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❆❜str❛❝t

❲❡ ❛♥❛❧②s❡ t❤❡ tr❛♥s♠✐ss✐♦♥ ♠❡❝❤❛♥✐s♠ ♦❢ ❝♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦s ✐♥ ❡♠❡r❣✐♥❣ ❡❝♦♥♦♠✐❡s✳

❯s✐♥❣ ❛ ♣❛♥❡❧ ✈❡❝t♦r ❛✉t♦r❡❣r❡ss✐♦♥✱ ✇❡ ✜♥❞ t❤❛t t❤❡ s❤♦❝❦ ❧❡❛❞s t♦ ❛ r❡❛❧ ❡①❝❤❛♥❣❡ r❛t❡ ❛♣♣r❡✲

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

✐♥ t❤❡ ✉♥❡♠♣❧♦②♠❡♥t r❛t❡✳ ❚❤❡ tr❛♥s♠✐ss✐♦♥ ♠❡❝❤❛♥✐s♠ ❝❛♥ ❜❡ ✉♥❞❡rst♦♦❞ ✉s✐♥❣ ❛ ❞②♥❛♠✐❝

st♦❝❤❛st✐❝ ❣❡♥❡r❛❧ ❡q✉✐❧✐❜r✐✉♠ ♠♦❞❡❧ ♦❢ ❛ s♠❛❧❧ ❝♦♠♠♦❞✐t②✲❡①♣♦rt✐♥❣ ♦♣❡♥ ❡❝♦♥♦♠② ✇✐t❤ ♥♦♠✲

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

❦❡② t♦ ❜♦t❤ t❤❡ ✈❛r✐❛❜❧❡s✬ ❞②♥❛♠✐❝s ❛s ✇❡❧❧ ❛s t♦ t❤❡ ♠❛❣♥✐t✉❞❡ ♦❢ ❉✉t❝❤ ❞✐s❡❛s❡ ❡✛❡❝ts✳
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❑❡②✇♦r❞s✿ ❈♦♠♠♦❞✐t② ♣r✐❝❡s✱ ❡♠❡r❣✐♥❣ ♠❛r❦❡ts✱ ✐♥✢❛t✐♦♥✱ ♠♦♥❡t❛r② ♣♦❧✐❝②✱ s❡❛r❝❤ ❛♥❞ ♠❛t❝❤✐♥❣✱

✉♥❡♠♣❧♦②♠❡♥t✱ ❉✉t❝❤ ❞✐s❡❛s❡✱ ❉❙●❊ ♠♦❞❡❧❧✐♥❣✳

∗ ❲❡ ❛r❡ ❣r❛t❡❢✉❧ t♦ t❤❡ ❇r✐t✐s❤ ❆❝❛❞❡♠② ❢♦r ✜♥❛♥❝✐❛❧ s✉♣♣♦rt t❤r♦✉❣❤ t❤❡ ◆❡✇t♦♥ ▼♦❜✐❧✐t② ●r❛♥t ✭◆♦✳ ◆▼●❘✶✶✽✵✹✶✼✮✳

❲❡ ✇♦✉❧❞ ❧✐❦❡ t♦ t❤❛♥❦ ❱✐t♦ P♦❧✐t♦ ❛♥❞ ❈❤r✐st♦♣❤ ❚❤♦❡♥✐ss❡♥ ❛s ✇❡❧❧ ❛s ♣❛rt✐❝✐♣❛♥ts ❛t ❆▼❊❋ ✷✵✷✷ ✭❚❤❡ss❛❧♦♥✐❦✐✮
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❋♦r ♠❛♥② s♠❛❧❧ ♦♣❡♥ ❡❝♦♥♦♠✐❡s✱ ❡s♣❡❝✐❛❧❧② ❡♠❡r❣✐♥❣ ❛♥❞ ❞❡✈❡❧♦♣✐♥❣ ♦♥❡s✱ ❝♦♠♠♦❞✐t✐❡s ❝♦♥st✐t✉t❡

❛♥ ✐♠♣♦rt❛♥t ❝♦♠♣♦♥❡♥t ♦❢ t♦t❛❧ ❡①♣♦rts✳ ❆❝❝♦r❞✐♥❣ t♦ ❯◆❈❚❆❉ ✭✷✵✶✾✮✱ t✇♦ t❤✐r❞s ♦❢ ❞❡✈❡❧♦♣✐♥❣

❝♦✉♥tr✐❡s ❝♦✉♥t ❛s ❝♦♠♠♦❞✐t②✲❞❡♣❡♥❞❡♥t✱ ✇❤❡r❡❜② ❝♦♠♠♦❞✐t✐❡s ❛❝❝♦✉♥t ❢♦r ♠♦r❡ t❤❛♥ ✻✵ ♣❡r❝❡♥t

♦❢ t❤❡✐r ♠❡r❝❤❛♥❞✐s❡ ❡①♣♦rts✳ ❆t t❤❡ s❛♠❡ t✐♠❡✱ ✐♥❞✐✈✐❞✉❛❧ ❝♦♠♠♦❞✐t② ❡①♣♦rt❡rs t②♣✐❝❛❧❧② ❛❝❝♦✉♥t

❢♦r ❛ s♠❛❧❧ ♣r♦♣♦rt✐♦♥ ♦❢ t❤❡ ✇♦r❧❞ ♠❛r❦❡t ❢♦r t❤❡s❡ ❣♦♦❞s s♦ t❤❛t t❤❡② ❡✛❡❝t✐✈❡❧② ❛❝t ❛s ♣r✐❝❡ t❛❦❡rs✳

●✐✈❡♥ t❤❛t ❝♦♠♠♦❞✐t② ♣r✐❝❡s ❛r❡ ♥♦t♦r✐♦✉s❧② ❤✐❣❤❧② ✈♦❧❛t✐❧❡ t❤❡② ❛r❡ ♦❢t❡♥ r❡❣❛r❞❡❞ ❛s ❦❡② ❞r✐✈❡rs

♦❢ ❜✉s✐♥❡ss ❝②❝❧❡s ❢♦r ❝♦♠♠♦❞✐t② ❡①♣♦rt❡rs ✭❆❣é♥♦r ❛♥❞ ▼♦♥t✐❡❧✱ ✷✵✵✽✱ ♣♣✳ ✶✺✲✶✻✮✳

❋✐❣✉r❡ ✶ s❤♦✇s t❤❡ ❞r❛♠❛t✐❝ ♠♦✈❡♠❡♥ts ✐♥ t❤❡ ❛❧❧✲❝♦♠♠♦❞✐t② ♣r✐❝❡ ✐♥❞❡①✱ ❛s ❝❛❧❝✉❧❛t❡❞ ❜② t❤❡ ■▼❋✱

✇❤✐❝❤ r♦s❡ ❛❧♠♦st ✜✈❡✲❢♦❧❞ ✐♥ ✉♥❞❡r t❡♥ ②❡❛rs ✭1990−2008✮✳ ❚❤❡ ♠❛❥♦r✐t② ♦❢ t❤❡ ❧✐t❡r❛t✉r❡ ♦♥ s♠❛❧❧

♦♣❡♥ ❡♠❡r❣✐♥❣ ♠❛r❦❡t ❡❝♦♥♦♠✐❡s ❤❛s ❢♦❝✉s❡❞ ♦♥ t❤❡ r♦❧❡ ♦❢ ❡①♦❣❡♥♦✉s t❡r♠s ♦❢ tr❛❞❡ s❤♦❝❦s ✕ s❡❡

▼❡♥❞♦③❛ ✭✶✾✾✺✮ ❛♥❞ ❙❝❤♠✐tt✲●r♦❤é ❛♥❞ ❯r✐❜❡ ✭✷✵✶✽✮✱ ❢♦r ❡①❛♠♣❧❡✳ ❍♦✇❡✈❡r✱ ❞♦✐♥❣ s♦ ❝♦♠❜✐♥❡s t❤❡

❡✛❡❝ts ♦❢ ❝♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦s ✇✐t❤ ❡✈❡♥ts ✐♥ t❤❡ ♥♦♥✲❝♦♠♠♦❞✐t② tr❛❞❛❜❧❡ s❡❝t♦r ❡✈❡♥ t❤♦✉❣❤

❡❛❝❤ ✐♠♣❧✐❡s ❞✐✛❡r❡♥t ♠❛❝r♦❡❝♦♥♦♠✐❝ ❞②♥❛♠✐❝s✳ ▼♦r❡♦✈❡r✱ r❡❧②✐♥❣ ♦♥ t❡r♠s ♦❢ tr❛❞❡ s❤♦❝❦s ✐♠♣♦s❡s

s②♠♠❡tr✐❝ ❡✛❡❝ts ♦❢ ❝❤❛♥❣❡s ✐♥ ✐♠♣♦rt ❛♥❞ ❡①♣♦rt ♣r✐❝❡s✱ ✇❤✐❝❤ ♠❛② ❜❡ ✐♥❛♣♣r♦♣r✐❛t❡ ✭❉✐ P❛❝❡ ❡t ❛❧✳✱

✷✵✷✵✮✳ ▼♦r❡ r❡❝❡♥t❧②✱ ❑♦❤♥ ❡t ❛❧✳ ✭✷✵✷✶✮ ❡st✐♠❛t❡ ❛ ♠♦❞❡❧ t♦ s❤♦✇ t❤❛t t❤❡ ❡♠♣✐r✐❝❛❧ ♦❜s❡r✈❛t✐♦♥

♦❢ ❣r❡❛t❡r ❜✉s✐♥❡ss ❝②❝❧❡ ✈♦❧❛t✐❧✐t② ✐♥ ❡♠❡r❣✐♥❣ ♠❛r❦❡ts r❡❧❛t✐✈❡ t♦ t❤♦s❡ ✐♥ ❞❡✈❡❧♦♣❡❞ ❡❝♦♥♦♠✐❡s

❝❛♥ ❜❡ ❡①♣❧❛✐♥❡❞ ❜② t❤❡ r❡❧✐❛♥❝❡ ♦❢ t❤❡ ❢♦r♠❡r ♦♥ ❡①♣♦rt✐♥❣ ❝♦♠♠♦❞✐t✐❡s✳ ▲❛st❧②✱ ❋❡r♥á♥❞❡③ ❡t ❛❧✳

✭✷✵✶✽✮ s❤♦✇ t❤❛t ❝♦♠♠♦❞✐t② ♣r✐❝❡ ✢✉❝t✉❛t✐♦♥s ❛r❡ ✐♠♣♦rt❛♥t ❞❡t❡r♠✐♥❛♥ts ♦❢ ♦✉t♣✉t ✈♦❧❛t✐❧✐t② ✐♥

❡♠❡r❣✐♥❣ ❡❝♦♥♦♠✐❡s✳✶

❚❤✐s ♣❛♣❡r ❝♦♥tr✐❜✉t❡s t♦ t❤❡ ❣r♦✇✐♥❣ ❧✐t❡r❛t✉r❡ t❤❛t s❡❡❦s t♦ ✉♥❞❡rst❛♥❞ t❤❡ ❡✛❡❝ts ♦❢ ❝♦♠♠♦❞✐t②

♣r✐❝❡ s❤♦❝❦s ✐♥ ❝♦♠♠♦❞✐t②✲❡①♣♦rt✐♥❣ ❡❝♦♥♦♠✐❡s✳ ❲❡ ❢♦❝✉s ♦♥ ❡♠❡r❣✐♥❣ ♠❛r❦❡ts ❛♥❞ ❦❡② t♦ ♦✉r

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

❛t❡ ❛ ♣❛♥❡❧ ✈❡❝t♦r ❛✉t♦r❡❣r❡ss✐♦♥ ✭P❱❆❘✮ ♠♦❞❡❧ ✉s✐♥❣ ❞❛t❛ ❢♦r t❤r❡❡ ❝♦✉♥tr✐❡s ❛♥❞ ✜♥❞ t❤❛t ❛♥

✐♥❝r❡❛s❡ ✐♥ ❝♦♠♠♦❞✐t② ♣r✐❝❡s ❧❡❛❞s t♦ r✐s✐♥❣ ♦✉t♣✉t✱ ✐♥t❡r❡st r❛t❡s ❛♥❞ ✐♥✢❛t✐♦♥✱ ❛ r❡❛❧ ❡①❝❤❛♥❣❡ r❛t❡

❛♣♣r❡❝✐❛t✐♦♥✱ ❛ tr❛❞❡ s✉r♣❧✉s ❛♥❞ ❛ ❞❡❝r❡❛s❡ ✐♥ ✉♥❡♠♣❧♦②♠❡♥t✳ ❲❡ ❞❡✈❡❧♦♣ ❛ s♠❛❧❧ ♦♣❡♥ ❡❝♦♥♦♠②

❞②♥❛♠✐❝ st♦❝❤❛st✐❝ ❣❡♥❡r❛❧ ❡q✉✐❧✐❜r✐✉♠ ✭❉❙●❊✮ ♠♦❞❡❧ t♦ s❤❡❞ ❧✐❣❤t ♦♥ t❤❡ ♠❡❝❤❛♥✐s♠ ❞r✐✈✐♥❣ ♦✉r

✶❖♥ t❤✐s ❧❛st ♣♦✐♥t✱ ❇❡♥ ❩❡❡✈ ❡t ❛❧✳ ✭✷✵✶✼✮ ♣r♦✈✐❞❡ ❡✈✐❞❡♥❝❡ s✉♣♣♦rt✐♥❣ t❤❡ r♦❧❡ ♦❢ ♥❡✇s ❛❜♦✉t ❝♦♠♠♦❞✐t② ♣r✐❝❡
s❤♦❝❦s ❛s s♦✉r❝❡s ♦❢ ❜✉s✐♥❡ss ❝②❝❧❡s✳

✷



❡♠♣✐r✐❝❛❧ r❡s✉❧ts ✇❤❡r❡ t❤❡ ♣❛r❛♠❡t❡rs ❛r❡ ❝❤♦s❡♥ s♦ t❤❛t ✐♠♣❧✐❡❞ ✐♠♣✉❧s❡ r❡s♣♦♥s❡s ❛r❡ ♠❛t❝❤❡❞

t♦ t❤♦s❡ ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ P❱❆❘✳

■♥ ♦r❞❡r t♦ ✉♥❞❡rst❛♥❞ t❤❡ ❞②♥❛♠✐❝ r❡s♣♦♥s❡s ❢♦❧❧♦✇✐♥❣ ❛ ❝♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦✱ t❤❡ ♠♦❞❡❧ ✐♥❝❧✉❞❡s

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

t❤❛t ✐s ❛✛❡❝t❡❞ ❜② ❝♦♠♠♦❞✐t② ♣r✐❝❡s✳ ❲❡ ✜♥❞ t❤❛t t❤❡ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ t❤❡s❡ ❢❡❛t✉r❡s ❡♥❛❜❧❡s t❤❡

♠♦❞❡❧ t♦ ♠❛t❝❤ t❤❡ ❡st✐♠❛t❡❞ ✐♠♣✉❧s❡ r❡s♣♦♥s❡s✳ ❚❤❡ ✐♥❝r❡❛s❡ ✐♥ ❝♦♠♠♦❞✐t② ♣r✐❝❡s ❧❡❛❞s t♦ ❛ r❡❛❧

❡①❝❤❛♥❣❡ r❛t❡ ❛♣♣r❡❝✐❛t✐♦♥ ❛♥❞ ❛ ❜♦♦♠ ✐♥ t❤❡ ❝♦♠♠♦❞✐t②✲♣r♦❞✉❝✐♥❣ s❡❝t♦r✱ ✇✐t❤ t❤✐s ❣r❡❛t❡r ✇❡❛❧t❤

r❡s✉❧t✐♥❣ ✐♥ ❛ r✐s❡ ✐♥ ❞♦♠❡st✐❝ ❡①♣❡♥❞✐t✉r❡✳ ❆t t❤❡ s❛♠❡ t✐♠❡✱ ❛s t❤❡ ❤♦♠❡ tr❛❞❛❜❧❡ ❣♦♦❞ ❜❡❝♦♠❡s

♠♦r❡ ❡①♣❡♥s✐✈❡✱ ♦✉t♣✉t ❛♥❞ ❡♠♣❧♦②♠❡♥t ✐♥ t❤✐s s❡❝t♦r ❝♦♥tr❛❝t✱ ❡①❤✐❜✐t✐♥❣ t❤❡ ❡✛❡❝ts ♦❢ ❛ ❉✉t❝❤

❞✐s❡❛s❡✳✷

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

❑❡②♥❡s✐❛♥ ♠♦❞❡❧✱ ♦✉r ♣❛♣❡r s❤❡❞s ♥❡✇ ❧✐❣❤t ♦♥ t❤❡ r♦❧❡ ♦❢ ♠♦♥❡t❛r② ♣♦❧✐❝② ✐♥ s❤❛♣✐♥❣ t❤❡ ♠❛❝r♦❡✲

❝♦♥♦♠✐❝ r❡s♣♦♥s❡s t♦ ❝♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦s✳ ❚❤❡ ❜✉❧❦ ♦❢ t❤❡ ❡①✐st✐♥❣ ❧✐t❡r❛t✉r❡ ♦♥ ❝♦♠♠♦❞✐t②

♣r✐❝❡s ❛♥❞ ❡♠❡r❣✐♥❣ ❡❝♦♥♦♠✐❡s ❤❛s r❡❧✐❡❞ ♦♥ r❡❛❧ ♠♦❞❡❧s✳ ❑❡② ❡①❝❡♣t✐♦♥s ❛r❡ ❈❤❛♥❣ ✭✷✵✶✹✮✱ ❍❡✈✐❛

❛♥❞ ◆✐❝♦❧✐♥✐ ✭✷✵✶✹✮✱ ❆r❛♥❣♦ ❚❤♦♠❛s ❡t ❛❧✳ ✭✷✵✶✺✮ ❛♥❞ ❉r❡❝❤s❡❧ ❡t ❛❧✳ ✭✷✵✶✾✮✱ ❜✉t t❤❡s❡ ♣❛♣❡rs r❡❧②

♦♥ ❝❛❧✐❜r❛t❡❞ ♠♦❞❡❧s t♦ ❛♥❛❧②s❡ ♦♣t✐♠❛❧ ♠♦♥❡t❛r② ♣♦❧✐❝②✳ ❖✉r ♠♦❞❡❧ ♣r♦✈✐❞❡s ❛ ♣♦t❡♥t✐❛❧ r❛t✐♦♥❛❧❡

❢♦r ✉♥❞❡rst❛♥❞✐♥❣ ❤♦✇ t❤❡ ❝♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦ ❛✛❡❝ts t❤❡ ❞②♥❛♠✐❝s ♦❢ ❜♦t❤ ✐♥✢❛t✐♦♥ ❛♥❞ ✉♥✲

❡♠♣❧♦②♠❡♥t ❛s ✇❡❧❧ ❛s t❤❡ r♦❧❡ ♦❢ ♠♦♥❡t❛r② ♣♦❧✐❝② ✐♥ ♣♦t❡♥t✐❛❧❧② ❛♠❡❧✐♦r❛t✐♥❣ ♦r ❡①❛❝❡r❜❛t✐♥❣ t❤❡

s②♠♣t♦♠s ♦❢ t❤❡ ❉✉t❝❤ ❞✐s❡❛s❡✳

❚❤❡ ♠♦❞❡❧ s✉❣❣❡sts t❤❛t ❞❡s♣✐t❡ t❤❡ ✐♥❝r❡❛s❡ ✐♥ ❜♦t❤ ●❉P ❛♥❞ ✐♥✢❛t✐♦♥ ❢♦❧❧♦✇✐♥❣ t❤❡ ❝♦♠♠♦❞✐t②

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

❢❛❧❧s ❛♥❞ ✐t ✐s t❤✐s ❢❛❝t♦r t❤❛t ❧✐♠✐ts t❤❡ ❝♦♥tr❛❝t✐♦♥ ✐♥ t❤❡ ❤♦♠❡ tr❛❞❛❜❧❡ ❣♦♦❞✳ ❚❤✉s ✇❡ ✜♥❞ t❤❛t

t❤❡ r❡s♣♦♥s❡ ♦❢ ♠♦♥❡t❛r② ♣♦❧✐❝② ✐s ❦❡② ❢♦r ✉♥❞❡rst❛♥❞✐♥❣ t❤❡ ♠❛❝r♦❡❝♦♥♦♠✐❝ ❞②♥❛♠✐❝s ❝❛✉s❡❞ ❜②

❝♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦s ❛♥❞ t❤❛t t❤❡ ♥❡❣❧❡❝t ♦❢ ♠♦♥❡t❛r② ❢❛❝t♦rs ♦♠✐ts ✐♠♣♦rt❛♥t ❝❤❛♥♥❡❧s✳ ❖✉r

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

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

✷❆s ✐♥ ●❛r❝í❛✲❈✐❝❝♦ ❛♥❞ ❑❛✇❛♠✉r❛ ✭✷✵✶✺✮✱ ✇❡ r❡❢❡r t♦ t❤❡ ❉✉t❝❤ ❞✐s❡❛s❡ ❛s t❤❡ ❝♦♥tr❛❝t✐♦♥ ✐♥ t❤❡ ❞♦♠❡st✐❝
♥♦♥✲❝♦♠♠♦❞✐t② tr❛❞❛❜❧❡ s❡❝t♦r ❢♦❧❧♦✇✐♥❣ t❤❡ ✐♥❝r❡❛s❡ ✐♥ ✐♥❝♦♠❡ ❣❡♥❡r❛t❡❞ ❜② t❤❡ ❝♦♠♠♦❞✐t② s❡❝t♦r✳ ❍♦✇❡✈❡r✱ ✇❡
❞♦ ♥♦t r❡❧② ♦♥ ❛ ♥♦♥✲tr❛❞❛❜❧❡ s❡❝t♦r ❢♦r t❤❡ ♣r❡s❡♥❝❡ ♦❢ t❤✐s ♠❡❝❤❛♥✐s♠✿ ❛ r❡✲❛❧❧♦❝❛t✐♦♥ ♦❢ r❡s♦✉r❝❡s t♦✇❛r❞s t❤❡
❝♦♠♠♦❞✐t② ♣r♦❞✉❝✐♥❣ s❡❝t♦r ✐s s✉✣❝✐❡♥t t♦ ❣❡♥❡r❛t❡ t❤✐s ❡✛❡❝t✳

✸



❝r✐t✐❝❛❧ ❞❡t❡r♠✐♥❛♥t ❢♦r t❤❡ ♠❛❣♥✐t✉❞❡ ♦❢ ❛♥② ❉✉t❝❤ ❞✐s❡❛s❡ s②♠♣t♦♠s✳

❋✐❣✉r❡ ✶✿ ❆❧❧ ❝♦♠♠♦❞✐t② ♣r✐❝❡ ✐♥❞❡①

1993 1998 2004 2009 2015 2020

50

100

150

200

❘❛✇ ❝♦♠♠♦❞✐t② ♣r✐❝❡ s❡r✐❡s✱ 2016 = 100✳ ❙♦✉r❝❡✿ ■▼❋ ♣r✐♠❛r② ❝♦♠♠♦❞✐t②

♣r✐❝❡s ✇❡❜s✐t❡✳

✷ ❈♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦s✿ t✐♠❡ s❡r✐❡s ❡✈✐❞❡♥❝❡

❖✉r ❞❛t❛s❡t ❝♦♥s✐sts ♦❢ q✉❛rt❡r❧② s❡r✐❡s ❢♦r ❇r❛③✐❧✱ ❈❤✐❧❡ ❛♥❞ ❙♦✉t❤ ❆❢r✐❝❛ ❢r♦♠ 2001Q3 t♦ 2015Q3✳

❈♦♠♠♦❞✐t✐❡s r❡♣r❡s❡♥t t❤❡ ♠❛❥♦r✐t② ♦❢ ♠❡r❝❤❛♥❞✐s❡ ❡①♣♦rts ❢♦r t❤❡s❡ t❤r❡❡ ❡❝♦♥♦♠✐❡s ✇❤✐❧❡ t❤❡② ❝❛♥

