❡ ♦❢ ❣❧♦❜❛❧ ❡❝♦♥♦♠✐❡s✱ ❛♥❞ s♦ ♦♥✳

✹✳✶ ❙tr✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s

❊q✉❛t✐♦♥ ✭✶✵✮ ✐♥❞✐❝❛t❡s t❤❛t t❤❡r❡ ♠✉st ❜❡ ❛ tr❛❞❡ ❞❡✜❝✐t ❢♦r t❤❡ ❯✳❙✳ ❛s ❧♦♥❣ ❛s t❤❡ ♦✛✲

s❤♦r❡ ❞♦❧❧❛r✱ MF
t ✱ ✐s ✐♥❝r❡❛s✐♥❣✳ ❙✐♥❝❡ ❛t t❤❡ ❜❛❧❛♥❝❡❞✲❣r♦✇t❤ st❡❛❞② st❛t❡ ♦❢ t❤❡ ✇♦r❧❞

❡❝♦♥♦♠② MF
t ✇✐❧❧ ❣r♦✇ ❛t t❤❡ r❛t❡ ♦❢ γ2✱ ❡q✉❛t✐♦♥ ✭✶✵✮ ❝❛♥ ②✐❡❧❞ t❤❡ ❢♦❧❧♦✇✐♥❣✿

nx = −γ2 · θ ✭✶✻✮

✇❤❡r❡ nx ✐s t❤❡ ♥❡t ❡①♣♦rt✲●❉P r❛t✐♦ ♦❢ t❤❡ ❯✳❙✳ ❛t t❤❡ st❡❛❞② st❛t❡ ❛♥❞ θ ✐s t❤❡ st❡❛❞②✲

st❛t❡ r❛t✐♦ ♦❢ ♦✛✲s❤♦r❡ ❞♦❧❧❛r t♦ t❤❡ ❯✳❙✳ ♥♦♠✐♥❛❧ ●❉P✳ ❚❤❡r❡❢♦r❡✱ ❛s ❧♦♥❣ ❛s γ2 ✐s ♣♦s✐t✐✈❡

✭✐✳❡✳ t❤❡r❡ ✐s ❛ ♣♦s✐t✐✈❡ ❧♦♥❣✲r✉♥ ❣r♦✇t❤ ♦❢ ❣❧♦❜❛❧ ♥♦♠✐♥❛❧ ●❉P✮✱ t❤❡ ✇♦r❧❞ ❡❝♦♥♦♠② ✇✐❧❧

r✉♥ ✐♥t♦ ❛ str✉❝t✉r❛❧ ❣❧♦❜❛❧ tr❛❞❡ ✐♠❜❛❧❛♥❝❡✳ ❇❡❝❛✉s❡ t❤❡ ❘❖❲ ❤❛s t♦ r✉♥ ❛ tr❛❞❡ s✉r♣❧✉s

t♦ ♦❜t❛✐♥ ❡♥♦✉❣❤ ❯✳❙✳ ❞♦❧❧❛r✱ ✐♥ ♦r❞❡r t♦ ✜♥❛♥❝❡ t❤❡ ♥❡①t ♣❡r✐♦❞ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛♥s❛❝t✐♦♥s✳

❚❤❡ ❜✐❣❣❡r t❤❡ ❧♦♥❣✲r✉♥ ❣r♦✇t❤ r❛t❡ ♦❢ ✇♦r❧❞ ♥♦♠✐♥❛❧ ●❉P ✐s ❛♥❞ t❤❡ ♠♦r❡ t❤❡ r❡st ♦❢ t❤❡

✇♦r❧❞ ❞❡♠❛♥❞s ♦✛✲s❤♦r❡ ❞♦❧❧❛r✱ t❤❡ ❧❛r❣❡r t❤❡ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ✇✐❧❧ ❜❡✳

●✐✈❡♥ ❡q✉❛t✐♦♥ ✭✶✻✮✱ ❡q✉❛t✐♦♥ ✭✶✸✮✱ ❡q✉❛t✐♦♥ ✭✼✮ ❛♥❞ ♦t❤❡r ❡q✉✐❧✐❜r✐✉♠ ❝♦♥❞✐t✐♦♥s✱ t❤❡

❯✳❙ ♥❡t ❡①♣♦rt✲●❉P r❛t✐♦ ❝❛♥ ❜❡ ❡①♣r❡ss❡❞ ♠♦r❡ ❝❧❡❛r❧② ❛s ❢♦❧❧♦✇s✿

✶✽



nx = −γ2 · ξ
D
·

[

1− abs · (1− ρH) · (κ ·mc)−ω +
ϕ

n̄
· abs∗ · (1− ρF ) · (κ ·mc∗)−ω

]

✭✶✼✮

✇❤❡r❡ abs , Yt/YH,t ❛♥❞ abs∗ , Y ∗
t /YF,t ❛r❡ t❤❡ st❡❛❞②✲st❛t❡ ❛❜s♦r♣t✐♦♥✲●❉P r❛t✐♦s ❢♦r

❯✳❙✳ ❛♥❞ ❘❖❲✱ n̄ ✐s t❤❡ r❡❧❛t✐✈❡ s✐③❡ ♦❢ ❯✳❙✳ ♥♦♠✐♥❛❧ ●❉P t♦ ❘❖❲ ❛t t❤❡ st❡❛❞② st❛t❡

✭✇❤✐❝❤ ✐s ♠❛✐♥❧② ❞❡t❡r♠✐♥❡❞ ❜② n ❛♥❞ ✐s ✵✳✸✾ ❢♦r t❤❡ ❜❡♥❝❤♠❛r❦ s❡tt✐♥❣✮✱ ❛♥❞ mc ❛♥❞ mc∗

❛r❡ t❤❡ st❡❛❞②✲st❛t❡ r❡❛❧ ♠❛r❣✐♥❛❧ ❝♦sts ❢♦r ❯✳❙✳ ❛♥❞ ❘❖❲✳ ❆❧t❤♦✉❣❤ abs✱ abs∗✱ mc✱ ❛♥❞

mc∗ ❛r❡ ♥♦t ❡①♦❣❡♥♦✉s ❛♥❞ st✐❧❧ ❞❡♣❡♥❞ ♦♥ ❞❡❡♣ ♣❛r❛♠❡t❡rs ♦❢ t❤❡ ♠♦❞❡❧✱ ❡q✉❛t✐♦♥ ✭✶✼✮

♣r♦✈✐❞❡s ❛ ❣♦♦❞ ✇❛② t♦ ❛♥❛❧②③❡ t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ str✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ❛♥❞

❞❡❡♣ ♣❛r❛♠❡t❡rs✳
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❋✐❣✉r❡ ✹✿ ❙tr❡♥❣t❤ ♦❢ ❖✛✲s❤♦r❡ ❉♦❧❧❛r ❉❡♠❛♥❞ ❛♥❞ ●❧♦❜❛❧ ■♠❜❛❧❛♥❝❡s

❆ ❦❡② ♣❛r❛♠❡t❡r ♦❢ t❤❡ ♠♦❞❡❧ ✐s t❤❡ ❢r❛❝t✐♦♥ ♦❢ t❤❡ ❘❖❲ ✐♥t❡r♥❛❧ tr❛♥s❛❝t✐♦♥s ❞❡♥♦♠✲

✐♥❛t❡❞ ✐♥ t❤❡ ❯✳❙✳ ❞♦❧❧❛r✱ ϕ✱ ✇❤✐❝❤ ✐♥❞✐❝❛t❡s t❤❡ str❡♥❣t❤ ♦❢ t❤❡ ♦✛✲s❤♦r❡ ❞♦❧❧❛r ❞❡♠❛♥❞

❢r♦♠ t❤❡ r❡st ♦❢ t❤❡ ✇♦r❧❞✳ ❙tr✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ❝❛♥ ❡①✐st ♣❡r♠❛♥❡♥t❧② ✐♥ ♦✉r

♠♦❞❡❧ ❜❡❝❛✉s❡ ♦❢ t✇♦ ❦❡② ✐ss✉❡s✿ ♦♥❡ ✐s t❤❡ ❈■❆ ❝♦♥str❛✐♥t ♦❢ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛♥s❛❝t✐♦♥s

✉s✐♥❣ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛s t❤❡ ✐♥✈♦✐❝✐♥❣ ❝✉rr❡♥❝②✱ ❛♥❞ t❤❡ ♦t❤❡r ✐s ❛ ♣♦s✐t✐✈❡ ❧♦♥❣✲r✉♥ ❣r♦✇t❤

