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❆ ◆❡✇ ❚❡st ♦❢ ❘✐❝❛r❞✐❛♥ ❊q✉✐✈❛❧❡♥❝❡ ❯s✐♥❣ t❤❡

◆❛rr❛t✐✈❡ ❘❡❝♦r❞ ♦♥ ❚❛① ❈❤❛♥❣❡s

❆❧❢r❡❞ ❆✳ ❍❛✉❣∗

❉❡♣❛rt♠❡♥t ♦❢ ❊❝♦♥♦♠✐❝s✱ ❯♥✐✈❡rs✐t② ♦❢ ❖t❛❣♦✱ P✳❖✳ ❇♦① ✺✻✱ ❉✉♥❡❞✐♥ ✾✵✺✹✱ ◆❡✇ ❩❡❛❧❛♥❞

❚❤✐s ✈❡rs✐♦♥✿ ◆♦✈❡♠❜❡r ✷✵✶✻

❆❜str❛❝t

❚❤✐s ♣❛♣❡r ❡♠♣✐r✐❝❛❧❧② t❡sts t❤❡ ❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡ ❤②♣♦t❤❡s✐s ✇✐t❤ ❛

♥❛rr❛t✐✈❡ ♠❡❛s✉r❡ ♦❢ t❛① s❤♦❝❦s✳ ❚❤❡ ♣r❡s❡♥t ✈❛❧✉❡✱ ❛t t❤❡ t✐♠❡ ♦❢ ❧❡❣✐s❧❛t✐♦♥✱

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

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

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

❡q✉✐✈❛❧❡♥❝❡ ❤♦❧❞s ❛s ❛ ❣♦♦❞ ❛♣♣r♦①✐♠❛t✐♦♥✳ ❋♦r t❤❡ ♣♦st✲✶✾✽✵✿■❱ ♣❡r✐♦❞✱ ■ ✜♥❞

❡✈✐❞❡♥❝❡ ❢♦r ✜s❝❛❧ ❛♥t✐❝✐♣❛t✐♦♥ ❛s ♠❛♥② ♦❢ t❤❡ t❛① ✐♥❝r❡❛s❡s ❛r❡ ✐♠♣❧❡♠❡♥t❡❞

✇✐t❤ s✉❜st❛♥t✐❛❧ ❞❡❧❛②s ❛♥❞ ❞✐st♦rt✐♦♥❛r② t❛①❡s ✐♥❝r❡❛s❡ ❡❝♦♥♦♠✐❝ ❛❝t✐✈✐t② ❜❡❢♦r❡

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

❡q✉✐✈❛❧❡♥❝❡ ✐s r❡❥❡❝t❡❞✳

❏❊▲ ❈❧❛ss✐✜❝❛t✐♦♥✿ ❊✻✷✱ ❈✺✶

❑❡②✇♦r❞s✿ ❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡ ❤②♣♦t❤❡s✐s❀ ♥❛rr❛t✐✈❡ r❡❝♦r❞❀ ❡①♦❣❡♥♦✉s

t❛① ❝❤❛♥❣❡s❀ ❣♦✈❡r♥♠❡♥t ❜✉❞❣❡t ❞❡✜❝✐ts✳

∗❊✲♠❛✐❧ ❛❞❞r❡ss✿ ❆❧❢r❡❞✳❍❛✉❣❅♦t❛❣♦✳❛❝✳♥③✳



✶

✶✳ ■♥tr♦❞✉❝t✐♦♥

❚❤❡ r❡❝❡♥t ❣❧♦❜❛❧ ✜♥❛♥❝✐❛❧ ❝r✐s✐s ❛♥❞ t❤❡ ❡♥s✉✐♥❣ s♦✈❡r❡✐❣♥ ❞❡❜t ❝r✐s❡s ✐♥ ❊✉✲

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

✐s t❤❡ ❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡ ❤②♣♦t❤❡s✐s✳ ■t st❛t❡s t❤❛t ✐t ❞♦❡s ♥♦t ♠❛tt❡r ❢♦r t❤❡

❡❝♦♥♦♠② ✇❤❡t❤❡r ❣♦✈❡r♥♠❡♥t ❡①♣❡♥❞✐t✉r❡s ❛r❡ ✜♥❛♥❝❡❞ ❜② ❝✉rr❡♥t t❛①❛t✐♦♥ ♦r ✐♥✲

st❡❛❞ ❜② ✐ss✉✐♥❣ ❣♦✈❡r♥♠❡♥t ❜♦♥❞s ✭❇❛rr♦✱ ✶✾✼✹✮✳ ❘✐❝❛r❞✐❛♥ ❤♦✉s❡❤♦❧❞s ❛r❡ ♦♥❧②

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

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

❛♥❞ ❝✉rr❡♥t❧② ♦✉tst❛♥❞✐♥❣ ❣♦✈❡r♥♠❡♥t ❞❡❜t✳ ❚❤❡ t✐♠✐♥❣ ♦❢ t❛①❡s ❞♦❡s ♥♦t ♠❛tt❡r✳

●♦✈❡r♥♠❡♥t ❜♦♥❞s ❛r❡ s✐♠♣❧② s❡❡♥ ❛s ♣♦st♣♦♥❡❞ t❛①❡s t❤❛t ✇✐❧❧ ❤❛✈❡ t♦ ❜❡ ♣❛✐❞ ❛t

s♦♠❡ ❢✉t✉r❡ ❞❛t❡✳ ❍❡♥❝❡✱ ❛ s✇✐t❝❤ ❢r♦♠ t❛① t♦ ❜♦♥❞ ✜♥❛♥❝✐♥❣✱ ♦r ✈✐❝❡ ✈❡r❛✱ ❤❛s ♥♦

❡✛❡❝t ♦♥ ♠❛❝r♦❡❝♦♥♦♠✐❝ ✈❛r✐❛❜❧❡s✳ ❇❛rr♦ ✭✶✾✼✹✮ ❛r❣✉❡❞ t❤❛t ❘✐❝❛r❞✐❛♥ ❝♦♥s✉♠❡rs

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

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

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

r❛t❡s ❝❤❛♥❣❡✳ ❚❤❡ ❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡ ❤②♣♦t❤❡s✐s ✐s ❜❛s❡❞ ♦♥ s❡✈❡r❛❧ r❡str✐❝t✐✈❡

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

❤♦✉s❡❤♦❧❞s ❞♦ ♥♦t ❢❛❝❡ ❧✐q✉✐❞✐t② ❝♦♥str❛✐♥ts ❛♥❞ ❝❛♥ ❜♦rr♦✇ ❛t t❤❡ s❛♠❡ ✐♥t❡r❡st

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

✉♥❝❡rt❛✐♥t② ❛❜♦✉t t❤❡ ❢✉t✉r❡ t❛① ✐♥❝✐❞❡♥❝❡✳

❆ ❧❛r❣❡ ♥✉♠❜❡r ♦❢ t❤❡♦r❡t✐❝❛❧ ❛♥❞ ❡♠♣✐r✐❝❛❧ ♣❛♣❡rs ❤❛✈❡ st✉❞✐❡❞ ❘✐❝❛r❞✐❛♥

❡q✉✐✈❛❧❡♥❝❡✳ ❚❤✐s ❧✐t❡r❛t✉r❡ ❤❛s ❜❡❡♥ s✉r✈❡②❡❞ ❜② ❙❡❛t❡r ✭✶✾✾✸✮ ❛♥❞ ♠♦r❡ r❡❝❡♥t❧② ❜②

❘✐❝❝✐✉t✐ ✭✷✵✵✸✮✳ ❖♥ ❛ t❤❡♦r❡t✐❝❛❧ ❧❡✈❡❧✱ r❡❧❛①✐♥❣ t❤❡ ✈❡r② str✐❝t ❛ss✉♠♣t✐♦♥s ♥❡❝❡ss❛r②

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

♥❡❣❛t✐✈❡ ♥❡t ✇❡❛❧t❤ ❡✛❡❝ts ❢♦r ❤♦✉s❡❤♦❧❞s✱ ❛s ❛r❣✉❡❞ ❜② ❇❛rr♦ ✭✶✾✼✹✱ ✶✾✽✾✮✱ ✐♥st❡❛❞

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

❋♦r ❡①❛♠♣❧❡✱ ❏✉❞❞ ✭✶✾✽✼✮ ❞❡♠♦♥str❛t❡❞ t❤✐s ✐♥ ❛ t❤❡♦r❡t✐❝❛❧ ♠♦❞❡❧ ✇✐t❤ ❞✐st♦rt✐♦♥❛r②

t❛①❡s✱ ✜♥✐t❡ ❧✐✈❡s✱ ❛♥❞ ❛❞❥✉st♠❡♥t ❝♦sts✳ ❲❡❛❧t❤ ❡✛❡❝ts ❝❛♥ ❝❛♥❝❡❧ ❡❛❝❤ ♦t❤❡r ♦r ❜❡

❛❧t♦❣❡t❤❡r ♥❡❣❧✐❣✐❜❧❡✳ ❚❤❡r❡❢♦r❡✱ t❤❡ ❢❛❝t t❤❛t t❛① s②st❡♠s ❛r❡ ❣❡♥❡r❛❧❧② ♥♦t ❜❛s❡❞

♦♥ ❧✉♠♣✲s✉♠ t❛①❛t✐♦♥ ❞♦❡s ♥♦t ✐♥✈❛❧✐❞❛t❡ ❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡✱ ❛s✱ ❢♦r ❡①❛♠♣❧❡✱
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tr❛♥s♣♦rt❛t✐♦♥ ❝♦sts ❞♦ ♥♦t ✐♥✈❛❧✐❞❛t❡ t❤❡ ❛ss✉♠♣t✐♦♥ ♦❢ ♣❡r❢❡❝t ❝♦♠♣❡t✐t✐♦♥ ✐♥ ♠❛♥②

❛♣♣❧✐❝❛t✐♦♥s✳ ❚❤❡ ✐ss✉❡ ❝❛♥♥♦t ❜❡ s❡tt❧❡❞ ♦♥ t❤❡♦r❡t✐❝❛❧ ❣r♦✉♥❞s✳ ❆♥ ❛♥s✇❡r t♦

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

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

❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡ ✐s ❝❛♥♥♦t ❜❡ ❞❡t❡r♠✐♥❡ ❜❛s❡❞ ♦♥ t❤❡♦r② ❛♥❞ ❡♠♣✐r✐❝❛❧ t❡sts

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

❝♦♥❝❧✉s✐✈❡✳

❚❤❡ ✜rst ❣♦❛❧ ♦❢ t❤✐s ♣❛♣❡r ✐s t♦ s❤❡❞ ♥❡✇ ❧✐❣❤t ♦♥ t❤❡ ❝♦♥tr♦✈❡rs✐❛❧ ✐ss✉❡ ♦❢

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

✈❛♥❝❡ ✐♥ ♣❛rt✐❝✉❧❛r t♦ ♦r✐❡♥t✐♥❣ t❤❡♦r❡t✐❝❛❧ ♠♦❞❡❧s ❛♥❞ ❢♦r ✉♥❞❡rst❛♥❞✐♥❣ s♦♠❡ ♦❢ t❤❡

❡✛❡❝ts ✭❛ss♦❝✐❛t❡❞ ✇✐t❤ t❛① ✐♥❝r❡❛s❡s✮ ♦❢ ✜s❝❛❧ ❝♦♥s♦❧✐❞❛t✐♦♥✱ ❛ t✐♠❡❧② t♦♣✐❝✳ ■ s✉❣❣❡st

❛ ♥❡✇ t❡st ♦❢ ❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡ t❤❛t r❡❧✐❡s ♦♥ ❛ ♥❛rr❛t✐✈❡ ♠❡❛s✉r❡ ❢♦r ❛ s✉r♣r✐s❡

s✇✐t❝❤ ❢r♦♠ ❜♦♥❞ ✜♥❛♥❝✐♥❣ t♦ t❛①❛t✐♦♥✳ ❙✉❝❤ ❛ s✇✐t❝❤ s❤♦✉❧❞ ❤❛✈❡ ♥♦ ❡✛❡❝ts ♦♥ r❡❛❧

●❉P ❛♥❞ ✐♥t❡r❡st r❛t❡s ✐❢ ❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡ ✐s ❛ ❣♦♦❞ ❛♣♣r♦①✐♠❛t✐♦♥✳ ❆ ❝✉rr❡♥t

✐♥❝r❡❛s❡ ✐♥ t❛①❡s t❤❛t r❡❞✉❝❡s ♦✉tst❛♥❞✐♥❣ ❜♦♥❞s ✐♠♣❧✐❡s ❛♥ ♦✛s❡tt✐♥❣ r❡❞✉❝t✐♦♥ ✐♥

