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❘❡✈✐s✐t✐♥❣ t❤❡ ❆❆✲❉❉ ♠♦❞❡❧ ✐♥ ❩❡r♦ ▲♦✇❡r ❇♦✉♥❞✯

❈❤❛r❧❡s ❖❧✐✈✐❡r ▼❆❖ ❚❆❑❖◆●▼❖❸

❯♥✐✈❡rs✐t② ♦❢ ❖tt❛✇❛

✷✾t❤ ❏❛♥✉❛r② ✷✵✶✾

❆❜str❛❝t

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

❝❛♥ ❛✛❡❝t t❤❡ ❧✐♥❦ ❜❡t✇❡❡♥ ♦✉t♣✉t ❛♥❞ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ✐♥ ③❡r♦ ❧♦✇❡r ❜♦✉♥❞ ✭❩▲❇✮

♣❡r✐♦❞s✳ ■♥ ♦✉r ♣r♦♣♦s❡❞ ♠♦❞❡❧✱ t❤❡ ❡①♣❡❝t❡❞ ♥❡❛r✲❢✉t✉r❡ ✐♥t❡r❡st r❛t❡ ✐s ❛❞❞❡❞ ❛s ❛♥

❡♥❞♦❣❡♥♦✉s ✈❛r✐❛❜❧❡✳ ❯♥❧✐❦❡ ❡①✐st✐♥❣ ❆❆✲❉❉ ♠♦❞❡❧s ✐♥ ❩▲❇✱ t❤❡ ♥♦♠✐♥❛❧ ❡①❝❤❛♥❣❡

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

✐♥ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ✐♥ ❛ ❩▲❇ ♣❡r✐♦❞ ✐s ❞❡✢❡❝t❡❞ ❜② ❛♥ ❛♣♣r❡❝✐❛t✐♦♥ ♦❢ t❤❡ ❝✉rr❡♥t

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

♠♦❞❡❧ ✐s ❛❧s♦ ❣❡♥❡r❛❧❧② ✉s❡❞ ❜② ♠❛♥② ❝❡♥tr❛❧ ❜❛♥❦s ❛♥❞ ❣♦✈❡r♥♠❡♥ts✳ ❚❤❡ ❡①✐st✐♥❣ ❆❆✲

❉❉ ♠♦❞❡❧ ❝❛♥ ❜❡ ♠✐s❧❡❛❞✐♥❣✳ ❖✉r ♥❡✇ ❆❆✲❉❉ ♠♦❞❡❧ ♠❛② ❤❡❧♣ t♦ ✉♣❞❛t❡ t❤❡ ❡①✐st✐♥❣

♠♦❞❡❧ ✐♥ ❩▲❇ ♣❡r✐♦❞s✳ ❖✉r ❆❆✲❉❉ ♠♦❞❡❧ ✐s ❛❧s♦ ❝♦♥s✐st❡♥t ✇✐t❤ r❡❝❡♥t ❞②♥❛♠✐❝

st♦❝❤❛st✐❝ ❣❡♥❡r❛❧ ❡q✉✐❧✐❜r✐✉♠ ♠♦❞❡❧s ✐♥ ♦♣❡♥ ❡❝♦♥♦♠✐❡s ✐♥ ❩▲❇ ♣❡r✐♦❞s✳

❑❡②✇♦r❞s✿ ❩❡r♦ ❧♦✇❡r ❜♦✉♥❞❀ ❚❤❡ ❡①❝❤❛♥❣❡ r❛t❡❀ ●♦✈❡r♥♠❡♥t ❙♣❡♥❞✐♥❣✳

❏❊▲ ❝❧❛ss✐✜❝❛t✐♦♥✿ ❊✹✱ ❊✻✷✱ ❋✹✶✳

✯❲❡ ✇✐s❤ t♦ t❤❛♥❦ Pr♦❢❡ss♦r ❙t❡✈❡♥ ❆♠❜❧❡r ❛♥❞ Pr♦❢❡ss♦r ❱✐❝t♦r✐❛ ❩✐♥❞❡✲❲❛❧s❤ ❢♦r ❝♦♠♠❡♥ts ❛♥❞ s✉❣✲
❣❡st✐♦♥s✳

❸❆ss✐st❛♥t Pr♦❢❡ss♦r✱ ❯♥✐✈❡rs✐t② ♦❢ ❖tt❛✇❛✱ ✶✷✵ ❯♥✐✈❡rs✐t②✱ ❙♦❝✐❛❧ ❙❝✐❡♥❝❡s ❇✉✐❧❞✐♥❣✱ ❘♦♦♠
✾✵✵✺✱ ❖tt❛✇❛✱ ❖♥t❛r✐♦✱ ❈❛♥❛❞❛✱ ❑✶◆ ✻◆✺❀ ❡✲♠❛✐❧✿ ❝♠❛♦t❛❦♦❅✉♦tt❛✇❛✳❝❛ ❲❡❜ ♣❛❣❡✿
❤tt♣s✿✴✴s✐t❡s✳❣♦♦❣❧❡✳❝♦♠✴s✐t❡✴♠❛♦t❛❦♦♥❣♠♦❝❤❛r❧❡s✴

✶



✶ ■♥tr♦❞✉❝t✐♦♥

❚❤❡ ❆❆✲❉❉ ♠♦❞❡❧ ♦❢ ❑r✉❣♠❛♥✱ ❖❜st❢❡❧❞✱ ✫ ▼❡❧✐t③ ✭✷✵✶✷✱ ♣❛❣❡ ✹✺✸✮ s✉♠♠❛r✐s❡s t❤r❡❡

♠❛r❦❡ts✿ t❤❡ ❢♦r❡✐❣♥ ❡①❝❤❛♥❣❡ ♠❛r❦❡t✱ t❤❡ ♠♦♥❡② ♠❛r❦❡t✱ ❛♥❞ t❤❡ ♠❛r❦❡t ♦❢ ❣♦♦❞s ❛♥❞

s❡r✈✐❝❡s✳ ❚❤❡ ♠❛✐♥ ❛✐♠ ♦❢ t❤❡ ❆❆✲❉❉ ♠♦❞❡❧ ✐s t♦ ❛♥❛❧②s❡ ❣♦✈❡r♥♠❡♥ts✬ ❛♥❞ ❝❡♥tr❛❧ ❜❛♥❦s✬

♣♦❧✐❝✐❡s ✉s✐♥❣ t✇♦ s✐♠♣❧❡ ❝✉r✈❡s✳ ❚❤❡ ✜rst ❝✉r✈❡ ✭♥❛♠❡❞ t❤❡ ❆❆ ❝✉r✈❡✮✱ ✇❤✐❝❤ r❡♣r❡s❡♥ts t❤❡

❛ss❡t ♠❛r❦❡t ❡q✉✐❧✐❜r✐❛✱ s✉♠♠❛r✐s❡s t❤❡ ♠♦♥❡② ♠❛r❦❡t ❛♥❞ t❤❡ ❢♦r❡✐❣♥ ❡①❝❤❛♥❣❡ ♠❛r❦❡ts✳

❚❤❡ s❡❝♦♥❞ ❝✉r✈❡ ✭t❤❡ ❉❉ ❝✉r✈❡✮ r❡♣r❡s❡♥ts t❤❡ ❣♦♦❞s ♠❛r❦❡t ❡q✉✐❧✐❜r✐❛✳ ❆t t❤❡ ✐♥t❡rs❡❝t✐♦♥

♦❢ t❤❡ t✇♦ ❝✉r✈❡s✱ ❡❛❝❤ ♦❢ t❤❡ t❤r❡❡ ♠❛r❦❡ts ✐s ✐♥ ❡q✉✐❧✐❜r✐✉♠ ✭❑r✉❣♠❛♥✱ ❖❜st❢❡❧❞✱ ✫ ▼❡❧✐t③✱

✷✵✶✷✱ ♣❛❣❡ ✹✺✸✮✳

■♥ ❡①✐st✐♥❣ ❆❆✲❉❉ ♠♦❞❡❧s✱ t❤❡ ❩▲❇ ✐♥t❡r❡st r❛t❡ ✐♠♣❧✐❡s ❛ ✜①❡❞ ❡①❝❤❛♥❣❡ r❛t❡ ✭❑r✉❣♠❛♥

❡t ❛❧✳✱ ✷✵✶✷✱ ♣❛❣❡ ✹✺✸✮✳✶ ❚❤❡ ✜①❡❞ ❡①❝❤❛♥❣❡ r❛t❡ ❧❡❛❞s t♦ ❛ ❧❛r❣❡r ♦✉t♣✉t ❡✛❡❝t ♦❢ ❛♥ ✐♥❝r❡❛s❡

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

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

✭❉❙●❊✮ ♠♦❞❡❧s ✐♥ ♦♣❡♥ ❡❝♦♥♦♠✐❡s✳ ❋♦r ❡①❛♠♣❧❡✱ ✉s✐♥❣ ❛ ❉❙●❊ ♠♦❞❡❧ ✐♥ ♦♣❡♥ ❡❝♦♥♦♠✐❡s✱

▼❛♦ ❚❛❦♦♥❣♠♦ ✭✷✵✶✼✮ s❤♦✇s t❤❛t ✐♥❝r❡❛s❡s ✐♥ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ❞✉r✐♥❣ t❤❡ ❩▲❇ ♣❡r✐♦❞

