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Abstract
During the 1920s, the US implemented a series of migration restrictions, effectively ending mass migration from

Europe. We exploit this shock to migration to identify the effect of migration on trade in a Difference-in-Difference

model with heterogeneous treatment effects. Our analysis shows that the 1920's quotas lowered US-European

migration, especially the migration from Southern and Eastern Europe, with negative effects for US-European trade.

We argue that unobserved changes to tariffs after the war are unlikely to drive these results.
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✶ ■♥tr♦❞✉❝t✐♦♥

❚❤❡ ♦♥❣♦✐♥❣ ❈♦✈✐❞✶✾ ♣❛♥❞❡♠✐❝ ❛♥❞ t❤❡ ❡♥s✉✐♥❣ s✉♣♣❧② ❝❤❛✐♥ ✐♥t❡rr✉♣t✐♦♥s ❤❛✈❡ ❤✐❣❤❧✐❣❤t❡❞
t❤❡ ❤✐❣❤ ❞❡❣r❡❡ ♦❢ ❡❝♦♥♦♠✐❝ ✐♥t❡❣r❛t✐♦♥ ❛❝r♦ss t❤❡ ✇♦r❧❞✳ ❍♦✇❡✈❡r✱ ❣❧♦❜❛❧✐③❛t✐♦♥ ❤❛s ❜❡❡♥
♣r♦♠♦t❡❞ ✉♥❡✈❡♥❧② ❛❝r♦ss ✐ts ♠❛✐♥ ❢❛❝t♦rs✿ tr❛❞❡✱ ❝❛♣✐t❛❧ ✢♦✇s ❛♥❞ ♠✐❣r❛t✐♦♥✳ ❲❤✐❧❡ ❞♦✲
♠❡st✐❝ ♣♦❧✐❝✐❡s ❤❛✈❡ ❞✐s♣❧❛②❡❞ ❛ ❝❧❡❛r ♣r❡❢❡r❡♥❝❡ ❢♦r ♦♣❡♥ ❜♦r❞❡rs r❡❣❛r❞✐♥❣ tr❛❞❡ ❛♥❞ ❝❛♣✐t❛❧
✢♦✇s✱ t❤❡ s❛♠❡ ✐s ♥♦t tr✉❡ ❢♦r ♠✐❣r❛t✐♦♥✳

❲❤✐❧❡ ♣♦❧✐❝② ❞❡❜❛t❡s ♦❢t❡♥ ❡✈♦❧✈❡ ❛r♦✉♥❞ s❤♦rt✲t❡r♠ ❧❛❜♦r ♠❛r❦❡t ❡✛❡❝ts✱ t❤❡r❡ ✐s ❛ r♦❜✉st
❛♥❞ ❣r♦✇✐♥❣ ❧✐t❡r❛t✉r❡ ❧✐♥❦✐♥❣ ♠✐❣r❛t✐♦♥ t♦ ❧♦♥❣✲r✉♥ ❣r♦✇t❤✳ ❚❤✐s str❡❛♠ ♦❢ ❧✐t❡r❛t✉r❡ ✐❞❡♥t✐✲
✜❡s ❛ ♣❧❡t❤♦r❛ ♦❢ ✉♥❞❡r❧②✐♥❣ ♠❡❝❤❛♥✐s♠s✱ ✐♥❝❧✉❞✐♥❣ ✐♥♥♦✈❛t✐♦♥ ✭❡✳❣✱ ❑❡rr ✭✷✵✵✽✮❀ ❈❤♦✉❞❤✉r②
✭✷✵✶✻✮✮✱ s❦✐❧❧✲❝♦♠♣❧❡♠❡♥t❛r✐t✐❡s ❢r♦♠ ❞✐✈❡rs✐t② ✭❡✳❣✳✱ ❖rt❡❣❛ ❛♥❞ P❡r✐ ✭✷✵✶✹✮❀ ❉♦❝q✉✐❡r ❡t ❛❧✳
✭✷✵✷✵✮✮✱ t❤❡ r❡❞✉❝t✐♦♥ ♦❢ tr❛♥s❛❝t✐♦♥ ❝♦sts ✭❡✳❣✳✱ ●♦✉❧❞ ✭✶✾✾✹✮❀ ❘❛✉❝❤ ✭✶✾✾✾✮❀ P❛rs♦♥s ❛♥❞
❱é③✐♥❛ ✭✷✵✶✽✮✮✱ ❛♥❞ ✐♥✈❡st♠❡♥t ✢♦✇s ✭❡✳❣✳✱ ❑✉❣❧❡r ❛♥❞ ❘❛♣♦♣♦rt ✭✷✵✵✼✮❀ ❏❛✈♦r❝✐❦ ❡t ❛❧✳
✭✷✵✶✶✮❀ ❑✉❣❧❡r ❡t ❛❧✳ ✭✷✵✶✽✮✮✳

❊❛❝❤ ♦❢ t❤❡s❡ st✉❞✐❡s ♣❛②s ❝❛r❡❢✉❧ ❛tt❡♥t✐♦♥ t♦ ❝❛✉s❛❧ ✐♥❢❡r❡♥❝❡ ❛s ♠✐❣r❛t✐♦♥ ✐s ✉s✉❛❧❧②
❞❡t❡r♠✐♥❡❞ ❡♥❞♦❣❡♥♦✉s❧②✳ ❚♦ t❤✐s ❡♥❞✱ ❧✐t❡r❛t✉r❡ r❡❝❡♥t❧② s✉❣❣❡sts ❛ ♥❡✇ ❛♣♣r♦❛❝❤ ✕ t❤❡
✶✾✷✵s ♠✐❣r❛t✐♦♥ q✉♦t❛s✳ ❚❤✐s str❛♥❞ ♦❢ ❧✐t❡r❛t✉r❡ ❛♣♣❧✐❡s t❤❡ q✉♦t❛ ❛s ❛ ♥❛t✉r❛❧ ❡①♣❡r✐♠❡♥t
t♦ ❞❡t❡r♠✐♥❡ t❤❡ ❡✛❡❝ts ♦❢ ♠✐❣r❛t✐♦♥ ♦♥ ❡❛r♥✐♥❣s ❛♥❞ ♣r♦❞✉❝t✐✈✐t② ✭❆❣❡r ❛♥❞ ❍❛♥s❡♥ ✭✷✵✶✼✮
❛♥❞ ❳✐❡ ✭✷✵✶✼✮✮✱ ✐♥♥♦✈❛t✐♦♥ ✭❉♦r❛♥ ❛♥❞ ❨♦♦♥ ✭✷✵✶✽✮ ❛♥❞ ▼♦s❡r ❛♥❞ ❙❛♥ ✭✷✵✷✵✮✮✱ ❛♥❞ r❡t✉r♥
♠✐❣r❛t✐♦♥ ✭●r❡❡♥✇♦♦❞ ❛♥❞ ❲❛r❞ ✭✷✵✶✺✮✮✳ ❲❡ t❛❦❡ ❛❞✈❛♥t❛❣❡ ♦❢ t❤✐s ✐❞❡♥t✐✜❝❛t✐♦♥ str❛t❡❣②
t♦ ❡st❛❜❧✐s❤ ❛ ❝❛✉s❛❧ ❧✐♥❦ ❜❡t✇❡❡♥ ♠✐❣r❛t✐♦♥ ❛♥❞ tr❛❞❡✱ ❛♥❞ ❞✐s❝✉ss t❤❡ ❝♦♥❢♦✉♥❞✐♥❣ ❡✛❡❝ts
♦❢ ✉♥♦❜s❡r✈❡❞ ❝❤❛♥❣❡s t♦ t❛r✐✛ ❧❛✇s✳

❯s✐♥❣ ❞❛t❛ ❢r♦♠ ✶✾✵✵ t♦ ✶✾✸✼✱ ✇❡ ✜♥❞ t❤❛t t❤❡ ✶✾✷✵s ◗✉♦t❛ ✇❛s s✉❝❝❡ss❢✉❧ ✐♥ r❡str✐❝t✐♥❣
♠✐❣r❛t✐♦♥ ❢r♦♠ ❊✉r♦♣❡ t♦ t❤❡ ❯❙✱ ♣❛rt✐❝✉❧❛r❧② ✇♦r❦❡rs ❢r♦♠ ❙♦✉t❤❡r♥ ❛♥❞ ❊❛st❡r♥ ❊✉r♦♣❡❛♥
❝♦✉♥tr✐❡s✳ ❆s s✉❝❤✱ t❤❡ q✉♦t❛s ♥♦t ♦♥❧② r❡str✐❝t❡❞ ♠✐❣r❛t✐♦♥ ❜✉t ❝❤❛♥❣❡❞ ✐ts ❝♦♠♣♦s✐t✐♦♥✱
❛s ✐♥t❡♥❞❡❞✳ ❙❡❝♦♥❞✱ ✇❡ ✜♥❞ ♥❡❣❛t✐✈❡ ❡✛❡❝ts ♦❢ t❤❡ q✉♦t❛s ❢♦r ❯❙✲❊✉r♦♣❡❛♥ tr❛❞❡✿ ❆ ✶✪
✐♥❝r❡❛s❡ ✐♥ ❛ ❝♦✉♥tr②✬s q✉♦t❛ ❡①♣♦s✉r❡ r❡❞✉❝❡s ✐♠♣♦rts ❜② ✵✳✵✸✪ ❛♥❞ ❡①♣♦rts ❜② ✵✳✵✼✪✳
❋✐♥❛❧❧②✱ ✇❡ ✜♥❞ ♥♦ tr❛❞❡ ❞✐✈❡rs✐♦♥ ❡✛❡❝ts ♦❢ t❤❡ q✉♦t❛s✳ ■♥ ♦t❤❡r ✇♦r❞s✱ t❤❡r❡ ✐s ♥♦ ❡✈✐❞❡♥❝❡
t❤❛t ❧♦st ❯❙✲❊✉r♦♣❡❛♥ tr❛❞❡ ❛ss♦❝✐❛t❡❞ ✇✐t❤ t❤❡ ◗✉♦t❛ ❆❝ts ✐s ♣✐❝❦❡❞ ✉♣ ❜② ♦t❤❡r ❝♦✉♥tr✐❡s✳
❲❡ ❛r❣✉❡ t❤❛t ✉♥♦❜s❡r✈❡❞ ❝❤❛♥❣❡s t♦ t❛r✐✛ ❧❛✇s ❛❢t❡r t❤❡ ✇❛r ❛r❡ ✉♥❧✐❦❡❧② t♦ ❞r✐✈❡ t❤❡s❡
r❡s✉❧ts✳

✷ ❍✐st♦r✐❝❛❧ ❇❛❝❦❣r♦✉♥❞

❇❡❢♦r❡ t❤❡ t✉r♥ ♦❢ t❤❡ 20th ❝❡♥t✉r②✱ ♠✐❣r❛t✐♦♥ t♦ t❤❡ ❯♥✐t❡❞ ❙t❛t❡s ✇❛s ❧❛r❣❡❧② ✉♥r❡str✐❝t❡❞✳
❲❤✐❧❡ ❛♣♣r♦①✐♠❛t❡❧② ✾✵✪ ♦❢ ✐♠♠✐❣r❛♥ts t♦ t❤❡ ❯✳❙✳ ♦r✐❣✐♥❛t❡❞ ❢r♦♠ ◆♦rt❤❡r♥ ❛♥❞ ❲❡st❡r♥
✭◆❲✮ ❊✉r♦♣❡ ✐♥ t❤❡ ♠✐❞✲✶✽✵✵s✱ t❤❛t ♣❡r❝❡♥t❛❣❡ ❞r♦♣♣❡❞ t♦ ✹✺✪ ❜② ✶✾✷✵✱ ❛♥❞ t❤❡ s❤❛r❡ ♦❢
✐♠♠✐❣r❛♥ts ❢r♦♠ ❙♦✉t❤❡r♥ ❛♥❞ ❊❛st❡r♥ ✭❙❊✮ ❊✉r♦♣❡ ✐♥❝r❡❛s❡❞ t♦ ✹✶✪✳

❆❢t❡r ❲❲■✱ t❤❡ ✶✾✷✶ ❊♠❡r❣❡♥❝② ◗✉♦t❛ ❆❝t ✇❛s ♣❛ss❡❞ t♦ ❞❡❧✐❜❡r❛t❡❧② ❝✉r❜ ✐♠♠✐❣r❛t✐♦♥
❢r♦♠ ❙❊ ❊✉r♦♣❡✱ ✇❤✐❧❡ ❦❡❡♣✐♥❣ ♠✐❣r❛t✐♦♥ ❢r♦♠ ◆❲ ❊✉r♦♣❡ ❝♦♥st❛♥t✳✶ ❚♦ ❛❝❤✐❡✈❡ t❤✐s✱ t❤❡
q✉♦t❛ ❧✐♠✐t❡❞ ♠✐❣r❛t✐♦♥ ❢r♦♠ ❡❛❝❤ ❊✉r♦♣❡❛♥ ❝♦✉♥tr② t♦ ❛ ②❡❛r❧② ♠❛①✐♠✉♠ ♦❢ ✸✪ ♦❢ t❤❡

