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❙t❛❣❣❡r❡❞ ❈♦♥tr❛❝ts ❛♥❞ ❯♥❡♠♣❧♦②♠❡♥t ❞✉r✐♥❣

❘❡❝❡ss✐♦♥s∗

❊✛r♦s②♥✐ ❆❞❛♠♦♣♦✉❧♦✉† ▲✉✐s ❉í❡③✲❈❛t❛❧á♥‡ ❊r♥❡st♦ ❱✐❧❧❛♥✉❡✈❛➓

❉❡❝❡♠❜❡r ✶✶✱ ✷✵✷✷

❆❜str❛❝t

❚❤✐s ♣❛♣❡r st✉❞✐❡s t❤❡ ✐♠♣❛❝t ♦❢ ❞♦✇♥✇❛r❞ ✇❛❣❡ r✐❣✐❞✐t② ♦♥ ✇❛❣❡ ❞②♥❛♠✐❝s ❛♥❞ ❡♠✲

♣❧♦②♠❡♥t ✢♦✇s ❛❢t❡r t❤❡ ♦✉t❜r❡❛❦ ♦❢ ♠❛❥♦r r❡❝❡ss✐♦♥s ♦✈❡r t❤❡ ❧❛st ✸✵ ②❡❛rs ✐♥ ❙♣❛✐♥✳

❉♦✇♥✇❛r❞ ✇❛❣❡ r✐❣✐❞✐t② st❡♠s ❢r♦♠ ❝♦❧❧❡❝t✐✈❡ ❛❣r❡❡♠❡♥ts✱ ✇❤✐❝❤ s❡t ♣r♦✈✐♥❝❡✲✐♥❞✉str②✲

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

t❤❡ ♦♥s❡t ♦❢ t❤❡ ✶✾✾✸ ❛♥❞ ✷✵✵✾ r❡❝❡ss✐♦♥s s❡tt❧❡❞ ♦♥ ❛✈❡r❛❣❡ ❢♦r ❛ ✶✳✵✲✶✳✺ ♣♣ ❧♦✇❡r ♥♦♠✐♥❛❧

✇❛❣❡ ❣r♦✇t❤ t❤❛♥ t❤❡ ❛❣r❡❡♠❡♥ts s✐❣♥❡❞ ❜❡❢♦r❡✳ ❇② ❡①♣❧♦✐t✐♥❣ ✈❛r✐❛t✐♦♥ ✐♥ t❤❡ r❡♥❡✇❛❧ ♦❢

❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ❛♥❞ ❧❡✈❡r❛❣✐♥❣ ❙♦❝✐❛❧ ❙❡❝✉r✐t② ❞❛t❛ ❛♥❞ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ✇♦r❦❡r✲

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

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

✇✐t❤ ✇❛❣❡s ❝❧♦s❡ t♦ t❤❡ ✢♦♦rs✳ ❍♦✇❡✈❡r✱ ❡♠♣❧♦②♠❡♥t r❡s♣♦♥s❡s ✈❛r② ❛❝r♦ss r❡❝❡ss✐♦♥s✳

■♥ t❤❡ ❧♦✇✲✐♥✢❛t✐♦♥ r❡❝❡ss✐♦♥ ♦❢ ✷✵✵✾✱ ❥♦❜ ❧♦ss❡s ❛r❡ ❤✐❣❤❧② ♣❡rs✐st❡♥t ❛♥❞ ❡♥t✐r❡❧② ❞r✐✈❡♥

❜② ✇♦r❦❡rs ✇✐t❤ ♣r❡✲r❡❝❡ss✐♦♥ ✇❛❣❡s ❝❧♦s❡ t♦ t❤❡ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs ✇❤✐❧❡ ✐♥ t❤❡ ❤✐❣❤

✐♥✢❛t✐♦♥ r❡❝❡ss✐♦♥ ♦❢ ✶✾✾✸✱ ❥♦❜ ❧♦ss❡s ✇❡r❡ ❧✐♠✐t❡❞ ❛♥❞ s❤♦rt✲❧✐✈❡❞✳ ❯s✐♥❣ ▲❛❜♦✉r ❋♦r❝❡

❙✉r✈❡② ❞❛t❛ ✐♥ ❛ s✐♠✐❧❛r s❡tt✐♥❣ ✇❡ ✜♥❞ t❤❛t ❞♦✇♥✇❛r❞ ✇❛❣❡ r✐❣✐❞✐t② ❞✉r✐♥❣ t❤❡ ✜rst ②❡❛r

♦❢ t❤❡ ❈❖❱■❉✲✶✾ ♣❛♥❞❡♠✐❝ tr✐❣❣❡r❡❞ ❛❞❥✉st♠❡♥ts ❛t t❤❡ ✐♥t❡♥s✐✈❡ ♠❛r❣✐♥ ♦❢ ❧❛❜♦r ✭s❤♦rt

t✐♠❡ ✇♦r❦✮✳ ❖✉r ✜♥❞✐♥❣s ❤✐❣❤❧✐❣❤t t❤❡ ✐♥t❡r♣❧❛② ❜❡t✇❡❡♥ r✐❣✐❞✐t② ❛t ❞✐✛❡r❡♥t ♣❛rts ♦❢ t❤❡

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

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

❛♠♣❧✐❢② ❛❣❣r❡❣❛t❡ s❤♦❝❦s✳

❏❊▲ ❈♦❞❡s✿ ❏✷✸✱ ❏✸✶✱ ❏✺✵

❑❡②✇♦r❞s✿ ▲❛❜♦r ❉❡♠❛♥❞✱ ❈♦❧❧❡❝t✐✈❡ ❇❛r❣❛✐♥✐♥❣✱ ❲❛❣❡ ❘✐❣✐❞✐t②✱ ❙t❛❣❣❡r✐♥❣✱ ▼✐♥✐♠✉♠

❲❛❣❡s✱ ❙♦❝✐❛❧ ❙❡❝✉r✐t② ❉❛t❛✱ ■♥✢❛t✐♦♥
∗Pr❡✈✐♦✉s❧② ❝✐r❝✉❧❛t❡❞ ❛s ✧❈♦♥tr❛❝t ❙t❛❣❣❡r✐♥❣ ❛♥❞ ❯♥❡♠♣❧♦②♠❡♥t ❞✉r✐♥❣ t❤❡ ●r❡❛t ❘❡❝❡ss✐♦♥✿ ❊✈✐❞❡♥❝❡

❢r♦♠ ❙♣❛✐♥✧✳ ❲❡ t❤❛♥❦ ❆✐♥❤♦❛ ❆♣❛r✐❝✐♦ ❋❡♥♦❧❧✱ ❆♥❞r❡❛s ●✉❧②ás✱ ❈r✐st✐♥❛ ❇❡❧❧és ❖❜r❡r♦✱ ❙❛♠✉❡❧ ❇❡♥t♦❧✐❧❛✱
P✐❡rr❡ ❈❛❤✉❝✱ ❆♥t♦♥✐♦ ❈✐❝❝♦♥❡✱ ❈❤r✐st✐❛♥ ❉✉st♠❛♥♥✱ ▼✐❦❡ ❊❧s❜②✱ ❉❛♥ ❍❛♠❡r♠❡s❤✱ ❙✐♠♦♥ ❍❡✐❧❡r✱ ❇♦r✐s ❍✐rs❝❤✱
▼❛r❝❡❧ ❏❛♥s❡♥✱ ❏✉❛♥ ❋r❛♥❝✐s❝♦ ❏✐♠❡♥♦✱ ❑❡✐t❤ ❑✉❡st❡r✱ ❋❡r♥❛♥❞♦ ▼❛rt✐♥s✱ ❈❤r✐st✐❛♥ ▼♦s❡r✱ ❙✐❧✈❛♥❛ ❚❡♥r❡②r♦✱
❍❛r❛❧❞ ❯❤❧✐❣✱ ❆♥❞r❡❛ ❲❡❜❡r ❛♥❞ s❡♠✐♥❛r ♣❛rt✐❝✐♣❛♥ts ❛t t❤❡ ❯♥✐✈❡rs✐t② ♦❢ ▼❛♥♥❤❡✐♠✱ t❤❡ ❇❛♥❝♦ ❞❡ ❊s♣❛ñ❛✱
t❤❡ ❈♦❧❧❡❣✐♦ ❈❛r❧♦ ❆❧❜❡rt♦✱ t❤❡ ■❆❇ ❛♥❞ t❤❡ ◆❇❊❘ ❙✉♠♠❡r ■♥st✐t✉t❡ ❢♦r ✉s❡❢✉❧ ❝♦♠♠❡♥ts ❛♥❞ s✉❣❣❡st✐♦♥s✳
❲❡ ❛❧s♦ t❤❛♥❦ ❈r✐st✐♥❛ ●✉✐❧❧❛♠ó♥ ❛♥❞ ❙❡r❣✐♦ P✉❡♥t❡ ❢♦r ❤❡❧♣ ✇✐t❤ t❤❡ s♦❝✐❛❧ s❡❝✉r✐t② ❞❛t❛✱ ▼❛r✐♦ ■③q✉✐❡r❞♦
❢♦r ❤❡❧♣ ✇✐t❤ t❤❡ ✐♥❢♦r♠❛t✐♦♥ ♦♥ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ❛♥❞ ❈r✐st✐♥❛ ❙♦♠❝✉t❡❛♥ ❢♦r ❡①❝❡❧❧❡♥t r❡s❡❛r❝❤ ❛ss✐st❛♥❝❡✳
❆❞❛♠♦♣♦✉❧♦✉ ❣r❛t❡❢✉❧❧② ❛❝❦♥♦✇❧❡❞❣❡s ✜♥❛♥❝✐❛❧ s✉♣♣♦rt ❜② t❤❡ ●❡r♠❛♥ ❘❡s❡❛r❝❤ ❋♦✉♥❞❛t✐♦♥ ✭t❤r♦✉❣❤ t❤❡
❈❘❈✲❚❘✲✷✷✹ ♣r♦❥❡❝t ❆✸ ❛♥❞ ❛ ●♦tt❢r✐❡❞ ❲✐❧❤❡❧♠ ▲❡✐❜♥✐③✲Pr✐③❡✮✳ ❆❧❧ ❡rr♦rs ❛♥❞ ♦♣✐♥✐♦♥s ❛r❡ ♦✉r ♦✇♥✳

†❯♥✐✈❡rs✐t② ♦❢ ▼❛♥♥❤❡✐♠ ❛♥❞ ■❩❆✳ ❊✲♠❛✐❧✿ ❛❞❛♠♦♣♦✉❧♦✉❅✉♥✐✲♠❛♥♥❤❡✐♠✳❞❡
‡❇❇❱❆ ❘❡s❡❛r❝❤✳ ❊✲♠❛✐❧✿ ❧✉✐s♠✐❣✉❡❧✳❞✐❡③❅❜❜✈❛✳❝♦♠
➓❇❛♥❝♦ ❞❡ ❊s♣❛ñ❛✳ ❊✲♠❛✐❧✿ ❡r♥❡st♦✳✈✐❧❧❛♥✉❡✈❛❅❜❞❡✳❡s



✶ ■♥tr♦❞✉❝t✐♦♥

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

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

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

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

❝♦✉♥t ❢♦r ✐♥t❡r♥❛t✐♦♥❛❧ ❞✐✛❡r❡♥❝❡s ✐♥ t❤❡ tr❛♥s♠✐ss✐♦♥ ♦❢ ♠♦♥❡t❛r② ♣♦❧✐❝② ✲s❡❡ ❚❛②❧♦r ✭✶✾✽✵✮

❛♥❞✱ ♠♦r❡ r❡❝❡♥t❧②✱ ❇r♦❡r ❡t ❛❧✳ ✭✷✵✷✷✮✱ ●❡rt❧❡r ❛♥❞ ❚r✐❣❛r✐ ✭✷✵✵✾✮✱ ●❡rt❧❡r ❡t ❛❧✳ ✭✷✵✷✵✮ ❛♥❞

❖❧✐✈❡✐ ❛♥❞ ❚❡♥r❡②r♦ ✭✷✵✵✼✱ ✷✵✶✵✮✳ ❍♦✇❡✈❡r✱ ❜❛s✐❝ ❡✈✐❞❡♥❝❡ ♦♥ ❤♦✇ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts s❤❛♣❡

t❤❡ ✇❛❣❡ ❞✐str✐❜✉t✐♦♥ ✐s st✐❧❧ s❝❛r❝❡ ❛♥❞ t❤❡r❡ ✐s ♥♦ ❝♦♥s❡♥s✉s ♦♥ t❤❡ ❞❡❣r❡❡ ♦❢ ✇❛❣❡ ❝②❝❧✐❝❛❧✐t②

❛♥❞ ✐ts ✐♠♣❛❝t ♦♥ t❤❡ ❛❧❧♦❝❛t✐♦♥ ♦❢ ❧❛❜♦r✲s❡❡ P✐s❝❤❦❡ ✭✷✵✶✽✮✳✶ ■♥ t❤❡ ♣♦❧✐❝② ❛r❡♥❛✱ ❧❛❜♦r ❧❛✇s

❤❛✈❡ ❜❡❡♥ ♣❛ss❡❞ ✐♥ P♦rt✉❣❛❧✱ ●r❡❡❝❡ ♦r ❙♣❛✐♥ ✇✐t❤ t❤❡ ❡①♣❧✐❝✐t ❛✐♠ ♦❢ ❢❛❝✐❧✐t❛t✐♥❣ ✇❛❣❡ ❛❞✲

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

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

❝♦♥tr❛❝ts ✕s❡❡ ❖❊❈❉ ✭✷✵✶✸ ❛♥❞ ✷✵✶✾✮✳

■♥ t❤✐s ♣❛♣❡r ✇❡ ✐♥✈❡st✐❣❛t❡ ❡♠♣✐r✐❝❛❧❧② ❤♦✇ ❞♦✇♥✇❛r❞ ♥♦♠✐♥❛❧ ✇❛❣❡ r✐❣✐❞✐t② ❛✛❡❝t❡❞ ❧❛❜♦r

♠❛r❦❡t ❛❞❥✉st♠❡♥ts ❛❢t❡r t❤❡ ♦♥s❡t ♦❢ t❤r❡❡ ♠❛❥♦r r❡❝❡ss✐♦♥s ♦✈❡r t❤❡ ❧❛st ✸✵ ②❡❛rs ✐♥ ❙♣❛✐♥✳

❚❤❡ s♦✉r❝❡ ♦❢ ✇❛❣❡ r✐❣✐❞✐t② st❡♠s ❢r♦♠ ❝♦❧❧❡❝t✐✈❡ ❛❣r❡❡♠❡♥ts ❜❛r❣❛✐♥❡❞ ❛t t❤❡ ♣r♦✈✐♥❝❡✲✐♥❞✉str②

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

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

❣r♦✉♣s ♦❢ ✇♦r❦❡rs ❛♥❞ ❛r❡ r❡♥❡❣♦t✐❛t❡❞ ✐♥❢r❡q✉❡♥t❧②✳✷

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

❈❛r❞ ✶✾✾✵❀ ❖❧✐✈❡✐ ❛♥❞ ❚❡♥r❡②r♦✱ ✷✵✵✼ ❛♥❞ ✷✵✶✵✮✿ ✇❛❣❡ ❝♦♥tr❛❝ts ❛r❡ ♥♦t r❡♥❡❣♦t✐❛t❡❞ ❝♦♥t✐♥✲

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

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

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

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

❛❜❧② ❧❡❛❞✐♥❣ ✜r♠s t♦ ❧❛②✲♦✛ ✇♦r❦❡rs ♦r ♠❛❦❡ ✉s❡ ♦❢ s❤♦rt✲t✐♠❡ ✇♦r❦ s❝❤❡♠❡s✳ ❖♥ t❤❡ ❝♦♥tr❛r②✱

✜r♠s ❛♥❞ ✇♦r❦❡rs ❝♦✈❡r❡❞ ❜② ❝♦♥tr❛❝ts s✐❣♥❡❞ ❛❢t❡r t❤❡ ❞❡t❡r✐♦r❛t✐♦♥ ♦❢ t❤❡ ♠❛❝r♦❡❝♦♥♦♠✐❝

❝♦♥❞✐t✐♦♥s ❝❛♥ ♣♦t❡♥t✐❛❧❧② ❛❞❥✉st t♦ ❛ r❡❝❡ss✐♦♥❛r② ♣❡r✐♦❞ ❜② s❡tt❧✐♥❣ ♦♥ ❧♦✇❡r ♥♦♠✐♥❛❧ ✇❛❣❡

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

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

❝r♦ss✲s❡❝t✐♦♥❛❧ ✈❛r✐❛t✐♦♥ ✐♥ t❤❡ ❞❡❣r❡❡ ♦❢ ♥♦♠✐♥❛❧ ✇❛❣❡ r✐❣✐❞✐t② ✐♥ ❛ ❣✐✈❡♥ ②❡❛r✳ ❚❤❛t ❝r♦ss✲

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

♥♦♠✐♥❛❧ ✇❛❣❡ r✐❣✐❞✐t② ♦♥ ❡♠♣❧♦②♠❡♥t ❞❡str✉❝t✐♦♥ ❛❢t❡r ❛ ❧❛r❣❡ ❢❛❧❧ ✐♥ ❛❣❣r❡❣❛t❡ ❞❡♠❛♥❞✳

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

❡♠♣❧♦②♠❡♥t✿ t❤❡ ♦♥s❡t ♦❢ t❤❡ ✶✾✾✸ r❡❝❡ss✐♦♥ ✐♥ t❤❡ ✜rst q✉❛rt❡r ♦❢ ✶✾✾✸✱ t❤❡ ❢❛❧❧ ♦❢ ▲❡❤♠❛♥

❇r♦t❤❡rs ✐♥ t❤❡ t❤✐r❞ q✉❛rt❡r ♦❢ ✷✵✵✽✱ ❛♥❞ t❤❡ ♦✉t❜r❡❛❦ ♦❢ t❤❡ ❈❖❱■❉✲✶✾ ♣❛♥❞❡♠✐❝ ✐♥ t❤❡ ✜rst

q✉❛rt❡r ♦❢ ✷✵✷✵✳ ❆s ❋✐❣✉r❡ ❆✶ ✐♥ ❆♣♣❡♥❞✐① ❆ s❤♦✇s✱ t❤❡ ✉♥❡♠♣❧♦②♠❡♥t r❛t❡ r♦s❡ s❤❛r♣❧② ✐♥

✶✾✾✸✱ ✷✵✵✾✲✷✵✶✷ ❛♥❞ t♦ ❛ ❧♦✇❡r ❡①t❡♥t ✐♥ ✷✵✷✵✳ ❚❤❡ t❤r❡❡ r❡❝❡ss✐♦♥s ❤❛❞ ❞✐✛❡r❡♥t ❝❤❛r❛❝t❡r✐st✐❝s✳

✶❆❞❛♠♦♣♦✉❧♦✉ ❛♥❞ ❱✐❧❧❛♥✉❡✈❛ ✭✷✵✷✷❛✮✱ ❇❤✉❧❧❡r ❡t ❛❧✳ ✭✷✵✷✷✮✱ ❈❛r❞♦s♦ ❛♥❞ P♦rt✉❣❛❧ ✭✷✵✵✺✮✱ ❈❛r❞ ❛♥❞
❈❛r❞♦s♦ ✭✷✵✷✷✮✱ ❉♦❧❛❞♦ ❡t ❛❧✳ ✭✶✾✾✼✮ ❛♥❞ ●❛✉t✐❡r ❡t ❛❧✳ ✭✷✵✷✷✮ ❛r❡ ❢❡✇ ❡①❝❡♣t✐♦♥s✳

✷❈♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝t ❧❡♥❣t❤ ✈❛r✐❡s ❜✉t ✉s✉❛❧❧② ❡①❝❡❡❞s t✇♦ ②❡❛rs ❞✉r✐♥❣ ❡①♣❛♥s✐♦♥s✳

✶



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

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

✐♥✐t✐❛❧ st❛❣❡ ♦❢ t❤❡ t❤✐r❞ r❡❝❡ss✐♦♥ ♦❝❝✉rr❡❞ ✐♥st❡❛❞ ❞✉r✐♥❣ ②❡❛rs ♦❢ ✈❡r② ❧♦✇ ✐♥✢❛t✐♦♥ ✭❋✐❣✉r❡ ❆✷

✐♥ ❆♣♣❡♥❞✐① ❆✮✳ ❋✉rt❤❡r♠♦r❡✱ t❤❡ t❤✐r❞ r❡❝❡ss✐♦♥ ✇❛s ❛❝❝♦♠♣❛♥✐❡❞ ❜② ❧♦❝❦❞♦✇♥ ♠❡❛s✉r❡s ❛♥❞

❛ s❤❛r♣ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ♥✉♠❜❡r ♦❢ ✇♦r❦❡rs ✐♥ s❤♦rt✲t✐♠❡ ✇♦r❦ s❝❤❡♠❡s ✭❋✐❣✉r❡ ❆✸ ✐♥ ❆♣♣❡♥❞✐①

❆✮✱ ❛❧s♦ ❞✉❡ t♦ t❤❡ ♣♦❧✐❝② r❡s♣♦♥s❡✳

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

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

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

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

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

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

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

♦✉t❝♦♠❡s✳

❖✉r ❛♥❛❧②s✐s ✉♥❝♦✈❡rs ❢♦✉r ♠❛✐♥ ✜♥❞✐♥❣s✳ ❋✐rst✱ ❝♦♥tr❛❝ts s✐❣♥❡❞ ❜❡❢♦r❡ t❤❡ ♦♥s❡t ♦❢ t❤❡

✶✾✾✸ r❡❝❡ss✐♦♥✱ ❜❡❢♦r❡ t❤❡ ❢❛❧❧ ♦❢ ▲❡❤♠❛♥ ❇r♦t❤❡rs ✐♥ ✷✵✵✽✱ ❛♥❞ ❜❡❢♦r❡ t❤❡ ♦✉t❜r❡❛❦ ♦❢ t❤❡

❈❖❱■❉✲✶✾ ♣❛♥❞❡♠✐❝ ✐♥ ✷✵✷✵✱ s❡tt❧❡❞ ❢♦r ❛ ♥♦♠✐♥❛❧ ♥❡❣♦t✐❛t❡❞ ✇❛❣❡ ❣r♦✇t❤ ❜❡t✇❡❡♥ ✵✳✷ ❛♥❞

✶✳✺ ♣♣ ❤✐❣❤❡r t❤❛♥ ❝♦♥tr❛❝ts s✐❣♥❡❞ ❛❢t❡r✇❛r❞s✳ ❆♥ ❛♥❛❧②s✐s ✇✐t❤ ❛ r❡♣r❡s❡♥t❛t✐✈❡ s✉❜s❛♠♣❧❡

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

t❤❛t ❞✉r✐♥❣ ❜♦t❤ t❤❡ ✶✾✾✸ ❛♥❞ t❤❡ ✷✵✵✾ r❡❝❡ss✐♦♥s ✇❛❣❡ r✐❣✐❞✐t② ✐s ❝♦♥❝❡♥tr❛t❡❞ ❛♠♦♥❣ ✇♦r❦❡rs

✇❤♦s❡ ♣r❡✲r❡❝❡ss✐♦♥ ✇❛❣❡ ❧❡✈❡❧s ✇❡r❡ ❝❧♦s❡ ✭✐✳❡✳✱ ✉♣ t♦ ✷✵✪ ❛❜♦✈❡✮ t♦ t❤❡ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs

❛♥❞ ✇❡r❡ ❝♦✈❡r❡❞ ❜② ✧r✐❣✐❞✧ ❝♦♥tr❛❝ts✳✸

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

r❡❝❡ss✐♦♥❛r② ♣❡r✐♦❞s ♦❢ ❧♦✇ ✐♥✢❛t✐♦♥✳ ❏♦❜ ❧♦ss❡s ✐♥ t❤❡ ❤✐❣❤✲✐♥✢❛t✐♦♥ r❡❝❡ss✐♦♥ ✭✶✾✾✸✮ ❛r❡ ❤♦♠♦✲

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

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

❣r❡❛s✐♥❣ t❤❡ ✇❤❡❡❧s ♦❢ t❤❡ ❧❛❜♦r ♠❛r❦❡t✧ ✭❙❡❡ ❚♦❜✐♥✱ ✶✾✼✷❀ ❈❛r❞ ❛♥❞ ❍②s❧♦♣✱ ✶✾✾✼ ❛♥❞ ❋❡❤r

❛♥❞ ●♦❡tt❡✱ ✷✵✵✺✮✳ ■♥ t❤❡ ❧♦✇✲✐♥✢❛t✐♦♥ r❡❝❡ss✐♦♥ ✭✷✵✵✾✮ ✐♥st❡❛❞✱ ❥♦❜ ❧♦ss❡s ❛r❡ ❡♥t✐r❡❧② ❞r✐✈❡♥

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

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

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

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

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

✇❛❣❡s ♦❢ ✉♣ t♦ ✵✳✻ ✐♥ ❙❡♣t❡♠❜❡r ✶✾✾✸ ✭❛♥❞ ✵ ❛❢t❡r✇❛r❞s✮ ❛♥❞ ♦❢ ✶✳✵ ❜② t❤❡ ❡♥❞ ♦❢ ✷✵✶✵ ✭❛♥❞

t✐❧❧ t❤❡ ❡♥❞ ♦❢ ✷✵✶✷✮✳

❚❤✐r❞✱ ✇❡ ✐❞❡♥t✐❢② ❝❤❛♥♥❡❧s t❤❛t ❡①❛❝❡r❜❛t❡ ❥♦❜ ❧♦ss❡s ❛ss♦❝✐❛t❡❞ t♦ ✇❛❣❡ r✐❣✐❞✐t②✳ ❙✐♠✐❧❛r❧②

t♦ ❙♦r❦✐♥ ✭✷✵✶✺✮✱ ✇❤♦ s❤♦✇s t❤❡♦r❡t✐❝❛❧❧② t❤❛t ❛♥ ✐♥❝r❡❛s❡ ✐♥ t❤❡ r❡❛❧ ✈❛❧✉❡ ♦❢ ♠✐♥✐♠✉♠ ✇❛❣❡s

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

❥♦❜ ❞❡str✉❝t✐♦♥ ✐♥ ✷✵✵✾✲✷✵✶✷ ✐s ♠❛✐♥❧② ❞r✐✈❡♥ ❜② ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts✱ ✇❤♦s❡ ❞✉r❛t✐♦♥ ❡①t❡♥❞❡❞

✸❲❛❣❡ ✢♦♦rs ❜② s❦✐❧❧ ❧❡✈❡❧ ❛r❡ ❛✈❛✐❧❛❜❧❡ ❢♦r ❛r♦✉♥❞ ✺✵✪ ♦❢ t❤❡ ✇♦r❦❡rs t❤❛t ✇❡ ❛♥❛❧②③❡✳ ❙❡❡ ❙❡❝t✐♦♥ ✹✳✸ ❢♦r
❞❡t❛✐❧s✳

✹❋♦r ✇♦r❦❡rs ❢✉rt❤❡r ❛✇❛② ❢r♦♠ t❤❡ ♠✐♥✐♠❛✱ ✇❛❣❡ r✐❣✐❞✐t② ✇❛s ❧❡ss ❝♦♥s❡q✉❡♥t✐❛❧ ✐♥ t❡r♠s ♦❢ ❡♠♣❧♦②♠❡♥t
♦✉t❝♦♠❡s ❛s t❤❡r❡ ❡①✐st❡❞ ♠❛r❣✐♥s ♦❢ ✇❛❣❡ ❛❞❥✉st♠❡♥t✳

✷



✇❛❣❡ r✐❣✐❞✐t② ❛t ❧❡❛st t✇♦ ②❡❛rs ✐♥t♦ t❤❡ r❡❝❡ss✐♦♥✳ ■♥st❡❛❞✱ ❡♠♣❧♦②♠❡♥t ♣r♦t❡❝t✐♦♥ ❧❡❣✐s❧❛t✐♦♥

✭❊P▲✮ ❞♦❡s ♥♦t s❡❡♠ t♦ ♣❧❛② ❛♥ ✐♠♣♦rt❛♥t r♦❧❡ ❛s t❤❡ ❡st✐♠❛t❡❞ ❡♠♣❧♦②♠❡♥t ♦✉t❝♦♠❡s ♦❢

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

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

t❤❡ ❈❖❱■❉✲✶✾ ♣❛♥❞❡♠✐❝✱ ✇❛❣❡ r✐❣✐❞✐t② ❝❛♥ ❤❛✈❡ ✐♠♣❧✐❝❛t✐♦♥s ♦♥ t❤❡ ✐♥t❡♥s✐✈❡ r❛t❤❡r t❤❛♥ t❤❡

❡①t❡♥s✐✈❡ ♠❛r❣✐♥ ♦❢ ❧❛❜♦r✳ ▼♦r❡♦✈❡r✱ ✇❡ ✜♥❞ t❤❛t ❡s❝❛❧❛t✐♦♥ ❝❧❛✉s❡s ✐♥ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ✕❛

❝♦♠♠♦♥ ♣r❛❝t✐❝❡ ✐♥ ❙♣❛✐♥✕ ❜❡❝♦♠❡ ❞✐s❝❡r♥✐❜❧❡ ♦♥❧② ✐❢ ❝♦✉♣❧❡❞ ✇✐t❤ ❤✐❣❤ ✐♥✢❛t✐♦♥✳✺ ■♥❞❡❡❞✱

❞✉r✐♥❣ t❤❡ ❤✐❣❤✲✐♥✢❛t✐♦♥ r❡❝❡ss✐♦♥ ♦❢ ✶✾✾✸✱ t❤❡ ❡①❝❡ss ✇❛❣❡ ✐♥❝r❡❛s❡ ✐♥ ❝♦♥tr❛❝ts t❤❛t ✇❡r❡

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

✇♦r❦❡rs✬ ✇❛❣❡s✱ ✐✳❡✳✱ ✐t ❞✐❞ ♥♦t ✈❛r② ♠✉❝❤ ✇✐t❤ t❤❡ ❞✐st❛♥❝❡ ❜❡t✇❡❡♥ ✇♦r❦❡rs✬ ✇❛❣❡s ❛♥❞ t❤❡✐r

❝♦rr❡s♣♦♥❞✐♥❣ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs✳

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

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

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

s❡✈❡r❛❧ r♦❜✉st♥❡ss ❝❤❡❝❦s t♦ ❝♦♥tr♦❧ ❢♦r ♦t❤❡r ❢❛❝t♦rs t❤❛t ♠❛② ❝♦rr❡❧❛t❡ ✇✐t❤ t❤❡ ❞❛t❡ ♦❢ s✐❣✲

♥❛t✉r❡ ❛♥❞ ✇❛❣❡ ❣r♦✇t❤ ❛♥❞ ❡♠♣❧♦②♠❡♥t ♦✉t❝♦♠❡s✳ ❋✐rst❧②✱ ✇❡ ✉s❡ ❝♦♥tr❛❝t✲❧❡✈❡❧ ✜①❡❞ ❡✛❡❝ts

t❤❛t ❛❜s♦r❜ ❛♥② ❢❛❝t♦r t❤❛t ❛✛❡❝ts ❛❧❧ ✇♦r❦❡rs ❝♦✈❡r❡❞ ❜② t❤❡ s❛♠❡ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝t✳ ❚❤❡s❡

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

r❡❝❡ss✐♦♥ ❡❛r♥✐♥❣s ❝❧♦s❡ t♦ t❤❡ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs r❡❧❛t✐✈❡ t♦ ✇♦r❦❡rs ✇❤♦s❡ ♣r❡✲r❡❝❡ss✐♦♥

❡❛r♥✐♥❣s ✇❡r❡ ❢✉rt❤❡r ❛✇❛② ❢r♦♠ t❤❡ ✢♦♦rs✳ ❇② ❝♦♠♣❛r✐♥❣ t❤♦s❡ ❞✐✛❡r❡♥t✐❛❧ ♦✉t❝♦♠❡s ❛❝r♦ss

❝♦♥tr❛❝ts s✐❣♥❡❞ ❜❡❢♦r❡ ❛♥❞ ❛❢t❡r t❤❡ ♦♥s❡t ♦❢ t❤❡ r❡❝❡ss✐♦♥s ✇❡ ❝❛♥ ✐♥❢❡r t❤❡ ✐♠♣❛❝t ♦❢ ✇❛❣❡

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

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

t❤❡ ♣❛rt✐❝✉❧❛r ❝❛s❡ ♦❢ ❝♦♥str✉❝t✐♦♥✱ ❛♥ ✐♥❞✉str② ✇❤❡r❡ ❛❧❧ ♣r♦✈✐♥❝❡✲❧❡✈❡❧ ❛❣r❡❡♠❡♥ts ❤❛✈❡ s❡t

t❤❡ s❛♠❡ ✭♥❛t✐♦♥✇✐❞❡✮ ✇❛❣❡ ❣r♦✇t❤ s✐♥❝❡ ✷✵✵✷✳ ❲❡ ✜♥❞ ♥♦ ❞✐✛❡r❡♥t✐❛❧ ❡♠♣❧♦②♠❡♥t ❧♦ss❡s ❜②

❞❛t❡ ♦❢ ❝♦♥tr❛❝t s✐❣♥❛t✉r❡ ✐♥ t❤❛t ✐♥❞✉str②✱ ❝♦♥✜r♠✐♥❣ t❤❛t ❝♦♥tr❛❝ts ✇✐t❤ ❞✐✛❡r❡♥t s✐❣♥❛t✉r❡

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

♦✉r ✜♥❞✐♥❣s s✉❣❣❡st t❤❛t ✐♥ t❤❡ ✷✵✵✾ ❧♦✇✲✐♥✢❛t✐♦♥ r❡❝❡ss✐♦♥✱ ❝♦♥tr❛❝t st❛❣❣❡r✐♥❣ ❝♦♥tr✐❜✉t❡❞ t♦

♣r♦♣❛❣❛t✐♥❣ t❤❡ ❛❣❣r❡❣❛t❡ s❤♦❝❦ ❜② ✐♥❝r❡❛s✐♥❣ ✢♦✇s ✐♥t♦ ♥♦♥✲❡♠♣❧♦②♠❡♥t✳ ❋✐♥❛❧❧②✱ ✇❡ ❛❞❞r❡ss

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

❛s ❛♥ ❛❧t❡r♥❛t✐✈❡ ✐❞❡♥t✐✜❝❛t✐♦♥ str❛t❡❣②✳ ■♥ t❤✐s ✇❛②✱ ✇❡ ❛r❡ ❛❜❧❡ t♦ t❛❦❡ ✐♥t♦ ❛❝❝♦✉♥t ❛❧s♦ ❛

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

❡①♦❣❡♥❡✐t② ♦❢ t❤❡ ✧tr❡❛t♠❡♥t✧✳

❖✉r st✉❞② ❛❞❞s t♦ t❤❡ ❧✐t❡r❛t✉r❡ t❤❛t ❛ss❡ss❡s t❤❡ ❡①t❡♥t ♦❢ ✇❛❣❡ r✐❣✐❞✐t② ❛♥❞ ✐ts ❝♦♥s❡✲

q✉❡♥❝❡s✳ ❖♥ ♦♥❡ ❤❛♥❞✱ ❛ ❧✐t❡r❛t✉r❡ ❤❛s ✐♥❢❡rr❡❞ t❤❡ r❡❧❡✈❛♥❝❡ ♦❢ ✇❛❣❡ r✐❣✐❞✐t② ❜② ❡st✐♠❛t✐♥❣

t❤❡ ❞❡❣r❡❡ ♦❢ ❝②❝❧✐❝❛❧✐t② ♦❢ ✇❛❣❡ ❝❤❛♥❣❡s ✕s❡❡ ❍❛❡❢❦❡ ❡t ❛❧✳ ✭✷✵✶✸✮ ❛♥❞ ●❡rt❧❡r ❡t ❛❧✳ ✭✷✵✷✵✮ ❢♦r

t❤❡ ❯❙✱ ❊❧s❜② ❡t ❛❧✳ ✭✷✵✶✻✮ ❢♦r t❤❡ ❯❑✱ ❙tü❜❡r ✭✷✵✶✼✮ ❢♦r ●❡r♠❛♥②✱ ▼❛rt✐♥s ❡t ❛❧✳ ✭✷✵✶✷✮ ❢♦r

P♦rt✉❣❛❧ ♦r ❉❡ ❧❛ ❘♦❝❛ ✭✷✵✶✹✮ ❢♦r ❙♣❛✐♥✳ ❚❤♦s❡ ♣❛♣❡rs t❡st ✇❤❡t❤❡r t❤❡ ❝②❝❧✐❝❛❧✐t② ♦❢ ✇❛❣❡s

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

❝②❝❧✐❝❛❧ ❛❞❥✉st♠❡♥t ♦❢ ♠❛t❝❤ q✉❛❧✐t②✳ ❖t❤❡r st✉❞✐❡s ✐♥❢❡r ✇❛❣❡ r✐❣✐❞✐t② ❢r♦♠ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢

✺❊s❝❛❧❛t✐♦♥ ❝❧❛✉s❡s ❛r❡ ❛ ❢♦r♠ ♦❢ ✇❛❣❡ ✐♥❞❡①❛t✐♦♥ ❛♥❞ ❡♥t❛✐❧ ❡①✲♣♦st ✐♥✢❛t✐♦♥ ❛❞❥✉st♠❡♥ts ♦❢ ♥❡❣♦t✐❛t❡❞ ✇❛❣❡
❣r♦✇t❤ ✐♥ ❝❛s❡ ♦❢ ❤✐❣❤ ✐♥✢❛t✐♦♥

✸



❧♦♥❣✐t✉❞✐♥❛❧ ✇❛❣❡ ❝❤❛♥❣❡s ✐♥ s✉r✈❡② ♦r ❛❞♠✐♥✐str❛t✐✈❡ ❞❛t❛ ✕s❡❡ ❆❧t♦♥❥✐ ❛♥❞ ❉❡✈❡r❡✉① ✭✷✵✵✵✮

♦r ❉✐❝❦❡♥s ❡t ❛❧✳ ✭✷✵✵✼✮✳ ❖✉r r❡s✉❧ts ❝♦♠♣❧❡♠❡♥t t❤♦s❡ st✉❞✐❡s ❜② ❡st❛❜❧✐s❤✐♥❣ t❤❡ ✐♠♣❛❝t ♦❢

✇❛❣❡ r✐❣✐❞✐t② ♦♥ ❡♠♣❧♦②♠❡♥t ♦✉t❝♦♠❡s✳ ❆♠♦♥❣ ♦t❤❡rs✱ ❉❡✈✐❝✐❡♥t✐ ❡t ❛❧✳ ✭✷✵✵✼✮ ❛♥❞ ❇❛r✇❡❧❧

❛♥❞ ❙✇❡✐t③❡r ✭✷✵✵✼✮ ✐♥❢❡r t❤❡ ✐♠♣❛❝t ♦❢ ✇❛❣❡ ❢r✐❝t✐♦♥s ♦♥ ❡♠♣❧♦②♠❡♥t ♦✉t❝♦♠❡s ❜② ❝♦♠♣❛r✐♥❣

✐♥❞✉str✐❡s ✇✐t❤ ❛ ❞✐✛❡r❡♥t ❧❡✈❡❧ ♦❢ ✭❡st✐♠❛t❡❞✮ r✐❣✐❞✐t②✳ ❖✉r ♠❛✐♥ r❡s✉❧ts ♦♥ ✇❛❣❡ ❝②❝❧✐❝❛❧✐t②

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

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

✢♦♦rs✱ ❛♥❞ ✐❞❡♥t✐❢② t❤❡ r♦❧❡ ♦❢ ✇❛❣❡ ❝✉s❤✐♦♥s ✐♥ ❞✐✛❡r❡♥t s❡tt✐♥❣s✳ ❇② ✉s✐♥❣ ♣r♦✈✐♥❝❡✲✐♥❞✉str②

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

❞✉str② ❛❝r♦ss ❝♦♥tr❛❝ts ❜❛r❣❛✐♥❡❞ ✐♥ ❞✐✛❡r❡♥t ♣r♦✈✐♥❝❡s✳ ❚❤❛t ✐s✱ ✇❡ ❞♦ ♥♦t ♥❡❡❞ t♦ r❡❧② ♦♥

❝r♦ss✲✐♥❞✉str② ❝♦♠♣❛r✐s♦♥s ♦♥❧②✳ ❋✉rt❤❡r♠♦r❡✱ ✇❡ ❢♦❝✉s ♦♥ t❤❡ r♦❧❡ ♦❢ ❝♦♥tr❛❝t st❛❣❣❡r✐♥❣✱ ❛

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

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

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

❞✐✣❝✉❧t t♦ ❥✉st✐❢② ♦♥ t❤❡♦r❡t✐❝❛❧ ❣r♦✉♥❞s ✕s❡❡ ❊❧s❜② ✭✷✵✵✾✮✳ ❘❡❣❛r❞✐♥❣ t❤❡ ♣♦ss✐❜✐❧✐t② ♦❢ ❡①tr❛♣✲

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

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

❧❛❜♦r ♠❛r❦❡ts✳

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

s❤❛♣✐♥❣ ❡♠♣❧♦②♠❡♥t ♦✉t❝♦♠❡s ✕s❡❡✱ ❛♠♦♥❣ ♦t❤❡rs✱ ●❡rt❧❡r ❛♥❞ ❚r✐❣❛r✐✱ ✷✵✵✾ ❛♥❞ ✷✵✷✵✮✳ ❈❛r❞

✭✶✾✾✵✮ ❡st✐♠❛t❡s t❤❡ r❡❛❝t✐♦♥ ♦❢ ✜r♠✲❧❡✈❡❧ ❡♠♣❧♦②♠❡♥t t♦ ❝❤❛♥❣❡s ✐♥ t❤❡ r❡❛❧ ❝♦st ♦❢ ❧❛❜♦r