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

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

❡✛❡❝t ♦❢ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ♦♥ t♦t❛❧ ♣r♦❞✉❝t✐♦♥✳ ❚❤❡ ❆❆✲❉❉ ♠♦❞❡❧ ✐s ✇✐❞❡❧② t❛✉❣❤t ✐♥

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

t❤❛t ❞r✐✈❡ t❤❡ r❡s✉❧ts ❛r❡ s✐♠♣❧❡ ❛♥❞ ✉♥❞❡rst❛♥❞❛❜❧❡✳ ❚❤❡ ❆❆✲❉❉ ♠♦❞❡❧ ✐s ❛❧s♦ ✉s❡❞ ❜②

♠❛♥② ❝❡♥tr❛❧ ❜❛♥❦s ❛♥❞ ❣♦✈❡r♥♠❡♥ts✳ ■t ✐s t❤❡r❡❢♦r❡ ✐♠♣♦rt❛♥t t❤❛t t❤❡ ♠♦❞❡❧ ♣r♦✈✐❞❡

❝♦rr❡❝t ♣r❡❞✐❝t✐♦♥s✳ ❉✉r✐♥❣ t❤❡ ✷✵✵✼ ✜♥❛♥❝✐❛❧ ❝r✐s✐s ❛♥❞ t❤❡ r❡❝❡ss✐♦♥ t❤❛t ❢♦❧❧♦✇❡❞✱ t❤❡

♥♦♠✐♥❛❧ ✐♥t❡r❡st r❛t❡ r❡❛❝❤❡❞ ❛ ❧♦✇❡r ❜♦✉♥❞ ❛♥❞ r❡♠❛✐♥❡❞ ❛t ❛ ✈❡r② ❧♦✇ ❧❡✈❡❧ ❢♦r ❛ ❧♦♥❣ ♣❡r✐♦❞

♦❢ t✐♠❡ ✭❝❛❧❧❡❞ t❤❡ ③❡r♦ ❧♦✇❡r ❜♦✉♥❞ ❬❩▲❇❪ ♣❡r✐♦❞✮✳ ❉✉r✐♥❣ t❤❡ ❩▲❇ ♣❡r✐♦❞✱ ❝❡♥tr❛❧ ❜❛♥❦s

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

✶❚❤❡ ✐♥t❡r❡st ♣❛r✐t② ❝♦♥❞✐t✐♦♥ t❤❛t s✉♠♠❛r✐③❡s t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ t❤❡ ♦✉t♣✉t ❛♥❞ t❤❡ ♥♦♠✐♥❛❧
❡①❝❤❛♥❣❡ r❛t❡✱ ✇❤❡♥ ❜♦t❤ t❤❡ ♠♦♥❡② ♠❛r❦❡t ❛♥❞ t❤❡ ❢♦r❡✐❣♥ ❡①❝❤❛♥❣❡ ♠❛r❦❡t ❛r❡ ✐♥ ❡q✉✐❧✐❜r✐✉♠✱ ✐♠♣❧✐❡s ❛
✜①❡❞ ❡①❝❤❛♥❣❡ r❛t❡ ❞✉r✐♥❣ ❩▲❇ ♣❡r✐♦❞s✳

✷



r❛t❡ t♦ ✐♥❝r❡❛s❡ ♦✉t♣✉t✳ ❆s ❛ r❡s✉❧t✱ ❣♦✈❡r♥♠❡♥ts ♦❢ ♠❛♥② ❝♦✉♥tr✐❡s✱ ✐♥❝❧✉❞✐♥❣ t❤❡ ❯♥✐t❡❞

❙t❛t❡s✱ st❛rt❡❞ t♦ ✐♥❝r❡❛s❡ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ t♦ ❜♦♦st ♦✉t♣✉t✳✷ ❯s✐♥❣ ❯❙ ❞❛t❛✱ ❇♦s❦✐♥

✭✷✵✶✷✮ ♣r♦✈✐❞❡s ❡♠♣✐r✐❝❛❧ ❡✈✐❞❡♥❝❡ t❤❛t t❤❡ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ♣♦❧✐❝② ❞✐❞ ♥♦t ✇♦r❦ ✐♥

t❤❡ ❯♥✐t❡❞ ❙t❛t❡s✳ ❇♦s❦✐♥ ♦❜s❡r✈❡s t❤❛t t❤❡ ✐♥❝r❡❛s❡ ✐♥ ❞❡❜t ❡①❝❡❡❞❡❞ t❤❡ ✐♠♣r♦✈❡♠❡♥t

✐♥ t♦t❛❧ ♣r♦❞✉❝t✐♦♥ ❞✉r✐♥❣ t❤❡ ❩▲❇ ♣❡r✐♦❞✳ ■t ✐s ✐♠♣♦rt❛♥t t♦ ♥♦t❡ t❤❛t✱ ❜❡❢♦r❡ ♦❜s❡r✈✐♥❣

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

❊①✐st✐♥❣ ❆❆✲❉❉ ♠♦❞❡❧ ♣r❡❞✐❝t✐♦♥s ❝❛♥ ❜❡ ♠✐s❧❡❛❞✐♥❣ ❛♥❞ ♠❛② ♥♦t ❜❡ ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡

❞❛t❛✳ ▼♦r❡♦✈❡r✱ t❤❡ ❆❆✲❉❉ ♠♦❞❡❧ ♣r❡❞✐❝t✐♦♥s ❛r❡ ♥♦t ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ r❡❝❡♥t ❉❙●❊

❧✐t❡r❛t✉r❡ ✐♥ ❩▲❇ ✐♥ ♦♣❡♥ ❡❝♦♥♦♠✐❡s✳ ■t ✐s t❤❡r❡❢♦r❡ ✈❡r② ✐♠♣♦rt❛♥t t♦ r❡✈✐s✐t t❤❡ ♠♦❞❡❧ ✐♥

❩▲❇ ♣❡r✐♦❞s✳

■♥ ❩▲❇ ♣❡r✐♦❞s✱ ❛❣❡♥ts ✉s✉❛❧❧② t❛❦❡ ✐♥t♦ ❛❝❝♦✉♥t t❤❡ ❡①♣❡❝t❡❞ ✐♥t❡r❡st r❛t❡ ✐♥ t❤❡ ♥❡❛r

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

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

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

❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ✐s ❧♦✇❡r t❤❛♥ t❤❛t ♣r♦✈✐❞❡❞ ❜② t❤❡ ❡①✐st✐♥❣ ❆❆✲❉❉ ♠♦❞❡❧ ❜❡❝❛✉s❡ ♦❢

❛♥ ❛♣♣r❡❝✐❛t✐♦♥ ✐♥ t❤❡ ❡①❝❤❛♥❣❡ r❛t❡✳ ❚❤✐s ♣r❡❞✐❝t✐♦♥ ✐s ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ r❡❝❡♥t ❉❙●❊

❧✐t❡r❛t✉r❡ ✐♥ ♦♣❡♥ ❡❝♦♥♦♠✐❡s ✐♥ ❩▲❇ ♣❡r✐♦❞s ✭s❡❡ ▼❛♦ ❚❛❦♦♥❣♠♦✱ ✷✵✶✼✮✳

❚❤❡ r❡♠❛✐♥❞❡r ♦❢ t❤❡ ♣❛♣❡r ✐s ♦r❣❛♥✐③❡❞ ❛s ❢♦❧❧♦✇s✳ ❙❡❝t✐♦♥ ✷ ♣r❡s❡♥ts t❤❡ ♠♦❞❡❧ ❛♥❞

t❤❡ r❡s✉❧t✐♥❣ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ♠✉❧t✐♣❧✐❡r ❬●❙▼❪ ✐♥ ❩▲❇ ♣❡r✐♦❞s✳ ❚❤❡ ❝❧❛ss✐❝❛❧ ♠♦❞❡❧✱

t❤❡ ❝❧❛ss✐❝❛❧ ●❙▼✱ ❛♥❞ ❛♥ ❛♥❛❧②t✐❝❛❧ ❝♦♠♣❛r✐s♦♥ ❜❡t✇❡❡♥ ♦✉r ●❙▼ ❛♥❞ t❤❡ ❝❧❛ss✐❝❛❧ ●❙▼

✐♥ ❩▲❇ ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ s❡❝t✐♦♥ ✸✳ ❙❡❝t✐♦♥ ✹ ❢♦❝✉s❡s ♦♥ ❛ ❣r❛♣❤✐❝❛❧ ❝♦♠♣❛r✐s♦♥ ❜❡t✇❡❡♥ t❤❡

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

✷❙❡❡✱ ❢♦r ❡①❛♠♣❧❡✱ t❤❡ ❆♠❡r✐❝❛♥ ❘❡❝♦✈❡r② ❛♥❞ ❘❡✐♥✈❡st♠❡♥t ❆❝t ✭❆❘❘❆✮✱ ✇❤✐❝❤ ✇❛s ❞❡s✐❣♥❡❞ t♦ ✐♥❝r❡❛s❡
❯❙ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ❜② ✩✽✸✶ ❜✐❧❧✐♦♥ ❜❡t✇❡❡♥ ✷✵✵✾ ❛♥❞ ✷✵✶✾✳ ❆♥♦t❤❡r ❡①❛♠♣❧❡ ✐s t❤❡ ❊✉r♦♣❡❛♥ ❊❝♦♥♦♠✐❝
❘❡❝♦✈❡r② P❧❛♥ ✭❊❊❘P✮✱ ♠❡❛♥t t♦ ✐♥❝r❡❛s❡ ❊✉r♦♣❡❛♥ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ❜② ➾✷✵✵ ❜✐❧❧✐♦♥ ❜❡t✇❡❡♥ ✷✵✵✽ ❛♥❞
✷✵✶✵✳