♦❢ ❣❧♦❜❛❧ ♥♦♠✐♥❛❧ ●❉P✳ ❙♦ ♦♥❡ ❝❛♥ ♣r❡❞✐❝t t❤❛t✿ ♦t❤❡r t❤✐♥❣s ❜❡✐♥❣ ❡q✉❛❧✱ t❤❡ ❧❛r❣❡r ϕ ✐s✱

t❤❡ ♠♦r❡ ❯✳❙✳ ❞♦❧❧❛rs t❤❡ ❘❖❲ ♥❡❡❞s t♦ ✜♥❛♥❝❡ ✐ts ✐♠♣♦rt ❢r♦♠ t❤❡ ❯✳❙ ❛♥❞ ✐ts ✐♥t❡r♥❛❧

❞♦❧❧❛r✲❞❡♥♦♠✐♥❛t❡❞ tr❛♥s❛❝t✐♦♥s✱ s♦ t❤❡ ❧❛r❣❡r t❤❡ ❯✳❙ tr❛❞❡ ❞❡✜❝✐t ✭♦r ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s✮

✶✾



✇✐❧❧ ❜❡✱ ❜❡❝❛✉s❡ r✉♥♥✐♥❣ ❛ tr❛❞❡ s✉r♣❧✉s ✐s t❤❡ ♦♥❧② ✇❛② ❢♦r t❤❡ ❘❖❲ t♦ ♦❜t❛✐♥ ♠♦r❡ ❯✳❙✳

❞♦❧❧❛rs✳ ❊q✉❛t✐♦♥ ✶✼ t♦❣❡t❤❡r ✇✐t❤ ❋✐❣✉r❡ ✹✱ s❤♦✇✐♥❣ t❤❡ st❡❛❞②✲st❛t❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥

ϕ ❛♥❞ t❤❡ ❯✳❙ ♥❡t ❡①♣♦rt✲●❉P r❛t✐♦✱ ♣r♦✈❡s t❤✐s st♦r②✳ ❆s ❡①♣❧❛✐♥❡❞ ❜❡❢♦r❡✱ ❢♦r t❤❡ ❜❡♥❝❤✲

♠❛r❦ ❝❛❧✐❜r❛t✐♦♥ ϕ ✐s s❡t t♦ ❜❡ ✽✳✻✪✱ ❧❛r❣❡r t❤❛♥ ③❡r♦✱ t♦ r❡✢❡❝t t❤❡ ❤❡❛✈② ✉s❡ ♦❢ t❤❡ ❯✳❙✳

❞♦❧❧❛r ✇✐t❤✐♥ t❤❡ ❘❖❲ ❡❝♦♥♦♠② ❛s ✐♥ t❤❡ r❡❛❧✐t② ❛♥❞ t❤❡♥ t♦ ♠❛t❝❤ t❤❡ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡

❞❛t❛✳ ❲❤❡♥ ϕ = 0 ✱ t❤❡♥ t❤❡ ❯✳❙✳ ✇✐❧❧ r✉♥ ❛ ♣❡r♠❛♥❡♥t ✶✳✷✪ tr❛❞❡ ❞❡✜❝✐t✳ ❲❤❡♥ t❤❡r❡

✐s ♥♦ ❈■❆ ❝♦♥str❛✐♥t ❢♦r ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡✱ ✐✳❡✳ ξD = 0✱ ❧♦♥❣✲r✉♥ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ✇✐❧❧

❞✐s❛♣♣❡❛r✳
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❋✐❣✉r❡ ✺✿ ●❧♦❜❛❧ ❚❡❝❤ ●r♦✇t❤✱ ●❧♦❜❛❧ ■♥✢❛t✐♦♥ ❛♥❞ ●❧♦❜❛❧ ■♠❜❛❧❛♥❝❡s

❆s s❤♦✇♥ ✐♥ ❡q✉❛t✐♦♥ ✶✼✱ ❛♥♦t❤❡r ❞❡t❡r♠✐♥❛♥t ❢❛❝t♦r ❢♦r str✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ✐s

t❤❡ ❧♦♥❣✲r✉♥ ❣r♦✇t❤ r❛t❡ ♦❢ ❣❧♦❜❛❧ ♥♦♠✐♥❛❧ ●❉P✱ γ2✳ ❙✐♥❝❡ ❛t t❤❡ ❜❛❧❛♥❝❡❞✲❣r♦✇t❤ st❡❛❞②

st❛t❡ ❡①♣♦rt ✐s ❛ ✜①❡❞ ♣r♦♣♦rt✐♦♥ ♦❢ ●❉P ❛♥❞ t❤❡ ❢r❛❝t✐♦♥ ♦❢ t❤❡ ❘❖❲ ✐♥t❡r♥❛❧ tr❛♥s❛❝t✐♦♥s

❞❡♥♦♠✐♥❛t❡❞ ✐♥ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ✐s ❛❧s♦ ✜①❡❞✱ ✇❡ ❤❛✈❡ t❤❛t✿ t❤❡ ❜✐❣❣❡r γ2 ✐s✱ t❤❡ ❢❛st❡r t❤❡

❘❖❲ ●❉P ❛♥❞ ✐ts ✐♠♣♦rt ❣r♦✇✱ ❛♥❞ t❤❡ ♠♦r❡ ❡①tr❛ ❯✳❙✳ ❞♦❧❧❛rs t❤❡ ❘❖❲ ♥❡❡❞s t♦

✜♥❛♥❝❡ ✐ts ♥❡①t ♣❡r✐♦❞ ✐♠♣♦rt ❛♥❞ ✐♥t❡r♥❛❧ ❞♦❧❧❛r✲❞❡♥♦♠✐♥❛t❡❞ tr❛♥s❛❝t✐♦♥s✱ s♦ t❤❡ ❧❛r❣❡r

t❤❡ tr❛❞❡ s✉r♣❧✉s ♦❢ t❤❡ ❘❖❲ ❛♥❞ t❤❡♥ ❣❧♦❜❛❧ tr❛❞❡ ✐♠❜❛❧❛♥❝❡s ✇✐❧❧ ❜❡✳ ❙✐♥❝❡ t❤❡ ❧♦♥❣✲r✉♥

❣r♦✇t❤ r❛t❡ ♦❢ ❣❧♦❜❛❧ ♥♦♠✐♥❛❧ ●❉P ✭γ2✮ ✐s ❞❡❝✐❞❡❞ ❜② t❤❡ ❣❧♦❜❛❧ ❧♦♥❣✲r✉♥ t❡❝❤♥♦❧♦❣② ❣r♦✇

r❛t❡ ✭γ1✮ ❛♥❞ t❤❡ ❣❧♦❜❛❧ ❧♦♥❣✲r✉♥ ✐♥✢❛t✐♦♥ r❛t❡ ✭γ2 − γ1✮ ✱ str✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s

✇✐❧❧ ❜❡ ❛♥ ✐♥❝r❡❛s✐♥❣ ❢✉♥❝t✐♦♥ ♦❢ ❡✐t❤❡r ❣❧♦❜❛❧ ❧♦♥❣✲r✉♥ t❡❝❤♥♦❧♦❣② ❣r♦✇ r❛t❡ ♦r ❣❧♦❜❛❧

❧♦♥❣✲r✉♥ ✐♥✢❛t✐♦♥ r❛t❡✱ ❝❡t❡r✐s ♣❛r✐❜✉s✳ ❋✐❣✉r❡ ✺ ❞❡♣✐❝ts t❤❡s❡ ♣♦s✐t✐✈❡ r❡❧❛t✐♦♥s❤✐♣s✳ ■♥
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❢❛❝t✱ ✇❤❡♥ γ2 = 0✱ ✐✳❡✳ t❤❡r❡ ✐s ♥❡✐t❤❡r ❣❧♦❜❛❧ ❧♦♥❣✲r✉♥ t❡❝❤♥♦❧♦❣② ❣r♦✇t❤ ♥♦r ❣❧♦❜❛❧ ❧♦♥❣✲

r✉♥ ✐♥✢❛t✐♦♥ r❛t❡✱ str✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ✇✐❧❧ ❛❧s♦ ❞✐s❛♣♣❡❛r✳ ■♥ t❤✐s ❝✐r❝✉♠st❛♥❝❡

✇✐t❤♦✉t ♥♦♠✐♥❛❧ ❣r♦✇t❤✱ t❤❡ ♥♦♠✐♥❛❧ ✈♦❧✉♠❡ ♦❢ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡ ✇✐❧❧ ❦❡❡♣ ✉♥❝❤❛♥❣❡❞

