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❯s✐♥❣ ❞✐s❛❣❣r❡❣❛t❡❞ ❝✉st♦♠s ❞❛t❛ ❛❜♦✉t ❡①♣♦rt❡rs ❢r♦♠ ♥✐♥❡ ❝♦✉♥tr✐❡s✱ ■ ❞❡♠♦♥str❛t❡ t❤❛t ✐♥❢♦r✲
♠❛t✐♦♥❛❧ ❡①t❡r♥❛❧✐t✐❡s ❛r❡ ❞❡t❡r♠✐♥❛♥ts ♦❢ ❡♥tr②✱ s✉r✈✐✈❛❧✱ ❛♥❞ ❣r♦✇t❤ ♦❢ ❡①♣♦rt❡rs ❛t t❤❡ ♣r♦❞✉❝t✲
❞❡st✐♥❛t✐♦♥ ♠❛r❦❡t ❧❡✈❡❧✳ ■ s❤♦✇ t❤❛t ❡①♣♦rt❡rs ✇❤♦ ♦♣t✐♠✐③❡ ❡♥tr② ❞❡❝✐s✐♦♥s ❛♥❞ ✐♥t❡r♥❛❧✐③❡
✐♥❢♦r♠❛t✐♦♥❛❧ ❡①t❡r♥❛❧✐t✐❡s s✉r✈✐✈❡ ❧♦♥❣❡r ❛♥❞ ❣r♦✇ ❢❛st❡r✳ ❚❤❡♥✱ ■ ❝♦♥❝❡♣t✉❛❧✐③❡ ✇❤② ❡①♣♦rt❡rs
❡♥t❡r ❝❡rt❛✐♥ ✐♥t❡r♥❛t✐♦♥❛❧ ♠❛r❦❡ts ❛♥❞ ✇❤② ♥♦t ❛❧❧ ❡①♣♦rt❡rs ❢r♦♠ t❤❡ s❛♠❡ ♦r✐❣✐♥ s✉r✈✐✈❡ ❛♥❞
❣r♦✇ ✐♥ t❤❡s❡ ♠❛r❦❡ts✳ ■ ✐♥❝♦r♣♦r❛t❡ t❤❡ ✐♥t❡r❛❝t✐♦♥ ❜❡t✇❡❡♥ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ❛♥❞ ♥✉♠❜❡r ♦❢ ♣❡❡rs
✐♥ ❛ ❣✐✈❡♥ ♠❛r❦❡t t♦ ✐❞❡♥t✐❢② ❛ ♣♦t❡♥t✐❛❧ ❧❡❛r♥✐♥❣ ❡①t❡r♥❛❧✐t② t❤❛t ❡①♣♦rt❡rs ♠❛② ❜❡ ❡①♣♦s❡❞ t♦✳
❆❧s♦✱ ■ ❤✐❣❤❧✐❣❤t t❤❛t✱ ❡✈❡♥ ✇✐t❤♦✉t t❤❡ ❢♦r♠❛t✐♦♥ ♦❢ ❢♦r♠❛❧ ♥❡t✇♦r❦s✱ t❤❡ ♦❜s❡r✈❛t✐♦♥ ♦❢ t❤❡ ❛❝✲
t✐♦♥s ♦❢ ♣❡❡rs ✐♥ ❡①♣♦rt ♠❛r❦❡ts ❝❛♥ ❞❡❧✐✈❡r ✐♠♣❧✐❝❛t✐♦♥s ❢♦r ❡①♣♦rt ✢♦✇s✿ ❡①♣♦rt❡rs ♠❛② ♥♦t ♥❡❡❞
t♦ st❛rt s♠❛❧❧ ✐♥ ♥❡✇ ♠❛r❦❡ts ✐❢ t❤❡ ❛❝t✐♦♥s ♦❢ ♣❡❡rs ✐♥ t❤♦s❡ ♠❛r❦❡ts r❡✈❡❛❧ ❡♥♦✉❣❤ ✐♥❢♦r♠❛t✐♦♥✳
❇② ❤❡❧♣✐♥❣ t♦ ❡①♣❧❛✐♥ ❤♦✇ ❡①♣♦rt r❡❧❛t✐♦♥s❤✐♣s s✉r✈✐✈❡ ❛♥❞ ❣r♦✇✱ ■ ❝♦♠♣❧❡♠❡♥t t❤❡ ❧✐t❡r❛t✉r❡ ♦♥
t❤❡ ❞❡t❡r♠✐♥❛♥ts ♦❢ ❡①♣♦rt ❞✐✈❡rs✐✜❝❛t✐♦♥ ❛♥❞ s✐❣♥❛❧ t♦ ❡①♣♦rt ♣r♦♠♦t✐♦♥ ❛❣❡♥❝✐❡s t❤❡ ✐♠♣♦rt❛♥❝❡
♦❢ ✐♥t❡r♥❛❧✐③❛t✐♦♥ ♦❢ ✐♥❢♦r♠❛t✐♦♥❛❧ ❡①t❡r♥❛❧✐t✐❡s ❜② ❡①♣♦rt❡rs✳

❑❡②✇♦r❞s✿ ❡①♣♦rt❡rs ❞②♥❛♠✐❝s❀ ♣❡❡r ❡✛❡❝ts❀ ✐♥❢♦r♠❛t✐♦♥❛❧ ❡①t❡r♥❛❧✐t✐❡s❀ ♠❛r❦❡t ❡♥tr②❀ ❞✐✈❡rs✐✜❝❛✲

t✐♦♥❀ tr❛❞❡❀ ❞❡✈❡❧♦♣♠❡♥t
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✶❆❝❦♥♦✇❧❡❞❣❡♠❡♥ts✿ ■ t❤❛♥❦ ▼❛tt❤✐❡✉ ❈r♦③❡t✱ ❏♦♥❛t❤❛♥ ❊❛t♦♥✱ ▲✐♦♥❡❧ ❋♦♥t❛❣♥é✱ ❈❛r♦❧✐♥❡ ❋r❡✉♥❞✱ ❏❛♠❡s ❍❛rr✐❣❛♥✱
❏❡❛♥ ■♠❜s✱ ❆♠✐t ❑❤❛♥❞❡❧✇❛❧✱ ❋r❛♥❝✐s ❑r❛♠❛r③✱ ❆♥❞r❡✐ ▲❡✈❝❤❡♥❦♦✱ P❤✐❧✐♣♣❡ ▼❛rt✐♥✱ ▼❛r❝ ▼❡❧✐t③✱ ❛♥❞ ❚❤✐❡rr② ❱❡r❞✐❡r
❢♦r ✉s❡❢✉❧ ❝♦♠♠❡♥ts ❛♥❞ ❣✉✐❞✐♥❣ s✉❣❣❡st✐♦♥s✳ ❙❡♠✐♥❛r ♣❛rt✐❝✐♣❛♥ts ❛t ❍❛r✈❛r❞ ❯♥✐✈❡rs✐t②✱ P❛r✐s ❙❝❤♦♦❧ ♦❢ ❊❝♦♥♦♠✐❝s✱
❊◆❙❆❊✲❈❘❊❙❚✱ ❯♥✐✈❡rs✐té P❛r✐s ✶ P❛♥t❤é♦♥✲❙♦r❜♦♥♥❡✱ ❛♥❞ ❙t❛♥❢♦r❞ ❯♥✐✈❡rs✐t② s❤❛r❡❞ ❤❡❧♣❢✉❧ ✐♥s✐❣❤ts✳ ■ ✈❛❧✉❡ t❤❡
❡①❝❡❧❧❡♥t r❡s❡❛r❝❤ ❛ss✐st❛♥❝❡ r❡❝❡✐✈❡❞ ❢r♦♠ ❊✐s❤❛ ❆✜✜ ❛♥❞ ❍❛♥❛ ❑❤❛②r②✳ ■❜r❛❤✐♠ ❆❧✐ ❍❛✐❞❛r ♣r♦✈✐❞❡❞ ✐♥s♣✐r❛t✐♦♥✳
■ ❛❝❦♥♦✇❧❡❞❣❡ r❡s❡❛r❝❤ ❢✉♥❞✐♥❣ ❢r♦♠ ❉■▼❡❝♦ ✭❘é❣✐♦♥ ❰❧❡✲❞❡✲❋r❛♥❝❡✮ ❛♥❞ ❊◆❙❆❊ ■♥✈❡st✐ss❡♠❡♥ts ❞✬❆✈❡♥✐r ✭❆◆❘✲✶✶✲
■❉❊❳✲✵✵✵✸✴▲❛❜❡①❊❝♦❞❡❝✴❆◆❘✲✶✶✲▲❆❇❳✲✵✵✹✼✮✳ ■ ❛♠ s♦❧❡❧② r❡s♣♦♥s✐❜❧❡ ❢♦r t❤❡ ❝♦♥❝❧✉s✐♦♥s ❛♥❞ ✐♥❢❡r❡♥❝❡s ❞r❛✇♥ ✐♥
t❤✐s ♣❛♣❡r✳
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❋✐rst✲♠♦✈❡rs ❣❡♥❡r❛t❡ ✐♥❢♦r♠❛t✐♦♥ t❤❛t ❝❛♥ ❜❡ ✉s❡❞ ❜② ❧❛t❡✲♠♦✈❡rs t♦ ❛ ♠❛r❦❡t✳ ❚❤✐s ✐♥❢♦r♠❛t✐♦♥ ✐s

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

✜r♠s ❤❛s ❜❡❡♥ t❤❡ s✉❜❥❡❝t ♦❢ ✈❛r✐♦✉s st✉❞✐❡s s✐♥❝❡ ❆rr♦✇ ✭✶✾✻✷✮✳ ❊①♣♦rt❡rs✱ ❛s ✜r♠s✱ ❝❛♥ ✐♥✢✉❡♥❝❡ t❤❡

s✉r✈✐✈❛❧ ❛♥❞ ❣r♦✇t❤ ♦❢ ❡❛❝❤ ♦t❤❡r ✐♥ ❞✐✛❡r❡♥t ✇❛②s✳ ❋r♦♠ ♦♥❡ ❡♥❞✱ ❡①♣♦rt✐♥❣ ♣❡❡rs✷ ❝❛♥ ❧❡❛r♥ ❢r♦♠

❡❛❝❤ ♦t❤❡r ❛❜♦✉t t❤❡ ♣r♦❞✉❝t ❞❡♠❛♥❞ ❛♥❞ ❝♦♥s✉♠❡r ♣r❡❢❡r❡♥❝❡s ❛t ❞❡st✐♥❛t✐♦♥✳ ❋r♦♠ ❛♥♦t❤❡r ❡♥❞✱

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

❛t ❞❡st✐♥❛t✐♦♥✳ ❚❤✉s✱ t♦ ❣❛✐♥ ♠❛r❦❡t ✐♥❢♦r♠❛t✐♦♥✱ ❡①♣♦rt❡rs ✉s✉❛❧❧② ❡♥❣❛❣❡ ✐♥ s❡✈❡r❛❧ ❛❝t✐✈✐t✐❡s✳ ❋♦r

✐♥st❛♥❝❡✱ ❘❛✉❝❤ ❛♥❞ ❲❛ts♦♥ ✭✷✵✵✸✮ s❤♦✇❡❞ t❤❛t ✇❤❡♥ ❛ ❝♦♠♠❡r❝✐❛❧ r❡❧❛t✐♦♥s❤✐♣ ❜❡❣✐♥s✱ t❤❡ ❜✉②❡r

♠✐❣❤t ❡①♣❡r✐❡♥❝❡ ✉♥❝❡rt❛✐♥t② ❛❜♦✉t t❤❡ s✉♣♣❧✐❡r✬s ❛❜✐❧✐t② t♦ s✉❝❝❡ss❢✉❧❧② ❢✉❧✜❧❧ ❧❛r❣❡ ♦r❞❡rs✳ ▲❡❞❡r♠❛♥

❡t ❛❧✳ ✭✷✵✶✵✮ ❞♦❝✉♠❡♥t❡❞ ❤♦✇ ✐♥❢♦r♠❛❧ ♥❡t✇♦r❦s ❤❡❧♣ ❡①♣♦rt❡rs ♠❛❦❡ ♠♦r❡ ✐♥❢♦r♠❡❞ ❞❡❝✐s✐♦♥s ❛♥❞✱

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

❛s ✇❡❧❧ ❛s t❤❡ s❝♦♣❡ ♦❢ t❤✐s ♣❛♣❡r✱ ✐s ✇❤❡t❤❡r ♦r ♥♦t ♣❡❡r ❡✛❡❝ts ✭✐✳❡✳✱ ✐♥❢♦r♠❛t✐♦♥❛❧ ❡①t❡r♥❛❧✐t✐❡s✮ ❡①✐st

✐♥ t❤❡ ✜r♠ ✐♥t❡r♥❛t✐♦♥❛❧✐③❛t✐♦♥ ♣r♦❝❡ss✱ ❛♥❞ ✐❢ t❤❡② ❞♦ ✐♥ ❢❛❝t ❢❛❝t♦r ✐♥t♦ t❤❡ ❡q✉❛t✐♦♥✱ ✇❤❛t r♦❧❡ ❞♦

t❤❡② ♣❧❛②✳

■t ✐s ✐♠♣♦rt❛♥t t♦ ✉♥❞❡rst❛♥❞ t❤❡ ❞②♥❛♠✐❝s ♦❢ ♣❡❡r ❡✛❡❝ts✸ ✐♥ ❡①♣♦rt ♠❛r❦❡ts ❢♦r ❛♥ ❛rr❛② ♦❢ r❡❛s♦♥s✳

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

♠❛r❦❡t ❡①♣❧♦r❛t✐♦♥ ♠❡❝❤❛♥✐s♠s ❛♥❞ ✇❤❡t❤❡r ♦r ♥♦t ♠❛r❦❡t ❢❛✐❧✉r❡s ❡①✐st✳ ❙❡❝♦♥❞✱ ❣✐✈❡♥ ❡①♣♦rt❡rs ❛♥❞

❡①♣♦rt❡❞ ♣r♦❞✉❝ts ❛r❡ ♥❡✇ ❛t s♦♠❡ ♣♦✐♥t✱ ❦♥♦✇✐♥❣ ✇❤✐❝❤ ❡①♣♦rt❡rs s✉r✈✐✈❡ ❧♦♥❣❡r ❛♥❞ ❣r♦✇ ❢❛st❡r

✐s ❦❡② ❢♦r tr❛❞❡ ❣r♦✇t❤ ❛♥❞ ❡❝♦♥♦♠✐❝ ❞❡✈❡❧♦♣♠❡♥t❀ ❛s ❞♦❝✉♠❡♥t❡❞ ❜② ❆♠s❞❡♥ ✭✶✾✾✷✮✱ ❑❡❤♦❡ ❛♥❞

❘✉❤❧ ✭✷✵✶✸✮✱ ❛♥❞ ▲✉❝❛s ✭✶✾✾✸✮✱ ♥❡✇ ❡①♣♦rt❡❞ ♣r♦❞✉❝ts ❛♥❞ ❡❝♦♥♦♠✐❝ ❣r♦✇t❤ ❛r❡ ❝♦rr❡❧❛t❡❞ ✇✐t❤✐♥ t❤❡

✐♥❞✉str✐❛❧✐③❛t✐♦♥ ♣r♦❝❡ss ♦❢ ❝♦✉♥tr✐❡s✳

■♥ t❤✐s ♣❛♣❡r✱ ■ ❝♦♥❝❡♣t✉❛❧✐③❡ ✇❤② ❡①♣♦rt❡rs ❡♥t❡r ❝❡rt❛✐♥ ♠❛r❦❡ts ❛♥❞ ✇❤② ♥♦t ❛❧❧ ❡①♣♦rt❡rs ❢r♦♠

t❤❡ s❛♠❡ ♦r✐❣✐♥ s✉r✈✐✈❡ ❛♥❞ ❣r♦✇ ✐♥ t❤❡s❡ ♠❛r❦❡ts✳ ■ s❤♦✇ t❤❛t t❤❡ ❡①♣♦rt❡rs ✇❤♦ ♦♣t✐♠✐③❡ ❡♥tr②

❞❡❝✐s✐♦♥s ❛♥❞ ✐♥t❡r♥❛❧✐③❡ ❡①t❡r♥❛❧✐t✐❡s ❛r❡ t❤♦s❡ ✇❤♦ s✉r✈✐✈❡ ❧♦♥❣❡r ❛♥❞ ❣r♦✇ ❢❛st❡r✳ ❆❝❝♦r❞✐♥❣❧②✱ ■

✐♥✈❡st✐❣❛t❡ ✇❤❡t❤❡r ✐♥❢♦r♠❛t✐♦♥ ✢♦✇s ❢r♦♠ ♠♦r❡✲✐♥❢♦r♠❡❞ ❡①♣♦rt❡rs t♦ ❧❡ss✲✐♥❢♦r♠❡❞ ❡①♣♦rt❡rs✳ ❚❤❡

❝♦♥❝❡♣t✉❛❧ ❢r❛♠❡✇♦r❦ ❢♦❧❧♦✇s ▼❡❧✐t③ ✭✷✵✵✸✮ ✇❤✐❧❡ ❛❞♦♣t✐♥❣ t❤❡ ❞❡❝✐s✐♦♥✲♠❛❦✐♥❣ ♣r♦❝❡ss ❞❡♠♦♥str❛t❡❞

✐♥ ❘♦❜ ✭✶✾✾✶✮✱ ✇❤✐❝❤ ✐s ❣❡♥❡r❛❧❧② ♣✉rs✉❡❞ ❜② ❡①♣♦rt❡rs t❤❛t ❛r❡ ♠♦♥♦♣♦❧✐s✐t❝❛❧❧② ❝♦♠♣❡t✐t✐✈❡ ❛♥❞

❤❡t❡r♦❣❡♥❡♦✉s❧② ♣r♦❞✉❝t✐✈❡✳ ❚❤❡ ♣r♦✜ts ♦❢ ❡❛❝❤ ❡①♣♦rt❡r ❞❡♣❡♥❞ ♦♥ t❤❡✐r ♣r♦❞✉❝t✐✈✐t②✱ t❤❡ ❞❡♠❛♥❞ ♦♥

✷❚❤r♦✉❣❤♦✉t t❤✐s ♣❛♣❡r✱ ❛♥ ❡①♣♦rt✐♥❣ ♣❡❡r ✐s ❞❡✜♥❡❞ ❛s ❛♥ ❡①♣♦rt❡r s❤✐♣♣✐♥❣ t❤❡ s❛♠❡ ♣r♦❞✉❝t ❢r♦♠ t❤❡ s❛♠❡ ♦r✐❣✐♥
t♦ t❤❡ s❛♠❡ ❞❡st✐♥❛t✐♦♥✳

✸❚❤r♦✉❣❤♦✉t t❤✐s ♣❛♣❡r✱ ■ ✉s❡ t❤❡ t❡r♠s ✏✐♥❢♦r♠❛t✐♦♥❛❧ ❡①t❡r♥❛❧✐t✐❡s✑ ❛♥❞ ✏♣❡❡r ❡✛❡❝ts✑ ✐♥t❡r❝❤❛♥❣❡❛❜❧②✳

✷



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

♣r❡s❡♥t ✐♥ ❛ ❣✐✈❡♥ ♠❛r❦❡t✱ t❤❡ ❧❡ss✲✐♥❢♦r♠❡❞ ❡①♣♦rt❡rs ❛r❡ t❤❡ ♦♥❡s ✇❤♦ ❤❛✈❡ st✐❧❧ ♥♦t ❡♥t❡r❡❞ t❤❡ s❛♠❡

❣✐✈❡♥ ♠❛r❦❡t✳ ❚♦ ❡①✐st ✐♥ ❛ ❣✐✈❡♥ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ♠❛r❦❡t✱ ❡①♣♦rt❡rs ♥❡❡❞ t♦ ♣❛② ❛ s✉♥❦ ❡♥tr② ❝♦st

♣❧✉s t❤❡ ✜①❡❞ ❝♦st ♦❢ ❡①♣♦rt✐♥❣ t♦ t❤❛t ♠❛r❦❡t✳ ❆❧t❤♦✉❣❤ ❡①♣♦rt❡rs ❧❡❛r♥ ❛❜♦✉t t❤❡✐r ♣r♦❞✉❝t✐✈✐t② ❧❡✈❡❧

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

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

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

s✉r✈✐✈❡ ✐♥ t❤❡ ♠❛r❦❡r ❛❢t❡r ❤❛✈✐♥❣ ❥♦✐♥❡❞ t❤❡ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ♠❛r❦❡t✳ ❚❤❡ ❡①♣♦rt❡r ✇♦✉❧❞ s✉r✈✐✈❡

✐♥ t❤❛t ♠❛r❦❡t ✐❢ t❤❡✐r ♣❡r✲♣❡r✐♦❞ ❡①♣♦rt r❡✈❡♥✉❡s ❝♦✈❡r t❤❡ ♣❡r✲♣❡r✐♦❞ ✜①❡❞ ❝♦sts ♦❢ ❡①✐st❡♥❝❡✳ ❚❤✉s✱

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

♥♦t ♣❛② t❤❡ s✉♥❦ ❝♦st ♦♥❧② t♦ ❡①✐t✳ ❇② ♦❜s❡r✈✐♥❣ t❤❡ ❛❝t✐♦♥s ♦❢ ♦t❤❡r ❡①♣♦rt❡rs ❢r♦♠ ❤❡r ♦r✐❣✐♥ t♦ ❛

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

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

♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ♠❛r❦❡t ✜rst ✇❤✐❧❡ t❤❡ ❧❡ss ♣r♦❞✉❝t✐✈❡ ❡①♣♦rt❡rs ✇❛✐t t♦ ❣❛✐♥ ❛❞✈❛♥❝❡❞ ❦♥♦✇❧❡❞❣❡

❛❜♦✉t t❤❡ ♣❡r✲♣❡r✐♦❞ ✜①❡❞ ❝♦sts✳

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

❜② ❡♠♣❧♦②✐♥❣ ▼❡❧✐t③ ✭✷✵✵✸✮ ♣r♦♣❡rt✐❡s ✇✐t❤♦✉t ♣❛r❛♠❡t❡r✐③❛t✐♦♥✳ ■t ❝♦♥s✐❞❡rs t❤❡ ❡✛❡❝t ♦❢ ❡♥tr❛♥ts ♥♦t

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

❡✛❡❝t ♦♥ ♣r✐❝❡s✳ ■♥ ♦t❤❡r ✇♦r❞s✱ ✐t ✐s ♥♦t ♥❡❝❡ss❛r② t♦ s♦❧✈❡ ❢♦r t❤❡ ♣r✐❝❡ ✐♥❞✐❝❡s❀ ✐t ✐s s✉✣❝✐❡♥t t♦

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

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

♣❛②✲♦✛s✮✳ ❋♦r ❡①❛♠♣❧❡✱ ❛♥ ❡①♣♦rt❡r ❞❡❝✐❞✐♥❣ t♦ ❡♥t❡r ❛ ❣✐✈❡♥ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ♠❛r❦❡t ❞♦❡s ♥♦t

❝♦♥s✐❞❡r t❤❡ ❡✛❡❝t t❤❛t t❤❡✐r ❡♥tr② ♠❛② ❤❛✈❡ ♦♥ t❤❡ ❡♥tr❛♥❝❡ ❛♥❞ ♣❛②✲♦✛s ♦❢ ♦t❤❡r ❡①♣♦rt❡rs✳ ■♥st❡❛❞✱

t❤❡② ❛ss❡ss t❤❡ ♥✉♠❜❡r ❛♥❞ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ♣❡❡rs ❡①✐st✐♥❣ ✐♥ t❤❛t ♠❛r❦❡t ✇✐t❤ t❤❡✐r ❦♥♦✇❧❡❞❣❡ ♦❢ ✐t✱

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

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

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

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

✐♥❢♦r♠❛t✐♦♥ ❜❧♦❝❦s ❡①♣♦rts t♦ t❤❛t ♠❛r❦❡t✱ ❡✈❡♥ t❤♦s❡ ❜② ♠♦r❡ ♣r♦❞✉❝t✐✈❡ ❡①♣♦rt❡rs✳ ❈♦rr❡s♣♦♥❞✐♥❣❧②✱

t❤❡ ♠♦r❡ ♣r♦❞✉❝t✐✈❡ ❡①♣♦rt❡rs ❛❧✇❛②s ❡♥t❡r ♠❛r❦❡ts t❤❛t t❤❡② ❤❛✈❡ ❦♥♦✇❧❡❞❣❡ ❛❜♦✉t✳ ❆s s♦♦♥ ❛s ❛♥

❡①♣♦rt❡r ❡♥t❡rs ❛ ❝❡rt❛✐♥ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ♠❛r❦❡t✱ t❤❡② r❡✈❡❛❧ ✕ ✈✐❛ t❤❡✐r s✉r✈✐✈❛❧ ✐♥ t❤❛t ♠❛r❦❡t

✸



✕ ❦♥♦✇❧❡❞❣❡ t♦ ♦t❤❡r ❡①♣♦rt❡rs✳ ●✐✈❡♥ t❤✐s ♥❡✇ ❦♥♦✇❧❡❞❣❡✱ ❡①♣♦rt❡rs t❤❡♥ ❞❡❝✐❞❡ ✇❤❡t❤❡r ♦r ♥♦t t♦

❥♦✐♥ t❤❡ ✜rst ❡①♣♦rt❡r✳ ❍♦✇❡✈❡r✱ ❡♥tr② ✐♥t♦ t❤❡ ♥❡✇ ♠❛r❦❡t ♠❛② ❝❡❛s❡ ❜❡❢♦r❡ ❢✉❧❧ ♠❛r❦❡t ✐♥❢♦r♠❛t✐♦♥

❜❡❝♦♠❡s ❦♥♦✇♥✳ ❚❤❡ ♠❛r❣✐♥❛❧ ❡♥tr❛♥t✱ ❢♦r ❡①❛♠♣❧❡✱ ♠❛② ♥♦t ✜♥❞ ✐t ♣r♦✜t❛❜❧❡ t♦ ❡♥t❡r ✇❤❡♥ t❤❡

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

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

❛♥ ❡①♣♦rt❡r✬s ❞❡❝✐s✐♦♥ t♦ ❡♥t❡r ❛ ❣✐✈❡♥ ♠❛r❦❡t✳ ❲❤❡♥ ❛ ❣✐✈❡♥ ♠❛r❦❡t ♣❡❡rs✬ ♣❡r❢♦r♠❛♥❝❡ ✐♠♣r♦✈❡s

❛♥❞ ❜❡❝♦♠❡s ❧❡ss ✈♦❧❛t✐❧❡✱ ❧❡ss✲♣r♦❞✉❝t✐✈❡ ❡①♣♦rt❡rs ❜❡❝♦♠❡ ✐♥❝❡♥t✐✈✐③❡❞ t♦ ❡♥t❡r✳ ❚❤✐s ❝♦♥❝❡♣t✉❛❧

❢r❛♠❡✇♦r❦ ✐❞❡♥t✐✜❡s t❤❡ s✉✣❝✐❡♥t ❛♥❞ ♥❡❝❡ss❛r② ❝♦♥❞✐t✐♦♥s ❢♦r ✐♥❢♦r♠❛t✐♦♥❛❧ ❡①t❡r♥❛❧✐t✐❡s✱ ❜❡❢♦r❡ ✐♥✐t✐❛❧

❡♥tr②✱ t❤❛t ❛❧❧♦✇ ❢♦r t❤❡ s✉r✈✐✈❛❧ ❛♥❞ ❣r♦✇t❤ ♦❢ ❡①♣♦rt❡rs ❛❢t❡r ❡♥tr②✳ ■♥ s✉♠♠❛r②✱ t❤❡ ♥✉♠❜❡r✱ st❛t❡✱

❛♥❞ ✈♦❧❛t✐❧✐t② ♦❢ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ♣❡❡rs✱ ✐♥ ❛❞❞✐t✐♦♥ t♦ t❤❡ ✐♥❢♦r♠❛t✐♦♥ ❛✈❛✐❧❛❜❧❡ ♦♥ t❤❡ ♠❛r❦❡t✱ ❛r❡

❞❡t❡r♠✐♥❛♥ts ♦❢ ❡①♣♦rt❡rs✬ ❞❡❝✐s✐♦♥ t♦ ❡♥t❡r s❛✐❞ ♠❛r❦❡t ❛♥❞ ♦❢ t❤❡✐r ♣r♦❜❛❜✐❧✐t② t♦ s✉r✈✐✈❡ ❛♥❞ ❣r♦✇

✐♥ ✐t✳

❚♦ t❡st t❤❡ ♣r❡❞✐❝t✐♦♥s ♦❢ t❤❡ ❝♦♥❝❡♣t✉❛❧ ❢r❛♠❡✇♦r❦✱ ■ ✉t✐❧✐③❡ ❛ ✉♥✐q✉❡ ❡①♣♦rt❡r✲❧❡✈❡❧ ❝✉st♦♠s

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

♦r✐❣✐♥✲✜r♠✲♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ❧❡✈❡❧ ♦✈❡r t✐♠❡✳ ■t ✇♦✉❧❞ t❤✉s ♣r♦✈✐❞❡ ❛♥ ♦♣♣♦rt✉♥✐t② t♦ ❝❤r♦♥♦❧♦❣✐❝❛❧❧②

♦r❞❡r ♣r❡❝✐s❡❧② t❤❡ ❡♥tr② ♦❢ ✜r♠s ❛♥❞ ♣r♦❞✉❝ts ❢r♦♠ ❝♦✉♥tr② ♦❢ ♦r✐❣✐♥ t♦ t❤❛t ♦❢ ❞❡st✐♥❛t✐♦♥ ❛s ✇❡❧❧

