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❍♦♥❣❜✐♥ ▲✐✯ ▲❡✐ ▲✐❸ ❍♦♥❣ ▼❛❹

❆♣r✐❧✱ ✷✵✷✷➓

❆❜str❛❝t

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

♣❛♣❡r✱ ✇❡ st✉❞② t❤❡ s❤♦rt✲r✉♥ ❡✛❡❝t ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts ♦♥ s❦✐❧❧ ♣r❡♠✐✉♠ ✐♥ ❈❤✐♥❛✳

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

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

✐♠♣♦rt ❡①♣♦s✉r❡ st❡♠♠✐♥❣ ❢r♦♠ ✐♥✐t✐❛❧ ❞✐✛❡r❡♥❝❡s ✐♥ ✐♠♣♦rt str✉❝t✉r❡ ❛♥❞ ✐♥str✉♠❡♥t

❢♦r t❤❡ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rt ❣r♦✇t❤ ✉s✐♥❣ ❡①❝❤❛♥❣❡ r❛t❡ ♠♦✈❡♠❡♥ts✳ ❆ ❝✐t② ❛t t❤❡ ✼✺t❤

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

❜② ✺ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ✭✵✳✸✽ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥✮ ♦✈❡r t❤❡ ♦♥❡ ❛t t❤❡ ✷✺t❤ ♣❡r❝❡♥t✐❧❡✳ ❚♦

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

❝❛♣✐t❛❧ ❣♦♦❞s ❛r❡ s❦✐❧❧✲❝♦♠♣❧❡♠❡♥t❛r②✳

❏❊▲ ❈♦❞❡✿ ❋✶✻✱ ❏✷✵✱ ❏✸✶✱ ❖✸✸

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

✯❙t❛♥❢♦r❞ ❯♥✐✈❡rs✐t②✳ ❊✲♠❛✐❧✿ ❤♦♥❣❜✐♥❧✐❅st❛♥❢♦r❞✳❡❞✉
❸❯♥✐✈❡rs✐t② ♦❢ ▼❛♥♥❤❡✐♠✳ ❊✲♠❛✐❧✿ ❧❡✐✳❧✐❅✉♥✐✲♠❛♥♥❤❡✐♠✳❞❡
❹❚s✐♥❣❤✉❛ ❯♥✐✈❡rs✐t②✳ ❊✲♠❛✐❧✿ ♠❛❤♦♥❣❅s❡♠✳ts✐♥❣❤✉❛✳❡❞✉✳❝♥
➓❲❡ t❤❛♥❦ P✐❡tr♦ ❇✐r♦❧✐✱ ▲♦r❡♥③♦ ❈❛s❛❜✉r✐✱ ❉❛✈✐❞ ❉♦r♥✱ P❡t❡r ❊❣❣❡r✱ ❉❛✈✐❞ ❍é♠♦✉s✱ ◆✐r ❏❛✐♠♦✈✐❝❤✱

❲✐❧❧ ❑♦❤❧❡r✱ ❉❡✈❛s❤✐s❤ ▼✐tr❛✱ ❘❛❧♣❤ ❖ss❛✱ ❉✐♥❛ P♦♠❡r❛♥③✱ ❆r✐❡❧❧ ❘❡s❤❡❢✱ ❍❛♥♥❡s ❙❝❤✇❛♥❞t✱ ❳✐♥③❤❡♥❣ ❙❤✐✱
❆s❤❛ ❙✉♥❞❛r❛♠✱ ❨♦♥❣❥✐♥ ❲❛♥❣✱ ❋❛❜r✐③✐♦ ❩✐❧✐❜♦tt✐✱ ❏♦s❡❢ ❩✇❡✐♠ü❧❧❡r ❛♥❞ ♣❛rt✐❝✐♣❛♥ts ✐♥ ✈❛r✐♦✉s s❡♠✐♥❛rs ❛♥❞
❝♦♥❢❡r❡♥❝❡s ❢♦r ✈❛❧✉❛❜❧❡ ❝♦♠♠❡♥ts✳ ❲❡ t❤❛♥❦ t❤❡ ❈❤✐♥❛ ❉❛t❛ ❈❡♥t❡r ♦❢ ❚s✐♥❣❤✉❛ ❯♥✐✈❡rs✐t② ❛♥❞ ◗✐♦♥❣ ❩❤❛♥❣
❢♦r ❞❛t❛ s✉♣♣♦rt✳ ❋✉♥❞✐♥❣s ❜② t❤❡ ●❡r♠❛♥ ❘❡s❡❛r❝❤ ❋♦✉♥❞❛t✐♦♥ ✭❉❋●✮ t❤r♦✉❣❤ ❈❘❈ ❚❘ ✷✷✹ ✭Pr♦❥❡❝t ❇✵✻✮
❛♥❞ t❤❡ ❙✇✐ss ◆❛t✐♦♥❛❧ ❙❝✐❡♥❝❡ ❋♦✉♥❞❛t✐♦♥ ✭❣r❛♥t ❇❙❙●■❖❴✶✺✺✽✵✹✮ ❛r❡ ❣r❛t❡❢✉❧❧② ❛❝❦♥♦✇❧❡❞❣❡❞ ❜② ▲❡✐ ▲✐✳



❈❤✐♥❛✬s ❙❦✐❧❧✲❇✐❛s❡❞ ■♠♣♦rts

❆❜str❛❝t

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

♣❛♣❡r✱ ✇❡ st✉❞② t❤❡ s❤♦rt✲r✉♥ ❡✛❡❝t ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts ♦♥ s❦✐❧❧ ♣r❡♠✐✉♠ ✐♥ ❈❤✐♥❛✳

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

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

✐♠♣♦rt ❡①♣♦s✉r❡ st❡♠♠✐♥❣ ❢r♦♠ ✐♥✐t✐❛❧ ❞✐✛❡r❡♥❝❡s ✐♥ ✐♠♣♦rt str✉❝t✉r❡ ❛♥❞ ✐♥str✉♠❡♥t

❢♦r t❤❡ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rt ❣r♦✇t❤ ✉s✐♥❣ ❡①❝❤❛♥❣❡ r❛t❡ ♠♦✈❡♠❡♥ts✳ ❆ ❝✐t② ❛t t❤❡ ✼✺t❤

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

❜② ✺ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ✭✵✳✸✽ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥✮ ♦✈❡r t❤❡ ♦♥❡ ❛t t❤❡ ✷✺t❤ ♣❡r❝❡♥t✐❧❡✳ ❚♦

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

❝❛♣✐t❛❧ ❣♦♦❞s ❛r❡ s❦✐❧❧✲❝♦♠♣❧❡♠❡♥t❛r②✳

❏❊▲ ❈♦❞❡✿ ❋✶✻✱ ❏✷✵✱ ❏✸✶✱ ❖✸✸

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

✶ ■♥tr♦❞✉❝t✐♦♥

❚❤✐s ♣❛♣❡r st✉❞✐❡s t❤❡ ❧❛❜♦r ♠❛r❦❡t ❝♦♥s❡q✉❡♥❝❡s ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts✱ ❛♥ ✐♠♣♦rt❛♥t

♠❡❛s✉r❡ ♦❢ ✐♠♣♦rt❡❞ t❡❝❤♥♦❧♦❣② ✭❇✉rst❡✐♥✱ ❈r❛✈✐♥♦ ❛♥❞ ❱♦❣❡❧✱ ✷✵✶✸❀ P❛rr♦✱ ✷✵✶✸❀ ❘❛✈❡❤ ❛♥❞

❘❡s❤❡❢✱ ✷✵✶✻✮✳ ❲❤✐❧❡ s❦✐❧❧✲❜✐❛s❡❞ t❡❝❤♥♦❧♦❣✐❝❛❧ ❝❤❛♥❣❡ ❤❛s ❜❡❡♥ ✐❞❡♥t✐✜❡❞ ❛s ♦♥❡ ♦❢ t❤❡ ♠❛❥♦r

❞r✐✈✐♥❣ ❢♦r❝❡s ❢♦r t❤❡ r✐s✐♥❣ ❞❡♠❛♥❞ ❢♦r s❦✐❧❧s ✐♥ ❞❡✈❡❧♦♣❡❞ ❝♦✉♥tr✐❡s ✭❡✳❣✳✱ ❑❛t③ ❛♥❞ ▼✉r♣❤②✱

✶✾✾✷❀ ❑❛t③ ❛♥❞ ❆✉t♦r✱ ✶✾✾✾✮✱ ✐ts ✐♠♣❛❝t ♦♥ t❤❡ ❧❛❜♦r ♠❛r❦❡ts ✐♥ ❞❡✈❡❧♦♣✐♥❣ ❝♦✉♥tr✐❡s ✐s ❧❡ss

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

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

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

✶❑❛t③ ❛♥❞ ▼✉r♣❤② ✭✶✾✾✷✮❀ ❇❡r♠❛♥✱ ❇♦✉♥❞ ❛♥❞ ●r✐❧✐❝❤❡s ✭✶✾✾✹✮❀ ❇❡❦♠❛♥✱ ❇♦✉♥❞ ❛♥❞ ▼❛❝❤✐♥ ✭✶✾✾✽✮❀
❆❝❡♠♦❣❧✉ ✭✶✾✾✽✱ ✷✵✵✸✮❀ ❆✉t♦r✱ ▲❡✈② ❛♥❞ ▼✉r♥❛♥❡ ✭✷✵✵✸✮ s❤♦✇ t❤❛t s❦✐❧❧✲❜✐❛s❡❞ t❡❝❤♥✐❝❛❧ ❝❤❛♥❣❡ ✐s ♦♥❡ ♦❢ t❤❡
♠❛❥♦r ❞r✐✈✐♥❣ ❢♦r❝❡s ❢♦r ❯✳❙✳✬s r✐s✐♥❣ s❦✐❧❧ ♣r❡♠✐✉♠✳ ❚❤❡ tr❛❞❡ ❧✐t❡r❛t✉r❡ str❡ss❡s t❤❛t tr❛❞❡ ✐♥ ✐♥t❡r♠❡❞✐❛t❡
✐♥♣✉ts ❛♥❞ ♦✛s❤♦r✐♥❣ ❝❛♥ ❛❧s♦ ❞r✐✈❡ ✉♣ ❞❡♠❛♥❞ ❢♦r s❦✐❧❧s ✐♥ ❜♦t❤ ❞❡✈❡❧♦♣❡❞ ❛♥❞ ❞❡✈❡❧♦♣✐♥❣ ❝♦✉♥tr✐❡s ✭❋❡❡♥str❛
❛♥❞ ❍❛♥s♦♥✱ ✶✾✾✻✱ ✶✾✾✼✱ ✶✾✾✾❀ ●r♦ss♠❛♥ ❛♥❞ ❘♦ss✐✲❍❛♥s❜❡r❣✱ ✷✵✵✽❀ ❍✉♠♠❡❧s ❡t ❛❧✳✱ ✷✵✶✹❀ ❛♥❞ ❆❝❡♠♦❣❧✉✱
●❛♥❝✐❛ ❛♥❞ ❩✐❧✐❜♦tt✐✱ ✷✵✶✺✮✳ ■♥ ♣❛rt✐❝✉❧❛r✱ ❇✉rst❡✐♥✱ ❈r❛✈✐♥♦ ❛♥❞ ❱♦❣❡❧ ✭✷✵✶✸✮❀ P❛rr♦ ✭✷✵✶✸✮❀ ❋❛♥ ✭✷✵✶✽✮
❞✐s❝✉ss t❤❡ ✐♠♣♦rt❡❞ ❝❛♣✐t❛❧ ❣♦♦❞s ❝❤❛♥♥❡❧ ❢r♦♠ t❤❡♦r❡t✐❝❛❧ ♣❡rs♣❡❝t✐✈❡✱ ❛♥❞ ❘❛✈❡❤ ❛♥❞ ❘❡s❤❡❢ ✭✷✵✶✻✮ ✉s❡
❝r♦ss✲❝♦✉♥tr② ❞❛t❛ ❛♥❞ ❑♦r❡♥ ❛♥❞ ❈s✐❧❧❛❣ ✭✷✵✶✾✮ ✉s❡ ✜r♠✲✇♦r❦❡r ❞❛t❛ t♦ ❡①❛♠✐♥❡ t❤✐s ❝❤❛♥♥❡❧✳

✶



❲❡ s❤♦✇ t❤❛t ✐♠♣♦rt✐♥❣ s❦✐❧❧✲❝♦♠♣❧❡♠❡♥t❛r② ❝❛♣✐t❛❧ ❣♦♦❞s ❞r✐✈❡s ✉♣ t❤❡ ❞❡♠❛♥❞ ❢♦r s❦✐❧❧❡❞

✇♦r❦❡rs ❛♥❞ ✐♥❝r❡❛s❡s s❦✐❧❧ ♣r❡♠✐✉♠✱ ❛s ❝❛♣✐t❛❧ ❛♥❞ s❦✐❧❧ ❛r❡ ❝♦♠♣❧❡♠❡♥t❛r② ✐♥ ♣r♦❞✉❝t✐♦♥

✭❑r✉s❡❧❧ ❡t ❛❧✳✱ ✷✵✵✵✮✳ ❈❤✐♥❛ ♦✛❡rs ❛ ♣❛rt✐❝✉❧❛r❧② s✉✐t❛❜❧❡ s❡tt✐♥❣ t♦ st✉❞② t❤✐s t♦♣✐❝✱ ❛s ✐t

✐s t❤❡ ❧❛r❣❡st ❞❡✈❡❧♦♣✐♥❣ ❝♦✉♥tr② t❤❛t ❤❛s ✇✐t♥❡ss❡❞ r✐s❡s ✐♥ ❜♦t❤ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts ❛♥❞

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

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

♦❢ ❤✐❣❤✲s❦✐❧❧❡❞ ✇♦r❦❡rs ✐♥ ❈❤✐♥❛ ❞✉r✐♥❣ t❤❡ ✶✾✾✵s ❛♥❞ ✷✵✵✵s✱ ✐♠♣❧②✐♥❣ ❛♥ ✐♥❝r❡❛s✐♥❣ ❞❡♠❛♥❞

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

❣♦♦❞s t♦♦❦ ♦✛ ✐♥ t❤❡ ✶✾✾✵s✱ ❛r♦✉♥❞ t❤❡ s❛♠❡ t✐♠❡ ✇❤❡♥ t❤❡ s❦✐❧❧ ♣r❡♠✐✉♠ st❛rt❡❞ t♦ r✐s❡✳

❊♠♣✐r✐❝❛❧❧②✱ ✇❡ ❡①♣❧♦✐t ❝✐t②✲❧❡✈❡❧ ✈❛r✐❛t✐♦♥s ✐♥ s❦✐❧❧ ♣r❡♠✐✉♠ ✉s✐♥❣ t❤❡ ❯r❜❛♥ ❍♦✉s❡❤♦❧❞

❙✉r✈❡② ❞❛t❛ ❛♥❞ ✐♠♣♦rt ❡①♣♦s✉r❡ ✉s✐♥❣ t❤❡ ❛❞♠✐♥✐str❛t✐✈❡ tr❛❞❡ r❡❝♦r❞ ❢r♦♠ ❈❤✐♥❛✬s ❈✉st♦♠s

❖✣❝❡✳ ❚♦ t❛❝❦❧❡ ❝❛✉s❛❧✐t②✱ ✇❡ ✉s❡ t❤❡ ❝✐t②✲❧❡✈❡❧ ❡①❝❤❛♥❣❡ r❛t❡ ❡①♣♦s✉r❡ ❛s t❤❡ ✐♥str✉♠❡♥t❛❧

✈❛r✐❛❜❧❡ ❢♦r ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts✳ ❇❡❝❛✉s❡ ❘▼❇ ✇❛s ♣❡❣❣❡❞ t♦ ❯❙❉✱ ❛ ❝❤❛♥❣❡ ✐♥ t❤❡ ❡①❝❤❛♥❣❡

r❛t❡ ❜❡t✇❡❡♥ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛♥❞ ❊✉r♦ ✇♦✉❧❞ ❝❛✉s❡ t❤❡ ❘▼❇✴❊✉r♦ ❡①❝❤❛♥❣❡ r❛t❡ t♦ ♠♦✈❡

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

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

t❤❡ r♦❜✉st♥❡ss ❝❤❡❝❦✱ ✇❡ ❡①❝❧✉❞❡ ❈❤✐♥❛✬s ✐♠♣♦rts ❢r♦♠ t❤❡ ❯♥✐t❡❞ ❙t❛t❡s ❛♥❞ tr❛❞❡ ♣❛rt♥❡rs

✇❤♦s❡ ❝✉rr❡♥❝✐❡s ❛r❡ ♣❡❣❣❡❞ t♦ t❤❡ ❯✳❙✳ ❞♦❧❧❛rs✳ ❖✉r ✜rst✲st❛❣❡ r❡❣r❡ss✐♦♥ r❡s✉❧ts ❞❡♠♦♥str❛t❡

t❤❛t ❡①❝❤❛♥❣❡ r❛t❡ ♠♦✈❡♠❡♥ts ❛r❡ ❤✐❣❤❧② ❝♦rr❡❧❛t❡❞ ✇✐t❤ ❈❤✐♥❛✬s ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts✱ ❛♥❞

t❤❡② ♣❛ss t❤❡ ✇❡❛❦ ✐♥str✉♠❡♥t t❡sts✳

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

✐♥ ❈❤✐♥❛✳ ❆♥ ✐♥❝r❡❛s❡ ✐♥ ❧♦❝❛❧ ♣❡♥❡tr❛t✐♦♥ ♦❢ ❝❛♣✐t❛❧ ✐♠♣♦rts✱ ❞❡✜♥❡❞ ❛s t❤❡ s❤❛r❡ ♦❢ t❤❡

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

t❤❡ s❦✐❧❧ ♣r❡♠✐✉♠ ❜② ✶✹ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts✳ ❙♣❡❝✐✜❝❛❧❧②✱ ❛ ❝✐t② ❛t t❤❡ ✼✺t❤ ♣❡r❝❡♥t✐❧❡ ♦❢ t❤❡

❞✐str✐❜✉t✐♦♥ ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rt ✐♥t❡♥s✐t② ✇♦✉❧❞ ❤❛✈❡ ❛ s❦✐❧❧ ♣r❡♠✐✉♠ ✺✳✸ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts

❤✐❣❤❡r ✭✵✳✸✽ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥✮ t❤❛♥ t❤❛t ♦❢ ❛ ❝✐t② ❛t t❤❡ ✷✺t❤ ♣❡r❝❡♥t✐❧❡✳ ❚❤❡ ❡✛❡❝t ♦♥ t❤❡

s❦✐❧❧ ✇❛❣❡ ♣r❡♠✐✉♠ ✐s ❧❛r❣❡r ❢♦r ❝❛♣✐t❛❧ ❣♦♦❞s s♦✉r❝❡❞ ❢r♦♠ ❘✫❉✲✐♥t❡♥s✐✈❡ ❝♦✉♥tr✐❡s✱ ❡❝❤♦✐♥❣

t❤❡ ✇♦r❦ ♦❢ ❘❛✈❡❤ ❛♥❞ ❘❡s❤❡❢ ✭✷✵✶✻✮✳ ❯s✐♥❣ ❛ ❝r♦ss✲❝♦✉♥tr② s❛♠♣❧❡✱ ❘❛✈❡❤ ❛♥❞ ❘❡s❤❡❢ ✭✷✵✶✻✮
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s❤♦✇ t❤❛t ❝♦✉♥tr✐❡s ✐♠♣♦rt✐♥❣ ♠♦r❡ ❘✫❉✲✐♥t❡♥s✐✈❡ ❝❛♣✐t❛❧ ❣♦♦❞s ❤❛✈❡ ❤✐❣❤❡r s❦✐❧❧ ♣r❡♠✐✉♠✳

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

❞r✐✈❡s ✉♣ ❞❡♠❛♥❞ ❢♦r s❦✐❧❧s✳ ❇② ❧✐♥❦✐♥❣ t❤❡ ❆♥♥✉❛❧ ❙✉r✈❡② ♦❢ ■♥❞✉str✐❛❧ Pr♦❞✉❝t✐♦♥ ✭❆❙■P✮

❞❛t❛ ✇✐t❤ t❤❡ ❛❞♠✐♥✐str❛t✐✈❡ r❡❝♦r❞ ❢r♦♠ ❈❤✐♥❛✬s ❈✉st♦♠s ❖✣❝❡✱ ✇❡ s❤♦✇ t❤❛t ✜r♠s ✐♠♣♦rt✲

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

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

t❛r✐t②✱ ❛s ❞♦❝✉♠❡♥t❡❞ ✐♥ ●r✐❧✐❝❤❡s ✭✶✾✻✾✮❀ ●♦❧❞✐♥ ❛♥❞ ❑❛t③ ✭✶✾✾✽✮❀ ❑r✉s❡❧❧ ❡t ❛❧✳ ✭✷✵✵✵✮✳ ❚♦

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

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

❡❛r♥ ♠♦r❡ t❤❛♥ ❞♦♠❡st✐❝ ♠❛❝❤✐♥❡ ♦♣❡r❛t♦rs ✐♥ t❤❡ s❛♠❡ ✜r♠✳ ■♥ ❍✉♥❣❛r②✱ ✐♠♣♦rt❡❞ ♠❛❝❤✐♥❡

♦♣❡r❛t♦rs ❛❧s♦ ❡♥❥♦② ✇❛❣❡ ♣r❡♠✐✉♠✳ ❑♦r❡♥ ❛♥❞ ❈s✐❧❧❛❣ ✭✷✵✶✾✮ s❤♦✇ t❤❛t ❍✉♥❣❛r✐❛♥ ✇♦r❦❡rs

✇❤♦ ♦♣❡r❛t❡ ✐♠♣♦rt❡❞ ♠❛❝❤✐♥❡s ❡❛r♥ ♠♦r❡ t❤❛♥ ♦r❞✐♥❛r② ✇♦r❦❡rs✳

❈❛♥ ♦t❤❡r tr❛❞❡✲r❡❧❛t❡❞ ❝❤❛♥♥❡❧s ❡①♣❧❛✐♥ t❤❡ r✐s✐♥❣ s❦✐❧❧ ♣r❡♠✐✉♠ ✐♥ ❈❤✐♥❛❄✷ ❲❤✐❧❡ ✇❡

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

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

✷✵✵✼❀ ●♦❧❞❜❡r❣✱ ✷✵✶✺❀ P❛✈❝♥✐❦✱ ✷✵✶✼✮✳ ❖✛s❤♦r✐♥❣ ♦r ❋❉■ ❝♦✉❧❞ ✐♥❝r❡❛s❡ t❤❡ ❞❡♠❛♥❞ ❢♦r s❦✐❧❧❡❞

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

✈❡❧♦♣✐♥❣ ❝♦✉♥tr✐❡s ✭❋❡❡♥str❛ ❛♥❞ ❍❛♥s♦♥✱ ✶✾✾✻✱ ✶✾✾✼✱ ✶✾✾✾❀ ❍s✐❡❤ ❛♥❞ ❲♦♦✱ ✷✵✵✺✮✳ ❆❝❝❡ss t♦

❢♦r❡✐❣♥ ♠❛r❦❡ts ♠❛② ❛❧s♦ ❡♥❝♦✉r❛❣❡ ❡①♣♦rt❡rs t♦ ✉♣❣r❛❞❡ t❡❝❤♥♦❧♦❣② ✭❩❤✉ ❛♥❞ ❚r❡✢❡r✱ ✷✵✵✺❀

❱❡r❤♦♦❣❡♥✱ ✷✵✵✽❀ ❇✉st♦s✱ ✷✵✶✶❛✱❜✮✳ ❚❤❡ ❛❜♦✈❡ t❤❡♦r✐❡s ❞♦ ♥♦t ❝♦♥tr❛❞✐❝t ♦✉r ❡①♣❧❛♥❛t✐♦♥ ❜❡✲