✶❋♦✉r ②❡❛rs ♣r✐♦r✱ t❤❡ ▲✐t❡r❛❝② ❆❝t ♦❢ ✶✾✶✼ ✇❛s t❤❡ ✜rst ❛tt❡♠♣t t♦ ❝✉r❜ ♠✐❣r❛t✐♦♥ ❢r♦♠ ❙❊ ❊✉r♦♣❡✱
✇❤❡r❡ ❧✐t❡r❛❝② r❛t❡s ✇❤❡r❡ ❜❡❧✐❡✈❡❞ t♦ ❜❡ ❧♦✇❡r t❤❛♥ ✐♥ ◆❲ ❊✉r♦♣❡✳ ❍♦✇❡✈❡r✱ ❣❡♥❡r❛❧❧② ❤✐❣❤ ❛♥❞ r✐s✐♥❣
❧✐t❡r❛❝② r❛t❡s ❛❝r♦ss ❊✉r♦♣❡ r❡♥❞❡r❡❞ t❤❡ ✶✾✶✼ ❆❝t ✐♥❡✛❡❝t✐✈❡ ✭●♦❧❞✐♥✱ ✶✾✾✹✮✳



❝♦✉♥tr②✬s ❢♦r❡✐❣♥✲❜♦r♥ ♣♦♣✉❧❛t✐♦♥ st♦❝❦ ✐♥ ✶✾✶✵✳ ❚❤✐s ❞r❛st✐❝❛❧❧② ❛♥❞ ❞✐✛❡r❡♥t✐❛❧❧② r❡❞✉❝❡❞
❊✉r♦♣❡❛♥ ✐♠♠✐❣r❛t✐♦♥✳ ❋♦r ❡①❛♠♣❧❡✱ t❤❡ ❙✇❡❞✐s❤✲❜♦r♥ ♣♦♣✉❧❛t✐♦♥ ✐♥ t❤❡ ❯❙ ✐♥ ✶✾✶✵ ✇❛s
✻✻✺✱✵✵✵✱ ❛❧❧♦✇✐♥❣ ❢♦r ✷✵✱✵✵✵ ❙✇❡❞✐s❤ ♠✐❣r❛♥ts ✉♥❞❡r t❤❡ ✶✾✷✶ ◗✉♦t❛✳ ■♥ ❝♦♥tr❛st✱ t❤❡ ■t❛❧✐❛♥✲
❜♦r♥ ♣♦♣✉❧❛t✐♦♥ ✐♥ ✶✾✶✵ ✇❛s ✶✳✺ ♠✐❧❧✐♦♥ r❡s✉❧t✐♥❣ ✐♥ ❛ q✉♦t❛ ♦❢ ✹✷✱✵✵✵✳ ❋♦r ■t❛❧②✱ t❤✐s ✐♠♣❧✐❡❞
❛ ✽✵✪ ❞❡❝❧✐♥❡ r❡❧❛t✐✈❡ t♦ t❤❡ ✶✾✷✶ ✐♠♠✐❣r❛t✐♦♥ ✢♦✇s✳ ■♥ ❝♦♥tr❛st✱ ❛❝t✉❛❧ ✐♠♠✐❣r❛t✐♦♥ ❢r♦♠
❙✇❡❞❡♥ ♦♥❧② ❛♠♦✉♥t❡❞ t♦ ✾✱✵✵✵ ✐♥ ✶✾✷✶✱ ♠❛❦✐♥❣ t❤❡ ❙✇❡❞✐s❤ q✉♦t❛ ♦❢ ✷✵✱✵✵✵ ♥♦♥✲❜✐♥❞✐♥❣✳

❋♦❧❧♦✇✐♥❣ t❤❡ ✶✾✷✶ ❊♠❡r❣❡♥❝② ◗✉♦t❛ ❆❝t✱ t❤❡ ■♠♠✐❣r❛t✐♦♥ ❆❝t ♦❢ ✶✾✷✹ ✇❛s ♣❛ss❡❞ t♦
♠❛❦❡ ♣❡r♠❛♥❡♥t✱ ❛♥❞ ❢✉rt❤❡r t✐❣❤t❡♥✱ ✐♠♠✐❣r❛t✐♦♥ r❡str✐❝t✐♦♥s✳ ❚❤❡ ♥❡✇ ❛❝t ❝❤❛♥❣❡❞ ②❡❛r❧②
❧✐♠✐ts t♦ ✷✪ ♦❢ ❛ ❝♦✉♥tr②✬s ✶✽✾✵ ❯❙ ♣♦♣✉❧❛t✐♦♥ st♦❝❦✳ ◆♦t ♦♥❧② ❞✐❞ t❤✐s ❛❝t ❢✉rt❤❡r r❡❞✉❝❡
✐♠♠✐❣r❛t✐♦♥✱ ❜✉t ✐t ✐♥❝r❡❛s✐♥❣❧② ❞✐s❢❛✈♦r❡❞ ✐♠♠✐❣r❛t✐♦♥ ♦r✐❣✐♥❛t✐♥❣ ❢r♦♠ ❙❊ ❊✉r♦♣❡✳ ❆s
✐❧❧✉str❛t❡❞ ✐♥ ❋✐❣✉r❡ ✶✱ t❤❡ ❢♦r❡✐❣♥✲❜♦r♥ ♣♦♣✉❧❛t✐♦♥ st♦❝❦ ❢r♦♠ ❙❊ ❊✉r♦♣❡ ❛❝❝♦✉♥t❡❞ ❢♦r ❧❡ss
t❤❛♥ ✷✺✪ ♦❢ t❤❡ ♦✈❡r❛❧❧ ❊✉r♦♣❡❛♥ ❢♦r❡✐❣♥✲❜♦r♥ ♣♦♣✉❧❛t✐♦♥ ❜❡t✇❡❡♥ ✶✽✽✶ ❛♥❞ ✶✽✾✵✱ ❝♦♠♣❛r❡❞
t♦ ✼✺✪ ✐♥ ✶✾✶✵✳ ❚❤✉s✱ ❜② ❝❤❛♥❣✐♥❣ t❤❡ r❡❢❡r❡♥❝❡ ②❡❛r t♦ ✶✽✾✵✱ t❤❡ ✶✾✷✹ ❆❝t t❛r❣❡t❡❞
❙❊ ❊✉r♦♣❡❛♥ ✐♠♠✐❣r❛t✐♦♥ ❜② r❡❞✉❝✐♥❣ t❤❡ ♣♦♣✉❧❛t✐♦♥ ❜❛s❡ ❢♦r t❤❡ q✉♦t❛ ❝❛❧❝✉❧❛t✐♦♥s✳ ❚♦
❝♦♥t✐♥✉❡ t❤❡ ♣r❡✈✐♦✉s ❡①❛♠♣❧❡✿ t❤❡ ✶✾✷✹ ❆❝t ❞❡❝r❡❛s❡❞ t❤❡ ❙✇❡❞✐s❤ q✉♦t❛ ❜② ✶✵✱✵✵✵ ✭✺✵✪✮✱
❜✉t ❞❡❝r❡❛s❡❞ t❤❡ ■t❛❧✐❛♥ q✉♦t❛ ❢r♦♠ ✹✷✱✵✵✵ t♦ ✉♥❞❡r ✹✵✵✵ ✭✾✶✪✮✳✷

✸ ❉❛t❛

▼✐❣r❛t✐♦♥ ❢r♦♠ ◆❲ ❊✉r♦♣❡ ❣r❡✇ ❢r♦♠ ✶✵✵✱✵✵✵ ✐♥ ✶✾✵✵ t♦ ❛❜♦✉t ✷✵✵✱✵✵✵ ✐♥ ✶✾✵✺ ✇❤❡r❡ ✐t
r❡♠❛✐♥❡❞ ❝♦♥st❛♥t ✉♥t✐❧ t❤❡ ✇❛r ✭❋✐❣✉r❡ ✷✮✳ ■♥ ❝♦♥tr❛st✱ ♠✐❣r❛t✐♦♥ ❢r♦♠ ❙❊ ❊✉r♦♣❡ ♣❡❛❦❡❞
t✇✐❝❡ ❛t ♦✈❡r ✽✵✵✱✵✵✵✳✸ ❆❢t❡r ❲❲■✱ ♠✐❣r❛t✐♦♥ ✇❛s ♠♦st❧② ❞❡t❡r♠✐♥❡❞ ❜② t❤❡ q✉♦t❛s✱ ♥♦✇
✇✐t❤ ✐♠♠✐❣r❛t✐♦♥ ❢r♦♠ ◆❲ ❝♦✉♥tr✐❡s ❞♦♠✐♥❛t✐♥❣ ❙❊ ✐♠♠✐❣r❛t✐♦♥✳✹

❚❛❜❧❡ ✶ ♣r♦✈✐❞❡s ❛ ❝❧♦s❡r ❧♦♦❦ ❛t ✐♠♠✐❣r❛t✐♦♥ ❜② ❝♦✉♥tr②✳ Pr❡✲q✉♦t❛ ✐♠♠✐❣r❛t✐♦♥ ❢r♦♠
❙❊ ❊✉r♦♣❡ ✇❛s ❞♦♠✐♥❛t❡❞ ❜② ❆✉str✐❛✲❍✉♥❣❛r②✱ ■t❛❧② ❛♥❞ t❤❡ ❯❙❙❘✱ ❡❛❝❤ s❡♥❞✐♥❣ ♠♦r❡
♠✐❣r❛♥ts t❤❛♥ ❛❧❧ ♦❢ ◆❲ ❊✉r♦♣❡ ❝♦♠❜✐♥❡❞✳ ❆❢t❡r t❤❡ q✉♦t❛s ✇❡r❡ ✐♠♣❧❡♠❡♥t❡❞✱ ♠✐❣r❛t✐♦♥
❢r♦♠ ◆❲ ❊✉r♦♣❡ ✇❛s st✐❧❧ ❝❛✳ ✺✵✪ ♦❢ ♣r❡✲❲❲■ ❧❡✈❡❧s✱ ✇❤❡r❡❛s ✐♠♠✐❣r❛t✐♦♥ ❢r♦♠ ❙❊ ❊✉r♦♣❡
✇❛s ♦♥❧② ✹✪ ♦❢ t❤❡ ♣r❡✲q✉♦t❛ ❧❡✈❡❧✳ ❈♦❧✉♠♥ ✸ s❤♦✇s t❤❛t t❤❡ q✉♦t❛s ✇❡r❡ ❡ss❡♥t✐❛❧❧② ♥♦♥✲
❜✐♥❞✐♥❣ ❢♦r ◆❊ ❊✉r♦♣❡✳ ❆t t❤❡ ♠❡❞✐❛♥✱ t❤❡ q✉♦t❛ ❡①❝❡❡❞s ❛❝t✉❛❧ ♠✐❣r❛t✐♦♥ ❜② ✶✱✶✵✵ ✐♥ ◆❲
❊✉r♦♣❡ ❜✉t ✐s ❜✐♥❞✐♥❣ ✐♥ ❙❊ ❊✉r♦♣❡✳

❋✐❣✉r❡ ✸ s❤♦✇s t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ tr❛❞❡ ❞✉r✐♥❣ ♦✉r s❛♠♣❧❡ ♣❡r✐♦❞✳ ❲❤✐❧❡ ◆❲ ❊✉r♦♣❡
r❡❝♦r❞❡❞ ❜♦t❤ ❤✐❣❤❡r ✐♠♣♦rts ❛♥❞ ❡①♣♦rts t♦ t❤❡ ❯❙✱ tr❛❞❡ ✢♦✇s ❢♦❧❧♦✇ ❛ s✐♠✐❧❛r tr❡♥❞✳
❚❛❜❧❡ ✷ r❡♣♦rts ❛✈❡r❛❣❡ tr❛❞❡ ✢♦✇s ❜② ❝♦✉♥tr② ❛♥❞ r❡❣✐♦♥✳ ❖♥ ❛✈❡r❛❣❡✱ tr❛❞❡ ✇✐t❤ ◆❲
❊✉r♦♣❡ ❢♦r ❡❛❝❤ ❝♦✉♥tr② ✇❛s ❤✐❣❤❡st ❛t ❛r♦✉♥❞ ✼✵✪✱ ❢♦❧❧♦✇❡❞ ❜② ✶✷✪ ♦❢ tr❛❞❡ ✇✐t❤ ❙❊
❊✉r♦♣❡ ❛♥❞ ✼✪ ♦❢ tr❛❞❡ ✇✐t❤ t❤❡ ❯❙✳ ❚❤✐s ♣❛tt❡r♥ ❤♦❧❞s tr✉❡ ❢♦r ❜♦t❤ ◆❲ ❝♦✉♥tr✐❡s ❛♥❞
❙❊ ❝♦✉♥tr✐❡s✳ ■♥ ❛❞❞✐t✐♦♥✱ ❚❛❜❧❡ ✷ s❤♦✇s s✉♠♠❛r② st❛t✐st✐❝s ❢♦r ❯❙ ♣♦♣✉❧❛t✐♦♥✱ ●❉P ❛♥❞
❛✈❡r❛❣❡ t❛r✐✛ r❛t❡s✳✺