✸



✷ ❚❤❡ ♥❡✇ ♠♦❞❡❧ ✐♥ ❩▲❇

✷✳✶ ❚❤❡ ♥❡✇ ❢♦r❡✐❣♥ ❡①❝❤❛♥❣❡ ♠❛r❦❡t

■♥t❡r❛❝t✐♦♥ ❜❡t✇❡❡♥ ❜✉②❡rs ❛♥❞ s❡❧❧❡rs ♦❢ ❢♦r❡✐❣♥ ❝✉rr❡♥❝② ❜❛♥❦ ❞❡♣♦s✐ts ✐s ❛ss✉♠❡❞ t♦ ❞❡✲

t❡r♠✐♥❡ t❤❡ ❡①❝❤❛♥❣❡ r❛t❡ ✐♥ t❤❡ ❢♦r❡✐❣♥ ❡①❝❤❛♥❣❡ ♠❛r❦❡t✳ ❚❤❡r❡ ❛r❡ t✇♦ ❝♦✉♥tr✐❡s✿ ♦✉r

❝♦✉♥tr②✱ ✇❤✐❝❤ ✉s❡s t❤❡ ❯✳❙✳ ❞♦❧❧❛r ✭✩✮✱ ❛♥❞ t❤❡ r❡st ♦❢ t❤❡ ✇♦r❧❞✱ ✇❤✐❝❤ ✉s❡s t❤❡ ❡✉r♦ ✭➾✮✳

❚❤❡r❡ ❛r❡ t✇♦ ♣❡r✐♦❞s✿ t❤❡ ❝✉rr❡♥t ❩▲❇ ♣❡r✐♦❞✱ ❛♥❞ t❤❡ ♠❡❞✐✉♠ ♣❡r✐♦❞✳ ❚❤❡ ✐♥t❡r❡st r❛t❡

✐♥ t❤❡ ❝✉rr❡♥t ♣❡r✐♦❞✱ rZLB✱ ✐s ❛ss✉♠❡❞ t♦ ❜❡ ❡①♦❣❡♥♦✉s ❛♥❞ ✜①❡❞✳ ❚❤❡ ✐♥t❡r❡st r❛t❡ ✐♥ t❤❡

♠❡❞✐✉♠ ♣❡r✐♦❞ ✱ reM ✱ ✐s ❡♥❞♦❣❡♥♦✉s✳ ❚❤❡ ♥♦♠✐♥❛❧ ✐♥t❡r❡st r❛t❡s ✐♥ t❤❡ ❝✉rr❡♥t ♣❡r✐♦❞ ❛♥❞

✐♥ t❤❡ ♠❡❞✐✉♠ ♣❡r✐♦❞ ❛❜r♦❛❞✱ ❞❡♥♦t❡❞ ❜② r∗ZLB ❛♥❞ re∗ ✱ r❡s♣❡❝t✐✈❡❧②✱ ❛r❡ ❛❧❧ ❡①♦❣❡♥♦✉s✳

❚❤❡ ♥♦♠✐♥❛❧ ❡①❝❤❛♥❣❡ r❛t❡✱ E$/➾✱ ✐s ❞❡✜♥❡❞ ❛s t❤❡ ♣r✐❝❡ ♦❢ ♦♥❡ ❡✉r♦ ✐♥ t❡r♠ ♦❢ ❯✳❙✳ ❞♦❧❧❛rs✳

❚❤❡ ❡①❝❤❛♥❣❡ r❛t❡ ✐♥ t❤❡ ❝✉rr❡♥t ♣❡r✐♦❞ ❛♥❞ ✐♥ t❤❡ ♥❡①t ♣❡r✐♦❞ ❛r❡ ❞❡♥♦t❡❞ r❡s♣❡❝t✐✈❡❧② ❜②

EZLB, ❛♥❞ Ee
M ✳ ❚❤❡ ❡①♣❡❝t❡❞ ❡①❝❤❛♥❣❡ r❛t❡ ✐s ❛ss✉♠❡❞ t♦ ❜❡ ❡①♦❣❡♥♦✉s✳

❉❡✜♥✐t✐♦♥✳ ✶ ❚❤❡ ❢♦r❡✐❣♥ ❡①❝❤❛♥❣❡ ♠❛r❦❡t ✐s s❛✐❞ t♦ ❜❡ ✐♥ ❡q✉✐❧✐❜r✐✉♠ ✇❤❡♥ ❞❡♣♦s✐ts ✐♥

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

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

♠❛r❦❡t ✐s ❝❛❧❧❡❞ t❤❡ ♥❡✇ ✐♥t❡r❡st ♣❛r✐t② ❝♦♥❞✐t✐♦♥ ✐♥ ❩▲❇ ♣❡r✐♦❞s✳

Pr♦♣♦s✐t✐♦♥ ✶✳ ❚❤❡ ♥❡✇ ✐♥t❡r❡st r❛t❡ ♣❛r✐t② ❝♦♥❞✐t✐♦♥ ✐s

reM =
(1 + r∗ZLB)(1 + re∗)Ee

M($/➾)

(1 + rZLB)EZLB($/➾)

− 1 ✭✶✮

Pr♦♦❢✳ ❚❤❡ ❡①♣❡❝t❡❞ ✈❛❧✉❡ ❢♦r ✶✩ ❞❡♣♦s✐t✱ ✐♥ ❯✳❙✳ ❞♦❧❧❛r✱ ✐s 1 × (1 + rZLB)(1 + reM) $✳ ❚❤❡

❡①♣❡❝t❡❞ ❯✳❙✳ ❞♦❧❧❛r ✈❛❧✉❡ ♦❢ ✶✩ ❞❡♣♦s✐t ✐♥ ❡✉r♦ ✐s
Ee

M($/➾)

EZLB($/➾)
(1 + r∗ZLB)(1 + re∗)✳ ❚❤❡ ❢♦r❡✐❣♥

❡①❝❤❛♥❣❡ ♠❛r❦❡t ✐s ✐♥ ❡q✉✐❧✐❜r✐✉♠ ✐❢
Ee

M($/➾)

EZLB($/➾)
(1+ r∗ZLB)(1+ re∗) = (1+ rZLB)(1+ reM). ❚❤✉s

t❤❡ ♥❡✇ ✐♥t❡r❡st ♣❛r✐t② ❝♦♥❞✐t✐♦♥ ✐s reM =
(1+r∗ZLB)(1+re∗)Ee

M($/➾)

(1+rZLB)EZLB($/➾)
− 1✳

✹



✷✳✷ ❚❤❡ ♥❡✇ ❡q✉✐❧✐❜r✐✉♠ ✐♥ t❤❡ ♠♦♥❡② ♠❛r❦❡t

❖t❤❡r t❤✐♥❣s ❜❡✐♥❣ ❡q✉❛❧✱ ♣❡♦♣❧❡ ♣r❡❢❡r ❛ss❡ts t❤❛t ♦✛❡r ❤✐❣❤❡r ❡①♣❡❝t❡❞ r❡t✉r♥s✳ ❙✐♥❝❡

t❤❡ ❝✉rr❡♥t ✐♥t❡r❡st r❛t❡ ✐s ✜①❡❞ ❛t ✐ts ❩▲❇ ✈❛❧✉❡✱ t❤❡ ❡①♣❡❝t❡❞ r❡t✉r♥ ✐♥❝r❡❛s❡s ✇❤❡♥ t❤❡

❡①♣❡❝t❡❞ ✐♥t❡r❡st r❛t❡ ✐♥❝r❡❛s❡s✳ ❙✐♥❝❡ t❤❡ ✐♥❝r❡❛s❡s ✐♥ t❤❡ ❡①♣❡❝t❡❞ ✐♥t❡r❡st r❛t❡ r❡♣r❡s❡♥t ❛

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

❛❣❡♥ts ✇✐❧❧ ✇❛♥t t♦ ❤♦❧❞ ♠♦r❡ ♦❢ t❤❡✐r ✇❡❛❧t❤ ✐♥ ♥♦♥✲♠♦♥❡② ❛ss❡ts t❤❛t ♣❛② t❤❡ ❡①♣❡❝t❡❞

✐♥t❡r❡st r❛t❡ ❛♥❞ ❧❡ss ♦❢ t❤❡✐r ✇❡❛❧t❤ ✐♥ t❤❡ ❢♦r♠ ♦❢ ♠♦♥❡②✱ ✐❢ t❤❡ ❡①♣❡❝t❡❞ ✐♥t❡r❡st r❛t❡ r✐s❡s✳

❚❤✉s✱ ❛ r✐s❡ ✐♥ t❤❡ ❡①♣❡❝t❡❞ ✐♥t❡r❡st r❛t❡✱ reM ✱ ❝❛✉s❡s t❤❡ ❞❡♠❛♥❞ ❢♦r ♠♦♥❡②✱ ▲✱ t♦ ❢❛❧❧✳