❢✉t✉r❡ t❛①❡s✳ ■ ✉s❡ ❢♦r t❤✐s ♣✉r♣♦s❡ t❤❡ ♣r❡s❡♥t ✈❛❧✉❡ ♦❢ ❞✐s❝r❡t✐♦♥❛r② ❝❤❛♥❣❡s ✐♥

t❛① r❡✈❡♥✉❡ t❤❛t ✇❡r❡ ♠♦t✐✈❛t❡ ❜② ❝♦♥❝❡r♥s ❛❜♦✉t t❤❡ ✐♥❤❡r✐t❡❞ ❣♦✈❡r♥♠❡♥t ❜✉❞❣❡t

❞❡✜❝✐t ❛♥❞ ✇❡r❡ ✐♥tr♦❞✉❝❡❞ ❢♦r r❡❛s♦♥s ✉♥r❡❧❛t❡❞ t♦ ❝✉rr❡♥t ♠❛❝r♦❡❝♦♥♦♠✐❝ ✢✉❝t✉❛✲

t✐♦♥s ♦r ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣✳ ❱❛r✐♦✉s ♥❛rr❛t✐✈❡ t❛① ♠❡❛s✉r❡s ❤❛✈❡ ❜❡❡♥ ❝♦♥str✉❝t❡❞

❢♦r ❯✳❙✳ ✜s❝❛❧ ♣♦❧✐❝② ❜② ❘♦♠❡r ❛♥❞ ❘♦♠❡r ✭✷✵✶✵✮✳✷ ❚❤❡② ✉s❡❞ ❤✐st♦r✐❝❛❧ ❞♦❝✉♠❡♥ts

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

❧❛✇♠❛❦❡rs ❛t t❤❡ t✐♠❡ ♦❢ ♣❛ss❛❣❡✱ s✉❝❤ ❛s t❤❡ ❯✳❙✳ ❈♦♥❣r❡ss✱ ❊❝♦♥♦♠✐❝ ❘❡♣♦rt ♦❢ t❤❡

Pr❡s✐❞❡♥t✱ ❇✉❞❣❡t✱ ❙❡♥❛t❡✱ ❙♦❝✐❛❧ ❙❡❝✉r✐t②✱ ❛♥❞ ❚r❡❛s✉r② ❙❡❝r❡t❛r② r❡♣♦rts✱ r❡❝♦r❞s✱

❛♥❞ ❜✉❧❧❡t✐♥s✳ ❚❤❡② ❝❛❧❧ t❤❡ ✜s❝❛❧ s✉r♣r✐s❡ s❤♦❝❦ ✭♥❡✇s✮✱ t❤❛t ■ ✉s❡✱ ❛♥ ❡①♦❣❡♥♦✉s ✭❛s

♦♣♣♦s❡❞ t♦ ❡♥❞♦❣❡♥♦✉s✮ ✧❞❡✜❝✐t✲❞r✐✈❡♥✧ t❛① r❡✈❡♥✉❡ ✐♥❝r❡❛s❡ ♠♦t✐✈❛t❡❞ ❜② ❝♦♥❝❡r♥s

❛❜♦✉t ✐♥❤❡r✐t❡❞ ❜✉❞❣❡t ❞❡✜❝✐ts ❛♥❞ ♥♦t ❝❛✉s❡❞ ❜② ❝✉rr❡♥t s♣❡♥❞✐♥❣✳✸

✶❙❡❡ ❛❧s♦ ❊✈❛♥s ✭✶✾✾✶✮✳ ❋✉rt❤❡r♠♦r❡✱ ❊✈❛♥s ❡t ❛❧✳ ✭✷✵✶✷✮ r❡❝❡♥t❧② s❤♦✇❡❞ t❤❛t r❛t✐♦♥❛❧ ❡①♣❡❝t❛✲
t✐♦♥s ❛r❡ ♥♦t ♥❡❝❡ss❛r② ❢♦r ❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡ t♦ ❤♦❧❞ ❛♥❞ ❛ ❝❡rt❛✐♥ ❛❞❛♣t✐✈❡ ❧❡❛r♥✐♥❣ r✉❧❡ ✐♥st❡❛❞
❝❛♥ ♣r♦❞✉❝❡ ❡q✉✐✈❛❧❡♥❝❡✳

✷❚❤❡② ❤❛✈❡ ❜❡❡♥ ✉s❡❞ ❜② s❡✈❡r❛❧ ♦t❤❡rs✱ s✉❝❤ ❛s ❋❛✈❡r♦ ❛♥❞ ●✐❛✈❛③③✐ ✭✷✵✶✷✮✱ ❛♥❞ r❡❢❡r❡♥❝❡s t❤❛t
t❤❡② ♣r♦✈✐❞❡❞✳ ❋✉rt❤❡r♠♦r❡✱ t❤❡ ♥❛rr❛t✐✈❡ ❛♣♣r♦❛❝❤ ✇❛s ❛❧s♦ ✉s❡❞ ❜②✱ ❛♠♦♥❣ ♦t❤❡rs✱ ❘❛♠❡② ✭✷✵✶✶✮
t♦ st✉❞② ✐♥st❡❛❞ t❤❡ ❡✛❡❝ts ♦❢ ❧❛r❣❡ ❯✳❙✳ ♠✐❧✐t❛r② ❜✉✐❧❞✲✉♣s✳

✸❆ ❝❧♦s❡❧② r❡❧❛t❡❞ st✉❞②✱ ✉s✐♥❣ ❘♦♠❡r ❛♥❞ ❘♦♠❡r✬s ♠❡t❤♦❞♦❧♦❣②✱ ✇❛s ♣r❡s❡♥t❡❞ ❜② ❈❧♦②♥❡ ✭✷✵✶✸✮
❢♦r t❤❡ ❯♥✐t❡❞ ❑✐♥❣❞♦♠✳ ❍♦✇❡✈❡r✱ t❤❡ ❯♥✐t❡❞ ❑✐♥❣❞♦♠ ❤❛s ♥♦ ♣r❡❝❡❞❡♥ts ♦❢ ✧✜s❝❛❧ ❝♦♥s♦❧✐❞❛t✐♦♥s✱✧



✸

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

❘♦♠❡r ✭✷✵✶✵✮ ❛r❡ r♦❜✉st t♦ ✉s✐♥❣ ❛ s✉❜❝❛t❡❣♦r② ♦❢ t❤❡✐r ❞❛t❛ s❡t t❤❛t t❤❡② ❞✐❞ ♥♦t

❝♦♥s✐❞❡r ✐♥ s❡♣❛r❛t✐♦♥✿ t❤❡ ♣r❡s❡♥t ✈❛❧✉❡ ♦❢ ❞❡✜❝✐t✲❞r✐✈❡♥ ❧❡❣✐s❧❛t❡❞ t❛① ❝❤❛♥❣❡s✳ ❆

s✉❜❝❛t❡❣♦r② ♦❢ t❤❡✐r ❛❣❣r❡❣❛t❡❞ ❡①♦❣❡♥♦✉s t❛① s❤♦❝❦s ♠❛② ♦r ♠❛② ♥♦t ❜❡❤❛✈❡ ❞✐❢✲

❢❡r❡♥t❧② ❢r♦♠ t❤❡ ❛❣❣r❡❣❛t❡❞✳ ❘♦♠❡r ❛♥❞ ❘♦♠❡r ✭✷✵✶✵✮ ❝❛❧❝✉❧❛t❡❞ ❛ ❝✉♠✉❧❛t✐✈❡ t❛①

♠✉❧t✐♣❧✐❡r ♦❢ ❝❧♦s❡ t♦ ✲✸✱ s♦ t❤❛t ❛ t❛① r❡✈❡♥✉❡ ❞❡❝r❡❛s❡s ♦❢ ✶✪ ♦❢ ●❉P ❧❡❛❞s t♦ ❛♥

✐♥❝r❡❛s❡ ✐♥ ●❉P ♦❢ ❝❧♦s❡ t♦ ✸✪✳

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

♣r❡s❡♥ts r❡s✉❧ts ❢♦r t❤❡ ❢✉❧❧ ♣♦st✲❲❲■■ s❛♠♣❧❡ ❛♥❞ ❢♦r t✇♦ s✉❜✲s❛♠♣❧❡s✱ ♦♥❡ ♣r✐♦r t♦

❛♥❞ t❤❡ ♦t❤❡r ♣♦st ✶✾✽✵✿■❱✳ ❖♥❝❡ ■ ❛❝❝♦✉♥t ❢♦r ❛ str✉❝t✉r❛❧ ❜r❡❛❦ ✐♥ ✶✾✽✵✿■❱✱ t❤❡ ♣r✐♦r

s❛♠♣❧❡ ❤❛s t♦♦ ❢❡✇ ♦❜s❡r✈❛t✐♦♥s t♦ ❛❧❧♦✇ r❡❧✐❛❜❧❡ ✐♥❢❡r❡♥❝❡✳ ❇✉t t❤❡ ♣♦st✲✶✾✽✵✿■❱ s❛♠✲

♣❧❡ ❞❡❧✐✈❡rs ❡♠♣✐r✐❝❛❧ r❡s✉❧ts t❤❛t s❤♦✇ t❤❛t ❞❡✜❝✐t✲❞r✐✈❡♥ t❛① ✐♥❝r❡❛s❡s ❤❛✈❡ st❛t✐❝❛❧❧②

s✐❣♥✐✜❝❛♥t ❛♥❞ ♣♦s✐t✐✈❡ ❡✛❡❝ts ♦♥ ❡❝♦♥♦♠✐❝ ❣r♦✇t❤ ❞✉r✐♥❣ t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥✲❧❛❣ ♣❡✲

r✐♦❞✱ ❜❡❢♦r❡ t❤❡ ❛♥♥♦✉♥❝❡❞ t❛① ✐♥❝r❡❛s❡s t❛❦❡ ❡✛❡❝t✳ ❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡ ✐s t❤❡r❡❢♦r❡

♥♦t s✉♣♣♦rt❡❞ ❜② t❤❡ ❞❛t❛✳ ▼♦r❡♦✈❡r✱ ■ ✜♥❞ s✉♣♣♦rt ❢♦r ✜s❝❛❧ ❛♥t✐❝✐♣❛t✐♦♥✱ ❝♦♥tr❛r②

t♦ ❘♦♠❡r ❛♥❞ ❘♦♠❡r ✭✷✵✶✵✮✳ ❚❤❡ s✉❜❝❛t❡❣♦r② t❤❛t ■ ❝♦♥s✐❞❡r t❤❡r❡❢♦r❡ ❜❡❤❛✈❡ ✈❡r②

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

✷✳ ❊①♦❣❡♥♦✉s ❚❛① ◆❡✇s ▼♦t✐✈❛t❡❞ ❜② ❉❡✜❝✐t ❘❡❞✉❝✲

t✐♦♥✿ ❚❤❡ ❉❛t❛

❘♦♠❡r ❛♥❞ ❘♦♠❡r ✭✷✵✶✵✮ ❝♦♥str✉❝t❡❞ ✐♥ t❤❡✐r s❡♠✐♥❛❧ ♣❛♣❡r t✇♦ ✧♥❡✇s✧ s❡r✐❡s

❢♦r ❞✐s❝r❡t✐♦♥❛r② t❛① ❝❤❛♥❣❡s t❤❛t ❛r❡ ✉♥r❡❧❛t❡❞ t♦ t❤❡ ❜✉s✐♥❡ss ❝②❝❧❡✳ ❖♥❡ ✐s ❢♦r t❛①

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

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

✉♥r❡❧❛t❡❞ t♦ t❤❡ ❝✉rr❡♥t ❜✉s✐♥❡ss ❝②❝❧❡✳ ❋♦r ❡❛❝❤ ♦❢ t❤❡ t✇♦ s❡r✐❡s t❤❡② ❝♦♥str✉❝t t✇♦

♠❡❛s✉r❡s✿ ♦♥❡ r❡❝♦r❞✐♥❣ t❤❡ ❛♠♦✉♥t ♦❢ t❤❡ t❛① ❝❤❛♥❣❡ r❡❧❛t✐✈❡ t♦ ●❉P ✇❤❡♥ ✐t t❛❦❡s

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

❛❣❛✐♥ ❛s ❛ r❛t✐♦ t♦ ●❉P✳ ❚❤❡ t❤r❡❡✲②❡❛r ❚r❡❛s✉r② ❜♦♥❞ r❛t❡ ✐s ✉s❡❞ ❢♦r ❞✐s❝♦✉♥t✐♥❣

