
Munich Personal RePEc Archive

Health Inequalities for Immigrants in

Canada : Quebec versus the Rest of

Canada

LEBIHAN, Laetitia and MAO TAKONGMO, Charles

Olivier and McKELLIPS, Fanny

University of Ottawa

January 2017

Online at https://mpra.ub.uni-muenchen.de/79970/

MPRA Paper No. 79970, posted 01 Jul 2017 06:07 UTC



❍❡❛❧t❤ ■♥❡q✉❛❧✐t✐❡s ❢♦r ■♠♠✐❣r❛♥ts ✐♥ ❈❛♥❛❞❛ ✿ ◗✉❡❜❡❝

✈❡rs✉s t❤❡ ❘❡st ♦❢ ❈❛♥❛❞❛

▲❛❡t✐t✐❛ ▲❡❜✐❤❛♥ ∗✱ ❈✲❖ ▼❛♦ ❚❛❦♦♥❣♠♦ †❛♥❞ ❋❛♥♥② ▼❝❑❡❧❧✐♣s ‡

❯♥✐✈❡rs✐t② ♦❢ ❖tt❛✇❛

❋✐rst ✈❡rs✐♦♥ ✿ ❏❛♥✉❛r② ✷✵✶✼

❚❤✐s ✈❡rs✐♦♥ ✿ ❏✉❧② ✷✵✶✼

❆❜str❛❝t

▲✐tt❧❡ ✐s ❦♥♦✇♥ ❛❜♦✉t ✐♠♠✐❣r❛♥t ❤❡❛❧t❤ ✐♥❡q✉❛❧✐t✐❡s ✐♥ ❈❛♥❛❞❛ ❜② ♣r♦✈✐♥❝❡✳ ❚♦ ❛❞✲

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

◗✉❡❜❡❝✱ ✐♠♠✐❣r❛♥ts ✐♥ t❤❡ r❡st ♦❢ ❈❛♥❛❞❛ ❛♥❞ ❈❛♥❛❞✐❛♥✲❜♦r♥ ✐♥❞✐✈✐❞✉❛❧s✳ ❚❤❡ ❧✐t❡r❛t✉r❡

❡♠♣❤❛s✐③❡s t❤❛t ✐t ✐s ♠♦r❡ ❞✐✣❝✉❧t ❢♦r ✐♠♠✐❣r❛♥ts ✐♥ ◗✉❡❜❡❝ t♦ ✐♥t❡❣r❛t❡ ✐♥t♦ t❤❡ ❥♦❜

♠❛r❦❡t ❝♦♠♣❛r❡❞ t♦ ✐♠♠✐❣r❛♥ts ✐♥ ♦t❤❡r ❈❛♥❛❞✐❛♥ ♣r♦✈✐♥❝❡s✳ ❚❤❡r❡ ✐s ❛♥ ✐♠♣♦rt❛♥t ❧✐♥❦

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

❖✉r r❡s✉❧ts✖♦❜t❛✐♥❡❞ ❢r♦♠ ❞❛t❛ ✐♥ t❤❡ ❈❛♥❛❞✐❛♥ ❈♦♠♠✉♥✐t② ❍❡❛❧t❤ ❙✉r✈❡② ✭❈❈❍❙✮✖

s❤♦✇ t❤❛t ✇❡❧❧✲❜❡✐♥❣ ❛♥❞ ❤❡❛❧t❤ ✐♥❞✐❝❛t♦rs ✇♦rs❡♥ s✐❣♥✐✜❝❛♥t❧② ❢♦r ✐♠♠✐❣r❛♥ts ✐♥ ◗✉❡❜❡❝

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

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

❑❡②✇♦r❞s ✿ ✐♠♠✐❣r❛♥ts✱ ❈❛♥❛❞✐❛♥✲❜♦r♥✱ ✇❡❧❧✲❜❡✐♥❣✱ ❤❡❛❧t❤✱ ◗✉❡❜❡❝✳

❏❊▲ ❈❧❛ss✐✜❝❛t✐♦♥ ✿ ■✶✹✱ ■✸✵✱ ❏✶✵

∗❯♥✐✈❡rs✐t② ♦❢ ❖tt❛✇❛✳ ❊♠❛✐❧ ✿ ❧❧❡❜✐❤❛♥❅✉♦tt❛✇❛✳❝❛✳ ❲❡❜s✐t❡ ✿ ❤tt♣s ✿✴✴s✐t❡s✳❣♦♦❣❧❡✳❝♦♠✴s✐t❡✴❧❛❡t✐t✐❛♠❧❡❜✐❤❛♥
†❈♦rr❡s♣♦♥❞✐♥❣ ❛✉t❤♦r✱ ❯♥✐✈❡rs✐t② ♦❢ ❖tt❛✇❛✱ ❊♠❛✐❧ ✿ ❝♠❛♦t❛❦♦❅✉♦tt❛✇❛✳❝❛✳ ❲❡❜s✐t❡ ✿

❤tt♣s ✿✴✴s✐t❡s✳❣♦♦❣❧❡✳❝♦♠✴s✐t❡✴♠❛♦t❛❦♦♥❣♠♦❝❤❛r❧❡s
‡❯♥✐✈❡rs✐t② ♦❢ ❖tt❛✇❛✳ ❊♠❛✐❧ ✿ ❢♠❝❦❡✵✵✻❅✉♦tt❛✇❛✳❝❛

✶



✶ ■♥tr♦❞✉❝t✐♦♥

▼❛♥② st✉❞✐❡s ❤❛✈❡ ❢♦❝✉s❡❞ ♦♥ ✐♥❡q✉❛❧✐t✐❡s ✐♥ t❤❡ ❧❛❜♦✉r ♠❛r❦❡t ❜❡t✇❡❡♥ ✐♠♠✐❣r❛♥ts
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t♦ ❝♦♠♣❛r❡ ♠✉❧t✐♣❧❡ ❤❡❛❧t❤ ✐♥❞✐❝❛t♦rs ❛♠♦♥❣ ✐♠♠✐❣r❛♥ts ✐♥ ◗✉❡❜❡❝✱ ✐♠♠✐❣r❛♥ts ✐♥ t❤❡ r❡st
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❛❜♦✉t t❤✐s ✐ss✉❡✳
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✇♦rs❡ ❢♦r ✐♠♠✐❣r❛♥ts ✐♥ ◗✉❡❜❡❝ ❝♦♠♣❛r❡❞ t♦ t❤❡✐r ❝♦✉♥t❡r♣❛rts ✐♥ t❤❡ r❡st ♦❢ ❈❛♥❛❞❛ ❛♥❞
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❛♥❞ ♦✈❡r✇❡✐❣❤t ❛r❡ ♠♦r❡ ♣r❡✈❛❧❡♥t ❛♠♦♥❣ ✐♠♠✐❣r❛♥ts ✐♥ ◗✉❡❜❡❝✳ ❲❡ ❛❧s♦ s❤♦✇ t❤❛t t❤❡

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

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

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

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

r❡♣♦rt ❤②♣❡rt❡♥s✐♦♥ ❛♥❞ ❝❛♥❝❡r ✐♥ ◗✉❡❜❡❝ ❝♦♠♣❛r❡❞ t♦ t❤♦s❡ ✐♥ t❤❡ r❡st ♦❢ ❈❛♥❛❞❛✳

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

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

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

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

♦❢ ✐♠♠✐❣r❛♥ts ✐♥ ◗✉❡❜❡❝ ❝♦♠♣❛r❡❞ t♦ ✐♠♠✐❣r❛♥ts ✐♥ t❤❡ r❡st ♦❢ ❈❛♥❛❞❛ ❛♥❞ ❈❛♥❛❞✐❛♥✲❜♦r♥

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

✐♥ ❈❛♥❛❞✐❛♥ ✐♠♠✐❣r❛t✐♦♥ ♣♦❧✐❝✐❡s✳ ❆s ♣♦✐♥t❡❞ ♦✉t ❜② ❇❡✐s❡r ✭✷✵✵✺✮✱ ✐♥ ❛❞❞✐t✐♦♥ t♦ ❡❝♦♥♦♠✐❝

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

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

❝♦♥❞✐t✐♦♥s✳

❚❤✐s ♣❛♣❡r ✐s str✉❝t✉r❡❞ ❛s ❢♦❧❧♦✇s✳ ❙❡❝t✐♦♥ ✷ ❜r✐❡✢② ❞❡s❝r✐❜❡s t❤❡ ❤❡❛❧t❤ s②st❡♠ ✐♥ ❈❛✲

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

❘❡s✉❧ts ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ ❙❡❝t✐♦♥ ✺ ❛♥❞ t❤❡ ❞✐s❝✉ss✐♦♥ ✐♥ ❙❡❝t✐♦♥ ✻✳ ❙❡❝t✐♦♥ ✼ ❝♦♥❝❧✉❞❡s t❤❡