✷❙❡❡ ●r❡❡♥✇♦♦❞ ❛♥❞ ❲❛r❞ ✭✷✵✶✺✮ ♦r ▼❛ss❡② ✭✷✵✶✻✮ ❢♦r ♠♦r❡ ❞❡t❛✐❧s ♦♥ t❤❡ ◗✉♦t❛ ❆❝ts
✸❈♦✐♥❝✐❞✐♥❣ ✇✐t❤ t❤❡ P❛♥✐❝ ♦❢ ✶✾✵✼✱ ♠✐❣r❛t✐♦♥ ❢r♦♠ ❙❊ ❝♦✉♥tr✐❡s ❞r♦♣♣❡❞ ❜② ✺✵✪✱ ✐♥❞✉str✐❛❧ ♦✉t♣✉t ❢❡❧❧

✶✼✪✱ ❛♥❞ r❡❛❧ ●◆P ❜② ✶✷✪ ✭▼♦❡♥ ❛♥❞ ❚❛❧❧♠❛♥✱ ✷✵✶✺✮✳
✹❚❛❜❧❡ ❆✶ ✐♥ t❤❡ ❛♣♣❡♥❞✐① ♣r♦✈✐❞❡s ❛ ❞❡t❛✐❧❡❞ ❧✐st ♦❢ ✈❛r✐❛❜❧❡ ❞❡✜♥✐t✐♦♥s ❛♥❞ s♦✉r❝❡s✳
✺❍✐❣❤ t❛r✐✛ r❛t❡s ❢♦r ❯❙❙❘ ❛r❡ ❞r✐✈❡♥ ❜② t❛r✐✛s ✐♥ t❤❡ ✶✾✸✵s✳ ❉✉r✐♥❣ t❤❡ ✜rst ❛♥❞ s❡❝♦♥❞ ✺✲②❡❛r ♣❧❛♥s✱

t❤❡ ❯❙❙❘ ✉♥❞❡r ❙t❛❧✐♥ ♣✉rs✉❡❞ ❡❝♦♥♦♠✐❝ ❛✉t❛r❦② ❛♥❞ ✐♥t❡♥❞❡❞ t♦ r❡❞✉❝❡ ❢♦r❡✐❣♥ tr❛❞❡ q✉✐❝❦❧② t♦ ❛ t♦❧❡r❛❜❧❡
♠✐♥✐♠✉♠ ✭❉♦❤❛♥✱ ✶✾✼✻✮✳



✹ ❊st✐♠❛t✐♦♥ ❙tr❛t❡❣②

❚♦ ❝❛♣t✉r❡ t❤❡ ❡✛❡❝t ♦❢ t❤❡ ✶✾✷✵✬s ◗✉♦t❛ ❆❝ts ♦♥ ✐♠♠✐❣r❛t✐♦♥ ❢r♦♠ ❝♦✉♥tr② i ❛t t✐♠❡ t✱ ✇❡
❢♦❧❧♦✇ ❆❣❡r ❛♥❞ ❍❛♥s❡♥ ✭✷✵✶✼✮ ❛♥❞ ❝♦♥str✉❝t ❛ ♠❡❛s✉r❡✱ QuotaExposure✱ t❤❛t ✐s ❜❛s❡❞ ♦♥
t❤❡ ♥✉♠❜❡r ♦❢ ♣r❡❞✐❝t❡❞ ♠✐ss✐♥❣ ♠✐❣r❛♥ts✳ ❲❡ ❞❡✜♥❡ QuotaExposure ❛s✿

QuotaExposurei,t = max[log(M̂i,t −Quotai,t), 0], ✭✶✮

❢♦r t > 1921 ❛♥❞ QuotaExposurei,t = 0 ♦t❤❡r✇✐s❡✳✻ ❚❤❡ ✈❛r✐❛❜❧❡ Quotai,t ✐s t❤❡ ❛❧❧♦tt❡❞
♥✉♠❜❡r ♦❢ ♠✐❣r❛♥ts ❢r♦♠ ❝♦✉♥tr② i ❛t t✐♠❡ t ✉♥❞❡r t❤❡ ◗✉♦t❛ ❆❝ts✳ ❚❤❡ ✈❛r✐❛❜❧❡ M̂i,t

✐s t❤❡ ♥✉♠❜❡r ♦❢ ♣r❡❞✐❝t❡❞ ✐♠♠✐❣r❛♥ts ❢r♦♠ ❝♦✉♥tr② i ❛t t✐♠❡ t ❤❛❞ t❤❡ q✉♦t❛ ♥♦t ❜❡❡♥
✐♠♣❧❡♠❡♥t❡❞✳ ❚❤❡ ♣r❡❞✐❝t✐♦♥ ✐s ❞❡r✐✈❡❞ ❢r♦♠ t❤❡ ❢♦❧❧♦✇✐♥❣ r❡❣r❡ss✐♦♥✱ s❡♣❛r❛t❡❧② ❢♦r ❡❛❝❤
❝♦✉♥tr②✿ Mt = β0 + β1ln(t) + β2ln(t)

2✱ ✇❤❡r❡ Mt r❡❢❡rs t♦ t❤❡ ❛❝t✉❛❧ ✐♠♠✐❣r❛t✐♦♥ ✢♦✇
❢r♦♠ ❛ ❣✐✈❡♥ ❝♦✉♥tr② ❛t t✐♠❡ t = [1900, ...1913] ❛♥❞ ln(t) ✐s t❤❡ ♥❛t✉r❛❧ ❧♦❣ ♦❢ ❛ ❧✐♥❡❛r t✐♠❡
tr❡♥❞✳ ❙✐♥❝❡ ♦✉r s❛♠♣❧❡ ♣❡r✐♦❞ ✇❛s ❛✛❡❝t❡❞ ❜② ❲❲■✱ ✇❡ ✉s❡ ♣r❡✲❲❲■ ✐♠♠✐❣r❛t✐♦♥ ✢♦✇s
t♦ ❡st✐♠❛t❡ β̂1 ❛♥❞ β̂2✱ ✇❤✐❝❤ ✇❡ ✉s❡ ✐♥ t✉r♥ t♦ ♣r❡❞✐❝t t❤❡ ❤②♣♦t❤❡t✐❝❛❧ ✐♠♠✐❣r❛t✐♦♥ ✢♦✇s
♣♦st✲❲❲■ ❤❛❞ t❤❡ q✉♦t❛ s②st❡♠ ♥♦t ❜❡❡♥ ✐♠♣❧❡♠❡♥t❡❞✳ ❲❡ ✐♥t❡r♣r❡t t❤❡ t❡r♠ M̂t−Quotat
❛s t❤❡ ♥✉♠❜❡r ♦❢ ♠✐ss✐♥❣ ♠✐❣r❛♥ts ❢r♦♠ ❛ ❝❡rt❛✐♥ ❝♦✉♥tr② ✐♥ ②❡❛r t ❞✉❡ t♦ t❤❡ q✉♦t❛s✳ ❲❡ s❡t
QuotaExposure ❡q✉❛❧ t♦ ③❡r♦ ✐❢ M̂it < Quotait ✭❛ ♥♦♥✲❜✐♥❞✐♥❣ q✉♦t❛✮✱ ❛♥❞ ❢♦r t❤❡ ♣r❡✲q✉♦t❛
②❡❛rs✱ t < 1922✳

❋✐❣✉r❡ ✹ ✐❧❧✉str❛t❡s ❛❝t✉❛❧ ♠✐❣r❛t✐♦♥ ✭Mt✮ ❛♥❞ ♣r❡❞✐❝t❡❞ ♠✐❣r❛t✐♦♥ ✭M̂t✮ ❢♦r ❛❧❧ ✶✺ ❝♦✉♥✲
tr✐❡s ✐♥ ♦✉r s❛♠♣❧❡ ♦✈❡r t✐♠❡✳ ❋♦r ❡①❛♠♣❧❡✱ t❤❡ ♥✉♠❜❡r ♦❢ ♣r❡❞✐❝t❡❞ ✐♠♠✐❣r❛t✐♦♥ ❢r♦♠ ■t❛❧②
✐♥ ✶✾✷✸ ✐s ❥✉st ❜❡❧♦✇ ✷✺✵✱✵✵✵✱ ✇❤✐❧❡ ✉♥❞❡r t❤❡ ✶✾✷✶ ◗✉♦t❛ ❆❝t ❛♥♥✉❛❧ ■t❛❧✐❛♥ ♠✐❣r❛t✐♦♥ ✇❛s
r❡str✐❝t❡❞ t♦ ❥✉st ❛❜♦✈❡ ✹✵✱✵✵✵✳ ■♥ ♦t❤❡r ✇♦r❞s✱ t❤❡ q✉♦t❛ ❝r❡❛t❡❞ ❛♣♣r♦①✐♠❛t❡❧② ✷✶✵✱✵✵✵
♠✐ss✐♥❣ ■t❛❧✐❛♥ ♠✐❣r❛♥ts✳ ■♥ ❝♦♥tr❛st✱ t❤❡ ♥✉♠❜❡r ♦❢ ♣r❡❞✐❝t❡❞ ✐♠♠✐❣r❛t✐♦♥ ❢r♦♠ ❙✇❡❞❡♥ ✐♥
✶✾✷✸ ✇❛s ❥✉st ✉♥❞❡r ✶✵✱✵✵✵✱ ✇❤✐❧❡ ✉♥❞❡r t❤❡ ✶✾✷✶ ◗✉♦t❛ ❆❝t ❛♥♥✉❛❧ ❙✇❡❞✐s❤ ♠✐❣r❛t✐♦♥ ✇❛s
❝❛✳ ✷✵✱✵✵✵✱ t❤✉s ♥♦t ❝r❡❛t✐♥❣ ❛♥② ♠✐ss✐♥❣ ♠✐❣r❛♥ts✳✼

❇② ✉s✐♥❣ ◗✉♦t❛ ❊①♣♦s✉r❡ ✐♥ ❛ ✜①❡❞ ❡✛❡❝ts r❡❣r❡ss✐♦♥✱ ✇❡ ❛r❡ ❡✛❡❝t✐✈❡❧② ❡st✐♠❛t✐♥❣ ❛
❉✐✛❡r❡♥❝❡✲✐♥✲❉✐✛❡r❡♥❝❡s ♠♦❞❡❧ ✇✐t❤ ❤❡t❡r♦❣❡♥❡♦✉s tr❡❛t♠❡♥t ❞♦s❛❣❡s✳✽ ❚❤❡ ✈❛❧✐❞✐t② ♦❢ t❤✐s
✐❞❡♥t✐✜❝❛t✐♦♥ str❛t❡❣② ❤✐♥❣❡s ♦♥ t❤❡ ❛ss✉♠♣t✐♦♥ t❤❛t tr❛❞❡ ✐♥ t > 1921 ✐s ✉♥r❡❧❛t❡❞ t♦ ✐✮ t❤❡
❢♦r❡✐❣♥✲❜♦r♥ ♣♦♣✉❧❛t✐♦♥ ✶✶✲✸✶ ②❡❛rs ♣r✐♦r✱ ❛♥❞ ✐✐✮ ❛❝t✉❛❧ ✐♠♠✐❣r❛t✐♦♥ ♣r❡✲❲❲■✳

✻❆❧t❡r♥❛t✐✈❡❧②✱ t❤✐s ❝❛♥ ❜❡ t❤♦✉❣❤t ♦❢ ❛s t❤❡ ✐♥t❡r❛❝t✐♦♥ t❡r♠ QuotaExposurei,t × PostTreatmentt ✐♥ ❛
❉✐❉ ♠♦❞❡❧✳

✼■♥ ❛❞❞✐t✐♦♥ t♦ t❤❡ ◗✉♦t❛ ❊①♣♦s✉r❡ ♠❡❛s✉r❡ ✐♥ ❡q✉❛t✐♦♥ ✭✶✮ ✇❡ t❡st ♦✉r r❡s✉❧ts ❢♦r r♦❜✉st♥❡ss ✉s✐♥❣
s❡✈❡r❛❧ ♦t❤❡r tr❡❛t♠❡♥t ♠❡❛s✉r❡s ❛♥❞ ♠❡t❤♦❞s✳ ❋✐rst✱ ✇❡ r❡♣❧❛❝❡ ❡q✉❛t✐♦♥ ✭✶✮ ✇✐t❤ ❛♥ ❛♣♣r♦❛❝❤ s✐♠✐❧❛r t♦

●r❡❡♥✇♦♦❞ ❛♥❞ ❲❛r❞ ✭✷✵✶✺✮✿ QuotaExposurei,t = max[1−
Quotai,t

M̂i,t

, 0]✱ ✇❤✐❝❤ ❝❛♣t✉r❡s t❤❡ ✐♥t❡♥s✐t② ♦❢ t❤❡

q✉♦t❛ s②st❡♠✳ ❙❡❝♦♥❞✱ ✇❡ ♣r♦✈✐❞❡ ✐♥str✉♠❡♥t❛❧ ✈❛r✐❛❜❧❡ ❡st✐♠❛t❡s ✉s✐♥❣ ◗✉♦t❛ ❊①♣♦s✉r❡ ❛s ❛♥ ✐♥str✉♠❡♥t
❢♦r ♠✐❣r❛t✐♦♥✳ ❚❤✐r❞✱ ✇❡ ❡st✐♠❛t❡ ❛ s✐♠♣❧❡ ❉✐❉ ♠♦❞❡❧ ✇✐t❤ ❊✉r♦♣❡ ❛s t❤❡ tr❡❛t♠❡♥t ❣r♦✉♣✳ ❈♦✉♥tr✐❡s
✇✐t❤♦✉t ❧❡❣❛❧ q✉♦t❛s✱ ✐♥❝❧✉❞✐♥❣ ▲❛t✐♥ ❆♠❡r✐❝❛♥ ❝♦✉♥tr✐❡s ❛♥❞ ❈❛♥❛❞❛✱ ♠❛❦❡ ✉♣ t❤❡ ❝♦♥tr♦❧ ❣r♦✉♣✳ ❘❡s✉❧ts
❛r❡ r♦❜✉st ❛♥❞ ❛✈❛✐❧❛❜❧❡ ✉♣♦♥ r❡q✉❡st✳