❞❡❛❧✐♥❣ ✇✐t❤ ✐♥❤❡r✐t❡❞ ❜✉❞❣❡t ❞❡✜❝✐ts t❤❛t ❛r❡ ✉♥r❡❧❛t❡❞ t♦ t❤❡ ❜✉s✐♥❡ss ❝②❝❧❡✱ ❛s ✇♦✉❧❞ ❜❡ ♥❡❝❡ss❛r②
❢♦r t❡st✐♥❣ ❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡✳
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❢✉t✉r❡ t❛① r❡✈❡♥✉❡ ❝❤❛♥❣❡s t♦ t❤❡ t✐♠❡ ✇❤❡♥ ❛ ♠❡❛s✉r❡ ✇❛s ♣❛ss❡❞ ✐♥t♦ ❧❛✇✳✹

❘♦♠❡r ❛♥❞ ❘♦♠❡r ✭✷✵✶✵✮ ✉s❡❞ ✐♥ t❤❡✐r ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s s❡✈❡r❛❧ ♠❡❛s✉r❡s ♦❢

❡①♦❣❡♥♦✉s t❛① ♥❡✇s✳ ❖♥❡ ✐s t❤❡ s✉♠ ♦❢ t❤❡ ❞❡✜❝✐t ❞r✐✈❡♥ t❛① ❝❤❛♥❣❡s ❛♥❞ t❤❡ t❛①

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

❆ s❡❝♦♥❞ ❛♥❞ t❤✐r❞ ♠❡❛s✉r❡ ❛r❡ t❤❡ t✇♦ ♥❡✇s ❝♦♠♣♦♥❡♥ts ✐♥ s❡♣❛r❛t✐♦♥✿ ❞❡✜❝✐t✲❞r✐✈❡♥

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

❢♦✉rt❤ ♠❡❛s✉r❡ ✐s t❤❡ ♣r❡s❡♥t ✈❛❧✉❡ ♦❢ t❤❡ str❡❛♠ ♦❢ ❜♦t❤ ❡①♦❣❡♥♦✉s t❛① ❝❤❛♥❣❡s

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

✐♠♣❧❡♠❡♥t❛t✐♦♥ ❛s ✐♥ t❤❡ ✜rst ♠❡❛s✉r❡✳ ❘♦♠❡r ❛♥❞ ❘♦♠❡r ❞✐❞ ♥♦t ❝♦♥s✐❞❡r s❡♣❛r❛t❡❧②

t❤❡ ♣r❡s❡♥t ✈❛❧✉❡s ♦❢ t❤❡ ❞❡✜❝✐t✲❞r✐✈❡♥ t❛① ❝❤❛♥❣❡s✳✺ ❆s ❡①♣❧❛✐♥❡❞ ❡❛r❧✐❡r✱ ■ ✉s❡ ✐♥

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

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

▼♦st ♦❢ t❤❡ ❡①♦❣❡♥♦✉s ❞❡✜❝✐t✲❞r✐✈❡♥ t❛① ❝❤❛♥❣❡s ✇❡r❡ ♠♦t✐✈❛t❡❞ ❜② ❝♦♥❝❡r♥s

♦✈❡r t❤❡ ❧♦♥❣✲r✉♥ s♦❧✈❡♥❝② ♦❢ t❤❡ ❙♦❝✐❛❧ ❙❡❝✉r✐t② s②st❡♠✳ ❋♦r ❡①❛♠♣❧❡✱ t❤❡ ❙♦❝✐❛❧

❙❡❝✉r✐t② ❆♠❡♥❞♠❡♥ts ♦❢ ✶✾✼✼ ❛♥❞ ✶✾✽✸ ✇❡r❡ ♠❛❥♦r t❛① ✐♥❝r❡❛s❡s t❤❛t ❞✐❞ ♥♦t s✐✲

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

t♦ ❙♦❝✐❛❧ ❙❡❝✉r✐t② ✇❡r❡ t❤♦s❡ ✐♥ t❤❡ ❚❛① ❊q✉✐t② ❛♥❞ ❋✐s❝❛❧ ❘❡s♣♦♥s✐❜✐❧✐t② ❚❛① ❆❝t ♦❢

✶✾✽✷ ❛♥❞ t❤❡ ❖♠♥✐❜✉s ❇✉❞❣❡t ❘❡❝♦♥❝✐❧✐❛t✐♦♥ ❆❝ts ♦❢ ✶✾✾✵ ❛♥❞ ✶✾✾✸✳ ❚❤❡r❡ ❛r❡ t❡♥

✭♥✐♥❡✮ q✉❛rt❡rs ✇✐t❤ ❞❡✜❝✐t✲❞r✐✈❡♥ ❡①♦❣❡♥♦✉s t❛① ❝❤❛♥❣❡s ✐♥ t❤❡ s❛♠♣❧❡ ♣❡r✐♦❞ ❢r♦♠

✶✾✹✺✿■ t♦ ✷✵✵✼✿■❱ ✭✶✾✺✵✿■ t♦ ✷✵✵✼✿■❱✮✳ ❚❤✐s ✐s ❛ ❝♦♥s✐❞❡r❛❜❧② ❧❛r❣❡r ♥✉♠❜❡r t❤❛♥ t❤❡

❢♦✉r q✉❛rt❡r❧② ♥♦♥✲③❡r♦ ♦❜s❡r✈❛t✐♦♥s ❢♦r t❤❡ ✇❛r ❞✉♠♠② ✈❛r✐❛❜❧❡ ✐♥ ❘❛♠❡② ✭✷✵✶✶✮✳

❋✐❣✉r❡ ✶ ❞❡♣✐❝ts t❤❡ ♣r❡s❡♥t ✈❛❧✉❡s ♦❢ ❞❡✜❝✐t✲❞r✐✈❡♥ t❛① ❝❤❛♥❣❡s ❛s ♣❡r❝❡♥t ♦❢ ●❉P✳

❚❤❡ ✈❛❧✉❡s r❛♥❣❡ ❢r♦♠ ✵✳✵✷✸✪ ✐♥ ✶✾✾✼✿■■■ t♦ ✶✳✶✺✸✪ ✐♥ ✶✾✼✼✿■❱✳ ■♥ ❝♦♠♣❛r✐s♦♥✱ t❤❡

♥♦♥✲③❡r♦ ❞❡❢❡♥s❡ ❜✉✐❧❞✲✉♣ ❞❛t❡s ✐♥ ❘❛♠❡② ✭✷✵✶✶✱ ❚❛❜❧❡ ■■✱ ♣♣✳ ✷✻✲✷✼✮ r❡♣r❡s❡♥t t❤❡

❢♦❧❧♦✇✐♥❣ s❤❛r❡s ♦❢ ●❉P✿ ✻✸✳✵✻✪ ✐♥ ✶✾✺✵✿■■■✱ ✵✳✸✸✪ ✐♥ ✶✾✻✺✿■✱ ✻✳✸✻✪ ✐♥ ✶✾✽✵✿■✱ ❛♥❞

✵✳✾✹✪ ✐♥ ✷✵✵✶✿■■■✳ ❚✇♦ ♦❢ t❤❡s❡ ❡✈❡♥ts s❤♦✇ ♠✉❝❤ ❧❛r❣❡r ♣♦rt✐♦♥s ♦❢ ●❉P t❤❛♥ ✈❛❧✉❡s

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

❞❛t❡s ♦✈❡r❧❛♣ ✇✐t❤ t❤❡ ❞❛t❡s ❢♦r t❤❡ ♣r❡s❡♥t ✈❛❧✉❡s ♦❢ ❧♦♥❣✲r✉♥ ❡①♦❣❡♥♦✉s t❛① ❝❤❛♥❣❡s
✹❋♦♦t♥♦t❡ ✷✺ ✐♥ ❘♦♠❡r ❛♥❞ ❘♦♠❡r ✭✷✵✶✵✱ ♣✳ ✼✾✸✮ ♣r♦✈✐❞❡s ♠♦r❡ ❞❡t❛✐❧s✳
✺❘♦♠❡r ❛♥❞ ❘♦♠❡r ✭✷✵✵✾❛✮ ♦♥ t❤❡ ♦t❤❡r ❤❛♥❞ st✉❞✐❡❞ t❛① ❝✉ts ❞r✐✈❡♥ ❜② ❧♦♥❣✲r✉♥ ❡❝♦♥♦♠✐❝

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



✺

♦❢ ❘♦♠❡r ❛♥❞ ❘♦♠❡r ✭✷✵✶✵✮✳

❲❤❡♥ ❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡ ❞♦❡s ♥♦t ❤♦❧❞✱ t❤❡ ♣❡r♠❛♥❡♥t ✐♥❝♦♠❡ ❤②♣♦t❤❡s✐s

♣r❡❞✐❝ts t❤❛t ❝♦♥s✉♠❡rs r❡❛❝t t♦ ♥❡✇s ❛❜♦✉t ❝✉rr❡♥t ♦r ❢✉t✉r❡ t❛① ✐♥❝r❡❛s❡s ✭❞❡❝r❡❛s❡s✮

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

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

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

♠❡♥t❡❞ ❛t t❤❡ t✐♠❡ ♦❢ ❜❡✐♥❣ ♣❛ss❡❞ ✐♥t♦ ❧❛✇✳ ❚❤❡ ❝♦rr❡❝t ❛♣♣r♦❛❝❤ ✉♥❞❡r t❤❡ ♣❡r♠❛✲

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

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

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

❤♦❧❞s ✇✐t❤ ❧✉♠♣✲s✉♠ t❛①❡s✳ ❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ ✐♥ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ❞✐st♦rt✐♦♥❛r② t❛①❡s

❛♥❞ ✇❤❡♥ ❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡ ❞♦❡s ♥♦t ❤♦❧❞✱ ✐♥t❡rt❡♠♣♦r❛❧ s✉❜st✐t✉t✐♦♥ ♣r❡❞✐❝ts

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

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

❢♦r✇❛r❞ ✐♥ t✐♠❡ t♦ t❛❦❡ ❛❞✈❛♥t❛❣❡ ♦❢ ❧♦✇❡r t❛①❡s ❜❡❢♦r❡ t❤❡ t❛① ✐♥❝r❡❛s❡ t❛❦❡s ❡✛❡❝t✳

▲❡❡♣❡r ❡t ❛❧✳ ✭✷✵✵✽✮ r❡❢❡rr❡❞ t♦ t❤✐s ❛s ✜s❝❛❧ ❢♦r❡s✐❣❤t ♦r ❛♥t✐❝✐♣❛t✐♦♥✳ ■♥ t❤✐s ❝❛s❡✱

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

✭❧❡❣✐s❧❛t❡❞✮ ❛♥❞ t❤❡ ❞❛t❡s ✇❤❡♥ ✐t ✐s ✐♠♣❧❡♠❡♥t❡❞✳

❲❤❡♥ ❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡ ❤♦❧❞s✱ ❤♦✉s❡❤♦❧❞s ✐♥❝♦r♣♦r❛t❡ t❤❡ ✐♥t❡rt❡♠♣♦r❛❧

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

r❡❧❡✈❛♥t t♦ t❤❡♠ ✐s t❤❡ ♣r❡s❡♥t ✈❛❧✉❡ ♦❢ ❘♦♠❡r ❛♥❞ ❘♦♠❡r✬s ✭✷✵✶✵✮ ❞❡✜❝✐t✲❞r✐✈❡♥

t❛① ❝❤❛♥❣❡s✳ ❚❤✐s ♠❡❛s✉r❡ ✐s ❝♦♥str✉❝t❡❞ ✐s s✉❝❤ ❛ ✇❛② t❤❛t ✐t ✐s ♦rt❤♦❣♦♥❛❧ t♦ ❛❧❧

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

❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡✳ ❆t t❤❡ t✐♠❡ ✇❤❡♥ t❤❡ ❘♦♠❡r ❛♥❞ ❘♦♠❡r ✭✷✵✶✵✮ t❛① s❤♦❝❦s

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

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

t❤❛t t✐♠❡ t❤❛t ❛r❡ ❛ss♦❝✐❛t❡❞ ✇✐t❤ t❤❡ s♣❡❝✐✜❝ t❛① ♥❡✇s✳✼ ❚❤✐s ✐s ❡①❛❝t❧② t❤❡ s❝❡♥❛r✐♦
✻❙❡❡ ❘♦♠❡r ❛♥❞ ❘♦♠❡r ✭✷✵✶✵✮❛♥❞ ❋❛✈❡r♦ ❛♥❞ ●✐❛✈❛③③✐ ✭✷✵✶✷✮✳
✼■♥ ❛ r❡❣r❡ss✐♦♥ ❝♦♥t❡①t t❤✐s ♠❡❛♥s t❤❛t s✉❝❤ ♥❛rr❛t✐✈❡ ✈❛r✐❛❜❧❡s ❛r❡✱ ❛s ❧♦♥❣ ❛s ♦rt❤♦❣♦♥❛❧✐t②