♣❛♣❡r✳

✷



✷ ❍❡❛❧t❤❝❛r❡ ❙②st❡♠ ✐♥ ❈❛♥❛❞❛ ❛♥❞ ❍❡❛❧t❤❝❛r❡ ❇❡♥❡✜ts

❢♦r ◆❡✇ ■♠♠✐❣r❛♥ts

❈❛♥❛❞❛✬s ❤❡❛❧t❤❝❛r❡ s②st❡♠✱ ❣♦✈❡r♥❡❞ ❜② t❤❡ ❈❛♥❛❞❛ ❍❡❛❧t❤ ❆❝t✱ ✐s ♣✉❜❧✐❝❧② ❢✉♥❞❡❞ ❛♥❞

❛❞♠✐♥✐st❡r❡❞ ❜② t❤❡ ♣r♦✈✐♥❝❡s ❛♥❞ t❡rr✐t♦r✐❡s✳ ❚❤❡ ❈❛♥❛❞❛ ❍❡❛❧t❤ ❆❝t ✐s ❜❛s❡❞ ♦♥ ✜✈❡ ♠❛✐♥

♣r✐♥❝✐♣❧❡s ✿ ♣✉❜❧✐❝ ❛❞♠✐♥✐str❛t✐♦♥✱ ❝♦♠♣r❡❤❡♥s✐✈❡♥❡ss✱ ✉♥✐✈❡rs❛❧✐t②✱ ♣♦rt❛❜✐❧✐t② ❛♥❞ ❛❝❝❡ss✐❜✐✲

❧✐t② ✭●♦✈❡r♥♠❡♥t ♦❢ ❈❛♥❛❞❛✱ ✶✾✽✹✮✳ ❚❤r♦✉❣❤ t❤✐s ❛❝t✱ ❛❧❧ ❈❛♥❛❞✐❛♥s ❛♥❞ ♣❡r♠❛♥❡♥t r❡s✐❞❡♥ts

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

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

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

❞♦ ♥♦t ❤❛✈❡ ❛ ❣♦✈❡r♥♠❡♥t ❤❡❛❧t❤ ❝❛r❡ ❝❛r❞✳

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

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

❡❛❝❤ ♠❡♠❜❡r ♦❢ ❤✐s ♦r ❤❡r ❢❛♠✐❧②✱ ♠✉st t❛❦❡ t❤❡ ■♠♠✐❣r❛t✐♦♥ ▼❡❞✐❝❛❧ ❊①❛♠ ✭■▼❊✮✳ ❚❤❡ ■▼❊

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

t♦ ❣r❛♥t ✐♠♠✐❣r❛♥t st❛t✉s ✐s ♠❛❞❡ ❛❢t❡r t❤❡ ❣♦✈❡r♥♠❡♥t ❛♥❛❧②③❡s t❤❡ ♠❡❞✐❝❛❧ ❝❡rt✐✜❝❛t❡ s❡♥t

❞✐r❡❝t❧② ❜② t❤❡ ❞♦❝t♦r ✭●♦✈❡r♥♠❡♥t ♦❢ ❈❛♥❛❞❛✱ ✷✵✶✼✮✳ ❚❤❡ ♠❡❞✐❝❛❧ ❡①❛♠✐♥❛t✐♦♥ ✐♥❝❧✉❞❡s ❛

♣❤②s✐❝❛❧ ❛♥❞ ♠❡♥t❛❧ ❡①❛♠✐♥❛t✐♦♥ ❀ ❛ r❡✈✐❡✇ ♦❢ ♠❡❞✐❝❛❧ ❤✐st♦r② ❀ ❛ ❧❛❜♦r❛t♦r② t❡st ❀ ❛ ❞✐❛❣♥♦st✐❝

t❡st ❀ ❛♥❞ ❛ ♠❡❞✐❝❛❧ ❛ss❡ss♠❡♥t ♦❢ t❤❡ ❛♣♣❧✐❝❛♥t✬s r❡❝♦r❞s ✭●♦✈❡r♥♠❡♥t ♦❢ ❈❛♥❛❞❛ ✷✵✵✷✱

❘❡❣✉❧❛t✐♦♥ ✷✾✮✳ ❚❤❡r❡❢♦r❡✱ r❡❣❛r❞❧❡ss ♦❢ t❤❡ ♣r♦✈✐♥❝❡ t♦ ✇❤✐❝❤ t❤❡ ✐♠♠✐❣r❛♥t ✐s ♣r❡♣❛r✐♥❣ t♦

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

❚❤❡ ♣r♦♣♦rt✐♦♥ ♦❢ ✐♠♠✐❣r❛♥ts ✐♥ t❤❡ t♦t❛❧ ♣♦♣✉❧❛t✐♦♥ ✐s ✐♥❝r❡❛s✐♥❣ ✶ ✐♥ ❈❛♥❛❞❛ ✭❙t❛t✐st✐❝s

❈❛♥❛❞❛✱ ✷✵✶✶✮✳ ❆❝❝♦r❞✐♥❣ t♦ ❙t❛t✐st✐❝s ❈❛♥❛❞❛ ✭✷✵✶✶✮✱ ◗✉❡❜❡❝ ❛♥❞ ❖♥t❛r✐♦ ❛r❡ t❤❡ ♣r♦✈✐♥❝❡s

t❤❛t r❡❝❡✐✈❡❞ t❤❡ ❧❛r❣❡st ♥✉♠❜❡r ✷ ♦❢ ♥❡✇ ✐♠♠✐❣r❛♥ts ❜❡t✇❡❡♥ ✷✵✵✻ ❛♥❞ ✷✵✶✶✳ ❖♥❡ ♥❛t✉r❛❧

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

❢♦r ✐♠♠✐❣r❛♥ts ❛❢t❡r ❛rr✐✈✐♥❣ ✐♥ ❈❛♥❛❞❛✳

✸ ❉❛t❛

❲❡ ✉s❡ ♠✐❝r♦❞❛t❛ ❢r♦♠ t❤❡ ❈❈❍❙✱ ✇❤✐❝❤ ✐s ❛ ❝r♦ss✲s❡❝t✐♦♥❛❧ s✉r✈❡② t❤❛t ❝♦❧❧❡❝ts ✐♥❢♦r✲

♠❛t✐♦♥ ♦♥ t❤❡ ❤❡❛❧t❤ st❛t✉s✱ ❤❡❛❧t❤ ❝❛r❡ ✉t✐❧✐③❛t✐♦♥ ❛♥❞ ❤❡❛❧t❤ ❞❡t❡r♠✐♥❛♥ts ♦❢ t❤❡ ❈❛♥❛❞✐❛♥

✶✳ ❚❤❡ ✐♠♠✐❣r❛♥t ♣♦♣✉❧❛t✐♦♥ ✐♥❝r❡❛s❡❞ ❢r♦♠ ✶✼✳✷ ✪ ♦❢ t❤❡ t♦t❛❧ ♣♦♣✉❧❛t✐♦♥ ✐♥ ❈❛♥❛❞❛ ✐♥ ✷✵✵✻ t♦ ✷✵✳✻
✪ ♦❢ t❤❡ t♦t❛❧ ♣♦♣✉❧❛t✐♦♥ ✐♥ ✷✵✶✶ ✭❙t❛t✐st✐❝s ❈❛♥❛❞❛ ✷✵✶✶✮✳ ❆❝❝♦r❞✐♥❣ t♦ ❙t❛t✐st✐❝s ❈❛♥❛❞❛ ✭✷✵✶✶✮✱ ✾✹✳✽✪
♦❢ ✐♠♠✐❣r❛♥ts ❧✐✈❡ ✐♥ ❖♥t❛r✐♦✱ ❇r✐t✐s❤ ❈♦❧✉♠❜✐❛✱ ◗✉❡❜❡❝ ❛♥❞ ❆❧❜❡rt❛✳ ❖❢ t❤♦s❡ ✐♠♠✐❣r❛♥ts✱ ✺✸✳✸ ✪ ❧✐✈❡ ✐♥
❖♥t❛r✐♦✱ ✶✼✳✻ ✪ ✐♥ ❇r✐t✐s❤ ❈♦❧✉♠❜✐❛✱ ✶✹✳✹ ✪ ✐♥ ◗✉❡❜❡❝ ❛♥❞ ✾✳✺ ✪ ✐♥ ❆❧❜❡rt❛✳