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

❛❧r❡❛❞② s❡tt❧❡❞✳ ▼♦r❡ r❡❝❡♥t❧②✱ ▼❛rt✐♥s ✭✷✵✷✶✮ ❝♦♥❞✉❝ts ❛ ❧♦♥❣✐t✉❞✐♥❛❧ st✉❞② ♦❢ t❤❡ ❡✈♦❧✉t✐♦♥

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

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

●✉✐♠❛r❛❡s ❡t ❛❧✳ ✭✷✵✶✼✮✱ ❛❧s♦ ✉s✐♥❣ P♦rt✉❣✉❡s❡ ❞❛t❛✱ ❝♦♠♣✉t❡ t❤❡ ✜r♠✲s♣❡❝✐✜❝ ✐♥❝r❡❛s❡ ✐♥

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

t❤❡ ♥✉♠❜❡r ♦❢ ❡♠♣❧♦②❡❡s✳ ❯s✐♥❣ ❛ s❡t✉♣ s✐♠✐❧❛r t♦ ♦✉rs✱ ❋❛♥❢❛♥✐ ✭✷✵✷✵✮ ❡①♣❧♦✐ts t❤❡ st❛❣❣❡r❡❞

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

t❤❡ ◆❡t❤❡r❧❛♥❞s ✭❈❛❧♦✐❛ ❡t ❛❧✳✱ ✷✵✷✶✮ ✜♥❞s ✐♥st❡❛❞ ✈❡r② s♠❛❧❧ ✇❛❣❡ ❛♥❞ ❡♠♣❧♦②♠❡♥t r❡s♣♦♥s❡s✱

♣♦ss✐❜❧② ❞✉❡ t♦ t❤❡ ❧✐♠✐t❡❞ ♣❛ss✲t❤r♦✉❣❤ ♦❢ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs ✐♥ t❤✐s ❝♦✉♥tr②✳ ❋✐♥❛❧❧②✱

❇❥ör❦❧✉♥❞ ❡t ❛❧✳ ✭✷✵✶✾✮ ❛♥❞ ❋❛✐❛ ❛♥❞ P❡③♦♥❡ ✭✷✵✷✵✮ s❤♦✇ t❤❛t ✇❛❣❡ r✐❣✐❞✐t② ❛♠♣❧✐✜❡s t❤❡ ❡✛❡❝ts

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

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

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

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

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

❞✉r✐♥❣ r❡❝❡ss✐♦♥s ♦✉r r❡s✉❧ts ❝❛st ❧✐❣❤t ♦♥ ❤♦✇ ❥♦❜ ❧♦ss❡s ❛ss♦❝✐❛t❡❞ t♦ ✇❛❣❡ r✐❣✐❞✐t② ❝❛♥ ❧❡❛❞

t♦ ❛♥ ❛❝❝✉♠✉❧❛t✐♦♥ ♦❢ ❤✉♠❛♥ ❝❛♣✐t❛❧ ❧♦ss❡s ✭❏❛❝♦❜s♦♥ ❡t ❛❧✳✱ ✶✾✾✸✮✳ ▼♦r❡♦✈❡r✱ t❤❡ r❡❧❛t✐✈❡❧②

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

t❤❡ r♦❧❡ ♦❢ ❝♦♥tr❛❝t ❧❡♥❣t❤ ✭❛♥❞ ♦❢ t❤❡ r❡s✉❧t✐♥❣ ✇❛❣❡ r✐❣✐❞✐t②✮ ✕❜② ❝♦♠♣❛r✐♥❣ ❝♦♥tr❛❝ts ✇✐t❤

✻❈❤❛♥❣❡s ✐♥ ✜r♠✬s ❡♠♣❧♦②♠❡♥t ❧❡✈❡❧s ✐♥❝❧✉❞❡ ❥♦❜✲t♦✲❥♦❜ ❝❤❛♥❣❡s t❤❛t ❧❡❛✈❡ ❛❣❣r❡❣❛t❡ ❡♠♣❧♦②♠❡♥t ❝♦♥st❛♥t✳

✹



❞✐✛❡r❡♥t ❞✉r❛t✐♦♥✱ ❛♥❞ t❤❡ r♦❧❡ ♦❢ ❛❞❥✉st♠❡♥t ❝♦sts ✕❜② ❡①❛♠✐♥✐♥❣ t❤❡ ❧❛❜♦r ♠❛r❦❡t ❤✐st♦r✐❡s

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

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

✇❛❣❡ ❢r♦♠ t❤❡✐r ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦r✱ ♣❡r♠✐ts ✉s t♦ ❛♥❛❧②③❡ ✇♦r❦❡rs✱ ✇❤♦ ❛r❡ ❛ ♣r✐♦r✐ s✉❜❥❡❝t

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

❝❧❛✉s❡s✳ ▲❛st❧②✱ ❜② ❛♥❛❧②③✐♥❣ ✐♥ ❛ ✉♥✐✜❡❞ ❢r❛♠❡✇♦r❦ ❜♦t❤ ❧♦✇✲ ❛♥❞ ❤✐❣❤✲ ✐♥✢❛t✐♦♥ r❡❝❡ss✐♦♥s ✇❡

✉♥❝♦✈❡r t❤❛t t❤❡ ❧❛❜♦r ♠❛r❦❡t ❡✛❡❝ts ❝r✉❝✐❛❧❧② ❞❡♣❡♥❞ ♦♥ t❤❡ ♠❛❝r♦❡❝♦♥♦♠✐❝ ❡♥✈✐r♦♥♠❡♥t✳ ❆❧❧

✐♥ ❛❧❧✱ ❞✐✛❡r❡♥❝❡s ✐♥ t❤❡ ❝♦♥tr❛❝t ❧❡♥❣t❤✱ ❝✉s❤✐♦♥s ❛♥❞ ✐♥✢❛t✐♦♥ r❛t❡s ❝❛♥ ❡①♣❧❛✐♥ t❤❡ ✇✐❞❡ r❛♥❣❡

♦❢ ❡st✐♠❛t❡❞ ❡❧❛st✐❝✐t✐❡s ❞♦❝✉♠❡♥t❡❞ ✐♥ t❤❡ ❧✐t❡r❛t✉r❡ ✭❡✳❣✳✱ ❈❛r❞ ❛♥❞ ❈❛r❞♦s♦✱ ✷✵✷✷❀ ❋❛♥❢❛♥✐✱

✷✵✷✵❀ ▼❛rt✐♥s✱ ✷✵✷✶✮✳

✷ ■♥st✐t✉t✐♦♥❛❧ ❇❛❝❦❣r♦✉♥❞

❙✐♠✐❧❛r❧② t♦ ♦t❤❡r ❊✉r♦♣❡❛♥ ❝♦✉♥tr✐❡s ✭❡✳❣✳✱ ❋r❛♥❝❡✱ ■t❛❧②✱ P♦rt✉❣❛❧✱ ❇❡❧❣✐✉♠ ❛♥❞ ◆♦r❞✐❝ ❝♦✉♥✲

tr✐❡s✮✱ ❝♦❧❧❡❝t✐✈❡ ❜❛r❣❛✐♥✐♥❣ ✐s ❛ ❦❡② ❢❡❛t✉r❡ ♦❢ t❤❡ ❙♣❛♥✐s❤ ❧❛❜♦r ♠❛r❦❡t ✭s❡❡ ❱✐ss❡r✱ ✷✵✶✸✮✳

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

✢♦♦rs ♠✉st r❡s♣❡❝t✳ ❇❡❧♦✇ ✇❡ ❞❡s❝r✐❜❡ t❤❡ ♠❛✐♥ ❝❤❛r❛❝t❡r✐st✐❝s ♦❢ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ❛♥❞ ♦t❤❡r

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

✷✳✶ ❈♦❧❧❡❝t✐✈❡ ❈♦♥tr❛❝ts

✷✳✶✳✶ ❊①t❡♥s✐♦♥s

❆ s❛❧✐❡♥t ❢❡❛t✉r❡ ♦❢ t❤❡ ❙♣❛♥✐s❤ s②st❡♠ ♦❢ ✐♥❞✉str✐❛❧ r❡❧❛t✐♦♥s ✐s t❤❛t s❡❝t♦r❛❧ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts

❜❛r❣❛✐♥❡❞ ❜② ❡♠♣❧♦②❡r ❢❡❞❡r❛t✐♦♥s ❛♥❞ ✉♥✐♦♥s ❛r❡ ❡①t❡♥❞❡❞ t♦ ❛❧❧ ✜r♠s ✇✐t❤✐♥ ❛♥ ✐♥❞✉str②✳ ■♥

♦t❤❡r ✇♦r❞s✱ ✉♣♦♥ ♣✉❜❧✐❝❛t✐♦♥ ✐♥ t❤❡ ❖✣❝✐❛❧ ❙t❛t❡ ●❛③❡tt❡ ✭❇♦❧❡tí♥ ❖✜❝✐❛❧ ❞❡❧ ❊st❛❞♦✮✱ t❤❡

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

♦❢ t❤❡ ❛❣r❡❡♠❡♥t r❡❣❛r❞❧❡ss ♦❢ ❡❛❝❤ ✇♦r❦❡r✬s ✉♥✐♦♥✐③❛t✐♦♥ st❛t✉s✳ ❚❤❡ ❝♦♥❞✐t✐♦♥s ❢♦r s✉❝❤

❡①t❡♥s✐♦♥ ✇❡r❡ ♦r✐❣✐♥❛❧❧② ❧❛✐❞ ♦✉t ✐♥ t❤❡ ✶✾✽✹ ❲♦r❦❡r✬s ❆❝t ❛♥❞ r❡q✉✐r❡ ❛ ♠✐♥✐♠✉♠ ❞❡❣r❡❡

♦❢ r❡♣r❡s❡♥t❛t✐✈❡♥❡ss ♦❢ t❤❡ ❜❛r❣❛✐♥✐♥❣ ♣❛rt✐❡s✳ ❖♥ t❤❡ s✐❞❡ ♦❢ t❤❡ ❡♠♣❧♦②❡rs✱ t❤❡ ❲♦r❦❡r✬s

❆❝t r❡q✉✐r❡s t❤❛t t❤❡ ❡♠♣❧♦②❡rs ✐♥ t❤❡ ❢❡❞❡r❛t✐♦♥ ❡♠♣❧♦② ❛t ❧❡❛st ✶✵✪ ♦❢ ✇♦r❦❡rs ✐♥ t❤❡ s❡❝t♦r✳

❋✉rt❤❡r♠♦r❡✱ t❤❡ ❲♦r❦❡r✬s ❆❝t r❡q✉✐r❡s t❤❛t t❤❡ ✉♥✐♦♥s t❤❛t s✐❣♥ t❤❡ ❛❣r❡❡♠❡♥t ❤❛✈❡ ❛s ❛✣❧✐❛t❡s

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

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

❜❛r❣❛✐♥✐♥❣ ✐♥ ❙♣❛✐♥ ✐s ✈❡r② ❤✐❣❤ ✭❛❜♦✈❡ ✼✺✪✱ ❛❝❝♦r❞✐♥❣ t♦ ❖❊❈❉✱ ✷✵✶✷✮✳ ❲❤✐❧❡ t❤❡ ♣r❡❝✐s❡

t❡r♠s ✈❛r② ❛❝r♦ss ❝♦✉♥tr✐❡s✱ ❡①t❡♥s✐♦♥s ❛❧s♦ ♦❝❝✉r ✐♥ P♦rt✉❣❛❧✱ t❤❡ ◆❡t❤❡r❧❛♥❞s✱ ●❡r♠❛♥② ❛♥❞

♦t❤❡r ❝♦✉♥tr✐❡s ✭s❡❡ ❉✉ ❈❛❥✉ ❡t ❛❧✳✱ ✷✵✵✽✮✳

❊①t❡♥s✐♦♥s ♦❢ s❡❝t♦r❛❧ ❝♦♥tr❛❝ts ✐♥ ❙♣❛✐♥ t❛❦❡ ♣❧❛❝❡ ❛t ✈❛r✐♦✉s ❣❡♦❣r❛♣❤✐❝❛❧ ❧❡✈❡❧s✳ ❚❤❡r❡

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

❣❡♦❣r❛♣❤✐❝❛❧ ❧❡✈❡❧ ✐s t❤❡ ♠✉♥✐❝✐♣❛❧✐t②✳ ❍♦✇❡✈❡r✱ t❤❡ ♠♦st ❝♦♠♠♦♥ ❣❡♦❣r❛♣❤✐❝❛❧ ❧❡✈❡❧ ♦❢ s❡❝t♦r❛❧

❜❛r❣❛✐♥✐♥❣ ✐s t❤❡ ♣r♦✈✐♥❝❡✳✼ ❈❛r❞ ❛♥❞ ❉❡ ❧❛ ❘✐❝❛ ✭✷✵✵✻✮ r❡♣♦rt t❤❛t ✇✐t❤✐♥ t❤❡ s❡t ♦❢ ✇♦r❦❡rs

✼❚❤❡r❡ ❛r❡ ✺✷ ♣r♦✈✐♥❝❡s ✐♥ ❙♣❛✐♥✱ t❤❡ ❛✈❡r❛❣❡ s✐③❡ ♦❢ ✇❤✐❝❤ ✐s ❛❜♦✉t ♦♥❡ ♠✐❧❧✐♦♥ ✐♥❤❛❜✐t❛♥ts✳

✺



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

s❡❝t♦r ♦♥❡✳

✷✳✶✳✷ ❈♦♥t❡♥t ❛♥❞ ❞✉r❛t✐♦♥

❙❡❝t♦r❛❧ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ❡st❛❜❧✐s❤ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs t❤❛t ✈❛r② ❛❝❝♦r❞✐♥❣ t♦ ❡❛❝❤ ❡♠✲

♣❧♦②❡❡✬s s❦✐❧❧ ❧❡✈❡❧✳ ◆❛♠❡❧②✱ ✇❤❡♥❡✈❡r ❛ ♥❡✇ ✇♦r❦❡r ❡♥t❡rs ❛ ✜r♠✱ t❤❡ ❡♠♣❧♦②❡r ♠✉st s♣❡❝✐❢②

t❤❡ ♣♦s✐t✐♦♥✬s s❦✐❧❧ r❡q✉✐r❡♠❡♥t t♦ ❞❡t❡r♠✐♥❡ t❤❡ ❡♠♣❧♦②❡❡✬s ❝♦♥tr✐❜✉t✐♦♥ t♦ t❤❡ ❙♦❝✐❛❧ ■♥s✉r✲

❛♥❝❡ s②st❡♠✳ ❈♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts s❡t ♠✐♥✐♠✉♠ ✇❛❣❡s ❢♦r ❡❛❝❤ ♦❢ t❤♦s❡ s❦✐❧❧ ❧❡✈❡❧s✳ ❚❛❜❧❡ ❇✳✶

✐♥ ❆♣♣❡♥❞✐① ❇ ♣r♦✈✐❞❡s ❛♥ ❡①❛♠♣❧❡ ♦❢ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs s❡t ✐♥ t❤❡ ❝♦♥str✉❝t✐♦♥ ✐♥❞✉str②

✐♥ ◆❛✈❛rr❡ ✐♥ ✷✵✶✵✳ ❚❤❛t ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝t ❡st❛❜❧✐s❤❡s ❛♥♥✉❛❧ ♠✐♥✐♠✉♠ ✇❛❣❡s ❢♦r ❡❛❝❤ s❦✐❧❧

❧❡✈❡❧ ❛s ✇❡❧❧ ❛s ✐ts ❞✐str✐❜✉t✐♦♥ ✐♥ ❢♦✉rt❡❡♥ ✐♥st❛❧❧♠❡♥ts✳ ◆♦t❡ t❤❛t t❤❡ ♠♦♥t❤❧② ✇❛❣❡ ✢♦♦r ❢♦r

t❤❡ ❧♦✇❡st s❦✐❧❧ ❣r♦✉♣ ✐s ✾✼✼ ❡✉r♦s ✭❢♦✉rt❤ ❝♦❧✉♠♥✱ t❤✐rt❡❡♥t❤ r♦✇✮✱ ✇❡❧❧ ❛❜♦✈❡ t❤❡ st❛t✉t♦r②

♠✐♥✐♠✉♠ ✇❛❣❡ ❢♦r t❤❛t ②❡❛r ✭✻✸✸ ❡✉r♦s✮✳

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

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

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

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

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

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

❈♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝t ❞✉r❛t✐♦♥ ✈❛r✐❡s ♦✈❡r t❤❡ ❜✉s✐♥❡ss ❝②❝❧❡✱ ❜✉t ✻✵✪ ♦❢ ❝♦♥tr❛❝ts s✐❣♥❡❞ ✐♥ t❤❡

♣❡r✐♦❞ ❛r♦✉♥❞ t❤❡ ✶✾✾✸ r❡❝❡ss✐♦♥ ❛♥❞ ✽✽✪ ♦❢ ❝♦♥tr❛❝ts s✐❣♥❡❞ ✐♥ t❤❡ ♣❡r✐♦❞ ❛r♦✉♥❞ t❤❡ ❢❛❧❧

♦❢ ▲❡❤♠❛♥ ❇r♦t❤❡rs ❤❛❞ ❛ ✈❛❧✐❞✐t② ♣❡r✐♦❞ t❤❛t ❡①❝❡❡❞❡❞ ♦♥❡ ②❡❛r ✭s❡❡ ❚❛❜❧❡s ✶❛ ❛♥❞ ✶❜✮✳

❆✈❡r❛❣❡ ❞✉r❛t✐♦♥ ✇❛s s❤♦rt❡r ✐♥ ✶✾✾✸ ✭❛ ♣❡r✐♦❞ ♦❢ ❤✐❣❤ ✐♥✢❛t✐♦♥✮ t❤❛♥ ✐♥ t❤❡ ✷✵✵✾ r❡❝❡ss✐♦♥✳

❉✉r✐♥❣ t❤❡ ❧❛tt❡r✱ t❤❡ ❛✈❡r❛❣❡ ❝♦♥tr❛❝t ❞✉r❛t✐♦♥ ✇❛s ❛❜♦✈❡ t❤r❡❡ ②❡❛rs✳ ■t ✐s ✇❡❧❧ ❦♥♦✇♥ t❤❛t

✐♥❢r❡q✉❡♥t ❜❛r❣❛✐♥✐♥❣ ♠❛② ✐♥❝r❡❛s❡ t❤❡ ❞❡❣r❡❡ ♦❢ ♥♦♠✐♥❛❧ ✐♥❡rt✐❛ ♦❢ t❤❡ ❡❝♦♥♦♠② ✭▲❛②❛r❞ ❡t

❛❧✳ ✶✾✾✶✮✳ ■♥ ❛❞❞✐t✐♦♥✱ ✐t ✐s ♥♦t ✉♥❝♦♠♠♦♥ t❤❛t t❤❡ ♣r❡✲s♣❡❝✐✜❡❞ ✈❛❧✐❞✐t② ♣❡r✐♦❞ ♦❢ ❛ ❝♦❧❧❡❝t✐✈❡

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

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

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

❛❣r❡❡♠❡♥t ✕s❡❡ ▼✐♥✐st❡r✐♦ ❞❡ ❚r❛❜❛❥♦✱ ✷✵✵✽✳

✷✳✶✳✸ ❊s❝❛❧❛t✐♦♥✱ ♦♣t✐♥❣ ♦✉t ❝❧❛✉s❡s ❛♥❞ ✜r♠✲❧❡✈❡❧ ❝♦♥tr❛❝ts

▼♦r❡ t❤❛♥ ✻✵✪ ♦❢ ❝♦❧❧❡❝t✐✈❡ ❝♦♥t❛❝ts s✐❣♥❡❞ ✐♥ t❤❡ ♣❡r✐♦❞ s✉rr♦✉♥❞✐♥❣ t❤❡ ✶✾✾✸ ❛♥❞ ✷✵✵✾

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

❤✐❣❤ ✐♥✢❛t✐♦♥ ❡♣✐s♦❞❡s✳ ❊s❝❛❧❛t✐♦♥ ❝❧❛✉s❡s ✇❡r❡ ♣❛rt✐❝✉❧❛r❧② r❡❧❡✈❛♥t ❞✉r✐♥❣ t❤❡ ✶✾✾✸ r❡❝❡ss✐♦♥

✇❤❡♥ ✐♥✢❛t✐♦♥ r❛t❡s ✇❡r❡ ❛❜♦✈❡ ✹✪✳ ❋✐❣✉r❡ ❇✶ ✐♥ ❆♣♣❡♥❞✐① ❇ s❤♦✇s ❛♥ ❡①❛♠♣❧❡ ♦❢ ❛♥ ❡s❝❛❧❛t✐♦♥

❝❧❛✉s❡ ✐♥ t❤❡ ✶✾✾✸ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝t ♦❢ t❤❡ ♠❡❛t ✐♥❞✉str②✳ ❋✐rst✱ ✐t ❡st❛❜❧✐s❤❡s ❛ ♠✐♥✐♠✉♠

❣✉❛r❛♥t❡❡❞ ✇❛❣❡ ❣r♦✇t❤ ❢♦r ❛❧❧ ✇♦r❦❡rs ❢♦r ✶✾✾✷ ✭✶✾✾✸✮ ❡q✉❛❧ t♦ t❤❡ r❡❛❧✐③❡❞ ✐♥✢❛t✐♦♥ ❜② t❤❡

❡♥❞ ♦❢ ✶✾✾✶ ✭✶✾✾✷✮ ♠✐♥✉s ✶ ♣♣✳ ❙❡❝♦♥❞✱ ✐t st❛t❡s t❤❛t ✇❛❣❡ ✢♦♦rs ❢♦r ✶✾✾✷ ❛r❡ r❡✈✐s❡❞ ✭❡①

♣♦st✮ t♦ ❛❝❝♦✉♥t ❢♦r t❤❡ ❞❡✈✐❛t✐♦♥ ❜❡t✇❡❡♥ t❤❡ ✐♥✢❛t✐♦♥ t❤❛t ✇❛s ❡①♣❡❝t❡❞ ❢♦r ✶✾✾✷ ✕✇❤❡♥ t❤❡

❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝t ✇❛s s✐❣♥❡❞✕ ❛♥❞ t❤❡ r❡❛❧✐③❡❞ ✐♥✢❛t✐♦♥✳ ❚❤✐r❞✱ ✐t st❛t❡s t❤❛t ❛ s✐♠✐❧❛r r❡✈✐s✐♦♥

✻



♦❢ t❤❡ ✶✾✾✸ ✇❛❣❡ ✢♦♦rs ♠❛② t❛❦❡ ♣❧❛❝❡ ✐♥ t❤❡ ❢✉t✉r❡ ✐♥ ❝❛s❡ t❤❡r❡ ✐s ❛ ❞❡✈✐❛t✐♦♥ ❜❡t✇❡❡♥ t❤❡

❡①♣❡❝t❡❞ ❛♥❞ r❡❛❧✐③❡❞ ✐♥✢❛t✐♦♥✳ ❚❤❡r❡❢♦r❡✱ ❡s❝❛❧❛t✐♦♥ ❝❧❛✉s❡s ❞✉r✐♥❣ t❤❡ ✶✾✾✸ r❡❝❡ss✐♦♥ ♠❛②

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

❡s❝❛❧❛t✐♦♥ ❝❧❛✉s❡s ✇❛s ❧❡ss ❝♦♥s❡q✉❡♥t✐❛❧ ❞✉r✐♥❣ t❤❡ ✷✵✵✾ r❡❝❡ss✐♦♥ ❛s ✐♥✢❛t✐♦♥ r❛t❡s r❡❛❝❤❡❞

✈❡r② ❧♦✇ ❧❡✈❡❧s✳

❘❡❣❛r❞✐♥❣ ♦♣t✐♥❣ ♦✉t✱ t❤❡ ❲♦r❦❡r✬s ❆❝t ♠❡♥t✐♦♥s s♦♠❡ ❝♦♥❞✐t✐♦♥s t❤❛t ♣❡r♠✐t ❛ ✜r♠ t♦

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

❛ s❡❝t♦r❛❧ ❛❣r❡❡♠❡♥t ✐s ♣♦ss✐❜❧❡ ✐❢ ❜♦t❤ ♣❛rt✐❡s ❛❣r❡❡✳ ■❢ ♣❛rt✐❡s ❞✐s❛❣r❡❡✱ ❛ ❥♦✐♥t ❝♦♠♠✐tt❡❡

✐♥ ❝❤❛r❣❡ ♦❢ s✉♣❡r✈✐s✐♥❣ t❤❡ ❛❣r❡❡♠❡♥t ❞❡❝✐❞❡s ♦♥ t❤❡ ❝♦♥✈❡♥✐❡♥❝❡ ♦❢ t❤❡ ♦♣t✲♦✉t ✭❈♦♠✐s✐ó♥

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

s✉❝❝❡ss❢✉❧ ♦♣t✐♥❣ ♦✉t ♣r♦❝❡❞✉r❡s ❞✉r✐♥❣ ♦✉r s❛♠♣❧❡ ♣❡r✐♦❞s✱ ❛s ❡st✐♠❛t❡s st❛rt❡❞ t♦ ❜❡ ♣✉❜✲

❧✐s❤❡❞ ♦♥❧② ✐♥ ✷✵✶✶✳ ❍♦✇❡✈❡r✱ t❤❡ ❧❛t❡st t✇♦ r❡❢♦r♠s ✐♥ ❙♣❛✐♥ ✐♥ ✷✵✶✵ ❛♥❞ ✷✵✶✷ ❛tt❡♠♣t❡❞ t♦

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

❝✉♠❜❡rs♦♠❡✳✽

❲❡ ❢♦❝✉s ♦♥ s❡❝t♦r❛❧ ❝♦♥tr❛❝ts ✇✐t❤ ♣r♦✈✐♥❝✐❛❧ ❝♦✈❡r❛❣❡ ❢♦r t❤r❡❡ r❡❛s♦♥s✳ ❋✐rst❧②✱ ♣r♦✈✐♥❝❡✲

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

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

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

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

♠♦st r❡s♣♦♥s✐✈❡ t♦ ✐❞✐♦s②♥❝r❛t✐❝ ❝❤❛♥❣❡s ✐♥ t❤❡ ❝♦♥❞✐t✐♦♥s ♦❢ t❤❡ ✇♦r❦❡r ❛♥❞ ✜r♠ ✭s❡❡ ❈❛❧♠❢♦r♠s

❛♥❞ ❉r✐✣❧❧✱ ✶✾✽✽ ♦r ❏✐♠❡♥♦ ❛♥❞ ❚❤♦♠❛s✱ ✷✵✶✸✮✳ ❚❤✐r❞❧②✱ t✇♦ ❧❛❜♦r r❡❢♦r♠s ✐♥ ✷✵✶✵ ❛♥❞ ✷✵✶✷

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

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

✷✳✷ ❖t❤❡r ■♥st✐t✉t✐♦♥s

❚❤❡ ❙♣❛♥✐s❤ ❧❛❜♦r ♠❛r❦❡t ✐s ❝❤❛r❛❝t❡r✐③❡❞ ❜② ❞✉❛❧✐t② ✭❇❡♥t♦❧✐❧❛ ❛♥❞ ❉♦❧❛❞♦✱ ✶✾✾✹✮✳ ❆❝❝♦r❞✐♥❣

t♦ ❊✉r♦st❛t✱ ♠♦r❡ t❤❛♥ ✷✼✪ ♦❢ ✇♦r❦❡rs ✇❡r❡ t❡♠♣♦r❛r② ✐♥ ✷✵✵✽✱ ❢♦r ✇❤♦♠ ♥♦ ✜r✐♥❣ ❝♦sts ❛♣♣❧✐❡❞

✭❇❛r❝❡❧ó ❛♥❞ ❱✐❧❧❛♥✉❡✈❛✱ ✷✵✶✻✮✳ ❚❤❡r❡ ❛r❡ ❛❧s♦ s❤♦rt✲t✐♠❡ ✇♦r❦ s❝❤❡♠❡s ✭❇♦❡r✐ ❛♥❞ ❇r✉❡❝❦❡r✱

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

♠❛✐♥t❛✐♥ t❤❡✐r ❥♦❜ ❜② ✇♦r❦✐♥❣ ❢❡✇❡r ❤♦✉rs ❛♥❞ ✇✐t❤ t❤❡ ❙t❛t❡ ❝♦✈❡r✐♥❣ ✺✵✲✼✵✪ ♦❢ t❤❡✐r r❡❣✉❧❛r

✇❛❣❡✳ ❲❤✐❧❡ ♣r❡s❡♥t✱ t❤❡② ✇❡r❡ ❜❛r❡❧② ✉s❡❞ ❜❡❢♦r❡ ✷✵✷✵✳ ❉✉r✐♥❣ t❤❡ ❈❖❱■❉✲✶✾ ♣❛♥❞❡♠✐❝✱

❛❝❝❡ss ❜❡❝❛♠❡ ❡❛s✐❡r ❛♥❞ t❤❡✐r ❣❡♥❡r♦s✐t② ✐♥❝r❡❛s❡❞ ✭❑♦♥❧❡✲❙❡✐❞❧✱ ✷✵✷✵✮✳ ❚❡♠♣♦r❛r② ❝♦♥tr❛❝ts

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

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

✽❖♥ t♦♣ ♦❢ s❡❝t♦r❛❧ ❛❣r❡❡♠❡♥ts✱ ✇♦r❦❡r r❡♣r❡s❡♥t❛t✐✈❡s ❛♥❞ ♠❛♥❛❣❡rs ♠❛② ♥❡❣♦t✐❛t❡ ✇❛❣❡s ❛♥❞ ♦t❤❡r ✇♦r❦✐♥❣
❝♦♥❞✐t✐♦♥s ✐♥ ✜r♠✲❧❡✈❡❧ ❝♦♥tr❛❝ts✳ ❆r♦✉♥❞ ✶✺✪ ♦❢ ✇♦r❦❡rs s✉❜❥❡❝t t♦ ❛♥ ❛❣r❡❡♠❡♥t ❛r❡ ❝♦✈❡r❡❞ ❜② ✜r♠✲❧❡✈❡❧
❛❣r❡❡♠❡♥ts ✭❛❝❝♦r❞✐♥❣ t♦ t❤❡ ✉♥✐♦♥✬s r❡♣♦rts✮✳ Pr❡✈✐♦✉s r❡s❡❛r❝❤ ❤❛s ❞♦❝✉♠❡♥t❡❞ t❤❛t ✜r♠✲❧❡✈❡❧ ❝♦♥tr❛❝t✐♥❣
✐s ♠♦st ❝♦♠♠♦♥ ❛♠♦♥❣ ❧❛r❣❡ ✜r♠s ❛♥❞ ❣❡♥❡r❛❧❧② s❡ts ✇❛❣❡s ❛❜♦✈❡ t❤❡ ♠✐♥✐♠❛ ✐♥ s❡❝t♦r❛❧ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts
✭❈❛r❞ ❛♥❞ ❉❡ ❧❛ ❘✐❝❛ ✷✵✵✻✮✳

✼



✸ ❈♦♥❝❡♣t✉❛❧ ❢r❛♠❡✇♦r❦

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

t❤❛t ✜① ❛ s❡t ♦❢ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs✳ ❚❤♦s❡ ✇❛❣❡ ✢♦♦rs ❛r❡ ♠❛♥❞❛t♦r② ✇✐t❤✐♥ ❛♥ ✐♥❞✉str②

❛♥❞✴♦r ♣r♦✈✐♥❝❡✳ ❆s ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ❛r❡ r❡♥❡❣♦t✐❛t❡❞ ✐♥❢r❡q✉❡♥t❧② ✭❡✈❡r② ✶✳✺ t♦ ✸✳✺ ②❡❛rs

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

❝②❝❧❡✳ ❱❛r✐♦✉s ♠♦❞❡❧s ✐♥ t❤❡ ❧✐t❡r❛t✉r❡ ❛♥❛❧②③❡ t❤❡ ❝♦♥s❡q✉❡♥❝❡s ♦❢ t❤✐s ❧❛❝❦ ♦❢ r❡♥❡❣♦t✐❛t✐♦♥✳

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

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

✇❤✐❝❤ ❞❡t❡r♠✐♥❡s ✐♥ t✉r♥ ✜r♠s✬ ❛♥❞ ✇♦r❦❡rs✬ ♦✉ts✐❞❡ ♦♣t✐♦♥s✳ ❚❤❡ ✐♥❢r❡q✉❡♥t r❡♥❡❣♦t✐❛t✐♦♥ ❛♥❞

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

✉♥❞❡r ❞✐✛❡r❡♥t ❡❝♦♥♦♠✐❝ ❝♦♥❞✐t✐♦♥s ❝♦❡①✐st✳ ❋♦❧❧♦✇✐♥❣ ❛♥ ❛❣❣r❡❣❛t❡ ✉♥❡①♣❡❝t❡❞ ♣❡rt✉r❜❛t✐♦♥✱

❛❧❧ ✜r♠s ❡①♣❡r✐❡♥❝❡ ❛ ❢❛❧❧ ✐♥ t❤❡ ❥♦✐♥t s✉r♣❧✉s✳ ❍♦✇❡✈❡r✱ ✐♥ t❤♦s❡ ✐♥❞✉str✐❡s✴♣r♦✈✐♥❝❡s ✇❤♦s❡

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

♥♦ ❧♦♥❣❡r ✈✐❛❜❧❡ ❛t t❤❡ ♣r❡✈❛✐❧✐♥❣ ✇❛❣❡✳ ❖♥ t❤❡ ❝♦♥tr❛r②✱ ✜r♠s t❤❛t ❛r❡ r❡♥❡❣♦t✐❛t✐♥❣ t❤❡✐r

❝♦♥tr❛❝ts ❛t t❤❡ t✐♠❡ ♦❢ t❤❡ ♣❡rt✉r❜❛t✐♦♥ ❝❛♥ ❛❞❥✉st ✇❛❣❡s ❛♥❞ ♠✐t✐❣❛t❡ ❡♠♣❧♦②♠❡♥t ❧♦ss❡s ✭s❡❡

●❡rt❧❡r ❛♥❞ ❚r✐❣❛r✐✱ ✷✵✵✽❀ ❖❧✐✈❡✐ ❛♥❞ ❚❡♥r❡②r♦✱ ✷✵✵✾❀ ❋❛✐❛ ❛♥❞ P❡③♦♥❡✱ ✷✵✷✵✮✳ ❚❤❡ ❧❡♥❣t❤✐❡r

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

❛r❡ ❧✐❦❡❧② t♦ ❜❡ ❛✛❡❝t❡❞ ❜② t❤❡ ❧❛❝❦ ♦❢ r❡♥❡❣♦t✐❛t✐♦♥✳

❚❤❡ tr❛♥s♠✐ss✐♦♥ ♠❡❝❤❛♥✐s♠ t❤❛t ❣♦❡s ❢r♦♠ t❤❡ ❧❛❝❦ ♦❢ r❡♥❡❣♦t✐❛t✐♦♥ ♦❢ ✇❛❣❡ ✢♦♦rs ✐♥t♦

❤✐❣❤❡r ✇❛❣❡ ❣r♦✇t❤ ❛♥❞ ❥♦❜ ❧♦ss❡s ❞❡♣❡♥❞s ♦♥ ♠❛♥② ❢❛❝t♦rs✱ ♥♦t❛❜❧② ✜r♠✲s♣❡❝✐✜❝ ✇❛❣❡ s❡tt✐♥❣

♣♦❧✐❝✐❡s✱ ✐♥✢❛t✐♦♥ ❛♥❞ ❧❛❜♦r ♠❛r❦❡t ♣♦❧✐❝✐❡s✳ ❘❡❣❛r❞✐♥❣ ✜r♠ ✇❛❣❡✲s❡tt✐♥❣ ♣♦❧✐❝✐❡s✱ t❤❡ ❛❜♦✈❡

♠♦❞❡❧s ✐♠♣❧✐❝✐t❧② ❛ss✉♠❡ t❤❛t ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ✜① t❤❡ ✇❛❣❡s ♦❢ ❛❧❧ ✇♦r❦❡rs ✐♥ ❛♥ ✐♥❞✉str②✳

❚❤❡ ♣❧❛✉s✐❜✐❧✐t② ♦❢ t❤❛t ❛ss✉♠♣t✐♦♥ ❞❡♣❡♥❞s ♦♥ t❤❡ ♣❛rt✐❝✉❧❛r ❝♦♥t❡①t✳ ❋♦r ❡①❛♠♣❧❡✱ ❈❛r❞ ❛♥❞

❈❛r❞♦s♦ ✭✷✵✷✷✮ ❞✐s❝✉ss t❤❛t ✐♥ t❤❡ ❯❙ s②st❡♠ ♦❢ ❧❛❜♦r r❡❧❛t✐♦♥s✱ ✉♥✐♦♥s ✜① ❛ ✇❛❣❡ ❢♦r ❡❛❝❤

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

♦❢ r❡♥❡❣♦t✐❛t✐♦♥ ♦❢ ✇❛❣❡ ✢♦♦rs ❞♦❡s ♥♦t ♥❡❝❡ss❛r✐❧② tr❛♥s❧❛t❡ ✐♥t♦ ♣❡r✈❛s✐✈❡ ✇❛❣❡ r✐❣✐❞✐t②✳ ■♥

♣❛rt✐❝✉❧❛r✱ s❡✈❡r❛❧ st✉❞✐❡s ✐♥ ■t❛❧②✱ ❋r❛♥❝❡✱ t❤❡ ◆❡t❤❡r❧❛♥❞s✱ P♦rt✉❣❛❧ ❛♥❞ ❙♣❛✐♥ ❞♦❝✉♠❡♥t t❤❛t

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

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

✇❡❧❧ ❜❡❧♦✇ ✶✳✾ ■♥ t❤❛t ❝♦♥t❡①t✱ t❤❡ ❞❡❣r❡❡ ♦❢ ❝♦♥❝❡♥tr❛t✐♦♥ ♦❢ ✇❛❣❡s ❛r♦✉♥❞ ♠✐♥✐♠✉♠ ✢♦♦rs ✐s

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

❆s ❢♦r ♠❛❝r♦❡❝♦♥♦♠✐❝ ❢❛❝t♦rs✱ ❝♦❧❧❡❝t✐✈❡ ❛❣r❡❡♠❡♥ts t②♣✐❝❛❧❧② s❡t ♥♦♠✐♥❛❧ ✇❛❣❡ ✢♦♦rs ❛♥❞

t❤❡ ❧❡✈❡❧ ♦❢ ✐♥✢❛t✐♦♥ s❤❛♣❡s t❤❡ ♣♦ss✐❜❧❡ ❜✐t❡ ♦❢ ✇❛❣❡ r✐❣✐❞✐t②✳ ■♥❞❡❡❞✱ ✇❛❣❡ r✐❣✐❞✐t② ❤❛s ❜❡❡♥

❢♦✉♥❞ t♦ ❜❡ ♣❛rt✐❝✉❧❛r❧② ♣r❡✈❛❧❡♥t ✐♥ ❧♦✇✲✐♥✢❛t✐♦♥ s❝❡♥❛r✐♦s✳✶✵ ❍♦✇❡✈❡r✱ ❞✉r✐♥❣ ♣❡r✐♦❞s ♦❢ ❤✐❣❤

✾❈❛r❞ ❛♥❞ ❈❛r❞♦s♦ ✭✷✵✷✷✮ ❛♥❞ ❈❛r❞♦s♦ ❛♥❞ P♦rt✉❣❛❧ ✭✷✵✵✺✮ ❞♦❝✉♠❡♥t ❡❧❛st✐❝✐t✐❡s ♦❢ ✇❛❣❡s t♦ ✐♥❝r❡❛s❡s
✐♥ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs ♦❢ ❛❜♦✉t ✵✳✺ ✐♥ P♦rt✉❣❛❧✳ ❈❛❧♦✐❛ ❡t ❛❧✳ ✭✷✵✷✵✮ ✜♥❞ ❡❧❛st✐❝✐t✐❡s ♦❢ ❛❜♦✉t ✵✳✷ ✐♥ t❤❡
◆❡t❤❡r❧❛♥❞s✱ s✐♠✐❧❛r t♦ t❤♦s❡ ✐♥ ❋r❛♥❝❡ ✭●❛✉t✐❡r ❡t ❛❧✳✱ ✷✵✷✷✮✳ ❆❞❛♠♦♣♦✉❧♦✉ ❛♥❞ ❱✐❧❧❛♥✉❡✈❛ ✭✷✵✷✷❛✮ ❞♦❝✉♠❡♥t
✈❡r② ❞✐✛❡r❡♥t r❡s♣♦♥s❡s ❝❧♦s❡ ❛♥❞ ❢❛r ❢r♦♠ t❤❡ ✇❛❣❡ ✢♦♦rs ✐♥ t❤❡ ♠❡t❛❧✇♦r❦✐♥❣ ✐♥❞✉str② ✐♥ ❙♣❛✐♥ ❛♥❞ ■t❛❧②✳ ❙❡❡
❆❞❛♠♦♣♦✉❧♦✉ ❛♥❞ ❱✐❧❧❛♥✉❡✈❛ ✭✷✵✷✷❜✮ ❢♦r ❛ r❡✈✐❡✇✳

