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▼❛② ✷✸✱ ✷✵✶✼

❆❜str❛❝t

❆t t❤❡ s❡tt❧❡♠❡♥t t✐♠❡ ♦❢ t❤❡ ❱■❳ ❱♦❧❛t✐❧✐t② ■♥❞❡①✱ ✈♦❧✉♠❡ s♣✐❦❡s ♦♥ ❙✫P ✺✵✵ ■♥✲

❞❡① ✭❙P❳✮ ♦♣t✐♦♥s✱ ❜✉t ♦♥❧② ✐♥ ♦✉t✲♦❢✲t❤❡✲♠♦♥❡② ♦♣t✐♦♥s t❤❛t ❛r❡ ✉s❡❞ t♦ ❝❛❧❝✉❧❛t❡

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

❲❡ ✐♥✈❡st✐❣❛t❡ ❛❧t❡r♥❛t✐✈❡ ❡①♣❧❛♥❛t✐♦♥s ♦❢ ❤❡❞❣✐♥❣ ❛♥❞ ❝♦♦r❞✐♥❛t❡❞ ❧✐q✉✐❞✐t② tr❛❞✐♥❣✳

❚❡sts ✐♥❝❧✉❞✐♥❣ t❤♦s❡ ✉t✐❧✐③✐♥❣ ❞✐✛❡r❡♥❝❡s ✐♥ ♣✉t ❛♥❞ ❝❛❧❧ ♦♣t✐♦♥s✱ ♦♣❡♥ ✐♥t❡r❡st ❛r♦✉♥❞

t❤❡ s❡tt❧❡♠❡♥t✱ ❛♥❞ ❛ s✐♠✐❧❛r ✈♦❧❛t✐❧✐t② ❝♦♥tr❛❝t ✇✐t❤ ❛♥ ❡♥t✐r❡❧② ❞✐✛❡r❡♥t s❡tt❧❡♠❡♥t

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

❦❡t ♠❛♥✐♣✉❧❛t✐♦♥✳ ▲❛r❣❡ tr❛♥s✐❡♥t ❞❡✈✐❛t✐♦♥s ✐♥ ♣r✐❝❡s ❞❡♠♦♥str❛t❡ t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢

s❡tt❧❡♠❡♥t ❞❡s✐❣♥✳

✯❍❡❧♣❢✉❧ ❝♦♠♠❡♥ts ✇❡r❡ r❡❝❡✐✈❡❞ ❢r♦♠ ❍❛ss❛♥ ❆❢r♦✉③✐✱ ●✉r❞✐♣ ❇❛❦s❤✐✱ ❘♦❜❡rt ❇❛tt❛❧✐♦✱ ❙❤❛♥❡ ❈♦r✇✐♥✱
▼❛rt✐❥♥ ❈r❡♠❡rs✱ ❆♥❞r❡s ❉♦♥❛♥❣❡❧♦✱ ▼✐❝❤❛❡❧ ❏♦❤❛♥♥❡s✱ ❆❞❛♠ ❏♦❤♥s♦♥✱ ❆♥❞r❡✇ ❑❛r♦❧②✐✱ ❙❛♠ ❑r✉❣❡r✱ ●♦♥✲
③❛❧♦ ▼❛t✉r❛♥❛✱ ❉♠✐tr✐② ▼✉r❛✈②❡✈✱ ❊❤✉❞ ❘♦♥♥✱ ❆❧❡ss✐♦ ❙❛r❡tt♦✱ P❛✉❧ ❙❝❤✉❧t③✱ ❆♠✐t ❙❡r✉✱ ❛♥♦♥②♠♦✉s ♦♣t✐♦♥
tr❛❞❡rs✱ ❛♥❞ s❡♠✐♥❛r ♣❛rt✐❝✐♣❛♥ts ❛t ❋❧♦r✐❞❛ ❙t❛t❡ ❯♥✐✈❡rs✐t② ❙✉♥tr✉st ❇❡❛❝❤ ❈♦♥❢❡r❡♥❝❡✱ ❙❋❙ ❈❛✈❛❧❝❛❞❡
❈♦♥❢❡r❡♥❝❡✱ t❤❡ ❯♥✐✈❡rs✐t② ♦❢ ❇r✐st♦❧✱ ❯♥✐✈❡rs✐t② ♦❢ ◆♦tr❡ ❉❛♠❡✱ ❯♥✐✈❡rs✐t② ♦❢ ❚❡①❛s✲❆✉st✐♥✱ ❯♥✐✈❡rs✐t② ♦❢
❚❡①❛s✲❙❛♥ ❆♥t♦♥✐♦✱ ❛♥❞ ❯♥✐✈❡rs✐t② ♦❢ ❲❛r✇✐❝❦✳ ■♥t❡❣r❛ ❋❊❈ ❛♥❞ ❘❊❈ ▲▲❈ ♣✉r❝❤❛s❡❞ ❞❛t❛ ❛♥❞ ♣r♦✈✐❞❡❞
r❡s❡❛r❝❤ ❛ss✐st❛♥t s✉♣♣♦rt ❢♦r t❤❡ ♣r♦❥❡❝t✳ ●r✐✣♥ ✐s ❛♥ ♦✇♥❡r ♦❢ ■♥t❡❣r❛ ❋❊❈ ❛♥❞ ■♥t❡❣r❛ ❘❊❈✱ ❜♦t❤ ♦❢
✇❤✐❝❤ ❡♥❣❛❣❡ ✐♥ ✜♥❛♥❝✐❛❧ ❝♦♥s✉❧t✐♥❣ ♦♥ ❛ ✈❛r✐❡t② ♦❢ ✐ss✉❡s✳ ❲❡ t❤❛♥❦ ❈❤✐r❛❣ ❆❣r❛✇❛❧✱ ❚✐❛♥❥✐❛♦ ❩❤✉✱ ❛♥❞
❡s♣❡❝✐❛❧❧② ❚✐♥ ❉✐♥❤ ❢♦r ❡①❝❡❧❧❡♥t r❡s❡❛r❝❤ ❛ss✐st❛♥❝❡✳ ●r✐✣♥ ❝❛♥ ❜❡ r❡❛❝❤❡❞ ❛t ❥♦❤♥✳❣r✐✣♥❅✉t❡①❛s✳❡❞✉✱ ❛♥❞
❙❤❛♠s ❛t s❤❛♠s❅✉t❡①❛s✳❡❞✉✳



❋❛✐r ❛♥❞ ❛❝❝✉r❛t❡ ♠❛r❦❡t ♣r✐❝❡s ❛r❡ ❢✉♥❞❛♠❡♥t❛❧ ❜✉✐❧❞✐♥❣ ❜❧♦❝❦s ❢♦r ❡✣❝✐❡♥t ❝❛♣✐t❛❧ ♠❛r❦❡ts✳

❨❡t✱ ♠❛r❦❡t ♣❛rt✐❝✐♣❛♥ts ❤❛✈❡ s✉❜st❛♥t✐❛❧ ✐♥❝❡♥t✐✈❡s t♦ ♠❛♥✐♣✉❧❛t❡ t❤❡s❡ ✈❡r② s❛♠❡ ✜♥❛♥❝✐❛❧

♣r✐❝❡s ♦♥ ✇❤✐❝❤ ♦✉r ❡❝♦♥♦♠✐❝ s②st❡♠ r❡❧✐❡s✳ ❋♦rt✉♥❛t❡❧②✱ ♠❛r❦❡t ♠❛♥✐♣✉❧❛t✐♦♥ ✐s q✉✐t❡

❞✐✣❝✉❧t✳ ❋✐rst✱ ✐❢ ♣r✐❝❡s ♠♦✈❡ ❛✇❛② ❢r♦♠ ❢✉♥❞❛♠❡♥t❛❧s✱ ♦t❤❡r tr❛❞❡rs ❤❛✈❡ ❛♥ ❡❝♦♥♦♠✐❝

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

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

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

♠❛♥✐♣✉❧❛t✐♦♥✱ t❤❡ ❡①♣❡❝t❡❞ ❜❡♥❡✜t ♠✉st ❜❡ ❣r❡❛t❡r t❤❛♥ t❤❡ ❡①♣❡❝t❡❞ ♣❡♥❛❧t② ❝♦sts ❬❇❡❝❦❡r

✭✶✾✻✽✮ ❛♥❞ ❊❤r❧✐❝❤ ✭✶✾✼✸✮❪✳ ❈♦♥s✐❞❡r✐♥❣ t❤❡s❡ ❧✐♥❡s ♦❢ ❞❡❢❡♥s❡✱ s❡❝✉r✐t② ♠❛♥✐♣✉❧❛t✐♦♥ s❤♦✉❧❞

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

◆❡✈❡rt❤❡❧❡ss✱ t❤❡r❡ ❤❛s r❡❝❡♥t❧② ❜❡❡♥ ❛ ✢✉rr② ♦❢ ♦st❡♥s✐❜❧❡ ♠❛♥✐♣✉❧❛t✐♦♥✱ ♠♦st ♥♦t♦r✐✲

♦✉s❧② ✐♥ ▲■❇❖❘ ❛♥❞ ❋❳✱ ❜✉t ❛❧s♦ ❛❧❧❡❣❛t✐♦♥s ✐♥ ❣♦❧❞✱ s✐❧✈❡r✱ ❛♥❞ ♦✐❧✳✷ ❆❧t❤♦✉❣❤ t❤❡ ❡✈❡♥ts

❤❛✈❡ ❛ttr❛❝t❡❞ ♠✉❝❤ ❛tt❡♥t✐♦♥ ✐♥ t❤❡ ♣r❡ss✱ t❤❡r❡ ❤❛s ❜❡❡♥ r❡❧❛t✐✈❡❧② ❧✐tt❧❡ ❡♠♣✐r✐❝❛❧ ❛❝❛✲

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

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

♠❛r❦ ♣r✐❝❡s s❡t ✐♥ t❤❡ ♦♣❡♥ ♠❛r❦❡t✳ ❆s ♣❛rt ♦❢ t❤❡ ❝♦♠♠✐tt❡❡ t♦ ❡①❛♠✐♥❡ ❛ ♥❡✇ ▲■❇❖❘

❜❡♥❝❤♠❛r❦✐♥❣ ♣r♦❝❡ss✱ ❉✉✣❡ ❛♥❞ ❙t❡✐♥ ✭✷✵✶✺✮ ❡♠❜r❛❝❡ t❤❡ ✉s❡ ♦❢ ♦♣❡♥ ♠❛r❦❡t ♣r✐❝❡s✱ ②❡t

t❤❡② ❛❧s♦ ♥♦t❡ t❤❛t t❤✐s ♠❛② ♥♦t ❢✉❧❧② ❡❧✐♠✐♥❛t❡ t❤❡ ♣♦t❡♥t✐❛❧ ❢♦r ♠❛♥✐♣✉❧❛t✐♦♥✳ ❲❡ ❡①❛♠✐♥❡

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

❜② ❑✉♠❛r ❛♥❞ ❙❡♣♣✐ ✭✶✾✾✷✮ ❛♥❞ ❙♣❛tt ✭✷✵✶✹✮✱ ✇❡ ❢♦❝✉s ♦♥ ❛ ♠❛r❦❡t ✇✐t❤ ❢❡❛t✉r❡s t❤❛t

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

❡❧❛st✐❝✐t✐❡s✱ ❝❛s❤ s❡tt❧❡♠❡♥t✱ ❛♥❞ ❛ ✜♥✐t❡ ✇✐♥❞♦✇ t♦ ♠❛♥✐♣✉❧❛t❡✳ ❚❤❡ ❱■❳ s❡tt✐♥❣ ✐s ♦♥❡

✶❆❣❣❛r✇❛❧ ❛♥❞ ❲✉ ✭✷✵✵✻✮ ❡①❛♠✐♥❡ t❤❡ ❤✐st♦r② ♦❢ t❤❡ ❯✳❙✳ ❙❊❈ ♠❛♥✐♣✉❧❛t✐♦♥ ❝❛s❡s ❢r♦♠ ✶✾✾✵ t♦ ✷✵✵✶ ❛♥❞
✜♥❞ t❤❛t ♠♦st ♦❝❝✉r ✐♥ s♠❛❧❧ ❛♥❞ ✐❧❧✐q✉✐❞ st♦❝❦s✳ ❯♥t✐❧ r❡❝❡♥t❧②✱ t❤❡ ❡①t❡♥t ♦❢ ❛❧❧❡❣❡❞ ♠❛♥✐♣✉❧❛t✐♦♥ ✐♥
t❤❡ ♣r❡ss ❛♥❞ ❝♦✉rt ❝❛s❡s s❡❡♠s ♣❛❧tr② ❝♦♠♣❛r❡❞ t♦ t❤❡ t♦t❛❧ tr❛❞✐♥❣ ❛❝t✐✈✐t② ✐♥ ❜♦♥❞s✱ ❡q✉✐t✐❡s✱ ❢♦r❡✐❣♥
❡①❝❤❛♥❣❡✱ ❢✉t✉r❡s✱ ♦♣t✐♦♥s✱ ❛♥❞ ♦t❤❡r ❞❡r✐✈❛t✐✈❡s✳ ▼❛♥✐♣✉❧❛t✐♦♥ ✐♥ ❡♠❡r❣✐♥❣ ♠❛r❦❡ts ♠❛② ❜❡ ♠♦r❡ ❝♦♠♠♦♥✳
❋♦r ❡①❛♠♣❧❡✱ ❑❤✇❛❥❛ ❛♥❞ ▼✐❛♥ ✭✷✵✵✺✮ ❞♦❝✉♠❡♥t t❤❛t ❛r♦✉♥❞ ❤❛❧❢ ♦❢ ♠❛r❦❡t ♠❛❦❡r ♣r♦✜ts ✐♥ P❛❦✐st❛♥ ❛r✐s❡
❢r♦♠ ♠❛♥✐♣✉❧❛t✐✈❡ ❵♣✉♠♣ ❛♥❞ ❞✉♠♣✬ ❛❝t✐✈✐t✐❡s✳

✷▲✐❜♦r ♠❛♥✐♣✉❧❛t✐♦♥ ✇❛s ✜rst r❡♣♦rt❡❞ ❜② ▼♦❧❧❡♥❦❛♠♣ ❛♥❞ ❲❤✐t❡❤♦✉s❡ ✭✷✵✵✽✮ ❛♥❞ ❧❛t❡r ❡①❛♠✐♥❡❞ ❜②
❆❜r❛♥t❡s✲▼❡t③✱ ❑r❛t❡♥✱ ▼❡t③✱ ❛♥❞ ❙❡♦✇ ✭✷✵✶✷✮ ❛♥❞ ●❛♥❞❤✐✱ ●♦❧❡③✱ ❏❛❝❦✇❡rt❤✱ ❛♥❞ P❧❛③③✐ ✭✷✵✶✺✮✳ ❱❛✉❣❤❛♥
❛♥❞ ❋✐♥❝❤ ✭✷✵✶✸✮ r❡♣♦rt ❛ ❣♦✈❡r♥♠❡♥t ✐♥✈❡st✐❣❛t✐♦♥ ♦❢ ❋❳ ♠❛♥✐♣✉❧❛t✐♦♥✳ ❉❡♥✐♥❛ ❛♥❞ ❍❛r✈❡② ✭✷✵✶✹✮ r❡♣♦rt
❛❧❧❡❣❛t✐♦♥s ♦❢ ♠❛♥✐♣✉❧❛t✐♦♥ ✐♥ ❣♦❧❞✱ ❇❡♥♦✐t ✭✷✵✶✵✮ ✐♥ s✐❧✈❡r✱ ❛♥❞ ●♦s❞❡♥ ✭✷✵✶✸✮ ❛♥❞ ▼✐❧❤❡♥❝❤ ✭✷✵✶✸✮ ✐♥ ♦✐❧✳

✶



✇✐t❤ t✇♦ ♠❛r❦❡ts ✇✐t❤ ❞✐✛❡r❡♥t ❧✐q✉✐❞✐t✐❡s ❛♥❞ tr❛♥s❛❝t✐♦♥s ❝♦sts✿ ❙P❳ ♦♣t✐♦♥s ♠❛r❦❡t ✇✐t❤

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

❧✐q✉✐❞ ❱■❳ ❞❡r✐✈❛t✐✈❡ ♠❛r❦❡t t✐❡❞ t♦ ✐t t❤❛t tr❛♥s❧❛t❡s s✉❝❤ ❞❡✈✐❛t✐♦♥s ✐♥t♦ ❛ s✐③❛❜❧❡ ♣♦t❡♥✲

t✐❛❧ ♣❛②♦✛✳ ❚❤r♦✉❣❤♦✉t t❤❡ ♣❛♣❡r ✇❡ r❡❢❡r t♦ t❤❡ ❙P❳ ❝♦♥tr❛❝ts ❛s ✬❧♦✇❡r✲❧❡✈❡❧✬ ❝♦♥tr❛❝ts

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

♦❢ t❤❡ ❱■❳✱ t❤r♦✉❣❤ ✇❤✐❝❤ t❤❡ ✬✉♣♣❡r✲❧❡✈❡❧✬ ❱■❳ ❢✉t✉r❡s ❛♥❞ ♦♣t✐♦♥s ✈❛❧✉❡s ❛r❡ ✉❧t✐♠❛t❡❧②

❞❡t❡r♠✐♥❡❞ ❛t t❤❡ s❡tt❧❡♠❡♥t✳✸

❚❤❡ ❈❤✐❝❛❣♦ ❇♦❛r❞ ❖♣t✐♦♥s ❊①❝❤❛♥❣❡ ✭❈❇❖❊✮ ❱♦❧❛t✐❧✐t② ■♥❞❡① ✭❱■❳✮ ✐s ❛ ✇✐❞❡❧② tr❛❝❦❡❞

✐♥❞❡① t❤❛t ❣❛✉❣❡s t❤❡ ✸✵✲❞❛② ✐♠♣❧✐❡❞ ✈♦❧❛t✐❧✐t② ♦❢ t❤❡ ♠❛r❦❡t✱ ♦❢t❡♥ r❡❢❡rr❡❞ t♦ ❛s ❛ ♠❛r❦❡t

❵❢❡❛r✲❣❛✉❣❡✬✳ ❆♥❞❡rs♦♥✱ ❇♦♥❞❛r❡♥❦♦✱ ❛♥❞ ●♦♥③❛❧❡③✲P❡r❡③ ✭✷✵✶✺✮ ❞❡♠♦♥str❛t❡ t❤❛t t❤❡ ❱■❳

✐♥❞❡① ❝❛♥ ❡①❤✐❜✐t ❞❡✈✐❛t✐♦♥s ❢r♦♠ tr✉❡ ✈♦❧❛t✐❧✐t② ❞✉❡ t♦ t❤❡ ✐♥❝❧✉s✐♦♥ ❝r✐t❡r✐❛ ♦❢ ✐❧❧✐q✉✐❞

♦♣t✐♦♥s✳ ❋✉t✉r❡s ❛♥❞ ♦♣t✐♦♥s ♦♥ t❤❡ ❱■❳ ❤❛✈❡ ❛ r❡❧❛t✐✈❡❧② ❧❛r❣❡ ✈♦❧✉♠❡✳ ❊✈❡r② ♠♦♥t❤✱ ❛

s❡tt❧❡♠❡♥t ♦❝❝✉rs ✇❤❡r❡ t❤❡ ✈❛❧✉❡ ♦❢ ♠♦♥t❤❧② ❱■❳ ❞❡r✐✈❛t✐✈❡s ✐s s❡t ❡q✉❛❧ t♦ t❤❡ ❱■❳ ✈❛❧✉❡

❝❛❧❝✉❧❛t❡❞ ❢r♦♠ ❙P❳ ♦♣t✐♦♥s✳ ❚❤✐s s❡tt❧❡♠❡♥t ✈❛❧✉❡ ✐s ❝❛❧❝✉❧❛t❡❞ ❢r♦♠ ❛ ✇✐❞❡ r❛♥❣❡ ♦❢ ♦✉t✲

♦❢✲t❤❡✲♠♦♥❡② ✭❖❚▼✮ ❙P❳ ♣✉t ❛♥❞ ❝❛❧❧ ♦♣t✐♦♥s ✇✐t❤ ✈❛r✐♦✉s ❡①❡r❝✐s❡ ♣r✐❝❡s✳ ❆ ♠❛♥✐♣✉❧❛t♦r

✇♦✉❧❞ ♥❡❡❞ t♦ ♠♦✈❡ t❤❡ ♣r✐❝❡s ♦❢ t❤❡s❡ ❧♦✇❡r✲❧❡✈❡❧ ❖❚▼ ❙P❳ ♦♣t✐♦♥s ❛t s❡tt❧❡♠❡♥t t♦

✐♥✢✉❡♥❝❡ t❤❡ ✈❛❧✉❡ ♦❢ ❡①♣✐r✐♥❣ ✉♣♣❡r✲❧❡✈❡❧ ❱■❳ ❞❡r✐✈❛t✐✈❡s✳ ❇✉t✱ ♠❛♥✐♣✉❧❛t♦rs ❝♦✉❧❞ ❧❡❛✈❡

♣r✐♥ts ✐♥ t❤❡ ❞❛t❛✳

❙❡✈❡r❛❧ ✐♥t❡r❡st✐♥❣ ❞❛t❛ ♣❛tt❡r♥s ❡♠❡r❣❡✳ ❋✐rst✱ ❛t t❤❡ ❡①❛❝t t✐♠❡ ♦❢ ♠♦♥t❤❧② ❱■❳ s❡t✲

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

✉♥❞❡r❧②✐♥❣ ❙P❳ ♦♣t✐♦♥s✳ ❙❡❝♦♥❞✱ t❤❡ s♣✐❦❡ ♦❝❝✉rs ♦♥❧② ✐♥ t❤❡ ❖❚▼ ❙P❳ ♦♣t✐♦♥s t❤❛t ❛r❡

✐♥❝❧✉❞❡❞ ✐♥ t❤❡ ❱■❳ s❡tt❧❡♠❡♥t ❝❛❧❝✉❧❛t✐♦♥ ❛♥❞ ♥♦t ✐♥ t❤❡ ❡①❝❧✉❞❡❞ ✐♥✲t❤❡✲♠♦♥❡② ✭■❚▼✮

❙P❳ ♦♣t✐♦♥s✳ ❚❤✐r❞✱ t❤❡r❡ ✐s ♥♦ s♣✐❦❡ ✐♥ ✈♦❧✉♠❡ ❢♦r t❤❡ s✐♠✐❧❛r ❙✫P ✶✵✵ ■♥❞❡① ✭❖❊❳✮ ♦r

❙P❉❘ ❙✫P ✺✵✵ ❊❚❋ ✭❙P❨✮ ♦♣t✐♦♥s t❤❛t ❛r❡ ✉♥❝♦♥♥❡❝t❡❞ t♦ ✈♦❧❛t✐❧✐t② ✐♥❞❡① ❞❡r✐✈❛t✐✈❡s✳

❋♦✉rt❤✱ ✐❢ tr❛❞❡rs s♦✉❣❤t t♦ ♠❛♥✐♣✉❧❛t❡ t❤❡ ❱■❳ s❡tt❧❡♠❡♥t✱ t❤❡② ✇♦✉❧❞ ✇❛♥t t♦ ♠♦✈❡ t❤❡

♣r✐❝❡s ❜② ♦♣t✐♠❛❧❧② s♣r❡❛❞✐♥❣ t❤❡✐r tr❛❞❡s ❛❝r♦ss t❤❡ ❙P❳ str✐❦❡s ❛♥❞ ✐♥❝r❡❛s✐♥❣ t❤❡ ♥✉♠❜❡r

✸❚❤❡ ❝♦♥♥❡❝t✐♦♥ ❛♥❞ t✐♠✐♥❣ ❜❡t✇❡❡♥ ❝♦♥tr❛❝ts ❛r❡ s❤♦✇♥ ❣r❛♣❤✐❝❛❧❧② ✐♥ ■♥t❡r♥❡t ❆♣♣❡♥❞✐① ❋✐❣✉r❡ ■❆✳✶✳
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♦❢ tr❛❞❡s ✐♥ t❤❡ ❞❡❡♣ ❖❚▼ ♣✉t ♦♣t✐♦♥s ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ❱■❳ ❢♦r♠✉❧❛✳ ❚r❛❞✐♥❣ ✈♦❧✉♠❡

❛t s❡tt❧❡♠❡♥t ❢♦❧❧♦✇s t❤✐s ♣❛tt❡r♥✱ ✇❤❡r❡❛s ♥♦r♠❛❧❧② ❞❡❡♣ ❖❚▼ ♦♣t✐♦♥s ❛r❡ r❛r❡❧② tr❛❞❡❞✳

❋✐❢t❤✱ t❤❡r❡ ❛r❡ ❝❡rt❛✐♥ ♦♣t✐♦♥s t❤❛t ❤❛✈❡ ❞✐s❝♦♥t✐♥✉♦✉s❧② ❤✐❣❤❡r ✇❡✐❣❤t ✐♥ t❤❡ ❱■❳ ❢♦r♠✉❧❛

❜✉t ❛r❡ ♦t❤❡r✇✐s❡ ✈❡r② s✐♠✐❧❛r t♦ ♦t❤❡r ♦♣t✐♦♥s✳ ❚❤❡s❡ ♦♣t✐♦♥s ❡①❤✐❜✐t ❥✉♠♣s ✐♥ tr❛❞✐♥❣

✈♦❧✉♠❡ ❛t s❡tt❧❡♠❡♥t t❤❛t ❛r❡ ♥♦t ♣r❡s❡♥t ❛t ♥♦r♠❛❧ t✐♠❡s✳

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

t❤❡s❡ ♣❛tt❡r♥s✳ ❚❤❡ ✐♥❝r❡❛s❡ ✐♥ tr❛❞✐♥❣ ✈♦❧✉♠❡ ♦❢ ♥♦r♠❛❧❧② ✐❧❧✐q✉✐❞ ❞❡❡♣ ❖❚▼ ♣✉t ♦♣t✐♦♥s

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

❝r❡❛t❡❞ ❜② t❤❡ s♣❡❝✐❛❧ s❡tt❧❡♠❡♥t ❛s ❛ ❝♦♦r❞✐♥❛t✐♦♥ ❞❡✈✐❝❡✳ ❍♦✇❡✈❡r✱ ❖❚▼ ❝❛❧❧ ♦♣t✐♦♥s ❛r❡

❛❧s♦ ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ s♣❡❝✐❛❧ s❡tt❧❡♠❡♥t ♣r♦❝❡❞✉r❡✱ ❜✉t ❡♠♣✐r✐❝❛❧ t❡sts s❤♦✇ t❤❛t ❖❚▼ ❝❛❧❧s

s❡❡ ❧♦✇❡r✱ ♥♦t ❤✐❣❤❡r ✈♦❧✉♠❡ ❛t s❡tt❧❡♠❡♥t ❛s t❤❡② ❜❡❝♦♠❡ ♠♦r❡ ❖❚▼✳ ❚❤✐s ✐s ✐♥❝♦♥s✐st❡♥t

✇✐t❤ t❤❡ ♣❡♥t✲✉♣ ❧✐q✉✐❞✐t② ❤②♣♦t❤❡s✐s ❜✉t ❝♦♥s✐st❡♥t ✇✐t❤ tr❛❞❡rs str❛t❡❣✐❝❛❧❧② ❢♦❧❧♦✇✐♥❣ t❤❡

❱■❳ s❡tt❧❡♠❡♥t ❢♦r♠✉❧❛ ✇❤✐❝❤ ❣✐✈❡s ❞❡❡♣❡r ❖❚▼ ❝❛❧❧s ❧❡ss ✇❡✐❣❤t✳ ❆♥ ❛❧t❡r♥❛t✐✈❡ ✈❡rs✐♦♥ ♦❢

t❤❡ ❧✐q✉✐❞✐t② ❤②♣♦t❤❡s✐s ✐s t❤❛t ♣r❡✲s❡tt❧❡♠❡♥t ❧✐q✉✐❞✐t② ♠❛② ✐♥st❡❛❞ ❜❡ ♣♦s✐t✐✈❡❧② ❝♦rr❡❧❛t❡❞

✇✐t❤ tr❛❞✐♥❣ ❞❡♠❛♥❞ ❛t s❡tt❧❡♠❡♥t✳ ❍♦✇❡✈❡r✱ t❤✐s ❛❧t❡r♥❛t✐✈❡ ✐s ✐♥❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ✐♥✈❡rs❡

r❡❧❛t✐♦♥ ❜❡t✇❡❡♥ ♣r❡✲s❡tt❧❡♠❡♥t ❧✐q✉✐❞✐t② ❛♥❞ s❡tt❧❡♠❡♥t ✈♦❧✉♠❡ ❢♦r ♣✉t ♦♣t✐♦♥s✳ ▼♦r❡♦✈❡r✱

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

✐♥❝♦♥s✐st❡♥t ✇✐t❤ ❧✐q✉✐❞✐t② ❡①♣❧❛♥❛t✐♦♥s✱ s✐♥❝❡ ♣r❡✲s❡tt❧❡♠❡♥t ❧✐q✉✐❞✐t② ♦❢ t❤❡ ♦♣t✐♦♥s ❛r❡

❝♦♥t✐♥✉♦✉s ❛r♦✉♥❞ t❤❡ t❤r❡s❤♦❧❞✳

❚♦ ❢✉rt❤❡r ✐♥✈❡st✐❣❛t❡ t❤❡ ❧✐q✉✐❞✐t② ❛♥❞ ♠❛♥✐♣✉❧❛t✐♦♥ ❤②♣♦t❤❡s❡s✱ ✇❡ ❣❛t❤❡r ❞❛t❛ ❢r♦♠

t❤❡ ❊✉r♦♣❡❛♥ ✈♦❧❛t✐❧✐t② ✐♥❞❡①✱ t❤❡ ❱❙❚❖❳❳✱ ✇❤✐❝❤ ✐s s✐♠✐❧❛r ✐♥ ♥❛t✉r❡ t♦ t❤❡ ❱■❳ ❜✉t ❤❛s

❛ ❞✐✛❡r❡♥t s❡tt❧❡♠❡♥t ♣r♦❝❡❞✉r❡ ✇✐t❤ ♦♥❧② ♦♣t✐♦♥s ❛t e✵✳✺ ❛♥❞ ❛❜♦✈❡ ❜❡✐♥❣ ✐♥❝❧✉❞❡❞ ✐♥ t❤❡

❝❛❧❝✉❧❛t✐♦♥✳ ❚❤✐s ❞❡s✐❣♥ ♣✉ts ❛ ✈❡r② ❤✐❣❤ ✇❡✐❣❤t ♦♥ t❤❡ ♦♣t✐♦♥ ✇✐t❤ e✵✳✺✱ ❜❡❝❛✉s❡ s♠❛❧❧

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

t❤❡ tr❛❞❡ ✈♦❧✉♠❡ ♣❡r ♠✐♥✉t❡ ❢♦r ♦♣t✐♦♥s ❛t e✵✳✺ ✐♥❝r❡❛s❡s t♦ ❛r♦✉♥❞ ✶✸✵ t✐♠❡s ♦❢ t❤❛t ✐♥

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

❛❝t✐✈✐t②✳ ❆❞❞✐t✐♦♥❛❧❧②✱ t❤❡ ❱❙❚❖❳❳ ✐♥❞❡① ✐s ❝❛❧❝✉❧❛t❡❞ ❡✈❡r② ✜✈❡ s❡❝♦♥❞s✱ ❛♥❞ t❤❡ s❡tt❧❡✲
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♠❡♥t ✐s ❝❛❧❝✉❧❛t❡❞ ❛s t❤❡ ❛✈❡r❛❣❡ ♦❢ t❤❡ ✐♥❞❡① ✈❛❧✉❡s ❜❡t✇❡❡♥ ✶✶✿✸✵ ❛✳♠✳ ❛♥❞ ✶✷✿✵✵ ♣✳♠✳ ❆

tr❛❞❡r tr②✐♥❣ t♦ ❛❜s♦r❜ ❧✐q✉✐❞✐t② ✇♦✉❧❞ tr❛❞❡ ✇❤❡♥ t❤❡ ♦♣t✐♦♥s ✇✐t❤ t❤❡ ❜❡st q✉♦t❡s ❜❡❝❛♠❡

❛✈❛✐❧❛❜❧❡✱ ❜✉t ❛ ♠❛♥✐♣✉❧❛t♦r ✇♦✉❧❞ ✇❛♥t t♦ tr❛❞❡ ❡✈❡r② ✜✈❡ s❡❝♦♥❞s t♦ ♦♣t✐♠❛❧❧② ✐♥✢✉❡♥❝❡

t❤❡ ✐♥❞❡① ❝❛❧❝✉❧❛t✐♦♥✳ ❲❡ ✜♥❞ t❤❛t tr❛❞❡s ❝❧✉st❡r ❝♦♥s✐st❡♥t❧② ❡①❛❝t❧② ❛t ✜✈❡✲s❡❝♦♥❞ ✐♥t❡r✲

✈❛❧s t❤r♦✉❣❤♦✉t t❤❡ s❡tt❧❡♠❡♥t ♣❡r✐♦❞✱ ✇❤❡r❡❛s t❤❡ t❤✐rt②✲♠✐♥✉t❡ ✇✐♥❞♦✇s ❜❡❢♦r❡ ❛♥❞ ❛❢t❡r

❡①❤✐❜✐t ♥♦ s✉❝❤ ♣❛tt❡r♥s✳ ❖✈❡r❛❧❧✱ t❤❡ ✜♥❞✐♥❣s ❛r❡ ❛❧❧ ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ❧✐q✉✐❞✐t② ♦❢ ♦♣t✐♦♥s

❛t s❡tt❧❡♠❡♥t ❜❡✐♥❣ ❣❡♥❡r❛t❡❞ ❜② t❤♦s❡ ✇❤♦ ✇✐s❤ t♦ str❛t❡❣✐❝❛❧❧② tr❛❞❡ t❤❡ ❡①❛❝t ❱■❳ ♦r

❱❙❚❖❳❳ ❢♦r♠✉❧❛ ❛t t❤❡ ❡①❛❝t t✐♠❡ ✐♥t❡r✈❛❧s t❤❛t t❤❡ ✐♥❞✐❝❡s ❛r❡ ❝❛❧❝✉❧❛t❡❞✳

❲❡ ♥❡①t ❡①❛♠✐♥❡ t✇♦ ♣♦ss✐❜❧❡ ❤❡❞❣✐♥❣ ❡①♣❧❛♥❛t✐♦♥s✳ ❋✐rst✱ ✇❡ ❡①❛♠✐♥❡ ❛ tr❛❞❡r ✇✐t❤

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

❝♦♥tr❛❝t ✐♥ t❤❡ ✉♣♣❡r✲❧❡✈❡❧ ❱■❳ ❞❡r✐✈❛t✐✈❡s ❛♥❞ ❤❡❞❣❡s t❤❛t ♣♦s✐t✐♦♥ t❤r♦✉❣❤ ✉♥❞❡r❧②✐♥❣

❙P❳ ♦♣t✐♦♥s✳ ❲❤❡♥ t❤❡ ❢✉t✉r❡s ❡①♣✐r❡✱ t❤❡ ✐♥✈❡st♦r ✉♥✇✐♥❞s ❤✐s ♣♦s✐t✐♦♥ ❛♥❞ ❧✐q✉✐❞❛t❡s t❤❡

❙P❳ ♦♣t✐♦♥s✳ ❍♦✇❡✈❡r✱ t❤❡ ❞❛t❛ ❡①❤✐❜✐ts ♥♦ s✉❝❤ ♣❛tt❡r♥ ✐♥ ❡✐t❤❡r ♦♣❡♥ ✐♥t❡r❡st ♦r tr❛❞✐♥❣

✈♦❧✉♠❡ ♦❢ ❙P❳ ♦♣t✐♦♥s ♣r✐♦r t♦ s❡tt❧❡♠❡♥t✳ ❋♦r t❤❡ ❞❡❡♣ ❖❚▼ ♣✉t ♦♣t✐♦♥s✱ ♦♣❡♥ ✐♥t❡r❡st

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

♦✉t ♣r❡✈✐♦✉s ♣♦s✐t✐♦♥s✳

❚❤❡ s❡❝♦♥❞ ❤❡❞❣✐♥❣ ❛❧t❡r♥❛t✐✈❡ ✐s t❤❛t ✉♣♦♥ ❡①♣✐r❛t✐♦♥ ♦❢ ❱■❳ ❞❡r✐✈❛t✐✈❡s✱ ✐♥✈❡st♦rs

❞❡s✐r❡ t♦ r♦❧❧ t❤❡✐r ❤❡❞❣✐♥❣ ♣♦s✐t✐♦♥s ✐♥t♦ ❙P❳ ♦♣t✐♦♥s ✐♥ ❛ ♠❛♥♥❡r t❤❛t ❡①❛❝t❧② r❡♣❧✐❝❛t❡s

t❤❡ ❱■❳ ✇❡✐❣❤t✐♥❣ ❢♦r♠✉❧❛✳ ❍♦✇❡✈❡r✱ ✐♥❝♦♥s✐st❡♥t ✇✐t❤ ❛ s✉❞❞❡♥ ❞❡♠❛♥❞ ❢♦r s✉❝❤ ❛ s♣❡❝✐✜❝

❙P❳ ♣♦s✐t✐♦♥✱ ✇❡ ✜♥❞ ♥♦ ✈♦❧✉♠❡ ❥✉♠♣ ♦♥ t❤❡ ❱■❳ s❡tt❧❡♠❡♥t ❞❛② ❢♦r ♦t❤❡r t✐❣❤t❧② r❡❧❛t❡❞

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

♠♦♥t❤s ✐♥ ♦✉r s❛♠♣❧❡ ✇❤❡r❡ t❤❡r❡ ❛r❡ ♥♦ ❡①♣✐r✐♥❣ ❱■❳ ❞❡r✐✈❛t✐✈❡s ♦♥ ♥♦r♠❛❧ s❡tt❧❡♠❡♥t ❞❛②s✱

✇❡ ✜♥❞ ♥♦ ❡✈✐❞❡♥❝❡ ♦❢ ❣r❡❛t❡r ✉♥❞❡r❧②✐♥❣ ❙P❳ tr❛❞✐♥❣ ❡✐t❤❡r ❛t ♦r ♣r✐♦r t♦ t❤❡ s❡tt❧❡♠❡♥t

t✐♠❡✱ ✇❤✐❝❤ ✐s ✐♥❝♦♥s✐st❡♥t ✇✐t❤ ❱■❳ ✐♥✈❡st♦rs tr❛♥s❢❡rr✐♥❣ t❤❡✐r ❱■❳ ❞❡♠❛♥❞ t♦ ❙P❳ ♦♣t✐♦♥s✳

❋✐♥❛❧❧②✱ ❢♦r t❤❡ ❱❙❚❖❳❳✱ s❡tt❧❡♠❡♥t ♣r✐❝❡s ❛r❡ s❡t ✇✐t❤ ❛✈❡r❛❣❡ ♣r✐❝❡s ❢r♦♠ ✶✶✿✸✵ ❛✳♠✳ t♦

✶✷✿✵✵ ♣✳♠✳ ❈❊❚✱ ❜✉t ❢✉t✉r❡s ♣♦s✐t✐♦♥s ❡①♣✐r❡ ❛t ✶✷✿✵✵ ♣✳♠✳✹ ▼❛♥✐♣✉❧❛t♦rs s❤♦✉❧❞ ♣✉s❤

✹❚❤❡ s❡tt❧❡♠❡♥t ✈❛❧✉❡ ♦❢ ❱❙❚❖❳❳ ♦♣t✐♦♥s ✐s ❛❧s♦ ❝❛❧❝✉❧❛t❡❞ ✉s✐♥❣ t❤❡ ❛✈❡r❛❣❡ ❱❙❚❖❳❳ ✈❛❧✉❡s ❜❡t✇❡❡♥
✶✶✿✸✵ ❛✳♠✳ ❛♥❞ ✶✷✿✵✵ ♣✳♠✳ ❈❊❚✱ ❜✉t t❤❡ ♦♣t✐♦♥s ❝❛♥ ❜❡ ❡①❡r❝✐s❡❞ ♦♥ t❤❡ s❡tt❧❡♠❡♥t ❞❛② ✉♥t✐❧ ✷✶✿✵✵ ❈❊❚✳
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♣r✐❝❡s ❜❡❣✐♥♥✐♥❣ ❛t ✶✶✿✸✵ ❛✳♠✳✱ ✇❤❡r❡❛s ❢♦r ❤❡❞❣❡rs✱ ✶✷✿✵✵ ♣✳♠✳ ✐s t❤❡ r❡❧❡✈❛♥t t✐♠❡ t♦ r♦❧❧

t❤❡ ♣♦s✐t✐♦♥s ♦✈❡r✳ ❲❡ s❡❡ t❤❡ tr❛❞❡ ✈♦❧✉♠❡ ♦♥ ♦♣t✐♦♥s ✉s❡❞ ✐♥ ❱❙❚❖❳❳ ❝❛❧❝✉❧❛t✐♦♥ s♣✐❦❡s

♣r♦♠♣t❧② ❛t ✶✶✿✸✵ ❛✳♠✳ ♦♥ s❡tt❧❡♠❡♥t ❞❛②s ❛♥❞ ♣❡rs✐sts ♦♥❧② ✉♣ ✉♥t✐❧ ✶✷✿✵✵ ♣✳♠✳✱ ✇✐t❤ tr❛❞❡s

❝❧✉st❡r✐♥❣ ❛t ✜✈❡✲s❡❝♦♥❞ ✐♥t❡r✈❛❧s ❛s ❞✐s❝✉ss❡❞ ❜❡❢♦r❡✳ ❚❤❡ tr❛❞✐♥❣ ❛❝t✐✈✐t② ❛❧s♦ ❧❡❛❞s t♦

❧❛r❣❡ ♠♦✈❡♠❡♥ts ✐♥ t❤❡ ✈❛❧✉❡ ♦❢ ❱❙❚❖❳❳ ✐♥❞❡① ❞✉r✐♥❣ t❤❡ ✸✵✲♠✐♥✉t❡ s❡tt❧❡♠❡♥t ✇✐♥❞♦✇

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

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

❤❡❞❣✐♥❣ tr❛❞❡s ❛❧s♦ ♣r❡s❡♥t ✐♥ t❤❡ ❞❛t❛✳

❲❡ ❡①❛♠✐♥❡ ♣r✐❝❡ ❞❡✈✐❛t✐♦♥s ♦❢ ✐♥❞✐✈✐❞✉❛❧ ❙P❳ ♦♣t✐♦♥s ❛♥❞ t❤❡ ❛❣❣r❡❣❛t❡ ❱■❳ ❛t s❡tt❧❡✲

♠❡♥t ✉s✐♥❣ ♠✉❧t✐♣❧❡ ❜❡♥❝❤♠❛r❦s✳ ❲❤❡♥ ❝♦♠♣❛r✐♥❣ t❤❡ ❱■❳ ✈❛❧✉❡ ❛t s❡tt❧❡♠❡♥t t♦ ❛ ❱■❳

✈❛❧✉❡ ❝♦♠♣✉t❡❞ ❢r♦♠ t❤❡ ♠✐❞✲q✉♦t❡s ♦❢ t❤❡ ❙P❳ ♦♣t✐♦♥s r✐❣❤t ❛❢t❡r t❤❡ s❡tt❧❡♠❡♥t✱ ✇❤❡r❡

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

t❤❡ ♦♣❡♥✱ t❤❡ t✇♦ ❞✐✈❡r❣❡ ❜② ❛♥ ❛✈❡r❛❣❡ ♦❢ ✸✶ ❜❛s✐s ♣♦✐♥ts✱ ♦r ✶✳✺✪ ♦❢ t❤❡ ❱■❳ s❡tt❧❡♠❡♥t

✈❛❧✉❡✳✺ ❚❤❡ ❞✐st♦rt✐♦♥❛r② ❝♦sts ♦❢ s❡tt❧❡♠❡♥t ❞❡✈✐❛t✐♦♥s t♦ ❡①❝❤❛♥❣❡✲tr❛❞❡❞ ❱■❳ ❞❡r✐✈❛t✐✈❡s

❛r❡ ❛♣♣r♦①✐♠❛t❡❧② ✩✶✳✽✶ ❜✐❧❧✐♦♥✳ ❲❡ ❡①❛♠✐♥❡ ♣r✐❝❡ ❞❡✈✐❛t✐♦♥s ❛t s❡tt❧❡♠❡♥t ♦❢ s❡✈❡♥ ♦t❤❡r

❈❇❖❊ ✈♦❧❛t✐❧✐t② ✐♥❞✐❝❡s ✇✐t❤ s✐♠✐❧❛r ♣r♦❝❡ss❡s ❛♥❞ ❝♦♠♠♦♥❧② ✜♥❞ ❞❡✈✐❛t✐♦♥s ♦❢ ♠♦r❡ t❤❛♥

✜✈❡ ♣❡r❝❡♥t ❢♦r t❤❡s❡ s♠❛❧❧ ✐♥❞✐❝❡s✱ ❤✐❣❤❧✐❣❤t✐♥❣ t❤❡ r♦❜✉st♥❡ss ❛♥❞ ❣❡♥❡r❛❧✐③❛❜✐❧✐t② ♦❢ t❤❡

✜♥❞✐♥❣s✳ ■♥ t❡r♠s ♦❢ t❤❡ ♠❡❝❤❛♥✐❝s ♦❢ t❤❡ ❱■❳ ♣r✐❝❡ ♠♦✈❡♠❡♥t ♣r♦❝❡ss✱ ♣r✐❝❡s ❛♣♣❡❛r t♦ ❜❡

♠♦✈❡❞ ❜② ❛❣❣r❡ss✐✈❡ ✐♥❝r❡♠❡♥t❛❧ ♦r❞❡rs ✐♥ t❤❡ ♣r❡✲♦♣❡♥ ♣❡r✐♦❞ ♣r✐♦r t♦ s❡tt❧❡♠❡♥t✳✻

❖✈❡r❛❧❧✱ ✇❡ ✜♥❞ ❝♦♥s✐❞❡r❛❜❧❡ ✐♥t❡r❡st✐♥❣ ❛❝t✐✈✐t② ✐♥ ✐♥❞❡① ♦♣t✐♦♥s ❛r♦✉♥❞ ❱■❳ s❡tt❧❡♠❡♥t✳

❚❤❡ ♠♦st ♥❛t✉r❛❧ ❡①♣❧❛♥❛t✐♦♥ ❢♦r t❤❡s❡ ♣❛tt❡r♥s ❛♣♣❡❛rs t♦ ❜❡ ❛tt❡♠♣t❡❞ ♠❛♥✐♣✉❧❛t✐♦♥✳

❍♦✇❡✈❡r✱ ✇❡ ❝❛♥♥♦t r✉❧❡ ♦✉t ♦t❤❡r ♣♦ss✐❜✐❧✐t✐❡s✳ ❆❧t❤♦✉❣❤ ✇❡ ✜♥❞ t❤❛t t❤❡ ❞♦❧❧❛r ❞✐st♦rt✐♦♥s