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

❜② ♠✉❧t✐♥❛t✐♦♥❛❧s✳ ❊♠♣✐r✐❝❛❧❧②✱ ❜♦t❤ ♦✛s❤♦r✐♥❣ ❛♥❞ ❡①♣♦rts ✇♦✉❧❞ ♣r❡❞✐❝t ❡①♣♦rt✐♥❣ ✜r♠s

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

✐♥❞❡❡❞ ♠♦r❡ s❦✐❧❧✲✐♥t❡♥s✐✈❡ t❤❛♥ ♥♦♥✲❡①♣♦rt✐♥❣ ✜r♠s ✐♥ ✷✵✶✹✳ ❍♦✇❡✈❡r✱ t❤❡② ✇❡r❡ ❧❡ss s❦✐❧❧✲

✐♥t❡♥s✐✈❡ t❤❛♥ ♥♦♥✲❡①♣♦rt✐♥❣ ✜r♠s ✐♥ ✷✵✵✹✳ ❘❡s✉❧ts ✐♥ ❚❛❜❧❡ ✹ ❛❧s♦ s✉❣❣❡st t❤❛t ❞✉r✐♥❣ ♦✉r

s❛♠♣❧❡ ♣❡r✐♦❞ ✭✶✾✾✽✕✷✵✵✾✮ ✇❤❡♥ ❈❤✐♥❛ ✇❛s ❛t t❤❡ ❡❛r❧② st❛❣❡ ♦❢ ❣❧♦❜❛❧✐③❛t✐♦♥ ❛♥❞ ❡①♣♦rts

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

✷❙t❛♥❞❛r❞ tr❛❞❡ ♠♦❞❡❧s✱ s✉❝❤ ❛s t❤❡ ❙t♦❧♣❡r✲❙❛♠✉❡❧s♦♥ t❤❡♦r❡♠✱ ✇♦✉❧❞ ♣r❡❞✐❝t ❛ ♥❛rr♦✇✐♥❣ ✇❛❣❡ ❣❛♣ ✐♥ ❛
❧❛❜♦r✲❛❜✉♥❞❛♥t ❞❡✈❡❧♦♣✐♥❣ ❝♦✉♥t② s✉❝❤ ❛s ❈❤✐♥❛✳
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r✐s✐♥❣ s❦✐❧❧ ♣r❡♠✐✉♠ ✐♥ ❈❤✐♥❛✳✸ ❇❡s✐❞❡s✱ s❦✐❧❧ ✐♠♣r♦✈❡♠❡♥ts ❞✉❡ t♦ ✐♠♣♦rt✐♥❣ ✐♥♣✉ts ✭❈r✐♥ò✱

✷✵✶✷❀ ❈❤❡♥✱ ❨✉ ❛♥❞ ❨✉✱ ✷✵✶✼✮ ❛♥❞ t❡❝❤♥♦❧♦❣② ✉♣❣r❛❞❡s ❞✉❡ t♦ ❛❝❝❡ss t♦ t❤❡ ❢♦r❡✐❣♥ ♠❛r❦❡t

❛♥❞ ✐♠♣♦rt ❝♦♠♣❡t✐t✐♦♥ ✭❲♦♦❞✱ ✶✾✾✺❀ P❛✈❝♥✐❦✱ ✷✵✵✸❀ ❆tt❛♥❛s✐♦✱ ●♦❧❞❜❡r❣ ❛♥❞ P❛✈❝♥✐❦✱ ✷✵✵✹❀

❇❧♦♦♠✱ ❉r❛❝❛ ❛♥❞ ❱❛♥ ❘❡❡♥❡♥✱ ✷✵✶✻❀ ▲✉ ❛♥❞ ◆❣✱ ✷✵✶✸❀ ❆✉t♦r ❡t ❛❧✳✱ ✷✵✶✼✮ ♠❛② ❛❧s♦ ❞r✐✈❡ ✉♣

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

❚❤❡ r❡st ♦❢ t❤❡ ♣❛♣❡r ✐s ♦r❣❛♥✐③❡❞ ❛s ❢♦❧❧♦✇s✳ ❙❡❝t✐♦♥ ✷ ✐❧❧✉str❛t❡s t❤❡ ❡♠♣✐r✐❝❛❧ ♠♦❞❡❧ ❛♥❞

t❤❡ ✐❞❡♥t✐✜❝❛t✐♦♥ str❛t❡❣②✳ ❙❡❝t✐♦♥ ✸ ✐♥tr♦❞✉❝❡s t❤❡ ❞❛t❛ ❛♥❞ ❞♦❝✉♠❡♥ts t❤❡ ❞❛t❛ ♣❛tt❡r♥s✳

❙❡❝t✐♦♥ ✹ ❛♥❞ s❡❝t✐♦♥ ✺ ♣r❡s❡♥t t❤❡ ❡♠♣✐r✐❝❛❧ r❡s✉❧ts✳ ❙❡❝t✐♦♥ ✻ ❝♦♥❝❧✉❞❡s✳

✷ ❊♠♣✐r✐❝❛❧ ❛♣♣r♦❛❝❤

✷✳✶ ❊❝♦♥♦♠❡tr✐❝ s♣❡❝✐✜❝❛t✐♦♥

❲❡ r❡❧② ♦♥ ❝✐t②✲❧❡✈❡❧ ✈❛r✐❛t✐♦♥s t♦ ✐❞❡♥t✐❢② t❤❡ ✐♠♣❛❝t ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts ♦♥ t❤❡ ❧♦❝❛❧

s❦✐❧❧ ♣r❡♠✐✉♠ ❜② ❡st✐♠❛t✐♥❣ t❤❡ ❢♦❧❧♦✇✐♥❣ ❡q✉❛t✐♦♥✿

yit = α
KIM

it

Kit

+Xitδ + Zjtλ+ µi + γt + εit, ✭✶✮

✇❤❡r❡ s✉❜s❝r✐♣ts i ❛♥❞ t ❞❡♥♦t❡ ❝✐t② ❛♥❞ ②❡❛r✱ r❡s♣❡❝t✐✈❡❧②✳ yit ✐s t❤❡ s❦✐❧❧ ♣r❡♠✐✉♠ ❛t t❤❡ ❝✐t②✲

②❡❛r ❧❡✈❡❧✳
KIM

it

Kit
✱ t❤❡ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts ✐♥t❡♥s✐t②✱ ✐s ❞❡✜♥❡❞ ❛s t❤❡ s❤❛r❡ ♦❢ t❤❡ ❛❝❝✉♠✉❧❛t❡❞

❝❛♣✐t❛❧ ✐♠♣♦rts KIM
it ♦✈❡r t♦t❛❧ ❝❛♣✐t❛❧ st♦❝❦ Kit✳ Xit ✐♥❝❧✉❞❡s ❛ r✐❝❤ s❡t ♦❢ ❝✐t②✲❧❡✈❡❧ ❝♦✈❛r✐✲

❛t❡s✳ µi ❛♥❞ ❛r❡ γt ❝✐t② ❛♥❞ ②❡❛r ✜①❡❞ ❡✛❡❝ts✱ r❡s♣❡❝t✐✈❡❧②✱ ✇❤✐❝❤ ❝❛♣t✉r❡ t✐♠❡✲✐♥✈❛r✐❛♥t ❝✐t②

❝❤❛r❛❝t❡r✐st✐❝s ❛♥❞ ♠❛❝r♦ s❤♦❝❦s✳ ❚♦ ❝❛♣t✉r❡ r❡❣✐♦♥✲s♣❡❝✐✜❝ t✐♠❡✲✈❛r②✐♥❣ ❝❤❛r❛❝t❡r✐st✐❝s✱ ✇❡

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

❝✐t②✲❧❡✈❡❧ ♣♦♣✉❧❛t✐♦♥✳ ❙t❛♥❞❛r❞ ❡rr♦rs ❛r❡ ❝❧✉st❡r❡❞ ❛t t❤❡ ❝✐t② ❧❡✈❡❧✳ ❆ ♣♦s✐t✐✈❡ ❝♦❡✣❝✐❡♥t α

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

✸■♥ ❚❛❜❧❡ ✶✱ t❤❡ s❦✐❧❧ s❤❛r❡ ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rt❡rs ✇❛s ♠✉❝❤ ❤✐❣❤❡r t❤❛♥ ♦t❤❡r ✜r♠s✱ ✇❤✐❧❡ t❤❡ s❦✐❧❧
s❤❛r❡s ♦❢ ❡①♣♦rt✐♥❣ ✜r♠s ❛♥❞ ♥♦♥✲❡①♣♦rt✐♥❣ ✜r♠s ✇❡r❡ s✐♠✐❧❛r ✐♥ ✷✵✵✹✳ ■♥ ✷✵✶✹✱ ❤♦✇❡✈❡r✱ ❡①♣♦rt❡rs✬ s❦✐❧❧ s❤❛r❡
✇❡r❡ ♠✉❝❤ ❤✐❣❤❡r t❤❛♥ ♥♦♥✲❡①♣♦rt❡rs✳ ❚❤❡ ❞❡s❝r✐♣t✐✈❡ ❡✈✐❞❡♥❝❡ s✉❣❣❡sts t❤❛t ❜♦t❤ ♦✛s❤♦r✐♥❣ ❛♥❞ ❡①♣♦rt ✇❡r❡
♥♦t t❤❡ ♠❛❥♦r ❞r✐✈✐♥❣ ❢♦r❝❡s ❢♦r t❤❡ r✐s✐♥❣ s❦✐❧❧ ♣r❡♠✐✉♠ ✐♥ ❈❤✐♥❛ ❞✉r✐♥❣ t❤❡ ❡❛r❧② st❛❣❡ ♦❢ tr❛❞❡ ♦♣❡♥♥❡ss✱
✇❤✐❧❡ t❤❡② ❤❛✈❡ ♣❧❛②❡❞ ❣r♦✇✐♥❣ r♦❧❡ ✐♥ ❞r✐✈✐♥❣ ✉♣ t❤❡ s❦✐❧❧ ♣r❡♠✐✉♠ ❛s t✐♠❡ ❣♦❡s ❜②✳

✹



✷✳✷ ❙❦✐❧❧ ♣r❡♠✐✉♠

❚♦ ♠❡❛s✉r❡ t❤❡ ❝✐t②✲❧❡✈❡❧ s❦✐❧❧ ♣r❡♠✐✉♠ ✐♥ ❡q✉❛t✐♦♥ ✭✶✮✱ ✇❡ ❡st✐♠❛t❡ ❛ ▼✐♥❝❡r✐❛♥ ✇❛❣❡ r❡❣r❡s✲

s✐♦♥ ✭▼✐♥❝❡r✱ ✶✾✼✹✮ s❡♣❛r❛t❡❧② ❢♦r ❡❛❝❤ ❝✐t② ✐♥ ❡❛❝❤ ②❡❛r✿

ln
(

wit
j

)

= βit
1 S

it
j + βit

2 E
it
j + βit

3

(

Eit
j

)2

+ βit
4 M

it
j + µit

j + γitj + εitj , ✭✷✮

✇❤❡r❡ ln
(

wit
j

)

✐s t❤❡ ❧♦❣ ✈❛❧✉❡ ♦❢ ✇❛❣❡ ❢♦r ✐♥❞✐✈✐❞✉❛❧ j ✐♥ ❝✐t② i ❛♥❞ ②❡❛r t✳✹ Sit
j ✐s ❛♥ ✐♥❞✐❝❛t♦r

❢♦r ❝♦❧❧❡❣❡ ❡❞✉❝❛t✐♦♥ ✭✐✳❡✳✱ Sit
j ❂✶ ✐❢ ✇♦r❦❡r j ❤♦❧❞s ❛ ❝♦❧❧❡❣❡ ❞❡❣r❡❡ ♦r ❛❜♦✈❡✱ ❛♥❞ ✵ ♦t❤❡r✇✐s❡✮✳

Eit
j ❞❡♥♦t❡s ❛♥ ✐♥❞✐✈✐❞✉❛❧✬s ✇♦r❦✐♥❣ ❡①♣❡r✐❡♥❝❡✳ M it

j ✐s ❛♥ ✐♥❞✐❝❛t♦r ❢♦r ♠❛❧❡s✳ µit
j ✐♥❞✐❝❛t❡s

t❤❡ ❡♠♣❧♦②❡r✬s ♦✇♥❡rs❤✐♣ t②♣❡ ✭st❛t❡✱ ❝♦❧❧❡❝t✐✈❡ ♦r ♣r✐✈❛t❡✮✳ γitj ✐♥❝❧✉❞❡s ❛ s❡t ♦❢ ❞✉♠♠✐❡s

✐♥❞✐❝❛t✐♥❣ t❤❡ s❡❝t♦r t❤❛t ✇♦r❦❡r j ✐s ✐♥✳ ❇❛s❡❞ ♦♥ ❡q✉❛t✐♦♥ ✭✷✮✱ t❤❡ ❡st✐♠❛t❡❞ ❝♦❡✣❝✐❡♥t β̂it
1

❣✐✈❡s t❤❡ s❦✐❧❧ ♣r❡♠✐✉♠ ❢♦r ❝✐t② i ✐♥ ②❡❛r t✖✐✳❡✳✱ t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ❢♦r ❡q✉❛t✐♦♥ ✭✶✮✳

✷✳✸ ■♠♣♦rt ✐♥t❡♥s✐t② ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s

❚❤❡ ❦❡② ✐♥❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡
KIM

it

Kit
✐♥ ❡q✉❛t✐♦♥ ✭✶✮✱ t❤❡ ✐♠♣♦rt ✐♥t❡♥s✐t② ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s✱ ✐s

❞❡✜♥❡❞ ❛s t❤❡ s❤❛r❡ ♦❢ t❤❡ ❛❝❝✉♠✉❧❛t❡❞ ❝❛♣✐t❛❧ ✐♠♣♦rts ♦✈❡r t♦t❛❧ ❝❛♣✐t❛❧ st♦❝❦✳ ❲❡ ❡♠♣❧♦② ❛

♣❡r♣❡t✉❛❧ ✐♥✈❡♥t♦r② ♠❡t❤♦❞ t♦ ❝❛❧❝✉❧❛t❡ ✐t✿

KIM
it

Kit

=
(1− ρ)KIM

it−1
+KIM :flow

it

Kit

✭✸✮

✇❤❡r❡ t❤❡ ❛❝❝✉♠✉❧❛t❡❞ ❝❛♣✐t❛❧ ✐♠♣♦rts KIM
it ✐s t❤❡ s✉♠ ♦❢ t❤❡ ❝✉rr❡♥t ②❡❛r✬s ✐♠♣♦rts ♦❢ ❝❛♣✐t❛❧

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

r❛t❡ ♦❢ ❞❡♣r❡❝✐❛t✐♦♥ ✐s s❡t ❛t ✶✵✪ ✭❑②❞❧❛♥❞ ❛♥❞ Pr❡s❝♦tt✱ ✶✾✽✷✮✳ ❲❡ s❡t ✶✾✾✼ ❛s t❤❡ ✐♥✐t✐❛❧

②❡❛r s✐♥❝❡ ✐t ✐s t❤❡ ❡❛r❧✐❡st ②❡❛r ❢♦r ✇❤✐❝❤ ✇❡ ❤❛✈❡ ❝✐t②✲❧❡✈❡❧ tr❛❞❡ ❞❛t❛✳✺ ❚❤❡ ❝✐t②✲❧❡✈❡❧ t♦t❛❧

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

s✐③❡✱ ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ❆♥♥✉❛❧ ❙✉r✈❡②s ♦❢ ■♥❞✉str✐❛❧ Pr♦❞✉❝t✐♦♥ ✭❆❙■P✮✳

✹❲❛❣❡ ✐s ❞❡✢❛t❡❞ t♦ t❤❡ ✶✾✾✷ ♣r✐❝❡ ❧❡✈❡❧✳
✺❚❤✐s ♠❡❛♥s t❤❛t ✇❡ ❛ss✉♠❡ t❤❛t t❤❡ ✐♠♣♦rts ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s ❜❡❢♦r❡ ✶✾✾✼ ✇❡r❡ ♥❡❣❧✐❣✐❜❧❡✱ ✇❤✐❝❤ ✐s r❡❛s♦♥✲

❛❜❧❡ s✐♥❝❡ t❤❡ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts ✐♥ ❈❤✐♥❛ ❜❡❣❛♥ t♦ s✉r❣❡ ✐♥ ✷✵✵✷ ❛♥❞ t❤❡ t♦t❛❧ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts ✐♥
✶✾✾✼ ✇❛s ♦♥❧② ✸✼✪ ♦❢ t❤❛t ✐♥ ✷✵✵✷✳

✺



✷✳✹ ■♥str✉♠❡♥t❛❧✲✈❛r✐❛❜❧❡ str❛t❡❣②

❚✇♦ ❝♦♥❝❡r♥s ❡♠❡r❣❡ r❡❣❛r❞✐♥❣ t❤❡ ❖▲❙ ❡st✐♠❛t✐♦♥ ♦❢ ❡q✉❛t✐♦♥ ✭✶✮✳ ❋✐rst✱ ♦t❤❡r ❡❝♦♥♦♠✐❝

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

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

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

t✐♦♥✿ ❛ r❡❣✐♦♥ t❤❛t ✐♠♣♦rts ❝❛♣✐t❛❧ ❡q✉✐♣♠❡♥t ♠❛② ❛❧s♦ ❤❛♣♣❡♥ t♦ ❝♦♥❞✉❝t ♠♦r❡ ❘✫❉ ✐ts❡❧❢✱

r❡s✉❧t✐♥❣ ✐♥ ❛♥ ✐♥❝r❡❛s❡✴❞❡❝r❡❛s❡ ✐♥ s❦✐❧❧ ♣r❡♠✐✉♠ ✐❢ t❤❡ ❘✫❉ ❛❝t✐✈✐t✐❡s ❛r❡ s❦✐❧❧✴✉♥s❦✐❧❧❡❞✲

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

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

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

t♦ ✐♠♣♦rt s❦✐❧❧✲❝♦♠♣❧❡♠❡♥t❛r② ❝❛♣✐t❛❧ ❣♦♦❞s✱ ❛♥❞ t❤✉s ✐♥ t❤✐s ❡①❛♠♣❧❡✱ ✐t ✐s t❤❡ s❦✐❧❧ ♣r❡♠✐✉♠

t❤❛t ❝❛✉s❡s ✐♠♣♦rt❡❞ ❝❛♣✐t❛❧ ❣♦♦❞s t♦ ❝❤❛♥❣❡✳ ■❢ t❤✐s ✐s t❤❡ ❝❛s❡✱ t❤❡♥ t❤❡ ❖▲❙ ❡st✐♠❛t✐♦♥

♠❛② ♦✈❡rst❛t❡ t❤❡ tr✉❡ ❡✛❡❝t ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts ♦♥ t❤❡ s❦✐❧❧ ♣r❡♠✐✉♠✳

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

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

❡①❝❤❛♥❣❡ r❛t❡ ♠♦✈❡♠❡♥t ❝♦✉❧❞ ❜❡ ✉♥❞❡rst♦♦❞ ❛s ❛ ❝♦st s❤♦❝❦ ❞✉❡ t♦ ❡①❝❤❛♥❣❡ r❛t❡ ❝❤❛♥❣❡s✿

❛♥ ❛♣♣r❡❝✐❛t✐♦♥ ♦❢ ❘▼❇ ❛❣❛✐♥st ❝✉rr❡♥❝✐❡s ♦❢ ❝✐t② i✬s s♦✉r❝❡ ❝♦✉♥tr✐❡s ❧♦✇❡rs t❤❡ ♣r✐❝❡ ♦❢

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

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

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

❝❤❛♥❣❡ ✐♥ ❝♦sts ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts✳

❙♣❡❝✐✜❝❛❧❧②✱ ✇❡ ❡st✐♠❛t❡ t❤❡ ❢♦❧❧♦✇✐♥❣ ❡q✉❛t✐♦♥✱

KIM
it

Kit

= θln(REERit) +Xitδ + Zjtλ+ µi + γt + εit, ✭✹✮

✇❤❡r❡ s✉❜s❝r✐♣ts i ❛♥❞ t ❞❡♥♦t❡ ❝✐t② ❛♥❞ ②❡❛r✱ r❡s♣❡❝t✐✈❡❧②✳ Xit ✐♥❝❧✉❞❡s ❛ s❡t ♦❢ ❝✐t②✲❧❡✈❡❧

✻❊①❝❤❛♥❣❡ r❛t❡ ♠♦✈❡♠❡♥ts ❛r❡ ❣❡♥❡r❛❧❧② ❝♦♥s✐❞❡r❡❞ ❛s ❡①♦❣❡♥♦✉s s❤♦❝❦s ❛✛❡❝t✐♥❣ tr❛❞❡ ✢♦✇s ❛♥❞ ❛r❡ ✇✐❞❡❧②
✉s❡❞ ✐♥ tr❛❞❡ ❧✐t❡r❛t✉r❡ ✭P❛r❦ ❡t ❛❧✳✱ ✷✵✶✵❀ ❈❛♠♣❜❡❧❧✱ ✷✵✶✻❀ ❆❧❢❛r♦ ❡t ❛❧✳✱ ✷✵✶✼❀ ❇✉st♦s ❛♥❞ ❘♦t❡♠❜❡r❣✱ ✷✵✶✼❀
❉❛✐ ❛♥❞ ❳✉✱ ✷✵✶✼❀ ❇❛st♦s✱ ❙✐❧✈❛ ❛♥❞ ❱❡r❤♦♦❣❡♥✱ ✷✵✶✽✮✳

✻



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

tr❡♥❞s✳ ❋✐♥❛❧❧②✱ µi ❛♥❞ γt ❛r❡ ❝✐t② ❛♥❞ ②❡❛r ✜①❡❞ ❡✛❡❝ts✱ r❡s♣❡❝t✐✈❡❧②✳

❚❤❡ ✐♥str✉♠❡♥t ✈❛r✐❛❜❧❡✱ ln(REERit)✱ ✐s t❤❡ ❧♦❣ ✈❛❧✉❡ ♦❢ t❤❡ r❡❛❧ ❡✛❡❝t✐✈❡ ❡①❝❤❛♥❣❡ r❛t❡

❜❡t✇❡❡♥ ❘▼❇ ❛♥❞ ❛ ❜❛s❦❡t ♦❢ ❝✉rr❡♥❝✐❡s ♦❢ ❝✐t② i✬s tr❛❞✐♥❣ ♣❛rt♥❡rs✱ ❞❡✜♥❡❞ ❛s✿

ln(REERit) =
∑

c

[ϕi,c,t−i × ln(RERc,t)] =
∑

c

[

ki,c,t−1
∑

c ki,c,t−1

× ln

(

ec,t
PChina,t/Pc,t

)]

, ✭✺✮

✇❤❡r❡ s✉❜s❝r✐♣ts i✱ c✱ ❛♥❞ t ❞❡♥♦t❡ ❝✐t②✱ ❝♦✉♥tr②✱ ❛♥❞ ②❡❛r✱ r❡s♣❡❝t✐✈❡❧②✳✼ ❚❤✉s✱ REERit ✐s ❛ ❣❡✲

♦♠❡tr✐❝❛❧❧② ✇❡✐❣❤t❡❞ ❛✈❡r❛❣❡ ♦❢ t❤❡ ❜✐❧❛t❡r❛❧ r❡❛❧ ❡①❝❤❛♥❣❡ r❛t❡✱ RERc,t✳ ❚❤❡ ✇❡✐❣❤t ϕi,c,t−1✐s

❝✐t② i✬s ❧❛❣❣❡❞ ✐♠♣♦rt s❤❛r❡s ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s st♦❝❦ ki,c,t−1 ❢r♦♠ ❝♦✉♥tr② c✱ ✇❤✐❝❤ ♠❡❛s✉r❡s

t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rt❡❞ ❢r♦♠ ❝♦✉♥tr② c✳ RERc,t ✐s t❤❡ r❡❛❧ ❡①❝❤❛♥❣❡ r❛t❡