❛s t♦ ❛♥❛❧②③❡ ❛❧❧ ✭s✉❝❝❡ss❢✉❧ ❛♥❞ ❢❛✐❧❡❞✮ ❝❛s❡s ♦❢ ❡①♣♦rt❡rs ❛♥❞ ❡①♣♦rt❡❞ ♣r♦❞✉❝ts✳ ■♥ ❝♦♠♣❛r✐s♦♥ ✇✐t❤

♣r❡✈✐♦✉s ❧✐t❡r❛t✉r❡ ✭✐✳❡✳ ❈❡❜❡❝✐ ❡t ❛❧✳ ✭✷✵✶✷✮✮✱ ■ ❞❡✜♥❡ ❛ ♥❡✇ ♣r♦❞✉❝t ❛s ♦♥❡ t❤❛t ❤❛s ♥♦t ❜❡❡♥ ❡①♣♦rt❡❞

♦✈❡r t❤❡ ❧❛st t✇♦ ②❡❛rs✳ ❚❤✐s ✇❛②✱ ■ ❝❛♥ ❡♥s✉r❡ t❤❛t r❡✲❡♥tr② ♦❢ ✐♥t❡r♠✐tt❡♥t ♣r♦❞✉❝ts ✭✐✳❡✳ t❤♦s❡ t❤❛t

✇❡r❡ ❡①♣♦rt❡❞ ❢♦r ❛ ②❡❛r✱ t❤❡♥ ♥♦t ❡①♣♦rt❡❞ ❢♦r ❛ ②❡❛r✱ ❜❡❢♦r❡ ❜❡✐♥❣ ❡①♣♦rt❡❞ ❛❣❛✐♥✮ ❛r❡ ♥♦t ❝♦✉♥t❡❞

❛s ♥❡✇ ♣r♦❞✉❝ts ✇❤❡♥ ♦r❞❡r✐♥❣ t❤❡ ♠♦✈❡rs t♦ ❛ ❣✐✈❡♥ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ♠❛r❦❡t✳

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

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

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

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

❡①t❡r♥❛❧✐t✐❡s ❝❛♥ ❤❡❧♣ ✉s ✉♥❞❡rst❛♥❞ ✇❤② ✭♦♥❧② s♦♠❡✱ ♥♦t ❛❧❧✮ ❡①♣♦rt❡rs s✉r✈✐✈❡ ❛♥❞ ❣r♦✇✳ ❚❤❡s❡ r❡s✉❧ts

❛❧s♦ ❤♦❧❞ ✐♥ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ✜①❡❞ ❡✛❡❝ts t❤❛t ❝♦♥tr♦❧ ❢♦r s✉♣♣❧② ❛♥❞ ❞❡♠❛♥❞ s❤♦❝❦s✳

■♥ ❛❝❝♦r❞❛♥❝❡ ✇✐t❤ t❤❡s❡ r❡s✉❧ts✱ ■ ♠❛❦❡ ✹ ❝♦♥tr✐❜✉t✐♦♥s ✐♥ t❤✐s ♣❛♣❡r✳ ❋✐rst✱ ■ ❝♦♥❝❡♣t✉❛❧✐③❡ ✇❤②

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

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

✹❚❤❡s❡ ❝♦✉♥tr✐❡s ❛r❡ ❇✉r❦✐♥❛ ❋❛s♦✱ ❇✉❧❣❛r✐❛✱ ❊❣②♣t✱ ●✉❛t❡♠❛❧❛✱ ❏♦r❞❛♥✱ ▼❡①✐❝♦✱ ▼❛❧❛✇✐✱ P❡r✉✱ ❛♥❞ ❙❡♥❡❣❛❧✳
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✐♥ ❛ ❣✐✈❡♥ ♠❛r❦❡t t♦ ✐❞❡♥t✐❢② ❛ ♣♦t❡♥t✐❛❧ ❡①t❡r♥❛❧✐t② t❤❛t ❛♥ ❡①♣♦rt❡r ♠❛② ❜❡ ❡①♣♦s❡❞ t♦✳ ❙❡❝♦♥❞✱ ■

❛♥❛❧②③❡ ❛ ✉♥✐q✉❡❧② ❞❡t❛✐❧❡❞ ❞❛t❛s❡t ❝♦♠♣r✐s✐♥❣ ✜r♠✲❧❡✈❡❧ ❡①♣♦rts ❞✐s❛❣❣r❡t❛t❡❞ ❛t ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥

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

♣r♦✈✐❞❡s ✈❛❧✉❛❜❧❡ ✐♥❢♦r♠❛t✐♦♥ t♦ ❛ss❡ss ✐♥❢♦r♠❛t✐♦♥❛❧ ❡①t❡r♥❛❧✐t✐❡s✳ ❚❤✐r❞✱ ■ s❤♦✇ t❤❛t ❡①♣♦rt❡rs ✇❤♦

♦♣t✐♠✐③❡ ❡♥tr② ❞❡❝✐s✐♦♥s ❛♥❞ ✐♥t❡r♥❛❧✐③❡ ❡①t❡r♥❛❧✐t✐❡s ❛r❡ t❤♦s❡ ✇❤♦ s✉r✈✐✈❡ ❧♦♥❣❡r ❛♥❞ ❣r♦✇ ❢❛st❡r✳

❋♦✉rt❤✱ ■ ❤✐❣❤❧✐❣❤t t❤❛t✱ ❡✈❡♥ ✇✐t❤♦✉t t❤❡ ❢♦r♠❛t✐♦♥ ♦❢ ❢♦r♠❛❧ ♥❡t✇♦r❦s✱ t❤❡ ♦❜s❡r✈❛t✐♦♥ ♦❢ t❤❡ ❛❝t✐♦♥s

♦❢ ♣❡❡rs ✐♥ ❡①♣♦rt ♠❛r❦❡ts ❝❛♥ ❞❡❧✐✈❡r ✐♠♣❧✐❝❛t✐♦♥s ❢♦r ❡①♣♦rt ✢♦✇s✿ ❡①♣♦rt❡rs ♠❛② ♥♦t ♥❡❡❞ t♦ st❛rt

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

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

t❤❡ ✇♦r❦s ♦❢ ❊❛st❡r❧② ❛♥❞ ❘❡s❤❡❢ ✭✷✵✶✹✮✱ ●r♦ss♠❛♥ ❛♥❞ ❘♦ss✐✲❍❛♥s❜❡r❣ ✭✷✵✶✵✮✱ ❛♥❞ ❍❛✉s♠❛♥♥ ❛♥❞

❘♦❞r✐❦ ✭✷✵✵✸✮ ♦♥ t❤❡ ❞❡t❡r♠✐♥❛♥ts ♦❢ ♥❛t✐♦♥❛❧ ❡①♣♦rts ❞✐✈❡rs✐✜❝❛t✐♦♥ ❛♥❞ s✉❝❝❡ss✳ ■ ❞♦❝✉♠❡♥t t❤❛t ✐❢

♠♦r❡ ❡①♣♦rt❡rs ❢r♦♠ t❤❡ s❛♠❡ ♦r✐❣✐♥ t❛r❣❡t t❤❡ s❛♠❡ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ♠❛r❦❡t✱ t❤❡✐r s✉r✈✐✈❛❧ ❛♥❞

❣r♦✇t❤ ❝❤❛♥❝❡s ✐♥❝r❡❛s❡✳ ■ s✐❣♥❛❧ t♦ ❡①♣♦rt ♣r♦♠♦t✐♦♥ ❛❣❡♥❝✐❡s t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ ✐♥t❡r♥❛❧✐③❛t✐♦♥ ♦❢

✐♥❢♦r♠❛t✐♦♥❛❧ ❡①t❡r♥❛❧✐t✐❡s ❜② ❡①♣♦rt❡rs✳ ●✐✈❡♥ t❤❛t ❡①♣♦rt❡rs ♠❛② ♥♦t ❤❛✈❡ ✐♥❝❡♥t✐✈❡s t♦ ❛ss✐st t❤❡✐r

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

❢r♦♠ ♥❡✇ ♦r ❡①✐st✐♥❣ ❡①♣♦rt❡rs t♦ ♥❡✇ ♦r ❡①✐st✐♥❣ ❡①♣♦rt ♠❛r❦❡ts✳ ❇❡❢♦r❡ ❡♥t❡r✐♥❣ ❛ ♥❡✇ ♠❛r❦❡t✱ ✇❤✐❝❤

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

r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ♣❡❡r✲❡✛❡❝ts ❛♥❞ t❤❡ ♠❡❝❤❛♥✐s♠s ♦❢ ❡①♣♦rt❡rs s✉r✈✐✈❛❧ ❛♥❞ ❣r♦✇t❤ ❝❛♥ ❡♥❤❛♥❝❡

❛ss❡ss♠❡♥ts ♦❢ t❤❡ ♣♦t❡♥t✐❛❧ ❝♦♥tr✐❜✉t✐♦♥s ♦❢ ❡①t❡♥s✐✈❡ ❛♥❞ ✐♥t❡♥s✐✈❡ ♠❛r❣✐♥s ♦❢ ❡①♣♦rts✳ ■❢ t❤❡ ❣♦❛❧

✐s t♦ ✐♥❝r❡❛s❡ ❡①♣♦rts✱ ✐t ✐s ✐♠♣♦rt❛♥t t♦ ✐❞❡♥t✐❢② ❡①♣♦rt ♣♦❧✐❝✐❡s t❤❛t ❝❛♥ ❡♥❝♦✉r❛❣❡ ❡①♣❧♦r❛t✐♦♥ ❛♥❞

❤❛r♥❡ss✐♥❣ ♦❢ ❡①♣♦rt ♠❛r❦❡ts ❜② ❡①♣♦rt❡rs✳

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

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

❚❤❡ ✜❢t❤ s❡❝t✐♦♥ ❞❡s❝r✐❜❡s t❤❡ ✐❞❡♥t✐✜❝❛t✐♦♥ str❛t❡❣② ❛♥❞ ❡st✐♠❛t✐♦♥ ✐ss✉❡s✳ ❚❤❡ s✐①t❤ s❡❝t✐♦♥ ♣r❡s❡♥ts

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

✷ ❘❡❧❛t❡❞ ❧✐t❡r❛t✉r❡

▼❛♥② ❛✉t❤♦rs ❤❛✈❡ t❛❦❡♥ ✐♥t❡r❡st ✐♥ ✐♥❢♦r♠❛t✐♦♥❛❧ ❡①t❡r♥❛❧✐t✐❡s✳ ❍♦✇❡✈❡r✱ t❤❡✐r ✇♦r❦s ❞✐✛❡r❡❞ ✐♥

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

t♦ ♠✉❧t✐♥❛t✐♦♥❛❧ ✜r♠s ♦r ✐♥❝❧✉❞✐♥❣ ❛❧❧ ❡①♣♦rt❡rs✮ ♦r t❤❡ ❧❡✈❡❧ ♦❢ ❞❛t❛ ❞✐s❛❣❣r❡❣❛t✐♦♥✳ ❋♦r ❡①❛♠♣❧❡✱

❆✐t❦❡♥ ❡t ❛❧✳ ✭✶✾✾✼✮ st✉❞✐❡❞ t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ♠✉❧t✐♥❛t✐♦♥❛❧ ✜r♠s ❛♥❞ t❤❡

✺



❡①♣♦rt ❜❡❤❛✈✐♦r ♦❢ ▼❡①✐❝❛♥ ♣❧❛♥ts ✐♥ t❤❡ ♣❡r✐♦❞ s♣❛♥♥✐♥❣ ✶✾✽✻ t♦ ✶✾✽✾✳ ❆❧s♦✱ ❑✐♥✉t❤✐❛ ✭✷✵✶✼✮ ✉s❡❞

✜r♠✲❧❡✈❡❧ ❞❛t❛ ❢r♦♠ ❑❡♥②❛ ❛♥❞ ▼❛❧❛②s✐❛ ❢♦r ✷✵✵✵✲✵✺ t♦ ✐♥✈❡st✐❣❛t❡ t❤❡ ❡①✐st❡♥❝❡ ♦❢ ❡①♣♦rt s♣✐❧❧♦✈❡rs

❢r♦♠ ❢♦r❡✐❣♥✲♦✇♥❡❞ ✜r♠s t♦ ❞♦♠❡st✐❝ ✜r♠s ❛♥❞ t❤❡✐r tr❛♥s♠✐ss✐♦♥ ♠❡❝❤❛♥✐s♠s✳ ●r❡❡♥❛✇❛② ❡t ❛❧✳

✭✷✵✵✹✮ s❤♦✇❡❞ t❤❛t ♠✉❧t✐♥❛t✐♦♥❛❧ ✜r♠s ❧♦❝❛t❡❞ ✐♥ t❤❡ ❯❑ ♣♦s✐t✐✈❡❧② ✐♥✢✉❡♥❝❡❞ t❤❡ ❡①♣♦rt ❞❡❝✐s✐♦♥

♦❢ ❞♦♠❡st✐❝ ✜r♠s ♦✈❡r t❤❡ ②❡❛rs ✶✾✾✸✲✶✾✾✻✳ ❋✉rt❤❡r ❡①♣♦rt s♣✐❧❧♦✈❡rs ❢r♦♠ ❢♦r❡✐❣♥ ❞✐r❡❝t ✐♥✈❡st♠❡♥t

✇❡r❡ ✐♥✈❡st✐❣❛t❡❞ ❜② ❑♥❡❧❧❡r ❛♥❞ P✐s✉ ✭✷✵✵✼✮ ❡♠♣❧♦②✐♥❣ ❯❑ ❞❛t❛ ❢r♦♠ ✶✾✾✷ t♦ ✶✾✾✾✳ ❚❤❡ ❛✉t❤♦rs

❢♦✉♥❞ t❤❛t t❤❡ ♣r❡s❡♥❝❡ ♦❢ ❢♦r❡✐❣♥ ♠✉❧t✐♥❛t✐♦♥❛❧s ✐♥ t❤❡ s❛♠❡ ✐♥❞✉str② ♦r r❡❣✐♦♥ ♣♦s✐t✐✈❡❧② ❛✛❡❝ts t❤❡

✐♥t❡♥s✐✈❡ ❛♥❞ ❡①t❡♥s✐✈❡ ♠❛r❣✐♥s ♦❢ tr❛❞❡✳ ❆❧s♦✱ ✉s✐♥❣ ❯❑ ❞❛t❛✱ ●r❡❡♥❛✇❛② ❛♥❞ ❑♥❡❧❧❡r ✭✷✵✵✽✮ s❤♦✇❡❞

t❤❛t r❡❣✐♦♥❛❧ ❛♥❞ s❡❝t♦r❛❧ ❛❣❣❧♦♠❡r❛t✐♦♥ ❛r❡ ❜❡♥❡✜❝✐❛❧ ❢♦r t❤❡ ❡♥tr② ♦❢ ♥❡✇ ✜r♠s ♦♥ ❡①♣♦rt ♠❛r❦❡ts✳

■♥ ❛❞❞✐t✐♦♥✱ ❑❛♥❣ ✭✷✵✶✻✮ s❤♦✇❡❞ t❤❛t ❛❣❣❧♦♠❡r❛t✐♦♥ ♦❢ ❡①♣♦rt❡rs ❛✛❡❝ts ❡①♣♦rt ❞❡❝✐s✐♦♥s✳✺ ❚❤❡②

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

t❤❡ ❛❜s❡♥❝❡ ♦❢ ❡✈✐❞❡♥❝❡ ♦❢ ❡①♣♦rt s♣✐❧❧♦✈❡rs✳ ❇❛rr✐♦s ❡t ❛❧✳ ✭✷✵✵✸✮ st✉❞✐❡❞ t❤❡ ❡①♣♦rt ❞❡❝✐s✐♦♥ ❛♥❞ t❤❡

❡①♣♦rt ✐♥t❡♥s✐t② ♦❢ ❙♣❛♥✐s❤ ✜r♠s ❜❡t✇❡❡♥ ✶✾✾✵ ❛♥❞ ✶✾✾✽ ❛♥❞ ❞✐❞ ♥♦t ✜♥❞ ❡✈✐❞❡♥❝❡ t❤❛t ❙♣❛♥✐s❤ ✜r♠s

❜❡♥❡✜t ❢r♦♠ s♣✐❧❧♦✈❡rs t❤r♦✉❣❤ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ♦t❤❡r ❡①♣♦rt❡rs ♦r ♠✉❧t✐♥❛t✐♦♥❛❧ ✜r♠s✳ ❋✉rt❤❡r♠♦r❡✱

❇❡r♥❛r❞ ❛♥❞ ❏❡♥s❡♥ ✭✷✵✵✹✮ ❢♦✉♥❞ ♥♦ ❡✛❡❝t ♦❢ ❡①♣♦rt s♣✐❧❧♦✈❡rs ♦♥ ❡①♣♦rt ❞❡❝✐s✐♦♥ ✐♥ ❛ ♣❛♥❡❧ ♦❢ ❯✳❙✳

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

✐♥❞✉str②✱ ✐♥❞✉str②✲s♣❡❝✐✜❝ ❜✉t ♦✉ts✐❞❡ t❤❡ r❡❣✐♦♥✱ ♦r r❡❣✐♦♥ ❛♥❞ ✐♥❞✉str②✲s♣❡❝✐✜❝✳

❖t❤❡rs ❤❛✈❡ ❡①❛♠✐♥❡❞ ❤♦✇ ❛ ✜r♠✬s ❞❡❝✐s✐♦♥ t♦ st❛rt ❡①♣♦rt✐♥❣ ✐s ❛✛❡❝t❡❞ ❜② t❤❡ ❛✈❛✐❧❛❜✐❧✐t② ♦❢

✐♥❢♦r♠❛t✐♦♥ ♦♥ ❡①♣♦rt ♠❛r❦❡ts✳ ❋♦r ❡①❛♠♣❧❡✱ ❘❛♠♦s ❛♥❞ ▼♦r❛❧✲❇❡♥✐t♦ ✭✷✵✶✼✮ ✉s❡❞ ❛ ❞❛t❛s❡t ♦❢

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

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

❧❛♥❣✉❛❣❡ ❛♥❞ ❛ ❞✐✛❡r❡♥t ❝✉rr❡♥❝② ❛r❡ s✐❣♥✐✜❝❛♥t❧② ♠♦r❡ ❛❣❣❧♦♠❡r❛t❡❞✳ ■♥ ❛❞❞✐t✐♦♥✱ ■♥✉✐ ❡t ❛❧✳ ✭✷✵✶✺✮

❡①❛♠✐♥❡❞ ✇❤❡t❤❡r ♠❛✐♥ ❜❛♥❦s ❛❝t ❛s ❛ ❝♦♥❞✉✐t ♦❢ ✐♥❢♦r♠❛t✐♦♥ ♦♥ ❡①♣♦rt ♠❛r❦❡ts✳ ❚❤❡② ❢♦✉♥❞ t❤❛t

✐♥❢♦r♠❛t✐♦♥ s♣✐❧❧♦✈❡rs t❤r♦✉❣❤ ♠❛✐♥ ❜❛♥❦s ♣♦s✐t✐✈❡❧② ✐♥✢✉❡♥❝❡ ❝❧✐❡♥t ✜r♠s✬ ❞❡❝✐s✐♦♥ t♦ st❛rt ❡①♣♦rt✐♥❣

✭❡①t❡♥s✐✈❡ ♠❛r❣✐♥✮✱ ✐♠♣❧②✐♥❣ t❤❛t ✐♥❢♦r♠❛t✐♦♥ ♦♥ ❢♦r❡✐❣♥ ♠❛r❦❡ts ♣r♦✈✐❞❡❞ ❜② ❜❛♥❦s s✉❜st❛♥t✐❛❧❧②

r❡❞✉❝❡s t❤❡ ✜①❡❞ ❡♥tr② ❝♦st ♦❢ ❡①♣♦rt✐♥❣✳ ❚❤❡ ❢❛❝t t❤❛t ❜❛♥❦s ❤❛✈❡ ❞✐✛❡r❡♥t ❜r❛♥❝❤❡s ❛t t❤❡ ❝♦✉♥tr②

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

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

❣r♦✇t❤✳ ❈❧❡r❝q ❡t ❛❧✳ ✭✷✵✵✽✮ ❞r❡✇ ♦♥ t❤❡ ❦♥♦✇❧❡❞❣❡ s♣✐❧❧♦✈❡r ❧✐t❡r❛t✉r❡ t♦ s✉❣❣❡st t❤❛t ❛ ❝♦✉♥tr②✬s

♣r♦♣♦rt✐♦♥ ♦❢ ♥❡✇ ❡①♣♦rt✲♦r✐❡♥t❡❞ ✈❡♥t✉r❡s r❡♣r❡s❡♥ts ❛♥ ♦✉t❝♦♠❡ ♦❢ ❦♥♦✇❧❡❞❣❡ s♣✐❧❧♦✈❡rs t❤❛t st❡♠

✺❙❡❡ r❡❧❛t❡❞ ✇♦r❦ ❜② ❇r♦♦❝❦s ❛♥❞ ❱❛♥ ❇✐❡s❡❜r♦❡❝❦ ✭✷✵✶✼✮

✻



❢r♦♠ ❡①♣♦rt s♣✐❧❧♦✈❡rs✳ ❯s✐♥❣ ♠❛❝r♦✲❧❡✈❡❧ ❞❛t❛ ❢r♦♠ ✸✹ ❝♦✉♥tr✐❡s ❞✉r✐♥❣ t❤❡ ♣❡r✐♦❞ ✷✵✵✷✲✷✵✵✺✱ t❤❡②

❢♦✉♥❞ t❤❛t ❛ ❝♦✉♥tr②✬s ♣r♦♣♦rt✐♦♥ ♦❢ ❡①♣♦rt✲♦r✐❡♥t❡❞ ✈❡♥t✉r❡s ❛✛❡❝ts t❤❡ s✉❜s❡q✉❡♥t ❡♠❡r❣❡♥❝❡ ♦❢

♥❡✇ ❜✉s✐♥❡ss❡s✳ ▼♦r❡♦✈❡r✱ ❍❛r❛s③t♦s✐ ✭✷✵✶✻✮ ❡①❛♠✐♥❡❞ ✇❤❡t❤❡r ♦r ♥♦t t❤❡r❡ ❛r❡ s♣✐❧❧♦✈❡r ❡✛❡❝ts ✐♥

❡①♣♦rt✐♥❣ ❛❝t✐✈✐t②✱ ✉s✐♥❣ ❍✉♥❣❛r✐❛♥ ♣r♦❞✉❝t✲❝♦✉♥tr②✲❧❡✈❡❧ ♠❛♥✉❢❛❝t✉r✐♥❣ tr❛❞❡ ❞❛t❛✳ ❍❡ ✐❧❧✉str❛t❡❞

t❤❛t ❡①♣♦rt✐♥❣ ❛❝t✐✈✐t② ❡①❤✐❜✐ts s♣✐❧❧♦✈❡rs ❛♥❞ ❜❡♥❡✜ts t❤❛t ❛r❡ ❝♦✉♥tr② ❛♥❞ ♣r♦❞✉❝t s♣❡❝✐✜❝✳ ■♥

❛❞❞✐t✐♦♥✱ ❤❡ ❤✐❣❤❧✐❣❤t❡❞ t❤❛t ❡①♣♦rt s♣✐❧❧♦✈❡rs ❞❡♠♦♥str❛t❡❞ ❝♦♥s✐❞❡r❛❜❧❡ ❤❡t❡r♦❣❡♥❡✐t②✿ ✇❤✐❧❡ ❢♦r❡✐❣♥✲

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

♦❢ ❞♦♠❡st✐❝ ❡①♣♦rt❡rs✳✻ ❆❧s♦✱ ❑❛s❛❤❛r❛ ❛♥❞ ❚❛♥❣ ✭✷✵✶✾✮✱ ✉s✐♥❣ tr❛♥s❛❝t✐♦♥✲❧❡✈❡❧ ❞❛t❛ ❢♦r ❛❧❧ ❈❤✐♥❡s❡

✜r♠s ❡①♣♦rt✐♥❣ ❜❡t✇❡❡♥ ✷✵✵✵ ❛♥❞ ✷✵✵✻✱ ❢♦✉♥❞ ❡✈✐❞❡♥❝❡ t♦ s✉♣♣♦rt t❤❡ ❤②♣♦t❤❡s✐s t❤❛t ✜r♠s✬ ❤✐❣❤

❡♥tr✐❡s ❛♥❞ ❡①✐ts ❛r❡ ♦✉t❝♦♠❡s ♦❢ t❤❡✐r r❛t✐♦♥❛❧ s❡❧❢✲❞✐s❝♦✈❡r② ♦❢ ❞❡♠❛♥❞ ✐♥ ❛♥ ✉♥❢❛♠✐❧✐❛r ♠❛r❦❡t✳ ❆♥❞✱

✉s✐♥❣ ❛ ✜r♠✕♣r♦❞✉❝t✲❧❡✈❡❧ ❞❛t❛ s❡t ♦♥ ❈❤✐♥❛✬s ❡①♣♦rts ❞✉r✐♥❣ t❤❡ ♣❡r✐♦❞ ✷✵✵✵✕✶✶✱ ❩❤♦✉ ❡t ❛❧✳ ✭✷✵✶✾✮

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

❛t t❤❡ ✜r♠ ❧❡✈❡❧✳ ❚❤❡✐r ❡♠♣✐r✐❝❛❧ r❡s✉❧ts ✐♥❞✐❝❛t❡❞ t❤❛t ✜r♠ ❞✐✈❡rs✐✜❝❛t✐♦♥ ✐s ❞❡♣❡♥❞❡♥t ♦♥ ❜♦t❤ ✐♥tr❛✲

❛♥❞ ✐♥t❡r✲✜r♠ ❦♥♦✇❧❡❞❣❡ s♣✐❧❧♦✈❡rs✱ t❤♦✉❣❤ t❤❡ ❡✛❡❝t ♦❢ t❤❡ ❢♦r♠❡r ✐s ♠✉❝❤ ❣r❡❛t❡r✳ ▼♦r❡♦✈❡r✱ ❙✉✐ ❡t

❛❧✳ ✭✷✵✶✾✮ ✐♥✈❡st✐❣❛t❡❞ ❤♦✇ ❤♦♠❡✲♣❡❡r ❡♥tr② ❞❡♥s✐t② ✭t❤❡ ♥✉♠❜❡r ♦❢ s❛♠❡✲✐♥❞✉str② ✜r♠s t❤❛t ♦r✐❣✐♥❛t❡

❢r♦♠ t❤❡ s❛♠❡ ❝♦✉♥tr② ❛♥❞ ❡①♣♦rt t♦ t❤❡ s❛♠❡ ❢♦r❡✐❣♥ ♠❛r❦❡t✮ ❛✛❡❝ts t❤❡ ❡①♣♦rt ♠❛r❦❡t ❡①✐t ♦❢ s♠❛❧❧

✜r♠s✳ ❉r❛✇✐♥❣ ♦♥ ♣❛♥❡❧ ❞❛t❛ ❢r♦♠ ✹✶✱✹✹✺ ❈❛♥❛❞✐❛♥ s♠❛❧❧ ❜✉s✐♥❡ss ❡①♣♦rt❡rs✱ t❤❡ ❛✉t❤♦rs ❢♦✉♥❞ ❛

❯✲s❤❛♣❡❞ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❤♦♠❡✲♣❡❡r ❡♥tr② ❞❡♥s✐t② ❛♥❞ s♠❛❧❧ ✜r♠s✬ ❤❛③❛r❞ ♦❢ ❡①✐t ❢r♦♠ ❛♥ ❡①♣♦rt

♠❛r❦❡t❀ t❤❛t ✐s✱ ✜r♠s✬ ❤❛③❛r❞ ♦❢ ❡①✐t ❞❡❝r❡❛s❡s ❛s t❤❡ ❤♦♠❡✲♣❡❡r ❞❡♥s✐t② ✐♥❝r❡❛s❡s t♦ ❛ ❝❡rt❛✐♥ ♣♦✐♥t

❛♥❞ ✐♥❝r❡❛s❡s ❛❢t❡r t❤❛t ♣♦✐♥t✳

■♥ ❛❞❞✐t✐♦♥✱ ❑♦❡♥✐❣ ❡t ❛❧✳ ✭✷✵✶✵✮ ❤✐❣❤❧✐❣❤t❡❞ t❤❡ ❧♦❝❛❧✐③❡❞ ❢❡❛t✉r❡ ♦❢ t❤❡ ♣♦s✐t✐✈❡ ❡✛❡❝ts ♦♥ ✜r♠s✬

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

✭❝♦st s❤❛r✐♥❣✮ ❛♥❞ ✐♥❢♦r♠❛t✐♦♥ ✢♦✇s ❜❡t✇❡❡♥ ❡①♣♦rt❡rs✳ ❚❤❡ ❛✉t❤♦rs s❤♦✇❡❞ t❤❛t s♣✐❧❧♦✈❡rs s❡❡♠ t♦

❜❡ ❤✐❣❤❧② ❧♦❝❛❧✐③❡❞ ❛♥❞ ❤❛✈❡ ❛ ❞❡❝r❡❛s✐♥❣ tr❡♥❞ ✇✐t❤ ❞✐st❛♥❝❡ ❢r♦♠ t❤❡ ✐♥✐t✐❛❧ ✜r♠✳ ❚❤❡ ♣r♦❜❛❜✐❧✐t②

♦❢ st❛rt✐♥❣ t♦ ❡①♣♦rt ✐♥❝r❡❛s❡s ❜② ✵✳✾ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥t ✇❤❡♥ ❛♥ ❛❞❞✐t✐♦♥❛❧ ✜r♠ ❡①♣♦rt✐♥❣ t❤❡ s❛♠❡