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

♦❢ t❤❡ s❤♦❝❦✳✸ ❋♦r ❡❛❝❤ ❝♦✉♥tr② ✇❡ ✐♥❝❧✉❞❡ s❡✈❡♥ ✈❛r✐❛❜❧❡s✿ r❡❛❧ ●❉P ♣❡r ❝❛♣✐t❛✱ t❤❡ ❛♥♥✉❛❧ r❛t❡

♦❢ ❈P■ ✐♥✢❛t✐♦♥✱ t❤❡ r❡❛❧ ❜r♦❛❞ ❡✛❡❝t✐✈❡ ❡①❝❤❛♥❣❡ r❛t❡✱ t❤❡ ✉♥❡♠♣❧♦②♠❡♥t r❛t❡✱ ♥❡t ❡①♣♦rts ❛s ❛

♣r♦♣♦rt✐♦♥ ♦❢ ●❉P✱ t❤❡ ♥♦♠✐♥❛❧ ✐♥t❡r❡st r❛t❡ ✭❚✲❜✐❧❧s✮ ❛♥❞ ❛ tr❛❞❡✲✇❡✐❣❤t❡❞ ❝♦♠♠♦❞✐t② ♣r✐❝❡ ✐♥❞❡①

❡①♣r❡ss❡❞ ✐♥ ❞♦❧❧❛rs ❝♦♠♣✐❧❡❞ ❜② t❤❡ ■▼❋✳✹

✸▲❛❝❦ ♦❢ ❞❛t❛ ❛✈❛✐❧❛❜✐❧✐t② ♣r❡✈❡♥t❡❞ ✉s ❢r♦♠ ✐♥❝❧✉❞✐♥❣ ❛❞❞✐t✐♦♥❛❧ ❝♦✉♥tr✐❡s ❛♥❞ ✈❛r✐❛❜❧❡s ❛s ✇❡❧❧ ❛s ❢r♦♠ ❡①t❡♥❞✐♥❣
t❤❡ s❛♠♣❧❡✳ ■♥ ❛❞❞✐t✐♦♥✱ ❇❡♥ ❩❡❡✈ ❡t ❛❧✳ ✭✷✵✶✼✮ ❛❧s♦ ❧✐♠✐t t❤❡ ♥✉♠❜❡r ♦❢ ❝♦✉♥tr✐❡s t❤❡② ❝♦♥s✐❞❡r ❣✐✈❡♥ t❤❡ ❞✐✛❡r❡♥t
♦✉t♣✉t ❞②♥❛♠✐❝s ♦❢ s♦♠❡ ❝♦✉♥tr✐❡s ❛♥❞ t❤❡ ❢❛❝t t❤❛t ❢♦r s♦♠❡ ❆s✐❛♥ ❡❝♦♥♦♠✐❡s ❝❛♥♥♦t ❜❡ r❡❣❛r❞❡❞ ❛s ♣r✐❝❡ t❛❦❡rs ✐♥
❝♦♠♠♦❞✐t② ♠❛r❦❡ts✳

✹❙❡❡ ■▼❋✳

✹



❲❡ ♦❜t❛✐♥❡❞ t❤❡ ●❉P s❡r✐❡s ❢r♦♠ t❤❡ ❖❊❈❉✬s ▼❛✐♥ ❊❝♦♥♦♠✐❝ ■♥❞✐❝❛t♦rs ✭▼❊■✮ ✇❤✐❧❡ t❤❡ ♣♦♣✉✲

❧❛t✐♦♥ s❡r✐❡s ♦r✐❣✐♥❛t❡ ❢r♦♠ t❤❡ ❲♦r❧❞ ❇❛♥❦✳ ❚❤❡ ✐♥✢❛t✐♦♥ r❛t❡✱ t❤❡ ✉♥❡♠♣❧♦②♠❡♥t r❛t❡ ❛♥❞ ♥❡t

❡①♣♦rts ♦r✐❣✐♥❛t❡ ❢r♦♠ t❤❡ ▼❊■✳ ❚❤❡ s♦✉r❝❡ ❢♦r t❤❡ r❡❛❧ ❡①❝❤❛♥❣❡ r❛t❡ s❡r✐❡s ✐s t❤❡ ❇❛♥❦ ❢♦r ■♥t❡r✲

♥❛t✐♦♥❛❧ ❙❡tt❧❡♠❡♥ts✳ ❋♦r ❇r❛③✐❧ ❛♥❞ ❙♦✉t❤ ❆❢r✐❝❛ ✇❡ ✉s❡ t❤❡ ❚r❡❛s✉r② ❜✐❧❧ ❛s t❤❡ ♠❡❛s✉r❡ ♦❢ t❤❡

♥♦♠✐♥❛❧ ✐♥t❡r❡st r❛t❡✱ ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ■▼❋✬s ■♥t❡r♥❛t✐♦♥❛❧ ❋✐♥❛♥❝✐❛❧ ❙t❛t✐st✐❝s ✇❤✐❧❡ ❢♦r ❈❤✐❧❡ ✇❡

❡♠♣❧♦② t❤❡ ✾✵✲❞❛② ✐♥t❡r❜❛♥❦ r❛t❡✱ ❢r♦♠ t❤❡ ▼❊■✳ ▲❛st❧②✱ t❤❡ ♣r♦♣♦rt✐♦♥s ♦❢ ❝♦♠♠♦❞✐t② ❡①♣♦rts ♦✉t

♦❢ t♦t❛❧ ♠❡r❝❤❛♥❞✐s❡ ❡①♣♦rts ❝❛♥ ❜❡ ❢♦✉♥❞ ✐♥ ❯◆❈❚❆❉ ✭✷✵✶✾✮✳

❆❧❧ t❤❡ ❞❛t❛✱ ❛♣❛rt ❢r♦♠ ♣♦♣✉❧❛t✐♦♥ ❛♥❞ ❝♦♠♠♦❞✐t② ♣r✐❝❡s✱ ✇❡r❡ r❡tr✐❡✈❡❞ ❢r♦♠ t❤❡ ❋❘❊❉✳ ❈♦♠✲

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

q✉❛❞r❛t✐❝ tr❡♥❞ ❢r♦♠ ❛❧❧ t❤❡ s❡r✐❡s✳

❋✐❣✉r❡ ✷ ♣r❡s❡♥ts s♦♠❡ ❞❛t❛ ♦♥ ❝♦♠♠♦❞✐t② ♣r✐❝❡s ❛♥❞ ♦✉t♣✉t✱ ❜♦t❤ ✐♥ ♣❡r❝❡♥t❛❣❡ ❞❡✈✐❛t✐♦♥s ❢r♦♠

❛ q✉❛❞r❛t✐❝ tr❡♥❞✳ ❚❤❡ ❧❡❢t s✉❜♣❧♦ts s❤♦✇ t❤❡ t✐♠❡ s❡r✐❡s ♦❢ ❝♦♠♠♦❞✐t② ♣r✐❝❡s✱ ✇❤❡r❡ t❤❡ ❤✐❣❤

✈♦❧❛t✐❧✐t✐❡s ♦❢ t❤❡ s❡r✐❡s ❢♦r ❛❧❧ t❤r❡❡ ❝♦✉♥tr✐❡s ❛r❡ ❡✈✐❞❡♥t✳ ▼♦r❡♦✈❡r✱ ❛s ❝❛♥ ❜❡ s❡❡♥ ✐♥ t❤❡ r✐❣❤t

s✉❜♣❧♦ts✱ ❝♦♠♠♦❞✐t② ♣r✐❝❡s ❛r❡ str♦♥❣❧② ♣r♦❝②❝❧✐❝❛❧✱ ✇❤✐❝❤ s✉❣❣❡sts t❤❡✐r ♣♦t❡♥t✐❛❧❧② ✐♠♣♦rt❛♥t r♦❧❡

❛s ❛ s♦✉r❝❡ ♦❢ ❜✉s✐♥❡ss ❝②❝❧❡s✳

❚♦ ❞❡t❡r♠✐♥❡ t❤❡ ❡✛❡❝ts ♦❢ ❝♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦s ♦♥ t❤❡ ♠❛❝r♦❡❝♦♥♦♠② ♦✉r ❡♠♣✐r✐❝❛❧ ♠♦❞❡❧ ✐s

t❤❡ ❢♦❧❧♦✇✐♥❣ r❡❞✉❝❡❞ ❢♦r♠ ♣❛♥❡❧ ✈❡❝t♦r ❛✉t♦r❡❣r❡ss✐♦♥ ♠♦❞❡❧ ✭P❱❆❘✮

yi,t = νi +A(L)yi,t−1 + εi,t ✭✶✮

✇❤❡r❡ A(L) ❞❡♥♦t❡s ❛ ♣♦❧②♥♦♠✐❛❧ ✐♥ t❤❡ ❧❛❣ ♦♣❡r❛t♦r L✳ ❚❤❡ r❡s✐❞✉❛❧ εt ✐s ❛ ③❡r♦✲♠❡❛♥✱ s❡r✐❛❧❧②

✉♥❝♦rr❡❧❛t❡❞ ✈❡❝t♦r ✇✐t❤ ✈❛r✐❛♥❝❡✲❝♦✈❛r✐❛♥❝❡ ♠❛tr✐① Σε ❛♥❞ νi r❡♣r❡s❡♥ts t❤❡ ❝♦✉♥tr② ✜①❡❞ ❡✛❡❝t✳

❚❤❡r❡❢♦r❡✱ ❛s ✐♥ ❘❛✈♥ ❡t ❛❧✳ ✭✷✵✶✷✮ ❛♥❞ ❇♦❞❡♥st❡✐♥ ❡t ❛❧✳ ✭✷✵✶✽✮✱ ✇❡ ❛ss✉♠❡ t❤❛t t❤❡ ❤❡t❡r♦❣❡♥❡✐t②

❛❝r♦ss ❝♦✉♥tr✐❡s ✐s ❝♦♥st❛♥t✳ ❲❡ ❡st✐♠❛t❡ ❛ P❱❆❘ r❛t❤❡r t❤❛♥ ✐♥❞✐✈✐❞✉❛❧ ❝♦✉♥tr②✲❱❆❘s ❛s t❤❡

❢♦r♠❡r ♣r♦✈✐❞❡s s✉❜st❛♥t✐❛❧❧② ❣r❡❛t❡r ❡✣❝✐❡♥❝② ❛♥❞ ♣♦✇❡r✳ ❈♦✉♥tr②✲s♣❡❝✐✜❝ ❱❆❘s ✇♦✉❧❞ s✉✛❡r

❢r♦♠ ✈❡r② ❧♦✇ ❞❡❣r❡❡s ♦❢ ❢r❡❡❞♦♠✳

❲❡ s❡t t❤❡ ❧❛❣ ❧❡♥❣t❤ t♦ ✷ ❛s s✉❣❣❡st❡❞ ❜② t❤❡ ❙❝❤✇❛r③ ❛♥❞ ❍❛♥♥❛♥✲◗✉✐♥♥ ✐♥❢♦r♠❛t✐♦♥ ❝r✐t❡r✐❛✳ ❋♦r

t❤❡ ❝♦✉♥tr✐❡s ✐♥ ♦✉r s❛♠♣❧❡ ❝♦♠♠♦❞✐t② ♣r✐❝❡s ❝❛♥ ❜❡ t❛❦❡♥ ❛s s❡t ✐♥ ✇♦r❧❞ ♠❛r❦❡ts✳ ❆s ❛ r❡s✉❧t✱ ✇❡

✺



❋✐❣✉r❡ ✷✿ ❈♦♠♠♦❞✐t② ♣r✐❝❡s ❛♥❞ ♦✉t♣✉t

2004 2006 2008 2010 2012 2014
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South Africa

❚❤❡ ✜❣✉r❡s ♦♥ t❤❡ ❧❡❢t ♣❛♥❡❧ s❤♦✇ ❝♦♠♠♦❞✐t② ♣r✐❝❡s✳ ❚❤❡ s❝❛tt❡r ♣❧♦ts ♦♥ t❤❡

r✐❣❤t ❞✐s♣❧❛② ❝♦♠♠♦❞✐t② ♣r✐❝❡s ✭❤♦r✐③♦♥t❛❧ ❛①✐s✮ ❛♥❞ ♦✉t♣✉t ✭✈❡rt✐❝❛❧ ❛①✐s✮✳ ❆❧❧

✈❛r✐❛❜❧❡s ❛r❡ ✐♥ ❞❡✈✐❛t✐♦♥s ❢r♦♠ ❛ q✉❛❞r❛t✐❝ tr❡♥❞✳

✻



♦r❞❡r t❤❡ ❝♦♠♠♦❞✐t② ♣r✐❝❡ ✜rst ✐♥ t❤❡ ❙❱❆❘ ❛❜♦✈❡ ❛♥❞ ✉s❡ ❛ ❈❤♦❧❡s❦② ❞❡❝♦♠♣♦s✐t✐♦♥ t♦ ✐❞❡♥t✐❢②

t❤❡ ❝♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦✱ ✐♠♣❧②✐♥❣ t❤❛t ❝♦✉♥tr②✲s♣❡❝✐✜❝ s❤♦❝❦s ❝❛♥♥♦t ❛✛❡❝t ❝♦♠♠♦❞✐t② ♣r✐❝❡s

❝♦♥t❡♠♣♦r❛♥❡♦✉s❧② ❜② ❛ss✉♠♣t✐♦♥✳✺ ▼♦r❡♦✈❡r✱ ✇❡ ♠♦❞❡❧ ♣r✐❝❡s ❢♦r t❤❡s❡ ❣♦♦❞s ❛s ❛♥ ❆❘✭♣✮ ♣r♦❝❡ss

s♦ t❤❛t ❛❧❧ t❤❡ ❡❧❡♠❡♥ts ♦♥ t❤❡ ✜rst r♦✇s ♦❢ A(L) ❜❛r t❤❡ ✜rst ❡♥tr✐❡s ❛r❡ s❡t t♦ ③❡r♦✳

❚❤❡ ❡st✐♠❛t❡❞ ✐♠♣✉❧s❡ r❡s♣♦♥s❡s ♦❢ t❤❡ ♣❛♥❡❧ ❙❱❆❘ t♦ ❛ ♦♥❡ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ✐♥❝r❡❛s❡ ✐♥ ❝♦♠✲

♠♦❞✐t② ♣r✐❝❡s ❛r❡ s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✸ ✇✐t❤ t❤❡ s♦❧✐❞ ❜❧❛❝❦ ❧✐♥❡s✱ ❛❧♦♥❣ ✇✐t❤ t❤❡ 80% ❝♦♥✜❞❡♥❝❡ ❜❛♥❞s✱

❛s ✐♥ ❉r❡❝❤s❡❧ ❛♥❞ ❚❡♥r❡②r♦ ✭✷✵✶✽✮✳

❋✐❣✉r❡ ✸✿ ❘❡s♣♦♥s❡s t♦ ❝♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦
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◆♦t❡✿ ❚❤❡ ❜❧❛❝❦ s♦❧✐❞ ❧✐♥❡ r❡♣r❡s❡♥ts t❤❡ ❡st✐♠❛t❡❞ r❡s♣♦♥s❡ t♦ ❛ ♦♥❡ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥

❝♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦ ❛❧♦♥❣ ✇✐t❤ t❤❡ 80% ❜❧✉❡ ❝♦♥✜❞❡♥❝❡ ❜❛♥❞ ❢r♦♠ ✺✱✵✵✵ ❜♦♦tstr❛♣s✳ ❚❤❡

❜❧✉❡ ❞❛s❤❡❞ ❧✐♥❡s ❝♦rr❡s♣♦♥❞ t♦ t❤❡ ■❘❋s ✐♠♣❧✐❡❞ ❜② t❤❡ ❉❙●❊ ♠♦❞❡❧ ♠❛t❝❤❡❞ t♦ t❤❡ ♣❛♥❡❧

❙❱❆❘✳

❯♣♦♥ ✐♠♣❛❝t✱ ❝♦♠♠♦❞✐t② ♣r✐❝❡s r✐s❡ ❜② ❛❧♠♦st 8% ❛♥❞ r❡t✉r♥ t♦ tr❡♥❞ ❛❢t❡r s✐① q✉❛rt❡rs✳ ❚❤❡ ❡✛❡❝ts

♦❢ t❤❡ s❤♦❝❦ ❛r❡ ❡①♣❛♥s✐♦♥❛r② ❛♥❞ ✐♥✐t✐❛❧❧② ❡①♣♦rt✲❞r✐✈❡♥✿ ♦✉t♣✉t ❛♥❞ ♥❡t ❡①♣♦rts ✐♥❝r❡❛s❡ ✇❤✐❧❡

✺❆s ✇❡ ❞♦ ♥♦t ❛tt❡♠♣t t♦ ✐❞❡♥t✐❢② t❤❡ r❡♠❛✐♥✐♥❣ s❤♦❝❦s t♦ t❤❡ s②st❡♠✱ t❤❡ ♦r❞❡r✐♥❣ ♦❢ t❤❡ ♦t❤❡r ✈❛r✐❛❜❧❡s ✐s
✐rr❡❧❡✈❛♥t✳
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t❤❡ ✉♥❡♠♣❧♦②♠❡♥t r❛t❡ ❢❛❧❧s✳ ❆t t❤❡ s❛♠❡ t✐♠❡✱ ❛❧t❤♦✉❣❤ t❤❡ r❡❛❧ ❡①❝❤❛♥❣❡ r❛t❡ ❡①❤✐❜✐ts ❛ ❧❛r❣❡

❛♣♣r❡❝✐❛t✐♦♥ t❤❡ ✐♥✢❛t✐♦♥ r❛t❡ ✐♥❝r❡❛s❡s✱ ❛s ❞♦❡s t❤❡ ♥♦♠✐♥❛❧ ✐♥t❡r❡st r❛t❡✱ ❛❧❜❡✐t ❛❢t❡r ❛♥ ✐♥✐t✐❛❧

✭♥♦♥✲s✐❣♥✐✜❝❛♥t✮ ❝♦♥tr❛❝t✐♦♥✳ ◗✉❛❧✐t❛t✐✈❡❧②✱ t❤❡ ❜❡❤❛✈✐♦✉r ♦❢ t❤❡ r❡❛❧ ✈❛r✐❛❜❧❡s ❛s ❡st✐♠❛t❡❞ ✐♥ t❤❡

❱❆❘ ❛r❡ ❝♦♥s✐st❡♥t ✇✐t❤ t❤♦s❡ ✐♥ ❇♦❞❡♥st❡✐♥ ❡t ❛❧✳ ✭✷✵✶✽✮✱ ●❛r❝í❛✲❈✐❝❝♦ ❛♥❞ ❑❛✇❛♠✉r❛ ✭✷✵✶✺✮

❛♥❞ ❙❝❤♠✐tt✲●r♦❤é ❛♥❞ ❯r✐❜❡ ✭✷✵✶✽✮ ✭✇✐t❤ t❡r♠s ♦❢ tr❛❞❡ s❤♦❝❦s✮✱ ❜✉t ✐♥ ❝♦♥tr❛st t♦ ❉r❡❝❤s❡❧ ❛♥❞

❚❡♥r❡②r♦ ✭✷✵✶✽✮ ❢♦r ❆r❣❡♥t✐♥❛✱ ✇❤♦ ✜♥❞ t❤❛t ✐♥❝r❡❛s❡s ✐♥ ❝♦♠♠♦❞✐t② ♣r✐❝❡s ❧❡❛❞ t♦ ❛ tr❛❞❡ ❜❛❧❛♥❝❡

❞❡t❡r✐♦r❛t✐♦♥✳ ❚❤❡ s✐③❡s ♦❢ t❤❡ r❡s♣♦♥s❡s ❛r❡ s✉❜st❛♥t✐❛❧✱ ❛s ❛ 10% ✐♥❝r❡❛s❡ ✐♥ ❝♦♠♠♦❞✐t② ♣r✐❝❡s

✐♠♣❧✐❡s ❛ ●❉P ✐♠♣❛❝t ♦❢ ♦✈❡r 0.6%✱ ♠✉❝❤ ❧❛r❣❡r t❤❛♥ t❤❡ ♠❡❛♥ ❡✛❡❝t ❡st✐♠❛t❡❞ ❜② ❙❝❤♠✐tt✲●r♦❤é

❛♥❞ ❯r✐❜❡ ✭✷✵✶✽✮✱ 0.36%✱ ❢♦r ❛♥ ❡q✉✐✈❛❧❡♥t t❡r♠s ♦❢ tr❛❞❡ s❤♦❝❦✳ ▲✐❦❡✇✐s❡✱ ❇♦❞❡♥st❡✐♥ ❡t ❛❧✳ ✭✷✵✶✽✮

❡st✐♠❛t❡ t❤❡ s❛♠❡✲s✐③❡❞ s❤♦❝❦ t♦ r❡❞✉❝❡ ✉♥❡♠♣❧♦②♠❡♥t ❜② ❛♣♣r♦①✐♠❛t❡❧② 0.18 ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts

✇❤✐❧❡ ✐♥ ♦✉r s❛♠♣❧❡ t❤❡ ❞❡❝❧✐♥❡ r❡❛❝❤❡s 0.25 ♣♦✐♥ts✳

■♥ t❡r♠s ♦❢ t❤❡ ❞②♥❛♠✐❝s✱ ❡①❝❡♣t ❢♦r t❤❡ r❡❛❧ ❡①❝❤❛♥❣❡ r❛t❡✱ t❤❡ ♣❡❛❦ r❡s♣♦♥s❡s ♦❢ t❤❡ ♦t❤❡r ✈❛r✐❛❜❧❡s

♦❝❝✉r ❛❢t❡r ❛ ❧❛❣ ❛♥❞ r❡t✉r♥ t♦ ③❡r♦ ❛❢t❡r ❛ s✉❜st❛♥t✐❛❧ ❞❡❧❛②✱ s✉❣❣❡st✐♥❣ ♥♦♥✲tr✐✈✐❛❧ ❡♥❞♦❣❡♥♦✉s

♣r♦♣❛❣❛t✐♦♥ ♠❡❝❤❛♥✐s♠s✳ ■♥ ♣❛rt✐❝✉❧❛r✱ t❤❡ ♣❡❛❦ r❡s♣♦♥s❡s ♦❢ ♦✉t♣✉t ❛♥❞ t❤❡ ♥♦♠✐♥❛❧ ✐♥t❡r❡st r❛t❡

♦❝❝✉r ❛❢t❡r t❤r❡❡ q✉❛rt❡rs ❛♥❞ t❤❛t ♦❢ t❤❡ ✐♥✢❛t✐♦♥ t❛❦❡s ♣❧❛❝❡ ✐♥ t❤❡ ✜❢t❤ q✉❛rt❡r✳

▲❛st❧②✱ ✇❡ ♣❡r❢♦r♠❡❞ t✇♦ ❢✉rt❤❡r ❝❤❡❝❦s t♦ ❛ss❡ss t❤❡ r♦❜✉st♥❡ss ♦❢ ♦✉r r❡s✉❧ts✳ ❋✐rst✱ ✇❡ ✐♥❝❧✉❞❡❞

t❤❡ ✐♥t❡r❡st r❛t❡ s♣r❡❛❞ ❜❡t✇❡❡♥ ▼♦♦❞②✬s s❡❛s♦♥❡❞ ❇❛❛ ❝♦r♣♦r❛t❡ ❜♦♥❞ ②✐❡❧❞ ❛♥❞ t❤❡ ❋❡❞❡r❛❧ ❢✉♥❞s

r❛t❡✳ ❆s s✉❣❣❡st❡❞ ❜② ❆❦✐♥❝✐ ✭✷✵✶✸✮ ❛♥❞ ❙❝❤♠✐tt✲●r♦❤é ❛♥❞ ❯r✐❜❡ ✭✷✵✶✽✮✱ t❤✐s r❡♣r❡s❡♥ts ❛ ❜❡tt❡r