✷✳ ■♥ t❤❛t ♣❡r✐♦❞✱ ✹✸✳✶ ✪ ♦❢ ♥❡✇ ✐♠♠✐❣r❛♥ts ✇❛s r❡❝❡✐✈❡❞ ✐♥ ❖♥t❛r✐♦✱ ✶✾✳✷ ✪ ✐♥ ◗✉❡❜❡❝ ❛♥❞ ✶✺✳✾ ✪ ✐♥
❇r✐t✐s❤ ❈♦❧✉♠❜✐❛ ✭s❡❡ ❙t❛t✐st✐❝s ❈❛♥❛❞❛✱ ✷✵✶✶✮

✸



♣♦♣✉❧❛t✐♦♥ ❛❣❡❞ ✶✷ ♦r ♠♦r❡ ✭❙t❛t✐st✐❝s ❈❛♥❛❞❛✱ ✷✵✵✺✮✳ ❚❤❡ s✉r✈❡② st❛rt❡❞ ✐♥ ✷✵✵✶ ❛♥❞ ❝♦❧✲

❧❡❝t❡❞ ❜✐❡♥♥✐❛❧ s❛♠♣❧❡s ❢♦r ✷✵✵✶✱ ✷✵✵✸ ❛♥❞ ✷✵✵✺ ❛♥❞ ❤❛s ❝♦❧❧❡❝t❡❞ ②❡❛r❧② s❛♠♣❧❡s s✐♥❝❡ ✷✵✵✼✳

◆❡✈❡rt❤❡❧❡ss✱ s❡✈❡r❛❧ ✈❛r✐❛❜❧❡s ❤❛✈❡ ❜❡❡♥ ❝♦♥str✉❝t❡❞ s✐♥❝❡ ✷✵✵✸ ❛♥❞✴♦r ❝❤❛♥❣❡❞ s✐❣♥✐✜❝❛♥t❧②

❛❢t❡r ✷✵✶✵✳ ❚❤❡r❡❢♦r❡✱ ✇❡ ✉s❡ t❤❡ ✷✵✵✸✲✷✵✶✵ ♣❡r✐♦❞ t♦ ❡♥s✉r❡ ❝♦♠♣❛r❛❜✐❧✐t② ♦✈❡r t✐♠❡✳ ❲❡

❢♦❝✉s ♦♥ r❡s♣♦♥❞❡♥ts ❛❣❡❞ ✷✵ t♦ ✺✾ ②❡❛rs ❜❡❝❛✉s❡ t❤❡② ❛r❡ ♠♦r❡ ❧✐❦❡❧② t♦ ❜❡ ✐♥ t❤❡ ❧❛❜♦✉r

♠❛r❦❡t✳ ❚❤❡ ❈❈❍❙ ❝♦♥t❛✐♥s s❡✈❡r❛❧ ✐♥❞✐❝❛t♦rs t❤❛t ❛r❡ ✉s❡❞ ✐♥ t❤❡ ❧✐t❡r❛t✉r❡ t♦ ♠❡❛s✉r❡

s✉❜❥❡❝t✐✈❡ ✇❡❧❧✲❜❡✐♥❣ ♦r ❜❡❤❛✈✐♦✉rs r❡❧❛t❡❞ t♦ ❤❡❛❧t❤ ✭❇r❛❞s❤❛✇ ❡t ❛❧✳✱ ✷✵✵✼ ❀ ❯◆■❈❊❋ ❖✣❝❡

♦❢ ❘❡s❡❛r❝❤✱ ✷✵✶✸✮✳

❯s✐♥❣ t❤❡ ❈❈❍❙✱ ✇❡ ❡①❛♠✐♥❡ s❡✈❡r❛❧ s❡❧❢✲❛ss❡ss❡❞ ❤❡❛❧t❤ ♣❡r❝❡♣t✐♦♥s ❛♥❞ s✉❜❥❡❝t✐✈❡ ✇❡❧❧✲

❜❡✐♥❣ ✐♥❞✐❝❛t♦rs ✿ ✭✶✮ ♦✈❡r❛❧❧ ❤❡❛❧t❤ ❀ ✭✷✮ ♠❡♥t❛❧ ❤❡❛❧t❤ ❀ ✭✸✮ ❧✐❢❡ s❛t✐s❢❛❝t✐♦♥ ❀ ❛♥❞ ✭✹✮ ♦r❛❧

❤❡❛❧t❤✳ ■♥ t❤❡ ❈❈❍❙✱ ✐♥❞✐✈✐❞✉❛❧s r❛t❡ t❤❡✐r ♦✈❡r❛❧❧✱ ♠❡♥t❛❧ ❛♥❞ ♦r❛❧ ❤❡❛❧t❤ ❛s ✧❡①❝❡❧❧❡♥t✱✧

✧✈❡r② ❣♦♦❞✱✧ ✧❣♦♦❞✱✧ ✧❢❛✐r✧ ♦r ✧♣♦♦r✳✧ ▲✐❢❡ s❛t✐s❢❛❝t✐♦♥ ✐s ♠❡❛s✉r❡❞ ✉s✐♥❣ t❤❡ q✉❡st✐♦♥ ✧❍♦✇

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

❢r♦♠ ✧✈❡r② s❛t✐s✜❡❞✧ t♦ ✧✈❡r② ❞✐ss❛t✐s✜❡❞✳✧ ❙❡✈❡r❛❧ ✐♥❞✐❝❛t♦rs ❛ss❡ss t❤❡ ♣r❡s❡♥❝❡ ♦❢ ✭✺✮ ❤②✲

♣❡rt❡♥s✐♦♥✱ ✭✻✮ ❛st❤♠❛✱ ✭✼✮ ❞✐❛❜❡t❡s✱ ✭✽✮ ❤❡❛rt ❞✐s❡❛s❡ ❛♥❞ ✭✾✮ ❝❛♥❝❡r✳ ❘❡s♣♦♥❞❡♥ts ❛r❡ ❛s❦❡❞

✇❤❡t❤❡r t❤❡② ❤❛✈❡ ✭✶✵✮ ❛♥①✐❡t② ❞✐s♦r❞❡rs ✭s✉❝❤ ❛s ♣❤♦❜✐❛s✱ ♦❜s❡ss✐✈❡✲❝♦♠♣✉❧s✐✈❡ ❞✐s♦r❞❡r

♦r ❛ ♣❛♥✐❝ ❞✐s♦r❞❡r✮✱ ✭✶✶✮ ♠♦♦❞ ❞✐s♦r❞❡rs ✭s✉❝❤ ❛s ❞❡♣r❡ss✐♦♥✱ ❜✐♣♦❧❛r ❞✐s♦r❞❡r✱ ♠❛♥✐❛ ♦r

❞②st❤②♠✐❛✮ ❛♥❞ ✭✶✷✮ ❛ r❡❣✉❧❛r ♠❡❞✐❝❛❧ ❞♦❝t♦r✳ ❚❤❡② ❛❧s♦ r❡♣♦rt ✇❤❡t❤❡r t❤❡② ✭✶✸✮ ❞r✐♥❦

✧♥♦t ❛t ❛❧❧✱✧ ✧♦❝❝❛s✐♦♥❛❧❧②✧ ♦r ✧r❡❣✉❧❛r❧②✱✧ ❛s ✇❡❧❧ ❛s t❤❡✐r ♣r❡✈❛❧❡♥❝❡ ♦❢ ✭✶✹✮ ❜✐♥❣❡ ❞r✐♥❦✐♥❣✱

✇❤✐❝❤ ✐s ❞❡✜♥❡❞ ❛s ❤❛✈✐♥❣ ✜✈❡ ♦r ♠♦r❡ ❞r✐♥❦s ✐♥ ♦♥❡ s✐tt✐♥❣ ✭❋❧❡❣❡❧ ❡t ❛❧✳✱ ✷✵✶✶✮✳ ❲❡ ❛❧s♦

♥♦t❡ ✇❤❡t❤❡r ✭✶✺✮ t❤❡② s♠♦❦❡ ✧♥♦t ❛t ❛❧❧✱✧ ✧♦❝❝❛s✐♦♥❛❧❧②✧ ♦r ✧❞❛✐❧②✳✧ ▼♦r❡♦✈❡r✱ r❡s♣♦♥❞❡♥ts

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

s❡❧❢✲r❡♣♦rt❡❞ ❤❡✐❣❤t ❛♥❞ ✇❡✐❣❤t✱ ❛♥❞ r❡s♣♦♥❞❡♥ts ❛r❡ ❝❧❛ss✐✜❡❞ ✐❢ t❤❡② ❛r❡ ✭✶✼✮ ♦✈❡r✇❡✐❣❤t ♦r

♦❜❡s❡✳ ❘❡s♣♦♥❞❡♥ts ❛❧s♦ r❡♣♦rt ✇❤❡t❤❡r t❤❡② ✭✶✽✮ ❡♥❣❛❣❡ ✐♥ ♣❤②s✐❝❛❧ ❛❝t✐✈✐t② ♦❢ ♠♦r❡ t❤❛♥