✶✵❋❡❤r ❛♥❞ ●♦❡tt❡ ✭✷✵✵✺✮ ❡①❛♠✐♥❡ t❤❡ ✐♥❝✐❞❡♥❝❡ ♦❢ ✇❛❣❡ ❝✉ts ✐♥ ❙✇✐t③❡r❧❛♥❞ ✐♥ ♣❡r✐♦❞s ♦❢ ❧♦✇ ❛♥❞ ❤✐❣❤
✐♥✢❛t✐♦♥ ❛♥❞ ❞♦❝✉♠❡♥t t❤❛t t❤❡ ✐♥❝✐❞❡♥❝❡ ♦❢ ✇❛❣❡ ❝✉ts ✐s s✐♠✐❧❛r ✐♥ ❜♦t❤✳ ❚❤❡✐r r❡s✉❧ts ✐♠♣❧② t❤❛t t❤❡ ❛❜s❡♥❝❡
♦❢ ✇❛❣❡ ❝✉ts ✐♥ ❧♦✇ ✐♥✢❛t✐♦♥ ❡♥✈✐r♦♥♠❡♥ts ❝❛✉s❡s ❥♦❜ ❧♦ss❡s✳ ❋❛✐❛ ❛♥❞ P❡③♦♥❡ ✭✷✵✷✵✮ ❡①❛♠✐♥❡ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts
✐♥ ❛ ♣❡r✐♦❞ ✐♥❝❧✉❞✐♥❣ t❤❡ ❧♦✇✲✐♥✢❛t✐♦♥ r❡❝❡ss✐♦♥ ♦❢ ✷✵✵✽ ❛♥❞ ✜♥❞ t❤❛t ♠♦♥❡t❛r② ♣♦❧✐❝② s❤♦❝❦s ❧♦✇❡r t❤❡ ✈❛❧✉❛t✐♦♥
♦❢ t❤❡ st♦❝❦ ♠❛r❦❡t ✈❛❧✉❡ ♦❢ ✜r♠s ✉♥❛❜❧❡ t♦ r❡♥❡❣♦t✐❛t❡ ✇❛❣❡s✳

✽



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

r❡s✉❧t ✐♥ s♠❛❧❧ ❞✐✛❡r❡♥❝❡s ✐♥ r❡❛❧ ❝♦sts t♦ t❤❡ ❡♠♣❧♦②❡r✳ ❲❤✐❧❡ s♦♠❡ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ❢❡❛t✉r❡

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

❛❞❥✉st♠❡♥ts ❛❢t❡r s♦♠❡ t✐♠❡✱ ✐t ✐s ✐♠♣♦rt❛♥t t♦ ❡①❛♠✐♥❡ ❧♦✇✲ ❛♥❞ ❤✐❣❤✲✐♥✢❛t✐♦♥ ♣❡r✐♦❞s t♦

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

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

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

❧✐t❡r❛t✉r❡ ♦♥ t❤❡ ❡❝♦♥♦♠✐❝ ❝♦♥s❡q✉❡♥❝❡s ♦❢ ♠✐♥✐♠✉♠ ✇❛❣❡ ✐♥❝r❡❛s❡s ❞♦❡s ❞✐s❝✉ss t❤❡ ❞✐✛❡r❡♥❝❡s

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

♣✉tt②✲❝❧❛② t❡❝❤♥♦❧♦❣②✳ ❚❤✐s ❢♦r♠ ♦❢ t❡❝❤♥♦❧♦❣② ✐♠♣❧✐❡s t❤❛t ✜r♠s ❝❛♥ ❢r❡❡❧② s✉❜st✐t✉t❡ ❜❡t✇❡❡♥

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

✐s ✐♥st❛❧❧❡❞✱ ✜r♠s ❝❛♥♥♦t ❡❛s✐❧② ❝❤❛♥❣❡ t❤❡✐r ❧❛❜♦r ❞❡♠❛♥❞✲s❡❡ ❙♦r❦✐♥ ✭✷✵✶✺✮✳ ■♥ t❤❡s❡ ♠♦❞❡❧s✱

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

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

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

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

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

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

♣❡r✐♦❞✳

❋✐♥❛❧❧②✱ ❧❛❜♦r ♠❛r❦❡t ✐♥st✐t✉t✐♦♥s ♠❛② s❤❛♣❡ t❤❡ ❧❛❜♦r ♠❛r❦❡t ❛❞❥✉st♠❡♥t✳ ❚❤❡ ❛❜♦✈❡

♠♦❞❡❧s ❞♦ ♥♦t ❝♦♥s✐❞❡r ❛❧t❡r♥❛t✐✈❡s t♦ ❥♦❜ ❧♦ss ❧✐❦❡ s❤♦rt✲t❡r♠ r❡❞✉❝t✐♦♥ ✐♥ ❤♦✉rs✱ ✇❤✐❝❤ ✐s ❛

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

❤✐❣❤❡r s❡♣❛r❛t✐♦♥ r❛t❡s ❛♠♦♥❣ ✇♦r❦❡rs ✇✐t❤ ✜①❡❞✲t❡r♠ ❝♦♥tr❛❝ts✳

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

✶✳ ■♥ ❛♥② r❡❝❡ss✐♦♥✱ ❛ s✉❞❞❡♥ ❞❡t❡r✐♦r❛t✐♦♥ ♦❢ t❤❡ st❛t❡ ♦❢ t❤❡ ❡❝♦♥♦♠② r❡❞✉❝❡s t❤❡

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

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

✭✷✵✵✾✮✳

✷✳ ❚❤❡ r❡s♣♦♥s❡ ♦❢ ♦✈❡r❛❧❧ ✇❛❣❡s t♦ ❝♦♥tr❛❝t r❡♥❡❣♦t✐❛t✐♦♥ ❞❡♣❡♥❞s ♦♥ t❤❡ ✧✇❛❣❡ ❝✉s❤✲

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

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

❛♥❞ ❱✐❧❧❛♥✉❡✈❛✱ ✷✵✷✷❜❀ ❈❛r❞ ❛♥❞ ❈❛r❞♦s♦✱ ✷✵✷✷❀ ●❛✉t✐❡r ❡t ❛❧✳✱ ✷✵✷✷✮✳

✸✳ ❚❤❡ s❡t ♦❢ ✇♦r❦❡rs ❝♦✈❡r❡❞ ❜② ❝♦♥tr❛❝ts t❤❛t ❝❛♥ ❜❡ r❡♥❡❣♦t✐❛t❡❞ ❡①♣❡r✐❡♥❝❡ ❢❡✇❡r

❥♦❜ ❧♦ss❡s t❤❛♥ t❤♦s❡ ❝♦✈❡r❡❞ ❜② ❝♦♥tr❛❝ts ❛❧r❡❛❞② ❜❛r❣❛✐♥❡❞ ❛t t❤❡ t✐♠❡ ♦❢ t❤❡ s❤♦❝❦✳ ❚❤❡ s✐③❡

❛♥❞ ♣❡rs✐st❡♥❝❡ ♦❢ t❤♦s❡ r❡❛❧ ✐♠♣❛❝ts ❞❡♣❡♥❞ ♦♥ ✐♥✢❛t✐♦♥ ❧❡✈❡❧s✳ ❚❤❡ ❢♦r♠❡r ✐s ❛♥ ✐♠♣❧✐❝❛t✐♦♥

♦❢ ❖❧✐✈❡✐ ❛♥❞ ❚❡♥r❡②r♦ ✭✷✵✵✾✮ ❛♥❞ t❤❡ ❧❛tt❡r ♦❢ st✉❞✐❡s ♦♥ ✧✐♥✢❛t✐♦♥ ❣r❡❛s✐♥❣ t❤❡ ✇❤❡❡❧s ♦❢ t❤❡

❧❛❜♦r ♠❛r❦❡t✧ ✭❈❛r❞ ❛♥❞ ❍②s❧♦♣✱ ✶✾✾✼❀ ❚♦❜✐♥✱ ✶✾✼✷✮✳

✹✳ ❚❤❡ r❡❛❧ ✐♠♣❛❝ts ♦❢ ✇❛❣❡ r✐❣✐❞✐t② ✭❡s♣❡❝✐❛❧❧② ✐♥ t❤❡ ❧♦♥❣ r✉♥✮ ✐♥❝r❡❛s❡ ✇✐t❤ ❝♦♥tr❛❝t

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

✭❙♦r❦✐♥✱ ✷✵✶✺✮✳ ❚❤♦s❡ ✐♠♣❛❝ts ❝❛♥ ❜❡ ❞❡t❡❝t❡❞ ♦♥❧② ✐❢ t❤❡ ♣❡r✐♦❞ ♦❢ ❛♥❛❧②s✐s ✐s ❧♦♥❣ ❡♥♦✉❣❤✳

✾



✹ ❉❛t❛

❲❡ ✉s❡ t❤r❡❡ ♠❛✐♥ ❞❛t❛s❡ts ❢♦r ♦✉r ❛♥❛❧②s✐s✳ ❚❤❡ ✜rst ♦♥❡ ✐s t❤❡ ❈❡♥s✉s ♦❢ ❈♦❧❧❡❝t✐✈❡ ❆❣r❡❡♠❡♥ts

s✐❣♥❡❞ ✐♥ ❙♣❛✐♥ ❜❡t✇❡❡♥ ✶✾✾✵ ❛♥❞ ✷✵✷✵ ✕ ❘❡❣✐str♦ ❞❡ ❈♦♥✈❡♥✐♦s ② ❆❝✉❡r❞♦s ❈♦❧❡❝t✐✈♦s✳ ❚❤❡

s❡❝♦♥❞ ✐s t❤❡ ❈♦♥t✐♥✉♦✉s ❙❛♠♣❧❡ ♦❢ ❲♦r❦✐♥❣ ❍✐st♦r✐❡s✱ ❛ ✹✪ r❛♥❞♦♠ s❛♠♣❧❡ ♦❢ ❙♦❝✐❛❧ ❙❡❝✉r✐t②

r❡❝♦r❞s ✲ ▼✉❡str❛ ❈♦♥t✐♥✉❛ ❞❡ ❱✐❞❛s ▲❛❜♦r❛❧❡s✳✶✶ ❲❡ ❞❡s❝r✐❜❡ ❡❛❝❤ s♦✉r❝❡ ✐♥ ❞❡t❛✐❧ ❜❡❧♦✇✳

❈♦❧❧❡❝t✐✈❡ ❛❣r❡❡♠❡♥ts ♠✉st ❜❡ r❡❣✐st❡r❡❞ ❛t t❤❡ ▼✐♥✐str② ♦❢ ▲❛❜♦r ✉s✐♥❣ ❛ ♣r❡✲s♣❡❝✐✜❡❞ ❢♦r♠

t♦ ♦❜t❛✐♥ ❧❡❣❛❧ ✈❛❧✐❞✐t②✳ ❚❤❡ ❢♦r♠ ✐♥❝❧✉❞❡s t❤❡ t②♣❡ ♦❢ ❛❣r❡❡♠❡♥t ✭s❡❝t♦r ♦r ✜r♠✲s♣❡❝✐✜❝✮✱ t❤❡

♣❡r✐♦❞ ♦❢ ✈❛❧✐❞✐t②✱ ❛♥❞ t❤❡ ♥❡❣♦t✐❛t❡❞ ✇❛❣❡ ❣r♦✇t❤ ❢♦r t❤❛t ♣❡r✐♦❞✳ ❆s ❚❛❜❧❡s ✶❛ ❛♥❞ ✶❜ s❤♦✇✱

❛❜♦✉t ✻✸✪ ♦❢ s✐❣♥❡❞ ❝♦♥tr❛❝ts ✐♥ t❤❡ ②❡❛rs ❛r♦✉♥❞ t❤❡ ✶✾✾✸ ❛♥❞ ✷✵✵✾ r❡❝❡ss✐♦♥s s♣❡❝✐❢② ❛♥

❡①✲♣♦st ❛❞❥✉st♠❡♥t ✭❡s❝❛❧❛t✐♦♥ ❝❧❛✉s❡✮ ✐❢ r❡❛❧✐③❡❞ ✐♥✢❛t✐♦♥ ❡①❝❡❡❞s ❛ t❤r❡s❤♦❧❞ s♣❡❝✐✜❡❞ ✐♥ t❤❡

❝♦♥tr❛❝t✳ ■♥ t❤❛t ❝❛s❡✱ t❤❡ st❛✛ ♦❢ t❤❡ ▼✐♥✐str② ✉♣❞❛t❡s t❤❡ ✇❛❣❡ ❣r♦✇t❤ ❛❢t❡r ❝♦♠♠✉♥✐❝❛t✐♦♥

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

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

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

t❤❡ ❈❡♥s✉s ♦❢ ❈♦❧❧❡❝t✐✈❡ ❆❣r❡❡♠❡♥ts ✐♥❝❧✉❞❡s ✐♥❢♦r♠❛t✐♦♥ ♦♥ t❤❡ ✈❛❧✐❞✐t② ♣❡r✐♦❞ ❛♥❞ t❤❡ ❞❛t❡

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

✜❧❧ t❤♦s❡✳ ❙t✐❧❧✱ ❛❜♦✉t ✼✵✪ ♦❢ ❢♦r♠s ✐♥❝❧✉❞❡❞ t❤❡ s❦✐❧❧✲s♣❡❝✐✜❝ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs ✐♥ t❤❡

❛❣r❡❡♠❡♥ts s✐❣♥❡❞ ❜❡t✇❡❡♥ ✶✾✾✹ ❛♥❞ ✷✵✵✶✳ ❲❡ ✉♣❞❛t❡❞ t❤♦s❡ ✇❛❣❡ ✢♦♦rs ❜❛❝❦✇❛r❞s t♦ ✶✾✾✶

❛♥❞ ❢♦r✇❛r❞s t♦ ✷✵✵✼ ✉s✐♥❣ t❤❡ ❛♥♥✉❛❧ ♥❡❣♦t✐❛t❡❞ ✇❛❣❡ ❣r♦✇t❤ r❡♣♦rt❡❞ ✐♥ ❡❛❝❤ ❛❣r❡❡♠❡♥t✳

❚❤✐s ❛❧❧♦✇s ✉s t♦ ♦❜t❛✐♥ ✇♦r❦❡r✲s♣❡❝✐✜❝ ✇❛❣❡ ✢♦♦rs ❢♦r ❛ ✻✵✪ ❛♥❞ ✹✵✪ s✉❜s❛♠♣❧❡ ♦❢ ✇♦r❦❡rs

✐♥ t❤❡ ②❡❛rs r✐❣❤t ❜❡❢♦r❡ t❤❡ ♦♥s❡t ♦❢ t❤❡ ✶✾✾✸ ❛♥❞ ✷✵✵✾ r❡❝❡ss✐♦♥s✳✶✷

❚❤❡ s❡❝♦♥❞ s❛♠♣❧❡ ✐s ❞r❛✇♥ ❢r♦♠ t❤❡ ❈♦♥t✐♥✉♦✉s ❙❛♠♣❧❡ ♦❢ ❲♦r❦✐♥❣ ❍✐st♦r✐❡s ✭❈❙❲❍✮✱ ❛

✹✪ s❛♠♣❧❡ ♦❢ ❛♥② ✇♦r❦❡r ✇✐t❤ ❛♥ ❛❝t✐✈❡ r❡❝♦r❞ ✇✐t❤ t❤❡ ❙♦❝✐❛❧ ❙❡❝✉r✐t② ❙②st❡♠ ❛t s♦♠❡ ♣♦✐♥t

✐♥ ✷✵✵✹✳ ❚❤❡ ✐♥❢♦r♠❛t✐♦♥ ✐s r❡❝♦r❞❡❞ ❡❧❡❝tr♦♥✐❝❛❧❧② ❛♥❞ ✐♥❝❧✉❞❡s ❡❛❝❤ ✇♦r❦❡r✬s r❡tr♦s♣❡❝t✐✈❡

❧❛❜♦r ♠❛r❦❡t ❤✐st♦r② ✕♣♦t❡♥t✐❛❧❧②✱ ❞❛t✐♥❣ ❜❛❝❦ t♦ ✶✾✽✽✳ ❚❤❡ ❈❙❲❍ ❤❛s ❛ ❧♦♥❣✐t✉❞✐♥❛❧ ❞❡s✐❣♥✳

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

❛♥❞ r❡♠❛✐♥s r❡❣✐st❡r❡❞ ✇✐t❤ t❤❡ ❙♦❝✐❛❧ ❙❡❝✉r✐t② ❆❞♠✐♥✐str❛t✐♦♥✳ ■♥ ❛❞❞✐t✐♦♥✱ t❤❡ s❛♠♣❧❡ ✐s

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

✭❇♦♥❤♦♠♠❡ ❛♥❞ ❍♦s♣✐❞♦✱ ✷✵✶✼✮✳ ❚❤❡ r❡❣✐st❡r ❝♦❧❧❡❝ts ♠♦♥t❤❧② ✐♥❢♦r♠❛t✐♦♥ ♦♥ t❤❡ ❡♠♣❧♦②♠❡♥t

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

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

❋♦r t❤❡ ❛♥❛❧②s✐s ♦❢ t❤❡ ❡♠♣❧♦②♠❡♥t ❞②♥❛♠✐❝s ❞✉r✐♥❣ t❤❡ ✷✵✵✾ r❡❝❡ss✐♦♥✱ ✇❡ ✉s❡ ✐♥❢♦r♠❛t✐♦♥

♦♥ ✇♦r❦❡rs t❤❛t ✇❡r❡ ♣r❡s❡♥t ✐♥ t❤❡ ✷✵✶✵ ❈❙❲❍✱ ❛❧s♦ r❡❝♦r❞✐♥❣ t❤❡ ❧❛❜♦r ♠❛r❦❡t ❤✐st♦r② ♦❢ ❛♥②

✐♥❞✐✈✐❞✉❛❧ ✇❤♦ ❤❛s ❡✈❡r ❜❡❡♥ ♣r❡s❡♥t ✐♥ t❤❡ s❛♠♣❧❡ ❜❡t✇❡❡♥ ✷✵✵✺ ❛♥❞ ✷✵✵✾✱ t♦ ❛✈♦✐❞ ♣♦ss✐❜❧❡

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

✷✵✵✽ ❛♥❞ t❤❡ ✜rst q✉❛rt❡r ♦❢ ✷✵✵✾✳ ❋♦r t❤❡ ✶✾✾✷ r❡❝❡ss✐♦♥✱ ✇❡ r❡❧② ♦♥ r❡tr♦s♣❡❝t✐✈❡ ✐♥❢♦r♠❛t✐♦♥ ♦❢

✇♦r❦❡rs ♣r❡s❡♥t ✐♥ t❤❡ ✷✵✵✺ ❈❙❲❍✳ ❘❡tr♦s♣❡❝t✐✈❡ ✐♥❢♦r♠❛t✐♦♥ ❜❡❢♦r❡ ✷✵✵✹ ✇♦✉❧❞ ♥♦t ♥❡❝❡ss❛r✐❧②

✶✶❙✐♥❝❡ ❙♦❝✐❛❧ ❙❡❝✉r✐t② ❞❛t❛ ❛r❡ ♥♦t ❛✈❛✐❧❛❜❧❡ ②❡t✱ ✇❡ ✉s❡ t❤❡ ❧❛❜♦r ❢♦r❝❡ s✉r✈❡② t♦ st✉❞② t❤❡ ❡✛❡❝ts ♦❢ ✇❛❣❡
r✐❣✐❞✐t② ❞✉r✐♥❣ t❤❡ ❈❖❱■❉✲✶✾ ♣❛♥❞❡♠✐❝✳ ❆♥ ❛❞❞✐t✐♦♥❛❧ ❛❞✈❛♥t❛❣❡ ♦❢ t❤❡ ❧❛❜♦r ❢♦r❝❡ s✉r✈❡② ✐s t❤❛t ✐t ❛❧s♦
❝♦♥t❛✐♥s ✐♥❢♦r♠❛t✐♦♥ ♦♥ s❤♦rt✲t✐♠❡ ✇♦r❦✳

✶✷❚❤❡ s✉❜s❛♠♣❧❡ ✐s s♠❛❧❧❡r ❢♦r t❤❡ ✷✵✵✾ r❡❝❡ss✐♦♥ ❛s ✉♣❞❛t✐♥❣ t❤❡ ✇❛❣❡ ✢♦♦rs ❢♦r✇❛r❞ ❢♦r ✻ ②❡❛rs ✭❢r♦♠ ✷✵✵✶
t♦ ✷✵✵✼✮ ✐s ♠♦r❡ ❞❡♠❛♥❞✐♥❣ t❤❛♥ ✉♣❞❛t✐♥❣ t❤❡ ✐♥❢♦r♠❛t✐♦♥ ❜❛❝❦✇❛r❞s ❢♦r ✸ ②❡❛rs ✭❢r♦♠ ✶✾✾✹ t♦ ✶✾✾✶✮✳

✶✵



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

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

❍♦s♣✐❞♦ ✭✷✵✶✼✮ s❤♦✇ t❤❛t✱ ❛t ❧❡❛st ❢♦r ♠❛❧❡s✱ t❤✐s ❧❛❝❦ ♦❢ r❡♣r❡s❡♥t❛t✐✈❡♥❡ss ✐s ♥♦t ❛ ✜rst✲♦r❞❡r

❝♦♥❝❡r♥✳

❆❧❧ ❡♠♣❧♦②❡rs ♠✉st ❛ss✐❣♥ ♦♥❡ ♦❢ t❡♥ ♣♦ss✐❜❧❡ s❦✐❧❧ ❧❡✈❡❧s t♦ ❡❛❝❤ ❡♠♣❧♦②❡❡ ❛❜♦✈❡ ✶✽ ②❡❛rs

♦❧❞ ❛s ❝♦♥tr✐❜✉t✐♦♥s t♦ ❙♦❝✐❛❧ ❙❡❝✉r✐t② ❞✐✛❡r ❛❝r♦ss ❧❡✈❡❧s✳ ❚❤❡ s❦✐❧❧ ❧❡✈❡❧s ❝♦rr❡s♣♦♥❞ t♦ t❤♦s❡

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

♠✐♥✐♠✉♠ ✇❛❣❡✳✶✸

✹✳✶ ▲✐♥❦✐♥❣ ❞❛t❛s❡ts

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

❞✐❣✐t ✐♥❞✉str② t❤❛t ❞❡t❡r♠✐♥❡ t❤❡ ❝♦✈❡r❛❣❡ ♦❢ t❤❡ ❛❣r❡❡♠❡♥t✳ ❲❡ r❡❛❞ t❤❡ t❡①t ♦❢ ♣r♦✈✐♥❝✐❛❧

❛❣r❡❡♠❡♥ts t♦ ❛ss✐❣♥ t♦ ❡❛❝❤ ❝♦♥tr❛❝t ❛ t❤r❡❡✲❞✐❣✐t ✐♥❞✉str②✳ ❲❡ t❤❡♥ ♠❛t❝❤ t❤❡ ❈❡♥s✉s ♦❢

❈♦❧❧❡❝t✐✈❡ ❆❣r❡❡♠❡♥ts t♦ t❤❡ ❙♦❝✐❛❧ ❙❡❝✉r✐t② r❡❝♦r❞s ✉s✐♥❣ t❤❡ t❤r❡❡✲❞✐❣✐t ✐♥❞✉str② ♦❢ ❡❝♦♥♦♠✐❝

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

❙❛♠♣❧❡ ❝♦✈❡r❛❣❡

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

❝♦✈❡r❡❞ ❜② ❛ ♣r♦✈✐♥❝❡✲❧❡✈❡❧ ❛❣r❡❡♠❡♥t✳ ❚❤❡ r❡s✉❧t✐♥❣ s❛♠♣❧❡ ❝♦✈❡rs ❛r♦✉♥❞ ✺✵✪ ♦❢ ❛❧❧ ❡♠♣❧♦②❡❡s✳

❚❤✐s ✐s ♣❛rt❧② ❜❡❝❛✉s❡ ✷✵✲✷✺✪ ♦❢ ❙♣❛♥✐s❤ ❡♠♣❧♦②❡❡s ❛r❡ ♥♦t ❝♦✈❡r❡❞ ❜② ❛♥② ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝t

✇❤❛ts♦❡✈❡r ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❖❊❈❉✳ ■♥ ❛❞❞✐t✐♦♥✱ ✇❡ ❡①❝❧✉❞❡ ✇♦r❦❡rs ✐♥ ✐♥❞✉str✐❡s r❡❣✉❧❛t❡❞ ❜②

♥❛t✐♦♥✲ ♦r r❡❣✐♦♥✲❧❡✈❡❧ ❝♦♥tr❛❝ts✳✶✹

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

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

t❤❛t ✐♥❞✉str② ✐♥ ♥❛t✐♦♥❛❧ ♦r r❡❣✐♦♥❛❧ ❛❣r❡❡♠❡♥ts✳ ❙❡❝♦♥❞❧②✱ t❤❡ ♣r♦✈✐♥❝❡✲✐♥❞✉str② ❧❡✈❡❧ ✐s t❤❡

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

❝♦✈❡r❡❞ ❜② ❛♥② ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝t ✲s❡❡ ❈❛r❞ ❛♥❞ ❞❡ ▲❛ ❘✐❝❛ ✭✷✵✵✻✮✳ ❋✐♥❛❧❧②✱ s♦♠❡ ♦❢ t❤❡

✇♦r❦❡rs ✐♥ ♦✉r s❛♠♣❧❡ ✭❧❡ss t❤❛♥ ✶✺✪✮ ❝♦✉❧❞ ❜❡ ❝♦✈❡r❡❞ ❜② ✜r♠✲❧❡✈❡❧ ❝♦♥tr❛❝ts✳ ❙✉❝❤ ❝♦♥tr❛❝ts

❛r❡ ♥♦t r❡❛❞✐❧② ✐❞❡♥t✐✜❛❜❧❡ ✐♥ ❙♦❝✐❛❧ ❙❡❝✉r✐t② r❡❝♦r❞s✱ ❜❡❝❛✉s❡ ✜r♠ ✐❞❡♥t✐✜❡rs ❛r❡ ❛♥♦♥②♠✐③❡❞✳

❍♦✇❡✈❡r✱ ✉♥t✐❧ ✷✵✶✷✱ ✜r♠✲❧❡✈❡❧ ✉♥✐♦♥ ❝♦♥tr❛❝ts ❝♦✉❧❞ ♦♥❧② ✐♠♣r♦✈❡ t❤❡ ❝♦♥❞✐t✐♦♥s ✐♥ ♣r♦✈✐♥❝❡✲

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

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

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

✶✸❚❤❡ ❙♦❝✐❛❧ ❙❡❝✉r✐t② ❝❧❛ss✐✜❝❛t✐♦♥ ❝♦♠❜✐♥❡s ❡❞✉❝❛t✐♦♥❛❧ ❛tt❛✐♥♠❡♥t ❛♥❞ ♦❝❝✉♣❛t✐♦♥✳ ❚❤❡ ✉♣♣❡r ❢♦✉r t✐❡rs
❝♦rr❡s♣♦♥❞ t♦ ✭✶✮ ✇♦r❦❡rs ✇✐t❤ ❛ ✹✲②❡❛r ❝♦❧❧❡❣❡ ❞❡❣r❡❡✱ ✭✷✮ ✇♦r❦❡rs ✇✐t❤ ❛ ✷✲②❡❛r ❝♦❧❧❡❣❡ ❞❡❣r❡❡✱ ✭✸✮ ❛❞♠✐♥✐str❛t✐✈❡
♦r ✇♦r❦s❤♦♣ ♠❛♥❛❣❡rs✱ ❛♥❞ ✭✹✮ s♣❡❝✐❛❧✐③❡❞ ❛ss✐st❛♥ts ✇✐t❤♦✉t ❛ ❝♦❧❧❡❣❡ ❞❡❣r❡❡✳ ❚❤❡ ❢♦❧❧♦✇✐♥❣ s✐① ❧❡✈❡❧s ❛r❡ s♣❧✐t
✐♥t♦ ✇❤✐t❡ ♦r ❜❧✉❡ ❝♦❧❧❛r ✇♦r❦❡rs✳ ❲❤✐t❡ ❝♦❧❧❛r ✇♦r❦❡rs ❛r❡ ❝❧❛ss✐✜❡❞ ✐♥ ❣r♦✉♣s ✺✲✼✱ ❝♦rr❡s♣♦♥❞✐♥❣ t♦ ♦✣❝❡ ❝❧❡r❦s
✭✺✮✱ ❝❧❡r❦ ❛ss✐st❛♥ts ✭✻✮✱ ❛♥❞ ✭✼✮ ❡♥tr②✲❧❡✈❡❧ ❝❧❡r❦s✳ ❋✐♥❛❧❧②✱ ❜❧✉❡✲❝♦❧❧❛r ✇♦r❦❡rs ❛r❡ ❛❧s♦ s♣❧✐t ✐♥t♦ t❤r❡❡ ❧❡✈❡❧s
❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❧❡✈❡❧ ♦❢ q✉❛❧✐✜❝❛t✐♦♥✳ ❚❤✐s ❝❧❛ss✐✜❝❛t✐♦♥ ✐s ❝♦♠♣❛r❛❜❧❡ t♦ t❤❛t s❡tt❧❡❞ ✐♥ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts✱
❛s ✇❡ ❞✐s❝✉ss ❜❡❧♦✇✳

✶✹❋♦r ❡①❛♠♣❧❡✱ ✺✪ ♦❢ t❤❡ ❡♠♣❧♦②❡❡s ✐♥ ❙♦❝✐❛❧ ❙❡❝✉r✐t② r❡❝♦r❞s ✇♦r❦ ✐♥ ❋✐♥❛♥❝✐❛❧ ❙❡r✈✐❝❡s ♦r ✐♥ ❘❡❛❧ ❊st❛t❡✱
✇❤✐❝❤ ❛r❡ ❝♦✈❡r❡❞ ❜② ❛ ♥❛t✐♦♥✇✐❞❡ ❝♦♥tr❛❝t✳ ❚❤✐s t②♣❡ ♦❢ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ✇♦✉❧❞ ♣r♦✈✐❞❡ ❧✐tt❧❡ ✐❞❡♥t✐✜❝❛t✐♦♥✱
❛s ✇❡ ❝♦♥tr♦❧ ❢♦r ♣r♦✈✐♥❝❡ ❞✉♠♠✐❡s t❤r♦✉❣❤♦✉t t❤❡ ❛♥❛❧②s✐s✳

✶✶



❛r❡❛s ❛♥❞ s❡❝t♦rs✳

▲❛st❧②✱ ✇❡ r❡str✐❝t t❤❡ s❛♠♣❧❡ t♦ ❡♠♣❧♦②❡❡s ❜❡t✇❡❡♥ ✶✽ ❛♥❞ ✺✼ ②❡❛rs ♦❢ ❛❣❡ ❛s ♦❢ ❉❡❝❡♠❜❡r

✶✾✾✶ ♦r ❉❡❝❡♠❜❡r ✷✵✵✼✱ ✇❤♦ ❤❛❞ ❜❡❡♥ ❡♠♣❧♦②❡❞ ❛t t❤❡ ✜r♠ s✐♥❝❡ ❛t ❧❡❛st t❤❡ ❧❛st q✉❛rt❡r ♦❢ ✶✾✾✶

♦r ✷✵✵✼✳ ❚❤❡ ❧❛tt❡r r❡str✐❝t✐♦♥ ❣✉❛r❛♥t❡❡s t❤❛t ✇♦r❦❡rs ❤❛✈❡ ❜❡❡♥ ❝♦♥t✐♥✉♦✉s❧② ❡♠♣❧♦②❡❞ ❛t t❤❡

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

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

❧❡❛st ♦♥❡ ②❡❛r ♦❢ t❡♥✉r❡✳✶✺

✹✳✷ ❋✐♥❛❧ ❞❛t❛s❡t

❚❛❜❧❡s ✶❛ ❛♥❞ ✶❜ r❡♣♦rt t❤❡ ❞❡s❝r✐♣t✐✈❡ st❛t✐st✐❝s ❢♦r t❤❡ s❛♠♣❧❡s ✇❡ ✉s❡ t♦ ❛♥❛❧②③❡ t❤❡ ❡✛❡❝ts ♦❢

✇❛❣❡ r✐❣✐❞✐t② ❞✉r✐♥❣ t❤❡ ✶✾✾✸ ❛♥❞ ✷✵✵✾ r❡❝❡ss✐♦♥s✳ ❆❧❧ ✇♦r❦❡r ❝❤❛r❛❝t❡r✐st✐❝s r❡❢❡r t♦ ❉❡❝❡♠❜❡r

✶✾✾✶ ♦r ✷✵✵✼✱ r❡s♣❡❝t✐✈❡❧②✳ ❆s ❝♦❧✉♠♥ ✭✶✮ s❤♦✇s✱ ❛r♦✉♥❞ ✶✺✪ ♦❢ ✇♦r❦❡rs ✐♥ t❤❡ ❡st✐♠❛t✐♦♥

s❛♠♣❧❡ ❛r❡ ❤✐❣❤✲s❦✐❧❧❡❞ ✭❤❛✈❡ ❛ ❝♦❧❧❡❣❡ ❞❡❣r❡❡ ♦r ✇♦r❦ ❛s ♠❛♥❛❣❡rs✮✱ ✸✵✲✸✺✪ ❤❛✈❡ ❝❧❡r✐❝❛❧ ❥♦❜s

t❤❛t ❞♦ ♥♦t r❡q✉✐r❡ ❛ ❝♦❧❧❡❣❡ ❞❡❣r❡❡✱ ✇❤✐❧❡ ✺✺✲✺✵✪ ❛r❡ ❜❧✉❡✲❝♦❧❧❛r ✇♦r❦❡rs✳ ❆r♦✉♥❞ ✽✺✪ ♦❢

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

✐s ❤✐❣❤❡r ✐♥ t❤❡ ✷✵✵✾ t❤❛♥ ✐♥ t❤❡ ✶✾✾✸ s❛♠♣❧❡✱ ✐♥ ❧✐♥❡ ✇✐t❤ t❤❡ r✐s❡ ✐♥ ❢❡♠❛❧❡ ❧❛❜♦r ❢♦r❝❡

♣❛rt✐❝✐♣❛t✐♦♥ ♦❜s❡r✈❡❞ ♦✈❡r t✐♠❡ ✭❙♦✉r❝❡✿ ■▲❖✮✳

❈♦❧✉♠♥s ✭✷✮ ❛♥❞ ✭✸✮ ♦❢ ❚❛❜❧❡s ✶❛ ❛♥❞ ✶❜ ❝♦♠♣❛r❡ t❤❡ ✇♦r❦❡rs✬ ❛♥❞ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts✬

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

t❤❡ ♦♥s❡t ♦❢ ❡❛❝❤ r❡❝❡ss✐♦♥✳ ❈♦❧✉♠♥ ✭✹✮ ♦❢ ❚❛❜❧❡s ✶❛ ❛♥❞ ✶❜ r❡♣♦rts t❤❡ ❞✐✛❡r❡♥❝❡s ❛❝r♦ss

t❤❡s❡ ❝❤❛r❛❝t❡r✐st✐❝s ❛❢t❡r ❝♦♥tr♦❧❧✐♥❣ ❢♦r ♣r♦✈✐♥❝❡ ❛♥❞ t❤r❡❡✲❞✐❣✐t ✐♥❞✉str② ❞✉♠♠✐❡s✳ ❚❤❛t ✐s✱

❝♦❧✉♠♥♥ ✭✹✮ r❡♣♦rts t❤❡ ❝♦❡✣❝✐❡♥ts ♦❢ ❛ r❡❣r❡ss✐♦♥ ♦❢ ❡❛❝❤ ❝♦✈❛r✐❛t❡ ♦♥ t❤❡ ❞✉♠♠② ✧❝♦♥tr❛❝t

s✐❣♥❡❞ ❜❡❢♦r❡ ✶✾✾✷♠✶✷ ♦r ✷✵✵✽♠✾✧ ❛♥❞ ❛ ❢✉❧❧ s❡t ♦❢ ✺✵ ♣r♦✈✐♥❝❡ ❞✉♠♠✐❡s ❛♥❞ t❤r❡❡✲❞✐❣✐t

✐♥❞✉str② ❞✉♠♠✐❡s✳ ❆❧t❤♦✉❣❤ t❤❡r❡ ✇❡r❡ ♦r✐❣✐♥❛❧❧② s♦♠❡ ❞✐✛❡r❡♥❝❡s ✐♥ ✇♦r❦❡rs✬ ❝❤❛r❛❝t❡r✐st✐❝s

✭❝♦♠♣❛r❡ ❝♦❧✉♠♥s ✷ ❛♥❞ ✸✮✱ t❤❡✐r ♠❛❣♥✐t✉❞❡ ❜❡❝♦♠❡s ♥❡❣❧✐❣✐❜❧❡ ❛❢t❡r ❝♦♥tr♦❧❧✐♥❣ ❢♦r ♣r♦✈✐♥❝❡

❛♥❞ ✐♥❞✉str② ❞✉♠♠✐❡s ✭s❡❡ ❝♦❧✉♠♥ ✹✮✳ ❚❤✐s ✐♠♣❧✐❡s t❤❛t t❤❡ tr❡❛t❡❞ ❛♥❞ ❝♦♥tr♦❧ ❣r♦✉♣s ♦❢

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

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

❛❝r♦ss ❝♦♥tr❛❝ts s✐❣♥❡❞ ❜❡❢♦r❡ ❛♥❞ ❛❢t❡r ❉❡❝❡♠❜❡r ✶✾✾✷ ✭✶✳✽ ♣♣ ❤✐❣❤❡r ❛♠♦♥❣ t❤♦s❡ s✐❣♥❡❞

♣r✐♦r t♦ t❤❡ ✶✾✾✸ r❡❝❡ss✐♦♥✮ ♦r ❜❡❢♦r❡ ❛♥❞ ❛❢t❡r ❙❡♣t❡♠❜❡r ✷✵✵✽ ✭✶✳✸ ♣♣ ❤✐❣❤❡r ❛♠♦♥❣ t❤♦s❡

s✐❣♥❡❞ ♣r✐♦r t♦ t❤❡ ✷✵✵✾ r❡❝❡ss✐♦♥✮✳ ▲✐❦❡✇✐s❡✱ t❤❡r❡ ✐s ❛ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❞✐✛❡r❡♥❝❡ ✐♥ t❤❡

❞✉r❛t✐♦♥ ♦❢ ❝♦♥tr❛❝ts s✐❣♥❡❞ ❜❡❢♦r❡ ❛♥❞ ❛❢t❡r t❤❡ ♦♥s❡t ♦❢ ❡❛❝❤ r❡❝❡ss✐♦♥✱ ❛s t❤♦s❡ s✐❣♥❡❞ ♣r❡✲

r❡❝❡ss✐♦♥ t❡♥❞ t♦ ❜❡ ❧❡♥❣t❤✐❡r✳✶✼ ❚❤❡s❡ ♣❛tt❡r♥s ❝♦♥✜r♠ ✐✮ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ✇❛❣❡ r✐❣✐❞✐t② ❛♠♦♥❣

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

✶✺■♥❝❧✉❞✐♥❣ ❝♦♥tr❛❝ts s✐❣♥❡❞ ❡❛r❧✐❡r✱ ❡✳❣✳✱ ❞✉r✐♥❣ t❤❡ ✜rst q✉❛rt❡r ♦❢ ✷✵✵✼ ✇♦✉❧❞ r❡q✉✐r❡ ✉s t♦ ✉s❡ ❛ s❛♠♣❧❡ ♦❢
❡♠♣❧♦②❡❡s ✇♦r❦✐♥❣ ❛t t❤❡ ✜r♠ ❛❧r❡❛❞② ✐♥ ✷✵✵✻✳ ❆❧♠♦st ♦♥❡ t❤✐r❞ ♦❢ t❤❡ ✇♦r❦✐♥❣ ❢♦r❝❡ ✐♥ ❙♣❛✐♥ ✐s ❤✐r❡❞ ✇✐t❤
✜①❡❞✲t❡r♠ ❝♦♥tr❛❝ts✱ s♦ ✉s✐♥❣ ❛ s❛♠♣❧❡ ♦❢ ❥♦❜ st❛②❡rs ❢r♦♠ ❉❡❝❡♠❜❡r ✷✵✵✻ t♦ ❉❡❝❡♠❜❡r ✷✵✵✽ ✇♦✉❧❞ ❜✐❛s t❤❡
s❛♠♣❧❡ ❡①❝❡ss✐✈❡❧② t♦✇❛r❞s ✇♦r❦❡rs ✇✐t❤ ♦♣❡♥✲❡♥❞❡❞ ❝♦♥tr❛❝ts✳

✶✻❉✉❡ t♦ t❤❡ ❡♠♣❧♦②♠❡♥t ♣r♦t❡❝t✐♦♥ ❧❡❣✐s❧❛t✐♦♥✱ ♦♣❡♥✲❡♥❞❡❞ ❝♦♥tr❛❝ts ❡♥t❛✐❧ ❤✐❣❤❡r ✜r✐♥❣ ❝♦sts t❤❛♥ ✜①❡❞✲t❡r♠
❝♦♥tr❛❝ts✳ ❙❡❡ ❙❡❝t✐♦♥ ✷ ❢♦r ❞❡t❛✐❧s✳

✶✼❉✉r✐♥❣ t❤❡ ✷✵✵✾ r❡❝❡ss✐♦♥✱ t❤❡r❡ ✐s ❛❧s♦ ❛ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❞✐✛❡r❡♥❝❡ ✐♥ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ❡s❝❛❧❛t✐♦♥
❝❧❛✉s❡s ❛❝r♦ss ❝♦♥tr❛❝ts s✐❣♥❡❞ ♣r❡✴♣♦st ❙❡♣t❡♠❜❡r ✷✵✵✽✳ ❍♦✇❡✈❡r✱ t❤✐s ✐s ♠♦st ❧✐❦❡❧② ❞✉❡ t♦ t❤❡ ❧♦✇ ✐♥✢❛t✐♦♥
r❛t❡s ✐♥ t❤❡ ♣❡r✐♦❞ ✷✵✵✾✲✷✵✶✵ t❤❛t ♠❛❞❡ t❤❡ ✐♥❝❧✉s✐♦♥ ♦❢ ❡s❝❛❧❛t✐♦♥ ❝❧❛✉s❡s ✐♥ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ❧❡ss ✐♠♣❡r❛t✐✈❡✳

✶✷



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

❝♦♥❞✐t✐♦♥s ❛t t❤❡ t✐♠❡ ♦❢ t❤❡ ♥❡❣♦t✐❛t✐♦♥s ✇❤❡♥ s❡tt✐♥❣ t❤❡ ✇❛❣❡ ❣r♦✇t❤ ❛♥❞ ❝♦♥tr❛❝t ❞✉r❛t✐♦♥✳