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



✺ ❘❡s✉❧ts

✺✳✶ ❚❤❡ ❊✛❡❝t ♦❢ t❤❡ ◗✉♦t❛s ♦♥ ■♠♠✐❣r❛t✐♦♥

❇❡❢♦r❡ ✇❡ t✉r♥ t♦ ♦✉r tr❛❞❡ r❡s✉❧ts✱ ✇❡ ✈❡r✐❢② t❤❛t t❤❡ q✉♦t❛s ❞❡❝r❡❛s❡❞ ✐♠♠✐❣r❛t✐♦♥ r❡❧❛t✐✈❡❧②
♠♦r❡ ✐♥ ❝♦✉♥tr✐❡s ✇✐t❤ ❛ ❤✐❣❤❡r ♥✉♠❜❡r ♦❢ ♣r❡❞✐❝t❡❞ ♠✐ss✐♥❣ ♠✐❣r❛♥ts✳ ❚❤❡r❡❢♦r❡ ✇❡ ❡st✐♠❛t❡
t❤❡ ❢♦❧❧♦✇✐♥❣ ♠♦❞❡❧✿

log(Migrationi,t) = βQuotaExposurei,t + γ1GDPi,t + γ2Popi,t + ϕt + ρi + ϵit, ✭✷✮

✇❤❡r❡ Migrationi,t ✐s ♠✐❣r❛t✐♦♥ ❢r♦♠ ❝♦✉♥tr② i t♦ t❤❡ ❯❙✱ QuotaExposure ✐s ❛ ♣❧❛❝❡❤♦❧❞❡r
❢♦r t❤❡ q✉♦t❛ ❡①♣♦s✉r❡ ♠❡❛s✉r❡s ❞❡s❝r✐❜❡❞ ✐♥ ❙❡❝t✐♦♥ ✹✱ ρi ❛♥❞ ϕt ❛r❡ ✜①❡❞ ❡✛❡❝ts✱ ❛♥❞ GDP

❛♥❞ Pop ❛r❡ ❝♦✉♥tr② i′s ●❉P ❛♥❞ ♣♦♣✉❧❛t✐♦♥✱ r❡s♣❡❝t✐✈❡❧②✳ ❊q✉❛t✐♦♥ ✭✷✮ ❝❛♥ ❜❡ t❤♦✉❣❤t ♦❢
❛s t❤❡ ✜rst✲st❛❣❡ ✐♥ ❛ ✷❙▲❙ r❡❣r❡ss✐♦♥ ✇❤❡r❡ tr❛❞❡ ✐s t❤❡ ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡ ❛♥❞ ♠✐❣r❛t✐♦♥ ✐s
t❤❡ ✈❛r✐❛❜❧❡ ♦❢ ✐♥t❡r❡st✳

❚❛❜❧❡ ✸ r❡♣♦rts ❝♦❡✣❝✐❡♥t ❡st✐♠❛t❡s ❢r♦♠ ❡st✐♠❛t✐♥❣ ❡q✉❛t✐♦♥ ✭✷✮ ❜② ❖▲❙✱ ❛♥❞ s✉♠♠❛r②
st❛t✐st✐❝s ♦❢ t❤❡ q✉♦t❛ ❡①♣♦s✉r❡ ♠❡❛s✉r❡ ❜② r❡❣✐♦♥✳ ❚❤❡ ❛✈❡r❛❣❡ q✉♦t❛ ❡①♣♦s✉r❡ ✐♥ ❙❊ ❝♦✉♥✲
tr✐❡s ✐s t✇♦ t✐♠❡s ❧❛r❣❡r t❤❛♥ ✐♥ ◆❲ ❝♦✉♥tr✐❡s✳ ❈♦❡✣❝✐❡♥t ❡st✐♠❛t❡s s✉❣❣❡st ❛ s✐❣♥✐✜❝❛♥t❧②
♥❡❣❛t✐✈❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ q✉♦t❛ ❡①♣♦s✉r❡ ❛♥❞ ♠✐❣r❛t✐♦♥✱ ✐✳❡✳ ♦✉r q✉♦t❛ ♠❡❛s✉r❡s ❛r❡
str♦♥❣ ♣r❡❞✐❝t♦rs ♦❢ ♠✐❣r❛t✐♦♥ t♦ t❤❡ ❯❙✳ ❙♣❡❝✐✜❝❛❧❧②✱ ❈♦❧✉♠♥ ✶ s❤♦✇s t❤❛t ❝♦✉♥tr✐❡s ✇✐t❤
❛ ✶ ✪ ❤✐❣❤❡r q✉♦t❛ ❡①♣♦s✉r❡ r❡❞✉❝❡ ♠✐❣r❛t✐♦♥ t♦ t❤❡ ❯❙ ❜② ✵✳✶✪✳ ❋♦r ✽ ❝♦✉♥tr✐❡s✱ ✇❡ ❛❧s♦
♦❜s❡r✈❡ ♠✐❣r❛t✐♦♥ ❜② ♦❝❝✉♣❛t✐♦♥ ❣r♦✉♣s✳ ❆✈❡r❛❣❡ ◗✉♦t❛ ❊①♣♦s✉r❡ ❢♦r t❤✐s s✉❜s❛♠♣❧❡ ✐s s✐♠✲
✐❧❛r t♦ t❤❡ ❢✉❧❧ s❛♠♣❧❡✳ ❈♦❧✉♠♥s ✸ t♦ ✻ s❤♦✇ t❤❛t t❤❡ q✉♦t❛ s✉❝❝❡ss❢✉❧❧② ❞❡t❡rr❡❞ ♠✐❣r❛t✐♦♥
❛❝r♦ss ❛ ✈❛r✐❡t② ♦❢ ♦❝❝✉♣❛t✐♦♥s✱ ✇✐t❤ s✐♠✐❧❛r r❡s✉❧ts ❢♦r ❛❣r✐❝✉❧t✉r❛❧ ✇♦r❦❡rs✱ ♣r♦❢❡ss✐♦♥❛❧s✱
❛♥❞ s❦✐❧❧❡❞ ✇♦r❦❡rs✳✾

✺✳✷ ❚❤❡ ✶✾✷✵✬s ◗✉♦t❛s ❛♥❞ ❯❙✲❊✉r♦♣❡❛♥ ❚r❛❞❡

❖✉r ♠❛✐♥ r❡s✉❧ts ❞❡s❝r✐❜❡ t❤❡ ❡✛❡❝t ♦❢ t❤❡ ✶✾✷✵✬s ■♠♠✐❣r❛t✐♦♥ ◗✉♦t❛s ♦♥ tr❛❞❡ ❜❡t✇❡❡♥
❊✉r♦♣❡ ❛♥❞ t❤❡ ❯❙✳ ❙♣❡❝✐✜❝❛❧❧②✱ ✇❡ ❡st✐♠❛t❡✿

Yi,t = βMigrationi,t + γXi,t + ϕt + ρi + ϵit, ✭✸✮

✇❤❡r❡ Yi,t ✐s t❤❡ ♥❛t✉r❛❧ ❧♦❣ ♦❢ ❝♦✉♥tr② i′s ✐♠♣♦rts ❢r♦♠ ✭❡①♣♦rts t♦✮ t❤❡ ❯❙ ❛t t✐♠❡ t✱ ϕt ❛r❡
②❡❛r ✜①❡❞ ❡✛❡❝ts t♦ ❝♦♥tr♦❧ ❢♦r t✐♠❡✲✐♥✈❛r✐❛♥t ❢❛❝t♦rs s✉❝❤ ❛s t❤❡ ❣❧♦❜❛❧ ❡❝♦♥♦♠✐❝ ❝❧✐♠❛t❡✱ ρi
❛r❡ ❝♦✉♥tr② ✜①❡❞ ❡✛❡❝ts t♦ ❝♦♥tr♦❧ ❢♦r ❝♦✉♥tr②✲✐♥✈❛r✐❛♥t ❢❛❝t♦rs s✉❝❤ ❛s ❣❡♦❣r❛♣❤✐❝ ❞✐st❛♥❝❡
❢r♦♠ t❤❡ ❯❙ ♦r ♦t❤❡r ❯❙ s♣❡❝✐✜❝ ✐♥❞✐❝❛t♦rs✱ Xi,t ✐s ❛ ✈❡❝t♦r ♦❢ ❝♦♥tr♦❧ ✈❛r✐❛❜❧❡s ✐♥❝❧✉❞✐♥❣
t❤❡ ♥❛t✉r❛❧ ❧♦❣ ♦❢ ●❉P✱ ♣♦♣✉❧❛t✐♦♥✱ ❛s ✇❡❧❧ ❛s t❤r❡❡ tr❛❞❡ ♦♣❡♥♥❡ss ♠❡❛s✉r❡s✿ ❛ ❝♦✉♥tr②✬s
♦✈❡r❛❧❧ tr❛❞❡ ✈♦❧✉♠❡✱ ❛ ❝♦✉♥tr②✬s ❛✈❡r❛❣❡ t❛r✐✛ r❛t❡✱ ❛♥❞ t❤❡ ❢r❛❝t✐♦♥ ♦❢ ❛ ❝♦✉♥tr②✬s ❢r❡❡ tr❛❞❡
✇✐t❤ t❤❡ ❯❙ r❡❧❛t✐✈❡ t♦ ✐ts ✶✾✶✹ ❧❡✈❡❧✳✶✵

❚❤❡ ❝♦❡✣❝✐❡♥t ♦❢ ✐♥t❡r❡st✱ β✱ ♠❡❛s✉r❡s t❤❡ ❡✛❡❝t ♦❢ ❛ ❝❤❛♥❣❡ ✐♥ t❤❡ ♠✐❣r❛t✐♦♥ ♠❡❛s✉r❡
♦♥ tr❛❞❡ ❜❡t✇❡❡♥ ❊✉r♦♣❡ ❛♥❞ t❤❡ ❯❙✳ ❙♣❡❝✐✜❝❛❧❧②✱ ❚❛❜❧❡ ✹ r❡♣♦rts ❝♦❡✣❝✐❡♥t ❡st✐♠❛t❡s ♦❢ ✻
❞✐st✐♥❝t r❡❣r❡ss✐♦♥s✳ ■♥ ❛❞❞✐t✐♦♥ t♦ r♦❜✉st st❛♥❞❛r❞ ❡rr♦rs✱ t❤❡ ❜♦tt♦♠ ♦❢ ❡❛❝❤ ❝♦❧✉♠♥ r❡♣♦rts

✾♣❧❡❛s❡ s❡❡ ❆♣♣❡♥❞✐① ❆✶ ❢♦r ❞❡t❛✐❧s ♦♥ ♦❝❝✉♣❛t✐♦♥❛❧ ❣r♦✉♣s✳
✶✵❚❤❡ ❛♣♣❡♥❞✐① ♣r♦✈✐❞❡s ♠♦r❡ ❞❡t❛✐❧s ♦♥ t❤❡s❡ ✈❛r✐❛❜❧❡s✳



t❤❡ ♣✲✈❛❧✉❡s ❢r♦♠ ❛ ✇✐❧❞ ❜♦♦tstr❛♣ ❛s ✐♥ ❘♦♦❞♠❛♥ ❡t ❛❧✳ ✭✷✵✶✾✮✳✶✶ ❈♦❧✉♠♥ ✶ ♣r❡s❡♥ts r❡s✉❧ts
♦❢ ❛ s✐♠♣❧❡ ❖▲❙ r❡❣r❡ss✐♦♥ ✇✐t❤ ♠✐❣r❛t✐♦♥ ✢♦✇s ❛s t❤❡ ✐♥❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡✱ ✐♥❞✐❝❛t✐♥❣ ❛
♦♥❡ ♣❡r❝❡♥t ✐♥❝r❡❛s❡ ✐♥ ♠✐❣r❛t✐♦♥ ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❛ ✵✳✵✹✪ ✐♥❝r❡❛s❡ ✐♥ ✐♠♣♦rts ❛♥❞ ❛ ✵✳✵✸✪
❞❡❝r❡❛s❡ ✐♥ ❡①♣♦rts✳ ❚❤❡s❡ ❡✛❡❝ts ❛r❡ ♥♦t st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❛♥❞ ♣r♦✈✐❞❡ ♥♦ ❝❛✉s❛❧
✐♥t❡r♣r❡t❛t✐♦♥✳