✶✺ ♠✐♥✉t❡s ♣❡r ❞❛② ❛♥❞ ✇❤❡t❤❡r t❤❡② ❛r❡ ✭✶✾✮ ❤♦✉s❡ ♦✇♥❡rs✳ ❆♣♣❡♥❞✐① ❚❛❜❧❡ ❆✳✶ ♣r♦✈✐❞❡s

❞❡t❛✐❧s ♦♥ ❡❛❝❤ ♠❡❛s✉r❡✳

❚❤❡ ❝♦♥tr♦❧s ✉s❡❞ ✐♥ t❤❡ r❡❣r❡ss✐♦♥s ✇✐t❤ ❈❈❍❙ ❞❛t❛ ❛r❡ t❤❡ s❡① ♦❢ t❤❡ r❡s♣♦♥❞❡♥t ❀

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

♣❧♦♠❛✱ ❤✐❣❤ s❝❤♦♦❧ ❞✐♣❧♦♠❛✱ ♦t❤❡r ♣♦sts❡❝♦♥❞❛r② ❡❞✉❝❛t✐♦♥✱ ✇✐t❤ ❛ ♣♦sts❡❝♦♥❞❛r② ❞✐♣❧♦♠❛ ❀

❞✉♠♠✐❡s ❢♦r t❤❡ ❛❣❡ ♦❢ t❤❡ r❡s♣♦♥❞❡♥t ❀ ❞✉♠♠✐❡s ❢♦r t❤❡ ♠❛r✐t❛❧ st❛t✉s ♦❢ t❤❡ r❡s♣♦♥❞❡♥t ✕

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

s✐③❡ ♦❢ t❤❡ r❡s♣♦♥❞❡♥t✬s ❤♦✉s❡❤♦❧❞ ✕ ❢r♦♠ ✶ t♦ ✺ ♦r ♠♦r❡ ❀ ❞✉♠♠✐❡s ❢♦r t❤❡ ❧❛♥❣✉❛❣❡ t❤❡

r❡s♣♦♥❞❡♥t ❝❛♥ s♣❡❛❦ ✕ ❊♥❣❧✐s❤✱ ❋r❡♥❝❤✱ ❊♥❣❧✐s❤ ❛♥❞ ❋r❡♥❝❤✱ ♥❡✐t❤❡r ❀ ❛♥❞✱ ✜♥❛❧❧②✱ ❞✉♠♠✐❡s

❢♦r ②❡❛rs✳ ❙✉♠♠❛r② st❛t✐st✐❝s ❢♦r ◗✉❡❜❡❝ ❛♥❞ ❢♦r t❤❡ r❡st ♦❢ ❈❛♥❛❞❛ ❢♦r ✐♠♠✐❣r❛♥ts ❛♥❞

❈❛♥❛❞✐❛♥✲❜♦r♥ ✐♥❞✐✈✐❞✉❛❧s ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ ❆♣♣❡♥❞✐① ❚❛❜❧❡ ❆✳✷✳

✹



✹ ❊♠♣✐r✐❝❛❧ str❛t❡❣②

❋♦r ❡❛❝❤ ✇❡❧❧✲❜❡✐♥❣ ❛♥❞ ❤❡❛❧t❤ ✐♥❞✐❝❛t♦r✱ ✇❡ ❡st✐♠❛t❡ t❤❡ ❢♦❧❧♦✇✐♥❣ ♠♦❞❡❧ ✿

Yit = α + β1Queit + β2Immit + β3Queit × Immit + β4Xit + εit

✇❤❡r❡ Yit r❡♣r❡s❡♥ts t❤❡ ✇❡❧❧✲❜❡✐♥❣✴❤❡❛❧t❤ ✐♥❞✐❝❛t♦r ❝♦♥s✐❞❡r❡❞ ❢♦r r❡s♣♦♥❞❡♥t i ✐♥ ✇❛✈❡

t✳ ❚❤❡ t❡r♠ Queit ✐s ❛ ❞✉♠♠② ✈❛r✐❛❜❧❡ t❛❦✐♥❣ t❤❡ ✈❛❧✉❡ ♦❢ ✶ ✐❢ t❤❡ r❡s♣♦♥❞❡♥t ❧✐✈❡s ✐♥ ◗✉❡❜❡❝

✐♥ ✇❛✈❡ t ❛♥❞ ✵ ♦t❤❡r✇✐s❡✳ ❚❤❡ t❡r♠ Immit ❡q✉❛❧s ♦♥❡ ✐❢ t❤❡ r❡s♣♦♥❞❡♥t ✇❛s ♥♦t ❜♦r♥ ✐♥

❈❛♥❛❞❛ ✭✐♠♠✐❣r❛♥t✮ ❛♥❞ ✵ ♦t❤❡r✇✐s❡✳ ❚❤❡ t❡r♠ Queit × Immit ❡q✉❛❧s ✶ ✐❢ t❤❡ r❡s♣♦♥❞❡♥t

r❡s✐❞❡s ✐♥ ◗✉❡❜❡❝ ❛♥❞ ✐s ❛♥ ✐♠♠✐❣r❛♥t ❀ ✐t ✐s ✵ ♦t❤❡r✇✐s❡✳ ❋✐♥❛❧❧②✱ t❤❡ t❡r♠ Xit ✐s ❛ ✈❡❝t♦r ♦❢

s♦❝✐♦❡❝♦♥♦♠✐❝ ❝♦♥tr♦❧ ✈❛r✐❛❜❧❡s✱ ❛♥❞ εit ✐s ❛♥ ❡rr♦r t❡r♠✳

■❢ β1 ✐s st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✱ r❡s♣♦♥❞❡♥ts ❧✐✈✐♥❣ ✐♥ ◗✉❡❜❡❝ ❞✐✛❡r ❢r♦♠ t❤♦s❡ ✐♥ ♦t❤❡r

❈❛♥❛❞✐❛♥ ♣r♦✈✐♥❝❡s ❢♦r t❤❡ ♠❡❛s✉r❡ st✉❞✐❡❞✳ ❙✐♠✐❧❛r❧②✱ ✐❢ β2 ✐s st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✱ ✐♠♠✐✲

❣r❛♥ts ❞✐✛❡r ❢r♦♠ t❤♦s❡ ❜♦r♥ ✐♥ ❈❛♥❛❞❛✳ ❋✐♥❛❧❧②✱ ✐❢ β3 ✐s st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✱ ✐♠♠✐❣r❛♥ts ✐♥

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

✐♥ ❈❛♥❛❞❛ ♦✈❡r❛❧❧✳

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

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

♦r❞❡r❡❞ ♣r♦❜✐t r❡❣r❡ss✐♦♥s✳ ❋♦r ❝♦♥t✐♥✉♦✉s ✈❛r✐❛❜❧❡s ✭❡✳❣✳✱ ❢r✉✐t ❛♥❞ ✈❡❣❡t❛❜❧❡ ❝♦♥s✉♠♣t✐♦♥✮✱

✇❡ ❡st✐♠❛t❡ ❧✐♥❡❛r r❡❣r❡ss✐♦♥s ✈✐❛ ♦r❞✐♥❛r② ❧❡❛st sq✉❛r❡s✳ ❆❧❧ st❛t✐st✐❝❛❧ ❛♥❛❧②s❡s ❛r❡ ✇❡✐❣❤t❡❞

✉s✐♥❣ s❛♠♣❧❡ ✇❡✐❣❤ts ❢r♦♠ ❙t❛t✐st✐❝s ❈❛♥❛❞❛✳ ❲❡ ❛❧s♦ r❡♣♦rt t❤❡ ❞✐r❡❝t✐♦♥ ♦❢ ❡❛❝❤ ♠❡❛s✉r❡

❢♦r ✇❤✐❝❤ t❤❡ ✐♥❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ❤❛s ❛ ❜❡♥❡✜❝✐❛❧ ❡✛❡❝t ♦♥ t❤❡ r❡s♣♦♥❞❡♥t✳

✺ ❘❡s✉❧ts

❚❛❜❧❡ ✶ ♣r❡s❡♥ts t❤❡ ❡st✐♠❛t❡s ♦❢ t❤❡ ❛❜♦✈❡ ♠♦❞❡❧✳ ❲❡ s❤♦✇ t❤❛t ◗✉❡❜❡❝ r❡s✐❞❡♥ts ❤❛✈❡

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

✐♥ t❤❡ r❡st ♦❢ ❈❛♥❛❞❛✳ ❍♦✇❡✈❡r✱ ❢♦r t❤❡s❡ s❛♠❡ ✈❛r✐❛❜❧❡s✱ ✐♠♠✐❣r❛♥ts✱ r❡❣❛r❞❧❡ss ♦❢ ❣❡♦❣r❛✲