❜❡t✇❡❡♥ ❘▼❇ ❛♥❞ ❝♦✉♥tr② c✬s ❝✉rr❡♥❝② ✐♥ ②❡❛r t✱ ❝❛❧❝✉❧❛t❡❞ ❛s t❤❡ ❜✐❧❛t❡r❛❧ ♥♦♠✐♥❛❧ ❡①❝❤❛♥❣❡

r❛t❡ ec,t ❞❡✢❛t❡❞ ❜② r❡❧❛t✐✈❡ ♣r✐❝❡ ✐♥❞✐❝❡s✳ ◆♦t❡ t❤❛t ec,t ✐s ❞❡✜♥❡❞ ❛s ❢♦r❡✐❣♥ ❝✉rr❡♥❝② ♣❡r

✉♥✐t ♦❢ ❘▼❇✳ ❚❤❡r❡❢♦r❡✱ ❛ ❤✐❣❤❡r ❘❊❘ ✐♥❞✐❝❛t❡s t❤❛t ❘▼❇ ❛♣♣r❡❝✐❛t❡s ❛❣❛✐♥st t❤❡ ❝✉rr❡♥❝②

♦❢ ❢♦r❡✐❣♥ ❝♦✉♥tr② c✳

❈❧❡❛r❧②✱ t❤❡ ❡①♣♦s✉r❡ t♦ ❡①❝❤❛♥❣❡ r❛t❡ s❤♦❝❦s ✈❛r✐❡s ❛❝r♦ss ❝✐t✐❡s✳ ❚❤✐s ✈❛r✐❛t✐♦♥ ❛r✐s❡s

❢r♦♠ t✇♦ s♦✉r❝❡s✳ ❋✐rst✱ ❞✐✛❡r❡♥t ❝✐t✐❡s ✐♠♣♦rt ❢r♦♠ ❞✐✛❡r❡♥t s♦✉r❝❡s❀ ❢♦r ❡①❛♠♣❧❡✱ ❝✐t✐❡s ✐♥

◆♦rt❤❡❛st❡r♥ ❈❤✐♥❛ ✐♠♣♦rt r❡❧❛t✐✈❡❧② ♠♦r❡ ❢r♦♠ ❏❛♣❛♥ ❛♥❞ ❑♦r❡❛✱ ✇❤✐❧❡ ❝✐t✐❡s ✐♥ ❙♦✉t❤ ❈❤✐♥❛

✐♠♣♦rt ♠♦r❡ ❢r♦♠ ❙♦✉t❤❡❛st ❆s✐❛ ❝♦✉♥tr✐❡s✳ ❙❡❝♦♥❞✱ ❞✐✛❡r❡♥t ❝✐t✐❡s ❛❧s♦ ❤❛✈❡ ❞✐✛❡r❡♥t ✐♥❞✉str②

str✉❝t✉r❡s ❛♥❞ t❤❡r❡❢♦r❡ t❤❡ ✐♠♣♦rt ✇❡✐❣❤ts ❝❤❛♥❣❡ ❛❝r♦ss ❝✐t✐❡s✳✽

✼❙✐♠✐❧❛r ✐♥str✉♠❡♥ts ✉s✐♥❣ ❡①❝❤❛♥❣❡ r❛t❡ ✢✉❝t✉❛t✐♦♥ ❤❛✈❡ ❜❡❡♥ ❛❞♦♣t❡❞ ✐♥ ♣r❡✈✐♦✉s r❡s❡❛r❝❤ s✉❝❤ ❛s ❄❄❇❛s✲
t♦s✱ ❙✐❧✈❛ ❛♥❞ ❱❡r❤♦♦❣❡♥ ✭✷✵✶✽✮✳

✽■♥ ❋✐❣✉r❡ ✻✱ ✇❡ s❤♦✇ t❤❛t ❛ ❝✐t② ✇✐t❤ ✐♥❝r❡❛s✐♥❣ ❘❊❊❘ ✭✐✳❡✳✱ ❛♣♣r❡❝✐❛t✐♥❣ ❛❣❛✐♥st tr❛❞❡ ♣❛rt♥❡rs✮ t❡♥❞s
t♦ ✐♠♣♦rt ♠♦r❡ ❝❛♣✐t❛❧ ❣♦♦❞s✳ ❆♣♣❡♥❞✐① ❚❛❜❧❡ ❆✳✷ s❤♦✇s t❤❛t t❤❡ ❝♦rr❡❧❛t✐♦♥ ♦❢ ❝✐t②✬s ✐♠♣♦rt s❤❛r❡ ❢r♦♠
♠❛❥♦r s♦✉r❝❡ ❝♦✉♥tr✐❡s ❛r❡ ❣❡♥❡r❛❧❧② ✈❡r② ❧♦✇✳ ❋♦r ❡①❛♠♣❧❡✱ t❤❡ ❝♦rr❡❧❛t✐♦♥ ❜❡t✇❡❡♥ ✐♠♣♦rt s❤❛r❡ ❢r♦♠ ❏❛♣❛♥
✈❡rs✉s ❑♦r❡❛ ✐s ❛❜♦✉t ✲✵✳✵✷✳ ❚❤❡s❡ ❝♦rr❡❧❛t✐♦♥s s✉❣❣❡st t❤❛t ❝✐t✐❡s ❤❛✈❡ t❤❡✐r ♦✇♥ ♠❛❥♦r s♦✉r❝✐♥❣ ❝♦✉♥tr✐❡s ❛♥❞
t❤❡r❡❢♦r❡ ❛r❡ ❡①♣♦s❡❞ t♦ ❡①❝❤❛♥❣❡ r❛t❡ s❤♦❝❦s✳

✼



✸ ❉❛t❛

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

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

t✉r✐♥❣ ✜r♠s✳

✸✳✶ ❍♦✉s❡❤♦❧❞ s✉r✈❡② ❛♥❞ s❦✐❧❧ ♣r❡♠✐✉♠

❲❡ ❞r❛✇ ♦♥ t❤❡ ❯r❜❛♥ ❍♦✉s❡❤♦❧❞ ❙✉r✈❡② ✭❯❍❙✮ ❢r♦♠ ✶✾✾✷ t♦ ✷✵✵✾ ❢♦r ✐♥❢♦r♠❛t✐♦♥ ♦♥ ✇❛❣❡s

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

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

❛♥❞ s♦❝✐❛❧ s❡❝✉r✐t② ✐♥❢♦r♠❛t✐♦♥ ❢♦r ✉r❜❛♥ ❤♦✉s❡❤♦❧❞s✳ ❚♦ ❡♥s✉r❡ r❡♣r❡s❡♥t❛t✐✈❡♥❡ss✱ t❤❡ ◆❛✲

t✐♦♥❛❧ ❇✉r❡❛✉ ♦❢ ❙t❛t✐st✐❝s ♦❢ ❈❤✐♥❛ ✭◆❇❙❈✮ ❛❞♦♣ts ❛ ♣r♦❜❛❜✐❧✐st✐❝ ❛♥❞ str❛t✐✜❡❞ ♠✉❧t✐st❛❣❡

s❛♠♣❧✐♥❣ ♠❡t❤♦❞ ✇❤❡♥ s❡❧❡❝t✐♥❣ ❤♦✉s❡❤♦❧❞s✳ ❇❡❝❛✉s❡ s✐♠✐❧❛r s❛♠♣❧✐♥❣ ♠❡t❤♦❞s ❛♥❞ q✉❡s✲

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

❛❝r♦ss r❡❣✐♦♥s✳ ❲❡ ♦❜t❛✐♥ ❛❝❝❡ss t♦ t❤❡ ❯❍❙ ❝♦✈❡r✐♥❣ ✶✽ ♣r♦✈✐♥❝❡s✱ ✇❤✐❝❤ ❛r❡ r❡♣r❡s❡♥t❛t✐✈❡

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

✇❡ ❢♦❝✉s ♦♥ ✐♥❞✐✈✐❞✉❛❧s ✇❤♦ ❛r❡ ❜❡t✇❡❡♥ ✶✻ ❛♥❞ ✻✵ ②❡❛rs ♦❧❞ ❛♥❞ ❤❛✈❡ ❧❛❜♦r ✐♥❝♦♠❡✳ ■♥ t❤❡

❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s✱ ✇❡ ✉s❡ ❞❛t❛ ❢r♦♠ ✶✾✾✽ ❞✉❡ t♦ t❤❡ ❧✐♠✐t❛t✐♦♥ ♦❢ tr❛❞❡ ❞❛t❛✳

❚❤❡ ✇❛❣❡ ♣r❡♠✐✉♠ ❢♦r s❦✐❧❧❡❞ ✇♦r❦❡rs s❤♦t ✉♣ ✐♥ ❈❤✐♥❛ ❜❡t✇❡❡♥ ✶✾✾✷ ❛♥❞ ✷✵✵✾✳ ■t r❡♠❛✐♥❡❞

❛r♦✉♥❞ ✷✵✪ ✐♥ t❤❡ ❧❛t❡ ✶✾✾✵s ❛♥❞ t❤❡♥ r♦s❡ r❛♣✐❞❧② t♦ ✹✹✪ ✐♥ ✷✵✵✾ ✭❋✐❣✉r❡ ✶✮✳ ◆♦t❡ t❤❛t t❤❡

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

✇♦r❦❡rs ❞✉❡ t♦ t❤❡ ♠❛ss✐✈❡ ❝♦❧❧❡❣❡ ❡①♣❛♥s✐♦♥ s✐♥❝❡ ✶✾✾✾ ✭▲✐ ❡t ❛❧✳✱ ✷✵✶✷✱ ✷✵✶✼✮✳ ❚❤❡ ❝❤❛♥❣❡

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

❛❝r♦ss t❤r❡❡ ❞✐✛❡r❡♥t r❡❣✐♦♥s ✭✐✳❡✳✱ t❤❡ ❊❛st✱ ❈❡♥tr❛❧✱ ❛♥❞ ❲❡st✮✳ ❇❡❢♦r❡ ✷✵✵✶✱ ❝❤❛♥❣❡s ✐♥ s❦✐❧❧

♣r❡♠✐✉♠ ♠❛♥✐❢❡st ❛ s✐♠✐❧❛r tr❡♥❞ ❛❝r♦ss r❡❣✐♦♥s✳ ❋♦r ❡①❛♠♣❧❡✱ ✐♥ ✶✾✾✷✱ s❦✐❧❧❡❞ ✇♦r❦❡rs ✭✇♦r❦❡rs

✇✐t❤ ❝♦❧❧❡❣❡ ❞❡❣r❡❡s✮ ❡❛r♥❡❞ ❛❜♦✉t ✶✸✪ ♠♦r❡ t❤❛♥ ✉♥s❦✐❧❧❡❞ ✇♦r❦❡rs ✭✇♦r❦❡rs ✇✐t❤♦✉t ❝♦❧❧❡❣❡

✾❚❤❡ ✶✽ ♣r♦✈✐♥❝❡s ✐♥❝❧✉❞❡ ❝♦❛st❛❧ ♣r♦✈✐♥❝❡s ✭❇❡✐❥✐♥❣✱ ●✉❛♥❣❞♦♥❣✱ ❏✐❛♥❣s✉✱ ▲✐❛♦♥✐♥❣✱ ❙❤❛♥❞♦♥❣✱ ❙❤❛♥❣❤❛✐✱
❛♥❞ ❩❤❡❥✐❛♥❣✮✱ ❛♥❞ ✐♥❧❛♥❞ ♣r♦✈✐♥❝❡s ✭❆♥❤✉✐✱ ❈❤♦♥❣q✐♥❣✱ ●❛♥s✉✱ ❍❡✐❧♦♥❣❥✐❛♥❣✱ ❍❡♥❛♥✱ ❍✉❜❡✐✱ ❏✐❛♥❣①✐✱ ❙✐❝❤✉❛♥✱
❙❤❛❛♥①✐✱ ❙❤❛♥①✐✱ ❛♥❞ ❨✉♥♥❛♥✮✳

✽



❞❡❣r❡❡s✮✱ r❡❣❛r❞❧❡ss ✇❤❡r❡ t❤❡② r❡s✐❞❡❞✱ ✇❤✐❧❡ ✐♥ ✷✵✵✶ s❦✐❧❧❡❞ ✇♦r❦❡rs ✐♥ ❞✐✛❡r❡♥t ❧♦❝❛t✐♦♥s

❡❛r♥❡❞ ❛❜♦✉t ✷✾✪ ♠♦r❡ t❤❛♥ ✉♥s❦✐❧❧❡❞ ✇♦r❦❡rs✳ ❚❤❡ s❦✐❧❧ ♣r❡♠✐✉♠✱ ❤♦✇❡✈❡r✱ st❛rt❡❞ t♦

❞✐✈❡r❣❡ ❛❝r♦ss r❡❣✐♦♥s ✐♥ ✷✵✵✶ ✇❤❡♥ ❈❤✐♥❛ ❡♥t❡r❡❞ t❤❡ ❲❚❖✳ ■♥ ✷✵✵✾✱ ❢♦r ❡①❛♠♣❧❡✱ t❤❡ s❦✐❧❧

♣r❡♠✐✉♠ ✐♥ ❡❛st❡r♥ ❝✐t✐❡s r❡❛❝❤❡❞ ✹✻✪✱ ✇❤✐❧❡ t❤❛t ♦❢ ❝❡♥tr❛❧ ❛♥❞ ✇❡st❡r♥ ❈❤✐♥❛ st❛②❡❞ ❛t

❛r♦✉♥❞ ✸✶✪ ❛♥❞ ✸✽✪✱ r❡s♣❡❝t✐✈❡❧②✳

❋♦r t❤❡ ❝✐t②✲❧❡✈❡❧ s❦✐❧❧ ♣r❡♠✐✉♠ ✉s❡❞ ✐♥ t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s✱ ✇❡ ♣r❡s❡♥t t❤❡ s✉♠♠❛r②

st❛t✐st✐❝s ✐♥ ❚❛❜❧❡ ✷✳ ❋r♦♠ ✶✾✾✽ t♦ ✷✵✵✾✱ t❤❡ ❛✈❡r❛❣❡ s❦✐❧❧ ♣r❡♠✐✉♠ ✐♥ ✉r❜❛♥ ❈❤✐♥❛ ✐s ❛❜♦✉t

✸✷✪ ✭st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥✿ ✶✹✪✮✱ ✇✐t❤ ❛♥ ✐♥t❡r✲q✉❛rt✐❧❡ r❛♥❣❡ ♦❢ ✵✳✷✸ t♦ ✵✳✹✶✳✶✵

✸✳✷ ❚r❛❞❡ ❞❛t❛ ❛♥❞ ✐♠♣♦rt ✐♥t❡♥s✐t②

✸✳✷✳✶ ❚r❛❞❡ ❞❛t❛

❉❛t❛ ♦♥ ✐♠♣♦rts ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s ❛♥❞ ✐♥t❡r♠❡❞✐❛t❡ ❣♦♦❞s ❜② ❈❤✐♥❡s❡ ❝✐t✐❡s ❢r♦♠ ❞✐✛❡r❡♥t

s♦✉r❝❡ ❝♦✉♥tr✐❡s✱ ❛s ✇❡❧❧ ❛s ❡①♣♦rts✱ ❛t s✐①✲❞✐❣✐t ❍❙ ❝❛t❡❣♦r✐❡s✱ ❛r❡ ❝♦❧❧❡❝t❡❞ ❜② t❤❡ ●❡♥❡r❛❧

❆❞♠✐♥✐str❛t✐♦♥ ♦❢ ❈❤✐♥❛ ❈✉st♦♠s ✭●❆❈❈✮✱ ❢♦r t❤❡ ♣❡r✐♦❞ ✶✾✾✼ t♦ ✷✵✵✾✳ ❋♦r ❛ s✉❜✲♣❡r✐♦❞

♦❢ ✷✵✵✵✕✷✵✵✻✱ ✇❡ ❛❧s♦ ❤❛✈❡ ✜r♠✲❧❡✈❡❧ ❡①♣♦rt ❛♥❞ ✐♠♣♦rt ✐♥❢♦r♠❛t✐♦♥✳ ■♥ ❧❛t❡r ❡①t❡♥s✐♦♥s✱ ✇❡

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

t❤❡ ❆♥♥✉❛❧ ❙✉r✈❡②s ♦❢ ■♥❞✉str✐❛❧ Pr♦❞✉❝t✐♦♥ ✭❆❙■P✮✳ ❋✐♥❛❧❧②✱ ❢♦r t❤❡ ♣✉r♣♦s❡ ♦❢ ❝♦♠♣❛r✐s♦♥✱

✇❡ ❛❧s♦ ❝♦❧❧❡❝t tr❛❞❡ ❞❛t❛ ❢♦r ♦t❤❡r ❝♦✉♥tr✐❡s ❢r♦♠ t❤❡ ❯◆ ❈♦♠r❛❞❡ ❉❛t❛❜❛s❡✳

❈❛♣✐t❛❧ ❣♦♦❞s✖s✉❝❤ ❛s ❝♦♠♣✉t❡rs ❛♥❞ ♠❛❝❤✐♥❡r②✖❛r❡ ❞✉r❛❜❧❡ ❣♦♦❞s t❤❛t ❛r❡ ✉s❡❞ ✐♥ t❤❡

♣r♦❞✉❝t✐♦♥ ♦❢ ❣♦♦❞s ♦r s❡r✈✐❝❡s✳ ❲❡ ❢♦❧❧♦✇ ❇✉rst❡✐♥✱ ❈r❛✈✐♥♦ ❛♥❞ ❱♦❣❡❧ ✭✷✵✶✸✮ ❛♥❞ ❞❡✜♥❡

❝❛♣✐t❛❧ ❣♦♦❞s ❜❛s❡❞ ♦♥ t❤❡ ■♥t❡r♥❛t✐♦♥❛❧ ❙t❛♥❞❛r❞ ■♥❞✉str✐❛❧ ❈❧❛ss✐✜❝❛t✐♦♥ ✭■❙■❈✲r❡✈✳✸✮ ❛♥❞

❇r♦❛❞ ❊❝♦♥♦♠✐❝ ❈❧❛ss✐✜❝❛t✐♦♥ ✭❇❊❈✮✳✶✶

❈❤✐♥❛ ❤❛s s❡❡♥ s♦♠❡ ✈❡r② ❢❛st ❣r♦✇t❤ ✐♥ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts ✐♥ t❤❡ ❧❛st ❢❡✇ ❞❡❝❛❞❡s✳ ❆s

s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✷✱ ❈❤✐♥❛ ♦♥❧② ✐♠♣♦rt❡❞ ❝❛♣✐t❛❧ ❣♦♦❞s ✇✐t❤ ❛ ✈❛❧✉❡ ♦❢ ✷✼ ❜✐❧❧✐♦♥ ❯✳❙✳ ❞♦❧❧❛rs

✶✵❋♦r t❤❡ r✐s✐♥❣ s❦✐❧❧ ♣r❡♠✐✉♠ ✐♥ ❈❤✐♥❛✱ r❡❧❛t❡❞ ❧✐t❡r❛t✉r❡ ✐♥❝❧✉❞❡s ❍s✐❡❤ ❛♥❞ ❲♦♦ ✭✷✵✵✺✮❀ ❍❛♥✱ ▲✐✉ ❛♥❞
❩❤❛♥❣ ✭✷✵✶✷✮❀ ❈❤❡♥✱ ❨✉ ❛♥❞ ❨✉ ✭✷✵✶✼✮❀ ●❡✱ ❨❛♥❣ ❛♥❞ ❚❡❝❤ ✭✷✵✶✹✮❀ ❙❤❡♥❣ ❛♥❞ ❨❛♥❣ ✭✷✵✶✼✮✳

✶✶❙♣❡❝✐✜❝❛❧❧②✱ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♥❝❧✉❞❡ ♣r♦❞✉❝ts t❤❛t ❜❡❧♦♥❣ t♦ t❤❡ ■❙■❈ ❘❡✈✳ ✸ ❝♦❞❡s ✷✾✲✸✸✱ ❡①❝❧✉❞✐♥❣ t❤♦s❡
t❤❛t ❛r❡ ♥♦t ❜❡❧♦♥❣ t♦ ❇r♦❛❞ ❊❝♦♥♦♠✐❝ ❈❧❛ss✐✜❝❛t✐♦♥ ✭❇❊❈✮ ✐♥❞✉str② ✹✶ ✭❝❛♣✐t❛❧ ❣♦♦❞s✮ ❛♥❞ ❇❊❈ ✐♥❞✉str②
✹✷ ✭P❛rts ❛♥❞ ❛❝❝❡ss♦r✐❡s ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s✮ ❛♥❞ ❛❞❞✐♥❣ t❤♦s❡ t❤❛t ❜❡❧♦♥❣ t♦ ❇❊❈ ✐♥❞✉str② ✺✷✶ ✭tr❛♥s♣♦rt❛t✐♦♥
❡q✉✐♣♠❡♥t ✉s❡❞ ❢♦r ✐♥❞✉str②✮✳ ■♥ ■❙■❈ ❘❡✈✳ ✸✱ ✷✾ r❡❢❡rs t♦ ♠❛♥✉❢❛❝t✉r❡ ♦❢ ♠❛❝❤✐♥❡r② ❛♥❞ ❡q✉✐♣♠❡♥t ♥✳❡✳❝❀
✸✵ r❡❢❡rs t♦ ♠❛♥✉❢❛❝t✉r❡ ♦❢ ♦✣❝❡✱ ❛❝❝♦✉♥t✐♥❣ ❛♥❞ ❝♦♠♣✉t✐♥❣ ♠❛❝❤✐♥❡r②❀ ✸✶ r❡❢❡rs t♦ ♠❛♥✉❢❛❝t✉r❡ ♦❢ ❡❧❡❝tr✐❝❛❧
♠❛❝❤✐♥❡r② ❛♥❞ ❛♣♣❛r❛t✉s ♥✳❡✳❝❀ ✸✷ r❡❢❡rs t♦ ♠❛♥✉❢❛❝t✉r❡ ♦❢ r❛❞✐♦✱ t❡❧❡✈✐s✐♦♥ ❛♥❞ ❝♦♠♠✉♥✐❝❛t✐♦♥ ❡q✉✐♣♠❡♥t
❛♥❞ ❛♣♣❛r❛t✉s❀ ✸✸ r❡❢❡rs t♦ ♠❛♥✉❢❛❝t✉r❡ ♦❢ ♠❡❞✐❝❛❧✱ ♣r❡❝✐s✐♦♥ ❛♥❞ ♦♣t✐❝❛❧ ✐♥str✉♠❡♥ts✱ ✇❛t❝❤❡s ❛♥❞ ❝❧♦❝❦s✳
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✐♥ ✶✾✾✷✱ ❜✉t t❤❡ ✈❛❧✉❡ ✐♥❝r❡❛s❡❞ r❛♣✐❞❧② t♦ ✼✵✷ ❜✐❧❧✐♦♥ ❯✳❙✳ ❞♦❧❧❛rs ✐♥ ✷✵✶✼✳ ❉✉r✐♥❣ ♦✉r s❛♠♣❧❡

♣❡r✐♦❞ ✭✶✾✾✽✕✷✵✵✾✮✱ t❤❡ ❛✈❡r❛❣❡ ❛♥♥✉❛❧ ❣r♦✇t❤ r❛t❡ ✇❛s ♦✈❡r ✷✵✪✱ ✇✐t❤ ❛❝❝❡❧❡r❛t❡❞ ❣r♦✇t❤

s✐♥❝❡ ✶✾✾✽✳✶✷

❆s ❛ r❡s✉❧t✱ ❈❤✐♥❛ ❤❛s ❜❡❝♦♠❡ ♦♥❡ ♦❢ t❤❡ ❧❛r❣❡st ✐♠♣♦rt❡rs ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♥ t❤❡ ✇♦r❧❞✳