❲❡ ❛❧s♦ ❛ss✉♠❡ t❤❛t✱ ❛❣❡♥ts ❤♦❧❞ ♠♦♥❡② t♦ ❛✈♦✐❞ ❝♦st ♦❢ ❜❛rt❡r tr❛❞❡ ✭❍✐❝❦s✱ ✶✾✸✼❀

▼✉♥❞❡❧❧✱ ✶✾✻✸❀ ❇❛✉♠♦❧✱ ✶✾✺✷❀ ❘♦❣♦✛✱ ✶✾✽✺✱ ❢♦r ❞❡t❛✐❧s✮✳ ❚❤❡ ❞❡♠❛♥❞ ❢♦r ♠♦♥❡②✱ ▲✱ ✐s t❤❡♥

❛ss✉♠❡❞ t♦ ❜❡ ❛♥ ✐♥❝r❡❛s✐♥❣ ❢✉♥❝t✐♦♥ ♦❢ ♦✉t♣✉t✱ ❨✳ ▲❡t M s r❡♣r❡s❡♥t t❤❡ ❛❣❣r❡❣❛t❡ r❡❛❧

♠♦♥❡② s✉♣♣❧②✱ ❛♥❞ P t❤❡ ♣r✐❝❡ ❧❡✈❡❧✳ ❊q✉✐❧✐❜r✐✉♠ ✐♥ t❤❡ ♠♦♥❡② ♠❛r❦❡t ✐s ❛❝❤✐❡✈❡❞ ✇❤❡♥ t❤❡

❛❣❣r❡❣❛t❡ r❡❛❧ ♠♦♥❡② s✉♣♣❧②✱ Ms

P
✱ ✐s ❡q✉❛❧ t♦ t❤❡ ❛❣❣r❡❣❛t❡ r❡❛❧ ♠♦♥❡② ❞❡♠❛♥❞✳ ❚❤❛t ✐s

M s

P
= L(rZLB, r

e
M , Y ), ✭✷✮

✇✐t❤ t❤❡ ❛ss✉♠♣t✐♦♥s t❤❛t ∂L
∂r

< 0, ∂L
∂reM

< 0 ❛♥❞ ∂L
∂Y

> 0.

✷✳✸ ❊q✉✐❧✐❜r✐✉♠ ✐♥ t❤❡ ❣♦♦❞ ♠❛r❦❡t

❚❤❡ ❛❣❣r❡❣❛t❡ ❞❡♠❛♥❞ ✐s ❛ s✉♠ ♦❢ ❝♦♥s✉♠♣t✐♦♥ ❞❡♠❛♥❞ ✭❈✮✱ ✐♥✈❡st♠❡♥t ❞❡♠❛♥❞ ✭■✮✱ ❣♦✈✲

❡r♥♠❡♥t s♣❡♥❞✐♥❣ ❞❡♠❛♥❞ ✭●✮✱ ❛♥❞ ♥❡t ❡①♣♦rt ❞❡♠❛♥❞ ✭◆❳✮✳ ❚❤❡ ❝♦♥s✉♠♣t✐♦♥ ❞❡♠❛♥❞ ✐s

❛ss✉♠❡❞ t♦ ❜❡ ❛♥ ✐♥❝r❡❛s✐♥❣ ❢✉♥❝t✐♦♥ ♦❢ ❞✐s♣♦s❛❜❧❡ ✐♥❝♦♠❡✱ Y d = Y − T ✳ ❚❤❛t ✐s✱ ∂C
∂Y d > 0✳

❲❡ ❛ss✉♠❡ t❤❛t t❤❡ ♥❡t ❡①♣♦rt ✐s ❛ ❢✉♥❝t✐♦♥ ♦❢ t❤❡ r❡❛❧ ❡①❝❤❛♥❣❡ r❛t❡✳✸ ❲❡ ❛ss✉♠❡ t❤❛t ❛

❞❡♣r❡❝✐❛t✐♦♥ ♦❢ t❤❡ ❞♦♠❡st✐❝ ❝✉rr❡♥❝② ✇✐❧❧ ❧❡❛❞ t♦ ❛♥ ✐♥❝r❡❛s❡s ♦❢ t❤❡ ♥❡t ❡①♣♦rt ✭∂NX
∂E

> 0✮✳✹

✸■♥ ❢❛❝t✱ t❤❡ ♥❡t ❡①♣♦rt ❝❛♥ ❛❧s♦ ❜❡ ❛ ❢✉♥❝t✐♦♥ ♦❢ ♠❛♥② ♦t❤❡r ✈❛r✐❛❜❧❡s✱ s✉❝❤ ❛s t❤❡ ♥❛t✐♦♥❛❧ ❛♥❞ ❢♦r❡✐❣♥
❞✐s♣♦s❛❜❧❡ ✐♥❝♦♠❡❀ s✐♥❝❡ ♦✉r ❢♦❝✉s ✐♥ t❤✐s ♣❛♣❡r ✐s ♦♥ t❤❡ r♦❧❡ ♣❧❛②❡❞ ❜② t❤❡ ❡①❝❤❛♥❣❡ r❛t❡✱ ❢♦r s✐♠♣❧✐❝✐t②✱ ✇❡
❛ss✉♠❡ t❤❛t t❤❡ ✐♠♣❛❝t ♦❢ ♦t❤❡r ❢❛❝t♦rs ♦♥ t❤❡ ♥❡t ❡①♣♦rt ✐s ♥❡❣❧✐❣✐❜❧❡✳

✹◆♦t❡ t❤❛t ∂NX

∂E
> 0 ✐s ❡q✉✐✈❛❧❡♥t t♦ ∂NX

∂E
> 0 ❜❡❝❛✉s❡ ✐♥ t❤❡ s❤♦rt r✉♥ P ✐s ✜①❡❞ ❜② ❞❡✜♥✐t✐♦♥✱ ❛♥❞ P

∗

✐s ❡①♦❣❡♥♦✉s✳

✺



●♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ✭●✮✱ ❛♥❞ t❛①❡s ✭❚✮✱ ❛r❡ ❛ss✉♠❡❞ ❡①♦❣❡♥♦✉s✳ ❋♦r s✐♠♣❧✐❝✐t②✱ ✐♥✈❡st✲

♠❡♥t ✭■✮✱ ✐s ❛ss✉♠❡❞ t♦ ❜❡ ❛ ❢✉♥❝t✐♦♥ ♦❢ t❤❡ ❝✉rr❡♥t ❩▲❇ ✐♥t❡r❡st r❛t❡✱ ❛♥❞ ✐s t❤❡r❡❢♦r❡ ✜①❡❞✳

❇② ❞❡✜♥✐t✐♦♥✱ ❡q✉✐❧✐❜r✐✉♠ ✐s ❛tt❛✐♥❡❞ ✇❤❡♥ t❤❡ ❛❣❣r❡❣❛t❡❞ ♦✉t♣✉t ✐s ❡q✉❛❧ t♦ t❤❡ ❛❣❣r❡❣❛t❡

❞❡♠❛♥❞ ❢♦r ❣♦♦❞s ❛♥❞ s❡r✈✐❝❡s✳ ❚❤❛t ✐s

Y = C(Y − T ) + I(rZLB) +G+NX

(

P ∗

P
E

)

✭✸✮

✇❤❡r❡ P ∗ r❡♣r❡s❡♥t t❤❡ ♣r✐❝❡ ✐♥❞❡① ❛❜r♦❛❞✳ ❆ss✉♠♣t✐♦♥ ❆ s✉♠♠❛r✐s❡s t❤❡ ❛ss✉♠♣t✐♦♥s

♣r❡s❡♥t❡❞ ✐♥ t❤✐s s❡❝t✐♦♥

❆ss✉♠♣t✐♦♥s ❆

✶✳ ∂L
∂r

< 0; ∂L
∂reM

< 0 ❛♥❞ ∂L
∂Y

> 0.

✷✳ ∂NX
∂E

> 0 ∂C
∂Y d > 0

❉❡✜♥✐t✐♦♥✳ ✷ ❚❤❡ ♥❡✇ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ♠✉❧t✐♣❧✐❡r ✐♥ ❩▲❇ ✭◆❡✇ ●❙▼ZLB✮✱ ✐s ❞❡✜♥❡❞

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

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

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

Pr♦♣♦s✐t✐♦♥ ✷✳ ❚❤❡ ♥❡✇ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ♠✉❧t✐♣❧✐❡r ✐♥ ③❡r♦ ❧♦✇❡r ❜♦✉♥❞

✐s ❡q✉❛❧ t♦

◆❡✇ ●❙▼ZLB=
1

1− dC
dY

−
dNX
dEZLB

(

( ∂L
∂Y )(1+rZLB)E2

ZLB
(

∂L
∂re

M

)

(1+r∗ZLB)(1+re∗)Ee
M($/➾)

)

Pr♦♦❢✳ ❆t t❤❡ ❡q✉✐❧✐❜r✐✉♠ ♦❢ ❛❧❧ ♠❛r❦❡ts✱ ✇❡ ❤❛✈❡✱ Ms

P
= L(rZLB, r

e
M , Y ), reM =

(1+r∗ZLB)(1+re∗)Ee
M($/➾)

(1+rZLB)EZLB($/➾)
− 1 ❛♥❞ Y = C(Y − T ) + I(rZLB) +G+NX

(

P ∗

P
E
)

.