❛t t❤❡ st❡❛❞② st❛t❡✱ ❛♥❞ t❤❡ ❘❖❲ ❞❡♠❛♥❞ ❢♦r t❤❡ ❯✳❙✳ ❞♦❧❧❛r ✇✐❧❧ ♥♦t ✐♥❝r❡❛s❡✱ ❛♥❞ t❤✉s

t❤❡ ❘❖❲ ❞♦❡s ♥♦t ♥❡❡❞ t♦ r✉♥ ❛ str✉❝t✉r❛❧ tr❛❞❡ s✉r♣❧✉s✱ ❛❧t❤♦✉❣❤ t❤❡ ♦✛✲s❤♦r❡ ❞♦❧❧❛r

❤♦❧❞✐♥❣s ♦❢ t❤❡ ❘❖❲ ✐s st✐❧❧ ♣♦s✐t✐✈❡✳

❆❢t❡r t❤❡ ✷✵✵✼✲✷✵✵✽ ❣❧♦❜❛❧ ✜♥❛♥❝✐❛❧ ❛♥❞ ❡❝♦♥♦♠✐❝ ❝r✐s❡s✱ t❤❡ ❡❝♦♥♦♠✐❝ ❣r♦✇t❤ s❧♦✇❡❞

❞♦✇♥ ✇♦r❧❞✇✐❞❡✱ ❛♥❞ ❛❧s♦ ♠❛♥② ❧❛r❣❡ ❡❝♦♥♦♠✐❡s ❡♥❝♦✉♥t❡r❡❞ ❞❡✢❛t✐♦♥ ♣r❡ss✉r❡✳ ■❢ ✇❡ t❛❦❡

t❤❡ ✈✐❡✇♣♦✐♥t t❤❛t t❤❡ ♣♦t❡♥t✐❛❧ ❡❝♦♥♦♠✐❝ ❣r♦✇t❤ ❛♥❞ ♣♦t❡♥t✐❛❧ ✐♥✢❛t✐♦♥ r❛t❡ ♦❢ t❤❡ ✇♦r❧❞

❡❝♦♥♦♠② ❤❛✈❡ ❛ str✉❝t✉r❛❧ ❞❡❝❧✐♥❡✱ ✇❡ ❝❛♥ ❥✉❞❣❡ t❤❛t t❤❡ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ✇✐❧❧ s❤r✐♥❦

str✉❝t✉r❛❧❧② r❛t❤❡r t❤❛♥ ❝②❝❧✐❝❛❧❧②✳

❋✐❣✉r❡ ✺ ❝♦♥✜r♠s t❤❡ ❧♦♥❣✲r✉♥ ♥♦♥✲♥❡✉tr❛❧✐t② ♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛s t❤❡ ✇♦r❧❞ ❝✉rr❡♥❝②✳

❇❡❝❛✉s❡ t❤❡ ❧♦♥❣✲r✉♥ ❣r♦✇t❤ r❛t❡ ♦❢ ❣❧♦❜❛❧ ♥♦♠✐♥❛❧ ●❉P ✐s ✐♥ ❢❛❝t ❡q✉❛❧ t♦ t❤❡ ❧♦♥❣✲r✉♥

❣r♦✇t❤ r❛t❡ ♦❢ ❯✳❙✳ ♠♦♥❡② s✉♣♣❧② ✐♥ ♦✉r ♠♦❞❡❧✱ ❛ ❝❤❛♥❣❡ t♦ t❤❡ ❧♦♥❣✲r✉♥ ❣r♦✇t❤ r❛t❡ ♦❢

❯✳❙✳ ♠♦♥❡② s✉♣♣❧② ✭❛❝❝♦♠♣❛♥✐❡❞ ❜② t❤❡ s❛♠❡ ❝❤❛♥❣❡ t♦ ❧♦♥❣✲r✉♥ ❣r♦✇t❤ r❛t❡ ♦❢ ❘❖❲

♠♦♥❡② s✉♣♣❧②✮ ✇✐❧❧ ❛❧t❡r t❤❡ ✇♦r❧❞ ♣r♦❞✉❝t✐♦♥✱ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡ ❛♥❞ t❤❡♥ str✉❝t✉r❛❧

❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s✳ ❙♦ ✐♥ ♦✉r ♠♦❞❡❧ ♠♦♥❡② ❞♦❡s ❛✛❡❝t t❤❡ r❡❛❧ ❡❝♦♥♦♠② ❡✈❡♥ ✐♥ t❤❡ ❧♦♥❣

r✉♥✳

❋✐❣✉r❡ ✻ s❤♦✇s t❤❡ r❡❧❛t✐♦♥s❤✐♣s ❜❡t✇❡❡♥ str✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ❛♥❞ s♦♠❡ ♦t❤❡r

❞❡❡♣ ♣❛r❛♠❡t❡rs✱ ✐♥❝❧✉❞✐♥❣ ρH r❡♣r❡s❡♥t✐♥❣ t❤❡ ♦♣❡♥♥❡ss ♦❢ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡✱ ω ✇❤✐❝❤

✐s t❤❡ ❡❧❛st✐❝✐t② ♦❢ s✉❜st✐t✉t✐♦♥ ❜❡t✇❡❡♥ ❞♦♠❡st✐❝ ❛♥❞ ❢♦r❡✐❣♥ ❣♦♦❞s✱ ❛♥❞ n ✇❤✐❝❤ ✐s t❤❡

r❡❧❛t✐✈❡ s✐③❡ ♦❢ t❤❡ ❯✳❙✳ ❡❝♦♥♦♠② t♦ t❤❡ ❘❖❲✳ ρH ❤❛s ❛ s✐❣♥✐✜❝❛♥t ✐♠♣❛❝t ♦♥ t❤❡ str✉❝t✉r❛❧

❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s✳ ❖t❤❡r t❤✐♥❣s ❜❡✐♥❣ ❡q✉❛❧✱ ❡q✉❛t✐♦♥ ✶✼ ✐♥❞✐❝❛t❡s t❤❛t✿ ✇❤❡♥ ρH ✐♥❝r❡❛s❡s

✭✐✳❡✳ t❤❡ ❣❧♦❜❛❧ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞✐♥❣ s②st❡♠ ❜❡❝♦♠❡s ♠♦r❡ ♦♣❡♥ ❛♥❞ ♠♦r❡ ♦❢ t❤❡ ❛❣❣r❡❣❛t❡

❝♦♥s✉♠♣t✐♦♥ ✐s ❢r♦♠ ✐♠♣♦rt✮✱ t❤❡ str✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ✇✐❧❧ ❜❡ ❡♥❧❛r❣❡❞ ❜② t❤❡

✐♥❝r❡❛s✐♥❣ tr❛❞❡ ✈♦❧✉♠❡ ❜❡t✇❡❡♥ ❯✳❙✳ ❛♥❞ ❘❖❲ ❜✉t ✇✐❧❧ ❜❡ r❡❞✉❝❡❞ ❜② t❤❡ ❞❡❝r❡❛s✐♥❣ tr❛❞❡

✈♦❧✉♠❡ ♦❢ ❘❖❲ ✐♥t❡r♥❛❧ ❞♦❧❧❛r✲❞❡♥♦♠✐♥❛t❡❞ tr❛♥s❛❝t✐♦♥s✱ ❛♥❞ t❤❡ ♥❡t ❡✛❡❝t ♦♥ str✉❝t✉r❛❧

❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ✐s ♣♦s✐t✐✈❡ ❣✐✈❡♥ t❤❛t ϕ ✐s ❧❡ss t❤❛♥ ✶✵✵✪✳ ❚❤❡ ✜rst ♣❛♥❡❧ ♦❢ ❋✐❣✉r❡ ✻ ✐s

❝♦♥s✐st❡♥t ✇✐t❤ t❤✐s r❡s✉❧t✳ ❲❤❡♥ t❤❡ ✇♦r❧❞ ❡❝♦♥♦♠② ✐s ❝❧♦s❡ t♦ ❛✉t❛r❦②✱ str✉❝t✉r❛❧ ❣❧♦❜❛❧

✐♠❜❛❧❛♥❝❡s ❛♣♣r♦❛❝❤ t♦ ❞✐s❛♣♣❡❛r✐♥❣✳ ❆❧♦♥❣ ✇✐t❤ t❤❡ r❛t✐♦ ♦❢ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡ t♦ t❤❡