♣r♦❞✉❝t t♦ t❤❡ s❛♠❡ ❝♦✉♥tr② ❧♦❝❛t❡s ✐♥ t❤❡ s❛♠❡ ❛r❡❛✳ ❚❤❡ ❡✛❡❝t✱ ❤♦✇❡✈❡r✱ ✐s ❛❧♠♦st t❤r❡❡ t✐♠❡s s♠❛❧❧❡r

❢♦r ❛ ✜r♠ ❧♦❝❛t✐♥❣ ✐♥ t❤❡ r❡❣✐♦♥ ❜✉t ✐♥ ❛ ❞✐✛❡r❡♥t ❛r❡❛ ✭✵✳✸ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥t✮ ❛♥❞ ❛❧♠♦st s✐① t✐♠❡s

s♠❛❧❧❡r ✇❤❡♥ ❧♦❝❛t✐♥❣ ✐♥ ❛ ❞✐✛❡r❡♥t r❡❣✐♦♥ ✭✵✳✶✼ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥t✮✳ ❚❤❡s❡ r❡s✉❧ts ❛tt❡st t❤❛t s♣✐❧❧♦✈❡rs

♦♥ t❤❡ ❡①♣♦rt ❞❡❝✐s✐♦♥ ❡①✐st ✇✐t❤ ♣r♦❞✉❝t ❛♥❞ ❞❡st✐♥❛t✐♦♥ s♣❡❝✐✜❝ ♥❡✐❣❤❜♦rs✱ ❛♥❞ ❞❡❝r❡❛s❡ ✇✐t❤ t❤❡

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

✻❇✐s③tr❛②✱ ❑♦r❡♥✱ ❛♥❞ ❙③❡✐❞❧ ✭✷✵✶✽✮ ✉s❡❞ ✜r♠✲❧❡✈❡❧ ❞❛t❛ ❢r♦♠ ❍✉♥❣❛r② t♦ ❡st✐♠❛t❡ ❦♥♦✇❧❡❞❣❡ s♣✐❧❧♦✈❡rs ✐♥ ✐♠♣♦rt✐♥❣✳

✼



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

❝♦♥s❡q✉❡♥t❧② t❤❡ ❧❡ss ♣♦✇❡r❢✉❧ t❤❡ ✐♥❢♦r♠❛t✐♦♥ s♣✐❧❧♦✈❡rs✳ ▼♦r❡♦✈❡r✱ ✢♦✇s ♦❢ ✐♥❢♦r♠❛t✐♦♥ ❤❛✈❡ ❜❡❡♥

s❤♦✇♥ t♦ ❜❡ ❣❡♦❣r❛♣❤✐❝❛❧❧② r❡str✐❝t❡❞ ❜② ❏❛✛❡ ❡t ❛❧✳ ✭✶✾✾✸✮✳

❆❧s♦✱ ✉s✐♥❣ ❘✉ss✐❛♥ ❝✉st♦♠s ❞❛t❛✱ ❈❛ss❡② ❛♥❞ ❙❝❤♠❡✐s❡r ✭✷✵✶✸✮ ❞♦❝✉♠❡♥t❡❞ t❤❛t r❡❣✐♦♥❛❧ ❞❡st✐♥❛t✐♦♥✲

s♣❡❝✐✜❝ ❡①♣♦rt s♣✐❧❧♦✈❡rs ❡①✐st ❢♦r ❞❡✈❡❧♦♣✐♥❣ ❝♦✉♥tr✐❡s✳ ❆❧♦♥❣ t❤❡ s❛♠❡ ❧✐♥❡s✱ ❋❛r♦❧❡ ❛♥❞❲✐♥❦❧❡r ✭✷✵✶✹✮

❛ss❡ss❡❞ ❤♦✇ ✜r♠ ❧♦❝❛t✐♦♥ ❞❡t❡r♠✐♥❡s t❤❡ ❧✐❦❡❧✐❤♦♦❞ ♦❢ ❡①♣♦rt✐♥❣✳ ❚❤❡② s❤♦✇❡❞ t❤❛t✱ ✐♥ ❛❞❞✐t✐♦♥ t♦

✜r♠✲s♣❡❝✐✜❝ ❝❤❛r❛❝t❡r✐st✐❝s✱ ❛❣❣❧♦♠❡r❛t✐♦♥ ❢❛❝t♦rs ❤❛✈❡ ❛ s✐❣♥✐✜❝❛♥t ✐♠♣❛❝t ♦♥ ❡①♣♦rt ♣❛rt✐❝✐♣❛t✐♦♥✳

❆♥❞✱ ❆r❣✉❡❧❧♦✱ ●❛r❝✐❛✲❙✉❛③❛✱ ❛♥❞ ❱❛❧❞❡rr❛♠❛ ✭✷✵✷✵✮ ❡①♣❧♦r❡❞ ✇❤❡t❤❡r ❛❣❣❧♦♠❡r❛t✐♦♥ ♦❢ ❡①♣♦rt❡rs ❡♥✲

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

✉♥✐✈❡rs❡ ♦❢ ❡①♣♦rts ✐♥ ❈♦❧♦♠❜✐❛ ❜❡t✇❡❡♥ ✷✵✵✺ ❛♥❞ ✷✵✶✶✳ ❚❤❡② ❢♦✉♥❞ t❤❛t ❜♦t❤ t❤❡ ♣r❡s❡♥❝❡ ❛♥❞ s✐③❡ ♦❢

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

▼♦r❡♦✈❡r✱ t❤❡r❡ ✐s ❛ ❣r♦✇✐♥❣ ❧✐t❡r❛t✉r❡ ♣r♦✈✐❞✐♥❣ ✐♥s✐❣❤ts ♦♥ t❤❡ ♠❡❝❤❛♥✐s♠ ♦❢ ✐♥❞✉str✐❛❧ ❛❣❣❧♦♠✲

❡r❛t✐♦♥ ❛♥❞ ♣♦❧✐❝②✳ ❋♦♥t❛❣♥é ❡t ❛❧✳ ✭✷✵✶✸✮✱ ❢♦r ❡①❛♠♣❧❡✱ s❤❡❞ ❧✐❣❤t ♦♥ t❤❡ s❡❧❡❝t✐♦♥ ♦❢ ❜❡♥❡✜❝✐❛r✐❡s

❢r♦♠ t❤❡ ❋r❡♥❝❤ ❝♦♠♣❡t✐t✐✈❡♥❡ss ❝❧✉st❡r ♣♦❧✐❝②✳ ❚❤❡② ❛♥❛❧②③❡❞ t❤❡ s❡❧❡❝t✐♦♥ ❛♥❞ s❡❧❢✲s❡❧❡❝t✐♦♥ ❡✛❡❝ts✱

❛s ❡♠♣❤❛s✐③❡❞ ✐♥ t❤❡ t❤❡♦r❡t✐❝❛❧ ❧✐t❡r❛t✉r❡ ♦♥ r❡❣✐♦♥❛❧ ❛♥❞ ✐♥❞✉str✐❛❧ ♣♦❧✐❝②✳ ❚❤❡✐r ♠❛✐♥ ❝♦♥❝❧✉s✐♦♥

✇❛s t❤❛t ✇✐♥♥❡rs ✇❡r❡ ✭s❡❧❢✲✮s❡❧❡❝t❡❞ ❛t ❜♦t❤ st❡♣s ♦❢ t❤❡ ♣r♦❝❡❞✉r❡ ❛♥❞ t❤❛t t❤✐s ❤♦❧❞s ❢♦r t❤❡ t❤r❡❡

❝❧✉st❡r t②♣❡s✿ ✏✇♦r❧❞✇✐❞❡✱✑ ✏♣♦t❡♥t✐❛❧❧② ✇♦r❧❞✇✐❞❡✱✑ ❛♥❞ ✏♥❛t✐♦♥❛❧ ❝❧✉st❡rs✳✑ ❋✉rt❤❡r♠♦r❡✱ ❜❛s❡❞ ♦♥ t❤❡

❆♥♥✉❛❧ ❙✉r✈❡② ♦❢ ■♥❞✉str✐❛❧ ❋✐r♠s ✐♥ ✷✵✵✷ ❛♥❞ ✷✵✵✼✱ ❍❡ ❡t ❛❧✳ ✭✷✵✶✻✮ ✐♥✈❡st✐❣❛t❡❞ t❤❡ ❞r✐✈✐♥❣ ❢♦r❝❡s ♦❢

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

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

✉♥❞❡r♣✐♥ t❤❡ ❛❣❣❧♦♠❡r❛t✐♦♥ ♦❢ ❡①♣♦rt❡rs ❛♥❞ t❤❡✐r ❝♦✲❛❣❣❧♦♠❡r❛t✐♦♥ ✇✐t❤ ♥♦♥✲❡①♣♦rt❡rs✳

▼② ✇♦r❦ ❛❧s♦ s✉♣♣❧❡♠❡♥ts ✐♥♥♦✈❛t✐♦♥ str❛t❡❣② ❛♥❞ ✐♥t❡r♥❛t✐♦♥❛❧ ♠❛r❦❡t✐♥❣ ❧✐t❡r❛t✉r❡✳ ■t s❤❛r❡s

✇✐t❤ t❤✐s ❧✐t❡r❛t✉r❡ t❤❡ ❢♦❝✉s ♦♥ ♦r❞❡r ♦❢ ♠❛r❦❡t ❡♥tr② ✭●✐❧❜❡rt ❛♥❞ ◆❡✇❜❡r② ✭✶✾✽✷✮✱ ❍❡♥❞❡rs♦♥ ✭✶✾✾✸✮✱

❛♥❞ Pr✉s❛ ❛♥❞ ❙❝❤♠✐t③ ✭✶✾✾✹✮✮ ❛s ✇❡❧❧ ❛s ♦♥ st❛❣❡s ♦❢ ✐♥t❡r♥❛❧✐③❛t✐♦♥ ❛t t❤❡ ✜r♠ ❧❡✈❡❧ ✭▼♦❡♥ ❛♥❞

❙❡r✈❛✐s ✭✷✵✵✷✮✮✳ ❍♦✇❡✈❡r✱ ✐t ❝♦♥tr❛sts t❤✐s ❧✐t❡r❛t✉r❡ ✐♥ ✐ts ♦❜s❡r✈❛t✐♦♥ ♦❢ ❛❧❧ ❡①♣♦rt✐♥❣ ✜r♠s✱ ❡①♣♦rt❡❞

♣r♦❞✉❝ts✱ ❛♥❞ ✐♥❞✉str✐❡s ✐♥ ❛ ❝♦✉♥tr②✳ ■♥ ❛❞❞✐t✐♦♥✱ ✐t ✐s r❡❧❛t❡❞ t♦ r❡❝❡♥t ♣❛♣❡rs ♦♥ ❡①♣♦rt ❣r♦✇t❤

✐♥ ✈❛r✐♦✉s ❞❡✈❡❧♦♣✐♥❣ ❝♦✉♥tr✐❡s✳ ❚❤❡s❡ ♣❛♣❡rs ❤✐❣❤❧✐❣❤t ❝❛s❡ st✉❞✐❡s ♦❢ s✉❝❝❡ss❢✉❧ ❡①♣♦rt ❡①♣❡r✐❡♥❝❡s

❛t t❤❡ s❡❝t♦r ❛♥❞ ♣r♦❞✉❝t ❧❡✈❡❧s ✭✐✳❡✳ ❆rt♦♣♦✉❧♦s ❡t ❛❧✳ ✭✷✵✶✸✮✱ ❈♦♥❧❡② ❛♥❞ ❯❞r② ✭✷✵✶✵✮✱ ❍✐❞❛❧❣♦ ❡t

❛❧✳ ✭✷✵✵✼✮✱ ❛♥❞ P♦rt❡r ✭✶✾✾✵✱ ✶✾✾✽✮✮ ❜✉t ❣✐✈❡ r❡❧❛t✐✈❡❧② ❧❡ss ❛tt❡♥t✐♦♥ t♦ ❢❛✐❧✐♥❣ ❡①♣♦rt ❡①♣❡r✐❡♥❝❡s✳

❇② ❡♠♣❧♦②✐♥❣ ❞❛t❛ ❛❜♦✉t ❛❧❧ t❤❡ ❡①♣♦rt tr❛♥s❛❝t✐♦♥s ❢r♦♠ ♥✐♥❡ ❝♦✉♥tr✐❡s✱ ■ ❛♠ ❛❜❧❡ t♦ ❝♦♠♣❛r❡ ❜♦t❤

s✉❝❝❡ss❢✉❧ ❛♥❞ ❧❡ss s✉❝❝❡ss❢✉❧ ❡①♣♦rt ❡①♣❡r✐❡♥❝❡s✳

✽



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

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

❡①♣♦rt ✢♦✇s✳ ❆❧s♦✱ ❡①♣♦rt❡rs ♠❛② ♥♦t ♥❡❡❞ t♦ st❛rt s♠❛❧❧ ✐♥ ♥❡✇ ♠❛r❦❡ts ✐❢ t❤❡ ❛❝t✐♦♥s ♦❢ ♣❡❡rs ✐♥ t❤♦s❡

♠❛r❦❡ts r❡✈❡❛❧ ❡♥♦✉❣❤ ✐♥❢♦r♠❛t✐♦♥✳ ❲❤✐❧❡ ♦t❤❡r st✉❞✐❡s✼ ✉♥❞❡rs❝♦r❡ t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ ✉♥❝❡rt❛✐♥t② ✐♥

❡①♣❧❛✐♥✐♥❣ s✉r✈✐✈❛❧ ✐♥ ❡①♣♦rt ♠❛r❦❡ts✱ ■ ❡①♣❧♦r❡ t❤❡ ❝♦♥tr✐❜✉t✐♦♥ ♦❢ ✐♥❢♦r♠❛t✐♦♥❛❧ ❡①t❡r♥❛❧✐t✐❡s t♦ t❤❡

❞❡t❡r♠✐♥❛t✐♦♥ ♦❢ ❡①♣♦rt❡rs ❡♥tr② t♦ ❛s ✇❡❧❧ ❛s s✉r✈✐✈❛❧ ❛♥❞ ❣r♦✇t❤ ❛t ❡①♣♦rt ♠❛r❦❡ts✳ ■ ❞♦❝✉♠❡♥t t❤❛t

❡①♣♦rt❡rs ✇❤♦ ♦♣t✐♠✐③❡ ❡♥tr② ❞❡❝✐s✐♦♥s ❛♥❞ ✐♥t❡r♥❛❧✐③❡ ❡①t❡r♥❛❧✐t✐❡s ❛r❡ t❤♦s❡ ✇❤♦ s✉r✈✐✈❡ ❧♦♥❣❡r ❛♥❞

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

❞②♥❛♠✐❝s ✭❊❛t♦♥ ❡t ❛❧✳ ✭✷✵✵✹✱ ✷✵✶✶✮✱ ■❛❝♦✈♦♥❡ ❛♥❞ ❏❛✈♦r❝✐❦ ✭✷✵✶✵✮✱ ❑❤❛♥❞❡❧✇❛❧ ❛♥❞ ❚♦♣❛❧♦✈❛ ✭✷✵✶✶✮✱

❇❡r♠❛♥ ❡t ❛❧✳ ✭✷✵✶✷✮✱ ❈❛❞♦t ❡t ❛❧✳ ✭✷✵✶✸✮✱ ❛♥❞ ❇❡rt❤♦✉ ❛♥❞ ❋♦♥t❛❣♥é ✭✷✵✶✸✮✱ ❇r♦♦❝❦s ❛♥❞ ❱❛♥

❇✐❡s❡❜r♦❡❝❦ ✭✷✵✶✼✮✱ ❑✐♥✉t❤✐❛ ✭✷✵✶✼✮✱ ❘❛♠♦s ❛♥❞ ▼♦r❛❧✲❇❡♥✐t♦ ✭✷✵✶✼✮✱ ❇✐s③tr❛② ❡t ❛❧✳ ✭✷✵✶✽✮✱ ❙✉✐ ❡t

❛❧✳ ✭✷✵✶✾✮✱ ❛♥❞ ❩❤♦✉ ❡t ❛❧✳ ✭✷✵✶✾✮✱ ❑❛s❛❤❛r❛ ❛♥❞ ❚❛♥❣ ✭✷✵✶✾✮✱ ❆r❣✉❡❧❧♦ ❡t ❛❧✳ ✭✷✵✷✵✮✱ ❛♥❞ ❍❛✐❞❛r

✭✷✵✷✵✮✮✳✽

✸ ❈♦♥❝❡♣t✉❛❧ ❋r❛♠❡✇♦r❦

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

✐♥✢✉❡♥❝❡ ❡①♣♦rt❡r✬s ❡♥tr②✱ ❡①♣♦rts✱ s✉r✈✐✈❛❧✱ ❛♥❞ ❣r♦✇t❤ ❞✉r✐♥❣ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧✐③❛t✐♦♥ ♣r♦❝❡ss✳ ❚❤✐s

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

♦♥ t❤❡ s❡♠✐♥❛❧ ✇♦r❦ ♦❢ ❏♦✈❛♥♦✈✐❝ ✭✶✾✽✷✮✳ ❲❤✐❧❡ ❋♦st❡r ❛♥❞ ❘♦s❡♥③✇❡✐❣ ✭✶✾✾✺✮ ❛♥❞ ❈♦♥❧❡② ❛♥❞ ❯❞r②

✭✷✵✶✵✮ st✉❞✐❡❞ t❤❡ ❡✛❡❝ts ♦❢ ✐♥❢♦r♠❛t✐♦♥❛❧ ❡①t❡r♥❛❧✐t✐❡s ♦♥ ♣r♦❞✉❝t✐♦♥ t❡❝❤♥♦❧♦❣②✱ ■ st✉❞② t❤❡ ❡✛❡❝ts ♦❢

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

❢♦❝✉s ♦♥ t❤❡ r❡❛s♦♥s ✇❤② ❡①♣♦rt❡rs r❡❢r❛✐♥ ❢r♦♠ ❡①♣♦rt✐♥❣ t♦ ♠♦r❡ ♠❛r❦❡ts✳ ■t ❤❛s ❜❡❡♥ ❡st❛❜❧✐s❤❡❞

t❤❛t t❤❡ ♠❛❥♦r✐t② ♦❢ ❡①♣♦rt❡rs ❞♦ ♥♦t ❡①♣♦rt t♦ ♠❛♥② ♠❛r❦❡ts ❜❡❝❛✉s❡ t❤❡② ❛r❡ ❡✐t❤❡r ✉♥❝❡rt❛✐♥ ❛❜♦✉t

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

♠❛r❦❡ts ✭s❡❡ ❇❡r♥❛r❞ ❡t ❛❧✳ ✷✵✶✷✮✳

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

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

♣r❡❝✐s✐♦♥ ♦❢ t❤❡✐r ❡①♣❡❝t❛t✐♦♥ ❛❢t❡r ♦❜s❡r✈✐♥❣ ❤♦✇ t❤❡✐r ♣❡❡rs ♣❡r❢♦r♠ ✐♥ t❤❛t ♠❛r❦❡t✳ ❋♦❧❧♦✇✐♥❣ ▼❡❧✐t③

✭✷✵✵✸✮✱ ■ ❛ss✉♠❡ t❤❛t ❡①♣♦rt❡rs ❛r❡ ❤❡t❡r♦❣❡♥❡♦✉s ✐♥ t❡r♠s ♦❢ ♣r♦❞✉❝t✐✈✐t② ❛♥❞ ♣r♦❞✉❝t ♠❛r❦❡ts ❛r❡

✼❙❡❡✱ ❢♦r ❡①❛♠♣❧❡✱ t❤❡ ✇♦r❦s ♦❢ ❉❛s✱ ❘♦❜❡rts✱ ❛♥❞ ❚②❜♦✉t ✭✷✵✵✼✮✱ ❈❛♣❧✐♥ ❛♥❞ ▲❡❛❤② ✭✶✾✾✸✱ ✶✾✾✽✮✱ ❛♥❞ ❘♦❜ ✭✶✾✾✶✮✳
✽❚❤❛♥❦s t♦ t❤❡ r❡❝❡♥t ❲♦r❧❞ ❇❛♥❦ ❊①♣♦rt❡rs ❉②♥❛♠✐❝s ❉❛t❛❜❛s❡ ✭❈❡❜❡❝✐ ❡t ❛❧✳ ✭✷✵✶✷✮✮✱ ♠♦r❡ st✉❞✐❡s ♦♥ ❡①♣♦rt❡rs

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

✾



♠♦♥♦♣♦❧✐st✐❝❛❧❧② ❝♦♠♣❡t✐t✐✈❡✳ ❆❧s♦✱ ■ ❛ss✉♠❡ ❝♦♥st❛♥t✲❡❧❛st✐❝✐t②✲♦❢✲s✉❜st✐t✉t✐♦♥ ♣r❡❢❡r❡♥❝❡s ❛♥❞ t❤❛t

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

♠❛r❦❡t✱ ❛♥ ❡①♣♦rt❡r e ❞r❛✇s ♣r♦❞✉❝t✐✈✐t② ❢r♦♠ ❛ ❝✉♠✉❧❛t✐✈❡ ❞✐str✐❜✉t✐♦♥ ❢✉♥❝t✐♦♥✳

❊❛❝❤ ❡①♣♦rt❡r ❦♥♦✇s t❤❡✐r ♦✇♥ ♣r♦❞✉❝t✐✈✐t② ❜❡❢♦r❡ ❡♥t❡r✐♥❣ ❛ ❣✐✈❡♥ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ♠❛r❦❡t✳

❍♦✇❡✈❡r✱ t❤❡② ❞♦ ♥♦t ❦♥♦✇ t❤❡✐r ❡①♣♦rt ♣r♦✜t ❞✉❡ t♦ r❛♥❞♦♠ ❡①♣♦rt❡r ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ❞❡♠❛♥❞✳

■ ❛ss✉♠❡ t❤❛t t❤❡ ♠❛r❦❡t✲s♣❡❝✐✜❝ ❞❡♠❛♥❞ ❝♦♠♣♦♥❡♥t✱ ✇❤✐❝❤ ✐s ❝♦♠♠♦♥ ❢♦r ❛❧❧ ❡①♣♦rt❡rs✱ ❛♥❞ t❤❡

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

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

♦♥❧② ❛❢t❡r ❡①♣♦rt✐♥❣ ❢♦r t❤❡ ✜rst t✐♠❡ t♦ t❤❛t ❞❡st✐♥❛t✐♦♥✳

■ ❛♠ ✐♥t❡r❡st❡❞ ✐♥ st✉❞②✐♥❣ ✇❤❡t❤❡r ♦r ♥♦t ❛♥ ❡①♣♦rt❡r ❧❡❛r♥s ❢r♦♠ t❤❡✐r ♣❡❡rs✱ ♥♦t ❢r♦♠ t❤❡✐r s❡❧❢✳

❖t❤❡rs ❤❛✈❡ ❛❧s♦ ❧♦♦❦❡❞ ❛t ❧❡❛r♥✐♥❣✲❜②✲❡①♣♦rt✐♥❣ ♠❡❝❤❛♥✐s♠s ✭❈❧❡r✐❞❡s ❡t ❛❧✳✱ ✶✾✾✽✮✳ ■❢ t❤❡ ♠❛r❦❡t✲

s♣❡❝✐✜❝ ❞❡♠❛♥❞ ❢r♦♠ ♣❡❡rs ❛♥❞ t❤❡ ❡①♣♦rt❡r✬s ♣r♦❞✉❝t✲s♣❡❝✐✜❝ ❛♣♣❡❛❧ ❛t ❞❡st✐♥❛t✐♦♥ ❛r❡ t✐♠❡ ✈❛r✐❛♥t✱

❛s ❧♦♥❣ ❛s ❡❛❝❤ ♦❢ t❤❡♠ ✐s ❛✉t♦❝♦rr❡❧❛t❡❞ ❛❝r♦ss t✐♠❡ ✇✐t❤ ❛ ♣❡r♠❛♥❡♥t ❝♦♠♣♦♥❡♥t✱ t❤❡♥ ❡①♣♦rt❡rs ✇✐❧❧

st✐❧❧ ❧❡❛r♥ ❢r♦♠ t❤❡✐r ♣❡❡rs✳ ❚❤❛t ✐s ✇❤② ■ ❝♦♥tr♦❧ ❢♦r t✐♠❡✲✈❛r②✐♥❣ ❝♦♠♣♦♥❡♥ts✱ ✐♥ t❤❡ ✐❞❡♥t✐✜❝❛t✐♦♥

str❛t❡❣② ❛♥❞ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s ❜❡❧♦✇✱ ❜② ✐♥❝❧✉❞✐♥❣ ❡①♣♦rt❡r✲②❡❛r✱ ❞❡st✐♥❛t✐♦♥✲②❡❛r✱ ❛♥❞ ♦r✐❣✐♥✲②❡❛r

✜①❡❞ ❡✛❡❝ts✳

❚❤❡ r❡s✉❧ts ❜❡❧♦✇ ✇♦✉❧❞ st✐❧❧ ❤♦❧❞ ✐❢ ■ ❛ss✉♠❡ ♠❛r❦❡t✲s♣❡❝✐✜❝ ❞❡♠❛♥❞ ✐s t✐♠❡✲✈❛r②✐♥❣ ❛♥❞ ♣♦s✐✲

t✐✈❡❧② ❝♦rr❡❧❛t❡❞ ❛❝r♦ss t✐♠❡✳ ❆❞❞✐t✐♦♥❛❧❧②✱ t❤❡ ❛ss✉♠♣t✐♦♥ t❤❛t ♣r♦❞✉❝t✲s♣❡❝✐✜❝ ❛♣♣❡❛❧ ❛t ❞❡st✐♥❛t✐♦♥

✐s t✐♠❡ ✐♥✈❛r✐❛♥t ✐s ❝♦♥s✐st❡♥t ✇✐t❤ r❡❝❡♥t ✜♥❞✐♥❣s✳ ❋♦r ✐♥st❛♥❝❡✱ ❊❛t♦♥ ❡t ❛❧✳ ✭✷✵✵✼✮ s❤♦✇❡❞ t❤❛t t❤❡

✷✲②❡❛r s✉r✈✐✈❛❧ r❛t❡ ♦❢ ❈♦❧♦♠❜✐❛♥ ❡①♣♦rt❡rs ✐s ✾✵✪ ❛♥❞ ❞♦❡s ♥♦t ❝❤❛♥❣❡ ✐♥ s✉❜s❡q✉❡♥t ②❡❛rs✳ ❚✇♦

❡①♣♦rt❡rs ❝❛♥ ❤❛✈❡ ❞✐✛❡r❡♥t ♣r♦✜ts ✐♥ t❤❡ s❛♠❡ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ♠❛r❦❡t ❡✈❡♥ ✐❢ t❤❡② ♠❛✐♥t❛✐♥ t❤❡

s❛♠❡ ♣r♦❞✉❝t✐✈✐t② ❧❡✈❡❧ ❞✉❡ t♦ ❞✐✛❡r❡♥❝❡s ✐♥ ❡①♣♦rt❡r✲❧❡✈❡❧ ♣r♦❞✉❝t✲s♣❡❝✐✜❝ ❛♣♣❡❛❧ ❛t ❞❡st✐♥❛t✐♦♥✳ ■

❛ss✉♠❡ t❤❛t ❡①♣♦rt❡r✲❧❡✈❡❧ ♣r♦❞✉❝t✲s♣❡❝✐✜❝ ❛♣♣❡❛❧ ❛t ❞❡st✐♥❛t✐♦♥ ✐s ✉♥❦♥♦✇♥ ❡① ❛♥t❡ t♦ t❤❡ ❡①♣♦rt❡r✳

❚❤❡ ❡①♣❡❝t❡❞ r❡✈❡♥✉❡ ♦❢ t❤❡ ❡①♣♦rt❡r ❞❡♣❡♥❞s ♦♥ ❜♦t❤ t❤❡ ❛✈❡r❛❣❡ ✈❛❧✉❡ ♦❢ ❡①♣♦rts ❛t t❤❡ ♣r♦❞✉❝t✲

❞❡st✐♥❛t✐♦♥ ♠❛r❦❡t ❛♥❞ ✐ts ✈❛r✐❛♥❝❡✳ ❚❤✉s✱ ❛ ❤✐❣❤❡r ❧❡✈❡❧ ♦❢ ♠❛r❦❡t ✉♥❝❡rt❛✐♥t② s❤♦✉❧❞ t❤✉s r❡❞✉❝❡

❡♥tr②✱ ❡s♣❡❝✐❛❧❧② ❣✐✈❡♥ t❤❛t ❡①♣♦rt❡rs ✇♦✉❧❞ ❤❛✈❡ t♦ ♣❛② ❛ s✉♥❦ ❝♦st t♦ ❡♥t❡r ❛ ❣✐✈❡♥ ♠❛r❦❡t✳ ❆❝❝♦r❞✲

✐♥❣❧②✱ t❤❡ ❡①♣♦rt❡r ✇♦✉❧❞ ♥♦t ❛tt❡♠♣t t♦ ❡♥t❡r ❛ ❣✐✈❡♥ ♠❛r❦❡t ✐❢ t❤❡② ❡①♣❡❝t ❛ str❡❛♠ ♦❢ ♣❡r✲♣❡r✐♦❞

r❡✈❡♥✉❡s t❤❛t ❛r❡ ❧♦✇❡r t❤❛♥ t❤❡ s✉♥❦ ❡♥tr② ❝♦st✳

❊❛❝❤ ❡①♣♦rt❡r ❤❛s ❛ ♥✉♠❜❡r ♦❢ ♣❡❡rs✳ ■ ❛ss✉♠❡ t❤❛t t❤❡ ❡①♣♦rt❡r ♦❜s❡r✈❡s t❤❡ ❛✈❡r❛❣❡ ♣❡❡rs✬ ❡①♣♦rt

r❡✈❡♥✉❡ t♦ ❛ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ✭pd✮ ♠❛r❦❡t✳ ◆♦♥❡t❤❡❧❡ss✱ ■ ✉♥❞❡rst❛♥❞ t❤❛t t❤❡ ❡①♣♦rt❡r ♠❛② ♥♦t