❆s s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✹✱ ✐♥ ✶✾✾✷✱ t❤❡ s❤❛r❡ ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♥ ❈❤✐♥❛✬s t♦t❛❧ ✈❛❧✉❡ ♦❢ ✐♠♣♦rts

✇❛s ✸✹✪✱ ✇❤✐❝❤ ✐s ✾ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ❧❛r❣❡r t❤❛♥ t❤❡ ❛✈❡r❛❣❡ ♦❢ s❡✈❡♥ ❞❡✈❡❧♦♣❡❞ ❝♦✉♥tr✐❡s✱

✐♥❝❧✉❞✐♥❣ ❋r❛♥❝❡✱ ●❡r♠❛♥②✱ ■t❛❧②✱ ❏❛♣❛♥✱ ❑♦r❡❛✱ t❤❡ ❯♥✐t❡❞ ❑✐♥❣❞♦♠✱ ❛♥❞ t❤❡ ❯♥✐t❡❞ ❙t❛t❡s✳

❇② ✷✵✶✼✱ t❤❡ ❣❛♣ r♦s❡ t♦ ✶✸✪✳ ❈❤✐♥❛✬s s❤❛r❡ ✐s ❛❧s♦ ✇❡❧❧ ❛❜♦✈❡ t❤❡ ❛✈❡r❛❣❡ ❧❡✈❡❧ ♦❢ t❤❡ ♦t❤❡r

❢♦✉r ❇❘■❈❙ ❝♦✉♥tr✐❡s✱ ✐♥❝❧✉❞✐♥❣ ❇r❛③✐❧✱ ■♥❞✐❛✱ ▼❡①✐❝♦✱ ❛♥❞ ❘✉ss✐❛✳

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

❚❛✐✇❛♥✱ ❑♦r❡❛✱ t❤❡ ❯♥✐t❡❞ ❙t❛t❡s✱ ❛♥❞ ●❡r♠❛♥② ❛❝❝♦✉♥t✐♥❣ ❢♦r ♥❡❛r❧② ✼✵✪ ♦❢ t❤❡ t♦t❛❧ ✈❛❧✉❡

♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts ❢r♦♠ ✶✾✾✼ t♦ ✷✵✵✾ ✭❆♣♣❡♥❞✐① ❚❛❜❧❡ ❆✳✶✮✳

✸✳✷✳✷ ❋✐r♠✲❧❡✈❡❧ ❞❛t❛

❚♦ ♣r♦✈✐❞❡ ❛❞❞✐t✐♦♥❛❧ ❡✈✐❞❡♥❝❡ ❢♦r ❝❛♣✐t❛❧✲s❦✐❧❧ ❝♦♠♣❧❡♠❡♥t❛r✐t②✱ ✇❡ ❡①❛♠✐♥❡ ✜r♠s✬ ✉s❛❣❡ ♦❢

❝❛♣✐t❛❧ ❣♦♦❞s ✉s✐♥❣ t✇♦ ✜r♠✲❧❡✈❡❧ s✉r✈❡②s✳ ❚❤❡ ✜rst s✉r✈❡② ✐s t❤❡ ❆♥♥✉❛❧ ❙✉r✈❡② ♦❢ ■♥❞✉s✲

tr✐❛❧ Pr♦❞✉❝t✐♦♥ ✭❆❙■P✮✱ ❝♦❧❧❡❝t❡❞ ❜② t❤❡ ◆❇❙❈✳ ❚❤✐s ❞❛t❛s❡t ❝♦♥t❛✐♥s t❤❡ ❜❛❧❛♥❝❡ s❤❡❡t ❛♥❞

♣r♦❞✉❝t✐♦♥ ✐♥❢♦r♠❛t✐♦♥ ❢♦r ❛❧❧ st❛t❡✲♦✇♥❡❞ ❡♥t❡r♣r✐s❡s ✭❙❖❊s✮ ❛♥❞ ❛❧❧ ♥♦♥✲st❛t❡ ✜r♠s ✇✐t❤

❛♥♥✉❛❧ s❛❧❡s ❛❜♦✈❡ ✺ ♠✐❧❧✐♦♥ ❘▼❇✱ ✐♥ ♠✐♥✐♥❣✱ ♠❛♥✉❢❛❝t✉r✐♥❣✱ ❛♥❞ ♣✉❜❧✐❝ ✉t✐❧✐t② s❡❝t♦rs✳✶✸ ■♥

❛❞❞✐t✐♦♥✱ t❤❡ ✷✵✵✹ ✈❡rs✐♦♥ ♦❢ t❤❡ s✉r✈❡②✱ ❛s ♣❛rt ♦❢ t❤❡ ✷✵✵✹ ✐♥❞✉str✐❛❧ ❝❡♥s✉s ♦❢ ❈❤✐♥❛✱ r❡♣♦rts

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

❚❤❡ s❡❝♦♥❞ ✜r♠ s✉r✈❡② ✇❡ ✉s❡ ✐s t❤❡ ❈❤✐♥❛ ❊♠♣❧♦②❡r✲❊♠♣❧♦②❡❡ ❙✉r✈❡② ✭❈❊❊❙✮✱ ✇❤✐❝❤ ✐s

❛♥ ❡♠♣❧♦②❡r✲❡♠♣❧♦②❡❡ ❧✐♥❦❡❞ s✉r✈❡② ❝♦♥❞✉❝t❡❞ ✐♥ ❈❤✐♥❛✳ ❲❡ ❤❛✈❡ ❛❝❝❡ss t♦ t❤❡ ✷✵✶✺ ✇❛✈❡✱

✇❤✐❝❤ ✇❛s ❝♦♥❞✉❝t❡❞ ✐♥ ●✉❛♥❣❞♦♥❣ ♣r♦✈✐♥❝❡ ❛♥❞ ✐♥❝❧✉❞❡❞ ❛❜♦✉t ✺✵✵ ✜r♠s ❛♥❞ ✹✵✵✵ ❡♠♣❧♦②❡❡s✳

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

✶✷❇❡t✇❡❡♥ ✶✾✾✷ ❛♥❞ ✷✵✶✼✱ t❤❡ ❛✈❡r❛❣❡ ❛♥♥✉❛❧ ❣r♦✇t❤ r❛t❡ ✇❛s ✶✹✪✳❈❤✐♥❛ ✐s ❛❧s♦ ♦♥❡ ♦❢ t❤❡ ♠❛❥♦r ♣r♦❞✉❝❡rs
♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s✳ ❍♦✇❡✈❡r✱ ♠♦r❡ t❤❛♥ ✺✵✪ ♦❢ ❈❤✐♥❡s❡ ❡①♣♦rts ✐♥ ❝❛♣✐t❛❧ ❣♦♦❞s ❛r❡ ♣r♦❝❡ss✐♥❣ tr❛❞❡✳ ❋♦r
❡①❛♠♣❧❡✱ t❤❡ ❝♦♠♣✉t❡rs ✐♥❞✉str②✱ ♣r♦❝❡ss✐♥❣ ❡①♣♦rts ❛❝❝♦✉♥t ❢♦r ♦✈❡r ✾✺✪ ♦❢ t♦t❛❧ ❡①♣♦rts✳ ❋✉rt❤❡r♠♦r❡✱
♣r♦❞✉❝ts ❡①♣♦rt❡❞ ❜② ✐♥❞✉str✐❛❧ ❝♦✉♥tr✐❡s ❛♣♣❡❛r t♦ ❜❡ ❤✐❣❤❡r q✉❛❧✐t② t❤❛♥ t❤♦s❡ ❢r♦♠ ❞❡✈❡❧♦♣✐♥❣ ❝♦✉♥tr✐❡s
s✉❝❤ ❛s ❈❤✐♥❛ ✭❙❝❤♦tt✱ ✷✵✵✽✮✳

✶✸❆s ❞♦❝✉♠❡♥t❡❞ ✐♥ ❇r❛♥❞t✱ ❱❛♥ ❇✐❡s❡❜r♦❡❝❦ ❛♥❞ ❩❤❛♥❣ ✭✷✵✶✷✮✱ ✜r♠s ✐♥ t❤❡ ❆❙■P ❞❛t❛s❡t ❛❝❝♦✉♥t ❢♦r ✾✵✪✱
✾✶✪✱ ✾✼✪ ❛♥❞ ✼✵✪ ♦❢ t❤❡ ❣r♦ss ❛ss❡t✱ s❛❧❡s✱ ❡①♣♦rt✱ ❛♥❞ ❡♠♣❧♦②♠❡♥t r❡s♣❡❝t✐✈❡❧② ✐♥ t❤❡ ♠❛♥✉❢❛❝t✉r✐♥❣ s❡❝t♦r✳

✶✵



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

✸✳✷✳✸ ▼❛❝r♦ ❉❛t❛

❚♦ ❝♦♥str✉❝t ♦✉r ✐♥str✉♠❡♥t❛❧ ✈❛r✐❛❜❧❡s✱ ✇❡ ♥❡❡❞ t♦ ✉s❡ t❤❡ ❝♦✉♥tr②✲t♦✲❝♦✉♥tr② ❜✐❧❛t❡r❛❧ r❡❛❧

❡①❝❤❛♥❣❡ r❛t❡s✱ ❛s ✇❡❧❧ ❛s ❝✐t②✲❧❡✈❡❧ ♠❛❝r♦ ✐♥❞✐❝❛t♦rs✳ ❲❡ ❝♦❧❧❡❝t r❡❛❧ ❡①❝❤❛♥❣❡ r❛t❡s ❢r♦♠ t❤❡

P❡♥♥ ❲♦r❧❞ ❚❛❜❧❡ ✭P❲❚ ✼✳✵✱ ✶✾✾✼✕✷✵✵✾✮✳ ■♥ ❛❞❞✐t✐♦♥✱ ✇❡ ❝♦❧❧❡❝t t❤❡ ❝✐t②✲❧❡✈❡❧ ❣r♦ss r❡❣✐♦♥❛❧

♣r♦❞✉❝t ✭●❘P✮✱ ❝✐t②✲❧❡✈❡❧ ❝❛♣✐t❛❧ st♦❝❦✱ ♣r♦✈✐♥❝✐❛❧✲❧❡✈❡❧ ❋❉■ ✐♥✢♦✇✱ ❛♥❞ ❝♦♥s✉♠❡r ♣r✐❝❡ ✐♥❞❡①

✭❈P■✮ ❢r♦♠ ❈❤✐♥❛ ❙t❛t✐st✐❝❛❧ ❨❡❛r❜♦♦❦s ❛♥❞ ❈❤✐♥❛ ❈✐t② ❙t❛t✐st✐❝❛❧ ❨❡❛r❜♦♦❦s ✭✶✾✾✽✕✷✵✵✾✮✳

✹ ❈❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts ❛♥❞ s❦✐❧❧ ♣r❡♠✐✉♠

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

s❦✐❧❧❡❞ ✇♦r❦❡rs ❜② ❡①♣❧♦r✐♥❣ ❝✐t②✲❧❡✈❡❧ ✈❛r✐❛t✐♦♥s✳ ❇❡❢♦r❡ r❡♣♦rt✐♥❣ ❝✐t②✲❧❡✈❡❧ r❡❣r❡ss✐♦♥s✱ ✇❡

✜rst ♣r❡s❡♥t ❤♦✇ s❦✐❧❧ ✇❛❣❡ ♣r❡♠✐❛ ❛♥❞ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts ✈❛r② ❛❝r♦ss t❤❡ t❤r❡❡ r❡❣✐♦♥s ♦❢

❈❤✐♥❛ ✭✐✳❡✳✱ t❤❡ ❊❛st✱ ❈❡♥tr❛❧✱ ❛♥❞ ❲❡st✮✳

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

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

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

✐♥ ❊❛st❡r♥ ❈❤✐♥❛ t❤❛♥ ✐♥ ❈❡♥tr❛❧ ❛♥❞ ❲❡st❡r♥ ❈❤✐♥❛✱ ❛♥❞ t❤❡ tr❡♥❞s ♦❢ ❣r♦✇t❤ ✐♥ ❞✐✛❡r❡♥t

r❡❣✐♦♥s ❛r❡ ❛❧s♦ q✉✐t❡ ❞✐✈❡r❣❡♥t ✭❋✐❣✉r❡ ✺✮✳ ❙❦✐❧❧ ♣r❡♠✐❛ ❛❧s♦ st❛rt❡❞ t♦ ❞✐✈❡r❣❡ ❛❝r♦ss r❡❣✐♦♥s

✐♥ t❤❡ ❡❛r❧② ✷✵✵✵s ❛s s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✸✱ ✇✐t❤ t❤♦s❡ ✐♥ ❊❛st❡r♥ ❈❤✐♥❛ ❜❡❝♦♠✐♥❣ ♠✉❝❤ ❤✐❣❤❡r

t❤❛♥ t❤♦s❡ ✐♥ ♦t❤❡r r❡❣✐♦♥s✳

✹✳✶ ❊①❝❤❛♥❣❡ r❛t❡s ❛♥❞ ✐♠♣♦rt❡❞ ❝❛♣✐t❛❧ ❣♦♦❞s

❚❤❡ ✐❞❡♥t✐✜❝❛t✐♦♥ ✐❞❡❛ ✐s t❤❛t ❛♥ ❡①♦❣❡♥♦✉s ❛♣♣r❡❝✐❛t✐♦♥ ♦❢ ❘▼❇ ❛❣❛✐♥st ♦t❤❡r ❝✉rr❡♥❝✐❡s ✇✐❧❧

✐♥❝r❡❛s❡ ❈❤✐♥❛✬s ✐♠♣♦rts ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s✳ ❚❤✐s r❡❧❛t✐♦♥s❤✐♣ ✐s ❝❧❡❛r ✐♥ ❋✐❣✉r❡ ✻✳ ❋♦r ❡①❛♠♣❧❡✱

❛s s❤♦✇♥ ✐♥ t❤❡ t♦♣ ❧❡❢t ♣❛♥❡❧✱ ❈❤✐♥❛✬s ✐♠♣♦rts ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s ❢r♦♠ t❤❡ ❯✳❙✳ r❡❧❛t✐✈❡ t♦

❋r❛♥❝❡ ✭❞❛s❤❡❞ ❧✐♥❡✮ ❢♦❧❧♦✇ ❝❧♦s❡❧② t❤❡ ❡①❝❤❛♥❣❡ r❛t❡ ♠♦✈❡♠❡♥t ♦❢ t❤❡ ❯✳❙✳ ❞♦❧❧❛r ❛❣❛✐♥st t❤❡

❊✉r♦ ✭t❤❡ s♦❧✐❞ ❧✐♥❡✮ ❢r♦♠ ✶✾✾✼ t♦ ✷✵✵✾✳ ❚❤❡ ♣❛tt❡r♥s ❛r❡ s✐♠✐❧❛r ❢♦r t❤❡ ❯✳❙✳ ✈s✳ ●❡r♠❛♥②✱

✶✶



❏❛♣❛♥ ✈s✳ ●❡r♠❛♥②✱ ❛♥❞ t❤❡ ❯✳❙✳ ✈s✳ ❑♦r❡❛✱ ✐♥❞✐❝❛t✐♥❣ t❤❛t ♠♦r❡ ❝❛♣✐t❛❧ ❣♦♦❞s ❛r❡ ✐♠♣♦rt❡❞

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

❖✉r ❡st✐♠❛t✐♦♥ ♦❢ ❊q✉❛t✐♦♥ ✭✹✮✱ t❤❡ ✜rst✲st❛❣❡ ❡q✉❛t✐♦♥✱ ②✐❡❧❞s s✐♠✐❧❛r r❡s✉❧ts❀ ✐✳❡✳✱ ❛♣♣r❡❝✐✲

❛t✐♥❣ ❘▼❇ ✈s✳ ❯❙❉ ✐♥❝r❡❛s❡s ❈❤✐♥❛✬s ✐♠♣♦rts ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s✳ ❈♦❧✉♠♥ ✭✶✮ ♦❢ ❚❛❜❧❡ ✸ r❡♣♦rts

❛ s✐♠♣❧❡ r❡❣r❡ss✐♦♥ ✇✐t❤ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts ❛s t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ❛♥❞ ❘❊❊❘ ❛s t❤❡

❦❡② ✐♥❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡✳ ❈✐t② ✜①❡❞ ❡✛❡❝ts✱ ②❡❛r ✜①❡❞ ❡✛❡❝ts✱ ❛♥❞ r❡❣✐♦♥❛❧ t✐♠❡ tr❡♥❞s ❛r❡

❛❧s♦ ❝♦♥tr♦❧❧❡❞✳ ❚❤❡ ❝♦❡✣❝✐❡♥t ♦♥ ❘❊❊❘ ✐s ♣♦s✐t✐✈❡ ❛♥❞ s✐❣♥✐✜❝❛♥t ❛t t❤❡ ✶✪ ❧❡✈❡❧✱ s✉❣❣❡st✐♥❣

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

❣♦♦❞s ✐♠♣♦rts✳

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

❝❤❛♥❣❡ r❛t❡✱ ✇❡ r✉♥ t✇♦ s❡ts ♦❢ ❝♦✉♥t❡r❢❛❝t✉❛❧ t❡sts✳ ❋✐rst✱ ✇❡ t❡st ✇❤❡t❤❡r ❡①❝❤❛♥❣❡ r❛t❡s

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

■❢ t❤❡② ❞♦✱ t❤❡♥ ♦✉r ■❱ ✐s ❧✐❦❡❧② t♦ ❜❡ ✐♥✈❛❧✐❞✳ ■♥ ❈♦❧✉♠♥ ✭✷✮✱ ✇❡ ❛❞❞ ❛s ❛♥ ✐♥❞❡♣❡♥❞❡♥t

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

s❤♦✉❧❞ ♥♦t ❛✛❡❝t ✐♠♣♦rts ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s✱ ❡s♣❡❝✐❛❧❧② ✇❤❡♥ ✇❡ ❛❧s♦ ❤❛✈❡ ❝❛♣✐t❛❧✲❣♦♦❞s✲✐♠♣♦rt✲

✇❡✐❣❤t❡❞ ❡①❝❤❛♥❣❡ r❛t❡ ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ r❡❣r❡ss✐♦♥✳ ■♥❞❡❡❞✱ ♦♥❧② ♦✉r ■❱ ❝❛♥ ❡①♣❧❛✐♥ ❝❛♣✐t❛❧

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

✐❝❛♥t❧② ❞✐✛❡r❡♥t ❢r♦♠ ③❡r♦✳ ■♥ ❈♦❧✉♠♥ ✭✹✮✱ ✇❡ ❛❧s♦ ✐♥❝❧✉❞❡ t❤❡ ♥♦♥✲❝❛♣✐t❛❧✲❣♦♦❞s✲✇❡✐❣❤t❡❞

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

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

■❱s ❛r❡ ✈❛❧✐❞✳

❙❡❝♦♥❞✱ ✇❡ t❡st ✇❤❡t❤❡r ♦✉r ■❱ ✐s ❝♦rr❡❧❛t❡❞ ✇✐t❤ ♦t❤❡r tr❛❞❡ ✈❛r✐❛❜❧❡s s✉❝❤ ❛s ❡①♣♦rts ♦r

✐♠♣♦rts ♦❢ ♥♦♥✲❝❛♣✐t❛❧ ❣♦♦❞s✳ ■♥ ❈♦❧✉♠♥ ✭✸✮✱ ✇❡ s✇✐t❝❤ t♦ t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡✱ ❡①♣♦rts

❛s ❛ ♣❡r❝❡♥t ♦❢ t❤❡ ❝✐t✐❡s✬ t♦t❛❧ ✈❛❧✉❡✲❛❞❞❡❞✱ ♦r ●❘P ✭●r♦ss ❘❡❣✐♦♥❛❧ Pr♦❞✉❝t✮✳ ❆s ❡①♣❡❝t❡❞✱

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

✉♥❝♦rr❡❧❛t❡❞ t♦ ❡①♣♦rts✳ ❚❤❡ r❡s✉❧ts ❛r❡ s✐♠✐❧❛r ✇❤❡♥ ✇❡ ✉s❡ ♥♦♥✲❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts r❡❧❛t✐✈❡

t♦ ●❘P ✭●r♦ss ❘❡❣✐♦♥❛❧ Pr♦❞✉❝t✮ ❛s t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✭❈♦❧✉♠♥ ✭✺✮✮✳ ❚❤❡s❡ r❡s✉❧ts ❛❣❛✐♥

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

✶✷



❋✐♥❛❧❧②✱ ♦✉r ✐♥str✉♠❡♥t❛❧ ✈❛r✐❛❜❧❡s ♣❛ss t❤❡ t❡sts ❢♦r ✉♥❞❡r✲✐❞❡♥t✐✜❝❛t✐♦♥ ❛♥❞ ✇❡❛❦ ✐♥str✉✲

♠❡♥ts✳ ❲❡ ✜rst r❡♣♦rt t❤❡ ❤❡t❡r♦s❝❡❞❛st✐❝✐t②✲r♦❜✉st ❑❧❡✐❜❡r❣❡♥✲P❛❛♣ ▲▼ st❛t✐st✐❝ ✭❑❧❡✐❜❡r✲

❣❡♥ ❛♥❞ P❛❛♣✱ ✷✵✵✻✮ ✐♥ ❈♦❧✉♠♥ ✭✷✮ ❢♦r ✉♥❞❡r✲✐❞❡♥t✐✜❝❛t✐♦♥ ❛♥❞ ✇❡❛❦ ✐♥str✉♠❡♥ts✳ ❚❤❡ t❡st

st❛t✐st✐❝s r❡❥❡❝t t❤❡ ♥✉❧❧ ❤②♣♦t❤❡s✐s t❤❛t t❤❡ ♠♦❞❡❧ ✐s ✉♥❞❡r✲✐❞❡♥t✐✜❡❞✳ ❲❡ r✉♥ ❢♦✉r t❡sts

❢♦r ✇❡❛❦ ✐♥str✉♠❡♥ts✿ t❤❡ ❈r❛❣❣ ❛♥❞ ❉♦♥❛❧❞ ✭✶✾✾✸✮ ❲❛❧❞ ❋ st❛t✐st✐❝s ✉♥❞❡r t❤❡ ❛ss✉♠♣t✐♦♥

♦❢ ❤♦♠♦s❝❡❞❛st✐❝✐t②✱ t❤❡ ❑❧❡✐❜❡r❣❡♥ ❛♥❞ P❛❛♣ ✭✷✵✵✻✮ ❲❛❧❞ ❋ st❛t✐st✐❝ ✉♥❞❡r t❤❡ ❛ss✉♠♣t✐♦♥

♦❢ ❤❡t❡r♦s❝❡❞❛st✐❝✐t②✱ t❤❡ ❆♥❞❡rs♦♥ ❛♥❞ ❘✉❜✐♥ ✭✶✾✹✾✮ ❲❛❧❞ t❡st ❋ st❛t✐st✐❝✱ ❛♥❞ ❙t♦❝❦ ❛♥❞

❲r✐❣❤t ✭✷✵✵✵✮ ▲▼ st❛t✐st✐❝✳ ❚❤❡ t❡st st❛t✐st✐❝s r❡❥❡❝t t❤❡ ♥✉❧❧ ❤②♣♦t❤❡s✐s t❤❛t t❤❡ ❡①❝❧✉❞❡❞

✐♥str✉♠❡♥ts ❛r❡ ❥♦✐♥t❧② ❡q✉❛❧ t♦ ③❡r♦✳✶✹

✹✳✷ ❈❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts ❛♥❞ s❦✐❧❧ ♣r❡♠✐✉♠

❲❡ ✜rst ♣r❡s❡♥t t❤❡ ♦r❞✐♥❛r② ❧❡❛st sq✉❛r❡s ✭❖▲❙✮ r❡s✉❧ts ❛s ❛ ❜❡♥❝❤♠❛r❦✳ ■♥ ❈♦❧✉♠♥ ✭✶✮ ♦❢