✻



❚❤❡ ✜rst t✇♦ ❡q✉❛t✐♦♥s ❧❡❛❞ t♦

M s

P
= L(rZLB,

[

(1 + r∗ZLB)(1 + re∗)Ee
M($/➾)

(1 + rZLB)EZLB($/➾)

− 1

]

, Y ). ✭✹✮

❆♣♣❧②✐♥❣ t❤❡ t♦t❛❧ ❞❡r✐✈❛t✐✈❡ ✐♥ ❜♦t❤ s✐❞❡ ♦❢ t❤❡ ❡q✉❛t✐♦♥ ✹ ❧❡❛❞ t♦ dMs

P
= dL = ∂L

∂r
drZLB +

∂L
∂reM

dreM + ∂L
∂Y

dY ✳ ❙✐♥❝❡ dM s = 0, ❛♥❞ drZLB = 0✱ ✇❡ ❤❛✈❡

0 =
∂L

∂reM
dreM +

∂L

∂Y
dY. ✭✺✮

dreM = −

(1+r∗ZLB)(1+re∗)Ee
M($/➾)

(1+rZLB)E2
ZLB

dEZLB. ❇② r❡♣❧❛❝✐♥❣ dreM ✐♥ ❡q✉❛t✐♦♥ ✺ ✇❡ ❤❛✈❡

dEZLB

dY
=

∂L
∂Y

(

∂L
∂reM

)

(1+r∗ZLB)(1+re∗)Ee
M($/➾)

(1+rZLB)E2
ZLB

. ✭✻✮

❲❡ ❛❧s♦ ❤❛✈❡

Y = C(Y − T ) + I(rZLB) +G+NX

(

P ∗

P
E

)

. ✭✼✮

❆♣♣❧②✐♥❣ t❤❡ t♦t❛❧ ❞❡r✐✈❛t✐✈❡ ✐♥ ❜♦t❤ s✐❞❡ ♦❢ t❤❡ ❡q✉❛t✐♦♥ ✼ ❧❡❛❞ t♦ dY = dC+dI+dG+dNX✳

❙✐♥❝❡ dI = 0✱

dY = dC + dG+ dNX. ✭✽✮

◆♦t❡ t❤❛t dNX = dNX
dEZLB

dEZLB✳ ❚❤✉s✱

dY = dC + dG+
dNX

dEZLB

dEZLB

1 =
dC

dY
+

dG

dY
+

dNX

dEZLB

dEZLB

dY
✭❛❢t❡r ❞✐✈✐❞✐♥❣ ❜♦t❤ s✐❞❡ ❜② ❞❨✮ ✭✾✮

❘❡♣❧❛❝✐♥❣ dEZLB

dY
✐♥ ✾ ❜② ✐ts ❡①♣r❡ss✐♦♥ ✐♥ ✻ ❧❡❛❞ t♦

✼



1 =
dC

dY
+

dG

dY
+

dNX

dEZLB





∂L
∂Y

(

∂L
∂reM

)

(1+r∗ZLB)(1+re∗)Ee
M($/➾)

(1+rZLB)E2
ZLB



 .

❚❤✉s✱

dG

dY
= 1−

dC

dY
−

dNX

dEZLB





∂L
∂Y

(

∂L
∂reM

)

(1+r∗ZLB)(1+re∗)Ee
M($/➾)

(1+rZLB)E2
ZLB





1
(

dY
dG

) = 1−
dC

dY
−

dNX

dEZLB





∂L
∂Y

(

∂L
∂reM

)

(1+r∗ZLB)(1+re∗)Ee
M($/➾)

(1+rZLB)E2
ZLB





dY

dG
=

1

1− dC
dY

−
dNX
dEZLB





∂L
∂Y

(

∂L
∂re

M

)

(1+r∗
ZLB

)(1+re∗)Ee
M($/➾)

(1+rZLB)E2
ZLB





=
1

1− dC
dY

−
dNX
dEZLB

(

( ∂L
∂Y )(1+rZLB)E2

ZLB
(

∂L
∂re

M

)

(1+r∗ZLB)(1+re∗)Ee
M($/➾)

) .

❚❤✐s ❝♦♥❝❧✉❞❡s t❤❡ ♣r♦♦❢✳

✸ ❚❤❡ ❝❧❛ss✐❝❛❧ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ♠✉❧t✐♣❧✐❡r ✐♥ ❩▲❇

✸✳✶ ❚❤❡ ❝❧❛ss✐❝❛❧ ❡q✉✐❧✐❜r✐✉♠ ✐♥ t❤❡ ♠♦♥❡② ♠❛r❦❡t ✐♥ ❩▲❇

❚❤❡ ❝❧❛ss✐❝❛❧ ❡q✉✐❧✐❜r✐✉♠ ✐♥ t❤❡ ♠♦♥❡② ♠❛r❦❡t ❝❛♥ ❜❡ ✇r✐tt❡♥ ✇✐t❤♦✉t t❤❡ ❡①♣❡❝t❡❞ ✐♥t❡r❡st

r❛t❡ ❛s

✽



M s

P
= L(rZLB, Y ). ✭✶✵✮

✸✳✷ ❚❤❡ ❝❧❛ss✐❝❛❧ ✐♥t❡r❡st r❛t❡ ♣❛r✐t② ✐♥ ❩▲❇

❚❤❡ ❝❧❛ss✐❝❛❧ ✐♥t❡r❡st r❛t❡ ♣❛r✐t② ✐s

rZLB = (1 + r∗ZLB)

(

Ee
M($/➾)

EZLB($/➾)

)1/2

− 1. ✭✶✶✮

■♥ ❢❛❝t✱ t❤❡ r❡t✉r♥ ❢♦r ❛ ✶✩ ❞❡♣♦s✐t✱ ✐♥ ♦✉r ❝♦✉♥tr② ✐s 1× (1+ rZLB)(1+ rZLB) $✳ ❚❤❡ r❡t✉r♥

❢♦r ❛ ✶✩ ❞❡♣♦s✐t ❛❜r♦❛❞ ✐s
Ee

M($/➾)

EZLB($/➾)
(1 + r∗ZLB)(1 + r∗ZLB) ✐♥ ❯✳❙✳ ❞♦❧❧❛r ✉♥✐t✳ ❚❤❡ ❝❧❛ss✐❝❛❧

✐♥t❡r❡st r❛t❡ ♣❛r✐t② ✐s t❤❡♥

Ee
M($/➾)

EZLB($/➾)

(1 + r∗ZLB)
2 = (1 + rZLB)

2

♦r

rZLB = (1 + r∗ZLB)

(

Ee
M($/➾)

EZLB($/➾)

)1/2

− 1. ✭✶✷✮

❚❤❡ ✐♥t❡r❡st r❛t❡ ♣❛r✐t② ✐♥ t❤❡ ❝❧❛ss✐❝❛❧ ❝❛s❡ ✐♠♣❧✐❡s t❤❛t t❤❡ ♥♦♠✐♥❛❧ ❡①❝❤❛♥❣❡ r❛t❡ ✐s ✜①❡❞

✐♥ ❩▲❇ ♣❡r✐♦❞s✱ s✐♥❝❡ t❤❡ ❩▲❇ ♥♦♠✐♥❛❧ ✐♥t❡r❡st r❛t❡ ✐s ✜①❡❞✳

✸✳✸ ❚❤❡ ❝❧❛ss✐❝❛❧ ❡q✉✐❧✐❜r✐✉♠ ✐♥ t❤❡ ❣♦♦❞ ♠❛r❦❡t

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

Y = C(Y − T ) + I(rZLB) +G+NX

(

P ∗

P
E

)

✭✶✸✮

✾



❉❡✜♥✐t✐♦♥✳ ✸ ❚❤❡ ❝❧❛ss✐❝❛❧ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ♠✉❧t✐♣❧✐❡r ✐♥ ❩▲❇ ✭❈❧❛ss✐❝❛❧ ●❙▼ZLB✮✱ ✐s

❞❡✜♥❡❞ ❛s t❤❡ ❝❤❛♥❣❡s ✐♥ t❤❡ ❛❣❣r❡❣❛t❡❞ ♦✉t♣✉t✱ ❨✱ ❣❡♥❡r❛t❡❞ ❜② ❛ ❝❤❛♥❣❡ ✐♥ ♦♥❡ ✉♥✐t ♦❢

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

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

Pr♦♣♦s✐t✐♦♥ ✸✳ ❚❤❡ ❝❧❛ss✐❝❛❧ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ♠✉❧t✐♣❧✐❡r ✐s ❡q✉❛❧ t♦

❈❧❛ss✐❝❛❧ ●❙▼ZLB=
1

1− dC
dY

Pr♦♦❢✳ ❚❤❡ ❝❧❛ss✐❝❛❧ ✐♥t❡r❡st ♣❛r✐t② ✐s

rZLB = (1 + r∗ZLB)

(

Ee
M($/➾)

EZLB($/➾)

)1/2

− 1

■♥ t❤❡ ③❡r♦ ❧♦✇❡r✲❜♦✉♥❞ ♣❡r✐♦❞✱ s✐♥❝❡ t❤❡ ✐♥t❡r❡st r❛t❡ ✐s ✜①❡❞✱ t❤❡ ❡①❝❤❛♥❣❡ r❛t❡ s❤♦✉❧❞ ❜❡

✜①❡❞✳ ❚❤✐s ♠❡❛♥s t❤❛t ❡q✉✐❧✐❜r✐✉♠ ✐♥ t❤❡ ♠♦♥❡② ♠❛r❦❡t

M s

P
= L(rZLB, Y )

✇✐❧❧ ❥✉st ❣✉❛r❛♥t❡❡ t❤❡ ✜①❡❞ ✐♥t❡r❡st r❛t❡✳ ❇② t❛❦✐♥❣ t❤❡ t♦t❛❧ ❞✐✛❡r❡♥t✐❛❧ ✐♥ ❜♦t❤ s✐❞❡s ♦❢

t❤❡ ❡q✉❛t✐♦♥ ✶✸✱ ✇❡ ❤❛✈❡

dY = dC + dI(rZLB) + dG+ dNX

(

P ∗

P
E

)

= dC + dG (❙✐♥❝❡ ❡①❝❤❛♥❣❡ r❛t❡ ✐s ✜①❡❞✮✱ t❤✉s

1 =
dC

dY
+

dG

dY
(❇② ❞✐✈✐❞✐♥❣ ❜② ❞❨✮

dG

dY
= 1−

dC

dY
,

dY

dG
=

1

1− dC
dY

.