✇♦r❧❞ ●❉P ❜❡❝♦♠✐♥❣ ❧❛r❣❡r ❛♥❞ ❧❛r❣❡r ✭❞✉❡ t♦ s✉❝❤ ❛s ❣❧♦❜❛❧✐③❛t✐♦♥✮✱ t❤❡ ♦✛✲s❤♦r❡ ❞♦❧❧❛r
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❋✐❣✉r❡ ✻✿ ❖♣❡♥♥❡ss✱ ❊❧❛st✐❝✐t② ♦❢ ❙✉❜st✐t✉t✐♦♥✱ ❘❡❧❛t✐✈❡ ❙✐③❡ ♦❢ t❤❡ ❯✳❙✳ ❡❝♦♥♦♠② ❛♥❞

●❧♦❜❛❧ ■♠❜❛❧❛♥❝❡s

❚❤❡ ❡❧❛st✐❝✐t② ♦❢ s✉❜st✐t✉t✐♦♥ ❤❛s ❛ ♣♦s✐t✐✈❡ ❡✛❡❝t ♦♥ str✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s✱ ❛s

s❤♦✇♥ ✐♥ t❤❡ s❡❝♦♥❞ ♣❛♥❡❧ ♦❢ ❋✐❣✉r❡ ✻✳ ❆❧t❤♦✉❣❤ ❡q✉❛t✐♦♥ ✶✼ t❡❧❧s t❤❛t ❛ ❜✐❣❣❡r ❡❧❛st✐❝✐t②

♦❢ s✉❜st✐t✉t✐♦♥ ♠❡❛♥s ❛ ❧❛r❣❡r str✉❝t✉r❛❧ ❣❧♦❜❛❧ tr❛❞❡ ✐♠❜❛❧❛♥❝❡ ❛s ❧♦♥❣ ❛s κ ·mc > 1✱✼ ✐t

✐s ♥♦t str❛✐❣❤t❢♦r✇❛r❞ t♦ ✉♥❞❡rst❛♥❞ t❤✐s r❡s✉❧t✳ ❆s ✇❡ ✇✐❧❧ s❡❡ ✐♥ ❋✐❣✉r❡ ✾✱ t❤❡ s♣❡❝✐❛❧ r♦❧❡

♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❣❡♥❡r❛t❡s ♥♦t ♦♥❧② str✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s✱ ❜✉t ❛❧s♦ ❛♥ ✏✉♥❡q✉❛❧✑

tr❛❞✐♥❣ s②st❡♠✿ t❤❡ t❡r♠s ♦❢ tr❛❞❡ ❢♦r t❤❡ ❯✳❙✳ ✐s ❣r❡❛t❡r t❤❛♥ ♦♥❡ ❛t t❤❡ st❡❛❞② st❛t❡

✭✐✳❡✳ t❤❡ ❯✳❙✳ ❡①♣♦rt ♣r✐❝❡ ✐s ❤✐❣❤❡r t❤❛♥ t❤❡ ❘❖❲ ❡①♣♦rt ♣r✐❝❡ ❛♥❞ t❤❡ ❘❖❲ ❡①♣♦rt

❣♦♦❞s ❛r❡ r❡❧❛t✐✈❡❧② ❝❤❡❛♣❡r✮ ❡✈❡♥ ❛❢t❡r ❛❞❥✉st✐♥❣ t❤❡ t❡r♠s ♦❢ tr❛❞❡ t♦ t❤❡ t✇♦ ❡❝♦♥♦♠✐❡s✬

r❡❛❧ ♠❛r❣✐♥❛❧ ❝♦sts✳ ■♥ ❢❛❝t✱ ✐t ✐s t❤✐s ❦✐♥❞ ♦❢ ✏✉♥❡q✉❛❧✑ r❡❧❛t✐✈❡ ♣r✐❝❡ t❤❛t ♠❛❦❡s t❤❡ ❯✳❙✳

✐♠♣♦rt ♠♦r❡ ❛♥❞ t❤❡ ❘❖❲ ✐♠♣♦rt ❧❡ss t❤❛♥ t❤❡ ♥♦r♠❛❧ s✐t✉❛t✐♦♥ ✇✐t❤ ✏❡q✉❛❧✑ t❡r♠s ♦❢

tr❛❞❡✱ ❛♥❞ t❤❡♥ ♠❛❦❡s str✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s✳ ❲❤❡♥ t❤❡ ❡❧❛st✐❝✐t② ♦❢ s✉❜st✐t✉t✐♦♥

❜❡❝♦♠❡s ❧❛r❣❡r✱ t❤✐s ❦✐♥❞ ♦❢ r❡❧❛t✐✈❡ ♣r✐❝❡ ❡✛❡❝t ✇✐❧❧ ❜❡❝♦♠❡ str♦♥❣❡r ❛♥❞ t❤❡♥ ❧❡❛❞ t♦ ♠♦r❡

s❡✈❡r❡ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s✳

❚❤❡ ❧❛st ♣❛♥❡❧ ♦❢ ❋✐❣✉r❡ ✻ s❤♦✇s t❤❛t t❤❡ r❡❧❛t✐✈❡ s✐③❡ ♦❢ t❤❡ ❯✳❙✳ ❡❝♦♥♦♠② t♦ t❤❡

❘❖❲ ❤❛s ❛ ♣♦s✐t✐✈❡ ❡✛❡❝t ♦♥ str✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ❛s ✇❡❧❧✳ ❚❤✐s ✐s ♥♦t ❤❛r❞ t♦

✼❆s ♦✉r ❛❜♦✈❡ ❛♥❛❧②s✐s ❛❜♦✉t t❤❡ ♦♣❡♥♥❡ss ♦❢ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡✱ ❤❡r❡ t❤❡r❡ ❛r❡ ❛❧s♦ t✇♦ ♦♣♣♦s✐t❡ ❡✛❡❝ts
♦♥ str✉❝t✉r❛❧ ❣❧♦❜❛❧ tr❛❞❡ ✐♠❜❛❧❛♥❝❡s✿ t❤❡ ♣♦s✐t✐✈❡ ♦♥❡ r❡❧❛t❡❞ t♦ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡ ❜❡t✇❡❡♥ ❯✳❙✳ ❛♥❞
❘❖❲✱ ❛♥❞ t❤❡ ♥❡❣❛t✐✈❡ ♦♥❡ r❡❧❛t❡❞ t♦ ❘❖❲ ✐♥t❡r♥❛❧ ❞♦❧❧❛r✲❞❡♥♦♠✐♥❛t❡❞ tr❛♥s❛❝t✐♦♥s✳ ❙t✐❧❧ t❤❡ ♥❡t ❡✛❡❝t
✐s ♣♦s✐t✐✈❡✳
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✉♥❞❡rst❛♥❞✳ ●✐✈❡♥ t❤❡ ❞❡❣r❡❡ ♦❢ ♦♣❡♥♥❡ss ❛♥❞ t❤❡ ❛❜s♦❧✉t❡ s✐③❡ ♦❢ t❤❡ ❘❖❲ ❡❝♦♥♦♠②

✉♥❝❤❛♥❣❡❞✱ ✇❤❡♥ t❤❡ ❯✳❙✳ ❡❝♦♥♦♠② ❜❡❝♦♠❡s ❧❛r❣❡r✱ ✐ts ✐♠♣♦rt ❢r♦♠ t❤❡ ❘❖❲ ❛♥❞ ❛❧s♦

t❤❡ ❘❖❲ ✐♠♣♦rt ❢r♦♠ t❤❡ ❯✳❙✳ ✇✐❧❧ ❜♦t❤ ✐♥❝r❡❛s❡✳ ❚❤❡r❡❢♦r❡✱ t❤❡ ❘❖❲ ✇✐❧❧ ♥❡❡❞ ♠♦r❡

❯✳❙✳ ❞♦❧❧❛rs t♦ ✜♥❛♥❝❡ ✐ts ✐♠♣♦rt✱ ❛♥❞ t❤❡♥ ✐ts tr❛❞❡ s✉r♣❧✉s s❤♦✉❧❞ ❜❡ ❧❛r❣❡r t❤❛♥ ❜❡❢♦r❡✳

❊q✉❛t✐♦♥ ✶✼ t❡❧❧s t❤❡ s❛♠❡ st♦r②✿ ❜❡❝❛✉s❡ ρF = n · ρH ❛♥❞ n̄ ≃ n✱ nx ✇✐❧❧ r❡♠❛✐♥ ♥❡❛r❧②