✐♥ t❤❡ ❱■❳ ❞❡r✐✈❛t✐✈❡s ❛r❡ s✐③❡❛❜❧❡✱ ❙♣❛tt ✭✷✵✶✹✮ ❛r❣✉❡s t❤❛t t❤❡ r❡❛❧ ❡❝♦♥♦♠✐❝ ❝♦sts ♦❢

♠❛♥✐♣✉❧❛t✐♦♥ ❛r❡ t②♣✐❝❛❧❧② ❝♦♥s✐❞❡r❛❜❧② ❧❛r❣❡r t❤❛♥ t❤❡✐r ❞✐r❡❝t ❝♦sts❀ ❞✐st♦rt✐♥❣ ♠❛r❦❡t

✺❚❤❡ ❱■❳ ❞❡✈✐❛t✐♦♥s ❛r❡ ❝♦♥s✐❞❡r❛❜❧② ❧❛r❣❡r ✐❢ ❜❡♥❝❤♠❛r❦❡❞ ✉s✐♥❣ ❛❞❥✉st❡❞ ♦♣t✐♦♥ q✉♦t❡s ❢r♦♠ t❤❡ ♥✐❣❤t
❜❡❢♦r❡✱ ✐♥ ❛ s②st❡♠❛t✐❝ ✇❛② t❤❛t s✉❣❣❡sts t❤❡ ✉s❡ ♦❢ ♦♣❡♥ ♣r✐❝❡s ❛r❡ ❧✐❦❡❧② ✉♥❞❡rst❛t✐♥❣ t❤❡ ❞❡✈✐❛t✐♦♥✳

✻❚❤❡s❡ r❡s✉❧ts ❛r❡ ❝♦♥s✐st❡♥t ✇✐t❤ ✜♥❞✐♥❣s ✐♥ ❈❛♦✱ ●❤②s❡❧s✱ ❛♥❞ ❍❛t❤❡✇❛② ✭✷✵✵✵✮ ❛♥❞ ❇✐❛✐s✱ ❍✐❧❧✐♦♥✱ ❛♥❞
❙♣❛tt ✭✶✾✾✾✮ t❤❛t ♦r❞❡rs ❛r❡ ❛❜❧❡ t♦ ♠♦✈❡ ♣r✐❝❡s ♣r✐♦r t♦ ♠❛r❦❡t ♦♣❡♥✐♥❣s ❡✈❡♥ ✐♥ s❡tt✐♥❣s ✇❤❡r❡ t❤❡r❡ ✐s
♥♦ ❝♦♠♠✐t♠❡♥t t♦ tr❛❞❡✳

✺



♣r✐❝❡s ✉♥❞❡r♠✐♥❡s tr✉st✱ ❤✐♥❞❡rs tr❛❞❡✱ ❛♥❞ r❡❞✉❝❡s ❧✐q✉✐❞✐t② ✐♥ ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts✳ ❲❡ ❤♦♣❡

t♦ s❡❡ ❛❝❛❞❡♠✐❝ r❡s❡❛r❝❤ s❝r✉t✐♥✐③❡ ♦t❤❡r ♠❛r❦❡ts ❢♦r ♣♦t❡♥t✐❛❧ ❣❛♠✐♥❣ ❛♥❞ t♦ s❡❡ ♠♦r❡ ❡✛♦rt

♦♥ r♦❜✉st ♠❛r❦❡t ❞❡s✐❣♥✼ ❛♥❞ ♠♦♥✐t♦r✐♥❣✳

✶✳ ❘❡❧❛t❡❞ ▲✐t❡r❛t✉r❡✱ ❱■❳ ❖✈❡r✈✐❡✇✱ ❛♥❞ ❱■❳ ❉❡r✐✈❛t✐✈❡s ❈❤❛r❛❝t❡r✐st✐❝s

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

t♦ ❧❡❛❞ t♦ ♣♦t❡♥t✐❛❧ ♠❛♥✐♣✉❧❛t✐♦♥✳ ❲❡ t❤❡♥ ❡①❛♠✐♥❡ t❤❡ s❡❝✉r✐t② ❞❡s✐❣♥ ♦❢ t❤❡ ❱■❳ ❛♥❞

✇❤❡t❤❡r t❤❡ ♠❛r❦❡t ❡①❤✐❜✐ts t❤❡s❡ ❢❡❛t✉r❡s✳

✶✳✶ ❘❡❧❛t❡❞ ▲✐t❡r❛t✉r❡ ❛♥❞ ❈❤❛r❛❝t❡r✐st✐❝s ❢♦r P♦t❡♥t✐❛❧ ▼❛♥✐♣✉❧❛t✐♦♥

❚❤❡r❡ ✐s ❛ s♠❛❧❧ ❜✉t ❣r♦✇✐♥❣ ❡♠♣✐r✐❝❛❧ ❧✐t❡r❛t✉r❡ ♦♥ ♣♦t❡♥t✐❛❧ ♠❛r❦❡t ♠❛♥✐♣✉❧❛t✐♦♥✳✽ ❆❧s♦

❝♦♥s✐❞❡r❛❜❧❡ t❤❡♦r❡t✐❝❛❧ r❡s❡❛r❝❤ ❤❛s ❡①❛♠✐♥❡❞ ❝❤❛r❛❝t❡r✐st✐❝s ♦❢ ♠❛r❦❡ts t❤❛t ♠❛② ❜❡ ❝♦♥✲

❞✉❝✐✈❡ t♦ ♠❛♥✐♣✉❧❛t✐♦♥ ❬❡✳❣✳✱ ❏❛rr♦✇ ✭✶✾✾✷✮✱ ❆❧❧❡♥ ❛♥❞ ●❛❧❡ ✭✶✾✾✷✮❪✳ ❑✉♠❛r ❛♥❞ ❙❡♣♣✐ ✭✶✾✾✷✮

❛♥❞ ❙♣❛tt ✭✷✵✶✹✮ ❞❡s❝r✐❜❡ ❝r♦ss✲♠❛r❦❡t ♠❛♥✐♣✉❧❛t✐♦♥ ❛♥❞ ✐❞❡♥t✐❢② ❞✐✛❡r❡♥t ♣r✐❝❡✲♦r❞❡r ❡❧❛s✲

t✐❝✐t✐❡s ❛❝r♦ss ♠❛r❦❡ts✱ ❝❛s❤ s❡tt❧❡♠❡♥t✱ ❛♥❞ ❛ ✜♥✐t❡ ♣❡r✐♦❞ t♦ ♠❛♥✐♣✉❧❛t❡ ❛s ♠❛✐♥ ❢❛❝✐❧✐t❛t♦rs✳

❋✐rst✱ ✇❤❡♥ t❤❡r❡ ❛r❡ ♠✉❧t✐♣❧❡ ♠❛r❦❡ts ✇✐t❤ ❞✐✛❡r❡♥t ♣r✐❝❡ ❡❧❛st✐❝✐t✐❡s✱ ♠❛♥✐♣✉❧❛t✐♦♥ ✐s ♠♦r❡

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

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

❝♦♥tr❛❝t ✐s t✐❡❞ t♦✳

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

♥✐♣✉❧❛t♦r ♣✉s❤❡s t❤❡ ♣r✐❝❡ ♦❢ ❛ ❧♦✇❡r✲❧❡✈❡❧ ❛ss❡t ✉♣✳ ◆♦♥❡t❤❡❧❡ss✱ ✇❤❡♥ ♣❤②s✐❝❛❧ ❞❡❧✐✈❡r② ♦❢

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

✼❆♥❞❡rs♦♥✱ ❇♦♥❞❛r❡♥❦♦✱ ❛♥❞ ●♦♥③❛❧❡③✲P❡r❡③ ✭✷✵✶✺✮ ❞❡✈❡❧♦♣ ❛ ♠♦r❡ r♦❜✉st ♠❡❛s✉r❡ ♦❢ ✐♠♣❧✐❡❞ ✈♦❧❛t✐❧✐t② t❤❛t
❡♠♣✐r✐❝❛❧❧② ♦✉t♣❡r❢♦r♠s t❤❡ ❱■❳✳

✽▼♦st str✐❦✐♥❣❧②✱ ❈❤r✐st✐❡ ❛♥❞ ❙❝❤✉❧t③ ✭✶✾✾✹✮ s❤♦✇❡❞ t❤❛t ♠❛r❦❡t ♠❛❦❡rs ❛✈♦✐❞❡❞ ♦❞❞✲❡✐❣❤ts t♦ ❦❡❡♣ s♣r❡❛❞s
❤✐❣❤✱ ❛♥❞ t❤❛t t❤✐s ❛❝t✐✈✐t② ✇❛s ❝♦❧❧✉s✐✈❡✳ ◆✐✱ P❡❛rs♦♥✱ ❛♥❞ P♦t❡s❤♠❛♥ ✭✷✵✵✺✮ ✜♥❞ t❤❛t st♦❝❦ ♣r✐❝❡s ❝❧✉st❡r
❝❧♦s❡r t♦ str✐❦❡ ♣r✐❝❡s ♦♥ ❞❛②s ✇✐t❤ ♦♣t✐♦♥ ❡①♣✐r❛t✐♦♥ ❛♥❞ t❤❛t t❤✐s ❜❡❤❛✈✐♦r ❝♦✉❧❞ ❜❡ ❝♦♥s✐st❡♥t ✇✐t❤ ❜♦t❤
❤❡❞❣✐♥❣ ❛♥❞ st♦❝❦ ♣r✐❝❡ ♠❛♥✐♣✉❧❛t✐♦♥✳ ●♦❧❡③ ❛♥❞ ❏❛❝❦✇❡rt❤ ✭✷✵✶✷✮ ✜♥❞ s✐♠✐❧❛r ♣❛tt❡r♥s ♦❢ ♣r✐❝❡s ❜❡✐♥❣
♣✉❧❧❡❞ t♦✇❛r❞ str✐❦❡ ♣r✐❝❡s ✐♥ ❙✫P ✺✵✵ ❢✉t✉r❡s✳ ▼❛♥✐♣✉❧❛t✐♦♥ ❤❛s ❜❡❡♥ s❤♦✇♥ ✐♥ st♦❝❦ ♣r✐❝❡s ❛t q✉❛rt❡r✲
❡♥❞s ❜② ❤❡❞❣❡ ❢✉♥❞s ✭❇❡♥✲❉❛✈✐❞ ❡t ❛❧✱ ✷✵✶✸✮ ❛♥❞ ②❡❛r✲❡♥❞s ❜② s❤♦rt✲s❡❧❧❡rs ✭❇❧♦❝❤❡r✱ ❊♥❣❡❧❜❡r❣✱ ❛♥❞ ❘❡❡❞✱
✷✵✶✵✮✳

✻



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

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

❛ss❡t t❤❛♥ t❤❡ ♣♦s✐t✐♦♥ s✐③❡ t❤❛t ❤❡ ✇✐❧❧ t❛❦❡ ✐♥ t❤❡ ❧♦✇❡r✲❧❡✈❡❧ ❛ss❡t✳

❚❤✐r❞✱ ❛ ✜♥✐t❡ t✐♠❡ ♣❡r✐♦❞ t♦ ♠❛♥✐♣✉❧❛t❡ ♣r✐❝❡s ❝❛♥ ♠❛❦❡ t❤❡ ❝♦sts ♦❢ ♠❛♥✐♣✉❧❛t✐♦♥

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

✐t ✐s ❛❧s♦ ♦♣❡♥ t♦ ❣❛♠✐♥❣✳ ❙♣❛tt ✭✷✵✶✹✮ st❛t❡s✿ ✏❆❧t❤♦✉❣❤ ✐t ♦❢t❡♥ ❤❛s ❜❡❡♥ ✈✐❡✇❡❞ t❤❛t

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

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

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

♣r✐❝❡s ❞✉r✐♥❣ t❤❡ ♣r❡♦♣❡♥✐♥❣ ✇❤❡♥ ✐t ✐s ♥♦t ❝♦st❧② ✭♦r ✐s ♦❢ ✈❡r② ❧✐♠✐t❡❞ ❝♦st✮ t♦ ❛rt✐✜❝✐❛❧❧②

❛❧t❡r t❤❡ ♣r✐❝❡ ❛s ✇❡❧❧ ❛s t❤❡ r✉♥✲✉♣ t♦ t❤❡ ❝❧♦s✐♥❣ ❛✉❝t✐♦♥✳✑

❇❡❧♦✇✱ ✇❡ ❡①❛♠✐♥❡ t❤❡ ❛❝t✉❛❧ s❡tt✐♥❣ ♦❢ t❤❡ ❱■❳ s❡tt❧❡♠❡♥t ♣r♦❝❡ss ❛♥❞ t❤❡♥ ❡①❛♠✐♥❡

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

♠❛♥✐♣✉❧❛t✐♦♥✳

✶✳✷ ❱■❳ ▼❡❝❤❛♥✐❝s

❖♣t✐♦♥s ♦♥ t❤❡ ❙✫P ✺✵✵ ■♥❞❡① ❛r❡ ✇✐❞❡❧② tr❛❞❡❞ ❛t ✈❛r✐♦✉s str✐❦❡ ♣r✐❝❡s ❛♥❞ ♠❛t✉r✐t✐❡s✳

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

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

❜② ♠❛r❦❡t ♣❛rt✐❝✐♣❛♥ts✱ t❤❡ ❈❇❖❊ ❢♦r♠❛❧❧② ❝❛❧❝✉❧❛t❡s t❤❡ ❱■❳ ✐♥ r❡❛❧✲t✐♠❡ ❛♥❞ ✉♣❞❛t❡s

t❤❡ ✐♥❞❡① ❡✈❡r② ✜❢t❡❡♥ s❡❝♦♥❞s ✉s✐♥❣ ❙P❳ ♦♣t✐♦♥s ✇✐t❤ ♠♦r❡ t❤❛♥ ✷✸ ❛♥❞ ❧❡ss t❤❛♥ ✸✼ ❞❛②s

t♦ ❡①♣✐r❛t✐♦♥✳✾ ❆♥ ♦✈❡r✈✐❡✇ ♦❢ t❤❡ ❞❡t❛✐❧s ♦❢ t❤❡ ❱■❳ ❝❛❧❝✉❧❛t✐♦♥ ✐s ♣r♦✈✐❞❡❞ ❜❡❧♦✇ ❛♥❞

❞❡s❝r✐❜❡❞ ✐♥ ♠♦r❡ ❞❡t❛✐❧ ❜② t❤❡ ❈❇❖❊ ❱■❳ ❲❤✐t❡ P❛♣❡r ✭✷✵✶✺✮✳ ❚♦ ❛❝❝♦♠♠♦❞❛t❡ tr❛❞✐♥❣

❞❡♠❛♥❞ ❢r♦♠ ❤❡❞❣❡rs ❛♥❞ s♣❡❝✉❧❛t♦rs✱ t❤❡ ❈❇❖❊ ❧❛✉♥❝❤❡❞ ❱■❳ ❢✉t✉r❡s ♦♥ ▼❛r❝❤ ✷✻✱ ✷✵✵✹

✾❇❡❢♦r❡ ❖❝t♦❜❡r ✻✱ ✷✵✶✹ t❤❡ ❱■❳ ✐♥❞❡① ❞✐❞ ♥♦t ✉s❡ ✇❡❡❦❧② ♦♣t✐♦♥s ❛♥❞ ✇❛s ❝❛❧❝✉❧❛t❡❞ ✉s✐♥❣ ♥❡❛r❜② ❛♥❞
s❡❝♦♥❞ ♥❡❛r❜② ♠♦♥t❤❧② ♦♣t✐♦♥s ✇✐t❤ ❛t ❧❡❛st ❡✐❣❤t ❞❛②s t♦ ♠❛t✉r✐t②✳ ❲❤❡♥ t❤❡ ♥❡❛r❜② ♦♣t✐♦♥s ✇❡r❡ ❧❡ss
t❤❛♥ ❡✐❣❤t ❞❛②s t♦ ♠❛t✉r✐t②✱ t❤❡ ❝❛❧❝✉❧❛t✐♦♥ ✐♥✈♦❧✈❡❞ ❡①tr❛♣♦❧❛t✐♦♥ ✉s✐♥❣ t❤❡ t✇♦ ♥❡❛r❡st ♠♦♥t❤❧② ♦♣t✐♦♥
s❡r✐❡s ✇✐t❤ ♠♦r❡ t❤❛♥ ✸✵ ❞❛②s t♦ ♠❛t✉r✐t✐❡s✳ ❚❤❡ ❝❤❛♥❣❡ ✐♥ ❝❛❧❝✉❧❛t✐♦♥ ❞♦❡s ♥♦t ❛✛❡❝t ♦✉r ❛♥❛❧②s✐s ❜❡❝❛✉s❡
t❤❡ ❱■❳ s❡tt❧❡♠❡♥t ✈❛❧✉❡ ✐s ❛❧✇❛②s ❝❛❧❝✉❧❛t❡❞ ❢r♦♠ t❤❡ s✐♥❣❧❡ ♠♦♥t❤❧② ♦♣t✐♦♥ s❡r✐❡s t❤❛t ✐s ❡①❛❝t❧② ✸✵ ❞❛②s
t♦ ♠❛t✉r✐t②✳

✼



❛♥❞ ❱■❳ ♦♣t✐♦♥s ♦♥ ❋❡❜r✉❛r② ✷✹✱ ✷✵✵✻✳✶✵

❚❤❡ s❡tt❧❡♠❡♥t ♦❢ ❱■❳ ♦♣t✐♦♥s ❛♥❞ ❢✉t✉r❡s t②♣✐❝❛❧❧② ♦❝❝✉rs ♦♥ t❤❡ t❤✐r❞ ♦r ❢♦✉rt❤ ❲❡❞♥❡s✲

❞❛② ♦❢ ❡❛❝❤ ♠♦♥t❤✳ ❚❤❡ ❡①❡r❝✐s❡✲s❡tt❧❡♠❡♥t ✈❛❧✉❡ ♦❢ ❱■❳ ❢✉t✉r❡s ❛♥❞ ♦♣t✐♦♥s ✐s ❝❛❧❝✉❧❛t❡❞

✉s✐♥❣ t❤❡ ❛✉❝t✐♦♥ ❝❧❡❛r✐♥❣ ♣r✐❝❡s ♦❢ ❙P❳ ♦♣t✐♦♥s ✐♥ ❛♥ ❛✉❝t✐♦♥ ❝❛❧❧❡❞ t❤❡ ❙♣❡❝✐❛❧ ❖♣❡♥✐♥❣

◗✉♦t❛t✐♦♥ ✭❙❖◗✮✳ ❚♦ ❜❡ ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ s❡tt❧❡♠❡♥t ❛✉❝t✐♦♥✱ ♦r❞❡rs ❝❛♥ ❜❡ s✉❜♠✐tt❡❞ ❛♥❞

❝❛♥❝❡❧❡❞ ❜② ♠❛r❦❡t ♣❛rt✐❝✐♣❛♥ts ❛♥❞ ♠❛r❦❡t ♠❛❦❡rs ♣r✐♦r t♦ ♠❛r❦❡t ♦♣❡♥✳ ❙t❛rt✐♥❣ ❛t ✼✿✸✵

❛✳♠✳ ❈❙❚✱ ❣✐✈❡♥ t❤❡ ♦r❞❡rs s✉❜♠✐tt❡❞ ✉♣ t♦ ❡❛❝❤ ♣♦✐♥t ✐♥ t✐♠❡✱ ❜❡st ❜✐❞ ❛♥❞ ❛s❦ ❛♥❞ ✐♥✲

❞✐❝❛t✐✈❡ ♣r✐❝❡s ❢♦r ❡❛❝❤ ♦♣t✐♦♥ ❝❛♥ ❜❡ s❡❡♥ ❜② ♠❛r❦❡t ♣❛rt✐❝✐♣❛♥ts✳ ❇❡t✇❡❡♥ ✽✿✶✺ ❛✳♠✳ ❛♥❞

✽✿✸✵ ❛✳♠✳✱ str❛t❡❣② ♦r❞❡rs✱ ✇❤✐❝❤ ❛r❡ ❙P❳ ♦♣t✐♦♥ ♦r❞❡rs t❤❛t ❛r❡ r❡❧❛t❡❞ t♦ ♣♦s✐t✐♦♥s ✐♥ ❱■❳

❞❡r✐✈❛t✐✈❡s ❛♥❞ s♣❛♥ ♦✈❡r ❛ ✇✐❞❡ r❛♥❣❡ ♦❢ str✐❦❡s ✇✐t❤ ✸✵ ❞❛②s t♦ ♠❛t✉r✐t②✱ ❝❛♥ ♥♦ ❧♦♥❣❡r

❜❡ s✉❜♠✐tt❡❞ ♦r ❝❛♥❝❡❧❡❞✳ ❖♥❧② ♦r❞❡rs ✉♥r❡❧❛t❡❞ t♦ ♦✉tst❛♥❞✐♥❣ ❱■❳ ♣♦s✐t✐♦♥s✱ ✐♥❝❧✉❞✐♥❣

t❤♦s❡ s✉❜♠✐tt❡❞ ❜② ❧✐q✉✐❞✐t② ♣r♦✈✐❞❡rs✱ ❝❛♥ ❜❡ s✉❜♠✐tt❡❞ ❛❢t❡r ✽✿✶✺ ❛✳♠✳ ❆t ✽✿✸✵ ❛✳♠✳ ❈❙❚✱

t❤❡ ❈❇❖❊ ❡①❡❝✉t❡s ❙P❳ ♦♣t✐♦♥s ♦r❞❡rs ❛t ♠❛r❦❡t✲❝❧❡❛r✐♥❣ ♣r✐❝❡s ❛♥❞ r❡♠♦✈❡s ❛❧❧ r❡♠❛✐♥✐♥❣

✉♥❡①❡❝✉t❡❞ ♦r❞❡rs✳

❚❤❡ ❙P❳ ♦♣t✐♦♥s✬ ❛✉❝t✐♦♥ ❝❧❡❛r✐♥❣ ♣r✐❝❡s ❛r❡ ✉s❡❞ ✐♥ t❤❡ ❱■❳ ❢♦r♠✉❧❛ t♦ ❝❛❧❝✉❧❛t❡ t❤❡

❱■❳ s❡tt❧❡♠❡♥t ✈❛❧✉❡ ❛t t❤❛t ♣♦✐♥t ✐♥ t✐♠❡✳✶✶ ■♠♣♦rt❛♥t❧②✱ t❤❡ ❙P❳ ♦♣t✐♦♥s s❡r✐❡s ✉s❡❞ ✐♥

t❤❡ ❱■❳ s❡tt❧❡♠❡♥t ❝❛❧❝✉❧❛t✐♦♥s ❛r❡ ♦♥❡s t❤❛t ❡①♣✐r❡ ✐♥ ❡①❛❝t❧② ✸✵ ❞❛②s ✭♥♦r♠❛❧❧② ♦♥ t❤❡

t❤✐r❞ ❋r✐❞❛② ♦❢ t❤❡ ♥❡①t ♠♦♥t❤✮✳ ❚❤❡ t✐♠✐♥❣ ♦❢ t❤❡ ❱■❳ s❡tt❧❡♠❡♥t ❛♥❞ t❤❡ ❙P❳ ♦♣t✐♦♥

s❡tt❧❡♠❡♥t ✐s ✐❧❧✉str❛t❡❞ ✐♥ ■♥t❡r♥❡t ❆♣♣❡♥❞✐① ❋✐❣✉r❡ ■❆✳✷✳ ■❚▼ ♦♣t✐♦♥s ❛r❡ ♥♦t ✐♥❝❧✉❞❡❞

✐♥ t❤❡ s❡tt❧❡♠❡♥t ✈❛❧✉❡✳ ❆❧❧ t❤❡ ❖❚▼ ♦♣t✐♦♥s ❛r❡ ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ s❡tt❧❡♠❡♥t ❝❛❧❝✉❧❛t✐♦♥

❛s ❧♦♥❣ ❛s t❤❡ ♦♣t✐♦♥ ✐s ♥♦t ❛ ③❡r♦✲❜✐❞ ♦♣t✐♦♥✳ ❆♥ ♦♣t✐♦♥ ✐s ❝♦♥s✐❞❡r❡❞ ③❡r♦✲❜✐❞ ✐❢ t❤❡r❡ ✐s

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

♦❢ t❤❡ ♦♣t✐♦♥ ❝❤❛✐♥ ♦♥ ❜♦t❤ t❤❡ ♣✉t ❛♥❞ ❝❛❧❧ s✐❞❡s ❛r❡ ❝✉t ✇❤❡♥ t✇♦ ❝♦♥s❡❝✉t✐✈❡ ③❡r♦✲❜✐❞

✶✵❊❚◆s ❛♥❞ ❊❚❋s ✭s✉❝❤ ❛s t✐❝❦❡rs ❱❳❳✱ ❚❱■❳✱ ❯❱❳❨✱ ❳■❱✮ ❛❧s♦ ✐♥✈❡st ❧♦♥❣ ♦r s❤♦rt ✐♥ ❱■❳ ❢✉t✉r❡s ❛♥❞
♦♣t✐♦♥s✱ ❜✉t t♦ ♦✉r ❦♥♦✇❧❡❞❣❡✱ ❛r❡ ♥♦t t②♣✐❝❛❧❧② ❤♦❧❞✐♥❣ ❡①♣✐r✐♥❣ ❱■❳ ❢✉t✉r❡s ❛♥❞ ♦♣t✐♦♥s ❛t s❡tt❧❡♠❡♥t ✐❢
t❤❡② ❡♠♣❧♦② t❤❡ ♠♦st ❝♦♠♠♦♥ str❛t❡❣② ♦❢ s❤✐❢t✐♥❣ ♠♦♥❡② ❢r♦♠ t❤❡ ❢r♦♥t ♠♦♥t❤ t♦ t❤❡ ♥❡①t ♠♦♥t❤ ❢✉t✉r❡s ❛s
t❤❡ ❱■❳ ❛♣♣r♦❛❝❤❡s ♠❛t✉r✐t②✳ ❇❛❦s❤✐✱ ▼❛❞❛♥✱ ❛♥❞ P❛♥❛②♦t♦✈ ✭✷✵✶✺✮ ♥♦t❡ t❤❛t tr❛❞✐♥❣ ✈♦❧❛t✐❧✐t② ♣r♦❞✉❝ts
❤❛s ❣r♦✇♥ r❛♣✐❞❧②✱ ❛♥❞ ❱■❳ ♦♣t✐♦♥s ❛r❡ s❡❝♦♥❞ ♠♦st ❛❝t✐✈❡ ♦♥❧② t♦ ❙P❳ ♦♣t✐♦♥s✳

✶✶■♥ ♣r❛❝t✐❝❡✱ ♠♦r❡ t❤❛♥ ✾✾✳✾✪ ♦❢ ♦♣t✐♦♥s ❛r❡ s❡t ❛t t❤❡ tr❛❞❡ ♣r✐❝❡✳ ❨❡t✱ ♣r✐❝❡s ❢♦r ♥♦♥✲tr❛❞❡❞ ♦♣t✐♦♥s t❤❛t
♠❡❡t t❤❡ ✐♥❝❧✉s✐♦♥ ❝r✐t❡r✐❛ ❛r❡ s❡t ❛t t❤❡ ♠✐❞♣♦✐♥t ♦❢ t❤❡ ❜✐❞✲❛s❦ s♣r❡❛❞✳

✽



♦♣t✐♦♥s ❛r❡ ♦❜s❡r✈❡❞❀ ❛❧❧ t❤❡ ❞❡❡♣❡r ♦✉t✲♦❢✲t❤❡✲♠♦♥❡② ♦♣t✐♦♥s ❛r❡ ❡①❝❧✉❞❡❞✳✶✷

✶✳✸ ❉♦ t❤❡ ❱■❳ ❉❡r✐✈❛t✐✈❡s ❍❛✈❡ ❈❤❛r❛❝t❡r✐st✐❝s t❤❛t ▼❛❦❡ ▼❛♥✐♣✉❧❛t✐♦♥ P♦ss✐❜❧❡❄

❇❡❧♦✇ ✇❡ ❡①❛♠✐♥❡ s♣❡❝✐✜❝ ❢❡❛t✉r❡s ♦❢ t❤❡ ❱■❳ ✐♥ r❡❧❛t✐♦♥ t♦ ❙❡❝t✐♦♥ ✶✳✶✱ ✇❤✐❝❤ ❞✐s❝✉ss❡❞

❢❛❝✐❧✐t❛t✐♥❣ ❢❛❝t♦rs ❢♦r ♠❛♥✐♣✉❧❛t✐♦♥✳ ❋✐rst✱ t❤❡ ✉♣♣❡r✲❧❡✈❡❧ ❱■❳ ♠❛r❦❡t ✐s ❧❛r❣❡ ❛♥❞ ❧✐q✉✐❞✱

❡♥❛❜❧✐♥❣ ❛ tr❛❞❡r t♦ ✐♥✈❡st ❛ s✐③❡❛❜❧❡ ♣♦s✐t✐♦♥ ✐♥ ❱■❳ ❞❡r✐✈❛t✐✈❡s✳ ■♥ ❝♦♥tr❛st✱ ♠❛♥② ♦❢ t❤❡

❧♦✇❡r✲❧❡✈❡❧ ❙P❳ ♦♣t✐♦♥s✱ ✇❤❡r❡ t❤❡ ❱■❳ ✈❛❧✉❡s ❛r❡ ❞❡r✐✈❡❞ ❢r♦♠✱ ❛r❡ ✐❧❧✐q✉✐❞✳ ❆♥❞❡rs♦♥✱

❇♦♥❞❛r❡♥❦♦✱ ❛♥❞ ●♦♥③❛❧❡③✲P❡r❡③ ✭✷✵✶✺✮ s❤♦✇ t❤❛t t❤❡ ✢✉❝t✉❛t✐♦♥s ❢r♦♠ ✐♥❝❧✉s✐♦♥s ♦❢ t❤❡s❡

✐❧❧✐q✉✐❞ ❖❚▼ ♦♣t✐♦♥s ❝❛♥ ❧❡❛❞ t♦ ✉♥♥❡❝❡ss❛r② ✈❛r✐❛t✐♦♥ ✐♥ t❤❡ ❱■❳ ✈❛❧✉❡✳ ■♥ ❢❛❝t✱ t❤❡ ❞❛②

♣r✐♦r t♦ t❤❡ s❡tt❧❡♠❡♥t✱ ❞❡❡♣ ❖❚▼ ♦♣t✐♦♥s r❛r❡❧② tr❛❞❡✳ ❊✈❡♥ tr❛❞✐♥❣ ❛ s♠❛❧❧ ♥✉♠❜❡r ♦❢

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

t❤❡ ❞❡❡♣ ❖❚▼ ♦♣t✐♦♥s ❛❧❧♦✇s ❢♦r ❧❛r❣❡ ♣r✐❝❡ ❝❤❛♥❣❡s ✐♥s✐❞❡ t❤❡ s♣r❡❛❞ t❤❛t ❛r❡ t❤❡r❡❢♦r❡

✐♠♠✉♥❡ t♦ ❛r❜✐tr❛❣❡✳ ◆❡✈❡rt❤❡❧❡ss✱ t❤❡ t✐♠❡ ♦❢ ❝♦♦r❞✐♥❛t❡❞ tr❛❞✐♥❣ ❛t t❤❡ s❡tt❧❡♠❡♥t ❛✉❝t✐♦♥

♠❛② ❛ttr❛❝t tr❛❞✐♥❣ t❤❛t ✐♥❝r❡❛s❡s t❤❡ ❧✐q✉✐❞✐t② ♦❢ t❛✐❧ ♦♣t✐♦♥s ❛♥❞ ❤♦♣❡❢✉❧❧② ♠✐t✐❣❛t❡s t❤✐s

✐ss✉❡✳

❙❡❝♦♥❞✱ t❤❡ ❱■❳ ❞❡r✐✈❛t✐✈❡s ❛r❡ ❝❛s❤ s❡tt❧❡❞✳ ❚❤❡r❡❢♦r❡✱ ✐❢ t❤❡ ❱■❳ s❡tt❧❡♠❡♥t ✈❛❧✉❡

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

♣r✐❝❡✳

❚❤✐r❞✱ t❤❡ s❡tt❧❡♠❡♥t ♦❝❝✉rs ✇✐t❤✐♥ ❛ s❤♦rt ♣❡r✐♦❞ ♦❢ t✐♠❡ ❜❛s❡❞ ♦♥ t❤❡ ❙P❳ ♦♣t✐♦♥s

♣r❡✲♦♣❡♥ ❛✉❝t✐♦♥✳ ▲❛r❣❡ ❜✉② ♦r s❡❧❧ ♦r❞❡rs ❢♦r t❤❡ ❖❚▼ ❙P❳ ♦♣t✐♦♥s ✐♥ t❤❡ ❙❖◗ ❛✉❝t✐♦♥

❝❛♥ ❛✛❡❝t t❤❡ ❱■❳ s❡tt❧❡♠❡♥t ✈❛❧✉❡ ❜② ❝❤❛♥❣✐♥❣ t❤❡ ♦♣t✐♦♥s✬ ❛✉❝t✐♦♥✲❝❧❡❛r✐♥❣ ♣r✐❝❡ t❤r♦✉❣❤

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

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

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

✶✷■❢ ❛ ❧❛r❣❡ ❜✉② ♦r❞❡r ❝❛✉s❡s ❛ ✇♦✉❧❞✲❜❡ ③❡r♦✲❜✐❞ ♦♣t✐♦♥ t♦ ❤❛✈❡ ❛ ♣♦s✐t✐✈❡ ❜✐❞✱ t❤❡♥ t❤❡ ♦♣t✐♦♥ ✇✐❧❧ ❜❡
✐♥❝❧✉❞❡❞ ✐♥ t❤❡ s❡tt❧❡♠❡♥t ❝❛❧❝✉❧❛t✐♦♥✳ ■t ✐s ❛❧s♦ ♣♦ss✐❜❧❡ ❢♦r ❛♥ ❛❣❣r❡ss✐✈❡ s❡❧❧ ♦r❞❡r t❤❛t ❝♦♥s✉♠❡s ❛❧❧ ❜✐❞s
❣r❡❛t❡r t❤❛♥ ③❡r♦ t♦ ❞r✐✈❡ t❤❡ ❜❡st ❜✐❞ ♣r✐❝❡ t♦ ③❡r♦✳ ❚❤❡ ✉♣✇❛r❞ ♣r❡ss✉r❡ t♦ ✐♥❝❧✉❞❡ ❛♥ ♦♣t✐♦♥ ✐♥ t❤❡ t❛✐❧s
♠✐❣❤t ❜❡ ♠♦r❡ ❝♦♠♠♦♥ ❜❡❝❛✉s❡ ✇r✐t✐♥❣ ❞❡❡♣ ❖❚▼ ♣✉t ♦♣t✐♦♥s ✐♥✈♦❧✈❡s ❧❛r❣❡ ♠❛r❣✐♥ r❡q✉✐r❡♠❡♥ts ✇❤✐❧❡
❜✉②✐♥❣ t❤❡ ♦♣t✐♦♥s ❞♦❡s ♥♦t✳ ❙❛♥t❛✲❈❧❛r❛ ❛♥❞ ❙❛r❡tt♦ ✭✷✵✵✾✮ s❤♦✇ t❤❛t t❤✐s ❢❡❛t✉r❡ ❤❛s ❛ ❧❛r❣❡ ✐♠♣❛❝t ♦♥
t❤❡ ❝❛♣❛❝✐t② t♦ ✇r✐t❡ ❖❚▼ ♣✉ts✱ ❡s♣❡❝✐❛❧❧② ✇❤❡♥ ✐♥✈❡st♦rs ✇r✐t❡ t❤❡ ♦♣t✐♦♥s ♠♦r❡ ❛❣❣r❡ss✐✈❡❧②✳

✾



♣r♦✜t❛❜❧❡ ♠❛♥✐♣✉❧❛t✐♦♥✳

✷✳ ❉❛t❛ ❛♥❞ ❚❡st❛❜❧❡ Pr❡❞✐❝t✐♦♥s

✷✳✶ ❉❛t❛

❉❛t❛ ❛r❡ ♦❜t❛✐♥❡❞ ❢r♦♠ ❚✐❝❦ ❉❛t❛✱ ❇❧♦♦♠❜❡r❣✱ t❤❡ ❈❇❖❊✱ ❖♣t✐♦♥▼❡tr✐❝s✱ ❛♥❞ ❉❡✉ts❝❤❡

❇örs❡ ●r♦✉♣✳ ❚❤❡ ❞❛t❛s❡ts ❝♦♥t❛✐♥ ❧♦✇❡r✲❧❡✈❡❧ ❙P❳ ♦♣t✐♦♥s ❛s ✇❡❧❧ ❛s ✉♣♣❡r✲❧❡✈❡❧ ❱■❳

❢✉t✉r❡s ❛♥❞ ♦♣t✐♦♥s✳ ◆❡✈❡rt❤❡❧❡ss✱ ♠♦st ♦❢ t❤✐s r❡♣♦rt✬s ❛tt❡♥t✐♦♥ ❢♦❝✉s❡s ♦♥ ❧♦✇❡r✲❧❡✈❡❧

❙P❳ ♦♣t✐♦♥s✱ ❛s t❤✐s ✐s ✇❤❡r❡ ❛ ♣♦t❡♥t✐❛❧ ♠❛♥✐♣✉❧❛t♦r ✇♦✉❧❞ ♥❡❡❞ t♦ tr❛❞❡✳ ❚❤❡ ♣❡r✐♦❞

♦❢ ❡①❛♠✐♥❛t✐♦♥ ✐s ❢r♦♠ ❏❛♥✉❛r② ✷✵✵✽ t♦ ❆♣r✐❧ ✷✵✶✺✱ t❤♦✉❣❤ ♠✉❝❤ ♦❢ ♦✉r r❡s✉❧ts ❢♦❝✉s ♦♥

♠♦r❡ r❡❝❡♥t ♣❡r✐♦❞s✳ ❋♦r t❤❡ ❙P❳ ♦♣t✐♦♥s✱ ✇❡ ✉s❡ ❚✐❝❦ ❉❛t❛ ✐♥tr❛❞❛② q✉♦t❡ ❛♥❞ tr❛❞❡

❞❛t❛ ✇✐t❤ ♠✐❧❧✐s❡❝♦♥❞ ❣r❛♥✉❧❛r✐t② ❢♦r ❛ t❤r❡❡✲❞❛② ✇✐♥❞♦✇ ❛r♦✉♥❞ ❡❛❝❤ s❡tt❧❡♠❡♥t ❞❛② ❢r♦♠

❏❛♥✉❛r② ✷✵✵✽ t♦ ❆♣r✐❧ ✷✵✶✺✳ ❋♦✉r ♠♦♥t❤s ♦❢ ✐♥tr❛❞❛② ❞❛t❛ ❢r♦♠ ❏❛♥✉❛r② t♦ ❆♣r✐❧ ✷✵✶✺ ❛r❡

❝♦❧❧❡❝t❡❞ ❢r♦♠ ❇❧♦♦♠❜❡r❣ t♦ ❝r♦ss❝❤❡❝❦ ❞❛t❛ ❛❝❝✉r❛❝②✳ ❲❡ ✉s❡ ❖♣t✐♦♥▼❡tr✐❝s t♦ ❛♥❛❧②③❡

❞❛✐❧② ♣❛tt❡r♥s ❢♦r ❙P❳✱ ❖❊❳✱ ❛♥❞ ❙P❨ ♦♣t✐♦♥s✳ ■t ❝♦♥t❛✐♥s ❞❛✐❧② ✈❛r✐❛❜❧❡s s✉❝❤ ❛s tr❛❞❡

✈♦❧✉♠❡ ❛♥❞ ♦♣❡♥ ✐♥t❡r❡st✳ ▼♦r❡♦✈❡r✱ t♦ ❝❛♣t✉r❡ t❤❡ ❡①❛❝t tr❛❞❡s ✐♥❝❧✉❞❡❞ ✐♥ s❡tt❧❡♠❡♥t

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

❈❇❖❊✳

❋♦r ✉♣♣❡r✲❧❡✈❡❧ ❱■❳ ❞❡r✐✈❛t✐✈❡s✱ ❱■❳ ♦♣t✐♦♥s ❞❛t❛ ❛r❡ ❢r♦♠ ❖♣t✐♦♥▼❡tr✐❝s✱ ❛♥❞ ❱■❳

❢✉t✉r❡s ❞❛t❛ ❛r❡ ❢r♦♠ t❤❡ ❈❇❖❊ ❍✐st♦r✐❝❛❧ ▼❛r❦❡t ❉❛t❛✱ ❢r♦♠ ❏❛♥✉❛r② ✷✵✵✽ t♦ ❆♣r✐❧ ✷✵✶✺✳

❆❧s♦✱ ❞❛t❛ ♦♥ ❡①❝❤❛♥❣❡✲tr❛❞❡❞ ✈❛r✐❛♥❝❡ s✇❛♣s ✭❛❧s♦ ❝❛❧❧❡❞ ✈❛r✐❛♥❝❡ ❢✉t✉r❡s✮ ❛r❡ ❢r♦♠ ❈❇❖❊✱

❝♦✈❡r✐♥❣ t❤❡ t✐♠❡ ♣❡r✐♦❞ ❢r♦♠ ❉❡❝❡♠❜❡r ✷✵✶✷ t♦ ❆✉❣✉st ✷✵✶✺✳ ❍✐st♦r✐❝❛❧ ❞❛✐❧② ❛♥❞ ✐♥tr❛❞❛②

❞❛t❛ ♦♥ ❱■❳ ❛♥❞ ♦t❤❡r ✈♦❧❛t✐❧✐t② ✐♥❞✐❝❡s s✉❝❤ ❛s t❤♦s❡ ♦♥ ❈r✉❞❡ ❖✐❧✱ ●♦❧❞✱ ❊♠❡r❣✐♥❣ ▼❛r❦❡ts✱

❇r❛③✐❧✱ ◆❆❙❉❆◗✲✶✵✵✱ ❘✉ss❡❧❧ ✷✵✵✵✱ ❛♥❞ s❤♦rt✲t❡r♠ ❙✫P ✺✵✵ ❛r❡ ❢r♦♠ ❇❧♦♦♠❜❡r❣✳ ❚❤❡

✐♥tr❛❞❛② ❞❛t❛ ♦♥ t❤❡ ✈♦❧❛t✐❧✐t② ✐♥❞✐❝❡s ❛r❡ ♦♥❧② ❛✈❛✐❧❛❜❧❡ r❡❝❡♥t❧② ❢r♦♠ ❖❝t♦❜❡r ✷✵✶✹ t♦ ❆♣r✐❧

✷✵✶✺✳ ❋✐♥❛❧❧②✱ ❞❛t❛ ♦♥ ❞✐ss❡♠✐♥❛t❡❞ ❱❙❚❖❳❳ ✐♥❞❡① ❛♥❞ ❊❯❘❖ ❙❚❖❳❳ ✺✵ ♦♣t✐♦♥s t❤❛t ❛r❡

✉s❡❞ t♦ ❝❛❧❝✉❧❛t❡ t❤❡ ❱❙❚❖❳❳ ❛r❡ ❢r♦♠ ❉❡✉ts❝❤❡ ❇örs❡ ●r♦✉♣✱ ❛♥❞ ❞❛t❛ ♦♥ ❞✐ss❡♠✐♥❛t❡❞

❊❯❘❖ ❙❚❖❳❳ ✺✵ ✐♥❞❡① ❛r❡ ❢r♦♠ ❇❧♦♦♠❜❡r❣✳

✶✵



✷✳✷ ❖✈❡r✈✐❡✇ ♦❢ ❚❡st❛❜❧❡ Pr❡❞✐❝t✐♦♥s

❚❤❡ ❜❛s✐❝ st❡♣s t❤❛t ❛ ♠❛♥✐♣✉❧❛t♦r ♥❡❡❞s t♦ t❛❦❡ ✐♥❝❧✉❞❡✿✶✸ ✶✮ ♦♣❡♥✐♥❣ ❧♦♥❣ ♣♦s✐t✐♦♥s ✐♥

t❤❡ ❱■❳ ❞❡r✐✈❛t✐✈❡s ♣r✐♦r t♦ s❡tt❧❡♠❡♥t✱ ✷✮ s✉❜♠✐tt✐♥❣ ❛❣❣r❡ss✐✈❡ ❜✉② ♦r❞❡rs ✐♥ t❤❡ ❙P❳

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

❙P❳ ♦♣t✐♦♥s✱ ❛♥❞ ❛s ❛ r❡s✉❧t✱ ❱■❳ s❡tt❧❡♠❡♥t ♣r✐❝❡ t♦ r✐s❡✱ ❛♥❞ ✸✮ ♦❜t❛✐♥✐♥❣ t❤❡ ❤✐❣❤❡r ♣r✐❝❡

❢♦r t❤❡ ✉♣♣❡r✲❧❡✈❡❧ ❢✉t✉r❡s ♦r ♦♣t✐♦♥s ✇❤❡♥ t❤❡② s❡tt❧❡✳ ◆♦t❡ t❤❛t ✇❤✐❧❡ t❤❡ ❡①❛♠♣❧❡ s❤♦✇s

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

t❤❡ r❡✈❡rs❡ ❢❛s❤✐♦♥✳

❚r❛❞✐♥❣ ✐♥ ❛♥ ❛tt❡♠♣t t♦ ♠❛♥✐♣✉❧❛t❡ t❤❡ ❱■❳ s❡tt❧❡♠❡♥t s❤♦✉❧❞ ❧❡❛✈❡ ♣❛tt❡r♥s ✐♥ t❤❡

❞❛t❛ t❤❛t ❝❛♥ ❜❡ ❡①❛♠✐♥❡❞✳ ❋✐rst✱ ✈♦❧✉♠❡ s♣✐❦❡s ✐♥ t❤❡ ❙P❳ ♦♣t✐♦♥s ✇✐❧❧ ❜❡ ❡①❛♠✐♥❡❞ ❛t

t❤❡ ❱■❳ s❡tt❧❡♠❡♥t✳ ❙❡❝♦♥❞✱ t❤✐s ❛❝t✐✈✐t② ✇✐❧❧ ❜❡ ❝♦♠♣❛r❡❞ t♦✿ ❛✮ ♥♦♥✲s❡tt❧❡♠❡♥t t✐♠❡s✱ ❜✮

❖❊❳ ♦♣t✐♦♥s ❢♦r t❤❡ ❙✫P ✶✵✵✱ ❛♥❞ ❝✮ ❙P❨ ♦♣t✐♦♥s ❢♦r ❙P❉❘ ❙✫P ✺✵✵ ❊❚❋ t❤❛t ❞♦ ♥♦t

❤❛✈❡ tr❛❞❛❜❧❡ ✉♣♣❡r✲❧❡✈❡❧ ❞❡r✐✈❛t✐✈❡s✳ ❚❤✐r❞✱ ❙P❳ ♦♣t✐♦♥s ✈♦❧✉♠❡ ✇✐❧❧ ❜❡ ❝♦♠♣❛r❡❞ ❜❡t✇❡❡♥