♠❡❛s✉r❡ ♦❢ ✇♦r❧❞ ✐♥t❡r❡st r❛t❡s ❢♦r ❡♠❡r❣✐♥❣ ♠❛r❦❡ts✳ ■♥ ❛❞❞✐t✐♦♥✱ ✇❡ ❛❧s♦ ❡st✐♠❛t❡❞ t❤❡ ❱❆❘ ❜②

❛❧❧♦✇✐♥❣ ❢♦r ❛ ❜r❡❛❦ ✐♥ t❤❡ ✉♥❝♦♥❞✐t✐♦♥❛❧ ♠❡❛♥ ✐♥ ✷✵✵✺◗✶ ❢♦r t❤❡ ❈❤✐❧❡❛♥ ❝♦♠♠♦❞✐t② ♣r✐❝❡ ✐♥❞❡①✱

❛s ❢♦✉♥❞ ✐♥ ●❛r❝í❛✲❈✐❝❝♦ ❛♥❞ ❑❛✇❛♠✉r❛ ✭✷✵✶✺✮✳ ❆s ❝❛♥ ❜❡ s❡❡♥ ✐♥ ❋✐❣✉r❡ ✶✶✱ t❤❡ ❜❛s❡❧✐♥❡ ❱❆❘ ✐s

r♦❜✉st t♦ t❤❡s❡ ♠♦❞✐✜❝❛t✐♦♥s✳

✸ ❆ ❞②♥❛♠✐❝ st♦❝❤❛st✐❝ ❣❡♥❡r❛❧ ❡q✉✐❧✐❜r✐✉♠ ♠♦❞❡❧

❲❡ ♥♦✇ ♣r❡s❡♥t ❛ ❞②♥❛♠✐❝ st♦❝❤❛st✐❝ ❣❡♥❡r❛❧ ❡q✉✐❧✐❜r✐✉♠ ✭❉❙●❊✮ ♠♦❞❡❧ ✇✐t❤ t❤❡ ❛✐♠ ♦❢ ❛❝❝♦✉♥t✐♥❣

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

✐♥✢❛t✐♦♥ ❛♥❞ ♦✉t♣✉t✱ ✇❡ ❝♦♥s✐❞❡r ❛ ◆❡✇ ❑❡②♥❡s✐❛♥ s♠❛❧❧ ♦♣❡♥ ❡❝♦♥♦♠② ♠♦❞❡❧ ✇✐t❤ ❛ ❝♦♠♠♦❞✐t②

s❡❝t♦r ❛♥❞ ✇✐t❤ s❡❛r❝❤ ❛♥❞ ♠❛t❝❤✐♥❣ ❢r✐❝t✐♦♥s ✐♥ t❤❡ ❧❛❜♦✉r ♠❛r❦❡t✳ ❚❤❡ ♦❜❥❡❝t✐✈❡ ✐s t♦ ❞❡✈❡❧♦♣
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❛ tr❛❝t❛❜❧❡ ♠♦❞❡❧ t❤❛t ❝❛♥ ❛❝❝♦✉♥t ❢♦r t❤❡ tr❛♥s♠✐ss✐♦♥ ♠❡❝❤❛♥✐s♠ ♦❢ ❝♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦s ✐♥

❡♠❡r❣✐♥❣ ♠❛r❦❡t ❡❝♦♥♦♠✐❡s✳

❚❤❡ ♠♦❞❡❧ ❝♦♥s✐sts ♦❢ s❡✈❡♥ ❞♦♠❡st✐❝ ❛❣❡♥ts✿ ❤♦✉s❡❤♦❧❞s✱ ❝♦♠♠♦❞✐t② ❛♥❞ ✇❤♦❧❡s❛❧❡ ❣♦♦❞ ♣r♦❞✉❝❡rs✱

❞♦♠❡st✐❝ r❡t❛✐❧❡rs✱ ✐♠♣♦rt❡rs✱ ✜♥❛❧ ❣♦♦❞ ♣r♦❞✉❝❡rs ❛♥❞ t❤❡ ❣♦✈❡r♥♠❡♥t✳ ❚❤❡ ✜rst t❤r❡❡ ✐♥t❡r❛❝t

❞✐r❡❝t❧② ✐♥ t❤❡ ❧❛❜♦✉r ♠❛r❦❡t✳ ❋♦❧❧♦✇✐♥❣ ❘❛✈❡♥♥❛ ❛♥❞ ❲❛❧s❤ ✭✷✵✵✽✮✱ ✇❡ ♣❧❛❝❡ t❤❡ ❧❛❜♦✉r ♠❛r❦❡t

❢r✐❝t✐♦♥s ✐♥ t❤❡ ✇❤♦❧❡s❛❧❡ ❛♥❞ ❝♦♠♠♦❞✐t② s❡❝t♦rs✱ ✇❤❡r❡ ♣r✐❝❡s ❛r❡ ✢❡①✐❜❧❡✱ ✇❤✐❧❡ st✐❝❦② ♣r✐❝❡s ❛r❡

♣r❡s❡♥t ✐♥ t❤❡ r❡t❛✐❧ ❛♥❞ ✐♠♣♦rt s❡❝t♦rs✱ ✇❤✐❝❤ ❞♦ ♥♦t ❡♠♣❧♦② ❧❛❜♦✉r✳

❚❤❡ ❝♦♠♠♦❞✐t② ❣♦♦❞ ✐s ❡✐t❤❡r ❡①♣♦rt❡❞ ♦r ✉s❡❞ ❛s ❛♥ ✐♥♣✉t ✐♥ t❤❡ ♣r♦❞✉❝t✐♦♥ ♦❢ t❤❡ ✇❤♦❧❡s❛❧❡

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

❣♦♦❞✳ ❚❤✐s ✐s t❤❡♥ ❡✐t❤❡r ❡①♣♦rt❡❞ ♦r ✉s❡❞ ❢♦r t❤❡ ♣r♦❞✉❝t✐♦♥ ♦❢ t❤❡ ✜♥❛❧ ❣♦♦❞✳ ■♠♣♦rt❡rs ❝❛rr② ♦✉t

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

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

✜♥❛♥❝❡❞ ✈✐❛ ❧✉♠♣✲s✉♠ t❛①❡s ❛♥❞ ❜♦♥❞s✱ ✇✐t❤ t❤❡ ❝❡♥tr❛❧ ❜❛♥❦ ✐♠♣❧❡♠❡♥t✐♥❣ ♠♦♥❡t❛r② ♣♦❧✐❝② ✈✐❛

❛ s✐♠♣❧❡ ✐♥t❡r❡st r❛t❡ r✉❧❡✳

❋✐❣✉r❡ ✹ s✉♠♠❛r✐s❡s t❤❡ ♠❛✐♥ ❡❧❡♠❡♥ts ❛♥❞ ✐♥t❡r❛❝t✐♦♥s ♦❢ t❤❡ ♠♦❞❡❧✳

✸✳✶ ▲❛❜♦✉r ♠❛r❦❡t

❍♦✉s❡❤♦❧❞ ♠❡♠❜❡rs t❤❛t ❛r❡ ❡♠♣❧♦②❡❞ s✉♣♣❧② t❤❡✐r ❧❛❜♦✉r t♦ ❡✐t❤❡r ❝♦♠♠♦❞✐t② ♣r♦❞✉❝❡rs ♦r t♦

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

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

❊✈❡r② ♣❡r✐♦❞ t✱ ❛ ✜r♠ t❤❛t ✉s❡s ❧❛❜♦✉r ♣♦sts ✈❛❝❛♥❝✐❡s vs,t(i) ✐♥ ♦r❞❡r t♦ r❡❝r✉✐t ♥❡✇ ✇♦r❦❡rs✱

✇❤❡r❡ s = {1, 2} ❞❡♥♦t❡s t❤❡ ❞♦♠❡st✐❝ ✇❤♦❧❡s❛❧❡ ❛♥❞ ❝♦♠♠♦❞✐t② s❡❝t♦rs✱ r❡s♣❡❝t✐✈❡❧②✳ ❆❣❣r❡❣❛t❡

✈❛❝❛♥❝✐❡s ❛♥❞ ❡♠♣❧♦②♠❡♥t ❛r❡ ❣✐✈❡♥ ❜②

vt =

∫ 1

0
v1,t(i)di+

∫ 1

0
v2,t(i)di = v1,t + v2,t ✭✷✮

nt =

∫ 1

0
n1,t(i)di+

∫ 1

0
n2,t(i)di = n1,t + n2,t ✭✸✮

✾



❋✐♥❛❧ ❣♦♦❞
♣r♦❞✉❝❡r

❲❤♦❧❡s❛❧❡
s❡❝t♦r

❍♦✉s❡❤♦❧❞s

▲❛❜♦✉r ♠❛r❦❡t

❉♦♠❡st✐❝
r❡t❛✐❧❡r

❈♦♠♠♦❞✐t②
♣r♦❞✉❝❡r

■♠♣♦rt❡r

●♦✈❡r♥♠❡♥t

❘♦❲

❋✐❣✉r❡ ✹✿ ▼❛✐♥ ❡❧❡♠❡♥ts ♦❢ t❤❡ ❉❙●❊ ♠♦❞❡❧ ✭❘♦❲ ❂ r❡st ♦❢ t❤❡ ✇♦r❧❞✮✳

❆s ✐♥ ●❡rt❧❡r ❡t ❛❧✳ ✭✷✵✵✽✮✱ ✇❡ ❛ss✉♠❡ t❤❛t ✉♥❡♠♣❧♦②❡❞ ✇♦r❦❡rs ✇❤♦ ✜♥❞ ❛ ♠❛t❝❤ ❜❡❣✐♥ ❡♠♣❧♦②♠❡♥t

✇✐t❤✐♥ t❤❡ ♣❡r✐♦❞ s♦ t❤❛t t❤❡ ♣♦♦❧ ♦❢ ✉♥❡♠♣❧♦②❡❞ ✇♦r❦❡rs s❡❛r❝❤✐♥❣ ❢♦r ❛ ❥♦❜✱ ut✱ ✐s t❤❡ ❞✐✛❡r❡♥❝❡

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

♦❢ ♣❡r✐♦❞ t− 1✱ nt−1✿

ut = 1− n1,t−1 − n2,t−1 ✭✹✮

❚❤❡ ♥✉♠❜❡r ♦❢ ♠❛t❝❤❡s ✭♥❡✇❧② ❡♠♣❧♦②❡❞ ✇♦r❦❡rs✮✱ mt✱ ✐s ❛ ❢✉♥❝t✐♦♥ ♦❢ ❛❣❣r❡❣❛t❡ ✈❛❝❛♥❝✐❡s ❛♥❞

s❡❛r❝❤✐♥❣ ✇♦r❦❡rs

mt = m̄uσt v
1−σ
t ✭✺✮

❲❤❡r❡ σ ❞❡♥♦t❡s t❤❡ ❡❧❛st✐❝✐t② ♦❢ t❤❡ ♠❛t❝❤✐♥❣ ❢✉♥❝t✐♦♥ ✇✐t❤ r❡s♣❡❝t t♦ ❛❣❣r❡❣❛t❡ ✈❛❝❛♥❝✐❡s✱ vt ❛♥❞

✶✵



m̄ r❡♣r❡s❡♥ts t❤❡ ❡✣❝✐❡♥❝② ♦❢ t❤❡ ♠❛t❝❤✐♥❣ ♣r♦❝❡ss✳

❚❤❡ ♣r♦❜❛❜✐❧✐t② t❤❛t ❛ s❡❛r❝❤✐♥❣ ✇♦r❦❡r ✇✐❧❧ ✜♥❞ ❛ ❥♦❜ ✐s ❣✐✈❡♥ ❜②

st =
mt

ut
✭✻✮

❲❤✐❧❡ t❤❡ ♣r♦❜❛❜✐❧✐t② t❤❛t ❛ ✜r♠ ✇✐❧❧ ✜❧❧ ✐ts ✈❛❝❛♥❝② ✐s r❡♣r❡s❡♥t❡❞ ❜②

qt =
mt

vt
✭✼✮

❋♦❧❧♦✇✐♥❣ ❇♦❞❡♥st❡✐♥ ❡t ❛❧✳ ✭✷✵✶✽✮ ❛♥❞ ❉✐ P❛❝❡ ❛♥❞ ❍❡rt✇❡❝❦ ✭✷✵✶✾✮✱ ✇❡ ❛ss✉♠❡ t❤❛t s❡❛r❝❤✐♥❣ ✇♦r❦✲

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

❢✉♥❝t✐♦♥s ♦❢ ❛❣❣r❡❣❛t❡ q✉❛♥t✐t✐❡s s♦ t❤❛t ❜♦t❤ ✜r♠s ❛♥❞ ✇♦r❦❡rs ✇✐❧❧ t❛❦❡ t❤❡♠ ❛s ❡①♦❣❡♥♦✉s✳

❊❛❝❤ ♣❡r✐♦❞✱ ❛ ❢r❛❝t✐♦♥ ρ ♦❢ t❤❡ ❡①✐st✐♥❣ ❥♦❜s ❜r❡❛❦ ✉♣ ❛♥❞ ✇♦r❦❡rs ✇❤♦ ❧♦s❡ t❤❡✐r ❥♦❜ ✐♥ ♣❡r✐♦❞ t

❛r❡ ♥♦t ❛❧❧♦✇❡❞ t♦ s❡❛r❝❤ ✉♥t✐❧ t❤❡ ❢♦❧❧♦✇✐♥❣ ♣❡r✐♦❞✳ ❚❤✐s ❢♦❧❧♦✇s ●❡rt❧❡r ❡t ❛❧✳ ✭✷✵✵✽✮ ❛♥❞ ✐♠♣❧✐❡s

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

❜② s❡♣❛r❛t✐♦♥s✳ ❈♦♥s❡q✉❡♥t❧②✱ t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ ❡♠♣❧♦②♠❡♥t ✐s ❣✐✈❡♥ ❜②

n1,t + n2,t = (1− ρ) (n1,t−1 + n2,t−1) +mt ✭✽✮

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

✇♦r❦❢♦r❝❡

xt =
mt

nt−1
✭✾✮

✸✳✷ ❍♦✉s❡❤♦❧❞s

❊❛❝❤ r❡♣r❡s❡♥t❛t✐✈❡ ❤♦✉s❡❤♦❧❞ ❝♦♥s✐sts ♦❢ ❛ ❝♦♥t✐♥✉✉♠ ♦❢ ✐♥❞✐✈✐❞✉❛❧s ♦❢ ♠❡❛s✉r❡ ♦♥❡✱ ✇❤♦s❡ ♠❡♠❜❡rs

❛r❡ ❡✐t❤❡r ❡♠♣❧♦②❡❞ ❜② ❝♦♠♠♦❞✐t② ♦r ✇❤♦❧❡s❛❧❡ ❣♦♦❞ s❡❝t♦rs✱ ♦r s❡❛r❝❤ ✐♥ t❤❡ ❧❛❜♦✉r ♠❛r❦❡t✳ ❆s

✐♥ ▼❡r③ ✭✶✾✾✺✮✱ ❆♥❞♦❧❢❛tt♦ ✭✶✾✾✻✮ ❛♥❞ ❉✐ P❛❝❡ ❛♥❞ ❍❡rt✇❡❝❦ ✭✷✵✶✾✮✱ ✇❡ ❛ss✉♠❡ t❤❛t ❛❧❧ ❤♦✉s❡❤♦❧❞

✶✶



♠❡♠❜❡rs ✐♥s✉r❡ ❡❛❝❤ ♦t❤❡r ❛❣❛✐♥st ✐❞✐♦s②♥❝r❛t✐❝ ✐♥❝♦♠❡ r✐s❦ ❢r♦♠ ✉♥❡♠♣❧♦②♠❡♥t✳

❈♦♥❞✐t✐♦♥❛❧ ♦♥ nt✱ t❤❡ ♣r♦♣♦rt✐♦♥ ✐♥ ❡♠♣❧♦②♠❡♥t✱ t❤❡ ❤♦✉s❡❤♦❧❞ ♠❛①✐♠✐s❡s ✐ts ✉t✐❧✐t② ❢✉♥❝t✐♦♥ ❜②

✐ts ❝❤♦✐❝❡s ♦❢ ❝♦♥s✉♠♣t✐♦♥✱ ct✱ ❣♦✈❡r♥♠❡♥t ✭❢♦r❡✐❣♥✮ ❜♦♥❞ ❤♦❧❞✐♥❣s✱ Bt ✭B∗

t ✮ ❛s ✇❡❧❧ ❛s ✐♥✈❡st♠❡♥t

❛♥❞ t❤❡ st♦❝❦ ♦❢ ♣❤②s✐❝❛❧ ❝❛♣✐t❛❧ ✐♥ ❡❛❝❤ s❡❝t♦r✱ is,t ❛♥❞ ks,t✱ r❡s♣❡❝t✐✈❡❧②✳

❆♥❛❧♦❣♦✉s❧② t♦ ▲❛♠❛ ❛♥❞ ▼❡❞✐♥❛ ✭✷✵✶✷✮✱ ●❛r❝í❛✲❈✐❝❝♦ ❡t ❛❧✳ ✭✷✵✶✺✮ ❛♥❞ ●❛r❝í❛✲❈✐❝❝♦ ❡t ❛❧✳ ✭✷✵✶✼✮✱

❧✐❢❡t✐♠❡ ✉t✐❧✐t② ✐s ❣✐✈❡♥ ❜②

Et =
∞
∑

s=0

βsU(ct+s)

✇✐t❤

U(ct) = log(ct − hct−1)

s♦ t❤❛t h r❡♣r❡s❡♥ts t❤❡ ❞❡❣r❡❡ ♦❢ ❤❛❜✐t ❢♦r♠❛t✐♦♥ ✐♥ t❤❡ ❝♦♥s✉♠♣t✐♦♥ ♦❢ t❤❡ ✜♥❛❧ ❣♦♦❞✱ ct✳ ❚❤❡

❤♦✉s❡❤♦❧❞ ♦✇♥s t❤❡ ❝❛♣✐t❛❧ st♦❝❦✱ kt = k1,t + k2,t✱ ❛♥❞ r❡♥ts ✐t ♦✉t t♦ ✜r♠s✱ ❢♦r ✇❤✐❝❤ ✐t ✐s ♣❛✐❞ rks,t✳

■t ❛❧s♦ r❡❝❡✐✈❡s ❧✉♠♣✲s✉♠ ♣r♦✜ts✱ Dt✱ ❢r♦♠ ✐ts ♦✇♥❡rs❤✐♣ ♦❢ t❤❡ ✜r♠s ❛♥❞ ♦❜t❛✐♥s ✇❛❣❡ ✐♥❝♦♠❡ ❢r♦♠

❡♠♣❧♦②♠❡♥t ✐♥ ❡✐t❤❡r s❡❝t♦r✳ ■♥ ❛❞❞✐t✐♦♥✱ t❤❡ ❞♦♠❡st✐❝ ❛♥❞ ❢♦r❡✐❣♥ ♦♥❡✕♣❡r✐♦❞ ❜♦♥❞s ♣❛② ✐♥t❡r❡st

♦❢ Rt ❛♥❞ R̃∗

t ✱ r❡s♣❡❝t✐✈❡❧②✳

❚❤❡ ❤♦✉s❡❤♦❧❞✬s ❜✉❞❣❡t ❝♦♥str❛✐♥t ✐s ❣✐✈❡♥ ❜②

ct + i1,t + i2,t +
Bt

PtRt
+
etB

∗

t

R̃∗

tPt

= w1,tn1,t + w2,tn2,t + (1− n1,t − n2,t)b

+ rk1,tk1,t−1 + rk2,tk2,t−1 +Dt +
Bt−1

Pt
+
etB

∗

t−1

Pt
− Tt

✇❤❡r❡ Pt ✐s t❤❡ ♣r✐❝❡ ❧❡✈❡❧ ♦❢ t❤❡ ✜♥❛❧ ❣♦♦❞✱ ✉s❡❞ ❛s t❤❡ ♥✉♠❡r❛✐r❡✱ et ✐s t❤❡ ♥♦♠✐♥❛❧ ❡①❝❤❛♥❣❡ r❛t❡

✭❛♥ ✐♥❝r❡❛s❡ r❡♣r❡s❡♥ts ❛ ❞❡♣r❡❝✐❛t✐♦♥✮ ❛♥❞ r❡❛❧ ✇❛❣❡s ❛r❡ r❡♣r❡s❡♥t❡❞ ❜② ws,t✳ Tt r❡♣r❡s❡♥ts ❧✉♠♣✲

s✉♠ t❛①❡s ❧❡✈✐❡❞ ❜② t❤❡ ❣♦✈❡r♥♠❡♥t t♦ ✜♥❛♥❝❡ ✐ts ❡①♣❡♥❞✐t✉r❡ ❛♥❞ t❤❡ ✉♥❡♠♣❧♦②♠❡♥t ❜❡♥❡✜ts✱ ♥❡t ♦❢

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

❜❡♥❡✜ts✳ ❚❤❡ ✐♥t❡r❡st r❛t❡ ♦♥ ❢♦r❡✐❣♥ ❜♦♥❞s ❡q✉❛❧s t❤❡ ✇♦r❧❞ ✐♥t❡r❡st r❛t❡✱ R∗

t ♣❧✉s ❛ ❞❡❜t✲❡❧❛st✐❝

✶✷



r✐s❦ ♣r❡♠✐✉♠ t❡r♠✱ s✐♠✐❧❛r t♦ t❤❛t ✉s❡❞ ❜② ❉r❡❝❤s❡❧ ❛♥❞ ❚❡♥r❡②r♦ ✭✷✵✶✽✮✱ ✇❤❡r❡ rert ❞❡♥♦t❡s t❤❡

r❡❛❧ ❡①❝❤❛♥❣❡ r❛t❡ ❛♥❞ b∗t = B∗

t /P
∗

t

R̃∗

t = R∗

t e
−χrert−1

b∗t−1

ḡdp

(

p2,t
p̄2

)ξp,2

✭✶✵✮

❚❤❡ ♣r❡♠✐✉♠ ✐s ❛♥ ✐♥❝r❡❛s✐♥❣ ❢✉♥❝t✐♦♥ ♦❢ t❤❡ ❡❝♦♥♦♠②✬s ❧❡✈❡❧ ♦❢ ❞❡❜t ❛s ❛ ♣r♦♣♦rt✐♦♥ ♦❢ st❡❛❞②

st❛t❡ ●❉P✱ ✇❤❡r❡ ✈❛r✐❛❜❧❡s ✇✐t❤♦✉t ❛ t✐♠❡ s✉❜s❝r✐♣t ❞❡♥♦t❡ st❡❛❞② st❛t❡ ✈❛❧✉❡s✳ ❚❤✐s r❛t✐♦ ✐s t❛❦❡♥

❛s ❡①♦❣❡♥♦✉s ❜② t❤❡ ❤♦✉s❡❤♦❧❞ ❛♥❞ ❛s ❞✐s❝✉ss❡❞ ❜② ❙❝❤♠✐tt✲●r♦❤é ❛♥❞ ❯r✐❜❡ ✭✷✵✵✸✮✱ ✐t ❡♥s✉r❡s

st❛t✐♦♥❛r✐t② ✐♥ ♦✉r s♠❛❧❧ ♦♣❡♥ ❡❝♦♥♦♠② ♠♦❞❡❧ ✇✐t❤ ✐♥❝♦♠♣❧❡t❡ ♠❛r❦❡ts✳

❚❤❡ s❡❝♦♥❞ ❝♦♠♣♦♥❡♥t ♦❢ t❤❡ r✐s❦ ♣r❡♠✐✉♠ ❛❜♦✈❡ ✐s ❜❛s❡❞ ♦♥ t❤❡ ✜♥❞✐♥❣ ❜② ❉r❡❝❤s❡❧ ❛♥❞ ❚❡♥r❡②r♦