✉♥❛✛❡❝t❡❞ ✇❤❡♥ n ✐♥❝r❡❛s❡s❀ ❜✉t ❜❡ ♥♦t❡❞ t❤❛t nx ✐s t❤❡ ❯✳❙✳ ♥❡t ❡①♣♦rt✲●❉P r❛t✐♦✱ s♦

t❤❡ ❛❜s♦❧✉t❡ ✈❛❧✉❡ ♦❢ ❯✳❙✳ tr❛❞❡ ❞❡✜❝✐t ✇✐❧❧ ✐♥❝r❡❛s❡ ♣r♦♣♦rt✐♦♥❛❧❧② ✇✐t❤ t❤❡ ❯✳❙✳ ●❉P

s✐③❡✳ ❈♦♥s❡q✉❡♥t❧②✱ t❤❡ ❡①❝❤❛♥❣❡ r❛t❡ ♦❢ ❯✳❙✳ ❞♦❧❧❛r ✇✐❧❧ ❛♣♣r❡❝✐❛t❡ ❞✉❡ t♦ t❤❡ ✐♥❝r❡❛s✐♥❣

❞♦❧❧❛r ❞❡♠❛♥❞ ✐♥ t❤❡ ❣❧♦❜❛❧ ♠❛r❦❡t✳ ❋✐❣✉r❡ ✼ s❤♦✇s t❤✐s ♣♦s✐t✐✈❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ t❤❡

❯❙❉ ✐♥❞❡① ❛♥❞ t❤❡ r❡❧❛t✐✈❡ s✐③❡ ♦❢ t❤❡ ❯✳❙✳ ❡❝♦♥♦♠② ✐♥ t❤❡ ❧♦♥❣ r✉♥✳ ■❢ ✇❡ ✈✐❡✇ s♦♠❡

❝♦✲♠♦✈❡♠❡♥ts ♦❢ t❤❡ ❯❙❉ ✐♥❞❡① ❛♥❞ t❤❡ ❯✳❙✳ ●❉P s❤❛r❡ ✐♥ t❤❡ ✇♦r❧❞ ✐♥ ❋✐❣✉r❡ ✸ ❛s ❛

❧♦♥❣ r✉♥ tr❛♥s✐t✐♦♥ r❛t❤❡r t❤❛♥ ❛ ❜✉s✐♥❡ss ❝②❝❧❡ ✢✉❝t✉❛t✐♦♥✱ ♦✉r ♠♦❞❡❧ ❤❡r❡ ♣r♦✈✐❞❡s ❛

r❡❛s♦♥❛❜❧❡ ❡①♣❧❛♥❛t✐♦♥ ❢♦r t❤❡s❡ ❝♦✲♠♦✈❡♠❡♥ts✳
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❋✐❣✉r❡ ✼✿ ❘❡❧❛t✐✈❡ ❙✐③❡ ♦❢ t❤❡ ❯✳❙✳ ❡❝♦♥♦♠② ❛♥❞ ❯❙❉ ■♥❞❡①

✹✳✷ ❲❡❧❢❛r❡ r❡s✉❧t

P❡r♠❛♥❡♥t ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ✐♥t✉✐t✐✈❡❧② ❝♦♥st✐t✉t❡ ❛ ♣❡r♠❛♥❡♥t ❣✐❢t t♦ t❤❡ ❯✳❙✳ ❤♦✉s❡❤♦❧❞s

❛♥❞ s❡❡♠ t♦ ✐♥❝r❡❛s❡ t❤❡ ✇❡❧❢❛r❡ ♦❢ ❯✳❙✳ ❤♦✉s❡❤♦❧❞s✳ ❚❤❡ ❧❛r❣❡r t❤❡ str✉❝t✉r❛❧ ❣❧♦❜❛❧

✐♠❜❛❧❛♥❝❡s ❛r❡✱ t❤❡ ♠♦r❡ t❤❡ ✇❡❧❢❛r❡ ♦❢ ❯✳❙✳ ❤♦✉s❡❤♦❧❞s ✐s ❧✐❦❡❧② t♦ ❜❡ ✐♠♣r♦✈❡❞✳ ❚❤✐s ✐s

tr✉❡ ✐♥ ♦✉r ♠♦❞❡❧✳ ●✐✈❡♥ t❤❡ ❧♦♥❣✲r✉♥ ❣r♦✇t❤ r❛t❡ ♦❢ t❡❝❤♥♦❧♦❣② ❦❡❡♣s ❝♦♥st❛♥t✱ ✇❡ ❞❡✜♥❡
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t❤❡ ✇❡❧❢❛r❡s ♦❢ t❤❡ ❯✳❙✳ ❛♥❞ ❘❖❲ ❤♦✉s❡❤♦❧❞s ✉s✐♥❣ t❤❡✐r ❝♦rr❡s♣♦♥❞✐♥❣ ❞❡tr❡♥❞❡❞ ♣❡r✐♦❞

✉t✐❧✐t② ❛s ❢♦❧❧♦✇s✿

WelfareUS , n ·

[

ln

(

C

n

)

− φL ·
(L/n)1+η

1 + η

]

WelfareROW , lnC∗
− φL ·

(L∗)1+η

1 + η

WelfareWorld , WelfareUS +WelfareROW
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❋✐❣✉r❡ ✽✿ ❙tr❡♥❣t❤ ♦❢ ❖✛✲s❤♦r❡ ❉♦❧❧❛r ❉❡♠❛♥❞ ❛♥❞ ●❧♦❜❛❧ ❲❡❧❢❛r❡s

❲❡ ❢♦❝✉s ♦♥ t❤❡ ✇❡❧❢❛r❡ ❝❤❛♥❣❡s ✇❤❡♥ t❤❡r❡ ✐s ❛ ❝❤❛♥❣❡ t♦ t❤❡ ♣❛r❛♠❡t❡r ϕ✱ ✇❤✐❝❤

r❡♣r❡s❡♥ts t❤❡ str❡♥❣t❤ ♦❢ t❤❡ ♦✛✲s❤♦r❡ ❞♦❧❧❛r ❞❡♠❛♥❞ ❛♥❞ t❤✉s t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ t❤❡ ❯✳❙✳

❞♦❧❧❛r ✐♥ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡✳ ❋✐❣✉r❡ ✽ ❞❡♣✐❝ts t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ t❤❡ ✇❡❧❢❛r❡s

♦❢ ❯✳❙✳✱ ❘❖❲ ❛♥❞ t❤❡ ✇❤♦❧❡ ✇♦r❧❞ ❛♥❞ t❤❡ ♣❛r❛♠❡t❡r ϕ✳ ❲❤❡♥ t❤❡ str❡♥❣t❤ ♦❢ ♦✛✲

s❤♦r❡ ❞♦❧❧❛r ❞❡♠❛♥❞ ✐♥❝r❡❛s❡s✱ t❤❡ ✇❡❧❢❛r❡ ♦❢ ❯✳❙✳ ❤♦✉s❡❤♦❧❞s ✐♥❝r❡❛s❡s✱ t❤❡ ✇❡❧❢❛r❡ ♦❢

❘❖❲ ❤♦✉s❡❤♦❧❞s ❞❡❝r❡❛s❡s✱ ❛♥❞ t❤❡ ✇❡❧❢❛r❡ ♦❢ t❤❡ ✇❤♦❧❡ ✇♦r❧❞ ❞❡❝r❡❛s❡s ❛s t❤❡ ♥❡t ❡✛❡❝t✳

❋✐❣✉r❡ ✹ t❡❧❧s ✉s t❤❛t ✇❤❡♥ t❤❡ str❡♥❣t❤ ♦❢ ♦✛✲s❤♦r❡ ❞♦❧❧❛r ❞❡♠❛♥❞ ✐♥❝r❡❛s❡s✱ t❤❡ str✉❝t✉r❛❧

✷✹



❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ✇✐❧❧ ❜❡ ❡♥❧❛r❣❡❞✱ ✇❤✐❝❤ ♠❡❛♥s t❤❛t ❘❖❲ ♥❡❡❞s t♦ ✐♥❝r❡❛s❡ ✐ts ♥❡t

❡①♣♦rt t♦ ♦❜t❛✐♥ ❡♥♦✉❣❤ ❯✳❙✳ ❞♦❧❧❛rs t♦ ✜♥❛♥❝❡ ✐ts ❞♦❧❧❛r✲❞❡♥♦♠✐♥❛t❡❞ ✐♥t❡r♥❛❧ ❛♥❞ ❡①t❡r♥❛❧

tr❛♥s❛❝t✐♦♥s✳ ■♥t✉✐t✐✈❡❧②✱ s✐♥❝❡ ✐ts ❛❣❣r❡❣❛t❡ ❛❜s♦r♣t✐♦♥ ✭❝♦♥s✉♠♣t✐♦♥ ♣❧✉s ✐♥✈❡st♠❡♥t✮