❤♦❧❞s✱ ✉♥❝♦rr❡❧❛t❡❞ ✇✐t❤ ♦t❤❡r ✐♥❝❧✉❞❡❞ ❛♥❞ ♦t❤❡r ♦♠✐tt❡❞ r❡❣r❡ss✐♦♥ ✈❛r✐❛❜❧❡s ❛♥❞ t❤❡✐r r❡❣r❡ss✐♦♥
❝♦❡✣❝✐❡♥t ❡st✐♠❛t❡s ❛r❡ ✉♥❜✐❛s❡❞✳ ❚❤❡ ♦♥❧② ❡✛❡❝t ♦❢ ♦♠✐tt❡❞ ✈❛r✐❛❜❧❡s ✐s t♦ ✐♥❝r❡❛s❡ t❤❡ r❡s✐❞✉❛❧
✈❛r✐❛♥❝❡✳ ■t ✐s t❤❡r❡❢♦r❡ ♣♦ss✐❜❧❡ t♦ ❛♥❛❧②③❡ t❤❡ ❡✛❡❝ts ♦❢ ❡①♦❣❡♥♦✉s t❛① ❝❤❛♥❣❡s ♦♥ ❡❝♦♥♦♠✐❝ ❛❝t✐✈✐t②✱
s✉❝❤ ❛s r❡❛❧ ●❉P ❣r♦✇t❤✱ ✇✐t❤♦✉t s♣❡❝✐❢②✐♥❣ ❛♥ ❡❝♦♥♦♠✐❝ ♠♦❞❡❧ t❤❛t ✐♥❝❧✉❞❡s ♦t❤❡r ✜s❝❛❧ ❛♥❞



✻

♥❡❡❞❡❞ ❢♦r t❡st✐♥❣ t❤❡ ❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡ ❤②♣♦t❤❡s✐s✱ ✐✳❡✳✱ ❦❡❡♣✐♥❣ t❤❡ ❡①♣❡❝t❡❞

str❡❛♠ ♦❢ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ✜①❡❞ ✇❤❡♥ ❛ t❛① ♥❡✇s s❤♦❝❦ ❤✐ts✳

❲♦✉❧❞ ❘♦♠❡r ❛♥❞ ❘♦♠❡r✬s ✭✷✵✶✵✮ t❛① ❝✉ts ♠♦t✐✈❛t❡❞ ❜② ❝♦♥❝❡r♥s ❛❜♦✉t ❧♦♥❣✲

r✉♥ ❣r♦✇t❤ ❜❡ s✉✐t❛❜❧❡ ❢♦r t❡st✐♥❣ ❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡❄ ❚❤❡ ❧♦♥❣✲r✉♥ t❛①✲❝❤❛♥❣❡

✈❛r✐❛❜❧❡s ✇❡r❡ ❝♦♥str✉❝t❡❞ s♦ t❤❛t t❤❡② ❛r❡ ♦rt❤♦❣♦♥❛❧ t♦ t❤❡ ❝✉rr❡♥t ❜✉s✐♥❡ss ❝②❝❧❡

❛♥❞ ❝✉rr❡♥t ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣✳ ❍♦✇❡✈❡r✱ t❤❡ st❛t❡❞ ✐♥t❡♥t✐♦♥ ♦❢ t❤❡s❡ t❛① s❤♦❝❦s

✇❛s ❡①♣❧✐❝✐t❧② t♦ ❡✐t❤❡r ❞❡❝r❡❛s❡ t❤❡ s✐③❡ ♦❢ t❤❡ ❣♦✈❡r♥♠❡♥t ✭❡✳❣✳✱ t❤❡ ✶✾✽✶ ❘❡❛❣❛♥ t❛①

❝✉ts✮ ♦r t♦ s♣✉r ♣r♦❞✉❝t✐✈✐t② ❣r♦✇t❤ ❛♥❞ ✐♥❝r❡❛s❡ ❡✣❝✐❡♥❝②✳ ❚❤✐s s✉❜❝♦♠♣♦♥❡♥t ♦❢ t❛①

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

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

❢✉t✉r❡ ✐♥❝♦♠❡ t❤❛t ❜♦t❤ ❛✛❡❝t ♣❡r♠❛♥❡♥t ✐♥❝♦♠❡✳ ■♥ ♦r❞❡r t♦ ✐❧❧✉str❛t❡ t❤❡ ❘✐❝❛r❞✐❛♥

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

❝♦♥str❛✐♥t ✭s❡❡✱ ❡✳❣✳✱ ❍❛❦❦✐♦ ❛♥❞ ❘✉s❤✱ ✶✾✾✶✱ ❛♥❞ ❍❛✉❣✱ ✶✾✾✻✮✿✽

∞∑

s=1

(1 + r)−sREt+s = Bt +
∞∑

s=1

(1 + r)−sGEt+s) − lim
s→∞

(1 + r)−sBt+s,

✇❤❡r❡ REt ✐s r❡❛❧ t❛① r❡✈❡♥✉❡ ✐♥ ♣❡r✐♦❞ t✱ ✐♥❝❧✉❞✐♥❣ r❡✈❡♥✉❡ ❢r♦♠ ♠♦♥❡t✐③✐♥❣ ❞❡✜❝✐ts

❜② ♣r✐♥t✐♥❣ ♠♦♥❡② ✭✇❤✐❝❤ ✐s tr❡❛t❡❞ ❛s ❛♥ ✐♥✢❛t✐♦♥ t❛①✮✳ Bt ❞❡♥♦t❡s r❡❛❧ ❣♦✈❡r♥♠❡♥t

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

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

❣♦✈❡r♥♠❡♥t ❞♦❡s ♥♦t ❢♦❧❧♦✇ ❛ P♦♥③✐ s❝❤❡♠❡ s♦ t❤❛t ✐♥t❡rt❡♠♣♦r❛❧ ❣♦✈❡r♥♠❡♥t ❜✉❞❣❡t

❜❛❧❛♥❝❡ ❤♦❧❞s ❛♥❞ t❤❡ ❧✐♠✐t t❡r♠ ✐♥ t❤❡ ❛❜♦✈❡ ❡q✉❛t✐♦♥ ❣♦❡s t♦ ③❡r♦✳

❘✐❝❛r❞✐❛♥ ❤♦✉s❡❤♦❧❞s ❞♦ ♥♦t ❝❤❛♥❣❡ t❤❡✐r ❝♦♥s✉♠♣t✐♦♥ ❛♥❞ s❛✈✐♥❣s ♣❧❛♥s ❛s

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

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

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

✜♥❛♥❝❡❞ ❜② t❛①❡s✳ ❚❤❡ ❛❜♦✈❡ ❞❡✜❝✐t✲❞r✐✈❡♥ t❛① ♥❡✇s ✜t t❤✐s s❝❡♥❛r✐♦ ✉♥❞❡r ♦✉r ♥✉❧❧

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

❛ r❡❞✉❝t✐♦♥ ✐♥ ✐♥❤❡r✐t❡❞ ❞❡✜❝✐ts ❛♥❞ t❤❡r❡❢♦r❡ ❧❡❛❞ t♦ ❧❡ss ♥❛t✐♦♥❛❧ ❞❡❜t✳ ▲❡ss ♥❛t✐♦♥❛❧
♠♦♥❡t❛r② ♣♦❧✐❝② ✈❛r✐❛❜❧❡s✳

✽■t ✐s str❛✐❣❤t❢♦r✇❛r❞ t♦ ❞❡✜♥❡ t❤✐s ✐♥t❡rt❡♠♣♦r❛❧ ❣♦✈❡r♥♠❡♥t ❜✉❞❣❡t ❝♦♥str❛✐♥t ✐♥st❡❛❞ ✐♥ t❡r♠s
♦❢ r❛t✐♦s t♦ ●❉P t♦ ✐❧❧✉str❛t❡ t❤❡ ❡✛❡❝ts ✭s❡❡✱ ❡✳❣✳✱ ❍❛❦❦✐♦ ❛♥❞ ❘✉s❤✱ ✶✾✾✶✮✳
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❞❡❜t ♠❡❛♥s ❛♥ ♦✛s❡tt✐♥❣ r❡❞✉❝t✐♦♥ ✭✐♥ ♣r❡s❡♥t ✈❛❧✉❡ t❡r♠s✮ ✐♥ ✐♠♣❧✐❡❞ ❢✉t✉r❡ t❛①❡s✳

❍❡♥❝❡✱ ❛ ❞❡✜❝✐t r❡❞✉❝t✐♦♥ ♥♦✇ ✐s ❛ s✇✐t❝❤ ❢r♦♠ ❢✉t✉r❡ t♦ ❝✉rr❡♥t t❛①❛t✐♦♥✱ ✇❤✐❧❡

t❤❡ str❡❛♠ ♦❢ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ✐s ❡①♣r❡ss❧② ❦❡♣t ✜①❡❞✳ ■♥ ♦t❤❡r ✇♦r❞s✱ t❤❡ t✇♦

❞✐✛❡r❡♥t t✐♠❡ ♣❛t❤s ♦❢ t❛①❡s ✭❜❡❢♦r❡ ❛♥❞ ❛❢t❡r t❤❡ ❞❡✜❝✐t✲❞r✐✈❡♥ t❛① ♥❡✇s✮ ❤❛✈❡ t❤❡

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

❚❤❡ ❞❛t❛ ❝♦✈❡r t❤❡ ♣❡r✐♦❞ ❢r♦♠ t❤❡ ✜rst q✉❛rt❡r ✐♥ ✶✾✹✺ t♦ t❤❡ ❢♦✉rt❤ q✉❛rt❡r

✐♥ ✷✵✵✼✳ ❋♦❧❧♦✇✐♥❣ ❘♦♠❡r ❛♥❞ ❘♦♠❡r ✭✷✵✶✵✮✱ ■ st❛rt r❡❣r❡ss✐♦♥s ✐♥ ✶✾✺✵✿■ ✐♥ ♦r❞❡r t♦

❛❧❧♦✇ ❢♦r s✉✣❝✐❡♥t ❧❛❣s ❞r❛✇✐♥❣ ♦♥ ♦❜s❡r✈❛t✐♦♥s ❢r♦♠ ❡❛r❧✐❡r q✉❛rt❡rs✳ ❚❤❡ ❞❛t❛ ❢♦r

t❤❡ ♥❛rr❛t✐✈❡ ♠❡❛s✉r❡ ♦❢ ❡①♦❣❡♥♦✉s ❞❡✜❝✐t✲❞r✐✈❡♥ t❛① ❝❤❛♥❣❡s ✭❛s ♣❡r❝❡♥t ♦❢ ●❉P✮✱

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

❚r❡❛s✉r② ❜✐❧❧ r❛t❡ ❛r❡ ❛❧❧ ❢r♦♠ ❘♦♠❡r ❛♥❞ ❘♦♠❡r✬s ✭✷✵✶✵✮ ❞❛t❛ ✜❧❡✳ ❚❤❡ ❞❛t❛ ❛r❡

❛✈❛✐❧❛❜❧❡ ❛t ❤tt♣s✿✴✴✇✇✇✳❛❡❛✇❡❜✳♦r❣✴❛rt✐❝❧❡s✳♣❤♣❄❞♦✐❂✶✵✳✶✷✺✼✴❛❡r✳✶✵✵✳✸✱ ❛❧♦♥❣ ✇✐t❤

❘❆❚❙ s♦❢t✇❛r❡ ❝♦❞❡ ❛♥❞ ❛ ❞❡t❛✐❧❡❞ ❞❡s❝r✐♣t✐♦♥ ♦❢ t❤❡ ❝♦♥str✉❝t✐♦♥ ♦❢ ♥❛rr❛t✐✈❡ ✈❛r✐✲

❛❜❧❡s ✭❘♦♠❡r ❛♥❞ ❘♦♠❡r✱ ✷✵✵✾❜✮✳

❘❡❣r❡ss✐♦♥s ✇❡r❡ ❝❛rr✐❡❞ ♦✉t ✇✐t❤ t❤❡ s♦❢t✇❛r❡ ❲✐♥❘❆❚❙✱ ✈❡rs✐♦♥ ✻✳✸✺✱ ❜❛s❡❞

♦♥ t❤❡ ♦r✐❣✐♥❛❧ ❝♦❞❡ ♦❢ ❘♦♠❡r ❛♥❞ ❘♦♠❡r ✭✷✵✶✵✮✱ ❡①❝❡♣t ❢♦r t❤❡ ❈❯❙❯▼ ♦❢ sq✉❛r❡s

t❡sts t❤❛t ✇❡r❡ ❞♦♥❡ ✐♥ ❊❱✐❡✇s✱ ✈❡rs✐♦♥ ✽✳✶✳ ■♥ ♦r❞❡r t♦ ❝❤❡❝❦ t❤❡ ❛❝❝✉r❛❝② ♦❢ t❤❡ ❝♦❞❡✱

r❡❣r❡ss✐♦♥s ✇❡r❡ r❡♣❡❛t❡❞ ✇✐t❤ ❊❱✐❡✇s✳ ❋✉rt❤❡r✱ ■ r❡♣❧✐❝❛t❡❞ t❤❡ ♠❛✐♥ r❡❣r❡ss✐♦♥s ✐♥