✭✷✵✶✽✮ t❤❛t ❢♦r ❝♦♠♠♦❞✐t②✲❡①♣♦rt✐♥❣ ❝♦✉♥tr✐❡s✱ ✐♥t❡r❡st r❛t❡ ♣r❡♠✐❛ ❛r❡ str♦♥❣❧② ❛✛❡❝t❡❞ ❜② ❝♦♠✲

♠♦❞✐t② ♣r✐❝❡s✱ ❞❡♥♦t❡❞ ❜② p2,t✳ ❚❤❡ q✉❛♥t✐t❛t✐✈❡ ✐♠♣♦rt❛♥❝❡ ♦❢ t❤✐s ❝❤❛♥♥❡❧ ✐s ❞❡t❡r♠✐♥❡❞ ❜② t❤❡

❡❧❛st✐❝✐t② ♣❛r❛♠❡t❡r ξp,2 ❛♥❞ ❛s ✇❡ s❤♦✇ ❜❡❧♦✇✱ ✐t ♣❧❛②s ❛♥ ✐♠♣♦rt❛♥t r♦❧❡ ✐♥ ❡♥❛❜❧✐♥❣ t❤❡ ♠♦❞❡❧ t♦

♠❛t❝❤ t❤❡ ❞❛t❛✳

❲❡ ❛❧❧♦✇ t❤❡ ❞❡❣r❡❡ ♦❢ ❛❞❥✉st♠❡♥t ❝♦sts t♦ ❜❡ s❡❝t♦r✲s♣❡❝✐✜❝ s♦ t❤❛t t❤❡ ❝❛♣✐t❛❧ ❛❝❝✉♠✉❧❛t✐♦♥

❡q✉❛t✐♦♥ ❢♦r ❡❛❝❤ s❡❝t♦r s ✐s ❣✐✈❡♥ ❜②

ks,t = (1− δ)ks,t−1 +

(

1− Ss

(

is,t
is,t−1

))

is,t ✭✶✶✮

✇❤❡r❡

Ss,t =
φs
2

(

is,t
is,t−1

− 1

)2

✭✶✷✮

❯s✐♥❣ λt t♦ ❞❡♥♦t❡ t❤❡ ▲❛❣r❛♥❣❡ ♠✉❧t✐♣❧✐❡r ♦♥ t❤❡ ❤♦✉s❡❤♦❧❞✬s ❜✉❞❣❡t ❝♦♥str❛✐♥t✱ t❤❡ ✜rst ♦r❞❡r

❝♦♥❞✐t✐♦♥s ❢♦r t❤❡ r❡♣r❡s❡♥t❛t✐✈❡ ❤♦✉s❡❤♦❧❞ ❛r❡ t❤❡♥ ❣✐✈❡♥ ❜②

λt =
1

ct − hct−1
− βEt

h

ct+1 − hct
✭✶✸✮

✶✸



λt = βEt
Rtλt+1

Πt+1
✭✶✹✮

qks,t (1− Ss,t) = qks,tφs

(

is,t
is,t−1

− 1

)(

is,t
is,t−1

)

− βEt
λt+1

λt
qks,t+1φs

(

is,t+1

is,t
− 1

)(

is,t+1

is,t

)2

+ 1 ✭✶✺✮

qks,t = βEt
λt+1

λt

(

rks,t+1 + (1− δ) qks,t+1

)

✭✶✻✮

λt = βEtλt+1

[

rert+1R̃
∗

t

rertΠ∗

t+1

]

✭✶✼✮

✇❤❡r❡ qks,t ✐s t❤❡ ✈❛❧✉❡ ♦❢ ✐♥st❛❧❧❡❞ ❝❛♣✐t❛❧ ✭✐♥ ❝♦♥s✉♠♣t✐♦♥ ✉♥✐ts✮ ✐♥ s❡❝t♦r s✳

✸✳✸ ❍✐r✐♥❣ ✜r♠s

❆s ✐♥ ❘❛✈❡♥♥❛ ❛♥❞ ❲❛❧s❤ ✭✷✵✵✽✮ ❛♥❞ ●❡rt❧❡r ❡t ❛❧✳ ✭✷✵✵✽✮✱ ✇❡ s❡♣❛r❛t❡ t❤❡ ❤✐r✐♥❣ ❢r♦♠ t❤❡ ♣r✐❝✐♥❣

❞❡❝✐s✐♦♥✳ ❋✐r♠s ✐♥ ❜♦t❤ t❤❡ ❝♦♠♠♦❞✐t② ❛♥❞ ❞♦♠❡st✐❝ ✇❤♦❧❡s❛❧❡ ❣♦♦❞ s❡❝t♦rs ♦♣❡r❛t❡ ✐♥ ❛ ♣❡r❢❡❝t❧②

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

t❤❡r❡ ✐s ❛ ❝♦♠♣❡t✐t✐✈❡ r❡♥t❛❧ ♠❛r❦❡t ✐♥ ❝❛♣✐t❛❧✱ ✇✐t❤ t❤❡ ❝♦♥s❡q✉❡♥❝❡✱ ❛s ✐♥ ●❡rt❧❡r ❡t ❛❧✳ ✭✷✵✵✽✮✱

t❤❛t ✜r♠s ♦♣❡r❛t❡ ✉♥❞❡r ❝♦♥st❛♥t r❡t✉r♥s t♦ s❝❛❧❡✳ ▼♦r❡♦✈❡r✱ ❛s ✐♥ ●❡rt❧❡r ❡t ❛❧✳ ✭✷✵✵✽✮ ❛♥❞ ❉✐ P❛❝❡

❛♥❞ ❍❡rt✇❡❝❦ ✭✷✵✶✾✮✱ ✇❡ ❛ss✉♠❡ t❤❛t ✜r♠s ❛r❡ s✉❜❥❡❝t t♦ ❤✐r✐♥❣✱ r❛t❤❡r t❤❛♥ s❡❛r❝❤✐♥❣✱ ❝♦sts ❛♥❞

t❤❛t t❤❡s❡ ❛r❡ ♣r♦♣♦rt✐♦♥❛❧ t♦ t❤❡ ❛❣❣r❡❣❛t❡ ❤✐r✐♥❣ r❛t❡✳✻

❚❤❡ ❤✐r✐♥❣ r❛t❡ ♦❢ ✜r♠ i ✐♥ s❡❝t♦r s ✐s ❣✐✈❡♥ ❜②

xs,t(i) =
qtvs,t(i)

ns,t−1(i)

❚❤✐s ✐♠♣❧✐❡s t❤❛t t❤❡ ❡♠♣❧♦②♠❡♥t ❛❝❝✉♠✉❧❛t✐♦♥ ❡q✉❛t✐♦♥ ❝❛♥ ❜❡ ✇r✐tt❡♥ ❛s

✻❚❤❡s❡ ❝♦sts ❛r❡ ❤♦♠♦❣❡♥❡♦✉s ✇✐t❤ t❤❡ ✜♥❛❧ ❣♦♦❞s✳

✶✹



ns,t(i) = (1− ρ)ns,t−1(i) + xs,t(i)ns,t−1(i) ✭✶✽✮

❉♦♠❡st✐❝ ✇❤♦❧❡s❛❧❡ ✜r♠s ✉s❡ ❝♦♠♠♦❞✐t✐❡s ❛s ❛ ♣r♦❞✉❝t✐♦♥ ✐♥♣✉t✱ y21,t✱ s♦ t❤❛t t❤❡ ✈❛❧✉❡ ♦❢ t❤❡ ✜r♠

✐♥ t❤✐s s❡❝t♦r ✐s ❣✐✈❡♥ ❜②

F1,t(i) = p1,ty1,t(i)−w1,tn1,t(i)−
κ

2
xtx1,t(i)n1,t−1(i)− p2,ty21,t − rkt k1,t(i)+ βEt

λt+1

λt
F1,t+1(i) ✭✶✾✮

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

F2,t(i) = p2,ty2,t(i)− w2,tn2,t(i)−
κ

2
xtx2,t(i)n2,t−1(i)− rkt k2,t(i) + βEt

λt+1

λt
F2,t+1(i) ✭✷✵✮

✇❤❡r❡ pst = P s
t /Pt ✐s t❤❡ ♣r✐❝❡ ♦❢ t❤❡ ❣♦♦❞ ✐♥ s❡❝t♦r s r❡❧❛t✐✈❡ t♦ t❤❡ ✜♥❛❧ ❣♦♦❞✱ ws,t =Wt/Pt ✐s t❤❡

r❡❛❧ ✇❛❣❡✱ rkt t❤❡ r❡♥t❛❧ r❛t❡ ♦❢ ❝❛♣✐t❛❧ ❛♥❞ β λt+1

λt
t❤❡ ✜r♠✬s st♦❝❤❛st✐❝ ❞✐s❝♦✉♥t ❢❛❝t♦r✳ ■t ✐s ✇♦rt❤

♥♦t✐♥❣ t❤❛t ❢♦r ❛❧❧ ✜r♠s✱ t❤❡ ❝♦sts ♦❢ ❤✐r✐♥❣ ❛ ✇♦r❦❡r ❛r❡ ♣r♦♣♦rt✐♦♥❛❧ t♦ t❤❡ ❛❣❣r❡❣❛t❡ ❤✐r✐♥❣ r❛t❡✱

❛s ✐♥ ❉✐ P❛❝❡ ❛♥❞ ❍❡rt✇❡❝❦ ✭✷✵✶✾✮✳ ❚❤❡ ♦♥❧② s✉❜st❛♥t✐✈❡ ❞✐✛❡r❡♥❝❡ ✐♥ t❤❡ ❞❡s❝r✐♣t✐♦♥s ♦❢ t❤❡ t✇♦

s❡❝t♦rs ❧✐❡s ✐♥ t❤❡ ❢❛❝t t❤❛t t❤❡ ✇❤♦❧❡s❛❧❡ ❣♦♦❞ ♣r♦❞✉❝❡r ✉s❡s t❤❡ ❝♦♠♠♦❞✐t② ❣♦♦❞ ❛s ♣r♦❞✉❝t✐♦♥

✐♥♣✉t✳

❚❤❡ ♦♣t✐♠❛❧ ❤✐r✐♥❣ r❛t❡ ✐♥ ❡✐t❤❡r s❡❝t♦r ✐♠♣❧✐❡s

κxt = ps,tmpns,t − ws,t + βEt
λt+1

λt

∂Fs,t+1(i)

∂ns,t(i)
✭✷✶✮

❲❤❡r❡ mpns,t ✐s t❤❡ ♠❛r❣✐♥❛❧ ♣r♦❞✉❝t ♦❢ ❧❛❜♦✉r ✐♥ s❡❝t♦r s ❛♥❞ ❣✐✈❡♥ t❤❡ ❛ss✉♠♣t✐♦♥s r❡❣❛r❞✐♥❣ t❤❡

♣r♦❞✉❝t✐♦♥ t❡❝❤♥♦❧♦❣② ❛s ✇❡❧❧ ❛s t❤❡ ♣❡r❢❡❝t ♠♦❜✐❧✐t② ♦❢ ❢❛❝t♦rs ✇✐t❤✐♥ ❛ s❡❝t♦r✱ ✐s t❤❡ s❛♠❡ ❛❝r♦ss

✜r♠s✳

▼❛❦✐♥❣ ✉s❡ ♦❢ t❤❡ ❡♥✈❡❧♦♣❡ t❤❡♦r❡♠ ❛♥❞ ❝♦♠❜✐♥✐♥❣ ✇✐t❤ t❤❡ ❡①♣r❡ss✐♦♥ ❛❜♦✈❡ ✇❡ ♦❜t❛✐♥

✶✺



κxt = ps,tmpns,t − ws,t + βEt
λt+1

λt

[

1

2
κx2t+1 + (1− ρ)κxt+1

]

✭✷✷✮

t❤✉s t❤❡ ♦♣t✐♠❛❧✐t② ❝♦♥❞✐t✐♦♥ ✐♥ ❜♦t❤ s❡❝t♦rs ✐s t❤❡ s❛♠❡ ❛♥❞ t❤❡ ❤✐r✐♥❣ r❛t❡ ✐s ❛ ❢✉♥❝t✐♦♥ ♦❢ t❤❡

❞✐s❝♦✉♥t❡❞ str❡❛♠ ♦❢ ❡❛r♥✐♥❣s✱ ✐♥❝❧✉❞✐♥❣ s❛✈✐♥❣s ♦♥ ❛❞❥✉st♠❡♥t ❝♦sts✳

■❢ ✇❡ ❞❡✜♥❡ Js,t(i) ❛s t❤❡ ✈❛❧✉❡ t♦ t❤❡ ✜r♠ ♦❢ ❛♥ ❛❞❞✐t✐♦♥❛❧ ✇♦r❦❡r✱ ❛❢t❡r ❤✐r✐♥❣ ❝♦sts ❛r❡ s✉♥❦✱ ✇❡

❤❛✈❡

Js,t(i) = ps,tmpns,t − ws,t + β
λt+1

λt

∂Fs,t+1(i)

∂ns,t(i)

❛♥❞ ❢r❡❡ ❡♥tr② ✐♥t♦ t❤❡ ❧❛❜♦✉r ♠❛r❦❡t ✐♠♣❧✐❡s t❤❡ ♥♦✲❛r❜✐tr❛❣❡ ❝♦♥❞✐t✐♦♥

Js,t = κxt ✭✷✸✮

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

✸✳✸✳✶ ❲❛❣❡ ❞❡t❡r♠✐♥❛t✐♦♥

❲❡ ❛ss✉♠❡ t❤❛t ✇❛❣❡s ❛❝r♦ss ❜♦t❤ s❡❝t♦rs ❛r❡ s❡t ✐♥ ◆❛s❤ ❜❛r❣❛✐♥✐♥❣ ✇✐t❤ t❤❡ ✇♦r❦❡r✬s s❤❛r❡ ❜❡✐♥❣

❞❡♥♦t❡❞ ❜② γ ❛♥❞ ✐s ❡q✉❛❧ ❛❝r♦ss s❡❝t♦rs✳ ❆s r❡❛❧ ✇❛❣❡s ❛r❡ r❡♥❡❣♦t✐❛t❡❞ ❡✈❡r② ♣❡r✐♦❞✱ ❛♥❞ ♥❡✐t❤❡r

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

②✐❡❧❞ ✐❞❡♥t✐❝❛❧ ♦✉t❝♦♠❡s✳ ❚❤❡ s✉r♣❧✉s✲s❤❛r✐♥❣ ❝♦♥❞✐t✐♦♥ ✐s t❤❡♥

γJt = (1− γ)Wt ✭✷✹✮

✇❤❡r❡ Wt r❡♣r❡s❡♥ts t❤❡ ✈❛❧✉❡ ♦❢ ❛ ❥♦❜ t♦ ❛ ✇♦r❦❡r✱ ✇❤✐❝❤ ❣✐✈❡♥ t❤❡ ❛ss✉♠♣t✐♦♥s ❛❜♦✈❡ ✐s t❤❡ s❛♠❡

❛❝r♦ss s❡❝t♦rs✱ ❛♥❞ ✐s ❣✐✈❡♥ ❜②

Wt = wt − b+ βEt
λt+1

λt
(1− ρ− st+1)Wt+1 ✭✷✺✮

✶✻



❚❤✐s ❡q✉❛t✐♦♥ s❤♦✇s t❤❛t ✇❤❡♥ ❛♥ ✉♥❡♠♣❧♦②❡❞ ✇♦r❦❡r ✜♥❞s ❛ ❥♦❜ t❤❡ ❤♦✉s❡❤♦❧❞ ♦❜t❛✐♥s ❛ ♥❡t

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

✜r♠✱ ♥❡t ♦❢ t❤❡ ♦♣♣♦rt✉♥✐t② ❝♦st ♦❢ s❡❛r❝❤✐♥❣ ❢♦r ❛ ❥♦❜ ❛♥❞ ✜♥❞✐♥❣ ❛♥♦t❤❡r ❡♠♣❧♦②❡r✳

❈♦♠❜✐♥✐♥❣ ✭✷✸✮ ❛♥❞ ✭✷✹✮✲✭✷✺✮ ✇❡ ♦❜t❛✐♥ ❛♥ ❡①♣r❡ss✐♦♥ ❢♦r t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ r❡❛❧ ✇❛❣❡s

wt = (1− γ) b+ γpw,tmpn1,t + βγEt
λt+1

λt
st+1κxt+1 ✭✷✻✮

❏✉st ❛s ✐♥ ❘❛✈❡♥♥❛ ❛♥❞ ❲❛❧s❤ ✭✷✵✵✽✮✱ ❛❧❜❡✐t ✇✐t❤ ❤✐r✐♥❣ r❛t❤❡r t❤❛♥ s❡❛r❝❤ ❝♦sts✱ ❛❜s❡♥t ❢r✐❝t✐♦♥s

✐♥ t❤❡ ❧❛❜♦✉r ♠❛r❦❡t ✭κ = 0✮✱ t❤❡♥ st = (1 − γ)b + γpw,tmpn1,t✱ s✐♥❝❡ ✜r♠s ✇♦✉❧❞ ♦♥❧② ❤❛✈❡ t♦

♣❛② ✇♦r❦❡rs ❛ ✇❛❣❡ ❡q✉❛❧ t♦ t❤❡ ❧❛tt❡r✬s ♦✉ts✐❞❡ ♦♣♣♦rt✉♥✐t②✳ ❇② ❝♦♥tr❛st✱ ✇✐t❤ κ > 0✱ t❤❡ ♠❛t❝❤

❜❡❤❛✈❡s ♠♦r❡ ❧✐❦❡ ❛♥ ❛ss❡t✱ r❛✐s✐♥❣ t❤❡ ✇❛❣❡✳

✸✳✹ ❈♦♠♠♦❞✐t② ♣r♦❞✉❝❡rs

❆♣❛rt ❢r♦♠ t❤❡ ❤✐r✐♥❣ ❞❡❝✐s✐♦♥✱ ❝♦♠♠♦❞✐t② ♣r♦❞✉❝❡rs r❡♥t ❝❛♣✐t❛❧ ❢r♦♠ ❤♦✉s❡❤♦❧❞s✱ ✇✐t❤ t❤❡ ❝♦♠✲

♠♦❞✐t② ♣r✐❝❡ ❜❡✐♥❣ s❡t ✐♥ ✇♦r❧❞ ♠❛r❦❡ts✳ ❚❤❡✐r ♣r♦❞✉❝t✐♦♥ ❢✉♥❝t✐♦♥ ✐s ❣✐✈❡♥ ❜②

y2,t = A2,tk
α2

2,t−1n
1−α2

2,t ✭✷✼✮

❲❤❡r❡ A2,t ✐s ❛♥ ❡①♦❣❡♥♦✉s t❡❝❤♥♦❧♦❣② s❤♦❝❦✳ ■♥ ♠❛①✐♠✐s✐♥❣ t❤❡ ✈❛❧✉❡ ♦❢ t❤❡ ✜r♠✱ ❣✐✈❡♥ ❜② ✭✷✵✮✱

t❤❡ ✜rst ♦r❞❡r ❝♦♥❞✐t✐♦♥ ❢♦r ❝❛♣✐t❛❧ ✐s ❣✐✈❡♥ ❜②

rk2,t = p2,tα2
y2,t
k2,t−1

✭✷✽✮

●✐✈❡♥ ♦✉r ❛ss✉♠♣t✐♦♥ ♦❢ ❛ ❈♦❜❜✲❉♦✉❣❧❛s ♣r♦❞✉❝t✐♦♥ ❢✉♥❝t✐♦♥ ❛♥❞ ♣❡r❢❡❝t ❝❛♣✐t❛❧ ♠♦❜✐❧✐t②✱ ❛❧❧ ✜r♠s

✇✐❧❧ ❝❤♦♦s❡ t❤❡ s❛♠❡ ❝❛♣✐t❛❧✲♦✉t♣✉t r❛t✐♦✳ ❈♦♠♠♦❞✐t② ♦✉t♣✉t ❝❛♥ ❜❡ s♦❧❞ t♦ ❞♦♠❡st✐❝ ✇❤♦❧❡s❛❧❡

✜r♠s ✭y21,t✮ ✇❤♦ ✉s❡ ✐t ❛s ❛♥ ✐♥♣✉t ♦r ✐t ❝❛♥ ❜❡ ❡①♣♦rt❡❞ ❛❜r♦❛❞ ✭yx2,t✮

y2,t = y21,t + yx2,t ✭✷✾✮

✶✼



✸✳✺ ❉♦♠❡st✐❝ ✇❤♦❧❡s❛❧❡r

❲❤♦❧❡s❛❧❡ ✜r♠s ✉s❡ ❧❛❜♦✉r ❛♥❞ ❝❛♣✐t❛❧ t♦ ♣r♦❞✉❝❡ ❛ ❤♦♠♦❣❡♥❡♦✉s ❣♦♦❞ ✇❤❡r❡ t❤❡ ♣r♦❞✉❝t✐♦♥

❢✉♥❝t✐♦♥ ✐s ❣✐✈❡♥ ❜②

y1,t = A1,tk
α1

1,t−1n
γ1
1,ty

β1

21,t ✭✸✵✮

✇❤❡r❡ α1+β1+γ1 = 1✳ ❚❤❡ r❡s✉❧t✐♥❣ ✜rst ♦r❞❡r ❝♦♥❞✐t✐♦♥s ❢♦r k1,t−1 ❛♥❞ y21,t ✐♥ ♦r❞❡r t♦ ♠❛①✐♠✐s❡

t❤❡ ✈❛❧✉❡ ♦❢ t❤❡ ✜r♠✱ ❡q✉❛t✐♦♥ ✭✶✾✮ ❛♥❞ s✉❜❥❡❝t t♦ ✐ts ❧❛❜♦✉r ❛❝❝✉♠✉❧❛t✐♦♥ ❡q✉❛t✐♦♥

n2,t(i) = (1− ρ)n2,t−1(i) + x2,t(i)n2,t−1(i) ✭✸✶✮

❛r❡ ❣✐✈❡♥ ❜②

rk1,t = p1,tα1
y1,t
k1,t−1

✭✸✷✮

❛♥❞

p2,t = p1,t (1− α1)
y1,t
y21,t

✭✸✸✮

❆s ✇✐t❤ t❤❡ ❝♦♠♠♦❞✐t② s❡❝t♦r✱ ❛❧❧ ✜r♠s ❝❤♦♦s❡ t❤❡ s❛♠❡ ❝❛♣✐t❛❧✲♦✉t♣✉t r❛t✐♦✳

✸✳✻ ❉♦♠❡st✐❝ r❡t❛✐❧❡rs

❲❡ ❛ss✉♠❡ t❤❡ ❡①✐st❡♥❝❡ ♦❢ ❛ ❝♦♥t✐♥✉✉♠ ♦❢ ♠♦♥♦♣♦❧✐st✐❝❛❧❧② ❝♦♠♣❡t✐t✐✈❡ ✜r♠s t❤❛t ♣r♦❞✉❝❡ ❞✐✛❡r✲

❡♥t✐❛t❡❞ ❣♦♦❞s✱ yh,t(j)✱ ❛♥❞ ❛r❡ s✉❜❥❡❝t t♦ st✐❝❦② ♣r✐❝❡s à ❧❛ ❈❛❧✈♦ ✭✶✾✽✸✮✳ ❊❛❝❤ r❡t❛✐❧❡r ♣✉r❝❤❛s❡s

t❤❡ ❞♦♠❡st✐❝ ✇❤♦❧❡s❛❧❡ ♦✉t♣✉t ❛♥❞ ❝♦♥✈❡rts ✐t ✐♥t♦ ❛ r❡t❛✐❧ ❣♦♦❞✱ ✇✐t❤ t❤❡ ✜r♠✬s ♥♦♠✐♥❛❧ ♠❛r❣✐♥❛❧