❛s ❛ ❢r❛❝t✐♦♥ ♦❢ ✐ts ●❉P ❜❡❝♦♠❡s s♠❛❧❧❡r✱ ❘❖❲✬s ✇❡❧❢❛r❡ ✇✐❧❧ ♥❛t✉r❛❧❧② ❞❡❝r❡❛s❡✳ ❖♥

t❤❡ ❝♦♥tr❛r②✱ ❯✳❙✳ ✇❡❧❢❛r❡ ✇✐❧❧ ♥❛t✉r❛❧❧② ✐♥❝r❡❛s❡ ❜❡❝❛✉s❡ str✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s

❝♦♥st✐t✉t❡ ❛ ♣❡r♠❛♥❡♥t ❣✐❢t t♦ t❤❡ ❯✳❙✳ ❤♦✉s❡❤♦❧❞s ✭t❤❡② ♣❡r♠❛♥❡♥t❧② ❝♦♥s✉♠❡ ♠♦r❡ t❤❛♥

✇❤❛t t❤❡② ♣r♦❞✉❝❡ ❛t t❤❡ st❡❛❞② st❛t❡✮ ❛♥❞ t❤✐s ❦✐♥❞ ♦❢ ❣✐❢t ❜❡❝♦♠❡s ❜✐❣❣❡r ✇❤❡♥ t❤❡
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❋✐❣✉r❡ ✾✿ ❙tr❡♥❣t❤ ♦❢ ❖✛✲s❤♦r❡ ❉♦❧❧❛r ❉❡♠❛♥❞ ❛♥❞ ❚❡r♠s ♦❢ ❚r❛❞❡

❚❤❡ ❛❜♦✈❡ ✇❡❧❢❛r❡ r❡s✉❧t ❝❛♥ ❛❧s♦ ❜❡ ❡①♣❧❛✐♥❡❞ ❜② t❤❡ ✉♥❡q✉❛❧ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡

❛❝❝♦♠♣❛♥②✐♥❣ t❤❡ str✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s✳ ❚❤❡ ✜rst ♣❛♥❡❧ ♦❢ ❋✐❣✉r❡ ✾ s❤♦✇s ❤♦✇

t❤❡ t❡r♠s ♦❢ tr❛❞❡ ❢♦r t❤❡ ❯✳❙✳ ✭❞❡✜♥❡❞ ❛s ❯✳❙✳ ❡①♣♦rt ♣r✐❝❡ ♦✈❡r ✐ts ✐♠♣♦rt ♣r✐❝❡✮ ❡✈♦❧✈❡s

✇✐t❤ t❤❡ str❡♥❣t❤ ♦❢ ♦✛✲s❤♦r❡ ❞♦❧❧❛r ❞❡♠❛♥❞✳ ❚❤❡ s❡❝♦♥❞ ♣❛♥❡❧ ♦❢ ❋✐❣✉r❡ ✽ ❣✐✈❡s t❤❡

r❡s✉❧t ❢♦r ❛❞❥✉st❡❞ t❡r♠s ♦❢ tr❛❞❡✱ ✇❤✐❝❤ ❛❞❥✉st ❯✳❙✳ ❡①♣♦rt ♣r✐❝❡ ❛♥❞ ✐♠♣♦rt ♣r✐❝❡ ❜②

❯✳❙✳ r❡❛❧ ♠❛r❣✐♥❛❧ ❝♦st ❛♥❞ ❘❖❲ r❡❛❧ ♠❛r❣✐♥❛❧ ❝♦st r❡s♣❡❝t✐✈❡❧②❀ ❛♥❞ ✐t ✐s ❝♦♥s✐st❡♥t ✇✐t❤

t❤❡ r❡s✉❧t ♦❢ t❤❡ ✜rst ♣❛♥❡❧✳ ❖✈❡r❛❧❧✱ t❤❡ t❡r♠s ♦❢ tr❛❞❡ ✐s ❛❧✇❛②s ❜❡♥❡✜❝✐❛❧ t♦ t❤❡ ❯✳❙✳

✭❡①♣♦rt ♣r✐❝❡ ✐s r❡❧❛t✐✈❡❧② ❤✐❣❤❡r t❤❛♥ ✐♠♣♦rt ♣r✐❝❡✮✱ ❡✈❡♥ ✇❤❡♥ t❤❡ ♣❛r❛♠❡t❡r ϕ ✐s ❡q✉❛❧❧②

t♦ ③❡r♦✳ ❆s ❡①♣❧❛✐♥❡❞ ❜❡❢♦r❡✱ ✇❤❡♥ ϕ = 0 ✱ str✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s st✐❧❧ ❡①✐sts ❜❡❝❛✉s❡

t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡ ❜❡t✇❡❡♥ ❯✳❙✳ ❛♥❞ ❘❖❲ ✐s ❞❡♥♦♠✐♥❛t❡❞ ✐♥ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛♥❞ t❤❡

❈■❆ ❝♦♥str❛✐♥t✱ ❡q✉❛t✐♦♥ ✶✸✱ st✐❧❧ ♠✉st ❜❡ s❛t✐s✜❡❞ ❢♦r t❤❡ ❘❖❲ ❤♦✉s❡❤♦❧❞s✳ ❚♦ ♦❜t❛✐♥
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❡♥♦✉❣❤ ❯✳❙✳ ❞♦❧❧❛rs✱ ❘❖❲ ♥❡❡❞s t♦ ❡①♣♦rt ♠♦r❡✱ ❛♥❞ ❝♦♥s❡q✉❡♥t❧② t❤❡ ❘❖❲ ❣♦♦❞s ❜❡❝♦♠❡

r❡❧❛t✐✈❡❧② ❝❤❡❛♣❡r ✐♥ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ ♠❛r❦❡t✱ ✇❤✐❝❤ r❡s✉❧ts ✐♥ t❤❡ t❡r♠s ♦❢ tr❛❞❡ ❜❡✐♥❣

❜❡♥❡✜❝✐❛❧ t♦ t❤❡ ❯✳❙✳ ❜✉t ✉♥❢❛✈♦r❛❜❧❡ ❢♦r ❘❖❲✳ ❆❧♦♥❣ ✇✐t❤ t❤❡ ✐♥❝r❡❛s❡ ♦❢ t❤❡ str❡♥❣t❤ ♦❢

♦✛✲s❤♦r❡ ❞♦❧❧❛r ❞❡♠❛♥❞✱ t❤✐s ❦✐♥❞ ♦❢ ✉♥❡q✉❛❧ tr❛❞❡ ✇✐❧❧ ❜❡❝♦♠❡ ♠♦r❡ ❛♥❞ ♠♦r❡ ✉♥❡q✉❛❧✱

❛♥❞ t❤✉s t❤❡ ✇❡❧❢❛r❡ ❞✐str✐❜✉t✐♦♥ ❜❡t✇❡❡♥ t❤❡ ❯✳❙✳ ❛♥❞ ❘❖❲ ✇✐❧❧ ❜❡❝♦♠❡ ♠♦r❡ ❛♥❞ ♠♦r❡

✉♥❡q✉❛❧ ❛s ✇❡❧❧✳ ❲❡❛❦❡♥✐♥❣ t❤❡ r♦❧❡ ♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ✐♥ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡ ✐s ♥♦t ❛

P❛r❡t♦ ✐♠♣r♦✈❡♠❡♥t✱ ❜✉t ✐s ❛ ❑❛❧❞♦r ✐♠♣r♦✈❡♠❡♥t ❢♦r t❤❡ ✇❤♦❧❡ ✇♦r❧❞✳

✺ ❈♦♥❝❧✉❞✐♥❣ r❡♠❛r❦s

❚❤❡ ❞❛t❛ ✐♥❞✐❝❛t❡s t❤❛t t❤❡ ❧♦♥❣✲❧❛st✐♥❣ ❯✳❙✳ tr❛❞❡ ❞❡✜❝✐t ❞✉r✐♥❣ t❤❡ ♣❛st ❢♦✉r ❞❡❝❛❞❡s ✐s

❛ ❧♦♥❣✲r✉♥ ❛♥❞ str✉❝t✉r❛❧ ♣❤❡♥♦♠❡♥♦♥✳ ❚❤✐s ♣❛♣❡r ❤❛s ♣r♦♣♦s❡❞ ❛ s✐♠♣❧❡ ❢r❛♠❡✇♦r❦ t♦