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

st✉❞✐❡s s❤♦✇ t❤❛t ✐♠♠✐❣r❛♥ts ❛r❡ ❤❡❛❧t❤✐❡r t❤❛♥ t❤❡ ❈❛♥❛❞✐❛♥✲❜♦r♥ ❛s ❛ r❡s✉❧t ♦❢ t❤❡ ✐♠✲

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

❛✈❛✐❧❛❜❧❡ ♦♥ ❞❡♠❛♥❞✮✱ ✇❡ ❢♦✉♥❞ t❤❛t ♦♥❧② ✐♠♠✐❣r❛♥ts ✇❤♦ ❤❛✈❡ ❜❡❡♥ ✐♥ t❤❡ ❝♦✉♥tr② ❢♦r ✶✵

②❡❛rs ♦r ♠♦r❡ ❛r❡ ❧❡ss ❤❡❛❧t❤② t❤❛♥ t❤❡ ❈❛♥❛❞✐❛♥✲❜♦r♥ ❀ t❤❡ ❡✛❡❝t ✐s ③❡r♦ ❢♦r ✐♠♠✐❣r❛♥ts ✇❤♦

❤❛✈❡ ❜❡❡♥ ✐♥ t❤❡ ❝♦✉♥tr② ❢♦r ✵✲✾ ②❡❛rs✳ ❚❤✐s ❝♦♥✜r♠s t❤❡ ❤❡❛❧t❤② ✐♠♠✐❣r❛♥t ❡✛❡❝t ❤②♣♦t❤❡s✐s✱

❛❝❝♦r❞✐♥❣ t♦ ✇❤✐❝❤ r❡❝❡♥t ✐♠♠✐❣r❛♥ts ❛r❡ ❤❡❛❧t❤✐❡r t❤❛♥ t❤❡✐r ❈❛♥❛❞✐❛♥✲❜♦r♥ ❝♦✉♥t❡r♣❛rts

❜✉t ❡①♣❡r✐❡♥❝❡ ❛ ❞❡❝r❡❛s❡ ✐♥ t❤✐s ❤❡❛❧t❤ st❛t✉s ❛❞✈❛♥t❛❣❡ ♦✈❡r t✐♠❡ ✭●❡❡ ❡t ❛❧✳✱ ✷✵✵✹ ❀ ❉❡

✺



▼❛✐♦ ❡t ❛❧✳✱ ✷✵✶✵✮✳ ■♥ ❚❛❜❧❡ ✶✱ ✇❡ ❛❧s♦ s❤♦✇ t❤❛t ❧✐❢❡ s❛t✐s❢❛❝t✐♦♥ ❛♥❞ ♦✈❡r❛❧❧✱ ♠❡♥t❛❧ ❛♥❞ ♦r❛❧

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

r❡st ♦❢ ❈❛♥❛❞❛ ❛♥❞ ❈❛♥❛❞✐❛♥✲❜♦r♥ ✐♥❞✐✈✐❞✉❛❧s✳

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

❝♦✉♥t❡r♣❛rts ✐♥ t❤❡ r❡st ♦❢ ❈❛♥❛❞❛ ❛♥❞ ❈❛♥❛❞✐❛♥✲❜♦r♥ ✐♥❞✐✈✐❞✉❛❧s ✐♥ t❤❡ ❧✐❦❡❧✐❤♦♦❞ ♦❢ ❞❡✈❡✲

❧♦♣✐♥❣ ❛st❤♠❛✱ ❞✐❛❜❡t❡s ♦r ❤❡❛rt ❞✐s❡❛s❡ ✭❚❛❜❧❡ ✶✮✳ ❋♦r ❤②♣❡rt❡♥s✐♦♥ ❛♥❞ ❝❛♥❝❡r✱ ✐♠♠✐❣r❛♥ts

✐♥ ◗✉❡❜❡❝ ❛r❡ ❧❡ss ❧✐❦❡❧② t♦ r❡♣♦rt t❤❡s❡ ❞✐s❡❛s❡s✱ ❜✉t t❤❡ ❡✛❡❝ts ❛r❡ ✈❡r② s♠❛❧❧ ✭❞❡❝r❡❛s❡❞ ❜②

✶ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥t ❛♥❞ ✵✳✶ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥t✱ r❡s♣❡❝t✐✈❡❧②✮✳ ❚❛❜❧❡ ✶ ❛❧s♦ s❤♦✇s t❤❛t ❛♥①✐❡t②

❛♥❞ ♠♦♦❞ ❞✐s♦r❞❡rs ❛r❡ ♠♦r❡ ♣r❡✈❛❧❡♥t ❛♠♦♥❣ ✐♠♠✐❣r❛♥ts ✐♥ ◗✉❡❜❡❝ ❞❡s♣✐t❡ t❤❡ s♠❛❧❧ s✐③❡ ♦❢

t❤❡ ❡✛❡❝ts ✭❜❡t✇❡❡♥ ✶✳✶ ❛♥❞ ✶✳✾ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥t✮✳ ▲✐✈✐♥❣ ✐♥ ◗✉❡❜❡❝ ❞❡❝r❡❛s❡s t❤❡ ❧✐❦❡❧✐❤♦♦❞

♦❢ ❤❛✈✐♥❣ ❛ r❡❣✉❧❛r ❞♦❝t♦r ❜② ✶✺✳✻ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts✳ ❚❤✐s ✐s ♥♦t s✉r♣r✐s✐♥❣ ❜❡❝❛✉s❡ s❡✈❡r❛❧

st✉❞✐❡s ❤❛✈❡ s❤♦✇❡❞ ❞✐✣❝✉❧t② ✐♥ ❛❝❝❡ss t♦ ❤❡❛❧t❤ ❝❛r❡ ✐♥ ◗✉❡❜❡❝✱ ✐♥ ♣❛rt✐❝✉❧❛r ❢♦r ❤❛✈✐♥❣

❛ ❢❛♠✐❧② ❞♦❝t♦r ✭❈■❍■✱ ✷✵✶✻✮✳ ❋♦r ✐♠♠✐❣r❛♥ts ✐♥ ◗✉❡❜❡❝✱ t❤❡ ❧✐❦❡❧✐❤♦♦❞ ♦❢ ❤❛✈✐♥❣ ❛ r❡❣✉❧❛r

❞♦❝t♦r ❛❧s♦ ❞❡❝r❡❛s❡s✳

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

❛♥❞ t❤❡✐r ❝♦✉♥t❡r♣❛rts ✐♥ t❤❡ r❡st ♦❢ ❈❛♥❛❞❛✳ ❍♦✇❡✈❡r✱ ✐♠♠✐❣r❛♥ts ✐♥ ◗✉❡❜❡❝ ❛r❡ ♠♦r❡ ❧✐❦❡❧②

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

❜❡ ♥❡✈❡r s♠♦❦❡rs✱ ❜✉t t❤❡ ♦♣♣♦s✐t❡ ✐s tr✉❡ ✐♥ ◗✉❡❜❡❝✳ ❲❡ ❛❧s♦ s❤♦✇ t❤❛t ✐♠♠✐❣r❛♥ts ✐♥ ◗✉❡❜❡❝

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

♦❜❡s❡✳ ❍♦✇❡✈❡r✱ t❤❡r❡ ✐s ♥♦ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ ✐♠♠✐❣r❛♥ts ✐♥ ◗✉❡❜❡❝

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

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

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

❚❛❜❧❡ ✷ s❤♦✇s t❤❡ ❡st✐♠❛t❡❞ ❡✛❡❝ts ❢♦r ◗✉❡❜❡❝ ❛♥❞ ❖♥t❛r✐♦ ♦♥❧② ❜② t❤❡ s❡① ♦❢ t❤❡ r❡✲

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

❝♦♠♣❛r✐♥❣ ◗✉❡❜❡❝ ❛♥❞ ❖♥t❛r✐♦✳ ❲❡ s❤♦✇ t❤❛t t❤❡ r❡s✉❧ts r❡♠❛✐♥ s✐♠✐❧❛r ✿ ❙❡✈❡r❛❧ ✇❡❧❧✲

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

❝♦✉♥t❡r♣❛rts ✐♥ t❤❡ r❡st ♦❢ ❈❛♥❛❞❛ ❛♥❞ ❈❛♥❛❞✐❛♥✲❜♦r♥ ✐♥❞✐✈✐❞✉❛❧s✳

❲❤❡♥ str❛t✐❢②✐♥❣ ❜② t❤❡ s❡① ♦❢ r❡s♣♦♥❞❡♥t✱ ✇❡ s❤♦✇ t❤❛t ❢❡♠❛❧❡ ❛♥❞ ♠❛❧❡ ✐♠♠✐❣r❛♥ts ✐♥