❝♦st ❣✐✈❡♥ ❜②

MCh,t = P1,t

✶✽



❊❛❝❤ ♣❡r✐♦❞ ❛ r❡t❛✐❧❡r ✐s ❛❜❧❡ t♦ ❛❞❥✉st ✐ts ♣r✐❝❡ ✇✐t❤ ♣r♦❜❛❜✐❧✐t② 1 − ω ✇❤✐❧❡ t❤❡ r❡♠❛✐♥✐♥❣ ✜r♠s

s❡t ♣r✐❝❡s ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❢♦❧❧♦✇✐♥❣ ✐♥❞❡①❛t✐♦♥ r✉❧❡

Ph,t(i) = Ph,t−1(i)Π
ζh
H,t−1

❲❤❡r❡ Πh,t ✐s t❤❡ ❣r♦ss ✐♥✢❛t✐♦♥ r❛t❡ ✐♥ t❤❡ ✭❤♦♠❡✮ r❡t❛✐❧ s❡❝t♦r ❛♥❞ ζh ❞❡♥♦t❡s t❤❡ ❞❡❣r❡❡ ♦❢

✐♥❞❡①❛t✐♦♥ t♦ ♣❛st ✐♥✢❛t✐♦♥✳ ❆ ✜r♠ r❡✲♦♣t✐♠✐s✐♥❣ ✐♥ ♣❡r✐♦❞ t ✇✐❧❧ ❝❤♦♦s❡ t❤❡ ♣r✐❝❡ ♦❢ ✐ts ❣♦♦❞ t❤❛t

♠❛①✐♠✐s❡s t❤❡ ❝✉rr❡♥t ♠❛r❦❡t ✈❛❧✉❡ ♦❢ ✐ts ♣r♦✜ts ❛t t❤❡ ❣✐✈❡♥ ♣r✐❝❡✳ ■t t❤❡r❡❢♦r❡ s❡ts Ph,t(i) t♦

♠❛①✐♠✐s❡

Et

∞
∑

s=0

(βω)s
λt+s

λt
yh,t+s

[

Ph,t(i)

(

Ph,t+s

Ph,t−1

)ζh

− Ph,t+smch,t+s

]

✇❤❡r❡ mch,t+s =
p1,t+s

ph,t+s
✐s t❤❡ r❡t❛✐❧❡r✬s r❡❛❧ ♠❛r❣✐♥❛❧ ❝♦st ❛♥❞ t❤❡ ❞❡♠❛♥❞ ❢♦r t❤❡ ✐ts ♦✉t♣✉t ✐s ❣✐✈❡♥

❜②

yh,t+s(i) = ydh,t+s(i) =

[

P̃h,t(i)

Ph,t+s

(

Ph,t+s−1

Ph,t−1

)ζh
]

−ε

ydh,t+s

❲❤❡r❡ ydh,t r❡♣r❡s❡♥ts t❤❡ ❛❣❣r❡❣❛t❡ ❞❡♠❛♥❞ ❢♦r t❤❡ ❞♦♠❡st✐❝ r❡t❛✐❧ ❣♦♦❞✳ ❆❧❧ ✜r♠s t❤❛t ❛r❡ ❛❜❧❡ t♦

❞♦ s♦ ❝❤♦♦s❡ t❤❡ s❛♠❡ ♣r✐❝❡✱ P̃h,t✱ ✇❤✐❝❤ ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ t❤❡ ❢♦❧❧♦✇✐♥❣ ♦♣t✐♠❛❧✐t② ❝♦♥❞✐t✐♦♥

(

ε− 1

ε

)

P̃h,t =

∑

(βω)s λt+s

λt
yh,t+sP

1+ε
h,t+s

(

Ph,t+s−1

Ph,t−1

)

−ζε

mch,t+s

∑

(βω)s λt+s

λt
yh,t+sP

ε
h,t+s

(

Ph,t+s−1

Ph,t−1

)ζ(1−ε)
✭✸✹✮

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

s♣❡♥❞✐♥❣✮✱ ❞❡♥♦t❡❞ ❜② yd,t✱ ♦r ❢♦r ❡①♣♦rt ✭yx,t✮✿

yh,t = yd,t + yx,t ✭✸✺✮

✶✾



❛♥❞ ✇❡ ❛ss✉♠❡ t❤❛t t❤❡ ❞❡♠❛♥❞ ❢♦r ❡①♣♦rts ✐s ❣✐✈❡♥ ❜②

yx,t = αx

(

ph,t
rert

)

−ζx

y∗t ✭✸✻✮

✇❤❡r❡ y∗t ❞❡♥♦t❡s ✇♦r❧❞ ♦✉t♣✉t✳

❚❤❡ ❛❣❣r❡❣❛t❡ r❡s♦✉r❝❡ ❝♦♥str❛✐♥t ❢♦r t❤❡ r❡t❛✐❧ ❣♦♦❞ ❝❛♥ t❤❡♥ ❜❡ ✇r✐tt❡♥ ❛s

∫ 1

0
yh,t(i)di = ywt = ∆h,tyh,t ✭✸✼✮

✇✐t❤ ∆h,t ≡
∫ 1
0

(

Ph,t(i)
Ph,t

)

−ε

di r❡♣r❡s❡♥t✐♥❣ t❤❡ ❞❡❣r❡❡ ♦❢ ♣r✐❝❡ ❞✐s♣❡rs✐♦♥ ✐♥ t❤❡ r❡t❛✐❧ s❡❝t♦r✱ ❣✐✈❡♥

❜②

∆h,t = (1− ω) p̃−ε
h,t + ωΠε

h,tΠ
−εζh
h,t−1∆h,t−1 ✭✸✽✮

❚❤❡ ❉✐①✐t✲❙t✐❣❧✐t③ ♣r✐❝❡ ❛❣❣r❡❣❛t❡ t❤❡♥ ❢♦❧❧♦✇s

1 = (1− ω)

(

P̃h,t

Ph,t

)1−ε

+ ωΠε−1
h,t Π

ζ(1−ε)
h,t−1 ✭✸✾✮

❚❤❡ ❧♦❣✲❧✐♥❡❛r ❛♣♣r♦①✐♠❛t✐♦♥s t♦ ❡q✉❛t✐♦♥ ✭✸✹✮✲✭✸✾✮ ❝❛♥ ❜❡ ❝♦♠❜✐♥❡❞ t♦ ♦❜t❛✐♥ t❤❡ ◆❡✇ ❑❡②♥❡s✐❛♥

P❤✐❧❧✐♣s ❝✉r✈❡ ❢♦r t❤❡ ❞♦♠❡st✐❝ r❡t❛✐❧ ✐♥✢❛t✐♦♥ r❛t❡✳

✸✳✼ ■♠♣♦rt❡rs

❲❡ ❢♦❧❧♦✇ t❤❡ s❡t✲✉♣ ✐♥ ▼♦♥❛❝❡❧❧✐ ✭✷✵✵✺✮ ❛♥❞ ❏✉st✐♥✐❛♥♦ ❛♥❞ Pr❡st♦♥ ✭✷✵✶✵✮ ❜② ❛❧❧♦✇✐♥❣ ❢♦r ✐♠♣❡r❢❡❝t

❡①❝❤❛♥❣❡ r❛t❡ ♣❛ss✲t❤r♦✉❣❤✳ ❚❤❡r❡ ✐s ❛ ❝♦♥t✐♥✉✉♠ ♦❢ ✜r♠s ✐♠♣♦rt✐♥❣ ❢♦r❡✐❣♥ ❞✐✛❡r❡♥t✐❛t❡❞ ❣♦♦❞s

❢♦r ✇❤✐❝❤ t❤❡ ❧❛✇ ♦❢ ♦♥❡ ♣r✐❝❡ ❤♦❧❞s ❛t t❤❡ ❞♦❝❦s✳ ❲❡ ❛ss✉♠❡ t❤❛t ✐♠♣♦rt❡rs ❛r❡ ♠♦♥♦♣♦❧✐st✐❝❛❧❧②

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

■♠♣♦rt❡rs ❛r❡ s✉❜❥❡❝t t♦ ❈❛❧✈♦ ♣r✐❝✐♥❣ ✇✐t❤ ♣❛r❛♠❡t❡r ωf ❛♥❞ ❢♦r ✜r♠s ✉♥❛❜❧❡ t♦ r❡✲♦♣t✐♠✐s❡

t❤❡✐r ❞❡❣r❡❡ ♦❢ ✐♥❞❡①❛t✐♦♥ t♦ ♣❛st ✐♥✢❛t✐♦♥ ✐s ❣✐✈❡♥ ❜② ζf ✳ ❊❛❝❤ ✜r♠ ❢❛❝❡s t❤❡ ❢♦❧❧♦✇✐♥❣ ❞❡♠❛♥❞

✷✵



❝✉r✈❡✼

yf,t+s(i) =

(

Pf,t(i)

Pf,t+s

(

Pf,t+s−1

Pf,t−1

)ζf
)

−εf

yf,t+s

❚❤❡ ✐♠♣♦rt❡r✬s ♣r♦❜❧❡♠ ✐s t♦ ♠❛①✐♠✐s❡ t❤❡ ❡①♣❡❝t❡❞ ♣r❡s❡♥t ❞✐s❝♦✉♥t❡❞ ✈❛❧✉❡ ♦❢ ♣r♦✜ts✱ ❣✐✈❡♥

❜②

Et

∞
∑

s=0

(βωf )
s λt+s

λt
yf,t+s(i)

[

Pf,t(i)

(

Pf,t+s−1

Pf,t−1

)ζf

− et+sP
∗

f,t+s

]

✇❤❡r❡ et ❞❡♥♦t❡s t❤❡ ♥♦♠✐♥❛❧ ❡①❝❤❛♥❣❡ r❛t❡✳ ●✐✈❡♥ ♦✉r s♠❛❧❧ ♦♣❡♥ ❡❝♦♥♦♠② ❛ss✉♠♣t✐♦♥✱ P ∗

t = P ∗

f,t✱

s♦ t❤❛t ✇❡ ❝❛♥ r❡✲✇r✐t❡ t❤❡ ❡①♣r❡ss✐♦♥ ❛❜♦✈❡ ❛s

Et

∞
∑

s=0

(βωf )
s λt+s

λt
yf,t+s(i)

[

Pf,t(i)

(

Pf,t+s−1

Pf,t−1

)ζf

− Pf,t+smcf,t+s

]

❲❤❡r❡ t❤❡ r❡❛❧ ♠❛r❣✐♥❛❧ ❝♦st ❢❛❝❡❞ ❜② t❤❡ ✐♠♣♦rt❡r ✐s ❣✐✈❡♥ ❜②

mcf,t+s = rert/pf,t ✭✹✵✮

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

P̃f,t(i) =

(

ε

ε− 1

)

∑

(βω)s λt+s

λt
yf,t+sP

1+εf
f,t+s

(

Pf,t+s−1

Pf,t−1

)

−εf ζf
mcf,t+s

∑

(βω)s λt+s

λt
yf,t+sP

εf
f,t+s

(

Pf,t+s−1

Pf,t−1

)(1−εf )ζf

❆s ✇✐t❤ t❤❡ ❞♦♠❡st✐❝ r❡t❛✐❧❡rs✱ t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ t❤❡ ❛❣❣r❡❣❛t❡ ❉✐①✐t✲❙t✐❣❧✐t③ ♣r✐❝❡ ✐♥❞❡① ✐♥ t❤❡

✐♠♣♦rt❡❞ s❡❝t♦r ❢♦❧❧♦✇s

1 = (1− ωf )

(

P̃f,t

Pf,t

)1−ε

+ ωfΠ
ε−1
f,t Π

ζf (1−ε)
f,t−1 ✭✹✶✮

✼■♥ s♦❧✈✐♥❣ t❤❡ ♠♦❞❡❧ ✇❡ s❡t εf = ε ❛s t❤✐s ♣❛r❛♠❡t❡r ❤❛s ♥♦ ❡✛❡❝t ♦♥ t❤❡ ♠♦❞❡❧✬s ❞②♥❛♠✐❝s ✇❤❡♥ s♦❧✈✐♥❣ ❛t ✜rst
♦r❞❡r✳

✷✶



✇❤✐❧❡ t❤❡ ♣r♦❝❡ss ❢♦r ♣r✐❝❡ ❞✐s♣❡rs✐♦♥ ✐s ❣✐✈❡♥ ❜②

∆f,t = (1− ωf ) p̃
−ε
f,t + ωfΠ

ε
f,tΠ

−εζf
f,t−1∆f,t−1 ✭✹✷✮

✸✳✽ ❋✐♥❛❧ ❣♦♦❞ ♣r♦❞✉❝❡rs

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

❣♦♦❞s t♦ ♣r♦❞✉❝❡ ❛ ✜♥❛❧ ❣♦♦❞✱ Zt✱ ✉s✐♥❣ t❤❡ ❈❊❙ t❡❝❤♥♦❧♦❣②

Zt =

[

α
1

ν
d y

ν−1

ν
d,t + (1− αd)

1

ν y
ν−1

ν
f,t

]
ν

ν−1

❲❤❡r❡ ν > 0 r❡♣r❡s❡♥ts t❤❡ ❡❧❛st✐❝✐t② ♦❢ s✉❜st✐t✉t✐♦♥ ❜❡t✇❡❡♥ ❞♦♠❡st✐❝ ❛♥❞ ❢♦r❡✐❣♥ ❣♦♦❞s✱ ✇❤✐❧❡ αd >

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

❝♦♠♣♦♥❡♥ts ✭❝♦♥s✉♠♣t✐♦♥✱ ✐♥✈❡st♠❡♥t ❛♥❞ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣✮ ❛♥❞ ♠❡❛s✉r❡s ❤♦♠❡ ❜✐❛s✳

❚❤❡ ♣r✐❝❡ ✐♥❞❡① ♦❢ t❤❡ ✜♥❛❧ ❣♦♦❞✱ Pt ✐s ❝❤♦s❡♥ t♦ ❜❡ t❤❡ ♥✉♠❡r❛✐r❡ s♦ t❤❛t ✐t ❝❛♥ ❜❡ ✇r✐tt❡♥ ❛s

1 = αdp
1−ν
h,t + (1− αd)p

1−ν
f,t ✭✹✸✮

●✐✈❡♥ t❤❡ ♣r♦❞✉❝t✐♦♥ ❢✉♥❝t✐♦♥ ❛❜♦✈❡✱ t❤❡ ✜♥❛❧ ❣♦♦❞ ♣r♦❞✉❝❡r ❝❤♦♦s❡s yd,t ❛♥❞ yf,t t♦ ♠❛①✐♠✐s❡

PtZt − Ph,tyd,t − Pf,tyf,t

t❤❡ r❡s✉❧t✐♥❣ ✜rst ♦r❞❡r ❝♦♥❞✐t✐♦♥s ❛r❡

yd,t =

(

Ph,t

Pt

)

−ν

Zt ✭✹✹✮

yf,t =

(

Pf,t

Pt

)

−ν

Zt ✭✹✺✮

✷✷



✸✳✾ ●♦✈❡r♥♠❡♥t

❚❤❡ ❣♦✈❡r♥♠❡♥t ❜✉❞❣❡t ❝♦♥str❛✐♥t ✐s ❣✐✈❡♥ ❜②

Tt +
Bt

PtRt
−
Bt−1

Pt
= Gt + (1− nt)b

❲❡ ❛ss✉♠❡ t❤❛t Gt ✐s ❛ ❝♦♥st❛♥t ❢r❛❝t✐♦♥ ḡ ♦❢ st❡❛❞② st❛t❡ ♦✉t♣✉t ❛♥❞ t❤❛t t❤❡ ♠♦♥❡t❛r② ❛✉t❤♦r✐t②

❢♦❧❧♦✇s ❛♥ ✐♥t❡r❡st r❛t❡ r✉❧❡ ❣✐✈❡♥ ❜②

Rt

R
=

(

Rt−1

R

)ρr
[

(

Πt

Π

)φπ
(

1 + ut
1 + ut−1

)

−φu
(

p∗2,t
p∗2

)φp
](1−ρr)

✭✹✻✮

❚❤✐s r✉❧❡ ❡♠❜♦❞✐❡s ✐♥t❡r❡st r❛t❡ ✐♥❡rt✐❛✱ ♠❡❛s✉r❡❞ ❜② 0 ≤ ρr < 1✱ ✇✐t❤ t❤❡ str❡♥❣t❤ ♦❢ t❤❡ r❡s♣♦♥s❡

t♦ ✐♥✢❛t✐♦♥ ✐s ❣✐✈❡♥ ❜② φπ✳ ❲❡ ♠♦❞❡❧ ♠♦♥❡t❛r② ♣♦❧✐❝② ❛s r❡❛❝t✐♥❣ t♦ ❝❤❛♥❣❡s ✐♥ t❤❡ ✉♥❡♠♣❧♦②♠❡♥t

r❛t❡✱ r❡s❡♠❜❧✐♥❣ t❤❡ r✉❧❡s ❛♥❛❧②s❡❞ ❜② ❖r♣❤❛♥✐❞❡s ❛♥❞ ❲✐❧❧✐❛♠s ✭✷✵✵✼✮ ❛♥❞ ✇❤✐❝❤ ❤❛✈❡ t❤❡ ❜❡♥❡✜t ♦❢

❜❡✐♥❣ r♦❜✉st t♦ ♠✐s♠❡❛s✉r❡♠❡♥ts ✐♥ t❤❡ ♥❛t✉r❛❧ r❛t❡ ♦❢ ✉♥❡♠♣❧♦②♠❡♥t✳ ■♥ ❛❞❞✐t✐♦♥✱ t❤❡ ✐♥t❡r❡st r❛t❡

❛❧s♦ r❡❛❝ts t♦ ❝♦♠♠♦❞✐t② ♣r✐❝❡ ♠♦✈❡♠❡♥ts✳ ❚❤❡ ♠♦t✐✈❛t✐♦♥ ❢♦r s✉❝❤ ❛ r✉❧❡ ✐s ♣r✐♠❛r✐❧② ❡♠♣✐r✐❝❛❧ ❛s

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

t♦ ♠❛t❝❤ t❤❡ ❞②♥❛♠✐❝s ♦❢ t❤❡ ❡st✐♠❛t❡❞ ❱❆❘✳

✸✳✶✵ ❈♦♠♠♦❞✐t② ♣r✐❝❡s

❈♦♠♠♦❞✐t② ♣r✐❝❡s ❛r❡ s❡t ✐♥ ✇♦r❧❞ ♠❛r❦❡ts s♦ t❤❛t t❤❡ ❞♦♠❡st✐❝ ♣r♦❞✉❝❡r t❛❦❡s t❤❡♠ ❛s ❣✐✈❡♥✳ ❲❡

❝❛❧✐❜r❛t❡ p2,t ❛s ❛♥ ❆❘✭✷✮ ♣r♦❝❡ss ✉s✐♥❣ t❤❡ ❝♦❡✣❝✐❡♥ts ✐♥ t❤❡ ❡st✐♠❛t❡❞ ❙❱❆❘ ❛❜♦✈❡✳ ❈♦♥s❡q✉❡♥t❧②✱

✇❡ ❤❛✈❡

p∗2,t
p2

=
p∗2,t−1

p∗2

ρ2,1 p∗2,t−2

p∗2

ρ2,2

e
εp∗

2,t ✭✹✼✮

✇✐t❤ εp∗
2,t

∼ N (0, σp∗
2
)✳

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

p2,t = rertp
∗

2,t ✭✹✽✮

✷✸



✸✳✶✶ ❆❣❣r❡❣❛t✐♦♥ ❛♥❞ ♠❛r❦❡t ❝❧❡❛r✐♥❣

❚❤❡ tr❛❞❡ ❜❛❧❛♥❝❡ ✐s ❣✐✈❡♥ ❜②

b∗t
R̃∗

t

=
b∗t−1

Π∗

t

+
ph,t
rert

yx,t −Mt +
p2,t
rert

y2x,t ✭✹✾✮

✇❤❡r❡ t❤❡ ✐♥t❡r❡st r❛t❡ ♦♥ ❢♦r❡✐❣♥ ❜♦♥❞s✱ R̃∗

t ✱ ✐s ❣✐✈❡♥ ❜② ❡q✉❛t✐♦♥ ✭✶✵✮ ❛♥❞ Mt r❡♣r❡s❡♥ts t♦t❛❧

✐♠♣♦rts

Mt =

∫

yf,t(i)di = ∆f,tyf,t

gdpt ✐s t❤❡♥ ❞❡✜♥❡❞ ❜②

gdpt = ph,tyh,t + rertp
∗

2,ty2x,t ✭✺✵✮

●✐✈❡♥ ♦✉r s♠❛❧❧ ♦♣❡♥ ❡❝♦♥♦♠② ❛ss✉♠♣t✐♦♥✱ ❢♦r❡✐❣♥ ✈❛r✐❛❜❧❡s ✭♦✉t♣✉t✱ ✐♥✢❛t✐♦♥ ❛♥❞ ✐♥t❡r❡st r❛t❡s✮

❛r❡ ❛ss✉♠❡❞ t♦ ❢♦❧❧♦✇ ❛♥ ❡①♦❣❡♥♦✉s ♣r♦❝❡ss ❛♥❞ ❣✐✈❡♥ ♦✉r ❢♦❝✉s ♦♥ t❤❡ ✐♠♣❛❝t ♦❢ ❝♦♠♠♦❞✐t②

♣r✐❝❡ s❤♦❝❦s✱ ✐t ✐s ♥♦t ♥❡❝❡ss❛r② t♦ ♣r♦✈✐❞❡ ❛♥ ❡①♣❧✐❝✐t r❡♣r❡s❡♥t❛t✐♦♥✳ ❆ s✉♠♠❛r② ♦❢ t❤❡ ♠♦❞❡❧✬s

❡q✉✐❧✐❜r✐✉♠ ❝♦♥❞✐t✐♦♥s ✐s ❣✐✈❡♥ ✐♥ ❚❛❜❧❡ ✶✳

✹ ❘❡❝♦♥❝✐❧✐♥❣ t❤❡ ♠♦❞❡❧ ✇✐t❤ t❤❡ ❱❆❘

❲❡ ♥♦✇ s❡❡❦ t♦ ❡st✐♠❛t❡ ❛♥❞ ❡✈❛❧✉❛t❡ ♦✉r ♠♦❞❡❧✳ ❲❡ ♣❛rt✐t✐♦♥ t❤❡ ♣❛r❛♠❡t❡rs ✐♥t♦ t✇♦ ❣r♦✉♣s✱

t❤❡ ✜rst ♦❢ ✇❤✐❝❤ ✐s ❝❛❧✐❜r❛t❡❞ ❛♥❞ st❛❝❦❡❞ ✐♥ t❤❡ ✈❡❝t♦r Θc✳ ❈♦♠♠♦❞✐t② ♣r✐❝❡s ❛r❡ ♠♦❞❡❧❧❡❞ ❛s

❛♥ ❆❘ ✭✷✮ ♣r♦❝❡ss ✇✐t❤ ✉s✐♥❣ t❤❡ ✈❛❧✉❡s ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ❡st✐♠❛t❡❞ ❙❱❆❘✳ ❲❡ ♣❛r❛♠❡t❡r✐s❡ β

t♦ ✐♠♣❧② ❛♥ ❛♥♥✉❛❧ r❡❛❧ ✐♥t❡r❡st r❛t❡ ♦❢ ❛r♦✉♥❞ 6.2%✱ ❝♦♥s✐st❡♥t ✇✐t❤ ❋❡r♥á♥❞❡③ ❡t ❛❧✳ ✭✷✵✶✽✮ ❛♥❞

●❛r❝í❛✲❈✐❝❝♦ ❛♥❞ ❑❛✇❛♠✉r❛ ✭✷✵✶✺✮✱ ✇❤✐❧❡ t❤❡ ✈❛❧✉❡ ❢♦r t❤❡ ❡❧❛st✐❝✐t② ♦❢ t❤❡ ♠❛t❝❤✐♥❣ ❢✉♥❝t✐♦♥ ✇✐t❤

r❡s♣❡❝t t♦ ✉♥❡♠♣❧♦②♠❡♥t✱ σ✱ ❢♦❧❧♦✇s ●❡rt❧❡r ❡t ❛❧✳ ✭✷✵✵✽✮✳ ❚❤❡ ♠❡❛♥ ♦❢ t❤❡ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣✲

♦✉t♣✉t r❛t✐♦ G/Y ✐s s❡t t♦ ♠❛t❝❤ ✐ts ❛✈❡r❛❣❡ s❤❛r❡ ❛❝r♦ss t❤❡ t❤r❡❡ ❝♦✉♥tr✐❡s ❞✉r✐♥❣ ♦✉r s❛♠♣❧❡

♣❡r✐♦❞ ❛♥❞ ✇❡ ❛❞♦♣t t❤❡ s❛♠❡ ❛♣♣r♦❛❝❤ ❢♦r t❤❡ s❤❛r❡ ♦❢ ♠❡r❝❤❛♥❞✐s❡ ❡①♣♦rts ✐♥ ●❉P✱ ✇❤✐❝❤ t❤❡♥

❤❡❧♣s ✉s ❞❡t❡r♠✐♥❡ t❤❡ r❡❧❛t✐✈❡ s✐③❡ ♦❢ t❤❡ ❝♦♠♠♦❞✐t② s❡❝t♦r✱ y2
yw
✳ ❚❤❡ ❡♠♣❧♦②♠❡♥t s❤❛r❡s ✐♥ ❡❛❝❤

s❡❝t♦r ❛r❡ s✐♠✐❧❛r t♦ t❤♦s❡ ✐♥ ❉r❡❝❤s❡❧ ❛♥❞ ❚❡♥r❡②r♦ ✭✷✵✶✽✮ ❛♥❞ ✇❡ ❝❤♦♦s❡ ❝♦♥✈❡♥t✐♦♥❛❧ ✈❛❧✉❡s ❢♦r

✷✹



❚❛❜❧❡ ✶✿ ❊q✉✐❧✐❜r✐✉♠ ❝♦♥❞✐t✐♦♥s

❉❡s❝r✐♣t✐♦♥ ▼♦❞❡❧ ❡q✉❛t✐♦♥

▼❛r❣✐♥❛❧ ✉t✐❧✐t② ct λt =
ǫt

ct−hct−1
− βEt

ǫt+1

ct+1−hct
❬✐❪

❈♦♥s✉♠♣t✐♦♥ ❊✉❧❡r ❡q✉❛t✐♦♥ λt = βEt

[

λt+1Rt

Πt+1

]

❬✐✐❪

❯♥❡♠♣❧♦②♠❡♥t ut = 1− n1,t−1 − n2,t−1 ❬✐✐✐❪
▼❛t❝❤✐♥❣ ❢✉♥❝t✐♦♥ mt = m̄uσt (v1,t + v2,t)

1−σ ❬✐✈❪
❏♦❜✲✜❧❧✐♥❣ ♣r♦❜❛❜✐❧✐t② qt =

mt
v1,t+v2,t

❬✈❪

❏♦❜✲✜♥❞✐♥❣ ♣r♦❜❛❜✐❧✐t② st =
mt
ut

❬✈✐❪

❚✐❣❤t♥❡ss θt =
v1,t+v2,t

ut
❬✈✐✐❪

❍✐r✐♥❣ r❛t❡ xt =
mt
nt−1

❬✈✐✐✐❪

❲♦r❦❢♦r❝❡ n1,t + n2,t = (1− ρ) (n1,t−1 + n2,t−1) +mt ❬✐①❪
❋✐r♠✬s ❤✐r✐♥❣ ❞❡❝✐s✐♦♥ κxt = (pstmpns,t − wt) + βEt

λt+1

λt

(

κ
2x

2
t+1 + κxt+1(1− ρ)

)

❬①❪
❈♦♠♠♦❞✐t② ♣r✐❝❡ ♣r♦❝❡ss ln

(

p∗2,t/p2
)

= 1.01 ln
(

p∗2,t−1/p2
)

− 0.35 ln
(

p∗2,t−2/p2
)

+ εp∗
2t

❬①✐❪
❘❡❛❧ ♠❛r❣✐♥❛❧ ❝♦st ✭❞♦♠❡st✐❝ ❣♦♦❞✮ mch,t =

p1,t
ph,t

❬①✐✐❪

❣❞♣ gdpt = ph,tyh,t + rertp
∗

2,ty
x
2,t ❬①✐✐✐❪

▼♦♥❡t❛r② ♣♦❧✐❝② Rt

R̄
=
(

Rt−1

R̄

)ρr
[

(

Πt

Π̄

)φπ
(

1+ut
1+ut−1

)

−φu
(

p∗
2,t

p2

)φp2
]1−ρr

❬①✐✈❪

◆❡t ❢♦r❡✐❣♥ ❛ss❡t ♣♦s✐t✐♦♥ b∗

R̃∗

t

=
b∗t−1

Π∗

t
+

ph,t
rert

yx,t − yf,t +
p2,t
rert

y2x,t ❬①✈❪

❉♦♠❡st✐❝ ✜r♠✬s ♦✉t♣✉t ✭❤❢✮ yh,t =
yw,t

∆h,t
❬①✈✐❪

❉♦♠❡st✐❝ ♣r✐❝❡ ❧❡✈❡❧ Π1−ε
h,t = (1− ω) (p̃h,tΠh,t)

1−ε + ωΠ
ζ(1−ε)
h,t−1 ❬①✈✐✐❪

❉♦♠❡st✐❝ ❣♦♦❞ ▼P◆ mpn1,t = γ1
y1,t
n1,t

❬①✈✐✐✐❪

❋❖❈ ✐♥✈❡st♠❡♥t qks,t (1− SSs,t) = qks,tφs

(

is,t
is,t−1

− 1
)(

is,t
is,t−1

)

− βEt
λt+1

λt
qks,t+1φs

(

is,t+1

is,t
− 1
)(

is,t+1

is,t

)2
+ 1 ❬①✐①❪

❈❛♣✐t❛❧ ❛❝❝✉♠✉❧❛t✐♦♥ ks,t = (1− SSs,t) is,t + (1− δ)ks,t−1 ❬①①❪

■♥✈✳ ❛❞❥✉st♠❡♥t ❝♦sts SSs,t =
(

φs

2

)(

is,t
is,t−1

− 1
)2

❬①①✐❪

❋❖❈ ❝❛♣✐t❛❧ qks,t = βEt
λt+1

λt

(

rks,t+1 + 1− δ
)

qks,t+1 ❬①①✐✐❪
❘❡♥t❛❧ r❛t❡ ♦❢ ❝❛♣✐t❛❧ rks,t = ps,tαs

ys,t
ks,t−1

❬①①✐✐✐❪

❲❤♦❧❡s❛❧❡ ❞❡♠❛♥❞ ❢♦r ❝♦♠♠♦❞✐t✐❡s (1− α1 − γ1) p1,twt
ywt
y21,t

= p2,t ❬①①✐✈❪

❘❯■P λt = βEtλt+1

[

rert+1
R̃∗

t
rertΠ∗

t+1

]

❬①①✈❪

❯s❡s ♦❢ ❤♦♠❡ ❣♦♦❞ yh,t = yd,t + yx,t ❬①①✈✐❪

❉❡♠❛♥❞ ❢♦r ❞♦♠❡st✐❝ ❡①♣♦rts yx,t = αx

(

ph,t
rert

)

−ζx
y∗t ❬①①✈✐✐❪

■♠♣♦rt❡❞ ❣♦♦❞ ♣r✐❝❡ ❧❡✈❡❧ Π1−ε
f,t = (1− ωf ) (p̃f,tΠf,t)

1−ε + ωfΠ
ζf (1−ε)
f,t−1 ❬①①✈✐✐✐❪

❖♣t✐♠❛❧ r❡✲s❡t ♣r✐❝❡ ✭j = {h, f}✮
(

ε−1
ε

)

P̃j,t =

∑
(βω)i

λt+i
λt

Yh,t+iP
1+ε
j,t+iA

−ε
t,t+imcj,t+i

∑
(βω)i

λt+i
λt

Yh,t+iP
ε
j,t+iA

1−ε
t,t+i

❬✐①①①❪

❉♦♠❡st✐❝ r❡❧❛t✐✈❡ ♣r✐❝❡ ph,t
ph,t−1

=
Πh,t

Πt
❬①①①❪

■♠♣♦rt❡❞ ❣♦♦❞ r❡❧❛t✐✈❡ ♣r✐❝❡ pf,t
pf,t−1

=
Πf,t

Πt
❬①①①✐❪

❈P■ 1 = αdp
1−ν
d,t + (1− αd)

(

pft,

)1−ν

❬①①①✐✐❪

❉❡♠❛♥❞ ❞♦♠❡st✐❝ ❣♦♦❞ yd,t = αd (ph,t)
−ν Zt ❬①①①✐✐✐❪

❉❡♠❛♥❞ ✐♠♣♦rt❡❞ ❣♦♦❞ yf,t = (1− αd) (ph,t)
−ν Zt ❬①①①✐✈❪

❉❡✈✐❛t✐♦♥ ▲❖P rert = ψf,tpf,t ❬①①①✈❪
❯s❡s ♦❢ ✜♥❛❧ ❣♦♦❞ Zt = ct + it +Gt +

(

κ
2

)

x2t (n1,t−1 + n2,t−1) ❬①①①✈✐❪
❈♦♠♠♦❞✐t② ♣r♦❞✉❝t✐♦♥ ❢✉♥❝t✐♦♥ y2,t = A2,tk

α2

2,t−1n
1−α2

2,t ❬①①①✈✐✐❪
▼❛r❣✐♥❛❧ ♣r♦❞✉❝t ♦❢ ❧❛❜♦✉r ✐♥ ❝♦♠♠♦❞✐t② s❡❝t♦r mpn2,t = (1− α2)

y2,t
n2,t

❬①①①✈✐✐✐❪

❉♦♠❡st✐❝ ❝♦♠♠♦❞✐t② ♣r✐❝❡ p2,t = rertp
∗

2,t ❬①①①✐①❪
❯s❡s ♦❢ ❝♦♠♠♦❞✐t② ♦✉t♣✉t y2,t = y21,t + yx2,t ❬①❧❪
❙❡❝t♦r❛❧ ✈❛❝❛♥❝✐❡s v2,t (n1,t − (1− ρ)n1,t−1) = v1,t (n2,t − (1− ρ)n2,t−1) ❬①❧✐❪
❲❛❣❡ ❡q✉❛t✐♦♥ wt = γps,tmpnj,t + (1− γ) b+ γβEt

λt+1

λt
κxt+1st+1 ❬①❧✐✐❪

◆♦t❡s✿ ph,t = Ph,t/Pt✱ pf,t = Pf,t/Pt✳ ❆st❡r✐s❦s ❞❡♥♦t❡ ❢♦r❡✐❣♥ ✈❛r✐❛❜❧❡s ❛♥❞ t❤❡ s s✉❜s❝r✐♣t r❡♣r❡s❡♥ts t❤❡ ❞♦♠❡st✐❝ ✇❤♦❧❡s❛❧❡ ✭1✮ ❛♥❞ ❝♦♠♠♦❞✐t②
✭2✮ s❡❝t♦rs✱ r❡s♣❡❝t✐✈❡❧②✳

✷✺



ε✱ εf ❛♥❞ t❤❡ ❞❡♣r❡❝✐❛t✐♦♥ r❛t❡ δ✳✽

❲❡ s❡t t❤❡ r❛t✐♦ ♦❢ ✭♥♦♥✲❝♦♠♠♦❞✐t②✮ ♠❡r❝❤❛♥❞✐s❡ ❡①♣♦rts t♦ ●❉P t♦ 6.5%✱ ✇❤✐❝❤ r❡♣r❡s❡♥ts t❤❡

❛✈❡r❛❣❡ ❢♦r ❇r❛③✐❧✱ ❈❤✐❧❡ ❛♥❞ ❙♦✉t❤ ❆❢r✐❝❛ ✐♥ ❯◆❈❚❆❉ ✭✷✵✶✾✮✳❚❤❡ r❛t✐♦ ♦❢ ❝♦♠♠♦❞✐t② t♦ ✇❤♦❧❡s❛❧❡

♦✉t♣✉t ✐s ❝❛❧✐❜r❛t❡❞ s♦ t❤❛t t❤❡ s❤❛r❡ ♦❢ ❝♦♠♠♦❞✐t✐❡s ✐♥ t♦t❛❧ ❡①♣♦rts ✐s ❝❧♦s❡ t♦ 60%✳ ❚❤❡ ♠♦❞❡❧

♣❡r❢♦r♠s ❜❡st ✇❤❡♥ ❛ ❤✐❣❤ ✈❛❧✉❡ ✐s ❛ss✐❣♥❡❞ t♦ ν✱ ζx ❛♥❞ β1✱ t❤❡ ❡❧❛st✐❝✐t✐❡s ♦❢ tr❛❞❡✱ ❢♦r❡✐❣♥ ❞❡♠❛♥❞

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

❡t ❛❧✳ ✭✷✵✵✼✮✱ ❛❧t❤♦✉❣❤ ❛s ❖❜st❢❡❧❞ ❛♥❞ ❘♦❣♦✛ ✭✷✵✵✵✮ ♥♦t❡✱ ❤✐❣❤ ❡st✐♠❛t❡s ♦❢ s✉❜st✐t✉t✐♦♥ ❡❧❛st✐❝✐t✐❡s

❛r❡ ♦❢t❡♥ ❢♦✉♥❞ ✐♥ ♠✐❝r♦❡❝♦♥♦♠✐❝ ❞❛t❛✳

❖✉r ❡❝♦♥♦♠❡tr✐❝ ♠❡t❤♦❞♦❧♦❣② ❢♦r t❤❡ r❡♠❛✐♥✐♥❣ str✉❝t✉r❛❧ ♣❛r❛♠❡t❡rs ✐♥✈♦❧✈❡s s❡❧❡❝t✐♥❣ t❤❡s❡ t♦

♠✐♥✐♠✐s❡ t❤❡ ❞✐st❛♥❝❡ ❜❡t✇❡❡♥ t❤❡ ✐♠♣✉❧s❡ r❡s♣♦♥s❡s ♦❢ t❤❡ ♣❛♥❡❧ ❙❱❆❘ ❛♥❞ t❤♦s❡ ♦❢ t❤❡ ❧♦❣✲❧✐♥❡❛r

✈❡rs✐♦♥ ♦❢ t❤❡ ❉❙●❊ ♠♦❞❡❧✱ ❛s ✐♥ ●❛r❝í❛✲❈✐❝❝♦ ❛♥❞ ❑❛✇❛♠✉r❛ ✭✷✵✶✺✮✱ ❇♦❞❡♥st❡✐♥ ❡t ❛❧✳ ✭✷✵✶✽✮ ❛♥❞

■❧♦r✐ ❡t ❛❧✳ ✭✷✵✷✷✮✳✾ ❚❤❡s❡ ♣❛r❛♠❡t❡rs ❛r❡ st❛❝❦❡❞ ✐♥ t❤❡ ✈❡❝t♦r Θe ❛♥❞ ❛r❡ ❡st✐♠❛t❡❞ ❜② ♠✐♥✐♠✐s✐♥❣

t❤❡ ✇❡✐❣❤t❡❞ ❞✐st❛♥❝❡ ❜❡t✇❡❡♥ t❤❡ ❡♠♣✐r✐❝❛❧ ✐♠♣✉❧s❡ r❡s♣♦♥s❡s ❡st✐♠❛t❡❞ ✐♥ ❙❡❝t✐♦♥ ✷ ❛❜♦✈❡✱ ❞❡♥♦t❡❞

❜② IR✱ ❛♥❞ t❤❡ ✐♠♣✉❧s❡ ❢✉♥❝t✐♦♥s ✐♠♣❧✐❡❞ ❜② t❤❡ ♠♦❞❡❧✱ ❞❡♥♦t❡❞ IRm(Θc,Θe)

Θ̂e = argminΘe [IR− IRm(Θc,Θe)]′Ω−1 [IR− IRm(Θc,Θe)] ✭✺✶✮

❚❤❡ ✇❡✐❣❤t✐♥❣ ♠❛tr✐① Ω ✐s ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ❞✐❛❣♦♥❛❧ ❡❧❡♠❡♥ts ♦❢ t❤❡ ✈❛r✐❛♥❝❡✲❝♦✈❛r✐❛♥❝❡ ♠❛tr✐①

♦❢ t❤❡ ❡st✐♠❛t❡❞ ✐♠♣✉❧s❡ r❡s♣♦♥s❡ ❢✉♥❝t✐♦♥s✱ ΣIRe ✳ ❚❤❡ ♦❜❥❡❝t✐✈❡ ✭✺✶✮ t❤❡r❡❢♦r❡ ♣❧❛❝❡s ♠♦r❡ ✇❡✐❣❤t

♦♥ t❤❡ ✐♠♣✉❧s❡ r❡s♣♦♥s❡s t❤❛t ❛r❡ ♠♦r❡ ♣r❡❝✐s❡❧② ❡st✐♠❛t❡❞✱ t❤❛t ✐s✱ t❤♦s❡ ✇✐t❤ ♥❛rr♦✇❡r ❡rr♦r

❜❛♥❞s✳ ❲❡ s❡❧❡❝t t❤❡ ✜rst ♥✐♥❡ ♣❡r✐♦❞s ❢♦❧❧♦✇✐♥❣ t❤❡ ❝♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦✳ ❚❤✐s ✐s ♠♦t✐✈❛t❡❞

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

❤♦r✐③♦♥✳

✹✳✶ P❡r❢♦r♠❛♥❝❡ ♦❢ t❤❡ ♠♦❞❡❧

❚❤❡ ❞❛s❤❡❞ ❛♥❞ st❛rr❡❞ ❧✐♥❡s ✐♥ ❋✐❣✉r❡ ✭✸✮ s❤♦✇ t❤❡ ■❘❋s ✐♠♣❧✐❡❞ ❜② t❤❡ ❉❙●❊ ♠♦❞❡❧ ✇❤❡♥ t❤❡

♣❛r❛♠❡t❡rs ❛r❡ ❝❤♦s❡♥ t♦ ♠✐♥✐♠✐s❡ t❤❡ ♦❜❥❡❝t✐✈❡ ✐♥ ✭✺✶✮ ❛♥❞ ❛r❡ r❡♣♦rt❡❞ ✐♥ t❤❡ ❜♦tt♦♠ ♣❛♥❡❧ ♦❢

✽❆s ✐s ✇❡❧❧ ❦♥♦✇♥✱ t♦ ❛ ✜rst ♦r❞❡r ❛♣♣r♦①✐♠❛t✐♦♥ ε ♣❧❛②s ♥♦ r♦❧❡ ✐♥ t❤❡ s♦❧✉t✐♦♥ ♦❢ t❤❡ ♠♦❞❡❧✳
✾❚❤❡ ♠♦❞❡❧ ✐s ❧✐♥❡❛r✐s❡❞ ❛r♦✉♥❞ ❛ ③❡r♦ ✭♥❡t✮ ✐♥✢❛t✐♦♥ st❡❛❞② st❛t❡✳

✷✻



❚❛❜❧❡ ✷✳

◗✉❛❧✐t❛t✐✈❡❧②✱ t❤❡ ♠♦❞❡❧ r❡♣❧✐❝❛t❡s t❤❡ r❡s♣♦♥s❡s t♦ ❛ ❝♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦ ✐♥ t❤❡ ❙❱❆❘ r❡♠❛r❦✲

❛❜❧② ✇❡❧❧ ❛♥❞ t❤❡ ✐♠♣❧✐❡❞ ■❘❋s ❛r❡ ❣❡♥❡r❛❧❧② ✐♥s✐❞❡ t❤❡ ❡st✐♠❛t❡❞ ❡rr♦r ❜❛♥❞s✳ ❚❤❡ ♠♦❞❡❧ ♠❛t❝❤❡s

t❤❡ ❦❡② r❡s✉❧ts t❤❛t ❛♥ ✐♥❝r❡❛s❡ ✐♥ ❝♦♠♠♦❞✐t② ♣r✐❝❡s ❧❡❛❞s t♦ ❛♥ ✐♥❝r❡❛s❡ ✐♥ ♦✉t♣✉t✱ ✐♥✢❛t✐♦♥✱ t❤❡

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

❡♠♣❧♦②♠❡♥t r❛t❡ ❢❛❧❧s✳ ❚❤❡ ♠♦❞❡❧ ❛❧s♦ ♣r♦✈✐❞❡s ❛ ❣♦♦❞ ❛❝❝♦✉♥t ♦❢ t❤❡ ❡st✐♠❛t❡❞ ❞②♥❛♠✐❝s✱ ✇✐t❤

♠❛♥② ♦❢ t❤❡ ♣❡❛❦ r❡s♣♦♥s❡s ♦❝❝✉rr✐♥❣ ❛❢t❡r ❛ ❧❛❣✳ ◗✉❛♥t✐t❛t✐✈❡❧②✱ t❤❡ ♠♦❞❡❧ s❧✐❣❤t❧② ♦✈❡r✲❡st✐♠❛t❡s

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

✇✐t❤✐♥ t❤❡ ❡st✐♠❛t❡❞ ❡rr♦r ❜❛♥❞s✳

❚♦ ♠♦❞❡❧ ❛ttr✐❜✉t❡s t❤❡ ❞❡❧❛②❡❞ ❞②♥❛♠✐❝s ♦❢ t❤❡ ✐♠♣✉❧s❡ r❡s♣♦♥s❡s t♦ s❡✈❡r❛❧ s♦✉r❝❡s ♦❢ ❡♥❞♦❣❡♥♦✉s

♣❡rs✐st❡♥❝❡✳ ❚❤❡ ❥♦❜ s❡♣❛r❛t✐♦♥ r❛t❡ ❛♥❞ t❤❡ ❞❡❣r❡❡ ♦❢ ❝♦♥s✉♠♣t✐♦♥ ❤❛❜✐ts ❛r❡ ❡st✐♠❛t❡❞ ❛t 0.12

❛♥❞ 0.66✱ r❡s♣❡❝t✐✈❡❧②✳ ▼♦r❡♦✈❡r✱ ❜♦t❤ t❤❡ ❞♦♠❡st✐❝ r❡t❛✐❧ ❛♥❞ ✐♠♣♦rt s❡❝t♦rs ❞✐s♣❧❛② ❛ ❤✐❣❤ ❞❡❣r❡❡

♦❢ ✐♥❞❡①❛t✐♦♥ t♦ ♣❛st ✐♥✢❛t✐♦♥✳

❚❤❡ ✐♥t❡r❡st r❛t❡ ♣r❡♠✐✉♠ ❡❧❛st✐❝✐t②✱ ❛t 0.15 ✐♥❞✐❝❛t❡s t❤❡ ❧✐♠✐t❡❞ ❛❜✐❧✐t② ♦❢ ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts ❢♦r

r✐s❦✲s❤❛r✐♥❣✳ ❆t t❤❡ s❛♠❡ t✐♠❡✱ t❤❡ s❡♥s✐t✐✈✐t② ♦❢ t❤❡ ✐♥t❡r❡st r❛t❡ s♣r❡❛❞ t♦ ❝♦♠♠♦❞✐t② ♣r✐❝❡s✱ ξp,2✱

✐s ❡st✐♠❛t❡❞ ❛t ❛ r❡❧❛t✐✈❡❧② ❧❛r❣❡ ✈❛❧✉❡ ♦❢ −0.19✱ ✇❤✐❝❤ ✐s ❛❧♠♦st ✐❞❡♥t✐❝❛❧ t♦ t❤❡ ✈❛❧✉❡ ♦❜t❛✐♥❡❞ ❜②

❉r❡❝❤s❡❧ ❛♥❞ ❚❡♥r❡②r♦ ✭✷✵✶✽✮✳

■♥ ♦r❞❡r t♦ ✉♥❞❡rst❛♥❞ t❤❡ ❞②♥❛♠✐❝s ✐♠♣❧✐❡❞ ❜② t❤❡ ♠♦❞❡❧ ✐♥ r❡s♣♦♥s❡ t♦ ❛ s❤♦❝❦ t♦ ❝♦♠♠♦❞✐t②