❘♦♠❡r ❛♥❞ ❘♦♠❡r ✭✷✵✶✵✮ ✇✐t❤ ❊❱✐❡✇s ❛♥❞ ❣♦t t❤❡ s❛♠❡ r❡s✉❧ts✳

✸✳ ❘✐❝❛r❞✐❛♥ ❊q✉✐✈❛❧❡♥❝❡ ❚❡st ❘❡s✉❧ts✿ ❖▲❙ ❛♥❞ ❱❆❘

✸✳✶ ❋✉❧❧ ❙❛♠♣❧❡ P❡r✐♦❞✿ ❖▲❙ ❲✐t❤♦✉t ❛♥❞ ❲✐t❤ ❈♦♥tr♦❧s ❢♦r ❖✉t♣✉t

●r♦✇t❤

❚❤❡ ✜rst st❡♣ ✐♥ t❤❡ ❛♥❛❧②s✐s ♦❢ ❘♦♠❡r ❛♥❞ ❘♦♠❡r ✭✷✵✶✵✱ ❡q✉❛t✐♦♥ ✭✻✮✱ ♣✳

✼✽✵✮ ✐s t♦ st✉❞② t❤❡ ❡✛❡❝t ♦❢ ❛♥ ❡①♦❣❡♥♦✉s t❛① ❝❤❛♥❣❡ ♦♥ r❡❛❧ ♦✉t♣✉t ❣r♦✇t❤✳ ■♥st❡❛❞

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

❝❤❛♥❣❡s ♦♥❧②✿

∆Yt = α +
12∑

i=0

βi∆Tt−i + εt, ✭✶✮
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✇❤❡r❡ ∆Yt ✐s t❤❡ ❧♦❣ ❝❤❛♥❣❡ ✭❣r♦✇t❤ r❛t❡✮ ♦❢ r❡❛❧ ●❉P✱ ∆Tt ✐s t❤❡ ♣r❡s❡♥t ✈❛❧✉❡ ♦❢

t❤❡ str❡❛♠ ♦❢ t❛① ❝❤❛♥❣❡s ❧❡❣✐s❧❛t❡❞ ❛t t✐♠❡ t✱ ❛♥❞ εt ✐s ❛ ♠❡❛♥✲③❡r♦ ●❛✉ss✐❛♥ ❡rr♦r

t❤❛t ✐s ♦rt❤♦❣♦♥❛❧ t♦ ❛❧❧ ∆Tt−i ❜② ❝♦♥str✉❝t✐♦♥ ♦❢ t❤❡ ♥❛rr❛t✐✈❡ t❛① ❝❤❛♥❣❡s✳ ❚❤❡ s✉♠
∑j

i=0
βi ♠❡❛s✉r❡s t❤❡ ❝✉♠✉❧❛t✐✈❡ ✜s❝❛❧ ♠✉❧t✐♣❧✐❡r ❢r♦♠ ♣❡r✐♦❞ 0 t♦ ♣❡r✐♦❞ j✳

❚❤❡ ♣❡r♠❛♥❡♥t ✐♥❝♦♠❡ ❤②♣♦t❤❡s✐s ♣r❡❞✐❝ts ❢♦r t❛① ✐♥❝r❡❛s❡s ❛ ♥❡❣❛t✐✈❡ ❡❢✲

❢❡❝t ♦♥ ❝♦♥s✉♠♣t✐♦♥ ❛s ❡①♣❡❝t❡❞ ❛❢t❡r✲t❛① r❡❛❧ ✐♥❝♦♠❡ ❢❛❧❧s ❛♥❞ ❣♦✈❡r♥♠❡♥t ❜♦♥❞s

❛r❡ tr❡❛t❡❞ ❛s ♥❡t ✇❡❛❧t❤ ✉♥❞❡r ❘✐❝❛r❞✐❛♥ ♥♦♥✲❡q✉✐✈❛❧❡♥❝❡ s♦ t❤❛t ♦✈❡r❛❧❧ ❤♦✉s❡❤♦❧❞

✇❡❛❧t❤ ❢❛❧❧s✳ ❚❤✐s ❝❛✉s❡s ❛❞❞✐t✐♦♥❛❧ ❞②♥❛♠✐❝s t❤❛t ❧♦✇❡r r❡❛❧ ●❉P s♦ t❤❛t βi < 0 ❢♦r

s♦♠❡ ♦r ❛❧❧ i✳ ❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ ✐♥t❡rt❡♠♣♦r❛❧ s✉❜st✐t✉t✐♦♥ ♣r❡❞✐❝ts✱ ✐♥ t❤❡ ♣r❡s❡♥❝❡

♦❢ ❞✐st♦rt✐♦♥❛r② t❛①❡s ❛♥❞ ❘✐❝❛r❞✐❛♥ ♥♦♥✲❡q✉✐✈❛❧❡♥❝❡✱ ❛♥ ✐♥❝r❡❛s❡ ✐♥ ❝♦♥s✉♠♣t✐♦♥ ✭♦r

✐♥✈❡st♠❡♥t✱ ❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ t②♣❡ ♦❢ t❛① ✉s❡❞✮ ❜❡❢♦r❡ t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ ❛ t❛①

✐♥❝r❡❛s❡ ✭❛ss✉♠✐♥❣ t❤❡r❡ ✐s ❛ ❞❡❧❛②❀ ❤❡♥❝❡ βi > 0 ❢♦r ♣❡r✐♦❞s i t✐❧❧ t❤❡ ✐♠♣❧❡♠❡♥t❛✲

t✐♦♥ ❞❛t❡✮ ❛♥❞ ❛ ❞❡❝r❡❛s❡ ❛❢t❡r t❤❡ t❛① t❛❦❡s ❡✛❡❝t ✭✇✐t❤ βi < 0 ❢♦r ♣❡r✐♦❞s i ❛❢t❡r

t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ❞❛t❡✮✳ ■♥ ❝♦♥tr❛st✱ ❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡ ♣r❡❞✐❝ts t❤❛t t❤❡ ❡❢✲

❢❡❝ts ♦♥ r❡❛❧ ●❉P ❢r♦♠ s✉❝❤ ❛ ❞❡✜❝✐t✲❞r✐✈❡♥ t❛① ✐♥❝r❡❛s❡ s❤♦✉❧❞ ♥♦t ❜❡ st❛t✐st✐❝❛❧❧②

s✐❣♥✐✜❝❛♥t❧② ❞✐✛❡r❡♥t ❢r♦♠ ③❡r♦ ✭❛❧❧ βi = 0✮✳

❋✐❣✉r❡ ✷ ♣r❡s❡♥ts t❤❡ ❝✉♠✉❧❛t✐✈❡ ❡✛❡❝t ♦❢ ❛ ✶✪ ♦❢ ●❉P ✐♥❝r❡❛s❡ ✐♥ ❞❡✜❝✐t✲

❞r✐✈❡♥ t❛① r❡✈❡♥✉❡ ✭s♦❧✐❞ ❧✐♥❡✮ ♦♥ r❡❛❧ ●❉P✱ ❡st✐♠❛t❡❞ ✇✐t❤ ♦r❞✐♥❛r② ❧❡❛st sq✉❛r❡s

✭❖▲❙✮✳ ❚❤❡ ❡✛❡❝t ♦♥ r❡❛❧ ●❉P ✐s ♥❡❣❛t✐✈❡ ✐♥ t❤❡ ✜rst ♣❡r✐♦❞ ❛♥❞ ♣♦s✐t✐✈❡ t❤❡r❡❛❢t❡r✱

r❡❛❝❤✐♥❣ ❛ ♣❡❛❦ ♦❢ ✶✳✾✽✪ ✜✈❡ ♣❡r✐♦❞s ❛❢t❡r t❤❡ t❛① s❤♦❝❦ ❛♥❞ t❤❡♥ ❞❡❝❧✐♥✐♥❣✳ ❆r❡

t❤❡ ❡✛❡❝ts ♦❢ ❞❡✜❝✐t ❞r✐✈❡♥ t❛① ✐♥❝r❡❛s❡s st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t❧② ❞✐✛❡r❡♥t ❢r♦♠ ③❡r♦❄

❚❤❡ ❛♥s✇❡r ❞❡♣❡♥❞s ♦♥ t❤❡ ✇✐❞t❤ ♦❢ t❤❡ ❝♦♥✜❞❡♥❝❡ ❜❛♥❞s ✉s❡❞ ✐♥ ❋✐❣✉r❡ ✷✳ ❚❤❡

✉s✉❛❧ t✇♦ st❛♥❞❛r❞✲❡rr♦r ❝♦♥✜❞❡♥❝❡ ❜❛♥❞✱ ✇❤✐❝❤ ✐s ❢♦r ♥♦r♠❛❧❧② ❞✐str✐❜✉t❡❞ ❝♦❡✣❝✐❡♥t

❡st✐♠❛t❡s ❛♣♣r♦①✐♠❛t❡❧② ❛ ✾✺✪ ❝♦♥✜❞❡♥❝❡ ❜❛♥❞✱ ✐♥❞✐❝❛t❡s ♥♦ st❛t✐st✐❝❛❧ s✐❣♥✐✜❝❛♥❝❡

❛t ❛♥② ❤♦r✐③♦♥ ✐♥ ❋✐❣✉r❡ ✷✳ ❯s✐♥❣ ✐♥st❡❛❞ t❤❡ ♦♥❡ st❛♥❞❛r❞✲❡rr♦r ❝♦♥✜❞❡♥❝❡ ❜❛♥❞✱

✇❤✐❝❤ ✐s ❡q✉✐✈❛❧❡♥t t♦ ❛♥ ❛♣♣r♦①✐♠❛t❡ ✻✽✪ ❝♦♥✜❞❡♥❝❡ ❜❛♥❞✱ ❣✐✈❡s ❛ ❞✐✛❡r❡♥t ♣✐❝t✉r❡✳

◆♦✇✱ t❤❡ r❡s♣♦♥s❡s ♦❢ r❡❛❧ ●❉P ❛r❡ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t❧② ❞✐✛❡r❡♥t ❢r♦♠ ③❡r♦ ❛t

❤♦r✐③♦♥s t❤r❡❡ t♦ ❡✐❣❤t ❛❢t❡r t❤❡ t❛① s❤♦❝❦✳ ❍♦✇❡✈❡r✱ ✐♥ ❝♦♥tr❛st t♦ ❘♦♠❡r ❛♥❞

❘♦♠❡r✬s r❡s✉❧ts ✇✐t❤ ❛❧❧ ❡①♦❣❡♥♦✉s t❛① s❤♦❝❦s✱ t❤❡ r❡s♣♦♥s❡s ❛r❡ ♣♦s✐t✐✈❡ s♦ t❤❛t t❤❡

t❛① ✐♥❝r❡❛s❡ ❝❛✉s❡s ❛♥ ✐♥❝r❡❛s❡ ✐♥ r❡❛❧ ●❉P ❛t t❤❡s❡ ❤♦r✐③♦♥s✳

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



✾

❧❛❣s ♦❢ ●❉P ❣r♦✇t❤✿

∆Yt = α +
12∑

i=0

βi∆Tt−i + +
11∑

i=1

γj∆Yt−j + εt. ✭✷✮

❚❤❡ ❧❛❣s ♦❢ ♦✉t♣✉t ❣r♦✇t❤ ❝♦♥tr♦❧ ❢♦r t❤❡ ❞②♥❛♠✐❝s ♦❢ ●❉P ❛♥❞ ❛ ✧♠✉❧t✐t✉❞❡ ♦❢ ♦t❤❡r

✐♥✢✉❡♥❝❡s✧ ✭❘♦♠❡r ❛♥❞ ❘♦♠❡r✱ ✷✵✶✵✱ ♣✳ ✼✽✶✮✳ ❋✐❣✉r❡ ✸ r❡♣♦rts t❤❡ ❡✛❡❝ts ♦❢ ❛ ✶✪

♦❢ ●❉P ✐♥❝r❡❛s❡ ✐♥ ❞❡✜❝✐t✲❞r✐✈❡♥ t❛①❡s ♦♥ r❡❛❧ ●❉P ✇❤❡♥ ❧❛❣❣❡❞ ♦✉t♣✉t ❣r♦✇t❤ ✐s

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

✇✐t❤♦✉t ❝♦♥tr♦❧s✱ t❤♦✉❣❤ t❤❡ ♣❡❛❦ ❡✛❡❝t ✐s ❧♦✇❡r✳ ❚❤❡ t✇♦ ❛♥❞ ♦♥❡ st❛♥❞❛r❞✲❡rr♦r

❝♦♥✜❞❡♥❝❡ ❜❛♥❞s ❛r❡ ❝❛❧❝✉❧❛t❡❞ ❢r♦♠ ❜♦♦tstr❛♣s ✇✐t❤ ✶✵✱✵✵✵ r❡♣❧✐❝❛t✐♦♥s✳ ❚❤❡ ❡✛❡❝t