◗✉❡❜❡❝ ❛r❡ ❜♦t❤ ❛✛❡❝t❡❞✱ ❜✉t ♠❡♥ ❛r❡ ♠♦r❡ ❛✛❡❝t❡❞ ✐♥ t❡r♠s ♦❢ ♠❡♥t❛❧ ❤❡❛❧t❤✳

❲❡ ❛❧s♦ str❛t✐❢② ❜② ❧❡♥❣t❤ ♦❢ t✐♠❡ ✐♥ ❈❛♥❛❞❛ s✐♥❝❡ ✐♠♠✐❣r❛t✐♦♥ ✿ ✵✲✾ ②❡❛rs ❛♥❞ ✶✵ ②❡❛rs

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

✐♠♠✐❣r❛♥ts ✇❤♦ ❤❛✈❡ ❜❡❡♥ ✐♥ ◗✉❡❜❡❝ ❢♦r ✶✵ ②❡❛rs ❛♥❞ ♠♦r❡ t❤❛♥ ❢♦r t❤♦s❡ ✇❤♦ ❤❛✈❡ r❡❝❡♥t❧②

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

✐♠♠✐❣r❛♥t ❡✛❡❝t ✐♥ ❈❛♥❛❞❛ ✭❲❛♥❣ ❡t ❛❧✳✱ ✷✵✶✼✮✳

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

✻
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✻ ❉✐s❝✉ss✐♦♥
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r❡❧❛t❡❞ t♦ t❤❡ ✐♠♣r♦✈❡♠❡♥t ✐♥ ✐♥t❡❣r❛t✐♥❣ t❤♦s❡ ✐♠♠✐❣r❛♥ts ✐♥t♦ t❤❡ ❧❛❜♦✉r ♠❛r❦❡t✳ ❈♦♥✈❡♥✲

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

s❝❤♦♦❧✐♥❣ ❛♥❞ t❤❡ ❞❡♠❛♥❞ ❢♦r t❤❡ t②♣❡ ♦❢ ❥♦❜ t❤❡② ❛r❡ q✉❛❧✐✜❡❞ t♦ ❞♦✳ ❆s s❤♦✇♥ ❜② ❇♦✉❧❡t ✫

❇♦✉❞❛r❜❛t ✭✷✵✶✺❜✮✱ ❡✈❡♥ ✐❢ ❧❛❝❦ ♦❢ r❡❝♦❣♥✐t✐♦♥ ♦❢ ❤✉♠❛♥ ❝❛♣✐t❛❧ ❛❝q✉✐r❡❞ ♦✉ts✐❞❡ ❈❛♥❛❞❛ ✐s

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

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

t❤❛t ♣r♦❜❧❡♠✳

✼ ❈♦♥❝❧✉s✐♦♥

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

♠✐❣r❛♥ts ✐♥ t❤❡ r❡st ♦❢ ❈❛♥❛❞❛ ❛♥❞ ❈❛♥❛❞✐❛♥✲❜♦r♥ ✐♥❞✐✈✐❞✉❛❧s✳ ❉❛t❛ ✉s❡❞ ✐♥ ♦✉r ❛♥❛❧②s✐s

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

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

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

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

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

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

✸✳ ❉❛t❛ ✉s❡❞ ❜② ❇♦✉❧❡t ✫ ❇♦✉❞❛r❜❛t ✭✷✵✶✺❛✮ ❝♦♠❡ ❢r♦♠ t❤❡ ◗✉❡❜❡❝ ❙✉r✈❡② ♦♥ ❲♦r❦✐♥❣ ❛♥❞ ❊♠♣❧♦②♠❡♥t
❈♦♥❞✐t✐♦♥s ❛♥❞ ❖❝❝✉♣❛t✐♦♥❛❧ ❍❡❛❧t❤ ❛♥❞ ❙❛❢❡t② ✭❊◗❈❖❚❊❙❙❚✮✳

✹✳ ❋♦r ❛ t❤❡♦r❡t✐❝❛❧ ❢r❛♠❡✇♦r❦ ♦♥ ✇❤② ✐t ✐s ❞✐✣❝✉❧t t♦ ✐♠♣r♦✈❡ ❡❝♦♥♦♠✐❝ ❛❝t✐✈✐t② ❞✉r✐♥❣ ❛ r❡❝❡ss✐♦♥✱ s❡❡
▼❛♦ ❚❛❦♦♥❣♠♦ ✭✷✵✶✼❛✮ ❀ ❢♦r ❡♠♣✐r✐❝❛❧ ❡✈✐❞❡♥❝❡✱ s❡❡ ▼❛♦ ❚❛❦♦♥❣♠♦ ✭✷✵✶✼❜✮✳

✺✳ ❇♦✉❧❡t ✫ ❇♦✉❞❛r❜❛t ✭✷✵✶✺❜✮ ✉s❡❞ t❤❡ ❈❛♥❛❞✐❛♥ ◆❛t✐♦♥❛❧ ●r❛❞✉❛t❡s ❙✉r✈❡② ✭◆●❙✮ ✐♥ t❤❡✐r st✉❞②✳

✶✵



❇✐❜❧✐♦❣r❛♣❤②

❬✶❪ ❇❡✐s❡r✱ ▼✳ ✭✷✵✵✺✮✳ ❚❤❡ ❤❡❛❧t❤ ♦❢ ✐♠♠✐❣r❛♥ts ❛♥❞ r❡❢✉❣❡❡s ✐♥ ❈❛♥❛❞❛✳ ❈❛♥❛❞✐❛♥ ❏♦✉r♥❛❧

♦❢ P✉❜❧✐❝ ❍❡❛❧t❤✴❘❡✈✉❡ ❈❛♥❛❞✐❡♥♥❡ ❞❡ ❙❛♥té P✉❜❧✐q✉❡✱ ❙✸✵✲❙✹✹✳

❬✷❪ ❇♦✉❞❛r❜❛t✱ ❇✳✱ ✫ ❈♦♥♥♦❧❧②✱ ▼✳ ✭✷✵✶✸✮✳ ➱✈♦❧✉t✐♦♥ ❞❡ ❧✬❛❝❝ès à ❧✬❡♠♣❧♦✐ ❡t ❞❡s ❝♦♥❞✐t✐♦♥s

❞❡ tr❛✈❛✐❧ ❞❡s ✐♠♠✐❣r❛♥ts ❛✉ ◗✉é❜❡❝✱ ❡♥ ❖♥t❛r✐♦ ❡t ❡♥ ❈♦❧♦♠❜✐❡✲❇r✐t❛♥♥✐q✉❡ ❡♥tr❡ ✷✵✵✻

❡t ✷✵✶✷ ✭◆♦✳ ✷✵✶✸s✲✷✽✮✳ ❈■❘❆◆❖✳

❬✸❪ ❇♦✉❧❡t✱ ▼✳✱ ✫ ❇♦✉❞❛r❜❛t✱ ❇✳ ✭✷✵✶✺❛✮✳ ◗✉❛❧✐té ❞❡ ❧✬❡♠♣❧♦✐ ❡t s❛♥té ♠❡♥t❛❧❡ ❞❡s tr❛✲

✈❛✐❧❧❡✉rs ❛✉ ◗✉é❜❡❝ ✿ ✉♥❡ ❝♦♠♣❛r❛✐s♦♥ ❡♥tr❡ ❧❡s ✐♠♠✐❣r❛♥ts ❡t ❧❡s ♥❛t✐❢s✳ ❈❛♥❛❞✐❛♥

P✉❜❧✐❝ P♦❧✐❝②✱ ✹✶✭✷✮✱ ❙✺✸✲❙✻✵✳

❬✹❪ ❇♦✉❧❡t✱ ▼✳✱ ✫ ❇♦✉❞❛r❜❛t✱ ❇✳ ✭✷✵✶✺❜✮✳ ❚❤❡ ❡❝♦♥♦♠✐❝ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ✐♠♠✐❣r❛♥ts ✇✐t❤