♣r✐❝❡s✱ ✐t ✐s ✐♠♣♦rt❛♥t t♦ ♥♦t❡ t❤❛t t❤❡r❡ ❛r❡ s❡✈❡r❛❧ ♠❡❝❤❛♥✐s♠s t❤❛t ❛r❡ s✐♠✉❧t❛♥❡♦✉s❧② ✐♥t❡r❛❝t✐♥❣✳

❚❤❡ s❤♦❝❦ r❡s✉❧ts ✐♥ ❛ ♣♦s✐t✐✈❡ ✇❡❛❧t❤ ❡✛❡❝t❀ ✐t ❞✐r❡❝t❧② ❧♦✇❡rs t❤❡ ✐♥t❡r❡st s♣r❡❛❞❀ ✐t ✐♥❞✉❝❡s ❛ ♠♦r❡

❡①♣❛♥s✐♦♥❛r② ♠♦♥❡t❛r② ♣♦❧✐❝② ✈✐❛ φp,2 ❛♥❞ ✐t r❛✐s❡s t❤❡ ❝♦sts ❢♦r ❞♦♠❡st✐❝ ♣r♦❞✉❝❡rs ❣✐✈❡♥ t❤❛t

❝♦♠♠♦❞✐t✐❡s ❡♥t❡r t❤❡ ♣r♦❞✉❝t✐♦♥ ❢✉♥❝t✐♦♥✳

❚❤❡ ✜rst t❤r❡❡ ❝❤❛♥♥❡❧s ✐♠♣❧② t❤❛t t❤❡ ❝♦♠♠♦❞✐t② ♣r✐❝❡ ✐♥❝r❡❛s❡ st✐♠✉❧❛t❡s ❞♦♠❡st✐❝ ❡①♣❡♥❞✐t✉r❡

❛♥❞ ❛ r❡✲❛❧❧♦❝❛t✐♦♥ ♦❢ r❡s♦✉r❝❡s ❢r♦♠ t❤❡ ❤♦♠❡ tr❛❞❛❜❧❡ ❣♦♦❞ t♦ t❤❡ ❝♦♠♠♦❞✐t② s❡❝t♦r✳ ▼♦r❡♦✈❡r✱

t❤❡ ❧❛st t✇♦ ♠❡❝❤❛♥✐s♠s ❝❛✉s❡ ✐♥✢❛t✐♦♥ t♦ ✐♥❝r❡❛s❡ ✐♥ r❡s♣♦♥s❡ t♦ t❤❡ s❤♦❝❦❀ ❛❜s❡♥t t❤❡s❡✱ t❤❡ r❡❛❧

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

✐♥ ✐♥✢❛t✐♦♥✱ ❛s ✇✐❧❧ ❜❡ s❤♦✇♥ ❜❡❧♦✇✳

✷✼



❚❛❜❧❡ ✷✿ ▼♦❞❡❧ ♣❛r❛♠❡t❡rs

P❛r❛♠❡t❡r ❉❡s❝r✐♣t✐♦♥ ❱❛❧✉❡

❈❛❧✐❜r❛t❡❞ ♣❛r❛♠❡t❡rs

β ❉✐s❝♦✉♥t ❢❛❝t♦r 0.9927
σ ❊❧❛st✐❝✐t② ♠❛t❝❤❡s ✇✐t❤ r❡s♣❡❝t t♦ ✉♥❡♠♣❧♦②♠❡♥t 0.5
n1 ❙t❡❛❞② st❛t❡ ❡♠♣❧♦②♠❡♥t ✐♥ ✇❤♦❧❡s❛❧❡ s❡❝t♦r 0.71
n2 ❙t❡❛❞② st❛t❡ ❡♠♣❧♦②♠❡♥t ✐♥ ❝♦♠♠♦❞✐t② s❡❝t♦r 0.19
ε ❊❧❛st✐❝✐t② ♦❢ s✉❜st✐t✉t✐♦♥ ✭❞♦♠❡st✐❝ ❣♦♦❞✮ ✶✶
εf ❊❧❛st✐❝✐t② ♦❢ s✉❜st✐t✉t✐♦♥ ✭✐♠♣♦rt❡❞ ❣♦♦❞✮ ✶✶
δ ❉❡♣r❡❝✐❛t✐♦♥ r❛t❡ ✵✳✵✷✺
Π̄ ❙t❡❛❞② st❛t❡ ✐♥✢❛t✐♦♥ ✶
ν ❚r❛❞❡ ❡❧❛st✐❝✐t② ✾
Y x

gdp
▼❡r❝❤❛♥❞✐s❡ ❡①♣♦rts t♦ ●❉P r❛t✐♦ ✵✳✵✻✺

y2
yw

❈♦♠♠♦❞✐t② t♦ ✇❤♦❧❡s❛❧❡ s❡❝t♦r ♦✉t♣✉t r❛t✐♦ ✵✳✷✺
G
Y

●♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ t♦ ●❉P r❛t✐♦ ✵✳✶✼
ρp2,1 ❆❘✭✶✮ ❝♦❡✣❝✐❡♥t ♦♥ ❝♦♠♠♦❞✐t② ♣r✐❝❡s ✶✳✵✵✾✹
ρp2,2 ❆❘✭✷✮ ❝♦❡✣❝✐❡♥t ♦♥ ❝♦♠♠♦❞✐t② ♣r✐❝❡s ✲✵✳✸✺
m̄ ▼❛t❝❤✐♥❣ ❢✉♥❝t✐♦♥ ❡✣❝✐❡♥❝② ✭✐♠♣❧✐❡❞✮ ✵✳✽✽
b/w ❘❡♣❧❛❝❡♠❡♥t r❛t✐♦ ✭❛s ♣r♦♣♦rt✐♦♥ ♦❢ r❡❛❧ ✇❛❣❡✮ ✵✳✶✺
κ ❍✐r✐♥❣ ❝♦sts ✭✐♠♣❧✐❡❞✮ ✹✵✶✾
γ1 ❖✉t♣✉t ❡❧❛st✐❝✐t② ♦❢ ❧❛❜♦✉r ✐♥ ✇❤♦❧❡s❛❧❡ s❡❝t♦r ✭✐♠♣❧✐❡❞✮ ✵✳✷✽
α1 ❖✉t♣✉t ❡❧❛st✐❝✐t② ♦❢ ❝❛♣✐t❛❧ ✐♥ ✇❤♦❧❡s❛❧❡ s❡❝t♦r ✭✐♠♣❧✐❡❞✮ ✵✳✺✼
αx ❊①♣♦rt ❢✉♥❝t✐♦♥ ♣❛r❛♠❡t❡r ✭✐♠♣❧✐❡❞✮ ✼✵✳✾
αd ❍♦♠❡ ❜✐❛s ♣❛r❛♠❡t❡r ✭✐♠♣❧✐❡❞✮ ✵✳✽✹
α2 ❖✉t♣✉t ❡❧❛st✐❝✐t② ♦❢ ❝❛♣✐t❛❧ ✐♥ ❝♦♠♠♦❞✐t② s❡❝t♦r ✵✳✼
ζx ❋♦r❡✐❣♥ ❡❧❛st✐❝✐t② ♦❢ ❞❡♠❛♥❞ ❢♦r ❞♦♠❡st✐❝ ❣♦♦❞ ✾
β1 ❈♦♠♠♦❞✐t② ✇❡✐❣❤t ✐♥ ✇❤♦❧❡s❛❧❡ ♣r♦❞✉❝t✐♦♥ ✵✳✶✺

❊st✐♠❛t❡❞ ♣❛r❛♠❡t❡rs s✳❡✳

h ❉❡❣r❡❡ ♦❢ ❤❛❜✐ts ✵✳✻✻ ✭✵✳✵✽✮
ρ ❏♦❜ s❡♣❛r❛t✐♦♥ r❛t❡ ✵✳✶✷ ✭✵✳✵✵✮
γ ❍♦✉s❡❤♦❧❞✬s ❜❛r❣❛✐♥✐♥❣ ✇❡✐❣❤t ✵✳✸✺ ✭✵✳✵✶✮
ω ❈❛❧✈♦ ♣❛r❛♠❡t❡r ✭❤♦♠❡ ❣♦♦❞✮ ✵✳✽✽ ✭✵✳✵✵✮
ωf ❈❛❧✈♦ ♣❛r❛♠❡t❡r ✭✐♠♣♦rt❡❞ ❣♦♦❞✮ ✵✳✾✺ ✭✵✳✵✵✮
ζ ❉❡❣r❡❡ ♦❢ ✐♥❞❡①❛t✐♦♥ ✭❤♦♠❡ ❣♦♦❞✮ ✵✳✼✼ ✭✵✳✵✵✮
ζf ❉❡❣r❡❡ ♦❢ ✐♥❞❡①❛t✐♦♥ ✭✐♠♣♦rt❡❞ ❣♦♦❞✮ ✵✳✾✵ ✭✵✳✵✷✮
φ1 ■♥✈❡st♠❡♥t ❛❞❥✉st♠❡♥t ❝♦sts ✐♥ ✇❤♦❧❡s❛❧❡ s❡❝t♦r ✸✳✷✾ ✭✵✳✵✼✮
φ2 ■♥✈❡st♠❡♥t ❛❞❥✉st♠❡♥t ❝♦sts ✐♥ ❝♦♠♠♦❞✐t② s❡❝t♦r ✵✳✶✼ ✭✵✳✵✵✮
χ ■♥t❡r❡st r❛t❡ ♣r❡♠✐✉♠ ❡❧❛st✐❝✐t② ✵✳✶✺ ✭✵✳✵✶✮
ξp,2 ❘✐s❦ ♣r❡♠✐✉♠ ❡❧❛st✐❝✐t② t♦ ❝♦♠♠♦❞✐t② ♣r✐❝❡s ✲✵✳✶✾ ✭✵✳✵✵✮
φπ ■♥t❡r❡st r❛t❡ r✉❧❡ ✭✐♥✢❛t✐♦♥✮ ✶✳✵✺ ✭✵✳✵✶✮
φu ■♥t❡r❡st r❛t❡ r✉❧❡ ✭✉♥❡♠♣❧♦②♠❡♥t✮ ✵✳✺✽ ✭✵✳✵✶✮
φp2 ■♥t❡r❡st r❛t❡ r✉❧❡ ✭❝♦♠♠♦❞✐t② ♣r✐❝❡✮ ✲✵✳✵✶✺ ✭✵✳✵✵✮
ρr ■♥t❡r❡st r❛t❡ s♠♦♦t❤✐♥❣ ✵✳✵✾ ✭✵✳✵✶✮

✷✽



✺ ■♥s♣❡❝t✐♥❣ t❤❡ ♠❡❝❤❛♥✐s♠

❚❤❡ ♠♦❞❡❧ ❝♦♥t❛✐♥s s♦♠❡ ❢❡❛t✉r❡s ♦❢ ❛ ❉✉t❝❤ ❞✐s❡❛s❡ ❡✛❡❝t✱ ✐♥ t❤❛t t❤❡ ❝♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦

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

❛♥❞ ❡♠♣✐r✐❝❛❧ r❡s✉❧ts ❡①t❡♥❞ t❤❡ ✇♦r❦ ♦❢ ❇♦❞❡♥st❡✐♥ ❡t ❛❧✳ ✭✷✵✶✽✮✱ ●❛r❝í❛✲❈✐❝❝♦ ❛♥❞ ❑❛✇❛♠✉r❛

✭✷✵✶✺✮ ❛♥❞ ❑♦❤♥ ❡t ❛❧✳ ✭✷✵✷✶✮ ✐♥ t❤❛t ✇❡ ❛r❡ ❛❧s♦ ❛❜❧❡ t♦ ❛ss❡ss t❤❡ ❝♦♥s❡q✉❡♥❝❡s ❢♦r ❜♦t❤ ✐♥✢❛t✐♦♥

❛♥❞ ♥♦♠✐♥❛❧ ✐♥t❡r❡st r❛t❡s✳ ▼♦r❡♦✈❡r✱ ✇❡ s❤❡❞ ♥❡✇ ❧✐❣❤t ♦♥ t❤❡ r♦❧❡ ♦❢ ♠♦♥❡t❛r② ♣♦❧✐❝② ✐♥ t❤❡

tr❛♥s♠✐ss✐♦♥ ♦❢ t❤❡ ❝♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦✳ ❚❤❡ ✐♠♣✉❧s❡ ❧❡❛❞s t♦ ❛ ♣♦s✐t✐✈❡ ✇❡❛❧t❤ ❡✛❡❝t ❛♥❞

t♦ ❛♥ ✐♥❝r❡❛s❡ ✐♥ ❞❡s✐r❡❞ ❞♦♠❡st✐❝ ❡①♣❡♥❞✐t✉r❡ ✇❤✐❧❡ ❛❧s♦ ❧❡❛❞✐♥❣ t♦ ❛ s❤❛r♣ r❡❛❧ ❡①❝❤❛♥❣❡ r❛t❡

❛♣♣r❡❝✐❛t✐♦♥✳ ❆s ❛ r❡s✉❧t✱ ❛❧t❤♦✉❣❤ ♦✉t♣✉t ❛♥❞ ❡♠♣❧♦②♠❡♥t ✐♥ t❤❡ ❝♦♠♠♦❞✐t② s❡❝t♦r ❡①♣❛♥❞ t❤❡

r❡✈❡rs❡ ♦❝❝✉rs ✐♥ t❤❡ ❞♦♠❡st✐❝ tr❛❞❛❜❧❡ ❣♦♦❞ s❡❝t♦r✳ ◆♦♥❡t❤❡❧❡ss✱ t❤❡ ❡①♣❛♥s✐♦♥❛r② ❡✛❡❝t ♦❢ t❤❡

❢♦r♠❡r ✐s s✉✣❝✐❡♥t t♦ r❡s✉❧t ✐♥ ❛♥ ✐♥❝r❡❛s❡ ✐♥ ♥❡t ❡①♣♦rts✱ ❡♠♣❧♦②♠❡♥t ❛♥❞ ●❉P✳

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

st❛♥❞ ✇❤② ❡❛❝❤ ♦❢ t❤❡ ❢❡❛t✉r❡s ❞❡s❝r✐❜❡❞ ❛❜♦✈❡ ❛r❡ ♥❡❝❡ss❛r② ❢♦r ♠❛t❝❤✐♥❣ t❤❡ ❞❛t❛✱ ✇❡ ❝❛♥ ❝♦♥s✐❞❡r

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

❡st✐♠❛t❡❞ ✈❛❧✉❡s✳

❈♦♥s✐❞❡r ✜rst t❤❡ ❝♦♥s❡q✉❡♥❝❡s ♦❢ s❡tt✐♥❣ ξp,2 t♦ ③❡r♦✱ ✇❤❡r❡❜② t❤❡r❡ ✐s ♥♦ ❞✐r❡❝t r❡❞✉❝t✐♦♥ ♦♥ t❤❡

✐♥t❡r❡st r❛t❡ s♣r❡❛❞ ❢r♦♠ ❛♥ ✐♥❝r❡❛s❡ ✐♥ ❝♦♠♠♦❞✐t② ♣r✐❝❡s✳ ❚❤❡ r❡s✉❧ts ❛r❡ s❤♦✇♥ ✐♥ ❋✐❣✉r❡s ✺ ❛♥❞ ✻✱

✇❤✐❝❤ ❛❣❛✐♥ ❤✐❣❤❧✐❣❤t ❤♦✇ ✐❣♥♦r✐♥❣ t❤✐s ❝❤❛♥♥❡❧ r❡s✉❧ts ✐♥ ❛♥ ❡❝♦♥♦♠✐❝ ❡①♣❛♥s✐♦♥ ♠✉❝❤ ❧❛r❣❡r t❤❛♥

t❤❛t ❡st✐♠❛t❡❞ ✐♥ t❤❡ ❙❱❆❘✳ ❲✐t❤ ξp,2 = 0✱ t❤❡ ❝♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦ ❧❡❛❞s t♦ s❤❛r♣❡r ✐♥❝r❡❛s❡ ✐♥

t❤❡ ♥♦♠✐♥❛❧ ✐♥t❡r❡st r❛t❡ ❛♥❞ ❛ ♠♦❞❡st r❡❛❧ ❡①❝❤❛♥❣❡ r❛t❡ ❞❡♣r❡❝✐❛t✐♦♥✳ ❆❧t❤♦✉❣❤ t❤❡ ✐♥❝r❡❛s❡ ✐♥ t❤❡

❞♦♠❡st✐❝ ❞❡♠❛♥❞ ❢♦r t❤❡ ❤♦♠❡ ❣♦♦❞ ✐s s♠❛❧❧❡r✱ t❤❡ r❡❛❧ ❡①❝❤❛♥❣❡ r❛t❡ ❞❡♣r❡❝✐❛t✐♦♥ ❧❡❛❞s t♦ ❛ ❧❛r❣❡

✐♥❝r❡❛s❡ ✐♥ t❤❡ ❡①♣♦rts ♦❢ t❤❡s❡ ❣♦♦❞s✱ t♦ t❤❡ ❡①t❡♥t t❤❛t r❡s♦✉r❝❡s ❛r❡ r❡✲❛❧❧♦❝❛t❡❞ t♦ t❤✐s s❡❝t♦r

❛♥❞ ❛✇❛② ❢r♦♠ t❤❡ ♣r♦❞✉❝t✐♦♥ ♦❢ ❝♦♠♠♦❞✐t✐❡s✳ ❇❡✐♥❣ t❤❡ ❧❛r❣❡r ❝♦♠♣♦♥❡♥t ♦❢ ●❉P✱ t❤❡ ❡①♣❛♥s✐♦♥

✐♥ t❤❡ ❞♦♠❡st✐❝ tr❛❞❛❜❧❡ ❣♦♦❞ ❝❛✉s❡s ❛ s❤❛r♣ ✐♥❝r❡❛s❡ ✭❞❡❝r❡❛s❡✮ ✐♥ ●❉P ✭t❤❡ ✉♥❡♠♣❧♦②♠❡♥t r❛t❡✮✱

✇❤✐❧❡ t❤❡ r❡❛❧ ❡①❝❤❛♥❣❡ r❛t❡ ❞❡♣r❡❝✐❛t✐♦♥ ❛♠♣❧✐✜❡s t❤❡ ✐♥✢❛t✐♦♥❛r② ✐♠♣❛❝t ♦❢ t❤❡ s❤♦❝❦✳

◆❡①t✱ ✇❡ t✉r♥ t♦ ♠♦♥❡t❛r② ♣♦❧✐❝②✳ ■♥ t❤❡ ♠♦❞❡❧ ✇❡ ❛❧❧♦✇ ❢♦r ❛ ❞✐r❡❝t ❡✛❡❝t ♦❢ ❝♦♠♠♦❞✐t② ♣r✐❝❡s

♦♥ t❤❡ ✐♥t❡r❡st r❛t❡ r✉❧❡ ✈✐❛ φp,2 ❛♥❞ t❤❡ ❡✛❡❝ts ♦❢ s✇✐t❝❤✐♥❣ t❤✐s ❝❤❛♥♥❡❧ ♦✛ ❛r❡ s❤♦✇♥ ✐♥ ❋✐❣✉r❡s

✼ ❛♥❞ ✽✳ ❲✐t❤ φp,2 = 0 t❤❡ ❝♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦ r❡s✉❧ts ✐♥ ✈❡r② ♣r♦♥♦✉♥❝❡❞ s②♠♣t♦♠s ♦❢ t❤❡

✷✾



❋✐❣✉r❡ ✺✿ ❙❤♦❝❦ t♦ ❝♦♠♠♦❞✐t② ♣r✐❝❡s ❢♦r ❞✐✛❡r❡♥t ✈❛❧✉❡s ♦❢ ξp,2

◆♦t❡✿ ❚❤❡ s✐♠✉❧❛t✐♦♥ t❛❦❡s t❤❡ ❝❛❧✐❜r❛t❡❞ ❛♥❞ ❡st✐♠❛t❡❞ ♣❛r❛♠❡t❡rs ❢r♦♠ ❚❛❜❧❡ ✷ ✭s♦❧✐❞

❧✐♥❡✮✱ ✇❤✐❧❡ t❤❡ ❞❛s❤❡❞ ❧✐♥❡ s❤♦✇s ✐♠♣✉❧s❡ r❡s♣♦♥s❡s ✇✐t❤ ξp,2 = 0✳ ξp,2 r❡♣r❡s❡♥ts t❤❡

s❡♥s✐t✐✈✐t② ♦❢ t❤❡ ✐♥t❡r❡st r❛t❡ s♣r❡❛❞ t♦ ❝♦♠♠♦❞✐t② ♣r✐❝❡s✳ Π ❞❡♥♦t❡s t❤❡ ❣r♦ss ✐♥✢❛t✐♦♥

r❛t❡✱ rer t❤❡ r❡❛❧ ❡①❝❤❛♥❣❡ r❛t❡✱ u t❤❡ ✉♥❡♠♣❧♦②♠❡♥t r❛t❡✱ nx t❤❡ tr❛❞❡ ❜❛❧❛♥❝❡✲●❉P

r❛t✐♦ ❛♥❞ R ✐s t❤❡ ♥♦♠✐♥❛❧ ✐♥t❡r❡st r❛t❡✳

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

❤♦✉s❡❤♦❧❞s✱ t❤❡ ❧❛r❣❡r r❡❛❧ ❡①❝❤❛♥❣❡ r❛t❡ ❛♣♣r❡❝✐❛t✐♦♥ ❛♠♣❧✐✜❡s t❤❡ r❡✲❛❧❧♦❝❛t✐♦♥ ♦❢ r❡s♦✉r❝❡s ❢r♦♠

t❤❡ ❞♦♠❡st✐❝ ✇❤♦❧❡s❛❧❡ t♦ t❤❡ ❝♦♠♠♦❞✐t② s❡❝t♦r✱ ✇✐t❤ t❤❡ ❝♦♥s❡q✉❡♥❝❡ t❤❛t ✉♥❡♠♣❧♦②♠❡♥t r✐s❡s

✇❤✐❧❡ ✐♥✢❛t✐♦♥ ❢❛❧❧s✳ ❆s ❛ r❡s✉❧t✱ t❤❡ ✐♥❝❧✉s✐♦♥ ♦❢ φp,2 < 0 ✐♥ t❤❡ ♣♦❧✐❝② r✉❧❡ ❝❛♥ ❜❡ ✐♥t❡r♣r❡t❡❞ ❛s

❛tt❡♠♣ts ❜② t❤❡ ♠♦♥❡t❛r② ❛✉t❤♦r✐t② t♦ ❛♠❡❧✐♦r❛t❡ t❤❡ ❛❞✈❡rs❡ ✐♠♣❛❝ts ♦❢ ❝♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦s

♦♥ t❤❡ tr❛❞❛❜❧❡ s❡❝t♦r ❛♥❞ ❤❡♥❝❡ ♦♥ ✉♥❡♠♣❧♦②♠❡♥t✳✶✵ ❖♥❡ ❝♦♥s❡q✉❡♥❝❡ ♦❢ ❤❛✈✐♥❣ ♠♦♥❡t❛r② ♣♦❧✐❝②

✶✵❚❤❡ r❡❛s♦♥ ❢♦r ✐♥❝❧✉❞✐♥❣ ❝♦♠♠♦❞✐t② ♣r✐❝❡s ✐♥ t❤❡ ✐♥t❡r❡st r❛t❡ r✉❧❡ ❛♥❞ ♥♦t ♦t❤❡r ✈❛r✐❛❜❧❡s✱ s✉❝❤ ❛s t❤❡ r❡❛❧
❡①❝❤❛♥❣❡ r❛t❡ ✐s ❡♠♣✐r✐❝❛❧✳ ❲❡ ❡①♣❡r✐♠❡♥t❡❞ ✇✐t❤ ❞✐✛❡r❡♥t s♣❡❝✐✜❝❛t✐♦♥s ❜✉t t❤❡② ❛❧❧ ♣❡r❢♦r♠❡❞ ✈❡r② ♣♦♦r❧② ✇❤❡♥
❛tt❡♠♣t✐♥❣ t♦ ♠❛t❝❤ t❤❡ ❡st✐♠❛t❡❞ ✐♠♣✉❧s❡ r❡s♣♦♥s❡ ❢✉♥❝t✐♦♥s✳