❚❤✐s ❝♦♥❝❧✉❞❡s t❤❡ ♣r♦♦❢

✶✵



Pr♦♣♦s✐t✐♦♥ ✹✳ ■❢ ❛ss✉♠♣t✐♦♥ ❆ ❤♦❧❞s✱ t❤❡ ♥❡✇ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ♠✉❧t✐♣❧✐❡r

✭NewGSMZLB✮✱ ✇✐❧❧ ❜❡ ❧♦✇❡r t❤❛♥ t❤❡ ❝❧❛ss✐❝❛❧ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ♠✉❧t✐♣❧✐❡r ✭❈❧❛ss✐❝❛❧

GSMZLB✮ ✐♥ t❤❡ ③❡r♦ ❧♦✇❡r ❜♦✉♥❞ ♣❡r✐♦❞✱ ✇✐t❤✱

◆❡✇ ●❙▼ZLB=
1

1− dC
dY

−
dNX
dEZLB

(

( ∂L
∂Y )(1+rZLB)E2

ZLB
(

∂L
∂re

M

)

(1+r∗ZLB)(1+re∗)Ee
M($/➾)

)

❛♥❞

❈❧❛ss✐❝❛❧ ●❙▼ZLB=
1

1− dC
dY

Pr♦♦❢✳ ❇② ❛ss✉♠♣t✐♦♥ ❆✱ ∂L
∂reM

< 0; ∂L
∂Y

> 0; ❛♥❞ ∂NX
∂E

> 0.

❚❤✉s

dNX

dEZLB





(

∂L
∂Y

)

(1 + rZLB)E
2
ZLB

(

∂L
∂reM

)

(1 + r∗ZLB)(1 + re∗)Ee
M($/➾)



 < 0

❛♥❞

1−
dC

dY
−

dNX

dEZLB





(

∂L
∂Y

)

(1 + rZLB)E
2
ZLB

(

∂L
∂reM

)

(1 + r∗ZLB)(1 + re∗)Ee
M($/➾)



 > 1−
dC

dY

❛♥❞

◆❡✇ ●❙▼ZLB=
1

1− dC
dY

−
dNX
dEZLB

(

( ∂L
∂Y )(1+rZLB)E2

ZLB
(

∂L
∂re

M

)

(1+r∗ZLB)(1+re∗)Ee
M($/➾)

) <
1

1− dC
dY

= ❈❧❛ss✐❝❛❧ ●❙▼ZLB✳

❚❤✐s ❝♦♥❝❧✉❞❡s t❤❡ ♣r♦♦❢✳

✶✶



✹ ●r❛♣❤✐❝❛❧ ✐❧❧✉str❛t✐♦♥✿ ❆❆ ❛♥❞ ❉❉ s❝❤❡❞✉❧❡ ✐♥ ③❡r♦

❧♦✇❡r ❜♦✉♥❞

✹✳✶ ❚❤❡ ♠❛r❦❡t ♦❢ ❣♦♦❞s ❛♥❞ s❡r✈✐❝❡s✿ t❤❡ ❉❉ s❝❤❡❞✉❧❡

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

♠❛r❦❡t ✐s ✐♥ ❡q✉✐❧✐❜r✐✉♠✳ ■♥ t❤✐s ♣❛♣❡r t❤❡ ❉❉ s❝❤❡❞✉❧❡ ✐s s✐♠✐❧❛r t♦ t❤❡ ♦♥❡ ♣r♦♣♦s❡❞ ❜②

❑r✉❣♠❛♥✱ ❖❜st❢❡❧❞✱ ✫ ▼❡❧✐t③ ✭✷✵✶✷✱ ♣❛❣❡ ✹✷✾✮✳ ❚❤❡ ❡q✉❛t✐♦♥ r❡♣r❡s❡♥t✐♥❣ t❤❡ ❉❉ s❝❤❡❞✉❧❡

✐s

Y = C(Y − T ) + I(rZLB) +G+NX

(

P ∗

P
E

)

. ✭✶✹✮

❆♥ ✐♥❝r❡❛s❡ ♦❢ E ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❛♥❞ ✐♥❝r❡❛s❡s ♦❢ NX ❛♥❞ t❤❡r❡❢♦r❡ ❛♥ ✐♥❝r❡❛s❡s ♦❢ ❨✿

t❤❡ ❉❉ ❝✉r✈❡ ✐s ✉♣✇❛r❞ s❧♦♣✐♥❣✳

✹✳✷ ❚❤❡ ❛ss❡t ♠❛r❦❡t ✿ t❤❡ ♥❡✇ ❆❆ s❝❤❡❞✉❧❡

❚❤❡ ❆❆ s❝❤❡❞✉❧❡ ✐s ❞❡✜♥❡❞ ❛s t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❡①❝❤❛♥❣❡ r❛t❡s✱ EZLB✱ ❛♥❞ ♦✉t♣✉t✱

❨✱ ❛t ✇❤✐❝❤ t❤❡ ♠❛r❦❡t ♦❢ ♠♦♥❡② ❛♥❞ t❤❡ ❢♦r❡✐❣♥ ❡①❝❤❛♥❣❡ ♠❛r❦❡t ❛r❡ ❜♦t❤ ✐♥ ❡q✉✐❧✐❜r✐✉♠✳

❚❤❡ ♥❡✇ ❡q✉✐❧✐❜r✐✉♠ ✐♥ t❤❡ ♠❛r❦❡t ♦❢ ♠♦♥❡② ✐s r❡♣r❡s❡♥t❡❞ ❜② ❡q✉❛t✐♦♥ ✭✶✺✮✱ ❛♥❞ t❤❡

❡q✉✐❧✐❜r✐✉♠ ✐♥ t❤❡ ❢♦r❡✐❣♥ ❡①❝❤❛♥❣❡ ♠❛r❦❡t ✐s r❡♣r❡s❡♥t❡❞ ❜② ❡q✉❛t✐♦♥ ✭✶✻✮✳

M s

P
= L(rZLB, r

e
M , Y ) ✭✶✺✮

reM =
(1 + r∗ZLB)(1 + re∗)Ee

M

(1 + rZLB)EZLB

− 1 ✭✶✻✮

Pr♦♣♦s✐t✐♦♥ ✺✳ ❚❤❡ ♥❡✇ ❆❆ ❝✉r✈❡✱ ✐♥ ❩▲❇ ✐s ❞♦✇♥✇❛r❞ s❧♦♣✐♥❣✳ ❚❤❡ ❞❡r✐✈❛t✐✈❡ ♦❢ EZLB

✶✷



r❡s♣❡❝t t♦ ❨ ❝❛♥ ❜❡ ✇r✐tt❡♥ ❛s

dEZLB

dY
=

∂L
∂Y

(

∂L
∂reM

)

(1+r∗ZLB)(1+re∗)Ee
M

(1+rZLB)E2
ZLB

.

Pr♦♦❢✳ ❘❡♣❧❛❝✐♥❣ reM ❢r♦♠ ❡q✉❛t✐♦♥ ✭✶✻✮ ✐♥ t❤❡ ❡q✉❛t✐♦♥ ✭✶✺✮ ❧❡❛❞s t♦

M s

P
= L(rZLB,

[

(1 + r∗ZLB)(1 + re∗)Ee
M($/➾)

(1 + rZLB)EZLB($/➾)

− 1

]

, Y ). ✭✶✼✮

dM s

P
= dL =

∂L

∂r
drZLB +

∂L

∂reM
dreM +

∂L

∂Y
dY.

▼♦♥❡② s✉♣♣❧② ✐s ✜①❡❞✱ t❤✉s✱ dM s = 0. ■♥t❡r❡st r❛t❡ ✐s ✜①❡❞✱ t❤✉s✱ drZLB = 0✱ ❛♥❞

0 =
∂L

∂reM
dreM +

∂L

∂Y
dY. ✭✶✽✮

❆♣♣❧②✐♥❣ t❤❡ ❞❡r✐✈❛t✐✈❡ ♦❢ reM r❡s♣❡❝t t♦ EZLB ✉s✐♥❣ ❡q✉❛t✐♦♥ ✭✶✻✮ ❧❡❛❞ t♦

dreM
dEZLB

= −

(1 + r∗ZLB)(1 + re∗)Ee
M($/➾)

(1 + rZLB)E2
ZLB

♦r

dreM = −

(1 + r∗ZLB)(1 + re∗)Ee
M($/➾)

(1 + rZLB)E2
ZLB

dEZLB.