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

❯♥✐♦♥s ❛♥❞ ❡♠♣❧♦②❡rs st♦♣♣❡❞ r❡❝♦r❞✐♥❣ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs ✐♥ t❤❡ ❢♦r♠s t❤❡② s✉❜♠✐tt❡❞ t♦

t❤❡ ❘❡❣✐st❡r ♦❢ ❈♦❧❧❡❝t✐✈❡ ❆❣r❡❡♠❡♥ts ❛s ♦❢ ✷✵✵✶✳ ❍♦✇❡✈❡r✱ ❢♦r t❤❡ ♣❡r✐♦❞ s♣❛♥♥✐♥❣ ✶✾✾✹✲✷✵✵✶✱

t❤❡ ✇❛❣❡ ✢♦♦r ❜② s❦✐❧❧ ❧❡✈❡❧ ✭❡①❝❧✉❞✐♥❣ r❡t✉r♥s t♦ s❡♥✐♦r✐t②✮ ✇❛s ❛✈❛✐❧❛❜❧❡ ❢♦r ❛r♦✉♥❞ ✼✵✪ ♦❢

❛❧❧ ♣r♦✈✐♥❝❡ ❧❡✈❡❧ ❝♦♥tr❛❝ts✳✶✽ ❲❡ ❡st✐♠❛t❡❞ t❤❡ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs ✐♥ ❉❡❝❡♠❜❡r ✷✵✵✼ ✭♣r✐♦r

t♦ t❤❡ ✷✵✵✾ r❡❝❡ss✐♦♥✮ ❜② ✉♣❞❛t✐♥❣ t❤❡ ✷✵✵✶ ❧❡✈❡❧s ✉s✐♥❣ t❤❡ ♥❡❣♦t✐❛t❡❞ ✇❛❣❡ ❣r♦✇t❤ s❡tt❧❡❞ ✐♥

t❤♦s❡ ✉♥✐♦♥ ❝♦♥tr❛❝ts ❜❡t✇❡❡♥ ✷✵✵✶ ❛♥❞ ✷✵✵✼✳✶✾ ◆❛♠❡❧②✱ ✇❡ ✐♥✢❛t❡❞ ✷✵✵✶ ✇❛❣❡ ✢♦♦rs ❜② t❤❡

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

❝❧❛✉s❡s✳ ❚❤✐s ♣r♦❝❡❞✉r❡ ❛❧❧♦✇❡❞ ✉s t♦ ♦❜t❛✐♥ t❤❡ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs ✐♥ ✺✺✶ ♦✉t ♦❢ t❤❡ ✶✸✵✺

♣r♦✈✐♥❝❡✲✐♥❞✉str② ❝❡❧❧s ✭✹✷✪ ♦❢ ❛❧❧ ♣r♦✈✐♥❝❡ ❧❡✈❡❧ ❝♦♥tr❛❝ts✮ ✐♥ ❉❡❝❡♠❜❡r ✷✵✵✼✱ ✐✳❡✳✱ ❛❜♦✉t ♦♥❡

②❡❛r ♣r✐♦r t❤❡ ✷✵✵✾ r❡❝❡ss✐♦♥✳ ❲❡ ✉s❡❞ ❛ s✐♠✐❧❛r ♣r♦❝❡❞✉r❡ t♦ ❡st✐♠❛t❡ t❤❡ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs

✐♥ ❉❡❝❡♠❜❡r ✶✾✾✶✱ ✐✳❡✳✱ ❛❜♦✉t ♦♥❡ ②❡❛r ♣r✐♦r t♦ t❤❡ ✶✾✾✸ r❡❝❡ss✐♦♥✱ ❜② ✉♣❞❛t✐♥❣ t❤❡ ✶✾✾✹ ✇❛❣❡

✢♦♦rs ❜❛❝❦✇❛r❞s✳✷✵ ❚♦ ♦✉r ❦♥♦✇❧❡❞❣❡✱ t❤✐s ✐s t❤❡ ✜rst ♣❛♣❡r t❤❛t ♠❡r❣❡s ♥❡❣♦t✐❛t❡❞ ♠✐♥✐♠✉♠

✇❛❣❡ ✢♦♦rs t♦ t❤❡ ✉♥✐✈❡rs❡ ♦❢ s♦❝✐❛❧ s❡❝✉r✐t② r❡❝♦r❞s ❢♦r ❛ ♣❡r✐♦❞ s♣❛♥♥✐♥❣ ✶✾✾✵ ❛♥❞ ❧❛t❡ ✷✵✶✵✳

■♥ ❧❛t❡r ✇♦r❦✱ ❈❛r❞ ❛♥❞ ❈❛r❞♦s♦ ✭✷✵✷✷✮ ❞✐❞ t❤❡ s❛♠❡ ❢♦r P♦rt✉❣❛❧ ❢♦r t❤❡ ♣❡r✐♦❞ ✷✵✶✵✲✷✵✶✻ ❜✉t

❛❧s♦ t❤❡r❡ t❤❡ s❛♠♣❧❡ ♦❢ ✇♦r❦❡rs t❤❛t ❝♦✉❧❞ ❜❡ ❛ss✐❣♥❡❞ ❛ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦r ✇❛s ❛r♦✉♥❞ ✺✵✪

♦❢ t❤❡ ♦r✐❣✐♥❛❧ s❛♠♣❧❡✳

❘❡❛ss✉r✐♥❣❧②✱ ✐♥ ♦✉r s✉❜s❛♠♣❧❡ ✇✐t❤ ❛✈❛✐❧❛❜❧❡ ✐♥❢♦r♠❛t✐♦♥ ♦♥ ✇♦r❦❡rs✬ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs✱

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

❇✷❛ ❛♥❞ ❇✷❜ ✐♥ ❆♣♣❡♥❞✐① ❇✮✳ ▼♦r❡♦✈❡r✱ ❛s ❋✐❣✉r❡ ❇✷ ✐♥ ❆♣♣❡♥❞✐① ❇ s❤♦✇s✱ t❤❡ ❞✐str✐❜✉t✐♦♥

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

♦❜s❡r✈❡ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs ✭♣❛♥❡❧s ❜✮ ✐s ✈❡r② s✐♠✐❧❛r t♦ t❤❛t ♦❢ t❤❡ ❢✉❧❧ s❛♠♣❧❡ ✭♣❛♥❡❧s ❛✮✳

❇♦t❤ ✐♥ t❤❡ s✉❜s❛♠♣❧❡ ❛♥❞ t❤❡ ❢✉❧❧ s❛♠♣❧❡✱ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ ♥❡❣♦t✐❛t❡❞ ♥♦♠✐♥❛❧ ✇❛❣❡ ❣r♦✇t❤

s❡tt❧❡❞ ❜② ❝♦♥tr❛❝ts s✐❣♥❡❞ ❛❢t❡r t❤❡ ♦♥s❡t ♦❢ ❡❛❝❤ r❡❝❡ss✐♦♥ ❧✐❡s t♦ t❤❡ ❧❡❢t ♦❢ t❤❛t s❡tt❧❡❞ ❜②

❝♦♥tr❛❝ts s✐❣♥❡❞ ❜❡❢♦r❡ ❡❛❝❤ r❡❝❡ss✐♦♥✱ t❤✉s ❝♦♥✜r♠✐♥❣ ❛ ❤✐❣❤❡r ❧❡✈❡❧ ♦❢ ✇❛❣❡ r✐❣✐❞✐t② ❛♠♦♥❣

t❤❡ ❧❛tt❡r✳
✶✽❚❤❡ ❢♦r♠ t❤❛t ✉♥✐♦♥s ❛♥❞ ❡♠♣❧♦②❡rs s✉❜♠✐t t♦ t❤❡ ▼✐♥✐str② ♦❢ ▲❛❜♦r ❝♦♥t❛✐♥s ✶✵ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs✱

♦♥❡ ❢♦r ❡❛❝❤ s❦✐❧❧ ❣r♦✉♣ ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ ❙♣❛♥✐s❤ ❙♦❝✐❛❧ ❙❡❝✉r✐t② ❙②st❡♠✳ ❚❤✉s✱ ❛❧t❤♦✉❣❤ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts
t②♣✐❝❛❧❧② s❡t ❛ ❤✐❣❤❡r ❞❡❣r❡❡ ♦❢ ❞❡t❛✐❧ t❤❛♥ ✶✵ s❦✐❧❧ ❣r♦✉♣s✱ t❤❡ ❛ss✐❣♥♠❡♥t ♦❢ ✇❛❣❡ ✢♦♦rs t♦ ✇♦r❦❡rs ✐♥ t❤✐s
s❛♠♣❧❡ ✐s ✶✲✶✳

✶✾❚❤❡ ❞❛t❛s❡t ❝♦♥t❛✐♥s ❜♦t❤ t❤❡ ❝✉rr❡♥t ✇❛❣❡ str✉❝t✉r❡ ✐♥ t❤❡ ❛❣r❡❡♠❡♥t ❛s ✇❡❧❧ ❛s t❤❛t ✐♥ t❤❡ ♣r❡✈✐♦✉s
❛❣r❡❡♠❡♥t✱ t❤✉s ❛❧❧♦✇✐♥❣ t♦ t❡st ✐❢ t❤❡ str✉❝t✉r❡ ♦❢ ✇❛❣❡ ✢♦♦rs ✈❛r✐❡s ❛❝r♦ss ❛❣r❡❡♠❡♥ts✳ ❋♦r t❤❡ ✈❛st ♠❛❥♦r✐t②
♦❢ ❝❛s❡s✱ ❛❧❧ ✇❛❣❡ ✢♦♦rs ❛r❡ ✉♣❞❛t❡❞ ❜② t❤❡ s❛♠❡ ✇❛❣❡ ❣r♦✇t❤✱ t❤✉s ♣r❡s❡r✈✐♥❣ t❤❡ ✇❛❣❡ ✢♦♦r str✉❝t✉r❡ ❛❝r♦ss
s❦✐❧❧ ❧❡✈❡❧s✳

✷✵❖✉r ♣r♦❝❡❞✉r❡ ❛ss✉♠❡s t❤❛t t❤❡ ✇❛❣❡ str✉❝t✉r❡ ❛❝r♦ss s❦✐❧❧ ❧❡✈❡❧s ✐s ♣r❡s❡r✈❡❞ ✇❤❡♥❡✈❡r ❛ ❝♦♥tr❛❝t ✐s r❡♥❡✇❡❞
✭t❤❛t ✐s✱ ❡❛❝❤ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦r ✐♥❝r❡❛s❡s ❜② t❤❡ s❛♠❡ ♣❡r❝❡♥t✮✳ ❲❡ ❤❛✈❡ ❝♦❞❡❞ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs ✐♥ s♦♠❡
✷✵✵ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ❜② ❤❛♥❞ ❛♥❞ ❢♦✉♥❞ t❤❛t t❤❡ ✇❛❣❡ ✢♦♦rs✬ str✉❝t✉r❡ ✐s ✐♥❞❡❡❞ ♣r❡s❡r✈❡❞ ❛❝r♦ss ❝♦♥tr❛❝ts
✭t❤❡ ❘✲sq✉❛r❡❞ ♦❢ ❛ r❡❣r❡ss✐♦♥ ♦❢ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs s❡t ✐♥ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ❜❡t✇❡❡♥ ✷✵✵✼ ❛♥❞ ✷✵✶✹ ♦♥ ❛
s❡t ♦❢ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝t ❞✉♠♠✐❡s ✐s ✾✼✪✮✳

✶✸



✺ ▼❡t❤♦❞s

❚♦ st✉❞② t❤❡ ❡✛❡❝ts ♦❢ ✇❛❣❡ r✐❣✐❞✐t②✱ ✇❡ ❡st✐♠❛t❡ ♠♦❞❡❧s ♦❢ ✇♦r❦❡rs✬ tr❛♥s✐t✐♦♥ ❢r♦♠ ❡♠♣❧♦②♠❡♥t

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

❜❡❢♦r❡ ♦r ❛❢t❡r t❤❡ ♦♥s❡t ♦❢ ❡❛❝❤ r❡❝❡ss✐♦♥✳ ❆s s❤♦✇♥ ✐♥ t❤❡ ❞❡s❝r✐♣t✐✈❡ st❛t✐st✐❝s ✭❚❛❜❧❡s ✶❛ ❛♥❞

✶❜✮✱ ❝♦♥tr❛❝ts s✐❣♥❡❞ ❜❡❢♦r❡ t❤❡ ♦♥s❡t ♦❢ t❤❡ ✶✾✾✸ ♦r ✷✵✵✾ r❡❝❡ss✐♦♥ s❡tt❧❡❞ ❤✐❣❤❡r ✇❛❣❡ ✐♥❝r❡❛s❡s

t❤❛♥ ❝♦♥tr❛❝ts s✐❣♥❡❞ ❛❢t❡r✳ ❚❤❡r❡❢♦r❡✱ ✜r♠s ✐♥ t❤❡ s❛♠❡ ✐♥❞✉str② ❛♥❞ ♣r♦✈✐♥❝❡ ❝♦✉❧❞ ❜❡ s✉❜❥❡❝t

t♦ ❛ ❞✐✛❡r❡♥t ❞❡❣r❡❡ ♦❢ ✏♥♦♠✐♥❛❧ ✇❛❣❡ ♣✉s❤✑ ❞✉r✐♥❣ t❤❡ ✶✾✾✸ ♦r ✷✵✵✾ r❡❝❡ss✐♦♥ ❞❡♣❡♥❞✐♥❣ ♦♥

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

❝♦♥❞✐t✐♦♥s ✭✇❤❡♥ t❤❡ ❢✉❧❧ ❡①t❡♥t ♦❢ ❡♠♣❧♦②♠❡♥t ❞❡str✉❝t✐♦♥ ✇❛s ❤❛r❞ t♦ ♣r❡❞✐❝t✮ ♦r ❛❢t❡r ✭✇❤❡♥

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

t❤❡r❡❢♦r❡ ❜❡ ✐♥t❡r♣r❡t❡❞ ❛s t❤❡ s❧♦♣❡ ♦❢ ❛ ♣r♦✈✐♥❝❡✲✐♥❞✉str② ❧❡✈❡❧ ❞❡♠❛♥❞ ❝✉r✈❡✿ ❤✐❣❤❡r ✇❛❣❡

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

✺✳✶ ❉✐s❝♦♥t✐♥✉✐t✐❡s ✐♥ t❤❡ ❛rr✐✈❛❧ ♦❢ ❛❣❣r❡❣❛t❡ ✐♥❢♦r♠❛t✐♦♥

❖✉r ❜❛s❡❧✐♥❡ ❡♠♣✐r✐❝❛❧ str❛t❡❣② ✉s❡s t❤❡ s❤❛r♣ ❝❤❛♥❣❡ ✐♥ ❡①♣❡❝t❛t✐♦♥s ❛❜♦✉t t❤❡ ♦✉t❜r❡❛❦ ♦❢

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

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

♠❛t✐♦♥ ❛❜♦✉t ✐♥❞✉str②✲✱ ♣r♦✈✐♥❝❡✲ ❛♥❞ ❛❣❣r❡❣❛t❡✲❡❝♦♥♦♠②✲❧❡✈❡❧ s❤♦❝❦s✳ ❚❤❡ s❡❝♦♥❞ ❛ss✉♠♣t✐♦♥

✐s t❤❛t ♥♦ ❝♦♠♣❛r❛❜❧❡ s❤❛r♣ ❝❤❛♥❣❡ ♦❢ ✐♥❢♦r♠❛t✐♦♥ ♦❝❝✉rr❡❞ ❜❡❢♦r❡ t❤❡ ♦✉t❜r❡❛❦✳ ❯♥❞❡r t❤♦s❡

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

♠❛❝r♦❡❝♦♥♦♠✐❝ ✐♥❢♦r♠❛t✐♦♥ ❜② ✉s✐♥❣ ✐♥t❡♥t✐♦♥✲t♦✲tr❡❛t ✭■❚❚✮ ♠♦❞❡❧s✳

❲❡ st❛rt ❜② ❡st✐♠❛t✐♥❣ t❤❡ ❡✛❡❝ts ♦♥ ♥❡❣♦t✐❛t❡❞ ✇❛❣❡ ❣r♦✇t❤ s❡tt❧❡❞ ❢♦r ✶✾✾✸ ♦r ✷✵✵✾ ✭❛

s♦rt ♦❢ ❛ ✧✜rst st❛❣❡✧✮ ✉s✐♥❣ t❤❡ ❢♦❧❧♦✇✐♥❣ r❡❞✉❝❡❞✲❢♦r♠ ♠♦❞❡❧✿

∆NWsp = α0 +
+6∑

l=−5

α1lQlSIGNEDsp + inds + provp + ǫsp. ✭✶✮

❚❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡✱ ∆NWsp✱ ✐s t❤❡ ♥❡❣♦t✐❛t❡❞ ✇❛❣❡ ❣r♦✇t❤ s❡t ✐♥ ✐♥❞✉str② s ❛♥❞

♣r♦✈✐♥❝❡ ♣ ❢♦r ✶✾✾✸ ♦r ✷✵✵✾✱ QlSIGNEDsp ✐s t❤❡ q✉❛rt❡r ♦❢ s✐❣♥❛t✉r❡ ♦❢ t❤❡ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝t

✐♥ ✐♥❞✉str② s ❛♥❞ ♣r♦✈✐♥❝❡ ♣✱ ❛♥❞ ❧❂✵ ✐s ✶✾✾✷q✹ ✭q✉❛rt❡r ❜❡❢♦r❡ t❤❡ ♦♥s❡t ♦❢ t❤❡ ✶✾✾✸ r❡❝❡ss✐♦♥✮

♦r ✷✵✵✽q✸ ✭q✉❛rt❡r ❜❡❢♦r❡ t❤❡ ♦♥s❡t ♦❢ t❤❡ ✷✵✵✾ r❡❝❡ss✐♦♥✮✳ ❚❤❡ ❝♦❡✣❝✐❡♥ts ♦❢ t❤❡ ❧❡❛❞s ❛♥❞

❧❛❣s✱
∑

+6

l=−5
α1l✱ ❝❛♣t✉r❡ ❛♥② ❞✐s❝♦♥t✐♥✉♦✉s ❝❤❛♥❣❡ ✐♥ ♥❡❣♦t✐❛t❡❞ ✇❛❣❡ s❡tt❧❡♠❡♥ts ❛❢t❡r ✶✾✾✷q✹

♦r ✷✵✵✽q✸✱ ❛s ✇❡❧❧ ❛s ❛♥② ♣♦ss✐❜❧❡ ♣r❡✲tr❡♥❞s✳

❲❡ ✈❡r✐❢② t❤❛t ♥❡❣♦t✐❛t❡❞ ✇❛❣❡ ❣r♦✇t❤ ✐s r❡✢❡❝t❡❞ ✐♥t♦ ✇♦r❦❡rs✬ ❛❝t✉❛❧ ✇❛❣❡s ❜② ❛❞♦♣t✐♥❣ ❛

❞✐✛❡r❡♥❝❡✲✐♥✲❞✐✛❡r❡♥❝❡s str❛t❡❣② ✐♥ ❙❡❝t✐♦♥ ✺✳✷✳ ❇② ❛❧❧♦✇✐♥❣ ❞✐✛❡r❡♥t✐❛❧ r❡s♣♦♥s❡s ♦✈❡r t❤❡ ✇❛❣❡

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

s❤♦❝❦s t♦ ✇❛❣❡s✳

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

r❡❣r❡ss✐♦♥s ♦❢ t❤❡ ❢♦❧❧♦✇✐♥❣ ❧✐♥❡❛r ♣r♦❜❛❜✐❧✐t② ♠♦❞❡❧ ✭▲P▼✮✿

Yjspt = α0t + α1tSIGNEDpresp + γXjt + inds + provp + ǫjspt. ✭✷✮

✶✹



❲❡ ✜rst r✉♥ ❛ s❡t ♦❢ ♠♦♥t❤❧② r❡❣r❡ss✐♦♥s t♦ st✉❞② tr❛♥s✐t✐♦♥s ✐♥t♦ ♥♦♥✲❡♠♣❧♦②♠❡♥t✱ ✇❤❡r❡

t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡✱ Yjspt✱ t❛❦❡s t❤❡ ✈❛❧✉❡ ✶ ✐❢ ✇♦r❦❡r ❥✱ ✇❤♦ ✇❛s ❡♠♣❧♦②❡❞ ✐♥ ❉❡❝❡♠❜❡r

✶✾✾✷ ♦r ❉❡❝❡♠❜❡r ✷✵✵✽ ✐♥ ✐♥❞✉str② s ❛♥❞ ♣r♦✈✐♥❝❡ ♣✱ ❧♦s❡s ❤❡r ❥♦❜ ✐♥ ♠♦♥t❤ t✱ ❛♥❞ ✵ ♦t❤❡r✇✐s❡✳

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

■♥ t❤✐s ❝❛s❡✱ t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡✱ Yjspt✱ t❛❦❡s t❤❡ ✈❛❧✉❡ ✶ ✐❢ ✇♦r❦❡r ❥✱ ✇❤♦ ✇❛s ❡♠♣❧♦②❡❞ ✐♥

❉❡❝❡♠❜❡r ✶✾✾✷ ♦r ❉❡❝❡♠❜❡r ✷✵✵✽ ✐♥ ✐♥❞✉str② s ❛♥❞ ♣r♦✈✐♥❝❡ ♣✱ ✐s ♥♦♥✲❡♠♣❧♦②❡❞ ✭✇♦r❦s ❧❡ss

t❤❛♥ ✶✺ ❞❛②s✮ ✐♥ ♠♦♥t❤ t✱ ❛♥❞ ✵ ♦t❤❡r✇✐s❡✳ ❲❡ ❝♦♥s✐❞❡r ❛ ✷✲②❡❛r ❛♥❞ ❛ ✹✲②❡❛r ❤♦r✐③♦♥ t♦ st✉❞②

t❤❡ ❡♠♣❧♦②♠❡♥t ❡✛❡❝ts ❞✉r✐♥❣ t❤❡ ✶✾✾✸ ❛♥❞ ✷✵✵✾ r❡❝❡ss✐♦♥✱ r❡s♣❡❝t✐✈❡❧②✳ ❆s ✇❡ tr❛❝❡ t❤❡ s❛♠❡

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

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

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

❚❤❡ ❝♦❡✣❝✐❡♥t ♦❢ t❤❡ ❜✐♥❛r② ✈❛r✐❛❜❧❡ SIGNEDpres,p ❝❛♣t✉r❡s t❤❡ ❡✛❡❝t ♦❢ ✇❛❣❡ r✐❣✐❞✐t②✳✷✶

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

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

t❤r❡❡✲❞✐❣✐t ✐♥❞✉str② ❞✉♠♠✐❡s ✭provp ❛♥❞ inds✮✳ ▼♦r❡ s♣❡❝✐✜❝❛❧❧②✱ ✇❡ ✐♥❝❧✉❞❡ ❞✉♠♠✐❡s ❢♦r ❡❛❝❤

♣r♦✈✐♥❝❡ ✭✹✾✱ ❡①❝❧✉❞✐♥❣ ▼❛❞r✐❞✮ ❛♥❞ ✉♣ t♦ ✶✶✷ ✸✲❞✐❣✐t ✐♥❞✉str② ❞✉♠♠✐❡s ✭t❤❡ ❡①❝❧✉❞❡❞ ✐♥❞✉str②

✐s ❝❧❡❛♥✐♥❣ s❡r✈✐❝❡s✱ ❛♥ ✐♥❞✉str② ✇✐t❤ ❛t ❧❡❛st ♦♥❡ ♣r♦✈✐♥❝✐❛❧ ❛❣r❡❡♠❡♥t ❜❛r❣❛✐♥❡❞ ✐♥ ❡❛❝❤ ♦❢ t❤❡

q✉❛rt❡rs ✇❡ ❝♦♥s✐❞❡r✮✳

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

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

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

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

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

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

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

❛ ♥❡✇ ❝♦♥tr❛❝t✳ ▼♦r❡♦✈❡r✱ ❝♦♥tr❛❝ts ♠❛② ❜❡ ❛♣♣❧✐❡❞ ✐♥ ❛ ♠♦r❡ ❧❛① ♠❛♥♥❡r ❞✉r✐♥❣ ❛ r❡❝❡ss✐♦♥✳

❲❡ ❛❞❞r❡ss t❤❡s❡ ❝♦♥❝❡r♥s ❛s ❢♦❧❧♦✇s✳ ❋✐rst✱ ✇❡ t❡st t❤❡ ❛ss✉♠♣t✐♦♥ t❤❛t ✶✾✾✸q✶ ❛♥❞ ✷✵✵✽q✹

✇❛s ✐♥❞❡❡❞ t❤❡ ♠♦♠❡♥t ✇❤❡♥ ✇❛❣❡ s❡tt❧❡♠❡♥ts ❝❤❛♥❣❡❞ ❛❜r✉♣t❧② ❜② ❡st✐♠❛t✐♥❣ ❊q✉❛t✐♦♥ ✶✳

◆❛♠❡❧②✱ ✇❡ ❡①❛♠✐♥❡ t❤❡ ♥❡❣♦t✐❛t❡❞ ✇❛❣❡ ❣r♦✇t❤ s❡t ✐♥ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts s✐❣♥❡❞ ❢♦r s❡✈❡r❛❧

q✉❛rt❡rs ❜❡❢♦r❡ ❛♥❞ ❛❢t❡r t❤❡ ♦♥s❡t ♦❢ ❡❛❝❤ r❡❝❡ss✐♦♥✳✷✷ ❙❡❝♦♥❞✱ ✇❡ ❞❡❛❧ ✇✐t❤ t❤❡ ♣♦ss✐❜❧❡

❡♥❞♦❣❡♥❡✐t② ♦❢ t❤❡ ❞❛t❡ ♦❢ s✐❣♥❛t✉r❡✳ ❉❛♥③✐❣❡r ❛♥❞ ◆❡✉♠❛♥ ✭✷✵✵✺✮ s❤♦✇ t❤❛t ✉♥❝❡rt❛✐♥t② ♠❛②

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

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

♠❡❛s✉r❡ ♦❢ ✇❛❣❡ r✐❣✐❞✐t②✳ ❚❤❡ ✐❞❡❛ ✐s t❤❛t s♦❝✐❛❧ ♣❛rt♥❡rs t❤❛t s✐❣♥❡❞ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ✐♥ t❤❡

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

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

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

✷✶❯♥❧✐❦❡ ♥❡❣♦t✐❛t❡❞ ✇❛❣❡ ❣r♦✇t❤✱ ✇❡ ❞♦ ♥♦t ❝♦♥❞✉❝t ❛♥ ❡✈❡♥t st✉❞② ✇❤❡♥ ✇❡ st✉❞② ❡♠♣❧♦②♠❡♥t ♦✉t❝♦♠❡s✳
❚❤✐s ✐s ❜❡❝❛✉s❡ t❤❡ s✐❣♥❛t✉r❡ ❞❛t❡s ♦❢ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts t❤❛t ❣❡t r❡♥❡✇❡❞ ❛❢t❡r t❤❡ ♦♥s❡t ♦❢ r❡❝❡ss✐♦♥s ❛r❡
❧✐❦❡❧② t♦ r❡✢❡❝t ❜♦t❤ ❛rr✐✈❛❧ ♦❢ ✐♥❢♦r♠❛t✐♦♥ ❛♥❞ ❡♥❞♦❣❡♥♦✉s r❡❛❝t✐♦♥s ♦❢ ✜r♠s ❛♥❞ ❡♠♣❧♦②❡rs✳ ❚❤❡r❡❢♦r❡✱ ✇❡
♣♦♦❧ ❛❧❧ ♣♦st ♣❡r✐♦❞s t♦❣❡t❤❡r ✇✐t❤ t❤❡ ❞✉♠♠② SIGNEDpresp❂✵✳

✷✷❲❡ ❣r♦✉♣ ❞❛t❡s ♦❢ s✐❣♥❛t✉r❡ ❜② q✉❛rt❡rs✱ ❛s ♦♥ ❛✈❡r❛❣❡ ✇❡ ❤❛✈❡ s♦♠❡ ✷✵ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ❜❡✐♥❣ s✐❣♥❡❞
❡✈❡r② ♠♦♥t❤✳ ●r♦✉♣✐♥❣ ❝♦♥tr❛❝ts ❜② q✉❛rt❡r ♦❢ s✐❣♥❛t✉r❡ ❛❧❧♦✇s ✉s t♦ ❝♦♥tr♦❧ ❢♦r ✐♥❞✉str② ❛♥❞ ♣r♦✈✐♥❝❡ ❞✉♠♠✐❡s✱
✇❤✐❧❡ ✜♥❡r ❞✐s❛❣❣r❡❣❛t✐♦♥ ✭s❛②✱ ♠♦♥t❤s✮ ✇♦✉❧❞ ♥♦t✳

✶✺



✐❞❡♥t✐✜❝❛t✐♦♥ str❛t❡❣② ❡♥s✉r❡s t❤❡ ❡①♦❣❡♥❡✐t② ♦❢ t❤❡ tr❡❛t♠❡♥t✳✷✸ ❚❤✐r❞✱ ✇❡ ♣r♦♣♦s❡ ❛ ✇❛②

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

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

❛♥❛❧②s✐s✳ ❚♦ ❞♦ s♦✱ ✇❡ t❡st ❢♦r t❤❡ ♣r❡✈❛❧❡♥❝❡ ♦❢ ✏✐♥❢♦r♠❛❧✑ ♦♣t✲♦✉ts ❜② ❡①❛♠✐♥✐♥❣ ❛❝t✉❛❧ ✇❛❣❡

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

✇❛❣❡ ❣r♦✇t❤ ♦❢ ❥♦❜ st❛②❡rs s❤♦✉❧❞ ❞❡♣❡♥❞ ♥❡✐t❤❡r ♦♥ t❤❡ ❝♦♥tr❛❝t s✐❣♥❛t✉r❡ ❞❛t❡ ♥♦r ♦♥ t❤❡

❞✐st❛♥❝❡ ♦❢ t❤❡✐r ♣r❡✲r❡❝❡ss✐♦♥ ❡❛r♥✐♥❣s ❢r♦♠ t❤❡✐r ❝♦rr❡s♣♦♥❞✐♥❣ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦r✳

✺✳✷ ❉✐✛❡r❡♥❝❡✲✐♥✲❞✐✛❡r❡♥❝❡s ❡st✐♠❛t❡s

❖✉r s❡❝♦♥❞ ❡♠♣✐r✐❝❛❧ str❛t❡❣② ✐s ❛ ❞✐✛❡r❡♥❝❡✲✐♥✲❞✐✛❡r❡♥❝❡s ✭❉❉✮ ❢r❛♠❡✇♦r❦✱ ✇❤✐❝❤ ❜✉✐❧❞s ♦♥

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

❛ss✉♠❡s t❤❛t ✇❛❣❡ s❡tt❧❡♠❡♥ts ✐♥ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ❞♦ ♥♦t ❛✛❡❝t t❤❡ ❧❛❜♦r ❝♦sts ❛♥❞ ❡♠♣❧♦②✲

♠❡♥t ❝❤❛♥❝❡s ♦❢ ❡♠♣❧♦②❡❡s ✇✐t❤ ♣r❡✲r❡❝❡ss✐♦♥ ✇❛❣❡s ✇❡❧❧ ❛❜♦✈❡ t❤❡ ♠✐♥✐♠❛ ✭❝♦♥tr♦❧ ❣r♦✉♣✮✳✷✹

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

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

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

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

♥❡❣♦t✐❛t❡❞ ✇❛❣❡ ✐♥❝r❡❛s❡s✳

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

❡✛❡❝ts✱ ✐✳❡✳✱ ❛ ✜①❡❞ ❡✛❡❝t t❤❛t ✐♥t❡r❛❝ts ✉♥r❡str✐❝t❡❞ ♣r♦✈✐♥❝❡ ❛♥❞ t❤r❡❡✲❞✐❣✐t ✐♥❞✉str② ❞✉♠♠✐❡s✳

❈♦♥tr❛❝t✲❧❡✈❡❧ ✜①❡❞ ❡✛❡❝ts ❛❜s♦r❜ ❛♥② tr❡♥❞ t❤❛t ❛✛❡❝ts ❛❧❧ ✇♦r❦❡rs ❝♦✈❡r❡❞ ❜② ❛ ❝♦❧❧❡❝t✐✈❡

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

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

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

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

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

s✐❣♥❡❞ ❜❡❢♦r❡ t❤❡ ♦♥s❡t ♦❢ r❡❝❡ss✐♦♥s✳

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

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

❞✐st❛♥❝❡ t♦ t❤❡ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦r✳ ❲❡ r✉♥ t❤❡ ❢♦❧❧♦✇✐♥❣ r❡❣r❡ss✐♦♥✿

Yjspt = δ0 +

k=k3∑

k=k1

δ1tSIGNEDpresp ∗ 1(W
pre
jsp ≤ kW jsp) +

k=k3∑

k=k1

δ2t1(W
pre
jsp ≤ kW jsp) + θsp + ǫjspt.

✭✸✮

Yjspt ✐s t❤❡ ♦✉t❝♦♠❡ ♦❢ ✐♥t❡r❡st ✭✇♦r❦❡rs✬ ❛❝t✉❛❧ ✇❛❣❡ ❣r♦✇t❤✱ ❥♦❜ ❧♦ss ♦r ♥♦♥✲❡♠♣❧♦②♠❡♥t✮

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

✷✸❲❤✐❧❡ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ❣❡t r❡♥❡✇❡❞ ✐♥ ❛❧❧ ♠♦♥t❤s✱ t❤❡ ✈❛st ♠❛❥♦r✐t② ♦❢ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts t❡♥❞ t♦ ❡①♣✐r❡
♦♥ ❏❛♥✉❛r② ✶✱ r❡s✉❧t✐♥❣ ✐♥ ❧♦✇❡r ✈❛r✐❛t✐♦♥ ✭s❡❡ ❋✐❣✉r❡ ❇✸ ✐♥ ❆♣♣❡♥❞✐① ❇✮✳ ❚❤✐s ✐s ✇❤② ✇❡ ✉s❡ t❤❡ ❞❛t❡ ♦❢
s✐❣♥❛t✉r❡ ❛s ♦✉r ♠❛✐♥ ✐❞❡♥t✐✜❝❛t✐♦♥ str❛t❡❣② ❛♥❞ t❤❡ ❡①♣✐r❛t✐♦♥ ❞❛t❡ ✐♥ ❛ r♦❜✉st♥❡ss ❡①❡r❝✐s❡✳

✷✹❚❤✐s ❛ss✉♠♣t✐♦♥ ✇♦✉❧❞ ♥♦t ❤♦❧❞ ✐❢ ✇♦r❦❡rs ✇✐t❤ ❞✐✛❡r❡♥t ✇❛❣❡ ❧❡✈❡❧s ✇❡r❡ ♣❡r❢❡❝t ❝♦♠♣❧❡♠❡♥ts ✐♥ ♣r♦❞✉❝✐♥❣
♦✉t♣✉t ❛s ✐♥ t❤✐s ❝❛s❡ ❧❛②♦✛ ❞❡❝✐s✐♦♥s ✇♦✉❧❞ ♥♦t ❞❡♣❡♥❞ ♦♥ t❤❡ r❡❧❛t✐✈❡ ✇❛❣❡ ♦❢ ❡❛❝❤ ✇♦r❦❡r✳ ❚❤✐s ❛ss✉♠♣t✐♦♥
♠❛② ❛❧s♦ ♥♦t ❤♦❧❞ ✐♥ ♣❡r✐♦❞s ♦❢ ❤✐❣❤ ✐♥✢❛t✐♦♥ ❛♠♦♥❣ ✇♦r❦❡rs ❝♦✈❡r❡❞ ❜② ❝♦♥tr❛❝ts ✇✐t❤ ❡s❝❛❧❛t✐♦♥ ❝❧❛✉s❡s✳

✶✻



t❤❡ ♦♥s❡t ♦❢ ❡❛❝❤ r❡❝❡ss✐♦♥ ❛♥❞ ✵ ♦t❤❡r✇✐s❡✳ ❚❤❡ ❜✐♥❛r② ✈❛r✐❛❜❧❡ 1(W pre
jsp ≤ kW jsp) ❞❡♥♦t❡s t❤❡

❞✐st❛♥❝❡ ❜❡t✇❡❡♥ t❤❡ ✇❛❣❡ ♦❢ ✇♦r❦❡r j ❛♥❞ t❤❡ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦r t❤❛t ❝♦rr❡s♣♦♥❞❡❞ t♦ ❤❡r

s❦✐❧❧✱ ✐♥❞✉str② ❛♥❞ ♣r♦✈✐♥❝❡ ❛s ♦❢ ❉❡❝❡♠❜❡r ✶✾✾✶ ♦r ✷✵✵✼✱ ✐✳❡✳✱ ♦♥❡ ②❡❛r ♣r✐♦r t♦ t❤❡ ♦♥s❡t ♦❢ ❡❛❝❤

r❡❝❡ss✐♦♥✳ ❲❡ ✉s❡ t❤r❡❡ st❡♣ ❢✉♥❝t✐♦♥s k t♦ ❞❡✜♥❡ t❤r❡❡ ❞✐st✐♥❝t ❣r♦✉♣s ♦❢ ✇♦r❦❡rs ❜② ❞✐st❛♥❝❡

❢r♦♠ t❤❡ ♠✐♥✐♠❛✿ t❤♦s❡ ✇✐t❤ ✇❛❣❡s t❤❛t ❛r❡ ❛t ♠♦st ✶✳✶ t✐♠❡s t❤❡ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs✱

❜❡t✇❡❡♥ ✶✳✶ ❛♥❞ ✶✳✷ t✐♠❡s✱ ❛♥❞ ❜❡t✇❡❡♥ ✶✳✷ ❛♥❞ ✶✳✹ t✐♠❡s t❤❡ ♠✐♥✐♠❛✳ ❚❤❡ ♦♠✐tt❡❞ ❣r♦✉♣ ❛r❡

✇♦r❦❡rs ✇❤♦s❡ ✇❛❣❡s ✐♥ ❉❡❝❡♠❜❡r ✶✾✾✶ ♦r ✷✵✵✼ ✇❡r❡ ❛t ❧❡❛st ✶✳✹ t✐♠❡s t❤❡ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs✳

❆s ✐♥ t❤❡ ❜❛s❡❧✐♥❡ ♠♦❞❡❧✱ ✇❡ ❝♦♥tr♦❧ ❢♦r ✐♥❞✉str② ❛♥❞ ♣r♦✈✐♥❝❡ s♣❡❝✐✜❝ ❞❡t❡r♠✐♥❛♥ts ♦❢ ✇❛❣❡

❣r♦✇t❤ ♦r ❥♦❜ ❧♦ss❡s ❜② ✐♥❝❧✉❞✐♥❣ ✹✾ ♣r♦✈✐♥❝❡ ❞✉♠♠✐❡s ❛♥❞ t❤r❡❡✲❞✐❣✐t ✐♥❞✉str② ✐♥❞✐❝❛t♦rs✳

❆❞❞✐t✐♦♥❛❧❧②✱ ✐♥ t❤✐s ❉❉ s❡tt✐♥❣✱ ✇❡ ❛r❡ ❛❜❧❡ t♦ ✐♥❝❧✉❞❡ ❛ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝t✲s♣❡❝✐✜❝ ✜①❡❞

❡✛❡❝t θsp✱ ✐✳❡✳✱ ❛♥ ✐♥t❡r❛❝t✐♦♥ ♦❢ ♣r♦✈✐♥❝❡ ❛♥❞ t❤r❡❡✲❞✐❣✐t ✐♥❞✉str② ❞✉♠♠✐❡s t❤❛t ❛❜s♦r❜s ❛♥②

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

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

✐♥ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ❛r❡ s♣❡❝✐✜❝ ❢♦r ❡❛❝❤ s❦✐❧❧ ❣r♦✉♣ ✭s❡❡ ❚❛❜❧❡ ❇✳✶ ✐♥ t❤❡ ❆♣♣❡♥❞✐① ❇✮✳ ❋✐♥❛❧❧②✱

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

❲❡ ✜rst r✉♥ ❛ r❡❣r❡ss✐♦♥ ✇❤❡r❡ t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✐s ✇♦r❦❡rs✬ ❛❝t✉❛❧ ✇❛❣❡ ❣r♦✇t❤ ✐♥

✶✾✾✷✲✶✾✾✸ ♦r ✷✵✵✽✲✷✵✵✾✳ ❚❤❡ ♠❛✐♥ ❛✐♠ ♦❢ t❤✐s s♣❡❝✐✜❝❛t✐♦♥ ✐s t♦ t❡st ✇❤❡t❤❡r ❝❤❛♥❣❡s ✐♥

♥❡❣♦t✐❛t❡❞ ✇❛❣❡ s❡tt❧❡♠❡♥ts ✇❡r❡ ✐♥❞❡❡❞ ♠♦st ❜✐♥❞✐♥❣ ❢♦r ✇♦r❦❡rs ✇❤♦s❡ ♣r❡✲r❡❝❡ss✐♦♥ ✇❛❣❡s

✇❡r❡ ❝❧♦s❡st t♦ t❤❡ ♠✐♥✐♠❛ ✕✐❣♥♦r✐♥❣ ♣♦ss✐❜❧❡ ❡♠♣❧♦②♠❡♥t ✐♠♣❛❝ts✱ t❤❛t ✇❡ ❛♥❛❧②③❡ ❧❛t❡r✳ ❋♦r

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

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

t♦ t❤❡ ❙♦❝✐❛❧ ❙❡❝✉r✐t② s②st❡♠✳ ❚❤❡ ❝♦❡✣❝✐❡♥t ♦❢ ✐♥t❡r❡st ✐s δ1✳ ❆ ♣♦s✐t✐✈❡ ✈❛❧✉❡ ♦❢ δ1 ✐♠♣❧✐❡s

t❤❛t ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts s✐❣♥❡❞ ❜❡❢♦r❡ t❤❡ ♦♥s❡t ♦❢ t❤❡ r❡❝❡ss✐♦♥ ❝♦✉❧❞ ♥♦t ❛❞❥✉st t♦ t❤❡ ❜✉s✐♥❡ss