❜❡ ❛❜❧❡ t♦ ♦❜s❡r✈❡ ❛❧❧ t❤❡ ❡①♣♦rt❡rs ❣✐✈❡♥ ♥❡t✇♦r❦s ♠❛tt❡r✳ ❚❤♦✉❣❤✱ ❢♦r ♥♦✇✱ ■ ❦❡❡♣ t❤❡ ❝♦♥❝❡♣t✉❛❧

✶✵



❢r❛♠❡✇♦r❦ s✐♠♣❧❡ ❛♥❞ ❡①♣❧♦r❡ ❞✐✛❡r❡♥t✐❛❧ ♣❡❡r✲❡✛❡❝ts ✐♥ t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s✳ ❆❧s♦✱ ■ ❛ss✉♠❡ t❤❛t

t❤❡ ❡①♣♦rt❡r ❦♥♦✇s t❤❡ t✐♠❡✲✈❛r②✐♥❣ ❝♦♥❞✐t✐♦♥❛❧ ♠❡❛♥ ♦❢ ♣❡❡rs✬ ♣r♦❞✉❝t✐✈✐t②✳ ❋♦❧❧♦✇✐♥❣ ❉✐♥❧❡rs♦③ ❛♥❞

❨♦r✉❦♦❣❧✉ ✭✷✵✶✷✮✱ ■ ❢✉rt❤❡r ❛ss✉♠❡ t❤❛t ❡①♣♦rt❡rs ❤❛✈❡ ❧✐♠✐t❡❞ ♠❡♠♦r② ❛♥❞ ❞♦ ♥♦t r❡♠❡♠❜❡r t❤❡

♣r♦❞✉❝t✐✈✐t② t❤r❡s❤♦❧❞s✳

❚❤❡ ❡①♣♦rt❡r✬s ❞❡❝✐s✐♦♥ t♦ ❡♥t❡r t❤❡ pd ♠❛r❦❡t ❛❧s♦ ❞❡♣❡♥❞s ♦♥ t❤❡ ♥✉♠❜❡r ♦❢ ♣❡❡rs ✐♥ t❤❡ pd

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

♠❛r❦❡ts ❜❡❢♦r❡ ♦t❤❡rs ♥♦r ❛t t❤❡ str❛t❡❣✐❝ ✐♥t❡r❛❝t✐♦♥s ❛♠♦♥❣ ❡①♣♦rt❡rs✳ ■♥ ♦t❤❡r ✇♦r❞s✱ ■ ❞♦ ♥♦t

st✉❞② ✇❤❡t❤❡r t❤❡ ❡♥tr② ♦❢ ❛ ❣✐✈❡♥ ❡①♣♦rt❡r ❛✛❡❝ts t❤❡ ❡♥tr② ❞❡❝✐s✐♦♥ ♦❢ ♦t❤❡r ❡①♣♦rt❡rs✳ ■ ❛ss✉♠❡

t❤❛t ❡①♣♦rt❡rs ❤❛✈❡ str♦♥❣ ✐♥❝❡♥t✐✈❡s t♦ ❤✐❞❡ ✐♥❢♦r♠❛t✐♦♥ ❢r♦♠ ♣♦t❡♥t✐❛❧ ❝♦♠♣❡t✐t♦rs✳ ❚❤❡r❡❢♦r❡✱ t❤❡

❡①♣♦rt❡r ♠❛② ♣r❡❢❡r t♦ ❞❡❧❛② ❡♥tr② ✐♥ ♦r❞❡r t♦ ❛✈♦✐❞ ✐♥❢♦r♠❛t✐♦♥❛❧ s♣✐❧❧♦✈❡rs t♦ ♣♦t❡♥t✐❛❧ ❝♦♠♣❡t✐t♦rs

❛♥❞ t♦ ♦❜t❛✐♥ ♠♦r❡ ✐♥❢♦r♠❛t✐♦♥ ❢r♦♠ ❡①✐st✐♥❣ ❡①♣♦rt❡rs✳ ❚❤❡ ❡①♣♦rt❡r ✇✐❧❧ ❡♥t❡r ❛ pd ♠❛r❦❡t ❛❢t❡r

r❡✈❡❛❧✐♥❣ ❡①♣❡❝t❛t✐♦♥ t❤❛t ❧♦✇❡rs t❤❡ ❡♥tr② t❤r❡s❤♦❧❞✳

❆ str♦♥❣❡r r❡✈❡❛❧❡❞ ❡①♣❡❝t❛t✐♦♥ ✐♥ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ♣❡❡rs s❡r✈✐♥❣ ♠❛r❦❡t pd ✇✐❧❧ ❞❡❝r❡❛s❡ t❤❡ ❡♥tr②

t❤r❡s❤♦❧❞ ❛♥❞✱ s✉❜s❡q✉❡♥t❧②✱ ✐♥❝r❡❛s❡ ❡♥tr② ❛s ✇❡❧❧ ❛s t❤❡ ♥✉♠❜❡r ♦❢ ♣❡❡rs✳ ❚❤❡ t❤r❡s❤♦❧❞ ❞❡❝r❡❛s❡s

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

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

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

t❤❡ ♥✉♠❜❡r ♦❢ ♣❡❡rs ❛♥❞ t❤❡ ❡♥tr② t❤r❡s❤♦❧❞ ✐s ♥♦t ❝❧❡❛r ❜❡❝❛✉s❡ ♣❡❡rs ❝❛♥ r❡✈❡❛❧ ❞✐✛❡r❡♥t ❦✐♥❞s ♦❢

s✐❣♥❛❧s ✭✐✳❡✳ ❣♦♦❞ ❛♥❞ ❜❛❞ ♥❡✇s ❛❜♦✉t t❤❡ ♠❛r❦❡t✮✳ ❉❡♣❡♥❞✐♥❣ ♦♥ t❤❡ s✐❣♥❛❧✱ ❛ ❤✐❣❤❡r ♥✉♠❜❡r ♦❢

♣❡❡rs ♠❛② ❧❡❛❞ t♦ ♦♣♣♦s✐t❡ ✐♠♣❛❝ts ♦♥ ❡①♣♦rt❡rs✬ ❡♥tr②✳ ❈♦♥❞✐t✐♦♥❛❧ ♦♥ t❤❡ ❛✈❡r❛❣❡ ❧❡✈❡❧ ♦❢ r❡✈❡❛❧❡❞

❡①♣❡❝t❛t✐♦♥✱ ❛ ❧❡ss ♣r❡❝✐s❡ r❡✈❡❛❧❡❞ ❡①♣❡❝t❛t✐♦♥ ✐s ❝♦rr❡❧❛t❡❞ ✇✐t❤ ❛ s♠❛❧❧❡r ❡♥tr② r❡s♣♦♥s❡✳ ❙✐♠✐❧❛r❧②✱

❧❡ss ♣r❡❝✐s❡ ♣❛st ❦♥♦✇❧❡❞❣❡ ✐s ❝♦rr❡❧❛t❡❞ ✇✐t❤ ❛ ❧❛r❣❡r r❡s♣♦♥s❡ t♦ ❛ ❣✐✈❡♥ ❛✈❡r❛❣❡ r❡✈❡❛❧❡❞ ❡①♣❡❝t❛t✐♦♥✱

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

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

❊①♣♦rt❡rs t②♣✐❝❛❧❧② ❡♥t❡r ❣✐✈❡♥ ♠❛r❦❡ts ✇✐t❤ ❧♦✇ ❡①♣♦rt ✈❛❧✉❡s ✭■❛❝♦✈♦♥❡ ❛♥❞ ❏❛✈♦r❝✐❦ ✭✷✵✶✵✮✮✳ ■t

✐s ✐♠♣♦rt❛♥t t♦ st✉❞② ✇❤❡t❤❡r ♦r ♥♦t ✜rst✲t✐♠❡ ❡①♣♦rt ✈❛❧✉❡s ♦❢ ❛ ❣✐✈❡♥ ❡♥tr❛♥t t♦ ❛ ❣✐✈❡♥ pd ♠❛r❦❡t ❛r❡

❛ss♦❝✐❛t❡❞ ✇✐t❤ r❡✈❡❛❧❡❞ ❡①♣❡❝t❛t✐♦♥s ❢r♦♠ ♣❡❡rs✳ ❚❤❡ ✜rst✲t✐♠❡ ❡①♣♦rt ✈❛❧✉❡s ♦❢ ❛ ❣✐✈❡♥ ❡♥tr❛♥t✱ ✇✐t❤

❛ ❣✐✈❡♥ ♣r♦❞✉❝t✐✈✐t②✱ t♦ ❛ ❣✐✈❡♥ pd ♠❛r❦❡t ❞❡♣❡♥❞s ♦♥ t❤❡ ❡①♣♦rt❡r✬s ♣r♦❞✉❝t✐✈✐t②✱ ♣♦st❡r✐♦r ❡①♣❡❝t❡❞

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

t♦ ❛ ❤✐❣❤❡r ✜rst✲t✐♠❡ ❡①♣♦rt ✈❛❧✉❡ ❜② ❛ ❣✐✈❡♥ ❡①♣♦rt❡r t♦ ❛ pd ♠❛r❦❡t✳ ❇② ❧♦♦❦✐♥❣ ❛t t❤❡ ✐♥t❡r❛❝t✐♦♥

❜❡t✇❡❡♥ t❤❡ r❡✈❡❛❧❡❞ ❡①♣❡❝t❛t✐♦♥s ❛♥❞ t❤❡ ♥✉♠❜❡r ♦❢ ♣❡❡rs✱ ■ ❝❛♥ ✐❞❡♥t✐❢② t❤❡ ♣❡❡r✲❡✛❡❝t ♦♥ ❡①♣♦rt❡r✬s

✶✶



✜rst✲t✐♠❡ ❡①♣♦rts t♦ ❛ ❣✐✈❡♥ pd ♠❛r❦❡t✳ ❆♥ ❡①♣♦rt❡r✬s ✜rst✲t✐♠❡ ❡①♣♦rts t♦ ❛ ❣✐✈❡♥ ♠❛r❦❡t ✐♥❝r❡❛s❡ ✐♥

t❤❡ str❡♥❣t❤ ♦❢ t❤❡ r❡✈❡❛❧❡❞ ❡①♣❡❝t❛t✐♦♥ r❡❝❡✐✈❡❞ ❢r♦♠ ♣❡❡rs ❛❜♦✉t pd ♠❛r❦❡t✬s ❞❡♠❛♥❞ ❛s ✇❡❧❧ ❛s ✐❢

t❤❡ ❡①♣❡❝t❛t✐♦♥ ✐s r❡✈❡❛❧❡❞ ❜② ♠♦r❡ ♣❡❡rs✳

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

❝♦st ♦❢ ❡①♣♦rt✐♥❣✳ ❚❤❡ ♥✉♠❜❡r ♦❢ ♣❡❡rs ❛✛❡❝ts t❤❡ ♥✉♠❜❡r ♦❢ ❡♥tr❛♥ts ❜② ❝❤❛♥❣✐♥❣ t❤❡ ❡♥tr② t❤r❡s❤♦❧❞✱

❜✉t s❤♦✉❧❞ ❤❛✈❡ ♥♦ ❡✛❡❝t ♦♥ ❛♥ ❡①♣♦rt❡r✬s s✉r✈✐✈❛❧✳ Pr❡❝✐s❡❧②✱ ❣✐✈❡♥ s✉♥❦ ❡♥tr② ❝♦sts✱ ♣♦s✐t✐✈❡ s✐❣♥❛❧s

❢r♦♠ ♣❡❡rs ♠❛② ❧❡❛❞ t♦ ♠♦r❡ ❡♥tr② ♦❢ ❧❡ss ♣r♦❞✉❝t✐✈❡ ❡①♣♦rt❡rs t♦ pd♠❛r❦❡t✳ ❍♦✇❡✈❡r✱ ❣✐✈❡♥ ♣❡r✲♣❡r✐♦❞

✜①❡❞ ❡①♣♦rt✐♥❣ ❝♦sts✱ t❤❡ ❧❡ss ♣r♦❞✉❝t✐✈❡ ❡①♣♦rt❡rs ❤❛✈❡ ❛ ❤✐❣❤❡r ♣r♦❜❛❜✐❧✐t② t♦ ❡①✐t ❛❢t❡r ❡♥t❡r✐♥❣ ❛

❣✐✈❡♥ ♠❛r❦❡t✳ ❚❤❡ ❝♦♥❝❡♣t✉❛❧ ❢r❛♠❡✇♦r❦ ❛ss✉♠❡s t❤❛t ✭✐✮ ♣r♦❞✉❝t✐✈✐t② ✐s ❡①♣♦rt❡r✲s♣❡❝✐✜❝ ❛♥❞ ✭✐✐✮

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

②❡❛r ✜①❡❞ ❡✛❡❝ts t♦ ❢♦❝✉s ♦♥ ✇✐t❤✐♥✲❡①♣♦rt❡r ✈❛r✐❛t✐♦♥ ✐♥ s✉r✈✐✈❛❧✳ ❚❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ❡①♣♦rt❡r✬s s✉r✈✐✈❛❧

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

❜② ♣❡❡rs ❛❜♦✉t ♠❛r❦❡t✬s ❞❡♠❛♥❞✳ ▼♦r❡♦✈❡r✱ t❤❡ ❣r♦✇t❤ r❛t❡ ♦❢ ❡①♣♦rts ♦❢ ❡①♣♦rt❡rs t♦ ❛ ♥❡✇ ♠❛r❦❡t

✐♥❝r❡❛s❡s ✐♥ t❤❡ ❧❡✈❡❧ ♦❢ t❤❡ ❡① ❛♥t❡ ❡①♣❡❝t❛t✐♦♥ ❛❜♦✉t pd ♠❛r❦❡t✬s ❞❡♠❛♥❞ ❛♥❞ ✐❢ t❤❡ ❡①♣❡❝t❛t✐♦♥ ✐s

r❡✈❡❛❧❡❞ ❜② ♠♦r❡ ♣❡❡rs✳

✹ ❉❛t❛

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

❧❡✈❡❧✳ ■t ❤❛s ❜❡❡♥ ❝♦❧❧❡❝t❡❞ ❢r♦♠ r❛✇ ❞❛t❛ ✜❧❡s ♦❢ ❝✉st♦♠s ❛✉t❤♦r✐t✐❡s ✐♥ ♥✐♥❡ ❝♦✉♥tr✐❡s✿ ❇✉r❦✐♥❛

❋❛s♦✱ ❇✉❧❣❛r✐❛✱ ❊❣②♣t✱ ●✉❛t❡♠❛❧❛✱ ❏♦r❞❛♥✱ ▼❡①✐❝♦✱ ▼❛❧❛✇✐✱ P❡r✉✱ ❛♥❞ ❙❡♥❡❣❛❧✳ ❆❧❧ ♥♦♥✲♦✐❧ ❡①♣♦rt✐♥❣

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

♦❜s❡r✈❛t✐♦♥s ✐s ❛♥♥✉❛❧✳ ❚❤❡ ❞❛t❛ ✐♥❝❧✉❞❡s t❤❡ ❢♦❧❧♦✇✐♥❣ ✈❛r✐❛❜❧❡s ❢♦r ❡❛❝❤ ❡①♣♦rt tr❛♥s❛❝t✐♦♥✿ ❡①♣♦rt❡r

■❉✱ ♣r♦❞✉❝t ■❉✱ ❞❡st✐♥❛t✐♦♥ ♦❢ s❤✐♣♠❡♥t✱ ✈❛❧✉❡ ♦❢ ❡①♣♦rts✾✱ ❛♥❞ ②❡❛r ♦❢ tr❛♥s❛❝t✐♦♥✳ ❚❤❡ ❍❙✲✻✲❞✐❣✐t

❧❡✈❡❧ ♣r♦❞✉❝t ❝❧❛ss✐✜❝❛t✐♦♥ ✐❧❧✉str❛t❡s t❤❡ ♥❛rr♦✇♥❡ss ♦❢ ♣r♦❞✉❝t ❞❡✜♥✐t✐♦♥s ❛♥❞ t❤❡ r✐❝❤♥❡ss ♦❢ ♠✐❝r♦✲

❧❡✈❡❧ ✐♥❢♦r♠❛t✐♦♥ ❛✈❛✐❧❛❜❧❡ ✐♥ t❤❡ ❞❛t❛s❡t✳✶✵ ❚♦ t❡st t❤❡ q✉❛❧✐t② ♦❢ t❤❡ ❞❛t❛✱ ■ ❝♦♠♣❛r❡❞ ✐t ✇✐t❤ ✭✐✮

❯◆✲❈♦♠tr❛❞❡ ❞❛t❛ ❛♥❞ ✭✐✐✮ ♠✐rr♦r ❞❛t❛ ✭✇❤❛t ❡✈❡r② ♦t❤❡r ❞❡st✐♥❛t✐♦♥ r❡♣♦rts ❛s ✐♠♣♦rts ❢r♦♠ ❡❛❝❤ ♦❢

t❤❡ ♥✐♥❡ ❝♦✉♥tr✐❡s ♦❢ ♦r✐❣✐♥ t❤❛t ❛r❡ ❝♦✈❡r❡❞ ✐♥ t❤✐s st✉❞②✮✳ ❚❤❡ ❝✉st♦♠s ❞❛t❛s❡t ✐s ❤✐❣❤❧② ❝♦rr❡❧❛t❡❞

✇✐t❤ ❜♦t❤ ❯◆✲❈♦♠tr❛❞❡ ❞❛t❛ ❛♥❞ ♠✐rr♦r ❞❛t❛✳

❚❤✐s ❝✉st♦♠s ❞❛t❛s❡t ❤❛s s♣❡❝✐✜❝ ❛❞✈❛♥t❛❣❡s✳ ❋✐rst✱ ❣✐✈❡♥ t❤❛t ✐t ✐♥❝❧✉❞❡s ❡①♣♦rt r❡❝♦r❞s ❛t t❤❡

✾■ ❞❡✢❛t❡❞ ❡①♣♦rt ✈❛❧✉❡s t♦ t❤❡✐r ✜rst ②❡❛r ❡q✉✐✈❛❧❡♥ts ✉s✐♥❣ t❤❡ ♠♦♥t❤❧② ❯❙ ❝♦♥s✉♠❡r ♣r✐❝❡ ✐♥❞❡① ✭❢r♦♠ ●❧♦❜❛❧
❋✐♥❛♥❝✐❛❧ ❉❛t❛✮✳

✶✵❚❤❡ r❛✇ ❝✉st♦♠s ❞❛t❛ ❢r♦♠ ❊❣②♣t ✐♥ t❤❡ ❞❛t❛s❡t ✐♥❝❧✉❞❡s ♦♥❧② t❤❡ ❍❙✲✹✲❞✐❣✐t ❧❡✈❡❧ ♣r♦❞✉❝t ❝❧❛ss✐✜❝❛t✐♦♥✳

✶✷



❡①♣♦rt❡r✲♣r♦❞✉❝t✲❞❡st✐♦♥❛t✐♦♥✲②❡❛r ❧❡✈❡❧✱ ✐t ❛❧❧♦✇s ♠♦♥✐t♦r✐♥❣ ♠✐❝r♦✲❧❡✈❡❧ ❞②♥❛♠✐❝s✱ s✉❝❤ ❛s ❡♥tr② ❛♥❞

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

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

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

t♦ ❡❛❝❤ ❞❡st✐♥❛t✐♦♥ ✲ t❤❡ ✐♥t❡♥s✐✈❡ ♠❛r❣✐♥✳ ❲✐t❤✐♥ ❝♦✉♥tr② ♣❛✐rs✱ ❢♦r ❡①❛♠♣❧❡✱ ■ ❞❡✜♥❡ t❤❡ ❡①t❡♥s✐✈❡

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

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

❧❛t❡r✲♠♦✈❡rs t♦ ❣✐✈❡♥ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ♠❛r❦❡ts ❛t t❤❡ ♦r✐❣✐♥✲✜r♠ ❧❡✈❡❧✳ ■ ❞❡✜♥❡ ❛ ✜rst✲♠♦✈❡r ❛s

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

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

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

❛s ❛♥ ❍❙✲✻✲❞✐❣✐t ❝♦❞❡ t❤❛t ✇❛s ♥♦t ❡①♣♦rt❡❞ ❜② ❛♥② ❡①✐st✐♥❣ ❡①♣♦rt❡r ❞✉r✐♥❣ t❤❡ ✜rst t✇♦ ②❡❛rs ♦❢

❛✈❛✐❧❛❜❧❡ ❞❛t❛ ❢♦r ❛♥② ❝♦✉♥tr② ✐♥ t❤❡ ❞❛t❛s❡t✳ ❚❤✐s ✇❛② ■ ❞♦ ♥♦t ❝♦✉♥t ♥❡✇ ❡①♣♦rt❡rs ♦❢ ♥❡✇ ♣r♦❞✉❝ts ❛s

✜rst✲♠♦✈❡rs t♦ ❛ ❣✐✈❡♥ ❞❡st✐♥❛t✐♦♥✳ ■♥st❡❛❞✱ ■ ❢♦❝✉s ♦♥❧② ♦♥ s✉r✈✐✈✐♥❣ ❡①♣♦rt❡rs✱ ✐✳❡✳✱ ❡①✐st✐♥❣ ❡①♣♦rt❡rs

✇❤♦ ✐♥tr♦❞✉❝❡❞ ♥❡✇ ♣r♦❞✉❝ts t♦ ❛ ❣✐✈❡♥ ❞❡st✐♥❛t✐♦♥ t♦ ❛✈♦✐❞ ♠✐①✐♥❣ ❜❡t✇❡❡♥ ♥❡✇ ❡①♣♦rt❡rs ✭✐✳❡✳ ♦♥❡s

✇✐t❤♦✉t ♣r✐♦r ❡①♣❡r✐❡♥❝❡✮ ❛♥❞ ❡①✐st✐♥❣ ❡①♣♦rt❡rs ✇❤♦ st❡♣ ✐♥t♦ ❛ ♥❡✇ ♠❛r❦❡t✳

❚❤✐s ❞❛t❛s❡t ❤❛s t❤r❡❡ ❞✐s❛❞✈❛♥t❛❣❡s ❛s ✇❡❧❧✳ ❋✐rst✱ ✐ts ♦❜s❡r✈❛t✐♦♥s ❛r❡ ❧✐❦❡❧② t♦ ❜❡ s✉❜❥❡❝t t♦

t✇♦ t②♣❡s ♦❢ ❝❡♥s♦r✐♥❣✿ ❧❡❢t ❝❡♥s♦r✐♥❣✱ ♦r r✐❣❤t ❝❡♥s♦r✐♥❣✳ ■♥ t❤❡ ❝❛s❡ ♦❢ ❧❡❢t ❝❡♥s♦r✐♥❣✱ ■ ❝❛♥♥♦t

❞❡t❡r♠✐♥❡ ✇❤❡t❤❡r ❛♥ ❡①♣♦rt❡r ✇✐t❤ ❛ ♣♦s✐t✐✈❡ ❡①♣♦rt ✈❛❧✉❡ ✐♥ t❤❡ ✜rst ②❡❛r ♦❢ t❤❡ ❞❛t❛s❡t st❛rt❡❞

❡①♣♦rt✐♥❣ ✐♥ t❤❛t ②❡❛r ♦r ❜❡❢♦r❡ ✭✐✳❡✳ ✐❢ ✐t ✐s ❛ ♥❡✇ ❡①♣♦rt❡r ♦r ♥♦t✮✳ ❚❤✉s✱ ❢♦r ❛❝❝✉r❛❝② ♣✉r♣♦s❡s✱ ■

♦♥❧② ❝♦♥s✐❞❡r ❡①♣♦rt❡rs t❤❛t st❛rt❡❞ ❡①♣♦rt✐♥❣ str✐❝t❧② ❞✉r✐♥❣ t❤❡ s❡❝♦♥❞ ②❡❛r ♦❢ t❤❡ ❝♦✉♥tr②✬s s❛♠♣❧❡

✇❤❡♥ ■ ❡st✐♠❛t❡ t❤❡ ❡✛❡❝t ♦❢ ✐♥❢♦r♠❛t✐♦♥❛❧ ❡①t❡r♥❛❧✐t✐❡s ♦♥ ❡♥tr② r❛t❡s✳ ❙✐♠✐❧❛r❧②✱ ❢♦r r✐❣❤t ❝❡♥s♦r❡❞

♦❜s❡r✈❛t✐♦♥s✱ ■ ❝❛♥♥♦t ❞❡t❡r♠✐♥❡ ✇❤❡t❤❡r ❡①♣♦rt❡rs r❡♣♦rt✐♥❣ ❛ ♣♦s✐t✐✈❡ ❡①♣♦rt ✈❛❧✉❡ ✐♥ t❤❡ ❧❛st ②❡❛r

♦❢ t❤❡ ❝♦✉♥tr②✬s s❛♠♣❧❡ ❡①✐t❡❞ t❤❡ ♥❡①t ②❡❛r✳ ❆❝❝♦r❞✐♥❣❧②✱ ■ ♦♥❧② ❝♦♥s✐❞❡r t❤❡ ❡①✐ts t❤❛t t♦♦❦ ♣❧❛❝❡

❜❡❢♦r❡ t❤❡ ❧❛st ②❡❛r ✐♥ t❤❡ s❛♠♣❧❡ ✇❤❡♥ ■ ❡st✐♠❛t❡ t❤❡ ❡✛❡❝t ♦❢ ✐♥❢♦r♠❛t✐♦♥❛❧ ❡①t❡r♥❛❧✐t✐❡s ♦♥ ❡①✐t r❛t❡s✳

❙❡❝♦♥❞✱ ■ ❝❛♥♥♦t ❦♥♦✇ t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ❛ ✜r♠ ❜❡❝♦♠✐♥❣ ❛♥ ❡①♣♦rt❡r✳ ❚❤✐s st❛t✐st✐❝✱ ❤♦✇❡✈❡r✱ ✐s

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

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

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

t❤✐s st✉❞②✳

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

✶✸



♦✇♥❡rs❤✐♣✱ ❡♠♣❧♦②♠❡♥t✱ ❝❛♣✐t❛❧✱ ❛♥❞ ❧♦❝❛t✐♦♥ ♦❢ t❤❡ ❡①♣♦rt❡r ♥♦r ❤❛✈❡ ❛❝❝❡ss t♦ ✐♥❢♦r♠❛t✐♦♥ ♦♥ t❤❡✐r

✜♥❛♥❝❡s✳ ❍♦✇❡✈❡r✱ ❣✐✈❡♥ t❤❡ s❝♦♣❡ ♦❢ ❛♥❞ t❤❡ q✉❡st✐♦♥ ❛s❦❡❞ ✐♥ t❤✐s ♣❛♣❡r✱ t❤✐s ❝❛✈❡❛t ✐s ♥♦t ❛ ❤✉r❞❧❡✳

❚❛❜❧❡ ✶ ♣r❡s❡♥ts ❜❛s✐❝ ❞❡s❝r✐♣t✐✈❡ st❛t✐st✐❝s ❛❜♦✉t ❡①♣♦rt❡r✲❧❡✈❡❧ ❝✉st♦♠s ❞❛t❛✳ ❋♦r ❡❛❝❤ s♦✉r❝❡

❝♦✉♥tr②✱ ✐t s❤♦✇s t❤❡ ❛♥♥✉❛❧ ❛✈❡r❛❣❡ ♥✉♠❜❡r ♦❢ ❡①♣♦rt❡rs✱ ♣r♦❞✉❝ts ♣❡r ❡①♣♦rt❡r✱ ❞❡st✐♥❛t✐♦♥s ♣❡r

❡①♣♦rt❡r✱ ❡①♣♦rt❡rs ♣❡r ♣r♦❞✉❝t✱ ❡①♣♦rt❡rs ♣❡r ❞❡st✐♥❛t✐♦♥✱ ❡①♣♦rt ✈❛❧✉❡ ♣❡r ❡①♣♦rt❡r✱ ❛♠♦♥❣ ♦t❤❡r

✐♥❢♦r♠❛t✐♦♥✳ P❡r✉ ❤❛s t❤❡ ❧♦♥❣❡st t✐♠❡✲s❡r✐❡s ✭✶✸ ②❡❛rs✮ ❢♦❧❧♦✇❡❞ ❜② ❙❡♥❡❣❛❧ ✭✶✶ ②❡❛rs✮✳ ❖♥ ❛♥♥✉❛❧

❛✈❡r❛❣❡ ❜❛s✐s✱ ▼❡①✐❝♦ ❤❛s t❤❡ ❤✐❣❤❡st ❛✈❡r❛❣❡ ♥✉♠❜❡r ♦❢ ❡①♣♦rt❡rs ✭✸✸✱✼✷✺✮ ❢♦❧❧♦✇❡❞ ❜② ❇✉❧❣❛r✐❛

✭✶✻✱✷✺✷✮✳ ■♥ t❡r♠s ♦❢ ❛✈❡r❛❣❡ ♥✉♠❜❡r ♦❢ ❍❙✲✻✲❞✐❣✐t ♣r♦❞✉❝ts ♣❡r ❡①♣♦rt❡r✱ ❏♦r❞❛♥ ✐s t❤❡ ❧❡❛st ❞✐✈❡rs✐✜❡❞

✭✷✳✻✺✮✱ ❛♥❞ ●✉❛t❡♠❛❧❛ ✐s t❤❡ ♠♦st ❞✐✈❡rs✐✜❡❞ ✭✼✳✽✾✮✳ ■♥ t❡r♠s ♦❢ ❛✈❡r❛❣❡ ♥✉♠❜❡r ♦❢ ❞❡st✐♥❛t✐♦♥s