❊q✉❛t✐♦♥ ✶✽ ❜❡❝♦♠❡s 0 = −
∂L
∂reM

(1+r∗ZLB)(1+re∗)Ee
M($/➾)

(1+rZLB)E2
ZLB

dEZLB + ∂L
∂Y

dY

dEZLB

dY
=

∂L
∂Y

(

∂L
∂reM

)

(1+r∗ZLB)(1+re∗)Ee
M

(1+rZLB)E2
ZLB

. ✭✶✾✮

∂L
∂Y

> 0 ❛♥❞ ∂L
∂reM

< 0 ❜② ❛ss✉♠♣t✐♦♥ ❆✳ ❆❞❞✐t✐♦♥❛❧ t♦ t❤❛t✱ ❛❧❧ ♦t❤❡r ✈❛r✐❛❜❧❡s ❛r❡ ♣♦s✐t✐✈❡✳

❊q✉❛t✐♦♥ ✭✶✾✮ s❤♦✇s t❤❛t dEZLB

dY
< 0. ❚❤✉s t❤❡ ♥❡✇ ❆❆ ❝✉r✈❡✱ ✐♥ ❩▲❇✱ ✐s ❞♦✇♥✇❛r❞ s❧♦♣✐♥❣✳

✶✸



✹✳✸ ❚❤❡ ❝❧❛ss✐❝❛❧ ❛ss❡t ♠❛r❦❡t ✿ t❤❡ ♦❧❞ ❆❆ s❝❤❡❞✉❧❡

■♥ t❤❡ ♣r❡✈✐♦✉s s❡❝t✐♦♥ ✇❡ ❞❡r✐✈❡❞ ❡q✉❛t✐♦♥ ✭✷✵✮ ❛♥❞ ✭✷✶✮ t❤❛t r❡♣r❡s❡♥t r❡s♣❡❝t✐✈❡❧② t❤❡

❝❧❛ss✐❝❛❧ ❡q✉✐❧✐❜r✐✉♠ ✐♥ t❤❡ ♠♦♥❡② ♠❛r❦❡t ❛♥❞ ✐♥ t❤❡ ❢♦r❡✐❣♥ ❡①❝❤❛♥❣❡ ♠❛r❦❡t✳ ❚❤❡ ♦❧❞ ❆❆

s❝❤❡❞✉❧❡ ✐s ❞❡✜♥❡❞ ❛s t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ t❤❡ ❡①❝❤❛♥❣❡ r❛t❡✱ EZLB, ❛♥❞ ♦✉t♣✉t ✐♥ ✇❤✐❝❤

❡q✉❛t✐♦♥s ✭✷✵✮ ❛♥❞ ✭✷✶✮ ❜♦t❤ ❤♦❧❞✳ ❘❡❝❛❧❧ t❤❛t ✐♥ ❡q✉❛t✐♦♥ ✭✷✵✮ ♠♦♥❡② s✉♣♣❧② ✇✐❧❧ ❥✉st ❜❡

❛❞❥✉st❡❞ ✐♥ ♦t❤❡r t♦ ♠❛✐♥t❛✐♥ t❤❡ ✜①❡❞ ✐♥t❡r❡st r❛t❡✳ ■♥ ♦t❤❡r ✇♦r❞s✱ t❤❡ ❝❡♥tr❛❧ ❜❛♥❦ ❧♦♦s❡♥s

✐ts ♠♦♥❡t❛r② ♣♦❧✐❝②✱ ✐♥ t❤❡ ❝❧❛ss✐❝❛❧ ❢r❛♠❡✇♦r❦✳

M s

P
= L(rZLB, Y ). ✭✷✵✮

rZLB = (1 + r∗ZLB)

(

Ee
M($/➾)

EZLB($/➾)

)1/2

− 1 ✭✷✶✮

❚❤❡ ✐♥t❡r❡st r❛t❡ ♣❛r✐t② ✐♥ t❤❡ ❝❧❛ss✐❝❛❧ ❝❛s❡ ✭❡q✉❛t✐♦♥ ✷✶✮ ✐♠♣❧✐❡❞ t❤❛t t❤❡ ♥♦♠✐♥❛❧ ❡①❝❤❛♥❣❡

r❛t❡ ✐s ✜①❡❞ ✐♥ ③❡r♦ ❧♦✇❡r✲❜♦✉♥❞ ♣❡r✐♦❞s✳ ❚❤✐s ✐s ❞✉❡ t♦ t❤❡ ❢❛❝t t❤❛t ✐♥ t❤❡ ③❡r♦ ❧♦✇❡r✲❜♦✉♥❞

♣❡r✐♦❞✱ t❤❡ ♥♦♠✐♥❛❧ ✐♥t❡r❡st r❛t❡ ✐s ✜①❡❞✳ ❘❡❝❛❧❧ t❤❛t ❜② ❛ss✉♠♣t✐♦♥✱ t❤❡ ❡①♣❡❝t❡❞ ❡①❝❤❛♥❣❡

r❛t❡ ✐s ❡①♦❣❡♥♦✉s✳

✹✳✹ ●r❛♣❤✐❝❛❧ ✐❧❧✉str❛t✐♦♥✿ t❤❡ ♦❧❞ ✈s t❤❡ ♥❡✇ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣

♠✉❧t✐♣❧✐❡r

❚❤❡ ❝❧❛ss✐❝❛❧ ♠♦❞❡❧ ✐s r❡♣r❡s❡♥t❡❞ ✐♥ ♣❛♥❡❧ ✭❛✮ ❛♥❞ t❤❡ ♥❡✇ ♠♦❞❡❧ ✐s ❞✐s♣❧❛②❡❞ ✐♥ ♣❛♥❡❧ ✭❜✮

♦❢ ✜❣✉r❡ ✶✳✺ ❊❛❝❤ ❡q✉✐❧✐❜r✐✉♠ ✐s ♦❜s❡r✈❡❞ ✇❤❡♥ t❤❡ ❆❆ ❛♥❞ t❤❡ ❉❉ ❝✉r✈❡s ❝r♦ss ❡❛❝❤ ♦t❤❡r✳

❚❤❡ ❝❧❛ss✐❝❛❧ ❆❆ ❝✉r✈❡ ✐♥ ❩▲❇ ✐s ❛ ❤♦r✐③♦♥t❛❧ ❧✐♥❡✱ ✇❤✐❧❡ t❤❡ ♥❡✇ ❆❆ ❝✉r✈❡ ✐s ❞♦✇♥✇❛r❞✲

s❧♦♣✐♥❣✳ ❆♥ ✐♥❝r❡❛s❡ ✐♥ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ s❤✐❢ts t❤❡ ❉❉ s❝❤❡❞✉❧❡ t♦ t❤❡ r✐❣❤t ❜② dG
1−MPC

✺◆♦t❡ t❤❛t ✐♥❝r❡❛s❡s ✐♥ ❡①❝❤❛♥❣❡ r❛t❡ ✐s ❛ ❞❡♣r❡❝✐❛t✐♦♥ ♦❢ t❤❡ ♥❛t✐♦♥❛❧ ❝✉rr❡♥❝②✳

✶✹



✭MPC = dC
dY

✮✳ ■♥ t❤❡ ❝❧❛ss✐❝❛❧ ❛♥❛❧②s✐s✱ ✭♣❛♥❡❧ ❛✮✱ t❤❡ ❉❉ ❝✉r✈❡ s❤✐❢ts ❢r♦♠ DD1 t♦ DD2

❛♥❞ t❤❡ ❡q✉✐❧✐❜r✐✉♠ ♦✉t♣✉t ♠♦✈❡s ❢r♦♠ Y1 t♦ Y2✳ dY = Y2 − Y1 =
dG

1−MPC
✳

■♥ t❤❡ ♥❡✇ ♠♦❞❡❧ ✭♣❛♥❡❧ ❜✮✱ t❤❡ ❉❉ ❝✉r✈❡ s❤✐❢ts ❢r♦♠ DDn1 t♦ DDn2 ❛♥❞ ♦✉t♣✉t ♠♦✈❡s

❢r♦♠ Yn1 t♦ Yn2✳ ❚❤❡ ✐♥❝r❡❛s❡s ✐♥ ♦✉t♣✉t ❛r❡ ❧❡ss t❤❛♥ t❤♦s❡ ♦❜s❡r✈❡❞ ✐♥ t❤❡ ❝❧❛ss✐❝❛❧ ❛♥❛❧②s✐s✳

dYn = Yn2 − Yn1 =
dG

1− dC
dY

−
dNX

dEZLB







( ∂L
∂Y )(1+rZLB)E2

ZLB
(

∂L
∂re

M

)

(1+r∗
ZLB

)(1+re∗)Ee
M($/➾)
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✺ ❈♦♥❝❧✉s✐♦♥