❙P❳ ❖❚▼ ♦♣t✐♦♥s t❤❛t ❛r❡ ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ ❱■❳ s❡tt❧❡♠❡♥t ❛♥❞ ■❚▼ ♦♣t✐♦♥s t❤❛t ❛r❡ ♥♦t

✐♥❝❧✉❞❡❞✳

❱■❳ ✐s ❝❛❧❝✉❧❛t❡❞ ❜❛s❡❞ ♦♥ t❤❡ ❢♦❧❧♦✇✐♥❣ ❢♦r♠✉❧❛✿

VIX = 100 ∗

√

√

√

√

2

T

∑

i

∆Ki

K2

i

eRTQ(Ki)−
1

T

[

F

K0

− 1

]2

✇❤❡r❡ T ✐s t✐♠❡ t♦ ❡①♣✐r❛t✐♦♥✱ R ✐s t❤❡ r✐s❦✲❢r❡❡ ✐♥t❡r❡st r❛t❡✱ Ki ✐s t❤❡ str✐❦❡ ♣r✐❝❡ ❢♦r t❤❡

it❤ ❖❚▼ ♦♣t✐♦♥✱ Q(Ki) ✐s t❤❡ ♣r✐❝❡ ♦❢ t❤❛t ♦♣t✐♦♥✱ ∆Ki ✐s t❤❡ ❛✈❡r❛❣❡ ❞✐st❛♥❝❡ ❜❡t✇❡❡♥ t❤❡

str✐❦❡ ♣r✐❝❡ ♦❢ t❤❡ it❤ ❖❚▼ ♦♣t✐♦♥ ❛♥❞ t❤❡ str✐❦❡ ♣r✐❝❡s ❛❜♦✈❡ ❛♥❞ ❜❡❧♦✇ ♦♣t✐♦♥ i✱ F ✐s t❤❡

❢♦r✇❛r❞ ✐♥❞❡① ❧❡✈❡❧✱ ❛♥❞ K0 ✐s t❤❡ ✜rst str✐❦❡ ♣r✐❝❡ ❜❡❧♦✇ t❤❡ ❢♦r✇❛r❞ ✐♥❞❡① ❧❡✈❡❧✳ ●✐✈❡♥ t❤❛t

♦♥❧② ❖❚▼ ♦♣t✐♦♥s ❛r❡ ✐♥❝❧✉❞❡❞✱ ♦♣t✐♦♥s ✇✐t❤ Ki > K0 ❛r❡ ❝❛❧❧s✱ t❤♦s❡ ✇✐t❤ Ki < K0 ❛r❡

♣✉ts✱ ❛♥❞ ❢♦r Ki = K0 ❜♦t❤ ❝❛❧❧s ❛♥❞ ♣✉ts ❛r❡ ✐♥❝❧✉❞❡❞✱ ❡❛❝❤ r❡❝❡✐✈✐♥❣ ❤❛❧❢ t❤❡ ✇❡✐❣❤t✳

◆♦t❡ t❤❛t t❤❡ str✐❦❡ ♣r✐❝❡Ki ✐♥ t❤❡ ❱■❳ ❢♦r♠✉❧❛ ❛❜♦✈❡ ✐s sq✉❛r❡❞ ❛♥❞ ✐♥ t❤❡ ❞❡♥♦♠✐♥❛t♦r✳

✶✸❚❤❡s❡ ❛r❡ s❤♦✇♥ ❣r❛♣❤✐❝❛❧❧② ✐♥ ❋✐❣✉r❡ ■❆✳✸✳

✶✶



❍❡♥❝❡✱ ❛s ♣✉t ♦♣t✐♦♥s ❜❡❝♦♠❡ ♠♦r❡ ❖❚▼ ✭✐✳❡✳ ❤❛✈❡ ❛ ❧♦✇❡r str✐❦❡ ♣r✐❝❡✮✱ ❱■❳ ❜❡❝♦♠❡s ♠♦r❡

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

✈♦❧✉♠❡ ❛❝r♦ss t❤❡ ♦♣t✐♦♥s ✐♥ ❛ ♠❛♥♥❡r ❞✐r❡❝t❧② ♣r♦♣♦rt✐♦♥❛❧ t♦ t❤❡ s❡♥s✐t✐✈✐t② ♦❢ ❱■❳ t♦

♣r✐❝❡ ❝❤❛♥❣❡s ✐♥ ❡❛❝❤ ♦♣t✐♦♥ ❝♦♥tr❛❝t ✭❛s ✐❧❧✉str❛t❡❞ ✐♥ ■♥t❡r♥❡t ❆♣♣❡♥❞✐① ■❆✳❆✮✳ ❚❤✉s✱ ♦✉r

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

♣✉t ♦♣t✐♦♥s ❜❡❝♦♠❡ ♠♦r❡ ❖❚▼✳

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

✈❛r✐❛❜❧❡ ∆Ki✱ ✇❤✐❝❤ ✐s t❤❡ ❛✈❡r❛❣❡ ❞✐st❛♥❝❡ ❜❡t✇❡❡♥ t❤❡ str✐❦❡ ♣r✐❝❡ ♦❢ t❤❡ ♦♣t✐♦♥ i ❛♥❞

t❤❡ str✐❦❡ ♣r✐❝❡s ♦❢ t❤❡ ♦♣t✐♦♥s ✐♠♠❡❞✐❛t❡❧② ❛❜♦✈❡ ❛♥❞ ❜❡❧♦✇ ♦♣t✐♦♥ i✳ ❋♦r ❡①❛♠♣❧❡✱ ♠❛♥②

♦♣t✐♦♥s ❛r❡ s❡♣❛r❛t❡❞ ❜② ♦♥❧② ✜✈❡ ♣♦✐♥ts ❢r♦♠ t❤❡ ♥❡❛r❡st ♦♣t✐♦♥s ♦♥ ❡❛❝❤ s✐❞❡✳ ■❢ ❛♥ ❖❚▼

♣✉t ♦♣t✐♦♥ ❤❛s ❛ str✐❦❡ ♦❢ ✶✸✾✺✱ ❛♥❞ t❤❡ str✐❦❡s ❜❡❧♦✇ ❛♥❞ ❛❜♦✈❡ t❤❛t ♦♣t✐♦♥ ❛r❡ ✶✸✾✵ ❛♥❞

✶✹✵✵ r❡s♣❡❝t✐✈❡❧②✱ t❤❡♥ t❤❡ ❛✈❡r❛❣❡ ❞✐st❛♥❝❡ ❜❡t✇❡❡♥ t❤❡ s✉rr♦✉♥❞✐♥❣ str✐❦❡s ✐s ✜✈❡ ✐♥❞❡①

♣♦✐♥ts ✭✭✶✹✵✵ ✲ ✶✸✾✵✮ ö ✷ ♦r ∆K = 5✮✳✶✺ ◆❡①t✱ s✉♣♣♦s❡ t❤❛t ❜❡❧♦✇ t❤❡ ✶✸✾✵ ♦♣t✐♦♥ ✐s ❛ ♣✉t

♦♣t✐♦♥ ✇✐t❤ ❛ str✐❦❡ ♦❢ ✶✸✼✺✳ ■♥ t❤✐s ❝❛s❡✱ t❤❡ ✶✸✾✵ ♦♣t✐♦♥ ✇♦✉❧❞ ❜❡ ✶✺ ♣♦✐♥ts ❛✇❛② ❢r♦♠

t❤❡ ♥❡❛r❡st str✐❦❡ ❜❡❧♦✇ ❛♥❞ ✺ ♣♦✐♥ts ❢r♦♠ t❤❡ str✐❦❡ ❛❜♦✈❡✱ r❡s✉❧t✐♥❣ ✐♥ ❛♥ ❛✈❡r❛❣❡ str✐❦❡

❞✐✛❡r❡♥❝❡ ♦❢ ✶✵ ✭✭✶✸✾✺ ✲ ✶✸✼✺✮ ö ✷ ♦r ∆K = 10✮✳ ❍❡♥❝❡✱ t❤❡ ♦♣t✐♦♥ ❛t ✶✸✾✵ ✇✐❧❧ ❤❛✈❡ ♥❡❛r❧②

t✇✐❝❡ ❛s ♠✉❝❤ ✇❡✐❣❤t ✐♥ t❤❡ ❱■❳ s❡tt❧❡♠❡♥t ❝❛❧❝✉❧❛t✐♦♥ ❛s t❤❡ ✈❡r② s✐♠✐❧❛r ♦♣t✐♦♥ ♥❡①t t♦ ✐t

❛t ✶✹✵✵ ♦r ✶✸✾✺✳ ■❢ ❛ ♠❛♥✐♣✉❧❛t♦r ✐s ♣❧❛♥♥✐♥❣ t♦ ✐♥✢✉❡♥❝❡ t❤❡ ♣r✐❝❡ ♦❢ t❤❡ ❱■❳✱ t❤❡② s❤♦✉❧❞

❜❡ ✇✐❧❧✐♥❣ t♦ s♣❡♥❞ t✇✐❝❡ ❛s ♠✉❝❤ t♦ ✐♥✢✉❡♥❝❡ t❤❡ ✶✸✾✵ ♦♣t✐♦♥ ❛s ❝♦♠♣❛r❡❞ t♦ t❤❡ ♦♣t✐♦♥

❛t ✶✹✵✵ ♦r ✶✸✾✺✳ ❚❤❡ ♣r❡❞✐❝t✐♦♥ ✐s t❤❛t tr❛❞✐♥❣ s❤♦✉❧❞ ✐♥❝r❡❛s❡ ❛r♦✉♥❞ t❤❡ ∆Ki t❤r❡s❤♦❧❞s✱

✇❤❡r❡ ❝❡rt❛✐♥ ♦♣t✐♦♥s r❡❝❡✐✈❡ ❛ ❤✐❣❤❡r ✇❡✐❣❤t ✐♥ t❤❡ ❱■❳ ❝❛❧❝✉❧❛t✐♦♥✳

✶✹❚❤❡ ❡✛❡❝t ♦❢ t❤❡ str✐❦❡ ♣r✐❝❡ ✐s t❤❡ ♦♣♣♦s✐t❡ ❢♦r ❝❛❧❧ ♦♣t✐♦♥s ❛❢t❡r ❝♦♥tr♦❧❧✐♥❣ ❢♦r ∆K ♠❡❛s✉r❡✿ t❤❡ ❞❡❡♣❡r
❖❚▼ ❛ ❝❛❧❧ ♦♣t✐♦♥✱ t❤❡ ❤✐❣❤❡r ✐ts str✐❦❡ ♣r✐❝❡ ❛♥❞ ❧♦✇❡r ✐ts ✇❡✐❣❤t ✐♥ ❱■❳ ❝❛❧❝✉❧❛t✐♦♥✳ ❚❤✐s ✐s s❤♦✇♥ ✐♥
■♥t❡r♥❡t ❆♣♣❡♥❞✐① ❚❛❜❧❡ ■❆✳✶ ✇❤❡r❡ ✇❡ ❝♦♥tr♦❧ ❢♦r ∆K ❛♥❞ ✐♥ ❋✐❣✉r❡ ■❆✳✹ ✇❤❡r❡ ✇❡ s❤♦✇ t❤❡ s❡♥s✐t✐✈✐t②
❛♥❞ ✈♦❧✉♠❡ ♦♥❧② ❢♦r ❝❛❧❧ ♦♣t✐♦♥s ✇✐t❤ ∆K = 5✳ ❚♦ ❛✈♦✐❞ ✉♥♥❡❝❡ss❛r② ❝♦♠♣❧❡①✐t✐❡s ❛♥❞ ❝♦♥❢✉s✐♦♥✱ ✇❡
r❡♣♦rt ♠♦st ♦❢ t❤❡ r❡s✉❧ts ♦♥❧② ❢♦r ♣✉t ♦♣t✐♦♥s ❤❡r❡✱ ✇❤✐❝❤ ❛❧s♦ ❤❛✈❡ ❛ ❤✐❣❤❡r ✇❡✐❣❤t ✐♥ ❱■❳ ❝❛❧❝✉❧❛t✐♦♥s✳
❚❤❡ ❡q✉✐✈❛❧❡♥t r❡s✉❧ts ❢♦r t❤❡ ❝❛❧❧s ❛r❡ r❡♣♦rt❡❞ ✐♥ t❤❡ ■♥t❡r♥❡t ❆♣♣❡♥❞✐①✳

✶✺❚❤✐s ✐s s❤♦✇♥ ✐♥ ■♥t❡r♥❡t ❆♣♣❡♥❞✐① ❋✐❣✉r❡ ■❆✳✺ ❢♦r ❛ ♣✉t ♦♣t✐♦♥✳

✶✷



✸✳ ❱♦❧✉♠❡ P❛tt❡r♥s ❛t ❙❡tt❧❡♠❡♥t

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

✸✳✶ ❱♦❧✉♠❡ ❙♣✐❦❡s

P❛♥❡❧ ❆ ♦❢ ❋✐❣✉r❡ ✶ s❤♦✇s ❛✈❡r❛❣❡ ❞❛✐❧② ✈♦❧✉♠❡ ❛❝r♦ss ❛❧❧ ❙P❳ ♦♣t✐♦♥s✳ ❚②♣✐❝❛❧❧②✱ ✈♦❧✉♠❡

✐s ❧♦✇ ❛♥❞ ✐♥❝r❡❛s❡s ❛s ♦♣t✐♦♥s ❛♣♣r♦❛❝❤ ❡①♣✐r❛t✐♦♥✳ ❍♦✇❡✈❡r✱ ❤❡r❡ t❤❡ ✈♦❧✉♠❡ s♣✐❦❡s t❤✐rt②

❞❛②s ♣r✐♦r t♦ ❡①♣✐r❛t✐♦♥✳ ❚❤✐s ✐s ♥♦t ❞✉❡ t♦ ❛♥② ❦✐♥❞ ♦❢ ♦❜✈✐♦✉s ❙✫P ✺✵✵ ♠❛r❦❡t✲r❡❧❛t❡❞

❡✈❡♥t✱ ❜✉t ✐t ✐s t❤❡ ❞❛t❡ t❤❛t t❤❡ ❱■❳ s❡tt❧❡s✳

P❛♥❡❧ ❇ r❡♠♦✈❡s t❤❡ ❙P❳ ✈♦❧✉♠❡ t❤❛t tr❛❞❡s ❡①❛❝t❧② ❛t t❤❡ s❡tt❧❡♠❡♥t ♦❢ t❤❡ ❱■❳✱ t❤✐rt②

❞❛②s ❜❡❢♦r❡ ❙P❳ ❡①♣✐r❡s✳ ❚❤❡ ✈♦❧✉♠❡ ❢♦r t❤❡ r❡st ♦❢ t❤❡ ❞❛② s❤♦✇s t❤❛t t❤❡ ♣r♦♥♦✉♥❝❡❞

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

s❡tt❧❡♠❡♥t ✈♦❧✉♠❡✳

❚♦ ❡①❛♠✐♥❡ t❤❡ ♣♦ss✐❜✐❧✐t② t❤❛t s♦♠❡ ♦t❤❡r ❡✈❡♥t ❜❡s✐❞❡s t❤❡ ❱■❳ s❡tt❧❡♠❡♥t ❝❛✉s❡s

✈♦❧✉♠❡ t♦ s♣✐❦❡✱ t❤❡ ✈♦❧✉♠❡ ♦❢ ❙P❳ ♦♣t✐♦♥s ✐s ❝♦♠♣❛r❡❞ t♦ ❖❊❳ ❛♥❞ ❙P❨ ♦♣t✐♦♥s✳ ❚❤❡

❙✫P ✶✵✵ ❛♥❞ ✺✵✵ tr❛❝❦ ❡❛❝❤ ♦t❤❡r ✈❡r② ❝❧♦s❡❧②✳ ❆❞❞✐t✐♦♥❛❧❧②✱ t❤❡r❡ ✐s ❛♥ ❖❊❳ ✈♦❧❛t✐❧✐t②

✐♥❞❡① ✭❱❳❖✮ t❤❛t ✐s ❝❛❧❝✉❧❛t❡❞ ❢r♦♠ ❖❊❳ ♦♣t✐♦♥s ❛♥❞ t❤❛t ❝❧♦s❡❧② tr❛❝❦s t❤❡ ❱■❳ ✐♥❞❡①✳

◆❡✈❡rt❤❡❧❡ss✱ t❤❡r❡ ❛r❡ ♥♦ tr❛❞❛❜❧❡ ❢✉t✉r❡s ♦r ♦♣t✐♦♥s ♦♥ t❤❡ ❱❳❖ ❛♥❞ ❤❡♥❝❡ ♥♦ ✐♥❝❡♥t✐✈❡ t♦

♠❛♥✐♣✉❧❛t❡ t❤❡ ✐♥❞❡①✳ ▼♦r❡♦✈❡r✱ t❤❡ ❙P❨ ❊❚❋ tr❛❝❦s t❤❡ ❙✫P ✺✵✵ ✐♥❞❡① ❛♥❞ ❤❛s t❤❡ s❛♠❡

❢✉♥❞❛♠❡♥t❛❧s✱ ❜✉t t❤❡r❡ ✐s ♥♦ ✈♦❧❛t✐❧✐t② ✐♥❞❡① ❝❛❧❝✉❧❛t❡❞ ✉s✐♥❣ ❙P❨ ♦♣t✐♦♥s✳ P❛♥❡❧ ❇ ♣❧♦ts

t❤❡ ❛✈❡r❛❣❡ ✈♦❧✉♠❡ ♦♥ t❤❡ ❖❊❳ ❛♥❞ ❙P❨✳ ❚❤❡ ❖❊❳ ❛♥❞ ❙P❨ ✈♦❧✉♠❡s ❡①❤✐❜✐t ♥♦ ♠❛❥♦r

♠♦✈❡♠❡♥t t❤✐rt② ❞❛②s ♣r✐♦r t♦ ♠❛t✉r✐t②✳

❚❤❡ ❱■❳ ❢♦r♠✉❧❛ ♦♥❧② ✉s❡s ❖❚▼ ♦♣t✐♦♥s✳ P❛♥❡❧ ❈ ♦❢ ❋✐❣✉r❡ ✶ s❤♦✇s t❤❛t t❤❡ ✈♦❧✉♠❡

s♣✐❦❡ ✐s ❡♥t✐r❡❧② ❞r✐✈❡♥ ❜② t❤❡ ❖❚▼ ♦♣t✐♦♥s✱ ❛♥❞ t❤❡r❡ ✐s ♥♦ ✐♥❝r❡❛s❡ ✐♥ ✈♦❧✉♠❡ ❢♦r ■❚▼

♦♣t✐♦♥s✳ ❚❛❜❧❡ ✶ ❝♦♥✜r♠s t❤✐s r❡s✉❧t ✐♥ t❤❡ r❡❣r❡ss✐♦♥ ♦❢ t❤❡ ❢♦r♠✿

V olumeit = β0 + β1SettlementDayt + β2OTMit + β3SettlementDayt ∗OTMit + αt + ǫit

✶✸



✇❤❡r❡ SettlementDayt ✐s ❛ ❞✉♠♠② ✈❛r✐❛❜❧❡ t❤❛t t❛❦❡s t❤❡ ✈❛❧✉❡ ♦❢ ♦♥❡ ✐❢ t❤❡ ❞❛② ✐s ❛ ❱■❳

s❡tt❧❡♠❡♥t ❞❛②✱ ❛♥❞ ③❡r♦ ♦t❤❡r✇✐s❡✱ OTMit ✐s ❛ ❞✉♠♠② ✈❛r✐❛❜❧❡ ❡q✉❛❧ t♦ ♦♥❡ ✐❢ ♦♣t✐♦♥ i ❛t

s❡tt❧❡♠❡♥t t✐♠❡ t ✐s ♦✉t✲♦❢✲t❤❡✲♠♦♥❡② ❛♥❞ ❡q✉❛❧ t♦ ③❡r♦ ✐❢ ✐♥✲t❤❡✲♠♦♥❡②✱ ❛♥❞ αt ✐s t❤❡ ❙P❳

♦♣t✐♦♥s ❡①♣✐r❛t✐♦♥ ❞❛t❡ ✜①❡❞ ❡✛❡❝t✳ ❚❤r♦✉❣❤♦✉t t❤❡ ♣❛♣❡r✱ ✇❡ ✉s❡ t❤❡ ❡①♣✐r❛t✐♦♥ ❞❛t❡ ✜①❡❞

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

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

❡①♣✐r❛t✐♦♥ ❞❛t❡s✳

❚❤❡ ❚❛❜❧❡ s❤♦✇s t❤❛t ❛✮ t❤❡ ✐♥❝r❡❛s❡ ✐♥ ✈♦❧✉♠❡ ♦♥ t❤❡ s❡tt❧❡♠❡♥t ❞❛② ✐s ❡♥t✐r❡❧② ✐♥ ❖❚▼

♦♣t✐♦♥s ✭❙❡tt❧❡♠❡♥t ❉❛② t✐♠❡s ❖❚▼✮ ❛♥❞ ♥♦t ✐♥ ■❚▼ ♦♣t✐♦♥s✱ ✇❤✐❝❤ ✐s t❤❡ ❜❡♥❝❤♠❛r❦❀ ❜✮

t❤❡ ✐♥❝r❡❛s❡ ✐s ❡❝♦♥♦♠✐❝❛❧❧② ✈❡r② ❧❛r❣❡❀ ❛♥❞ ❝✮ ✐t ✐s st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ✇✐t❤ ❛ t✲st❛t✐st✐❝

♦❢ ✶✶✳✽✻✳ ❚❤❡s❡ r❡s✉❧ts ❛r❡ ❝♦♥s✐st❡♥t ✇✐t❤ ❙P❳ tr❛❞✐♥❣ ❜❡✐♥❣ ❞r✐✈❡♥ ❜② t❤❡ ❱■❳ s❡tt❧❡♠❡♥t✳

✸✳✷ ❱■❳ ❙❡♥s✐t✐✈✐t② ❛♥❞ ❖♣t✐♦♥ ❱♦❧✉♠❡s

P❛♥❡❧ ❆ ♦❢ ❋✐❣✉r❡ ✷ s❤♦✇s ❤♦✇ s❡♥s✐t✐✈❡ t❤❡ ❱■❳ ✐s t♦ ♣r✐❝❡ ❝❤❛♥❣❡s ♦❢ ✐♥❞✐✈✐❞✉❛❧ ♣✉t ♦♣t✐♦♥s✳

❚❤✐s s❡♥s✐t✐✈✐t② ♠❡❛s✉r❡ ✐s ❝❛❧❝✉❧❛t❡❞ ❢♦r ❡❛❝❤ str✐❦❡✱ ❛s t❤❡ ❜❛s✐s ♣♦✐♥t ❝❤❛♥❣❡ ✐♥ ❱■❳ ❛s

❛ r❡s✉❧t ♦❢ ❛ ✩✵✳✵✺ ❝❤❛♥❣❡ ✐♥ t❤❛t s♣❡❝✐✜❝ ♦♣t✐♦♥✬s ♣r✐❝❡✱ ✇❤✐❧❡ ❦❡❡♣✐♥❣ ♣r✐❝❡s t❤❡ s❛♠❡ ❢♦r

❛❧❧ ♦t❤❡r str✐❦❡s✳✶✻ ❆s ❞✐s❝✉ss❡❞ ❛❜♦✈❡✱ s♦♠❡♦♥❡ ✇✐s❤✐♥❣ t♦ ♠❛♥✐♣✉❧❛t❡ t❤❡ ✐♥❞❡① s❤♦✉❧❞

s✉❜♠✐t ✐♥❝r❡❛s✐♥❣ ✈♦❧✉♠❡ ❛s s❡♥s✐t✐✈✐t② ✐♥❝r❡❛s❡s✳ P❛♥❡❧ ❇ ♦❢ ❋✐❣✉r❡ ✷ s❤♦✇s ♣✉t ♦♣t✐♦♥s✬

✈♦❧✉♠❡ ❛❝r♦ss str✐❦❡ ♣r✐❝❡ r❛♥❣❡s ❛t t❤❡ s❡tt❧❡♠❡♥t ❛♥❞ s❤♦✇s t❤❛t ✈♦❧✉♠❡ ✐♥❝r❡❛s❡s ❛s t❤❡

♣✉t ♦♣t✐♦♥s ❜❡❝♦♠❡ ♠♦r❡ ❖❚▼✱ ✇❤✐❝❤ ✐s ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ s❡♥s✐t✐✈✐t② ♣❛tt❡r♥s s❤♦✇♥ ✐♥

P❛♥❡❧ ❆✳✶✼

❚❛❜❧❡ ✷ ❡①❛♠✐♥❡s t❤❡s❡ ♣❛tt❡r♥s ❢♦r ❜♦t❤ ♣✉ts ❛♥❞ ❝❛❧❧s ❝♦♠❜✐♥❡❞ ✐♥ ❛♥ ❖▲❙ r❡❣r❡ss✐♦♥

❢r❛♠❡✇♦r❦ ✇✐t❤ st❛♥❞❛r❞ ❡rr♦rs ❝❧✉st❡r❡❞ ❜② ❞❛t❡✳ ❱♦❧✉♠❡ ❞♦❡s ✐♥❝r❡❛s❡ ✇✐t❤ ❱■❳ s❡♥s✐t✐✈✲

✐t②✱ ❛♥❞ t❤❡ r❡❧❛t✐♦♥s❤✐♣ ✐s ❤✐❣❤❧② st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✳ ❆❞❞✐t✐♦♥❛❧❧②✱ t❤✐s r❡❧❛t✐♦♥s❤✐♣ ✐s

✶✻❚♦ ❝♦♠♣✉t❡ t❤❡ ♠❛r❣✐♥❛❧ ❡✛❡❝t ♦❢ ❙P❳ ♦♣t✐♦♥s ♣r✐❝❡ ❝❤❛♥❣❡s ♦♥ t❤❡ ❱■❳✱ ✇❡ ✉s❡ t❤❡ ✩✵✳✵✺ ✐♥❝r❡♠❡♥t
❜❡❝❛✉s❡ t❤❛t ✐s t❤❡ ♠✐♥✐♠✉♠ t✐❝❦ s✐③❡ ♦❢ t❤❡ ♦♣t✐♦♥ ♣r✐❝❡s✳ ❚❤❡ ❢❛❝t t❤❛t ✩✵✳✵✺ ❝❤❛♥❣❡ ✐s ❛ ❧❛r❣❡ ♣r✐❝❡
❡✛❡❝t ❢♦r ❧♦✇ ♣r✐❝❡ ❞❡❡♣ ❖❚▼ ♦♣t✐♦♥s ❞♦❡s ♥♦t ❛✛❡❝t t❤❡ r❡s✉❧ts ❤❡r❡ ❜❡❝❛✉s❡ ✇❡ ❡①❛♠✐♥❡ t❤❡ ❝♦sts ❛♥❞
❜❡♥❡✜ts ❝❛✉s❡❞ ❜② t❤❡ ❛❜s♦❧✉t❡ ♣r✐❝❡ ❝❤❛♥❣❡s ✐♥ t❤❡ ♦♣t✐♦♥ ♣r✐❝❡s✱ ♥♦t t❤❡ r❡❧❛t✐✈❡ ❝❤❛♥❣❡s✳

✶✼❙✐♠✐❧❛r ♣❛tt❡r♥s ✉s✐♥❣ ❛❧t❡r♥❛t✐✈❡ ❜✐♥s ♦❢ ♠♦♥❡②♥❡ss ❢♦r ♣✉t ♦♣t✐♦♥s ❛r❡ s❤♦✇♥ ✐♥ ■♥t❡r♥❡t ❆♣♣❡♥❞✐① ❋✐❣✉r❡
■❆✳✻✳

✶✹



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

t❤❡ ❱■❳ s❡♥s✐t✐✈✐t② ♠❡❛s✉r❡ ❛♥❞ t❤❡ ❞❛t❡ ✜①❡❞ ❡✛❡❝ts✳

P❛♥❡❧ ❈ ♦❢ ❋✐❣✉r❡ ✷ s❤♦✇s t❤❛t t❤❡ ♣♦s✐t✐✈❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❱■❳ s❡♥s✐t✐✈✐t② ❛♥❞

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

r❡st ♦❢ t❤❡ s❡tt❧❡♠❡♥t ❞❛②✱ ♣✉t ♦♣t✐♦♥s ✇✐t❤ ❤✐❣❤❡r ❱■❳ s❡♥s✐t✐✈✐t② tr❛❞❡ s✐❣♥✐✜❝❛♥t❧② ❧❡ss✳✶✽

✸✳✸ ❉✐s❝♦♥t✐♥✉✐t② ✐♥ ❱■❳ ❙❡♥s✐t✐✈✐t②

❚❤❡ ❧❛st ♣r❡❞✐❝t✐♦♥ ♦✉t❧✐♥❡❞ ✐♥ ❙❡❝t✐♦♥ ✷✳✷ ✐s t❤❛t tr❛❞✐♥❣ ✈♦❧✉♠❡ s❤♦✉❧❞ ✶✮ s♣✐❦❡ ♦♥ t❤❡

❤✐❣❤❡r ∆❑ ♦♣t✐♦♥s ✐❢ s♦♠❡♦♥❡ ✐s ❛tt❡♠♣t✐♥❣ t♦ tr❛❞❡ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❱■❳ ❢♦r♠✉❧❛✱ ❛♥❞

✷✮ ♥♦t ❥✉♠♣ ✐❢ t❤❡ tr❛❞✐♥❣ ✐s ✉♥r❡❧❛t❡❞ t♦ ❱■❳✳ ■♥ t❤❡ ♦♣t✐♦♥ ❝❤❛✐♥s ✉s❡❞ ✐♥ s❡tt❧❡♠❡♥t

❝❛❧❝✉❧❛t✐♦♥s✱ ✇❡ ✢❛❣ t❤❡ str✐❦❡s ✇❤❡r❡ t✇♦ ❛❞❥❛❝❡♥t ♦♣t✐♦♥s ❤❛✈❡ ❞✐✛❡r❡♥t ∆❑❀ ✇❡ ❝❛❧❧ ✐t ❛

✏❥✉♠♣✑ ✐♥ ∆❑ ❛♥❞ ❞❡♥♦t❡ t❤❡ t✇♦ ❛❞❥❛❝❡♥t str✐❦❡s ❛r♦✉♥❞ t❤❡ ❥✉♠♣ ❛s ❤✐❣❤ ❛♥❞ ❧♦✇ ∆K✳

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

t❤❡ ❥✉♠♣✳ ■♥ ❋✐❣✉r❡ ✸✱ ❢♦r ❡❛❝❤ ❥✉♠♣✱ ❝❤❛r❛❝t❡r✐st✐❝s ♦❢ t❤❡ ♣✉t ♦♣t✐♦♥s ❛r♦✉♥❞ t❤❡ ❥✉♠♣ ❛r❡

♥♦r♠❛❧✐③❡❞ r❡❧❛t✐✈❡ t♦ t❤❡ ❤✐❣❤ ∆K ♦♣t✐♦♥ ✭✇❤✐❝❤ ❤❛s ❛ ❣✐✈❡♥ ✈❛❧✉❡ ♦❢ ✶✮ ❛♥❞ t❤❡♥ ❛✈❡r❛❣❡❞

❛❝r♦ss ❞✐✛❡r❡♥t ❥✉♠♣s✳✶✾ P❛♥❡❧ ❆ ♦❢ ❋✐❣✉r❡ ✸ ♣❧♦ts t❤❡ s❡♥s✐t✐✈✐t② ♦❢ t❤❡ ♣✉t ♦♣t✐♦♥s ❛r♦✉♥❞

t❤❡ t❤r❡s❤♦❧❞s✳ ❍✐❣❤❡r ∆❑ tr❛♥s❧❛t❡s ✐♥t♦ ❛ ❤✐❣❤❡r ❱■❳ s❡♥s✐t✐✈✐t② ❛♥❞✱ ❜② ❝♦♥str✉❝t✐♦♥✱

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

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

P❛♥❡❧ ❇ s❤♦✇s ❛ ❧❛r❣❡ ❥✉♠♣ ✐♥ tr❛❞✐♥❣ ✈♦❧✉♠❡ r✐❣❤t ❛t t❤❡ t❤r❡s❤♦❧❞ ❢♦r ♣✉t ♦♣t✐♦♥s✳

❚❤❡ ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ t❤❡ t✇♦ ❛r❡ ❤✐❣❤❧② s✐❣♥✐✜❝❛♥t✳✷✵ ◆♦t❡ t❤❛t ♦t❤❡r ❢❡❛t✉r❡s ♦❢ t❤❡

♦♣t✐♦♥s✱ s✉❝❤ ❛s t❤❡ str✐❦❡ ♣r✐❝❡ ❛♥❞ ♠♦♥❡②♥❡ss ❞♦ ♥♦t ❡①❤✐❜✐t ❛ ❥✉♠♣ ❛r♦✉♥❞ t❤❡ t❤r❡s❤♦❧❞

✶✽❙✐♠✐❧❛r ♣❛tt❡r♥s ❢♦r ❝❛❧❧ ♦♣t✐♦♥s ❛r❡ s❤♦✇♥ ✐♥ ■♥t❡r♥❡t ❆♣♣❡♥❞✐① ❋✐❣✉r❡ ■❆✳✼✳
✶✾❋♦r ✐♥st❛♥❝❡✱ t❤❡ ♦♣t✐♦♥ ❧❛❜❡❧❡❞ ③❡r♦ ♦♥ t❤❡ ①✲❛①✐s ♦❢ t❤❡ ❣r❛♣❤ r❡♣r❡s❡♥ts t❤❡ ❤✐❣❤ ∆❑ ♣✉t ♦♣t✐♦♥✱ ❢♦r
✇❤✐❝❤ ❛❧❧ t❤❡ ❝❤❛r❛❝t❡r✐st✐❝s ❛r❡ ♥♦r♠❛❧✐③❡❞ t♦ ✶✳ ❚❤❡ ♣♦✐♥t t❡♥ ✉♥✐ts t♦ t❤❡ ❧❡❢t r❡♣r❡s❡♥ts t❤❡ t❡♥t❤ str✐❦❡
♣r✐❝❡ ❜❡❧♦✇ t❤❡ ❤✐❣❤ ∆❑ ♦♣t✐♦♥✳ ❋♦r ♣✉ts✱ t❤❡ ❥✉♠♣ ✐♥ ∆❑ ♥♦r♠❛❧❧② ♦❝❝✉rs ✇❤❡♥ ♦♥❡ ♠♦✈❡s t♦ ❛♥ ♦♣t✐♦♥
✇✐t❤ ❛ ❧♦✇❡r str✐❦❡✳ ❱■❳ s❡♥s✐t✐✈✐t②✱ tr❛❞❡ ✈♦❧✉♠❡✱ str✐❦❡ ♣r✐❝❡✱ ❛♥❞ ♠♦♥❡②♥❡ss ❢♦r t❤❡ ♦♣t✐♦♥ ❝♦♥tr❛❝ts
❛r♦✉♥❞ t❤❡ ❥✉♠♣s ❛r❡ ♥♦r♠❛❧✐③❡❞ r❡❧❛t✐✈❡ t♦ t❤❡ ❤✐❣❤ ∆❑ ♦♣t✐♦♥ ❛♥❞ t❤❡♥ ❛✈❡r❛❣❡❞ ❛❝r♦ss ❞✐✛❡r❡♥t ❥✉♠♣s✳

✷✵❚❛❜❧❡ ■❆✳✷ ❢♦r♠❛❧✐③❡s t❤❡ t❡st ❢♦r t❤❡ tr❛❞❡ ✈♦❧✉♠❡ ❛r♦✉♥❞ t❤❡ ❥✉♠♣✳ ❆ t✲t❡st s❤♦✇s ❧❛r❣❡ ❞✐✛❡r❡♥❝❡ ✐♥
s❡tt❧❡♠❡♥t ✈♦❧✉♠❡ ❢♦r str✐❦❡s ❛r♦✉♥❞ t❤❡ ❥✉♠♣ ✐♥ P❛♥❡❧ ❆✳ P❛♥❡❧ ❇ r❡♣♦rts t❤❡ r❡s✉❧ts ♦❢ ❛♥ ✐♥str✉♠❡♥t❛❧
✈❛r✐❛❜❧❡ r❡❣r❡ss✐♦♥ ♦❢ ✈♦❧✉♠❡ ♦♥ ❱■❳ s❡♥s✐t✐✈✐t② ✉s✐♥❣ t❤❡ ❥✉♠♣ ❛s ❛♥ ✐♥str✉♠❡♥t ❢♦r t❤❡ s❡♥s✐t✐✈✐t②✱ ✇❤✐❝❤
✈❡r✐✜❡s t❤❡ s✐❣♥✐✜❝❛♥t ❞✐✛❡r❡♥❝❡ ✐♥ s❡tt❧❡♠❡♥t ✈♦❧✉♠❡ ❛r♦✉♥❞ t❤❡ ❥✉♠♣✳

✶✺



✭❛s s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ■❆✳✽✮✳ ■♥ ♦t❤❡r ✇♦r❞s✱ t❤❡s❡ ♦♣t✐♦♥s ❛r♦✉♥❞ t❤❡ t❤r❡s❤♦❧❞ ❛r❡ ♥❡❛r❧②

✐❞❡♥t✐❝❛❧ ❡①❝❡♣t ❢♦r t❤❡✐r ❣r❡❛t❡r ✇❡✐❣❤ts ✐♥ t❤❡ ❱■❳ ❝❛❧❝✉❧❛t✐♦♥✳✷✶ ■t ❝♦✉❧❞ ❜❡ ❛r❣✉❡❞ t❤❛t

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

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

❇♦t❤ P❛♥❡❧s ❆ ❛♥❞ ❇ ♦❢ ❚❛❜❧❡ ■❆✳✷ s❤♦✇ t❤❛t ✈♦❧✉♠❡ ❞♦❡s ♥♦t ❥✉♠♣ ✇✐t❤ ∆❑ ❛t ♥♦♥✲

s❡tt❧❡♠❡♥t t✐♠❡s✳

✸✳✹ ❊✈✐❞❡♥❝❡ ❖✈❡r✈✐❡✇

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

♦❢ t❤❡ ❱■❳ s❡tt❧❡♠❡♥t✳ ❚❤❡ ♣❛tt❡r♥s ❛r❡ ♦♥❧② ♣r❡s❡♥t ✐♥ ❙P❳ ♦♣t✐♦♥s ❛♥❞ ♥♦t ✐♥ ♥❡❛r❧②

✐❞❡♥t✐❝❛❧ ❖❊❳ ♦r ❙P❨ ♦♣t✐♦♥s✱ ❛♥❞ ♦♥❧② ✐♥ ❖❚▼ ❙P❳ ♦♣t✐♦♥s t❤❛t ❛r❡ ✐♥❝❧✉❞❡❞ ✐♥ t❤❡

❱■❳ s❡tt❧❡♠❡♥t ❝❛❧❝✉❧❛t✐♦♥ ❛♥❞ ♥♦t ✐♥ ■❚▼ ♦♣t✐♦♥s t❤❛t ❛r❡ ❡①❝❧✉❞❡❞✳ ❱■❳ ❡①❤✐❜✐ts ❛♥

✐♥❝r❡❛s✐♥❣ s❡♥s✐t✐✈✐t② t♦ t❤❡ ♣r✐❝❡ ♦❢ ♣✉t ♦♣t✐♦♥s t❤❛t ❛r❡ ❞❡❡♣❡r ❖❚▼ ❛♥❞✱ ❝♦♥s✐st❡♥t ✇✐t❤

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

♦♣t✐♦♥s ❜❡❝♦♠❡ ♠♦r❡ ❖❚▼✱ ❜✉t ♦♥❧② ❛t t❤❡ s❡tt❧❡♠❡♥t✳ ❋✐♥❛❧❧②✱ ❱■❳ ✐s ♠♦r❡ s❡♥s✐t✐✈❡ t♦

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

❛♥ ❡❝♦♥♦♠✐❝❛❧❧② ❧❛r❣❡ ❛♥❞ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❥✉♠♣ ✐♥ ✈♦❧✉♠❡ ♦♥ s❡tt❧❡♠❡♥t t❤❛t ♠✐rr♦rs

t❤❡✐r ✐♠♣♦rt❛♥❝❡ ✐♥ t❤❡ ❱■❳ ❢♦r♠✉❧❛✳ ■♥ s✉♠✱ t❤❡ ❡✈✐❞❡♥❝❡ ✐s ❝♦♥s✐st❡♥t ✇✐t❤ ❛tt❡♠♣t❡❞

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

✹✳ ❆❧t❡r♥❛t✐✈❡ ❊①♣❧❛♥❛t✐♦♥s

❚❤❡r❡ ❛r❡ t❤r❡❡ ♠❛✐♥ ❛❧t❡r♥❛t✐✈❡ ❡①♣❧❛♥❛t✐♦♥s ❢♦r t❤❡ ♦❜s❡r✈❡❞ ♣❛tt❡r♥s ✐♥ t❤❡ ❞❛t❛✳ ❋✐rst✱

t❤❡ s❡tt❧❡♠❡♥t ✐s ❛ ♣❡r✐♦❞ ♦❢ ❝♦♦r❞✐♥❛t❡❞ ❧✐q✉✐❞✐t② tr❛❞✐♥❣✳ ❇❡❝❛✉s❡ ❞❡❡♣ ❖❚▼ ❙P❳ ♦♣t✐♦♥s

❛r❡ ✐♥❢r❡q✉❡♥t❧② tr❛❞❡❞ ❛♥❞ ❤❛✈❡ ❧♦✇ ❧✐q✉✐❞✐t②✱ tr❛❞❡rs ❝♦✉❧❞ ❜❡ ❝♦♥❝❡♥tr❛t✐♥❣ t❤❡✐r tr❛❞✐♥❣

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

t❤❛t ♣♦✐♥t✳ ❙❡❝♦♥❞✱ ❤❡❞❣❡rs ❝♦✉❧❞ t❛❦❡ ♦✉t ♣♦s✐t✐♦♥s ✐♥ t❤❡ ✉♥❞❡r❧②✐♥❣ ❙P❳ ♦♣t✐♦♥s ♣r✐♦r t♦

✷✶■♥t❡r♥❡t ❆♣♣❡♥❞✐① ❋✐❣✉r❡ ■❆✳✾✳ r❡♣♦rts s✐♠✐❧❛r ♣❛tt❡r♥s ❢♦r ❝❛❧❧ ♦♣t✐♦♥s✳

✶✻



s❡tt❧❡♠❡♥t t♦ ❤❡❞❣❡ t❤❡✐r ❱■❳ ❞❡r✐✈❛t✐✈❡ ♣♦s✐t✐♦♥ ❛♥❞ t❤❡♥ ❝❧♦s❡ ♦✉t t❤❡✐r ♣♦s✐t✐♦♥ ✇❤❡♥ t❤❡

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

t♦ ✉♥❞❡r❧②✐♥❣ ❙P❳ ♦♣t✐♦♥s ✇❤❡♥ t❤❡② ❡①♣✐r❡✳ ❲❡ ✐♥✈❡st✐❣❛t❡ t❤❡s❡ ❡①♣❧❛♥❛t✐♦♥s ❜❡❧♦✇✳

✹✳✶ ❚r❛❞✐♥❣ ■❧❧✐q✉✐❞ ❖♣t✐♦♥s ❛t t❤❡ ▲✐q✉✐❞ ❙❡tt❧❡♠❡♥t ❚✐♠❡

❉❡❡♣ ❖❚▼ ♦♣t✐♦♥s ❛r❡ ♥♦r♠❛❧❧② ✈❡r② ✐❧❧✐q✉✐❞ ❛♥❞ ❝♦st❧② t♦ tr❛❞❡ ❜❡❝❛✉s❡ ♦❢ ❤✐❣❤ ❜✐❞✲❛s❦

s♣r❡❛❞s✳ ❲❡ ♣♦s✐t t❤❛t t❤❡ ❱■❳ s❡tt❧❡♠❡♥t ❛✉❝t✐♦♥✱ ✐♥ ❝♦♥❥✉♥❝t✐♦♥ ✇✐t❤ ❛ ❜❡❧✐❡❢ t❤❛t ♦t❤❡r

tr❛❞❡rs ♣❛rt✐❝✐♣❛t❡ ✐♥ t❤❡ ❛✉❝t✐♦♥✱ ♣r♦✈✐❞❡s ❛♥ ♦♣♣♦rt✉♥✐t② ❢♦r t❤♦s❡ ✇❤♦ ❤❛✈❡ ♣❡♥t✲✉♣

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

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

♠✉❧t✐♣❧❡ t❡sts ❤❡r❡ t❤❛t ❤❡❧♣ ❞✐s❡♥t❛♥❣❧❡ t❤❡ ❧✐q✉✐❞✐t② ❛♥❞ ♠❛♥✐♣✉❧❛t✐♦♥ ❡①♣❧❛♥❛t✐♦♥s✳

❋✐rst✱ ✐❢ t❤❡ s❡tt❧❡♠❡♥t ❛✉❝t✐♦♥ ✐s ❛ ♣❡r✐♦❞ ♦❢ ❝♦♦r❞✐♥❛t❡❞ ❧✐q✉✐❞✐t② ❢♦r ❛❧❧ ♦♣t✐♦♥s✱ t❤❡

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

❞❡❡♣ ❖❚▼ ❝❛❧❧ ♦♣t✐♦♥s ❛s ✇❡❧❧ ❛s ❞❡❡♣ ❖❚▼ ♣✉ts✳✷✷ ❍♦✇❡✈❡r✱ ✇❤✐❧❡ t❤❡ ♠❛♥✐♣✉❧❛t✐♦♥

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

♥♦r♠❛❧❧② ✐❧❧✐q✉✐❞ ❞❡❡♣ ❖❚▼ ❝❛❧❧s✱ ❜❡❝❛✉s❡ ❛s ❝❛❧❧ ♦♣t✐♦♥s ❜❡❝♦♠❡ ♠♦r❡ ❖❚▼ ✭❛♥❞ t❤✉s ❧❡ss

❧✐q✉✐❞✮✱ t❤❡② r❡❝❡✐✈❡ ❛ ❧♦✇❡r ✇❡✐❣❤t ✐♥ ❱■❳ ❝❛❧❝✉❧❛t✐♦♥✳ ❚❤❡r❡❢♦r❡✱ ✇❡ ❝❛♥ ❞✐s❡♥t❛♥❣❧❡ t❤❡

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

tr❛❞❡ ✈♦❧✉♠❡ ❛❝r♦ss t❤❡ str✐❦❡s ♦❢ t❤❡ ❝❛❧❧ ♦♣t✐♦♥s✿ ❧✐q✉✐❞✐t② tr❛❞✐♥❣ ♣r❡❞✐❝ts ❛ ♥❡❣❛t✐✈❡

r❡❧❛t✐♦♥s❤✐♣ ❛♥❞ ♠❛♥✐♣✉❧❛t✐♦♥ ♣r❡❞✐❝ts ❛ ♣♦s✐t✐✈❡ r❡❧❛t✐♦♥s❤✐♣✳ ❲❡ ♣r♦①② ❢♦r ❧✐q✉✐❞✐t② ✐♥