✐♥✈❡st✐❣❛t❡ t❤❡ r♦❧❡ ♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛s t❤❡ ✇♦r❧❞ ❝✉rr❡♥❝② ✐♥ ❛❝❝♦✉♥t✐♥❣ ❢♦r str✉❝t✉r❛❧

❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ✐♥ t❤❡ ❧♦♥❣✲r✉♥ st❡❛❞② st❛t❡✳ ❚❤❡ ❢r❛♠❡✇♦r❦ ❤✐❣❤❧✐❣❤ts t❤❡ s♣❡❝✐❛❧ r♦❧❡

♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ✐♥ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡✳ ❇② ❜✉✐❧❞✐♥❣ ❛ t✇♦✲❝♦✉♥tr② ❝❛s❤✲✐♥✲❛❞✈❛♥❝❡

❣r♦✇t❤ ♠♦❞❡❧ ✇✐t❤ ❛ ❞♦❧❧❛r st❛♥❞❛r❞ ✐♥ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡✱ t❤✐s ♣❛♣❡r ♣r♦✈❡s t❤❛t

♣❡r♠❛♥❡♥t ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ❝❛♥ ❜❡ s✉st❛✐♥❛❜❧❡✳

❙tr✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ❝❛♥ ❡①✐st ♣❡r♠❛♥❡♥t❧② ✐♥ ♦✉r ❢r❛♠❡✇♦r❦ ❜❡❝❛✉s❡ ♦❢ t✇♦

❦❡② ✐ss✉❡s✿ ♦♥❡ ✐s t❤❡ ❈■❆ ❝♦♥str❛✐♥t ♦❢ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛♥s❛❝t✐♦♥s ✉s✐♥❣ t❤❡ ❯✳❙✳ ❞♦❧❧❛r

❛s t❤❡ ✐♥✈♦✐❝✐♥❣ ❝✉rr❡♥❝②✱ ❛♥❞ t❤❡ ♦t❤❡r ✐s ❛ ♣♦s✐t✐✈❡ ❧♦♥❣✲r✉♥ ❣r♦✇t❤ ♦❢ ❣❧♦❜❛❧ ♥♦♠✐♥❛❧

●❉P✳ ❆❧♦♥❣ ✇✐t❤ t❤❡ ♥♦♠✐♥❛❧ ❣r♦✇t❤ ♦❢ t❤❡ ❣❧♦❜❛❧ ❡❝♦♥♦♠②✱ t❤❡ r❡st ♦❢ t❤❡ ✇♦r❧❞ ♥❡❡❞s

♠♦r❡ ❛♥❞ ♠♦r❡ ❯✳❙✳ ❞♦❧❧❛rs t♦ ✜♥❛♥❝❡ ❞♦❧❧❛r✲❞❡♥♦♠✐♥❛t❡❞ tr❛♥s❛❝t✐♦♥s✱ ✇❤✐❝❤ ✇✐❧❧ ❧❡❛❞ t♦

❛ ♣❡r♠❛♥❡♥t tr❛❞❡ s✉r♣❧✉s ❢♦r t❤❡ ❘❖❲ ❛♥❞ ❛❧s♦ ♣r❡✈❡♥t t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❢r♦♠ ❛ s✉❜st❛♥t✐❛❧

❞❡♣r❡❝✐❛t✐♦♥ ✐♥ t❤❡ ❧♦♥❣ t✉♥✳ ❚❤❡ ♣❡r♠❛♥❡♥t ❯✳❙✳ tr❛❞❡ ❞❡✜❝✐t ✐s ❛♥ ✐♥❝r❡❛s✐♥❣ ❢✉♥❝t✐♦♥ ♦❢

t❤❡ str❡♥❣t❤ ♦❢ ♦✛✲s❤♦r❡ ❞♦❧❧❛r ❞❡♠❛♥❞✳ ■❢ t❤❡r❡ ✐s ♥♦ ❞♦❧❧❛r st❛♥❞❛r❞ ✐♥ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧

tr❛❞❡✱ str✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ✇✐❧❧ ❞✐s❛♣♣❡❛r✳

❚❤❡ ❜❡♥❝❤♠❛r❦ ♠♦❞❡❧ ✐s ❝❛❧✐❜r❛t❡❞ t♦ ♠❛t❝❤ t❤❡ ✇♦r❧❞ ❡❝♦♥♦♠✐❝ ❞❛t❛ ♦❢ t❤❡ ♣❡r✐♦❞

✶✾✼✻✲✷✵✶✸✱ ❛♥❞ t❤❡ ❢r❛♠❡✇♦r❦ ♦❢ t❤✐s ♣❛♣❡r ✐s ✢❡①✐❜❧❡ ❡♥♦✉❣❤ t♦ ❡①❛♠✐♥❡ t❤❡ r❡❧❛t✐♦♥s❤✐♣

❜❡t✇❡❡♥ str✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ❛♥❞ ♦t❤❡r ❞❡❡♣ ♣❛r❛♠❡t❡rs✳ ■t ✐s ❢♦✉♥❞ t❤❛t✿ t❤❡

♣❡r♠❛♥❡♥t ❯✳❙✳ tr❛❞❡ ❞❡✜❝✐t ✐s ❛♥ ✐♥❝r❡❛s✐♥❣ ❢✉♥❝t✐♦♥ ♦❢ t❤❡ ❧♦♥❣✲r✉♥ ❣r♦✇t❤ r❛t❡ ♦❢ ❣❧♦❜❛❧

♥♦♠✐♥❛❧ ●❉P✱ t❤❡ ♦♣❡♥♥❡ss ♦❢ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡✱ t❤❡ ❡❧❛st✐❝✐t② ♦❢ s✉❜st✐t✉t✐♦♥ ❜❡✲

✷✻



t✇❡❡♥ ❞♦♠❡st✐❝ ❛♥❞ ❢♦r❡✐❣♥ ❣♦♦❞s✱ ❛♥❞ t❤❡ r❡❧❛t✐✈❡ s✐③❡ ♦❢ t❤❡ ❯✳❙✳ ❡❝♦♥♦♠② t♦ t❤❡ r❡st

♦❢ t❤❡ ✇♦r❧❞✳ ❆❧♦♥❣ ✇✐t❤ ❛ r❡❧❛t✐✈❡❧② ❜✐❣❣❡r s✐③❡ ♦❢ t❤❡ ❯✳❙✳ ❡❝♦♥♦♠②✱ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ✇✐❧❧

❛♣♣r❡❝✐❛t❡✳

❚❤❡ ❧♦♥❣✲r✉♥ ♥♦♥✲♥❡✉tr❛❧✐t② ♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛s t❤❡ ✇♦r❧❞ ❝✉rr❡♥❝② ❡①✐sts✳ ❆ ❝❤❛♥❣❡

t♦ t❤❡ ❧♦♥❣✲r✉♥ ❣r♦✇t❤ r❛t❡ ♦❢ ❯✳❙✳ ♠♦♥❡② s✉♣♣❧② ✭❛❝❝♦♠♣❛♥✐❡❞ ❜② t❤❡ s❛♠❡ ❝❤❛♥❣❡ t♦

❧♦♥❣✲r✉♥ ❣r♦✇t❤ r❛t❡ ♦❢ ❘❖❲ ♠♦♥❡② s✉♣♣❧②✮ ✇✐❧❧ ✐♥✢✉❡♥❝❡ t❤❡ ✇♦r❧❞ r❡❛❧ ♣r♦❞✉❝t✐♦♥✱

✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡ ❛♥❞ t❤❡♥ str✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s✳

❚❤✐s ♣❛♣❡r ❛❧s♦ s❤♦✇s t❤❛t✿ str✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s ❝♦✲❡①✐st ✇✐t❤ ❛♥ ✉♥❡q✉❛❧

✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡✱ ❛♥❞ t❤❡ t❡r♠s ♦❢ tr❛❞❡ ❛r❡ ❜❡♥❡✜❝✐❛❧ t♦ t❤❡ ❯✳❙✳✳ ❚❤❡ ✇❡❧❢❛r❡ ❛♥❛❧②s✐s

✐♥❞✐❝❛t❡s✿ ❛ ✇❡❛❦❡♥❡❞ ❯✳❙✳ ❞♦❧❧❛r ✐♥ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡✱ r❡♣r❡s❡♥t❡❞ ❜② ❛ ✇❡❛❦❡r

str❡♥❣t❤ ♦❢ ♦✛✲s❤♦r❡ ❞♦❧❧❛r ❞❡♠❛♥❞✱ ✇✐❧❧ r❡❞✉❝❡ t❤❡ ✇❡❧❢❛r❡ ♦❢ t❤❡ ❯✳❙✳ ❤♦✉s❡❤♦❧❞s✱ ❜✉t