♣❡r ❡①♣♦rt❡r✱ ▼❡①✐❝♦ ✐s t❤❡ ❧❡❛st ❞✐✈❡rs✐✜❡❞ ✭✶✳✾✮✱ ❛♥❞ ❙❡♥❡❣❛❧ ✐s t❤❡ ♠♦st ❞✐✈❡rs✐✜❡❞ ✭✸✳✷✶✮✳ ■♥ ❛❧❧

❝♦✉♥tr✐❡s ✐♥ t❤❡ s❛♠♣❧❡✱ t❤❡ ❤✐❣❤ ❡①✐t r❛t❡s ❛❢t❡r t❤❡ ✜rst ②❡❛r s✉❣❣❡st t❤❛t ❛ ❜✐♥❛r② ❝♦❞✐♥❣ ♦❢ s✉r✈✐✈❛❧

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

st❛t✐st✐❝s ✐♥ ❚❛❜❧❡ ✶ ✐♥❞✐❝❛t❡ t❤❛t ❡①♣♦rt❡rs ❢r♦♠ ❞❡✈❡❧♦♣✐♥❣ ❝♦✉♥tr✐❡s ❞♦ ♥♦t s❤② ❛✇❛② ❢r♦♠ tr②✐♥❣

❛♥❞ ❡①♣❡r✐♠❡♥t✐♥❣ ✇✐t❤ ♣r♦❞✉❝ts ❛♥❞ ❞❡st✐♥❛t✐♦♥s✳ ❚❤❡ ❍❛✉s♠❛♥ ❛♥❞ ❘♦❞r✐❦ ✭✷✵✵✸✮ ✏s❡❧❢✲❞✐s❝♦✈❡r②✑

♣r♦❝❡ss t❤✉s s❡❡♠s t♦ ❤♦❧❞ ♥♦t ♦♥❧② ❛t t❤❡ ♥❛t✐♦♥❛❧ ❧❡✈❡❧✱ ❜✉t ❛❧s♦ ❛t t❤❡ ❡①♣♦rt❡r ❧❡✈❡❧✳ ❚❤✐s ♣❛tt❡r♥

✐s ❛❧s♦ ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ♥♦t✐♦♥ t❤❛t ❡①♣♦rt❡rs ❢❛❝❡✱ ❡①✲❛♥t❡✱ ✉♥❝❡rt❛✐♥t② ❛❜♦✉t ❡①♣♦rt ❝♦sts✱ ❞❡♠❛♥❞

♣❛r❛♠❡t❡rs✱ ❛♥❞ t❤❡✐r ♦✇♥ ❝❛♣❛❝✐t② t♦ ✏♠❛t❝❤✑ t❤❡s❡ ♣❛r❛♠❡t❡rs✳ ❚❤✐s ♥♦t✐♦♥ ✐s ❝❡♥tr❛❧ t♦ t❤❡ ❧✐t❡r❛t✉r❡

♦♥ t❤❡ ❤❡t❡r♦❣❡♥❡♦✉s✲✜r♠ ♠♦❞❡❧✳✑

✺ ■❞❡♥t✐✜❝❛t✐♦♥ str❛t❡❣②

●✐✈❡♥ t❤❛t t❤❡ ♣r✐♠❛r② ✐♥t❡r❡st ✐s ✐♥ t❤❡ s✉r✈✐✈❛❧ ❛♥❞ ❣r♦✇t❤ ♦❢ ❡♥t❡r✐♥❣ ❡①♣♦rt❡rs✱ ■ ❞❡✜♥❡❞ ❛ ✭e✱ p✱ d✱

t✮ s♣❡❧❧ ✐♥ t❤❡ ✜rst ②❡❛r ♦❢ ✐ts ❡①✐st❡♥❝❡ ✐♥ ❞❛t❛s❡t✳ ■ ❝♦♥s✐❞❡r t❤❛t t❤✐s s♣❡❧❧ ✭✐✮ s✉r✈✐✈❡s ✐❢ ✐t ❧❛sts ♠♦r❡

t❤❛♥ ♦♥❡ ②❡❛r ❛♥❞ ✭✐✐✮ ❣r♦✇s ✐❢ t❤❡ ❣r♦✇t❤ r❛t❡ ♦❢ t❤❡ ❛ss♦❝✐❛t❡❞ ❡①♣♦rt ✈❛❧✉❡ ✐s ❛❜♦✈❡ ③❡r♦✳ ❚❤❡♥✱

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

❞✉♠♠② ❡q✉❛❧ t♦ ♦♥❡✳ ■❢ ♦t❤❡r✇✐s❡ t❤❡ s♣❡❧❧ ❧❛sts ♦♥❧② ♦♥❡ ②❡❛r✱ t❤❡ s✉r✈✐✈❛❧ ❞✉♠♠② ✐s ③❡r♦✳ ▲✐❦❡✇✐s❡✱

✐❢ t❤❡ ❣r♦✇t❤ r❛t❡ ♦❢ t❤❡ ❡①♣♦rt ✈❛❧✉❡ ❛ss♦❝✐❛t❡❞ ✇✐t❤ t❤❡ s♣❡❧❧ ✐s ❡q✉❛❧ t♦ ♦r ❧❡ss t❤❛♥ ③❡r♦✱ t❤❡ ❣r♦✇t❤

❞✉♠♠② ✐s ③❡r♦✳ ▼✉❧t✐♣❧❡ s♣❡❧❧s ❛❝❝♦✉♥t ❢♦r ♦♥❧② ❛ s♠❛❧❧ ♥✉♠❜❡r ♦❢ ♦❜s❡r✈❛t✐♦♥s ❣✐✈❡♥ t❤❛t t❤❡ s❛♠♣❧❡

♣❡r✐♦❞s ❛r❡ r❡❧❛t✐✈❡❧② s❤♦rt ✐♥ t❡r♠s ♦❢ t❤❡ ♥✉♠❜❡r ♦❢ ②❡❛rs✳ ■ ❞r♦♣♣❡❞ t❤❡ s♣❡❧❧ ✐❢ ✐t ❡①✐t❡❞ ✐♥ t❤❡

✜rst ②❡❛r✳ ❉♦✐♥❣ s♦ ♣❡r♠✐ts ❜②♣❛ss✐♥❣ t❤❡ ✐ss✉❡ ♦❢ ❤♦✇ ❧♦♥❣ ❛ s♣❡❧❧ ❜r❡❛❦ s❤♦✉❧❞ ❜❡ t♦ ❜❡ ❝♦♥s✐❞❡r❡❞

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

✐♥ t❤❡ s✉r✈✐✈❛❧ ❧✐t❡r❛t✉r❡✳ ❚✇♦ ♠♦r❡ r❡❛s♦♥s ❥✉st✐❢② ✉s✐♥❣ t❤✐s ❜✐♥❛r② ❞❡✜♥✐t✐♦♥ ♦❢ s✉r✈✐✈❛❧✳ ❋✐rst✱ t❤❡

✶✹



❞✉r❛t✐♦♥ ♦❢ t❤❡ ❞❛t❛ ✐s r❡❧❛t✐✈❡❧② s❤♦rt✳ ❙❡❝♦♥❞✱ ❛s ❚❛❜❧❡ ✶ s❤♦✇s✱ ♦♥❝❡ ❛♥ ❡①♣♦rt❡r ❤❛s s✉r✈✐✈❡❞ t❤❡

✜rst ②❡❛r✱ t❤❡✐r s✉r✈✐✈❛❧ ♣r♦❜❛❜✐❧✐t② ✐♥❝r❡❛s❡s✳

❋♦❧❧♦✇✐♥❣ t❤❡ ❧✐t❡r❛t✉r❡ ♦♥ t❤❡ ✐♥t❡♥s✐✈❡ ❛♥❞ ❡①t❡♥s✐✈❡ ♠❛r❣✐♥s ✭✐✳❡✳ ❊❛t♦♥ ❡t ❛❧✳ ✷✵✵✼✮✮✱ ■ ❣r♦✉♣❡❞

t❤❡ ♣r✐♠❛r② ✉♥✐ts ♦❢ ♦❜s❡r✈❛t✐♦♥s ✐♥t♦ ✭✐✮ ♥❡✇ ❡①♣♦rt❡rs✱ NE✱ ✭✐✐✮ ♥❡✇ ♣r♦❞✉❝ts✱ NP ✱ ✭✐✐✐✮ ♥❡✇ ❞❡st✐♥❛✲

t✐♦♥s✱ ND✱ ❛♥❞ ✭✐✈✮ ❝♦♥t✐♥✉✐♥❣ ❡①♣♦rt❡r✲♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥s✱ CEPD✳ ❋♦r♠❛❧❧②✱ ❧❡t vei,t❂1 ❞❡s✐❣♥❛t❡

❡①♣♦rt❡r e✬s t♦t❛❧ ❡①♣♦rts ✐♥ ②❡❛r t−1✱ veip,t❂1 ❞❡s✐❣♥❛t❡ ❡①♣♦rt❡r e✬s ❡①♣♦rts ♦❢ ♣r♦❞✉❝t p ✐♥ ②❡❛r t−1✱

veid,t❂1 ❞❡s✐❣♥❛t❡ ❡①♣♦rt❡r e✬s ❡①♣♦rts t♦ ❞❡st✐♥❛t✐♦♥ d ✐♥ ②❡❛r t− 1✱ ❛♥❞ veipd,t❂1 ❞❡s✐❣♥❛t❡ ❡①♣♦rt❡r

e✬s ❡①♣♦rts ♦❢ ♣r♦❞✉❝t p ❢r♦♠ ♦r✐❣✐♥ i t♦ ❞❡st✐♥❛t✐♦♥ d ✐♥ ②❡❛r t− 1✳ ❚❤❡s❡ ❢♦✉r ❝❛t❡❣♦r✐❡s ❛r❡✿

NE = {(e, i, p, d, t) s✳t✳ veipdt > 0 ❛♥❞ vei,t❂1 = 0}

NP = {(e, i, p, d, t) s✳t✳ veipdt > 0, vei,t❂1 > 0, ❛♥❞ veip,t❂1 = 0}

ND = {(e, i, p, d, t) s✳t✳ veipdt > 0, vei,t❂1 > 0, ❛♥❞ veid,t❂1 = 0}

CEPD = {(e, i, p, d, t) s✳t✳ veipdt > 0 ❛♥❞ veipd,t❂1 > 0}

✭✶✮

❚❤❡ ❞♦❧❧❛r ✈❛❧✉❡ ♦❢ ❡①♣♦rts ✐♥ t❤❡ ✜rst t❤r❡❡ ❝❛t❡❣♦r✐❡s ❝❛♥ ♦♥❧② ❣♦ ❢r♦♠ ③❡r♦ ✐♥ ②❡❛r t− 1 t♦ s♦♠❡

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

❞♦❧❧❛r ✈❛❧✉❡ ♦❢ ❡①♣♦rts ✐♥ t❤❡ ❧❛st ❝❛t❡❣♦r② ❢♦r♠ t❤❡ ✐♥t❡♥s✐✈❡ ♠❛r❣✐♥✳ ❚❤❡ ❛❜♦✈❡ tr❛♥s❢♦r♠❛t✐♦♥ st❡♣s

❧❡❛❞ t♦ ♥❡✇ ❡①♣♦rt❡r✲♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ s♣❡❧❧s✳ ❊❛❝❤ ♦❢ t❤❡s❡ s♣❡❧❧s ✐s ♦♥❡ ♦❢ ❢♦✉r t②♣❡s✿ t❤♦s❡ t❤❛t

s✉r✈✐✈❡✱ ❛♥❞ t❤♦s❡ t❤❛t ❞♦ ♥♦t s✉r✈✐✈❡❀ t❤♦s❡ ✇❤♦ s✉r✈✐✈❡ ❛♥❞ ❣r♦✇✱ ❛♥❞ t❤♦s❡ ✇❤♦ s✉r✈✐✈❡ ❜✉t ❞♦ ♥♦t

❣r♦✇✳

❚❤❡ ♠❛✐♥ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡s ❛r❡✿

Entereipdt =















1 if veipd,t−l = 0 ❛♥❞ veipd,t > 0

0 if veipd,t−l = 0 ❛♥❞ veipd,t = 0

✭✷✮

Surviveeipdt =















1 if veipdt > 0, veipd,t−l = 0 ∀l > 0, ❛♥❞ veipd,t+1 > 0

0 if veipdt > 0, veipd,t−l = 0 ∀l > 0, ❛♥❞ veipd,t+1 = 0

✭✸✮

Groweipdt =















1 if veipdt > 0, veipd,t−l = 0 ∀l > 0, ❛♥❞ veipd,t+1 > veipd,t−1

0 if veipdt > 0, veipd,t−l = 0 ∀l > 0, ❛♥❞ veipd,t+1 ≤ veipd,t−1

✭✹✮

✶✺



❛♥❞ t❤❡ ❡st✐♠❛t✐♦♥s t❛❦❡ t❤❡ ❢♦r♠ ♦❢✿

Pr (DV = 1) =
α0 + α1 [ln (nipd,t−1)×△ln (vipdt)] + γ△ln (vipdt)

+β2ln (nipd,t−1) + β❳eipdt + β3

[

ln
(

n(−i)pd,t−1

)

×△ln
(

v(−i)pdt

)]

+ {FE}+ upd

✭✺✮

✇❤❡r❡ t❤❡ DV ✐s ❡✐t❤❡r Entereipdt✱ Surviveeipdt ♦r Groweipdt✳ ❆❧s♦✱ △ln (vipdt) ✐s t❤❡ ❛✈❡r❛❣❡

❣r♦✇t❤ r❛t❡ ♦❢ ❡①♣♦rts ♦❢ ♣❡❡rs✱ ❛♥❞ nipd,t−1 ✐s t❤❡ ♥✉♠❜❡r ♦❢ ♣❡❡rs ✐♥ t❤❡ s❡t ♦❢ ♣❡❡rs t❤❛t ❡①♣♦rt

❢r♦♠ i t♦ pd ♠❛r❦❡t ✐♥ ❜♦t❤ t − 1 ❛♥❞ t✱ Nipd,t−1✳ ◆❡✇ ❡♥tr❛♥ts ❛t t ❛♥❞ ♦♥❡✲t✐♠❡ ❡①♣♦rt❡rs ❛t t − 1

❛r❡ ♥♦t ✐♥❝❧✉❞❡❞ ✐♥ Nipd,t−1✳ ■ ❞❡✜♥❡ △ln (vipdt) ❛s

△ln (vipdt) =
1

nipd,t−1

∑

i∈Nipd,t−1

[ln (veipdt)− ln (veipdt)] ✭✻✮

❚❤❡ ✈❡❝t♦r ♦❢ r❡❣r❡ss♦rs ❳eipdt ❝♦♠♣r✐s❡s ♠❡❛s✉r❡s ♦❢ t❤❡ ❡①♣♦rt❡r✬s s❝♦♣❡✳ ❚❤❡② ❛r❡ ✭✐✮ nept✱

t❤❡ ♥✉♠❜❡r ♦❢ ❞❡st✐♥❛t✐♦♥s t♦ ✇❤✐❝❤ ❡①♣♦rt❡r e ❡①♣♦rts ♣r♦❞✉❝t p❀ ✭✐✐✮ nedt✱ t❤❡ ♥✉♠❜❡r ♦❢ ♣r♦❞✉❝ts

t❤❛t ❡①♣♦rt❡r e ❡①♣♦rts t♦ ❞❡st✐♥❛t✐♦♥ d❀ ✭✐✐✐✮ ni
dt✱ t❤❡ ♥✉♠❜❡r ♦❢ ✭♣r♦❞✉❝tÖ❡①♣♦rt❡r✮ ❝♦♠❜✐♥❛t✐♦♥s

❛❝t✐✈❡ ✐♥ t❤❡ ❜✐❧❛t❡r❛❧ tr❛❞❡ ❜❡t✇❡❡♥ ♦r✐❣✐♥ i ❛♥❞ ❞❡st✐♥❛t✐♦♥ d❀ ❛♥❞ ✭✐✈✮ zep✱ t❤❡ s❤❛r❡ ♦❢ ♣r♦❞✉❝t p ✐♥

❡①♣♦rt❡r e✬s ♦✈❡r❛❧❧ ❡①♣♦rt ✈❛❧✉❡s✳ ❚❤❡s❡ ❝♦✉♥ts ❡♥❝♦♠♣❛ss t❤❡ ♦❜s❡r✈❛t✐♦♥ t❤❡② ❛r❡ ❛tt❛❝❤❡❞ t♦ ❛♥❞

❛r❡✱ ❤❡♥❝❡✱ ♥❡✈❡r ③❡r♦✱ s♦ ♥♦ ♦❜s❡r✈❛t✐♦♥s ❛r❡ ❧♦st ❜② t❛❦✐♥❣ ❧♦❣s✳ ■ ❛❧s♦ ✐♥❝❧✉❞❡ ✈❛r✐♦✉s ✜①❡❞ ❡✛❡❝ts✱

FE✱ t♦ ❝♦♥tr♦❧ ❢♦r s✉♣♣❧② ❛♥❞ ❞❡♠❛♥❞ s❤♦❝❦s ❛♥❞ ❝❛♣t✉r❡ t❤❡ ❡✛❡❝ts ♦❢ ♣❡❡rs ❛♥❞ t❤❡✐r ♣❡r❢♦r♠❛♥❝❡

♦♥ ❡♥t❡r✐♥❣ ❡①♣♦rt❡rs✳

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

i t♦ ❡①♣♦rt t♦ ❛ ❣✐✈❡♥ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ♠❛r❦❡t ❛t ❞❛t❡ t ❛♥❞✴♦r ♦♥ ✐ts ✈♦❧✉♠❡ ♦❢ ❡①♣♦rts✳ ❍♦✇❡✈❡r✱

♦♥❡ ❝❛♥ r❡❛s♦♥❛❜❧② ❡①♣❡❝t ❢❡✇ ❡st✐♠❛t✐♦♥ ❝♦♥❝❡r♥s✳

❋✐rst✱ t❤❡r❡ ✐s ❛♥ ❡♥❞♦❣❡♥❡✐t② ♣r♦❜❧❡♠✳ ■❢ ❡①♣♦rt❡r i✬s ❛❝t✐✈✐t② ✐s ❛✛❡❝t❡❞ ❜② t❤❡ ❛❝t✐✈✐t✐❡s ♦❢ t❤❡✐r

♥❡❛r❜② ❡①♣♦rt❡rs✱ t❤❡♥ ♦♥❡ ❝❛♥ ❜❡ ❝♦♥❝❡r♥❡❞ ❛❜♦✉t ❞✉❛❧ ❝❛✉s❛❧✐t② t♦♦✳ ❙✐♠✉❧t❛♥❡✐t② ✐s ❛♥♦t❤❡r ❝♦♥❝❡r♥

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

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

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

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

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

❛r❡❛s✳ ❇❡s✐❞❡s✱ t❤❡ ❡①✐st❡♥❝❡ ♦❢ ▼❛rs❤❛❧❧✐❛♥ ❡①t❡r♥❛❧✐t✐❡s ❝❛♥ ❛❧s♦ ❡①♣❧❛✐♥ ❤♦✇ t❤❡ ❛❣❣❧♦♠❡r❛t✐♦♥ ♦❢

✜r♠s ✐♥ t❤❡ s❛♠❡ ✐♥❞✉str② ❣❡♥❡r❛t❡s ❡①♣♦rt ❣❛✐♥s ✭▼❡❧✐t③ ❛♥❞ ❖tt❛✈✐❛♥♦ ✭✷✵✵✽✮✮✳ ❚❤✉s✱ ❢r♦♠ ♦♥❡ ❡♥❞✱

✶✻



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

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

♥✉♠❜❡r ♦❢ ❞❡st✐♥❛t✐♦♥s t♦ ✇❤✐❝❤ t❤❡ ❡①♣♦rt❡r ❡①♣♦rts ❛ ❣✐✈❡♥ ♣r♦❞✉❝t p ❛♥❞ t❤❡ ♥✉♠❜❡r ♦❢ ♣r♦❞✉❝ts

t❤❛t t❤❡ ❡①♣♦rt❡r ❡①♣♦rts t♦ ❛ ❣✐✈❡♥ ❞❡st✐♥❛t✐♦♥ t♦ ♣r♦①② ❢♦r ❡①♣♦rt❡r ♣r♦❞✉❝t✐✈✐t② ❛♥❞ ♣r♦✈✐❞❡ ❛

❝♦♥s❡r✈❛t✐✈❡ ❡st✐♠❛t❡ ♦❢ ✐♥❢♦r♠❛t✐♥❛❧ ❡①t❡r♥❛❧✐t✐❡s✳

❚❤✐r❞✱ t❤❡r❡ ✐s ❛ ♣♦t❡♥t✐❛❧ ❢♦r r❡✈❡rs❡ ❝❛✉s❛❧✐t② ❜❡t✇❡❡♥ t❤❡ ❡①✐st❡♥❝❡ ♦❢ ♣❡❡rs ❛♥❞ t❤❡✐r ❡①♣♦rt

♣❡r❢♦r♠❛♥❝❡✳ ❉♦ ❡①♣♦rt❡rs ❡①♣♦rt ♠♦r❡ ❜❡❝❛✉s❡ ♠♦r❡ ♦❢ t❤❡♠ ❡①✐st t♦❣❡t❤❡r ♦r ❛r❡ t❤❡② ❡①✐st✐♥❣

t♦❣❡t❤❡r ❜❡❝❛✉s❡ t❤❡② ❡①♣♦rt ♠♦r❡❄ ❚♦ ♣❡r❢♦r♠ ❜❡tt❡r ✐♥ ❡①♣♦rt ♠❛r❦❡ts✱ ❡①♣♦rt❡rs ♥❡❡❞ ♣r♦♣❡r

✐♥❢r❛str✉❝t✉r❡✱ ❢♦r ❡①❛♠♣❧❡✱ ❛♠♦♥❣ ♦t❤❡r ❢❛❝t♦rs✳ ■ t❤❡r❡❢♦r❡ ❛❧s♦ ❝♦♥tr♦❧ ❢♦r t✐♠❡✲✐♥✈❛r✐❛♥t ❣❡♦❣r❛♣❤✐❝

❝❤❛r❛❝t❡r✐st✐❝s ❜② ♦r✐❣✐♥ ✜①❡❞✲❡✛❡❝ts✳

❋♦✉rt❤✱ ♦♠✐tt❡❞ ❝♦♠♣♦♥❡♥ts ♦❢ tr❛❞❡ ❝♦sts ♠❛② ❝r❡❛t❡ t❤❡ ♦❜s❡r✈❡❞ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ♣❡❡r ❡✛❡❝ts

❛♥❞ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ❡①♣♦rt❡rs✳ ❋♦r ✐♥st❛♥❝❡✱ t❤❡ ❡①✐st❡♥❝❡ ♦❢ ❛ ❝♦♠♠♦♥ ❜♦r❞❡r ❜❡t✇❡❡♥ ♦r✐❣✐♥ ❛♥❞

❞❡st✐♥❛t✐♦♥ ❝♦✉♥tr✐❡s ♦r t❤❡ ♣r❡s❡♥❝❡ ♦❢ ♠✐❣r❛♥t ♥❡t✇♦r❦s ❝❛♥ ❡①♣❧❛✐♥ ✇❤② t❤❡r❡ ❛r❡ ❛ ❧♦t ♦❢ ❡①♣♦rt❡rs

❢r♦♠ ❛ ❣✐✈❡♥ ♦r✐❣✐♥ tr❛❞✐♥❣ ✐♥t❡♥s✐✈❡❧② ✐♥ ❛ ❝❡rt❛✐♥ ♠❛r❦❡t✳ ■ ❤❡♥❝❡ ✐♥❝❧✉❞❡ ♦r✐❣✐♥✲❞❡st✐♥❛t✐♦♥ ✜①❡❞✲

❡✛❡❝ts t♦ ❝❛♣t✉r❡ t❤✐s ♣♦t❡♥t✐❛❧ s♣❡❝✐✜❝✐t②✱ ❢♦❧❧♦✇✐♥❣ ❈❛❞♦t ❡t✳ ❛❧ ✭✷✵✶✸✮✳

❋✐❢t❤✱ ✇❤✐❧❡ ■ ❝♦♥tr♦❧ ❢♦r ❛ ♣r♦①② ❢♦r ❡①♣♦rt❡r ♣r♦❞✉❝t✐✈✐t②✱ ■ ❞♦ ♥♦t ❤❛✈❡ ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t ✜r♠✬s

♣r♦❞✉❝t ❝♦♠♣❡t❡♥❝❡✳ ❆s ❞♦❝✉♠❡♥t❡❞ ❜② ❇❡r♥❛r❞ ❡t✳ ❛❧ ✭✷✵✶✷✮✱ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ❡①♣♦rt❡rs ✐s ✐♥✢✉✲

❡♥❝❡❞ ❜② ✐ts ♣r♦❞✉❝t✐✈✐t② ❛♥❞ ♣r♦❞✉❝t✲❧❡✈❡❧ ❝♦♠♣❡t❡♥❝❡✳ ■❢ ❡①♣♦rt❡rs ✇✐t❤ ❝❡rt❛✐♥ ♣r♦❞✉❝t ❝♦♠♣❡t❡♥❝❡

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

❝♦❡✣❝✐❡♥t ♦❢ ♣❡❡r✲❡✛❡❝ts ✇♦✉❧❞ ❜❡ ❜✐❛s❡❞ ✉♣✇❛r❞✳ ❆❝❝♦r❞✐♥❣❧②✱ ■ ❝♦♥tr♦❧ ❢♦r ❡①♣♦rt❡r✲♣r♦❞✉❝t ✜①❡❞

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

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

❝♦✉♥tr✐❡s ❤❛✈❡ t❤♦✉s❛♥❞s ♦❢ ❡①♣♦rt❡rs✱ s♦♠❡ ❝♦✉♥tr✐❡s ❤❛✈❡ r❡❧❛t✐✈❡❧② s♠❛❧❧ ♥✉♠❜❡r ♦❢ ❡①♣♦rt❡rs✳ ❋♦r

✐♥st❛♥❝❡✱ ❙❡♥❡❣❛❧ ❛♥❞ ▼❛❧❛✇✐ ❤❛❞ ♦♥❧② ✻✹✸ ❛♥❞ ✻✸✶ ❡①♣♦rt❡rs✱ r❡s♣❡❝t✐✈❡❧②✳ ❘❡❧❡✈❛♥t ❧✐t❡r❛t✉r❡ ✭✐✳❡✳

❈❛❞♦t ❡t ❛❧✳ ✭✷✵✶✸✮✮ s❤♦✇❡❞ t❤❛t ▼❛❧✐ ❤❛❞ ✷✽✵ ✜r♠s ❛♥❞ ✼ ✜r♠s ♣❡r ❞❡st✐♥❛t✐♦♥✳ ■t ✐s ♥♦t ✉♥❝♦♠♠♦♥ t♦

s❡❡ r❡❧❛t✐✈❡❧② s♠❛❧❧ ♥✉♠❜❡r ♦❢ ❡①♣♦rt❡rs ✐♥ ❞✐✛❡r❡♥t ❝♦✉♥tr✐❡s✳ ❚❤❡ ❡♠♣✐r✐❝❛❧ str❛t❡❣② ❢♦❧❧♦✇❡❞ ❈❛❞♦t

❡t ❛❧✳ ✭✷✵✶✸✮ t♦ r❡st ❝♦♥❝❡r♥s ❛❜♦✉t t❤❡ r❡❧❛t✐✈❡❧② s♠❛❧❧ ♥✉♠❜❡r ♦❢ ❡①♣♦rt❡rs ✐♥ s♦♠❡ ❝♦✉♥tr✐❡s✳ ■♥

❛❞❞✐t✐♦♥✱ ❢♦❧❧♦✇✐♥❣ ▼♦✉❧t♦♥ ✭✶✾✾✵✮✱ ■ ❝❧✉st❡r❡❞ r♦❜✉st st❛♥❞❛r❞ ❡rr♦rs ❛t t❤❡ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ❧❡✈❡❧

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

❛❜❧❡s ❛r❡ ❛t t❤❡ ❡①♣♦rt❡r✲♦r✐❣✐♥✲♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥✲②❡❛r✳ ❈❧✉st❡r✐♥❣ ❛t t❤❡ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ❧❡✈❡❧

❛❝❝♦✉♥ts ❢♦r ❝♦rr❡❧❛t❡❞ ❞❡♠❛♥❞ s❤♦❝❦s ❛✛❡❝t✐♥❣ ❛❧❧ ❡①♣♦rt❡rs ✐♥ ❛ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ❝❡❧❧✳ ▲✐❦❡✇✐s❡✱

✶✼



❝❧✉st❡r✐♥❣ ❛t t❤❡ ♣r♦❞✉❝t✲♦r✐❣✐♥ ❧❡✈❡❧ ✭❛❝❝♦✉♥ts ❢♦r s✉♣♣❧② s❤♦❝❦s✮ ❣✐✈❡s s✐♠✐❧❛r r❡s✉❧ts✳ ❆♥❞✱ ❢♦❧❧♦✇✐♥❣

❑♦❡♥✐❣ ❡t ❛❧✳ ✭✷✵✶✵✮✱ ■ ✉s❡ ❛ ❧✐♥❡❛r ♣r♦❜❛❜✐❧✐t② ♠♦❞❡❧✳ ❚❤✐s ✇❛② ■ ❝❛♥ ❝♦♥tr♦❧ ❢♦r ❡①♣♦rt❡r✲②❡❛r ✜①❡❞