♥♦♥✲s❡tt❧❡♠❡♥t t✐♠❡s ❜② ✉s✐♥❣ t❤❡ ❛✈❡r❛❣❡ ♦❢ ♣r✐♦r ✸✵✲❞❛② ✈♦❧✉♠❡ ❛s ✇❡❧❧ ❛s t❤❡ ❛✈❡r❛❣❡ ♦❢

♣r✐♦r ✸✵✲❞❛② ✐♥✈❡rs❡ ♣❡r❝❡♥t❛❣❡ ❜✐❞✲❛s❦ s♣r❡❛❞✳ ❚❛❜❧❡ ✸ ❝♦❧✉♠♥s ✶ ❛♥❞ ✷ r❡♣♦rt t❤❛t t❤❡

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

t❤❛t ❧❡ss ❧✐q✉✐❞ ❝❛❧❧s ❛❝t✉❛❧❧② tr❛❞❡ ❧❡ss ❛t s❡tt❧❡♠❡♥t✳ ❚❤✐s r❡❧❛t✐♦♥s❤✐♣ ✐s ✐♥❝♦♥s✐st❡♥t ✇✐t❤

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

❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ♠❛♥✐♣✉❧❛t✐♦♥ ❤②♣♦t❤❡s✐s ❜❡❝❛✉s❡ t❤❡ ❞❡❡♣ ❖❚▼ ❝❛❧❧ ♦♣t✐♦♥s ❛❝t✉❛❧❧②

✷✷❚❛❜❧❡ ■❆✳✸ r❡♣♦rts ❛ ♣♦s✐t✐✈❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ♠♦♥❡②♥❡ss ❛♥❞ t❤❡ ❧✐q✉✐❞✐t② ❛t ♣r❡✲s❡tt❧❡♠❡♥t t✐♠❡s ❢♦r
❜♦t❤ ❖❚▼ ♣✉t ❛♥❞ ❝❛❧❧ ♦♣t✐♦♥s✳

✶✼



❤❛✈❡ ❧♦✇❡r ✇❡✐❣❤t ✐♥ ❱■❳ ❝❛❧❝✉❧❛t✐♦♥s t❤❛♥ ❧❡ss ❖❚▼ ♦♣t✐♦♥s✳ ❈♦❧✉♠♥s ✸ ❛♥❞ ✹ ✈❡r✐❢② t❤❛t✱

❛s ♣r❡❞✐❝t❡❞ ❜② ❜♦t❤ ❤②♣♦t❤❡s❡s✱ ❧❡ss ❧✐q✉✐❞✱ ❞❡❡♣❡r ❖❚▼ ♣✉t ♦♣t✐♦♥s ❤❛✈❡ ❛ ❤✐❣❤❡r ✈♦❧✉♠❡

❛t s❡tt❧❡♠❡♥t✳

❙❡❝♦♥❞✱ t♦ ❢✉rt❤❡r s❡♣❛r❛t❡ t❤❡ t✇♦ ❤②♣♦t❤❡s❡s ❢♦r t❤❡ ♣✉t ♦♣t✐♦♥s✱ ✇❡ ❝❛♥ r❡❣r❡ss t❤❡✐r

s❡tt❧❡♠❡♥t ✈♦❧✉♠❡ ♦♥ t❤❡ t✇♦ ❧✐q✉✐❞✐t② ♠❡❛s✉r❡s ❛❜♦✈❡ ❛♥❞ t❤❡ ❱■❳ s❡♥s✐t✐✈✐t② ♠❡❛s✉r❡

❞❡r✐✈❡❞ ✐♥ ❙❡❝t✐♦♥ ✸✳✷ t♦ s❡❡ ✇❤✐❝❤ ♦♥❡ ❤❛s ❛ str♦♥❣❡r ❡✛❡❝t✳ ❈♦❧✉♠♥s ✺ ❛♥❞ ✻ ♦❢ ❚❛❜❧❡ ✸

s❤♦✇ s✉❝❤ r❡s✉❧ts✳ ❲❤❡♥ ✐♥❝❧✉❞✐♥❣ t❤❡ ❱■❳ s❡♥s✐t✐✈✐t② ♠❡❛s✉r❡ ❛♥❞ t❤❡ ❧✐q✉✐❞✐t② ♠❡❛s✉r❡s

✐♥ t❤❡ s❛♠❡ r❡❣r❡ss✐♦♥s✱ t❤❡ ❧✐q✉✐❞✐t② ♠❡❛s✉r❡s ❧♦s❡ t❤❡✐r ❡①♣❧❛♥❛t♦r② ♣♦✇❡r✳ ◆♦♥✲s❡tt❧❡♠❡♥t

tr❛❞❡ ✈♦❧✉♠❡ ❜❡❝♦♠❡s ♠❛r❣✐♥❛❧❧② s✐❣♥✐✜❝❛♥t ✇✐t❤ ❛ t✲st❛t✐st✐❝ ♦❢ ✷✳✶✻ ❛♥❞ ♥♦♥✲s❡tt❧❡♠❡♥t

♣❡r❝❡♥t❛❣❡ s♣r❡❛❞ ❜❡❝♦♠❡s ✐♥s✐❣♥✐✜❝❛♥t ✇✐t❤ ❛ t✲st❛t✐st✐❝ ♦❢ ✶✳✼✾✳ ■♥ ❜♦t❤ s♣❡❝✐✜❝❛t✐♦♥s✱ t❤❡

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

♦❢ ✸✳✸✸ ❛♥❞ ✸✳✶✾✱ r❡s♣❡❝t✐✈❡❧②✳ ❚❤❡s❡ ✜♥❞✐♥❣s s✉❣❣❡st t❤❛t t❤❡ ✈♦❧✉♠❡ ❛t s❡tt❧❡♠❡♥t ✐s

♣r✐♠❛r✐❧② ❞r✐✈❡♥ ❜❛s❡❞ ♦♥ t❤❡ ❱■❳ ❢♦r♠✉❧❛✳ ❆❞❞✐t✐♦♥❛❧❧②✱ ✐♥ ❋✐❣✉r❡ ✷✱ P❛♥❡❧ ❇✱ t❤❡r❡ ✐s

❛❧♠♦st ♥♦ tr❛❞✐♥❣ ✐♥ ■❚▼ ♦♣t✐♦♥s ❛t s❡tt❧❡♠❡♥t✱ ❡✈❡♥ t❤♦✉❣❤ t❤❡② ❛r❡ ❛❧s♦ ♣❛rt ♦❢ t❤❡ ❙❖◗❀

s✐♥❝❡ t❤❡ ❞✐✛❡r❡♥❝❡ ✐s t❤❛t t❤❡✐r ♣r✐❝❡s ❛r❡ ♥♦t ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ ❱■❳ s❡tt❧❡♠❡♥t✱ t❤✐s ✐s ❛❧s♦

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

❆♥ ❛❧t❡r♥❛t✐✈❡ ✈❡rs✐♦♥ ♦❢ t❤❡ ❧✐q✉✐❞✐t② ❤②♣♦t❤❡s✐s ✐s t❤❛t t❤❡ ❧✐q✉✐❞✐t② ♦❢ ♦♣t✐♦♥s ❜❡❢♦r❡

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

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

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

✈♦❧✉♠❡ ♦❢ t❤❡ ❖❚▼ ♣✉t ♦♣t✐♦♥s✱ ✇❤✐❝❤ s❡❡ ❛♥ ✐♥❝r❡❛s❡ ✐♥ tr❛❞✐♥❣ ❛t s❡tt❧❡♠❡♥t ❛s ♦♣t✐♦♥s

❜❡❝♦♠❡ ♠♦r❡ ❖❚▼✱ ❞❡s♣✐t❡ ❧✐tt❧❡ ♣r❡✲s❡tt❧❡♠❡♥t tr❛❞✐♥❣✳ ❚❤✐s ❛❧t❡r♥❛t✐✈❡ ❡①♣❧❛♥❛t✐♦♥ ✇♦✉❧❞

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

t✐♠❡s✱ ❜✉t ❛❧♠♦st ♥♦♥❡ ❛t s❡tt❧❡♠❡♥t✳ ❍❡♥❝❡✱ ❛ ✉♥✐❢♦r♠ ❧✐q✉✐❞✐t② ❤②♣♦t❤❡s✐s ❝❛♥♥♦t ❡①♣❧❛✐♥

t❤❡ ❢❛❝t t❤❛t ❛t s❡tt❧❡♠❡♥t✱ ✐❧❧✐q✉✐❞ ❖❚▼ ♣✉ts tr❛❞❡ ♠♦r❡ ✇❤✐❧❡ ✐❧❧✐q✉✐❞ ❖❚▼ ❝❛❧❧s tr❛❞❡

❧❡ss✳

❚❤✐r❞✱ ■♥t❡r♥❡t ❆♣♣❡♥❞✐① ❋✐❣✉r❡s ■❆✳✶✵ ❛♥❞ ■❆✳✶✶ s❤♦✇ t❤❡ ✈♦❧✉♠❡ ❛❝r♦ss str✐❦❡ ♣r✐❝❡s

✶✽



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

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

t❤❡ s❡tt❧❡♠❡♥t ❞❛②s✱ t❤❡ ♦♣t✐♦♥s tr❛❞❡ ✐♥ t❤❡ ♦♣♣♦s✐t❡ ♣❛tt❡r♥ ❛s t❤❡ s❡tt❧❡♠❡♥t tr❛❞❡s✳ ❚❤✐s

s✉❣❣❡sts t❤❛t ✐❢ t❤❡r❡ ✐s ♣❡♥t✲✉♣ ❞❡♠❛♥❞ ❢♦r ✐❧❧✐q✉✐❞ ❙P❳ ♦♣t✐♦♥s✱ ✐t ✐s ♥♦t ❧❡❛❞✐♥❣ t♦ tr❛❞✐♥❣

♦♥ ♦t❤❡r ❞❛②s ♦❢ ❤✐❣❤ tr❛❞✐♥❣ ❛❝t✐✈✐t②✳

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

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

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

❝❡rt❛✐♥ t❤r❡s❤♦❧❞s✱ ✉♥❧❡ss t❤❡② ❛❧s♦ ❤❛✈❡ ❞✐s❝♦♥t✐♥✉♦✉s ❧✐q✉✐❞✐t② ❛t ♦t❤❡r t✐♠❡s✳ ❇✉t✱ ❜♦t❤

P❛♥❡❧s ❆ ❛♥❞ ❇ ♦❢ ❚❛❜❧❡ ■❆✳✷ s❤♦✇ t❤❛t ❛t ♥♦r♠❛❧ t✐♠❡s ✈♦❧✉♠❡ ✐s ❝♦♥t✐♥✉♦✉s ❛r♦✉♥❞ t❤❡

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

❜② ❝♦♦r❞✐♥❛t❡❞ ❧✐q✉✐❞✐t② tr❛❞✐♥❣✱ ❜✉t ❛r❡ ❝♦♥s✐st❡♥t ✇✐t❤ tr❛❞✐♥❣ ❜❛s❡❞ ♦♥ t❤❡ ❱■❳ ❢♦r♠✉❧❛✳

❋✐❢t❤✱ ✇❡ t✉r♥ t♦ t❤❡ ❊✉r♦♣❡❛♥ ❱■❳✱ ❱❙❚❖❳❳✱ ✇❤✐❝❤ ❤❛s ❛ ✈❡r② s✐♠✐❧❛r str✉❝t✉r❡ t♦ t❤❡

❯✳❙✳ ❱■❳✱ ❜✉t ❤❛s ✐♠♣♦rt❛♥t ❢❡❛t✉r❡s ✐♥ t❤❡ s❡tt❧❡♠❡♥t ❝❛❧❝✉❧❛t✐♦♥ t❤❛t ❞✐✛❡r ❢r♦♠ ❱■❳✳ ❚❤❡

❊✉r♦♣❡❛♥ ❱■❳ ❡①❝❧✉❞❡s ♦♣t✐♦♥s ✇✐t❤ ♣r✐❝❡s ❧❡ss t❤❛♥ e✵✳✺ ❢r♦♠ t❤❡ ❱❙❚❖❳❳ ❝❛❧❝✉❧❛t✐♦♥✳

❚❤❡ ♠❛♥✐♣✉❧❛t✐♦♥ ❤②♣♦t❤❡s✐s ♣r❡❞✐❝ts t❤❛t tr❛❞❡rs ✇❤♦ ✇❛♥t t♦ ♠❛♥✐♣✉❧❛t❡ t❤❡ ♣r✐❝❡s ✇♦✉❧❞

♥♦t tr❛❞❡ ❞❡❡♣ ❖❚▼ ♦♣t✐♦♥s t❤❛t ❛r❡ ❢❛r ❜❡❧♦✇ t❤❡ e✵✳✺ ❝✉t♦✛❀ t❤❡ e✵✳✺ ❝✉t♦✛ ✐s ❝r✐t✐❝❛❧

❢♦r ❛ tr❛❞❡r ✇❤♦ ✇✐s❤❡s t♦ ❛✛❡❝t t❤❡ s❡tt❧❡♠❡♥t✳✷✸ ❚❤❡ ❧✐q✉✐❞✐t② ❤②♣♦t❤❡s✐s ♣r❡❞✐❝ts tr❛❞✐♥❣

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

✐❧❧✐q✉✐❞ ♦♣t✐♦♥s❀ t❤❡ e✵✳✺ ❝✉t♦✛ ✐s ♥♦t ❛ ❝r✐t✐❝❛❧ t❤r❡s❤♦❧❞ ❢♦r ❝♦♦r❞✐♥❛t❡❞ ❧✐q✉✐❞✐t② tr❛❞✐♥❣✳

❋✐❣✉r❡ ✹✱ P❛♥❡❧ ❆✱ s❤♦✇s t❤❡ tr❛❞❡ ✈♦❧✉♠❡ ♦❢ ❊❯❘❖ ❙❚❖❳❳ ♣✉t ♦♣t✐♦♥s t❤❛t ❛r❡ ✉s❡❞

t♦ ❝❛❧❝✉❧❛t❡ ❱❙❚❖❳❳✱ s♦rt❡❞ r❡❧❛t✐✈❡ t♦ t❤❡ e✵✳✺ ❝✉t♦✛✱ ❛♥❞ ❛✈❡r❛❣❡❞ ❛❝r♦ss s❡tt❧❡♠❡♥t

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

t❤❛♥ e✵✳✺ ❞✉r✐♥❣ s❡tt❧❡♠❡♥t ♣❡r✐♦❞✳ ❋✐rst✱ t❤❡ ✈♦❧✉♠❡ ✐s ♣❛rt✐❝✉❧❛r❧② ❤✐❣❤ ❢♦r ♦♣t✐♦♥s ♥❡❛r

t❤❡ e✵✳✺ ❝✉t♦✛ ❜❡❝❛✉s❡ t❤♦s❡ ♦♣t✐♦♥s ❛r❡ ✈❡r② ❝r✐t✐❝❛❧ t♦ t❤❡ s❡tt❧❡♠❡♥t ❝❛❧❝✉❧❛t✐♦♥s❀ t❤❡②

✷✸■❢ t❤❡r❡ ❛r❡ ♠♦r❡ t❤❛♥ ♦♥❡ str✐❦❡ ✇✐t❤ t❤❡ ♣r✐❝❡ ❡q✉❛❧ t♦ e✵✳✺✱ ♦♥❧② t❤❡ ♥❡❛r❡st t♦ t❤❡ ♠♦♥❡② ✇✐❧❧ ❜❡
✐♥❝❧✉❞❡❞ ✐♥ t❤❡ ❱❙❚❖❳❳✳ ❇✉t ✐❢ ♥♦ ♦t❤❡r str✐❦❡ tr❛❞❡s ❛t ✵✳✺ ❊✉r♦✱ ♣✉s❤✐♥❣ t❤❡ e✵✳✹ ♦♣t✐♦♥ ✉♣ ❛✛❡❝ts t❤❡
❝❛❧❝✉❧❛t✐♦♥✳ ▼♦r❡♦✈❡r✱ ✐❢ ♣r✐❝❡ ♦❢ t❤❡ e✵✳✺ ♦♣t✐♦♥ ❛t ❝✉t♦✛ ✐s ♣✉s❤❡❞ ✉♣✇❛r❞ t♦ e✵✳✻✱ t❤❡♥ ❛♥♦t❤❡r str✐❦❡
❝❛♥ ❜❡ ❛❞❞❡❞ t♦ t❤❡ t❛✐❧ ❛t e✵✳✺✳ ❚❤✐s ♠❛❦❡s t❤❡ e✵✳✺ ♦♣t✐♦♥ ❤✐❣❤❧② ❝r✐t✐❝❛❧ ✐♥ ❱❙❚❖❳❳ s❡tt❧❡♠❡♥t✳

✶✾



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

❙❡❝♦♥❞✱ t❤❡r❡ ✐s ❧✐tt❧❡ ✈♦❧✉♠❡ ♦♥ ♦♣t✐♦♥s t❤❛t ❛r❡ ✇♦rt❤ ❧❡ss t❤❛♥ e✵✳✺ ✭❛♥❞ ❞♦ ♥♦t ❛✛❡❝t t❤❡

❱❙❚❖❳❳ ❝❛❧❝✉❧❛t✐♦♥✮✳✷✹ ■♥ t❤❡ ❯✳❙✳ ❱■❳ s❡tt❧❡♠❡♥ts t❤❡r❡ ✐s ♥♦ s✉❝❤ ❝✉t♦✛✳ ❖♥ ❛✈❡r❛❣❡✱ ✐❢

♦♥❡ ❝♦♠♣❛r❡❞ t♦ t❤❡ ❯✳❙✳ ❱■❳ ❝❛❧❝✉❧❛t✐♦♥✱ ✸✽ ♣✉t ♦♣t✐♦♥s ♦❢ ❧❡ss t❤❛♥ e✵✳✺ ✭✩✵✳✻✼ ♦♥ ❛✈❡r❛❣❡

♦✈❡r t❤❡ s❛♠♣❧❡ ♣❡r✐♦❞✮ ❤❛✈❡ ❧❛r❣❡ ✈♦❧✉♠❡ ❛♥❞ ❛r❡ ✐♥❝❧✉❞❡❞ ✐♥ ❡❛❝❤ ❯✳❙✳ ❱■❳ s❡tt❧❡♠❡♥t✱

✇✐t❤ ❛♥ ❛✈❡r❛❣❡ tr❛❞❡ ✈♦❧✉♠❡ ♦❢ ✷✶✶✶ ❝♦♥tr❛❝ts✳ ❚❤♦s❡ ♦♣t✐♦♥s ❛❝❝♦✉♥t ❢♦r ✺✷✪ ♦❢ t❤❡

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

s❡❡ ❛❝t✐✈✐t② ✐♥ ❞❡❡♣ ❖❚▼ ♦♣t✐♦♥s ✐♥ t❤❡ ❯✳❙✳ ✇❤❡r❡ t❤❡② ❤❛✈❡ ✐♥✢✉❡♥❝❡ ♦♥ ❱■❳✱ ❜✉t ❛❧♠♦st

♥♦ ❛❝t✐✈✐t② ✐♥ ❊✉r♦♣❡ ✇❤❡r❡ t❤❡② ❤❛✈❡ ♥♦ ✐♥✢✉❡♥❝❡ ♦♥ ❱❙❚❖❳❳✳

❙✐①t❤✱ t❤❡ ❱❙❚❖❳❳ s❡tt❧❡♠❡♥t ✐s ❝❛❧❝✉❧❛t❡❞ ✉s✐♥❣ t❤❡ ❛✈❡r❛❣❡ ♦❢ t❤❡ ♥♦r♠❛❧ ❱❙❚❖❳❳

✐♥❞❡① ♦✈❡r ❛ t❤✐rt②✲♠✐♥✉t❡ s❡tt❧❡♠❡♥t ✇✐♥❞♦✇✳ ❚❤❡ ❱❙❚❖❳❳ ✐♥❞❡① ✐s ❝❛❧❝✉❧❛t❡❞ ❡✈❡r②

✜✈❡ s❡❝♦♥❞s✳ ❙✐♥❝❡ t❤❡r❡ ✐s ♥♦ s♣❡❝✐❛❧ ❛✉❝t✐♦♥ ♣r♦❝❡❞✉r❡ ❢♦r ❱❙❚❖❳❳ s❡tt❧❡♠❡♥t✱ t❤❡r❡ ✐s

♥♦ ♣❛rt✐❝✉❧❛r r❡❛s♦♥ ✇❤② ❧✐q✉✐❞✐t② tr❛❞❡rs s❤♦✉❧❞ tr❛❞❡ ❛t ❛ s❡t ❢r❡q✉❡♥❝②✳ ❍♦✇❡✈❡r✱ ❢♦r

❛ ♠❛♥✐♣✉❧❛t♦r ✇❤♦ ✇❛♥ts t♦ ❛✛❡❝t t❤❡ s❡tt❧❡♠❡♥t ✈❛❧✉❡✱ ✐t ✐s ♦♣t✐♠❛❧ t♦ tr❛❞❡ ❡✈❡r② ✜✈❡

s❡❝♦♥❞s✳ ❚♦ ❡①❛♠✐♥❡ t❤✐s✱ ✐♥ ❋✐❣✉r❡ ✹✱ P❛♥❡❧ ❇✱ ✇❡ ❞✐✈✐❞❡ ❡✈❡r② ✜✈❡✲s❡❝♦♥❞ ✐♥t❡r✈❛❧ ❞✉r✐♥❣

t❤❡ s❡tt❧❡♠❡♥t ✇✐♥❞♦✇ ✐♥t♦ ✜❢t② ❜✉❝❦❡ts ♦❢ ✶✵✵ ♠✐❧❧✐s❡❝♦♥❞s ✭♦♥❡✲t❡♥t❤ ♦❢ ❛ s❡❝♦♥❞✮ ❡❛❝❤✳

❚❤❡♥✱ ✐♥ t❤❡ ✜rst ✜✈❡ ♠✐♥✉t❡s ♦❢ t❤❡ s❡tt❧❡♠❡♥t ✇❡ ✐❞❡♥t✐❢② t❤❡ ❜✉❝❦❡t ✇✐t❤ t❤❡ ❤✐❣❤❡st

♥✉♠❜❡r ♦❢ tr❛❞❡s ❛♥❞ ✉s❡ t❤❡ t✐♠❡ ♦❢ t❤❛t ❜✉❝❦❡t t♦ s❡t t❤❡ ❝❧♦❝❦ t♦ ③❡r♦✳ ❲❡ ♣❧♦t t❤❡

♥✉♠❜❡r ♦❢ tr❛❞❡s ✐♥ ✶✵✵✲♠✐❧❧✐s❡❝♦♥❞ ❜✉❝❦❡ts ✐♥ ❡❛❝❤ ♠✐♥✉t❡ ✐♥ t❤❡ ♥❡①t ✷✺ ♠✐♥✉t❡s ♦❢ t❤❡

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

s❡❝♦♥❞ ✐♥t❡r✈❛❧s✱ ♠❡❛♥✐♥❣ t❤❛t t❤❡ ✶✵✵✲♠✐❧❧✐s❡❝♦♥❞ ❜✉❝❦❡t ✐♥ ❡❛❝❤ ✜✈❡✲s❡❝♦♥❞ ✐♥t❡r✈❛❧ ✇✐t❤

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

❡①❛♠✐♥❡ ✐❢ t❤✐s t②♣❡ ♦❢ s②st❡♠❛t✐❝ tr❛❞✐♥❣ ❡✈❡r② ✜✈❡ s❡❝♦♥❞s ✐s ♥♦r♠❛❧✱ ✇❡ ♣❡r❢♦r♠ t❤❡ s❛♠❡

❡①❡r❝✐s❡ ✐♥ t❤❡ ✸✵✲♠✐♥✉t❡ ✇✐♥❞♦✇ ❜❡❢♦r❡ ❛♥❞ ❛❢t❡r t❤❡ s❡tt❧❡♠❡♥t✳ ❲❡ ✜♥❞ ♥♦ s✉❝❤ ❝❧✉st❡r✐♥❣

♣❛tt❡r♥s ♦✉ts✐❞❡ t❤❡ s❡tt❧❡♠❡♥t ✭❋✐❣✉r❡ ■❆✳✶✸✮✳

❖✈❡r❛❧❧✱ t❤❡ ❞✐✛❡r❡♥❝❡s ✐♥ t❤❡ ✈♦❧✉♠❡ ♣❛tt❡r♥s ❜❡t✇❡❡♥ ♣✉ts ❛♥❞ ❝❛❧❧s✱ ■❚▼ ❛♥❞ ❖❚▼

✷✹❋✐❣✉r❡ ■❆✳✶✷ s❤♦✇s t❤❡ ✈♦❧✉♠❡ ♦✈❡r t✐♠❡ ❢♦r ♦♣t✐♦♥s ❛r♦✉♥❞ t❤❡ ❝✉t♦✛ ♦♥ s❡tt❧❡♠❡♥t ❞❛②s✳

✷✵



♦♣t✐♦♥s✱ ❞✐s❝♦♥t✐♥✉✐t✐❡s ✇✐t❤✐♥ t❤❡ ❱■❳ ❛♥❞ ❱❙❚❖❳❳ ❝❛❧❝✉❧❛t✐♦♥s✱ ❛♥❞ t❤❡ ❞✐✛❡r❡♥❝❡s ✐♥

✈♦❧✉♠❡ ♣❛tt❡r♥s ❛♥❞ t✐♠✐♥❣ ♦❢ tr❛❞❡s ❜❡t✇❡❡♥ t❤❡ ❱■❳ ❛♥❞ ❱❙❚❖❳❳ ❛r❡ ♠♦st ❝♦♥s✐st❡♥t

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

❧❛s✳ ❆❧t❤♦✉❣❤ ♠❛♥② ❢❡❛t✉r❡s ♦❢ t❤❡ ❛❣❣r❡❣❛t❡ ♣❛tt❡r♥s ❞♦ ♥♦t s✉♣♣♦rt ❛ ❝♦♥s✐st❡♥t ❧✐q✉✐❞✐t②

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

s❡❡❦✐♥❣ ❧✐q✉✐❞✐t②✳

✹✳✷ ❯♥✇✐♥❞✐♥❣ Pr❡✈✐♦✉s ❍❡❞❣✐♥❣ P♦s✐t✐♦♥s

❲❤❡♥ ✐♥✈❡st♦rs ♦♣❡♥ ❛ ♣♦s✐t✐♦♥ ♦♥ ❱■❳ ❞❡r✐✈❛t✐✈❡s✱ t❤❡② ♠❛② ❤❡❞❣❡ t❤♦s❡ ♣♦s✐t✐♦♥s ❜②

tr❛❞✐♥❣ ✐♥ ❙P❳ ♦♣t✐♦♥s✳ ❘✐❣❤t ❛t t❤❡ s❡tt❧❡♠❡♥t t✐♠❡✱ ❜❡❝❛✉s❡ ❱■❳ ❞❡r✐✈❛t✐✈❡s ❡①♣✐r❡✱

✐♥✈❡st♦rs ♠❛② ✉♥✇✐♥❞ ❙P❳ ❤❡❞❣✐♥❣ ♣♦s✐t✐♦♥s✱ ❧❡❛❞✐♥❣ t♦ t❤❡ ❛❜♥♦r♠❛❧ tr❛❞✐♥❣ ♣❛tt❡r♥s✳

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

♦❢ ♠❛r❦❡t ♠♦✈❡s✱ ②❡t s✐t ♦♥ t❤❡ t✇♦ ♣♦s✐t✐♦♥s ✉♥t✐❧ ❱■❳ ❢✉t✉r❡ ♠❛t✉r✐t②✳ ❚❤❡♥✱ ❛t ❱■❳

s❡tt❧❡♠❡♥t✱ t❤❡ ❱■❳ ♣♦s✐t✐♦♥s ❡①♣✐r❡ ❛♥❞ t❤❡ tr❛❞❡r s✐♠✉❧t❛♥❡♦✉s❧② ✉♥✇✐♥❞s ❤✐s ❙P❳ tr❛❞❡s✳

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

❚♦ ❡①❛♠✐♥❡ t❤✐s ♣♦ss✐❜✐❧✐t②✱ ✇❡ ❧♦♦❦ ❛t t✇♦ t❡sts✳ ❋✐rst✱ ✐❢ s♦♠❡♦♥❡ t❛❦❡s ♣♦s✐t✐♦♥s ✐♥

♦♣t✐♦♥s ♣r✐♦r t♦ ❡①♣✐r❛t✐♦♥ ❛♥❞ t❤❡♥ ✉♥❧♦❛❞s ❤✐s ♦r ❤❡r ❙P❳ ♣♦s✐t✐♦♥s ✇❤❡♥ t❤❡ ❱■❳ s❡tt❧❡s✱

t❤❡r❡ s❤♦✉❧❞ ❜❡ s✐③❡❛❜❧❡ ♦♣❡♥ ✐♥t❡r❡st ❛♥❞ ✈♦❧✉♠❡ ✐♥ t❤❡ ♦♣t✐♦♥s ❜❡❢♦r❡ t❤❡ s❡tt❧❡♠❡♥t✳ P❛♥❡❧

❆ ♦❢ ■♥t❡r♥❡t ❆♣♣❡♥❞✐① ❋✐❣✉r❡ ■❆✳✶✹ s❤♦✇s t❤❛t t❤❡ ♦♣❡♥ ✐♥t❡r❡st ♦❢ ❞❡❡♣ ❖❚▼ ♣✉t ♦♣t✐♦♥s

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

❧✐st❡❞ ❙P❳ ♦♣t✐♦♥s ♣r✐♦r t♦ t❤❡ s❡tt❧❡♠❡♥t✳ ▼♦r❡♦✈❡r✱ t❤❡ ❧❛r❣❡ ✐♥❝r❡❛s❡ ✐♥ ♦♣❡♥ ✐♥t❡r❡st ❛t

s❡tt❧❡♠❡♥t ✐♥❞✐❝❛t❡s t❤❛t ♠♦st ♦❢ t❤❡ ❛❝t✐✈✐t② ✐s ❞✉❡ t♦ ♦♣❡♥✐♥❣ ♥❡✇ ♣♦s✐t✐♦♥s✳✷✺

❙❡❝♦♥❞✱ ✇❡ ❡①❛♠✐♥❡ t❤❡ ♦♣t✐♦♥s t❤❛t ❛r❡ r✐❣❤t ❛t t❤❡ t❤r❡s❤♦❧❞ ♦❢ ❜❡✐♥❣ ■❚▼ ♦r ❖❚▼✳ ■t

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

✇❤❡♥ ❤❡ ♦♣❡♥s t❤❡ ❤❡❞❣✐♥❣ ♣♦s✐t✐♦♥s ✐♥ ❙P❳ ♦♣t✐♦♥s ❛ ❝♦✉♣❧❡ ♦❢ ✇❡❡❦s ✭♦r ❡✈❡♥ ❛ ❝♦✉♣❧❡ ♦❢

✷✺P❛♥❡❧ ❇ ♦❢ ❋✐❣✉r❡ ■❆✳✶✹ s❤♦✇s t❤❛t t❤❡ t♦t❛❧ ✈♦❧✉♠❡ ♦❢ ❞❡❡♣ ❖❚▼ ♣✉ts ✐♥ t❤❡ ♣r✐♦r ✸✵ ❞❛②s ✐s ✇❡❧❧ ❜❡❧♦✇
t❤❡ ✈♦❧✉♠❡ ♦♥ t❤❡ s❡tt❧❡♠❡♥t ❞❛②✱ ❛❣❛✐♥ ✐♥❞✐❝❛t✐♥❣ t❤❛t tr❛❞❡rs ❛r❡ ♥♦t s✐♠♣❧② ❧✐q✉✐❞❛t✐♥❣ ❤❡❞❣✐♥❣ ♣♦s✐t✐♦♥s
❛t t❤❡ s❡tt❧❡♠❡♥t ❡✈❡♥ ❢♦r ❛ st❛t✐❝ ❤❡❞❣✐♥❣ ♣♦rt❢♦❧✐♦ ♦❢ ❙P❳ ♦♣t✐♦♥s✳ ❋✐❣✉r❡ ■❆✳✶✺ s❤♦✇s s✐♠✐❧❛r r❡s✉❧ts ❢♦r
❝❛❧❧ ♦♣t✐♦♥s✳

✷✶



❞❛②s✮ ♣r✐♦r t♦ s❡tt❧❡♠❡♥t✳✷✻ ❲❤❡♥ s❡tt❧❡♠❡♥t t✐♠❡ ❝♦♠❡s✱ t❤❡ tr❛❞❡r ✇✐❧❧ ❤❛✈❡ s♦♠❡ ♦♣t✐♦♥s

t❤❛t ✇❡r❡ ❖❚▼ ✐♥ t❤❡ ♣❛st ❜✉t ♥♦✇ ❛r❡ ■❚▼ ❛♥❞ t❤❡r❡❢♦r❡ ♥♦t ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ ❱■❳✳ ❚❤❡

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

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

■❚▼ ♦♣t✐♦♥s✳ ❲❡ ✜♥❞ t❤❛t ❢♦r t❤❡ ♦♣t✐♦♥s t❤❛t ❛r❡ ❝❧❡❛r❧② ■❚▼✱ t❤❡r❡ ✐s ❛❧♠♦st ♥♦ tr❛❞✐♥❣

❛t t❤❡ ❱■❳ s❡tt❧❡♠❡♥t✳✷✼ ❚❤✐s ✐s ❛❣❛✐♥ ✐♥❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ❤②♣♦t❤❡s✐s t❤❛t t❤❡ tr❛❞✐♥❣ ✐s

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

✹✳✸ ❘❡♣❧❛❝✐♥❣ ❱■❳ ❉❡r✐✈❛t✐✈❡s ✇✐t❤ ❙P❳ ❖♣t✐♦♥s

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

❞❡r✐✈❛t✐✈❡s ❡①♣✐r❡✱ tr❛❞❡rs r❡♣❧❛❝❡ t❤❡♠ ✇✐t❤ ❙P❳ ♦♣t✐♦♥s t❤r♦✉❣❤ ❛♥ ♦r❞❡r ❞❡s✐❣♥❡❞ ✉s✐♥❣

t❤❡ ❱■❳ ✇❡✐❣❤t✐♥❣ ❢♦r♠✉❧❛✳ ❚❤✐s tr❛❞❡ ✇♦✉❧❞ r❡♣❧✐❝❛t❡ ❛ ✈❛r✐❛♥❝❡ s✇❛♣ ❝♦♥tr❛❝t ❛♥❞ ❤❡♥❝❡

✇❡ ✇✐❧❧ r❡❢❡r t♦ ✐t ❛s ❛ s②♥t❤❡t✐❝ ✈❛r✐❛♥❝❡ s✇❛♣✳ ❚❤❡ q✉❡st✐♦♥ ✐s ✇❤❡t❤❡r t❤❡ ♠♦t✐✈❛t✐♦♥ ♦❢ t❤❡

tr❛❞❡ ✐s t♦ ❤❡❞❣❡ ♦r t♦ ✐♥✢✉❡♥❝❡ ❱■❳ s❡tt❧❡♠❡♥t✱ ❛♥❞ ✇❡ ♣r♦✈✐❞❡ t❤r❡❡ t❡sts t♦ ❞✐s❡♥t❛♥❣❧❡

t❤❡ t✇♦ ❤②♣♦t❤❡s❡s✳

❋✐rst✱ ✇❡ ❧♦♦❦ t♦ t❤❡ ❢♦✉r ♠♦♥t❤s ✐♥ ♦✉r s❛♠♣❧❡ ✇✐t❤♦✉t ❱■❳ ❞❡r✐✈❛t✐✈❡ ❝♦♥tr❛❝ts ✐♥ t❤❡

♠❛r❦❡t✳ ❚❤✐s ❣♦❡s ❜❛❝❦ t♦ ✷✵✵✺ ✇❤❡♥ ❱■❳ ❢✉t✉r❡s ✇❡r❡ r❡❧❛t✐✈❡❧② ♥❡✇✳ ■❢ ♦♣t✐♦♥ tr❛❞❡rs ❤❛❞

❛ ♥❡❡❞ t♦ ❤❡❞❣❡ s❤♦rt✲r✉♥ ✈♦❧❛t✐❧✐t② ✉s✐♥❣ ❙P❳ ♦♣t✐♦♥s✱ t❤❡♥ ✇❡ ✇♦✉❧❞ ❡①♣❡❝t t♦ ♦❜s❡r✈❡

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

♥♦ ❱■❳ ❢✉t✉r❡s✳ ❲❡ ✜rst ❝♦♠♣❛r❡ t❤❡ ✈♦❧✉♠❡ ✐♥ t❤❡ s❡tt❧❡♠❡♥t ♣❡r✐♦❞ ❜❡t✇❡❡♥ ♠♦♥t❤s

✇✐t❤ ❛♥❞ ✇✐t❤♦✉t ❱■❳ ❢✉t✉r❡s✳ P❛♥❡❧ ❆ ♦❢ ❚❛❜❧❡ ■❆✳✹ s❤♦✇s t❤❛t ❡✈❡♥ t❤♦✉❣❤ ♠♦♥t❤s ✇✐t❤

❛♥❞ ✇✐t❤♦✉t ❱■❳ ❢✉t✉r❡s ❞♦ ♥♦t ❤❛✈❡ ❛ s✐❣♥✐✜❝❛♥t❧② ❞✐✛❡r❡♥t ✈♦❧✉♠❡ ❢♦r ■❚▼ ♣✉t ♦♣t✐♦♥s

❛t ♥♦r♠❛❧ s❡tt❧❡♠❡♥t t✐♠❡s✱ t❤❡ tr❛❞❡ ✈♦❧✉♠❡ ♦❢ ❖❚▼ ♣✉t ♦♣t✐♦♥s ✐s s✐❣♥✐✜❝❛♥t❧② ❤✐❣❤❡r

✷✻❚❤❡ ❛✈❡r❛❣❡ ❞❛✐❧② ✈♦❧❛t✐❧✐t② ♦❢ t❤❡ ❙✫P ✺✵✵ ♦✈❡r t❤❡ ❧❛st ✜✈❡ ②❡❛rs ✐s ✵✳✾✾✪✳ ❲✐t❤ ❛♥ ❙P❳ ❧❡✈❡❧ ❛r♦✉♥❞
✷✱✵✵✵✱ t❤✐s ❝♦rr❡s♣♦♥❞s t♦ ❛ ✶✾✳✽ ♣♦✐♥ts ♠♦✈❡♠❡♥t ♣❡r ❞❛② ✐♥ ✐♥❞❡① ✈❛❧✉❡ ♦❢ t❤❡ ❙P❳✳ ❲✐t❤ ♠♦st ❛t✲t❤❡✲
♠♦♥❡② ♦♣t✐♦♥ ❝❤❛✐♥s ✜✈❡ ♣♦✐♥ts ❛♣❛rt✱ t❤✐s ♠❡❛♥s t❤❛t t❤r❡❡ ♦♣t✐♦♥ ❝♦♥tr❛❝ts ❝❛♥♥♦t ❜❡ ❞❡t❡r♠✐♥❡❞ t♦ ❜❡
✐♥ ❡✐t❤❡r ❖❚▼ ♦r ■❚▼ ❡✈❡♥ ❛ ❞❛② ♣r✐♦r t♦ ❡①♣✐r❛t✐♦♥✳ ❆t ♦♥❡ ✇❡❡❦ ✐♥t❡r✈❛❧s✱ t❤❡ ❛✈❡r❛❣❡ ✈♦❧❛t✐❧✐t② ✇♦✉❧❞
❜❡ r♦✉❣❤❧② ✷✳✻✶✱ ✇❤✐❝❤ tr❛♥s❧❛t❡s t♦ ✺✷✳✷ ♣♦✐♥ts ♦r ✶✵ ❝♦♥tr❛❝ts t❤❛t ♠❛② ♦r ♠❛② ♥♦t ❜❡ ✐♥❝❧✉❞❡❞ ✐♥ t❤❡
s❡tt❧❡♠❡♥t✳

✷✼❚❤❡s❡ r❡s✉❧ts ❛r❡ ❞✐s♣❧❛②❡❞ ✐♥ ❋✐❣✉r❡ ■❆✳✶✻✳

✷✷



❢♦r ♠♦♥t❤s ✇✐t❤ ❡①♣✐r✐♥❣ ❢✉t✉r❡s✳✷✽ ❆❞❞✐t✐♦♥❛❧❧②✱ ❚❛❜❧❡ ■❆✳✹✱ P❛♥❡❧ ❇✱ s❤♦✇s t❤❛t t❤❡ ♦♣❡♥

✐♥t❡r❡st ♦❢ ❖❚▼ ♣✉t ♦♣t✐♦♥s ❜❡❢♦r❡ s❡tt❧❡♠❡♥t ✐s ✈❡r② s✐♠✐❧❛r ❜❡t✇❡❡♥ t❤❡ ♠♦♥t❤s ✇✐t❤ ❛♥❞

✇✐t❤♦✉t ❱■❳ ❢✉t✉r❡s✳ ❚❤✐s ✐♥❞✐❝❛t❡s t❤❛t ✐♥ ♠♦♥t❤s ✇✐t❤♦✉t ♥❡❛r✲t❡r♠ ❱■❳ ❢✉t✉r❡s✱ t❤❡r❡

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

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

♠❛♥✐♣✉❧❛t✐♦♥ ✐♥❝❡♥t✐✈❡s ❛ss♦❝✐❛t❡❞ ✇✐t❤ t❤❡ s❡tt❧❡♠❡♥t✳

❙❡❝♦♥❞✱ ✇❡ ✐♥✈❡st✐❣❛t❡ t❤❡ tr❛❞❡ ♣❛tt❡r♥s ♦♥ ❡①❝❤❛♥❣❡✲tr❛❞❡❞ ✈❛r✐❛♥❝❡ s✇❛♣s ❛r♦✉♥❞

t❤❡ s❡tt❧❡♠❡♥t t✐♠❡s✳ ❱❛r✐❛♥❝❡ s✇❛♣s ❤❛✈❡ ❧♦♥❣ ❜❡❡♥ tr❛❞❡❞ ♦♥ ❖❚❈ ♠❛r❦❡ts ❛♥❞ ❤❛❞

st❛rt❡❞ tr❛❞✐♥❣ ♦♥ t❤❡ ❈❇❖❊ ❛s ✏❙✫P ✺✵✵ ❱❛r✐❛♥❝❡ ❋✉t✉r❡s✑ ✐♥ ❉❡❝❡♠❜❡r ✷✵✶✷✳ ❯♥❧✐❦❡

❖❚❈ ✈❛r✐❛♥❝❡ s✇❛♣s✱ t❤❡ ❞❛✐❧② ❞❛t❛ ♦♥ tr❛❞❡ ✈♦❧✉♠❡ ❛♥❞ ♦♣❡♥ ✐♥t❡r❡st ♦❢ t❤❡ ❡①❝❤❛♥❣❡✲

tr❛❞❡❞ ✈❛r✐❛♥❝❡ s✇❛♣s ❛r❡ ♣✉❜❧✐❝❧② ❛✈❛✐❧❛❜❧❡✳ ■❢ tr❛❞❡rs t❡♥❞ t♦ r❡♣❧❛❝❡ ❱■❳ ❞❡r✐✈❛t✐✈❡s ❛t

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

tr❛❞❡❞ ✈❛r✐❛♥❝❡ s✇❛♣s ❛r♦✉♥❞ t❤❡ ❱■❳ s❡tt❧❡♠❡♥t t✐♠❡✱ ❜✉t t❤❡r❡ ✐s ♥♦ s♣✐❦❡ ✐♥ tr❛❞❡ ✈♦❧✉♠❡

❛♥❞ ♦♣❡♥ ✐♥t❡r❡st ♦❢ t❤❛t ♣r♦❞✉❝t ♦♥ t❤❡ ❱■❳ s❡tt❧❡♠❡♥t ❞❛② ✭❛s s❤♦✇♥ ✐♥ ■♥t❡r♥❡t ❆♣♣❡♥❞✐①

❋✐❣✉r❡ ■❆✳✶✽✮✳

❚❤✐r❞✱ ❞✐✛❡r❡♥❝❡s ✐♥ t❤❡ s❡tt❧❡♠❡♥t ❝❛❧❝✉❧❛t✐♦♥ ♦❢ t❤❡ ❱❙❚❖❳❳ ♣r♦✈✐❞❡s t❤❡ ♦♣♣♦rt✉♥✐t②

t♦ ❞✐s❡♥t❛♥❣❧❡ t❤❡ t✐♠✐♥❣ ♦❢ ♠❛♥✐♣✉❧❛t✐♦♥ ✈❡rs✉s ❤❡❞❣✐♥❣✳ ❚❤❡ ❧❛st tr❛❞✐♥❣ t✐♠❡ ♦❢ ❱❙❚❖❳❳

❞❡r✐✈❛t✐✈❡s ❛♥❞ t❤❡ t✐♠❡ ❝♦♥tr❛❝ts s❡tt❧❡ ✐s ❛t ✶✷✿✵✵ ♣✳♠✳ ❈❊❚✳ ❯♥❧✐❦❡ t❤❡ ❯✳❙✳✱ t❤❡r❡ ✐s ♥♦

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

✸✵✲♠✐♥✉t❡ ❛✈❡r❛❣❡ ♦❢ t❤❡ ❞✐ss❡♠✐♥❛t❡❞ ❱❙❚❖❳❳ ✈❛❧✉❡✱ ❝♦♠♣✉t❡❞ ❡✈❡r② ✜✈❡ s❡❝♦♥❞s ❜❡t✇❡❡♥

✶✶✿✸✵ ❛✳♠✳ ❛♥❞ ✶✷ ♣✳♠✳ ❚♦ ♠❛♥✐♣✉❧❛t❡ t❤❡ ❱❙❚❖❳❳ s❡tt❧❡♠❡♥t✱ ✐t ✐s ♥♦t ❡✛❡❝t✐✈❡ t♦ ♣✉s❤

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

✸✵✲♠✐♥✉t❡ s❡tt❧❡♠❡♥t ❛t ✜✈❡✲s❡❝♦♥❞ ❝❛❧❝✉❧❛t✐♦♥ ✐♥t❡r✈❛❧s ❛s ❞✐s❝✉ss❡❞ ❜❡❢♦r❡✳ ❚❤❡r❡❢♦r❡✱ t❤❡

♠❛♥✐♣✉❧❛t✐♦♥ ❤②♣♦t❤❡s✐s ♣r❡❞✐❝ts t❤❛t ✇❡ s❤♦✉❧❞ ♦❜s❡r✈❡ ❛❜♥♦r♠❛❧ ❛❝t✐✈✐t✐❡s ✐♥ ❱❙❚❖❳❳