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

✐♥❝r❡❛s❡s ✇❡r❡ ♠♦r❡ ❜✐♥❞✐♥❣ ❛♠♦♥❣ ✇♦r❦❡rs ✇✐t❤ ♣r❡✲r❡❝❡ss✐♦♥ ✇❛❣❡s ❝❧♦s❡ t♦ t❤❡ ♠✐♥✐♠❛✳

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

❛❣r❡❡♠❡♥ts s❡tt❧❡❞ ❜❡❢♦r❡ ❡❛❝❤ r❡❝❡ss✐♦♥ ❛♥❞ ✇✐t❤ ✇❛❣❡s ❝❧♦s❡ t♦ t❤❡ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs

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

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

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

❞✐✛❡r❡♥t ❧❡✈❡❧s ♦❢ ✇❛❣❡ r✐❣✐❞✐t② ❜✉t ❛❧s♦ ♦❢ ❞✐✛❡r❡♥t ❞✐st❛♥❝❡ ❢r♦♠ t❤❡ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs✳✷✺

✻ ❘❡s✉❧ts

✻✳✶ ◆❡❣♦t✐❛t❡❞ ✇❛❣❡ ❣r♦✇t❤ s❡t ✐♥ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts

❲❡ st❛rt ❜② ❡①❛♠✐♥✐♥❣ t❤❡ ♥❡❣♦t✐❛t❡❞ ♥♦♠✐♥❛❧ ✇❛❣❡ ❣r♦✇t❤✱ s❡tt❧❡❞ ✐♥ ❛❧❧ ♣r♦✈✐♥❝❡✲✐♥❞✉str②

❝♦♥tr❛❝ts ❢♦r t❤❡ ✜rst ②❡❛r ♦❢ ❡❛❝❤ r❡❝❡ss✐♦♥✱ ❛s ❛ ❢✉♥❝t✐♦♥ ♦❢ t❤❡ q✉❛rt❡r ✇❤❡♥ t❤❡ ❝♦♥tr❛❝t ✇❛s

s✐❣♥❡❞✳ ■♥ t❤❡ r❡❣r❡ss✐♦♥s✱ ✇❡ ❝♦♥s✐❞❡r ✹✲✺ q✉❛rt❡rs ❜❡❢♦r❡ ❛♥❞ ✉♣ t♦ ✼ q✉❛rt❡rs ❛❢t❡r t❤❡ ♦♥s❡t

✷✺❇② ♣♦♦❧✐♥❣ ❛❧❧ ♣♦st ♣❡r✐♦❞s t♦❣❡t❤❡r ✇✐t❤ t❤❡ ❞✉♠♠② SIGNEDpresp❂✵ ❛♥❞ ❜② ❡st✐♠❛t✐♥❣ s❡♣❛r❛t❡ ♠♦♥t❤❧②
r❡❣r❡ss✐♦♥s✱ ✇❡ ❛✈♦✐❞ ♠❛♥② ♦❢ t❤❡ ♣r♦❜❧❡♠s r❛✐s❡❞ ✐♥ t❤❡ r❡❝❡♥t ❡❝♦♥♦♠❡tr✐❝s ❧✐t❡r❛t✉r❡ ♦♥ st❛❣❣❡r❡❞ ❞✐✛✲✐♥✲❞✐✛
✕s❡❡ ❈❛❧❧❛✇❛② ❛♥❞ ❙❛♥t✬❆♥♥❛✱ ✷✵✷✶ ❛♥❞ ❇❛❦❡r ❡t ❛❧✳✱ ✷✵✷✷✳

✶✼



♦❢ ❡❛❝❤ r❡❝❡ss✐♦♥ ❛♥❞ ✐♥❝❧✉❞❡ ♣r♦✈✐♥❝❡×t❤r❡❡✲❞✐❣✐t ✐♥❞✉str② ✜①❡❞ ❡✛❡❝ts✳ ❋✐❣✉r❡ ✶ ♣❧♦ts t❤❡

❡st✐♠❛t❡❞ ❝♦❡✣❝✐❡♥ts ♦❢ ❊q✉❛t✐♦♥ ✶✱ ❛❧♦♥❣ ✇✐t❤ t❤❡ ❡st✐♠❛t❡❞ r♦❜✉st st❛♥❞❛r❞ ❡rr♦rs ❝❧✉st❡r❡❞

❛t t❤❡ ♣r♦✈✐♥❝❡ ❛♥❞ ✸✲❞✐❣✐t ✐♥❞✉str② ❧❡✈❡❧ ❧❡✈❡❧✳ ❲❡ ♦❜s❡r✈❡ ❛ ❞❡❝r❡❛s❡ ✐♥ ♥❡❣♦t✐❛t❡❞ ♥♦♠✐♥❛❧

✇❛❣❡ ❣r♦✇t❤ ❢♦r ✶✾✾✸ ❛♥❞ ✷✵✵✾ ♦❢ ❛r♦✉♥❞ ✶✳✵✲✶✳✺ ♣♣ ♦♥ ❛✈❡r❛❣❡✱ ✇❤✐❝❤ ♠❛t❡r✐❛❧✐③❡s ♦♥❧② ❛❢t❡r

t❤❡ ✜rst q✉❛rt❡r ♦❢ ❡❛❝❤ r❡❝❡ss✐♦♥ ✲✇✐t❤♦✉t ❛♥② ♥♦t✐❝❡❛❜❧❡ ♣r❡✲tr❡♥❞ ❜❡❢♦r❡❤❛♥❞✳✷✻ ◆❡❣♦t✐❛t❡❞

♥♦♠✐♥❛❧ ✇❛❣❡ ❣r♦✇t❤ ❛❞❥✉sts ❞♦✇♥✇❛r❞s st❡❛❞✐❧② ❛s ♠♦r❡ ✐♥❢♦r♠❛t✐♦♥ ♦♥ t❤❡ s❡✈❡r✐t② ♦❢ t❤❡

r❡❝❡ss✐♦♥ ❛rr✐✈❡s t♦ s♦❝✐❛❧ ♣❛rt♥❡rs✳✷✼ ❚❤✐s ✐♠♣❧✐❡s ❛ ❞✐✛❡r❡♥t ❞❡❣r❡❡ ♦❢ ✇❛❣❡ r✐❣✐❞✐t② ❜❡t✇❡❡♥

❡♠♣❧♦②❡rs ❝♦✈❡r❡❞ ❜② ❝♦♥tr❛❝ts s✐❣♥❡❞ ❜❡❢♦r❡ ❛♥❞ ❛❢t❡r t❤❡ ♦♥s❡t ♦❢ ❡❛❝❤ r❡❝❡ss✐♦♥❀ t❤❡ ❢♦r♠❡r

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

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

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

t♦ ✇❛❣❡ r✐❣✐❞✐t② ♦r ♥♦t ✇❛s ❡①♦❣❡♥♦✉s ❛s ❜♦t❤ r❡❝❡ss✐♦♥s ✇❡r❡ ✉♥❧✐❦❡❧② t♦ ❜❡ ❢♦r❡s❡❡♥ ✭❛❧s♦

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

❣r♦✇t❤ ♦❢ ❥♦❜ st❛②❡rs s✉❣❣❡sts t❤❛t t❤♦s❡ s❡tt❧❡♠❡♥ts ✇❡r❡ ❜✐♥❞✐♥❣✳

✻✳✷ ❆❝t✉❛❧ ✇❛❣❡ ❣r♦✇t❤ ❜② ✇♦r❦❡rs✬ ❞✐st❛♥❝❡ ❢r♦♠ t❤❡ ♠✐♥✐♠❛

❲❡ ❡①❛♠✐♥❡ ❤♦✇ ❜✐♥❞✐♥❣ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ❛r❡ ❜② ❛♥❛❧②③✐♥❣ t❤❡ ❛❝t✉❛❧ ♥♦♠✐♥❛❧ ✇❛❣❡ ❣r♦✇t❤

✐♥ t❤❡ ✜rst ②❡❛r ♦❢ ❡❛❝❤ r❡❝❡ss✐♦♥ ❛♠♦♥❣ ✇♦r❦❡rs ✇✐t❤ ♣r❡✲r❡❝❡ss✐♦♥ ❡❛r♥✐♥❣s ❝❧♦s❡ ♦r ❢❛r ❢r♦♠

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

❝♦rr❡s♣♦♥❞✐♥❣ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦r ✭st❛t✉t♦r② ♠✐♥✐♠✉♠ ✐♥ t❤❡✐r ♣r♦✈✐♥❝❡✲✐♥❞✉str②✲s❦✐❧❧ ❣r♦✉♣

❝❡❧❧✮✳ ❋✐❣✉r❡ ❇✹ ✐♥ ❆♣♣❡♥❞✐① ❇ ♣r❡s❡♥ts t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ✇❛❣❡ ❝✉s❤✐♦♥ ✐♥ ❉❡❝❡♠❜❡r

✷✵✵✼✳ ❆r♦✉♥❞ ✾✪ ♦❢ ✇♦r❦❡rs ❤❛✈❡ ✇❛❣❡s ❜❡t✇❡❡♥ ✶ ❛♥❞ ✶✳✶ t✐♠❡s t❤❡✐r ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦r✱

✶✷✪ ❜❡t✇❡❡♥ ✶✳✶ ❛♥❞ ✶✳✷ t✐♠❡s t❤❡ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs✱ ✶✾✪ ❜❡t✇❡❡♥ ✶✳✷ ❛♥❞ ✶✳✹ t✐♠❡s t❤❡

♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs ❛♥❞ ♠♦r❡ t❤❛♥ ❤❛❧❢ ♦❢ t❤❡ ✇♦r❦❡rs ✐♥ t❤❡ s❛♠♣❧❡ ❤❛✈❡ ✇❛❣❡s ✶✳✹ t✐♠❡s t❤❡✐r

♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦r ♦r ❤✐❣❤❡r✳✷✽ ❙✐♠✐❧❛r❧②✱ ✇❡ ❝♦♠♣✉t❡ ✇♦r❦❡rs✬ ✇❛❣❡ ❝✉s❤✐♦♥ ❛s ♦❢ ❉❡❝❡♠❜❡r

✶✾✾✶✳ ❈♦♥❝❡♥tr❛t✐♦♥ ❛r♦✉♥❞ t❤❡ ♠✐♥✐♠❛ ✉s❡❞ t♦ ❜❡ ❤✐❣❤❡r ✐♥ t❤❡ ✾✵✬s ❛s ✷✷✪ ♦❢ ✇♦r❦❡rs ❤❛✈❡

✇❛❣❡s ❜❡t✇❡❡♥ ✶ ❛♥❞ ✶✳✶ t✐♠❡s t❤❡✐r ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦r✱ ✶✷✪ ❜❡t✇❡❡♥ ✶✳✶ ❛♥❞ ✶✳✷ t✐♠❡s t❤❡

♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs✱ ✶✼✪ ❜❡t✇❡❡♥ ✶✳✷ ❛♥❞ ✶✳✹ t✐♠❡s t❤❡ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs ❛♥❞ ✸✺✪ ♦❢

✇♦r❦❡rs ❤❛✈❡ ✇❛❣❡s ✶✳✹ t✐♠❡s t❤❡✐r ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦r ♦r ❤✐❣❤❡r✳

❚❛❜❧❡ ✷ ♣r❡s❡♥ts t❤❡ ❡st✐♠❛t❡s ♦❢ ❊q✉❛t✐♦♥ ✸✱ ✇❤❡r❡ t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✐s t❤❡ ✐♥❞✐✈✐❞✉❛❧✬s

♥♦♠✐♥❛❧ ❜❛s❡ ✇❛❣❡ ❣r♦✇t❤ ❜❡t✇❡❡♥ ❉❡❝❡♠❜❡r ✶✾✾✷ ❛♥❞ ❉❡❝❡♠❜❡r ✶✾✾✸ ✭♣❛♥❡❧ ❛✮ ♦r ❉❡❝❡♠❜❡r

✷✵✵✽ ❛♥❞ ❉❡❝❡♠❜❡r ✷✵✵✾ ✭♣❛♥❡❧ ❜✮✳ ❚❤❡ s❛♠♣❧❡ ✐s r❡str✐❝t❡❞ t♦ ❢✉❧❧ t✐♠❡ ❡♠♣❧♦②❡❡s ✇✐t❤

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

✷✻❈♦♥tr❛❝ts s✐❣♥❡❞ ✐♥ ✶✾✾✹ ❢♦r t❤❡ ✶✾✾✸ r❡❝❡ss✐♦♥ ✭♣❛♥❡❧ ❛✮ ❛♥❞ ✐♥ ✷✵✶✵ ❢♦r t❤❡ ▲❡❤♠❛♥ ❇r♦t❤❡rs r❡❝❡ss✐♦♥
✭♣❛♥❡❧ ❜✮ ✇❡r❡ s✐❣♥❡❞ ✇✐t❤ ❛ ❞❡❧❛② ❛♥❞ r❡s✉❧t ✐♥ ✇❛❣❡ ✐♥❝r❡❛s❡s ❡①✲♣♦st ✇❤✐❝❤ ✇❡r❡ ♥♦t ♦❜s❡r✈❡❞ ❛s ♦❢ ✶✾✾✸ ❛♥❞
✷✵✵✾✳

✷✼❚❤✐s ♣❛tt❡r♥ ♠❛② ❛❧s♦ ❜❡ ❞✉❡ t♦ s♦♠❡ ❤❛r❞❡r ❤✐t ✐♥❞✉str✐❡s t❛❦✐♥❣ ❧♦♥❣❡r t♦ r❡❛❝❤ ❛♥ ❛❣r❡❡♠❡♥t✳ ❚❤❡r❡❢♦r❡✱
✐♥ ✇❤❛t ❢♦❧❧♦✇s✱ ✇❡ ♦♥❧② ❝♦♥s✐❞❡r ✇❤❡t❤❡r ❝♦❧❧❡❝t✐✈❡ ❝♦♥t❛❝ts ✇❡r❡ s✐❣♥❡❞ ♣r❡✴♣♦st✲r❡❝❡ss✐♦♥ ✭r❛t❤❡r t❤❛♥ t❤❡
q✉❛rt❡r ♦❢ s✐❣♥❛t✉r❡✮ ❛♥❞ ✉s❡ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝t ❡①♣✐r❛t✐♦♥s ❛s ❛♥ ❛❧t❡r♥❛t✐✈❡ ✐❞❡♥t✐✜❝❛t✐♦♥ str❛t❡❣② t♦ st✉❞②
t❤❡ ❡✛❡❝ts ♦♥ ❡♠♣❧♦②♠❡♥t✳

✷✽❲❡ ✜♥❞ s♦♠❡ s❧✐♣♣❛❣❡✱ ❛s ❛❜♦✉t ✽✪ ♦❢ ✇♦r❦❡rs ❤❛✈❡ ✇❛❣❡s ❜❡❧♦✇ t❤❡✐r ❝♦rr❡s♣♦♥❞✐♥❣ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦r✳
❙♦♠❡ ♦❢ t❤♦s❡ ✇♦r❦❡rs ♠❛② ❜❡ ✉♣♦♥ s♣❡❝✐❛❧ ❝♦♥tr❛❝ts ✕❧✐❦❡ t❤♦s❡ t❛r❣❡t❡❞ ❢♦r ✉♥s❦✐❧❧❡❞ ②♦✉t❤✕ t❤❛t ❛❧❧♦✇
❡♠♣❧♦②❡rs t♦ ♣❛② ✇❛❣❡s ❜❡❧♦✇ t❤❡ ♠✐♥✐♠✉♠ ✐♥ t❤❡ ❝♦❧❧❡❝t✐✈❡ ❛❣r❡❡♠❡♥t✳

✶✽



❛❧❧ t❤r♦✉❣❤ ✶✾✾✸ ✭♣❛♥❡❧ ❛✮ ♦r ✷✵✵✾ ✭♣❛♥❡❧ ❜✮✳✷✾ ❲❡ r❡♣♦rt t❤❡ r❡s✉❧ts ❢♦r ✇♦r❦❡rs ✇❤♦s❡ ♠♦♥t❤❧②

❡❛r♥✐♥❣s ✇❡r❡ ❛t ♠♦st ✶✵✪ ❤✐❣❤❡r t❤❛♥ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦r✱ ❜❡t✇❡❡♥ ✶✵✪

❛♥❞ ✷✵✪ ❤✐❣❤❡r ♦r ❜❡t✇❡❡♥ ✷✵✪ ❛♥❞ ✹✵✪ ❤✐❣❤❡r✳ ❚❤❡ ♦♠✐tt❡❞ ❣r♦✉♣ ✭r❡❢❡r❡♥❝❡ ❝❛t❡❣♦r②✮

❛r❡ ✇♦r❦❡rs ✇❤♦s❡ ♠♦♥t❤❧② ❡❛r♥✐♥❣s ✐♥ ❉❡❝❡♠❜❡r ✶✾✾✶ ♦r ✷✵✵✼ ✇❡r❡ ✹✵✪ ❤✐❣❤❡r t❤❛♥ t❤❡

❝♦rr❡s♣♦♥❞✐♥❣ ♠✐♥✐♠✉♠✳ ❙t❛♥❞❛r❞ ❡rr♦rs ❛r❡ ❝♦rr❡❝t❡❞ ❢♦r ❤❡t❡r♦s❝❡❞❛st✐❝✐t② ❛♥❞ ❛r❜✐tr❛r②

❝♦rr❡❧❛t✐♦♥ ❛❝r♦ss ✇♦r❦❡rs ✐♥ t❤❡ s❛♠❡ t❤r❡❡✲❞✐❣✐t ✐♥❞✉str②×♣r♦✈✐♥❝❡ ❝❡❧❧✳ ❚❤❡ r❡❣r❡ss✐♦♥s

❝♦♥tr♦❧ ❢♦r t❤r❡❡✲❞✐❣✐t ✐♥❞✉str② ✜①❡❞ ❡✛❡❝ts ✐♥ ❝♦❧✉♠♥ ✭✶✮ ❛♥❞ ❢♦r ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝t ✜①❡❞

❡✛❡❝ts ✐♥ ❝♦❧✉♠♥ ✭✷✮✳✸✵

❚❤❡ ❡st✐♠❛t❡s ✐♥ ❚❛❜❧❡ ✷✱ r♦✇ ✶✱ ❝♦❧✉♠♥ ✭✶✮✱ ♣❛♥❡❧s ❛ ❛♥❞ ❜ s✉❣❣❡st t❤❛t ♥♦♠✐♥❛❧ ✇❛❣❡

❣r♦✇t❤ ❛♠♦♥❣ ❥♦❜ st❛②❡rs s✉❜❥❡❝t t♦ ✧r✐❣✐❞✧ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ❛♥❞ ✇✐t❤ ♣r❡✲r❡❝❡ss✐♦♥ ✇❛❣❡s

✈❡r② ❝❧♦s❡ t♦ t❤❡ ♠✐♥✐♠❛ ✐s ✶✳✹ ♣♣ ✭✶✾✾✸ r❡❝❡ss✐♦♥✮ ❛♥❞ ✶✳✾ ♣♣ ✭✷✵✵✾ r❡❝❡ss✐♦♥✮ ❤✐❣❤❡r t❤❛♥

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

❝♦♥tr❛❝t ✜①❡❞ ❡✛❡❝ts ✭r♦✇ ✶✱ ❝♦❧✉♠♥ ✷✱ ♣❛♥❡❧s ❛ ❛♥❞ ❜✮✱ s✉❣❣❡st✐♥❣ t❤❛t s❛♠♣❧❡ s❡❧❡❝t✐♦♥ ♦r

✐❞✐♦s②♥❝r❛t✐❝ s❤♦❝❦s ❛✛❡❝t✐♥❣ ♣r♦✈✐♥❝❡✲✐♥❞✉str② ❝❡❧❧s ❞♦ ♥♦t ♣❧❛② ❛♥ ✐♠♣♦rt❛♥t r♦❧❡ ✐♥ ❞❡t❡r♠✐♥✲

✐♥❣ ✇❛❣❡ ❣r♦✇t❤✳ ●✐✈❡♥ t❤❛t t❤❡ ♥❡❣♦t✐❛t❡❞ ✇❛❣❡ ❣r♦✇t❤ ✇❛s ✶✳✽ ♣♣ ❛♥❞ ✶✳✸ ♣♣ ❤✐❣❤❡r ❛♠♦♥❣

❝♦♥tr❛❝ts s✐❣♥❡❞ ❜❡❢♦r❡ t❤❡ ✶✾✾✸ ❛♥❞ ✷✵✵✾ r❡❝❡ss✐♦♥ ✭s❡❡ ❚❛❜❧❡s ✶❛ ❛♥❞ ✶❜✱ r♦✇ ✶✶✱ ❝♦❧✉♠♥ ✹✮✱

♦✉r ❡st✐♠❛t❡s ✐♠♣❧② ❛ ✈❡r② ❤✐❣❤ ♣❛ss✲t❤r♦✉❣❤ ✭❛r♦✉♥❞ ✽✵ t♦ ✶✵✵✪✮ ❢♦r ✇♦r❦❡rs ❝❧♦s❡ t♦ t❤❡

♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs✳ ❚❤❡ ❡✛❡❝ts ✭❛♥❞ t❤❡ ♣❛ss✲t❤r♦✉❣❤✮ ❣r❛❞✉❛❧❧② ❢❛❞❡ ❛✇❛② ❛s ✇❡ ♠♦✈❡ ❢✉r✲

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

❉❡❝❡♠❜❡r ✶✾✾✶ ♦r ✷✵✵✼ ✇❡r❡ ❛t ❧❡❛st ✷✵✪ ❤✐❣❤❡r t❤❛♥ t❤❡ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝t ♠✐♥✐♠✉♠ ✭❚❛❜❧❡

✷✱ ❝♦❧✉♠♥ ✷✱ r♦✇s ✸ ❛♥❞ ✺ ✐♥ ♣❛♥❡❧s ❛ ❛♥❞ ❜✮✳ ❚❤❡s❡ r❡s✉❧ts ❛r❡ ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ♥♦t✐♦♥

t❤❛t ❝♦♥tr❛❝ts s✐❣♥❡❞ ❛❢t❡r ❛ ❧❛r❣❡ ❛❣❣r❡❣❛t❡ s❤♦❝❦ s❡tt❧❡ ❧♦✇❡r ✇❛❣❡ ✐♥❝r❡❛s❡s✱ ❛♥❞ t❤♦s❡ ❛r❡

❜✐♥❞✐♥❣ ✕❛s ✐♥ ❖❧✐✈❡✐ ❛♥❞ ❚❡♥r❡②r♦✱ ✭✷✵✵✼✮ ❛♥❞ ✭✷✵✵✾✮✳ ❍♦✇❡✈❡r✱ ✇❛❣❡ ❝✉s❤✐♦♥s ❛❝t❡❞ ❧✐❦❡ ❛

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

❛❧❧ ✇❛❣❡ ❣r♦✇t❤ ✇❡r❡ ❝♦♥✜♥❡❞ t♦ ✇❛❣❡s ❝❧♦s❡ t♦ t❤❡ ✢♦♦rs ✕❛s ✐♥ ❆❞❛♠♦♣♦✉❧♦✉ ❛♥❞ ❱✐❧❧❛♥✉❡✈❛

✭✷✵✷✷❛✮ ❛♥❞ ❈❛r❞ ❛♥❞ ❈❛r❞♦s♦ ✭✷✵✷✷✮✳

❲❤❡r❡❛s t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ ♥♦♠✐♥❛❧ ✇❛❣❡ ❝❤❛♥❣❡s ❛♠♦♥❣ ✇♦r❦❡rs ✐s s✐♠✐❧❛r ✐♥ ❜♦t❤ r❡❝❡s✲

s✐♦♥s✱ t❤❡ ✐♠♣❧✐❝❛t✐♦♥s ♦♥ ✇❛❣❡ r✐❣✐❞✐t② ✐♥ r❡❛❧ t❡r♠s ✈❛r✐❡❞ s✉❜st❛♥t✐❛❧❧②✳ ▼♦r❡ s♣❡❝✐✜❝❛❧❧②✱ t❤❡

✐♥✢❛t✐♦♥ r❛t❡ ✐♥ ✶✾✾✸ r❡❛❝❤❡❞ ✹✳✻✪✱ ✇❤✐❧❡ ❛✈❡r❛❣❡ ✇❛❣❡ ❣r♦✇t❤ ✇❛s ❛❜♦✉t ✷✪ ✐♥ t❤❡ s❛♠♣❧❡ ♦❢

✶✾✾✸ st❛②❡rs✱ ✇❡❧❧ ❜❡❧♦✇ t❤❡ ✹✳✻✪✳ ❇② ❝♦♥tr❛st✱ t❤❡ ✐♥✢❛t✐♦♥ r❛t❡ ✐♥ ✷✵✵✾ ✇❛s ❝❧♦s❡ ♦r ❜❡❧♦✇

③❡r♦✳ ❈♦♥s❡q✉❡♥t❧②✱ t❤❡ ❡st✐♠❛t❡❞ ♥♦♠✐♥❛❧ ✇❛❣❡ ❣r♦✇t❤ ✐♥ ✷✵✵✾ ✭❛r♦✉♥❞ ✶✳✻✪ ❢♦r ✇♦r❦❡rs ❝❧♦s❡

t♦ t❤❡ ♠✐♥✐♠❛✮ tr❛♥s❧❛t❡❞ ✐♥t♦ ✐♥❝r❡❛s❡s ✐♥ t❤❡ r❡❛❧ ❝♦st ♦❢ ❧❛❜♦r✳ ❚❤✐s ❛s②♠♠❡tr② ✐♥ t❤❡ r❡❛❧

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

♦❢ ❥♦❜ ❧♦ss❡s ❛s ✇❡ ✇✐❧❧ s❡❡ ✐♥ ❙❡❝t✐♦♥ ✻✳✸✳

✻✳✸ ❊♠♣❧♦②♠❡♥t ♦✉t❝♦♠❡s

❆❝❝♦r❞✐♥❣ t♦ ♦✉r ❛♥❛❧②s✐s s♦ ❢❛r✱ st❛❣❣❡r❡❞ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ❛❝r♦ss ♣r♦✈✐♥❝❡✲✐♥❞✉str② ❝❡❧❧s r❡✲

s✉❧t❡❞ ✐♥ ❝r♦ss✲s❡❝t✐♦♥❛❧ ❞✐s♣❡rs✐♦♥ ✐♥ ♥❡❣♦t✐❛t❡❞ ✇❛❣❡ ❣r♦✇t❤✱ ✇❤✐❝❤ tr❛♥s❧❛t❡❞ ✐♥t♦ ❞✐✛❡r❡♥t✐❛❧

✷✾❲❡ ❛❧s♦ ❡①❝❧✉❞❡ ✇♦r❦❡rs ✇❤♦s❡ ❡❛r♥✐♥❣s ✇❡r❡ ❝❡♥s♦r❡❞ ❛t t❤❡ ❙♦❝✐❛❧ ❙❡❝✉r✐t② ♠❛①✐♠✉♠ ❝♦♥tr✐❜✉t✐♦♥✳
✸✵❲❤✐❧❡ t❤❡ ♠❛✐♥ ✐♠♣❛❝t ♦❢ ❞❛t❡ ♦❢ s✐❣♥❛t✉r❡ ✐s ❛ ❝♦♥tr❛❝t✲❧❡✈❡❧ ❝❤❛r❛❝t❡r✐st✐❝ ❛♥❞ ✐t ✐s ♥♦t ✐❞❡♥t✐✜❡❞ ✐♥ ♠♦❞❡❧s

t❤❛t ✐♥❝❧✉❞❡ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝t ✜①❡❞ ❡✛❡❝ts✱ t❤❡ ✐♥t❡r❛❝t✐♦♥ ♦❢ t❤❡ ❞❛t❡ ♦❢ s✐❣♥❛t✉r❡ ❛♥❞ t❤❡ ❞✐st❛♥❝❡ t♦ t❤❡
♠✐♥✐♠✉♠ ✐♥ t❤❡ ❝♦❧❧❡❝t✐✈❡ ❛❣r❡❡♠❡♥t ✐s ✐❞❡♥t✐✜❡❞✳

✶✾



❛❝t✉❛❧ ✇❛❣❡ ❣r♦✇t❤ ❛♠♦♥❣ ✇♦r❦❡rs✳ ❆ ♥❛t✉r❛❧ q✉❡st✐♦♥ t❤❛t ❛r✐s❡s ✐s ✇❤❡t❤❡r t❤✐s ❞✐✛❡r❡♥✲

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

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

❛♥❛❧②③❡ t❤❡✐r ♣❡rs✐st❡♥❝❡✳

✻✳✸✳✶ ❏♦❜ ❧♦ss

❲❡ ✜rst ❝♦♠♣❛r❡ t❤❡ ♠♦♥t❤❧② ♣r♦❜❛❜✐❧✐t② ♦❢ ❥♦❜ ❧♦ss ❛♥❞ t❤❡ ✐♥❝✐❞❡♥❝❡ ♦❢ ♥♦♥✲❡♠♣❧♦②♠❡♥t ✐♥ t❤❡

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

♦❢ ❡❛❝❤ ♥❡❣❛t✐✈❡ ♠❛❝r♦❡❝♦♥♦♠✐❝ s❤♦❝❦✳✸✶ ❚♦ t❤✐s ❡♥❞✱ ✇❡ r❡str✐❝t t❤❡ s❛♠♣❧❡ t♦ ✇♦r❦❡rs ✇✐t❤

❛t ❧❡❛st ♦♥❡ ②❡❛r ♦❢ t❡♥✉r❡ ✐♥ ❉❡❝❡♠❜❡r ✶✾✾✷ ♦r ✷✵✵✽ ❛♥❞ ❡st✐♠❛t❡ ❊q✉❛t✐♦♥ ✷ ❢♦r ❡❛❝❤ ♠♦♥t❤

s♣❛♥♥✐♥❣ ❛ ♣❡r✐♦❞ ♦❢ s❡✈❡r❛❧ ②❡❛rs ❛❢t❡r ❡❛❝❤ r❡❝❡ss✐♦♥✳✸✷ ❆❧❧ r❡❣r❡ss✐♦♥s ❛r❡ ❝♦♥❞✉❝t❡❞ ❛t t❤❡

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

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

♦❢ ❥♦❜ ❧♦ss ❛❧♦♥❣ ✇✐t❤ t❤❡ ✾✺✪ ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧s✳ ❲❡ ✜♥❞ ❛♥ ✐♥❝r❡❛s❡❞ ♣r♦❜❛❜✐❧✐t② ♦❢ ❥♦❜

❧♦ss ❛♠♦♥❣ ✇♦r❦❡rs ❝♦✈❡r❡❞ ❜② ❝♦♥tr❛❝ts s✐❣♥❡❞ ❜❡❢♦r❡ ❡❛❝❤ r❡❝❡ss✐♦♥✳ ■♥ t❤❡ ❝❛s❡ ♦❢ t❤❡ ✶✾✾✸

r❡❝❡ss✐♦♥✱ t❤❡ ❡✛❡❝t ✐s ✐♠♠❡❞✐❛t❡ ✭❥♦❜ ❞❡str✉❝t✐♦♥ ♣❡❛❦s ✐♥ ♠♦♥t❤ ✸ ✕s❡❡ ❚❛❜❧❡ ✸✱ ♣❛♥❡❧ ❛✮

✇❤✐❧❡ ✐♥ t❤❡ ❝❛s❡ ♦❢ t❤❡ ✷✵✵✾ r❡❝❡ss✐♦♥ t❤❡ ❡✛❡❝t t❛❦❡s q✉✐t❡ ❛ ❢❡✇ ♠♦♥t❤s t♦ ♠❛t❡r✐❛❧✐③❡ ✭❥♦❜

❞❡str✉❝t✐♦♥ ✐♥❝r❡❛s❡s ✐♥ ♠♦♥t❤ ✷✶ ✕s❡❡ ❚❛❜❧❡ ✸✱ ♣❛♥❡❧ ❜✮✳✸✸

❈♦♥s✐st❡♥t ✇✐t❤ t❤❡ ✜♥❞✐♥❣s ✐♥ t❤❡ ❧❡❢t ♣❛♥❡❧s ♦❢ ❋✐❣✉r❡ ✷✱ t❤❡ r✐❣❤t ♣❛♥❡❧s ❞♦❝✉♠❡♥t ❛♥

✐♥❝r❡❛s❡ ✐♥ t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ❜❡✐♥❣ ♥♦♥✲❡♠♣❧♦②❡❞ ❛♠♦♥❣ ✇♦r❦❡rs ♦r✐❣✐♥❛❧❧② ❝♦✈❡r❡❞ ❜② ❝♦♥tr❛❝ts

❡①♣♦s❡❞ t♦ ✇❛❣❡ r✐❣✐❞✐t② ✭s❡❡ ❛❧s♦ ❚❛❜❧❡ ✹ ♣❛♥❡❧s ❛ ❛♥❞ ❜✮✳ ■♥ t❤❡ ❝❛s❡ ♦❢ t❤❡ ✶✾✾✸ r❡❝❡ss✐♦♥✱

✇❛❣❡ r✐❣✐❞✐t② r❡s✉❧ts ✐♥ ♥♦♥✲❡♠♣❧♦②♠❡♥t ❜② t❤❡ ❡♥❞ ♦❢ t❤❡ ✜rst ②❡❛r ✭♠♦♥t❤ ✶✷✮ ❜✉t t❤✐s ❡✛❡❝t

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

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

t❤❡ ✇❤❡❡❧s ♦❢ t❤❡ ❧❛❜♦r ♠❛r❦❡t ✕❛ ❤②♣♦t❤❡s✐s ✇❡ ❡①♣❧✐❝✐t❧② t❡st ❜❡❧♦✇✳ ■♥ t❤❡ ❝❛s❡ ♦❢ t❤❡ ✷✵✵✾

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

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

✇♦r❦❡rs ❝♦✈❡r❡❞ ❜② ❝♦♥tr❛❝ts s✐❣♥❡❞ ♣r❡ r❡❝❡ss✐♦♥ ❡①♣❡r✐❡♥❝✐♥❣ ❛ ✶ ♣♣ ❤✐❣❤❡r ♣r♦❜❛❜✐❧✐t② ♦❢

r❡♠❛✐♥✐♥❣ ♥♦♥ ❡♠♣❧♦②❡❞✳ ❚❤✐s ✜♥❞✐♥❣ ✐♠♣❧✐❡s t❤❛t r❡❛❧ ✇❛❣❡ r✐❣✐❞✐t② ❞✉r✐♥❣ ❛ ❧♦✇✲✐♥✢❛t✐♦♥

r❡❝❡ss✐♦♥ ❝❛♥ ❛♠♣❧✐❢② t❤❡ ✐♠♣❛❝t ♦❢ ❛❣❣r❡❣❛t❡ ✢✉❝t✉❛t✐♦♥s ✐♥ ❛ ✈❡r② ♣❡rs✐st❡♥t ✇❛②✳

❚♦ ♣✉t ♠❛❣♥✐t✉❞❡s ✐♥ ♣❡rs♣❡❝t✐✈❡✱ t❤❡ ✇❛❣❡ r✐❣✐❞✐t② ✐♥ ♣r♦✈✐♥❝❡✲✐♥❞✉str② ❝❡❧❧s ✭♠❡❛s✉r❡❞

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

♥♦♠✐♥❛❧ ✭❛♥❞ r❡❛❧✮ ✇❛❣❡ ❣r♦✇t❤ ✐♥ ✷✵✵✾✲✷✵✶✵ ✭s❡❡ ❚❛❜❧❡ ✶❜✱ r♦✇ ✶✸✱ ❝♦❧✉♠♥ ✹✮✳ ▼♦r❡♦✈❡r✱ ✇♦r❦✲

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

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

✸✶❚❤r♦✉❣❤♦✉t t❤❡ ♣❛♣❡r✱ ✇❡ ❛❜✉s❡ t❤❡ t❡r♠✐♥♦❧♦❣② ❛♥❞ ✉s❡ ✐♥t❡r❝❤❛♥❣❡❛❜❧② t❤❡ t❡r♠s ♥♦♥✲❡♠♣❧♦②♠❡♥t ❛♥❞
✉♥❡♠♣❧♦②♠❡♥t s✐♥❝❡ t❤❡② ❛r❡ ✐♥❞✐st✐♥❣✉✐s❤❛❜❧❡ ✐♥ t❤❡ s♦❝✐❛❧ s❡❝✉r✐t② ❞❛t❛✳

✸✷▼♦♥t❤ ✵ ✐♥❞✐❝❛t❡s t❤❡ ♠♦♥t❤ ♣r✐♦r t♦ t❤❡ ♦♥s❡t ♦❢ ❡❛❝❤ r❡❝❡ss✐♦♥✱ ✐✳❡✳ ❉❡❝❡♠❜❡r ✶✾✾✷ ❛♥❞ ❉❡❝❡♠❜❡r ✷✵✵✽✱
r❡s♣❡❝t✐✈❡❧②✳

✸✸❚❤❡s❡ ❡st✐♠❛t❡s ❞♦ ♥♦t ❢✉❧❧② ❡①♣❧❛✐♥ t❤❡ r❡❛s♦♥s ❢♦r t❤❡ ❞❡❧❛② ✐♥ ❡♠♣❧♦②♠❡♥t ❧♦ss❡s ❛❢t❡r t❤❡ ❢❛❧❧ ♦❢ ▲❡❤♠❛♥
❇r♦t❤❡rs✳ ❈♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝t ❞✉r❛t✐♦♥ ♠❛② ❤❛✈❡ ♣❧❛②❡❞ ❛ r♦❧❡ ❛s ❧❡♥❣t❤✐❡r ❝♦♥tr❛❝ts ❝♦✉❧❞ ♣r♦❧♦♥❣ r✐❣✐❞ ✇❛❣❡s✳
❆❧t❡r♥❛t✐✈❡❧②✱ ❛❞❥✉st♠❡♥t ❝♦sts ♠❛② ❤❛✈❡ ✐♥❞✉❝❡❞ ✜r♠s t♦ ♣♦st♣♦♥❡ ❧❛②✲♦✛s✱ ❝♦♥tr✐❜✉t✐♥❣ t♦ ❤✐❣❤❡r ❥♦❜ ❞❡str✉❝✲
t✐♦♥✳ ❲❡ ❡①❛♠✐♥❡ ♣♦ss✐❜❧❡ ♠❡❝❤❛♥✐s♠s ✉♥❞❡r❧②✐♥❣ t❤❡ ❡♠♣❧♦②♠❡♥t ❡✛❡❝ts ❛s ✇❡❧❧ ❛s t❤❡ r♦❧❡ ♦❢ ✐♥st✐t✉t✐♦♥s ✐♥
❙❡❝t✐♦♥ ✼✳

✷✵



❡❧❛st✐❝✐t② ♦❢ ❡♠♣❧♦②♠❡♥t st❛t✉s t♦ ♥❡❣♦t✐❛t❡❞ ✇❛❣❡s ♦❢ ✶✳✵ ✭✐♥ ❛❜s♦❧✉t❡ ✈❛❧✉❡✮✳ ❚❤❡ ❡❧❛st✐❝✐t②

♦❢ ❡♠♣❧♦②♠❡♥t st❛t✉s t♦ ♥♦♠✐♥❛❧ ♥❡❣♦t✐❛t❡❞ ✇❛❣❡ ❣r♦✇t❤ ✐s ❧♦✇❡r ❞✉r✐♥❣ t❤❡ ❤✐❣❤✲✐♥✢❛t✐♦♥

r❡❝❡ss✐♦♥ ♦❢ ✶✾✾✸✱ r❡❛❝❤✐♥❣ ❛t ♠♦st ✵✳✻✭❂✶✳✵✴✶✳✽✮ ✐♥ ❙❡♣t❡♠❜❡r ✶✾✾✸ ✭s❡❡ ❚❛❜❧❡ ✹✱ ❝♦❧✉♠♥ ✶

✐♥ ♣❛♥❡❧ ❛ ❛♥❞ ❚❛❜❧❡ ✶❛✱ r♦✇ ✶✶✱ ❝♦❧✉♠♥ ✹✮✱ ❛♥❞ ❜❡❝♦♠❡s ③❡r♦ t❤❡r❡❛❢t❡r✳ ❇♦t❤ ❡❧❛st✐❝✐t✐❡s

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

❈❛r❞ ❛♥❞ ❈❛r❞♦s♦ ✭✷✵✷✷✮ ❢♦r P♦rt✉❣❛❧ ✭♣r❛❝t✐❝❛❧❧② ③❡r♦✮ ♦r ❛t t❤❡ ✜r♠ ❧❡✈❡❧ ❜② ❋❛♥❢❛♥✐ ✭✷✵✷✵✮

❛♥❞ ▼❛rt✐♥s ✭✷✵✷✶✮ ❢♦r ■t❛❧② ❬✵✳✹❀ ✶✳✷❪ ❛♥❞ P♦rt✉❣❛❧ ❬✵✳✼❀ ✷✳✵❪✱ r❡s♣❡❝t✐✈❡❧②✳ ❆s ✇❡ s❤♦✇ ❜❡❧♦✇✱

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

❝♦♥s✐❞❡r❛t✐♦♥ ✭✐♥ t❡r♠s ♦❢ ❞✐st❛♥❝❡ ❢r♦♠ t❤❡ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs✮✱ ♠❛❝r♦❡❝♦♥♦♠✐❝s ❢❛❝t♦rs

✭✐♥✢❛t✐♦♥ r❛t❡✮ ❛s ✇❡❧❧ ❛s ✐♥st✐t✉t✐♦♥❛❧ ❢❛❝t♦rs ✭❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝t ❞✉r❛t✐♦♥✮✳

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

✐♥✢❛t✐♦♥ ❞♦✇♥t✉r♥s✱ ✐♥ ✇❤❛t ❢♦❧❧♦✇s ✇❡ ❢♦❝✉s ♦♥ t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ❥♦❜ ❧♦ss ✇❤❡♥ ✇❡ ❛♥❛❧②③❡ t❤❡