❚❤❡ ♥❡①t ❝♦❧✉♠♥ r❡♣♦rts t❤❡ r❡❞✉❝❡❞ ❢♦r♠ r❡s✉❧ts ♦❢ t❤❡ q✉♦t❛ ❡①♣♦s✉r❡ ♠❡❛s✉r❡ ❢r♦♠
❡q✉❛t✐♦♥ ✭✶✮✳ ■♥ ❝♦♥tr❛st t♦ ♦✉r ♣r❡✈✐♦✉s r❡s✉❧ts✱ ✇❡ ✜♥❞ ❛ s✐❣♥✐✜❝❛♥t ❧✐♥❦ ❜❡t✇❡❡♥ t❤❡
✶✾✷✵✬s ■♠♠✐❣r❛t✐♦♥ ◗✉♦t❛s ❛♥❞ ❯❙✲❊✉r♦♣❡❛♥ tr❛❞❡✳ ❙♣❡❝✐✜❝❛❧❧②✱ ❛ ♦♥❡ ♣❡r❝❡♥t ✐♥❝r❡❛s❡
✐♥ ❛ ❝♦✉♥tr②✬s q✉♦t❛ ❡①♣♦s✉r❡ ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❛ ✵✳✵✺✪ ❞❡❝r❡❛s❡ ✐♥ ✐♠♣♦rts✱ ❛♥❞ ❛ ✵✳✵✻✪
❞❡❝r❡❛s❡ ✐♥ ❡①♣♦rts✳ ❆❢t❡r ❝♦♥tr♦❧❧✐♥❣ ❢♦r t❛r✐✛s ✭❈♦❧✉♠♥ ✸ ✫ ✻✮✱ t❤❡ q✉♦t❛✬s ❡✛❡❝t ♦♥ ✐♠♣♦rts
❜❡❝♦♠❡s ♠♦r❡ ♠✉t❡❞✱ ❜✉t r❡♠❛✐♥s st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✳ ❚❤❡ ❡✛❡❝t ♦♥ ❡①♣♦rts r❡♠❛✐♥s
❧❛r❣❡❧② ✉♥❝❤❛♥❣❡❞✳✶✷

✺✳✸ ❚❤❡ ✶✾✷✵✬s ◗✉♦t❛s ❛♥❞ ❚r❛❞❡ ❉✐✈❡rs✐♦♥

❖♥❡ ♣♦t❡♥t✐❛❧ ❝❤❛♥♥❡❧ t❤r♦✉❣❤ ✇❤✐❝❤ ♠✐❣r❛t✐♦♥ r❡str✐❝t✐♦♥s r❡❞✉❝❡ tr❛❞❡ ✢♦✇s ✐s ❜② r❛✐s✐♥❣
tr❛♥s❛❝t✐♦♥ ❝♦sts✳ ❆s ❛ r❡s✉❧t✱ tr❛❞❡ ♠❛② ❞✐✈❡rt ❢r♦♠ ❛ ♠♦r❡ ❡✣❝✐❡♥t tr❛❞✐♥❣ ♣❛rt♥❡r t♦✇❛r❞s
❛ ❧❡ss ❡✣❝✐❡♥t ♦♥❡✳ ■♥t✉✐t✐✈❡❧②✱ ♥❡t✇♦r❦ ❡✛❡❝ts ♦❢ ♠✐❣r❛♥ts ✐♥ t❤❡ ❢♦r♠ ♦❢ ❛ s❤❛r❡❞ ❧❛♥❣✉❛❣❡✱
❝✉❧t✉r❡✱ ♦r r❡❧✐❣✐♦♥ ♠❛② r❡❞✉❝❡ tr❛♥s❛❝t✐♦♥ ❝♦sts s✐♠✐❧❛r t♦ ❢r❡❡ tr❛❞❡ ❛❣r❡❡♠❡♥ts✱ ❛♥❞ t❤✉s
❞✐✈❡rt tr❛❞❡ ✭❡✳❣✳ ▲✐♣s❡② ✭✶✾✺✼✮✱ ❇❛❧❛ss❛ ✭✶✾✻✼✮✱ ❑r✉❡❣❡r ✭✶✾✾✾✮✱ ▼❛❣❡❡ ✭✷✵✵✽✮✮✳ ❚♦ t❡st t❤❡
❤②♣♦t❤❡s✐s ♦❢ tr❛❞❡ ❞✐✈❡rs✐♦♥✱ ✇❡ r❡✲❡st✐♠❛t❡ ❡q✉❛t✐♦♥ ✭✸✮✱ r❡♣❧❛❝✐♥❣ t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡
✇✐t❤ ✐✮ t❤❡ ♥❛t✉r❛❧ ❧♦❣ ♦❢ ❝♦✉♥tr② i′s ✐♠♣♦rts t♦ ✭❡①♣♦rts ❢r♦♠✮ t❤❡ r❡♠❛✐♥✐♥❣ ✶✹ ❊✉r♦♣❡❛♥
❝♦✉♥tr✐❡s ✐♥ ♦✉r s❛♠♣❧❡✱ ❛♥❞ ✐✐✮ t❤❡ r❡st ♦❢ t❤❡ ✇♦r❧❞ ✭❡①❝❧✉❞✐♥❣ t❤❡ ❯❙✮✳ ❚♦ ❝♦♥tr♦❧ ❢♦r
❝❤❛♥❣✐♥❣ ❝♦sts ♦❢ ❡①♣♦rt✐♥❣ ✐♥ t❤❡ ❢♦r♠ ♦❢ t❛r✐✛s✱ ✇❡ r❡♣❧❛❝❡ t❤❡ ❢r❛❝t✐♦♥ ♦❢ ❛ ❝♦✉♥tr②✬s ❢r❡❡
tr❛❞❡ ✇✐t❤ t❤❡ ❯❙ ✇✐t❤ t❤❡ ❛✈❡r❛❣❡ ✐♠♣♦rt t❛r✐✛ ♦❢ ❝♦✉♥tr② i′s ✜✈❡ ♠❛✐♥ tr❛❞✐♥❣ ♣❛rt♥❡rs✳

■♥ ❣❡♥❡r❛❧✱ t❤❡r❡ ✐s ♥♦ ❡✈✐❞❡♥❝❡ t❤❛t ❛ ❝❤❛♥❣❡ ✐♥ ❊✉r♦♣❡❛♥✲❯❙ ♠✐❣r❛t✐♦♥ ❤❛s ❛♥② s✐❣♥✐❢✲
✐❝❛♥t tr❛❞❡ ❞✐✈❡rs✐♦♥ ❡✛❡❝ts✳ ■♥ ♦t❤❡r ✇♦r❞s✱ t❤❡ ❞❡❝r❡❛s❡ ✐♥ ❯❙✲❊✉r♦♣❡❛♥ tr❛❞❡ ❛ss♦❝✐❛t❡❞
✇✐t❤ t❤❡ q✉♦t❛s ✐s ♥♦t ♣✐❝❦❡❞ ✉♣ ❜② ♦t❤❡r ❝♦✉♥tr✐❡s✳

✺✳✹ ❉✐s❝✉ss✐♦♥

❖✉r ✸ ♠❛✐♥ r❡s✉❧ts ❝❛♥ ❜❡ s✉♠♠❛r✐③❡❞ ❛s ❢♦❧❧♦✇s✿ ❚❤❡ ✶✾✷✵✬s q✉♦t❛s ✐✮ r❡❞✉❝❡❞ ❯❙✲❊✉r♦♣❡❛♥
♠✐❣r❛t✐♦♥✱ ❡s♣❡❝✐❛❧❧② ♠✐❣r❛t✐♦♥ ❢r♦♠ ❙❊ ❝♦✉♥tr✐❡s❀ ✐✐✮ r❡❞✉❝❡❞ ❯❙✲❊✉r♦♣❡❛♥ ❚r❛❞❡❀ ❛♥❞ ✐✐✐✮
❤❛❞ ♥♦ ❡✛❡❝t ♦♥ tr❛❞❡ ❞✐✈❡rs✐♦♥✳ ❈❛♥ ✉♥♦❜s❡r✈❡❞ ❝❤❛♥❣❡s t♦ t❛r✐✛ ❧❛✇s ❝♦♥❢♦✉♥❞ t❤❡s❡
r❡s✉❧ts❄

❈❧❡❛r❧② t❛r✐✛s ♣❧❛② ❛♥ ✐♠♣♦rt❛♥t r♦❧❡ ✐♥ t❤❡ tr❛❞❡ ✈♦❧✉♠❡ ❜❡t✇❡❡♥ ❝♦✉♥tr✐❡s✱ ❛♥❞ t❤❡
t✐♠❡ ♣❡r✐♦❞ ✉♥❞❡r st✉❞② ✇❛s s✉❜❥❡❝t t♦ ❢♦✉r ♠❛❥♦r t❛r✐✛ ❝❤❛♥❣❡s✳ ❋✐rst✱ ✐♥ ✶✾✵✾✱ t❤❡ P❛②♥❡✲
❆❧❞r✐❝❤ ❆❝t ❧♦✇❡r❡❞ r❛t❡s ♦♥ ✻✺✵ ✐t❡♠s✱ r❛✐s❡❞ r❛t❡s ♦♥ ✷✷✵✱ ❛♥❞ ♠❛❞❡ ♥♦ ❝❤❛♥❣❡ ♦♥ ✶✱✶✺✵✳
❲✐t❤ t❤❡ ✇✐♥ ♦❢ t❤❡ ❡❧❡❝t✐♦♥ ✐♥ ✶✾✶✸✱ t❤❡ ❉❡♠♦❝r❛t✐❝ ♣❛rt② ❛r♦✉♥❞ ❲♦♦❞r♦✇ ❲✐❧s♦♥ ♣❛ss❡❞

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

✶✷❚❤❡s❡ ❡✛❡❝ts ❛r❡ r♦❜✉st ❛❝r♦ss ❞✐✛❡r❡♥t ❡st✐♠❛t✐♦♥ ♠❡t❤♦❞s ✭r❡❞✉❝❡❞ ❢♦r♠ ❖▲❙✱ ✷❙▲❙✲■❱✱ ❉✐❉✮ ❛♥❞
t✇♦ ❛❧t❡r♥❛t✐✈❡ q✉♦t❛ ❡①♣♦s✉r❡ ♠❡❛s✉r❡s✳ ❋✉rt❤❡r✱ t❤❡ ❜❡♥❝❤♠❛r❦ r❡s✉❧ts ❛r❡ r♦❜✉st t♦ ♦♠✐tt✐♥❣ t❤❡ ②❡❛rs
❢♦❧❧♦✇✐♥❣ t❤❡ st❛rt ♦❢ t❤❡ ●r❡❛t ❉❡♣r❡ss✐♦♥✱ ❛♥❞ ❛❝❝♦✉♥t✐♥❣ ❢♦r ❞✐✛❡r❡♥t✐❛❧ ❡✛❡❝ts ❜❡t✇❡❡♥ ❲❲✶✲❲✐♥♥❡rs
❛♥❞ ▲♦s❡rs✳ ❘❡s✉❧ts ❛r❡ ❛✈❛✐❧❛❜❧❡ ❢r♦♠ t❤❡ ❛✉t❤♦rs ✉♣♦♥ r❡q✉❡st✳



t❤❡ ❯♥❞❡r✇♦♦❞✲❙✐♠♠♦♥s ❚❛r✐✛ ❆❝t✱ ✇❤✐❝❤ r❡❞✉❝❡❞ t❤❡ ❛✈❡r❛❣❡ ✐♠♣♦rt t❛① ❢r♦♠ ♦✈❡r ✹✵✪
t♦ ✷✼✪✳ ❆❢t❡r t❤❡ ✇❛r✱ t❤❡ ❯❙ r❡✈❡rt❡❞ t♦ ❛ ♣♦❧✐❝② ♦❢ ♣r♦t❡❝t✐♦♥✐s♠ ❜② ✐♠♣❧❡♠❡♥t✐♥❣ t❤❡
❋♦r❞♥❡②✲▼❝❈✉♠❜❡r ❆❝t ✐♥ ✶✾✷✷ ✇❤✐❝❤ r❛✐s❡❞ t❤❡ ❛✈❡r❛❣❡ ✐♠♣♦rt t❛① ❜❛❝❦ t♦ ❛❧♠♦st ✹✵✪✳
❙❡✈❡r❛❧ ②❡❛rs ❧❛t❡r✱ t❤❡ ❙♠♦♦t✲❍❛✇❧❡② ❆❝t ♦❢ ✶✾✸✵ r❛✐s❡❞ t❛r✐✛s ❡✈❡♥ ❢✉rt❤❡r ❜② ✷✳✺ ♣❡r❝❡♥t❛❣❡
♣♦✐♥ts✱ ♦♥ ❛✈❡r❛❣❡✳