♠❛r❦❡t ❞✉r✐♥❣ t❤❡ ❡♥t✐r❡ ✸✵✲♠✐♥✉t❡ s❡tt❧❡♠❡♥t ❝❛❧❝✉❧❛t✐♦♥✳ ■♥ ❝♦♥tr❛st✱ ✐❢ t❤❡ ♣✉r♣♦s❡ ✐s

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

✷✽❚❤❡s❡ r❡s✉❧ts ❛r❡ ❛❧s♦ s❤♦✇♥ ❣r❛♣❤✐❝❛❧❧② ✐♥ ■♥t❡r♥❡t ❆♣♣❡♥❞✐① ❋✐❣✉r❡ ■❆✳✶✼✳

✷✸



❛❝t✐✈✐t✐❡s s❤♦✉❧❞ ❝♦♥❝❡♥tr❛t❡ ❛t ✶✷ ♣✳♠✳ ✇❤❡♥ t❤❡ ♣♦s✐t✐♦♥s ❡①♣✐r❡✳ ❋♦r ❝♦♦r❞✐♥❛t❡❞ ❧✐q✉✐❞✐t②

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

✇✐s❤❡❞ t♦ ❡①✐t ❛♥ ✉♣♣❡r✲❧❡✈❡❧ ❱❙❚❖❳❳ ♣♦s✐t✐♦♥ ❡❛r❧✐❡r✱ ✐t ❝♦✉❧❞ ❜❡ ❞♦♥❡ ❛t ❛♥② ♣♦✐♥t ✐♥ t❤❡

❞❛t❛✱ ❛♥❞ t❤❡r❡ ✐s ❝❡rt❛✐♥❧② ♥♦t❤✐♥❣ s♣❡❝✐❛❧ ❛❜♦✉t ✶✶✿✸✵ ❛✳♠✳

❋✐❣✉r❡ ✺ P❛♥❡❧ ❆ s❤♦✇s t❤❛t t❤❡ tr❛❞❡ ✈♦❧✉♠❡ ♦❢ ❊❯❘❖ ❙❚❖❳❳ ✺✵ ♦♣t✐♦♥s ❥✉♠♣s r✐❣❤t

❛t ✶✶✿✸✵ ❛✳♠✳ ❛♥❞ st❛②s ❤✐❣❤ ✉♥t✐❧ ✶✷ ♣✳♠✳ ❚❤✐s ♦♥❧② ♦❝❝✉rs ❢♦r ❖❚▼ ♦♣t✐♦♥s ❛♥❞ t❤❡r❡

✐s ♥♦t ♠✉❝❤ ❛❝t✐✈✐t② ✐♥ ■❚▼ ♦♣t✐♦♥s t❤❛t ❛r❡ ♥♦t ✉s❡❞ ✐♥ t❤❡ s❡tt❧❡♠❡♥t✳ ▼♦r❡♦✈❡r✱ t♦

❡①❛♠✐♥❡ ✇❤❡t❤❡r t❤❡s❡ tr❛❞❡s ❛✛❡❝t t❤❡ ✈❛❧✉❡ ♦❢ t❤❡ ❱❙❚❖❳❳ ✐♥❞❡①✱ P❛♥❡❧ ❇ ♦❢ ❋✐❣✉r❡

✺ s❤♦✇s t❤❡ ❛❜s♦❧✉t❡ ✜✈❡✲s❡❝♦♥❞ ♣❡r❝❡♥t❛❣❡ ❝❤❛♥❣❡s ♦❢ t❤❡ ❱❙❚❖❳❳ ✐♥❞❡①✱ ❛✈❡r❛❣❡❞ ♦✈❡r

✜✈❡✲♠✐♥✉t❡ ✐♥t❡r✈❛❧s ❢♦r s❡tt❧❡♠❡♥ts ❜❡t✇❡❡♥ ❏❛♥✉❛r② ✷✵✶✹ ❛♥❞ ❆✉❣✉st ✷✵✶✺✳ ❚❤❡ ❝❤❛♥❣❡s

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

♠❛r❦❡t ♠♦✈❡♠❡♥ts✱ ✇❡ ❡st✐♠❛t❡ ❛ ✜✈❡✲♠✐♥✉t❡ r♦❧❧✐♥❣ r❡❣r❡ss✐♦♥ ♦❢ ❱❙❚❖❳❳ ✈❛❧✉❡s ♦♥ ❊❯❘❖

❙❚❖❳❳ ✺✵ ✐♥❞❡①✱ ✇❤✐❝❤ ✐s ❤✐❣❤❧② ♥❡❣❛t✐✈❡❧② ❝♦rr❡❧❛t❡❞ ✇✐t❤ ❱❙❚❖❳❳✳ ❲❡ t❤❡♥ ❡st✐♠❛t❡

t❤❡ ♣r❡❞✐❝t✐♦♥ ❡rr♦r ♦❢ t❤❡ ♥❡①t ❱❙❚❖❳❳ ♦❜s❡r✈❛t✐♦♥✳ ❋✐❣✉r❡ ✺ P❛♥❡❧ ❈ s❤♦✇s t❤❛t t❤❡

♣r❡❞✐❝t✐♦♥ ❡rr♦r s✐❣♥✐✜❝❛♥t❧② ✐♥❝r❡❛s❡s r✐❣❤t ❛t ✶✶✿✸✵ ❛✳♠✳✱ ✐♥❞✐❝❛t✐♥❣ t❤❛t t❤❡ ❤✐❣❤❡r ❝❤❛♥❣❡s

✐♥ ❱❙❚❖❳❳ ❛r❡ ❞✐s❝♦♥♥❡❝t❡❞ ❢r♦♠ ♠❛r❦❡t ♠♦✈❡♠❡♥ts✳ ❚❛❜❧❡ ✹ ♣r❡s❡♥ts t❤❡s❡ r❡s✉❧ts ♠♦r❡

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

❞✉r✐♥❣ t❤❡ ❡♥t✐r❡ ✸✵✲♠✐♥✉t❡ t✐♠❡ ♣❡r✐♦❞ ♦❢ s❡tt❧❡♠❡♥t ❝❛❧❝✉❧❛t✐♦♥✳✷✾ ❲❡ ❛❧s♦ ❞♦ ♥♦t s❡❡ ❛

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

✇❤❡♥ t❤❡② ❡①♣✐r❡✳

■♥ s✉♠✱ t❤❡r❡ ✐s ♥♦t❤✐♥❣ s♣❡❝✐❛❧ ❛❜♦✉t ✶✶✿✸✵ ❛✳♠✳ ❢♦r ❤❡❞❣❡rs s✐♥❝❡ t❤❡✐r ♣♦s✐t✐♦♥s ❡①♣✐r❡

❛t ✶✷ ♣✳♠✳ ❚❤❡ ❢❛❝t t❤❛t t❤❡s❡ ❛❜♥♦r♠❛❧ ♣❛tt❡r♥s ❞♦ ♥♦t s♣✐❦❡ ❛t ✶✷ ♣✳♠✳ ✐s ✐♥❝♦♥s✐st❡♥t ✇✐t❤

❜♦t❤ ❤❡❞❣✐♥❣ ❤②♣♦t❤❡s❡s✱ ❜✉t t❤❡ ❡❧❡✈❛t✐♦♥ ❛t ✶✶✿✸✵ ❛✳♠✳ str♦♥❣❧② s✉♣♣♦rts t❤❡ ♠❛♥✐♣✉❧❛t✐♦♥

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

✷✾❆❞❞✐t✐♦♥❛❧❧②✱ ✐♥ t❤❡ ■♥t❡r♥❡t ❆♣♣❡♥❞✐① ❋✐❣✉r❡ ■❆✳✶✾✱ ❛s ❛♥ ❡①❛♠♣❧❡ ♦❢ ❛♥ ❛❝t✉❛❧ s❡tt❧❡♠❡♥t ✇✐t❤ s✉s♣✐❝✐♦✉s
s✇✐♥❣s✱ ✇❡ r❡♣♦rt t❤❡ ♠♦st r❡❝❡♥t s❡tt❧❡♠❡♥t ✐♥ ♦✉r ❞❛t❛✱ ❆✉❣✉st ✷✵✶✺✳ ❍❡r❡ t❤❡ ❱■❳ ✇❡♥t ✉♣ ❛t ✶✶✿✸✵
❛✳♠✳ ❜② ✻✸ ❜❛s✐s ♣♦✐♥ts ❛♥❞ st❛②❡❞ ✉♣ ✉♥t✐❧ ✶✷ ♣✳♠✳✱ ❜✉t ❢❡❧❧ ❜❛❝❦ ❞♦✇♥ t♦ ✇✐t❤✐♥ ✹ ❜❛s✐s ♣♦✐♥ts ♦❢ t❤❡
st❛rt✐♥❣ ♣♦✐♥t ❜② ✶✷✿✵✺ ❛✳♠✳ ❖✈❡r t❤✐s t✐♠❡ t❤❡ ❙❚❖❳❳ ✐♥❞❡① ❡①♣❡r✐❡♥❝❡❞ ♦♥❧② ❛ s♠❛❧❧ ✉♣✇❛r❞ ♠♦✈❡✳
❖t❤❡r ❞❡✈✐❛t✐♦♥ ♣❛tt❡r♥s ❛r❡ t②♣✐❝❛❧❧② ♥♦t ❛s ❧❛r❣❡ ❛s t❤✐s s❡tt❧❡♠❡♥t✱ ❜✉t ♣r✐❝❡ ✈♦❧❛t✐❧✐t② ❝♦♥s✐st❡♥t❧②
s❤❛r♣❧② ❡❧❡✈❛t❡s ❛t ✶✶✿✸✵ ❛✳♠✳

✷✹



❛r♦✉♥❞ t❤❡ e✵✳✺ t❤r❡s❤♦❧❞ ❞✐s❝✉ss❡❞ ❜❡❢♦r❡ ❛r❡ ❛❧s♦ ✐♥❝♦♥s✐st❡♥t ✇✐t❤ ❜♦t❤ ❤❡❞❣✐♥❣ ❡①♣❧❛✲

♥❛t✐♦♥s✳ ❖✈❡r❛❧❧✱ ♦✉r t❡sts ✐♥❞✐❝❛t❡ t❤❛t ❧✐q✉✐❞✐t② ❛♥❞ ❤❡❞❣✐♥❣ ❤②♣♦t❤❡s❡s ❛r❡ ♥♦t ❝♦♠♣❧❡t❡

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

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

✺✳ Pr✐❝❡s✱ ❈♦sts✱ ❛♥❞ ▼❡❝❤❛♥✐❝s ♦❢ ▼❛♥✐♣✉❧❛t✐♦♥

❚❤✐s s❡❝t✐♦♥ ❡①❛♠✐♥❡s ✇❤❡t❤❡r tr❛❞❡rs ❛r❡ s✉❝❝❡ss❢✉❧ ✐♥ ♠♦✈✐♥❣ ♣r✐❝❡s ❛♥❞ ✐❢ t❤❡ ❞✐st♦rt✐♦♥❛r②

❝♦sts ✐♥ t❤❡ ❱■❳ ❞❡r✐✈❛t✐✈❡ ♠❛r❦❡t ❛r❡ s✐③❛❜❧❡✱ ✇❤❡t❤❡r t❤❡ ❝♦sts ♦❢ ♣✉s❤✐♥❣ ♣r✐❝❡s ❛r❡ ❥✉st✐✜❡❞

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

♠❡❝❤❛♥✐❝s ♦❢ t❤❡ ♣r❡✲♦♣❡♥ ❛❝t✐✈✐t② ❛r❡ t❤❛t ❝❛✉s❡ t❤❡ ♣r✐❝❡ ❞❡✈✐❛t✐♦♥s✳

✺✳✶ ❆r❡ ❚r❛❞❡rs ❙✉❝❝❡ss❢✉❧ ✐♥ ▼♦✈✐♥❣ t❤❡ Pr✐❝❡s❄

❲❡ ♥♦✇ ❛s❦ ✐❢ ♣r✐❝❡s ♠♦✈❡ ❛t t❤❡ s❡tt❧❡♠❡♥t✱ ❛♥❞ ❜② ❤♦✇ ♠✉❝❤✳ ❲❡ ❡①❛♠✐♥❡ t❤❡ ♣r✐❝❡

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

❱■❳✱ ❛♥❞ ❤♦✇ t❤❡ ❡✛❡❝t ✐s s♣r❡❛❞ ❛❝r♦ss ❞✐✛❡r❡♥t ♦♣t✐♦♥s✳

✺✳✶✳✶ Pr✐❝❡ ▼♦✈❡♠❡♥ts ✐♥ ■♥❞✐✈✐❞✉❛❧ ❙P❳ ❖♣t✐♦♥s

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

❙P❳ ♦♣t✐♦♥s ❛t s❡tt❧❡♠❡♥t ✇✐t❤ t❤❡✐r ✜rst ♦❜s❡r✈❛❜❧❡ ♣r✐❝❡ ❛❢t❡r t❤❡ ♠❛r❦❡t ♦♣❡♥s ✭t②♣✐❝❛❧❧②

❜❡t✇❡❡♥ ✽✿✸✵ ❛✳♠✳ ❛♥❞ ✽✿✸✶ ❛✳♠✳✮✱ ❛s ✇❡❧❧ ❛s ♣r✐❝❡s ❛t t❤❡ ❝❧♦s❡ ♦❢ t❤❡ ❞❛② ❜❡❢♦r❡✳ ❲❡

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

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

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

s❡❝♦♥❞✲t❡r♠ ❱■❳ ❢✉t✉r❡s✳✸✵ ❚♦ ❡①❛♠✐♥❡ t❤❡ ♣❛tt❡r♥s s❡♣❛r❛t❡❧② ❢♦r s❡tt❧❡♠❡♥ts ✇✐t❤ ♣♦s✐t✐✈❡

❛♥❞ ♥❡❣❛t✐✈❡ ♣r✐❝❡ ♣r❡ss✉r❡ ♦♥ t❤❡ ❱■❳✱ ✇❡ ✜rst ♠❡❛s✉r❡ ❞❡✈✐❛t✐♦♥s ♦❢ t❤❡ ❛❣❣r❡❣❛t❡ ❱■❳

s❡tt❧❡♠❡♥t r❡❧❛t✐✈❡ t♦ t❤❡ ❱■❳ ✈❛❧✉❡s r✐❣❤t ❛❢t❡r t❤❡ ♠❛r❦❡t ♦♣❡♥s✳ ❚♦ ❡①❛♠✐♥❡ ✉♣✇❛r❞ ❛♥❞

✸✵❚❤❡ ♣r♦❝❡❞✉r❡s ❛r❡ ❞❡t❛✐❧❡❞ ✐♥ ■♥t❡r♥❡t ❆♣♣❡♥❞✐① ■❆✳❇✳

✷✺



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

❞❡✈✐❛t✐♦♥s ✭♠♦r❡ t❤❛♥ ✰✷✵❜♣✮ ❛♥❞ ❧❛r❣❡ ♥❡❣❛t✐✈❡ ❞❡✈✐❛t✐♦♥s ✭❧❡ss t❤❛♥ ✲✷✵❜♣✮ r❡❧❛t✐✈❡ t♦ t❤❡

♦♣❡♥ ❜❡♥❝❤♠❛r❦✳

❚♦ ❡①❛♠✐♥❡ t❤❡ s❡tt❧❡♠❡♥t ♣r✐❝❡s r❡❧❛t✐✈❡ t♦ t❤❡ ❜✐❞✲❛s❦ s♣r❡❛❞ ❛❢t❡r t❤❡ s❡tt❧❡♠❡♥t✱ ✇❡

s♦rt ♦♣t✐♦♥s ✐♥t♦ ❜✐♥s ❜❛s❡❞ ♦♥ t❤❡✐r ❜✐❞✲❛s❦ s♣r❡❛❞ r✐❣❤t ❛❢t❡r t❤❡ ♠❛r❦❡t ♦♣❡♥s✸✶ ❛♥❞ t❤❡♥

♣♦♦❧ t❤❡♠ ❛❝r♦ss s❡tt❧❡♠❡♥t ❞❛②s✳ P❛♥❡❧ ❆ ♦❢ ❋✐❣✉r❡ ✻ r❡♣♦rts t❤❡ s❡tt❧❡♠❡♥t ♣r✐❝❡s ♦❢ t❤❡

♣✉t ♦♣t✐♦♥s r❡❧❛t✐✈❡ t♦ t❤❡ s♣r❡❛❞ ❛t t❤❡ ♦♣❡♥✱ ✇❤❡r❡ t❤❡ s✐③❡ ♦❢ t❤❡ ❜✉❜❜❧❡s ✐s ♣r♦♣♦rt✐♦♥❛❧

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

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

❙♦♠❡ ♦❜s❡r✈❛t✐♦♥s ❛r❡ ❡✈❡♥ ❛❜♦✈❡ t❤❡ ❛s❦ ♣r✐❝❡✳ ❋♦r ❡①❛♠♣❧❡✱ ❢♦r t❤❡ ❙P❳ ♦♣t✐♦♥s ✇✐t❤

❜✐❞✲❛s❦ s♣r❡❛❞ ♦❢ ✺✵ ❝❡♥ts ❛❢t❡r t❤❡ ♦♣❡♥✱ ♠♦st s❡tt❧❡♠❡♥t ♣r✐❝❡s ❛r❡ ❝❧♦s❡ t♦ t❤❡ ❛s❦✱ ❜✉t

s♦♠❡ ❣♦ ✉♣ t♦ ✾✵ ❝❡♥ts ❛❜♦✈❡ t❤❡ ♠✐❞✲q✉♦t❡✳ ❆ s✐♠✐❧❛r ♣❛tt❡r♥ ❤♦❧❞s ❛❝r♦ss ❞✐✛❡r❡♥t ❜✐❞✲❛s❦

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

●✐✈❡♥ t❤❛t t❤❡ s❡tt❧❡♠❡♥ts ❛r❡ s♦rt❡❞ ✐♥t♦ ♣♦s✐t✐✈❡ ❛♥❞ ♥❡❣❛t✐✈❡ ❞❡✈✐❛t✐♦♥s ❜❛s❡❞ ♦♥

t❤❡ ❞❡✈✐❛t✐♦♥ ♦❢ t❤❡ ❱■❳ s❡tt❧❡♠❡♥t r❡❧❛t✐✈❡ t♦ t❤❡ ❱■❳ r✐❣❤t ❛❢t❡r t❤❡ ♦♣❡♥✱ ✇❡ ❡①❛♠✐♥❡

❛♥ ❛❧t❡r♥❛t✐✈❡ ❜❡♥❝❤♠❛r❦ ❢♦r ✐♥❞✐✈✐❞✉❛❧ ❙P❳ ♦♣t✐♦♥s t❤❛t ✐s ♥♦t ❛✛❡❝t❡❞ ❜② t❤❡ ✇❛② ❱■❳

❞❡✈✐❛t✐♦♥s ❛r❡ ❞❡✜♥❡❞✳ ❚❤✉s✱ ✇❡ ❝♦♠♣❛r❡ t❤❡ ✐♥❞✐✈✐❞✉❛❧ ❙P❳ ♦♣t✐♦♥s s❡tt❧❡♠❡♥t ♣r✐❝❡s

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

❞❛②s r❡❧❛t✐✈❡ t♦ t❤❡ ♦♣❡♥✮✳ ❆s s❤♦✇♥ ✐♥ P❛♥❡❧ ❇✱ t❤✐s ②✐❡❧❞s ✈❡r② s✐♠✐❧❛r ♣❛tt❡r♥s✿ ■♥ ❞❛②s

✇✐t❤ ♣♦s✐t✐✈❡ ✭♥❡❣❛t✐✈❡✮ ❞❡✈✐❛t✐♦♥ ♦❢ t❤❡ ❱■❳ s❡tt❧❡♠❡♥t r❡❧❛t✐✈❡ t♦ t❤❡ ♦♣❡♥✱ ❙P❳ ♦♣t✐♦♥

♣r✐❝❡s ❝❧✉st❡r ♥❡❛r t❤❡ ❛s❦ ✭❜✐❞✮ ♦❢ t❤❡ ♣r❡✈✐♦✉s ❝❧♦s❡✳

❚❛❜❧❡ ■❆✳✺ r❡♣♦rts t❤❡ ♣❛✐r❡❞ t✲t❡st ♦❢ t❤❡ ✐♥❞✐✈✐❞✉❛❧ ❙P❳ ♣✉t ♦♣t✐♦♥ ♣r✐❝❡s ❛t s❡tt❧❡♠❡♥t

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

❞❛②s ✇✐t❤ ♣♦s✐t✐✈❡ ❞❡✈✐❛t✐♦♥s✱ s❡tt❧❡♠❡♥t ♣r✐❝❡s ❛r❡ s✐❣♥✐✜❝❛♥t❧② ✶✽ ❝❡♥ts ❛❜♦✈❡ t❤❡ ♠✐❞

q✉♦t❡s ❛♥❞ ✸✽ ❝❡♥ts ❛❜♦✈❡ t❤❡ ❜✐❞✱ ✇❤✐❧❡ t❤❡② ❛r❡ ♣✉s❤❡❞ ❛❧❧ t❤❡ ✇❛② t♦✇❛r❞s t❤❡ ❛s❦ ♣r✐❝❡s✳

✸✶❋♦r ♦♣t✐♦♥s ✇✐t❤ ♠✐ss✐♥❣ q✉♦t❡s ♦r q✉♦t❡s t❤❛t ❛r❡ str✐❝t❧② ✐♥❢❡r✐♦r t♦ ♦t❤❡r str✐❦❡s ✐♥ t❤❡ s❛♠❡ ♦♣t✐♦♥
s❡r✐❡s✱ ✇❡ ✉s❡ q✉♦t❡s ♦❢ ♦♣t✐♦♥s t❤❛t str✐❝t❧② ❞♦♠✐♥❛t❡ t❤❛t ♦♣t✐♦♥✱ ✐✳❡✳ t❤❡ ❜❡st ❛s❦ ♦❢ t❤❡ ♠♦r❡ ■❚▼
♦♣t✐♦♥s ♦r t❤❡ ❜❡st ❜✐❞ ♦❢ t❤❡ ♠♦r❡ ❖❚▼ ♦♣t✐♦♥s✳

✷✻



■♥ ❞❛②s ✇✐t❤ ♥❡❣❛t✐✈❡ ❞❡✈✐❛t✐♦♥✱ ♣r✐❝❡s ❛r❡ ✶✽ ❝❡♥ts ❜❡❧♦✇ t❤❡ ♠✐❞✲q✉♦t❡s ❛♥❞ ✸✹ ❝❡♥ts ❜❡❧♦✇

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

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

❲❡ ❢♦r♠❛❧❧② t❡st ✇❤❡t❤❡r ♣r✐❝❡ ❝❤❛♥❣❡s ❛t s❡tt❧❡♠❡♥t ❛r❡ ❛ tr❛♥s✐t♦r② ❡✛❡❝t✳ ❚❛❜❧❡

■❆✳✻ ❡st✐♠❛t❡s ❛ r❡❣r❡ss✐♦♥ ♦❢ t❤❡ ♣r✐❝❡ ❝❤❛♥❣❡s ❢r♦♠ s❡tt❧❡♠❡♥t t♦ ♠❛r❦❡t ♦♣❡♥ ♦♥ t❤❡

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

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

s❤♦✇s t❤❛t ✼✹✪ ✭✺✼✪✮ ♦❢ t❤❡ ♣r✐❝❡ ❝❤❛♥❣❡s ♦❢ ✐♥❞✐✈✐❞✉❛❧ ♦♣t✐♦♥s ❢r♦♠ s❡tt❧❡♠❡♥t t♦ ♦♣❡♥ ❢♦r

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

❚❤✐s r❡s✉❧t ❝♦♥✜r♠s t❤❛t t❤❡ ♣r✐❝❡ ❞❡✈✐❛t✐♦♥ ✐s ✐♥❞❡❡❞ ❛ tr❛♥s✐t♦r② ❡✛❡❝t r❡❧❛t❡❞ t♦ t❤❡

♦r❞❡rs s✉❜♠✐tt❡❞ ❛t t❤❡ s❡tt❧❡♠❡♥t✳ ❚❤❡ ♦✈❡r❛❧❧ r❡s✉❧ts ✐♥ t❤✐s s❡❝t✐♦♥ s✉❣❣❡st t❤❛t ❙P❳

♦♣t✐♦♥ ♣r✐❝❡s ❛t s❡tt❧❡♠❡♥t s②st❡♠❛t✐❝❛❧❧② ❞❡✈✐❛t❡ ❢r♦♠ t❤❡ ♠✐❞✲q✉♦t❡ ♦❢ t❤❡ ♣r❡✈✐♦✉s ❝❧♦s❡

❛❝r♦ss t❤❡ str✐❦❡ ♣r✐❝❡s ❛♥❞ t❤❡♥ r❡✈❡rt ❜❛❝❦ t♦✇❛r❞s t❤❡ ♠✐❞✲q✉♦t❡ ❛❢t❡r t❤❡ s❡tt❧❡♠❡♥t✳

✺✳✶✳✷ ❉❡✈✐❛t✐♦♥s ✐♥ t❤❡ ❆❣❣r❡❣❛t❡ ❱■❳

❚♦ ❣❛✉❣❡ ❤♦✇ ♠♦✈❡♠❡♥ts ✐♥ ❙P❳ ♦♣t✐♦♥s ♣r✐❝❡s tr❛♥s❧❛t❡ ✐♥t♦ ❛❣❣r❡❣❛t❡ ❞❡✈✐❛t✐♦♥s ♦❢ t❤❡

❱■❳✱ ✇❡ ❝♦♠♣❛r❡ t❤❡ ❱■❳ ✐♥❞❡① ❝❛❧❝✉❧❛t❡❞ ❢r♦♠ t❤❡ ❙P❳ ♦♣t✐♦♥s ♣r✐❝❡s ❛t s❡tt❧❡♠❡♥t t♦

t❤❡ ❱■❳ ✐♥❞❡① ❝❛❧❝✉❧❛t❡❞ ❢r♦♠ t❤❡ ♠✐❞✲q✉♦t❡ ♦❢ t❤❡ ❙P❳ ♦♣t✐♦♥s r✐❣❤t ❛❢t❡r t❤❡ ♠❛r❦❡t

♦♣❡♥✳✸✷ ❚♦ ❝♦♥tr♦❧ ❢♦r ❞❡✈✐❛t✐♦♥s t❤❛t ❝♦✉❧❞ ❜❡ ❝❛✉s❡❞ ❜② ✐♥❝❧✉❞✐♥❣ ❞✐✛❡r❡♥t r❛♥❣❡ ♦❢ str✐❦❡s

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

③❡r♦ ❜✐❞ ♦♣t✐♦♥s ✐♥❝❧✉❞❡❞ ✐♥ ❜♦t❤ t❤❡ s❡tt❧❡♠❡♥t ❛♥❞ t❤❡ ♦♣❡♥✳ ❲❡ ❝❛❧❧ t❤✐s t❤❡ ♦♣❡♥

❜❡♥❝❤♠❛r❦✳ ❋✐❣✉r❡ ✼✱ P❛♥❡❧ ❆✱ s❤♦✇s t❤❡ ❞❡✈✐❛t✐♦♥s ✐♥ t❤❡ ❱■❳ ❢r♦♠ ❏❛♥✉❛r② ✷✵✵✽ t♦ ❆♣r✐❧

✷✵✶✺✳ ❚❤❡ ❞❡✈✐❛t✐♦♥s ❝❛♥ ❜❡ ❡✐t❤❡r ♣♦s✐t✐✈❡ ♦r ♥❡❣❛t✐✈❡✱✸✸ ❛♥❞ t❤❡ ❛✈❡r❛❣❡ ❛❜s♦❧✉t❡ ✈❛❧✉❡ ♦❢

t❤❡ ❞❡✈✐❛t✐♦♥s ✐s ✸✶ ❜❛s✐s ♣♦✐♥ts ♣❡r s❡tt❧❡♠❡♥t ❞❛②✳ ❚❤❡ ❞❡✈✐❛t✐♦♥s ❛♣♣❡❛r ❧❛r❣❡st ✐♥ ❧❛t❡

✷✵✶✵ ❛♥❞ ✐♥ ✷✵✶✶✱ ❛♥❞ ❛r❡ ❣❡♥❡r❛❧❧② s♠❛❧❧❡st ✐♥ ✷✵✶✹✳

✸✷❚❤❡r❡ ✐s ♦♥ ❛✈❡r❛❣❡ ❛ ✷✺ s❡❝♦♥❞ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ s❡tt❧❡♠❡♥t ❛♥❞ t❤❡ ♣r✐❝❡s ✉s❡❞ ❤❡r❡✳
✸✸❚❤❡ ❛✈❡r❛❣❡ r❛✇ ❞❡✈✐❛t✐♦♥ ✐s ✲✵✳✺ ❜❛s✐s ♣♦✐♥ts ❛♥❞ t❤❡ ♠❡❞✐❛♥ ✐s ✷✳✺ ❜❛s✐s ♣♦✐♥ts✳ ❖❢ t❤❡ ❛❜s♦❧✉t❡ ❞❡✈✐❛t✐♦♥s
♦❢ ♠♦r❡ t❤❛♥ ✷✵ ❜❛s✐s ♣♦✐♥ts✱ ✺✼✪ ♦❢ t❤❡ ❞❡✈✐❛t✐♦♥s ❛r❡ ♣♦s✐t✐✈❡ ❛♥❞ ✹✸✪ ❛r❡ ♥❡❣❛t✐✈❡✳

✷✼



❲❡ ❛❧s♦ ❜❡♥❝❤♠❛r❦ ❢♦r ❛♥ ♦❜❥❡❝t✐✈❡ ✈❛❧✉❡ ♦❢ t❤❡ ❱■❳ ❛t s❡tt❧❡♠❡♥t ✉s✐♥❣ t❤r❡❡ ❛❧t❡r♥❛t✐✈❡

♠❡❛s✉r❡s✱ ❛❧❧ ❝❛❧❝✉❧❛t❡❞ ❢r♦♠ t❤❡ s❛♠❡ r❛♥❣❡ ♦❢ ✐♥❞✐✈✐❞✉❛❧ ❙P❳ ♦♣t✐♦♥s ✐♥❝❧✉❞❡❞ ✐♥ t❤❡

s❡tt❧❡♠❡♥t ❛♥❞ t❤❡ ♦♣❡♥✿ ✶✮ ❛ ❱■❳ ✐♥❞❡① ❝♦♠♣✉t❡❞ ✉s✐♥❣ t❤❡ r❛✇ ♠✐❞✲q✉♦t❡s ♦❢ t❤❡ ♣r❡✈✐♦✉s

❝❧♦s❡ ❛♥❞ t❤❡♥ ❛❞❥✉st❡❞ ❜② ❛❞❞✐♥❣ t❤❡ ♦✈❡r♥✐❣❤t ❝❤❛♥❣❡s ✐♥ t❤❡ s❡❝♦♥❞✲t❡r♠ ❱■❳ ❢✉t✉r❡s✱ ✷✮

❛ s②♥t❤❡t✐❝ ❱■❳ ✉s✐♥❣ t❤❡ ✈❛❧✉❡ ♦❢ ❖❚▼ ♦♣t✐♦♥s ✐♠♣❧✐❡❞ ❢r♦♠ t❤❡ ♠✐❞✲q✉♦t❡s ♦❢ ■❚▼ ♦♣t✐♦♥s

t❤r♦✉❣❤ ♣✉t✲❝❛❧❧ ♣❛r✐t②✱ ❛♥❞ ✸✮ ❛ ❱■❳ ✐♥❞❡① ❝♦♠♣✉t❡❞ ❢r♦♠ t❤❡ ❛❞❥✉st❡❞ ♠✐❞✲q✉♦t❡s ♦❢ t❤❡

❙P❳ ♦♣t✐♦♥s ❛t t❤❡ ♣r❡✈✐♦✉s ❝❧♦s❡✱ ❛❞❥✉st❡❞ ❢♦r ❝❤❛♥❣❡s ✐♥ ♠❛r❦❡t ❝♦♥❞✐t✐♦♥s ❛s ❞✐s❝✉ss❡❞ ✐♥

s❡❝t✐♦♥ ✺✳✶✳✶✳✸✹ ❆❧❧ ♦❢ t❤❡ ❜❡♥❝❤♠❛r❦s ✉s❡ t❤❡ s❛♠❡ r❛♥❣❡ ♦❢ ♥♦♥✲③❡r♦ ❜✐❞ ♦♣t✐♦♥s ✐♥❝❧✉❞❡❞

✐♥ ❜♦t❤ t❤❡ s❡tt❧❡♠❡♥t ❛♥❞ t❤❡ ♦♣❡♥ r✐❣❤t ❛❢t❡r t❤❡ s❡tt❧❡♠❡♥t✳

❚❛❜❧❡ ■❆✳✼✱ P❛♥❡❧ ❆✱ s❤♦✇s t❤❛t t❤❡ ❞❡✈✐❛t✐♦♥s ❢r♦♠ t❤❡ ♦♣❡♥ ❜❡♥❝❤♠❛r❦ ❛♥❞ t❤❡ ♦t❤❡r

♠❡❛s✉r❡s ❛r❡ ❤✐❣❤❧② ❝♦rr❡❧❛t❡❞ ✇✐t❤ ❡st✐♠❛t❡s r❛♥❣✐♥❣ ❢r♦♠ ✵✳✼✹ t♦ ✵✳✼✾✱ ❛♥❞ ❛❧❧ s✐❣♥✐✜❝❛♥t

❛t t❤❡ ✵✳✵✵✶ ❧❡✈❡❧✳ ❉✉r✐♥❣ t❤❡ s❛♠♣❧❡ ♣❡r✐♦❞ ❢r♦♠ ▼❛② ✷✵✶✵ ✐♥ ✇❤✐❝❤ ❛❧❧ ❜❡♥❝❤♠❛r❦s

❛r❡ ❛✈❛✐❧❛❜❧❡✱ t❤❡ ❛✈❡r❛❣❡ ❛❜s♦❧✉t❡ ❞❡✈✐❛t✐♦♥ ✐s ✷✼❜♣ r❡❧❛t✐✈❡ t♦ t❤❡ ♦♣❡♥ ❜❡♥❝❤♠❛r❦✱ ✻✶❜♣

r❡❧❛t✐✈❡ t♦ t❤❡ ♣r❡✈✐♦✉s ❝❧♦s❡ ✭❛❞❥✉st❡❞ ❢♦r ❝❤❛♥❣❡s ✐♥ s❡❝♦♥❞✲t❡r♠ ❱■❳ ❢✉t✉r❡s✮✱ ✸✹❜♣ r❡❧❛t✐✈❡

t♦ t❤❡ ■❚▼ ❜❡♥❝❤♠❛r❦✱ ❛♥❞ ✺✼❜♣ r❡❧❛t✐✈❡ t♦ t❤❡ ✐♥❞❡① ❝❛❧❝✉❧❛t❡❞ ❢r♦♠ t❤❡ ❛❞❥✉st❡❞ q✉♦t❡s

♦❢ ✐♥❞✐✈✐❞✉❛❧ ❙P❳ ♦♣t✐♦♥s ❛t t❤❡ ♣r❡✈✐♦✉s ❝❧♦s❡✳

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

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

✇✐t❤ ♣♦s✐t✐✈❡ ❞❡✈✐❛t✐♦♥s ♦❢ s❡tt❧❡♠❡♥t r❡❧❛t✐✈❡ t♦ ♦♣❡♥✱ t❤❡ ❞❡✈✐❛t✐♦♥s ♦❢ s❡tt❧❡♠❡♥t r❡❧❛t✐✈❡

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

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

♥❡❣❛t✐✈❡✳✸✺ ◆❡✈❡rt❤❡❧❡ss✱ ✇❡ st✐❧❧ ✉s❡ t❤❡ ♦♣❡♥ ❜❡♥❝❤♠❛r❦ ❛s t❤❡ ♠❛✐♥ r❡❢❡r❡♥❝❡ t♦ ❞❡✜♥❡

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

❝♦♥❝❡♣t✉❛❧❧② s✐♠♣❧❡st ❜❡♥❝❤♠❛r❦ ❢♦r t❤❡ ❱■❳ s❡tt❧❡♠❡♥t ✈❛❧✉❡s ❣✐✈❡♥ t❤❛t ✐t ✐s ❝♦♠♣✉t❡❞

✸✹❈♦♥str✉❝t✐♦♥ ♦❢ t❤❡ ❜❡♥❝❤♠❛r❦s ✷✮ ❛♥❞ ✸✮ r❡q✉✐r❡s ✐♥❢♦r♠❛t✐♦♥ ❢r♦♠ t❤❡ s❡tt❧❡♠❡♥t ✐♠❜❛❧❛♥❝❡ r❡♣♦rts✱
✇❤✐❝❤ ❧✐♠✐ts t❤❡ s❛♠♣❧❡ ♣❡r✐♦❞ ❢♦r t❤♦s❡ ❜❡♥❝❤♠❛r❦s t♦ ❛❢t❡r ▼❛② ✷✵✶✵✳ ❚❤❡ ❞❡t❛✐❧s ♦❢ ❝❛❧❝✉❧❛t✐♦♥s ❛r❡
❡①♣❧❛✐♥❡❞ ✐♥ t❤❡ ■♥t❡r♥❡t ❆♣♣❡♥❞✐① ■❆✳❈✳

✸✺P❛♥❡❧ ❇ ♦❢ ❚❛❜❧❡ ■❆✳✼ r❡♣♦rts t❤✐s ✉s✐♥❣ ❛ ♣❛✐r❡❞ t✲t❡st ♦❢ t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ ❞❡✈✐❛t✐♦♥s ❢r♦♠ ♦♣❡♥ ❛♥❞
♣r❡✈✐♦✉s ❝❧♦s❡ ❢♦r t❤❡ ❢✉❧❧ s❛♠♣❧❡ ✇❤❡r❡ ❜♦t❤ t❤❡ ♦♣❡♥ ❜❡♥❝❤♠❛r❦ ❛♥❞ t❤❡ ♣r❡✈✐♦✉s ❝❧♦s❡ ❜❡♥❝❤♠❛r❦ ❛r❡
❛✈❛✐❧❛❜❧❡✳
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❧❡ss t❤❛♥ ✸✵ s❡❝♦♥❞s ❛❢t❡r t❤❡ s❡tt❧❡♠❡♥t✳

✺✳✶✳✸ ❚❤❡ ❙♦✉r❝❡ ♦❢ ❉❡✈✐❛t✐♦♥s

❲❡ ♥♦✇ ❡①❛♠✐♥❡ t❤❡ s♦✉r❝❡s ♦❢ t❤❡ ❛❣❣r❡❣❛t❡ ❱■❳ ❞❡✈✐❛t✐♦♥s ❛❝r♦ss ❞✐✛❡r❡♥t ❙P❳ ♦♣t✐♦♥s

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

✇✐t❤ ❡q✉❛❧ ♥✉♠❜❡r ♦❢ str✐❦❡s ❜❛s❡❞ ♦♥ t❤❡✐r ♠♦♥❡②♥❡ss✿ ✶✮ ❈❧♦s❡✲✐♥ ❖❚▼ P✉ts✱ ✷✮ ❉❡❡♣❡r

❖❚▼ P✉ts✱ ❛♥❞ ✸✮ ❱❡r② ❉❡❡♣ ❖❚▼ P✉ts✳ ❲❡ ❡①❛♠✐♥❡ ❝❛❧❧ ♦♣t✐♦♥s ❛s ❛ s❡♣❛r❛t❡ ❣r♦✉♣✳ ❚❤❡

♣✉t ♦♣t✐♦♥ s✉❜❣r♦✉♣s ❝♦♥t❛✐♥ ✸✶✲✸✷ str✐❦❡s ♦♥ ❛✈❡r❛❣❡ ❛t ❡❛❝❤ s❡tt❧❡♠❡♥t ❛♥❞ t❤❡ ❝❛❧❧ ❣r♦✉♣

❝♦♥t❛✐♥s ✸✻ str✐❦❡s✳ ❚❤❡ ❱■❳ ❞❡✈✐❛t✐♦♥ ❝❛✉s❡❞ ❜② ❡❛❝❤ ❣r♦✉♣ ✐s ❝❛❧❝✉❧❛t❡❞ ❜② ❛❣❣r❡❣❛t✐♥❣ t❤❡

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

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

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

♣♦s✐t✐✈❡ ❞❡✈✐❛t✐♦♥s✱ ✷✾✪ ♦❢ t❤❡ ❞❡✈✐❛t✐♦♥s ❛r❡ ❝❛✉s❡❞ ❜② ❝❧♦s❡✲✐♥ ❖❚▼ ♣✉ts✱ ✷✷✪ ❢r♦♠ ❞❡❡♣❡r

❖❚▼ ♣✉ts✱ ✷✷✪ ❢r♦♠ ✈❡r② ❞❡❡♣ ❖❚▼ ♣✉ts✱ ❛♥❞ ✷✽✪ ❢r♦♠ t❤❡ ❝❛❧❧s✳ ❚❤❡ ♥✉♠❜❡rs ❛r❡ ✹✹✪✱

✷✹✪✱ ✶✵✪✱ ❛♥❞ ✷✸✪ ❢♦r ♥❡❣❛t✐✈❡ ❞❛②s ✭❛s r❡♣♦rt❡❞ ✐♥ ❚❛❜❧❡ ■❆✳✽✱ P❛♥❡❧ ❆✮✳✸✻ ❆❧t❤♦✉❣❤ t❤❡

✈♦❧✉♠❡ ✐s ♠✉❝❤ ❤✐❣❤❡r ✐♥ ❞❡❡♣❡r ❖❚▼ ♣✉t ♦♣t✐♦♥s✱ t❤❡ ♣r✐❝❡s ❛r❡ ♠✉❝❤ s♠❛❧❧❡r✱ ✇❤✐❝❤ ✐s

✇❤② ❝❧♦s❡✲✐♥✲❖❚▼ ♦♣t✐♦♥s st✐❧❧ ❝❛rr② r❡❧❛t✐✈❡❧② ♠♦r❡ ✇❡✐❣❤t ✐♥ t❤❡ t♦t❛❧ ❞❡✈✐❛t✐♦♥✳ ❖✈❡r❛❧❧✱

✐❢ ♦♥❡ ❝❛❧❝✉❧❛t❡s t❤❡ ❜❛s✐s ♣♦✐♥ts ♦❢ ❱■❳ ❞❡✈✐❛t✐♦♥ ♣❡r ♠♦♥❡② ♦✈❡r♣❛✐❞ ✐♥ t❤❡ ❙P❳ ♦♣t✐♦♥

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

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

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

✇✐t❤ t❤❡ ♦♣t✐♠❛❧ tr❛❞✐♥❣ str❛t❡❣② s❤♦✇♥ ✐♥ t❤❡ ■♥t❡r♥❡t ❆♣♣❡♥❞✐① ■❆✳❆✳

✸✻■t s❤♦✉❧❞ ❜❡ ♥♦t❡❞ t❤❛t t♦ ❝♦♥tr♦❧ ❢♦r t❤❡ r❛♥❣❡ ♦❢ ♦♣t✐♦♥s ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ s❡tt❧❡♠❡♥t ❛♥❞ t❤❡ ❜❡♥❝❤♠❛r❦✱ ✇❡
✉s❡ t❤❡ ❡①❛❝t s❛♠❡ ♥♦♥✲③❡r♦ ❜✐❞ ♦♣t✐♦♥s ✐♥❝❧✉❞❡❞ ✐♥ ❜♦t❤ t❤❡ s❡tt❧❡♠❡♥t ❛♥❞ ♦♣❡♥ ❜❡♥❝❤♠❛r❦ ❝❛❧❝✉❧❛t✐♦♥
❛♥❞ ✐❣♥♦r❡ t❤❡ t❛✐❧✲❡①t❡♥s✐♦♥ ♦r t❛✐❧✲❝✉tt✐♥❣ ❡✛❡❝t t❤❛t ❝❛✉s❡s ❞❡✈✐❛t✐♦♥ ✐♥ t❤❡ ✈❡r② ❞❡❡♣ ❖❚▼ ♦♣t✐♦♥s✳
❚❤❡ ♥✉♠❜❡rs r❡❧❛t✐✈❡ t♦ t❤❡ ♣r❡✈✐♦✉s ❝❧♦s❡ ❛r❡ ❝♦♠♣❛r❛❜❧❡✱ ❛s r❡♣♦rt❡❞ ✐♥ P❛♥❡❧ ❇✳

✷✾



✺✳✷ ❆r❡ t❤❡ ▼❛r❦❡t ❉✐st♦rt✐♦♥s ❙✐③❛❜❧❡❄

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

t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ s❡tt❧❡♠❡♥t ❛♥❞ t❤❡ ♦♣❡♥ ❜❡♥❝❤♠❛r❦ ❜② t❤❡ ♦♣❡♥ ✐♥t❡r❡st ♦❢ t❤❡

❱■❳ ❞❡r✐✈❛t✐✈❡s ❛t s❡tt❧❡♠❡♥t✳✸✼ ❚❤✐s ♠❡❛s✉r❡ r❡✢❡❝ts t❤❡ ❞❡✈✐❛t✐♦♥ ♦❢ t❤❡ s❡tt❧❡♠❡♥t ♣r✐❝❡s

♦❢ t❤❡ ❙P❳ ♦♣t✐♦♥s ❢r♦♠ t❤❡ ♠✐❞✲q✉♦t❡s r✐❣❤t ❛❢t❡r t❤❡ ♠❛r❦❡t ♦♣❡♥s✳ ❚❤✐s ❝❛❧❝✉❧❛t✐♦♥ ✐s

♠❛❞❡ ♦♥ ❜♦t❤ ❱■❳ ❢✉t✉r❡s ❛♥❞ ■❚▼ ❱■❳ ♦♣t✐♦♥s ❢♦r ❡❛❝❤ s❡tt❧❡♠❡♥t ❞❛t❡✳ P❛♥❡❧ ❇ ♦❢ ❋✐❣✉r❡

✼ ♣❧♦ts t❤❡ ♠♦♥t❤❧② ❞♦❧❧❛r ❞✐st♦rt✐♦♥s ♦❢ ❢✉t✉r❡s ❛♥❞ ♦♣t✐♦♥s✳ ❚❤❡ ❞✐st♦rt✐♦♥❛r② ❝♦sts ✈❛r②

✇✐❞❡❧② ❛❝r♦ss s❡tt❧❡♠❡♥ts✱ ❛♥❞ ♠♦r❡ ♦❢ t❤❡ ❝♦sts ❛r❡ ❜♦r♥ ♦♥ t❤❡ ❱■❳ ♦♣t✐♦♥s✳

❚❤❡ ❞✐st♦rt✐♦♥s ❛r❡ t❤❡ ❧❛r❣❡st ✐♥ ✷✵✶✶✱ ✷✵✶✷✱ ❛♥❞ ✷✵✶✸ r❡s♣❡❝t✐✈❡❧②✱ ❛♥❞ t❤❡② ❛r❡ ♥♦t