✶✾✾✸ r❡❝❡ss✐♦♥ ❛♥❞ ♦♥ t❤❡ ✐♥❝✐❞❡♥❝❡ ♦❢ ♥♦♥✲❡♠♣❧♦②♠❡♥t ✇❤❡♥ ✇❡ ❛♥❛❧②③❡ t❤❡ ✷✵✵✾ r❡❝❡ss✐♦♥✳

✻✳✸✳✷ ❍❡t❡r♦❣❡♥❡✐t② ❜② ❞✐st❛♥❝❡ t♦ t❤❡ ♠✐♥✐♠❛

●✉✐❞❡❞ ❜② t❤❡ r❡s✉❧ts ✐♥ ❙❡❝t✐♦♥ ✻✳✷✱ ✇❡ ❡①❛♠✐♥❡ ✇❤❡t❤❡r ✇❛❣❡ r✐❣✐❞✐t② ❤❛s ❞✐✛❡r❡♥t✐❛❧ ❡♠♣❧♦②✲

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

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

✐♥ ❉❡❝❡♠❜❡r ✶✾✾✶ ♦r ✷✵✵✼ ✵✲✶✵✪✱ ✶✵✲✷✵✪ ❛♥❞ ✷✵✲✹✵✪ ❛❜♦✈❡ t❤❡ ♠✐♥✐♠❛ t♦ t❤♦s❡ ♦❢ ✇♦r❦❡rs

❢❛r ❢r♦♠ t❤❡ ♠✐♥✐♠❛ ✭❃✹✵✪✮✱ ✇❤♦ ❛r❡ ❝♦✈❡r❡❞ ❜② ❝♦❧❧❡❝t✐✈❡ ❛❣r❡❡♠❡♥ts s✐❣♥❡❞ ❜❡❢♦r❡ ♦r ❛❢t❡r

t❤❡ ♦♥s❡t ♦❢ ❡❛❝❤ r❡❝❡ss✐♦♥✳ ❲❡ t❤✉s ❡st✐♠❛t❡ ❊q✉❛t✐♦♥ ✸✱ ✇❤❡r❡ t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✐s t❤❡

♠♦♥t❤❧② ♣r♦❜❛❜✐❧✐t② ♦❢ ❥♦❜ ❧♦ss ❞✉r✐♥❣ t❤❡ ✶✾✾✸ r❡❝❡ss✐♦♥ ❛♥❞ t❤❡ ♠♦♥t❤❧② ♣r♦❜❛❜✐❧✐t② ♦❢ ❜❡✐♥❣

♥♦♥✲❡♠♣❧♦②❡❞ ✐♥ t❤❡ ❛❢t❡r♠❛t❤ ♦❢ t❤❡ ❢❛❧❧ ♦❢ ▲❡❤♠❛♥ ❇r♦t❤❡rs✳ ❚❤❡ s❛♠♣❧❡ ✐s r❡str✐❝t❡❞ t♦ ❢✉❧❧

t✐♠❡ ❡♠♣❧♦②❡❡s ❛s ♦❢ ❉❡❝❡♠❜❡r ✶✾✾✶ ✭✶✾✾✸ r❡❝❡ss✐♦♥✮ ♦r ✷✵✵✼ ✭✷✵✵✾ r❡❝❡ss✐♦♥✮✳ ✇✐t❤ ❛✈❛✐❧❛❜❧❡

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

❚❤❡ t❤r❡❡ ♣❛♥❡❧s ✐♥ ❋✐❣✉r❡ ✸❛ s❤♦✇ t❤❛t ✐♥ t❤❡ ❝❛s❡ ♦❢ t❤❡ ✶✾✾✸ r❡❝❡ss✐♦♥ t❤❡r❡ ✇❛s ♥♦

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

❝♦✉❧❞ ❜❡ ❛ttr✐❜✉t❡❞ t♦ t❤❡ ❢❛❝t t❤❛t ❤✐❣❤ ✐♥✢❛t✐♦♥ ✐♥ ✶✾✾✸ ❝♦✉♥t❡r❜❛❧❛♥❝❡❞ ♥♦♠✐♥❛❧ ✇❛❣❡ ✐♥✲

❝r❡❛s❡s ❡✈❡♥ ❛♠♦♥❣ ✇♦r❦❡rs ✇❤♦s❡ ♣r❡✲r❡❝❡ss✐♦♥ ✇❛❣❡s ✇❡r❡ ❝❧♦s❡ t♦ t❤❡ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs

✭s❡❡ ❚❛❜❧❡ ✷✱ ♣❛♥❡❧ ❛✮✳ ❇② ❝♦♥tr❛st✱ r❡❛❧ ✇❛❣❡s ❞✐❞ ✐♥❝r❡❛s❡ ❞✉r✐♥❣ t❤❡ ✷✵✵✾ r❡❝❡ss✐♦♥✱ ❡s♣❡❝✐❛❧❧②

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

✐♥❝✐❞❡♥❝❡ ♦❢ ✉♥❡♠♣❧♦②♠❡♥t ♠❛✐♥❧② ❛♠♦♥❣ ✇♦r❦❡rs ✈❡r② ❝❧♦s❡ ♦r ❝❧♦s❡ t♦ t❤❡ ♠✐♥✐♠❛ ✭❋✐❣✉r❡ ✸❜✱

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

✭❋✐❣✉r❡ ✹❜✱ r✐❣❤t ♣❛♥❡❧✮✳ ▼♦r❡ s♣❡❝✐✜❝❛❧❧②✱ ✇❡ ✜♥❞ t❤❛t ❛♠♦♥❣ ✇♦r❦❡rs ❝♦✈❡r❡❞ ❜② ❝♦♥tr❛❝ts

s✐❣♥❡❞ ♣r✐♦r t♦ ✷✵✵✽q✸ ❛♥❞ ✇✐t❤ ❝✉s❤✐♦♥s ❜❡❧♦✇ ✶✵✪ t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ❜❡✐♥❣ ♥♦♥✲❡♠♣❧♦②❡❞ ✇❛s

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

t❤❡ r❡s✉❧ts ❛r❡ ❜❛s✐❝❛❧❧② ✵ ❢♦r ✇♦r❦❡rs ✇✐t❤ ❝✉s❤✐♦♥s ❛❜♦✈❡ ✷✵✪✳ ❚❤❡r❡❢♦r❡✱ ✉♥❡♠♣❧♦②♠❡♥t ❢♦❧✲

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

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

✷✶



✻✳✹ ❘♦❜✉st♥❡ss

■♥ t❤✐s s❡❝t✐♦♥ ✇❡ ❝♦♥❞✉❝t ❛ ❜❛tt❡r② ♦❢ t❡sts r❡❣❛r❞✐♥❣ t❤❡ ✈❛❧✐❞✐t② ♦❢ ♦✉r ✐❞❡♥t✐✜❝❛t✐♦♥ str❛t✲

❡❣②✳ ▼♦r❡ s♣❡❝✐✜❝❛❧❧②✱ ✇❡ ❡①❛♠✐♥❡ ✐✮ ✇❤❡t❤❡r t❤❡ ❝r♦ss✲s❡❝t✐♦♥❛❧ ❞✐s♣❡rs✐♦♥ ✐♥ t❤❡ ❞❡❣r❡❡ ♦❢

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

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

✐♥ ♦✉r ❞✐✛❡r❡♥❝❡✲✐♥✲❞✐✛❡r❡♥❝❡s ❢r❛♠❡✇♦r❦✳

✻✳✹✳✶ ■❞❡♥t✐✜❝❛t✐♦♥ ✉s✐♥❣ t❤❡ ❞❛t❡ ♦❢ ❡①♣✐r❛t✐♦♥

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

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

♠❛② ❛♥t✐❝✐♣❛t❡ t❤❡ ❡①t❡♥t ♦❢ ❥♦❜ ❧♦ss❡s ♦❝❝✉rr✐♥❣ ❞✉r✐♥❣ ❡❝♦♥♦♠✐❝ ❞♦✇♥t✉r♥s✳ ❆s ❛ r❡s✉❧t✱

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

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

✇❛❣❡ r✐❣✐❞✐t②✮ ✐s ♥♦t ❛❧✇❛②s ❡①♦❣❡♥♦✉s✳ ❆✈❛✐❧❛❜❧❡ ❞❛t❛ ♦♥ t❤❡ ❞❡❧❛②s ❜❡t✇❡❡♥ ♣r❡✈✐♦✉s ❝♦♥tr❛❝t

❡①♣✐r❛t✐♦♥ ❛♥❞ ♥❡✇ ❝♦♥tr❛❝t s✐❣♥❛t✉r❡ s✉❣❣❡st t❤❛t ♥❡✇ ❝♦♥tr❛❝ts ❛r❡ t②♣✐❝❛❧❧② s✐❣♥❡❞ s❤♦rt❧②

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

✐♥ ✷✵✵✾ ❛♥❞ ❤❛✈✐♥❣ ❡①♣✐r❡❞ ❛t t❤❡ ❡♥❞ ♦❢ ✷✵✵✻✱ t❤♦s❡ r❡♣r❡s❡♥t✐♥❣ ✽✵✪ ♦❢ t❤❡ ❧❛❜♦r ❢♦r❝❡ ✇❡r❡

s✐❣♥❡❞ ❞✉r✐♥❣ ✷✵✵✼✱ ❛♥❞ ♦♥❧② ✶✻✪ ✇❡r❡ s✐❣♥❡❞ ✐♥ ✷✵✵✽✳ ❆♠♦♥❣ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ❜✐♥❞✐♥❣ ✐♥

✷✵✵✾ ❛♥❞ ❤❛✈✐♥❣ ❡①♣✐r❡❞ ❛t t❤❡ ❡♥❞ ♦❢ ✷✵✵✼✱ t❤♦s❡ ❝♦✈❡r✐♥❣ ✽✸✪ ♦❢ t❤❡ ❧❛❜♦r ❢♦r❝❡ ✇❡r❡ s✐❣♥❡❞

✐♥ ✷✵✵✽ ❛♥❞ ♦♥❧② ✶✹✪ ✇❡r❡ s✐❣♥❡❞ ✐♥ ✷✵✵✾✳ ■♥ ❜♦t❤ ❝❛s❡s✱ ✈❡r② ❢❡✇ ❝♦♥tr❛❝ts ✇❡r❡ s✐❣♥❡❞ ❜❡❢♦r❡

t❤❡ ❡①♣✐r❛t✐♦♥ ♦❢ t❤❡ ♣r❡✈✐♦✉s ❛❣r❡❡♠❡♥t✳ ❇❛s✐❝❛❧❧②✱ ❛❧❧ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts s✐❣♥❡❞ ❞✉r✐♥❣ ✷✵✵✾

❤❛❞ ❡①♣✐r❡❞ ❜② t❤❡ ❡♥❞ ♦❢ ✷✵✵✽✳ ❆ s✐♠✐❧❛r ♣❛tt❡r♥ ✐s ♦❜s❡r✈❡❞ ✐♥ t❤❡ ✶✾✾✸ r❡❝❡ss✐♦♥✳ ❚❤✉s✱ ❛

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

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

❡①♣✐r❡❞ ❝♦♥tr❛❝t✬s s✐❣♥❛t✉r❡✳

❚♦ ❛❞❞r❡ss ❛♥② ♣♦ss✐❜❧❡ ❡♥❞♦❣❡♥❡✐t② ❝♦♥❝❡r♥✱ ✇❡ ❛❞♦♣t ❛♥ ❛❧t❡r♥❛t✐✈❡ ✐❞❡♥t✐✜❝❛t✐♦♥ str❛t✲

❡❣② ❛♥❞ ✉s❡ t❤❡ ❞❛t❡ ♦❢ ❡①♣✐r❛t✐♦♥ ✭r❛t❤❡r t❤❛♥ t❤❡ ❞❛t❡ ♦❢ s✐❣♥❛t✉r❡✮ ♦❢ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts

❛s ❛ ♣r♦①② ❢♦r ✇❛❣❡ r✐❣✐❞✐t②✳ ❚❤❡ ❞❛t❡ ♦❢ ❡①♣✐r❛t✐♦♥ ✐s ❛r❣✉❛❜❧② ❡①♦❣❡♥♦✉s s✐♥❝❡ ✉♥✐♦♥s ❛♥❞

❡♠♣❧♦②♠❡♥t ❢❡❞❡r❛t✐♦♥s ❝❛♥♥♦t ♣♦ss✐❜❧② ♠❛♥✐♣✉❧❛t❡ ✐t ❡① ♣♦st✳✸✹ ❋✐❣✉r❡s ✹❛ ❛♥❞ ✹❜ r❡♣♦rt

t❤❡ r❡s✉❧ts ♦♥ t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ❥♦❜ ❧♦ss ❛♥❞ t❤❡ ✐♥❝✐❞❡♥❝❡ ♦❢ ♥♦♥✲❡♠♣❧♦②♠❡♥t ✇✐t❤ t❤✐s ❛❧✲

t❡r♥❛t✐✈❡ ✐❞❡♥t✐✜❝❛t✐♦♥ str❛t❡❣②✳ ❚❤❡ ❡✛❡❝ts ❛r❡ ✈❡r② s✐♠✐❧❛r t♦ t❤❡ ❜❡♥❝❤♠❛r❦ ❡st✐♠❛t❡s✿ ❥♦❜

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

♥♦♥✲❡♠♣❧♦②♠❡♥t ♦♥ ❛ ❧♦♥❣❡r ❤♦r✐③♦♥✳ ❇② ❝♦♥tr❛st✱ t❤❡ ✐♥❝✐❞❡♥❝❡ ♦❢ ♥♦♥✲❡♠♣❧♦②♠❡♥t r❡♠❛✐♥s

♣❡rs✐st❡♥t❧② ❤✐❣❤ ❢♦r ❛❜♦✉t t✇♦ ②❡❛rs ❛❢t❡r t❤❡ ❢❛❧❧ ♦❢ ▲❡❤♠❛♥ ❇r♦t❤❡rs✳ ❚❤❡s❡ r❡s✉❧ts s✉♣♣♦rt

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

r♦❜✉st t♦ ❞✐✛❡r❡♥t ♠❡❛s✉r❡s ♦❢ ✇❛❣❡ r✐❣✐❞✐t②✳

✸✹❆❧♠♦st ✾✵✪ ♦❢ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ❡①♣✐r❡ ♦♥ ❏❛♥✉❛r② ✶✱ t❤✉s r❡s✉❧t✐♥❣ ✐♥ ❧♦✇❡r ✈❛r✐❛t✐♦♥ t❤❛♥ ✐♥ t❤❡ ❝❛s❡
✇❡ ✉s❡ s✐❣♥❛t✉r❡ ❞❛t❡s ❢♦r ✐❞❡♥t✐✜❝❛t✐♦♥ ✭s❡❡ ❋✐❣✉r❡ ❇✸ ✐♥ ❆♣♣❡♥❞✐① ❇✮✳

✷✷



✻✳✹✳✷ ❆ ❝❛s❡ st✉❞② ✇✐t❤ ❝♦♥str✉❝t✐♦♥

■♥ ♦✉r ❜❡♥❝❤♠❛r❦ s♣❡❝✐✜❝❛t✐♦♥ ✇❡ ❡①♣❧♦✐t ✈❛r✐❛t✐♦♥ ❜② ✐♥❞✉str②✲♣r♦✈✐♥❝❡ ✐♥ t❤❡ ❞❛t❡ ♦❢ ❝♦♥tr❛❝t

s✐❣♥❛t✉r❡ t♦ ❛❝❤✐❡✈❡ ✐❞❡♥t✐✜❝❛t✐♦♥✳ ❖✉r ♠❛✐♥ ❤②♣♦t❤❡s✐s ✐s t❤❛t ❞✐✛❡r❡♥❝❡s ✐♥ t❤❡ ✇❛❣❡ ❣r♦✇t❤

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

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

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

❡❧❡♠❡♥ts t❤❛t ♠❛② ❛✛❡❝t ✜r♠s✬ ❧❛❜♦r ❝♦sts ✐♥ ✇❛②s t❤❛t ❛r❡ ♥♦t ✐♠♠❡❞✐❛t❡❧② ❞✐s❝❡r♥✐❜❧❡ ✐♥ ✇❛❣❡

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

❛t t❤❡ ♣r♦✈✐♥❝❡ ❧❡✈❡❧ ❜✉t ❞♦ ♥♦t s❡t ♣r♦✈✐♥❝❡✲s♣❡❝✐✜❝ ✇❛❣❡ ❣r♦✇t❤✳ ❈♦♥str✉❝t✐♦♥ ✐s ♦♥❡ s✉❝❤

s❡❝t♦r ❛s s✐♥❝❡ ✷✵✶✷ ♣r♦✈✐♥❝❡✲❧❡✈❡❧ ❝♦♥tr❛❝ts ❤❛✈❡ ♠❡r❡❧② ❛❞♦♣t❡❞ t❤❡ ✇❛❣❡ ❣r♦✇t❤ s❡t ✐♥ ❛

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

s✐❣♥❛t✉r❡ ♦❢ ✐ts ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts✱ ✇❛❣❡ ❣r♦✇t❤ ❞♦❡s ♥♦t ✈❛r② ❛❝r♦ss ♣r♦✈✐♥❝❡s✳ ❆❣r❡❡♠❡♥ts

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

♦❢ ❝❤❛♥❣❡s ✐♥ ♦t❤❡r ❝♦♥❞✐t✐♦♥s s❡t ❜② ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ♦♥ ❥♦❜ ❞❡str✉❝t✐♦♥✳ ▼♦r❡♦✈❡r✱ t❤✐s

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

❜♦t❤ ✇✐t❤ s✐❣♥❛t✉r❡ ❞❛t❡ ❛♥❞ ✇✐t❤ ❥♦❜ ❞❡str✉❝t✐♦♥✳

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

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

✐♥ t❤❡ ❝♦♥str✉❝t✐♦♥ s❡❝t♦r ✇✐t❤ ❛t ❧❡❛st ♦♥❡ ②❡❛r ♦❢ t❡♥✉r❡ ❛s ♦❢ ❉❡❝❡♠❜❡r ✷✵✵✽ ❛♥❞ ❡st✐♠❛t❡

❊q✉❛t✐♦♥ ✷✳ ❋✐❣✉r❡ ❆✹ ✐♥ ❆♣♣❡♥❞✐① ❆ ♣r❡s❡♥ts t❤❡ r❡s✉❧ts ♦❢ t❤✐s ❡①❡r❝✐s❡✳ ❲❤✐❧❡ ✐♠♣r❡❝✐s❡ ❞✉❡

t♦ t❤❡ s♠❛❧❧ s❛♠♣❧❡ s✐③❡✱ t❤❡ ❡st✐♠❛t❡s ♦❢ t❤❡ ✐♥❝✐❞❡♥❝❡ ♦❢ ♥♦♥✲❡♠♣❧♦②♠❡♥t ❞✉❡ t♦ ✇❛❣❡ r✐❣✐❞✐t②

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

❝❛s❡ st✉❞② ❝♦✉♥t❡r t❤❡ ❤②♣♦t❤❡s✐s t❤❛t s✐❣♥❛t✉r❡ ❞❛t❡s ❝♦✉❧❞ ❝♦rr❡❧❛t❡ ✇✐t❤ ❥♦❜ ❞❡str✉❝t✐♦♥ ❢♦r

r❡❛s♦♥s ✉♥r❡❧❛t❡❞ t♦ ✇❛❣❡ ❣r♦✇t❤✳

✻✳✹✳✸ Pr❡✲❡①✐st✐♥❣ tr❡♥❞s

❆♥♦t❤❡r ♣♦t❡♥t✐❛❧ ❝♦♥❝❡r♥ ❛❜♦✉t ♦✉r ✐❞❡♥t✐✜❝❛t✐♦♥ str❛t❡❣② ✐s ♣r❡✲❡①✐s✐t✐♥❣ tr❡♥❞s✱ ✐✳❡✳✱ t❤❡

♣♦ss✐❜✐❧✐t② t❤❛t ❡♠♣❧♦②♠❡♥t ✇❛s ❛❧r❡❛❞② ❢❛❧❧✐♥❣ ✐♥ t❤❡ ♣r♦✈✐♥❝❡✲✐♥❞✉str② ❝❡❧❧s t❤❛t r❡❛❝❤❡❞ ❛♥

❛❣r❡❡♠❡♥t ❜❡❢♦r❡ t❤❡ ♦♥s❡t ♦❢ ❛ r❡❝❡ss✐♦♥✳ ❚♦ t❡st ❢♦r ♣r❡✲tr❡♥❞s✱ ✇❡ ❡①❛♠✐♥❡ t❤❡ ♣r♦❜❛❜✐❧✐t②

♦❢ ❥♦❜ ❧♦ss ❜❡t✇❡❡♥ ✷✵✵✼ ❛♥❞ ✷✵✵✽✳✸✺ ❲❡ ❛♣♣❧② t❤❡ s❛♠❡ s❛♠♣❧❡ s❡❧❡❝t✐♦♥ ❝r✐t❡r✐❛ ❛s ✐♥ t❤❡

❜❡♥❝❤♠❛r❦ s♣❡❝✐✜❝❛t✐♦♥ ❛♥❞ s❡❧❡❝t ✇♦r❦❡rs ✇❤♦ st❛②❡❞ ✐♥ t❤❡ ✜r♠ ❛❧❧ t❤r♦✉❣❤ ✷✵✵✻✳ ❲❡ t❤❡♥

r✉♥ ❛ ♣❧❛❝❡❜♦ r❡❣r❡ss✐♦♥ s✐♠✐❧❛r t♦ ❊q✉❛t✐♦♥ ✷ ❜✉t ❢♦r ❥♦❜ ❧♦ss❡s ✐♥ t❤❡ ♣❡r✐♦❞ ✷✵✵✼✲✷✵✵✽✱ ✐✳❡✳✱

♣r✐♦r t♦ t❤❡ ✷✵✵✾ r❡❝❡ss✐♦♥✳✸✻ ❚❤❡ r❡s✉❧ts s❤♦✇♥ ✐♥ ❚❛❜❧❡ ✹✱ ♣❛♥❡❧ ❝ s✉❣❣❡st ♥♦ st❛t✐st✐❝❛❧❧②

s✐❣♥✐✜❝❛♥t ✐♥❝r❡❛s❡ ✐♥ t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ❥♦❜ ❧♦ss ✐♥ ❛❧❧ t✐♠❡ ❤♦r✐③♦♥s ❝♦♥s✐❞❡r❡❞✳

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

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

❣♦t s✐❣♥❡❞ ❜❡❢♦r❡ ❛♥❞ ❛❢t❡r t❤❡ ♦♥s❡t ♦❢ t❤❡ r❡❝❡ss✐♦♥✮✳ ❚♦ ❞♦ s♦✱ ✇❡ ❝♦♠♣✉t❡ t❤❡ ✇♦r❦❡rs✬ ❞✐s✲

t❛♥❝❡ t♦ t❤❡✐r ❝♦rr❡s♣♦♥❞✐♥❣ ♠✐♥✐♠✉♠ ✇❛❣❡ ✲t❤❛t ✐s✱ t❤❡ ♥❡❣♦t✐❛t❡❞ ✇❛❣❡ ✢♦♦r t❤❛t ❝♦rr❡s♣♦♥❞s

✸✺❉✉❡ t♦ ❞❛t❛ ❧✐♠✐t❛t✐♦♥s ❜❡❢♦r❡ t❤❡ ✾✵✬s✱ ✐t ✐s ♥♦t ♣♦ss✐❜❧❡ t♦ ❝❤❡❝❦ ♣r❡✲tr❡♥❞s ❢♦r t❤❡ ✶✾✾✸ r❡❝❡ss✐♦♥✳
✸✻❚❤❡ ♣❧❛❝❡❜♦ r❡❣r❡ss✐♦♥ ❛❧s♦ ✐♥❝❧✉❞❡s t❤❡ ❧❛st q✉❛rt❡r ♦❢ ✷✵✵✽✱ ✐✳❡✳✱ t❤❡ ♠♦♥t❤s ✐♠♠❡❞✐❛t❡❧② ❛❢t❡r t❤❡ ❢❛❧❧ ♦❢

▲❡❤♠❛♥ ❇r♦t❤❡rs✳

✷✸



t♦ t❤❡✐r s❦✐❧❧✱ ♣r♦✈✐♥❝❡✱ ❛♥❞ ✐♥❞✉str② ❛s ♦❢ ❉❡❝❡♠❜❡r ✷✵✵✺✲ ❛♥❞ r✉♥ ❛ s♣❡❝✐✜❝❛t✐♦♥ s✐♠✐❧❛r t♦

❊q✉❛t✐♦♥ ✸ ❢♦r t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ❜❡✐♥❣ ♥♦♥✲❡♠♣❧♦②❡❞ ✐♥ t❤❡ ♣❡r✐♦❞ ✷✵✵✼✲✷✵✵✽✳ ●✉✐❞❡❞ ❜② t❤❡

r❡s✉❧ts ✐♥ ❚❛❜❧❡ ✷✱ ✇❡ ❢♦❝✉s ♦♥ t❤❡ ❣r♦✉♣ ♦❢ ✇♦r❦❡rs✱ ✇❤♦s❡ ✇❛❣❡ ❣r❡✇ ♠♦st✱ ✐✳❡✳✱ t❤♦s❡ ✇✐t❤

♣r❡✲r❡❝❡ss✐♦♥ ♠♦♥t❤❧② ✇❛❣❡s ❛t ♠♦st ✷✵✪ ❛❜♦✈❡ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ♠✐♥✐♠✉♠✳ ❋✐❣✉r❡ ✺ ♣❧♦ts

t❤❡ ❡st✐♠❛t❡❞ ❝♦❡✣❝✐❡♥ts ❛♥❞ ✾✺✪ ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧s ❢♦r ❛❧❧ ♠♦♥t❤s ✐♥ t❤❡ ♣❡r✐♦❞ ✷✵✵✼✲✷✵✵✽✳

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

❡rs ❝❧♦s❡ t♦ t❤❡ ♠✐♥✐♠❛ ♣r✐♦r t♦ t❤❡ ❢❛❧❧ ♦❢ ▲❡❤♠❛♥ ❇r♦t❤❡rs✳ ❚❤✐s ❝♦♥✜r♠s t❤❛t t❤❡ ♣❛r❛❧❧❡❧

♣r❡✲tr❡♥❞s ❛ss✉♠♣t✐♦♥ ✐s s❛t✐s✜❡❞ ✐♥ ♦✉r s❡tt✐♥❣✳

✼ ▼❡❝❤❛♥✐s♠s ❛♥❞ t❤❡ r♦❧❡ ♦❢ ✐♥st✐t✉t✐♦♥s

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

t❤❡ ✶✾✾✸ r❡❝❡ss✐♦♥ ❛♥❞ ❛ ♣❡rs✐st❡♥t ❞✐s❡♠♣❧♦②♠❡♥t ❡✛❡❝t ❞✉r✐♥❣ t❤❡ ✷✵✵✾ r❡❝❡ss✐♦♥✳ ❚♦ t❤✐s

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

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

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

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

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

s❤♦rt✲t✐♠❡ ✇♦r❦ s❝❤❡♠❡s ✐♥st❡❛❞ ♦❢ ❧❛②♦✛s✳ ■♥ t❤✐s s❡❝t✐♦♥ ✇❡ s❤❡❞ ❧✐❣❤t ♦♥ t❤❡ ♠❡❝❤❛♥✐s♠s

✉♥❞❡r❧②✐♥❣ ♦✉r ♠❛✐♥ r❡s✉❧ts ❛♥❞ ❡①❛♠✐♥❡ ❤♦✇ ✐♥st✐t✉t✐♦♥s ✐♥t❡r❛❝t ✇✐t❤ ✇❛❣❡ r✐❣✐❞✐t②✳

✼✳✶ ■♥✢❛t✐♦♥ r❛t❡

❆ ♣❧❛✉s✐❜❧❡ ❡①♣❧❛♥❛t✐♦♥ ❜❡❤✐♥❞ t❤❡ ♠✐♥♦r ❧❛❜♦r ♠❛r❦❡t ❝♦♥s❡q✉❡♥❝❡s ❞✉r✐♥❣ t❤❡ ✶✾✾✸ r❡❝❡ss✐♦♥

✐s t❤❡ ❤✐❣❤ ✐♥✢❛t✐♦♥ r❛t❡ ✭❛r♦✉♥❞ ✹✳✻✪✮ t❤❛t ❝♦✉♥t❡r✈❛✐❧❡❞ ♥♦♠✐♥❛❧ ✇❛❣❡ ✐♥❝r❡❛s❡s s❡t ❜② ❝♦❧❧❡❝✲

t✐✈❡ ❝♦♥tr❛❝ts✳ ❚♦ ❢✉rt❤❡r s✉♣♣♦rt t❤✐s ❛r❣✉♠❡♥t ✇❡ ❡①♣❧♦✐t ♣r♦✈✐♥❝❡✲❧❡✈❡❧ ✈❛r✐❛t✐♦♥ ✐♥ ✐♥✢❛t✐♦♥

r❛t❡s ✐♥ ✶✾✾✸✳ ▼♦r❡ s♣❡❝✐✜❝❛❧❧②✱ ✇❡ ❝❧❛ss✐❢② ♣r♦✈✐♥❝❡s ❛s ❤✐❣❤ ✭❧♦✇✮✲ ✐♥✢❛t✐♦♥ ✐❢ t❤❡ ♣r♦✈✐♥❝✐❛❧

✐♥✢❛t✐♦♥ r❛t❡ ✐♥ ✶✾✾✸ ✇❛s ❛❜♦✈❡ ✭❜❡❧♦✇✮ t❤❡ ♥❛t✐♦♥❛❧ ♦♥❡ ❛♥❞ r❡r✉♥ ❊q✉❛t✐♦♥ ✷ ❢♦r ✇♦r❦❡rs ✐♥

t❤❡s❡ t✇♦ ❣r♦✉♣s✳ ❋✐❣✉r❡ ✻ ♣r❡s❡♥ts t❤❡ r❡s✉❧ts ♦♥ t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ♥♦♥✲❡♠♣❧♦②♠❡♥t ❢♦r ✇♦r❦✲

❡rs ✐♥ ❤✐❣❤ ❛♥❞ ❧♦✇ ✐♥✢❛t✐♦♥ ♣r♦✈✐♥❝❡s✳ ❲❡ s❡❡ t❤❛t ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts s✐❣♥❡❞ ♣r✐♦r t♦ ✶✾✾✷

❞♦ ♥♦t r❡s✉❧t ✐♥ ❛♥② st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❡♠♣❧♦②♠❡♥t ❧♦ss ✐♥ ❤✐❣❤✲✐♥✢❛t✐♦♥ ♣r♦✈✐♥❝❡s ✭❋✐❣✉r❡

✻✱ ❧❡❢t ♣❛♥❡❧✮✳ ❇② ❝♦♥tr❛st✱ ✐♥ t❤❡ ❧♦✇✲✐♥✢❛t✐♦♥ ♣r♦✈✐♥❝❡s✱ t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ♥♦♥✲❡♠♣❧♦②♠❡♥t

✐♥❝r❡❛s❡s ❜② ❛❧♠♦st ✷ ♣♣ ❡✐❣❤t t♦ ♥✐♥❡ ♠♦♥t❤s ❛❢t❡r t❤❡ ♦♥s❡t ♦❢ t❤❡ r❡❝❡ss✐♦♥ ❜✉t ❛❧s♦ ✶✺ ❛♥❞

✷✵ t♦ ✷✶ ♠♦♥t❤s ❛❢t❡r ✭❋✐❣✉r❡ ✻✱ r✐❣❤t ♣❛♥❡❧✮✳ ❚❤✉s✱ ❤✐❣❤ ✐♥✢❛t✐♦♥ r❛t❡s ❝❛♥ ❡✛❡❝t✐✈❡❧② ❣r❡❛s❡

t❤❡ ✇❤❡❡❧s ♦❢ t❤❡ ❧❛❜♦r ♠❛r❦❡t✳

✼✳✷ ❊s❝❛❧❛t✐♦♥ ❝❧❛✉s❡s

❆❧t❤♦✉❣❤ ❤✐❣❤ ✐♥✢❛t✐♦♥ r❛t❡s ❝❛♥ ❧✐♠✐t t❤❡ ❡✛❡❝ts ♦❢ ♥♦♠✐♥❛❧ ✇❛❣❡ r✐❣✐❞✐t②✱ t❤❡② ♠❛② ❛❧s♦ ♠❛❦❡

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

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

❋✐❣✉r❡ ❇✶ ✐♥ ❆♣♣❡♥❞✐① ❇ ♣r♦✈✐❞❡s ❛♥ ❡①❛♠♣❧❡ ♦❢ ❛♥ ❡s❝❛❧❛t✐♦♥ ❝❧❛✉s❡ ✐♥ t❤❡ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝t

✷✹



♦❢ t❤❡ ❢♦♦❞ ✐♥❞✉str② s✐❣♥❡❞ ✐♥ ✶✾✾✷✱ ✇❤✐❝❤ ❡♥✈✐s❛❣❡❞ ❛ ♠✐♥✐♠✉♠ ✇❛❣❡ ✐♥❝r❡❛s❡ ❣✉❛r❛♥t❡❡ ❢♦r

✶✾✾✸ ❡q✉❛❧ t♦ t❤❡ r❡❛❧✐③❡❞ ✐♥✢❛t✐♦♥ ♠✐♥✉s ✶ ♣♣✳✸✼ ❚❛❜❧❡ ✺✱ ❝♦❧✉♠♥ ✷ ♣r❡s❡♥ts t❤❡ r❡s✉❧ts ♦♥

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

t❤❡ ❝❛s❡ ♦❢ t❤❡ ✶✾✾✸ r❡❝❡ss✐♦♥✱ t❤❡ ❡st✐♠❛t❡s ❜❡❝♦♠❡ ♠✉❝❤ ♠♦r❡ ❤♦♠♦❣❡♥❡♦✉s ❛❝r♦ss ❣r♦✉♣s

✭❝♦♠♣❛r❡ r♦✇s ✶ ❛♥❞ ✷ ✐♥ ❝♦❧✉♠♥ ✷ ♦❢ ♣❛♥❡❧ ❛✮ ✇❤✐❧❡ ✐♥ t❤❡ ❝❛s❡ ♦❢ t❤❡ ✷✵✵✾ r❡❝❡ss✐♦♥ t❤❡ ❣r♦✉♣

♦❢ ✇♦r❦❡rs ❝❧♦s❡st t♦ t❤❡ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs ❝♦♥t✐♥✉❡s t♦ ❜❡ t❤❡ ♠♦st ❛✛❡❝t❡❞ ♦♥❡ ✭r♦✇ ✶ ✐♥

❝♦❧✉♠♥ ✷ ♦❢ ♣❛♥❡❧ ❜✮✳✸✽ ❖♥ t❤❡ ♦♥❡ ❤❛♥❞✱ t❤❡ ✶✾✾✸ r❡❝❡ss✐♦♥ t♦♦❦ ♣❧❛❝❡ ❞✉r✐♥❣ ❛♥ ✐♥✢❛t✐♦♥❛r②

♣❡r✐♦❞ ✇✐t❤ ❛♥ ✐♥✢❛t✐♦♥ r❛t❡ ♦❢ ✹✳✻✪✳ ❚❤✐s tr✐❣❣❡r❡❞ ❡s❝❛❧❛t✐♦♥ ❝❧❛✉s❡s ❝♦♥t❛✐♥❡❞ ✐♥ t❤❡ ♠❛❥♦r✐t②

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

❢r♦♠ t❤❡ ♠✐♥✐♠❛ ✭s❡❡ ❋✐❣✉r❡ ✼✱ t♦♣ r✐❣❤t ♣❛♥❡❧✮✳ ❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ t❤❡ ✐♥✢❛t✐♦♥ r❛t❡ ❞✉r✐♥❣

t❤❡ ▲❡❤♠❛♥ ❇r♦t❤❡rs r❡❝❡ss✐♦♥ ✇❛s ✈❡r② ❧♦✇ ✭❛r♦✉♥❞ ✵ ✐♥ ✷✵✵✾✮✳ ❚❤❡r❡❢♦r❡✱ ❛❧t❤♦✉❣❤ ❡s❝❛❧❛t✐♦♥

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

❝❛s❡ ♦❢ t❤❡ ✷✵✵✾ r❡❝❡ss✐♦♥✱ ❤✐❣❤ ♥♦♠✐♥❛❧ ✇❛❣❡ ❣r♦✇t❤ ✇❛s ❝♦♥✜♥❡❞ t♦ ✇♦r❦❡rs ✈❡r② ❝❧♦s❡ t♦ t❤❡

♠✐♥✐♠❛ ✐rr❡s♣❡❝t✐✈❡❧② ♦❢ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ❡s❝❛❧❛t✐♦♥ ❝❧❛✉s❡s ✭s❡❡ ❋✐❣✉r❡ ✼✱ ❧♦✇❡r r✐❣❤t ♣❛♥❡❧✮✳✸✾

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

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

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

tr✐❣❣❡rs ❡s❝❛❧❛t✐♦♥ ❝❧❛✉s❡s t❤❛t ✐♥ t✉r♥ ✐♥❝r❡❛s❡ t❤❡ ♥♦♠✐♥❛❧ ✇❛❣❡s ♦❢ ♠♦st ✇♦r❦❡rs✱ t❤❡r❡ ✐s ♥♦

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

✼✳✸ ❈♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝t ❞✉r❛t✐♦♥

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

❧❡♥❣t❤ ❛s ❡♠♣❤❛s✐③❡❞ ✐♥ ❙♦r❦✐♥ ✭✷✵✶✺✮✳ ❈♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ❛r❡ t②♣✐❝❛❧❧② s❡t ❢♦r ♠♦r❡ t❤❛♥ ♦♥❡

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

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

s❤♦rt❧② ❛❢t❡r t❤❡ ♠❛❝r♦❡❝♦♥♦♠✐❝ s❤♦❝❦ ✭✐✳❡✳✱ ❛❧r❡❛❞② ❜② t❤❡ ❡♥❞ ♦❢ ✷✵✵✾✮✳✹✵ ■♥ ❛ ❝♦♥t❡①t ♦❢ ❤✐❣❤

✐♥✢❛t✐♦♥✱ t❤❡ ❛✈❡r❛❣❡ ❞✉r❛t✐♦♥ ♦❢ t❤❡ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts s✐❣♥❡❞ ❜❡❢♦r❡ ❉❡❝❡♠❜❡r ✶✾✾✷ ✇❛s ❥✉st

✶✳✸ ②❡❛rs ✇❤✐❧❡ t❤❡ ❛✈❡r❛❣❡ ❞✉r❛t✐♦♥ ♦❢ ❝♦♥tr❛❝ts s✐❣♥❡❞ ❜❡❢♦r❡ ❙❡♣t❡♠❜❡r ✷✵✵✽ ✇❛s ✸✳✽ ②❡❛rs✳

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

✸✼❊s❝❛❧❛t✐♦♥ ❝❧❛✉s❡s ✇❡r❡ ❛ ❝♦♠♠♦♥ ♣r❛❝t✐❝❡ ♥♦t ♦♥❧② ✐♥ t❤❡ ♣❡r✐♦❞ ❛r♦✉♥❞ t❤❡ ✶✾✾✸ r❡❝❡ss✐♦♥ ❜✉t ❛❧s♦ ✐♥ t❤❡
②❡❛rs ❛r♦✉♥❞ t❤❡ ✷✵✵✾ r❡❝❡ss✐♦♥✱ ✇✐t❤ ♠♦r❡ t❤❛♥ ✻✵✪ ♦❢ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ❝♦♥t❛✐♥✐♥❣ ♦♥❡ ✭s❡❡ ❚❛❜❧❡s ✶❛ ❛♥❞
✶❜✮✳

✸✽❆ t❡st ♦❢ ❡q✉❛❧✐t② ♦❢ ❝♦❡✣❝✐❡♥ts ✐♥ t❤❡ s✉❜s❛♠♣❧❡ ♦❢ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ✇✐t❤ ❡s❝❛❧❛t✐♦♥ ❝❧❛✉s❡s ❝❛♥♥♦t r❡❥❡❝t
t❤❡ ❤②♣♦t❤❡s✐s t❤❛t t❤❡② ❛r❡ t❤❡ s❛♠❡ ❛♠♦♥❣ ✇♦r❦❡rs ❛t ♠♦st ✶✵✪✱ ✶✵✲✷✵✪ ❛♥❞ ✷✵✲✹✵✪ ❛❜♦✈❡ t❤❡ ♠✐♥✐♠❛ ❞✉r✐♥❣
t❤❡ ✶✾✾✸ r❡❝❡ss✐♦♥ ✭❚❛❜❧❡ ✺✱ ♣❛♥❡❧ ❛✱ r♦✇ ✼✮✳ ❇② ❝♦♥tr❛st✱ ❝♦❡✣❝✐❡♥ts ❛r❡ st❛t✐st✐❝❛❧❧② ❞✐✛❡r❡♥t ❛♠♦♥❣ ✇♦r❦❡rs
❝❧♦s❡ ❛♥❞ ❢❛r ❢r♦♠ t❤❡ ♠✐♥✐♠❛ ❞✉r✐♥❣ t❤❡ ✷✵✵✾ r❡❝❡ss✐♦♥ ✭❚❛❜❧❡ ✺✱ ♣❛♥❡❧ ❜✱ r♦✇ ✼✮✳