❯♥❢♦rt✉♥❛t❡❧②✱ t❤❡ t✐♠✐♥❣ ♦❢ t❤❡s❡ t❛r✐✛s ❧❛r❣❡❧② ❝♦✐♥❝✐❞❡ ✇✐t❤ ♦t❤❡r ❡❝♦♥♦♠✐❝ ❡✈❡♥ts✱ s✉❝❤
❛s ❲❲■✱ t❤❡ ■♠♠✐❣r❛t✐♦♥ ◗✉♦t❛ ❆❝ts ❛♥❞ t❤❡ ●r❡❛t ❉❡♣r❡ss✐♦♥✳ ❲❤✐❧❡ ②❡❛r✲✜①❡❞ ❡✛❡❝ts ❛♥❞
❛✈❡r❛❣❡ t❛r✐✛ r❛t❡s ♣❛rt✐❛❧❧② ❝♦♥tr♦❧ ❢♦r ✉♥♦❜s❡r✈❡❞ ❡✛❡❝ts ♦❢ ♣r♦❞✉❝t✲s♣❡❝✐✜❝ t❛r✐✛s ♦♥ tr❛❞❡✱
✇❡ s❤♦✉❧❞ ❜❡ ❝♦♥❝❡r♥❡❞ t❤❛t ♦✉r r❡s✉❧ts ❛r❡ ❞r✐✈❡♥ ❜② ❞✐✛❡r❡♥❝❡s ✐♥ ❡✛❡❝t✐✈❡ ❞✉t✐❡s ❛❝r♦ss
❝♦✉♥tr✐❡s✱ r❛t❤❡r t❤❛♥ q✉♦t❛ ❡①♣♦s✉r❡✳ ❋♦r ❡①❛♠♣❧❡✱ ✐❢ ❙❊ ❝♦✉♥tr✐❡s ❛r❡ ❞✐s♣r♦♣♦rt✐♦♥❛t❡❧②
❡①♣♦rt✐♥❣ ♣r✐♠❛r② ♣r♦❞✉❝ts t♦ t❤❡ ❯❙ r❡❧❛t✐✈❡ t♦ ◆❲ ❝♦✉♥tr✐❡s✱ ❛♥❞ t❛r✐✛s ♦♥ ♣r✐♠❛r②
♣r♦❞✉❝ts ✇❡r❡ r❛✐s❡❞ ❞✐s♣r♦♣♦rt✐♦♥❛t❡❧② ✉♥❞❡r t❤❡ ✶✾✷✷ ❋♦r❞♥❡②✲▼❝❈✉♠❜❡r ❆❝t✱ ♦✉r r❡s✉❧ts
♠✐❣❤t ❜❡ ❞r✐✈❡♥ ❜② ❛ s♣✉r✐♦✉s r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ t❤❡ t✐♠✐♥❣ ♦❢ t❤❡ q✉♦t❛s ❛♥❞ t❤❡ t❛r✐✛✳
▼♦r❡ s♣❡❝✐✜❝❛❧❧②✱ ✐♥ t❤✐s ❡①❛♠♣❧❡✱ ♦✉r ❝♦❡✣❝✐❡♥t ❡st✐♠❛t❡ ♦♥ q✉♦t❛ ❡①♣♦s✉r❡ ✇♦✉❧❞ ❜❡
❞♦✇♥✇❛r❞ ❜✐❛s❡❞ ✭❜❡❝♦♠❡ ♠♦r❡ ♥❡❣❛t✐✈❡✮✱ t❤✉s ♠❛❣♥✐❢②✐♥❣ ♦✉r r❡s✉❧ts✳

❚❛❜❧❡ ✻ s❤❡❞s s♦♠❡ ❧✐❣❤t ♦♥ t❤❡ ♣♦ss✐❜✐❧✐t② ♦❢ t❤✐s s♣✉r✐♦✉s r❡❧❛t✐♦♥s❤✐♣✳ ❚❤❡ t❛❜❧❡
❝♦♠♣❛r❡s t❛r✐✛ r❛t❡s ❢♦r ♣r♦❞✉❝ts ✉♥❞❡r t❤❡ P❛②♥❡ ❆❧❞r✐❝❤ ❆❝t ❛♥❞ t❤❡ ❋♦r❞♥❡②✲▼❝❈✉♠❜❡r
❆❝t✳ ❚❤❡ ♣r♦❞✉❝t ❧✐st ✐s t❛❦❡♥ ❢r♦♠ ❛ ✶✾✷✷ ◆❡✇ ❨♦r❦ ❚✐♠❡s ❆rt✐❝❧❡ ✭❚❤❡ ◆❡✇ ❨♦r❦ ❚✐♠❡s✱
✶✾✷✷✮ ❛♥❞ ❝♦♠❜✐♥❡❞ ✇✐t❤ t❤❡ ❧✐st ♣r♦✈✐❞❡❞ ✐♥ ❚❛✉ss✐❣ ✭✶✾✷✷✮✳ ❙❡✈❡r❛❧ ❢❛❝ts ❡♠❡r❣❡✿ ❋✐rst✱
✇❤✐❧❡ t❛r✐✛s ❢♦r s♦♠❡ ♣r♦❞✉❝ts ✇❡r❡ r❛✐s❡❞ ❞r❛♠❛t✐❝❛❧❧② ✭❡✳❣✳ ●❧❛ss✇❛r❡ ❢♦r ❈❤❡♠✐❝❛❧s✮✱
♠❛♥② ♣r♦❞✉❝ts ❞✐❞ ♥♦t s❡❡ ❛ s✐❣♥✐✜❝❛♥t ✐♥❝r❡❛s❡ ✐♥ ❞✉t✐❡s✳ ■♥ ❢❛❝t✱ ❚❛✉ss✐❣ ✭✶✾✷✷✮ s✉❣❣❡sts
t❤❛t ✐t ✏✇❛s ❤❛r❞❧② ♠♦r❡ t❤❛♥ ❛♥ ❛♠✐❛❜❧❡ ❣❡st✉r❡✑✳ P❛rt✐❝✉❧❛r❧② t❤❡ ❛❣❣r❡❣❛t❡ ❡✛❡❝t ♦❢ ❛❧❧ t❤❡
❞✉t✐❡s ♦♥ ❛❣r✐❝✉❧t✉r❡ ✐s ✏♥♦t ❝♦♥s✐❞❡r❛❜❧❡✑✳ ❙❡❝♦♥❞✱ ❈♦❧✉♠♥ ✹ ♦❢ ❚❛❜❧❡ ✻ r❡♣♦rts t❤❡ ❢r❛❝t✐♦♥
♦❢ ❡❛❝❤ ♣r♦❞✉❝t ✐♠♣♦rt❡❞ t♦ t❤❡ ❯❙ ❢r♦♠ ❙❊ ❝♦✉♥tr✐❡s ✐♥ ✶✾✷✵✱ ❥✉st ❜❡❢♦r❡ t❤❡ ✐♥tr♦❞✉❝t✐♦♥
♦❢ t❤❡ ❋♦r❞♥❡②✲▼❝❈✉♠❜❡r ❆❝t✳ ❲✐t❤ ❢❡✇ ❡①❝❡♣t✐♦♥s✱ ♠♦st ❯❙ ✐♠♣♦rts ❞✐❞ ♥♦t ♦r✐❣✐♥❛t❡ ✐♥
❙❊ ❝♦✉♥tr✐❡s✳ ❋♦r ❡①❛♠♣❧❡✱ ❛❝❝♦r❞✐♥❣ t♦ ❚❛✉ss✐❣ ✭✶✾✷✷✮✱ t❤❡ ❋♦r❞♥❡②✲▼❝❈✉♠❜❡r ❚❛r✐✛ ❆❝t
❤❛❞ ✐ts ❧❛r❣❡st ❡✛❡❝t ♦♥ ✇❤❡❛t✱ ♠❡❛t✱ ✇♦♦❧ ❛♥❞ s✉❣❛r✳ ❍♦✇❡✈❡r✱ t❤❡ ♠❛❥♦r✐t② ♦❢ t❤❡ tr❛❞❡
✈♦❧✉♠❡ ✐♥ t❤❡s❡ ♣r♦❞✉❝ts ❞✐❞ ♥♦t ♦r✐❣✐♥❛t❡ ✐♥ ❝♦♥t✐♥❡♥t❛❧ ❊✉r♦♣❡✳✶✸✳

■♥ s✉♠♠❛r②✱ t❤❡ ❡✈❛❧✉❛t✐♦♥ ♦❢ t❤❡ t❛r✐✛ ❛❝t ❜② ❚❛✉ss✐❣ ✭✶✾✷✷✮ s✉❣❣❡sts t❤❛t ♠♦st❧② ◆❲
❝♦✉♥tr✐❡s ✭♠♦st❧② ●❡r♠❛♥②✮ ✇❡r❡ ❛✛❡❝t❡❞✳ ■♥ ❝♦♥tr❛st t♦ ♦✉r ❡❛r❧✐❡r ❝♦♥❝❡r♥s✱ ✐❢ t❤✐s ✐s ✐♥❞❡❡❞
tr✉❡✱ t❛r✐✛s ✇❡r❡ ❧❡✈✐❡❞ ♦♥ ♣r♦❞✉❝ts ❢r♦♠ ❝♦✉♥tr✐❡s ❢♦r ✇❤✐❝❤ t❤❡ q✉♦t❛s ✇❡r❡ r❡❧❛t✐✈❡❧② ❧❡ss
❜✐♥❞✐♥❣✳ ❚❤✉s✱ t❤❡ ♦♠✐tt❡❞ ✈❛r✐❛❜❧❡ ❜✐❛s ✇♦✉❧❞ ♠✉t❡ ✭✐♥ ❛❜s♦❧✉t❡ t❡r♠s✮ t❤❡ tr✉❡ ❡✛❡❝t ♦❢
t❤❡ q✉♦t❛s✱ ♠❛❦✐♥❣ ♦✉r ❡st✐♠❛t❡s ♠♦r❡ ❝♦♥s❡r✈❛t✐✈❡✳

✻ ❈♦♥❝❧✉s✐♦♥

P♦❧✐❝② ❞❡❜❛t❡s t♦❞❛②✱ ♠✉❝❤ ❧✐❦❡ ✐♥ t❤❡ ✶✾✷✵s✱ ❛r❡ ❞♦♠✐♥❛t❡❞ ❜② ❞✐s❝✉ss✐♦♥s t♦ r❡str✐❝t ♠✐✲
❣r❛t✐♦♥ ❢r♦♠ ✉♥❞❡s✐r❛❜❧❡ ❝♦✉♥tr✐❡s✱ ❛♥❞ tr❛❞❡ ♣♦❧✐❝② ❛✐♠❡❞ t♦ ♣r♦t❡❝t ❞♦♠❡st✐❝ ✐♥❞✉str✐❡s✳
❚❤❡ ♣❛ss❛❣❡ ♦❢ t❤❡ ✶✾✷✵s ◗✉♦t❛ ❆❝ts ♣✉t ❛♥ ❡♥❞ t♦ ❡ss❡♥t✐❛❧❧② ✉♥r❡str✐❝t❡❞ ♠✐❣r❛t✐♦♥ ❢r♦♠
❊✉r♦♣❡✱ ✇✐t❤ s♦ ❢❛r ✉♥❡①♣❧♦r❡❞ ❝♦♥s❡q✉❡♥❝❡s ❢♦r ❯❙✲❊✉r♦♣❡❛♥ tr❛❞❡✳

❯s✐♥❣ ❝♦✉♥tr② ❧❡✈❡❧ ❞❛t❛ ❢r♦♠ ✶✾✵✵ t♦ ✶✾✸✼ ✐♥ ❛ ❞✐✛❡r❡♥❝❡✲✐♥✲❞✐✛❡r❡♥❝❡s ❢r❛♠❡✇♦r❦ ✇✐t❤
❤❡t❡r♦❣❡♥❡♦✉s tr❡❛t♠❡♥t ❞♦s❛❣❡s✱ ✇❡ ✜♥❞ t❤❛t ❛ ♦♥❡ ♣❡r❝❡♥t ✐♥❝r❡❛s❡ ✐♥ q✉♦t❛ ❡①♣♦s✉r❡
r❡❞✉❝❡s ✐♠♣♦rts ❜② ✵✳✵✸✪ ❛♥❞ ❡①♣♦rts ❜② ✵✳✵✼✪✳ ❇✉✐❧❞✐♥❣ ♦♥ t❤❡ ❡①t❡♥s✐✈❡ ❧✐t❡r❛t✉r❡ ♦❢

✶✸❙✉❣❛r✿ ❈✉❜❛❀ ❲❤❡❛t✿ ❈❛♥❛❞❛❀ ▼❡❛t✿ ❆r❣❡♥t✐♥❛ ❛♥❞ ❈❛♥❛❞❛❀ ❲♦♦❧✿ ❯❑



tr❛❞❡ ❞✐✈❡rs✐♦♥ ❛♥❞ tr❛♥s❛❝t✐♦♥ ❝♦sts✱ ✇❡ ✜♥❞ t❤❛t ❛♥② ♣♦t❡♥t✐❛❧ ✐♥❝r❡❛s❡ ✐♥ tr❛♥s❛❝t✐♦♥
❝♦sts ❛ss♦❝✐❛t❡❞ ✇✐t❤ t❤❡ ❞❡❝r❡❛s❡ ✐♥ ♠✐❣r❛t✐♦♥ ❞✐❞ ♥♦t s✐❣♥✐✜❝❛♥t❧② ❞✐✈❡rt tr❛❞❡✳