❝❛✉s❡❞ ❜② ✷✵✵✽ ♠❛r❦❡t ❡✈❡♥ts ✇❤❡♥ t❤❡ ❱■❳ r❡❛❝❤❡❞ ❤✐st♦r✐❝ ❤✐❣❤✳ ❆s r❡♣♦rt❡❞ ✐♥ ■♥t❡r♥❡t

❆♣♣❡♥❞✐① ❚❛❜❧❡ ■❆✳✾✱ ❛❝r♦ss t❤❡ s❛♠♣❧❡ ♣❡r✐♦❞ ♦❢ ❏❛♥✉❛r② ✷✵✵✽ t♦ ❆♣r✐❧ ✷✵✶✺✱ t❤❡ ❞✐st♦r✲

t✐♦♥❛r② ❝♦sts t♦ t❤❡ ✉♣♣❡r✲❧❡✈❡❧ ❢✉t✉r❡s ❛♥❞ ♦♣t✐♦♥s ✇❡r❡ ✩✶✳✽✶ ❜✐❧❧✐♦♥✳✸✽ ❖✉r ❞❡✈✐❛t✐♦♥s ❛r❡

❛❧s♦ ♦✈❡r❧②✲❝♦♥s❡r✈❛t✐✈❡ ❜❡❝❛✉s❡ ❞❡✈✐❛t✐♦♥s ❛r❡ ♠❡❛s✉r❡❞ ♦♥❧② ❢♦r ✐♥❞✐✈✐❞✉❛❧ ❙P❳ ♦♣t✐♦♥s

t❤❛t ❛r❡ ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ ❱■❳ ❜♦t❤ ❛t t❤❡ s❡tt❧❡♠❡♥t ❛♥❞ ❛t t❤❡ ♦♣❡♥✳ ■❢ ✇❡ ✐♥❝❧✉❞❡ t❤❡

t❛✐❧✲❡✛❡❝t ✭♠♦r❡ ✐♥ ❙❡❝t✐♦♥ ✺✳✺✮ ❜② ❛❧❧♦✇✐♥❣ t❤❡ s❡tt❧❡♠❡♥t ❛♥❞ ❜❡♥❝❤♠❛r❦ ❤❛✈❡ t❤❡✐r ❛❝t✉❛❧

r❛♥❣❡ ♦❢ ♦♣t✐♦♥s ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ ❱■❳✱ t❤❡ ❞✐st♦rt✐♦♥ ✐s ✩✶✳✾✺ ❜✐❧❧✐♦♥✳ ❚❤❡s❡ ✜♥❞✐♥❣s ❤✐❣❤❧✐❣❤t

❛ s✐③❡❛❜❧❡ ✇❡❛❧t❤ tr❛♥s❢❡r t❛❦✐♥❣ ♣❧❛❝❡ ❢r♦♠ t❤❡ ✐♥✈❡st♦rs ♦♥ ♦♥❡ s✐❞❡ ♦❢ tr❛❞❡s ✐♥ t❤❡ ❱■❳

❞❡r✐✈❛t✐✈❡s t♦ t❤❡ ♦t❤❡r✳

■♥t❡r❡st✐♥❣❧②✱ t❤❡ ❱■❳ ✐s ♥♦t t❤❡ ♦♥❧② ✈♦❧❛t✐❧✐t② ✐♥❞❡① ✇✐t❤ ❛ s✐♠✐❧❛r s❡tt❧❡♠❡♥t ❞❡s✐❣♥✳

❈r✉❞❡ ♦✐❧✱ ✐❙❤❛r❡s ▼❙❈■ ❡♠❡r❣✐♥❣ ♠❛r❦❡ts ❊❚❋✱ ❘✉ss❡❧❧ ✷✵✵✵✱ ✐❙❤❛r❡s ▼❙❈■ ❇r❛③✐❧ ❊❚❋✱

◆❆❙❉❆◗ ✶✵✵✱ s❤♦rt✲t❡r♠ ❙✫P ✺✵✵✱ ❛♥❞ ❣♦❧❞ ❛❧❧ ❤❛❞ ✈♦❧❛t✐❧✐t② ✐♥❞✐❝❡s ✇✐t❤ tr❛❞❛❜❧❡ ✉♣♣❡r✲

❧❡✈❡❧ ❢✉t✉r❡s ♦r ♦♣t✐♦♥s ✉♥t✐❧ ♠♦st ♦❢ t❤❡♠ ✇❡r❡ r❡❝❡♥t❧② s✉s♣❡♥❞❡❞✳✸✾ P❛♥❡❧ ❈ ♦❢ ❋✐❣✉r❡

✸✼❚❤❡ ♦♣❡♥ ❜❡♥❝❤♠❛r❦ ✐s ❝❛❧❝✉❧❛t❡❞ ✉s✐♥❣ t❤❡ ♠✐❞✲q✉♦t❡s ♦❢ t❤❡ ❡①❛❝t r❛♥❣❡ ♦❢ ❙P❳ ♦♣t✐♦♥s ✐♥❝❧✉❞❡❞ ✐♥ ❜♦t❤
s❡tt❧❡♠❡♥t ❛♥❞ r✐❣❤t ❛❢t❡r t❤❡ ♦♣❡♥✳ ❖♥❧② ✐❢ t❤❡ r❡q✉✐r❡❞ ❙P❳ s❡r✐❡s ❞♦ ♥♦t ♦♣❡♥ ✐♥ t❤❡ ❞❛t❛ r✐❣❤t ❛❢t❡r
t❤❡ ♠❛r❦❡t ♦♣❡♥s✱ ✇❡ ✉s❡ t❤❡ ♦✣❝✐❛❧❧② ❞✐ss❡♠✐♥❛t❡❞ ❱■❳ ❛t ♦♣❡♥ ❛s t❤❡ ❜❡♥❝❤♠❛r❦✱ ✇❤✐❝❤ ♦♥❧② ❤❛♣♣❡♥s
✐♥ ✜✈❡ s❡tt❧❡♠❡♥t ❞❛②s✳

✸✽❚❤❡ ❛✈❡r❛❣❡ ❞✐st♦rt✐♦♥❛r② ❝♦st ✐s ✩✷✶ ♠✐❧❧✐♦♥ ♣❡r s❡tt❧❡♠❡♥t✳ ▼♦r❡♦✈❡r✱ ♦✉r ❝❛❧❝✉❧❛t✐♦♥s ❞♦ ♥♦t ✐♥❝❧✉❞❡
❖❚❈ ♣♦s✐t✐♦♥s ❛♥❞ ❤❡♥❝❡ ♠❛② ❜❡ ✉♥❞❡rst❛t❡❞✳ ❆❞❞✐t✐♦♥❛❧❧②✱ r❡❝❛❧❧ t❤❛t t❤❡ ❞❡✈✐❛t✐♦♥s ❤❡r❡ ✉s❡ t❤❡ ♦♣❡♥✲
❜❡♥❝❤♠❛r❦✱ ✇❤✐❝❤ ❛s ♥♦t❡❞ ❡❛r❧✐❡r✱ ✇❛s t❤❡ ♠♦st ❝♦♥s❡r✈❛t✐✈❡ ♦❢ ❜❡♥❝❤♠❛r❦ ♠❡t❤♦❞s✳

✸✾❚❤❡ ❝♦♥tr❛❝ts ❢♦r ❝r✉❞❡ ♦✐❧✱ ❣♦❧❞✱ ❛♥❞ ❇r❛③✐❧ ❊❚❋s ✇❡r❡ ❞✐s❝♦♥t✐♥✉❡❞ ❛❢t❡r ▼❛② ✷✵✶✺✱ t❤❡ ❝♦♥tr❛❝ts ❢♦r
s❤♦rt✲t❡r♠ ❙✫P ✺✵✵ ❛♥❞ ◆❆❙❉❆◗ ✶✵✵ ❛❢t❡r ❏✉♥❡ ✷✵✶✺✱ ❛♥❞ t❤❡ ❝♦♥tr❛❝ts ❢♦r t❤❡ ❡♠❡r❣✐♥❣ ♠❛r❦❡ts ❊❚❋

✸✵



✼ ♣❧♦ts t❤❡ ❞❡✈✐❛t✐♦♥s ❛t s❡tt❧❡♠❡♥t ❛♥❞ s❤♦✇s t❤❛t ♠❛❣♥✐t✉❞❡s ❛r❡ ❝♦♠♠♦♥❧② ♦✈❡r ✺✪

❞❡✈✐❛t✐♦♥s✳ ❇❡❝❛✉s❡ t❤❡ ✈♦❧✉♠❡ ✐♥ t❤❡ ✉♣♣❡r✲❧❡✈❡❧ ❝♦♥tr❛❝ts ✐s t❤✐♥✱ t❤❡ t♦t❛❧ ❞✐st♦rt✐♦♥ ✐♥

❛❧❧ ❝♦♥tr❛❝ts ♦♥❧② ❛♠♦✉♥ts t♦ ✩✶✶✳✸✹ ♠✐❧❧✐♦♥ ❞♦❧❧❛rs ✭❛s ❝❛❧❝✉❧❛t❡❞ ✐♥ ❚❛❜❧❡ ■❆✳✶✵✮✳ ❚❤❡

s❡tt❧❡♠❡♥t ❞❡✈✐❛t✐♦♥s ✐♥ ♦t❤❡r ✐♥❞✐❝❡s ✐♥❞✐❝❛t❡ t❤❡ ❣❡♥❡r❛❧✐③❛❜✐❧✐t② ♦❢ t❤❡s❡ ✜♥❞✐♥❣s ❛♥❞ t❤❡

♥❡❡❞ t♦ ❝♦♥s✐❞❡r ❛ ❜❡tt❡r s❡tt❧❡♠❡♥t ❞❡s✐❣♥✳

✺✳✸ ❉♦ ❉❡✈✐❛t✐♦♥s Pr♦✈✐❞❡ ❆r❜✐tr❛❣❡ ❖♣♣♦rt✉♥✐t✐❡s❄

❉♦ t❤❡ s❡tt❧❡♠❡♥t ❞❡✈✐❛t✐♦♥s ❧❡❛❞ t♦ ♣♦t❡♥t✐❛❧ ❛r❜✐tr❛❣❡ ♣r♦✜ts t♦ t❤♦s❡ tr❛❞✐♥❣ ❛❣❛✐♥st t❤❡

❞❡✈✐❛t✐♦♥❄ ❋♦r ❡①❛♠♣❧❡✱ s✉♣♣♦s❡ t❤❛t t❤❡ tr✉❡ ✈❛❧✉❡ ♦❢ ❛ ❞❡❡♣ ❖❚▼ ♣✉t ♦♣t✐♦♥ ✐s ✩✵✳✶✺✳

◆♦✇ s♦♠❡♦♥❡ ❛t s❡tt❧❡♠❡♥t ♣✉s❤❡s t❤❡ ♣r✐❝❡ ✉♣ t♦ ✩✵✳✷✺✳ ❚❤✐s ❝r❡❛t❡s ❛♥ ❛r❜✐tr❛❣❡ ♣r♦✜t ✐❢

s♦♠❡♦♥❡ ❝❛♥ s❡❧❧ t❤❡ ♦♣t✐♦♥ ❛t ✩✵✳✷✺ ❛♥❞ ❜✉② ❜❛❝❦ ❛t ❛ ♣r✐❝❡ ❝❧♦s❡ t♦ ✩✵✳✶✺✳

❍♦✇❡✈❡r✱ ❖❚▼ ❙P❳ ♦♣t✐♦♥s ✉s✉❛❧❧② ❤❛✈❡ ❛ ❤✐❣❤ ❜✐❞✲❛s❦ s♣r❡❛❞ ♦✉ts✐❞❡ ♦❢ t❤❡ s❡tt❧❡♠❡♥t

❛♥❞ ❡✈❡♥ ♠♦r❡ s♦ ❢♦r t❤❡ ✐❧❧✐q✉✐❞ ❞❡❡♣ ❖❚▼ ♣✉ts✱ ✇❤✐❝❤ ❱■❳ ✐s ♠♦r❡ s❡♥s✐t✐✈❡ t♦✳ ■♥ t❤❡

❡①❛♠♣❧❡ ❛❜♦✈❡✱ ✐❢ t❤❡ ❜✐❞ ❛♥❞ ❛s❦ ♣r✐❝❡s ♦❢ t❤❡ ♦♣t✐♦♥ ❛r❡ ✩✵✳✵✺ ❛♥❞ ✩✵✳✷✺✱ t❤❡r❡ ✇♦✉❧❞ ❜❡

♥♦ ❛r❜✐tr❛❣❡ ♦♣♣♦rt✉♥✐t② ❜❡❝❛✉s❡ t❤❡ ❛r❜✐tr❛❣❡✉r ♠✉st ❜✉② ❜❛❝❦ t❤❡ ♦♣t✐♦♥ ❛t ✩✵✳✷✺✳

❚❤❡ ❈❇❖❊ r❡♣♦rts ❱■❳ ✐♥❞✐❝❡s t❤❛t ❛r❡ ❝❛❧❝✉❧❛t❡❞ ❢r♦♠ ❙P❳ ♦♣t✐♦♥s✬ ❜✐❞ ♣r✐❝❡s ✭❱■❳❇✮

❛♥❞ ❛s❦ ♣r✐❝❡s ✭❱■❳❆✮✳ ❚❛❜❧❡ ✺ P❛♥❡❧ ❆ r❡♣♦rts t❤❡ s✉♠♠❛r② st❛t✐st✐❝s ❢♦r t❤❡ s♣r❡❛❞

❜❡t✇❡❡♥ ❱■❳❇ ❛♥❞ ❱■❳❆ ❛t t❤❡ ♦♣❡♥ ♦♥ s❡tt❧❡♠❡♥t ❞❛②s ♦✈❡r t❤❡ ♣❡r✐♦❞ ❢r♦♠ ❏❛♥✉❛r②

✷✵✵✽ t♦ ❏✉❧② ✷✵✶✺✳ ❚❤❡ ❛✈❡r❛❣❡ s♣r❡❛❞ ✐s ❛♥ ❡❝♦♥♦♠✐❝❛❧❧② ❧❛r❣❡ ✶✳✺✺ ❱■❳ ✉♥✐ts✱ ✇❤✐❝❤

tr❛♥s❧❛t❡s ✐♥t♦ ✻✳✽✪ ♦❢ t❤❡ ♠✐❞♣♦✐♥t✳ ❆s ❧♦♥❣ ❛s t❤❡ ❞❡✈✐❛t✐♦♥s ❛r❡ ✇✐t❤✐♥ t❤❡ s♣r❡❛❞✱ ✐t

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

❢❛❝t t❤❛t t❤❡ s♣r❡❛❞ ♦❢ t❤❡ ❙P❳ ♦♣t✐♦♥s ✐s ❧❛r❣❡ ♦✉ts✐❞❡ ♦❢ t❤❡ s❡tt❧❡♠❡♥t ♠❡❛♥s t❤❛t t❤❡

❱■❳ ❞❡✈✐❛t✐♦♥s ❝❛♥ ❜❡ ❧❛r❣❡❀ t❤❡ ❧❛r❣❡ s♣r❡❛❞ ❧❡❛✈❡s ♦♣❡♥ t❤❡ ♣♦ss✐❜✐❧✐t② ❢♦r ❧❛r❣❡ ❞❡✈✐❛t✐♦♥s

t❤❛t ❛r❡ ✐♠♠✉♥❡ t♦ ♣r✐❝❡ ❝♦rr❡❝t✐♦♥✳ ◆❡✈❡rt❤❡❧❡ss✱ ❣✐✈❡♥ t❤❡ t✐♠❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡

s❡tt❧❡♠❡♥t ❛♥❞ t❤❡ ❜❡♥❝❤♠❛r❦s✱ ✇❡ ✜♥❞ t❤❛t ✶✹✪ ♦❢ t❤❡ ❙P❳ ♦♣t✐♦♥s s❡tt❧❡♠❡♥t ♣r✐❝❡s ❢❛❧❧

♦✉ts✐❞❡ ♦❢ t❤❡ ❛❞❥✉st❡❞ s♣r❡❛❞ ❛t ♦♣❡♥ ❜❡♥❝❤♠❛r❦ ❛♥❞ ✷✼✪ ♦✉ts✐❞❡ t❤❡ ❛❞❥✉st❡❞ s♣r❡❛❞ ❛t

❛❢t❡r ❏✉❧② ✷✵✶✺✳

✸✶



♣r❡✈✐♦✉s ❝❧♦s❡✱ ❛s ♣r❡✈✐♦✉s❧② s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✻✳

✺✳✹ ■s t❤❡ ❈♦st ♦❢ P✉s❤✐♥❣ Pr✐❝❡s ✐♥ t❤❡ ❙P❳ ❏✉st✐✜❡❞ ❜② ■ts ❇❡♥❡✜ts❄

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

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

s♣r❡❛❞ ♣r❡s❡♥t ✐♥ t❤❡ ❙P❳ ♦♣t✐♦♥s ♠❛r❦❡t✳ ❍♦✇❡✈❡r✱ ❤❡r❡ ❛ ♠❛♥✐♣✉❧❛t♦r ❝❛♥ ♣✉s❤ t❤❡ ♣r✐❝❡s

♦❢ ✐❧❧✐q✉✐❞ ❙P❳ ♦♣t✐♦♥s✱ ❜✉t r❡❛♣ t❤❡ ♣❛②♦✛s ✐♥ t❤❡ ❧✐q✉✐❞ ❱■❳ ❞❡r✐✈❛t✐✈❡s ♠❛r❦❡t✳ ❚❛❜❧❡ ✺

P❛♥❡❧ ❇ r❡♣♦rts t❤❛t t❤❡ ♣❡r❝❡♥t❛❣❡ ❜✐❞✲❛s❦ s♣r❡❛❞ ❢♦r ❱■❳ ❢✉t✉r❡s ♦✈❡r t❤❡ s❛♠♣❧❡ ♣❡r✐♦❞

✐s ❛r♦✉♥❞ ✵✳✸✪✱ ✇❤✐❝❤ ✐s ❢❛r ❧❡ss t❤❛♥ t❤❡ ✻✳✽✪ s♣r❡❛❞ ❜❡t✇❡❡♥ ❱■❳❇ ❛♥❞ ❱■❳❆ ❝❛❧❝✉❧❛t❡❞

❢r♦♠ t❤❡ s♣r❡❛❞s ♦♥ t❤❡ ✉♥❞❡r❧②✐♥❣ ❙P❳ ♦♣t✐♦♥s✳

❋♦r t❤❡ ♠❛♥✐♣✉❧❛t✐♦♥ t♦ ❜❡ ♣r♦✜t❛❜❧❡✱ t❤❡ ♣r♦✜t ♠❛❞❡ ♦♥ t❤❡ ❱■❳ ❞❡r✐✈❛t✐✈❡s s❤♦✉❧❞ ❜❡

❧❛r❣❡r t❤❛♥ t❤❡ ❝♦sts ♦❢ tr❛❞✐♥❣ ❛♥❞ ♣✉s❤✐♥❣ ♣r✐❝❡s ♦❢ t❤❡ ❙P❳ ♦♣t✐♦♥s✳ ❲❡ ❝♦♠♣❛r❡ t❤❡

t♦t❛❧ s✐③❡ ♦❢ t❤❡ ❡①❝❤❛♥❣❡✲tr❛❞❡❞ ❱■❳ ❞❡r✐✈❛t✐✈❡s ♠❛r❦❡t ❛t s❡tt❧❡♠❡♥t r❡❧❛t✐✈❡ t♦ s❡tt❧❡♠❡♥t

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

♦❢ ❡❛❝❤ ♠❛r❦❡t ✇♦✉❧❞ s❤✐❢t ❛s ❛ r❡s✉❧t ♦❢ ❝❤❛♥❣❡ ✐♥ ✈♦❧❛t✐❧✐t②✱ ❛s ♠❡❛s✉r❡❞ ❜② ❱■❳✳ ❋♦r

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

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

❱■❳ ✇❡✐❣❤ts✳ ■❢ t❤❡ ❱❡❣❛ ♦❢ ❤✐s ♣♦rt❢♦❧✐♦ ✐♥ ❱■❳ ❢✉t✉r❡ ♠❛r❦❡ts ✐s ❡q✉❛❧ t❤❡ t♦t❛❧ ❱❡❣❛ tr❛❞❡❞

✐♥ ❙P❳ ♦♣t✐♦♥s ❛t s❡tt❧❡♠❡♥t✱ ❤❡ r❡❝❡✐✈❡s ❛ ✩✶ ♣❛②♦✛ ✐♥ ❱■❳ ❢✉t✉r❡ ♠❛r❦❡t ❢r♦♠ ✐♥✢❛t✐♥❣

❱■❳ s❡tt❧❡♠❡♥t✱ ❜✉t t❤✐s ❝♦sts ❤✐♠ ✩✶ ♦♥ ♣✉r❝❤❛s✐♥❣ ♦✈❡r♣r✐❝❡❞ ❙P❳ ♦♣t✐♦♥s✳ ❍♦✇❡✈❡r✱ ✐❢

t❤❡ s✐③❡ ♦❢ ❤✐s ❱■❳ ❢✉t✉r❡s ❱❡❣❛ ✐s t✇✐❝❡ t❤❡ s✐③❡ ♦❢ tr❛❞❡❞ ❙P❳ ♦♣t✐♦♥s✱ ❡✈❡r② ❞♦❧❧❛r s♣❡♥t

t♦ ♠♦✈❡ t❤❡ s❡tt❧❡♠❡♥t ✇♦✉❧❞ ❧❡❛✈❡ ❤✐♠ ✇✐t❤ ✩✶✱ ♦r ❛ ✶✵✵✪ ♣r♦✜t✳

❲❡ ❡①❛♠✐♥❡ t❤❡ r❡❧❛t✐✈❡ s✐③❡s ♦❢ t❤❡ ♠❛r❦❡ts ♦✈❡r t❤❡ s❛♠♣❧❡ ♣❡r✐♦❞ ✐♥ ❚❛❜❧❡ ✺ P❛♥❡❧ ❈✳

❚❤❡ s✐③❡ ♦❢ ❱■❳ ❢✉t✉r❡s ✇✐t❤ ♦♣❡♥ ✐♥t❡r❡st ❛t s❡tt❧❡♠❡♥t ✐s ♦♥ ❛✈❡r❛❣❡ ✺✳✼ t✐♠❡s t❤❡ s✐③❡ ❙P❳

♦♣t✐♦♥s tr❛❞❡❞ ❛t s❡tt❧❡♠❡♥t✱ ❛♥❞ ✐t ✐s ✼✳✸ t✐♠❡s ❢♦r ❱■❳ ♦♣t✐♦♥s t❤❛t ❛r❡ ✐♥✲t❤❡✲♠♦♥❡② ❛t

s❡tt❧❡♠❡♥t ❛♥❞ ❛r❡ ❛✛❡❝t❡❞ ❜② s❡tt❧❡♠❡♥t ✈❛❧✉❡✳ ❚♦❣❡t❤❡r✱ t❤❡ ✉♣♣❡r✲❧❡✈❡❧ ♠❛r❦❡t ✐s ✶✸ t✐♠❡s

t❤❡ ❙P❳ tr❛❞❡s ❛t s❡tt❧❡♠❡♥t ✐♥ t❡r♠s ♦❢ ❱❡❣❛ ❡①♣♦s✉r❡✱ ✇❤✐❝❤ ✐♥❞✐❝❛t❡s t❤❛t ♠❛♥✐♣✉❧❛t✐♦♥
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✐♥ t❤❡ ❧♦✇❡r✲❧❡✈❡❧ ✇♦✉❧❞ ❜❡ ❢❡❛s✐❜❧❡ ❢♦r ❛ tr❛❞❡r t❤❛t ❤♦❧❞s ❛ s✐③❛❜❧❡ ❢r❛❝t✐♦♥ ♦❢ t❤❡ ✉♣♣❡r✲❧❡✈❡❧

♠❛r❦❡t✳

❆♥♦t❤❡r ❝♦♥s✐❞❡r❛t✐♦♥ ❤❡r❡ ✐s t❤❡ tr❛♥s❛❝t✐♦♥ ❝♦sts ♣❛✐❞ ❜② tr❛❞❡rs t♦ ✉♥✇✐♥❞ t❤❡ ❙P❳

♦♣t✐♦♥s t❤❡② t❛❦❡ ❛t s❡tt❧❡♠❡♥t✳ ❚r❛❞❡rs ❝❛♥ ♦✛s❡t t❤❡✐r ❡①♣♦s✉r❡ ✉s✐♥❣ ♦t❤❡r ❡①❝❤❛♥❣❡✲

tr❛❞❡❞ ♦r ❖❚❈ ♣r♦❞✉❝ts s✉❝❤ ❛s ❖❚❈ ✈❛r✐❛♥❝❡ s✇❛♣s ❛❢t❡r t❤❡ s❡tt❧❡♠❡♥t✱ t❤❡② ♠✐❣❤t

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

s❡tt❧❡♠❡♥t✱ ♦r t❤❡② ♠✐❣❤t ❞✐r❡❝t❧② ✉♥✇✐♥❞ t❤❡ ❡①❛❝t ❙P❳ ♦♣t✐♦♥s ❛❢t❡r t❤❡ s❡tt❧❡♠❡♥t✳ ❖✉r

❞❛t❛ ♦♥❧② ❛❧❧♦✇s ✉s t♦ tr❛❝❦ t❤❡ ❧❛st ♣♦ss✐❜✐❧✐t②✳ ❋✐❣✉r❡ ■❆✳✷✵ P❛♥❡❧ ❆ s❤♦✇s t❤❛t t❤❡

♦♣❡♥ ✐♥t❡r❡st ♦❢ ❞❡❡♣ ❖❚▼ ♣✉t ♦♣t✐♦♥s ✐♥❝r❡❛s❡s r✐❣❤t ❛t s❡tt❧❡♠❡♥t ❛♥❞ ❞♦❡s ♥♦t ❞❡❝r❡❛s❡

❛❢t❡r✇❛r❞s✱ ❛♥❞ P❛♥❡❧ ❇ s❤♦✇s t❤❛t tr❛❞❡ ✈♦❧✉♠❡ ✐s ♠✐♥✐♠❛❧ ❢♦r ❞❡❡♣ ❖❚▼ ♣✉ts ❛❢t❡r t❤❡

s❡tt❧❡♠❡♥t✳ ❚❤✉s✱ tr❛❞❡rs ❞♦ ♥♦t s❡❡♠ t♦ ✉♥✇✐♥❞ t❤❡ ❡①❛❝t ♣♦s✐t✐♦♥s ✐♥ t❤❡ ❙P❳ ♦♣t✐♦♥

♠❛r❦❡t✳ ▼♦r❡ ❞❡t❛✐❧❡❞ ✐♥✈❡st♦r✲❧❡✈❡❧ ❞❛t❛ ✐s r❡q✉✐r❡❞ t♦ ❡①❛♠✐♥❡ t❤❡ ♣♦ss✐❜✐❧✐t② ♦❢ tr❛❞❡rs

✉s✐♥❣ ♦t❤❡r ❞❡r✐✈❛t✐✈❡s ♦r ♠♦r❡ s♦♣❤✐st✐❝❛t❡❞ str❛t❡❣✐❡s ✐♥ t❤❡ ❙P❳ ♠❛r❦❡t t♦ ♦✛s❡t t❤❡✐r

s❡tt❧❡♠❡♥t ♣♦s✐t✐♦♥s✳

✺✳✺ ❲❤❛t ✐s t❤❡ ▼❡❝❤❛♥✐s♠ t❤r♦✉❣❤ ❲❤✐❝❤ Pr✐❝❡s ❛r❡ P✉s❤❡❞❄

❚❤❡ q✉❡st✐♦♥ r❡♠❛✐♥s ♦❢ ❤♦✇ ❡①❛❝t❧② t❤❡ ❙P❳ ♦♣t✐♦♥ ♣r✐❝❡s ♠♦✈❡✳ ❇✐❛✐s✱ ❍✐❧❧✐♦♥✱ ❛♥❞ ❙♣❛tt

✭✶✾✾✾✮ ❛♥❞ ❈❛♦✱ ●❤②s❡❧s✱ ❛♥❞ ❍❛t❤❡✇❛② ✭✷✵✵✵✮ s❤♦✇ t❤❛t ♣r❡✲♦♣❡♥ ♦r❞❡rs ❝❛♥ ❝♦♥✈❡② s✉❜✲

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

❙♣❛tt ✭✷✵✶✹✮ ❛❧s♦ ❡♠♣❤❛s✐③❡s t❤❛t ♠❛♥✐♣✉❧❛t♦rs ❝❛♥ ♠♦✈❡ t❤❡s❡ ✈✐rt✉❛❧ ♣r✐❝❡s ✐♥ t❤❡ ❛❜s❡♥❝❡

♦❢ tr❛❞✐♥❣✳

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

r❡♣♦rts ♦♥ s❡tt❧❡♠❡♥t ❞❛②s✳✹✵ ❚❤❡ ✐♠❜❛❧❛♥❝❡ r❡♣♦rts ❛r❡ ✐ss✉❡❞ ❜② t❤❡ ❈❇❖❊ ❛♥❞ ✐♥❝❧✉❞❡

✐♥❢♦r♠❛t✐♦♥ s✉❝❤ ❛s ❜✐❞ ❛♥❞ ❛s❦ ♣r✐❝❡✱ s✐③❡✱ ✐♠❜❛❧❛♥❝❡ q✉❛♥t✐t②✱ ❛♥❞ ❧❛st s❛❧❡ ♣r✐❝❡✱ ✇❤✐❝❤

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

✹✵❚❤❡ ✐♠❜❛❧❛♥❝❡ r❡♣♦rts ✇✐t❤ ❛ ❢✉❧❧ r❛♥❣❡ ♦❢ str✐❦❡ ♣r✐❝❡s st❛rt ❢r♦♠ ▼❛② ✷✵✶✵✳ ❍❡r❡ ✇❡ ❝♦♥s✐❞❡r ♣♦s✐t✐✈❡ ❛♥❞
♥❡❣❛t✐✈❡ ❛❜s♦❧✉t❡ ❞❡✈✐❛t✐♦♥s ♦❢ ❛t ❧❡❛st ✷✵❜♣✱ ✇❤✐❝❤ ❧❡❛✈❡s ✉s ❛ s❛♠♣❧❡ ♦❢ ✷✺ ❞❛②s ✇✐t❤ ♣♦s✐t✐✈❡ ❞❡✈✐❛t✐♦♥s
❛♥❞ ♥✐♥❡ ❞❛②s ✇✐t❤ ♥❡❣❛t✐✈❡ ❞❡✈✐❛t✐♦♥s✳
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❛✉❝t✐♦♥ ❝❧❡❛rs ❛t t❤❛t t✐♠❡✮✳

❋✐❣✉r❡ ✽ ❣r❛♣❤s t❤❡ ♠♦✈❡♠❡♥ts ❢♦r t❤❡ ❖❚▼ ♣✉t ♦♣t✐♦♥s✬ ✐♠❜❛❧❛♥❝❡ r❡♣♦rt ✐♥❞✐❝❛t✐✈❡

♣r✐❝❡s ♦✈❡r t✐♠❡✳ P❛♥❡❧ ❆ s❤♦✇s t❤❛t✱ ✐♥ ❞❛②s ✇✐t❤ ❧❛r❣❡ ♣♦s✐t✐✈❡ ❱■❳ ❞❡✈✐❛t✐♦♥s✱ t❤❡ ❛✈❡r❛❣❡

✐♥❞✐❝❛t✐✈❡ ❙P❳ ♣r✐❝❡ st❛rts ❧♦✇ ✐♥ t❤❡ ♠♦r♥✐♥❣ ❛♥❞ ✐♥❝r❡❛s❡s ❢r♦♠ ✼✿✹✺ ❛✳♠✳ t♦ ✽✿✶✺ ❛✳♠✳ ❚❤✐s

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

str❛t❡❣② ♦r❞❡r ❝❛♥ ❜❡ s✉❜♠✐tt❡❞ ❢r♦♠ ✽✿✶✺ ❛✳♠✳ t♦ ✽✿✸✵ ❛✳♠✳✱ ♣r✐❝❡s t②♣✐❝❛❧❧② ❣♦ ❞♦✇♥ ❛❢t❡r

♦t❤❡r ♣❧❛②❡rs ✐♥❝❧✉❞✐♥❣ ♠❛r❦❡t ♠❛❦❡rs ❞♦♠✐♥❛t❡ t❤❡ ♠❛r❦❡t✱ ✐♥❞✐❝❛t✐♥❣ t❤❛t ♦t❤❡r tr❛❞❡rs

♣✉t ✐♥ ♦r❞❡rs t♦ s❡❧❧ t❤❡ ♦✈❡r♣r✐❝❡❞ ♦♣t✐♦♥s ❛♥❞ ❛❞❥✉st t❤❡ ♣r✐❝❡s ❞♦✇♥✇❛r❞✳ ❍♦✇❡✈❡r✱ t❤❡

♣r✐❝❡s ❛r❡ ♥♦t ❢✉❧❧② r❡✈❡rs❡❞✱ ❛♥❞ ✇❡ ♦❜s❡r✈❡ ♠♦r❡ ❞♦✇♥✇❛r❞ ❛❞❥✉st♠❡♥t ❢r♦♠ s❡tt❧❡♠❡♥t

t♦ ♦♣❡♥✳ ◆♦t❡ t❤❛t t❤✐s ❧❛st ❛❞❥✉st♠❡♥t ❢r♦♠ s❡tt❧❡♠❡♥t t♦ ♦♣❡♥ ✐s ✇❤❛t ✇❡ ✉s❡ t♦ ❞❡✜♥❡

♣♦s✐t✐✈❡ ❛♥❞ ♥❡❣❛t✐✈❡ ❱■❳ ❞❡✈✐❛t✐♦♥s✱ s♦ t❤❡ ♣r✐❝❡ ♠♦✈❡♠❡♥ts ❜❡❢♦r❡ ✽✿✶✺ ❛✳♠✳ ❛♥❞ ❜❡t✇❡❡♥

✽✿✶✺ ❛✳♠✳ ❛♥❞ ✽✿✸✵ ❛✳♠✳ ❛r❡ ♥♦t ❛rt✐❢❛❝ts ♦❢ ❤♦✇ ✇❡ ❞❡✜♥❡ ♣♦s✐t✐✈❡ ❛♥❞ ♥❡❣❛t✐✈❡ ❞❡✈✐❛t✐♦♥✳

■♥ ❢❛❝t✱ t❤❡② s❤♦✇ ❤♦✇ t❤❡ ❛❣❣r❡ss✐✈❡ ♦r❞❡rs ❜❡❢♦r❡ ✽✿✶✺ ❛✳♠✳ st✐❧❧ ❧❡❛✈❡ ❛ s✐❣♥✐✜❝❛♥t ❡✛❡❝t

♦♥ t❤❡ s❡tt❧❡♠❡♥t ♣r✐❝❡s ❛t ✽✿✸✵ ❛✳♠✳✱ ❡✈❡♥ ❛❢t❡r ♣r✐❝❡s ❛r❡ ♣❛rt✐❛❧❧② ❝♦rr❡❝t❡❞✳ ❘❛t❤❡r

t❤❛♥ ❥✉st ❢♦❝✉s✐♥❣ ♦♥ t❤❡ ❛✈❡r❛❣❡✱ ❋✐❣✉r❡ ✽ P❛♥❡❧ ❇ s❤♦✇s t❤❡ ✷✺✪✱ ♠❡❞✐❛♥✱ ❛♥❞ ✼✺✪ ♦❢

t❤❡ ❞✐str✐❜✉t✐♦♥✳ ◆♦t❡ t❤❛t t❤❡ ♣❛tt❡r♥ ♦❢ ♣♦s✐t✐✈❡ ♠♦✈❡♠❡♥ts ♣r✐♦r t♦ ✽✿✶✺ ❛✳♠✳ ❛♥❞ ❛

❞♦✇♥✇❛r❞ ♣r✐❝❡ ❞r✐❢t ❢r♦♠ ✽✿✶✺ ❛✳♠✳ t♦ ✽✿✸✵ ❛✳♠✳ ❣❡♥❡r❛❧❧② ❤♦❧❞s✳✹✶

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

✇❡ ❤❛✈❡ ❛ s✐❣♥✐✜❝❛♥t ♣♦s✐t✐✈❡ ❞❡✈✐❛t✐♦♥ ❢r♦♠ ❜❡❢♦r❡ ✽ ❛✳♠✳ t♦ ✽✿✶✺ ❛✳♠✳ ❛♥❞ t❤❡♥ ❛ s✐❣♥✐✜❝❛♥t

r❡✈❡rs❛❧ ❢r♦♠ ✽✿✶✺ ❛✳♠✳ t♦ ✽✿✸✵ ❛✳♠✳ ❆s ❡①♣❡❝t❡❞✱ ✇❡ ❤❛✈❡ ❛ ♥❡❣❛t✐✈❡ ❛❞❥✉st♠❡♥t ❢r♦♠

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

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

❚❤❡ ❛❣❣r❡ss✐✈❡ ♦r❞❡rs ❝❛♥ ♠♦st ❡❛s✐❧② ❜❡ s❡❡♥ ✐♥ t❤❡ ❜✐❞✲❛s❦ s♣r❡❛❞✳ ■♥ ❛ ❜❛❧❛♥❝❡❞

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

❨❡t✱ ♦❝❝❛s✐♦♥❛❧❧② ❵❝r♦ss❡❞✬ ♠❛r❦❡ts ♦❝❝✉r ✇❤❡♥ ♣r✐❝❡s ❢♦r t❤❡ ❜❡st ❜✐❞ ❡①❝❡❡❞ t❤❡ ❜❡st ❛s❦✳

❈❛♦✱ ●❤②s❡❧s✱ ❛♥❞ ❍❛t❤❡✇❛② ✭✷✵✵✵✮ s❤♦✇ t❤❛t ❝r♦ss❡❞ ♠❛r❦❡ts ❛r❡ ♠♦r❡ ❧✐❦❡❧② ✐♥ t❤❡ ♣r❡✲

✹✶❆❧t❤♦✉❣❤ t❤❡r❡ ❛r❡ ♦♥❧② ♥✐♥❡ s❡tt❧❡♠❡♥t ❞❛②s ✐♥ t❤❡ s❛♠♣❧❡ ✇✐t❤ ❧❛r❣❡ ♥❡❣❛t✐✈❡ ❞❡✈✐❛t✐♦♥s✱ ❣❡♥❡r❛❧ ♣❛tt❡r♥s
❛r❡ ✐♥ t❤❡ ♦♣♣♦s✐t❡ ❞✐r❡❝t✐♦♥ ❛s s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ■❆✳✷✶✳

✸✹



♦♣❡♥ ❛♥❞ ❛r❡ ✐♥❞✐❝❛t✐✈❡ ♦❢ str♦♥❣ ✐♥❢♦r♠❛t✐♦♥ s✐❣♥❛❧✐♥❣ ❜② ❝❡rt❛✐♥ tr❛❞❡rs✳

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

❨❡t ❛t ♣r❡✲♦♣❡♥ ♦❢ s❡tt❧❡♠❡♥t ❞❛②s✱ t❤❡ s♣r❡❛❞ ✐s ❧❛r❣❡❧② ♥❡❣❛t✐✈❡✱ ✐♥❞✐❝❛t✐♥❣ t❤❛t tr❛❞❡rs

❛r❡ s✉❜♠✐tt✐♥❣ ❛❣❣r❡ss✐✈❡ ❜✉② ♦r s❡❧❧ ♦r❞❡rs ✭❛s s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ■❆✳✷✷✮✳ ▼♦r❡ ✐♥t❡r❡st✐♥❣❧②✱

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

s♣r❡❛❞ ❛t s❡tt❧❡♠❡♥t ✐s ♦♥❧② ♥❡❣❛t✐✈❡ ❢♦r ❖❚▼ ♦♣t✐♦♥s ❛♥❞ t✉r♥s ♣♦s✐t✐✈❡ ❢♦r ■❚▼ ♦♣t✐♦♥s✳

❚♦ t❤❡ ❡①t❡♥t t❤❛t ❞✐✛❡r❡♥t tr❛❞❡rs ❤❛✈❡ ❞✐✛❡r❡♥t ♣♦s✐t✐♦♥s ❛♥❞ s♦♠❡ tr❛❞❡rs ❛r❡ ♣✉s❤✐♥❣

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

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

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

t♦ t❤❡ t✐♠❡✲s❡r✐❡s ♦❢ tr❛❞❡ ✈♦❧✉♠❡ ❛t s❡tt❧❡♠❡♥t✳ ❲❡ r❡❣r❡ss t❤❡ ❛❜s♦❧✉t❡ ✈❛❧✉❡ ♦❢ ❞❡✈✐❛t✐♦♥s

♦♥ t❤❡ ▲♦❣ ✈♦❧✉♠❡ ❛t t❤❡ s❡tt❧❡♠❡♥t✳ ❉❡s♣✐t❡ t❤❡ s♠❛❧❧ s❛♠♣❧❡ s✐③❡ ♦❢ ❛r♦✉♥❞ ✽✵ s❡tt❧❡♠❡♥t

♦❜s❡r✈❛t✐♦♥s✱ t❤❡ s❡tt❧❡♠❡♥t ✈♦❧✉♠❡ ✐s ♣♦s✐t✐✈❡❧② ❛♥❞ s✐❣♥✐✜❝❛♥t❧② ✭t✲st❛t✐st✐❝❂✷✳✹✷✮ r❡❧❛t❡❞

t♦ t❤❡ ❛❜s♦❧✉t❡ ❱■❳ ❞❡✈✐❛t✐♦♥s ✭❛s s❤♦✇♥ ✐♥ ❚❛❜❧❡ ■❆✳✶✶✱ P❛♥❡❧ ❆✮✳ ❆ ♦♥❡ ✉♥✐t ✐♥❝r❡❛s❡ ✐♥

▲♦❣ ✈♦❧✉♠❡ r❡s✉❧ts ✐♥ ✶✸❜♣ ♠♦r❡ ❞❡✈✐❛t✐♦♥s ✐♥ ❱■❳ s❡tt❧❡♠❡♥t✳ ❚❤✐s ♣r♦✈✐❞❡s ❝♦♥✜r♠✐♥❣

❡✈✐❞❡♥❝❡ t❤❛t t❤❡ tr❛❞✐♥❣ ❛❝t✐✈✐t② ✐s r❡❧❛t❡❞ t♦ t❤❡ ❞❡✈✐❛t✐♦♥s✳

■♥ ♦✉r ♣r❡✈✐♦✉s ❛♥❛❧②s✐s✱ ✇❡ ♠❡❛s✉r❡❞ t❤❡ ❞❡✈✐❛t✐♦♥s ❝❛✉s❡❞ ❜② ♥♦♥✲③❡r♦ ❜✐❞ ♦♣t✐♦♥s

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

❜② ✐ss✉❡s s✉rr♦✉♥❞✐♥❣ ❜❡♥❝❤♠❛r❦✐♥❣ t❤❡ s❡tt❧❡♠❡♥t ✇✐t❤ ✐❧❧✐q✉✐❞ ♦♣t✐♦♥s✱ ❜✉t ❛❧s♦ ✐❣♥♦r❡s

♣✉s❤✐♥❣ ♦r ❝✉tt✐♥❣ t❤❡ t❛✐❧s✳ ❲❡ ♥♦✇ ❡①❛♠✐♥❡ t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ t❤❡ r❛♥❣❡ ♦❢ ❖❚▼

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

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

t❤❡ ❛❝t✉❛❧ r❛♥❣❡ ♦❢ ♦♣t✐♦♥s tr❛❞✐♥❣ ❛t t❤❡ ♦♣❡♥✳✹✷ ❈♦♠♣❛r❡❞ t♦ t❤❡ r❛♥❣❡ ♦❢ ❧✐❦❡❧② ♦♣t✐♦♥s

✐♥❝❧✉❞❡❞ ✐♥ t❤❡ s❡tt❧❡♠❡♥t ❜❛s❡❞ ♦♥ t❤❡ ♣r✐❝❡s t❤❡ ♥✐❣❤t ❜❡❢♦r❡✱ t❤❡ t❛✐❧ ✐s ❧♦♥❣❡r ♦♥ ✺✸

s❡tt❧❡♠❡♥ts ❛♥❞ s❤♦rt❡r ♦♥ ✷✺ s❡tt❧❡♠❡♥ts✳ P❛♥❡❧ ❇ ♦❢ ❚❛❜❧❡ ■❆✳✶✶ s❤♦✇s t❤❛t t❤❡r❡ ✐s ❛

✹✷❚❤✐s ❛❧❧♦✇s ❢♦r ❞✐✛❡r❡♥t r❛♥❣❡s ♦❢ ♦♣t✐♦♥s ❛t t❤❡ s❡tt❧❡♠❡♥t ❛♥❞ ♦♣❡♥✳ ❚❤❡ ❞❡✈✐❛t✐♦♥ ❝❛❧❝✉❧❛t❡❞ ✐♥ t❤✐s
♠❛♥♥❡r ✐s ✜✈❡ ❜❛s✐s ♣♦✐♥ts ❤✐❣❤❡r t❤❛♥ t❤❡ ✧♦♣❡♥ ❜❡♥❝❤♠❛r❦✧ ❝❛❧❝✉❧❛t❡❞ ✇✐t❤ t❤❡ s❛♠❡ r❛♥❣❡ ♦❢ ♦♣t✐♦♥s
❜♦t❤ ❛t s❡tt❧❡♠❡♥t ❛♥❞ ❛t t❤❡ ♦♣❡♥ t❤❛t ✐s ✉s❡❞ t❤r♦✉❣❤♦✉t t❤❡ ♣❛♣❡r✳

✸✺



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

❛❞❞❡❞ t♦ t❤❡ ❱■❳ r❡❧❛t✐✈❡ t♦ t❤❡ ♣r❡✈✐♦✉s ♥✐❣❤t✳

❖✈❡r❛❧❧✱ t❤❡ ❛♥❛❧②s✐s s❤♦✇s t❤❛t t❤❡r❡ ❛r❡ ❛❣❣r❡ss✐✈❡ ♦r❞❡rs t♦ ❜✉② ♦r s❡❧❧ ♣r✐♦r t♦ t❤❡

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

❞❡✈✐❛t✐♦♥s✳

✻✳ ❈♦♥❝❧✉s✐♦♥

❲❡ s❤♦✇ t❤❛t ♥♦t ♦♥❧② ✐s ✐t ❢❡❛s✐❜❧❡ t♦ ✐♥✢✉❡♥❝❡ t❤❡ ❱■❳ s❡tt❧❡♠❡♥t✱ ❜✉t ❛❧s♦ ♣r❡s❡♥t ♣r✐❝❡

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

tr❛❞✐♥❣✳ ■♥ ♣❛rt✐❝✉❧❛r✱ ❛ ✈♦❧✉♠❡ s♣✐❦❡ ♦❝❝✉rs✿ ❛✮ ♦♥❧② ❛t t❤❡ t✐♠❡ ♦❢ t❤❡ ❱■❳ s❡tt❧❡♠❡♥t✱