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

❝♦♥✜❞❡♥❝❡ ❜❛♥❞✳ ❚❤❡ ✻✽✪ ❝♦♥✜❞❡♥❝❡ ❜❛♥❞ ✐♥❞✐❝❛t❡s st❛t✐st✐❝❛❧ s✐❣♥✐✜❝❛♥❝❡ ❛t t❤❡

✜rst ❤♦r✐③♦♥✱ ❛❧t❤♦✉❣❤ ❥✉st ❜❛r❡❧② s♦✳ ❚❤❡ ♦♥❧② ♦t❤❡r ❤♦r✐③♦♥ ✇❤❡r❡ t❤❡r❡ ✐s ♣♦ss✐❜❧②

st❛t✐st✐❝❛❧ s✐❣♥✐✜❝❛♥❝❡ ✐s t❤❡ ❢♦✉rt❤ ♦♥❡✱ ❜✉t ❛❣❛✐♥ ✐t ✐s ✈❡r② ♠✉❝❤ ❛ ❜♦r❞❡r❧✐♥❡ ❝❛s❡✳

❘♦♠❡r ❛♥❞ ❘♦♠❡r ✭✷✵✶✵✮ r❡♣♦rt ✻✽✪ ❝♦♥✜❞❡♥❝❡ ❜❛♥❞s✳ ❍♦✇❡✈❡r✱ ❘❛♠❡②

✭✷✵✶✶✱ ❢♦♦t♥♦t❡ ✶✶✱ ♣✳ ✶✶✮ ♣♦✐♥t❡❞ ♦✉t t❤❛t t❤❡r❡ ✐s ✧♥♦ ❢♦r♠❛❧ ❥✉st✐✜❝❛t✐♦♥✧ ♣r♦✈✐❞❡❞

✐♥ t❤❡ ❧✐t❡r❛t✉r❡ ❢♦r ✉s✐♥❣ ✻✽✪ ❝♦♥✜❞❡♥❝❡ ❜❛♥❞s ✐♥st❡❛❞ ♦❢ t❤❡ ✉s✉❛❧ ✾✺✪ ❜❛♥❞s✳

❋✉rt❤❡r♠♦r❡✱ ✐t ✐s ♥❡✐t❤❡r ❥✉st✐✜❡❞ ♦♥ t❤❡♦r❡t✐❝❛❧ ❣r♦✉♥❞s t♦ ✉s❡ ✻✽✪ ❜❛♥❞s✳

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

❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡ ❤②♣♦t❤❡s✐s✳ ❚❤✐s ✐s ❜❡❝❛✉s❡ t❛① ✐♥❝r❡❛s❡s✱ ✐♥t❡♥❞❡❞ t♦ r❡❞✉❝❡

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

✉s✉❛❧ ❝♦♥✜❞❡♥❝❡ ❧❡✈❡❧s✱ ✉♥❧✐❦❡ ❘♦♠❡r ❛♥❞ ❘♦♠❡r✬s r❡s✉❧ts ❢♦r ✉s✐♥❣ ❛❧❧ ❡①♦❣❡♥♦✉s t❛①

s❤♦❝❦s✳ ❇✉t✱ t❤❡ ❝r✉❝✐❛❧ q✉❡st✐♦♥ ✐s ✇❤❡t❤❡r t❤❡ r❡❣r❡ss✐♦♥s ✐♥ ❡q✉❛t✐♦♥s ✭✶✮ ❛♥❞ ✭✷✮

❛r❡ str✉❝t✉r❛❧❧② st❛❜❧❡ ♦✈❡r t❤❡ s❛♠♣❧❡ ♣❡r✐♦❞✳

❚❤❡ ❝✉♠✉❧❛t✐✈❡ s✉♠ ✭❈❯❙❯▼✮ ♦❢ sq✉❛r❡s t❡st ✐s ❜❛s❡❞ ♦♥ sq✉❛r❡❞ r❡❝✉rs✐✈❡

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

✜rst t❤✐rt❡❡♥ ♦❜s❡r✈❛t✐♦♥s ✐♥ ♦✉r ❝❛s❡ ✉♣ t♦ t❤❡ ❢✉❧❧ s❛♠♣❧❡ s✐③❡✳ ❚❤✐s t❡st ✇❛s ♣r♦♣♦s❡❞

❜② ❇r♦✇♥ ❡t ❛❧✳ ✭✶✾✼✺✮✳ ❚❤❡ t❡st ♣r♦✈✐❞❡s ❛♥ ✐♥❞✐❝❛t✐♦♥ ♦❢ ♣❛r❛♠❡t❡r ♦r ✈❛r✐❛♥❝❡

✐♥st❛❜✐❧✐t② ✐♥ t❤❡ ❝❛s❡ ♦❢ ✉♥❦♥♦✇♥ ❜r❡❛❦ ❞❛t❡s✳ ❋✐❣✉r❡s ✹❛ ❛♥❞ ✹❜ ❞❡♣✐❝t t❤❡ ✈❛❧✉❡s

♦❢ t❤❡ ❈❯❙❯▼ ♦❢ sq✉❛r❡s st❛t✐st✐❝ ❛❧♦♥❣ ✇✐t❤ t❤❡ ✉♣♣❡r ❛♥❞ ❧♦✇❡r ✺✪ s✐❣♥✐✜❝❛♥❝❡

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



✶✵

t❤❡ t✐♠❡ ♣❡r✐♦❞s ✇❤❡♥ str✉❝t✉r❛❧ ❝❤❛♥❣❡ ❧✐❦❡❧② ♦❝❝✉rr❡❞✳ ❋♦r ❜♦t❤ ❋✐❣✉r❡s ✹❛ ❛♥❞ ✹❜✱

❝❛❧❝✉❧❛t❡❞ ❢r♦♠ ❡q✉❛t✐♦♥s ✭✶✮ ❛♥❞ ✭✷✮✱ t❤❡ t✐♠❡ ✐♥t❡r✈❛❧ ♦❢ str✉❝t✉r❛❧ ❝❤❛♥❣❡ ✐♥❝❧✉❞❡s

t❤❡ ②❡❛r ✶✾✽✵✳ ■ t❤❡r❡❢♦r❡ ❢♦❧❧♦✇ ❘♦♠❡r ❛♥❞ ❘♦♠❡r ✭✷✵✶✵✮✱ ❛♠♦♥❣ ♠❛♥② ♦t❤❡rs✱ ❛♥❞

s♣❧✐t t❤❡ s❛♠♣❧❡ ✐♥t♦ ❛ ♣❡r✐♦❞ ♣r✐♦r t♦ ✶✾✽✵✿■❱ ❛♥❞ ♣♦st✲✶✾✽✵✿■❱✳

✸✳✷ ❚❤❡ Pr✐♦r✲ ❛♥❞ P♦st✲✶✾✽✵✿■❱ P❡r✐♦❞s✿ ❖▲❙❲✐t❤♦✉t ❛♥❞ ❲✐t❤ ❈♦♥tr♦❧s

❢♦r ❖✉t♣✉t ●r♦✇t❤

❋✐❣✉r❡ ✺❛ s❤♦✇s ❢♦r ❡q✉❛t✐♦♥ ✭✷✮ t❤❡ ❝✉♠✉❧❛t✐✈❡ ❡✛❡❝t ♦❢ ❛ ✶✪ ♦❢ ●❉P ✐♥❝r❡❛s❡

✐♥ ❞❡✜❝✐t✲❞r✐✈❡♥ t❛① r❡✈❡♥✉❡ ♦♥ ●❉P✱ ✐♥ t❤❡ s✉❜✲s❛♠♣❧❡ ♣❡r✐♦❞ ✶✾✺✵✿■ t♦ ✶✾✽✵✿■❱✳ ❚❤❡

❡✛❡❝t ♦♥ r❡❛❧ ●❉P ✐s ♥♦t st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ✇❤❡t❤❡r t❤❡ ❜♦♦tstr❛♣♣❡❞ ✾✺✪ ♦r

✻✽✪ ❝♦♥✜❞❡♥❝❡ ❜❛♥❞s ❛r❡ ✉s❡❞✱ ❡①❝❡♣t ❢♦r t❤❡ ✜rst ♣❡r✐♦❞✳ ❚❤❡ ❝♦♥✜❞❡♥❝❡ ❜❛♥❞s ❛r❡

q✉✐t❡ ✇✐❞❡ ✐♥❞✐❝❛t✐♥❣ t❤❛t t❤❡ ❝♦❡✣❝✐❡♥ts ❛r❡ ♥♦t ❡st✐♠❛t❡❞ ✈❡r② ♣r❡❝✐s❡❧②✳ ❚❤✐s ✐s

♥♦t s✉r♣r✐s✐♥❣ ❜❡❝❛✉s❡ t❤❡r❡ ❛r❡ ♦♥❧② t❤r❡❡ ♥❡✇s s❤♦❝❦s ✭t❛① ❝❤❛♥❣❡s✮ ✐♥ t❤✐s s❛♠♣❧❡

♣❡r✐♦❞✳

❋✐❣✉r❡ ✺❜ ♣r❡s❡♥ts ❢♦r ❡q✉❛t✐♦♥ ✭✷✮ ❝✉♠✉❧❛t✐✈❡ ❡✛❡❝ts ♦❢ ❛ ✶✪ ♦❢ ●❉P ✐♥✲

❝r❡❛s❡ ✐♥ ❞❡✜❝✐t✲❞r✐✈❡♥ t❛① r❡✈❡♥✉❡ ♦♥ ●❉P ✐♥ t❤❡ ♣♦st✲✶✾✽✵✿■❱ ♣❡r✐♦❞ ❢r♦♠ ✶✾✽✶✿■

t♦ ✷✵✵✼✿■❱✳ ❚❤❡ r❡s♣♦♥s❡ t♦ ❛ t❛① ✐♥❝r❡❛s❡ ✐s ♣♦s✐t✐✈❡ ❛♥❞ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❢r♦♠

♣❡r✐♦❞ ❢♦✉r t♦ ♥✐♥❡ ❛❢t❡r t❤❡ ✐♠♣❛❝t ❢♦r t❤❡ ❜♦♦tstr❛♣♣❡❞ ✾✺✪ ❝♦♥✜❞❡♥❝❡ ❜❛♥❞✳ ❚❤❡

✐♠♣❛❝t r❡❛❝❤❡s ❛ ♣❡❛❦ ♦❢ ✹✳✼✷✪✱ ✐✳❡✳✱ t❤❡ ❝✉♠✉❧❛t✐✈❡ ♠✉❧t✐♣❧✐❡r ♣❡❛❦s ❛t ❛ ♣♦s✐t✐✈❡

✈❛❧✉❡ ♦❢ ✹✳✼✷✳ ❍♦✇❡✈❡r✱ ■ ❤❛✈❡ ♥♦t ②❡t ❝♦♥s✐❞❡r❡❞ ❛ ❱❆❘ s♣❡❝✐✜❝❛t✐♦♥ ❛♥❞ ✜s❝❛❧

❢♦r❡s✐❣❤t ✐♥ ❞❡r✐✈✐♥❣ t❤✐s r❡s✉❧t✳

✸✳✸ ❚❤❡ Pr✐♦r✲ ❛♥❞ P♦st✲✶✾✽✵✿■❱ P❡r✐♦❞✿ ❆ ❱❆❘ ❲✐t❤ ❚❛① ❙❤♦❝❦s✱ ❘❡❛❧

●❉P ❛♥❞ ❛♥ ■♥t❡r❡st ❘❛t❡

❆♥ ❛❧t❡r♥❛t✐✈❡ ♠♦❞❡❧ s♣❡❝✐✜❝❛t✐♦♥ t♦ s✐♥❣❧❡ ❡q✉❛t✐♦♥s ✐s ❛ ❱❆❘✳ ❚❤❡ t❤r❡❡✲

✈❛r✐❛❜❧❡ ❱❆❘ ❝♦♥s✐sts ♦❢ t❤❡ ♥❛rr❛t✐✈❡ ❞❡✜❝✐t✲❞r✐✈❡♥ ♣r❡s❡♥t ✈❛❧✉❡ ♦❢ t❤❡ t❛① s❤♦❝❦