❚❛❜❧❡ ✹✱ ✇❡ r❡♣♦rt ❛♥ ❖▲❙ r❡❣r❡ss✐♦♥ ✇✐t❤ t❤❡ ❝✐t②✲❧❡✈❡❧ s❦✐❧❧ ✇❛❣❡ ♣r❡♠✐✉♠ ❛s t❤❡ ❞❡♣❡♥❞❡♥t

✈❛r✐❛❜❧❡✱ ❛♥❞ ✇❡ ❝♦♥tr♦❧ ❢♦r ❝✐t② ✜①❡❞ ❡✛❡❝ts✱ ②❡❛r ✜①❡❞ ❡✛❡❝ts✱ ❛♥❞ r❡❣✐♦♥❛❧ t✐♠❡ tr❡♥❞s✳ ❚❤❡

❝♦❡✣❝✐❡♥t ♦♥ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rt ✐♥t❡♥s✐t② ✐s ♣♦s✐t✐✈❡ ❛♥❞ s✐❣♥✐✜❝❛♥t❧② ❞✐✛❡r❡♥t ❢r♦♠ ③❡r♦✱

s✉❣❣❡st✐♥❣ t❤❛t ✐♠♣♦rts ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s ❤❛✈❡ ❛ ♣♦s✐t✐✈❡ ❛♥❞ s✐❣♥✐✜❝❛♥t ❡✛❡❝t ♦♥ t❤❡ ❝✐t②✲❧❡✈❡❧

s❦✐❧❧ ♣r❡♠✐✉♠✳ ❚❤❡ ♠❛❣♥✐t✉❞❡ ♦❢ t❤❡ ❝♦❡✣❝✐❡♥t ✐s ✵✳✵✸✳

■❱ r❡❣r❡ss✐♦♥ r❡s✉❧ts ❝♦♥✜r♠ t❤❛t t❤❡ ✐♠♣♦rts ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s ❤❛✈❡ ❛ ♣♦s✐t✐✈❡ ❡✛❡❝t ♦♥ t❤❡

s❦✐❧❧ ✇❛❣❡ ♣r❡♠✐✉♠ ❛t t❤❡ ❝✐t② ❧❡✈❡❧✳ ■♥ ❈♦❧✉♠♥ ✭✷✮ ♦❢ ❚❛❜❧❡ ✹✱ ✇❡ r❡♣♦rt t❤❡ ✷❙▲❙ r❡s✉❧ts✳

❚❤❡ ❝♦❡✣❝✐❡♥t ♦♥ t❤❡ ✐♠♣♦rt❡❞ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♥t❡♥s✐t② ✈❛r✐❛❜❧❡ ✐s ♣♦s✐t✐✈❡ ❛♥❞ s✐❣♥✐✜❝❛♥t❧②

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

♦♥ t❤❡ ❝✐t②✲❧❡✈❡❧ s❦✐❧❧ ✇❛❣❡ ♣r❡♠✐✉♠✳ ▼♦r❡♦✈❡r✱ t❤❡ ❝♦❡✣❝✐❡♥t ♦❢ t❤❡ ■❱ ❡st✐♠❛t❡ ✐s ♠✉❝❤

❧❛r❣❡r t❤❛♥ t❤❡ ❖▲❙ ❡st✐♠❛t❡✱ s✉❣❣❡st✐♥❣ t❤❛t t❤❡ ❖▲❙ ❡st✐♠❛t❡ ✐s ❞♦✇♥✇❛r❞✲❜✐❛s❡❞✳

❚❤❡ ♣♦✐♥t ❡st✐♠❛t❡ ♦❢ ✵✳✷✶ ✐s ❛❧s♦ q✉✐t❡ ❧❛r❣❡ ❡❝♦♥♦♠✐❝❛❧❧②✳ ❚❤✐s ♠❡❛♥s ✇❤❡♥ ✐♠♣♦rt❡❞

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

✶✹ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts✳ P✉tt✐♥❣ t❤✐s ✐♥t♦ ❝♦♥t❡①t✱ ❝♦♥s✐❞❡r✐♥❣ ❛ ❝✐t② ❛t t❤❡ ✷✺t❤ ♣❡r❝❡♥t✐❧❡ ♦❢

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

✶✹❲❤✐❧❡ t❤❡ ❈r❛❣❣✲❉♦♥❛❧❞ ❲❛❧❞ ❋ st❛t✐st✐❝ ❤❛s ❝r✐t✐❝❛❧ ✈❛❧✉❡s t❛❜✉❧❛t❡❞ ❜② ❙t♦❝❦ ❛♥❞ ❨♦❣♦ ✭✷✵✵✺✮✱ t❤❡
❑❧❡✐❜❡r❣❡♥ ❛♥❞ P❛❛♣ ❲❛❧❞ ❋ st❛t✐st✐❝ ❞♦❡s ♥♦t ❤❛✈❡ ❝♦rr❡s♣♦♥❞✐♥❣ ❝r✐t✐❝❛❧ ✈❛❧✉❡s✳ ❆ ❝♦♠♠♦♥ ♣r❛❝t✐❝❡ ✐s t♦
✉s❡ t❤❡ ❙t♦❝❦✲❨♦❣♦ ❝r✐t✐❝❛❧ ✈❛❧✉❡s ❛s ❜❡♥❝❤♠❛r❦s ❢♦r ❜♦t❤ ♦❢ t❤❡ t✇♦ t❡sts✳
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✭✭✵✳✷✾✕✵✳✵✹✮✯✵✳✷✶✮ ♦r ✵✳✸✽ ♦❢ ❛ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ✭✭✵✳✷✾✕✵✳✵✹✮✯✵✳✷✶✴✵✳✶✹✮ ✐❢ ✐ts ✐♠♣♦rt ✐♥t❡♥s✐t②

✐♥❝r❡❛s❡s t♦ t❤❡ ❧❡✈❡❧ ♦❢ ❛ ❝✐t② ❛t t❤❡ ✼✺t❤ ♣❡r❝❡♥t✐❧❡✳ ❚❤✐s ✜♥❞✐♥❣ ✐s ❝♦♥s✐st❡♥t ✇✐t❤ ❛ ❝r♦ss✲

❝♦✉♥tr② st✉❞② ❜② ❘❛✈❡❤ ❛♥❞ ❘❡s❤❡❢ ✭✷✵✶✻✮✱ ✇❤♦ ✜♥❞s t❤❛t ❛♥ ✐♥❝r❡❛s❡ ✐♥ s❦✐❧❧✲❝♦♠♣❧❡♠❡♥t❛r②

❝❛♣✐t❛❧ ❣♦♦❞s ❢r♦♠ t❤❡ ✷✺t❤ t♦ t❤❡ ✼✺t❤ ♣❡r❝❡♥t✐❧❡ ❝♦✉❧❞ ❡①♣❧❛✐♥ ❛❜♦✉t t✇♦✲t❤✐r❞s ♦❢ t❤❡ ✐♥t❡r✲

q✉❛rt✐❧❡ r✐s❡ ✐♥ t❤❡ s❦✐❧❧ ♣r❡♠✐✉♠✳

❖♥❡ ❝♦♥❝❡r♥ ✇✐t❤ t❤❡ s✐♠♣❧❡ r❡❣r❡ss✐♦♥ r❡♣♦rt❡❞ ✐♥ ❈♦❧✉♠♥ ✭✷✮ ✐s t❤❛t t❤❡ ✐♠♣♦rt❡❞ ❝❛♣✲

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

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

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

t❤❡ ♦♥❡ ❤❛♥❞✱ ❛s ✇❡ ❞✐s❝✉ss❡❞ ❜❡❢♦r❡✱ ✐❢ ❛ ❝✐t② s♣❡❝✐❛❧✐③❡s ✐♥ ❡①♣♦rt✐♥❣ ❧❛❜♦r✲✐♥t❡♥s✐✈❡ ❣♦♦❞s✱

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

❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ ❛s s❤♦✇♥ ✐♥ ❱❡r❤♦♦❣❡♥ ✭✷✵✵✽✮❀ ❇✉st♦s ✭✷✵✶✶❛✮✱ ❢♦r❡✐❣♥ ♠❛r❦❡ts ♠❛② ❜❡

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

t❤❡ ❞❡♠❛♥❞ ❢♦r s❦✐❧❧❡❞ ✇♦r❦❡rs✳

❈♦♥tr♦❧❧✐♥❣ ❢♦r t❤❡ ❡✛❡❝t ♦❢ ❡①♣♦rts ✐♥ t❤❡ s❦✐❧❧ ♣r❡♠✐✉♠ r❡❣r❡ss✐♦♥s✱ ✇❡ ✜♥❞ t❤❛t ♦✉r r❡s✉❧t

❢♦r t❤❡ ✐♠♣❛❝t ♦❢ ✐♠♣♦rt❡❞ ❝❛♣✐t❛❧ ❣♦♦❞s ❞♦❡s ♥♦t ❝❤❛♥❣❡ ♠✉❝❤✳ ■♥ ❈♦❧✉♠♥ ✭✸✮✱ ✇❡ ❛✉❣♠❡♥t t❤❡

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

✉s✐♥❣ ❛♥ ❡①♣♦rt✲✇❡✐❣❤t❡❞ ❡①❝❤❛♥❣❡ r❛t❡✳ ❚❤❡ ❡st✐♠❛t❡❞ ❡✛❡❝t ♦♥ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts ❞♦❡s

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

♦❢ ❡①♣♦rts ❤❛✈✐♥❣ ❛ s❡♣❛r❛t❡ ✐♠♣❛❝t ♦♥ t❤❡ s❦✐❧❧ ✇❛❣❡ ♣r❡♠✐✉♠ ✐♥ ❈❤✐♥❛✱ ❛s t❤❡ ❝♦❡✣❝✐❡♥t ♦❢

❡①♣♦rts ✐s ♥♦t ♣r❡❝✐s❡❧② ❡st✐♠❛t❡❞✳

❆♥♦t❤❡r ❝♦♥❝❡r♥ ✐s t❤❛t t❤❡ ❡①❝❤❛♥❣❡ r❛t❡ ♠♦✈❡♠❡♥t ♠❛② ❛❧s♦ ❛✛❡❝t t❤❡ ✐♠♣♦rts ♦❢ ✐♥t❡r✲

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

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

✇♦r❦ ✇✐t❤ t❤❡♠ ❛♥❞✱ t❤❡r❡❢♦r❡✱ ✐♠♣♦rt❡❞ ✐♥t❡r♠❡❞✐❛t❡ ❣♦♦❞s ♠❛② ❤❛✈❡ ❛ ♣♦s✐t✐✈❡ ❡✛❡❝t ♦♥ t❤❡

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

♣r♦❜❧❡♠ ♦❢ ♠✉❧t✐✲❝♦❧❧✐♥❡❛r✐t②✳ ❙♦ ✇❡ s✉♠ ✉♣ ❡①♣♦rts ❛♥❞ ♥♦♥✲❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts ✭r❡❧❛t✐✈❡

t♦ ●❘P✮ ❛s ❛ ❣❡♥❡r❛❧ ❝♦♥tr♦❧ ❢♦r ♦♣❡♥♥❡ss ❛♥❞ t❤❡♥ ❝♦♥str✉❝t ❛♥ ❛♣♣r♦♣r✐❛t❡ ❡①❝❤❛♥❣❡ r❛t❡s
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✐♥str✉♠❡♥t ❛❝❝♦r❞✐♥❣❧②✳ ❆s s❤♦✇♥ ✐♥ ❈♦❧✉♠♥ ✭✹✮✱ t❤❡ r❡s✉❧t ✐s ❡ss❡♥t✐❛❧❧② ✉♥❝❤❛♥❣❡❞✳

❚❤❡ ❝❛♣✐t❛❧✲❣♦♦❞s✲✐♠♣♦rt✲✇❡✐❣❤t❡❞ ❡①❝❤❛♥❣❡ r❛t❡ ♠❛② ❛❧s♦ ❜❡ ❝♦rr❡❧❛t❡❞ ✇✐t❤ ❢♦r❡✐❣♥ ❞✐r❡❝t

✐♥✈❡st♠❡♥t ✭❋❉■✮✱ ✇❤✐❝❤ ♠❛② ❛❧s♦ ❛✛❡❝t t❤❡ s❦✐❧❧ ♣r❡♠✐✉♠✳ ❋♦r ❡①❛♠♣❧❡✱ ❢♦r❡✐❣♥ ♠✉❧t✐♥❛t✐♦♥❛❧s

♠❛② ✐♥✈❡st ♠♦r❡ ✐♥ s❦✐❧❧✲✐♥t❡♥s✐✈❡ s❡❝t♦rs ❛♥❞ ❢❛✈♦r s❦✐❧❧❡❞ ✇♦r❦❡rs ❛t t❤❡ s❛♠❡ t✐♠❡✳✶✺ ■♥ t❤✐s

❡①❛♠♣❧❡✱ ❋❉■ ❥✉st ♣r♦✈✐❞❡s ✉s ✇✐t❤ ❛ ❝❤❛♥♥❡❧ ♦❢ ❤♦✇ ✐♠♣♦rt❡❞ ❝❛♣✐t❛❧ ❣♦♦❞s ❤❛✈❡ ❛✛❡❝t❡❞ t❤❡

s❦✐❧❧ ✇❛❣❡ ♣r❡♠✐✉♠✳ ◆❡✈❡rt❤❡❧❡ss✱ t♦ t❡st ✇❤❡t❤❡r ❋❉■ ❤❛s ❛♥ ❛❞❞✐t✐♦♥❛❧ ✐♠♣❛❝t ♦♥ t❤❡ s❦✐❧❧

✇❛❣❡ ♣r❡♠✐✉♠✱ ✐♥ ❈♦❧✉♠♥ ✭✺✮✱ ✇❡ ❢✉rt❤❡r ❝♦♥tr♦❧ ❢♦r ♣r♦✈✐♥❝✐❛❧ ❋❉■ st♦❝❦ r❡❧❛t✐✈❡ t♦ ✐ts t♦t❛❧

✈❛❧✉❡ ❛❞❞❡❞ ✭❣r♦ss r❡❣✐♦♥❛❧ ♣r♦❞✉❝t✐♦♥✱ ●❘P✮✳✶✻ ❆❣❛✐♥✱ t❤❡ ✐♠♣❛❝t ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts

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

■♥ ❛❞❞✐t✐♦♥✱ ✇❡ ❛❧s♦ ❝♦♥❞✉❝t t✇♦ ♦t❤❡r r♦❜✉st♥❡ss ❝❤❡❝❦s✳ ❋✐rst✱ ✇❡ ❡①♣❡❝t ❝❛♣✐t❛❧ ❣♦♦❞s

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

❢r♦♠ ♦t❤❡r ❝♦✉♥tr✐❡s ❜❡❝❛✉s❡ ♠♦st t❡❝❤♥♦❧♦❣✐❝❛❧ ❝❤❛♥❣❡s ❤❛♣♣❡♥ ✐♥ t❤❡s❡ ❝♦✉♥tr✐❡s ✭❊❛t♦♥ ❛♥❞

❑♦rt✉♠✱ ✷✵✵✶✮✳ ❚❛❜❧❡ ✺ ❝♦♥✜r♠s t❤✐s ♣r❡❞✐❝t✐♦♥✳ ❲❡ ❢♦❝✉s ♦♥ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rt❡❞ ❢r♦♠ t❤❡

s❡✈❡♥ ♠♦st ❛❞✈❛♥❝❡❞ ❝♦✉♥tr✐❡s✱ ✐♥❝❧✉❞✐♥❣ ❋r❛♥❝❡✱ ●❡r♠❛♥②✱ ■t❛❧②✱ ❏❛♣❛♥✱ ❑♦r❡❛✱ t❤❡ ❯♥✐t❡❞

❑✐♥❣❞♦♠✱ ❛♥❞ t❤❡ ❯♥✐t❡❞ ❙t❛t❡s✳ ❆s ❡①♣❡❝t❡❞✱ t❤❡ ✐♠♣❛❝t ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts ❢r♦♠

t❤❡s❡ ❝♦✉♥tr✐❡s ✐s s✉❜st❛♥t✐❛❧❧② ❧❛r❣❡r t❤❛♥ t❤❡ ✐♠♣❛❝t ♦❢ t❤♦s❡ ❢r♦♠ ❛♥ ❛✈❡r❛❣❡ ❝♦✉♥tr②✳ ▼♦r❡

s♣❡❝✐✜❝❛❧❧②✱ ❛ ✶✵ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥t ✐♥❝r❡❛s❡ ✐♥ t❤❡ ✐♠♣♦rt ✐♥t❡♥s✐t② ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s ❝❛♥ ✐♥❝r❡❛s❡

t❤❡ s❦✐❧❧ ♣r❡♠✐✉♠ ❜② ✸✳✽ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ✭❝♦❧✉♠♥s ✶ ✫ ✷✮✳

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

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

♦t❤❡r ♦♠✐tt❡❞ ✈❛r✐❛❜❧❡s✳ ❚❤✐s ❛ss✉♠♣t✐♦♥ ❤❡❧❞ ❢♦r ♥♦♥✲❯❙❉ ❝✉rr❡♥❝✐❡s ✭♦r ❡q✉✐✈❛❧❡♥ts✮ ❢♦r t❤❡

♣❡r✐♦❞ ❜❡❢♦r❡ ✷✵✵✺ ✇❤❡♥ ❘▼❇ ✇❛s ♣❡❣❣❡❞ t♦ t❤❡ ❯✳❙✳ ❞♦❧❧❛r✳ ❉✉r✐♥❣ t❤❛t ♣❡r✐♦❞✱ t❤❡ ❜✐❧❛t❡r❛❧

❡①❝❤❛♥❣❡ r❛t❡ ❝❤❛♥❣❡s ❜❡t✇❡❡♥ ❘▼❇ ❛♥❞ ♥♦♥✲❯❙❉ ❝✉rr❡♥❝✐❡s ❛❝t✉❛❧❧② r❡✢❡❝t t❤❡ ❡①❝❤❛♥❣❡

r❛t❡ ❝❤❛♥❣❡s ♦❢ t❤❡s❡ ❝♦✉♥tr✐❡s✬ ❝✉rr❡♥❝✐❡s ❛❣❛✐♥st t❤❡ ❯❙ ❞♦❧❧❛r✱ ✇❤✐❝❤ ✐s ❡①♦❣❡♥♦✉s t♦ t❤❡

❈❤✐♥❡s❡ ❧♦❝❛❧ ❧❛❜♦r ♠❛r❦❡t✳ ❯s✐♥❣ t❤❡ ♣r❡✲✷✵✵✺ s❛♠♣❧❡ ❛♥❞ ❡①❝❧✉❞✐♥❣ t❤❡ ❯♥✐t❡❞ ❙t❛t❡s ❛s

✶✺❚❤❡ ♦✛s❤♦r✐♥❣ ♠♦❞❡❧ ❜② ❋❡❡♥str❛ ❛♥❞ ❍❛♥s♦♥ ✭✶✾✾✻✱ ✶✾✾✼✱ ✶✾✾✾✮✱ ❢♦r ❡①❛♠♣❧❡✱ s❤♦✇s t❤❛t ✜r♠s ✐♥ ❞❡✈❡❧✲
♦♣❡❞ ❝♦✉♥tr✐❡s t❡♥❞ t♦ ♦✛s❤♦r❡ t❤❡✐r ❧❡ss s❦✐❧❧✲✐♥t❡♥s✐✈❡ ♣r♦❞✉❝t✐♦♥ ♦r ❛❝t✐✈✐t✐❡s t♦ ❞❡✈❡❧♦♣✐♥❣ ❝♦✉♥tr✐❡s✳ ❚❤♦s❡
❛❝t✐✈✐t✐❡s✱ ❤♦✇❡✈❡r✱ ❛r❡ ♠♦r❡ s❦✐❧❧✲✐♥t❡♥s✐✈❡ t❤❛♥ t❤❡ ❧♦❝❛❧ ❛❝t✐✈✐t✐❡s ♦r t❛s❦s✳ ❚❤✉s ♦✛s❤♦r✐♥❣ ❧❡❛❞s t♦ ❤✐❣❤❡r
s❦✐❧❧ ♣r❡♠✐✉♠ ✐♥ ❜♦t❤ ❤♦♠❡ ❛♥❞ ❤♦st ❝♦✉♥tr✐❡s✳

✶✻❯♥❢♦rt✉♥❛t❡❧②✱ ❞✉❡ t♦ ❞❛t❛ ❧✐♠✐t❛t✐♦♥s✱ ✇❡ ❞♦ ♥♦t ❤❛✈❡ ❛❝❝❡ss t♦ ❋❉■ ❞❛t❛ ❛t t❤❡ ❝✐t② ❧❡✈❡❧✳ ❲❡ ❛❧s♦ ❞♦
♥♦t ❤❛✈❡ ❞❛t❛ ❛t t❤❡ ♣r♦✈✐♥❝❡✲❝♦✉♥tr② ❧❡✈❡❧ t♦ ❝♦♥str✉❝t ❝♦rr❡s♣♦♥❞✐♥❣ ✐♥str✉♠❡♥ts✳

✶✺



t❤❡ ✐♠♣♦rt ♦r✐❣✐♥s✱ ✇❡ ✜♥❞ t❤❡ ♠❛✐♥ r❡❣r❡ss✐♦♥ r❡s✉❧ts ❞♦ ♥♦t ❝❤❛♥❣❡ q✉❛❧✐t❛t✐✈❡❧② ✭❚❛❜❧❡ ✻✮✳

✺ ▼❡❝❤❛♥✐s♠

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

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

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

❡✈✐❞❡♥❝❡ t❤❛t s❦✐❧❧ ❛♥❞ ✐♠♣♦rts ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s ❛r❡ ❝♦♠♣❧❡♠❡♥t❛r②✳

✺✳✶ ❚❤❡ ✇❛❣❡ ♣r❡♠✐✉♠ ♦❢ ♦♣❡r❛t✐♥❣ ✐♠♣♦rt❡❞ ♠❛❝❤✐♥❡s

❋✐rst✱ ✇❡ ❡♠♣❧♦② t❤❡ ❈❤✐♥❛ ❊♠♣❧♦②❡r✲❊♠♣❧♦②❡❡ ❙✉r✈❡② ✭❈❊❊❙✮✱ ✇❤✐❝❤ ✐♥t❡r✈✐❡✇❡❞ ✇♦r❦❡rs

❛♥❞ ❡♠♣❧♦②❡rs ❢r♦♠ ✺✵✵ ♠❛♥✉❢❛❝t✉r✐♥❣ ✜r♠s ✐♥ ●✉❛♥❣❞♦♥❣ ♣r♦✈✐♥❝❡ ✐♥ ✷✵✶✺✳ ❚❤❡ ❛❞✈❛♥t❛❣❡

♦❢ ✉s✐♥❣ ❈❊❊❙ ✐s t❤❛t ✐t r❡❝♦r❞s ✐♥❞✐✈✐❞✉❛❧ ✇♦r❦❡rs✬ ❥♦❜ r❡s♣♦♥s✐❜✐❧✐t✐❡s ✇✐t❤✐♥ ❡❛❝❤ ✜r♠✱ t❤✉s

❛❧❧♦✇✐♥❣ ✉s t♦ ❡st✐♠❛t❡ ✇✐t❤✐♥✲✜r♠ ✇❛❣❡ ✐♥❡q✉❛❧✐t② ❜② ❝♦♥tr♦❧❧✐♥❣ ❢♦r ✜r♠ ✜①❡❞ ❡✛❡❝ts✳ ■♥

♣❛rt✐❝✉❧❛r✱ ❜❡s✐❞❡s t❤❡✐r ❡❞✉❝❛t✐♦♥ ❧❡✈❡❧✱ t❤❡ ❈❊❊❙ ❛s❦❡❞ ❛❜♦✉t ✇❤❡t❤❡r ❛ ✇♦r❦❡r ✐s ♦♣❡r❛t✐♥❣