❜✮ ♦♥❧② ✐♥ t❤❡ ❖❚▼ ♦♣t✐♦♥s t❤❛t ❛r❡ ✉s❡❞ t♦ ❝❛❧❝✉❧❛t❡ t❤❡ ❱■❳✱ ❝✮ ♥♦t ✐♥ s✐♠✐❧❛r ❙✫P ✶✵✵

■♥❞❡① ✭❖❊❳✮ ♦r ❙✫P ✺✵✵ ❊❚❋ ✭❙P❨✮ ♦♣t✐♦♥s✱ ✇❤✐❝❤ ❞♦ ♥♦t ❤❛✈❡ ❛ tr❛❞❛❜❧❡ ✈♦❧❛t✐❧✐t② ✐♥❞❡①✱

❞✮ ♣r♦♣♦rt✐♦♥❛❧ t♦ t❤❡ s❡♥s✐t✐✈✐t② ♦❢ ❱■❳ t♦ ❡❛❝❤ str✐❦❡ ♣r✐❝❡✱ ❛♥❞ ❡✮ ✇✐t❤ ❛ ❥✉♠♣ ❢♦r ♦♣t✐♦♥s

t❤❛t ❤❛✈❡ ❛ ❞✐s❝♦♥t✐♥✉♦✉s❧② ❤✐❣❤❡r ✇❡✐❣❤t ✐♥ t❤❡ ❱■❳ ❝❛❧❝✉❧❛t✐♦♥✱ ✇❤✐❝❤ ❞♦❡s ♥♦t ♦❝❝✉r

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

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

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

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

❚❤❡ ❞❡✈✐❛t✐♦♥s ✐♥ t❤❡ ❱■❳ ❛❝❝♦✉♥t ❢♦r ❛♥ ❛✈❡r❛❣❡ ♦❢ ✸✶ ❜❛s✐s ♣♦✐♥ts ♦❢ ♠♦✈❡♠❡♥t ✐♥

s❡tt❧❡♠❡♥t ✈❛❧✉❡s✱ ✇❤✐❝❤ ❛♠♦✉♥t t♦ ♦✈❡r ✩✶✳✽✶ ❜✐❧❧✐♦♥ ❞♦❧❧❛rs ✐♥ s❡tt❧❡♠❡♥t ♣r✐❝❡ ❞✐st♦rt✐♦♥s

❢♦r t❤❡ ✉♣♣❡r✲❧❡✈❡❧ ❱■❳ ❢✉t✉r❡s ❛♥❞ ♦♣t✐♦♥s ❢r♦♠ ✷✵✵✽ t♦ ❆♣r✐❧ ✷✵✶✺✳ ❚❤❡ ❧❛r❣❡ s✐③❡ ✭✩✶✵✽

❜✐❧❧✐♦♥ ❞♦❧❧❛rs ♦✈❡r ♦✉r s❛♠♣❧❡ ♣❡r✐♦❞✮ ♦❢ ❱■❳ ❢✉t✉r❡s ❛♥❞ ♦♣t✐♦♥s t❤❛t ❛r❡ ❡①♣♦s❡❞ t♦ t❤❡

s❡tt❧❡♠❡♥t r❡❧❛t✐✈❡ t♦ s✐③❡ ♦❢ ❙P❳ ♦♣t✐♦♥s ❛t s❡tt❧❡♠❡♥t✱ ♠❛❦❡s ♠❛♥✐♣✉❧❛t✐♦♥ ❝♦st✲❡✛❡❝t✐✈❡

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

♣♦ss✐❜✐❧✐t✐❡s ❢♦r ✭❛♥❞ ♣r✐❝❡ ❝♦rr❡❝t✐♦♥ ❜②✮ t❤♦s❡ tr❛❞✐♥❣ ❛❣❛✐♥st t❤❡♠✱ ✇❡ s❤♦✇ ❤♦✇ t❤❡ ❤✐❣❤

tr❛♥s❛❝t✐♦♥ ❝♦sts ✐♥ ❧❡ss ❧✐q✉✐❞ ❙P❳ ♦♣t✐♦♥s ❞✉r✐♥❣ t❤❡ ♥♦♥✲s❡tt❧❡♠❡♥t ✇✐♥❞♦✇ ♠❛❦❡ s✉❝❤

❞❡✈✐❛t✐♦♥s ❢❡❛s✐❜❧❡✳

✸✻



■♥ s✉♠✱ ♦✉r ✜♥❞✐♥❣s s❤♦✇ t❤❛t t❤❡ ❱■❳ s❡tt❧❡♠❡♥t ❛♣♣❡❛rs s✉s❝❡♣t✐❜❧❡ t♦ ♠❛♥✐♣✉❧❛t✐♦♥✱

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

♠❛r❦❡t ♠❛♥✐♣✉❧❛t✐♦♥ ♦❢ ❝❡rt❛✐♥ s❡tt❧❡♠❡♥ts✳ ❍♦✇❡✈❡r✱ ✇❡ ❝❛♥♥♦t ❢✉❧❧② r✉❧❡ ♦✉t ❛❧❧ ♣♦t❡♥t✐❛❧

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

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

♦❢t❡♥ ♦♣t✐♠❛❧ s❡❝✉r✐t② ❞❡s✐❣♥✳ ▼❛r❦❡t ❞❡s✐❣♥ ✐s ❝❧❡❛r❧② ✐♠♣♦rt❛♥t✱ ❜✉t ✜♥❛♥❝✐❛❧ ❝♦♠♣❧❡①✐t②

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

t♦ t❤✐♥❦ t❤❛t ♣♦❧✐❝② ♠❛❦❡rs ❝❛♥ ❢♦r❡s❡❡ ❛❧❧ ♣♦ss✐❜❧❡ ❣❛♠✐♥❣ ♠❡❝❤❛♥✐s♠s✳ ❋♦r ❡①❛♠♣❧❡✱ t❤❡

❱❙❚❖❳❳ s❡tt❧❡♠❡♥t ♣r♦❝❡❞✉r❡ s❡❡♠s t♦ ❜❡ ❞❡s✐❣♥❡❞ ✇✐t❤ ❛♥ ❡②❡ t♦ ♠✐t✐❣❛t❡ t❤❡ ✐♠♣❛❝t

♦❢ t❡♠♣♦r❛r② ♣r✐❝❡ ♣r❡ss✉r❡✱ ❜✉t ♥❡✈❡rt❤❡❧❡ss ❛❧s♦ ❡①❤✐❜✐ts ♣❛tt❡r♥s str♦♥❣❧② ✐♥❞✐❝❛t✐✈❡ ♦❢

❣❛♠✐♥❣ t❤❡ s❡tt❧❡♠❡♥t✳ ❆ ❝♦♥❝❡r♥ ✐s t❤❛t ❝♦♠♣❧❡①✐t② ✐♥ t❤❡ ❞❡r✐✈❛t✐✈❡ ♠❛r❦❡t ❝❛♥ ❜❡ ✉s❡❞

t♦ ♦❜❢✉s❝❛t❡ ✜♥❛♥❝✐❛❧ ❞❡❝❡♣t✐♦♥ ❬P❛rt♥♦② ✭✷✵✵✾✮❪✳ P♦❧✐❝✐❡s t❤❛t ❡♥❝♦✉r❛❣❡ tr❛♥s♣❛r❡♥❝② ✐♥

r❡♣♦rt✐♥❣ tr❛❞✐♥❣ ❛❝t✐✈✐t✐❡s ❛♥❞ ❡✈❡♥ ❛♥♦♥②♠✐③❡❞ tr❛❞❡r ✐❞❡♥t✐t✐❡s ❝❛♥ ❝♦✉♥t❡r❛❝t ✐♥❝r❡❛s✐♥❣

❝♦♠♣❧❡①✐t②✳ ❲❡ ❤♦♣❡ t♦ s❡❡ ♠♦r❡ r❡s❡❛r❝❤ ❛♥❛❧②③✐♥❣ t❤❡ ❡①t❡♥t ♦❢ ♣♦t❡♥t✐❛❧ ❣❛♠✐♥❣ ♦❢ ♠❛r❦❡t

♣r✐❝❡s ✐♥ ♦t❤❡r ❝♦♥t❡①ts✳

✸✼



❘❡❢❡r❡♥❝❡s

❆❜r❛♥t❡s✲▼❡t③✱ ❘✳✱ ▼✳ ❑r❛t❡♥✱ ❆✳ ▼❡t③✱ ❛♥❞ ●✳ ❙❡♦✇✳ ✷✵✶✷✳ ▲✐❜♦r ♠❛♥✐♣✉❧❛t✐♦♥❄ ❏♦✉r♥❛❧

♦❢ ❇❛♥❦✐♥❣ ✫ ❋✐♥❛♥❝❡ ✸✻✿✶✸✻✲✶✺✵✳

❆❣❣❛r✇❛❧✱ ❘✳✱ ❛♥❞ ●✳ ❲✉✳ ✷✵✵✻✳ ❙t♦❝❦ ♠❛r❦❡t ♠❛♥✐♣✉❧❛t✐♦♥s✳ ❚❤❡ ❏♦✉r♥❛❧ ♦❢ ❇✉s✐♥❡ss

✼✾✿✶✾✶✺✲✶✾✺✸✳

❆❧❧❡♥✱ ❋✳✱ ❛♥❞ ❉✳ ●❛❧❡✳ ✶✾✾✷✳ ❙t♦❝❦✲♣r✐❝❡ ♠❛♥✐♣✉❧❛t✐♦♥✳ ❘❡✈✐❡✇ ♦❢ ❋✐♥❛♥❝✐❛❧ ❙t✉❞✐❡s✱ ✺✭✸✮✱
✺✵✸✲✺✷✾✳

❆♥❞❡rs❡♥✱ ❚✳ ●✳✱ ❖✳ ❇♦♥❞❛r❡♥❦♦✱ ❛♥❞ ▼✳ ❚✳ ●♦♥③❛❧❡③✲P❡r❡③✳ ✷✵✶✺✳ ❊①♣❧♦r✐♥❣ r❡t✉r♥ ❞②✲
♥❛♠✐❝s ✈✐❛ ❝♦rr✐❞♦r ✐♠♣❧✐❡❞ ✈♦❧❛t✐❧✐t②✳ ❘❡✈✐❡✇ ♦❢ ❋✐♥❛♥❝✐❛❧ ❙t✉❞✐❡s✱ ❱♦❧✳ ✷✽✱ ♣✳ ✷✾✵✷✲✷✾✹✺✳

❇❛❦s❤✐✱ ●✳✱ ▼❛❞❛♥✱ ❉✳ ❛♥❞ P❛♥❛②♦t♦✈✱ ●✳✱ ✷✵✶✺✳ ❍❡t❡r♦❣❡♥❡✐t② ✐♥ ❜❡❧✐❡❢s ❛♥❞ ✈♦❧❛t✐❧✐t② t❛✐❧
❜❡❤❛✈✐♦r✳ ❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝✐❛❧ ❛♥❞ ◗✉❛♥t✐t❛t✐✈❡ ❆♥❛❧②s✐s✱ ✺✵✭✵✻✮✱ ♣♣✳✶✸✽✾✲✶✹✶✹✳

❇❡❝❦❡r✱ ●✳ ✶✾✻✽✳ ❈r✐♠❡ ❛♥❞ ♣✉♥✐s❤♠❡♥t✿ ❆♥ ❡❝♦♥♦♠✐❝ ❛♣♣r♦❛❝❤✳ ❏♦✉r♥❛❧ ♦❢ P♦❧✐t✐❝❛❧

❊❝♦♥♦♠② ✼✻✿✶✻✾✳

❇❡♥✲❉❛✈✐❞✱ ■✳✱ ❋✳ ❋r❛♥③♦♥✐✱ ❆✳ ▲❛♥❞✐❡r✱ ❛♥❞ ❘✳ ▼♦✉ss❛✇✐✳ ✷✵✶✸✳ ❉♦ ❤❡❞❣❡ ❢✉♥❞s ♠❛♥✐♣✉❧❛t❡
st♦❝❦ ♣r✐❝❡s❄✳ ❚❤❡ ❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝❡✱ ✻✽✭✻✮✱ ✷✸✽✸✲✷✹✸✹✳

❇❡♥♦✐t✱ ❉✳ ✭✷✵✶✵✱ ❖❝t♦❜❡r ✷✼✮✳ ❏✳P✳ ▼♦r❣❛♥✱ ❍❙❇❈ s✉❡❞ ❢♦r s✐❧✈❡r ♠❛♥✐♣✉❧❛t✐♦♥✳ ▼❛r❦❡t✲

❲❛t❝❤✳

❇✐❛✐s✱ ❇✳✱ P✳ ❍✐❧❧✐♦♥✱ ❛♥❞ ❈✳ ❙♣❛tt✳ ✶✾✾✾✳ Pr✐❝❡ ❞✐s❝♦✈❡r② ❛♥❞ ❧❡❛r♥✐♥❣ ❞✉r✐♥❣ t❤❡ ♣r❡♦♣❡♥✐♥❣
♣❡r✐♦❞ ✐♥ t❤❡ P❛r✐s ❇♦✉rs❡✳ ❏♦✉r♥❛❧ ♦❢ P♦❧✐t✐❝❛❧ ❊❝♦♥♦♠②✱ ✶✵✼✭✻✮✱ ✶✷✶✽✲✶✷✹✽✳

❇❧♦❝❤❡r✱ ❏✳✱ ❏✳ ❊♥❣❡❧❜❡r❣✱ ❛♥❞ ❆✳ ❱✳ ❘❡❡❞✳ ✷✵✶✵✳ ❚❤❡ ❧♦♥❣ ❛♥❞ s❤♦rt ♦❢ ✐t✿ ❊✈✐❞❡♥❝❡ ♦❢
②❡❛r✲❡♥❞ ♣r✐❝❡ ♠❛♥✐♣✉❧❛t✐♦♥ ❜② s❤♦rt s❡❧❧❡rs✳ ❘❡s❡❛r❝❤ ❈♦❧❧❡❝t✐♦♥ ❇◆P P❛r✐❜❛s ❍❡❞❣❡ ❋✉♥❞

❈❡♥tr❡ ✶✵✲✺✶✳

❈❛♦✱ ❈✳✱ ❊✳ ●❤②s❡❧s✱ ❛♥❞ ❋✳ ❍❛t❤❡✇❛②✳ ✷✵✵✵✳ Pr✐❝❡ ❞✐s❝♦✈❡r② ✇✐t❤♦✉t tr❛❞✐♥❣✿ ❊✈✐❞❡♥❝❡
❢r♦♠ t❤❡ ◆❛s❞❛q ♣r❡♦♣❡♥✐♥❣✳ ❚❤❡ ❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝❡✱ ✺✺✭✸✮✱ ✶✸✸✾✲✶✸✻✺✳

❈❤✐❝❛❣♦ ❇♦❛r❞ ❖♣t✐♦♥s ❊①❝❤❛♥❣❡✳ ✷✵✶✺✳ ❱■❳✿ ❈❇❖❊ ❱♦❧❛t✐❧✐t② ■♥❞❡①✳
✭❤tt♣s✿✴✴✇✇✇✳❝❜♦❡✳❝♦♠✴♠✐❝r♦✴✈✐①✴✈✐①✇❤✐t❡✳♣❞❢✮✳

❈❤r✐st✐❡✱ ❲✳✱ ❛♥❞ P✳ ❙❝❤✉❧t③✳ ✶✾✾✹✳ ❲❤② ❞♦ ◆❆❙❉❆◗ ♠❛r❦❡t ♠❛❦❡rs ❛✈♦✐❞ ♦❞❞✲❡✐❣❤t❤
q✉♦t❡s❄ ❚❤❡ ❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝❡ ✹✾✿✶✽✶✸✲✶✽✹✵✳

❉❡♥✐♥❛✱ ❈✳✱ ❛♥❞ ❏✳ ❍❛r✈❡②✳ ✭✷✵✶✹✱ ▼❛r❝❤ ✺✮✳ ▲♦♥❞♦♥ ❣♦❧❞✲✜① ❜❛♥❦s ❛❝❝✉s❡❞ ♦❢ ♠❛♥✐♣✉❧❛t✐♦♥
✐♥ ❯✳❙✳ ❧❛✇s✉✐t✳ ❘❡✉t❡rs✳

✸✽



❉✉✣❡✱ ❉✳✱ ❛♥❞ ❏✳ ❙t❡✐♥✳ ✷✵✶✺✳ ❘❡❢♦r♠✐♥❣ ▲■❇❖❘ ❛♥❞ ♦t❤❡r ✜♥❛♥❝✐❛❧✲♠❛r❦❡t ❜❡♥❝❤♠❛r❦s✳
❚❤❡ ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝ P❡rs♣❡❝t✐✈❡s ✷✾✿✶✾✶✲✷✶✷✳

❊❤r❧✐❝❤✱ ■✳ ✶✾✼✸✳ P❛rt✐❝✐♣❛t✐♦♥ ✐♥ ✐❧❧❡❣✐t✐♠❛t❡ ❛❝t✐✈✐t✐❡s✿ ❆ t❤❡♦r❡t✐❝❛❧ ❛♥❞ ❡♠♣✐r✐❝❛❧ ✐♥✈❡st✐✲
❣❛t✐♦♥✳ ❏♦✉r♥❛❧ ♦❢ P♦❧✐t✐❝❛❧ ❊❝♦♥♦♠② ✽✶✿✺✷✶✳

●❛♥❞❤✐✱ P✳✱ ❇✳ ●♦❧❡③✱ ❏✳ ❈✳ ❏❛❝❦✇❡rt❤✱ ❛♥❞ ❆✳ P❧❛③③✐✳ ✷✵✶✺✳ ▲✐❜♦r ♠❛♥✐♣✉❧❛t✐♦♥✿ ❈✉✐ ❇♦♥♦❄
✭❲♦r❦✐♥❣ P❛♣❡r✮✳

●♦❧❡③✱ ❇✳✱ ❛♥❞ ❏✳ ❈✳ ❏❛❝❦✇❡rt❤✳ ✷✵✶✷✳ P✐♥♥✐♥❣ t❤❡ ❙✫P ✺✵✵ ❢✉t✉r❡s✳ ❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝✐❛❧
❊❝♦♥♦♠✐❝s✳ ✶✵✻✿✺✻✻✲✺✽✺✳

●♦s❞❡♥✱ ❊✳ ✭✷✵✶✸✱ ◆♦✈❡♠❜❡r ✻✮✳ ❇P ❛♥❞ ❙❤❡❧❧ ❵r✐❣❣❡❞ ❇r❡♥t ♦✐❧ ♣r✐❝❡ ❢♦r ❛ ❞❡❝❛❞❡✱✬ tr❛❞❡rs
❝❧❛✐♠✳ ❚❤❡ ❚❡❧❡❣r❛♣❤✳

❏❛rr♦✇✱ ❘✳ ❆✳ ✶✾✾✷✳ ▼❛r❦❡t ♠❛♥✐♣✉❧❛t✐♦♥✱ ❜✉❜❜❧❡s✱ ❝♦r♥❡rs✱ ❛♥❞ s❤♦rt sq✉❡❡③❡s✳ ❏♦✉r♥❛❧ ♦❢
✜♥❛♥❝✐❛❧ ❛♥❞ ◗✉❛♥t✐t❛t✐✈❡ ❆♥❛❧②s✐s✱ ✷✼✭✵✸✮✱ ✸✶✶✲✸✸✻✳

❑❤✇❛❥❛✱ ❆✳✱ ❛♥❞ ❆✳ ▼✐❛♥✳ ✷✵✵✺✳ ❉♦ ❧❡♥❞❡rs ❢❛✈♦r ♣♦❧✐t✐❝❛❧❧② ❝♦♥♥❡❝t❡❞ ✜r♠s❄ ❘❡♥t ♣r♦✈✐s✐♦♥
✐♥ ❛♥ ❡♠❡r❣✐♥❣ ✜♥❛♥❝✐❛❧ ♠❛r❦❡t✳ ❚❤❡ ◗✉❛rt❡r❧② ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝s ✶✷✵✿✶✸✼✶✲✶✹✶✶✳

❑✉♠❛r✱ P✳✱ ❛♥❞ ❉✳ ❙❡♣♣✐✳ ✶✾✾✷✳ ❋✉t✉r❡s ♠❛♥✐♣✉❧❛t✐♦♥ ✇✐t❤ ✏❝❛s❤ s❡tt❧❡♠❡♥t✳✑ ❚❤❡ ❏♦✉r♥❛❧

♦❢ ❋✐♥❛♥❝❡ ✹✼✿✶✹✽✺✲✶✺✵✷✳

▼✐❧❤❡♥❝❤✱ ❈✳ ✭✷✵✶✸✱ ◆♦✈❡♠❜❡r ✻✮✳ ◆❨▼❊❳ tr❛❞❡rs ❛❧❧❡❣❡ ❜✐❣ ✜r♠s ♠❛♥✐♣✉❧❛t❡❞ ❇r❡♥t ♦✐❧
♣r✐❝❡s✳ ❘❡✉t❡rs✳

▼♦❧❧❡♥❦❛♠♣✱ ❈✳✱ ❛♥❞ ▼✳ ❲❤✐t❡❤♦✉s❡✳ ✷✵✵✽✳ ❙t✉❞② ❝❛sts ❞♦✉❜t ♦♥ ❦❡② r❛t❡✳ ❲❛❧❧ ❙tr❡❡t

❏♦✉r♥❛❧✳

◆✐✱ ❙✳✱ ◆✳ P❡❛rs♦♥✱ ❛♥❞ ❆✳ P♦t❡s❤♠❛♥✳ ✷✵✵✺✳ ❙t♦❝❦ ♣r✐❝❡ ❝❧✉st❡r✐♥❣ ♦♥ ♦♣t✐♦♥ ❡①♣✐r❛t✐♦♥
❞❛t❡s✳ ❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝✐❛❧ ❊❝♦♥♦♠✐❝s ✼✽✿✹✾✲✽✼✳

P❛rt♥♦②✱ ❋✳ ✷✵✵✾✳ ❋■❆❙❈❖✿ ❇❧♦♦❞ ✐♥ t❤❡ ✇❛t❡r ♦♥ ❲❛❧❧ ❙tr❡❡t✳ ❲❲ ◆♦rt♦♥ ✫ ❈♦♠♣❛♥②✳

❙❛♥t❛✲❈❧❛r❛✱ P✳ ❛♥❞ ❙❛r❡tt♦✱ ❆✳✱ ✷✵✵✾✳ ❖♣t✐♦♥ str❛t❡❣✐❡s✿ ●♦♦❞ ❞❡❛❧s ❛♥❞ ♠❛r❣✐♥ ❝❛❧❧s✳
❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝✐❛❧ ▼❛r❦❡ts✱ ✶✷✭✸✮✱ ♣♣✳✸✾✶✲✹✶✼✳

❙♣❛tt✱ ❈✳✱ ❙✳ ✷✵✶✹✳ ❙❡❝✉r✐t② ♠❛r❦❡t ♠❛♥✐♣✉❧❛t✐♦♥✳ ❆♥♥✉❛❧ ❘❡✈✐❡✇ ♦❢ ❋✐♥❛♥❝✐❛❧ ❊❝♦♥♦♠✐❝s✱
❱♦❧✳ ✻✱ ♣♣✳ ✹✵✺✲✹✶✽✳

❱❛✉❣❤❛♥✱ ▲✳✱ ❛♥❞ ●✳ ❋✐♥❝❤✳ ✷✵✶✸✳ ❈✉rr❡♥❝② s♣✐❦❡s ❛t ✹ P✳▼✳ ✐♥ ▲♦♥❞♦♥ ♣r♦✈✐❞❡ r✐❣❣✐♥❣
❝❧✉❡s✳ ❇❧♦♦♠❜❡r❣ ❇✉s✐♥❡ss✳
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P❛♥❡❧ ❆✿ ❙✫P ✺✵✵ ❖♣t✐♦♥s ❉❛✐❧② ❚r❛❞❡ ❱♦❧✉♠❡

P❛♥❡❧ ❇✿ ❖♣t✐♦♥s ❉❛✐❧② ❚r❛❞❡ ❱♦❧✉♠❡ ✭◆♦r♠❛❧✐③❡❞ ❜② ▼❡❛♥✮

❋✐❣✉r❡ ✶✳ ❚r❛❞❡ ❱♦❧✉♠❡ ♦❢ ❙✫P ✺✵✵✱ ❙✫P ✶✵✵✱ ❛♥❞ ❙P❨ ❖♣t✐♦♥s✳ ❚❤✐s ✜❣✉r❡ s❤♦✇s

t❤❡ ❛✈❡r❛❣❡ tr❛❞❡ ✈♦❧✉♠❡ ♦❢ ♠♦♥t❤❧② ❙✫P ✺✵✵✱ ❙✫P ✶✵✵✱ ❛♥❞ ❙P❨ ♦♣t✐♦♥s ❜② ❞❛②s t♦ ♠❛t✉r✐t②✳

❚❤❡ s❛♠♣❧❡ ❝♦♥s✐sts ♦❢ t❤❡ ♦♣t✐♦♥ ❝❤❛✐♥s ✉s❡❞ ✐♥ ❱■❳ s❡tt❧❡♠❡♥t ❝❛❧❝✉❧❛t✐♦♥s ❢r♦♠ ❏❛♥✉❛r② ✷✵✵✽ t♦

❆✉❣✉st ✷✵✶✹✳ P❛♥❡❧ ❆ s❤♦✇s t❤❡ ❞❛✐❧② tr❛❞❡ ✈♦❧✉♠❡ ♦❢ ❙✫P ✺✵✵ ♦♣t✐♦♥s ❛✈❡r❛❣❡❞ ❛❝r♦ss ❞✐✛❡r❡♥t

str✐❦❡ ♣r✐❝❡s ❛♥❞ s❡tt❧❡♠❡♥t ❞❛t❡s✳ ❚❤❡ ❝❡♥t❡r ✈❡rt✐❝❛❧ ❧✐♥❡ s❤♦✇s ✸✵ ❞❛②s t♦ ♠❛t✉r✐t②✱ ✇❤✐❝❤ ✐s t❤❡

s❡tt❧❡♠❡♥t ❞❛② ❢♦r ❱■❳ ❞❡r✐✈❛t✐✈❡s✳ P❛♥❡❧ ❇ s❤♦✇s t❤❡ ❛✈❡r❛❣❡ ❞❛✐❧② tr❛❞❡ ✈♦❧✉♠❡ ❝❛❧❝✉❧❛t❡❞ ✐♥

t❤❡ s❛♠❡ ✇❛② ❛s P❛♥❡❧ ❆ ❢♦r ❙✫P ✺✵✵ ♦♣t✐♦♥s ❡①❝❧✉❞✐♥❣ t❤❡ tr❛❞❡s ♦❝❝✉rr✐♥❣ ❛t t❤❡ ♣r❡♦♣❡♥✐♥❣

s❡tt❧❡♠❡♥t ✭❣r❡❡♥ ❝✐r❝❧❡s✮✱ ❙✫P ✶✵✵ ♦♣t✐♦♥s ✭❜r♦✇♥ sq✉❛r❡s✮✱ ❛♥❞ ❙P❨ ♦♣t✐♦♥s ✭♦r❛♥❣❡ tr✐❛♥❣❧❡s✮✳

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

P❛♥❡❧ ❈ s❤♦✇s t❤❡ ❙P❳ ♦♣t✐♦♥s✬ tr❛❞❡ ✈♦❧✉♠❡ s❡♣❛r❛t❡❧② ❢♦r ❖❚▼ ✭❜❧✉❡ ❝✐r❝❧❡s✮ ❛♥❞ ■❚▼ ✭❣r❛②

sq✉❛r❡s✮ ♦♣t✐♦♥s✳

✹✵



P❛♥❡❧ ❈✿ ❖❚▼ ❛♥❞ ■❚▼ ❖♣t✐♦♥s ❉❛✐❧② ❚r❛❞❡ ❱♦❧✉♠❡

✹✶



P❛♥❡❧ ❆✿ P✉t ❖♣t✐♦♥s ❱■❳ ❙❡♥s✐t✐✈✐t②

P❛♥❡❧ ❇✿ P✉t ❖♣t✐♦♥s ❚r❛❞❡ ❱♦❧✉♠❡ ❛t ❙❡tt❧❡♠❡♥t

❋✐❣✉r❡ ✷✳ ❱■❳ ❙❡♥s✐t✐✈✐t② ❛♥❞ ❚r❛❞❡ ❱♦❧✉♠❡ ♦❢ P✉t ❖♣t✐♦♥s✳ ❚❤✐s ✜❣✉r❡ s❤♦✇s t❤❡

r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ tr❛❞❡ ✈♦❧✉♠❡ ♦❢ ♠♦♥t❤❧② ❙✫P ✺✵✵ ♣✉t ♦♣t✐♦♥s ❛♥❞ t❤❡ s❡♥s✐t✐✈✐t② ♦❢ ❱■❳

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

✐♥ ❱■❳ s❡tt❧❡♠❡♥t ❝❛❧❝✉❧❛t✐♦♥s ❢r♦♠ ❏❛♥✉❛r② ✷✵✵✽ t♦ ❆♣r✐❧ ✷✵✶✺✳ ❱■❳ s❡♥s✐t✐✈✐t② ❢♦r ❡❛❝❤ ♦♣t✐♦♥ ✐s

❝❛❧❝✉❧❛t❡❞ ❛s t❤❡ ❝❤❛♥❣❡ ✐♥ ❱■❳ s❡tt❧❡♠❡♥t ✈❛❧✉❡ ❛s ❛ r❡s✉❧t ♦❢ ✜✈❡✲❝❡♥t ♣r✐❝❡ ♠♦✈❡♠❡♥ts ✐♥ t❤❛t

♦♣t✐♦♥✱ ❤♦❧❞✐♥❣ ❛❧❧ ♦t❤❡r ♣r✐❝❡s ❝♦♥st❛♥t✳ ❊❛❝❤ ♠♦♥t❤✬s ♣✉t ♦♣t✐♦♥s ✉s❡❞ ✐♥ s❡tt❧❡♠❡♥t ❝❛❧❝✉❧❛t✐♦♥

❛r❡ ❞✐✈✐❞❡❞ ✐♥t♦ ✺✵ ❜✐♥s ❜❛s❡❞ ♦♥ t❤❡✐r ♠♦♥❡②♥❡ss✱ ❛♥❞ t❤❡ ❱■❳ s❡♥s✐t✐✈✐t② ❛♥❞ tr❛❞❡ ✈♦❧✉♠❡ ❛r❡

❛✈❡r❛❣❡❞ ❢♦r ❡❛❝❤ ❜✐♥✱ ❛♥❞ t❤❡♥ ♦✈❡r t✐♠❡✳ P❛♥❡❧ ❆ s❤♦✇s t❤❡ ❛✈❡r❛❣❡ ❱■❳ s❡♥s✐t✐✈✐t② ❢♦r ❡❛❝❤ ❜✐♥

❛♥❞ P❛♥❡❧ ❇ s❤♦✇s t❤❡ ❛✈❡r❛❣❡ ✈♦❧✉♠❡ ❛t ❱■❳ s❡tt❧❡♠❡♥t✳ P❛♥❡❧ ❈ ❝♦♠♣❛r❡s t❤❡ s❡tt❧❡♠❡♥t ✈♦❧✉♠❡

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

✹✷



P❛♥❡❧ ❈✿ P✉t ❖♣t✐♦♥s ❱♦❧✉♠❡ ❛t ❙❡tt❧❡♠❡♥t ✈❡rs✉s ❉❛✐❧② ❱♦❧✉♠❡ ♦♥ ❖t❤❡r ❉❛②s

✹✸



P❛♥❡❧ ❆✿ ❱■❳ ❙❡♥s✐t✐✈✐t②

P❛♥❡❧ ❇✿ ❙❡tt❧❡♠❡♥t ❱♦❧✉♠❡

❋✐❣✉r❡ ✸✳ ❉✐s❝♦♥t✐♥✉✐t② ✐♥ ❱■❳ ❙❡♥s✐t✐✈✐t② ❛♥❞ ❚r❛❞❡ ❱♦❧✉♠❡ ♦❢ P✉t ❖♣t✐♦♥s✳ ❚❤✐s

✜❣✉r❡ s❤♦✇s t❤❡ ❞✐s❝♦♥t✐♥✉✐t② ✐♥ ❱■❳ s❡♥s✐t✐✈✐t② ❛♥❞ tr❛❞❡ ✈♦❧✉♠❡ ♦❢ ♣✉t ♦♣t✐♦♥s ❞✉❡ t♦ t❤❡ ❥✉♠♣

✐♥ str✐❦❡ ♣r✐❝❡s✳ ❚❤❡ s❛♠♣❧❡ ❝♦♥s✐sts ♦❢ t❤❡ ♦♣t✐♦♥s ✉s❡❞ ✐♥ ❱■❳ s❡tt❧❡♠❡♥t ❝❛❧❝✉❧❛t✐♦♥s ❢r♦♠ ❏❛♥✉❛r②

✷✵✵✽ t♦ ❆♣r✐❧ ✷✵✶✺✳ ❆ ❥✉♠♣ ✐s ❞❡✜♥❡❞ ❛s ✇❤❡♥ ∆K ✭t❤❡ ❛✈❡r❛❣❡ ❞✐st❛♥❝❡ ❜❡t✇❡❡♥ ❛ str✐❦❡ ♣r✐❝❡ ❛♥❞

str✐❦❡ ♣r✐❝❡s ❛❜♦✈❡ ❛♥❞ ❜❡❧♦✇✮ ✐♥❝r❡❛s❡s ❢♦r ❛♥ ♦♣t✐♦♥ r❡❧❛t✐✈❡ t♦ t❤❡ ❛❞❥❛❝❡♥t str✐❦❡✳ ❚❤❡ ❝❡♥t❡r

✈❡rt✐❝❛❧ ❧✐♥❡s r❡♣r❡s❡♥t t❤❡ str✐❦❡ ✇✐t❤ ❤✐❣❤ ∆K ❛t t❤❡ ❥✉♠♣✳ ❚❤❡ str✐❦❡ ♣r✐❝❡s ❛❜♦✈❡ ❛♥❞ ❜❡❧♦✇ t❤❡

❥✉♠♣s ❛r❡ r❛♥❦❡❞ r❡❧❛t✐✈❡ t♦ t❤❡ str✐❦❡s ❛t t❤❡ ❥✉♠♣✳ ❚❤❡♥ ❱■❳ s❡♥s✐t✐✈✐t② ❛♥❞ s❡tt❧❡♠❡♥t ✈♦❧✉♠❡

❛r❡ ♥♦r♠❛❧✐③❡❞ ❜② t❤❡ ✈❛❧✉❡s ♦❢ t❤❡s❡ ✈❛r✐❛❜❧❡s ❢♦r t❤❡ ❍✐❣❤✲∆K str✐❦❡ ❛t t❤❡ ❥✉♠♣✳ ❚❤❡ ❜❧✉❡ ❝✐r❝❧❡s

s❤♦✇ t❤❡ ❛✈❡r❛❣❡ ♦❢ t❤❡s❡ ✈❛r✐❛❜❧❡s ❢♦r ❡❛❝❤ r❛♥❦ ❛❝r♦ss ❞✐✛❡r❡♥t s❡tt❧❡♠❡♥ts✳ P❛♥❡❧ ❆ s❤♦✇s t❤❡

❥✉♠♣ ✐♥ ❱■❳ s❡♥s✐t✐✈✐t② ❛♥❞ P❛♥❡❧ ❇ s❤♦✇s t❤❡ ❥✉♠♣ ✐♥ tr❛❞❡ ✈♦❧✉♠❡ ❛t s❡tt❧❡♠❡♥t✳ ❚❤❡ ❣r❛②

❛r❡❛s r❡♣r❡s❡♥t t❤❡ ✾✺✪ ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧ ❢♦r t❤❡ ✜tt❡❞ ✈❛❧✉❡s ♦❢ t❤❡ ✈❛r✐❛❜❧❡ ♦♥ t❤❡ ②✲❛①✐s ❛s ❛

q✉❛❞r❛t✐❝ ❢✉♥❝t✐♦♥ ♦❢ t❤❡ r❛♥❦ ♦❢ ♦♣t✐♦♥s r❡❧❛t✐✈❡ t♦ t❤❡ ❍✐❣❤✲∆K ♦♣t✐♦♥✳

✹✹



P❛♥❡❧ ❆✿ ❚r❛❞❡ ❱♦❧✉♠❡ ❛r♦✉♥❞ t❤❡ e✵✳✺ ❈✉t♦✛

P❛♥❡❧ ❇✿ ◆✉♠❜❡r ♦❢ ❚r❛❞❡s ♦✈❡r ❚✐♠❡

❋✐❣✉r❡ ✹✳ ❚r❛❞✐♥❣ P❛tt❡r♥ ♦❢ ❊❯❘❖ ❙❚❖❳❳ ✺✵ P✉t ❖♣t✐♦♥s ❞✉r✐♥❣ t❤❡ ❱❙❚❖❳❳

❙❡tt❧❡♠❡♥t✳ P❛♥❡❧ ❆ s❤♦✇s t❤❡ ✈♦❧✉♠❡ ❛❝r♦ss str✐❦❡s ♦❢ ❊❯❘❖ ❙❚❖❳❳ ✺✵ ♣✉t ♦♣t✐♦♥s ❛r♦✉♥❞ t❤❡

e✵✳✺ ❝✉t♦✛✳ ❋♦r ❡❛❝❤ str✐❦❡✱ t❤❡ ❛✈❡r❛❣❡ ♣r✐❝❡ ♦✈❡r t❤❡ s❡tt❧❡♠❡♥t ✇✐♥❞♦✇✱ ✇❡✐❣❤t❡❞ ❜② s❡tt❧❡♠❡♥t

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

❞❡❡♣❡st ❖❚▼ str✐❦❡ ✇✐t❤ t❤❡ ❛✈❡r❛❣❡ ♣r✐❝❡ ♦❢ e✵✳✺✳ ❚❤❡ ❜❧✉❡ ❝✐r❝❧❡s s❤♦✇ t❤❡ ❛✈❡r❛❣❡ ✈♦❧✉♠❡ ❢♦r

str✐❦❡s s♦rt❡❞ r❡❧❛t✐✈❡ t♦ t❤❡ e✵✳✺ ♦♣t✐♦♥ ❛❝r♦ss s❡tt❧❡♠❡♥ts✳ ❚❤❡ ❣r❛② ❛r❡❛s r❡♣r❡s❡♥t t❤❡ ✾✺✪

❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧ ❢♦r t❤❡ ✜tt❡❞ ✈❛❧✉❡s ♦❢ t❤❡ ✈♦❧✉♠❡ ❛s ❛ q✉❛❞r❛t✐❝ ❢✉♥❝t✐♦♥ ♦❢ t❤❡ r❛♥❦s r❡❧❛t✐✈❡

t♦ t❤❡ ❝✉t♦✛✳ P❛♥❡❧ ❇ s❤♦✇s t❤❡ t✐♠❡ ❝❧✉st❡r✐♥❣ ♦❢ tr❛❞❡s ❞✉r✐♥❣ t❤❡ s❡tt❧❡♠❡♥t✳ ❊❛❝❤ ✜✈❡✲s❡❝♦♥❞

✐♥t❡r✈❛❧ ✐s ❞✐✈✐❞❡❞ ✐♥t♦ ✺✵ ❜✉❝❦❡ts ♦❢ ✶✵✵ ♠✐❧❧✐s❡❝♦♥❞s ❡❛❝❤✳ ❚❤❡ ✜rst ✜✈❡ ♠✐♥✉t❡s ♦❢ ❡❛❝❤ s❡tt❧❡♠❡♥t

✐s ✉s❡❞ t♦ ✐❞❡♥t✐❢② t❤❡ ❜✉❝❦❡t ✇✐t❤ t❤❡ ❤✐❣❤❡st ♥✉♠❜❡r ♦❢ tr❛❞❡s✱ ❛♥❞ t❤❡ ❝❧♦❝❦ ✐s s❡t t♦ ③❡r♦ ❛t t❤❡

t✐♠❡ ♦❢ t❤❛t ❜✉❝❦❡t✳ ❚❤❡ ❣r❛♣❤ r❡♣♦rts t❤❡ t♦t❛❧ ♥✉♠❜❡r ♦❢ tr❛❞❡s ❢♦r t❤❡ ✶✵✵✲♠✐❧❧✐s❡❝♦♥❞ ❜✉❝❦❡ts

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

s❛♠♣❧❡ ❝♦♥s✐sts ♦❢ t❤❡ s❡tt❧❡♠❡♥t ❞❛②s ❢r♦♠ ❏❛♥✉❛r② ✷✵✶✹ t♦ ❆✉❣✉st ✷✵✶✺✳

✹✺



P❛♥❡❧ ❆✿ ❚r❛❞❡ ❱♦❧✉♠❡

P❛♥❡❧ ❇✿ ❆❜s♦❧✉t❡ P❡r❝❡♥t❛❣❡ ❈❤❛♥❣❡s

❋✐❣✉r❡ ✺✳ ❚r❛❞❡ ❱♦❧✉♠❡✱ ❆❜s♦❧✉t❡ ❈❤❛♥❣❡s✱ ❛♥❞ Pr❡❞✐❝t✐♦♥ ❊rr♦r ✐♥ ❱❙❚❖❳❳ ■♥❞❡①

♦♥ ❙❡tt❧❡♠❡♥t ❉❛②s✳ P❛♥❡❧ ❆ s❤♦✇s t❤❡ tr❛❞❡ ✈♦❧✉♠❡ ♦❢ ❊❯❘❖ ❙❚❖❳❳ ✺✵ ♦♣t✐♦♥s ❞✉r✐♥❣ t❤❡

s❡tt❧❡♠❡♥t ❞❛②s✱ ❛❣❣r❡❣❛t❡❞ ❡✈❡r② ✜✈❡ ♠✐♥✉t❡s ❛♥❞ ❛✈❡r❛❣❡❞ ❛❝r♦ss t❤❡ s❡tt❧❡♠❡♥ts✳ P❛♥❡❧ ❇ s❤♦✇s

t❤❡ ❛❜s♦❧✉t❡ ♣❡r❝❡♥t❛❣❡ ❝❤❛♥❣❡s ♦❢ ❱❙❚❖❳❳ ✐♥❞❡① ♦♥ s❡tt❧❡♠❡♥t ❞❛②s✱ ❝❛❧❝✉❧❛t❡❞ ❛s t❤❡ ❛❜s♦❧✉t❡

✈❛❧✉❡ ♦❢ ✜✈❡✲s❡❝♦♥❞ ♣❡r❝❡♥t❛❣❡ ❝❤❛♥❣❡s ✐♥ t❤❡ ✐♥❞❡① ✈❛❧✉❡✱ ❛✈❡r❛❣❡❞ ❡✈❡r② ✜✈❡ ♠✐♥✉t❡s✳ ❚❤❡ s❛♠♣❧❡

❝♦♥s✐sts ♦❢ t❤❡ s❡tt❧❡♠❡♥t ❞❛②s ❢r♦♠ ❏❛♥✉❛r② ✷✵✶✹ t♦ ❆✉❣✉st ✷✵✶✺✳ P❛♥❡❧ ❈ s❤♦✇s t❤❡ ♦✉t✲♦❢✲s❛♠♣❧❡

♣r❡❞✐❝t✐♦♥ ❡rr♦rs ❢r♦♠ ✜✈❡✲♠✐♥✉t❡ r♦❧❧✐♥❣ ❖▲❙ r❡❣r❡ss✐♦♥ ♦❢ ❱❙❚❖❳❳ ♦♥ ❊❯❘❖ ❙❚❖❳❳ ✺✵ ✐♥❞❡①✳

❚❤❡ s❛♠♣❧❡ ❝♦♥s✐sts ♦❢ t❤❡ s❡tt❧❡♠❡♥t ❞❛②s ❢r♦♠ ▼❛r❝❤ ✷✵✶✺ t♦ ❆✉❣✉st ✷✵✶✺✳ ❚❤❡ r❡❞ ✈❡rt✐❝❛❧

❧✐♥❡s ♠❛r❦ t❤❡ ✸✵✲♠✐♥✉t❡ ✇✐♥❞♦✇ ✇❤❡♥ t❤❡ ❱❙❚❖❳❳ s❡tt❧❡♠❡♥t ✈❛❧✉❡ ✐s ❝❛❧❝✉❧❛t❡❞✳ ❚❤❡ ❞❛t❛ ✐s

r❡♣♦rt❡❞ ❡✈❡r② ✜✈❡ s❡❝♦♥❞s ❢♦r t❤❡ ❱❙❚❖❳❳ ✐♥❞❡① ❛♥❞ ❡✈❡r② ✶✺ s❡❝♦♥❞s ❢♦r t❤❡ ❙❚❖❳❳ ✐♥❞❡①✳

✹✻



P❛♥❡❧ ❈✿ ❆❜s♦❧✉t❡ Pr❡❞✐❝t✐♦♥ ❊rr♦rs

✹✼



P❛♥❡❧ ❆✿ ❙P❳ ❖♣t✐♦♥ Pr✐❝❡s ❛t ❙❡tt❧❡♠❡♥t ❘❡❧❛t✐✈❡ t♦ t❤❡ ◗✉♦t❡s ❛t ❖♣❡♥

P♦s✐t✐✈❡ ❱■❳ ❉❡✈✐❛t✐♦♥ ❘❡❧❛t✐✈❡ t♦ ❖♣❡♥ ◆❡❣❛t✐✈❡ ❱■❳ ❉❡✈✐❛t✐♦♥ ❘❡❧❛t✐✈❡ t♦ ❖♣❡♥

P❛♥❡❧ ❇✿ ❙P❳ ❖♣t✐♦♥ Pr✐❝❡s ❛t ❙❡tt❧❡♠❡♥t ❘❡❧❛t✐✈❡ t♦ t❤❡ ◗✉♦t❡s ❛t Pr❡✈✐♦✉s ❈❧♦s❡

P♦s✐t✐✈❡ ❱■❳ ❉❡✈✐❛t✐♦♥ ❘❡❧❛t✐✈❡ t♦ ❖♣❡♥ ◆❡❣❛t✐✈❡ ❱■❳ ❉❡✈✐❛t✐♦♥ ❘❡❧❛t✐✈❡ t♦ ❖♣❡♥

❋✐❣✉r❡ ✻✳ ❙P❳ P✉t ❖♣t✐♦♥s ❙❡tt❧❡♠❡♥t Pr✐❝❡s ❘❡❧❛t✐✈❡ t♦ t❤❡ ❙♣r❡❛❞ ❛t ❇❡♥❝❤♠❛r❦✳

❚❤❡s❡ ✜❣✉r❡s s❤♦✇ t❤❡ ♣r✐❝❡s ♦❢ ✐♥❞✐✈✐❞✉❛❧ ❙P❳ ♣✉t ♦♣t✐♦♥s ❛t s❡tt❧❡♠❡♥t r❡❧❛t✐✈❡ t♦ t❤❡ ❜✐❞✱ ❛s❦✱