✸✾❆♥♦t❤❡r ✇❛② t♦ s❡❡ t❤✐s ✐s t♦ ❢♦❝✉s ♦♥ ✇♦r❦❡rs ✇✐t❤ ❛ ❧❛r❣❡ ❝✉s❤✐♦♥ ✭❛t ❧❡❛st ✹✵✪ ❛❜♦✈❡ t❤❡ ♠✐♥✐♠✉♠
✇❛❣❡ ✢♦♦rs✮ ❛♥❞ ❝❤❡❝❦ ✇❤❡t❤❡r t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ ❛❝t✉❛❧ ✇❛❣❡ ❣r♦✇t❤ ❝❤❛♥❣❡s ❢♦r t❤♦s❡ ❝♦✈❡r❡❞ ❜② ❝♦❧❧❡❝t✐✈❡
❝♦♥tr❛❝ts ✇✐t❤ ❡s❝❛❧❛t✐♦♥ ❝❧❛✉s❡s✳ ❋✐❣✉r❡ ❆✺ ✐♥ ❆♣♣❡♥❞✐① ❆ s❤♦✇s t❤❛t t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ ❛❝t✉❛❧ ✇❛❣❡ ❣r♦✇t❤
❞♦❡s ♥♦t ✈❛r② ❜② t❤❡ ♣r❡s❡♥❝❡ ♦❢ ❡s❝❛❧❛t✐♦♥ ❝❧❛✉s❡s ✐♥ t❤❡ ✷✵✵✾ r❡❝❡ss✐♦♥ ✭❝♦♠♣❛r❡ t❤❡ ❧❡❢t ❛♥❞ r✐❣❤t ❧♦✇❡r
♣❛♥❡❧s ♦❢ ❋✐❣✉r❡ ❆✺✮✳ ■♥st❡❛❞✱ ❞✉r✐♥❣ t❤❡ ✶✾✾✸ r❡❝❡ss✐♦♥✱ ✇❡ ❞❡t❡❝t ♠♦r❡ ✇❛❣❡ ❝✉ts ❛♠♦♥❣ ❤✐❣❤ ❝✉s❤✐♦♥ ✇♦r❦❡rs
❝♦✈❡r❡❞ ❜② ❡s❝❛❧❛t✐♦♥ ❝❧❛✉s❡s ✭❝♦♠♣❛r❡ t❤❡ ❧❡❢t ❛♥❞ r✐❣❤t ✉♣♣❡r ♣❛♥❡❧s ♦❢ ❋✐❣✉r❡ ❆✺✮✳ Pr❡s✉♠❛❜❧②✱ t❤✐s ✐s ❤♦✇
✜r♠s tr✐❡❞ t♦ ❝♦✉♥t❡r❜❛❧❛♥❝❡ t❤❡ ✇❛❣❡ ❣r♦✇t❤ ❡♥✈✐s❛❣❡❞ ❢♦r ❛❧❧ ✇♦r❦❡rs ❛❢t❡r t❤❡ tr✐❣❣❡r✐♥❣ ♦❢ t❤❡ ❡s❝❛❧❛t✐♦♥
❝❧❛✉s❡s✳

✹✵❘❡♥❡❣♦t✐❛t✐♥❣ ✇❛❣❡s ❞✉r✐♥❣ t❤❡ ✈❛❧✐❞✐t② ♣❡r✐♦❞ ♦❢ ❛ ❝♦❧❧❡❝t✐✈❡ ❛❣r❡❡♠❡♥t ✇♦✉❧❞ ❜❡ ✈❡r② ❝♦st❧② ❢♦r ❛ ❣✐✈❡♥
✜r♠ ❛s ♦♣t✐♥❣ ♦✉t ✇❛s ❝✉♠❜❡rs♦♠❡ ❛t ❧❡❛st ✉♥t✐❧ ✷✵✶✷✳

✷✺



✷✵✵✾ r❡❝❡ss✐♦♥ ✇❡r❡ r❛t❤❡r ❧♦♥❣✲❧❛st✐♥❣✳

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

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

t♦ t❤❡ ♦♥s❡t ♦❢ t❤❡ r❡❝❡ss✐♦♥ ✐s ❡①♦❣❡♥♦✉s✳✹✶ ❍❡♥❝❡✱ ✇❡ ❣❡♥❡r❛t❡ t✇♦ ✏tr❡❛t♠❡♥t✑ ❣r♦✉♣s ✇✐t❤✐♥

❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts s✐❣♥❡❞ ❜❡❢♦r❡ ❙❡♣t❡♠❜❡r ✷✵✵✽✳ ❚❤❡ ✜rst ❣r♦✉♣ ❝♦♠♣r✐s❡s ♦❢ s❤♦rt ❝♦♥tr❛❝ts

s❡t t♦ ❡①♣✐r❡ ❛t t❤❡ ❡♥❞ ♦❢ ✷✵✵✾ ✇❤✐❧❡ t❤❡ s❡❝♦♥❞ ❣r♦✉♣ ❛r❡ ❧♦♥❣ ❝♦♥tr❛❝ts t❤❛t s❡tt❧❡❞ ✇❛❣❡

❣r♦✇t❤ ❛t ❧❡❛st ✉♣ ✉♥t✐❧ ✷✵✶✵✳ ❆❧❧ t❤❡ ❝♦♥tr❛❝ts s✐❣♥❡❞ ❛❢t❡r t❤❡ ♦♥s❡t ♦❢ t❤❡ r❡❝❡ss✐♦♥ ❛r❡

✏❝♦♥tr♦❧s✑✱ ✐♥ t❤❡ s❡♥s❡ t❤❛t t❤❡ ❜❛r❣❛✐♥✐♥❣ ♣❛rt✐❡s ❝♦✉❧❞ ❛❞❥✉st ✇❛❣❡s ❛♥❞ ❝♦♥tr❛❝t ❞✉r❛t✐♦♥ t♦

t❤❡ ❛❣❣r❡❣❛t❡ s❤♦❝❦✳

❚❤❡ ❧❡❢t ♣❛♥❡❧ ♦❢ ❋✐❣✉r❡ ✽ s❤♦✇s t❤❡ ❡✛❡❝ts ♦❢ ✇❛❣❡ r✐❣✐❞✐t② ♦♥ t❤❡ ♠♦♥t❤❧② ♣r♦❜❛❜✐❧✐t②

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

r❡♥❡❣♦t✐❛t❡❞ ❜② t❤❡ ❡♥❞ ♦❢ ✷✵✵✾✮ ✇❤✐❧❡ t❤❡ r✐❣❤t ♣❛♥❡❧ s❤♦✇s t❤❡ ❡✛❡❝ts ❛♠♦♥❣ ✇♦r❦❡rs ❝♦✈❡r❡❞

❜② ❧♦♥❣ ❝♦♥tr❛❝ts ✭t❤♦s❡ t❤❛t ❝♦✉❧❞ ❜❡ r❡♥❡❣♦t✐❛t❡❞ ♦♥❧② ✐♥ ✷✵✶✵ ❛t t❤❡ ❡❛r❧✐❡st✮✳ ❚❤❡r❡ ✐s ❛

st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ✐♥❝r❡❛s❡ ✐♥ t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ♥♦♥✲❡♠♣❧♦②♠❡♥t ♠❛✐♥❧② ❛♠♦♥❣ ✇♦r❦❡rs

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

t❤❡ ❛✈❡r❛❣❡ ♠♦♥t❤❧② ♣r♦❜❛❜✐❧✐t② ♦❢ ♥♦♥✲❡♠♣❧♦②♠❡♥t ♦❢ ❛r♦✉♥❞ ✶✪ ❢♦r ✇♦r❦❡rs ❝♦✈❡r❡❞ ❜② ❧♦♥❣

❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ✭✐t ✐s ❛❧♠♦st ③❡r♦ ❢♦r ✇♦r❦❡rs ✉♥❞❡r s❤♦rt❡r ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts✮✳

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

❧♦♥❣✲❧❛st✐♥❣ ❞✐s❡♠♣❧♦②♠❡♥t ❡✛❡❝ts ♦❢ ✇❛❣❡ r✐❞✐❣✐t② ❞✉r✐♥❣ t❤❡ ✷✵✵✾ r❡❝❡ss✐♦♥✳ ▼♦r❡♦✈❡r✱ t❤❡②

♣❛rt✐❛❧❧② ❡①♣❧❛✐♥ ✇❤②✱ ✐♥ ❋✐❣✉r❡ ✷✱ ✇❡ ✜♥❞ ♥❡❣❧✐❣✐❜❧❡ r❛t❡s ♦❢ ❥♦❜ ❞❡str✉❝t✐♦♥ ✐♥ ✷✵✵✾✱ t❤❡ ②❡❛r

r✐❣❤t ❛❢t❡r t❤❡ ♠❛❝r♦❡❝♦♥♦♠✐❝ s❤♦❝❦✿ ❛♠♦♥❣ ✇♦r❦❡rs ❝♦✈❡r❡❞ ❜② ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts s✐❣♥❡❞

❜❡❢♦r❡ t❤❡ ❢❛❧❧ ♦❢ ▲❡❤♠❛♥ ❇r♦t❤❡rs✱ t❤❡r❡ ✇❛s ❛ ❢r❛❝t✐♦♥ ✇❤♦s❡ ✇❛❣❡s ❝♦✉❧❞ ❜❡ r❡♥❡❣♦t✐❛t❡❞

s❤♦rt❧② ❛❢t❡r t❤❡ s❤♦❝❦✱ t❤✉s ❡①♣❡r✐❡♥❝✐♥❣ ♥❡❣❧✐❣✐❜❧❡ r❛t❡s ♦❢ ❥♦❜ ❞❡str✉❝t✐♦♥✳ ❖♥ t❤❡ ❝♦♥tr❛r②✱

❥♦❜ ❞❡str✉❝t✐♦♥ ✇❛s ❝♦♥✜♥❡❞ t♦ ♣r♦✈✐♥❝❡✲✐♥❞✉str② ❝❡❧❧s ❡①♣♦s❡❞ t♦ ❛t ❧❡❛st t✇♦ ②❡❛rs ♦❢ ✇❛❣❡

r✐❣✐❞✐t②✳

✼✳✹ ❆❞❥✉st♠❡♥t ❝♦sts

❆♥♦t❤❡r ♣♦ss✐❜❧❡ ♠❡❝❤❛♥✐s♠ ❜❡❤✐♥❞ t❤❡ ❞❡❧❛②❡❞ ❞✐s❡♠♣❧♦②♠❡♥t r❡s♣♦♥s❡ ❛❢t❡r t❤❡ ❢❛❧❧ ♦❢

▲❡❤♠❛♥ ❇r♦t❤❡rs ✐s t❤❡ ♣r❡s❡♥❝❡ ♦❢ ❛❞❥✉st♠❡♥t ❝♦sts✱ ❛♥❞ ✜r✐♥❣ ❝♦sts ❛r❡ ❛ ♣r♦♠✐♥❡♥t ❡①✲

❛♠♣❧❡✳ ❆s ✐t ✐s t❤❡ ❝❛s❡ ✐♥ ♠❛♥② ❊✉r♦♣❡❛♥ ❝♦✉♥tr✐❡s✱ ❡♠♣❧♦②❡❡s ✉♥❞❡r ❛ ✜①❡❞✲t❡r♠ ❝♦♥tr❛❝t

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

❞✉♥❞❛♥❝② ❝♦sts t♦ ❞✐s♠✐ss ✇♦r❦❡rs ♦♥ ❛♥ ♦♣❡♥✲❡♥❞❡❞ ❝♦♥tr❛❝t✳✹✷ ❲❡ t❤✉s ❡①❛♠✐♥❡ ✇❤❡t❤❡r t❤❡

❞✐✛❡r❡♥❝❡ ✐♥ ✜r✐♥❣ ❝♦sts ❛❝r♦ss ❡♠♣❧♦②❡❡s ♦♥ ✜①❡❞✲t❡r♠ ❛♥❞ ♦♣❡♥✲❡♥❞❡❞ ❝♦♥tr❛❝ts ❝❛♥ ❡①♣❧❛✐♥

t❤❡ ♣❛tt❡r♥ ♦❢ ❡♠♣❧♦②♠❡♥t r❡s♣♦♥s❡s✳

❋✐❣✉r❡ ✾ s❤♦✇s t❤❡ ❡✛❡❝ts ♦♥ t❤❡ ♠♦♥t❤❧② ♣r♦❜❛❜✐❧✐t② ♦❢ ❥♦❜ ❞❡str✉❝t✐♦♥ ✭❧❡❢t ♣❛♥❡❧✮ ❛♥❞

♥♦♥✲❡♠♣❧♦②♠❡♥t ✭r✐❣❤t ♣❛♥❡❧✮✳ ❲❡ ✜♥❞ t❤❛t✱ ❛♠♦♥❣ ✇♦r❦❡rs ❝♦✈❡r❡❞ ❜② ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts

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

❝♦♥tr❛❝t ✇❛s ✜①❡❞✲t❡r♠✱ ♣❡❛❦✐♥❣ ❛t ✶✳✺✪ ✐♥ ✷✵✶✵ ✭❝♦♠♣❛r❡❞ t♦ ✶✳✵✪ ❛♠♦♥❣ ❛❧❧✮✳ ❚❤✐s ✜♥❞✐♥❣

✹✶❚❤✐s ❛ss✉♠♣t✐♦♥ ✐s ❧✐❦❡❧② t♦ ❜❡ s❛t✐s✜❡❞ ✐❢ s♦❝✐❛❧ ♣❛rt♥❡rs ❞✐❞ ♥♦t ❢♦r❡s❡❡ t❤❡ r❡❝❡ss✐♦♥ ❛♥❞ t❤✐s ✐s s✉♣♣♦rt❡❞
❜② t❤❡ ❧❛❝❦ ♦❢ ♣r❡✲tr❡♥❞s ✐♥ ❛❧❧ ❡st✐♠❛t❡s✳

✹✷■♥ t❤❡ ♣❡r✐♦❞ ✇❡ ❛♥❛❧②③❡✱ s❡✈❡r❛♥❝❡ ♣❛②♠❡♥ts ❛♠♦✉♥t❡❞ ✉♣ t♦ ✹✺ ✇❛❣❡ ❞❛②s ♣❡r ②❡❛r ✇♦r❦❡❞✱ ✇✐t❤ ❛ ❧✐♠✐t
♦❢ t✇♦ ❢✉❧❧ ②❡❛r ✇❛❣❡s✳

✷✻



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

✜①❡❞✲t❡r♠ ❝♦♥tr❛❝ts t❤❛♥ ❛♠♦♥❣ ♦t❤❡r ✇♦r❦❡rs✳

❍♦✇❡✈❡r✱ t❤❡ ✐♥❝r❡❛s❡❞ ❥♦❜ ❞❡str✉❝t✐♦♥ r❛t❡s ❛♠♦♥❣ ✜①❡❞✲t❡r♠ ✇♦r❦❡rs ❞♦ ♥♦t ✐♠♣❧② ❧❛r❣❡r

✐♥❝✐❞❡♥❝❡ ♦❢ ♥♦♥✲❡♠♣❧♦②♠❡♥t ♦✈❡r ❧♦♥❣❡r ❤♦r✐③♦♥s✳ ❚❤❡ r❡s♣♦♥s❡ ♦❢ ♥♦♥✲❡♠♣❧♦②♠❡♥t t♦ ✇❛❣❡

r✐❣✐❞✐t② ❛♠♦♥❣ ✇♦r❦❡rs ✇❤♦ ✇❡r❡ ❡❛s✐❡r t♦ ❞✐s♠✐ss ✐s ❧❡ss t❤❛♥ ✶✪ ❢♦✉r ②❡❛rs ❛❢t❡r t❤❡ ❛❣❣r❡❣❛t❡

s❤♦❝❦✱ ✈❡r② s✐♠✐❧❛r t♦ t❤❡ ❜❡♥❝❤♠❛r❦ ❡st✐♠❛t❡ ✐♥ ❋✐❣✉r❡ ✷✳ ❆❝t✉❛❧❧②✱ ❞✉r✐♥❣ ✷✵✶✵ ❛♥❞ ✷✵✶✶✱

t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ❜❡✐♥❣ ✐♥ ✉♥❡♠♣❧♦②♠❡♥t ✇❛s st✐❧❧ ✈✐s✐❜❧❡ ♦♥❧② ❛♠♦♥❣ ✇♦r❦❡rs ✐♥ ♦♣❡♥✲❡♥❞❡❞

❝♦♥tr❛❝ts✳ ❖♥❡ ♣♦ss✐❜❧❡ ❡①♣❧❛♥❛t✐♦♥ ✐s t❤❛t ✜r✐♥❣ ❝♦sts ✐♥ ❙♣❛✐♥ t❛❦❡ t❤❡ ❢♦r♠ ♦❢ ❧❛r❣❡ s❡✈❡r❛♥❝❡

♣❛②♠❡♥ts✱ t❤❛t ♠❛② s✉st❛✐♥ ❧♦♥❣❡r ♣❡r✐♦❞s ♦❢ ❥♦❜ s❡❛r❝❤✳ ❆❧t❡r♥❛t✐✈❡❧②✱ ❉❡❧❧❛❱✐❣♥❛ ❡t ❛❧✳ ✭✷✵✶✼✮

❛♥❞ ❑♦❡♥✐❣ ❡t ❛❧✳ ✭✷✵✶✻✮ ♣r♦✈✐❞❡ ❡✈✐❞❡♥❝❡ ♦♥ t❤❡ r♦❧❡ ♦❢ r❡❢❡r❡♥❝❡ ✇❛❣❡s ✐♥ ❢♦r♠✐♥❣ r❡s❡r✈❛t✐♦♥

✇❛❣❡s✳ ❲♦r❦❡rs ✉♥❞❡r ♦♣❡♥✲❡♥❞❡❞ ❝♦♥tr❛❝ts ❤❛✈❡ t②♣✐❝❛❧❧② ❛❝❝✉♠✉❧❛t❡❞ ❤✐❣❤❡r ✇❛❣❡s t❤r♦✉❣❤

❧♦♥❣❡r s❡♥✐♦r✐t② ❛♥❞ ♠❛② ❜❡ ❝❤♦♦s✐❡r ✐♥ s❡❧❡❝t✐♥❣ ♥❡✇ ❥♦❜s✳ ❆❧❧ ✐♥ ❛❧❧✱ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝t ❞✉r❛t✐♦♥

r❛t❤❡r t❤❛♥ ❛❞❥✉st♠❡♥t ❝♦sts ❛r❡ ❧✐❦❡❧② t♦ ❡①♣❧❛✐♥ t❤❡ t✐♠✐♥❣ ♦❢ ❥♦❜ ❞❡str✉❝t✐♦♥ ❛❢t❡r ✷✵✵✾✳

✼✳✺ ❙❤♦rt t✐♠❡ ✇♦r❦ s❝❤❡♠❡s

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

♣♦❧✐❝✐❡s ❛♥❞ t❤❡✐r ✐♥t❡r♣❧❛② ✇✐t❤ ✇❛❣❡ r✐❣✐❞✐t②✳ ❋♦r ❡①❛♠♣❧❡✱ ❞✉r✐♥❣ t❤❡ ❈❖❱■❉✲✶✾ ♣❛♥❞❡♠✐❝

✐♥ ❙♣❛✐♥✱ t❤❡r❡ ❤❛s ❜❡❡♥ ❛♥ ✉♥♣r❡❝❡❞❡♥t❡❞ ✉s❡ ♦❢ s❤♦rt✲t✐♠❡ ✇♦r❦ s❝❤❡♠❡s ✭s❡❡ ❋✐❣✉r❡ ❆✸ ✐♥

t❤❡ ❆♣♣❡♥❞✐①✮✳ ❲❡ ✜rst ✈❡r✐❢② t❤❛t ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts s✐❣♥❡❞ ❛❢t❡r t❤❡ ♦♥s❡t ♦❢ t❤❡ ❈❖❱■❉✲

✶✾ ♣❛♥❞❡♠✐❝ ✇❡r❡ ❧❡ss r✐❣✐❞ t❤❛♥ t❤♦s❡ s✐❣♥❡❞ ❜❡❢♦r❡ ❜② ❡st✐♠❛t✐♥❣ ❊q✉❛t✐♦♥ ✶✳ ■♥❞❡❡❞✱ ✇❡

✜♥❞ t❤❛t ♥❡❣♦t✐❛t❡❞ ✇❛❣❡ ❣r♦✇t❤ s❡tt❧❡❞ ❢♦r ✷✵✷✵ ✇❛s ❛r♦✉♥❞ ✵✳✷ ♣♣ ❧♦✇❡r ❛♠♦♥❣ t❤❡ ❢♦r♠❡r

✭s❡❡ ❋✐❣✉r❡ ✶✵✮✳ ❚❤✐s r❡s✉❧t ♠❛② ❜❡ ✐♥t❡r♣r❡t❡❞ ✇✐t❤ ❝❛✉t✐♦♥ ❛s ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts t❤❛t ❣♦t

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

❣r♦✇t❤ s❡tt❧❡❞ ❢♦r ✷✵✷✶ ✇❛s r❛t❤❡r ✉♥❛✛❡❝t❡❞ ✭❙❡❡ ❋✐❣✉r❡ ❆✼ ✐♥ t❤❡ ❆♣♣❡♥❞✐①✱ ❧❡❢t ♣❛♥❡❧✮✳ ❚❤✐s

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

t❤❡ ♣❛♥❞❡♠✐❝ t♦ ❜❡ ❛ r❛t❤❡r tr❛♥s✐t♦r② s❤♦❝❦✳ ❍♦✇❡✈❡r✱ t❤❡r❡ ✇❛s ❛ ❧♦t ♦❢ ✉♥❝❡rt❛✐♥t②✱ ✇❤✐❝❤

✐s r❡✢❡❝t❡❞ ✐♥ t❤❡ r❡❞✉❝❡❞ ❛✈❡r❛❣❡ ❞✉r❛t✐♦♥ ♦❢ t❤❡ ♥❡✇❧② s✐❣♥❡❞ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ✭❋✐❣✉r❡ ❆✼

✐♥ t❤❡ ❆♣♣❡♥❞✐①✱ r✐❣❤t ♣❛♥❡❧✮✳

❚♦ st✉❞② t❤❡ ❡✛❡❝t ♦❢ ✇❛❣❡ r✐❣✐❞✐t② ♥♦t ♦♥❧② ♦♥ t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ♥♦♥✲❡♠♣❧♦②♠❡♥t ❜✉t

❛❧s♦ ♦♥ t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ s❤♦rt t✐♠❡ ✇♦r❦✱ ✇❡ ✉s❡ ❛✈❛✐❧❛❜❧❡ ❞❛t❛ ❢r♦♠ t❤❡ ❙♣❛♥✐s❤ ❧❛❜♦r ❢♦r❝❡

s✉r✈❡② ❛♥❞ ❛ s♣❡❝✐✜❝❛t✐♦♥ s✐♠✐❧❛r t♦ ❊q✉❛t✐♦♥ ✷ ✕s❡❡ ❆♣♣❡♥❞✐① ❈ ❢♦r ♠♦r❡ ❞❡t❛✐❧s✳ ❋✐❣✉r❡ ✶✶✱

❧❡❢t ♣❛♥❡❧ s❤♦✇s t❤❛t ✇♦r❦❡rs ❝♦✈❡r❡❞ ❜② ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts✱ ✇❤✐❝❤ ❣♦t s✐❣♥❡❞ ❛❢t❡r ✷✵✷✵q✶

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

♦♥ t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ♥♦♥✲❡♠♣❧♦②♠❡♥t ✭❋✐❣✉r❡ ✶✶✱ r✐❣❤t ♣❛♥❡❧✮✳ ❖✉r ✜♥❞✐♥❣s s✉❣❣❡st t❤❛t ✇❛❣❡

r✐❣✐❞✐t② ❞✉r✐♥❣ t❤❡ ❈❖❱■❉✲✶✾ ♣❛♥❞❡♠✐❝ ❧❡❞ t♦ ❡♠♣❧♦②♠❡♥t ❛❞❥✉st♠❡♥ts ❛t t❤❡ ✐♥t❡♥s✐✈❡ r❛t❤❡r

t❤❛♥ t❤❡ ❡①t❡♥s✐✈❡ ♠❛r❣✐♥✳

✽ ❈♦♥❝❧✉s✐♦♥s

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

❛s ✇❡❧❧ ❛s t❤❡ ❞❡❣r❡❡ ♦❢ ✇❛❣❡ ❝②❝❧✐❝❛❧✐t②✳ ❍♦✇❡✈❡r✱ ✐t ✐s ❞✐✣❝✉❧t t♦ ❛ss❡ss ❡♠♣✐r✐❝❛❧❧② ✉♥❞❡r

✷✼



✇❤✐❝❤ ❝♦♥❞✐t✐♦♥s ✇❛❣❡ r✐❣✐❞✐t✐❡s ❤❛✈❡ r❡❛❧ ❡✛❡❝ts✱ t❤❛t ✐s✱ ✇❤❡t❤❡r t❤❡② tr❛♥s❧❛t❡ ✐♥t♦ ❧♦✇❡r ❡♠✲

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

❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ✐♥ ❙♣❛✐♥ t♦ ✐❞❡♥t✐❢② ❛ ♣❛rt✐❝✉❧❛r❧② s❛❧✐❡♥t s♦✉r❝❡ ♦❢ ✇❛❣❡ r✐❣✐❞✐t✐❡s✿ ♠✐♥✐♠✉♠

✇❛❣❡s t❤❛t ❛♣♣❧② t♦ ❛❧❧ ❡♠♣❧♦②❡❡s ♦❢ ✜r♠s ✐♥ t❤❡ s❛♠❡ ✐♥❞✉str②✲♣r♦✈✐♥❝❡ ❝❡❧❧✳ ■♥ ❛❞❞✐t✐♦♥✱ ✇❡

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

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

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

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

❛❣r❡❡♠❡♥ts ✇❡ ✜♥❞ t❤❛t ❛❣r❡❡♠❡♥ts s✐❣♥❡❞ ❛❢t❡r t❤❡ ♦♥s❡t ♦❢ t❤❡ ✶✾✾✸ ❛♥❞ ✷✵✵✾ r❡❝❡ss✐♦♥s

s❡tt❧❡❞ ❢♦r ❛ ✶✳✵✲✶✳✺ ♣♣ ❧♦✇❡r ♥♦♠✐♥❛❧ ✇❛❣❡ ❣r♦✇t❤ t❤❛♥ t❤❡ ❛❣r❡❡♠❡♥ts s✐❣♥❡❞ ❜❡❢♦r❡✳ ❇②

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

✇♦r❦❡r✲❧❡✈❡❧ ❜✐t❡ ♦❢ ♠✐♥✐♠✉♠ ✇❛❣❡ ✢♦♦rs ✐♥ ❧♦♥❣✐t✉❞✐♥❛❧ ❙♦❝✐❛❧ ❙❡❝✉r✐t② r❡❝♦r❞s✱ ✇❡ ✜♥❞ t❤❛t

♥♦♠✐♥❛❧ ✇❛❣❡ r✐❣✐❞✐t② ❝❛♥ ❤❛✈❡ s❡✈❡r❡ ❡♠♣❧♦②♠❡♥t ❝♦♥s❡q✉❡♥❝❡s ♦♥❧② ✐♥ r❡❝❡ss✐♦♥❛r② ♣❡r✐♦❞s

♦❢ ❧♦✇ ✐♥✢❛t✐♦♥✳ ❏♦❜ ❧♦ss❡s ✐♥ t❤❡ ❤✐❣❤✲✐♥✢❛t✐♦♥ r❡❝❡ss✐♦♥ ♦❢ ✶✾✾✸ ❛r❡ r❛t❤❡r ❧✐♠✐t❡❞ ❛♥❞ s❤♦rt✲

❧✐✈❡❞ ❛s r❡❛❧ ✇❛❣❡s ❡✛❡❝t✐✈❡❧② ❞❡❝❧✐♥❡✳ ■♥ t❤❡ ❧♦✇✲✐♥✢❛t✐♦♥ r❡❝❡ss✐♦♥ ♦❢ ✷✵✵✾ ✐♥st❡❛❞✱ ❥♦❜ ❧♦ss❡s

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

✢♦♦rs✳ ❆❧❧ t♦❣❡t❤❡r✱ t❤❡ ❡✈✐❞❡♥❝❡ ✐s ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ♥♦t✐♦♥ t❤❛t ❝♦♥tr❛❝t st❛❣❣❡r✐♥❣ ❞✉r✐♥❣

❧♦✇✲✐♥✢❛t✐♦♥ r❡❝❡ss✐♦♥❛r② ♣❡r✐♦❞s ❝❛♥ ❝♦♥st✐t✉t❡ ❛♥ ❛♠♣❧✐✜❡r ♦❢ ❡♠♣❧♦②♠❡♥t ✢✉❝t✉❛t✐♦♥s✱ ❝♦♥✲

s✐st❡♥t ✇✐t❤ t❤❡ ♠❛❝r♦❡❝♦♥♦♠✐❝ ♠♦❞❡❧s ♦❢ ●❡rt❧❡r ❛♥❞ ❚r✐❣❛r✐ ✭✷✵✵✾✮ ❛♥❞ ❖❧✐✈❡✐ ❛♥❞ ❚❡♥r❡②r♦

✭✷✵✵✼✱ ✷✵✶✵✮✱ ❛♠♦♥❣ ♦t❤❡rs✳

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

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

❛♠♦♥❣ ❥♦❜ ❧♦s❡rs ✐♥ t❤❡ ❛❢t❡r♠❛t❤ ♦❢ t❤❡ ✷✵✵✾ r❡❝❡ss✐♦♥✳ ❆♥ ✐♥t❡r♣r❡t❛t✐♦♥ ✐s t❤❛t✱ ♦♥❝❡ ♦♥❡

t❛❦❡s ✢♦✇s ✐♥t♦ ♥♦♥✲❡♠♣❧♦②♠❡♥t ✐♥t♦ ❛❝❝♦✉♥t✱ ♠✐♥✐♠✉♠ ✇❛❣❡s ✐♥ ❝♦❧❧❡❝t✐✈❡ ❝♦♥tr❛❝ts ♠❛②

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

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

❛❣r❡❡♠❡♥ts ❛♥❞ ♠✉❧t✐✲♣❡r✐♦❞ ❜❛r❣❛✐♥✐♥❣ ♣❧❛②❡❞ ❛♥ ✐♠♣♦rt❛♥t r♦❧❡ ♦♥ t❤❡ ❡♠♣❧♦②♠❡♥t ❞❡str✉❝✲

t✐♦♥ ❞✉r✐♥❣ ✷✵✵✾ r❡❝❡ss✐♦♥ ✇❤✐❧❡ ❤✐❣❤ ✐♥✢❛t✐♦♥ r❛t❡s ❝♦✉♥t❡r❜❛❧❛♥❝❡❞ ♥♦♠✐♥❛❧ ✇❛❣❡ r✐❣✐❞✐t②

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

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

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

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

❞✉r✐♥❣ t❤❡ ❈❖❱■❉✲✶✾ ♣❛♥❞❡♠✐❝ ✇❛s ❛❝❝♦♠♣❛♥✐❡❞ ♠♦st❧② ❜② ❛❞❥✉st♠❡♥ts ✐♥ t❤❡ ✐♥t❡♥s✐✈❡ r❛t❤❡r

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

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

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

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

✷✽
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❆❞❛♠♦♣♦✉❧♦✉✱ ❊✛r♦s②♥✐ ❛♥❞ ❊r♥❡st♦ ❱✐❧❧❛♥✉❡✈❛ ✭✷✵✷✷❛✮✿ ✧❚❤❡ ❇✐t❡ ♦❢ ❈♦❧❧❡❝t✐✈❡ ❈♦♥tr❛❝ts ✐♥

■t❛❧② ❛♥❞ ❙♣❛✐♥✱✧ ▲❛❜♦✉r ❊❝♦♥♦♠✐❝s✱ ❱♦❧✳ ✼✻✱ ✶✵✷✶✹✼✳

❆❞❛♠♦♣♦✉❧♦✉✱ ❊✛r♦s②♥✐ ❛♥❞ ❊r♥❡st♦ ❱✐❧❧❛♥✉❡✈❛ ✭✷✵✷✷❜✮✿ ✧❊♠♣❧♦②♠❡♥t ❛♥❞ ❲❛❣❡ ❊✛❡❝ts

♦❢ ❊①t❡♥❞✐♥❣ ❈♦❧❧❡❝t✐✈❡ ❇❛r❣❛✐♥✐♥❣ ❆❣r❡❡♠❡♥ts✱✧ ■❩❆ ❲♦r❧❞ ♦❢ ▲❛❜♦r✱ ✶✸✻✳

❆❧t♦♥❥✐✱ ❏♦s❡♣❤ ●✳ ❛♥❞ P❛✉❧ ❏✳ ❉❡✈❡r❡✉① ✭✶✾✾✾✮✿ ✧❚❤❡ ❊①t❡♥t ❛♥❞ ❈♦♥s❡q✉❡♥❝❡s ♦❢ ❉♦✇♥✲

✇❛r❞ ◆♦♠✐♥❛❧ ❲❛❣❡ ❘✐❣✐❞✐t②✱✧ ◆❇❊❘ ❲♦r❦✐♥❣ P❛♣❡r ◆♦✳ ✇✼✷✸✻✳

❇❛❦❡r✱ ❆♥❞r❡✇ ❈✳✱ ❉❛✈✐❞ ❋✳ ▲❛r❝❦❡r ❛♥❞ ❈❤❛r❧❡s ❈✳❨✳ ❲❛♥❣ ✭✷✵✷✷✮✿ ✧❍♦✇ ♠✉❝❤ ❙❤♦✉❧❞

❲❡ ❚r✉st ❙t❛❣❣❡r❡❞ ❉✐✛❡r❡♥❝❡✲✐♥✲❉✐✛❡r❡♥❝❡s ❊st✐♠❛t❡s❄✱✧ ❏♦✉r♥❛❧ ♦❢ ❋✐♥❛♥❝✐❛❧ ❊❝♦♥♦♠✐❝s✱

❱♦❧✳ ✶✹✹✭✷✮✱ ✸✼✵✲✸✾✺✳

❇❛r❝❡❧ó✱ ❈r✐st✐♥❛ ❛♥❞ ❊r♥❡st♦ ❱✐❧❧❛♥✉❡✈❛ ✭✷✵✶✻✮✿ ✧❚❤❡ ❘❡s♣♦♥s❡ ♦❢ ❍♦✉s❡❤♦❧❞ ❲❡❛❧t❤ t♦

t❤❡ ❘✐s❦ ♦❢ ❏♦❜ ▲♦ss✿ ❊✈✐❞❡♥❝❡ ❢r♦♠ ❉✐✛❡r❡♥❝❡s ✐♥ ❙❡✈❡r❛♥❝❡ P❛②♠❡♥ts✱✧ ▲❛❜♦✉r ❊❝♦♥♦♠✐❝s✱

❱♦❧✳ ✸✾✱ ✸✺✲✺✹✳
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❇❡♥t♦❧✐❧❛✱ ❙❛♠✉❡❧ ❛♥❞ ❏✉❛♥ ❏✳ ❉♦❧❛❞♦ ✭✶✾✾✹✮✿ ✧▲❛❜♦✉r ❋❧❡①✐❜✐❧✐t② ❛♥❞ ❲❛❣❡s✿ ▲❡ss♦♥s ❢r♦♠
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❉✉ ❈❛❥✉✱ P❤✐❧✐♣✱ ❊r✇❛♥ ●❛✉t✐❡r✱ ❉❛♣❤♥❡ ▼♦♠❢❡r❛t♦✉ ❛♥❞ ▼❡❧❛♥✐❡ ❲❛r❞✲❲❛r♠❡❞✐♥❣❡r

✭✷✵✵✽✮✿ ✧■♥st✐t✉t✐♦♥❛❧ ❋❡❛t✉r❡s ♦❢ ❈♦❧❧❡❝t✐✈❡ ❇❛r❣❛✐♥✐♥❣ ✐♥ ✷✸ ❊✉r♦♣❡❛♥ ❈♦✉♥tr✐❡s✱ ❏❛♣❛♥ ❛♥❞

t❤❡ ❯❙✱✧ ❊❈❇ ❲♦r❦✐♥❣ P❛♣❡r ♥✉♠❜❡r ✾✼✹✳

❊❧s❜②✱ ▼✐❝❤❛❡❧ ✭✷✵✵✾✮✿ ✧❊✈❛❧✉❛t✐♥❣ t❤❡ ❊❝♦♥♦♠✐❝ ❙✐❣♥✐✜❝❛♥❝❡ ♦❢ ❉♦✇♥✇❛r❞ ◆♦♠✐♥❛❧ ❲❛❣❡

❘✐❣✐❞✐t②✱✧ ❏♦✉r♥❛❧ ♦❢ ▼♦♥❡t❛r② ❊❝♦♥♦♠✐❝s✱ ❱♦❧✳ ✺✻✭✷✮✱ ✶✺✹✲✶✻✾✳

❊❧s❜②✱ ▼✐❝❤❛❡❧ ❲✳✱ ❉♦♥❣❣②✉♥ ❙❤✐♥✱ ❛♥❞ ●❛r② ❙♦❧♦♥ ✭✷✵✶✻✮✿ ✧❲❛❣❡ ❆❞❥✉st♠❡♥t ✐♥ t❤❡ ●r❡❛t

❘❡❝❡ss✐♦♥ ❛♥❞ ❖t❤❡r ❉♦✇♥t✉r♥s✿ ❊✈✐❞❡♥❝❡ ❢r♦♠ t❤❡ ❯♥✐t❡❞ ❙t❛t❡s ❛♥❞ ●r❡❛t ❇r✐t❛✐♥✱✧ ❏♦✉r♥❛❧

♦❢ ▲❛❜♦r ❊❝♦♥♦♠✐❝s✱ ❱♦❧✳ ✸✹✭❙✶✮✱ ❙✷✹✾✕❙✷✾✶✳

❋❛✐❛✱ ❊st❡r ❛♥❞ ❱✐♥❝❡♥③♦ P❡③♦♥❡ ✭✷✵✷✵✮✿ ✧❚❤❡ ❍❡t❡r♦❣❡♥❡♦✉s ❈♦st ♦❢ ❲❛❣❡ ❘✐❣✐❞✐t②✿ ❊✈✐✲

❞❡♥❝❡ ❛♥❞ ❚❤❡♦r②✧✱ ❙❆❋❊ ❲♦r❦✐♥❣ P❛♣❡r ◆♦✳ ✷✹✷✳

❋❛♥❢❛♥✐✱ ❇❡r♥❛r❞♦ ✭✷✵✷✵✮✿ ✧❚❤❡ ❊♠♣❧♦②♠❡♥t ❊✛❡❝ts ♦❢ ❈♦❧❧❡❝t✐✈❡ ❇❛r❣❛✐♥✐♥❣✧✱ ❯♥✐✈❡rs✐tà

❈❛tt♦❧✐❝❛ ❞❡❧ ❙❛❝r♦ ❈✉♦r❡ ❲♦r❦✐♥❣ ♣❛♣❡r ◆♦✳ ✾✺✳

❋❡❤r✱ ❊r♥st ❛♥❞ ▲♦r❡♥③ ●♦❡tt❡ ✭✷✵✵✺✮✿ ✧❘♦❜✉st♥❡ss ❛♥❞ ❘❡❛❧ ❈♦♥s❡q✉❡♥❝❡s ♦❢ ◆♦♠✐♥❛❧

❲❛❣❡ ❘✐❣✐❞✐t②✱✧ ❏♦✉r♥❛❧ ♦❢ ▼♦♥❡t❛r② ❊❝♦♥♦♠✐❝s✱ ❱♦❧✳ ✺✷✱ ✼✼✾✲✽✵✹✳

●❛✉t✐❡r✱ ❊r✇❛♥✱ ❙❡❜❛st✐❡♥ ❘♦✉① ❛♥❞ ▼✐❧❡♥❛ ❙✉❛r❡③ ❈❛st✐❧❧♦ ✭✷✵✷✷✮✿ ✧❍♦✇ ❉♦ ❲❛❣❡ ❙❡tt✐♥❣

■♥st✐t✉t✐♦♥s ❆✛❡❝t ❲❛❣❡ ❘✐❣✐❞✐t②❄ ❊✈✐❞❡♥❝❡ ❢r♦♠ ❋r❡♥❝❤ ▼✐❝r♦ ❉❛t❛✱✧ ▲❛❜♦✉r ❊❝♦♥♦♠✐❝s✱ ❱♦❧✳

✼✽✱ ✶✵✷✷✸✷✳

✸✵



●❡rt❧❡r✱ ▼❛r❦ ❛♥❞ ❆♥t♦♥❡❧❧❛ ❚r✐❣❛r✐ ✭✷✵✵✾✮✿ ✧❯♥❡♠♣❧♦②♠❡♥t ❋❧✉❝t✉❛t✐♦♥s ✇✐t❤ ❙t❛❣❣❡r❡❞

◆❛s❤ ❲❛❣❡ ❇❛r❣❛✐♥✐♥❣✱✧ ❏♦✉r♥❛❧ ♦❢ P♦❧✐t✐❝❛❧ ❊❝♦♥♦♠②✱ ❱♦❧✳ ✶✶✼✭✶✮✱ ✸✽✲✽✻✳

●❡rt❧❡r✱ ▼❛r❦✳✱ ❈❤r✐st♦♣❤❡r ❍✉❝❦❢❡❧❞t✱ ❛♥❞ ❆♥t♦♥❡❧❧❛ ❚r✐❣❛r✐ ✭✷✵✷✵✮✿ ✧❯♥❡♠♣❧♦②♠❡♥t ❋❧✉❝✲

t✉❛t✐♦♥s✱ ▼❛t❝❤ ◗✉❛❧✐t② ❛♥❞ t❤❡ ❲❛❣❡ ❈②❝❧✐❝❛❧✐t② ♦❢ ◆❡✇ ❍✐r❡s✱✧ ❘❡✈✐❡✇ ♦❢ ❊❝♦♥♦♠✐❝ ❙t✉❞✐❡s✱

❱♦❧✳ ✽✼✱ ✶✽✼✻✲✶✾✶✹✳

●✉✐♠❛r❛❡s✱ P❛✉❧♦✱ ❋❡r♥❛♥❞♦ ▼❛rt✐♥s ❛♥❞ P❡❞r♦ P♦rt✉❣❛❧ ✭✷✵✶✼✮✿ ✧❯♣✇❛r❞ ◆♦♠✐♥❛❧ ❲❛❣❡