❈❛♥❛❞✐❛♥ ❡❞✉❝❛t✐♦♥✳ ❘❡❣✐♦♥❛❧ ❛♥❞ ❙❡❝t♦r❛❧ ❊❝♦♥♦♠✐❝ ❙t✉❞✐❡s✱ ✶✺✭✷✮✱ ✷✸✲✹✵✳

❬✺❪ ❇r❛❞s❤❛✇✱ ❏✳✱ ❍♦❡❧s❝❤❡r✱ P✳✱ ✫ ❘✐❝❤❛r❞s♦♥✱ ❉✳ ✭✷✵✵✼✮✳ ❆♥ ✐♥❞❡① ♦❢ ❝❤✐❧❞ ✇❡❧❧✲❜❡✐♥❣ ✐♥

t❤❡ ❊✉r♦♣❡❛♥ ❯♥✐♦♥✳ ❙♦❝✐❛❧ ■♥❞✐❝❛t♦rs ❘❡s❡❛r❝❤✱ ✽✵✭✶✮✱ ✶✸✸✲✶✼✼✳

❬✻❪ ❈❛♥❛❞✐❛♥ ■♥st✐t✉t❡ ❢♦r ❍❡❛❧t❤ ■♥❢♦r♠❛t✐♦♥ ✭❈■❍■✮✳ ✭✷✵✶✻✮✳ ❍♦✇ ❈❛♥❛❞❛ ❈♦♠♣❛r❡s ✿ ❘❡✲

s✉❧ts ❋r♦♠ ❚❤❡ ❈♦♠♠♦♥✇❡❛❧t❤ ❋✉♥❞ ✷✵✶✺ ■♥t❡r♥❛t✐♦♥❛❧ ❍❡❛❧t❤ P♦❧✐❝② ❙✉r✈❡② ♦❢ Pr✐♠❛r②

❈❛r❡ P❤②s✐❝✐❛♥s✳ ❘❡tr✐❡✈❡❞ ✵✷✴✶✷✴✷✵✶✼ ❢r♦♠ ❤tt♣s ✿✴✴✇✇✇✳❝✐❤✐✳❝❛✴❡♥✴❤❡❛❧t❤✲s②st❡♠✲

♣❡r❢♦r♠❛♥❝❡✴♣❡r❢♦r♠❛♥❝❡✲r❡♣♦rt✐♥❣✴✐♥t❡r♥❛t✐♦♥❛❧✴❝♦♠♠♦♥✇❡❛❧t❤✲❢✉♥❞✲s✉r✈❡②✲✷✵✶✺

❬✼❪ ❉❡ ▼❛✐♦✱ ❋✳ ●✳✱ ✫ ❑❡♠♣✱ ❊✳ ✭✷✵✶✵✮✳ ❚❤❡ ❞❡t❡r✐♦r❛t✐♦♥ ♦❢ ❤❡❛❧t❤ st❛t✉s ❛♠♦♥❣ ✐♠♠✐❣r❛♥ts

t♦ ❈❛♥❛❞❛✳ ●❧♦❜❛❧ P✉❜❧✐❝ ❍❡❛❧t❤✱ ✺✭✺✮✱ ✹✻✷✲✹✼✽✳

❬✽❪ ❋❧❡❣❡❧✱ ❑✳✱ ▼❛❝❉♦♥❛❧❞✱ ◆✳✱ ✫ ❍é❜❡rt✱ P✳ ❈✳ ✭✷✵✶✶✮✳ ❇✐♥❣❡ ❞r✐♥❦✐♥❣ ✿ ❛❧❧ t♦♦ ♣r❡✈❛❧❡♥t

❛♥❞ ❤❛③❛r❞♦✉s✳ ❈▼❆❏✱ ✶✽✸✭✹✮✱ ✹✶✶✳

❬✾❪ ●❡❡✱ ❊✳ ▼✳ ❚✳✱ ❑♦❜❛②❛s❤✐✱ ❑✳ ▼✳✱ ✫ Pr✉s✱ ❙✳ ●✳ ✭✷✵✵✹✮✳ ❊①❛♠✐♥✐♥❣ t❤❡ ❤❡❛❧t❤② ✐♠♠✐✲

❣r❛♥t ❡✛❡❝t ✐♥ ♠✐❞✲t♦ ❧❛t❡r ❧✐❢❡ ✿ ✜♥❞✐♥❣s ❢r♦♠ t❤❡ ❈❛♥❛❞✐❛♥ ❈♦♠♠✉♥✐t② ❍❡❛❧t❤ ❙✉r✈❡②✳

❈❛♥❛❞✐❛♥ ❏♦✉r♥❛❧ ♦♥ ❆❣✐♥❣✴▲❛ ❘❡✈✉❡ ❝❛♥❛❞✐❡♥♥❡ ❞✉ ✈✐❡✐❧❧✐ss❡♠❡♥t✱ ✷✸✭✺✮✱ ❙✺✺✲❙✻✸✳

❬✶✵❪ ●♦✈❡r♥♠❡♥t ♦❢ ❈❛♥❛❞❛✳ ✭✶✾✽✹✮✳ ❈❛♥❛❞❛ ❍❡❛❧t❤ ❆❝t✳ ❘❡tr✐❡✈❡❞ ✵✷✴✶✷✴✷✵✶✼ ❢r♦♠

❤tt♣ ✿✴✴❧❛✇s✲❧♦✐s✳❥✉st✐❝❡✳❣❝✳❝❛✴❡♥❣✴❛❝ts✴❈✲✻✴♣❛❣❡✲✶✳❤t♠❧

❬✶✶❪ ●♦✈❡r♥♠❡♥t ♦❢ ❈❛♥❛❞❛✳ ✭✷✵✵✷✮✳ ■♠♠✐❣r❛t✐♦♥ ❛♥❞ ❘❡❢✉❣❡❡ Pr♦t❡❝t✐♦♥ ❘❡✲

❣✉❧❛t✐♦♥s ✭❙❖❘✴✷✵✵✷✲✷✷✼✮✳ ❘❡tr✐❡✈❡❞ ✶✵✴✵✻✴✷✵✶✼ ❢r♦♠ ❤tt♣ ✿✴✴❧❛✇s✲

❧♦✐s✳❥✉st✐❝❡✳❣❝✳❝❛✴❡♥❣✴r❡❣✉❧❛t✐♦♥s✴❙❖❘✲✷✵✵✷✲✷✷✼✴✷✵✵✻✵✸✷✷✴P✶❚❚✸①t✸✳❤t♠❧

❬✶✷❪ ●♦✈❡r♥♠❡♥t ♦❢ ❈❛♥❛❞❛✳ ✭✷✵✶✼✮✳ ▼❡❞✐❝❛❧ ❡①❛♠ ❢♦r ♣❡r♠❛♥❡♥t r❡s✐❞❡♥ts✳ ❘❡tr✐❡✲

✈❡❞ ✶✵✴✵✻✴✷✵✶✼ ❢r♦♠ ❤tt♣ ✿✴✴✇✇✇✳❝✐❝✳❣❝✳❝❛✴❡♥❣❧✐s❤✴✐♥❢♦r♠❛t✐♦♥✴♠❡❞✐❝❛❧✴♠❡❞❡①❛♠s✲

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

③❡r♦ ❧♦✇❡r ❜♦✉♥❞ ✐♥ ❛♥ ♦♣❡♥ ❡❝♦♥♦♠②✳ ❘❡✈✐❡✇ ♦❢ ■♥t❡r♥❛t✐♦♥❛❧ ❊❝♦♥♦♠✐❝s✱

❤tt♣s ✿✴❞♦✐✳♦r❣✴✶✵✳✶✶✶✶✴r♦✐❡✳✶✷✷✾✺

❬✶✹❪ ▼❛♦ ❚❛❦♦♥❣♠♦✱ ❈✳ ❖✳ ✭✷✵✶✼❜✮✳ ●♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣✱ ●❉P ❛♥❞ ❡①❝❤❛♥❣❡ r❛t❡ ✐♥ ❩❡r♦

▲♦✇❡r ❇♦✉♥❞ ✿ ♠❡❛s✉r✐♥❣ ❝❛✉s❛❧✐t② ❛t ♠✉❧t✐♣❧❡ ❤♦r✐③♦♥s✳ ▼P❘❆ ❲♦r❦✐♥❣ P❛♣❡r ◆♦✳

✼✾✼✵✸

❬✶✺❪ ❙t❛t✐st✐❝s ❈❛♥❛❞❛✳ ✭✷✵✵✺✮✳ ❈❛♥❛❞✐❛♥ ❈♦♠♠✉♥✐t② ❍❡❛❧t❤ ❙✉r✈❡② ✭❈❈❍❙✮✲ ▼❛✐♥ ✜❧❡✳

❬✶✻❪ ❙t❛t✐st✐❝s ❈❛♥❛❞❛✳ ✭✷✵✶✶✮✳ ■♠♠✐❣r❛t✐♦♥ ❛♥❞ ❊t❤♥♦❝✉❧t✉r❛❧ ❉✐✈❡rs✐t② ✐♥ ❈❛♥❛❞❛✳ ◆❛t✐♦♥❛❧