❛♥❞ ♠✐❞✲q✉♦t❡ ♦❢ t❤❡ ♦♣t✐♦♥s ❛t t❤❡ ♠❛r❦❡t ♦♣❡♥ ✐♠♠❡❞✐❛t❡❧② ❛❢t❡r t❤❡ s❡tt❧❡♠❡♥t ✭P❛♥❡❧ ❆✮ ❛♥❞ ❛t

t❤❡ ❝❧♦s❡ t❤❡ ❞❛② ❜❡❢♦r❡ ✭P❛♥❡❧ ❇✮✳ P♦s✐t✐✈❡ ❞❡✈✐❛t✐♦♥ ❞❛②s ❛r❡ t❤♦s❡ ✇✐t❤ ✷✵❜♣ ♦r ❣r❡❛t❡r ❞❡✈✐❛t✐♦♥

✐♥ ❱■❳ ❛t s❡tt❧❡♠❡♥t ❛♥❞ ♥❡❣❛t✐✈❡ ❞❡✈✐❛t✐♦♥ ❞❛②s ❛r❡ t❤♦s❡ ✇✐t❤ ✲✷✵❜♣ ♦r ❧❡ss ❞❡✈✐❛t✐♦♥✳ ❚❤❡ s❛♠♣❧❡

❝♦♥s✐sts ♦❢ t❤❡ s❡tt❧❡♠❡♥t ❞❛②s ❢r♦♠ ▼❛② ✷✵✶✵ t♦ ❆♣r✐❧ ✷✵✶✺✳ ❖♣t✐♦♥s ❛r❡ ♣♦♦❧❡❞ ✐♥t♦ t❤❡ ❜✐♥s ❜❛s❡❞

♦♥ t❤❡✐r r♦✉♥❞ ❜✐❞✲❛s❦ s♣r❡❛❞ ❛t ✶✵✲❝❡♥t ✐♥t❡r✈❛❧s ❛♥❞ t❤❡♥ ❛❝r♦ss ❞✐✛❡r❡♥t s❡tt❧❡♠❡♥t ❞❛②s✳ ❚❤❡

❣r❛♣❤ s❤♦✇s ♦♣t✐♦♥s ✇✐t❤ ❛ s♣r❡❛❞ ♦❢ ✩✶ ♦r ❧❡ss✳ ❋♦r ♦♣t✐♦♥s ✇✐t❤ ♠✐ss✐♥❣ q✉♦t❡s ♦r q✉♦t❡s t❤❛t

❛r❡ str✐❝t❧② ✐♥❢❡r✐♦r t♦ ♦t❤❡r str✐❦❡s ✐♥ t❤❡ s❛♠❡ ♦♣t✐♦♥ s❡r✐❡s✱ ✇❡ ✉s❡ q✉♦t❡s ♦❢ ♦♣t✐♦♥s t❤❛t str✐❝t❧②

❞♦♠✐♥❛t❡ t❤❛t ♦♣t✐♦♥✱ ✐✳❡✳ t❤❡ ❜❡st ❛s❦ ♦❢ t❤❡ ♠♦r❡ ■❚▼ ♦♣t✐♦♥s ♦r t❤❡ ❜❡st ❜✐❞ ♦❢ t❤❡ ♠♦r❡ ❖❚▼

♦♣t✐♦♥s✳ ❚❤❡ r❡❞ ❜✉❜❜❧❡s s❤♦✇ t❤❡ s❡tt❧❡♠❡♥t ♣r✐❝❡s✱ ❛♥❞ t❤❡✐r s✐③❡ ✐s ♣r♦♣♦rt✐♦♥❛❧ t♦ t❤❡ ♥✉♠❜❡r

♦❢ ✐♥❞✐✈✐❞✉❛❧ ❙P❳ ♦♣t✐♦♥s ✐♥ ❡❛❝❤ ❣r♦✉♣✳

✹✽



P❛♥❡❧ ❆✿ ❱■❳ ❉❡✈✐❛t✐♦♥s ❛t ❙❡tt❧❡♠❡♥t

P❛♥❡❧ ❇✿ ▼❛r❦❡t ❉✐st♦rt✐♦♥ ✐♥ ❱■❳ ❉❡r✐✈❛t✐✈❡s

❋✐❣✉r❡ ✼✳ ❉❡✈✐❛t✐♦♥ ♦❢ ❱♦❧❛t✐❧✐t② ■♥❞❡① ❙❡tt❧❡♠❡♥t ❛♥❞ ▼❛r❦❡t ❉✐st♦rt✐♦♥ ✐♥ ❱■❳

❉❡r✐✈❛t✐✈❡s✳ P❛♥❡❧ ❆ s❤♦✇s t❤❡ ❞❡✈✐❛t✐♦♥s ✐♥ ❱■❳ s❡tt❧❡♠❡♥ts r❡❧❛t✐✈❡ t♦ t❤❡ ❜❡♥❝❤♠❛r❦ ❱■❳

❝❛❧❝✉❧❛t❡❞ ✉s✐♥❣ t❤❡ ♠✐❞✲q✉♦t❡s ♦❢ ❙P❳ ♦♣t✐♦♥s s❤♦rt❧② ❛❢t❡r t❤❡ s❡tt❧❡♠❡♥t✱ ✇❤❡r❡ s❡tt❧❡♠❡♥t ❛♥❞

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

t❤❡ ♦♣❡♥✳ ■❢ t❤❡ r❡q✉✐r❡❞ s❡r✐❡s ♦❢ ✐♥❞✐✈✐❞✉❛❧ ❙P❳ ♦♣t✐♦♥s ❞♦❡s ♥♦t ♦♣❡♥ ✇✐t❤✐♥ ✼✵ s❡❝♦♥❞s ❛❢t❡r t❤❡

♠❛r❦❡t ♦♣❡♥s✱ t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ ❱■❳ s❡tt❧❡♠❡♥t ❛♥❞ t❤❡ ❞✐ss❡♠✐♥❛t❡❞ ❞❛✐❧② ♦♣❡♥ ♣r✐❝❡ ♦❢

❱■❳ ✐s ✉s❡❞✳ ❚❤❡ s❛♠♣❧❡ ❝♦♥s✐sts ♦❢ t❤❡ s❡tt❧❡♠❡♥t ❞❛t❡s ❢r♦♠ ❏❛♥✉❛r② ✷✵✵✽ t♦ ❆♣r✐❧ ✷✵✶✺✳ P❛♥❡❧

❇ s❤♦✇s t❤❡ ♠❛r❦❡t ❞✐st♦rt✐♦♥s ✐♥ ❱■❳ ♦♣t✐♦♥s ❛♥❞ ❢✉t✉r❡s ❝❛✉s❡❞ ❜② ❱■❳ s❡tt❧❡♠❡♥t ❞❡✈✐❛t✐♦♥s✱

❝❛❧❝✉❧❛t❡❞ ❛s t❤❡ ♦♣❡♥ ✐♥t❡r❡st ♦❢ ❱■❳ ❢✉t✉r❡s ❛♥❞ ■❚▼ ❱■❳ ♦♣t✐♦♥s ♦♥ ❝❧♦s❡ ♦❢ t❤❡ ❞❛② ❜❡❢♦r❡

s❡tt❧❡♠❡♥t ♠✉❧t✐♣❧✐❡❞ ❜② t❤❡ s❡tt❧❡♠❡♥t ❞❡✈✐❛t✐♦♥✳ P❛♥❡❧ ❈ ♣❧♦ts t❤❡ s❡tt❧❡♠❡♥t ❞❡✈✐❛t✐♦♥s ❢♦r ♦t❤❡r

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

❉❛t❛ ✐s ❛✈❛✐❧❛❜❧❡ ❢r♦♠ ✷✵✶✷ t♦ ✷✵✶✺ ❢♦r ❝r✉❞❡ ♦✐❧✱ ❡♠❡r❣✐♥❣ ♠❛r❦❡ts✱ ❛♥❞ ❇r❛③✐❧ ❊❚❋s❀ ❢r♦♠ ✷✵✶✶ t♦

✷✵✶✺ ❢♦r ❣♦❧❞❀ ❢r♦♠ ✷✵✶✹ t♦ ✷✵✶✺ ❢♦r ❘✉ss❡❧❧ ✷✵✵✵ ❛♥❞ ❙✫P ❙❤♦rt ❚❡r♠❀ ❛♥❞ ❢r♦♠ ✷✵✵✼ t♦ ✷✵✵✾ ❛♥❞

✷✵✶✷ t♦ ✷✵✶✺ ❢♦r ◆❆❙❉❆◗✳
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P❛♥❡❧ ❈✿ ❉❡✈✐❛t✐♦♥s ✐♥ ❖t❤❡r ❱♦❧❛t✐❧✐t② ■♥❞✐❝❡s

✺✵



P❛♥❡❧ ❆✿ ▼♦♥t❤s ✇✐t❤ P♦s✐t✐✈❡ ❉❡✈✐❛t✐♦♥ ✭❆✈❡r❛❣❡✮

P❛♥❡❧ ❇✿ ▼♦♥t❤s ✇✐t❤ P♦s✐t✐✈❡ ❉❡✈✐❛t✐♦♥ ✭✷✺✱ ✺✵✱ ❛♥❞ ✼✺ P❡r❝❡♥t✐❧❡s✮

❋✐❣✉r❡ ✽✳ Pr✐❝❡ ▼♦✈❡♠❡♥ts ♦❢ P✉t ❙P❳ ❖♣t✐♦♥s ❜❡❢♦r❡ ▼❛r❦❡t ❖♣❡♥✳ ❚❤✐s ✜❣✉r❡

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

❞❡✈✐❛t✐♦♥s✱ ❛s r❡♣♦rt❡❞ ✐♥ ❈❇❖❊ ■♠❜❛❧❛♥❝❡ ❘❡♣♦rts✳ Pr✐❝❡s ♦❢ ❛❧❧ ♣✉t ♦♣t✐♦♥s ✉s❡❞ ✐♥ s❡tt❧❡♠❡♥t ❛r❡

♥♦r♠❛❧✐③❡❞ ❜② t❤❡✐r s❡tt❧❡♠❡♥t ♣r✐❝❡ ❛♥❞ t❤❡♥ ❛✈❡r❛❣❡❞ ❛❝r♦ss ❛❧❧ str✐❦❡ ♣r✐❝❡s ❛♥❞ ♦✈❡r s❡tt❧❡♠❡♥t

❞❛t❡s✳ P❛♥❡❧ ❆ s❤♦✇s t❤❡ ❛✈❡r❛❣❡s ❛♥❞ P❛♥❡❧ ❇ t❤❡ ✷✺✱ ✺✵✱ ❛♥❞ ✼✺ ♣❡r❝❡♥t✐❧❡s ❢♦r ❞❛②s ✇✐t❤ ♣♦s✐t✐✈❡

❱■❳ s❡tt❧❡♠❡♥t ❞❡✈✐❛t✐♦♥ ♦❢ ♠♦r❡ t❤❛♥ ✷✵❜♣✳ ✭▼❛r❝❤ ✷✵✶✸ ❛♥❞ ❖❝t♦❜❡r ✷✵✶✹ ❛r❡ r❡♠♦✈❡❞ ❢r♦♠ t❤❡

s❛♠♣❧❡ ❜❡❝❛✉s❡ ❙P❳ ♦♣t✐♦♥ s❡r✐❡s ❞♦ ♥♦t ❤❛✈❡ q✉♦t❡s ✐♥ t❤❡ ❞❛t❛ ✐♠♠❡❞✐❛t❡❧② ❛❢t❡r ♠❛r❦❡t ♦♣❡♥✳✮

✺✶



❚❛❜❧❡ ✶✳ ❚r❛❞❡ ❱♦❧✉♠❡ ♦❢ ❖❚▼ ❖♣t✐♦♥s ♦♥ ❙❡tt❧❡♠❡♥t ❉❛②s✳ ❚❤✐s t❛❜❧❡ s❤♦✇s ❖▲❙

❡st✐♠❛t❡s ✇❤❡r❡ t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✐s ❞❛✐❧② tr❛❞❡ ✈♦❧✉♠❡ ♦❢ t❤❡ ❙P❳ ♦♣t✐♦♥s ✐♥ ❛ r❡❣r❡ss✐♦♥ ♦❢

t❤❡ ❢♦r♠✿

V olumeit = β0 + β1SettlementDayt + β2OTMit + β3SettlementDayt ∗OTMit + αt + ǫit

✇❤❡r❡ SettlementDayt ✐s ❛ ❞✉♠♠② ✈❛r✐❛❜❧❡ t❤❛t t❛❦❡s t❤❡ ✈❛❧✉❡ ♦❢ ♦♥❡ ✐❢ t❤❡ ❞❛② ✐s ❛ ❱■❳ s❡tt❧❡♠❡♥t

❞❛②✱ ❛♥❞ ③❡r♦ ♦t❤❡r✇✐s❡✱ OTMit ✐s ❛ ❞✉♠♠② ✈❛r✐❛❜❧❡ ❡q✉❛❧ t♦ ♦♥❡ ✐❢ ♦♣t✐♦♥ i ❛t s❡tt❧❡♠❡♥t t✐♠❡ t ✐s

♦✉t✲♦❢✲t❤❡✲♠♦♥❡② ❛♥❞ ❡q✉❛❧ t♦ ③❡r♦ ✐❢ ✐♥✲t❤❡✲♠♦♥❡②✱ ❛♥❞ αt ✐s t❤❡ ❡①♣✐r❛t✐♦♥ ❞❛t❡ ✜①❡❞ ❡✛❡❝t✳ ❚❤❡

❧❛st t✇♦ ❝♦❧✉♠♥s ❡①❝❧✉❞❡ tr❛❞❡s t❤❛t ♦❝❝✉rr❡❞ ❞✉r✐♥❣ t❤❡ ♣r❡♦♣❡♥✐♥❣ s❡tt❧❡♠❡♥t ♦♥ s❡tt❧❡♠❡♥t ❞❛②s

❜✉t ✐♥❝❧✉❞❡ tr❛❞❡s ✐♥ t❤❡ r❡st ♦❢ t❤❡ s❡tt❧❡♠❡♥t ❞❛②✳ ❚❤❡ s❛♠♣❧❡ ❝♦♥s✐sts ♦❢ t❤❡ ♦♣t✐♦♥ ❝❤❛✐♥s ✉s❡❞

✐♥ t❤❡ s❡tt❧❡♠❡♥t ❞❛t❡s ❢r♦♠ ❏❛♥✉❛r② ✷✵✵✽ t♦ ❆♣r✐❧ ✷✵✶✺✳ ❘❡♣♦rt❡❞ t✲st❛t✐st✐❝s ✐♥ ♣❛r❡♥t❤❡s❡s ❛r❡

❝❧✉st❡r❡❞ ❜② t❤❡ ♦♣t✐♦♥s✬ ❡①♣✐r❛t✐♦♥ ❞❛t❡✳

■♥❝❧✉❞✐♥❣ ❙❡tt❧❡♠❡♥t ❚r❛❞❡s ❊①❝❧✉❞✐♥❣ ❙❡tt❧❡♠❡♥t ❚r❛❞❡s

❱♦❧✉♠❡ ❱♦❧✉♠❡ ❱♦❧✉♠❡ ❱♦❧✉♠❡

❙❡tt❧❡♠❡♥t ❉❛② ✺✼✳✵✷ ✺✹✳✵✼ ✲✸✸✳✼✸ ✲✸✹✳✷✹

✭✶✳✵✻✮ ✭✵✳✾✾✮ ✭✲✵✳✼✷✮ ✭✲✵✳✼✶✮

❖❚▼ ✶✵✶✶✳✸∗∗∗ ✶✵✻✼✳✸∗∗∗ ✶✵✵✾✳✼∗∗∗ ✶✵✻✻✳✶∗∗∗

✭✶✺✳✹✼✮ ✭✶✻✳✺✺✮ ✭✶✺✳✹✺✮ ✭✶✻✳✹✵✮

❙❡tt❧❡♠❡♥t ❉❛② × ❖❚▼ ✶✶✼✻✳✷∗∗∗ ✶✶✼✼✳✾∗∗∗ ✶✶✽✳✷∗ ✶✶✻✳✾

✭✶✶✳✽✻✮ ✭✶✶✳✻✸✮ ✭✷✳✵✵✮ ✭✶✳✾✹✮

❈♦♥st❛♥t ✺✵✾✳✵∗∗∗ ✶✺✽✵✳✾∗∗∗ ✺✵✽✳✻∗∗∗ ✶✸✹✽✳✶∗∗∗

✭✶✵✳✷✹✮ ✭✷✽✳✻✶✮ ✭✶✵✳✷✹✮ ✭✷✻✳✵✵✮

❊①❉❛t❡ ❋❊ ◆♦ ❨❡s ◆♦ ❨❡s

❖❜s❡r✈❛t✐♦♥s ✺✺✱✺✹✷ ✺✺✱✺✹✷ ✺✺✱✺✹✷ ✺✺✱✺✹✷

❆❞❥✉st❡❞ R2 ✵✳✵✷✼ ✵✳✵✹✸ ✵✳✵✵✾ ✵✳✵✷✷

t st❛t✐st✐❝s ✐♥ ♣❛r❡♥t❤❡s❡s

∗ p < 0.05✱ ∗∗ p < 0.01✱ ∗∗∗ p < 0.001

✺✷



❚❛❜❧❡ ✷✳ ❊✛❡❝t ♦❢ ❱■❳ ❙❡♥s✐t✐✈✐t② ♦♥ ❚r❛❞❡ ❱♦❧✉♠❡✳ ❚❤✐s t❛❜❧❡ s❤♦✇s t❤❡ r❡❧❛t✐♦♥s❤✐♣

❜❡t✇❡❡♥ tr❛❞❡ ✈♦❧✉♠❡ ♦❢ ♠♦♥t❤❧② ❙P❳ ♦♣t✐♦♥s ❛♥❞ t❤❡ s❡♥s✐t✐✈✐t② ♦❢ ❱■❳ t♦ ♣r✐❝❡ ❝❤❛♥❣❡s ✐♥ t❤❡s❡

♦♣t✐♦♥s ✐♥ ❛ r❡❣r❡ss✐♦♥ ♦❢ t❤❡ ❢♦r♠✿

V olumeit = β0 + β1V IXSensitivityit + αt + ǫit

✇❤❡r❡ V IXSensitivityit ✐s ❝♦♥str✉❝t❡❞ ❜② ❝❛❧❝✉❧❛t✐♥❣ t❤❡ ❛❜s♦❧✉t❡ ❝❤❛♥❣❡ ✐♥ ❱■❳ s❡tt❧❡♠❡♥t ✈❛❧✉❡

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

αt ✐s t❤❡ ❞❛t❡ ✜①❡❞ ❡✛❡❝t✳ ❚❤❡ s❛♠♣❧❡ ❝♦♥s✐sts ♦❢ t❤❡ ♦♣t✐♦♥ ❝❤❛✐♥s ✉s❡❞ ✐♥ t❤❡ s❡tt❧❡♠❡♥t ❞❛t❡s

❢r♦♠ ❏❛♥✉❛r② ✷✵✵✽ t♦ ❆♣r✐❧ ✷✵✶✺✳ ❘❡♣♦rt❡❞ t✲st❛t✐st✐❝s ✐♥ ♣❛r❡♥t❤❡s❡s ❛r❡ ❝❧✉st❡r❡❞ ❜② ❞❛t❡✳

❆t ❙❡tt❧❡♠❡♥t ❆t ❖t❤❡r ❚✐♠❡s

❙❡tt❧❡ ❱♦❧✳ ❙❡tt❧❡ ❱♦❧✳ ❉❛② ❇❡❢♦r❡ ❘❡st ♦❢ t❤❡ ❉❛② ❉❛② ❆❢t❡r

❱■❳ ❙❡♥s✐t✐✈✐t② ✺✹✵✼✳✸∗∗∗ ✺✺✼✼✳✺∗∗∗ ✲✶✹✷✼✳✾∗∗∗ ✲✶✶✹✼✳✶∗∗ ✲✶✺✵✼✳✷∗∗

✭✸✳✺✵✮ ✭✸✳✻✵✮ ✭✲✹✳✵✽✮ ✭✲✷✳✽✵✮ ✭✲✸✳✹✵✮

❈♦♥st❛♥t ✻✾✵✳✻∗∗∗ ✶✵✶✹✳✹∗∗∗ ✷✵✺✼✳✽∗∗∗ ✸✼✺✾✳✹∗∗∗ ✺✶✹✷✳✻∗∗∗

✭✸✳✽✵✮ ✭✻✳✵✾✮ ✭✺✹✳✼✹✮ ✭✽✺✳✹✻✮ ✭✶✵✽✳✵✸✮

❉❛t❡ ❋❊ ◆♦ ❨❡s ❨❡s ❨❡s ❨❡s

❖❜s❡r✈❛t✐♦♥s ✶✶✱✼✽✽ ✶✶✱✼✽✽ ✶✶✱✼✽✼ ✶✶✱✼✽✼ ✶✶✱✼✽✼

❆❞❥✉st❡❞ R2 ✵✳✸✷✹ ✵✳✺✶✶ ✵✳✵✷✽ ✵✳✵✷✾ ✵✳✵✷✷

t st❛t✐st✐❝s ✐♥ ♣❛r❡♥t❤❡s❡s

∗ p < 0.05✱ ∗∗ p < 0.01✱ ∗∗∗ p < 0.001

✺✸



❚❛❜❧❡ ✸✳ ❊✛❡❝t ♦❢ ◆♦♥✲❙❡tt❧❡♠❡♥t ▲✐q✉✐❞✐t② ❛♥❞ ❱■❳ ❙❡♥s✐t✐✈✐t② ♦♥ ❱♦❧✉♠❡✳ ❚❤✐s t❛❜❧❡

s❤♦✇s t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ s❡tt❧❡♠❡♥t ✈♦❧✉♠❡ ♦❢ ♠♦♥t❤❧② ❙P❳ ♦♣t✐♦♥s ❛♥❞ t❤❡✐r ❧✐q✉✐❞✐t② ✐♥

♥♦♥✲s❡tt❧❡♠❡♥t t✐♠❡s ❛s ✇❡❧❧ ❛s t❤❡✐r ❱■❳ s❡♥s✐t✐✈✐t② ✐♥ r❡❣r❡ss✐♦♥s ♦❢ t❤❡ ❢♦r♠✿

V olumeit = β0 + β1Liquidityit + β2∆Kit + αt + ǫit

and

V olumeit = β0 + β1Liquidityit + β2V IXSensitivityit + αt + ǫit

✇❤❡r❡ V IXSensitivityit ✐s ❝♦♥str✉❝t❡❞ ❜② ❝❛❧❝✉❧❛t✐♥❣ t❤❡ ❛❜s♦❧✉t❡ ❝❤❛♥❣❡ ✐♥ ❱■❳ s❡tt❧❡♠❡♥t ✈❛❧✉❡

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

❛♥❞ Liquidityit ✐s ♠❡❛s✉r❡❞ ❛s ❡✐t❤❡r t❤❡ ❛✈❡r❛❣❡ ♦❢ ♣r✐♦r ✸✵ ❞❛②s✬ ✈♦❧✉♠❡ ♦r t❤❡ ❛✈❡r❛❣❡ ♦❢ ♣r✐♦r

✸✵ ❞❛②s✬ ✐♥✈❡rs❡ ♣❡r❝❡♥t❛❣❡ ❜✐❞✲❛s❦ s♣r❡❛❞✳ ∆Kit ✐s t❤❡ ❛✈❡r❛❣❡ ❞✐st❛♥❝❡ ❜❡t✇❡❡♥ t❤❡ str✐❦❡ i ❛♥❞

str✐❦❡s ❛❜♦✈❡ ❛♥❞ ❜❡❧♦✇✱ ❛♥❞ αt ✐s t❤❡ ❞❛t❡ ✜①❡❞ ❡✛❡❝t✳ ❚❤❡ s❛♠♣❧❡ ❝♦♥s✐sts ♦❢ t❤❡ ♦♣t✐♦♥ ❝❤❛✐♥s

✉s❡❞ ✐♥ t❤❡ s❡tt❧❡♠❡♥t ❞❛t❡s ❢r♦♠ ❏❛♥✉❛r② ✷✵✵✽ t♦ ❆♣r✐❧ ✷✵✶✺✳ ❘❡♣♦rt❡❞ t✲st❛t✐st✐❝s ✐♥ ♣❛r❡♥t❤❡s❡s

❛r❡ ❝❧✉st❡r❡❞ ❜② ❞❛t❡✳

❈❛❧❧ ❖♣t✐♦♥s ❱♦❧✉♠❡ P✉t ❖♣t✐♦♥s ❱♦❧✉♠❡

✭✶✮ ✭✷✮ ✭✸✮ ✭✹✮ ✭✺✮ ✭✻✮

▲✐q✉✐❞✐t② ✭❱♦❧✉♠❡✮ ✵✳✵✸✼✼∗∗∗ ✲✵✳✵✹✻✻∗∗∗ ✲✵✳✵✷✾✸∗

✭✻✳✸✸✮ ✭✲✻✳✼✵✮ ✭✲✷✳✶✻✮

▲✐q✉✐❞✐t② ✭■♥✈✳ P❝t✳ ❙♣r❡❛❞✮ ✽✷✶✳✾∗∗ ✲✸✸✼✵✳✷∗∗∗ ✲✷✷✵✽✳✷

✭✸✳✷✶✮ ✭✲✹✳✹✽✮ ✭✲✶✳✼✾✮

❉❡❧t❛ ❑ ✽✽✳✵✺∗∗∗ ✽✽✳✾✻∗∗∗ ✹✹✶✳✾∗∗∗ ✹✸✹✳✷∗∗∗

✭✼✳✷✼✮ ✭✼✳✹✵✮ ✭✺✳✺✶✮ ✭✺✳✸✹✮

❱■❳ ❙❡♥s✐t✐✈✐t② ✺✸✻✹✳✼∗∗ ✺✷✼✺✳✶∗∗

✭✸✳✸✸✮ ✭✸✳✶✾✮

❈♦♥st❛♥t ✸✻✷✳✷∗∗∗ ✷✶✶✳✹∗ ✲✶✷✻✸✳✶∗ ✲✶✵✶✾✳✽ ✶✹✹✽✳✸∗∗∗ ✶✺✽✶✳✸∗∗∗

✭✺✳✵✽✮ ✭✷✳✸✸✮ ✭✲✷✳✵✶✮ ✭✲✶✳✺✺✮ ✭✻✳✷✺✮ ✭✺✳✷✺✮

❉❛t❡ ❋❊ ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s

❖❜s❡r✈❛t✐♦♥s ✸✱✶✷✾ ✸✱✶✷✾ ✼✱✵✾✼ ✼✱✵✾✼ ✼✱✵✾✼ ✼✱✵✾✼

❆❞❥✉st❡❞ R2 ✵✳✻✾✾ ✵✳✻✾✹ ✵✳✺✼✺ ✵✳✺✼✽ ✵✳✺✵✽ ✵✳✺✶✵

t st❛t✐st✐❝s ✐♥ ♣❛r❡♥t❤❡s❡s

∗ p < 0.05✱ ∗∗ p < 0.01✱ ∗∗∗ p < 0.001

✺✹



❚❛❜❧❡ ✹✳ ❆❜s♦❧✉t❡ ❈❤❛♥❣❡s ❛♥❞ Pr❡❞✐❝t✐♦♥ ❊rr♦r ✐♥ ❱❙❚❖❳❳ ■♥❞❡① ♦♥ ❙❡tt❧❡♠❡♥t

❉❛②s✳ ❈♦❧✉♠♥ ✭✶✮ ♣r❡s❡♥ts t❤❡ ❖▲❙ r❡❣r❡ss✐♦♥ ♦❢ ❛❜s♦❧✉t❡ ✜✈❡✲s❡❝♦♥❞ ♣❡r❝❡♥t❛❣❡ ❝❤❛♥❣❡s ♦❢ t❤❡

❱❙❚❖❳❳ ✐♥❞❡① ♦♥ ❞✉♠♠② ✈❛r✐❛❜❧❡s ❢♦r ❡❛❝❤ ✜✈❡✲♠✐♥✉t❡ ✐♥t❡r✈❛❧ ❞✉r✐♥❣ t❤❡ s❡tt❧❡♠❡♥t ❞❛②s✳ ❚❤❡

s❛♠♣❧❡ ❝♦♥s✐sts ♦❢ t❤❡ s❡tt❧❡♠❡♥t ❞❛②s ❢r♦♠ ❏❛♥✉❛r② ✷✵✶✹ t♦ ❆✉❣✉st ✷✵✶✺✳ ❈♦❧✉♠♥ ✭✷✮ s❤♦✇s

t❤❡ ❖▲❙ r❡❣r❡ss✐♦♥ ♦❢ ♣r❡❞✐❝t✐♦♥ ❡rr♦rs ♦❢ t❤❡ ❱❙❚❖❳❳ ✐♥❞❡① ✉s✐♥❣ ❊❯❘❖ ❙❚❖❳❳ ✺✵ ❛s t❤❡

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

✜✈❡✲♠✐♥✉t❡ r♦❧❧✐♥❣ ❖▲❙ r❡❣r❡ss✐♦♥s ♦❢ ❱❙❚❖❳❳ ♦♥ ❊❯❘❖ ❙❚❖❳❳ ✺✵ ✐♥❞❡①✳ ❚❤❡ s❛♠♣❧❡ ❝♦♥s✐sts

♦❢ t❤❡ s❡tt❧❡♠❡♥t ❞❛②s ❢r♦♠ ▼❛r❝❤ ✷✵✶✺ t♦ ❆✉❣✉st ✷✵✶✺✳ ❘❡♣♦rt❡❞ t✲st❛t✐st✐❝s ✐♥ ♣❛r❡♥t❤❡s❡s ❛r❡

❝❧✉st❡r❡❞ ❜② s❡tt❧❡♠❡♥t ❞❛t❡ ✐♥ ❝♦❧✉♠♥ ✭✶✮✳

✭✶✮ ✭✷✮

❆❜s✳ P❝t✳ ❈❤❛♥❣❡s ❆❜s✳ Pr❡❞✐❝t✐♦♥ ❊rr♦r

✶✶✿✵✺✿✵✵✲✶✶✿✵✾✿✺✾ ✲✵✳✵✶✸✺∗∗ ✲✵✳✵✵✵✶✹✽∗

✭✲✸✳✹✸✮ ✭✲✷✳✹✹✮

✶✶✿✶✵✿✵✵✲✶✶✿✶✹✿✺✾ ✲✵✳✵✶✷✾∗∗ ✲✵✳✵✵✵✶✷✺∗

✭✲✸✳✺✼✮ ✭✲✷✳✵✺✮

✶✶✿✶✺✿✵✵✲✶✶✿✶✾✿✺✾ ✲✵✳✵✶✶✺∗∗ ✲✵✳✵✵✵✵✼✻✷

✭✲✸✳✶✷✮ ✭✲✶✳✶✼✮

✶✶✿✷✵✿✵✵✲✶✶✿✷✹✿✺✾ ✲✵✳✵✶✶✻∗∗ ✵✳✵✵✵✵✷✸✸

✭✲✸✳✼✷✮ ✭✵✳✸✵✮

✶✶✿✷✺✿✵✵✲✶✶✿✷✾✿✺✾ ✲✵✳✵✶✷✽∗∗∗ ✲✵✳✵✵✵✵✶✻✽

✭✲✺✳✺✵✮ ✭✲✵✳✷✻✮

✶✶✿✸✵✿✵✵✲✶✶✿✸✹✿✺✾ ✵✳✵✹✾✶∗∗∗ ✵✳✵✵✵✹✼✷∗∗∗

✭✹✳✼✽✮ ✭✹✳✺✽✮

✶✶✿✸✺✿✵✵✲✶✶✿✸✾✿✺✾ ✵✳✵✸✺✹∗∗∗ ✵✳✵✵✵✸✻✵∗∗

✭✹✳✶✷✮ ✭✸✳✷✺✮

✶✶✿✹✵✿✵✵✲✶✶✿✹✹✿✺✾ ✵✳✵✹✺✺∗∗ ✵✳✵✵✵✹✾✷∗∗∗

✭✸✳✽✼✮ ✭✹✳✺✼✮

✶✶✿✹✺✿✵✵✲✶✶✿✹✾✿✺✾ ✵✳✵✺✻✾∗∗ ✵✳✵✵✵✹✾✷∗∗∗

✭✸✳✶✾✮ ✭✹✳✸✶✮

✶✶✿✺✵✿✵✵✲✶✶✿✺✹✿✺✾ ✵✳✵✹✾✶∗ ✵✳✵✵✵✸✾✾∗∗∗

✭✷✳✻✹✮ ✭✹✳✵✽✮

✶✶✿✺✺✿✵✵✲✶✶✿✺✾✿✺✾ ✵✳✵✸✻✷∗∗ ✵✳✵✵✵✹✼✾∗∗∗

✭✸✳✵✷✮ ✭✹✳✺✵✮

✶✷✿✵✵✿✵✵✲✶✷✿✵✹✿✺✾ ✲✵✳✵✵✹✶✶ ✵✳✵✵✵✷✷✻∗

✭✲✶✳✵✸✮ ✭✷✳✸✼✮

✶✷✿✵✺✿✵✵✲✶✷✿✵✾✿✺✾ ✲✵✳✵✶✺✼∗∗∗ ✲✵✳✵✵✵✶✹✵∗

✭✲✹✳✺✽✮ ✭✲✷✳✷✺✮

✶✷✿✶✵✿✵✵✲✶✷✿✶✹✿✺✾ ✲✵✳✵✵✺✾✵ ✲✵✳✵✵✵✶✶✵

✭✲✵✳✺✷✮ ✭✲✶✳✼✻✮

✶✷✿✶✺✿✵✵✲✶✷✿✶✾✿✺✾ ✲✵✳✵✶✻✷∗∗∗ ✲✵✳✵✵✵✶✸✹∗

✭✲✹✳✶✷✮ ✭✲✷✳✷✸✮

✶✷✿✷✵✿✵✵✲✶✷✿✷✹✿✺✾ ✲✵✳✵✷✵✻∗∗∗ ✲✵✳✵✵✵✶✺✻∗

✭✲✻✳✷✼✮ ✭✲✷✳✸✸✮

t st❛t✐st✐❝s ✐♥ ♣❛r❡♥t❤❡s❡s
∗ p < 0.05✱ ∗∗ p < 0.01✱ ∗∗∗ p < 0.001

✺✺



❚❛❜❧❡ ✺✳ ▲✐q✉✐❞✐t② ❛♥❞ ▼❛r❦❡t ❙✐③❡ ♦❢ ❙P❳ ❖♣t✐♦♥s ❛♥❞ ❱■❳ ❉❡r✐✈❛t✐✈❡s✳ ❚❤✐s t❛❜❧❡

❝♦♠♣❛r❡s t❤❡ ❧✐q✉✐❞✐t② ❛♥❞ ♠❛r❦❡t s✐③❡ ♦❢ t❤❡ ❧♦✇❡r✲❧❡✈❡❧ ❙P❳ ♦♣t✐♦♥s ❛♥❞ ✉♣♣❡r✲❧❡✈❡❧ ❱■❳ ❞❡r✐✈❛✲

t✐✈❡s✳ P❛♥❡❧ ❆ s❤♦✇s t❤❡ s✉♠♠❛r② st❛t✐st✐❝s ❢♦r s♣r❡❛❞ ❜❡t✇❡❡♥ t❤❡ ❱■❳ ✈❛❧✉❡s ❝❛❧❝✉❧❛t❡❞ ❢r♦♠

❙P❳ ♦♣t✐♦♥s ❜✐❞ ❛♥❞ ❛s❦ ♣r✐❝❡s ✭❱■❳❇ ❛♥❞ ❱■❳❆ r❡s♣❡❝t✐✈❡❧②✮ ❛t t❤❡ ♠❛r❦❡t ♦♣❡♥ ♦❢ s❡tt❧❡♠❡♥t

❞❛②s ❢r♦♠ ❏❛♥✉❛r② ✷✵✵✽ t♦ ❏✉❧② ✷✵✶✺✳ ❚❤❡ s♣r❡❛❞ ✐s ✇✐♥s♦r✐③❡❞ ❛t t❤❡ ✷✳✺✪ ❧❡✈❡❧ ❛t ❡❛❝❤ ❡♥❞✳ P❛♥❡❧

❇ s❤♦✇s t❤❡ s✉♠♠❛r② st❛t✐st✐❝s ❢♦r t❤❡ ❜✐❞✲❛s❦ s♣r❡❛❞ ♦❢ t❤❡ ❱■❳ ❢✉t✉r❡s ✇✐t❤ ❧❡ss t❤❛♥ ♥✐♥❡t② ❞❛②s

t♦ ♠❛t✉r✐t② ❢r♦♠ ❏❛♥✉❛r② ✷✵✵✽ t♦ ❏✉❧② ✷✵✶✺✳ P❛♥❡❧ ❈ s❤♦✇s t❤❡ ❛✈❡r❛❣❡ r❛t✐♦ ♦❢ t❤❡ ❛♠♦✉♥t ♦❢ ❱❡❣❛

♦❢ ❱■❳ ❞❡r✐✈❛t✐✈❡s ❡①♣♦s❡❞ t♦ t❤❡ s❡tt❧❡♠❡♥t r❡❧❛t✐✈❡ t♦ t❤❡ t♦t❛❧ ❱❡❣❛ tr❛❞❡❞ ✐♥ t❤❡ ❙P❳ ♦♣t✐♦♥s ❛t

s❡tt❧❡♠❡♥t✱ ❢r♦♠ ❏❛♥✉❛r② ✷✵✵✽ t♦ ❆♣r✐❧ ✷✵✶✺✳ ❚❤❡ ❱❡❣❛ ♦❢ t❤❡ ❱■❳ ❞❡r✐✈❛t✐✈❡s ✐s ❝❛❧❝✉❧❛t❡❞ ❛s t❤❡

s✉♠ ♦❢ t❤❡ ❱❡❣❛ ♦❢ ♦♣❡♥ ❱■❳ ❢✉t✉r❡s ❛♥❞ ✐♥✲t❤❡✲♠♦♥❡② ❱■❳ ♦♣t✐♦♥s✳ ❚❤❡ ❱❡❣❛ ♦❢ ❙P❳ ♦♣t✐♦♥s ✐s

t❤❡ s✉♠ ♦❢ t❤❡ ❱❡❣❛ ♦❢ ❛❧❧ t❤❡ ❙P❳ ♦♣t✐♦♥s tr❛❞❡❞ ❛t s❡tt❧❡♠❡♥t✱ ❝♦♠♣✉t❡❞ ✉s✐♥❣ t❤❡ ❇❧❛❝❦✲❙❝❤♦❧❡s

♠♦❞❡❧✳

P❛♥❡❧ ❆✿ ❙♣r❡❛❞ ❜❡t✇❡❡♥ ❱■❳✲❆s❦ ❛♥❞ ❱■❳✲❇✐❞ ❛t ❖♣❡♥ ❛❢t❡r ❙❡tt❧❡♠❡♥ts

❱❛r✐❛❜❧❡ ▼❡❛♥ ❙t❞✳ ❉❡✈✳ P✶✵ P✺✵ P✾✵

❙♣r❡❛❞ ✶✳✺✺ ✶✳✷✽✾ ✵✳✹✻ ✶✳✵✽ ✸✳✼✸

P❡r❝❡♥t❛❣❡ ❙♣r❡❛❞ ✻✳✽✵ ✸✳✺✹ ✸✳✵✼ ✻✳✵✺ ✶✷✳✹✼

P❛♥❡❧ ❇✿ ❱■❳ ❋✉t✉r❡s ❇✐❞✲❆s❦ ❙♣r❡❛❞

❱❛r✐❛❜❧❡ ▼❡❛♥ ❙t❞✳ ❉❡✈✳ P✶✵ P✺✵ P✾✵

❋✉t✉r❡s ❙♣r❡❛❞ ✵✳✵✼✶ ✵✳✵✺✺ ✵✳✵✺ ✵✳✵✺ ✵✳✶

❋✉t✉r❡s P❡r❝❡♥t❛❣❡ ❙♣r❡❛❞ ✵✳✸✷ ✵✳✶✻ ✵✳✶✼ ✵✳✷✾ ✵✳✺✶

P❛♥❡❧ ❈✿ ❘❛t✐♦ ♦❢ ❱■❳ ❉❡r✐✈❛t✐✈❡s ❱❡❣❛ ◆♦t✐♦♥❛❧ t♦ ❚r❛❞❡❞ ❙P❳ ❖♣t✐♦♥s ❛t ❙❡tt❧❡♠❡♥t

❱❛r✐❛❜❧❡ ❱■❳ ❋✉t✉r❡s ❱■❳ ❖♣t✐♦♥s ❱■❳ ❋✉t✉r❡s ❛♥❞ ❖♣t✐♦♥s

❊q✉❛❧❧② ❲❡✐❣❤t❡❞ ✺✳✼ ✼✳✸ ✶✸✳✵

❱❛❧✉❡ ❲❡✐❣❤t❡❞ ✹✳✼ ✻✳✸ ✶✶✳✵

✺✻



❚❛❜❧❡ ✻✳ ❙P❳ ❖♣t✐♦♥s Pr✐❝❡ ▼♦✈❡♠❡♥ts ♦♥ ❙❡tt❧❡♠❡♥t ❉❛②s✳ ❚❤✐s t❛❜❧❡ s❤♦✇s t❤❡ ❝❤❛♥❣❡s

✐♥ t❤❡ ♣r✐❝❡ ♦❢ ❙P❳ ♦♣t✐♦♥s ♦♥ s❡tt❧❡♠❡♥t ❞❛②s ❢r♦♠ ❜❡❢♦r❡ t❤❡ ♠❛r❦❡t ♦♣❡♥s t♦ r✐❣❤t ❛❢t❡r✇❛r❞✳

❋♦r ❡❛❝❤ ❙P❳ ♦♣t✐♦♥ ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ s❡tt❧❡♠❡♥t✱ ❢♦✉r ❞✐✛❡r❡♥t ♣r✐❝❡s ❛r❡ ❝❛❧❝✉❧❛t❡❞✿ ♣r✐❝❡ ❜❡❢♦r❡ ✽

❛♠ ✭❛✈❡r❛❣❡ ♣r✐❝❡ ❜❡t✇❡❡♥ ✼✿✹✺ ❛♥❞ ✽ ❛♠✮✱ ♣r✐❝❡ ❛r♦✉♥❞ ✽✿✶✺ ❛♠ ✭❛✈❡r❛❣❡ ♣r✐❝❡ ❜❡t✇❡❡♥ ✽✿✶✹ ❛♥❞

✽✿✶✻ ❛♠✮✱ ♣r✐❝❡ ❛r♦✉♥❞ ✽✿✸✵ ❛♠ ✭❛✈❡r❛❣❡ ♣r✐❝❡ ❜❡t✇❡❡♥ ✽✿✷✾ ❛♥❞ ✽✿✸✵ ❛♠✮✱ ❛♥❞ t❤❡ ❜❡♥❝❤♠❛r❦ ♣r✐❝❡

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

❡❛❝❤ t✇♦ ❝♦♥s❡❝✉t✐✈❡ t✐♠❡ ♣❡r✐♦❞s ✭pricet − pricet−1✮✳ P♦s✐t✐✈❡ ❞❡✈✐❛t✐♦♥ ❞❛②s ❛r❡ t❤♦s❡ ✇✐t❤ ✷✵❜♣

♦r ❣r❡❛t❡r ❞❡✈✐❛t✐♦♥ ✐♥ ❱■❳ s❡tt❧❡♠❡♥t ❛♥❞ ♥❡❣❛t✐✈❡ ❞❡✈✐❛t✐♦♥ ❞❛②s ❛r❡ t❤♦s❡ ✇✐t❤ ✲✷✵❜♣ ♦r ❧❡ss

❞❡✈✐❛t✐♦♥✳ ❚❤❡ s❛♠♣❧❡ ❝♦♥s✐sts ♦❢ t❤❡ s❡tt❧❡♠❡♥t ❞❛②s ❢r♦♠ ▼❛② ✷✵✶✵ t♦ ❆♣r✐❧ ✷✵✶✺✳ ✭▼❛r❝❤ ✷✵✶✸

❛♥❞ ❖❝t♦❜❡r ✷✵✶✹ ❛r❡ r❡♠♦✈❡❞ ❢r♦♠ t❤❡ s❛♠♣❧❡ ❜❡❝❛✉s❡ ❙P❳ ♦♣t✐♦♥ s❡r✐❡s ❞♦ ♥♦t ❤❛✈❡ q✉♦t❡s ✐♥

t❤❡ ❞❛t❛ ✐♠♠❡❞✐❛t❡❧② ❛❢t❡r ♠❛r❦❡t ♦♣❡♥✳✮ ❘❡♣♦rt❡❞ t✲st❛t✐st✐❝s ✐♥ ♣❛r❡♥t❤❡s❡s ❛r❡ ❢♦r ♣❛✐r❡❞ t✲t❡st

♦❢ ❞✐✛❡r❡♥❝❡ ✐♥ ♠❡❛♥ ❛♥❞ ❛r❡ ❝❧✉st❡r❡❞ ❜② s❡tt❧❡♠❡♥t ❞❛t❡✳

P♦s✐t✐✈❡ ❉❡✈✐❛t✐♦♥ ◆❡❣❛t✐✈❡ ❉❡✈✐❛t✐♦♥

❈❤❛♥❣❡s ❜❡❢♦r❡ ✽ t♦ ✽✿✶✺ ❛♠ ✵✳✼✷✻∗∗∗ ✲✵✳✵✾✽✹

✭✸✳✽✽✮ ✭✲✶✳✵✹✮

❈❤❛♥❣❡s ❢r♦♠ ✽✿✶✺ t♦ ✽✿✸✵ ❛♠ ✲✵✳✷✶✼∗∗∗ ✵✳✵✾✷✸∗

✭✲✸✳✺✽✮ ✭✷✳✷✺✮

❈❤❛♥❣❡s ❢r♦♠ ✽✿✸✵ ❛♠ t♦ ▼❛r❦❡t ❖♣❡♥ ✲✵✳✶✼✺∗∗∗ ✵✳✶✽✵∗∗

✭✲✶✹✳✹✵✮ ✭✷✳✼✵✮

❈❤❛♥❣❡s ❢r♦♠ ▼❛r❦❡t ❖♣❡♥ t♦ ✽✿✹✺ ❛♠ ✲✵✳✵✶✻✸ ✲✵✳✵✷✶✸

✭✲✵✳✷✾✮ ✭✲✵✳✺✾✮

❖❜s❡r✈❛t✐♦♥s ✷✱✾✼✵ ✶✱✷✷✼

t st❛t✐st✐❝s ✐♥ ♣❛r❡♥t❤❡s❡s

∗ p < 0.05✱ ∗∗ p < 0.01✱ ∗∗∗ p < 0.001

✺✼