❛s ❛ ♣❡r❝❡♥t ♦❢ ●❉P✱ t❤❡ ❧♦❣ ♦❢ r❡❛❧ ●❉P ❛♥❞ t❤❡ t❤r❡❡✲♠♦♥t❤ ❚r❡❛s✉r② ❜✐❧❧ r❛t❡

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

♦r❞❡r t❤❡♠ ❢♦r ❛ ❈❤♦❧❡s❦② ❞❡❝♦♠♣♦s✐t✐♦♥ ✇✐t❤ t❤❡ t❛① s❤♦❝❦ ✜rst✱ ❢♦❧❧♦✇❡❞ ❜② r❡❛❧

●❉P ❛♥❞ t❤❡♥ t❤❡ ❚r❡❛s✉r② ❜✐❧❧ r❛t❡ ❧❛st✳ ❚❤✐s ♦r❞❡r✐♥❣ ❛❧❧♦✇s ❢♦r t❛① ❝❤❛♥❣❡s t♦

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



✶✶

❝♦♥t❡♠♣♦r❛♥❡♦✉s✱ ✐✳❡✳✱ ✇✐t❤✐♥ t❤❡ s❛♠❡ q✉❛rt❡r✱ ❡✛❡❝ts ♦♥ t❛① ❝❤❛♥❣❡s✳ ❚❤❡ ✐♥t❡r❡st

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

r❡s♣♦♥s❡s ♦❢ ✈❛r✐❛❜❧❡s t♦ s❤♦❝❦s✳ ❚❤❡ ❛♣♣❡❛❧ ♦❢ t❤❡ ❱❆❘ ❛♣♣r♦❛❝❤ ✐s t❤❛t ✐t ❛❧❧♦✇s

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

❋✐❣✉r❡ ✻❛ s❤♦✇s t❤❡ ❝✉♠✉❧❛t✐✈❡ ✐♠♣✉❧s❡ r❡s♣♦♥s❡ ♦❢ r❡❛❧ ●❉P t♦ ❛ ❞❡✜❝✐t✲

❞r✐✈❡♥ t❛① s❤♦❝❦ ✐♥ t❤❡ s❛♠♣❧❡ ♣r✐♦r t♦ ✶✾✽✵✿■❱✳ ■t ✐s ♥❡❣❛t✐✈❡ ❛♥❞ st❛t✐st✐❝❛❧❧② s✐❣♥✐❢✲

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

st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❛t ✾✺✪ ❜♦♦tstr❛♣♣❡❞ ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧s✳ ❚❤❡ ❜♦♦tstr❛♣♣❡❞

✻✽✪ ❝♦♥✜❞❡♥❝❡ ❜❛♥❞ ♣❛✐♥ts ❛ s✐♠✐❧❛r ♣✐❝t✉r❡ ✇✐t❤ s♦♠❡✇❤❛t ❜♦r❞❡r❧✐♥❡ s✐❣♥✐✜❝❛♥❝❡

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

❡q✉❛t✐♦♥ r❡❣r❡ss✐♦♥ r❡s✉❧ts✱ r❡✈❡❛❧s ✐♠♣r❡❝✐s❡ ❡st✐♠❛t✐♦♥✳

❋✐❣✉r❡ ✻❜ ✐s ❢♦r t❤❡ ♣♦st✲✶✾✽✵✿■❱ ♣❡r✐♦❞ ❛♥❞ t❤❡ ❝✉♠✉❧❛t✐✈❡ ❡✛❡❝t ♦❢ ❛ ✶✪ ♦❢

●❉P ❞❡✜❝✐t✲❞r✐✈❡♥ t❛① ✐♥❝r❡❛s❡✳ ❚❤❡ ❡✛❡❝ts ♦♥ r❡❛❧ ●❉P ❛r❡ ♣♦s✐t✐✈❡ t❤r♦✉❣❤♦✉t

t❤❡ ✐♠♣✉❧s❡ ❤♦r✐③♦♥ ❝♦♥s✐❞❡r❡❞✳ ❆t t❤❡ ✾✺✪ ❜♦♦tstr❛♣♣❡❞ ❝♦♥✜❞❡♥❝❡ ❜❛♥❞✱ t❤❡ t❛①

✐♥❝r❡❛s❡ ❧❡❛❞s t♦ ❛♥ ✐♥❝r❡❛s❡ ✐♥ r❡❛❧ ●❉P t❤❛t ✐s st❛t✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❢r♦♠ ♣❡r✐♦❞

t❤r❡❡ t♦ ❡✐❣❤t ❛♥❞ ♣❡❛❦s ❛t ❛ ✈❛❧✉❡ ♦❢ ✸✳✶✶ ✐♥ ♣❡r✐♦❞ s✐① ❛❢t❡r t❤❡ t❛① s❤♦❝❦✳ ❆❣❛✐♥✱

t❤❡ r❡s✉❧ts ❛r❡ s✐♠✐❧❛r t♦ t❤♦s❡ ✇✐t❤ t❤❡ s✐♥❣❧❡ ❡q✉❛t✐♦♥ r❡❣r❡ss✐♦♥s ❢r♦♠ ❜❡❢♦r❡✳

✸✳✹ ❚❤❡ ❘♦❧❡ ♦❢ ❋✐s❝❛❧ ❆♥t✐❝✐♣❛t✐♦♥ ✐♥ t❤❡ P♦st✲✶✾✽✵✿■❱ P❡r✐♦❞

❖♥❡ ♣♦ss✐❜❧❡ ❡①♣❧❛♥❛t✐♦♥ ♦❢ t❤❡ ❛♣♣❛r❡♥t ♣♦s✐t✐✈❡ ✜s❝❛❧ ♠✉❧t✐♣❧✐❡rs ❢♦r t❤❡

♣♦st✲✶✾✽✵✿■❱ ♣❡r✐♦❞ ✐♥ r❡s♣♦♥s❡ t♦ ❛ t❛① ✐♥❝r❡❛s❡ ✐s t❤❡ ✐♥t❡rt❡♠♣♦r❛❧ s✉❜st✐t✉t✐♦♥

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

❛ t❛① ✐♥❝r❡❛s❡ ✐♥ ❢✉t✉r❡ q✉❛rt❡rs ✭✐♥st❡❛❞ ♦❢ ❛♥ ✐♠♠❡❞✐❛t❡ ✐♥❝r❡❛s❡ ❛t t❤❡ t✐♠❡ ♦❢ t❤❡

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

✇❤❡t❤❡r t❤r♦✉❣❤ ❞✐r❡❝t ❡✛❡❝ts ♦r t❤r♦✉❣❤ ✐♥❝r❡❛s❡❞ ✇♦r❦ ❤♦✉rs ✇❤❡♥ ♣❛②r♦❧❧ t❛①❡s

❛r❡ ✐♥✈♦❧✈❡❞✳ ❋♦r t❤✐s ❛r❣✉♠❡♥t t♦ ❤♦❧❞✱ t❛①❡s ❛r❡ ♥♦t ❛ss✉♠❡❞ t♦ ❜❡ ❧✉♠♣✲s✉♠ ❜✉t

❞✐st♦rt✐♦♥❛r②✳ ■♥ ♦r❞❡r t♦ ❡①♣❧♦r❡ t❤✐s ♣♦ss✐❜✐❧✐t②✱ ■ s❡♣❛r❛t❡ ♦✉t ❞❡✜❝✐t✲❞r✐✈❡♥ t❛①

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

❜❡❝♦♠❡ ❛♥t✐❝✐♣❛t❡❞ ✐♥ q✉❛rt❡rs ❛❢t❡r t❤❡ ❛♥♥♦✉♥❝❡♠❡♥t✳ ❚❤❡ r❡♠❛✐♥❞❡r ♦❢ ❞❡✜❝✐t✲

❞r✐✈❡♥ t❛① ❝❤❛♥❣❡ ❛♥♥♦✉♥❝❡♠❡♥ts ❛r❡ ♥❡✇s ❛♥❞ ❛r❡ ✉♥❛♥t✐❝✐♣❛t❡❞ s❤♦❝❦s✳ ❋♦❧❧♦✇✐♥❣

❋❛✈❡r♦ ❛♥❞ ●✐❛✈❛③③✐ ✭✷✵✶✷✮✱ ■ ❝♦♥str✉❝t ❛ ♥❡✇ ✈❛r✐❛❜❧❡ ❢♦r t❤❡ ❛♥t✐❝✐♣❛t❡❞ t❛① ❝❤❛♥❣❡s
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❜②✱ ✐♥ ♠② ❝❛s❡✱ ♠❡❛s✉r✐♥❣ ❛❧❧ ❞❡✜❝✐t ❞r✐✈❡♥ t❛① ❝❤❛♥❣❡s ✭❛❣❛✐♥ ❛s ❛ ❢r❛❝t✐♦♥ ♦❢ ●❉P✮

t❤❛t ❛r❡ ❦♥♦✇♥ ✐♥ ♣❡r✐♦❞ t t♦ ❜❡ ✐♠♣❧❡♠❡♥t❡❞ ✐♥ ❛ ❢✉t✉r❡ ♣❡r✐♦❞ t✰✐✳ ■ r✉♥ s❡♣❛r❛t❡

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

❋✐❣✉r❡ ✼❛ r❡♣♦rts t❤❡ ❝✉♠✉❧❛t✐✈❡ ♠✉❧t✐♣❧✐❡rs ❢♦r ❛♥ ✉♥❛♥t✐❝✐♣❛t❡❞ ❞❡✜❝✐t✲❞r✐✈❡♥

t❛① s❤♦❝❦ ✐♥ t❤❡ ♣♦st ✶✾✽✵✿■❱ ♣❡r✐♦❞✳ ❆s ♦♥❡ ✇♦✉❧❞ ❡①♣❡❝t ❜❛s❡❞ ♦♥ st❛♥❞❛r❞ t❤❡♦r②✱

t❤❡ ❡✛❡❝ts ♦♥ r❡❛❧ ●❉P ❛r❡ ♥❡❣❛t✐✈❡ ❛t ❛❧❧ ❤♦r✐③♦♥s✳ ❚❤❡ ❧❛r❣❡st ♥❡❣❛t✐✈❡ ❡✛❡❝t

♦❝❝✉rs ✐♥ t❤❡ t❤✐r❞ q✉❛rt❡r ❛❢t❡r t❤❡ ✐♠♣❛❝t ❛♥❞ t❤❡ ♠✉❧t✐♣❧✐❡r r❡❛❝❤❡s ❛ ✈❛❧✉❡ ♦❢

✲✶✳✻✼✱ ❤♦✇❡✈❡r✱ ❛❧❧ ♠✉❧t✐♣❧✐❡r ❡st✐♠❛t❡s ❛r❡ ✐♥s✐❣♥✐✜❝❛♥t ❛t t❤❡ ✉s✉❛❧ ✺✪ ❧❡✈❡❧✳ ❚❤✐s

✈❛❧✉❡ ✐s ❛❜♦✉t ❤❛❧❢ t❤❡ s✐③❡ ♦❢ t❤❡ ✈❛❧✉❡ ❝❛❧❝✉❧❛t❡❞ ❜② ❘♦♠❡r ❛♥❞ ❘♦♠❡r ✭✷✵✶✵✮✳

❍♦✇❡✈❡r✱ ❡st✐♠❛t❡s ❛r❡ t♦♦ ✐♠♣r❡❝✐s❡ t♦ ❞r❛✇ ❢✉rt❤❡r ❝♦♥❝❧✉s✐♦♥s ♦♥ t❤❡ s✐③❡ ♦❢ t❤❡

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

♦❜s❡r✈❛t✐♦♥s ♦♥ t❤❡s❡ t②♣❡s ♦❢ t❛① s❤♦❝❦s✳

❋✐❣✉r❡ ✼❜ ❣r❛♣❤s t❤❡ r❡s♣♦♥s❡s ♦❢ r❡❛❧ ●❉P t♦ ❛♥ ❛♥t✐❝✐♣❛t❡❞ ❝❤❛♥❣❡ ✐♥ t❛①❡s

✐♥ t❤❡ ♣♦st✲✶✾✽✵✿■❱ ♣❡r✐♦❞✳ ■❢ ✐♥t❡rt❡♠♣♦r❛❧ s✉❜st✐t✉t✐♦♥ ✇❛s ❤❛♣♣❡♥✐♥❣✱ ♦♥❡ ✇♦✉❧❞