❡✛❡❝ts✳ ❚❤✐s ✇❛② ■ ❝❛♥ ❝♦♥tr♦❧ ❢♦r ❡①♣♦rt❡r✲②❡❛r ✜①❡❞ ❡✛❡❝ts✳✶✶

P❡❡r✲❡✛❡❝ts ❝❛♥ ❜❡ ❛❧s♦ ♣❡r❝❡✐✈❡❞ ❛s ❝♦✉♥t❡r ✐♥t✉✐t✐✈❡✳ ❖♥❡ ❝❛♥ r❡❛s♦♥❛❜❧② ❛r❣✉❡ t❤❛t ❡①♣♦rt❡rs

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

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

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

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

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

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

✻ ❊♠♣✐r✐❝❛❧ ❘❡s✉❧ts

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

❢r❛♠❡✇♦r❦✳ ❇② ❡①♣♦rt❡rs ❞②♥❛♠✐❝s✱ ■ r❡❢❡r t♦ ❛♥ ❡①♣♦rt❡r✬s ❡♥tr② ❛♥❞ ✜rst✲t✐♠❡ ❡①♣♦rts t♦ ❛ ❣✐✈❡♥ ❛

♠❛r❦❡t✱ ❛s ✇❡❧❧ ❛s t❤❡✐r s✉r✈✐✈❛❧ ❛♥❞ ❣r♦✇t❤ ✐♥ ❣✐✈❡♥ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ♠❛r❦❡ts✳ ❋✐rst✱ ■ ❧♦♦❦ ❛t t❤❡

✐♠♣❛❝t ♦❢ ♣❡❡rs ♦♥ ❛♥ ❡①♣♦rt❡r✬s ♣r♦❜❛❜✐❧✐t② ♦❢ ❡♥t❡r✐♥❣ ❛ ❣✐✈❡♥ ♠❛r❦❡t✳ ■ ✉s❡ t❤❡ ❛✈❡r❛❣❡ ❣r♦✇t❤ r❛t❡

♦❢ t❤❡ ❡①♣♦rts ♦❢ ♣❡❡rs ❛t ❡❛❝❤ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ♠❛r❦❡t✱ △ln (vipdt)✱ ❛s ❛ ♣r♦①② ❢♦r t❤❡ ♣❡r❢♦r♠❛♥❝❡

✐♥❢❡rr❡❞ ❢r♦♠ t❤❡ ♣❡❡rs ✇❤✐❝❤ ✐s ❛❧s♦ t❤❡ ❞❡♠❛♥❞ ❢❛❝t♦r ✐♥ t❤❡ ❝♦♥❝❡♣t✉❛❧ ❢r❛♠❡✇♦r❦✳

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

❛ ❣✐✈❡♥ ♠❛r❦❡t ✐♥❝r❡❛s❡ t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ❛♥ ❡①♣♦rt❡r ❡♥t❡r✐♥❣ ❛ ❣✐✈❡♥ ♠❛r❦❡t✳ ❈♦rr❡s♣♦♥❞✐♥❣❧②✱ ■

❡st✐♠❛t❡ ❛ ❧✐♥❡❛r ♣r♦❜❛❜✐❧✐t② ♠♦❞❡❧ ♦❢ ❡♥tr②✱ ✇✐t❤ ✐♥❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡s ❝❛♣t✉r✐♥❣ ✭✐✮ t❤❡ ♣❡r❢♦r♠❛♥❝❡

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

Pr❡❝✐s❡❧②✱ ■ ❡st✐♠❛t❡✿

Pr (Entereipdt) =
α0 + α1 [ln (nipd,t−1)×△ln (vipdt)] + γ△ln (vipdt)

+β2ln (nipd,t−1) +X ′β + β3

[

ln
(

n(−i)pd,t−1

)

×△ln
(

v(−i)pdt

)]

+ {FE}+ ueipdt

✭✼✮

❚❤❡ ❛❜♦✈❡ ❡st✐♠❛t✐♦♥ ❛❧❧♦✇s ❢♦r ✐❞❡♥t✐❢②✐♥❣ t❤❡ ✐♠♣❛❝t ♦❢ t❤❡ ♥✉♠❜❡r ♦❢ ♣❡❡rs✱ t❤❡ ♣r♦①② ❢♦r t❤❡✐r

✶✶❆❧t❤♦✉❣❤ t❤❡ ❡✛❡❝t ♦❢ ♣❡❡rs ♦♥ ❡①♣♦rt❡r✬s ❡♥tr② t♦ ❛ ❣✐✈❡♥ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ♠❛r❦❡t ❝❛♥ ❜❡ ♥♦♥❧✐♥❡❛r✱ t❤❡ ❝♦❡✣✲
❝✐❡♥ts ♦❢ t❤❡ ❛✈❡r❛❣❡ ♠❛r❣✐♥❛❧ ❡✛❡❝ts ✐♥ t❤❡ ♣r♦❜✐t ♠♦❞❡❧ ❛r❡ t②♣✐❝❛❧❧② s✐♠✐❧❛r t♦ t❤❡ ❡st✐♠❛t❡s ♦❢ t❤❡ ❧✐♥❡❛r ♣r♦❜❛❜✐❧✐t②
♠♦❞❡❧ ✭✐✳❡✳ s❡❡ ❲♦♦❧❞r✐❞❣❡ ✭✷✵✵✸✮ ❛♥❞ ❇❡r♥❛r❞ ❡t ❛❧✳ ✭✷✵✶✷✮✮✳

✶✷■ ✉s❡❞ ❇❛❧❛ss❛✬s r❡✈❡❛❧❡❞ ❝♦♠♣❛r❛t✐✈❡ ❛❞✈❛♥t❛❣❡ ✐♥❞❡① ✭❇❛❧❛ss❛ ✭✶✾✻✺✮✮ t♦ ♣r♦①② ❢♦r ❝♦♠♣❛r❛t✐✈❡ ❛❞✈❛♥t❛❣❡ ❛t
❝♦✉♥tr② ♦❢ ♦r✐❣✐♥✳

✶✽



♣❡r❢♦r♠❛♥❝❡✱ ❛♥❞ t❤❡ ✐♥t❡r❛❝t✐♦♥ ❜❡t✇❡❡♥ t❤❡s❡ t✇♦ ✈❛r✐❛❜❧❡s✳ ■ ✐♥❝❧✉❞❡ ❝♦♥tr♦❧s ❢♦r ❡①♣♦rt❡r✲②❡❛r✱

♦r✐❣✐♥✲②❡❛r✱ ❞❡st✐♥❛t✐♦♥✲②❡❛r✱ ❛♥❞ ♦r✐❣✐♥✲❞❡st✐♥❛t✐♦♥ ✜①❡❞ ❡✛❡❝ts✳ ❚❤❡s❡ ✜①❡❞ ❡✛❡❝ts ❝♦♥tr♦❧ ❢♦r s❤♦❝❦s

t❤❛t ♠❛② ❛✛❡❝t ❞❡♠❛♥❞ ❛t t❤❡ ❞❡st✐♥❛t✐♦♥ ❧❡✈❡❧ ❛s ✇❡❧❧ ❛s s✉♣♣❧② ❛t t❤❡ ♦r✐❣✐♥ ❛♥❞ ❡①♣♦rt❡r ❧❡✈❡❧✶✸✳ ❚❤✐s

✇❛②✱ ■ ❝❛♥ ❛❧s♦ ❛❞❞r❡ss t❤❡ s❡❧❡❝t✐♦♥ ❜✐❛s✱ ✇❤✐❝❤ ♠❛② r❡s✉❧t ❢r♦♠ ❡♥❞♦❣❡♥♦✉s ❡♥tr② ❞❡❝✐s✐♦♥s t❤❛t ✈❛r②

❛❝r♦ss ❡①♣♦rt❡rs✱ ❜② ✐♥✈❡st✐❣❛t✐♥❣ t❤❡ ✇✐t❤✐♥✲❡①♣♦rt❡r ❝r♦ss✲❝♦✉♥tr② ❝♦rr❡❧❛t✐♦♥ ❜❡t✇❡❡♥ ♣❡r❢♦r♠❛♥❝❡

♦❢ ❡♥tr❛♥ts t♦ ❛♥❞ ❡①✐st❡♥❝❡ ♦❢ ♣❡❡rs ❛t ❛ ❣✐✈❡♥ ♠❛r❦❡t✳ ▼♦r❡♦✈❡r✱ ■ ✐♥❝♦r♣♦r❛t❡ t❤❡ ✐♥t❡r❛❝t✐♦♥ ❜❡t✇❡❡♥

t❤❡ ✭✐✮ ♥✉♠❜❡r ♦❢ ❡①♣♦rt❡rs ♦❢ t❤❡ s❛♠❡ ♣r♦❞✉❝ts t♦ t❤❡ s❛♠❡ ❞❡st✐♥❛t✐♦♥s ❜✉t ❢r♦♠ ❞✐✛❡r❡♥t ♦r✐❣✐♥s✱

ln
(

n(−i)pd,t−1

)

✱ ❛♥❞ ✭✐✐✮ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ t❤❡s❡ ❡①♣♦rt❡rs✱ △ln
(

v(−i)pdt

)

✳ ■ ✉s❡ t❤❡ ❧❛tt❡r ❝♦♥tr♦❧ ❛s

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

❈♦❧✉♠♥s ✶✲✸ ♦❢ ❚❛❜❧❡ ✷ r❡♣♦rt t❤❡ r❡s✉❧ts ♦❢ t❤❡ ❡st✐♠❛t✐♦♥ ❡q✉❛t✐♦♥ ✭✼✮✳ ❚❤❡ r❡s✉❧ts s❤♦✇ t❤❛t ❛♥

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

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

❡✛❡❝ts ♦❢ t❤❡ ♥✉♠❜❡r✱ ♣❡r❢♦r♠❛♥❝❡✱ ❛♥❞ ✐♥t❡r❛❝t✐♦♥ ❜❡t✇❡❡♥ t❤❡ ♥✉♠❜❡r ❛♥❞ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ♣❡❡rs ♦♥

❡①♣♦rt❡r✬s ❡♥tr② ♣r♦❜❛❜✐❧✐t② ❛r❡ ♣♦s✐t✐✈❡ ❛♥❞ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❛t t❤❡ ✶✪ ❧❡✈❡❧✳ ❚❤❡ ❝♦❡✣❝✐❡♥ts

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

s❛♠❡ ❞❡st✐♥❛t✐♦♥s ✇❤♦ ❛r❡ ❢r♦♠ ❞✐✛❡r❡♥t ♦r✐❣✐♥s ❛r❡ ♥♦t st❛t✐st✐❝❛❧❧② ✐♥s✐❣♥✐✜❝❛♥t ✭❛♥❞ ❡✈❡♥ ♥❡❣❛t✐✈❡

✐♥ ❝♦❧✉♠♥ ✸✮ ❝♦♥✜r♠✐♥❣ t❤❡ ♠❛✐♥ r❡s✉❧ts✳ ❚❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ❛♥ ❡①♣♦rt❡r ❡♥t❡r✐♥❣ ❛ ♥❡✇ ♣r♦❞✉❝t✲

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

❛♥ ✐♥❝r❡❛s❡ t❤❛t ✐s ❡q✉✐✈❛❧❡♥t t♦ t❤❡ ❛✈❡r❛❣❡ ❣r♦✇t❤ r❛t❡ ✭✸✼✳✼✪✮ ♦❢ t❤❡ ❡①♣♦rts ♦❢ ♣❡❡rs t♦ ❛ ❣✐✈❡♥

♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ♠❛r❦❡t ✐s ❝♦rr❡❧❛t❡❞ ✇✐t❤ ❛ ✵✳✷✷✻✱
(

0.601
100 × 37.7

100

)

✱ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥t r✐s❡ ✐♥ t❤❡

♣r♦❜❛❜✐❧✐t② ♦❢ ❡①♣♦rt❡r✬s ❡♥tr② ✐♥t♦ t❤❛t ♠❛r❦❡t✳ ●✐✈❡♥ t❤❛t t❤❡ ♠❡❞✐❛♥ ♦❢ t❤❡ ❡①♣♦rt❡r✬s ❡♥tr② r❛t❡ t♦ ❛

❣✐✈❡♥ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ♠❛r❦❡t ✐s ✵✳✺✶✪✱ t❤❡♥ t❤❡ ❛❜♦✈❡ ✵✳✷✷✻ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥t ✐♥❝r❡❛s❡ ❝♦rr❡s♣♦♥❞s

t♦ ❛ ✹✹✳✹✷✪
(

0.226
0.51

)

✐♥❝r❡❛s❡ ✐♥ t❤❡ ❡①♣♦rt❡r✬s ❡♥tr② r❛t❡ t♦ ❛ ❣✐✈❡♥ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ♠❛r❦❡t✳ ■♥

♦t❤❡r ✇♦r❞s✱ ❛ ✸✼✳✼✪ ❛✈❡r❛❣❡ ❣r♦✇t❤ r❛t❡ ✐♥ ❡①♣♦rts ♦❢ t❤❡ ♣❡❡rs ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❛ ✹✹✳✹✷✪ ✐♥❝r❡❛s❡

✐♥ t❤❡ ❡①♣♦rt❡r✬s ❡♥tr② r❛t❡✱ ❛ ✶✪ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ❣r♦✇t❤ r❛t❡ ♦❢ ❡①♣♦rts ♦❢ t❤❡ ♣❡❡rs ✐♥ ❛ ❣✐✈❡♥ ♣r♦❞✉❝t✲

❞❡st✐♥❛t✐♦♥ ♠❛r❦❡t ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❛ ✶✳✶✼✽✪ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ❡①♣♦rt❡r✬s ❡♥tr② r❛t❡ t♦ t❤❛t ♠❛r❦❡t✱

❡✈❛❧✉❛t❡❞ ❛t t❤❡ ♠❡❞✐❛♥✳ ▼♦r❡♦✈❡r✱ t❤❡ ❝♦❡✣❝✐❡♥t ♦❢ ✵✳✵✹✶ ♠❡❛♥s t❤❛t ❛♥ ✐♥❝r❡❛s❡ t❤❛t ✐s ❡q✉✐✈❛❧❡♥t

t♦ t❤❡ ❛✈❡r❛❣❡ ❣r♦✇t❤ r❛t❡ ✭✸✼✳✼✪✮ ♦❢ t❤❡ ❡①♣♦rts ♦❢ t❤❡ ♣❡❡rs t♦ ❛ ❣✐✈❡♥ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ♠❛r❦❡t ✐s

❝♦rr❡❧❛t❡❞ ✇✐t❤ ❛ ✵✳✵✶✺✱
(

0.041× 37.7
100 × 1.1

)

✱ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥t ✐♥❝r❡❛s❡ ✐♥ t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ❡①♣♦rt❡r✬s

❡♥tr② ✐♥t♦ t❤❛t ♠❛r❦❡t ✇❤❡♥ ln (nipd,t−1) ✐♥❝r❡❛s❡s ❜② ♦♥❡ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ✭✶✳✶✮✳ ❚❤✐s r✐s❡ ✐s ✼✳✶✪

✶✸❚❤❡s❡ s❤♦❝❦s ❝❛♥ ❜❡ ♦♥❡s t❤❛t ❛✛❡❝t t❤❡ ❝♦♠♣❡t✐t✐✈❡♥❡ss ♦❢ ❛ ♠❛r❦❡t✱ t✐♠❡✲✈❛r②✐♥❣ ❡①❝❤❛♥❣❡ r❛t❡s✱ ❞❡♠❛♥❞✱ ❛♥❞
✐♠♣♦rt ♣♦❧✐❝✐❡s ❛t ❞❡st✐♥❛t✐♦♥ ❛s ✇❡❧❧ ❛s ❡①♣♦rt ♣♦❧✐❝✐❡s t❤❛t ♠❛② ❛✛❡❝t ❡①♣♦rt❡rs ❛t ♦r✐❣✐♥✳

✶✾



✐♥ t❤❡ ❡♥tr② r❛t❡✱ ❡✈❛❧✉❛t❡❞ ❛t t❤❡ ♠❡❞✐❛♥ ♦❢ ❡♥tr② r❛t❡✳

❙❡❝♦♥❞✱ ■ ✐♥✈❡st✐❣❛t❡ t❤❡ ✐♠♣❛❝t ♦❢ ♣❡❡rs ♦♥ ❡①♣♦rt❡rs✬ ✐♥✐t✐❛❧ ❡①♣♦rts✳ ❚❤❡ ❝♦♥❝❡♣t✉❛❧ ❢r❛♠❡✇♦r❦

♣r❡❞✐❝ts t❤❛t t❤❡ ✐♥✐t✐❛❧ ❡①♣♦rts ♦❢ ❡①♣♦rt❡rs t♦ ❛ ❣✐✈❡♥ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ♠❛r❦❡t r✐s❡ ✇✐t❤ t❤❡

♣❡r❢♦r♠❛♥❝❡ ♦❢ t❤❡✐r ♣❡❡rs✳ ❙♦✱ ■ ❡st✐♠❛t❡

ln (veipdt) =
α0 + α1 [ln (nipd,t−1)×△ln (vipdt)] + γ△ln (vipdt)

+β2ln (nipd,t−1) +X ′β + β3

[

ln
(

n(−i)pd,t−1

)

×△ln
(

v(−i)pdt

)]

+ {FE}+ ueipdt

✭✽✮

✇❤❡r❡ ln (veipdt) r❡♣r❡s❡♥ts t❤❡ ❡♥t❡r✐♥❣ ❡①♣♦rt❡r✬s ✜rst✲t✐♠❡ ❡①♣♦rts t♦ ❛ ❣✐✈❡♥ pd ♠❛r❦❡t✳

❈♦❧✉♠♥s ✹✲✻ ♦❢ ❚❛❜❧❡ ✷ r❡♣♦rt t❤❡ r❡s✉❧ts✳ ■ ✉s❡ s✐♠✐❧❛r ✜①❡❞ ❡✛❡❝ts ❛s ✐♥ ❈♦❧✉♠♥s ✶✲✸ ♦❢ ❚❛❜❧❡

✷ ❢♦r t❤❡ s❛♠❡ r❡❛s♦♥s✳ ❚❤❡ s❡♣❛r❛t❡ ❛♥❞ ❥♦✐♥t ❡✛❡❝ts ♦❢ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ♣❡❡rs✱ △ln (vipdt)✱ ❛♥❞

t❤❡ ♥✉♠❜❡r ♦❢ ♣❡❡rs✱ ln (nipd,t−1)✱ ♦♥ ✐♥✐t✐❛❧ ❡①♣♦rt ❧❡✈❡❧s ♦❢ ❡♥tr❛♥ts ❛r❡ ♣♦s✐t✐✈❡✱ ❛s ♣r❡❞✐❝t❡❞ ✐♥ t❤❡

♠♦❞❡❧✱ ❛s ✇❡❧❧ ❛s st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✳ ❈♦❧✉♠♥ ✻ s❤♦✇s t❤❛t ✐❢ ♣❡❡rs✬ ❡①♣♦rts t♦ ❛ ❣✐✈❡♥ ♣r♦❞✉❝t✲

❞❡st✐♥❛t✐♦♥ ♠❛r❦❡t ❣r♦✇ ❛t t❤❡ s❛♠♣❧❡ ♠❡❛♥ r❛t❡ ✭✸✼✳✼✪✮✱ t❤❡♥ ❛ ♥❡✇ ❡①♣♦rt❡r✬s ✜rst✲t✐♠❡ ❡①♣♦rts

♦❢ ❛ ❣✐✈❡♥ ♣r♦❞✉❝t t♦ ❛ ❣✐✈❡♥ ❞❡st✐♥❛t✐♦♥ ✇✐❧❧ ❜❡ ✶✵✳✺✾✪✱
(

0.281× 37.7
100 × 100

)

✱ ♦♥ ❛✈❡r❛❣❡✱ r❡❧❛t✐✈❡

t♦ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ♠❛r❦❡ts ✇✐t❤ ③❡r♦ ❛✈❡r❛❣❡ ♣❡❡rs✬ ❡①♣♦rt ❣r♦✇t❤✳ ❋✉rt❤❡r♠♦r❡✱ t❤❡ ❡st✐♠❛t❡❞

❝♦❡✣❝✐❡♥t ♦♥ t❤❡ ✐♥t❡r❛❝t✐♦♥ t❡r♠ ❜❡t✇❡❡♥ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ❛♥❞ ♥✉♠❜❡r ♦❢ ♣❡❡rs ✐s ✵✳✵✺✷✱ s✉❣❣❡st✐♥❣

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

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

✷✳✶✺✪✱
(

0.052× 37.7
100 × 1.1

)

, ✐♥✐t✐❛❧ ❡①♣♦rts ✐♥ t❤❡ s❛♠❡ ♠❛r❦❡t✳

❚❤✐r❞✱ ■ st✉❞② t❤❡ ✐♠♣❛❝t ♦❢ ♣❡❡rs ♦♥ t❤❡ s✉r✈✐✈❛❧ ♦❢ ❡♥t❡r✐♥❣ ❡①♣♦rt❡rs ❛t ❛ ❣✐✈❡♥ ♣r♦❞✉❝t✲

❞❡st✐♥❛t✐♦♥ ♠❛r❦❡t✳ ❚❤❡ ❝♦♥❝❡♣t✉❛❧ ♠♦❞❡❧ s❤♦✇s t❤❛t t❤❡ s✉r✈✐✈❛❧ r❛t❡ ♦❢ ♥❡✇ ❡①♣♦rt❡rs r✐s❡s ✇✐t❤

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

♥✉♠❜❡r ♦❢ ♣❡❡rs ❛✛❡❝ts t❤❡ ♥✉♠❜❡r ♦❢ ❡♥tr❛♥ts ❜② ❝❤❛♥❣✐♥❣ t❤❡ ❡♥tr② t❤r❡s❤♦❧❞✱ ❝♦♥❞✐t✐♦♥❛❧ ♦♥ ❡♥tr②✱

❛♥② ❡① ❛♥t❡ ✐♥❢♦r♠❛t✐♦♥ ✇❛s ❛❧r❡❛❞② t❛❦❡♥ ✐♥t♦ ❛❝❝♦✉♥t ❜② t❤❡ ❡♥tr❛♥t ❛t t❤❡ t✐♠❡ ♦❢ ❡♥tr② ❛♥❞ ✇✐❧❧ ♥♦

❧♦♥❣❡r ❛✛❡❝t ✐ts ❡①✐t ❞❡❝✐s✐♦♥✳ ❚♦ ❡♠♣✐r✐❝❛❧❧② ❡①❛♠✐♥❡ t❤✐s ♣r♦♣♦s✐t✐♦♥✱ ■ ✉s❡ t❤❡ Surviveeipdt ❞✉♠♠②

t❤❛t ✐s ❞❡✜♥❡❞ ✐♥ ❡q✉❛t✐♦♥ ✭✸✮ t♦ ❡st✐♠❛t❡✿

Pr (Surviveeipdt) =
α0 + α1 [ln (nipd,t−1)×△ln (vipdt)] + γ△ln (vipdt)

+β2ln (nipd,t−1) +X ′β + β3

[

ln
(

n(−i)pd,t−1

)

×△ln
(

v(−i)pdt

)]

+ {FE}+ ueipdt

✭✾✮

✷✵



❈♦❧✉♠♥s ✶✲✸ ♦❢ ❚❛❜❧❡ ✸ r❡♣♦rt t❤❡ r❡s✉❧ts✳ ❚❤❡ ❝♦❡✣❝✐❡♥ts ♦♥ t❤❡ ♥✉♠❜❡r ♦❢ ♣❡❡rs✱ ln (nipd,t−1) , ❛♥❞

✐ts ✐♥t❡r❛❝t✐♦♥ ✇✐t❤ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ♣❡❡rs✱ ln (nipd,t−1)×△ln (vipdt) , ❛r❡ ♣♦s✐t✐✈❡ ❜✉t st❛t✐st✐❝❛❧❧②

✐♥s✐❣♥✐✜❝❛♥t✳ ❍♦✇❡✈❡r✱ ❝♦❧✉♠♥ ✸ s❤♦✇s ❛ ♣♦s✐t✐✈❡ ❛♥❞ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❝♦❡✣❝✐❡♥t ♦♥ t❤❡ t❡r♠

r❡❧❛t❡❞ t♦ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ♣❡❡rs✱ △ln (vipdt)✳ ❚❤❡s❡ r❡s✉❧ts r❡♠❛✐♥ t❤❡ s❛♠❡ r❡❣❛r❞❧❡ss ♦❢ ✇❤❡t❤❡r

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

❛s ✇❡❧❧ ❛s r❡❣❛r❞❧❡ss ♦❢ ✇❤✐❝❤ ✜①❡❞ ❡✛❡❝ts ❝♦♥tr♦❧s ❛r❡ ✐♥❝❧✉❞❡❞✳

❋♦✉rt❤✱ ■ ❧♦♦❦ ❛t ♣❡❡r ❡✛❡❝ts ♦♥ ❡①♣♦rt❡r✬s ❣r♦✇t❤✳ ❚❤❡ ❝♦♥❝❡♣t✉❛❧ ❢r❛♠❡✇♦r❦ ♣r❡❞✐❝ts t❤❛t t❤❡

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

❛r❡ ♠♦r❡ ♣❡❡rs ✐♥ ❛ ❣✐✈❡♥ ♠❛r❦❡t✳ ❚♦ t❡st t❤✐s ♣r❡❞✐❝t✐♦♥✱ ■ ✉s❡ t❤❡ Groweipdt ❞✉♠♠② t❤❛t ✐s ❞❡✜♥❡❞

✐♥ ❡q✉❛t✐♦♥ ✭✹✮ ❛♥❞ ❡st✐♠❛t❡✿

Pr (Groweipdt) =
α0 + α1 [ln (nipd,t−1)×△ln (vipdt)] + γ△ln (vipdt)

+β2ln (nipd,t−1) +X ′β + β3

[

ln
(

n(−i)pd,t−1

)

×△ln
(

v(−i)pdt

)]

+ {FE}+ ueipdt

✭✶✵✮

❈♦❧✉♠♥s ✹✲✻ ♦❢ ❚❛❜❧❡ ✸ r❡♣♦rt t❤❡ r❡s✉❧ts ✇✐t❤ ❞✐✛❡r❡♥t s❡ts ♦❢ ✜①❡❞ ❡✛❡❝ts ✐♥❝❧✉❞❡❞✳ ❚❤❡ r❡s✉❧ts

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

❝✐❡♥ts ♦♥ t❤❡ t❤r❡❡ r❡❣r❡ss♦rs ♦❢ ✐♥t❡r❡st✿ t❤❡ ♥✉♠❜❡r ♦❢ ♣❡❡rs✱ ln (nipd,t−1)✱ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ♣❡❡rs✱

△ln (vipdt)✱ ❛♥❞ t❤❡ ✐♥t❡r❛❝t✐♦♥ ❜❡t✇❡❡♥ t❤♦s❡ t✇♦ ✈❛r✐❛❜❧❡s✳ ❚❤❡② s✉❣❣❡st t❤❛t t❤❡ ♣r♦❜❛❜✐❧✐t② ❢♦r

❛♥ ❡①♣♦rt❡r✬s ❡①♣♦rts t♦ ❣r♦✇ ❛❢t❡r ❡♥tr② ✐♥ ❛ ♠❛r❦❡t r✐s❡s ✇✐t❤ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ❡①✐st✐♥❣ ❡①♣♦rt❡rs

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

✐♥ t❤❡ s✐①t❤ ❝♦❧✉♠♥✱ ✇❤❡r❡ ■ ❝♦♥tr♦❧ ❢♦r ❡①♣♦rt❡r✲②❡❛r ❛♥❞ ♦r✐❣✐♥✲❞❡st✐♥❛t✐♦♥ ✜①❡❞ ❡✛❡❝ts✱ ■ ♦❜t❛✐♥ ❛♥

❡st✐♠❛t❡❞ ❝♦❡✣❝✐❡♥t ♦♥ t❤❡ ✐♥t❡r❛❝t✐♦♥ t❡r♠ ♦❢ ✵✳✹✶✷✳ ❚❤✐s ❝♦❡✣❝✐❡♥t ♠❡❛♥s t❤❛t ❛♥ ✐♥❝r❡❛s❡ t❤❛t ✐s

❡q✉✐✈❛❧❡♥t t♦ t❤❡ ❛✈❡r❛❣❡ ❣r♦✇t❤ r❛t❡ ✭✸✼✳✼✪✮ ♦❢ t❤❡ ❡①♣♦rts ♦❢ ♣❡❡rs t♦ ❛ ❣✐✈❡♥ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥

♠❛r❦❡t ✐s ❝♦rr❡❧❛t❡❞ ✇✐t❤ ❛ ✵✳✶✼✶✱
(

0.412× 37.7
100 × 1.1

)

✱ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥t ✐♥❝r❡❛s❡ ✐♥ t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢

❡①♣♦rt❡r✬s ❣r♦✇t❤ ❛t t❤❛t ♠❛r❦❡t ✇❤❡♥ ln (nipd,t−1) ✐♥❝r❡❛s❡s ❜② ♦♥❡ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ✭✶✳✶✮✳ ❚❤❡s❡

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

❡♥tr❛♥ts t♦ ❡♥❝♦✉r❛❣❡ ❡①♣♦rt❡rs t♦ ❡♥t❡r ❛ ♥❡✇ ♠❛r❦❡t ✇✐t❤ ❛ ❧❛r❣❡r ♦r❞❡r✱ s✉r✈✐✈❡ ❧♦♥❣❡r✱ ❛♥❞ ❣r♦✇

❢❛st❡r✳

❆s r♦❜✉st♥❡ss ❝❤❡❝❦s✱ t♦ ❛❞❞r❡ss t❤❡ ❝♦♥❝❡r♥ r❡❧❛t❡❞ t♦ t❤❡ s❡❧❡❝t✐♦♥ ♦❢ ❡①♣♦rt❡rs ✐♥t♦ ❝❡rt❛✐♥