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

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

❜❡ s✉❜❥❡❝t t♦ ❡♥❞♦❣❡♥♦✉s ❝♦♥❝❡r♥s✳ ❲✐t❤ t❤❡ ❛❢♦r❡♠❡♥t✐♦♥❡❞ ❢❛❝t♦rs ✐♥ ♠✐♥❞✱ ✇❡ r✉♥ t❤❡

❢♦❧❧♦✇✐♥❣ s♣❡❝✐✜❝❛t✐♦♥✿

ln (wjk) = β1Sj + β2

3
∑

g=1

Mjg +Xjδ + Zkλ+ εjk, ✭✻✮

✇❤❡r❡ wjk ❞❡♥♦t❡s t❤❡ ✇❛❣❡ r❛t❡ ❢♦r ✇♦r❦❡r j ✐♥ ✜r♠ k✱ ❛♥❞ Sj ✐s ❛♥ ✐♥❞✐❝❛t♦r ✇❤✐❝❤ ❡q✉❛❧s ✶ ✐❢

t❤❡ ✇♦r❦❡r ❤❛s ❛ ❝♦❧❧❡❣❡ ❞❡❣r❡❡ ♦r ❛❜♦✈❡ ❛♥❞ ✵ ♦t❤❡r✇✐s❡✳
∑

3

g=1Mjg ❝♦♥t❛✐♥s ❛ s❡t ♦❢ ✐♥❞✐❝❛t♦rs✿

Mj1 ✐♥❞✐❝❛t❡s ✇❤❡t❤❡r t❤❡ ✇♦r❦❡r ✐s ❛♥ ♦♣❡r❛t♦r ♦❢ ✐♠♣♦rt❡❞ ♠❛❝❤✐♥❡r②✱ Mj2 ✐♥❞✐❝❛t❡s ✇❤❡t❤❡r

t❤❡ ✇♦r❦❡r ✐s ❛♥ ♦♣❡r❛t♦r ♦❢ ❞♦♠❡st✐❝ ♠❛❝❤✐♥❡r②✱ ❛♥❞ Mj3 ✐♥❞✐❝❛t❡s ✇❤❡t❤❡r t❤❡ ✇♦r❦❡r ✉s❡s ❛

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

✇♦r❦✐♥❣ ❡①♣❡r✐❡♥❝❡✱ ❛♥❞ ✐ts sq✉❛r❡❞ t❡r♠✳ Zk ❝♦♥tr♦❧s ❢♦r ✜r♠ ♦✇♥❡rs❤✐♣ ✭st❛t❡✱ ❝♦❧❧❡❝t✐✈❡ ♦r

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

✶✻



✜r♠✲❧❡✈❡❧ ❢❛❝t♦rs t❤❛t ♠❛② ❛✛❡❝t ✇♦r❦❡rs✬ ✇❛❣❡s✳ ❆❧❧ r❡❣r❡ss✐♦♥s ❛r❡ ✇❡✐❣❤t❡❞ ❜② t❤❡ ✐♥✈❡rs❡

♦❢ t❤❡ s❛♠♣❧✐♥❣ ♣r♦❜❛❜✐❧✐t②✳✶✼

❚❛❜❧❡ ✼ ♣r❡s❡♥ts t❤❡ r❡s✉❧ts✳ ❲❡ ✜rst t❡st ✐♥ ❈♦❧✉♠♥ ✭✶✮ ✇♦r❦❡rs✬ ❝♦❧❧❡❣❡ ♣r❡♠✐✉♠ ❛❢t❡r

❝♦♥tr♦❧❧✐♥❣ ❢♦r ✇♦r❦❡rs✬ ❝❤❛r❛❝t❡r✐st✐❝s✱ ✐♥❝❧✉❞✐♥❣ ❣❡♥❞❡r✱ ✇♦r❦ ❡①♣❡r✐❡♥❝❡ ✭❛♥❞ ✐ts sq✉❛r❡❞

t❡r♠✮✳ ❚❤❡ r❡s✉❧t s❤♦✇s t❤❛t ❝♦❧❧❡❣❡ ✇♦r❦❡rs ❡❛r♥ ✷✾ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ♠♦r❡ t❤❛♥ ✇♦r❦❡rs

✇✐t❤♦✉t ❝♦❧❧❡❣❡ ❞❡❣r❡❡s✳ ❈♦❧✉♠♥ ✭✷✮ ❝♦♥s✐❞❡rs ♠❛❝❤✐♥❡ ♦♣❡r❛t♦rs✳ ■t s❤♦✇s t❤❛t ♦♣❡r❛t✐♥❣

❛ ❞♦♠❡st✐❝ ♠❛❝❤✐♥❡ ❞♦❡s ♥♦t r❛✐s❡ t❤❡ ♣❛②❀ ❤♦✇❡✈❡r✱ ♦♣❡r❛t✐♥❣ ❛♥ ✐♠♣♦rt❡❞ ♠❛❝❤✐♥❡ ❞♦❡s✳

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

♣r❡♠✐✉♠ ✐s ♥♦✇ ❞♦✇♥ t♦ ✷✺ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts✱ ✐♠♣❧②✐♥❣ t❤❛t ♣❛rt ✭❛❜♦✉t ✶✹✪✮ ♦❢ t❤❡ ❝♦❧❧❡❣❡

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

♦r ✉s❡ ❝♦♠♣✉t❡rs✳ ❈♦❧✉♠♥ ✭✸✮ ❢✉rt❤❡r ❝♦♥tr♦❧s ✇♦r❦❡rs✬ ♦❝❝✉♣❛t✐♦♥s✳ ❈♦❧❧❡❣❡ ♣r❡♠✐✉♠ ❞r♦♣s

❜② ❛♥♦t❤❡r ✹ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts✳ ◆♦t s✉r♣r✐s✐♥❣❧②✱ ♠❛♥❛❣❡rs✱ t❡❝❤♥✐❝✐❛♥s✱ ❛♥❞ s❛❧❡s♣❡rs♦♥s

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

s❛❧❡s♣❡rs♦♥ ♣r❡♠✐✉♠ ✐s ♥♦t st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✳ ❈♦❧✉♠♥ ✭✹✮ ❝♦♥tr♦❧s ❢♦r ✜r♠ ♦✇♥❡rs❤✐♣✳

❚❤❡ r❡s✉❧ts r❡♠❛✐♥ s✐♠✐❧❛r t♦ t❤♦s❡ ✐♥ ❈♦❧✉♠♥ ✭✸✮✳ ❋✐♥❛❧❧②✱ ✐♥ ❈♦❧✉♠♥ ✭✺✮✱ ✇❡ ✉s❡ ✜r♠ ✜①❡❞

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

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

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

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

❡❝❤♦✐♥❣ t❤❡ ✇♦r❦ ♦❢ ❑♦r❡♥ ❛♥❞ ❈s✐❧❧❛❣ ✭✷✵✶✾✮✱ ✇❤♦ ✜♥❞ t❤❛t ❍✉♥❣❛r✐❛♥ ✇♦r❦❡rs ✇❤♦ ♦♣❡r❛t❡

✐♠♣♦rt❡❞ ♠❛❝❤✐♥❡s ❡❛r♥ ♠♦r❡ t❤❛♥ ♦t❤❡r ✇♦r❦❡rs✳

❲❡ ❝❛♥ ❛❧s♦ ✉s❡ t❤❡ ❈❊❊❙ ❞❛t❛ t♦ ❡①❛♠✐♥❡ t❤❡ ❞✐✛❡r❡♥❝❡s ✐♥ ❡♠♣❧♦②♠❡♥t str✉❝t✉r❡ ❜❡t✇❡❡♥

✜r♠s t❤❛t ✐♠♣♦rt ♠❛❝❤✐♥❡s ❛♥❞ t❤♦s❡ t❤❛t ❞♦ ♥♦t✳ ❚❛❜❧❡ ✽ s❤♦✇s t❤❛t ✜r♠s t❤❛t ✐♠♣♦rt ♠♦r❡

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

♣r♦♣♦rt✐♦♥ ♦❢ ✇♦r❦❡rs ✇✐t❤ ❥✉♥✐♦r ❤✐❣❤ s❝❤♦♦❧ ❡❞✉❝❛t✐♦♥ ♦r ❧❡ss ✭❈♦❧✉♠♥ ✶✕✸✮✳ ▼❡❛♥✇❤✐❧❡✱ t❤❡②

❛❧s♦ t❡♥❞ t♦ ❤✐r❡ ♠♦r❡ t❡❝❤♥✐❝✐❛♥s ❛♥❞ ❢❡✇❡r s❛❧❡s♣❡rs♦♥ ✭❈♦❧✉♠♥ ✹✕✽✮✳

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

✶✼



✺✳✷ ■♠♣♦rt❡❞ ❝❛♣✐t❛❧ ❣♦♦❞s ❛♥❞ ✜r♠ ♣❡r❢♦r♠❛♥❝❡

❲✐❧❧ ✜r♠s t❤❛t ✐♠♣♦rt ❝❛♣✐t❛❧ ❡q✉✐♣♠❡♥t ♣❡r❢♦r♠ ❜❡tt❡r❄ ❚♦ ❛♥s✇❡r t❤✐s q✉❡st✐♦♥✱ ✇❡

♠❡r❣❡ ❛ ♥❛t✐♦♥❛❧ r❡♣r❡s❡♥t❛t✐✈❡ ✜r♠ s✉r✈❡②✱ t❤❡ ❆♥♥✉❛❧ ❙✉r✈❡② ♦❢ ■♥❞✉str✐❛❧ ❋✐r♠s ✭❆❙■❋✮✱

✇✐t❤ t❤❡ ❈❤✐♥❡s❡ ❈✉st♦♠s✬ r❡❝♦r❞ ♦❢ ✜r♠ ✐♠♣♦rts✳ ❈♦♠♣❛r❡❞ ✇✐t❤ t❤❡ ❈❊❊❙ ❞❛t❛s❡t✱ t❤❡

♠❡r❣❡❞ s❛♠♣❧❡ ♦❢ t❤❡ ❆❙■P ❞❛t❛ ❛♥❞ t❤❡ ❈✉st♦♠s✬ ❞❛t❛ ❡♥❛❜❧❡s ✉s t♦ ❡①❛♠✐♥❡ t❤❡ ❜❡t✇❡❡♥✲

✜r♠ ❞✐✛❡r❡♥❝❡s✳ ❲❡ ✜rst ✉s❡ t❤❡ ✜r♠ ❝❡♥s✉s ❞❛t❛ ✐♥ ②❡❛r ✷✵✵✹✳ ■t ♣r♦✈✐❞❡s ✐♥❢♦r♠❛t✐♦♥ ♦♥

✜r♠s✬ ❡♠♣❧♦②♠❡♥t str✉❝t✉r❡ ✭✐✳❡✳✱ t❤❡ ♥✉♠❜❡r ♦❢ ✇♦r❦❡rs ✇✐t❤ ❞✐✛❡r❡♥t ❡❞✉❝❛t✐♦♥ ❧❡✈❡❧✮ ❛♥❞

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

✾ ♣r❡s❡♥ts t❤❡ r❡s✉❧ts ✉s✐♥❣ t❤❡ ❢♦❧❧♦✇✐♥❣ s♣❡❝✐✜❝❛t✐♦♥✿

yikmt = β1Kikmt +Xikmtδ + µi + γm + γt + εikmt ✭✼✮

✇❤❡r❡ yikmt ✐♥❝❧✉❞❡s ❛ s❡t ♦❢ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡s ❢♦r ✜r♠ k ✐♥ ✐♥❞✉str② m ❛t ❝✐t② i ✐♥ ②❡❛r t✱

Kikmt ✐s t❤❡ r❛t✐♦ ♦❢ ✐♠♣♦rt❡❞ ❝❛♣✐t❛❧ ❣♦♦❞s t♦ ✐ts ❝❛♣✐t❛❧ st♦❝❦✱ Xikmt ✐s ❛ s❡t ♦❢ ✜r♠✲❧❡✈❡❧

❝♦♥tr♦❧s✱ ❛♥❞ µi ❛♥❞ γm ❛r❡ ❝✐t② ✜①❡❞ ❡✛❡❝ts ❛♥❞ ✐♥❞✉str② ✜①❡❞ ❡✛❡❝ts✱ r❡s♣❡❝t✐✈❡❧②✳ ❋♦r

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

❡✛❡❝ts ❛♥❞ ✜r♠ ✜①❡❞ ❡✛❡❝ts✳

❈♦❧✉♠♥ ✭✶✮ ♦❢ ❚❛❜❧❡ ✾ s❤♦✇s t❤❛t ✜r♠s ✇✐t❤ ♠♦r❡ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts ❤❛✈❡ ❛ ❤✐❣❤❡r

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

♦❢ t♦t❛❧ ❡♠♣❧♦②♠❡♥t✮✳ ❲❤✐❧❡ t❤❡ ❝♦❡✣❝✐❡♥t ♦♥ ✐♠♣♦rt❡❞ ✐♥♣✉t ✐♥t❡♥s✐t② ✐s ❛❧s♦ ♣♦s✐t✐✈❡✱ t❤❡

❡✛❡❝t ✐s ♠♦r❡ ♣r♦♥♦✉♥❝❡❞ ❢♦r ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts✳ ❊①♣♦rt ✐♥t❡♥s✐t②✱ ❤♦✇❡✈❡r✱ ❤❛s ❛ ♥❡❣❛t✐✈❡

❛ss♦❝✐❛t✐♦♥ ✇✐t❤ t❤❡ s❤❛r❡ ♦❢ ❝♦❧❧❡❣❡ ✇♦r❦❡rs✱ ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ♦❜s❡r✈❛t✐♦♥ t❤❛t ❈❤✐♥❡s❡

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

❈♦❧✉♠♥ ✭✷✮ s❤♦✇s t❤❛t ✜r♠s t❤❛t ✉s❡ ✐♠♣♦rt❡❞ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rt❡rs ❛❧s♦ ✉s❡ ♠♦r❡

❝♦♠♣✉t❡rs✳ ▼♦r❡ s♣❡❝✐✜❝❛❧❧②✱ ❛♥ ✐♥❝r❡❛s❡ ♦❢ ❝❛♣✐t❛❧ ✐♠♣♦rt ✐♥t❡♥s✐t② ❜② ✶✵ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts

✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ✶✳✽ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥t ✐♥❝r❡❛s❡ ✐♥ ❝♦♠♣✉t❡r ✉s❡ ♣❡r ✇♦r❦❡r✱ ❛s s❤♦✇♥ ✐♥

❈♦❧✉♠♥ ✭✷✮ ✇✐t❤ ❞❛t❛ ❢r♦♠ ✷✵✵✹✳ ❆ ❧❛r❣❡ ❜♦❞② ♦❢ t❤❡ ❧✐t❡r❛t✉r❡ ❤❛s ❡①❛♠✐♥❡❞ ❤♦✇ t❤❡

❝♦♠♣✉t❡r✐③❛t✐♦♥ ♦❢ ❯✳❙✳ ✜r♠s r❡✢❡❝ts s❦✐❧❧✲❜✐❛s❡❞ t❡❝❤♥♦❧♦❣② ❝❤❛♥❣❡ ✭❇❡r♠❛♥✱ ❇♦✉♥❞ ❛♥❞

✶✽



●r✐❧✐❝❤❡s✱ ✶✾✾✹❀ ❆✉t♦r✱ ▲❡✈② ❛♥❞ ▼✉r♥❛♥❡✱ ✷✵✵✸✮✳ ❚❤❡ ❢✉♥❞✐♥❣s ✐♥ ❈♦❧✉♠♥ ✭✷✮ ❝♦♥✜r♠ t❤❡

s❦✐❧❧ ❝♦♠♣❧❡♠❡♥t❛r✐t② ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts✳

■♥ ❈♦❧✉♠♥ ✭✸✮ ❛♥❞ ✭✹✮✱ ✇❡ ❡①♣❛♥❞ t❤❡ s❛♠♣❧❡ t♦ ❝♦✈❡r t❤❡ ♣❡r✐♦❞ ❜❡t✇❡❡♥ ✷✵✵✵ ❛♥❞ ✷✵✵✼✳

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

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

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

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

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

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

▼❛✐tr❛ ❛♥❞ ❨✉ ✭✷✵✶✻✮✳

■♥ ❛❧❧ s♣❡❝✐✜❝❛t✐♦♥s ♦❢ ❚❛❜❧❡ ✾✱ ✇❡ ❝♦♥tr♦❧ ❢♦r ✜r♠ s✐③❡ ✉s✐♥❣ t♦t❛❧ ❡♠♣❧♦②♠❡♥t ❝✐t② ✜①❡❞

❡✛❡❝t✱ ❛♥❞ ✐♥❞✉str② ✜①❡❞ ❡✛❡❝ts ❢❛❝t♦rs✳ ❆❧t❤♦✉❣❤ ✇❡ ❝❛♥♥♦t r✉❧❡ ♦✉t t❤❡ ♣♦ss✐❜✐❧✐t② ♦❢ ❡♥❞♦✲

❣❡♥❡✐t② ✐♥ t❤❡ ❖▲❙ r❡❣r❡ss✐♦♥s✱ t❤❡ r❡s✉❧ts ✐♥❞✐❝❛t❡ t❤❛t ✐♠♣♦rt❡❞ ❝❛♣✐t❛❧ ❣♦♦❞s ❛r❡ s❦✐❧❧✲❜✐❛s❡❞

❛♥❞ t❤✉s ✐♥❝r❡❛s❡ ❞❡♠❛♥❞ ❢♦r s❦✐❧❧s✳

✻ ❈♦♥❝❧✉s✐♦♥

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

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

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

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

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

❝✐t② ❛t t❤❡ ✼✺t❤ ♣❡r❝❡♥t✐❧❡ ♦❢ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ ❝❛♣✐t❛❧ ❣♦♦❞s ✐♠♣♦rts ❤❛s ❛ s❦✐❧❧ ♣r❡♠✐✉♠ ✺

♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ❤✐❣❤❡r t❤❛♥ ❛ ❝✐t② ❛t t❤❡ ✷✺t❤ ♣❡r❝❡♥t✐❧❡✳ ❋✉rt❤❡r♠♦r❡✱ ✜r♠✲❧❡✈❡❧ ❡✈✐❞❡♥❝❡

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

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

❛♥❞ ❤❛✈❡ ❤✐❣❤❡r ❧❛❜♦r ♣r♦❞✉❝t✐✈✐t②✳

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

✐③❛t✐♦♥ ♦♥ ✇❛❣❡ ✐♥❡q✉❛❧✐t②✳ ❲❤✐❧❡ ♦✉r ❢♦❝✉s ❤❛s ❜❡❡♥ ♦♥ ❈❤✐♥❛✱ t❤❡ ❡①✐st✐♥❣ ❧✐t❡r❛t✉r❡ s✉❣❣❡sts

✶✾



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

❞❡✈❡❧♦♣✐♥❣ ❝♦✉♥tr✐❡s✳

✷✵



❘❡❢❡r❡♥❝❡s

❆❝❡♠♦❣❧✉✱ ❉❛r♦♥✳ ✶✾✾✽✳ ✏❲❤② ❉♦ ◆❡✇ ❚❡❝❤♥♦❧♦❣✐❡s ❈♦♠♣❧❡♠❡♥t ❙❦✐❧❧s❄ ❉✐r❡❝t❡❞ ❚❡❝❤♥✐✲

❝❛❧ ❈❤❛♥❣❡ ❛♥❞ ❲❛❣❡ ■♥❡q✉❛❧✐t②✳✑ ❚❤❡ ◗✉❛rt❡r❧② ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝s✱ ✶✶✸✭✹✮✿ ✶✵✺✺✕✶✵✽✾✳

❆❝❡♠♦❣❧✉✱ ❉❛r♦♥✳ ✷✵✵✸✳ ✏P❛tt❡r♥s ♦❢ s❦✐❧❧ ♣r❡♠✐❛✳✑ ❘❡✈✐❡✇ ♦❢ ❊❝♦♥♦♠✐❝ ❙t✉❞✐❡s✱ ✼✵✭✷✮✿ ✶✾✾✕

✷✸✵✳

❆❝❡♠♦❣❧✉✱ ❉❛r♦♥✱ ●✐♥♦ ●❛♥❝✐❛✱ ❛♥❞ ❋❛❜r✐③✐♦ ❩✐❧✐❜♦tt✐✳ ✷✵✶✺✳ ✏❖✛s❤♦r✐♥❣ ❛♥❞ ❞✐r❡❝t❡❞

t❡❝❤♥✐❝❛❧ ❝❤❛♥❣❡✳✑ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❏♦✉r♥❛❧✿ ▼❛❝r♦❡❝♦♥♦♠✐❝s✱ ✼✭✸✮✿ ✽✹✕✶✷✷✳

❆❧❢❛r♦✱ ▲❛✉r❛✱ ❈ ❆❧❡❥❛♥❞r♦✱ ❍❛r❛❧❞ ❋❛❞✐♥❣❡r✱ ❛♥❞ ❨❛♥♣✐♥❣ ▲✐✉✳ ✷✵✶✼✳ ✏❚❤❡ ❘❡❛❧

❊①❝❤❛♥❣❡ ❘❛t❡✱ ■♥♥♦✈❛t✐♦♥ ❛♥❞ Pr♦❞✉❝t✐✈✐t②✿ ❆ ❈r♦ss✲❝♦✉♥tr② ❋✐r♠✲❧❡✈❡❧ ❆♥❛❧②s✐s✳✑ ♠✐♠❡♦✳

❆♥❞❡rs♦♥✱ ❚❤❡♦❞♦r❡ ❲✱ ❛♥❞ ❍❡r♠❛♥ ❘✉❜✐♥✳ ✶✾✹✾✳ ✏❊st✐♠❛t✐♦♥ ♦❢ t❤❡ P❛r❛♠❡t❡rs ♦❢ ❛

❙✐♥❣❧❡ ❊q✉❛t✐♦♥ ✐♥ ❛ ❈♦♠♣❧❡t❡ ❙②st❡♠ ♦❢ ❙t♦❝❤❛st✐❝ ❊q✉❛t✐♦♥s✳✑ ❚❤❡ ❆♥♥❛❧s ♦❢ ▼❛t❤❡♠❛t✐❝❛❧

❙t❛t✐st✐❝s✱ ✷✵✭✶✮✿ ✹✻✕✻✸✳

❆tt❛♥❛s✐♦✱ ❖r❛③✐♦✱ P✐♥❡❧♦♣✐ ❑✳ ●♦❧❞❜❡r❣✱ ❛♥❞ ◆✐♥❛ P❛✈❝♥✐❦✳ ✷✵✵✹✳ ✏❚r❛❞❡ ❘❡❢♦r♠s

❛♥❞ ❲❛❣❡ ■♥❡q✉❛❧✐t② ✐♥ ❈♦❧♦♠❜✐❛✳✑ ❏♦✉r♥❛❧ ♦❢ ❉❡✈❡❧♦♣♠❡♥t ❊❝♦♥♦♠✐❝s✱ ✼✹✭✷✮✿ ✸✸✶✕✸✻✻✳

❆✉t♦r✱ ❉❛✈✐❞✱ ❉❛✈✐❞ ❉♦r♥✱ ●♦r❞♦♥ ❍❛♥s♦♥✱ ●❛r② P✐s❛♥♦✱ ❛♥❞ P✐❛♥ ❙❤✉✳ ✷✵✶✼✳

✏❋♦r❡✐❣♥ ❈♦♠♣❡t✐t✐♦♥ ❛♥❞ ❉♦♠❡st✐❝ ■♥♥♦✈❛t✐♦♥✿ ❊✈✐❞❡♥❝❡ ❢r♦♠ ❯✳❙✳ P❛t❡♥ts✳✑

❆✉t♦r✱ ❉❛✈✐❞ ❍✱ ❋✳ ▲❡✈②✱ ❛♥❞ ❘✳❏✳ ❏ ▼✉r♥❛♥❡✳ ✷✵✵✸✳ ✏❚❤❡ ❙❦✐❧❧ ❈♦♥t❡♥t ♦❢ ❘❡❝❡♥t ❚❡❝❤✲