✐♥❝r❡❛s❡ t❤❡ ✇❡❧❢❛r❡ ♦❢ t❤❡ r❡st ♦❢ t❤❡ ✇♦r❧❞❀ ❛♥❞ t❤❡ ✇❡❧❢❛r❡ ♦❢ t❤❡ ✇❤♦❧❡ ✇♦r❧❞ ✇✐❧❧ ❜❡

✐♠♣r♦✈❡❞✳

❖✉r ❢r❛♠❡✇♦r❦ ❝❛♥ ❜❡ ❡①t❡♥❞❡❞ ✐♥ s❡✈❡r❛❧ ✇❛②s✳ ❋✐rst ♦❢ ❛❧❧✱ t❤❡ r♦❧❡ ♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r

❛s ❛ ❣❧♦❜❛❧ r❡s❡r✈❡ ❝✉rr❡♥❝② ✐s ❛❧s♦ ❜❡❧✐❡✈❡❞ t♦ ❜❡ ✈❡r② ✐♠♣♦rt❛♥t t♦ ❛❝❝♦✉♥t ❢♦r ❧♦♥❣✲

r✉♥ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s✳ ■♥ ❣❡♥❡r❛❧✱ ❛♥② ❦✐♥❞ ♦❢ ✐♥❝r❡❛s✐♥❣ ❞❡♠❛♥❞ ❢♦r t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❝❛♥

❣❡♥❡r❛t❡ str✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s✳ ■♥ ❣❧♦❜❛❧ ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts✱ ❞♦❧❧❛r ❛ss❡ts ✐♥❝❧✉❞✐♥❣

❝✉rr❡♥❝②✱ ❯✳❙✳ ❣♦✈❡r♥♠❡♥t ❜♦♥❞s ❛♥❞ ❯✳❙✳ ❡q✉✐t✐❡s ❤❛✈❡ ❛❞✈❛♥t❛❣❡s ✐♥ ❜♦t❤ ❧✐q✉✐❞✐t② ❛♥❞

s❡❝✉r✐t②✳ ❊①❝❡ss✐✈❡ ❞❡♠❛♥❞s ❢♦r t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛s ❣❧♦❜❛❧ r❡s❡r✈❡ ❝✉rr❡♥❝② ♠❛② r❡s✉❧t ✐♥

♥♦t ♦♥❧② ❝②❝❧✐❝❛❧ ❜✉t ❛❧s♦ str✉❝t✉r❛❧ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡s✳ ❙❡❝♦♥❞❧②✱ t❤✐s ♣❛♣❡r ❢♦❝✉s❡s ♦♥

t❤❡ ❧♦♥❣✲r✉♥ st❡❛❞② st❛t❡ ❛♥❛❧②s✐s ♦❢ t❤❡ ❣❧♦❜❛❧ ❡❝♦♥♦♠②✱ ❜✉t t❤❡ ❜✉s✐♥❡ss✲❝②❝❧❡ ♠♦✈❡♠❡♥t

♦❢ t❤❡ ❯✳❙✳ ❛♥❞ ✇♦r❧❞ ❡❝♦♥♦♠② ✐s ❡q✉❛❧❧② ✐♠♣♦rt❛♥t✳ ❇❛s❡❞ ♦♥ t❤❡ ❜❡♥❝❤♠❛r❦ ♠♦❞❡❧
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❘❡❢❡r❡♥❝❡s
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❋❡❧❞st❡✐♥✱ ▼✳✱ ✷✵✵✽✳ ❘❡s♦❧✈✐♥❣ t❤❡ ❣❧♦❜❛❧ ✐♠❜❛❧❛♥❝❡✿ ❚❤❡ ❞♦❧❧❛r ❛♥❞ t❤❡ ✉✳s✳ s❛✈✐♥❣ r❛t❡✳

❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝ P❡rs♣❡❝t✐✈❡s ✷✷ ✭✸✮✱ ✶✶✸✕✶✷✺✳ ✶✱ ✷
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♥❛t✐♦♥❛❧ ❊❝♦♥♦♠✐❝s ✼✻ ✭✷✮✱ ✶✼✼✕✶✾✷✳ ✶
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❝♦♠♠♦♥ ❝❛✉s❡s✳ ❋❡❞❡r❛❧ ❘❡s❡r✈❡ ❇❛♥❦ ♦❢ ❙❛♥ ❋r❛♥❝✐s❝♦ Pr♦❝❡❡❞✐♥❣s ❖❝t✱ ✶✸✶✕✶✼✷✳ ✷

❆♣♣❡♥❞✐①✿ ❞❡tr❡♥❞❡❞ st❡❛❞②✲st❛t❡ ❡q✉✐❧✐❜r✐✉♠ ❝♦♥❞✐t✐♦♥s

❱❛r✐❛❜❧❡s ✇✐t❤♦✉t t✐♠❡ s✉❜s❝r✐♣t ✐♥ t❤❡ ❢♦❧❧♦✇✐♥❣ ❡q✉❛t✐♦♥s ❞❡♥♦t❡ ❞❡tr❡♥❞❡❞ st❡❛❞② st❛t❡

✈❛❧✉❡s ❢♦r t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ✈❛r✐❛❜❧❡s✳

❚❤❡ ❯✳❙✳ ❡❝♦♥♦♠②

M ≡ 1

M∗
≡ m

PH = κ · P ·mc

ξ · (PC + P · I) = MH























φL · Lη ·
1

n1+η = λ1W
(

λ1 + ξ · λ2
)

PC = 1
(1 + γ1)

(

λ1 + ξ · λ2
)

= β ·
[

λ1 (1− δ + r)
]

+ξ · β ·
[

λ2 (1− δ)
]

λ1(1 + γ2) = β ·
(

λ1 + λ2
)
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M = MH +MF

(1 + γ1)K = (1− δ)K + I

Y H
H =

(

1− ρH
)

·

[

PH

P

]−ω

Yt

Y H
F = ρH ·

[

PF

EX · P

]−ω

Y

P =
[

(

1− ρH
)

· (PH)1−ω + ρH · (PF /EX)1−ω
]

1

1−ω

YH = [K]1−α [L]α

{

W
Pr

= α
1−α

·
K
L

mc = (1−α)α−1

αα

(

W
P

)α
(r)1−α

Y = C + I

YH = Y H
H + Y F

H

γ2M
F + (PHYH − P · Y ) = 0

❚❤❡ ❘❖❲ ❡❝♦♥♦♠②

PF = κ · P ∗
·mc∗

YF = Y H
F + Y F

F

Y F
F =

(

1− ρF
)

·

[

PF

P ∗

]−ω

Y ∗

Y F
H = ρF ·

[

PH · EX

P ∗

]−ω

Y ∗

P ∗ =
[

(

1− ρF
)

· (PF )
1−ω + ρF · (PH · EX)1−ω

]
1

1−ω
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ξD ·
[(

PHY F
H

)

+ ϕ ·
(

PFY
F
F /EX

)]

= MF

I∗ = (1 + γ1)K
∗
− (1− δ) ·K∗

ξ∗ · (1− ϕ) · PFY
F
F = M∗

Y ∗ = C∗ + I∗



























































































φL · (L∗)η = λ3W ∗

λ3 · P ∗C∗ + λ4 · (1− ϕ) · ξ∗ ·RF · C∗ + λ5 · ξD ·
(

RH + ϕ ·
1

EX
·RF

)

· C∗ = 1

(1 + γ1)λ
3 · P ∗ + (1 + γ1)λ

4 · (1− ϕ) · ξ∗ ·RF + (1 + γ1)λ
5 · ξD ·

(

RH + ϕ ·
1

EX
·RF

)

= β ·
{

λ3 · P ∗ (1− δ + r∗)
}

+β ·
{

λ4 · (1− ϕ) · ξ∗ ·RF · (1− δ)
}

+β ·
{

λ5 · ξD ·
(

RH + ϕ ·
1

EX
·RF

)

· (1− δ)
}

λ3(1 + γ2) = β ·
(

λ3 + λ4
)

λ3
t · EX · (1 + γ2) = β ·

(

λ3 · EX + λ5
)

RF , PF
·
(

1− ρF
)

·

[

PF

P ∗

]−ω

RH , PH · ρF ·

[

PF

P ∗

]−ω

YF = [K∗]1−α [L∗]α











W ∗

P ∗r∗
= α

1−α
·
K∗

L∗

mc∗ = (1−α)α−1

αα

(

W ∗

P ∗

)α
(r∗)1−α

✸✶
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