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

♦♣❡r❛t❡✱ ❢♦❧❧♦✇✐♥❣ ❑♦❡♥✐❣ ❡t ❛❧✳ ✭✷✵✶✵✮✱ ■ ✉♥❞❡rt❛❦❡ t✇♦ ❢✉rt❤❡r st❡♣s ✐♥ t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s✳ ❋✐rst✱

■ ❝♦♥tr♦❧ ❢♦r ❛ ♣♦t❡♥t✐❛❧ ♦♠✐tt❡❞ ✈❛r✐❛❜❧❡ t❤❛t ❝♦✉❧❞ ❜✐❛s t❤❡ r❡s✉❧ts ✐❢ t❤❡ ❝♦✉♥tr② ♦❢ ♦r✐❣✐♥ ❤❛❞ ❛

✷✶



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

❤♦✇ t❤❡ ❝♦✉♥tr② ❤❛❞ ♠♦r❡ ❡①♣♦rt❡rs ♦❢ t❤❛t ♣r♦❞✉❝t t♦ ❛♥② ❞❡st✐♥❛t✐♦♥ ❛♥❞ ✇❤② t❤❡ ❡①♣♦rt❡rs ♦❢ t❤❛t

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

t❤❡ s❛♠♣❧❡ ♣❡r✐♦❞ ❢♦r ❡❛❝❤ ❝♦✉♥tr②✮ ♦❢ ❇❛❧❛ss❛✬s r❡✈❡❛❧❡❞ ❝♦♠♣❛r❛t✐✈❡ ❛❞✈❛♥t❛❣❡ ✐♥❞❡① ❢♦r ♣r♦❞✉❝t p✱

BRCAi
p ✱ ✇❤❡r❡ BRCAi

p =
vip

viP
/
vwp

vwP
✳ ❚❤❡ BRCAi

p ✐s ❡q✉❛❧ t♦ t❤❡ ♣r♦♣♦rt✐♦♥ ♦❢ t❤❡ ❝♦✉♥tr②✬s ❡①♣♦rts

t❤❛t ❛r❡ ♦❢ t❤❡ ♣r♦❞✉❝t ✉♥❞❡r ❝♦♥s✐❞❡r❛t✐♦♥✱
vip
viP

✱ ❞✐✈✐❞❡❞ ❜② t❤❡ ♣r♦♣♦rt✐♦♥ ♦❢ ✇♦r❧❞ ❡①♣♦rts t❤❛t ❛r❡

♦❢ t❤❛t ♣r♦❞✉❝t✱
vwpt

vwPt
✳✶✹ ❆ ❝♦♠♣❛r❛t✐✈❡ ❛❞✈❛♥t❛❣❡ ✐s r❡✈❡❛❧❡❞ ✐❢ BRCA > 1✳ ■❢ BRCA < 1✱ t❤❡♥ t❤❡

❝♦✉♥tr② ✐s s❛✐❞ t♦ ❤❛✈❡ ❛ ❝♦♠♣❛r❛t✐✈❡ ❞✐s❛❞✈❛♥t❛❣❡ ✐♥ t❤❛t ♣r♦❞✉❝t✳ ❚❤❡ r❡s✉❧ts ❤♦❧❞ ❛❢t❡r ✐♥❝❧✉❞✐♥❣

t❤✐s ❝♦♥tr♦❧ ❛s s❤♦✇♥ ✐♥ ❚❛❜❧❡ ✹✳

✼ ❈♦♥❝❧✉s✐♦♥

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

s✉r✈✐✈❛❧ ❛♥❞ ❣r♦✇t❤ r❛t❡s✳ ❚❤❡ r❡❧❡✈❛♥t st✉❞✐❡s ❧✐♥❦❡❞ ❡①♣♦rt❡rs s✉r✈✐✈❛❧ ❛♥❞ ❣r♦✇t❤ t♦ ❡①♣♦rt❡rs

❝❤❛r❛❝t❡r✐st✐❝s s✉❝❤ ❛s ♣r♦❞✉❝t✐✈✐t②✱ ❡♠♣❧♦②♠❡♥t✱ s✐③❡✱ ❛♥❞ ♠❛♥❛❣❡♠❡♥t✳ ■♥ t❤✐s ♣❛♣❡r✱ ■ st✉❞② t❤❡

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

❞❡♠♦♥str❛t❡ ❤♦✇ ♣❡❡r✲❡✛❡❝ts ❛r❡ ❞❡t❡r♠✐♥❛♥ts ♦❢ t❤❡ s✉r✈✐✈❛❧ ❛♥❞ ❣r♦✇t❤ ♦❢ ❡①♣♦rt❡rs❀ t❤✐s ✐s ❡s♣❡❝✐❛❧❧②

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

❜❡❤❛✈✐♦r ♦❢ t❤❡✐r ❡①♣♦rt✐♥❣ ♣❡❡rs✳ ❍❡♥❝❡✱ ■ ❞♦❝✉♠❡♥t t❤❛t ♣❡❡r✲❡✛❡❝ts ♥♦t ♦♥❧② ❡①✐st✱ ❜✉t ❝❛♥ ❛❧s♦

❡①♣❧❛✐♥ ✇❤② s♦♠❡ ❡①♣♦rt❡rs s✉r✈✐✈❡ ❧♦♥❣❡r ❛♥❞ ❣r♦✇ ❢❛st❡r ✇❤❡♥ t❤❡② ✐♥t❡r♥❛❧✐③❡ ❡①t❡r♥❛❧✐t✐❡s✳

❯s✐♥❣ ❞✐s✲❛❣❣r❡❣❛t❡❞ ❝✉st♦♠s ❞❛t❛ ❢r♦♠ ♥✐♥❡ ❝♦✉♥tr✐❡s✱ ■ ❢♦✉♥❞ ♣❡❡r✲❡✛❡❝ts t❤❛t ❝♦✉❧❞ ❜❡ ✐❞❡♥t✐✜❡❞

♦♥❧② ❜② ✉s✐♥❣ ❡①♣♦rt❡r✲❧❡✈❡❧ ❞❛t❛✳ ▼② ❡♠♣✐r✐❝❛❧ r❡s✉❧ts s✉♣♣♦rt t❤❡ ♠❛✐♥ ♣r❡❞✐❝t✐♦♥s ♦❢ t❤❡ ❝♦♥❝❡♣t✉❛❧

❢r❛♠❡✇♦r❦✳ ❚❤❡s❡ r❡s✉❧ts s❤♦✇ t❤❛t ❡①♣♦rt❡rs t♦ t❤❡ s❛♠❡ ♣r♦❞✉❝t✲❞❡st✐♥❛t✐♦♥ ♠❛r❦❡t ❡♥❤❛♥❝❡ t❤❡

s✉r✈✐✈❛❧ ❛♥❞ ❣r♦✇t❤ ♣r♦❜❛❜✐❧✐t② ♦❢ ♥❡✇ ❡♥tr❛♥ts ❢r♦♠ t❤❡ s❛♠❡ ♦r✐❣✐♥ t♦ t❤❛t ♠❛r❦❡t✳ ■♥ ♦t❤❡r ✇♦r❞s✱

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

❣✐✈❡♥ ♠❛r❦❡t ❛s ✇❡❧❧ ❛s r❡❞✉❝❡ t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ❡①✐t✐♥❣✳ ❚❤❡ ❢❛❝t t❤❛t ♣❡❡r✲❡✛❡❝ts ❞♦ ♥♦t ❛♣♣❡❛r t♦

❤❛♣♣❡♥ ❜❡t✇❡❡♥ ❡①♣♦rt❡rs ❢r♦♠ ❞✐✛❡r❡♥t ♦r✐❣✐♥s str❡♥❣t❤❡♥s t❤✐s r❡s✉❧t✳ ■♥ ❛❞❞✐t✐♦♥✱ ✇❤❡♥ ■ ❡①❛♠✐♥❡❞

t❤❡ ✐♠♣❛❝t ♦❢ ❡①♣♦rt❡rs ♦❢ t❤❡ s❛♠❡ ♣r♦❞✉❝ts t♦ t❤❡ s❛♠❡ ❞❡st✐♥❛t✐♦♥ ✇❤♦ ❛r❡ ❢r♦♠ ❞✐✛❡r❡♥t ♦r✐❣✐♥s

♦♥ t❤❡ s✉r✈✐✈❛❧ ❛♥❞ ❣r♦✇t❤ ♦❢ ❡①♣♦rt❡rs✱ ■ ❢♦✉♥❞ t❤❛t ♣❡❡r✲❡✛❡❝ts ❞✐s❛♣♣❡❛r✳

❋✉rt❤❡r r❡s❡❛r❝❤ ❝❛♥ ♣r♦❝❡❡❞ ✐♥ ❛t ❧❡❛st t❤r❡❡ ❞✐✛❡r❡♥t ❞✐r❡❝t✐♦♥s✳ ❋✐rst✱ ✐t ❝❛♥ st✉❞② t❤❡ ❞②♥❛♠✐❝s

♦❢ ❛♥ ❡①♣♦rt❡r✬s s✉r✈✐✈❛❧ ❛♥❞ ❣r♦✇t❤ ♦♥❝❡ ✐♥❢♦r♠❛t✐♦♥❛❧ ❡①t❡r♥❛❧✐t✐❡s ❝r♦ss t❤❡ s❡❝t♦r ♦r ❝♦✉♥tr② ♦❢
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❧❡❛r♥✐♥❣ ❛❜♦✉t t❤❡ s❛♠❡ s❡❝t♦r ✐♥ ♥❡✐❣❤❜♦r✐♥❣ ❝♦✉♥tr✐❡s ♦r ♦t❤❡r s❡❝t♦rs ✐♥ t❤❡ s❛♠❡ ❝♦✉♥tr②✳ ❙❡❝♦♥❞✱

✐t ❝❛♥ ❧♦♦❦ ❛t t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ ♣r✐✈❛t❡ ✐♥❢♦r♠❛t✐♦♥ ✐♥ ♠✉❧t✐✲♣r♦❞✉❝t ❡①♣♦rt❡rs ❛♥❞ ✇❤❡t❤❡r ♦r ♥♦t ✐t

❝❛♥ ❜❡ ❛ ❞❡t❡r♠✐♥❛♥t ❢♦r t❤❡ ❢❛❝t t❤❛t t❤❡s❡ ❡①♣♦rt❡rs ❡♥t❡r ♠❛♥② ♠❛r❦❡ts ♣❡r ♣r♦❞✉❝t✳ ■t ♠❛② ❜❡ t❤❡
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❬✹✹❪ ❏❛✛❡✱ ❆✳✱ ❚r❛❥t❡♥❜❡r❣✱ ▼✳✱ ❛♥❞ ❍❡♥❞❡rs♦♥✱ ❘✳✱ ✶✾✾✸✳ ●❡♦❣r❛♣❤✐❝ ▲♦❝❛❧✐③❛t✐♦♥ ♦❢ ❑♥♦✇❧❡❞❣❡

❙♣✐❧❧♦✈❡rs ❛s ❊✈✐❞❡♥❝❡❞ ❜② P❛t❡♥t ❈✐t❛t✐♦♥s✳ ❚❤❡ ◗✉❛rt❡r❧② ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝s✱ ✶✵✽✭✸✮✿ ✺✼✼✲

✺✾✽✳

❬✹✺❪ ❏♦✈❛♥♦✈✐❝✱ ❇✳✱ ✶✾✽✷✳ ❙❡❧❡❝t✐♦♥ ❛♥❞ t❤❡ ❊✈♦❧✉t✐♦♥ ♦❢ ■♥❞✉str②✳ ❊❝♦♥♦♠❡tr✐❝❛✱ ✺✵✿ ✻✹✾✲✼✵✳

❬✹✻❪ ❑❛♥❣✱ ❨✳✱ ✷✵✶✻✳ ■s ❛❣❣❧♦♠❡r❛t✐♦♥ ❛ ❢r❡❡ ❧✉♥❝❤ ❢♦r ♥❡✇ ❡①♣♦rt❡rs❄ ❊✈✐❞❡♥❝❡ ❢r♦♠ ❈❤✐❧❡✳ ❚❤❡ ❆♥♥❛❧s

♦❢ ❘❡❣✐♦♥❛❧ ❙❝✐❡♥❝❡✱ ✺✼✭✶✮✿ ✶✾✺✲✷✷✷✳
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❬✹✼❪ ❑❛s❛❤❛r❛✱ ❍✳ ❛♥❞ ❚❛♥❣✱ ❍✳✱ ✷✵✶✾✳ ❊①❝❡ss✐✈❡ ❡♥tr② ❛♥❞ ❡①✐t ✐♥ ❡①♣♦rt ♠❛r❦❡ts✳ ❏♦✉r♥❛❧ ♦❢ t❤❡

❏❛♣❛♥❡s❡ ❛♥❞ ■♥t❡r♥❛t✐♦♥❛❧ ❊❝♦♥♦♠✐❡s✱ ✺✸✭❈✮✿ ✶✲✶✺✳

❬✹✽❪ ❑❤❛♥❞❡❧✇❛❧✱ ❆✳ ❛♥❞ ❚♦♣❛❧♦✈❛✱ P✳✱ ✷✵✶✶✳ ❚r❛❞❡ ▲✐❜❡r❛❧✐③❛t✐♦♥ ❛♥❞ ❋✐r♠ Pr♦❞✉❝t✐✈✐t②✿ ❚❤❡ ❈❛s❡

♦❢ ■♥❞✐❛✳ ❘❡✈✐❡✇ ♦❢ ❊❝♦♥♦♠✐❝s ❛♥❞ ❙t❛t✐st✐❝s✱ ✾✸✿ ✾✾✺✲✶✵✵✾✳

❬✹✾❪ ❑❡❤♦❡✱ ❚✳✱ ❛♥❞ ❘✉❤❧✱ ❑✳✱ ✷✵✶✸✳ ❍♦✇ ■♠♣♦rt❛♥t ■s t❤❡ ◆❡✇ ●♦♦❞s ▼❛r❣✐♥ ✐♥ ■♥t❡r♥❛t✐♦♥❛❧ ❚r❛❞❡❄✳

❏♦✉r♥❛❧ ♦❢ P♦❧✐t✐❝❛❧ ❊❝♦♥♦♠②✱ ✶✷✶✿ ✸✺✽✲✸✾✷✳

❬✺✵❪ ❑✐♥✉t❤✐❛✱ ❇✳❑✳✱ ✷✵✶✼✳ ❊①♣♦rt ❙♣✐❧❧♦✈❡rs✿ ❈♦♠♣❛r❛t✐✈❡ ❊✈✐❞❡♥❝❡ ❢r♦♠ ❑❡♥②❛ ❛♥❞ ▼❛❧❛②s✐❛✳ ❏♦✉r♥❛❧

♦❢ ❆❢r✐❝❛♥ ❊❝♦♥♦♠✐❡s✱ ✷✻✭✶✮✿ ✷✹✲✺✶✳

❬✺✶❪ ❑♥❡❧❧❡r✱ ❘✳ ❛♥❞ P✐s✉✱ ▼✳✱ ✷✵✵✼✳ ■♥❞✉str✐❛❧ ▲✐♥❦❛❣❡s ❛♥❞ ❊①♣♦rt ❙♣✐❧❧♦✈❡rs ❢r♦♠ ❋❉■✳ ❚❤❡ ❲♦r❧❞

❊❝♦♥♦♠②✱ ✸✵✭✶✮✿ ✶✵✺✲✶✸✹✳

❬✺✷❪ ❑♦❡♥✐❣✱ P✳✱ ▼❛②♥❡r✐s✱ ❋✳✱ ❛♥❞ P♦♥❝❡t✱ ❙✳✱ ✷✵✶✵✳ ▲♦❝❛❧ ❡①♣♦rt s♣✐❧❧♦✈❡rs ✐♥ ❋r❛♥❝❡✳ ❊✉r♦♣❡❛♥

❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇✱ ✺✹✿ ✻✷✷✲✻✹✶✳

❬✺✸❪ ▲❡❞❡r♠❛♥✱ ❉✳✱ ❖❧❛rr❡❛❣❛✱ ▼✳✱ ❛♥❞ P❛②t♦♥✱ ▲✳✱ ✷✵✶✵✳ ❊①♣♦rt ♣r♦♠♦t✐♦♥ ❛❣❡♥❝✐❡s✿ ❉♦ t❤❡② ✇♦r❦❄

❏♦✉r♥❛❧ ♦❢ ❉❡✈❡❧♦♣♠❡♥t ❊❝♦♥♦♠✐❝s✱ ✾✶✿ ✷✺✼✲✷✻✺✳

❬✺✹❪ ▲✉❝❛s✱ ❘✳✱ ✶✾✾✸✳ ▼❛❦✐♥❣ ❛ ♠✐r❛❝❧❡✳ ❊❝♦♥♦♠❡tr✐❝❛✱ ✻✶✿ ✷✺✶✲✷✼✷✳

❬✺✺❪ ▼❡❧✐t③✱ ▼✳✱ ✷✵✵✸✳ ❚❤❡ ■♠♣❛❝t ♦❢ ❚r❛❞❡ ♦♥ ■♥tr❛✲■♥❞✉str② ❘❡❛❧❧♦❝❛t✐♦♥s ❛♥❞ ❆❣❣r❡❣❛t❡ ■♥❞✉str②

Pr♦❞✉❝t✐✈✐t②✳ ❊❝♦♥♦♠❡tr✐❝❛✱ ✼✶✿ ✶✻✾✺✲✶✼✷✺✳

❬✺✻❪ ▼❡❧✐t③✱ ▼✳ ❛♥❞ ❖tt❛✈✐❛♥♦✱ ●✳✱ ✷✵✵✽✳ ▼❛r❦❡t ❙✐③❡✱ ❚r❛❞❡✱ ❛♥❞ Pr♦❞✉❝t✐✈✐t②✳ ❘❡✈✐❡✇ ♦❢ ❊❝♦♥♦♠✐❝

❙t✉❞✐❡s✱ ✼✺✭✶✮✿ ✷✾✺✲✸✶✻✳

❬✺✼❪ ▼♦❡♥✱ ❖✳✱ ❛♥❞ ❙❡r✈❛✐s✱ P✳✱ ✷✵✵✷✳ ❇♦r♥ ❣❧♦❜❛❧ ♦r ❣r❛❞✉❛❧ ❣❧♦❜❛❧❄ ❊①❛♠✐♥✐♥❣ t❤❡ ❡①♣♦rt ❜❡❤❛✈✐♦r

♦❢ s♠❛❧❧ ❛♥❞ ♠❡❞✐✉♠✲s✐③❡❞ ❡♥t❡r♣r✐s❡s✳ ❏♦✉r♥❛❧ ♦❢ ■♥t❡r♥❛t✐♦♥❛❧ ▼❛r❦❡t✐♥❣✱ ✶✵✿ ✹✾✲✼✷✳

❬✺✽❪ ▼♦✉❧t♦♥✱ ❇✳✱ ✶✾✾✵✳ ❆♥ ✐❧❧✉str❛t✐♦♥ ♦❢ ❛ ♣✐t❢❛❧❧ ✐♥ ❡st✐♠❛t✐♥❣ t❤❡ ❡✛❡❝ts ♦❢ ❛❣❣r❡❣❛t❡ ✈❛r✐❛❜❧❡s ♦♥

♠✐❝r♦ ✉♥✐t✳ ❘❡✈✐❡✇ ♦❢ ❊❝♦♥♦♠✐❝s ❛♥❞ ❙t❛t✐st✐❝s✱ ✼✷✿ ✸✸✹✲✸✽✳

❬✺✾❪ P♦rt❡r✱ ▼✳✱ ✶✾✾✵✳ ❚❤❡ ❝♦♠♣❡t✐t✐✈❡ ❛❞✈❛♥t❛❣❡ ♦❢ ♥❛t✐♦♥s✳ ❍❛r✈❛r❞ ❇✉s✐♥❡ss ❘❡✈✐❡✇✱ ✾✵✿ ✼✸✲✾✸✳

❬✻✵❪ P♦rt❡r✱ ▼✳✱ ✶✾✾✽✳ ❈❧✉st❡rs ❛♥❞ t❤❡ ♥❡✇ ❡❝♦♥♦♠✐❝s ♦❢ ❝♦♠♣❡t✐t✐♦♥✳ ❍❛r✈❛r❞ ❇✉s✐♥❡ss ❘❡✈✐❡✇✱ ✼✻✱

✼✼✲✾✵✳
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❬✻✶❪ Pr✉s❛✱ ❚✳✱ ❛♥❞ ❙❝❤♠✐t③✱ ❏✳✱ ✶✾✾✹✳ ❈❛♥ ❝♦♠♣❛♥✐❡s ♠❛✐♥t❛✐♥ t❤❡✐r ✐♥✐t✐❛❧ ✐♥♥♦✈❛t✐✈❡ t❤r✉st❄ ❆ st✉❞②

♦❢ t❤❡ P❈ s♦❢t✇❛r❡ ✐♥❞✉str②✳ ❘❡✈✐❡✇ ♦❢ ❊❝♦♥♦♠✐❝s ❛♥❞ ❙t❛t✐st✐❝s✱ ✼✻✿ ✺✷✸✲✺✹✵✳

❬✻✷❪ ❘❛♠♦s✱ ❘✳✱ ❛♥❞ ▼♦r❛❧✲❇❡♥✐t♦✱ ❊✳✱ ✷✵✶✼✳ ❆❣❣❧♦♠❡r❛t✐♦♥ ❜② ❡①♣♦rt ❞❡st✐♥❛t✐♦♥✿ ❡✈✐❞❡♥❝❡ ❢r♦♠

❙♣❛✐♥✳ ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝ ●❡♦❣r❛♣❤②✱ ✶✽✭✸✮✿ ✺✾✾✲✻✷✺✳

❬✻✸❪ ❘❛✉❝❤✱ ❏✳ ❛♥❞ ❲❛ts♦♥✱ ❏✳✱ ✷✵✵✸✳ ❙t❛rt✐♥❣ s♠❛❧❧ ✐♥ ❛♥ ✉♥❢❛♠✐❧✐❛r ❡♥✈✐r♦♥♠❡♥t✳ ■♥t❡r♥❛t✐♦♥❛❧ ❏♦✉r♥❛❧

♦❢ ■♥❞✉str✐❛❧ ❖r❣❛♥✐③❛t✐♦♥✱ ✷✶✿ ✶✵✷✶✲✶✵✹✷✳

❬✻✹❪ ❘♦❜✱ ❘✳✱ ✶✾✾✶✳ ▲❡❛r♥✐♥❣ ❛♥❞ ❈❛♣❛❝✐t② ❊①♣❛♥s✐♦♥ ✉♥❞❡r ❉❡♠❛♥❞ ❯♥❝❡rt❛✐♥t②✳ ❘❡✈✐❡✇ ♦❢ ❊❝♦♥♦♠✐❝

❙t✉❞✐❡s✱ ✺✽✿ ✻✺✺✲✻✼✼✳

❬✻✺❪ ❙✉✐✱ ❙✳✱ ❇❛✉♠✱ ▼✳✱ ❛♥❞ ▼❛❧❤♦tr❛✱ ❙✳✱ ✷✵✶✾✳ ❍♦✇ ❍♦♠❡✲P❡❡rs ❆✛❡❝t t❤❡ ❊①♣♦rt ▼❛r❦❡t ❊①✐t ♦❢

❙♠❛❧❧ ❋✐r♠s✿ ❊✈✐❞❡♥❝❡ ❋r♦♠ ❈❛♥❛❞✐❛♥ ❊①♣♦rt❡rs✳ ❊♥tr❡♣r❡♥❡✉rs❤✐♣ ❚❤❡♦r② ❛♥❞ Pr❛❝t✐❝❡✱ ✹✸✭✺✮✿

✶✵✶✽✲✶✵✹✺✳

❬✻✻❪ ❲♦♦❧❞r✐❞❣❡✱ ❏✳✱ ✷✵✵✸✳ ❈❧✉st❡r✲s❛♠♣❧❡ ♠❡t❤♦❞s ✐♥ ❛♣♣❧✐❡❞ ❡❝♦♥♦♠❡tr✐❝s✳ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❘❡✲

✈✐❡✇✱ ✾✸✿ ✶✸✸✲✶✸✽✳

❬✻✼❪ ❩❤♦✉✱ ❨✳✱ ❩❤✉✱ ❙✳✱ ❛♥❞ ❍❡✱ ❈✳✱ ✷✵✶✾✳ ▲❡❛r♥✐♥❣ ❢r♦♠ ②♦✉rs❡❧❢ ♦r ❧❡❛r♥✐♥❣ ❢r♦♠ ♥❡✐❣❤❜♦✉rs✿ ❦♥♦✇❧✲

❡❞❣❡ s♣✐❧❧♦✈❡rs✱ ✐♥st✐t✉t✐♦♥❛❧ ❝♦♥t❡①t ❛♥❞ ✜r♠ ✉♣❣r❛❞✐♥❣✳ ❘❡❣✐♦♥❛❧ ❙t✉❞✐❡s✱ ✺✸✭✶✵✮✿ ✶✸✾✼✲✶✹✵✾✳
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❚❛❜❧❡ ✶✿ ❉❡s❝r✐♣t✐✈❡ st❛t✐st✐❝s ♦❢ ❡①♣♦rt❡r✲❧❡✈❡❧ ❝✉st♦♠s ❞❛t❛

❈♦✉♥tr② ❇❋❆ ❇●❘ ❊●❨ ●❚▼ ❏❖❘ ▼❊❳ ▼❲■ P❊❘ ❙❊◆

❙❛♠♣❧❡ ♣❡r✐♦❞ ✵✺✲✶✵ ✵✶✲✵✻ ✵✻✲✶✷ ✵✸✲✶✵ ✵✸✲✶✷ ✵✵✲✵✻ ✵✹✲✵✾ ✾✼✲✵✾ ✵✵✲✶✵

★ ♦❢ ❡①♣♦rt❡rs ✹✵✽ ✶✻✷✺✷ ✽✷✹✹ ✹✸✽✻ ✶✼✽✺ ✸✸✼✷✺ ✻✸✶ ✺✷✷✺ ✻✹✸

★ ♦❢ ❡♥tr❛♥ts ✶✽✺ ✼✶✵✸ ✷✵✷✾ ✶✸✾✵ ✻✽✸ ✶✷✹✵✽ ✷✼✾ ✷✶✹✺ ✷✻✺

★ ♦❢ ❡①✐t❡rs ✶✼✽ ✽✷✶✵ ✷✶✸✷ ✶✸✷✽ ✺✹✶ ✶✷✺✸✼ ✹✷✾ ✶✽✸✼ ✷✷✾

❍❡r✜♥❞❛❤❧✲❍✐rs❝❤♠❛♥ ■♥❞❡① ✵✳✷✶✾ ✵✳✵✵✾ ✵✳✵✵✺ ✵✳✵✵✾ ✵✳✵✸✽ ✵✳✵✵✼ ✵✳✶✷✽ ✵✳✵✸✸ ✵✳✵✼✽

★ ♦❢ ❍❙✻ ♣r♦❞✉❝ts ♣❡r ❡①♣♦rt❡r ✸✳✼✻ ✺✳✹✹ ✹✳✷ ✼✳✽✾ ✷✳✻✺ ✹✳✼✾ ✹✳✷✺ ✻✳✻✶ ✻✳✶✶

★ ♦❢ ❉❡st✐♥❛t✐♦♥s ♣❡r ❡①♣♦rt❡r ✷✳✸✺ ✷✳✶✷ ✷✳✺✾ ✷✳✹✹ ✷✳✾✼ ✶✳✾✵ ✶✳✾✸ ✷✳✻✸ ✸✳✷✶

★ ♦❢ ❊①♣♦rt❡rs ♣❡r ❍❙✻ ♣r♦❞✉❝t ✷✳✹✷ ✷✷✳✾✼ ✽✳✸ ✶✶✳✷✶ ✹✳✵✼ ✸✾✳✷✵ ✸✳✷✶ ✶✷✳✷✶ ✷✳✾✵

★ ♦❢ ❡①♣♦rt❡rs ♣❡r ❞❡st✐♥❛t✐♦♥ ✶✶✳✺✶ ✶✽✹✳✾✹ ✶✷✸✳✵✺ ✽✵✳✺✾ ✸✼✳✵✸ ✸✸✾✳✹✸ ✶✶✳✷✺ ✽✺✳✺✹ ✷✷✳✶✶

❊①♣♦rt ✈❛❧✉❡ ♣❡r ❡①♣♦rt❡r ✭✐♥ ♠✐❧❧✐♦♥s✮ ✶✳✺✵ ✵✳✺✹ ✶✳✽✾ ✶✳✸✸ ✶✳✻✵ ✹✳✽✸ ✶✳✵✼ ✷✳✸✹ ✶✳✶✸

❊①♣♦rt ✈❛❧✉❡ ♣❡r ❡♥tr❛♥t ✭✐♥ ♠✐❧❧✐♦♥s✮ ✵✳✷✶ ✵✳✵✻ ✵✳✷✻ ✵✳✶✺ ✵✳✷✹ ✵✳✹✹ ✵✳✸✶ ✵✳✶✺ ✵✳✶✶

❊①♣♦rt ✈❛❧✉❡ ♣❡r ❡①✐t❡r ✭✐♥ ♠✐❧❧✐♦♥s✮ ✵✳✷✸ ✵✳✵✹ ✵✳✹✹ ✵✳✶✷ ✵✳✵✾ ✵✳✸✸ ✵✳✵✹ ✵✳✶✸ ✵✳✶✶

❊①♣♦rt ✈❛❧✉❡ ♣❡r s✉r✈✐✈♦r ✭✐♥ ♠✐❧❧✐♦♥s✮ ✵✳✹✸ ✵✳✶✸ ✵✳✹✸ ✵✳✸✹ ✵✳✹✻ ✵✳✾✽ ✷✳✷✹ ✵✳✷✼ ✵✳✶✼