♥♦❧♦❣✐❝❛❧ ❈❤❛♥❣❡✿ ❆♥ ❡♠♣✐r✐❝❛❧ ❡①♣❧♦r❛t✐♦♥✳✑ ◗✉❛rt❡r❧② ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝s✱ ✶✶✽✭✹✮✿ ✶✷✼✾✕

✶✸✸✸✳

❇❛st♦s✱ P❛✉❧♦✱ ❏♦❛♥❛ ❙✐❧✈❛✱ ❛♥❞ ❊r✐❝ ❱❡r❤♦♦❣❡♥✳ ✷✵✶✽✳ ✏❊①♣♦rt ❉❡st✐♥❛t✐♦♥s ❛♥❞ ■♥♣✉t

Pr✐❝❡s✳✑ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇✱ ✶✵✽✭✷✮✿ ✸✺✸✕✸✾✷✳

❇❡❦♠❛♥✱ ❊❧✐✱ ❏♦❤♥ ❇♦✉♥❞✱ ❛♥❞ ❙t❡♣❤❡♥ ▼❛❝❤✐♥✳ ✶✾✾✽✳ ✏■♠♣❧✐❝❛t✐♦♥s ♦❢ ❙❦✐❧❧✲❜✐❛s❡❞

❚❡❝❤♥♦❧♦❣✐❝❛❧ ❈❤❛♥❣❡✿ ■♥t❡r♥❛t✐♦♥❛❧ ❊✈✐❞❡♥❝❡✳✑ ❚❤❡ ◗✉❛rt❡r❧② ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝s✱

✶✶✸✭✹✮✿ ✶✷✹✺✕✶✷✼✾✳
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❇❡r♠❛♥✱ ❊❧✐✱ ❏♦❤♥ ❇♦✉♥❞✱ ❛♥❞ ❩✈✐ ●r✐❧✐❝❤❡s✳ ✶✾✾✹✳ ✏❈❤❛♥❣❡s ✐♥ t❤❡ ❉❡♠❛♥❞ ❢♦r ❙❦✐❧❧❡❞

▲❛❜♦r ✇✐t❤✐♥ ❯❙ ▼❛♥✉❢❛❝t✉r✐♥❣✿ ❊✈✐❞❡♥❝❡ ❢r♦♠ t❤❡ ❆♥♥✉❛❧ ❙✉r✈❡② ♦❢ ▼❛♥✉❢❛❝t✉r❡s✳✑ ❚❤❡

◗✉❛rt❡r❧② ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝s✱ ✶✵✾✭✷✮✿ ✸✻✼✕✸✾✼✳

❇❡r♥❛r❞✱ ❆♥❞r❡✇ ❇✳✱ ❛♥❞ ❏✳❇r❛❞❢♦r❞ ❏❡♥s❡♥✳ ✶✾✾✼✳ ✏❊①♣♦rt❡rs✱ ❙❦✐❧❧ ❯♣❣r❛❞✐♥❣✱ ❛♥❞

t❤❡ ❲❛❣❡ ●❛♣✳✑ ❏♦✉r♥❛❧ ♦❢ ■♥t❡r♥❛t✐♦♥❛❧ ❊❝♦♥♦♠✐❝s✱ ✹✷✭✶✲✷✮✿ ✸✕✸✶✳

❇❧♦♦♠✱ ◆✐❝❤♦❧❛s✱ ▼✐r❦♦ ❉r❛❝❛✱ ❛♥❞ ❏♦❤♥ ❱❛♥ ❘❡❡♥❡♥✳ ✷✵✶✻✳ ✏❚r❛❞❡ ■♥❞✉❝❡❞ ❚❡❝❤♥✐❝❛❧

❈❤❛♥❣❡❄ ❚❤❡ ■♠♣❛❝t ♦❢ ❈❤✐♥❡s❡ ■♠♣♦rts ♦♥ ■♥♥♦✈❛t✐♦♥✱ ■❚ ❛♥❞ Pr♦❞✉❝t✐✈✐t②✳✑ ❘❡✈✐❡✇ ♦❢

❊❝♦♥♦♠✐❝ ❙t✉❞✐❡s✱ ✽✸✭✶✮✿ ✽✼✕✶✶✼✳

❇r❛♥❞t✱ ▲♦r❡♥✱ ❏♦❤❛♥♥❡s ❱❛♥ ❇✐❡s❡❜r♦❡❝❦✱ ❛♥❞ ❨✐❢❛♥ ❩❤❛♥❣✳ ✷✵✶✷✳ ✏❈r❡❛t✐✈❡ ❛❝❝♦✉♥t✲

✐♥❣ ♦r ❝r❡❛t✐✈❡ ❞❡str✉❝t✐♦♥❄ ❋✐r♠✲❧❡✈❡❧ ♣r♦❞✉❝t✐✈✐t② ❣r♦✇t❤ ✐♥ ❈❤✐♥❡s❡ ♠❛♥✉❢❛❝t✉r✐♥❣✳✑

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

❇✉rst❡✐♥✱ ❆r✐❡❧✱ ❏❛✈✐❡r ❈r❛✈✐♥♦✱ ❛♥❞ ❏♦♥❛t❤❛♥ ❱♦❣❡❧✳ ✷✵✶✸✳ ✏■♠♣♦rt✐♥❣ ❙❦✐❧❧✲❜✐❛s❡❞

❚❡❝❤♥♦❧♦❣②✳✑ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❏♦✉r♥❛❧✿ ▼❛❝r♦❡❝♦♥♦♠✐❝s✱ ✺✭✷✮✿ ✸✷✕✼✶✳

❇✉st♦s✱ P❛✉❧❛✳ ✷✵✶✶❛✳ ✏❚❤❡ ■♠♣❛❝t ♦❢ ❚r❛❞❡ ▲✐❜❡r❛❧✐③❛t✐♦♥ ♦♥ ❙❦✐❧❧ ❯♣❣r❛❞✐♥❣✿ ❊✈✐❞❡♥❝❡

❢r♦♠ ❆r❣❡♥t✐♥❛✳✑

❇✉st♦s✱ P❛✉❧❛✳ ✷✵✶✶❜✳ ✏❚r❛❞❡ ▲✐❜❡r❛❧✐③❛t✐♦♥✱ ❊①♣♦rts✱ ❛♥❞ ❚❡❝❤♥♦❧♦❣② ❯♣❣r❛❞✐♥❣✿ ❊✈✐✲

❞❡♥❝❡ ♦♥ t❤❡ ■♠♣❛❝t ♦❢ ▼❊❘❈❖❙❯❘ ♦♥ ❆r❣❡♥t✐♥✐❛♥ ❋✐r♠s✳✑ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇✱

✶✵✶✭✶✮✿ ✸✵✹✕✸✹✵✳

❇✉st♦s✱ ❙❡❜❛st✐❛♥✱ ❛♥❞ ▼❛rt✐♥ ❘♦t❡♠❜❡r❣✳ ✷✵✶✼✳ ✏❊❧❛st✐❝✐t② P❡ss✐♠✐s♠✿ ❊❝♦♥♦♠✐❝ ❈♦♥✲

s❡q✉❡♥❝❡s ♦❢ ❇❧❛❝❦ ❲❡❞♥❡s❞❛②✳✑

❈❛♠♣❜❡❧❧✱ ❉♦✉❣❧❛s ▲✳ ✷✵✶✻✳ ✏❘❡❧❛t✐✈❡ Pr✐❝❡s✱ ❍②st❡r❡s✐s✱ ❛♥❞ t❤❡ ❉❡❝❧✐♥❡ ♦❢ ❆♠❡r✐❝❛♥

▼❛♥✉❢❛❝t✉r✐♥❣✳✑

❈❤❡♥✱ ❇♦✱ ▼✐❛♦❥✐❡ ❨✉✱ ❛♥❞ ❩❤✐❤❛♦ ❨✉✳ ✷✵✶✼✳ ✏▼❡❛s✉r❡❞ ❙❦✐❧❧ Pr❡♠✐❛ ❛♥❞ ■♥♣✉t ❚r❛❞❡

▲✐❜❡r❛❧✐③❛t✐♦♥✿ ❊✈✐❞❡♥❝❡ ❢r♦♠ ❈❤✐♥❡s❡ ❋✐r♠s✳✑ ❏♦✉r♥❛❧ ♦❢ ■♥t❡r♥❛t✐♦♥❛❧ ❊❝♦♥♦♠✐❝s✱ ✶✵✾✿ ✸✶✕

✹✷✳
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❈r❛❣❣✱ ❏♦❤♥ ●✱ ❛♥❞ ❙t❡♣❤❡♥ ● ❉♦♥❛❧❞✳ ✶✾✾✸✳ ✏❚❡st✐♥❣ ■❞❡♥t✐✜❛❜✐❧✐t② ❛♥❞ ❙♣❡❝✐✜❝❛t✐♦♥

✐♥ ■♥str✉♠❡♥t❛❧ ❱❛r✐❛❜❧❡ ▼♦❞❡❧s✳✑ ❊❝♦♥♦♠❡tr✐❝ ❚❤❡♦r②✱ ✾✭✷✮✿ ✷✷✷✕✷✹✵✳

❈r✐♥ò✱ ❘♦s❛r✐♦✳ ✷✵✶✷✳ ✏■♠♣♦rt❡❞ ✐♥♣✉ts ❛♥❞ s❦✐❧❧ ✉♣❣r❛❞✐♥❣✳✑ ▲❛❜♦✉r ❊❝♦♥♦♠✐❝s✱ ✶✾✭✻✮✿ ✾✺✼✕

✾✻✾✳

❉❛✐✱ ▼✐✱ ❛♥❞ ❏✐❛♥✇❡✐ ❳✉✳ ✷✵✶✼✳ ✏❋✐r♠✲s♣❡❝✐✜❝ ❊①❝❤❛♥❣❡ ❘❛t❡ ❙❤♦❝❦s ❛♥❞ ❊♠♣❧♦②♠❡♥t

❆❞❥✉st♠❡♥t✿ ❊✈✐❞❡♥❝❡ ❢r♦♠ ❈❤✐♥❛✳✑ ❏♦✉r♥❛❧ ♦❢ ■♥t❡r♥❛t✐♦♥❛❧ ❊❝♦♥♦♠✐❝s✱ ✶✵✽✿ ✺✹✕✻✻✳

❉❛✐✱ ▼✐✱ ▼❛❞❤✉r❛ ▼❛✐tr❛✱ ❛♥❞ ▼✐❛♦❥✐❡ ❨✉✳ ✷✵✶✻✳ ✏❯♥❡①❝❡♣t✐♦♥❛❧ ❊①♣♦rt❡r P❡r❢♦r♠❛♥❝❡

✐♥ ❈❤✐♥❛❄ ❚❤❡ ❘♦❧❡ ♦❢ Pr♦❝❡ss✐♥❣ ❚r❛❞❡✳✑ ❏♦✉r♥❛❧ ♦❢ ❉❡✈❡❧♦♣♠❡♥t ❊❝♦♥♦♠✐❝s✱ ✶✷✶✿ ✶✼✼✕✶✽✾✳

❋❛♥✱ ❏✐♥❣t✐♥❣✳ ✷✵✶✽✳ ✏■♥t❡r♥❛❧ ●❡♦❣r❛♣❤②✱ ▲❛❜♦r ▼♦❜✐❧✐t②✱ ❛♥❞ t❤❡ ❉✐str✐❜✉t✐♦♥❛❧ ■♠♣❛❝ts

♦❢ ❚r❛❞❡✳✑ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❏♦✉r♥❛❧✳ ▼❛❝r♦❡❝♦♥♦♠✐❝s ✭❢♦rt❤❝♦♠✐♥❣✮✳

❋❡❡♥str❛✱ ❘♦❜❡rt ❈✱ ❛♥❞ ●♦r❞♦♥ ❍ ❍❛♥s♦♥✳ ✶✾✾✻✳ ✏●❧♦❜❛❧✐③❛t✐♦♥✱ ❖✉ts♦✉r❝✐♥❣✱ ❛♥❞

❲❛❣❡ ■♥❡q✉❛❧✐t②✳✑ ❚❤❡ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇✱ ✽✻✭✷✮✿ ✷✹✵✕✷✹✺✳

❋❡❡♥str❛✱ ❘♦❜❡rt ❈✱ ❛♥❞ ●♦r❞♦♥ ❍ ❍❛♥s♦♥✳ ✶✾✾✼✳ ✏❋♦r❡✐❣♥ ❉✐r❡❝t ■♥✈❡st♠❡♥t ❛♥❞ ❘❡❧✲

❛t✐✈❡ ✇❛❣❡s✿ ❊✈✐❞❡♥❝❡ ❢r♦♠ ▼❡①✐❝♦✬s ▼❛q✉✐❧❛❞♦r❛s✳✑ ❏♦✉r♥❛❧ ♦❢ ■♥t❡r♥❛t✐♦♥❛❧ ❊❝♦♥♦♠✐❝s✱

✹✷✭✸✲✹✮✿ ✸✼✶✕✸✾✸✳

❋❡❡♥str❛✱ ❘♦❜❡rt ❈✳✱ ❛♥❞ ●♦r❞♦♥ ❍✳ ❍❛♥s♦♥✳ ✶✾✾✾✳ ✏❚❤❡ ■♠♣❛❝t ♦❢ ❖✉ts♦✉r❝✐♥❣ ❛♥❞

❍✐❣❤✲t❡❝❤♥♦❧♦❣② ❈❛♣✐t❛❧ ♦♥ ❲❛❣❡s✿ ❊st✐♠❛t❡s ❢♦r t❤❡ ❯♥✐t❡❞ ❙t❛t❡s✱ ✶✾✼✾✲✶✾✾✵✳✑ ◗✉❛rt❡r❧②

❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝s✱ ✶✶✹✭✸✮✿ ✾✵✼✕✾✹✵✳

●❡✱ ❙✉q✐♥✱ ❉❡♥♥✐s ❚❛♦ ❨❛♥❣✱ ❛♥❞ ❱✐r❣✐♥✐❛ ❚❡❝❤✳ ✷✵✶✹✳ ✏❈❤❛♥❣❡s ✐♥ ❈❤✐♥❛✬ s ❲❛❣❡

❙tr✉❝t✉r❡✳✑ ❏♦✉r♥❛❧ ♦❢ t❤❡ ❊✉r♦♣❡❛♥ ❊❝♦♥♦♠✐❝ ❆ss♦❝✐❛t✐♦♥✱ ✶✷✭✷✮✿ ✸✵✵✕✸✸✻✳

●♦❧❞❜❡r❣✱ P✐♥❡❧♦♣✐ ❑♦✉❥✐❛♥♦✉✳ ✷✵✶✺✳ ✏■♥tr♦❞✉❝t✐♦♥✳✑ ■♥ ❚r❛❞❡ ❛♥❞ ■♥❡q✉❛❧✐t②✳ ✱ ❡❞✳

P✐♥❡❧♦♣✐ ❑♦✉❥✐❛♥♦✉ ●♦❧❞❜❡r❣✳ ❊❞✇❛r❞ ❊❧❣❛r ❘❡s❡❛r❝❤ ❈♦❧❧❡❝t✐♦♥s✳

●♦❧❞❜❡r❣✱ P✐♥❡❧♦♣✐ ❑♦✉❥✐❛♥♦✉✱ ❛♥❞ ◆✐♥❛ P❛✈❝♥✐❦✳ ✷✵✵✼✳ ✏❉✐str✐❜✉t✐♦♥❛❧ ❊✛❡❝ts ♦❢ ●❧♦❜✲

❛❧✐③❛t✐♦♥ ✐♥ ❉❡✈❡❧♦♣✐♥❣ ❈♦✉♥tr✐❡s✳✑ ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝ ▲✐t❡r❛t✉r❡✱ ✹✺✭✶✮✿ ✸✾✕✽✷✳

✷✸



●♦❧❞✐♥✱ ❈❧❛✉❞✐❛✱ ❛♥❞ ▲❛✇r❡♥❝❡ ❋ ❑❛t③✳ ✶✾✾✽✳ ✏❚❤❡ ❖r✐❣✐♥s ♦❢ ❚❡❝❤♥♦❧♦❣②✲❙❦✐❧❧ ❈♦♠♣❧❡✲

♠❡♥t❛r✐t②✳✑ ❚❤❡ ◗✉❛rt❡r❧② ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝s✱ ✶✶✸✭✸✮✿ ✻✾✸✕✼✸✷✳

●r✐❧✐❝❤❡s✱ ❩✈✐✳ ✶✾✻✾✳ ✏❈❛♣✐t❛❧✲❙❦✐❧❧ ❈♦♠♣❧❡♠❡♥t❛r✐t②✳✑ ❚❤❡ ❘❡✈✐❡✇ ♦❢ ❊❝♦♥♦♠✐❝s ❛♥❞ ❙t❛t✐s✲

t✐❝s✱ ✺✶✭✹✮✿ ✹✻✺✳

●r♦ss♠❛♥✱ ●❡♥❡ ▼✱ ❛♥❞ ❊st❡❜❛♥ ❘♦ss✐✲❍❛♥s❜❡r❣✳ ✷✵✵✽✳ ✏❚r❛❞✐♥❣ t❛s❦s✿ ❆ ❙✐♠♣❧❡

❚❤❡♦r② ♦❢ ❖✛s❤♦r✐♥❣✳✑ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇✱ ✾✽✭✺✮✿ ✶✾✼✽✕✶✾✾✼✳

❍❛♥✱ ❏✉♥✱ ❘✉♥❥✉❛♥ ▲✐✉✱ ❛♥❞ ❏✉♥s❡♥ ❩❤❛♥❣✳ ✷✵✶✷✳ ✏●❧♦❜❛❧✐③❛t✐♦♥ ❛♥❞ ✇❛❣❡ ✐♥❡q✉❛❧✐t②✿

❊✈✐❞❡♥❝❡ ❢r♦♠ ✉r❜❛♥ ❈❤✐♥❛✳✑ ❏♦✉r♥❛❧ ♦❢ ■♥t❡r♥❛t✐♦♥❛❧ ❊❝♦♥♦♠✐❝s✱ ✽✼✭✷✮✿ ✷✽✽✕✷✾✼✳

❍s✐❡❤✱ ❈❤❛♥❣✲❚❛✐✱ ❛♥❞ ❑❡♦♥❣ ❚ ❲♦♦✳ ✷✵✵✺✳ ✏❚❤❡ ■♠♣❛❝t ♦❢ ❖✉ts♦✉r❝✐♥❣ t♦ ❈❤✐♥❛ ♦♥

❍♦♥❣ ❑♦♥❣✬s ▲❛❜♦r ▼❛r❦❡t✳✑ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇✱ ✾✺✭✺✮✿ ✶✻✼✸✕✶✻✽✼✳

❍✉♠♠❡❧s✱ ❉❛✈✐❞✱ ❘❛s♠✉s ❏ør❣❡♥s❡♥✱ ❏❛❦♦❜ ▼✉♥❝❤✱ ❛♥❞ ❈❤♦♥❣ ❳✐❛♥❣✳ ✷✵✶✹✳ ✏❚❤❡

❲❛❣❡ ❊✛❡❝ts ♦❢ ❖✛s❤♦r✐♥❣✿ ❊✈✐❞❡♥❝❡ ❢r♦♠ ❉❛♥✐s❤ ▼❛t❝❤❡❞ ❲♦r❦❡r✲✜r♠ ❉❛t❛✳✑ ❆♠❡r✐❝❛♥

❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇✱ ✶✵✹✭✻✮✿ ✶✺✾✼✕✶✻✷✾✳

❑❛t③✱ ▲❛✇r❡♥❝❡✱ ❛♥❞ ❉❛✈✐❞ ❆✉t♦r✳ ✶✾✾✾✳ ✏❈❤❛♥❣❡s ✐♥ t❤❡ ❲❛❣❡ ❙tr✉❝t✉r❡ ❛♥❞ ❊❛r♥✐♥❣s

■♥❡q✉❛❧✐t②✳✑ ❍❛♥❞❜♦♦❦ ♦❢ ▲❛❜♦r ❊❝♦♥♦♠✐❝s✱ ✸✿ ✶✹✻✸✕✶✺✺✺✳

❑❛t③✱ ▲❛✇r❡♥❝❡ ❋✳✱ ❛♥❞ ❑❡✈✐♥ ▼✳ ▼✉r♣❤②✳ ✶✾✾✷✳ ✏❈❤❛♥❣❡s ✐♥ ❘❡❧❛t✐✈❡ ❲❛❣❡s✱ ✶✾✻✸✲

✶✾✽✼✿ ❙✉♣♣❧② ❛♥❞ ❉❡♠❛♥❞ ❋❛❝t♦rs✳✑ ❚❤❡ ◗✉❛rt❡r❧② ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝s✱ ✶✵✼✭✶✮✿ ✸✺✕✼✽✳

❑❧❡✐❜❡r❣❡♥✱ ❋r❛♥❦✱ ❛♥❞ ❘✐❝❤❛r❞ P❛❛♣✳ ✷✵✵✻✳ ✏●❡♥❡r❛❧✐③❡❞ ❘❡❞✉❝❡❞ ❘❛♥❦ ❚❡sts ❯s✐♥❣

t❤❡ ❙✐♥❣✉❧❛r ❱❛❧✉❡ ❉❡❝♦♠♣♦s✐t✐♦♥✳✑ ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠❡tr✐❝s✱ ✶✸✸✭✶✮✿ ✾✼✕✶✷✻✳

❑♦r❡♥✱ ▼✐❦❧ós✱ ❛♥❞ ▼❛rt♦♥ ❈s✐❧❧❛❣✳ ✷✵✶✾✳ ✏▼❛❝❤✐♥❡s ❛♥❞ ▼❛❝❤✐♥✐sts✿ ■♠♣♦rt✐♥❣ ❙❦✐❧❧✲

❜✐❛s❡❞ ❚❡❝❤♥♦❧♦❣②✳✑ ♠✐♠❡♦✱ ❈❡♥tr❛❧ ❊✉r♦♣❡❛♥ ❯♥✐✈❡rs✐t②✳

❑r✉s❡❧❧✱ P❡r✱ ▲❡❡ ❖❤❛♥✐❛♥✱ ❏♦sé✲✈í❝t♦r ❘í♦s✲r✉❧❧✱ ❛♥❞ ●✐♦✈❛♥♥✐ ▲ ❱✐♦❧❛♥t❡✳ ✷✵✵✵✳

✏❈❛♣✐t❛❧ ❙❦✐❧❧ ❈♦♠♣❧❡♠❡♥t❛r✐t② ❛♥❞ ■♥❡q✉❛❧✐t②✿ ❆ ▼❛❝r♦❡❝♦♥♦♠✐❝ ❆♥❛❧②s✐s✳✑ ❊❝♦♥♦♠❡tr✐❝❛✱

✻✽✭✺✮✿ ✶✵✷✾✕✶✵✺✹✳

✷✹



❑②❞❧❛♥❞✱ ❋✐♥♥ ❊✱ ❛♥❞ ❊❞✇❛r❞ ❈ Pr❡s❝♦tt✳ ✶✾✽✷✳ ✏❚✐♠❡ t♦ ❇✉✐❧❞ ❛♥❞ ❆❣❣r❡❣❛t❡ ❋❧✉❝✲

t✉❛t✐♦♥s✳✑ ❊❝♦♥♦♠❡tr✐❝❛✿ ❏♦✉r♥❛❧ ♦❢ t❤❡ ❊❝♦♥♦♠❡tr✐❝ ❙♦❝✐❡t②✱ ✶✸✹✺✕✶✸✼✵✳

▲✐✱ ❍♦♥❣❜✐♥✱ ▲❡✐ ▲✐✱ ❇✐♥③❤❡♥ ❲✉✱ ❛♥❞ ❨❛♥②❛♥ ❳✐♦♥❣✳ ✷✵✶✷✳ ✏❚❤❡ ❊♥❞ ♦❢ ❈❤❡❛♣ ❈❤✐♥❡s❡