❲❡ ❞✐s❝✉ss ❛ ♣♦t❡♥t✐❛❧ t❤r❡❛t t❤❛t ❝❛♥ ❡①♣❧❛✐♥ t❤❡s❡ r❡s✉❧ts✿ ❛ s♣✉r✐♦✉s r❡❧❛t✐♦♥s❤✐♣
❜❡t✇❡❡♥ t❤❡ t✐♠✐♥❣ ♦❢ ♥❡✇ t❛r✐✛ ❧❛✇s ❛♥❞ t❤❡ ◗✉♦t❛ ❆❝ts✳ ❊①❛♠✐♥✐♥❣ ❧✐t❡r❛t✉r❡ ❛♥❞ ❞❛t❛
❢r♦♠ t❤❡ t✐♠❡ ♦❢ t❤❡ t❛r✐✛ ❝❤❛♥❣❡s ✐♥❞✐❝❛t❡s t❤❛t✱ ✐❢ ❛♥②t❤✐♥❣✱ t❛r✐✛s ✇❡r❡ ♣r❡❞♦♠✐♥❛t❡❧②
❧❡✈✐❡❞ ♦♥ ♣r♦❞✉❝ts ❢r♦♠ ❝♦✉♥tr✐❡s ❢♦r ✇❤✐❝❤ t❤❡ q✉♦t❛s ✇❡r❡ r❡❧❛t✐✈❡❧② ❧❡ss ❜✐♥❞✐♥❣✳ ❚❤✉s✱
t❤❡ ❜✐❛s ✐♥tr♦❞✉❝❡❞ ❢r♦♠ t❤✐s s♣✉r✐♦✉s r❡❧❛t✐♦♥s❤✐♣ ✇♦✉❧❞ ♠✉t❡ ✭✐♥ ❛❜s♦❧✉t❡ t❡r♠s✮ t❤❡ tr✉❡
❡✛❡❝t ♦❢ t❤❡ q✉♦t❛s✳



❘❡❢❡r❡♥❝❡s

❆❣❡r✱ P✳ ❛♥❞ ❈✳ ❲✳ ❍❛♥s❡♥ ✭✷✵✶✼✮✳ ❈❧♦s✐♥❣ ❤❡❛✈❡♥✬s ❞♦♦r✿ ❊✈✐❞❡♥❝❡ ❢r♦♠ t❤❡ ✶✾✷✵s ✉s
✐♠♠✐❣r❛t✐♦♥ q✉♦t❛ ❛❝ts✳ ❆✈❛✐❧❛❜❧❡ ❛t ❙❙❘◆ ✸✵✺✾✹✸✾ ✳

❇❛❧❛ss❛✱ ❇✳ ✭✶✾✻✼✮✳ ❚r❛❞❡ ❝r❡❛t✐♦♥ ❛♥❞ tr❛❞❡ ❞✐✈❡rs✐♦♥ ✐♥ t❤❡ ❡✉r♦♣❡❛♥ ❝♦♠♠♦♥ ♠❛r❦❡t✳ ❚❤❡
❊❝♦♥♦♠✐❝ ❏♦✉r♥❛❧ ✼✼ ✭✸✵✺✮✱ ✶✕✷✶✳

❈❤♦✉❞❤✉r②✱ P✳ ✭✷✵✶✻✮✳ ❘❡t✉r♥ ♠✐❣r❛t✐♦♥ ❛♥❞ ❣❡♦❣r❛♣❤② ♦❢ ✐♥♥♦✈❛t✐♦♥ ✐♥ ♠♥❡s✿ ❛ ♥❛t✉r❛❧
❡①♣❡r✐♠❡♥t ♦❢ ❦♥♦✇❧❡❞❣❡ ♣r♦❞✉❝t✐♦♥ ❜② ❧♦❝❛❧ ✇♦r❦❡rs r❡♣♦rt✐♥❣ t♦ r❡t✉r♥ ♠✐❣r❛♥ts✳ ❏♦✉r♥❛❧
♦❢ ❊❝♦♥♦♠✐❝ ●❡♦❣r❛♣❤② ✶✻ ✭✸✮✱ ✺✽✺✕✻✶✵✳

❉♦❝q✉✐❡r✱ ❋✳✱ ❘✳ ❚✉r❛t✐✱ ❏✳ ❱❛❧❡tt❡✱ ❛♥❞ ❈✳ ❱❛s✐❧❛❦✐s ✭✷✵✷✵✮✳ ❇✐rt❤♣❧❛❝❡ ❞✐✈❡rs✐t② ❛♥❞ ❡❝♦✲
♥♦♠✐❝ ❣r♦✇t❤✿ ❡✈✐❞❡♥❝❡ ❢r♦♠ t❤❡ ✉s st❛t❡s ✐♥ t❤❡ ♣♦st✲✇♦r❧❞ ✇❛r ✐✐ ♣❡r✐♦❞✳ ❏♦✉r♥❛❧ ♦❢
❊❝♦♥♦♠✐❝ ●❡♦❣r❛♣❤② ✷✵ ✭✷✮✱ ✸✷✶✕✸✺✹✳

❉♦❤❛♥✱ ▼✳ ❘✳ ✭✶✾✼✻✮✳ ❚❤❡ ❡❝♦♥♦♠✐❝ ♦r✐❣✐♥s ♦❢ s♦✈✐❡t ❛✉t❛r❦② ✶✾✷✼✴✷✽✲✶✾✸✹✳ ❙❧❛✈✐❝ ❘❡✲
✈✐❡✇ ✸✺ ✭✹✮✱ ✻✵✸✕✻✸✺✳

❉♦r❛♥✱ ❑✳ ❛♥❞ ❈✳ ❨♦♦♥ ✭✷✵✶✽✮✳ ■♠♠✐❣r❛t✐♦♥ ❛♥❞ ✐♥✈❡♥t✐♦♥✿ ❊✈✐❞❡♥❝❡ ❢r♦♠ t❤❡ q✉♦t❛ ❛❝ts✳
❯♥♣✉❜❧✐s❤❡❞ ♠❛♥✉s❝r✐♣t✱ ❤tt♣s✿✴✴✇✇✇✸✳ ♥❞✳ ❡❞✉✴✄ ❦❞♦r❛♥✴❉♦r❛♥❴◗✉♦t❛s✳ ♣❞❢ ✳

●♦❧❞✐♥✱ ❈✳ ✭✶✾✾✹✮✳ ❚❤❡ ♣♦❧✐t✐❝❛❧ ❡❝♦♥♦♠② ♦❢ ✐♠♠✐❣r❛t✐♦♥ r❡str✐❝t✐♦♥ ✐♥ t❤❡ ✉♥✐t❡❞ st❛t❡s✱
✶✽✾✵ t♦ ✶✾✷✶✳ ■♥ ❚❤❡ r❡❣✉❧❛t❡❞ ❡❝♦♥♦♠②✿ ❆ ❤✐st♦r✐❝❛❧ ❛♣♣r♦❛❝❤ t♦ ♣♦❧✐t✐❝❛❧ ❡❝♦♥♦♠②✱ ♣♣✳
✷✷✸✕✷✺✽✳ ❯♥✐✈❡rs✐t② ♦❢ ❈❤✐❝❛❣♦ Pr❡ss✳

●♦✉❧❞✱ ❉✳ ▼✳ ✭✶✾✾✹✮✳ ■♠♠✐❣r❛♥t ❧✐♥❦s t♦ t❤❡ ❤♦♠❡ ❝♦✉♥tr②✿ ❡♠♣✐r✐❝❛❧ ✐♠♣❧✐❝❛t✐♦♥s ❢♦r ✉s
❜✐❧❛t❡r❛❧ tr❛❞❡ ✢♦✇s✳ ❚❤❡ ❘❡✈✐❡✇ ♦❢ ❊❝♦♥♦♠✐❝s ❛♥❞ ❙t❛t✐st✐❝s✱ ✸✵✷✕✸✶✻✳

●r❡❡♥✇♦♦❞✱ ▼✳ ❏✳ ❛♥❞ ❩✳ ❲❛r❞ ✭✷✵✶✺✮✳ ■♠♠✐❣r❛t✐♦♥ q✉♦t❛s✱ ✇♦r❧❞ ✇❛r ✐✱ ❛♥❞ ❡♠✐❣r❛♥t ✢♦✇s
❢r♦♠ t❤❡ ✉♥✐t❡❞ st❛t❡s ✐♥ t❤❡ ❡❛r❧② ✷✵t❤ ❝❡♥t✉r②✳ ❊①♣❧♦r❛t✐♦♥s ✐♥ ❊❝♦♥♦♠✐❝ ❍✐st♦r② ✺✺✱
✼✻✕✾✻✳

❏❛✈♦r❝✐❦✱ ❇✳ ❙✳✱ ➬✳ Ö③❞❡♥✱ ▼✳ ❙♣❛t❛r❡❛♥✉✱ ❛♥❞ ❈✳ ◆❡❛❣✉ ✭✷✵✶✶✮✳ ▼✐❣r❛♥t ♥❡t✇♦r❦s ❛♥❞
❢♦r❡✐❣♥ ❞✐r❡❝t ✐♥✈❡st♠❡♥t✳ ❏♦✉r♥❛❧ ♦❢ ❞❡✈❡❧♦♣♠❡♥t ❡❝♦♥♦♠✐❝s ✾✹ ✭✷✮✱ ✷✸✶✕✷✹✶✳

❑❡rr✱ ❲✳ ❘✳ ✭✷✵✵✽✮✳ ❊t❤♥✐❝ s❝✐❡♥t✐✜❝ ❝♦♠♠✉♥✐t✐❡s ❛♥❞ ✐♥t❡r♥❛t✐♦♥❛❧ t❡❝❤♥♦❧♦❣② ❞✐✛✉s✐♦♥✳
❚❤❡ ❘❡✈✐❡✇ ♦❢ ❊❝♦♥♦♠✐❝s ❛♥❞ ❙t❛t✐st✐❝s ✾✵ ✭✸✮✱ ✺✶✽✕✺✸✼✳

❑r✉❡❣❡r✱ ❆✳ ❖✳ ✭✶✾✾✾✮✳ ❚r❛❞❡ ❝r❡❛t✐♦♥ ❛♥❞ tr❛❞❡ ❞✐✈❡rs✐♦♥ ✉♥❞❡r ♥❛❢t❛✳ ❚❡❝❤♥✐❝❛❧ r❡♣♦rt✱
◆❛t✐♦♥❛❧ ❇✉r❡❛✉ ♦❢ ❊❝♦♥♦♠✐❝ ❘❡s❡❛r❝❤✳

❑✉❣❧❡r✱ ▼✳✱ ❖✳ ▲❡✈✐♥t❛❧✱ ❛♥❞ ❍✳ ❘❛♣♦♣♦rt ✭✷✵✶✽✮✳ ▼✐❣r❛t✐♦♥ ❛♥❞ ❝r♦ss✲❜♦r❞❡r ✜♥❛♥❝✐❛❧ ✢♦✇s✳
❚❤❡ ❲♦r❧❞ ❇❛♥❦ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇ ✸✷ ✭✶✮✱ ✶✹✽✕✶✻✷✳

❑✉❣❧❡r✱ ▼✳ ❛♥❞ ❍✳ ❘❛♣♦♣♦rt ✭✷✵✵✼✮✳ ■♥t❡r♥❛t✐♦♥❛❧ ❧❛❜♦r ❛♥❞ ❝❛♣✐t❛❧ ✢♦✇s✿ ❈♦♠♣❧❡♠❡♥ts ♦r
s✉❜st✐t✉t❡s❄ ❊❝♦♥♦♠✐❝s ▲❡tt❡rs ✾✹ ✭✷✮✱ ✶✺✺✕✶✻✷✳

▲✐♣s❡②✱ ❘✳ ●✳ ✭✶✾✺✼✮✳ ❚❤❡ t❤❡♦r② ♦❢ ❝✉st♦♠s ✉♥✐♦♥s✿ ❚r❛❞❡ ❞✐✈❡rs✐♦♥ ❛♥❞ ✇❡❧❢❛r❡✳ ❊❝♦♥♦♠✲
✐❝❛ ✷✹ ✭✾✸✮✱ ✹✵✕✹✻✳



▼❛❣❡❡✱ ❈✳ ❙✳ ✭✷✵✵✽✮✳ ◆❡✇ ♠❡❛s✉r❡s ♦❢ tr❛❞❡ ❝r❡❛t✐♦♥ ❛♥❞ tr❛❞❡ ❞✐✈❡rs✐♦♥✳ ❏♦✉r♥❛❧ ♦❢
■♥t❡r♥❛t✐♦♥❛❧ ❊❝♦♥♦♠✐❝s ✼✺ ✭✷✮✱ ✸✹✾✕✸✻✷✳

▼❛ss❡②✱ ❈✳ ●✳ ✭✷✵✶✻✮✳ ■♠♠✐❣r❛t✐♦♥ q✉♦t❛s ❛♥❞ ✐♠♠✐❣r❛♥t s❡❧❡❝t✐♦♥✳ ❊①♣❧♦r❛t✐♦♥s ✐♥ ❊❝♦✲
♥♦♠✐❝ ❍✐st♦r② ✻✵✱ ✷✶✕✹✵✳