❋✐r♠ ❡♥tr② r❛t❡ ✵✳✹✸ ✵✳✹✺ ✵✳✷✺ ✵✳✸✶ ✵✳✸✼ ✵✳✸✼ ✵✳✺✷ ✵✳✹✵ ✵✳✹✵

❋✐r♠ ❡①✐t r❛t❡ ✵✳✹✷ ✵✳✹✽ ✵✳✷✻ ✵✳✸✶ ✵✳✸✷ ✵✳✸✼ ✵✳✻✶ ✵✳✸✼ ✵✳✸✻

❋✐r♠ s✉r✈✐✈❛❧ r❛t❡ ✵✳✹✸ ✵✳✸✵ ✵✳✺✸ ✵✳✹✵ ✵✳✹✼ ✵✳✹✵ ✵✳✷✺ ✵✳✹✹ ✵✳✸✾

●r♦✇t❤ r❛t❡ ♦❢ ❡①♣♦rt ✈❛❧✉❡ ♦❢ s✉r✈✐✈♦r ✵✳✹✸ ✵✳✹✼ ✵✳✻✹ ✵✳✹✾ ✵✳✺✻ ✵✳✸✺ ✵✳✵✾ ✵✳✹✷ ✵✳✹✷

❙❤❛r❡ ♦❢ ❡♥tr❛♥ts ✐♥ t♦t❛❧ ❡①♣♦rt ✈❛❧✉❡ ✵✳✵✽ ✵✳✵✹ ✵✳✵✸ ✵✳✵✹ ✵✳✵✺ ✵✳✵✸ ✵✳✶✷ ✵✳✵✸ ✵✳✵✹

❉❡st✐♥❛t✐♦♥ ❡♥tr② r❛t❡ ♦❢ ✐♥❝✉♠❜❡♥ts ✵✳✹✵ ✵✳✷✾ ✵✳✷✺ ✵✳✷✸ ✵✳✸✹ ✵✳✶✺ ✵✳✸✷ ✵✳✷✽ ✵✳✸✻

❉❡st✐♥❛t✐♦♥ ❡①✐t r❛t❡ ♦❢ ✐♥❝✉♠❜❡♥ts ✵✳✹✶ ✵✳✷✽ ✵✳✷✼ ✵✳✷✷ ✵✳✸✷ ✵✳✶✹ ✵✳✸✵ ✵✳✷✻ ✵✳✸✺

❉❡st✐♥❛t✐♦♥ ❡♥tr② r❛t❡ ♦❢ s✉r✈✐✈♦rs ✵✳✹✺ ✵✳✸✸ ✵✳✷✻ ✵✳✸✶ ✵✳✹✵ ✵✳✶✼ ✵✳✸✺ ✵✳✸✶ ✵✳✹✺

❉❡st✐♥❛t✐♦♥ s✉r✈✐✈❛❧ r❛t❡ ♦❢ ✷✲②❡❛r ✐♥❝✉♠❜❡♥ts ✵✳✸✺ ✵✳✹✹ ✵✳✸✼ ✵✳✹✻ ✵✳✹✼ ✵✳✹✹ ✵✳✹✵ ✵✳✹✸ ✵✳✸✾

❙❤❛r❡ ♦❢ ♥❡✇ ❞❡st✐♥❛t✐♦♥s ✐♥ ❚❊❱ ♦❢ s✉r✈✐✈♦rs ✵✳✹✷ ✵✳✷✾ ✵✳✷✷ ✵✳✷✻ ✵✳✸✸ ✵✳✶✹ ✵✳✷✽ ✵✳✷✺ ✵✳✹✷

❍❙✻ ♣r♦❞✉❝t ❡♥tr② r❛t❡ ♦❢ s✉r✈✐✈♦rs ✵✳✺✺ ✵✳✹✼ ✵✳✹✶ ✵✳✹✷ ✵✳✹✽ ✵✳✹✷ ✵✳✺✽ ✵✳✹✺ ✵✳✺✺

❙❤❛r❡ ♦❢ ♥❡✇ ♣r♦❞✉❝ts ✐♥ ❚❊❱ ♦❢ s✉r✈✐✈♦rs ✵✳✹✼ ✵✳✸✽ ✵✳✸✹ ✵✳✸✷ ✵✳✹✵ ✵✳✸✷ ✵✳✹✾ ✵✳✸✸ ✵✳✹✽

Pr♦❞✉❝t s✉r✈✐✈❛❧ r❛t❡ ♦❢ ✷✲②❡❛r ✐♥❝✉♠❜❡♥ts ✵✳✷✼ ✵✳✸✹ ✵✳✷✽ ✵✳✸✺ ✵✳✸✺ ✵✳✸✹ ✵✳✷✵ ✵✳✸✺ ✵✳✷✼

❚❤❡ ✜rst r♦✇ ❧✐sts t❤❡ ✸✲❧❡tt❡r ❝♦❞❡s ♦❢ t❤❡ r❡❧❡✈❛♥t ❝♦✉♥tr✐❡s✿ ❇✉r❦✐♥❛ ❋❛s♦✱ ❇✉❧❣❛r✐❛✱ ❊❣②♣t✱ ●✉❛t❡♠❛❧❛✱ ❏♦r❞❛♥✱ ▼❡①✐❝♦✱ ▼❛❧❛✇✐✱

P❡r✉✱ ❛♥❞ ❙❡♥❡❣❛❧✳ ❚❤❡ s❡❝♦♥❞ r❛✇ ❧✐sts t❤❡ s❛♠♣❧❡ ♣❡r✐♦❞ ♦❢ t❤❡ ❝✉st♦♠s ❞❛t❛ ❛✈❛✐❧❛❜❧❡ ❛♥❞ ✉s❡❞ ❢♦r ❡❛❝❤ ❝♦✉♥tr②✳ ❊❛❝❤ st❛t✐st✐❝

r❡♣r❡s❡♥t ❛♥♥✉❛❧ ❛✈❡r❛❣❡ ♦✈❡r t❤❡ s❛♠♣❧❡ ❞✉r❛t✐♦♥ ❢♦r ❡❛❝❤ ❝♦✉♥tr②✳ ❊①♣♦rt❡r ✐s ❛♥② ✜r♠ t❤❛t ❡①♣♦rts ✐♥ ②❡❛r t✳ ❊♥tr❛♥t ✐s ❛ ✜r♠

t❤❛t ❞♦❡s ♥♦t ❡①♣♦rt ✐♥ ②❡❛r t✲✶ ❜✉t ❡①♣♦rts ✐♥ ②❡❛r t✳ ❊①✐t❡r ✐s ❛ ✜r♠ t❤❛t ❡①♣♦rts ✐♥ ②❡❛r t ❜✉t ♥♦t ✐♥ t✰✶✳ ■♥❝✉♠❜❡♥t ✐s ❛ ✜r♠

t❤❛t ❡①♣♦rts ❜♦t❤ ✐♥ t✲✶ ❛♥❞ t✳ ❙✉r✈✐✈♦r ✐s ❛ ✜r♠ t❤❛t ❞♦❡s ♥♦t ❡①♣♦rt ✐♥ t✲✶ ❜✉t ❡①♣♦rts ✐♥ ❜♦t❤ t ❛♥❞ t✰✶✳ ■♥ ♦t❤❡r ✇♦r❞s✱

✐♥❝✉♠❜❡♥ts ✐♥ ♦♥❡ ②❡❛r ✐s t♦t❛❧ ✜r♠s ✐♥ ❧❛st ✭❡♥tr❛♥ts✰✐♥❝✉♠❜❡♥ts✮ ♠✐♥✉s ❡①✐ts ❢r♦♠ ❧❛st ②❡❛r✳ ●r♦✇t❤ ♦❢ ❡①♣♦rt ✈❛❧✉❡ ♣❡r

s✉r✈✐✈♦r ❂ ✭❧♥✭❡①♣♦rts ✈❛❧✉❡ ♦❢ ❛ s♣❡❝✐✜❝ s✉r✈✐✈♦r ✐♥ t✰✶✮ ✲ ❧♥✭❡①♣♦rts ✈❛❧✉❡ ♦❢ t❤❡ s❛♠❡ s✉r✈✐✈♦r ✐♥ t✮✮✳ ❋✐r♠ ❡♥tr② r❛t❡ ❂

♥✉♠❜❡r ♦❢ ❡♥tr❛♥ts ✴ ♥✉♠❜❡r ♦❢ ❡①♣♦rt❡rs✳ ❋✐r♠ ❡①✐t r❛t❡ ❂ ♥✉♠❜❡r ♦❢ ❡①✐t❡rs ✴ ♥✉♠❜❡r ♦❢ ❡①♣♦rt❡rs✳ ❋✐r♠ s✉r✈✐✈❛❧ r❛t❡ ❂ ♥✉♠❜❡r ♦❢

s✉r✈✐✈♦rs ✴ ♥✉♠❜❡r ♦❢ ❡♥tr❛♥ts✳ ❙❤❛r❡ ♦❢ ❡♥tr❛♥ts ✐♥ ❚❊❱ ❂ t♦t❛❧ ❡①♣♦rt ✈❛❧✉❡ ♦❢ ❡♥tr❛♥ts ✴ t♦t❛❧ ❡①♣♦rt ✈❛❧✉❡ ✐♥ t❤❛t ②❡❛r✳ ✪ ❙❤❛r❡

♦❢ ♥❡✇ ♣r♦❞✉❝ts ❂ ❡①♣♦rt ✈❛❧✉❡ ♦❢ ♥❡✇ ❍❙✻ ♣r♦❞✉❝ts ❡①♣♦rt❡❞ ❜② ❛ s♣❡❝✐✜❝ ✐♥❝✉♠❜❡♥t ✴ t♦t❛❧ ❡①♣♦rt ✈❛❧✉❡ ♦❢ t❤❡ s❛♠❡ ✐♥❝✉♠❜❡♥t✳

❉❡st✐♥❛t✐♦♥ ❡♥tr② r❛t❡ ♦❢ ✐♥❝✉♠❜❡♥t ❂ ♥✉♠❜❡r ♦❢ ❞❡st✐♥❛t✐♦♥s ♥♦t ❡①♣♦rt❡❞ ✐♥ t✲✶ ❜✉t ❡①♣♦rt❡❞ ✐♥ t ❜② ❛ s♣❡❝✐✜❝ ✐♥❝✉♠❜❡♥t ✴ ♥✉♠❜❡r

♦❢ ❛❧❧ ❞❡st✐♥❛t✐♦♥s ❡①♣♦rt❡❞ ❜② t❤❡ s❛♠❡ ✐♥❝✉♠❜❡♥t ✐♥ t✳ ❉❡st✐♥❛t✐♦♥ ❡♥tr② r❛t❡ ♦❢ s✉r✈✐✈♦rs ❂ ♥✉♠❜❡r ♦❢ ❞❡st✐♥❛t✐♦♥s ♥♦t ❡①♣♦rt❡❞

✐♥ t ❜✉t ❡①♣♦rt❡❞ ✐♥ t✰✶ ❜② ❛ s♣❡❝✐✜❝ s✉r✈✐✈♦r ✴ ♥✉♠❜❡r ♦❢ ❛❧❧ ❞❡st✐♥❛t✐♦♥s ❡①♣♦rt❡❞ ❜② t❤❡ s❛♠❡ s✉r✈✐✈♦r ✐♥ t✰✶✳ ✪ ❙❤❛r❡ ♦❢ ♥❡✇

❞❡st✐♥❛t✐♦♥s ✐♥ ❚❊❱ ♦❢ s✉r✈✐✈♦rs ❂ ✈❛❧✉❡ ♦❢ ♥❡✇ ❞❡st✐♥❛t✐♦♥s ❡①♣♦rt❡❞ ❜② ❛ s♣❡❝✐✜❝ s✉r✈✐✈♦r ✴ t♦t❛❧ ❡①♣♦rt ✈❛❧✉❡ ♦❢ t❤❡ s❛♠❡ s✉r✈✐✈♦r✳

✷✾



❚❛❜❧❡ ✷✿ ❚❤❡ ❡✛❡❝t ♦❢ ❡①t❡r♥❛❧✐t✐❡s ♦♥ ❡♥tr② ❛♥❞ ✐♥✐t✐❛❧ ❡①♣♦rts ♦❢ ❡①♣♦rt❡rs

Pr (Entereipdt) ln (veipdt)

✭✶✮ ✭✷✮ ✭✸✮ ✭✹✮ ✭✺✮ ✭✻✮

ln (nipd,t−1)×△ln (vipdt) 0.028a 0.024a 0.041a 0.034a 0.035a 0.052a

❬✵✳✵✵✼❪ ❬✵✳✵✵✵❪ ❬✵✳✵✵✵❪ ❬✵✳✵✵✵❪ ❬✵✳✵✵✵❪ ❬✵✳✵✵✸❪

△ln (vipdt) 0.423a 0.716a 0.601a 0.221a 0.262a 0.281a

❬✵✳✵✵✵❪ ❬✵✳✵✵✷❪ ❬✵✳✵✵✵❪ ❬✵✳✵✵✵❪ ❬✵✳✵✵✵❪ ❬✵✳✵✵✷❪

ln (nipd,t−1) 0.047a 0.039a 0.030a 0.012b 0.014a 0.017a

❬✵✳✵✵✾❪ ❬✵✳✵✵✵❪ ❬✵✳✵✵✵❪ ❬✵✳✵✹✵❪ ❬✵✳✵✵✵❪ ❬✵✳✵✵✺❪

ln (nept) 0.051b 0.113c 0.279c 0.152b 0.144c 0.148a

❬✵✳✵✸✹❪ ❬✵✳✵✻✺❪ ❬✵✳✵✺✶❪ ❬✵✳✵✹✷❪ ❬✵✳✵✺✸❪ ❬✵✳✵✵✵❪

ln (nedt) 0.093a 0.142b 0.142b 0.061a 0.064a 0.053a

❬✵✳✵✵✾❪ ❬✵✳✵✷✸❪ ❬✵✳✵✶✺❪ ❬✵✳✵✵✶❪ ❬✵✳✵✵✵❪ ❬✵✳✵✵✵❪

ln
(

ni
dt

)

0.011c 0.026c 0.018b 0.014a 0.020b 0.024b

❬✵✳✵✾✷❪ ❬✵✳✵✼✶❪ ❬✵✳✵✹✼❪ ❬✵✳✵✵✵❪ ❬✵✳✵✹✾❪ ❬✵✳✵✸✶❪

ln (zep) 0.115b 0.235b 0.136a 0.125a 0.131a 0.135a

❬✵✳✵✷✶❪ ❬✵✳✵✸✻❪ ❬✵✳✵✵✵❪ ❬✵✳✵✵✶❪ ❬✵✳✵✵✵❪ ❬✵✳✵✵✺❪

ln
(

n(−i)pd,t−1

)

×△ln
(

v(−i)pdt

)

0.041 0.025 −0.073 0.056 0.051 0.065

❬✵✳✶✹✷❪ ❬✵✳✻✸✶❪ ❬✵✳✶✵✷❪ ❬✵✳✷✶✽❪ ❬✵✳✸✹✽❪ ❬✵✳✶✶✹❪

origin− destination ❋❊ ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s

destination− year ❋❊ ❨❡s ❨❡s

origin− year ❋❊ ❨❡s ❨❡s

exporter − year ❋❊ ❨❡s ❨❡s

◆✉♠❜❡r ♦❢ ❖❜s❡r✈❛t✐♦♥s 4481195 4481195 4481195 1445864 1445864 1445864

◆♦t❡✿ t✲st❛t✐st✐❝s ❛r❡ ✐♥ ❜r❛❝❦❡ts✳ a✱ b✱ ❛♥❞ c r❡♣r❡s❡♥t st❛t✐st✐❝❛❧ s✐❣♥✐✜❝❛♥❝❡ ❧❡✈❡❧s ❛t t❤❡ ✶✱ ✺✱ ❛♥❞ ✶✵✪ ❧❡✈❡❧s✱

r❡s♣❡❝t✐✈❡❧②✳ ❆❧❧ ❝♦❡✣❝✐❡♥ts ❛r❡ ♠✉❧t✐♣❧✐❡❞ ❜② ✶✵✵✳ ❚❤❡ ♠❡❛♥ ♦❢ △ln
(

vipdt
)

✐s ✵✳✸✼✼✳ ❚❤❡ ♠❡❞✐❛♥ ♦❢
(

Entereipdt
)

✐s ✵✳✺✶✪✳ ❚❤❡ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ♦❢ ✐s ln
(

nipd,t−1

)

✶✳✶✳ nept ✐s t❤❡ ♥✉♠❜❡r ♦❢ ❞❡st✐♥❛t✐♦♥s t♦ ✇❤✐❝❤ ❡①♣♦rt❡r e

❡①♣♦rts ♣r♦❞✉❝t p✳ nedt ✐s t❤❡ ♥✉♠❜❡r ♦❢ ♣r♦❞✉❝ts t❤❛t ❡①♣♦rt❡r e ❡①♣♦rts t♦ ❞❡st✐♥❛t✐♦♥ d✳ ni
dt
✱ ✐s t❤❡ ♥✉♠❜❡r

♦❢ ✭♣r♦❞✉❝tÖ❡①♣♦rt❡r✮ ❝♦♠❜✐♥❛t✐♦♥s ❛❝t✐✈❡ ✐♥ t❤❡ ❜✐❧❛t❡r❛❧ tr❛❞❡ ❜❡t✇❡❡♥ ♦r✐❣✐♥ i ❛♥❞ ❞❡st✐♥❛t✐♦♥ d✳ zep ✐s t❤❡

s❤❛r❡ ♦❢ ♣r♦❞✉❝t p ✐♥ ❡①♣♦rt❡r e✬s ♦✈❡r❛❧❧ ❡①♣♦rt ✈❛❧✉❡s✳

✸✵



❚❛❜❧❡ ✸✿ ❚❤❡ ❡✛❡❝t ♦❢ ❡①t❡r♥❛❧✐t✐❡s ♦♥ s✉r✈✐✈❛❧ ❛♥❞ ❣r♦✇t❤ ♦❢ ❡①♣♦rt❡rs

Pr (Surviveeipdt) Pr (Groweipdt)

✭✶✮ ✭✷✮ ✭✸✮ ✭✹✮ ✭✺✮ ✭✻✮

ln (nipd,t−1)×△ln (vipdt) 0.033 0.024 0.067 0.213a 0.218b 0.412a

❬✵✳✸✸✷❪ ❬✵✳✹✹✵❪ ❬✵✳✶✶✷❪ ❬✵✳✵✵✵❪ ❬✵✳✵✸✾❪ ❬✵✳✵✵✵❪

△ln (vipdt) 0.427c 0.531b 0.342a 0.324a 0.023c 0.112a

❬✵✳✵✺✻❪ ❬✵✳✵✸✺❪ ❬✵✳✵✵✵❪ ❬✵✳✵✵✺❪ ❬✵✳✵✺✶❪ ❬✵✳✵✵✵❪

ln (nipd,t−1) 0.025 0.031 0.024 0.032a 0.041c 0.031a

❬✵✳✶✵✷❪ ❬✵✳✶✷✵❪ ❬✵✳✶✸✷❪ ❬✵✳✵✵✶❪ ❬✵✳✵✻✸❪ ❬✵✳✵✵✵❪

ln (nept) 0.091b 0.084c 0.063b 0.013c 0.047a 0.012b

❬✵✳✵✹✶❪ ❬✵✳✵✻✻❪ ❬✵✳✵✹✷❪ ❬✵✳✵✻✸❪ ❬✵✳✵✵✵❪ ❬✵✳✵✸✻❪

ln (nedt) 0.061c 0.069c 0.051c 0.144b 0.213c 0.048b

❬✵✳✵✻✸❪ ❬✵✳✵✺✽❪ ❬✵✳✵✼✷❪ ❬✵✳✵✹✶❪ ❬✵✳✵✺✶❪ ❬✵✳✵✷✶❪

ln
(

ni
dt

)

0.051a 0.043a 0.021a 0.128c 0.014a 0.035a

❬✵✳✵✵✸❪ ❬✵✳✵✵✵❪ ❬✵✳✵✵✵❪ ❬✵✳✵✺✷❪ ❬✵✳✵✵✵❪ ❬✵✳✵✵✵❪

ln (zep) 0.092b 0.071c 0.036c 0.237c 0.317b 0.047a

❬✵✳✵✹✺❪ ❬✵✳✵✺✶❪ ❬✵✳✵✼✷❪ ❬✵✳✵✹✾❪ ❬✵✳✵✹✺❪ ❬✵✳✵✵✵❪

ln
(

n(−i)pd,t−1

)

×△ln
(

v(−i)pdt

)

0.081 0.190 0.212 0.182 0.153 0.231

❬✵✳✺✸✷❪ ❬✵✳✶✸✶❪ ❬✵✳✷✷✹❪ ❬✵✳✷✽✶❪ ❬✵✳✷✵✸❪ ❬✵✳✷✷✾❪

origin− destination ❋❊ ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s

destination− year ❋❊ ❨❡s ❨❡s

origin− year ❋❊ ❨❡s ❨❡s

exporter − year ❋❊ ❨❡s ❨❡s

◆✉♠❜❡r ♦❢ ❖❜s❡r✈❛t✐♦♥s 1445864 1445864 1445864 623892 623892 623892

◆♦t❡✿ t✲st❛t✐st✐❝s ❛r❡ ✐♥ ❜r❛❝❦❡ts✳ a✱ b✱ ❛♥❞ c r❡♣r❡s❡♥t st❛t✐st✐❝❛❧ s✐❣♥✐✜❝❛♥❝❡ ❧❡✈❡❧s ❛t t❤❡ ✶✱ ✺✱ ❛♥❞ ✶✵✪ ❧❡✈❡❧s✱

r❡s♣❡❝t✐✈❡❧②✳ ❆❧❧ ❝♦❡✣❝✐❡♥ts ❛r❡ ♠✉❧t✐♣❧✐❡❞ ❜② ✶✵✵✳ ❚❤❡ ♠❡❛♥ ♦❢ △ln
(

vipdt
)

✐s ✵✳✸✼✼✳ ❚❤❡ ♠❡❞✐❛♥ ♦❢
(

Surviveeipdt
)

✐s ✵✳✸✾✪✳ ❚❤❡ ♠❡❞✐❛♥ ♦❢
(

Groweipdt

)

✐s ✵✳✸✼✪✳ ❚❤❡ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ♦❢ ✐s ln
(

nipd,t−1

)

✶✳✶✳ nept ✐s t❤❡ ♥✉♠❜❡r

♦❢ ❞❡st✐♥❛t✐♦♥s t♦ ✇❤✐❝❤ ❡①♣♦rt❡r e ❡①♣♦rts ♣r♦❞✉❝t p✳ nedt ✐s t❤❡ ♥✉♠❜❡r ♦❢ ♣r♦❞✉❝ts t❤❛t ❡①♣♦rt❡r e ❡①♣♦rts t♦

❞❡st✐♥❛t✐♦♥ d✳ ni
dt
✱ ✐s t❤❡ ♥✉♠❜❡r ♦❢ ✭♣r♦❞✉❝tÖ❡①♣♦rt❡r✮ ❝♦♠❜✐♥❛t✐♦♥s ❛❝t✐✈❡ ✐♥ t❤❡ ❜✐❧❛t❡r❛❧ tr❛❞❡ ❜❡t✇❡❡♥ ♦r✐❣✐♥ i

❛♥❞ ❞❡st✐♥❛t✐♦♥ d✳ zep ✐s t❤❡ s❤❛r❡ ♦❢ ♣r♦❞✉❝t p ✐♥ ❡①♣♦rt❡r e✬s ♦✈❡r❛❧❧ ❡①♣♦rt ✈❛❧✉❡s✳

✸✶



❚❛❜❧❡ ✹✿ ❘♦❜✉st♥❡ss ❝❤❡❝❦s

Pr (Entereipdt) ln (veipdt) Pr (Surviveeipdt) Pr (Groweipdt)

✭✶✮ ✭✷✮ ✭✸✮ ✭✹✮

ln (nipd,t−1)×△ln (vipdt) 0.040a 0.048a 0.042 0.325a

❬✵✳✵✵✵❪ ❬✵✳✵✵✶❪ ❬✵✳✷✸✺❪ ❬✵✳✵✵✵❪

△ln (vipdt) 0.598a 0.264a 0.291a 0.101a

❬✵✳✵✵✵❪ ❬✵✳✵✵✵❪ ❬✵✳✵✵✵❪ ❬✵✳✵✵✵❪

ln (nipd,t−1) 0.027a 0.014a 0.015 0.029a

❬✵✳✵✵✵❪ ❬✵✳✵✵✵❪ ❬✵✳✷✶✹❪ ❬✵✳✵✵✵❪

ln (nept) 0.284c 0.151a 0.052b 0.010b

❬✵✳✵✺✸❪ ❬✵✳✵✵✷❪ ❬✵✳✵✸✸❪ ❬✵✳✵✷✾❪

ln (nedt) 0.135b 0.049a 0.063c 0.031b

❬✵✳✵✶✷❪ ❬✵✳✵✵✶❪ ❬✵✳✵✺✺❪ ❬✵✳✵✶✼❪

ln
(

ni
dt

)

0.015b 0.031b 0.034a 0.033a

❬✵✳✵✸✺❪ ❬✵✳✵✷✾❪ ❬✵✳✵✵✵❪ ❬✵✳✵✵✵❪

ln (zep) 0.114a 0.127a 0.024b 0.041a

❬✵✳✵✵✵❪ ❬✵✳✵✵✵❪ ❬✵✳✵✹✷❪ ❬✵✳✵✵✵❪

ln
(

n(−i)pd,t−1

)

×△ln
(

v(−i)pdt

)

0.071 0.036 0.204 0.222

❬✵✳✶✶✶❪ ❬✵✳✶✺✻❪ ❬✵✳✸✶✺❪ ❬✵✳✶✾✽❪

BRCAi
p 0.00003 0.000028 0.000034 0.000029

❬✵✳✹✶✺❪ ❬✵✳✶✵✾❪ ❬✵✳✶✷✼❪ ❬✵✳✷✶✽❪

origin− destination ❋❊ ❨❡s ❨❡s ❨❡s ❨❡s

exporter − year ❋❊ ❨❡s ❨❡s ❨❡s ❨❡s

◆✉♠❜❡r ♦❢ ❖❜s❡r✈❛t✐♦♥s 4481195 1445864 1445864 623892

◆♦t❡✿ t✲st❛t✐st✐❝s ❛r❡ ✐♥ ❜r❛❝❦❡ts✳ a✱ b✱ ❛♥❞ c r❡♣r❡s❡♥t st❛t✐st✐❝❛❧ s✐❣♥✐✜❝❛♥❝❡ ❧❡✈❡❧s ❛t t❤❡ ✶✱ ✺✱ ❛♥❞ ✶✵✪ ❧❡✈❡❧s✱ r❡s♣❡❝t✐✈❡❧②✳ ❆❧❧

❝♦❡✣❝✐❡♥ts ❛r❡ ♠✉❧t✐♣❧✐❡❞ ❜② ✶✵✵✳ ❚❤❡ ♠❡❛♥ ♦❢ △ln
(

vipdt
)

✐s ✵✳✸✼✼✳ ❚❤❡ ♠❡❞✐❛♥ ♦❢
(

Surviveeipdt
)

✐s ✵✳✸✾✪✳ ❚❤❡ ♠❡❞✐❛♥ ♦❢

(

Groweipdt

)

✐s ✵✳✸✼✪✳ ❚❤❡ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ♦❢ ✐s ln
(

nipd,t−1

)

✶✳✶✳ nept ✐s t❤❡ ♥✉♠❜❡r ♦❢ ❞❡st✐♥❛t✐♦♥s t♦ ✇❤✐❝❤ ❡①♣♦rt❡r e

❡①♣♦rts ♣r♦❞✉❝t p✳ nedt ✐s t❤❡ ♥✉♠❜❡r ♦❢ ♣r♦❞✉❝ts t❤❛t ❡①♣♦rt❡r e ❡①♣♦rts t♦ ❞❡st✐♥❛t✐♦♥ d✳ ni
dt
✱ ✐s t❤❡ ♥✉♠❜❡r ♦❢ ✭♣r♦❞✉❝tÖ

❡①♣♦rt❡r✮ ❝♦♠❜✐♥❛t✐♦♥s ❛❝t✐✈❡ ✐♥ t❤❡ ❜✐❧❛t❡r❛❧ tr❛❞❡ ❜❡t✇❡❡♥ ♦r✐❣✐♥ i ❛♥❞ ❞❡st✐♥❛t✐♦♥ d✳ zep ✐s t❤❡ s❤❛r❡ ♦❢ ♣r♦❞✉❝t p ✐♥ ❡①♣♦rt❡r

e✬s ♦✈❡r❛❧❧ ❡①♣♦rt ✈❛❧✉❡s✳ BRCAi
p ✐s ❇❛❧❛ss❛✬s r❡✈❡❛❧❡❞ ❝♦♠♣❛r❛t✐✈❡ ❛❞✈❛♥t❛❣❡ ✐♥❞❡① ❢♦r ♣r♦❞✉❝t p ❢r♦♠ ♦r✐❣✐♥ i✳
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❚❤✐s ❛rt✐❝❧❡ ❞♦❡s ♥♦t ❝♦♥t❛✐♥ ❛♥② st✉❞✐❡s ✇✐t❤ ❤✉♠❛♥ ♣❛rt✐❝✐♣❛♥ts ♦r ❛♥✐♠❛❧s ♣❡r❢♦r♠❡❞ ❜② t❤❡

❛✉t❤♦r✳
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