▲❛❜♦r✳✑ ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝ P❡rs♣❡❝t✐✈❡s✱ ✷✻✭✹✮✿ ✺✼✕✼✹✳

▲✐✱ ❍♦♥❣❜✐♥✱ Pr❛s❤❛♥t ▲♦②❛❧❦❛✱ ❙❝♦tt ❘♦③❡❧❧❡✱ ❛♥❞ ❇✐♥③❤❡♥ ❲✉✳ ✷✵✶✼✳ ✏❍✉♠❛♥

❈❛♣✐t❛❧ ❛♥❞ ❈❤✐♥❛✬s ❋✉t✉r❡ ●r♦✇t❤✳✑ ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝ P❡rs♣❡❝t✐✈❡s✱ ✸✶✭✶✮✿ ✷✺✕✹✽✳

▲✉✱ ❨✐✱ ❛♥❞ ❚r❛✈✐s ◆❣✳ ✷✵✶✸✳ ✏■♠♣♦rt ❈♦♠♣❡t✐t✐♦♥ ❛♥❞ ❙❦✐❧❧ ❝♦♥t❡♥t ✐♥ ❯❙ ▼❛♥✉❢❛❝t✉r✐♥❣

■♥❞✉str✐❡s✳✑ ❘❡✈✐❡✇ ♦❢ ❊❝♦♥♦♠✐❝s ❛♥❞ ❙t❛t✐st✐❝s✱ ✾✺✭✹✮✿ ✶✹✵✹✕✶✹✶✼✳

▼✐♥❝❡r✱ ❏❛❝♦❜✳ ✶✾✼✹✳ ✏❙❝❤♦♦❧✐♥❣✱ ❊①♣❡r✐❡♥❝❡✱ ❛♥❞ ❊❛r♥✐♥❣s✳ ❍✉♠❛♥ ❇❡❤❛✈✐♦r ✫ ❙♦❝✐❛❧ ■♥✲

st✐t✉t✐♦♥s ◆♦✳ ✷✳✑

P❛r❦✱ ❆❧❜❡rt✱ ❉❡❛♥ ❨❛♥❣✱ ❳✐♥③❤❡♥❣ ❙❤✐✱ ❛♥❞ ❨✉❛♥ ❏✐❛♥❣✳ ✷✵✶✵✳ ✏❊①♣♦rt✐♥❣ ❛♥❞ ❋✐r♠

P❡r❢♦r♠❛♥❝❡✿ ❈❤✐♥❡s❡ ❊①♣♦rt❡rs ❛♥❞ t❤❡ ❆s✐❛♥ ❋✐♥❛♥❝✐❛❧ ❈r✐s✐s✳✑ ❘❡✈✐❡✇ ♦❢ ❊❝♦♥♦♠✐❝s ❛♥❞

❙t❛t✐st✐❝s✱ ✾✷✭✹✮✿ ✽✷✷✕✽✹✷✳

P❛rr♦✱ ❋❡r♥❛♥❞♦✳ ✷✵✶✸✳ ✏❈❛♣✐t❛❧✲s❦✐❧❧ ❈♦♠♣❧❡♠❡♥t❛r✐t② ❛♥❞ t❤❡ ❙❦✐❧❧ Pr❡♠✐✉♠ ✐♥ ❛ ◗✉❛♥✲

t✐t❛t✐✈❡ ▼♦❞❡❧ ♦❢ ❚r❛❞❡✳✑ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❏♦✉r♥❛❧✿ ▼❛❝r♦❡❝♦♥♦♠✐❝s✱ ✺✭✷✮✿ ✼✷✕✶✶✼✳
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Figure 1: Skilled Labor Share and Skill Premium 

 

Data: Urban Household Survey, 1992-2009 

Note: Skilled labors are defined as workers (aged between 16 and 60) with college degree or above (15 years 

education or more). Skill labor share is defined as share of skilled workers among all employed workers in urban 

China. People who are not in the labor force or remain unemployed are not included. College premium is estimated 

based on Mincer-style OLS regression after we control for gender, working experience and its square term, employer 

ownership type, and industry dummies.
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Figure 2: China’s Import of Capital Goods   

 
Data: UN Comtrade Database, 1992-2017 

Note: This figures show the pattern of Chinese total imported capital goods (unit: 1 trillion US$). We define capital 

goods to be the sum of ISIC Rev. 3 codes 29-33, excluding those that are not belong to Broad Economic 

Classification (BEC) industry 41 (capital goods) and BEC industry 42 (Parts and accessories of capital goods) and 

adding those that belong to BEC industry 521 (transportation equipment used for industry).  
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Figure 3: College Premium by Region  

 
Data: Urban Household Survey, 1992-2009 

Note: College workers are defined as workers (aged between 16 and 60) with college degree or above (15 years 

education or more). College premium is calculated based on Mincer-style OLS regression after we control for gender, 

working experience and its square term, firm ownership type, and industry dummies. Following the regional 

classification by China’s National Bureau of Statistics, Eastern China includes Beijing, Guangdong, Jiangsu, 

Liaoning, Shandong, Shanghai, and Zhejiang, central China includes Anhui, Heilongjiang, Henan, Hubei, Jiangxi, 

and Shanxi, and western China includes Chongqing, Gansu, Sichuan, Yunnan and Shaanxi. 
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Figure 4: Cross Country Comparison of Imported Capital Goods as Share of 

Total Imports 

  
Data: UN Comtrade Database, 1992-2017 

Note: Capital goods are defined as the sum of ISIC Rev. 3 codes 29-33, excluding those that are not belong to Broad 

Economic Classification (BEC) industry 41 (capital goods) and BEC industry 42 (Parts and accessories of capital 

goods) and adding those that belong to BEC industry 521 (transportation equipment used for industry). The seven 

developed countries include France (FRA), Germany (DEU), Italy (ITA), Japan (JPN), Republic of Korea (KOR), 

the United Kingdom (GBR), and the United States (USA). The four developing countries include Brazil (BRA), 

India (IND), Mexico (MEX), and Russia (RUS).
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Figure 5: The share of Capital Goods in Total Imports by Region, 1997-2009 

 
Data: China General Administration of Customs, 1997-2009 

Note: Following the regional classification by China’s National Bureau of Statistics, Eastern China includes Beijing, 

Guangdong, Jiangsu, Liaoning, Shandong, Shanghai, and Zhejiang, central China includes Anhui, Heilongjiang, 

Henan, Hubei, Jiangxi, and Shanxi, and western China includes Chongqing, Gansu, Sichuan, Yunnan and Shaanxi.
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Figure 6: Relative Exchange rates and China’s relative imports of capital goods 

  

Data: Penn World Table (PWT 7.0) and China General Administration of Customs, 1997-2009 

Note: the red solid line presents the exchange rate movement between China’s two trading partners (right axis) from 1997 to 2009, and the green dash line shows China’s relative imports of capital goods from the 

two countries (left axis) over the same period.
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Table 1: Employment Structure by Education among Manufacturing Firms  

 College degree 

or above 

Senior high 

school degree 

Junior high school 

degree or below 

Panel A: ASIP 2004    

Firms with imported machine  0.19 0.37 0.44 

Firms without imported machine  0.11 0.32 0.57 

    

Panel B: CEES 2014    

Firms with imported machine  0.18 0.33 0.49 

Firms without imported machine  0.14 0.34 0.52 

  

Panel C: ASIP 2004 
   

Exporting Firm  0.11 0.31 0.59 

Non-exporting Firm  0.12 0.33 0.55 

    

Panel D: CEES 2014 
   

Exporting Firm  0.17 0.32 0.51 

Non-exporting Firm  0.14 0.36 0.50 

Data: Annual Survey of Industrial Production (ASIP, 2004) and China Employer-Employee Survey (CEES, 2014) 

Note: ASIP data is the Annual Survey of Industrial Production data in 2004. CEES data is the China Employer-

Employee Survey data in 2014. 
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Table 2: Summary Statistics 

Data: Urban Household Survey (UHS, 1998-2009), China General Administration of Customs (CGAC, 1998-2009), 

Annual Survey of Industrial Production (ASIP, 2004), and China Employer-Employee Survey (CEES, 2014) 

Note: The statistics in Panel A are weighted by each city’s population in 1998. We use the inversed sampling 

probability as weights for statistics in Panel B. In Panel C, data about share of college workers and number of 

computer per worker are only available in 2004. The time span for expenditure on new product or R&D to output 

ratio is from 2005 to 2007. The time span for the rest is from 2000 to 2007. 

Variable Mean sd P25 Median P75 N 

Panel A: City-level (UHS & CGAC, 1998-

2009) 

      

Skill Premium 0.32 0.14 0.23 0.32 0.41 1,670 

Imported Capital Goods Intensity 0.33 0.67 0.04 0.11 0.29 1,670 

Export/GDP 0.15 0.28 0.03 0.06 0.17 1,670 

(Export+Non-Capital Goods Import)/GDP 0.23 0.41 0.04 0.10 0.28 1,670 

       

Panel B: Firm data (CEES, 2014)       

Ln(Monthly wage), thousand RMB 1.24 0.35 1.10 1.22 1.39 3,959 

Share of College Workers 0.24 0.43 0.00 0.00 0.00 3,959 

Operator of imported machine (dummy) 0.09 0.28 0.00 0.00 0.00 3,959 

Operator of machine (dummy) 0.37 0.48 0.00 0.00 1.00 3,959 

Use PC at work (dummy) 0.66 0.47 0.00 1.00 1.00 3,959 

       

Panel C: Firm Data (ASIP, 2004)       

Share of College Workers 0.11 0.16 0.02 0.06 0.15 216,932 

Number of Computer per Worker 0.07 0.12 0.01 0.04 0.09 216,932 

Ln(Average Wage), thousand RMB 2.47 0.62 2.11 2.49 2.84 1,482,241 

Ln (Value-added per Worker) 4.01 1.00 3.32 3.93 4.63 1,482,241 

Imported Capital Goods (flow)/Capital 0.01 0.06 0.00 0.00 0.00 1,482,241 

Export/Sales 0.16 0.33 0.00 0.00 0.03 1,482,241 

Non-capital goods import/Input 0.02 0.10 0.00 0.00 0.00 1,482,241 

Ln (Employee) 4.72 1.08 3.95 4.61 5.35 1,482,241 
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Table 3: First Stage 

 (1) (2) (3) (4) (5) 

Dependent Variable Imported 

Capital 

Goods 

Intensity 

Imported  

Capital 

Goods 

Intensity  

Export 

/GDP 

 

Imported 

Capital 

Goods 

Intensity 

(Non-Capital 

Goods 

Import & 

Export)/GDP 

Ln(Exchange Rate)Kstock 1.38*** 1.41*** 0.12 1.41*** 0.17 

  (0.50) (0.49) (0.14) (0.49) (0.22) 

Ln(Exchange Rate)Export  -0.14 -0.49*** -0.14 -0.69** 

   (0.35) (0.17) (0.35) (0.27) 

Ln(Exchange Rate)Non-Kimport    -0.01 0.03 

    (0.07) (0.06) 

Kleibergen-Paap rk LM statistic 6.88*** 6.58** 6.58** 5.43* 5.43* 

Cragg-Donald Wald F statistic 54.46 6.99 6.99 3.98 3.98 

Kleibergen-Paap rk Wald F statistic 7.55 3.36 3.36 1.77 1.77 

Anderson-Rubin Wald test F statistic 7.35*** 3.70** 3.70** 2.93** 2.93** 

Stock-Wright LM statistic 7.11*** 7.13** 7.13** 8.65** 8.65** 

Data: Urban Household Survey (1998-2009), China General Administration of Customs (1997-2009), China 

Statistical Yearbook (1998-2009) and Penn World Table (PWT 7.0, 1998-2009) 

Note: N=1670. Column (1) shows the first stage results of column (2) in Table 4, column (2) and (3) show the 

corresponding first stage results of column (3) in Table 4, and column (4) to (5) show the corresponding first stage 

results of column (4) in Table 4. City fixed effects, year fixed effects and regional time trend are controlled in all 

the regressions. Models are weighted by the start-of-period city-level population. Reported standard errors are 

robust and are clustered by city. *** p<0.01, ** p<0.05, * p<0.1. 
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Table 4: The Impacts of Imported Capital Goods on Skill Premium 

Dependent Variable (1)  (2) (3) (4) (5) 

Skill Premium OLS  IV 

Imported Capital Goods Intensity 0.03**  0.21*** 0.21*** 0.21*** 0.22*** 

 (0.02)  (0.07) (0.08) (0.08) (0.09) 
Export/GDP    -0.14   

    (0.27)   

(Non-Capital Goods Import& Export)/GDP     -0.09 -0.13 

     (0.19) (0.25) 

FDI/GDP      0.98 

      (1.20) 
Kleibergen-Paap rk LM statistic   6.88*** 6.58** 5.43* 4.95* 

Cragg-Donald Wald F statistic   54.46 6.99 3.98 2.10 

Kleibergen-Paap rk Wald F statistic   7.55 3.36 1.77 4.58 

Anderson-Rubin Wald test F statistic   7.35*** 3.70** 2.93** 2.77** 

Stock-Wright LM statistic   7.11*** 7.13** 8.65** 8.47** 

Data: Urban Household Survey (1998-2009), China General Administration of Customs (1997-2009), China Statistical Yearbook (1998-2009) and Penn World Table (PWT 7.0, 1998-

2009) 

Note: N=1670. City fixed effects, year fixed effects and regional time trend are controlled in all the regressions. Models are weighted by the start-of-period city-level population. Reported 

standard errors are robust and are clustered by city. *** p<0.01, ** p<0.05, * p<0.1. 
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Table 5: The Impacts of Capital Goods Imported from Seven Developed 

Countries on Skill Premium  

 (1) (2)  (3) (4) (5) 

 Second Stage  First Stage 

Dependent Variable Skill Premium  Imported 

Capital 

Goods 

Intensity 

Imported 

Capital 

Goods 

Intensity 

(Non-Capital 

Goods 

Import & 

Export)/GDP 

Imported Capital Goods Intensity 0.38*** 0.38***     

 (0.14) (0.15)     

(Non-Capital Goods Import  -0.16     

& Export)/GDP  (0.22)     

Ln(Exchange Rate)Kstock    1.00*** 1.02*** 0.34 

    (0.38) (0.37) (0.25) 

Ln(Exchange Rate)Export     -0.11 -0.68** 

      (0.19) (0.28) 

Ln(Exchange Rate)Non-Kimport     -0.01 0.01 

     (0.05) (0.05) 

Kleibergen-Paap rk LM statistic 6.40**   4.74*     

Cragg-Donald Wald F statistic 46.70 3.56     

Kleibergen-Paap rk Wald F statistic 6.78 1.53     

Anderson-Rubin Wald test F statistic 7.35*** 2.93**     

Stock-Wright LM statistic 7.11***  8.65**     

Data: Urban Household Survey (1998-2009), China General Administration of Customs (1997-2009), China 

Statistical Yearbook (1998-2009), and Penn World Table (PWT 7.0, 1998-2009) 

Note: N=1670. Imported capital goods intensity is the ratio of the accumulated capital goods imported from seven 

developed countries (France, Germany, Italy, Japan, Korea, the United Kingdom, and the United States) to capital 

stock. Column (3) is the corresponding first stage results of column (1), and column (4) and (5) is the corresponding 

first stage results of column (2). City fixed effects, year fixed effects and regional time trend are controlled in all the 

regressions. Models are weighted by the start-of-period city-level population. Reported standard errors are robust 

and are clustered by city. *** p<0.01, ** p<0.05, * p<0.1
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Table 6: The Impacts of Capital Goods Imported on Skill Premium: Excluding 

the U.S. and Hong Kong 
 

(1) (2)    (3) (4) (5)  

Delete imports from Hong Kong and 

the United States, 2000-2004 

Second 

Stage 

 First Stage 

 Skill 

 Premium 

 

   Imported 

Capital  

Goods 

Intensity 

Imported 

Capital  

Goods 

Intensity 

(Non-Capital 

Goods Import 

& Export)/GDP 

 

Imported Capital Goods Intensity 0.25* 0.69        

 (0.15) (0.51)        

(Non-Capital Goods Import  -2.35        

& Export)/GDP  (2.41)        

Ln(Exchange Rate)Kstock      1.82*** 1.91*** 0.39***  

      (0.53) (0.53) (0.15)  

Ln(Exchange Rate)Export       -0.73** -0.18**  

        (0.30) (0.07)  

Ln(Exchange Rate)Non-Kimport       0.04 -0.03  

       (0.08) (0.02)  

Kleibergen-Paap rk LM statistic 6.97***  3.07        

Cragg-Donald Wald F statistic 30.10 0.66        

Kleibergen-Paap rk Wald F statistic 6.99 1.17        

Anderson-Rubin Wald test F statistic 2.48 2.39*        

Stock-Wright LM statistic 2.78* 6.98*        

Data: Urban Household Survey (1998-2009), China General Administration of Customs (1997-2009), China 

Statistical Yearbook (1998-2009), and Penn World Table (PWT 7.0, 1998-2009) 

Note: N=661. City fixed effects, year fixed effects and regional time trend are controlled in all the regressions. 

Models are weighted by the start-of-period city-level population. Reported standard errors are robust and are 

clustered by city. *** p<0.01, ** p<0.05, * p<0.1.
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Table 7: Foreign Machines and Wage Premium of Machine Operator, CEES 

Ln(monthly wage) (1) (2) (3) (4) (5) 
College  0.29*** 0.25*** 0.21*** 0.21*** 0.20*** 

 (0.04) (0.04) (0.04) (0.04) (0.05) 
Operator of imported machine  0.07** 0.06* 0.06** 0.08** 

   (0.04) (0.03) (0.03) (0.03) 
Operator of machine   -0.02 -0.00 0.01 0.03 

  (0.03) (0.03) (0.03) (0.02) 
Use PC at work  0.10*** 0.07** 0.06** 0.013 

  (0.03) (0.03) (0.03) (0.03) 
Manager   0.09*** 0.09*** 0.130** 

   (0.03) (0.02) (0.03) 
Technician    0.13*** 0.13*** 0.13*** 

   (0.04) (0.04) (0.04) 
Salesman    0.06 0.06 0.11 

   (0.07) (0.07) (0.07) 
Firm Characteristics N N N Y Y 

Firm FE N N N N Y 

Observations 3,959 3,959 3,959 3,959 3,959 

R-squared 0.218 0.236 0.248 0.259 0.506 

Data: China Employer-Employee Survey (CEES), 2014 

Note: All the regressions control for individual characteristics including gender, working experience and working 

experience square. The above regressions are weighted OLS, where weight for each interviewee is the firm’s total 

number of employee who have the same occupation as the interviewee divided by the firm’s total number of surveyed 

employee who are in the same occupation. Reported standard errors are robust and are clustered by firm. *** p<0.01, 

** p<0.05, * p<0.1. 
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Table 8: Foreign Machines and Employment Structure, CEES 

 (1) (2) (3) (4) (5) (6) (7) (8) 
 Employment Share by Education Employment Share by Occupation 

Dependent Variable Junior High  
School or 

Below 

Senior  
High  

School  

College  
or Above 

Manager  Technician Salesman  Production  
worker 

Other 
stuff 

Imported Machine per Worker -0.06* 0.02 0.03* 0.01 0.02** -0.02** -0.02 0.00 

 (0.03) (0.02) (0.02) (0.01) (0.01) (0.01) (0.02) (0.01) 
Machine per Worker -0.03 0.03 0.01 0.02*** 0.00 -0.00 -0.00 -0.01 

 (0.03) (0.03) (0.02) (0.01) (0.01) (0.01) (0.02) (0.02) 
Exporter Dummy 0.04 -0.03 -0.01 -0.00 -0.02** -0.02*** 0.04** -0.00 

 (0.03) (0.02) (0.02) (0.01) (0.01) (0.01) (0.02) (0.01) 
Ln(Employment) -0.01 -0.01 0.02*** -0.02*** 0.00* 0.00 0.02*** -0.00 

 (0.01) (0.01) (0.00) (0.00) (0.00) (0.00) (0.01) (0.00) 
K/L -0.02*** 0.01*** 0.01*** -0.00*** -0.00*** -0.00 0.01*** 0.00 

 (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) 
R2 0.02 0.02 0.05 0.24 0.03 0.03 0.05 0.00 

N 551 551 551 551 551 551 551 551 

Summary Statistics of dependent variables:        

P1 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 

Median 0.52 0.30 0.10 0.06 0.05 0.02 0.70 0.13 

Mean 0.51 0.33 0.16 0.07 0.07 0.04 0.66 0.15 

P99 0.96 0.90 0.66 0.32 0.35 0.43 0.93 0.53 

Data: China Employer-Employee Survey (CEES), 2014 

Note: Imported machine per worker and machine per worker are measured in 10,000 RMB per worker. Reported standard errors are robust and are clustered by firm. *** p<0.01, ** 

p<0.05, * p<0.1. 
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Table 9: Imported Capital Goods and Firm Characteristics 

 (1) (2) (3) (4) 

Dependent Variable Share of Workers 

with College 

Degree 

Computer 

per 

Worker 

Ln 

(Wage) 

Ln(Value-

added per 

Worker) 

Imported Capital Goods Intensity 0.15*** 0.18*** 0.04*** 0.17*** 

 (0.01) (0.01) (0.01) (0.01) 
Export/Sales  -0.01*** 0.00*** 0.03*** 0.01*** 

 (0.00) (0.00) (0.00) (0.00) 
Non-Capital Goods Import/Inputs 0.06*** 0.07*** 0.07*** 0.19*** 

 (0.00) (0.00) (0.01) (0.01) 
Ln(Employment) -0.01*** -0.01*** -0.15*** -0.42*** 

 (0.00) (0.00) (0.00) (0.00) 
Firm Fixed Effects N N Y Y 

Year Fixed Effects N N Y Y 

CIC 4-digit Industry Fixed Effects Y Y N N 

City Fixed Effects Y Y N N 

Observations 216,932 216,932 1,482,241 1,482,241 

Data: China General Administration of Customs (2004) and Annual Survey of Industrial Production (ASIP, 2004) 

Note: Skilled worker is defined as people with a college degree or above. Imported capital goods intensity is defined 

as the share of imported capital goods out of capital stock.  Reported standard errors are robust and are clustered 

by firm. *** p<0.01, ** p<0.05, * p<0.1. 
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Table A.1: China’s top 5 capital goods importing countries/regions: 1997-2009 

Rank Country/Region 

code 

Country/Region Imported 

capital goods 

(billion USD) 

Share as China’s total 
imported capital goods 

between 1997 and 2009 

1 116 Japan 542 21% 

2 143 Taiwan, China 420 16% 

3 133 South Korea 360 14% 

4 502 United States  241 9% 

5 304 Germany 199 8% 

Data: China General Administration of Customs, 19c97-2009
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Table A.2: Correlation between each city’s share of capital goods imports from 
major sourcing countries/regions 

 Japan Korea U.S. Germany U.K. France Taiwan 

Japan 1.00             

Korea -0.02 1.00      
U.S. -0.21 -0.14 1.00     

Germany -0.25 -0.14 -0.16 1.00    
U.K. -0.08 -0.06 -0.00 -0.03 1.00   

France -0.12 -0.06 -0.04 -0.07 -0.01 1.00  
Taiwan -0.03 0.04 -0.16 -0.19 -0.06 -0.08 1.00 

Data: China General Administration of Customs, 1997-2009 

 