■♥ ❩▲❇ ♣❡r✐♦❞s✱ t❤❡ ❡①✐st✐♥❣ ❆❆✲❉❉ ♠♦❞❡❧ ♣r♦♣♦s❡❞ ❜② ❑r✉❣♠❛♥✱ ❖❜st❢❡❧❞✱ ✫ ▼❡❧✐t③ ✭✷✵✶✷✮

♣r❡❞✐❝ts ❛ ✈❡r② ❧❛r❣❡ ♦✉t♣✉t ❡✛❡❝t ♦❢ ❛♥ ✐♥❝r❡❛s❡ ✐♥ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ❝♦♠♣❛r❡❞ t♦ t❤❛t ✐♥

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

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

t❤❡ ❩▲❇ ♣❡r✐♦❞ ✐s ❞❡✢❡❝t❡❞ ❜② ❛♥ ❛♣♣r❡❝✐❛t✐♦♥ ✐♥ t❤❡ ❝✉rr❡♥t ❡①❝❤❛♥❣❡ r❛t❡✳ ❚❤❡ ♣r❡❞✐❝t✐♦♥s

♦❢ ♦✉r ♥❡✇ ❆❆✲❉❉ ♠♦❞❡❧ ❛r❡ ❝♦♥s✐st❡♥t ✇✐t❤ r❡❝❡♥t ❉❙●❊ ❧✐t❡r❛t✉r❡ ✐♥ ♦♣❡♥ ❡❝♦♥♦♠✐❡s

✐♥ ❩▲❇ ♣❡r✐♦❞s✳ ❚❤❡ ❆❆✲❉❉ ♠♦❞❡❧ ✐s ✇✐❞❡❧② t❛✉❣❤t ✐♥ ♠❛♥② ✉♥✐✈❡rs✐t✐❡s✳ ❚❤❡ ❆❆✲❉❉

♠♦❞❡❧ ✐s ❛❧s♦ ✉s❡❞ ❜② ♠❛♥② ♣♦❧✐❝②♠❛❦❡rs✳ ❖✉r ♥❡✇ ❆❆✲❉❉ ♠♦❞❡❧ ✇✐❧❧ ❤❡❧♣ t♦ ✉♣❞❛t❡ t❤❡

❡①✐st✐♥❣ ❆❆✲❉❉ ♠♦❞❡❧ ✐♥ ❩▲❇ ♣❡r✐♦❞s✳ ❖✉r ♥❡✇ ♠♦❞❡❧ ✇✐❧❧ ❛❧s♦ ❤❡❧♣ ❝❡♥tr❛❧ ❜❛♥❦❡rs ❛♥❞

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

✶✻



❋✐❣✉r❡ ✶✿ ❊✛❡❝t ♦❢ ●♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ♦♥ ♦✉t♣✉t ✐♥ ③❡r♦ ❧♦✇❡r✲❜♦✉♥❞✿ ❝♦♠♣❛r✐♥❣ t❤❡ ♥❡✇
❡✛❡❝t ✇✐t❤ t❤❡ ❝❧❛ss✐❝❛❧ ❡✛❡❝t

(a)  A Classical AA-DD Equilibrium in Zero Lower Bound 

 

  

 

  

 

  

 

 

 

 

  

 

    

 

(b) A  New AA-DD Equilibrium in Zero Lower Bound 

 

 

 

   

 

 

 

 

  

 

 

  

 

Exchange 

rate, E 

Output, Y 

Exchange 

rate, E 

Output, Y 

𝑑𝐺1 −𝑀𝑃𝐶 

𝑑𝐺1 −𝑀𝑃𝐶 

𝑑𝑌 = 𝑑𝐺1 −𝑀𝑃𝐶 

𝑑𝑌𝑛 < 𝑑𝐺1 −𝑀𝑃𝐶 

Y1 Y2 

E1  = E2 

Yn2 Yn1 

En2 

En1 

DD1     DD2    

AA    

DDn1   DDn2    

AAn    

◆♦t❡✿ ❚❤❡ ❝❧❛ss✐❝❛❧ ♠♦❞❡❧ ✐s r❡♣r❡s❡♥t❡❞ ✐♥ ♣❛♥❡❧ ✭❛✮ ❛♥❞ t❤❡ ♥❡✇ ♠♦❞❡❧ ✐s ❞✐s♣❧❛②❡❞ ✐♥ ♣❛♥❡❧ ✭❜✮✳ ■♥ ♣❛♥❡❧ ✭❛✮✱ ❛♥ ✐♥❝r❡❛s❡ ✐♥
●♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ s❤✐❢ts t❤❡ ❉❉ s❝❤❡❞✉❧❡ t♦ t❤❡ r✐❣❤t ❢r♦♠ DD1 t♦ DD2 ❛♥❞ ❡q✉✐❧✐❜r✐✉♠ ♦✉t♣✉t ♠♦✈❡s ❢r♦♠ Y1 t♦ Y2.
■♥ ♣❛♥❡❧ ✭❜✮✱ t❤❡ ❉❉ ❝✉r✈❡ s❤✐❢ts ❢r♦♠ DDn1 t♦ DDn2 ❛♥❞ ♦✉t♣✉t ♠♦✈❡s ❢r♦♠ Yn1 t♦ Yn2✱ ✇✐t❤ dYn < dY.
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❘❡❢❡r❡♥❝❡s

❇❛✉♠♦❧✱ ❲✳ ❏✳ ✭✶✾✺✷✮✳ ❚❤❡ tr❛♥s❛❝t✐♦♥s ❞❡♠❛♥❞ ❢♦r ❝❛s❤✿ ❆♥ ✐♥✈❡♥t♦r② t❤❡♦r❡t✐❝ ❛♣♣r♦❛❝❤✳

❚❤❡ ◗✉❛rt❡r❧② ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝s✱ ✺✹✺✕✺✺✻✳

❇♦s❦✐♥✱ ▼✳ ✭✷✵✶✷✮✳ ❆ ♥♦t❡ ♦♥ t❤❡ ❡✛❡❝ts ♦❢ t❤❡ ❤✐❣❤❡r ♥❛t✐♦♥❛❧ ❞❡❜t ♦♥ ❡❝♦♥♦♠✐❝ ❣r♦✇t❤✳

❙t❛♥❢♦r❞ ■♥st✐t✉t❡ ❢♦r ❊❝♦♥♦♠✐❝ P♦❧✐❝② ❘❡s❡❛r❝❤✳

❍✐❝❦s✱ ❏✳ ❘✳ ✭✶✾✸✼✮✳ ▼r✳ ❦❡②♥❡s ❛♥❞ t❤❡✧ ❝❧❛ss✐❝s✧❀ ❛ s✉❣❣❡st❡❞ ✐♥t❡r♣r❡t❛t✐♦♥✳ ❊❝♦♥♦♠❡tr✐❝❛✱

✶✹✼✕✶✺✾✳

❑r✉❣♠❛♥✱ P✳ ❘✳✱ ❖❜st❢❡❧❞✱ ▼✳✱ ✫ ▼❡❧✐t③✱ ▼✳ ❏✳ ✭✷✵✶✷✮✳ ■♥t❡r♥❛t✐♦♥❛❧ ❡❝♦♥♦♠✐❝s✱ ♥✐t❤ ❡❞✐t✐♦♥✳

P❡❛s♦♥✳

▼❛♦ ❚❛❦♦♥❣♠♦✱ ❈✳ ❖✳ ✭✷✵✶✼✮✳ ●♦✈❡r♥♠❡♥t✲s♣❡♥❞✐♥❣ ♠✉❧t✐♣❧✐❡rs ❛♥❞ t❤❡ ③❡r♦ ❧♦✇❡r ❜♦✉♥❞

✐♥ ❛♥ ♦♣❡♥ ❡❝♦♥♦♠②✳ ❘❡✈✐❡✇ ♦❢ ■♥t❡r♥❛t✐♦♥❛❧ ❊❝♦♥♦♠✐❝s✱ ✷✺ ✭✺✮✱ ✶✵✹✻✕✶✵✼✼✳

▼✉♥❞❡❧❧✱ ❘✳ ❆✳ ✭✶✾✻✸✮✳ ❈❛♣✐t❛❧ ♠♦❜✐❧✐t② ❛♥❞ st❛❜✐❧✐③❛t✐♦♥ ♣♦❧✐❝② ✉♥❞❡r ✜①❡❞ ❛♥❞ ✢❡①✐❜❧❡

❡①❝❤❛♥❣❡ r❛t❡s✳ ❈❛♥❛❞✐❛♥ ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝s ❛♥❞ P♦❧✐t✐❝❛❧ ❙❝✐❡♥❝❡✱ ✷✾ ✭✵✹✮✱ ✹✼✺✕✹✽✺✳

❘♦❣♦✛✱ ❑✳ ✭✶✾✽✺✮✳ ❚❤❡ ♦♣t✐♠❛❧ ❞❡❣r❡❡ ♦❢ ❝♦♠♠✐t♠❡♥t t♦ ❛♥ ✐♥t❡r♠❡❞✐❛t❡ ♠♦♥❡t❛r② t❛r❣❡t✳

❚❤❡ q✉❛rt❡r❧② ❥♦✉r♥❛❧ ♦❢ ❡❝♦♥♦♠✐❝s✱ ✶✵✵ ✭✹✮✱ ✶✶✻✾✕✶✶✽✾✳
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