❡①♣❡❝t ♣♦s✐t✐✈❡ ❡✛❡❝ts ♦❢ ❛♥♥♦✉♥❝❡❞ t❛① ✐♥❝r❡❛s❡s ♦♥ r❡❛❧ ●❉P✳ ■♥❞❡❡❞✱ ❋✐❣✉r❡ ✼❜

s❤♦✇s ♣♦s✐t✐✈❡ ❝✉♠✉❧❛t✐✈❡ ♠✉❧t✐♣❧✐❡rs ❢r♦♠ t❤r❡❡ q✉❛rt❡r ♦♥✇❛r❞s ❛♥❞ t❤❡ ♠✉❧t✐♣❧✐❡rs

❛r❡ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t❧② ❞✐✛❡r❡♥t ❢r♦♠ ③❡r♦ ✐♥ q✉❛rt❡rs ✜✈❡ t♦ t✇❡❧✈❡ ❛❢t❡r t❤❡

✐♠♣❛❝t✳✾ ❚❤❡ ❝✉♠✉❧❛t✐✈❡ ♠✉❧t✐♣❧✐❡r r❡❛❝❤❡s ❛ ♠❛①✐♠✉♠ ✈❛❧✉❡ ♦❢ ✷✳✺✸ ✐♥ q✉❛rt❡r t❡♥✳

❚❤❡ ❡st✐♠❛t❡s ❛r❡ r❡❧❛t✐✈❡❧② ♣r❡❝✐s❡✱ ❣✐✈❡♥ t❤❛t ■ ❤❛✈❡ ❛ s❛♠♣❧❡ ✇✐t❤ ✶✷ ♦❜s❡r✈❛t✐♦♥s

♦♥ ❛♥t✐❝✐♣❛t❡❞ t❛① s❤♦❝❦s ✐♥ t❤❡ ♣♦st✲✶✾✽✵✿■❱ ♣❡r✐♦❞✳ ❚❤❡s❡ r❡s✉❧ts ❛r❡ ❝♦♥s✐st❡♥t

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

▲❡❡♣❡r ❡t ❛❧✳ ✭✷✵✵✽✮✳ ❋✉rt❤❡r♠♦r❡✱ ❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡ ✐s ❤❡♥❝❡ ♥♦t s✉♣♣♦rt❡❞ ❜②

❞❛t❛ ✉s✐♥❣ t❤❡ ♥❛rr❛t✐✈❡ r❡❝♦r❞ ♦♥ t❛① ❝❤❛♥❣❡s✳

✹✳ ❈♦♥❝❧✉s✐♦♥

❚❤✐s ♣❛♣❡r ❝♦♥tr✐❜✉t❡s t♦ t❤❡ ❡♠♣✐r✐❝❛❧ ❧✐t❡r❛t✉r❡ ♦♥ ✜s❝❛❧ ♣♦❧✐❝② ❜② ✉s✐♥❣ ❛

♣❛rt ♦❢ ❛ ♥❛rr❛t✐✈❡ ♠❡❛s✉r❡s ❞❡✈❡❧♦♣❡❞ ❜② ❘♦♠❡r ❛♥❞ ❘♦♠❡r ✭✷✵✶✵✮ ♥♦t ✉s❡❞ ♣r❡✈✐✲

♦✉s❧②✳ ■ ♣r♦✈✐❞❡ ♥❡✇ ❡♠♣✐r✐❝❛❧ ❡✈✐❞❡♥❝❡ ♦♥ t❤❡ ✈❛❧✐❞✐t② ♦❢ t❤❡ ❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡

❤②♣♦t❤❡s✐s ❛♥❞ ❛♥❛❧②③❡ t❤❡ r♦❜✉st♥❡ss ♦❢ t❤❡✐r ✜♥❞✐♥❣s ❢♦r ❛ s✉❜❝❛t❡❣♦r② ♦❢ t❤❡✐r ♦✇♥
✾❯s✐♥❣ ✐♥st❡❛❞ ❛ ❱❆❘ ❛s ✐♥ ❙❡❝t✐♦♥ ✸✳✸ ❧❡❛❞s t♦ s✐♠✐❧❛r r❡s✉❧ts✳



✶✸

❞❛t❛ s❡t✳ ❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡ ♠❛② ❜❡ ❛ ❣♦♦❞ ❛♣♣r♦①✐♠❛t✐♦♥ t♦ r❡❛❧✐t② ❛♥❞ t❤❡ ❢❛❝t

t❤❛t t❛①❡s ❛r❡ ❣❡♥❡r❛❧❧② ♥♦t ❧✉♠♣✲s✉♠ ❞♦❡s ♥♦t ♥❡❝❡ss❛r✐❧② ✐♥✈❛❧✐❞❛t❡ ✐t ✭❏✉❞❞✱ ✶✾✽✼✮✳

■ ✉s❡ t❤❡ ♣r❡s❡♥t✲✈❛❧✉❡s ♦❢ t❤❡ ❞❡✜❝✐t✲❞r✐✈❡♥ s✉❜✲❝❛t❡❣♦r② ♦❢ ❘♦♠❡r ❛♥❞ ❘♦♠❡r✬s

✭✷✵✶✵✮ ❞❛t❛ t♦ s❤❡❞ ♥❡✇ ❧✐❣❤t ♦♥ ❛♥ ✉♥r❡s♦❧✈❡❞ ❡♠♣✐r✐❝❛❧ q✉❡st✐♦♥✳

❚❤❡ ❡♠♣✐r✐❝❛❧ r❡s✉❧ts ❞♦ ♥♦t s✉♣♣♦rt t❤❡ ❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡ ❤②♣♦t❤❡s✐s

❜❡❝❛✉s❡ t❤❡ ❡✛❡❝ts ♦❢ ❛ t❛① ✐♥❝r❡❛s❡✱ ❦❡❡♣✐♥❣ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ✜①❡❞✱ ❤❛✈❡ ❛ st❛✲

t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ✐♥✢✉❡♥❝❡ ♦♥ r❡❛❧ ●❉P✳ ❚❤❡ r❡s✉❧ts ❛r❡ r♦❜✉st t♦ t❤❡ s♣❡❝✐✜❝❛t✐♦♥

♦❢ t❤❡ ♠♦❞❡❧ ❡✐t❤❡r ❛s ❛ s✐♥❣❧❡ ❡q✉❛t✐♦♥ ♦r ❛s ❛ ✈❡❝t♦r✲❛✉t♦r❡❣r❡ss✐✈❡ s②st❡♠✳ ❲❤✐❧❡

❘✐❝❛r❞✐❛♥ ❡q✉✐✈❛❧❡♥❝❡ s❡❡♠❡❞ t♦ ❜❡ s✉♣♣♦rt❡❞ ❛t ✜rst s✐❣❤t ♦✈❡r t❤❡ ❢✉❧❧ ♣♦st✲❲❲■■

s❛♠♣❧❡ ♣❡r✐♦❞✱ ■ ✜♥❞ t❤❛t t❤✐s r❡s✉❧t ❞♦❡s ♥♦t ❤♦❧❞ ✉♣ ✇❤❡♥ ■ s♣❧✐t t❤❡ s❛♠♣❧❡ ✐♥

✶✾✽✵✿■❱✳ ❚❤❡ ♣♦st✲✶✾✽✵✿■❱ s❛♠♣❧❡ ❛❧❧♦✇s ❢♦r ♣r❡❝✐s❡ ✐♥❢❡r❡♥❝❡ t❤❛t s❤♦✇s t❤❛t ✐♥✲

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

t❤❡ ❣♦✈❡r♥♠❡♥t ❤❛s ❛ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ♣♦s✐t✐✈❡ ❡✛❡❝t ♦♥ r❡❛❧ ●❉P ❢♦r ❛♥t✐❝✲

✐♣❛t❡❞ t❛① ✐♥❝r❡❛s❡s✳ ❚❤✐s ♣♦s✐t✐✈❡ ❡✛❡❝t ♦♥ ●❉P ❞✉r✐♥❣ t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥✲❧❛❣

♣❡r✐♦❞ ✐s ♣r❡❞✐❝t❡❞ ❜② t❤❡ t❤❡♦r② ♦❢ ✜s❝❛❧ ❛♥t✐❝✐♣❛t✐♦♥ ♦❢ ▲❡❡♣❡r ❡t ❛❧✳ ✭✷✵✵✽✮✳ ■♥✲

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

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

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

♠❡♥t❛t✐♦♥ ✐s ❢♦❧❧♦✇❡❞ ❜② ❧♦✇❡r ❡❝♦♥♦♠✐❝ ❛❝t✐✈✐t② ❛❢t❡r t❤❡ t❛① ✐♥❝r❡❛s❡s t❛❦❡ ❤♦❧❞✳

❚❤❡s❡ r❡s✉❧ts ❛r❡ ❞✐✛❡r❡♥t ❢r♦♠ t❤♦s❡ ♦❢ ❘♦♠❡r ❛♥❞ ❘♦♠❡r ✭✷✵✶✵✮✱ ✇❤♦ ❛❞❞❡❞ ✐♥ t❛①

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

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

♦♣♣♦s✐t❡ ❡✛❡❝ts✳ ❆ss❡ss✐♥❣ t❤❡ ♥❡❣❛t✐✈❡ q✉❛♥t✐t❛t✐✈❡ ❡✛❡❝ts ❛❢t❡r t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥

♦❢ ❛♥t✐❝✐♣❛t❡❞ t❛①❡s ✐s ♥♦t ❛ tr✐✈✐❛❧ t❛s❦ t❤❛t ■ ❧❡❛✈❡ ❢♦r ❢✉t✉r❡ r❡s❡❛r❝❤✳

❆❝❦♥♦✇❧❡❞❣❡♠❡♥ts

❚❤❡ ❛✉t❤♦r t❤❛♥❦s✱ ✇✐t❤♦✉t ✐♠♣❧✐❝❛t✐♥❣✱ ❉❛✈✐❞ ❍✳ ❘♦♠❡r ❛♥❞ ♣❛rt✐❝✐♣❛♥ts ❛t

t❤❡ t❤✐r❞ ■❆❆❊ ❆♥♥✉❛❧ ❈♦♥❢❡r❡♥❝❡ ✐♥ ▼✐❧❛♥✱ t❤❡ ❲❆▼❙ ❈♦♥❢❡r❡♥❝❡ ✐♥ ❙②❞♥❡②✱ ❛♥❞
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FIGURE 1. Present values at time of passage for deficit-driven tax increases
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FIGURE 2. Estimated impact of an exogenous deficit-driven tax increase of 1%

                  of GDP on GDP, as in equation (1) with no controls for lagged GDP

                  growth and one and two standard-error confidence bands

Cu
m

ul
at

iv
e 

im
pa

ct
 o

n 
re

al
 G

D
P

Quarter      

 

-10.0%

-7.5%

-5.0%

-2.5%

0.0%

2.5%

5.0%

7.5%

10.0%

0 1 2 3 4 5 6 7 8 9 10 11 12

FIGURE 3. Estimated impact of an exogenous deficit-driven tax increase of 1%

                  of GDP on GDP, as in equation (2) with controls for lagged GDP growth

                  and one and two standard-error confidence bands (bootstrapped)

Cu
m

ul
at

iv
e 

ef
fe

ct
 o

n 
re

al
 G

D
P

Quarter              
-0.2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1960 1965 1970 1975 1980 1985 1990 1995 2000

CUSUM of squares

5% significance

FIGURE 4a. Structural change test of the GDP growth regression with no controls

                    as in equation (1)
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FIGURE 4b. Structural change test of the GDP growth regression with controls

                     as in equation (2)
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FIGURE 5a. Prior-1980:IV estimated impact of an exogenous deficit-driven tax

                    increase of 1 % of GDP on GDP, as in equation (2) with controls

                    for lagged GDP growth and one and two standard-error

                    confidence bands (bootstrapped)
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FIGURE 5b. Post-1980:IV estimated impact of an exogenous deficit-driven tax

                    increase of 1 % of GDP on GDP, as in equation (2) with controls

                    for lagged GDP growth and one and two standard-error

                    confidence bands (bootstrapped)
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FIGURE 6a. Prior-1980:IV estimated impact of an exogenous deficit-driven tax

                    increase of 1 % of GDP on GDP, in a VAR with 3 variables

                    and one and two standard-error confidence bands (bootstrapped)
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FIGURE 6b. Post-1980:IV estimated impact of an exogenous deficit-driven tax

                    increase of 1 % of GDP on GDP, in a VAR with 3 variables

                    and one and two standard-error confidence bands (bootstrapped)
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FIGURE 7a. Post-1980:IV estimated impact of an unanticipated exogenous deficit-driven

                    tax increase of 1 % of GDP on GDP, with one and two standard-error

                    confidence bands (bootstrapped)
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FIGURE 7b. Post-1980:IV estimated impact of an anticipated exogenous deficit-driven

                    tax increase of 1 % of GDP on GDP, with one and two standard-error

                    confidence bands (bootstrapped)
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