✸✵



❋✐❣✉r❡ ✻✿ ❙❤♦❝❦ t♦ ❝♦♠♠♦❞✐t② ♣r✐❝❡s ❢♦r ❞✐✛❡r❡♥t ✈❛❧✉❡s ♦❢ ξp,2
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❙❡❡ ♥♦t❡s t♦ ❋✐❣✉r❡ ✺✳ ❚❤❡ s✉❜s❝r✐♣t 1 ✭2✮ ❞❡♥♦t❡s t❤❡ ❤♦♠❡ tr❛❞❛❜❧❡ ✭❝♦♠♠♦❞✐t②✮ s❡❝t♦r✳

❈♦♠♠♦❞✐t② ❡①♣♦rts ❛r❡ y2x✱ yw ✐s ❞♦♠❡st✐❝ tr❛❞❛❜❧❡ ♦✉t♣✉t ❛♥❞ yd ✐s ❞♦♠❡st✐❝ ❡①♣❡♥❞✐t✉r❡

♦♥ t❤❡ ❤♦♠❡ tr❛❞❛❜❧❡ ❣♦♦❞✳

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

❡✛❡❝t ♦♥ ✐♥✢❛t✐♦♥ ✐s ♣♦s✐t✐✈❡ ❛♥❞ t❤❡ ❡①♣❛♥s✐♦♥❛r② ❡✛❡❝ts ♦♥ ●❉P ❛r❡ ♠✉❝❤ ❧❛r❣❡r✳ ❲✐t❤ φp,2 = 0

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

■t ✐s ✐♥str✉❝t✐✈❡ t♦ ❛❧s♦ ❝♦♠♣❛r❡ t❤❡ ❡st✐♠❛t❡❞ ♠♦❞❡❧ ✇✐t❤ ♦♥❡ ✇❤❡r❡ ♠♦♥❡t❛r② ♣♦❧✐❝② ❢♦❧❧♦✇s ❛

s✐♠♣❧❡ ❚❛②❧♦r✲t②♣❡ r✉❧❡✳ ❆s ❛ s✐♠♣❧❡ ❡①❛♠♣❧❡ ✇❡ ❛ss✉♠❡ t❤❛t ✐♥t❡r❡st r❛t❡s ❢♦❧❧♦✇

✶✶■t s❤♦✉❧❞ ❜❡ ♥♦t❡❞ t❤❛t ❛❧t❤♦✉❣❤ t❤❡ ❡st✐♠❛t❡❞ ✈❛❧✉❡ ♦❢ φp,2 ✐s ✈❡r② s♠❛❧❧✱ t❤❡ ❡✛❡❝ts ❛r❡ ♥♦♥✲tr✐✈✐❛❧ ❣✐✈❡♥ t❤❡
❧❛r❣❡ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ♦❢ t❤❡ ❝♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦✳

✸✶



❋✐❣✉r❡ ✼✿ ❙❤♦❝❦ t♦ ❝♦♠♠♦❞✐t② ♣r✐❝❡s ❢♦r ❞✐✛❡r❡♥t ✈❛❧✉❡s ♦❢ φp,2

◆♦t❡✿ ❚❤❡ s✐♠✉❧❛t✐♦♥ t❛❦❡s t❤❡ ❝❛❧✐❜r❛t❡❞ ❛♥❞ ❡st✐♠❛t❡❞ ♣❛r❛♠❡t❡rs ❢r♦♠ ❚❛❜❧❡ ✷ ✭s♦❧✐❞

❧✐♥❡✮✱ ✇❤✐❧❡ t❤❡ ❞❛s❤❡❞ ❧✐♥❡ s❤♦✇s ✐♠♣✉❧s❡ r❡s♣♦♥s❡s ✇✐t❤ φp,2 = 0✳ φp,2 r❡♣r❡s❡♥ts t❤❡

❝♦❡✣❝✐❡♥t ♦♥ ❝♦♠♠♦❞✐t② ♣r✐❝❡s ✐♥ t❤❡ ✐♥t❡r❡st r❛t❡ r✉❧❡✳

Rt

R
=

(

Rt−1

R̄

)0.7
[

(

Πt

Π̄

)1.5(gdpt
gdp

)0.125
]0.3

✭✺✷✮

■♥ t❤✐s ❝❛s❡✱ t❤❡ r❡s♣♦♥s❡s ♦❢ ❜♦t❤ ●❉P ❛♥❞ ✐♥✢❛t✐♦♥ ❛r❡ q✉❛♥t✐t❛t✐✈❡❧② ♠✉❝❤ s♠❛❧❧❡r✱ t♦ t❤❡ ❡①t❡♥t

t❤❛t t❤❡ ❧❛tt❡r ❢❛❧❧s✳ ▼♦r❡♦✈❡r✱ ❝♦♠♣❛r❡❞ t♦ t❤❡ ❜❡♥❝❤♠❛r❦ ♠♦❞❡❧ ✇❤❡r❡ ❝♦♠♠♦❞✐t② ♣r✐❝❡s ❡♥t❡r

t❤❡ ♣♦❧✐❝② r✉❧❡✱ t❤❡ r❡❛❧ ❡①❝❤❛♥❣❡ r❛t❡ ❛♣♣r❡❝✐❛t❡s ❡✈❡♥ ♠♦r❡✳ ❚❤✐s ♣r♦❞✉❝❡s ❛ ❧❛r❣❡r ❝♦♥tr❛❝t✐♦♥

✐♥ t❤❡ ❞♦♠❡st✐❝ tr❛❞❛❜❧❡ s❡❝t♦r s♦ t❤❛t ♦✈❡r❛❧❧ ✉♥❡♠♣❧♦②♠❡♥t r✐s❡s✳ ▼♦❞✐❢②✐♥❣ t❤❡ ❝♦❡✣❝✐❡♥ts ✐♥

t❤❡ r❡❛❝t✐♦♥ ❢✉♥❝t✐♦♥ ❛❜♦✈❡ ✇♦✉❧❞ ♥♦t ❛❧t❡r t❤❡ ❝♦♥❝❧✉s✐♦♥ t❤❛t s✉❝❤ ❛ ❚❛②❧♦r✲t②♣❡ r✉❧❡ ✐s ✉♥❛❜❧❡ t♦

♠❛t❝❤ t❤❡ ❡st✐♠❛t❡❞ ✐♠♣✉❧s❡ r❡s♣♦♥s❡s t♦ ❛ ❝♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦✳✶✷

✶✷❆♥ ✐♥t❡r❡st✐♥❣ ❢❡❛t✉r❡ ♦❢ t❤✐s ❛♥❛❧②s✐s ✐s t❤❛t t❤❡ ❝♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦ ♣r♦❞✉❝❡s ❛♥ ♦✈❡r❛❧❧ ♠✉❝❤ s♠❛❧❧❡r ✐♥❝r❡❛s❡

✸✷



❋✐❣✉r❡ ✽✿ ❙❤♦❝❦ t♦ ❝♦♠♠♦❞✐t② ♣r✐❝❡s ❢♦r ❞✐✛❡r❡♥t ✈❛❧✉❡s ♦❢ φp,2

2 4 6 8

-2

-1

0

n
1

2 4 6 8

0

5

n
2

2 4 6 8

0

1

2

w

2 4 6 8

0

1

2

y
2

2 4 6 8

0

10

y
2x

2 4 6 8

-1.5

-1

-0.5

0

y
w

2 4 6 8

-0.5

0

0.5

y
d

2 4 6 8

-0.15

-0.1

-0.05

0

0.05

i
1

2 4 6 8

0

5

i
2

❙❡❡ ♥♦t❡s t♦ ❋✐❣✉r❡ ✼✳ ❚❤❡ s✉❜s❝r✐♣t 1 ✭2✮ ❞❡♥♦t❡s t❤❡ ❤♦♠❡ tr❛❞❛❜❧❡ ✭❝♦♠♠♦❞✐t②✮ s❡❝t♦r✳

❈♦♠♠♦❞✐t② ❡①♣♦rts ❛r❡ y2x✱ yw ✐s ❞♦♠❡st✐❝ tr❛❞❛❜❧❡ ♦✉t♣✉t ❛♥❞ yd ✐s ❞♦♠❡st✐❝ ❡①♣❡♥❞✐t✉r❡

♦♥ t❤❡ ❤♦♠❡ tr❛❞❛❜❧❡ ❣♦♦❞✳

❖♥❡ ❦❡② r❡s✉❧t t❤❛t ❡♠❡r❣❡s ❢r♦♠ t❤✐s ♣❛rt ♦❢ t❤❡ ❛♥❛❧②s✐s ✐s t❤❛t ♠♦♥❡t❛r② ♣♦❧✐❝② ♠❛tt❡rs ❢♦r

t❤❡ ❞②♥❛♠✐❝s✱ ♥♦t ♦♥❧② ♦❢ ✐♥✢❛t✐♦♥✱ ❜✉t ❢♦r t❤❡ r❡❛❧ ✈❛r✐❛❜❧❡s✳ ▼♦r❡♦✈❡r✱ t❤❡ ♠♦❞❡❧ s✉❣❣❡sts t❤❛t

s②♠♣t♦♠s ♦❢ t❤❡ ❉✉t❝❤ ❞✐s❡❛s❡ ❢♦❧❧♦✇✐♥❣ ❝♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦s ❛r❡ ❞❡♣❡♥❞❡♥t ♦♥ t❤❡ ❜❡❤❛✈✐♦✉r

♦❢ ♠♦♥❡t❛r② ♣♦❧✐❝②✳ ❇② ❞✐r❡❝t❧② r❡s♣♦♥❞✐♥❣ t♦ ❝♦♠♠♦❞✐t② ♣r✐❝❡ ♠♦✈❡♠❡♥ts✱ t❤❡ ❝❡♥tr❛❧ ❜❛♥❦ ✐s ❛❜❧❡

t♦ s✉❜st❛♥t✐❛❧❧② r❡❞✉❝❡ t❤❡ ✈♦❧❛t✐❧✐t② ✐♥ t❤❡ ✇❤♦❧❡s❛❧❡ s❡❝t♦r✱ ❝♦♥❞✐t✐♦♥❛❧ ♦♥ s❤♦❝❦s t♦ ❝♦♠♠♦❞✐t②

♣r✐❝❡s✳✶✸ ❚❤❡r❡❢♦r❡✱ ♠♦❞❡❧s t❤❛t r❡❧② s♦❧❡❧② ♦♥ r❡❛❧ ✈❛r✐❛❜❧❡s✱ s✉❝❤ ❛s ❇♦❞❡♥st❡✐♥ ❡t ❛❧✳ ✭✷✵✶✽✮✱

✐♥ t❤❡ ♥♦♠✐♥❛❧ ✐♥t❡r❡st r❛t❡ ❞❡s♣✐t❡ ✐ts ❢♦r♠✉❧❛t✐♦♥ ❜❡✐♥❣ ♠♦r❡ ❛❣❣r❡ss✐✈❡ t♦✇❛r❞s ✐♥✢❛t✐♦♥ ❛♥❞ ♦✉t♣✉t✳ ❍♦✇❡✈❡r✱ ✐t
✐s t❤✐s ✈❡r② ❤❛✇❦✐s❤ r❡s♣♦♥s❡ t❤❛t ♣r♦❞✉❝❡s ♠♦r❡ st❛❜❧❡ ✐♥✢❛t✐♦♥ ❛♥❞ ♦✉t♣✉t✱ ✇❤✐❝❤ t❤❡♥ r❡q✉✐r❡ ❛ ♠♦r❡ ♠♦❞❡r❛t❡
✐♥❝r❡❛s❡ ✐♥ ✐♥t❡r❡st r❛t❡s✳

✶✸■♥t❡r❡st✐♥❣❧②✱ ❍❡✈✐❛ ❛♥❞ ◆✐❝♦❧✐♥✐ ✭✷✵✶✹✮ s✉❣❣❡st t❤❛t ✐♥ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ♣r✐❝❡ ❢r✐❝t✐♦♥s t❤❡ ❉✉t❝❤ ❞✐s❡❛s❡ r❡✢❡❝ts
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❋✐❣✉r❡ ✾✿ ❙❤♦❝❦ t♦ ❝♦♠♠♦❞✐t② ♣r✐❝❡s ✇✐t❤ ❚❛②❧♦r r✉❧❡

◆♦t❡✿ ❚❤❡ s✐♠✉❧❛t✐♦♥ t❛❦❡s t❤❡ ❝❛❧✐❜r❛t❡❞ ❛♥❞ ❡st✐♠❛t❡❞ ♣❛r❛♠❡t❡rs ❢r♦♠ ❚❛❜❧❡ ✷ ✭s♦❧✐❞

❧✐♥❡✮✱ ✇❤✐❧❡ t❤❡ ❞❛s❤❡❞ ❧✐♥❡ s❤♦✇s ✐♠♣✉❧s❡ r❡s♣♦♥s❡s ✇✐t❤ t❤❡ ✐♥t❡r❡st r❛t❡ r✉❧❡ Rt

R
=

(

Rt−1

R̄

)0.7
[

(

Πt

Π̄

)1.5
(

gdpt
gdp

)0.125
]0.3

✳

●❛r❝í❛✲❈✐❝❝♦ ❛♥❞ ❑❛✇❛♠✉r❛ ✭✷✵✶✺✮ ❛♥❞ ❉r❡❝❤s❡❧ ❛♥❞ ❚❡♥r❡②r♦ ✭✷✵✶✽✮✱ ♦♠✐t ❛ ♣♦t❡♥t✐❛❧❧② ✐♠♣♦rt❛♥t

❝❤❛♥♥❡❧ t❤r♦✉❣❤ ✇❤✐❝❤ ❝♦♠♠♦❞✐t② ♣r✐❝❡s tr❛♥s♠✐t ✐♥ ❛♥ ❡❝♦♥♦♠②✳

❚❤❡ ❛♥❛❧②s✐s ❛❜♦✈❡ ❤✐❣❤❧✐❣❤ts t❤❡ ✐♠♣♦rt❛♥t r♦❧❡ t❤❛t t❤❡ r❡❛❧ ❡①❝❤❛♥❣❡ r❛t❡ ♣❧❛②s ✐♥ ❡♥❛❜❧✐♥❣ t❤❡

♠♦❞❡❧ t♦ ♠❛t❝❤ t❤❡ ✐♠♣✉❧s❡ r❡s♣♦♥s❡s✳ ❋❛❝t♦rs t❤❛t ❛tt❡♥✉❛t❡ t❤❡ r❡❛❧ ❡①❝❤❛♥❣❡ r❛t❡ ❛♣♣r❡❝✐❛t✐♦♥✱

s✉❝❤ ❛s r❡❧❛t✐✈❡❧② ❤✐❣❤ ✭❧♦✇✮ ✈❛❧✉❡s ♦❢ β1 ✭φp,2✮✱ ♣r♦❞✉❝❡ str♦♥❣❡r ✐♥❝r❡❛s❡s ✐♥ ✐♥✢❛t✐♦♥ ❛❧♦♥❣s✐❞❡

r❡❞✉❝t✐♦♥s ✐♥ t❤❡ ✉♥❡♠♣❧♦②♠❡♥t r❛t❡ ❛s ✇❡❧❧ ❛s ❧✐♠✐t✐♥❣ t❤❡ ❥✉♠♣ ✐♥ ♥❡t ❡①♣♦rts✳

❚♦ s✉♠♠❛r✐s❡✱ ♦✉r t❤❡♦r❡t✐❝❛❧ ♠♦❞❡❧ ♣r♦✈✐❞❡s ❛ r❛t✐♦♥❛❧❡ ❢♦r t❤❡ ❡✈✐❞❡♥❝❡ ♣r❡s❡♥t❡❞ ✐♥ s❡❝t✐♦♥ ✷

t❤❡ ♦♣t✐♠❛❧ r❡s♣♦♥s❡ t♦ ❛ r❡❧❛t✐✈❡ ♣r✐❝❡ s❤♦❝❦✱ r❛t❤❡r t❤❛♥ s♦♠❡t❤✐♥❣ t❤❛t s❤♦✉❧❞ ❜❡ ❛tt❡♥✉❛t❡❞✳
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❋✐❣✉r❡ ✶✵✿ ❙❤♦❝❦ t♦ ❝♦♠♠♦❞✐t② ♣r✐❝❡s ✇✐t❤ ❚❛②❧♦r r✉❧❡
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❙❡❡ ♥♦t❡s t♦ ❋✐❣✉r❡ ✾✳ ❚❤❡ s✉❜s❝r✐♣t 1 ✭2✮ ❞❡♥♦t❡s t❤❡ ❤♦♠❡ tr❛❞❛❜❧❡ ✭❝♦♠♠♦❞✐t②✮ s❡❝t♦r✳

❈♦♠♠♦❞✐t② ❡①♣♦rts ❛r❡ y2x✱ yw ✐s ❞♦♠❡st✐❝ tr❛❞❛❜❧❡ ♦✉t♣✉t ❛♥❞ yd ✐s ❞♦♠❡st✐❝ ❡①♣❡♥❞✐t✉r❡

♦♥ t❤❡ ❤♦♠❡ tr❛❞❛❜❧❡ ❣♦♦❞✳

r❡❣❛r❞✐♥❣ t❤❡ ♠❛❝r♦❡❝♦♥♦♠✐❝ ❡✛❡❝ts ♦❢ ❛ s❤♦❝❦ t♦ ❝♦♠♠♦❞✐t② ♣r✐❝❡s✳ ❇✉t ✐♥ ♦r❞❡r t♦ ♠❛t❝❤ t❤❡

❡st✐♠❛t❡❞ ✐♠♣✉❧s❡ r❡s♣♦♥s❡s✱ t❤❡ ❉❙●❊ ♠♦❞❡❧ r❡q✉✐r❡s ❛❧❧ t❤r❡❡ ♦❢ t❤❡ ♠❡❝❤❛♥✐s♠s ❞✐s❝✉ss❡❞ ❛❜♦✈❡

t♦ ❜❡ ♣r❡s❡♥t✳

✻ ❈♦♥❝❧✉s✐♦♥

■♥ t❤✐s ♣❛♣❡r ✇❡ ❡st✐♠❛t❡ ❛s str✉❝t✉r❛❧ ♣❛♥❡❧ ✈❡❝t♦r ❛✉t♦r❡❣r❡ss✐♦♥ t♦ q✉❛♥t✐❢② t❤❡ ✐♠♣❛❝ts ♦❢

❝♦♠♠♦❞✐t② ♣r✐❝❡ s❤♦❝❦s ✐♥ ❡♠❡r❣✐♥❣ s♠❛❧❧ ♦♣❡♥ ❡❝♦♥♦♠✐❡s✳ ❚❤❡ s❤♦❝❦ ✐s ❡①♣❛♥s✐♦♥❛r②✱ ✇✐t❤ ♦✉t♣✉t✱

t❤❡ tr❛❞❡ ❜❛❧❛♥❝❡ ❛♥❞ ✐♥✢❛t✐♦♥ ❛❧❧ ✐♥❝r❡❛s✐♥❣ ✇❤✐❧❡ ✉♥❡♠♣❧♦②♠❡♥t ❢❛❧❧s ❛♥❞ t❤❡ r❡❛❧ ❡①❝❤❛♥❣❡ r❛t❡
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❛♣♣r❡❝✐❛t❡s✳ ❚❤❡ ❡❝♦♥♦♠② r❡s♣♦♥❞s t♦ t❤❡ ✐♥❝r❡❛s❡ ✐♥ ❝♦♠♠♦❞✐t② ♣r✐❝❡s ✇✐t❤ ❛ ❧❛❣✳ ❚♦ ✉♥❞❡rst❛♥❞

t❤❡s❡ ❞②♥❛♠✐❝s ✇❡ ❞❡✈❡❧♦♣ ❛ ◆❡✇ ❑❡②♥❡s✐❛♥ ❉❙●❊ ♠♦❞❡❧ ✇✐t❤ s❡❛r❝❤ ❛♥❞ ♠❛t❝❤✐♥❣ ❢r✐❝t✐♦♥s ✐♥

❛❞❞✐t✐♦♥ t♦ ❛ ❝♦♠♠♦❞✐t②✲♣r♦❞✉❝✐♥❣ s❡❝t♦r✳ ❚❤❡ ♠♦❞❡❧ ✐s t❤❡♥ t❛❦❡♥ t♦ t❤❡ ❞❛t❛ ❜② ♠❛t❝❤✐♥❣ t❤❡

✐♠♣✉❧s❡ r❡s♣♦♥s❡s ❢r♦♠ t❤❡ ❱❆❘ ✇✐t❤ t❤♦s❡ ❢r♦♠ t❤❡ ♠♦❞❡❧✳ ❲❡ ✜♥❞ t❤❛t t❤❡ s❡♥s✐t✐✈✐t② ♦❢ t❤❡ r✐s❦

♣r❡♠✐✉♠ t♦ ❝♦♠♠♦❞✐t② ♣r✐❝❡s ❛♥❞ t❤❡ s♣❡❝✐✜❝ ❢♦r♠ ♦❢ t❤❡ ♠♦♥❡t❛r② ♣♦❧✐❝② r✉❧❡ ❢♦r♠ ✐♠♣♦rt❛♥t

❛♥❞ ❡ss❡♥t✐❛❧ ❡❧❡♠❡♥ts ♦❢ t❤❡ tr❛♥s♠✐ss✐♦♥ ♠❡❝❤❛♥✐s♠✳ ❚❤❡ ♠❛❣♥✐t✉❞❡ ♦❢ ❉✉t❝❤ ❞✐s❡❛s❡ ❡✛❡❝ts✱ ✐❢

♣r❡s❡♥t✱ ✐s ♣❛rt❧② ❛ ♣♦❧✐❝② ❝❤♦✐❝❡✳ ❇② ❞✐r❡❝t❧② r❡s♣♦♥❞✐♥❣ t♦ ❝♦♠♠♦❞✐t② ♣r✐❝❡s✱ t❤❡ ❝❡♥tr❛❧ ❜❛♥❦ ❝❛♥

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

♦t❤❡r✇✐s❡ ❧❡❛❞ t♦ r✐s❡s ✐♥ t❤❡ ✉♥❡♠♣❧♦②♠❡♥t r❛t❡ ❝♦♠❜✐♥❡❞ ✇✐t❤ ❛ s♠❛❧❧❡r ✐♥❝r❡❛s❡ ✐♥ ●❉P✳
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❘❡❢❡r❡♥❝❡s

❆❞♦❧❢s♦♥✱ ▼✳✱ ❙✳ ▲❛s❡❡♥✱ ❏✳ ▲✐♥❞❡✱ ❛♥❞ ▼✳ ❱✐❧❧❛♥✐ ✭✷✵✵✼✱ ❏✉❧②✮✳ ❇❛②❡s✐❛♥ ❡st✐♠❛t✐♦♥ ♦❢ ❛♥ ♦♣❡♥
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gdpt ●❉P ❖❊❈❉✬s ▼❛✐♥ ❊❝♦♥♦♠✐❝ ■♥❞✐❝❛t♦rs ✭▼❊■✮
πt ❈P■ ✐♥✢❛t✐♦♥ ▼❊■
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♣r✐❝❡ ❢♦r ❈❤✐❧❡❀ t❤❡ ❞❛s❤❡❞✲❞♦tt❡❞ ❧✐♥❡ ❛r❡ t❤❡ ❡st✐♠❛t❡s ❢r♦♠ ❛ ❱❆❘ t❤❛t ✐♥❝❧✉❞❡s t❤❡
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