❘✐❣✐❞✐t②✱✧ ❲♦r❦✐♥❣ P❛♣❡rs ✇✷✵✶✼✵✷✱ ❇❛♥❝♦ ❞❡ P♦rt✉❣❛❧✳

❍❛❡❢❦❡✱ ❈❤r✐st✐❛♥✱ ▼❛r❝✉s ❙♦♥♥t❛❣ ❛♥❞ ❚❤✐❥s ✈❛♥ ❘❡♥s ✭✷✵✶✸✮✿ ✧❲❛❣❡ ❘✐❣✐❞✐t② ❛♥❞ ❏♦❜

❈r❡❛t✐♦♥✱✧ ❏♦✉r♥❛❧ ♦❢ ▼♦♥❡t❛r② ❊❝♦♥♦♠✐❝s✱ ❱♦❧✳ ✻✵✱ ✽✽✼ ✲ ✽✾✾✳

❏❛❝♦❜s♦♥✱ ▲♦✉✐s ❙✳✱ ❘♦❜❡rt ❏✳ ▲❛▲♦♥❞❡✱ ❛♥❞ ❉❛♥✐❡❧✳ ● ❙✉❧❧✐✈❛♥ ✭✶✾✾✸✮✿ ✧❊❛r♥✐♥❣s ▲♦ss❡s

♦❢ ❉✐s♣❧❛❝❡❞ ❲♦r❦❡rs✱✧ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇✱ ❱♦❧✳ ✽✸✱ ✻✽✺✕✼✵✾✳

❑♦❡♥✐❣✱ ❋❡❧✐①✱ ❆❧❛♥ ▼❛♥♥✐♥❣ ❛♥❞ ❇❛r❜❛r❛ P❡tr♦♥❣♦❧♦ ✭✷✵✶✻✮✿ ✧❘❡s❡r✈❛t✐♦♥ ❲❛❣❡s ❛♥❞ t❤❡

❲❛❣❡ ❈②❝❧✐❝❛❧✐t② P✉③③❧❡✱✧ ■❩❆ ❉✐s❝✉ss✐♦♥ P❛♣❡r ◆♦✳ ✾✼✶✼✳

❑♦♥❧❡✲❙❡✐❞❧✱ ❘❡❣✐♥❛ ✭✷✵✷✵✮✿ ✧❙❤♦rt✲t✐♠❡ ❲♦r❦ ✐♥ ❊✉r♦♣❡✿ ❘❡s❝✉❡ ✐♥ t❤❡ ❈✉rr❡♥t ❈❖❱■❉✲✶✾

❈r✐s✐s❄✧✱

❏✐♠❡♥♦✱ ❏✉❛♥ ❋✳ ❛♥❞ ❈❛r❧♦s ❚❤♦♠❛s ✭✷✵✶✸✮✿ ✧❈♦❧❧❡❝t✐✈❡ ❇❛r❣❛✐♥✐♥❣✱ ❋✐r♠ ❍❡t❡r♦❣❡♥❡✐t②

❛♥❞ ❯♥❡♠♣❧♦②♠❡♥t✱✧ ❊✉r♦♣❡❛♥ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇✱ ❱♦❧✳ ✺✾✱ ✻✸✲✼✾✳

▲❛②❛r❞✱ ❘✐❝❤❛r❞✱ ❙t❡♣❤❡♥ ◆✐❝❦❡❧❧ ❛♥❞ ❘✐❝❤❛r❞ ❏❛❝❦♠❛♥ ✭✶✾✾✶✮✿ ❯♥❡♠♣❧♦②♠❡♥t✿ ▼❛❝r♦❡❝♦✲

♥♦♠✐❝ P❡r❢♦r♠❛♥❝❡ ❛♥❞ t❤❡ ▲❛❜♦✉r ▼❛r❦❡t✳ ❖①❢♦r❞ ❯♥✐✈❡rs✐t② Pr❡ss✳

▼❛rt✐♥s✱ P❡❞r♦ ✭✷✵✷✶✮✿ ✧✸✵✳✵✵✵ ♠✐♥✐♠✉♠ ✇❛❣❡s✿ ❚❤❡ ❊❝♦♥♦♠✐❝ ❊✛❡❝ts ♦❢ ❈♦❧❧❡❝t✐✈❡ ❇❛r✲

❣❛✐♥✐♥❣ ❊①t❡♥s✐♦♥s✱✧ ❇r✐t✐s❤ ❏♦✉r♥❛❧ ♦❢ ■♥❞✉str✐❛❧ ❘❡❧❛t✐♦♥s✱ ✺✾✿✷✱ ✸✸✺✲✸✻✾✳

▼❛rt✐♥s✱ P❡❞r♦✱ ●❛r② ❙♦❧♦♥ ❛♥❞ ❏♦♥❛t❤❛♥ ❚❤♦♠❛s ✭✷✵✶✷✮✿ ✧▼❡❛s✉r✐♥❣ ❲❤❛t ❊♠♣❧♦②❡rs ❉♦

❛❜♦✉t ❊♥tr② ❲❛❣❡s ♦✈❡r t❤❡ ❇✉s✐♥❡ss ❈②❝❧❡✿ ❆ ◆❡✇ ❆♣♣r♦❛❝❤✧✱ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❏♦✉r♥❛❧✿

▼❛❝r♦❡❝♦♥♦♠✐❝s✱ ❱♦❧✳ ✹✭✹✮✱ ✸✻✲✺✺✳

▼✐♥✐st❡r✐♦ ❞❡ ❚r❛❜❛❥♦ ② ❆s✉♥t♦s ❙♦❝✐❛❧❡s ✭✷✵✵✽✮✿ ✧●✉í❛ ❞❡ ❧❛ ◆❡❣♦❝✐❛❝✐ó♥ ❈♦❧❡❝t✐✈❛✧✳

▼✐♥✐st❡r✐♦ ❞❡ ❚r❛❜❛❥♦ ② ❆s✉♥t♦s ❙♦❝✐❛❧❡s ✭✷✵✶✷✮✿ ✧●✉í❛ ❞❡ ❧❛ ◆❡❣♦❝✐❛❝✐ó♥ ❈♦❧❡❝t✐✈❛✧✳

❖❊❈❉ ❊♠♣❧♦②♠❡♥t ❖✉t❧♦♦❦ ✷✵✶✷✳

❖❊❈❉ ❊♠♣❧♦②♠❡♥t ❖✉t❧♦♦❦ ✷✵✶✸✳

❖❊❈❉ ✭✷✵✶✾✮✳ ◆❡❣♦t✐❛t✐♥❣ ❖✉r❲❛② ❯♣✿ ❈♦❧❧❡❝t✐✈❡ ❇❛r❣❛✐♥✐♥❣ ✐♥ ❛ ❈❤❛♥❣✐♥❣❲♦r❧❞ ♦❢

❲♦r❦✱ ❖❊❈❉ P✉❜❧✐s❤✐♥❣✳

❖❧✐✈❡✐✱ ●✐♦✈❛♥♥✐ ❛♥❞ ❙✐❧✈❛♥❛ ❚❡♥r❡②r♦ ✭✷✵✵✼✮✿ ✧❚❤❡ ❚✐♠✐♥❣ ♦❢ ▼♦♥❡t❛r② P♦❧✐❝② ❙❤♦❝❦s✱✧

❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇✱ ❱♦❧✳ ✾✼✭✸✮✱ ✻✸✻✲✻✻✸✳

❖❧✐✈❡✐✱ ●✐♦✈❛♥♥✐ ❛♥❞ ❙✐❧✈❛♥❛ ❚❡♥r❡②r♦ ✭✷✵✶✵✮✿ ✧❲❛❣❡ ❙❡tt✐♥❣ P❛tt❡r♥s ❛♥❞ ▼♦♥❡t❛r② P♦❧✐❝②✿

■♥t❡r♥❛t✐♦♥❛❧ ❊✈✐❞❡♥❝❡✱✧ ❏♦✉r♥❛❧ ♦❢ ▼♦♥❡t❛r② ❊❝♦♥♦♠✐❝s✱ ❱♦❧✳ ✺✼✭✼✮✱ ✼✽✺✲✽✵✷✳

P✐s❝❤❦❡✱ ❏ör♥✲❙t❡✛❡♥ ✭✷✵✶✽✮✿ ✧❲❛❣❡ ❋❧❡①✐❜✐❧✐t② ❛♥❞ ❊♠♣❧♦②♠❡♥t ❋❧✉❝t✉❛t✐♦♥s✿ ❊✈✐❞❡♥❝❡
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Tables

Table 1a. Descriptive statistics: Sample means (standard deviations)-1993 recession

Characteristic All
Contract signed

pre 1992m12

Contract signed

post 1992m12

Di¤. net of

prov., sec. FE

(1) (2) (3) (4)

Sectoral distribution

Agriculture, manufacturing & utilities (%) 18.5 18.9 18.2 -

Construction (%) 21.6 22.4 21.0 -

Trade, Food & Accomodation (%) 32.5 40.1 27.8 -

Transportation (%) 6.2 6.6 5.9 -

Finance and real estate (%) 0.20 0.0 0.27 -

Services to businesses, health & educ. (%) 20.0 11.6 25.2 -

Collective contract characteristics

Multi-year (%) 59.5 98.2 35.3 59.1***

Collective contract duration (in years) 1.43 1.53 1.37 0.17***

(0.61) (0.62) (0.59) (0.06)

Escalation clause (%) 62.0 64.6 60.5 6.96

Negotiated wage growth for 1993 (%) 5.20 6.35 4.49 1.79***

(2.23) (1.25) (2.40) (0.25)

Worker characteristics

Age (in years) 37.4 37.4 37.4 -0.14

(11.0) (11.0) (11.0) (0.16)

Female (%) 29.2 26.6 30.9 -2.08***

College, managers (%) 15.2 14.2 15.8 -0.19

White collar workers (%) 30.6 29.0 31.6 0.04

Blue collar workers(%) 54.2 56.8 52.6 0.14

Fixed-term contract (%) n.a. n.a. n.a. n.a.

N 73,183 28,154 45,029 73,183

Notes: Sample of workers� Social Security records linked to their corresponding provincial collective contract. All worker cha-

racteristics refer to December 1991. Escalation clause takes value one if the contract stipulates an adjustment for realized in-

�ation whenever it exceeds a threshold level. Column (4) reports the OLS coe¢cients of a regression of di¤erences between

columns (2) and (3), net of province and sector FE.

33



Table 1b. Descriptive statistics: Sample means (standard deviations)-2009 recession

Characteristic All
Contract signed

pre 2008m9

Contract signed

post 2008m9

Di¤. net of

prov., sec. FE

(1) (2) (3) (4)

Sectoral distribution

Agriculture, manufacturing & utilities (%) 12.6 14.7 11.6 -

Construction (%) 23.0 38.1 10.9 -

Trade, Food & Accomodation (%) 32.7 30.3 34.8 -

Transportation (%) 4.6 4.6 4.7 -

Finance and real estate (%) 0.18 0.3 0.0 -

Services to businesses, health & educ. (%) 26.3 11.4 37.9 -

Collective contract characteristics

Multi-year (%) 88.2 100 75.1 23.1***

Collective contract duration (in years) 3.29 3.74 2.95 0.95***

(1.22) (1.02) (1.26) (0.20)

Escalation clause (%) 64.3 82.2 44.2 20.3***

Negotiated wage growth for 2009 (%) 2.09 3.09 1.31 1.29***

(1.51) (0.97) (1.39) (0.19)

Negotiated wage growth for 2009-2010 (%) 3.88 4.67 3.27 0.99***

(1.85) (1.74) (1.70) (0.23)

Worker characteristics

Age (in years) 37.3 37.3 37.2 -0.11

(10.7) (10.7) (10.4) (0.11)

Female (%) 41.3 33.7 47.4 -1.47*

College, managers (%) 14.8 11.7 17.2 0.10

White collar workers (%) 35.0 28.5 40.1 -1.32**

Blue collar workers(%) 50.1 59.6 42.6 1.21

Fixed-term contract (%) 14.0 16.7 12.2 0.84

N 99,735 43,641 56,094 99,735

Notes: Sample of workers� Social Security records linked to their corresponding provincial collective contract. All worker

characteristics refer to December 2007. Escalation clause takes value one if the contract stipulates an adjustment for rea-

lized in�ation whenever it exceeds a threshold level. Column (4) reports the OLS coe¢cients of a regression of di¤erences

between columns (2) and (3), net of province and sector FE.
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Table 2. E¤ects on actual wage growth, heterogeneity by distance to the minima

a. 1993 recession

Dep. Var.: �log(wage)1993

(1) (2)

Contract signed before 1992m12*

(Wmin<W1991m12<=1.1*Wmin)

0.014**

(0.006)

0.016**

(0.007)

Contract signed before 1992m12*

(1.1*Wmin<W1991m12<=1.2*Wmin)

0.008*

(0.005)

0.011*

(0.006)

Contract signed before 1992m12*

(1.2*Wmin<W1991m12<=1.4*Wmin)

0.003

(0.005)

0.004

(0.006)

Constant
0.015***

(0.004)

0.012***

(0.003)

FE Industry Collective contract

N of observations (contracts) 7,911 7,911 (463)

Adj. R2 0.030 0.035

b. 2009 recession

Dep. Var.: �log(wage)2009

(1) (2)

All contracts All contracts

Contract signed before 2008m9*

(Wmin<W2007m12<=1.1*Wmin)

0.019**

(0.007)

0.023***

(0.007)

Contract signed before 2008m9*

(1.1*Wmin<W2007m12<=1.2*Wmin)

0.016**

(0.006)

0.017***

(0.007)

Contract signed before 2008m9*

(1.2*Wmin<W2007m12<=1.4*Wmin)

0.001

(0.005)

0.001

(0.005)

Constant
-0.009**

(0.004)

-0.007**

(0.004)

FE Industry Collective contract

N of observations (contracts) 21,514 21,514 (528)

R2 0.013 0.017

Notes: *** p<0.01, ** p<0.05. * p<0.10. Robust s.e. clustered at the 3-digit industry�province level. The dependent

variable is nominal wage growth in 1993 (panel a) or in 2009 (panel b). Sample restricted to full time employees with

available information on their corresponding minimum wage �oor, who stayed in the same �rm all through 1993 (pa-

nel a) or 2009 (panel b). The regressions in column (1) include province and 3-digit industry �xed e¤ects as well as in-

tercepts for Wmin<W1991m12<1.1*Wmin), (1.1*Wmin<W1991m12<1.2*Wmin) and (1.2*Wmin<W1991m12<1.4

*Wmin) and in col. (2) collective contract �xed e¤ects. Omitted category: "(Collective Contract signed before 1992m

12)*(1.4*Wmin<W1991m12)" in panel a and "(Collective Contract signed before 2008m9)*(1.4*W2007m12<Wmin)"

in panel b. Additional controls: gender and age dummies.
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Table 3. Benchmark estimates of job loss probability

a. Benchmark 1993 recession

Dep. var.: Prob(Job loss_9394j1 year tenure in 1992m12)

(1) (2) (3)

Months since 1993m1 3 9 21

Contract signed before 1992m12 0.005*** 0.003 0.000

(0.002) (0.005) (0.002)

N 65,805 54,912 41,419

Adj. R2 0.010 0.013 0.006

b. Benchmark 2009 recession

Dep. var.: Prob(Job loss_0910j1 year tenure in 2008m12)

(1) (2) (3)

Months since 2009m1 3 9 21

Contract signed before 2008m9 -0.000 -0.001 0.003**

(0.001) (0.001) (0.001)

N 96,150 85,357 70,528

Adj. R2 0.011 0.005 0.005

Notes: *** p<0.01, ** p<0.05. * p<0.10. Robust s.e. clustered at the 3-digit industry�province level.

Separate monthly regressions of the probability of non-employment 3, 9 and 21 months after 1993m1

(panel a) or 2009m1 (panel b). Sample restricted to workers with at least one year of tenure as of 1992

m12 (panel a) or 2008m12 (panel b). All regressions control for month-speci�c three-digit industry and

month-speci�c province dummies.
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Table 4. Benchmark estimates of unemployment chances and parallel trends

a. Benchmark 1993 recession

Dep. var.: Prob(Unemp_9394j1 year tenure in 1992m12)

(1) (2) (3) (4)

Months since 1993m1 9 12 24 48

Contract signed before 1992m12 0.010 -0.001 -0.002 -

(0.006) (0.005) (0.005) -

N 72,688 72,688 72,457 -

Adj. R2 0.047 0.042 0.048 -

b. Benchmark 2009 recession

Dep. var.: Prob(Unemp_0910j1 year tenure in 2008m12)

(1) (2) (3) (4)

Months since 2009m1 9 12 24 48

Contract signed before 2008m9 0.000 0.004 0.010** 0.011**

(0.003) (0.003) (0.004) (0.005)

N 101,828 101,818 101,784 98,336

Adj. R2 0.052 0.057 0.061 0.073

c. Placebo

Dep. var.: Prob(Unemp_0708j1 year tenure in 2006m12)

(1) (2) (3) (4)

Months since 2007m1 9 12 24 48

Contract signed before 2008m9 -0.001 -0.000 0.002 -

(0.002) (0.002) (0.003) -

N 91,054 91,055 90,354 -

Adj. R2 0.015 0.016 0.047 -

Notes: *** p<0.01, ** p<0.05. * p<0.10. Robust s.e. clustered at the 3-digit industry�province level. Separate

monthly regressions of the probability of non-employment 9, 12 and 24 months after 1993m1 (panel a) or 9, 12,

24 and 48 months after 2009m1 (panel b) or 9, 12 and 24 months after 2007m1 (panel c). Sample restricted to

workers with at least one year of tenure as of 1992m12 (panel a) or 2008m12 (panel b) or 2006m12 (panel c). All

regressions control for month-speci�c three-digit industry and month-speci�c province dummies.
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Table 5. E¤ects on actual wage growth, heterogeneity by presence of escalation clauses

a. 1993 recession

Dep. Var.: �log(wage)1993

(1) (2)

All contracts
Contracts with

escalation clauses

Contract signed before 1992m12*

(Wmin<W1991m12<=1.1*Wmin)

0.016**

(0.007)

0.009

(0.008)

Contract signed before 1992m12*

(1.1*Wmin<W1991m12<=1.2*Wmin)

0.011*

(0.006)

0.012*

(0.007)

Contract signed before 1992m12*

(1.2*Wmin<W1991m12<=1.4*Wmin)

0.004

(0.006)

0.003

(0.007)

Test of equality of coe¢cients: Prob>F 0.221

FE Collective contract Collective contract

N of observations (contracts) 7,911 (463) 5,223 (273)

Adj. R2 0.035 0.026

b. 2009 recession

Dep. Var.: �log(wage)2009

(1) (2)

All contracts
Contracts with

escalation clauses

Contract signed before 2008m9*

(Wmin<W2007m12<=1.1*Wmin)

0.023***

(0.007)

0.024***

(0.009)

Contract signed before 2008m9*

(1.1*Wmin<W2007m12<=1.2*Wmin)

0.017***

(0.007)

0.015*

(0.008)

Contract signed before 2008m9*

(1.2*Wmin<W2007m12<=1.4*Wmin)

0.001

(0.005)

0.001

(0.006)

Test of equality of coe¢cients: Prob>F 0.007

FE Collective contract Collective contract

N of observations (contracts) 21,514 (528) 12,799 (316)

R2 0.017 0.017

Notes: *** p<0.01, ** p<0.05. * p<0.10. Robust s.e. clustered at the 3-digit industry�province level. The dependent variable

is nominal wage growth in 1993 (panel a) or in 2009 (panel b). Sample restricted to full time employees with available informa-

tion on their corresponding minimum wage �oor, who stayed in the same �rm all through 1993 (panel a) or 2009 (panel b). All

regressions include collective contract �xed e¤ects. The sample in col. (2) only includes workes covered by collective contracts

with escalation clauses. Omitted category: "(Collective Contract signed before 1992m12)*(1.4*Wmin <W1991m12)" in panel a

and "(Collective Contract signed before 2008m9)*(1.4*W2007m12<Wmin)" in panel b. Additional controls: gender and age dum-

mies.
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Figures

a) 1993 recession (0=1992q4)

b) Lehman Brothers (0=2008q3)

Figure 1. Negotiated wage growth by quarter of signature before and after the onset of two

recessions

Notes: The Figures show the OLS estimates and 95% con�dence intervals of quarter of signature on average nominal wage growth

set by collective contracts. Contracts signed in 1994 for the 1993 recession (panel a) and in 2010 for the Lehman brothers recession

(panel b) were signed with a delay and result in wage increases ex-post (not observed as of 1993 and 2009). All regressions control

for province and three-digit industry �xed e¤ects. Robust s.e. clustered at the 3-digit industry�province level.
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a) 1993 recession (0=1992m12)

b) 2009 recession (0=2008m12)

Figure 2. Job loss and subsequent employment outcomes among workers covered by

a province-industry agreement

Notes: The Figures on the left plot the OLS estimates and 95% con�dence intervals of the variable "Collective Contract signed

before 1992m12 (panel a) or 2008m09 (panel b)" in separate monthly regressions with an indicator of job loss in each subsequent

month. The Figures on the right plot the same regressions but using as a dependent variable the probability of non-employment

among individuals who were working in the �rm as of 1992m12 (panel a) or 2008m12 (panel b). All regressions control for month-

speci�c three-digit industry and month-speci�c province dummies. Robust s.e. clustered at the 3-digit industry�province level.
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.
1993 recession (0=1992m12)

Figure 3a. Job loss among workers covered by a province-industry agreement,
by distance from the minimum wages

Notes: The Figure on the left plots the OLS estimates and 95% con�dence intervals of the interaction term "(Collective Contract signed before 1992m12)*(Wmin<=W1991m12<=1.1*Wmin)"

in separate monthly regressions. The dependent variable is the monthly probability of job loss among individuals who were working in the �rm as of 1992m12. The estimates refer to workers

whose pre-recession earnings were at most 10% above the minimum wages. The Figure in the center plots the OLS estimates and 95% con�dence intervals of the interaction term "(Collective

Contract signed before 1992m12)*(1.1*Wmin<=W1991m12<=1.2*Wmin)" from the same regressions as above but refer to workers whose pre-recession earnings were 10-20% above the mini-

mum wages. The Figures on the right plot the OLS estimates and 95% con�dence intervals of the interaction term "(Collective Contract signed before 1992m12)*(Wmin<=W1991m12<=1.2

*Wmin)" from the same regressions as above but refer to workers whose pre-recession earnings were 20-40% above the minimum wages. All regressions control for collective contract �xed

e¤ects. Omitted category: "(Collective Contract signed before 1992m12)*(1.4*Wmin<W1991m12)". Minimum wages are speci�c of each occupation (10) and province. Robust s.e. clustered

at the 3-digit industry�province level.
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2009 recession (0=2008m12)
Figure 3b. Unemployment chances among workers covered by a province-industry agreement,

by distance from the minimum wages
Notes: The Figure on the left plots the OLS estimates and 95% con�dence intervals of the interaction term "(Collective Contract signed before 2008m9)*(Wmin<=W2007m12<=1.1*Wmin)"

in separate monthly regressions. The dependent variable is the monthly probability of non-employment among individuals who were working in the �rm as of 2008m12. The estimates refer

to workers whose pre-recession earnings were at most 10% above the minimum wages. The Figure in the center plots the OLS estimates and 95% con�dence intervals of the interaction term

"(Collective Contract signed before 2008m9)*(1.1*Wmin<=W2005m12<=1.2*Wmin)" from the same regressions as above but refer to workers whose pre-recession earnings were 10-20%

above the minimum wages. The Figure on the right plots the OLS estimates and 95% con�dence intervals of the interaction term "(Collective Contract signed before 2008m9)*(Wmin<=

W2005m12<=1.2*Wmin)" from the same regressions as above but refer to workers whose pre-recession earnings were 20-40% above the minimum wages. All regressions control for collecti-

ve contract �xed e¤ects. Omitted category: "(Collective Contract signed before 2008m9)* (1.4*Wmin<W2005m12)". Minimum wages are speci�c of each occupation (10) and province.

Robust s.e. clustered at the 3-digit industry�province level.
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a) Expiration date b) Signature date

1993 recession (0=1992m12)

Figure 4a. Job destruction among workers covered by province-industry agreements

Robustness using the month of collective contract expiration versus benchmark using

the month of collective contract signature

Notes: The Figure on the left plots the OLS estimates and 95% con�dence intervals of the variable "Collective Contract expired

before 1993" in 24 separate monthly regressions with an indicator of job loss in each subsequent month. The Figure on the right

plots the OLS estimates and 95% con�dence intervals of the variable "Collective Contract signed before 1993" in separate month-

ly regressions with an indicator of job loss in each subsequent month. All regressions control for month-speci�c three-digit industry

and month-speci�c province dummies. Robust s.e. clustered at the 3-digit industry�province level.
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a) Expiration date b) Signature date

2009 recession (0=2008m12)

Figure 4b. Unemployment chances among workers covered by province-industry agreements

Robustness using the month of collective contract expiration versus benchmark using

the month of collective contract signature

Notes: The Figure on the left plots the OLS estimates and 95% con�dence intervals of the variable "Collective Contract expired

before 2008" in 48 separate monthly regressions of the probability of non-employment among individuals who were working in the

the �rm as of 2008m12. The Figure on the right plots the OLS estimates and 95% con�dence intervals of the variable "Collective

Contract signed before 2008" in separate monthly regressions of the probability of non-employment among individuals who were

working in the �rm as of 2008m12. All regressions control for month-speci�c three-digit industry and month-speci�c province

dummies. Robust s.e. clustered at the 3-digit industry�province level.
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Figure 5. Parallel trends vs benchmark, workers close to the minima

(0=2006m12)

Notes: The Figure on the left plots the OLS estimates and 95% con�dence intervals of the interaction term "(Collective Con-

tract signed before 2008m9)*(Wmin<=W2005m12<=1.2*Wmin)" in 24 separate regressions. The dependent variable is the

probability of non employment among individuals who were working in the �rm as of 2006m12. The estimates refer to wor-

kers whose earnings in 2005m12 were at most 20% above the minimum wages. The Figure on the right plots the OLS estima-

tes and 95% con�dence intervals of the interaction term "(Collective Contract signed before 2008m9)*(Wmin<=W2007m12<

=1.2*Wmin)" in 48 separate regressions. The estimates refer to workers whose earnings in 2007m12 were at most 20% above

the minimum wages. The regressions control for collective contract and group �xed e¤ects and include the interaction term

"(Collective Contract signed before 2008m9)*(1.2*Wmin<W2005m12<=1.4*Wmin)". Omitted category: "(Collective Con-

tract signed before 2008m9)*(1.4*Wmin<W2005m12)". Minimum wages are speci�c of each occupation (10) and province.

Robust s.e. clustered at the 3-digit industry�province level.
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a) High in�ation in 1993 b) Low in�ation in 1993

1993 recession (0=1992m12)

Figure 6. Employment outcomes among workers covered by a province-industry agreement,

by level of in�ation

Notes: The Figure on the left plots the OLS estimates and 95% con�dence intervals of the variable "Collective Contract signed

before September 2008" in 24 separate regressions using as a dependent variable the probability of non-employment among in-

dividuals who were working in the �rm as of 2008m12. Sample restricted to collective contracts in provinces with in�ation rates

in 1993 higher than the national one. The Figure on the right plots the same regressions restricting the sample to collective con-

tracts in provinces with in�ation rates in 1993 lower than the national one. All regressions control for 111 month-speci�c three-

digit industry and 24 month-speci�c province dummies. Robust s.e. clustered at the 3-digit industry�province level.
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a) 1993 recession (0=1992m12)

b) 2009 recession (0=2008m12)

Figure 7. Actual wage growth among workers covered by a province-industry agreement,

by distance from the minimum wages

Notes: The Figures plot the OLS estimates and 95% con�dence intervals of the interaction terms "(Collective Contract signed

before 1992m12)*(Wmin<=W1991m12<=1.1*Wmin)", "(Collective Contract signed before 1992m12)*(1.1*Wmin<=W1991m12

<=1.2*Wmin)", and "(Collective Contract signed before 1992m12)*(1.2*Wmin<=W1991m12<=1.4*Wmin)" in panel a and "(Col-

lective Contract signed before 2008m9)*(Wmin<=W2007m12<=1.1*Wmin)", "(Collective Contract signed before 2008m9)*(1.1*

Wmin<=W2007m12<=1.2*Wmin)" and "(Collective Contract signed before 2008m9)*(1.2*Wmin<=W2007m12<=1.4*Wmin)"

in panel b. The dependent variable is nominal wage growth in 1993 (panel a) or in 2009 (panel b). Sample restricted to full time

employees with available information on their corresponding mininum wage �oor, who stayed in the same �rm all through 1993

(panel a) or 2009 (panel b). All regressions control for collective contract �xed e¤ects. Omitted category: "(Collective Contract

signed before 1992m12)*(1.4*Wmin<W1991m12)" in panel a and "(Collective Contract signed before 2008m9)*(1.4*Wmin<

W2007m12)" in panel b. The Figures on the left are for workers covered by any collective contract while the Figures on the

right are for the restricted sample of workers covered by collective contracts with escalation clauses. Robust s.e. clustered at

the 3-digit industry�province level.
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a) Treated contracts expiring in 2009 b) Treated contracts expiring in 2010-11

2009 recession (0=2008m12)

Figure 8. Employment outcomes among workers covered by a province-industry agreement,

by collective contract length

Notes: The Figure on the left plots the OLS estimates and 95% con�dence intervals of the variable "Collective Contract signed

before September 2008" in 48 separate regressions using as a dependent variable the probability of non-employment among in-

dividuals who were working in the �rm as of 2008m12. Sample restricted to contracts signed after LB or before, that expired

in 2009. The Figure on the right plots the same regressions restricting the sample to contracts signed after LB or before, that

expired after 2009. All regressions control for 111 month-speci�c three-digit industry and 48 month-speci�c province dummies.

Robust s.e. clustered at the 3-digit industry�province level.
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a) Fixed-term contract b) Open-ended contract

2009 recession (0=2008m12)

Figure 9. Employment outcomes among workers covered by a province-industry agreement,

by type of contract

Notes: The Figure on the left plots the OLS estimates and 95% con�dence intervals of the variable "Collective Contract signed

before September 2008" in 48 separate regressions using as a dependent variable the probability of non-employment among

individuals who were working in the �rm as of 2008m12. Sample restricted to workers with a �xed term contract in 2007m12

The Figure on the right plots the same regressions restricting the sample to workers with an open-ended contract in 2007m12.

All regressions control for 111 month-speci�c three-digit industry and 48 month-speci�c province dummies.

Robust s.e. clustered at the 3-digit industry�province level.
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COVID-19 pandemic (0=2020q1)

Figure 10. Negotiated wage growth for 2020 by quarter of signature before and after the onset

of the COVID-19 pandemic

Notes: The Figure shows the OLS estimates and 95% con�dence intervals of quarter of signature on average wage growth set by

collective contracts. The regression controls for province and 3-digit industry �xed e¤ects. Robust s.e. clustered at the 3-digit

industry�province level.

50



COVID-19 pandemic (0=2020q1)

Figure 11. Short time work and non employment by quarter of signature before and after the onset

of the COVID-19 pandemic

Notes: The Figures plot the OLS estimates and 95% con�dence intervals of the collective contract quarter of signature on the probability

of short time work (left panel) and non employment (unemployment or non participation, right panel). All regressions include three-digit

industry, and province*quarter �xed e¤ects. Robust s.e. clustered at the 3-digit industry�province level. Survey weights used.
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Appendix A. Additional Figures

Figure A1. Unemployment rate in Spain, 1990m1-2020m12

Note: The Figure shows the evolution of the average monthly unemployment rate in Spain in the last 30 years.

There are sharp increases in 1993, 2008-2012 and 2020.

Source: INE, Labour Force Survey (EPA).
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Figure A2. Consumer Price Index in Spain, 1990-2020

Note: The Figure shows the evolution of the in�ation rate in Spain in the last 30 years. It was high

in 1993 and particularly low in 2009 and 2020.

Source: INE.
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Figure A3. Number of workers in short time work (STW) in Spain, 2008q1-2020q4

Note: The Figure shows the average yearly number of workers in short time work (in thousands) in Spain. There

is a particularly sharp increase only in 2020 (there are no data available before 2008).

Source: INE, Labour Force Survey (EPA).
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Figure A4. A case study with construction

2009 recession (0=2008m12)

Notes: The Figure plots the OLS estimates and 95% con�dence intervals of the variable "Collective Contract expired

before 2008m9" in 48 separate regressions using as a dependent variable the probability of non-employment among in-

dividuals who were working in the �rm as of 2008m12. The sample is restricted to workers in the construction sector,

whose collective contracts are signed at di¤erent dates at the province level but all set the same wage growth nationwide.

The regressions control for month-speci�c three-digit industry dummies within the construction sector and month-speci-

�c province dummies. Robust s.e. clustered at the 3-digit industry�province level.
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a) All contracts b) Contracts with escalation clauses

1993 recession

a) All contracts b) Contracts with escalation clauses

2009 recession

Figure A5. Actual wage growth among workers covered by a province-industry agreement,

by presence of escalation clauses

Notes: The Figures plot the distibution of actual wage growth in 1993 (upper panels) or in 2009 (lower panels) for workers with a

large cushion (above 40% in 1991m12 or 2007m12). The left panels are for workers covered by any province level contract while

the right panels are for workers covered bu province level contracts with escalation clauses.
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1993 recession (0=1992m12), agreements with escalation clauses
Figure A6. Job loss among workers covered by a province-industry agreement,

by presence of escalation clauses
Notes: The Figure on the left plots the OLS estimates and 95% con�dence intervals of the interaction term "(Collective Contract signed before 1992m12)*(Wmin<=W1991m12<=1.1*Wmin)"

in separate monthly regressions. The dependent variable is the monthly probability of job loss among individuals who were working in the �rm as of 1992m12. The estimates refer to workers

whose pre-recession earnings were at most 10% above the minimum wages. The Figure in the center plots the OLS estimates and 95% con�dence intervals of the interaction term "(Collective

Contract signed before 1992m12)*(1.1*Wmin<=W1991m12<=1.2*Wmin)" from the same regressions as above but refer to workers whose pre-recession earnings were 10-20% above the mini-

mum wages. The Figure on the right plots the OLS estimates and 95% con�dence intervals of the interaction term "(Collective Contract signed before 1992m12)*(Wmin<=W1991m12<=1.2

*Wmin)" from the same regressions as above but refer to workers whose pre-recession earnings were 20-40% above the minimum wages. All regressions control for collective contract �xed

e¤ects. Omitted category: "(Collective Contract signed before 1992m12)*(1.4*Wmin<W1991m12)". Minimum wages are speci�c of each occupation (10) and province. Sample restricted to

workers covered by collective contracts with escalation clauses. Robust s.e. clustered at the 3-digit industry�province level.
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COVID-19 pandemic (0=2020q1)

Figure A7. Negotiated wage growth for 2021 and contract duration by quarter of signature before

and after the onset of the COVID-19 pandemic

Notes: The Figures plot the OLS estimates and 95% con�dence intervals of the collective contract quarter of signature on the negotiated

wage growth for 2021 (left panel) and average duration of collective contracts setting wage growth for 2020 (right panel). The regressions

control for province and 3-digit industry �xed e¤ects. Robust s.e. clustered at the industry�province level.
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Appendix B. More on collective contracts

Table B1. An example of minimum wage �oors set in a collective agreement (construction sector

in Navarre, 2010)

Notes: The �rst column lists all occupations and the last column lists the total minimum wage �oor (annual) by occupation.
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Table B2a. Descriptive statistics: Sample means (standard deviations)-1993 recession

Characteristic Full sample
Subsample with

wage �oors

(1) (2)

Sectoral distribution

Agriculture, manufacturing & utilities (%) 18.5 22.9

Construction (%) 21.6 22.4

Trade, Food & Accomodation (%) 32.5 30.0

Transportation (%) 6.20 4.87

Finance and real estate (%) 0.20 0.32

Services to businesses, health & educ. (%) 20.0 19.4

Collective contract characteristics

Multi-year (%) 59.5 56.5

Collective contract duration (in years) 1.43 1.40

(0.61) (0.59)

Escalation clause (%) 62.0 65.2

Negotiated wage growth for 1993 (%) 5.20 5.33

(2.23) (2.18)

Worker characteristics

Age (in years) 37.4 36.3

(11.0) (10.8)

Female (%) 29.2 29.3

College, managers (%) 15.2 16.7

White collar workers (%) 30.6 31.7

Blue collar workers(%) 54.2 51.6

Fixed-term contract (%) n.a. n.a.

N 73,183 44,334

Notes: Sample of workers� Social Security records linked to their corresponding provincial collective contract (col. 1) and

with information on minimum wage �oors (col. 2). All worker characteristics refer to December 1991. Escalation clause ta-

kes value one if the contract stipulates an adjustment for realized in�ation whenever it exceeds a threshold level.
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Table B2b. Descriptive statistics: Sample means (standard deviations)-2009 recession

Characteristic Full sample
Subsample with

wage �oors

(1) (2)

Sectoral distribution

Agriculture, manufacturing & utilities (%) 12.6 10.9

Construction (%) 23.0 29.4

Trade, Food & Accomodation (%) 32.7 27.3

Transportation (%) 4.63 4.35

Finance and real estate (%) 0.31 0.00

Services to businesses, health & educ. (%) 26.3 28.1

Collective contract characteristics

Multi-year (%) 88.2 93.0

Collective contract duration (in years) 3.29 3.44

(1.22) (1.21)

Escalation clause (%) 64.3 52.0

Negotiated wage growth for 2009 (%) 2.09 1.91

(1.51) (1.65)

Worker characteristics

Age (in years) 37.3 37.3

(10.7) (9.55)

Female (%) 41.3 40.3

College, managers (%) 14.8 16.5

White collar workers (%) 35.0 35.0

Blue collar workers(%) 50.1 48.5

Fixed-term contract (%) 14.0 13.1

N 99,735 43,209

Notes: Sample of workers� Social Security records linked to their corresponding provincial collective contract (col. 1) and

with information on minimum wage �oors (col. 2). All worker characteristics refer to December 2007. Escalation clause

takes value one if the contract stipulates an adjustment for realized in�ation whenever it exceeds a threshold level.
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Figure B1. Extract of an escalation clause in a collective contract signed in 1993

Notes: The Figure shows an extract of an escalation clause in the 1993 collective contract of the meat industry.

It establishes a minimum guaranteed wage growth for all workers for 1992 (1993) equal to the realized in�ation

by the end of 1991 (1992) minus 1 pp. It also states that wage �oors for 1992 are revised (ex post) to account

for the deviation between the in�ation that was expected for 1992, when the collective contract was signed, and

the realized in�ation. Lastly, it states that a similar revision of the 1993 wage �oors may take place in the futu-

re in case there is a deviation between the expected and realized in�ation.
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a) Full sample b) Subsample with wage �oors

1993 recession

a) Full sample b) Subsample with wage �oors

2009 recession

Figure B2. Wage growth settled in collective contracts

Notes: The Figures on the left plot the negotiated nominal wage growth for 1993 or 2009 settled by the full sample of collective

contracts while the Figures on the right plot the negotiated nominal wage growth for 1993 or 2009 settled in the restricted sample

of collective contracts in which there is available information on workers� minimum wage �oors.
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a) Months of expiration b) Months of signature

Figure B3. Months of expitation and signature of collective contracts, 1990-2010

Notes: The Figure on the left plots the months when collective contracts in Spain expired in the period 1990-2010 and the Figure on

the right plots the months when collective contracts in Spain got signed (renewed) in the same period. While the vast majority of col-

lective contracts expires on January 1st, signature dates are distributed fairly homogeneously across months.
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Figure B4. Distribution of actual wages around the mimimum wage �oors

in December 2007.

Notes: The Figure plots the distribution of workers� nominal wages around the minimum wage �oors in

December 2007. The sample is restricted to workers with available information on minimum wage �oors.

The red vertical line indicates cases for which the actual wage coincides with the minimum wage �oor that

corresponds to the worker�s sector, province and skill.
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Appendix C. More on COVID-19 pandemic

To analyze the employment consequences of wage rigidity during the �rst stage of the COVID-

19 pandemic, we use the 2018-2020 waves of the Spanish Labor Force Survey (Encuesta de

Población Activa, EPA). EPA is a representative survey of the entire population and takes

place at a quarterly frequency. It contains information on individuals� employment status,

occupation, province and sector of activity as well as demographics and educational attainment.

For non-employed individuals who ceased to be employed a year ago or less, the occupation,

province and sector of activity refer to the most recent ones. EPA allows us to directly identify

workers in short time work as employed individuals who state that they do not work during

the week of reference are asked to report the reason. Short time work is one possibility (other

possible reasons include sickness, strike, training etc.). Using the information on province and

sector of activity we are able to match workers in EPA to the register of collective contracts.

We study employment outcomes (intensive and extensive margin) by estimating two regres-

sions (LPMs) on repeated cross sections:

Yjspt = �0t + �1t

+3X

l=�9

QlSIGNEDsp + 
Xjt + inds + provp � qt + "jspt: (1)

In the �rst regression, the dependent variable, Yjspt, takes the value 1 if worker j, who is

employed in industry s and province p is in short time work in quarter t and 0 otherwise. In

the second regression, the dependent variable, Yjspt, takes the value 1 if worker j, who is/used

to be employed in industry s and province p is non-employed in quarter t and 0 otherwise.

QlSIGNEDsp is the quarter of signature of the collective contract in industry s and province

p. The regressions include industry and province*quarter �xed e¤ects and use survey weights.

Xjt is a vector of controls at the worker level, namely age, gender, occupation, immigrant

background, and a dummy variable that takes the value 1 after 2020q1 if the workers� sector of

activity is classi�ed as critical infrastructure, and 0 otherwise.
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