❍♦✉s❡❤♦❧❞ s✉r✈❡②✱ ✷✵✵✶✱ ❈❛t❛❧♦❣✉❡ ♥♦✳ ✾✾✲✵✶✵✲❳✷✵✶✶✵✵✶

❬✶✼❪ ❯◆■❈❊❋ ❖✣❝❡ ♦❢ ❘❡s❡❛r❝❤✳ ✭✷✵✶✸✮✳ ❈❤✐❧❞ ✇❡❧❧✲❜❡✐♥❣ ✐♥ r✐❝❤ ❝♦✉♥tr✐❡s ✿ ❆ ❝♦♠♣❛r❛t✐✈❡

♦✈❡r✈✐❡✇✳ ■♥♥♦❝❡♥t✐ ❘❡♣♦rt ❈❛r❞ ✶✶✳ ❋❧♦r❡♥❝❡ ✿ ❯◆■❈❊❋ ❖✣❝❡ ♦❢ ❘❡s❡❛r❝❤✳

❬✶✽❪ ❲❛♥❣✱ ▲✳✱ ✫ P❛❧❛❝✐♦s✱ ❊✳ ▲✳ ✭✷✵✶✼✮✳ ❚❤❡ ❙♦❝✐❛❧ ❛♥❞ ❙♣❛t✐❛❧ P❛tt❡r♥✐♥❣ ♦❢ ▲✐❢❡ ❙tr❡ss

❆♠♦♥❣ ■♠♠✐❣r❛♥ts ✐♥ ❈❛♥❛❞❛✳ ❏♦✉r♥❛❧ ♦❢ ■♠♠✐❣r❛♥t ❛♥❞ ▼✐♥♦r✐t② ❍❡❛❧t❤✱ ✶✾✭✸✮✱ ✻✻✺✲

✻✼✸✳

✶✷



❆PP❊◆❉■❳

❚❛❜❧❡ ❆✳✶ ✕ ❲❡❧❧✲❇❡✐♥❣ ❛♥❞ ❍❡❛❧t❤ ▼❡❛s✉r❡s ✭❈❈❍❙✮
❖✈❡r❛❧❧ ❤❡❛❧t❤ ■♥ ❣❡♥❡r❛❧✱ ✇♦✉❧❞ ②♦✉ s❛② ②♦✉r ❤❡❛❧t❤ ✐s ✿

✭❘❛♥❣❡ ✿ ✶✲✺✮ ✶✮ ❡①❝❡❧❧❡♥t

✷✮ ✈❡r② ❣♦♦❞

✸✮ ❣♦♦❞

✹✮ ❢❛✐r

✺✮ ♣♦♦r

▼❡♥t❛❧ ❤❡❛❧t❤ ■♥ ❣❡♥❡r❛❧✱ ✇♦✉❧❞ ②♦✉ s❛② ②♦✉r ♠❡♥t❛❧ ❤❡❛❧t❤ ✐s ✿

✭❘❛♥❣❡ ✿ ✶✲✺✮ ✶✮ ❡①❝❡❧❧❡♥t

✷✮ ✈❡r② ❣♦♦❞

✸✮ ❣♦♦❞

✹✮ ❢❛✐r

✺✮ ♣♦♦r

▲✐❢❡ s❛t✐s❢❛❝t✐♦♥ ❍♦✇ s❛t✐s✜❡❞ ❛r❡ ②♦✉ ✇✐t❤ ②♦✉r ❧✐❢❡ ✐♥ ❣❡♥❡r❛❧ ✿

✭❘❛♥❣❡ ✿ ✶✲✺✮ ✶✮ ✈❡r② s❛t✐s✜❡❞

✷✮ s❛t✐s✜❡❞

✸✮ ♥❡✐t❤❡r s❛t✐s✜❡❞ ♥♦r ❞✐ss❛t✐s✜❡❞

✹✮ ❞✐ss❛t✐s✜❡❞

✺✮ ✈❡r② ❞✐ss❛t✐s✜❡❞

❖r❛❧ ❤❡❛❧t❤ ■♥ ❣❡♥❡r❛❧✱ ✇♦✉❧❞ ②♦✉ s❛② t❤❡ ❤❡❛❧t❤ ♦❢ ②♦✉r t❡❡t❤ ❛♥❞ ♠♦✉t❤ ✐s ✿

✭❘❛♥❣❡ ✿ ✶✲✺✮ ✶✮ ❡①❝❡❧❧❡♥t

✷✮ ✈❡r② ❣♦♦❞

✸✮ ❣♦♦❞

✹✮ ❢❛✐r

✺✮ ♣♦♦r

❉r✐♥❦✐♥❣✲ ❚②♣❡ ♦❢ ❞r✐♥❦✐♥❣ ❉✉r✐♥❣ t❤❡ ♣❛st ✶✷ ♠♦♥t❤s✱ ❤❛✈❡ ②♦✉ ❤❛❞ ❜❡❡r✱ ✇✐♥❡✱ ❧✐q✉♦r ♦r ❛♥② ♦t❤❡r ❛❧❝♦❤♦❧✐❝ ❜❡✈❡r❛❣❡ ❄ ✿

✭❘❛♥❣❡ ✿ ✶✲✸✮ ✶✮ ❘❡❣✉❧❛r❧② ✭♦♥❝❡ ❛ ♠♦♥t❤ t♦ ❡✈❡r② ❞❛②✮

✷✮ ❖❝❝❛s✐♦♥❛❧❧② ✭❧❡ss t❤❛♥ ♦♥❝❡ ❛ ♠♦♥t❤✮

✸✮ ◆♦t ❛t ❛❧❧

❙♠♦❦✐♥❣ ❚②♣❡ ♦❢ s♠♦❦❡r ✿

✭❘❛♥❣❡ ✿ ✶✲✸✮ ✶✮ ❘❡❣✉❧❛r❧② ✭❞❛✐❧②✮

✷✮ ❖❝❝❛s✐♦♥❛❧❧②

✸✮ ◆♦t ❛t ❛❧❧

❉❛✐❧② ❝♦♥s✉♠♣t✐♦♥ ❚♦t❛❧ ❢r✉✐ts ❛♥❞ ✈❡❣❡t❛❜❧❡s ✿

❚❤❡ ❈❈❍❙ ♠❡❛s✉r❡s t❤❡ ♥✉♠❜❡r ♦❢ t✐♠❡s ✭❢r❡q✉❡♥❝②✮✱ ♥♦t t❤❡ ❛♠♦✉♥t ❝♦♥s✉♠❡❞✳
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❚❛❜❧❡ ❆✳✷ ✕ ❙✉♠♠❛r② ❙t❛t✐st✐❝s
◗✉❡❜❡❝ ✭✶✮ ❘❡st ♦❢ ❈❛♥❛❞❛ ✭✷✮ ✭✶✮✲✭✷✮

■♠♠✐❣r❛♥t ◆♦♥✲✐♠♠✐❣r❛♥t ❉✐✛❡r❡♥❝❡ ■♠♠✐❣r❛♥t ◆♦♥✲✐♠♠✐❣r❛♥t ❉✐✛❡r❡♥❝❡ Pr♦❜❃❈❤✐✷

■♠♠✲◆♦♥ ✐♠♠ ■♠♠✲◆♦♥ ✐♠♠

❙❡①

▼❛❧❡ ✵✳✺✷✽ ✭✵✳✹✾✾✮ ✵✳✹✾✼ ✭✵✳✺✵✵✮ ✵✳✵✸✵ ✭✵✳✵✶✷✮✯✯ ✵✳✹✽✻ ✭✵✳✺✵✵✮ ✵✳✺✵✶ ✭✵✳✹✾✾✮ ✲✵✳✵✶✻ ✭✵✳✵✵✺✮✯✯✯ ✵✳✵✵✵

❆❣❡
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✷✺✲✷✾ ✵✳✶✶✼ ✭✵✳✸✷✶✮ ✵✳✶✶✼ ✭✵✳✸✷✶✮ ✲✵✳✵✵✶ ✭✵✳✵✵✼✮ ✵✳✵✾✺ ✭✵✳✷✾✸✮ ✵✳✶✷✼ ✭✵✳✸✸✷✮ ✲✵✳✵✸✶ ✭✵✳✵✵✸✮✯✯✯ ✵✳✵✵✵

✸✵✲✸✹ ✵✳✶✻✶ ✭✵✳✸✻✼✮ ✵✳✶✵✾ ✭✵✳✸✶✷✮ ✵✳✵✺✷ ✭✵✳✵✵✽✮✯✯✯ ✵✳✶✵✾ ✭✵✳✸✶✷✮ ✵✳✶✶✹ ✭✵✳✸✶✽✮ ✲✵✳✵✵✺ ✭✵✳✵✵✸✮✯✯ ✵✳✵✵✵
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❍♦✉s❡❤♦❧❞ s✐③❡
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