▼♦❡♥✱ ❏✳ ❘✳ ❛♥❞ ❊✳ ❲✳ ❚❛❧❧♠❛♥ ✭✷✵✶✺✮✳ ❚❤❡ ♣❛♥✐❝ ♦❢ ✶✾✵✼✳ ❚❡❝❤♥✐❝❛❧ r❡♣♦rt✱ ❋❡❞❡r❛❧ ❘❡s❡r✈❡
❍✐st♦r②✳

▼♦s❡r✱ P✳ ❛♥❞ ❙✳ ❙❛♥ ✭✷✵✷✵✮✳ ■♠♠✐❣r❛t✐♦♥✱ s❝✐❡♥❝❡✱ ❛♥❞ ✐♥✈❡♥t✐♦♥✳ ❧❡ss♦♥s ❢r♦♠ t❤❡ q✉♦t❛
❛❝ts✳ ❲❖❘❑■◆● P❆P❊❘✳

❖rt❡❣❛✱ ❋✳ ❛♥❞ ●✳ P❡r✐ ✭✷✵✶✹✮✳ ❖♣❡♥♥❡ss ❛♥❞ ✐♥❝♦♠❡✿ ❚❤❡ r♦❧❡s ♦❢ tr❛❞❡ ❛♥❞ ♠✐❣r❛t✐♦♥✳
❏♦✉r♥❛❧ ♦❢ ✐♥t❡r♥❛t✐♦♥❛❧ ❊❝♦♥♦♠✐❝s ✾✷ ✭✷✮✱ ✷✸✶✕✷✺✶✳

P❛rs♦♥s✱ ❈✳ ❛♥❞ P✳✲▲✳ ❱é③✐♥❛ ✭✷✵✶✽✮✳ ▼✐❣r❛♥t ♥❡t✇♦r❦s ❛♥❞ tr❛❞❡✿ ❚❤❡ ✈✐❡t♥❛♠❡s❡ ❜♦❛t
♣❡♦♣❧❡ ❛s ❛ ♥❛t✉r❛❧ ❡①♣❡r✐♠❡♥t✳ ❚❤❡ ❊❝♦♥♦♠✐❝ ❏♦✉r♥❛❧ ✶✷✽ ✭✻✶✷✮✱ ❋✷✶✵✕❋✷✸✹✳

❘❛✉❝❤✱ ❏✳ ❊✳ ✭✶✾✾✾✮✳ ◆❡t✇♦r❦s ✈❡rs✉s ♠❛r❦❡ts ✐♥ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡✳ ❏♦✉r♥❛❧ ♦❢ ✐♥t❡r♥❛t✐♦♥❛❧
❊❝♦♥♦♠✐❝s ✹✽ ✭✶✮✱ ✼✕✸✺✳

❘♦♦❞♠❛♥✱ ❉✳✱ ▼✳ Ø✳ ◆✐❡❧s❡♥✱ ❏✳ ●✳ ▼❛❝❑✐♥♥♦♥✱ ❛♥❞ ▼✳ ❉✳ ❲❡❜❜ ✭✷✵✶✾✮✳ ❋❛st ❛♥❞ ✇✐❧❞✿
❇♦♦tstr❛♣ ✐♥❢❡r❡♥❝❡ ✐♥ st❛t❛ ✉s✐♥❣ ❜♦♦tt❡st✳ ❚❤❡ ❙t❛t❛ ❏♦✉r♥❛❧ ✶✾ ✭✶✮✱ ✹✕✻✵✳

❚❛✉ss✐❣✱ ❋✳ ❲✳ ✭✶✾✷✷✮✳ ❚❤❡ t❛r✐✛ ❛❝t ♦❢ ✶✾✷✷✳ ❚❤❡ ◗✉❛rt❡r❧② ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝s ✸✼ ✭✶✮✱
✶✕✷✽✳

❚❤❡ ◆❡✇ ❨♦r❦ ❚✐♠❡s ✭✶✾✷✷✮✳ ◆❡✇ t❛r✐✛ r❛t❡s ❝♦♠♣❛r❡❞ ✇✐t❤ t❤♦s❡ ♦❢ t✇♦ ♣r❡✈✐♦✉s ❧❛✇s✳
❙❡♣✳ ✶✸t❤ ✶✾✷✷ ✱ ✶✷✳

❳✐❡✱ ❇✳ ✭✷✵✶✼✮✳ ❚❤❡ ❡✛❡❝ts ♦❢ ✐♠♠✐❣r❛t✐♦♥ q✉♦t❛s ♦♥ ✇❛❣❡s✱ t❤❡ ❣r❡❛t ❜❧❛❝❦ ♠✐❣r❛t✐♦♥✱ ❛♥❞
✐♥❞✉str✐❛❧ ❞❡✈❡❧♦♣♠❡♥t✳



❋✐❣✉r❡s

1881 - 1890 1891 - 1900 1901 - 1910

1911 - 1920 1921 - 1930 1931 - 1940

Northern and Western Europe Southern and Eastern Europe

❋✐❣✉r❡ ✶✿ ❊✉r♦♣❡❛♥ ■♠♠✐❣r❛t✐♦♥ ✶✽✽✵ ✲ ✶✾✹✵✿ ❇② ❘❡❣✐♦♥

❙♦✉r❝❡✿ ❙t❛t✐st✐❝❛❧ ❆❜str❛❝t ♦❢ t❤❡ ❯♥✐t❡❞ ❙t❛t❡s✱ ✶✾✹✷✱ ❈❤❛rt ◆♦✳ ✶✶✸✿ ✧■♠♠✐❣r❛t✐♦♥✱ ❜② ❈♦✉♥tr② ♦❢
❖r✐❣✐♥✱ ❜② ❉❡❝❛❞❡s ✶✽✺✶✲✶✾✹✵✧✳ ◆❲ ❊✉r♦♣❡ ✐♥❝❧✉❞❡s✿ ❇❡❧❣✐✉♠✱ ❉❡♥♠❛r❦✱ ❋✐♥❧❛♥❞✱ ❋r❛♥❝❡✱ ●❡r♠❛♥②✱
❆✉str✐❛✲❍✉♥❣❛r②✱ ●r❡❛t ❇r✐t❛✐♥✱ ■r❡❧❛♥❞✱ ◆❡t❤❡r❧❛♥❞s✱ ◆♦r✇❛②✱ ❙✇❡❞❡♥✱ ❙✇✐t③❡r❧❛♥❞
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❚❛❜❧❡s

❚❛❜❧❡ ✶✿ ◗✉♦t❛s ❛♥❞ ▼✐❣r❛t✐♦♥ ❜② ❈♦✉♥tr②

Country
Immigration Immigration

Quota
Missing # Years

(Pre-Quota) (Post Quota) Migrants Binding

Southern and Eastern Europe

Austria-Hungary 191,035 3,184 3,988 184,961 5

Greece 18,019 784 788 30,947 13

Italy 204,922 10,277 11,988 201,925 4

Portugal 8,357 722 843 11,935 4

Spain 4,645 319 338 7,335 11

USSR 153,777 5,907 7,884 233,507 4

Northern and Western Europe

Belgium 4,418 607 1,105 5,612 6

Denmark 6,313 1,827 2,520 1,892 1

France 7,400 2,468 3,853 4,985 1

Germany 30,732 27,748 41,720 0 2

Netherlands 5,224 1,392 2,768 6,648 2

Norway 15,914 4,077 5,493 0 3

Sweden 21,868 6,068 8,403 0 1

Switzerland 3,616 1,503 2,207 425 2

United Kingdom 52,013 22,444 52,633 21,200 1

■♥ ❈♦❧✉♠♥ ✶✱ t❤❡ ✈❛r✐❛❜❧❡ ✐s ❝❛❧❝✉❧❛t❡❞ ❛s t❤❡ ❛✈❡r❛❣❡ ♥✉♠❜❡r ♣❡r ②❡❛r ❞✉r✐♥❣ ✶✾✵✵ ✲
✶✾✶✸✳ ■♥ ❈♦❧✉♠♥ ✷✱ t❤❡ ✈❛r✐❛❜❧❡ ✐s ❝❛❧❝✉❧❛t❡❞ ❛s t❤❡ ❛✈❡r❛❣❡ ♥✉♠❜❡r ♣❡r ②❡❛r ❞✉r✐♥❣
✶✾✷✷ ✲ ✶✾✸✼✳ ❈♦❧✉♠♥ ✸ ♣r❡s❡♥ts t❤❡ ❛✈❡r❛❣❡ q✉♦t❛ ♣❡r ②❡❛r ❞✉r✐♥❣ ✶✾✷✶ ✲ ✶✾✸✼ ✉♥❞❡r
t❤❡ ✶✾✷✶ ❛♥❞ ✶✾✷✹ ■♠♠✐❣r❛t✐♦♥ ❆❝ts✳ ■♥ ❈♦❧✉♠♥ ✹✱ t❤❡ ✈❛r✐❛❜❧❡ ❝❛❧❝✉❧❛t❡s t❤❡ ♥✉♠❜❡r
♦❢ ♠✐ss✐♥❣ ♠✐❣r❛♥ts ❞✉r✐♥❣ ✶✾✷✶ ✲ ✶✾✸✼ ❛s ❡①♣❧❛✐♥❡❞ ✐♥ ❙❡❝t✐♦♥ ✹✳



❚❛❜❧❡ ✷✿ ❙✉♠♠❛r② ❙t❛t✐st✐❝s ❜② ❈♦✉♥tr②

Country
Trade

Total Share US Share NW Share SE Migration Pop GDP Tariff

Southern and Eastern Europe

Austria-Hungary 677.26 0.03 0.55 0.14 99683.45 11003.90 3060.21 0.09

(220.86) (0.04) (0.16) (0.03) (111641) (4553.86) (426.78) (0.04)

Greece 175.44 .19 .62 .13 2558.85 6340.93 3089.68 .22

(69.92) (.10) (.05) (.03) (7026.15) (371.15) (307.48) (.11)

Italy 776.36 .11 .59 .14 104459.8 38207.45 2548.80 .10

(281.55) (.12) (.05) (.05) (106337.5) (2907.87) (185.96) (.06)

Portugal 90.80 .06 .75 .12 4416.19 6259.03 1884.96 .24

(32.69) (.06) (.09) (.08) (4790.77) (607.04) (249.10) (.11)

Spain 388.77 .09 .76 .07 2561.38 21248.14 4716.03 .23

(251.04) (.10) (.10) (.03) (4563.56) (2001.48) (685.24) (.13)

USSR 860.33 .05 .75 .08 93902.96 158017.3 2471.64 12.24

(371.23) (.08) (.11) (.02) (92421.98) (20780.77) (347.98) (36.65)

Northern and Western Europe

Belgium 1090.01 .055 .73 .08 2286.47 7651.5 5962.2 .04

(268.08) (.05) (.05) (.03) (2156.30) (478.35) (550.80) (.03)

Denmark 482.78 .04 .89 .06 3997.80 3181.38 5756.22 .06

(206.38) (.04) (.03) (.01) (2868.41) (406.91) (888.69) (.01)

France 1715.84 .09 .62 .15 4854.45 41044.45 4900.22 .11

(608.05) (.08) (.05) (.04) (3426.82) (696.98) (486.24) (.06)

Germany 3158.72 .06 .50 .25 28888.69 62529.24 4909.65 .15

(978.12) (.06) (.04) (.09) (17713.66) (3747.63) (610.67) (.18)

Netherlands 1079.96 .06 .78 .10 3246.25 6825.16 5198.58 .02

(295.63) (.06) (.05) (.05) (2514.01) (1165.96) (351.19) (.02)

Norway 273.35 .07 .84 .08 9804.54 2588.93 4637.16 .11

(98.12) (.07) (.06) (.02) (7935.79) (245.54) (517.23) (.02)

Sweden 467.65 .08 .85 .07 13713.39 5772.25 4610.35 .09

(209.54) (.07) (.08) (.02) (11176.25) (407.67) (668.19) (.01)

Switzerland 535.99 .05 .67 .21 2525.71 3819.90 5437.16 .08

(161.82) (.05) (.05) (.04) (1693.04) (267.48) (501.14) (.05)

United Kingdom 4048.96 .10 .47 .14 36760.52 44742.23 6475.19 .11

(1548.10) (.08) (.09) (.04) (25819.02) (1652.71) (823.93) (.07)

❚❤✐s t❛❜❧❡ s❤♦✇s ♠❡❛♥s ❛♥❞ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥s ✭✐♥ ♣❛r❡♥t❤❡s❡s✮✳ ❱❛r✐❛❜❧❡ s♦✉r❝❡s ❛♥❞ ❝❛❧✲
❝✉❧❛t✐♦♥s ❛r❡ ❞❡s❝r✐❜❡❞ ✐♥ t❤❡ ❆♣♣❡♥❞✐①✳ ❚❤❡ ❝❛❧❝✉❧❛t✐♦♥ ♦❢ t❤❡ ❛✈❡r❛❣❡s ❡①❝❧✉❞❡s t❤❡ ②❡❛rs
✶✾✶✹ ✲ ✶✾✷✵ ❞✉❡ t♦ ❲❲■✳ ❚♦t❛❧ tr❛❞❡ ❝♦♠❡s ❢r♦♠ ❈❖❲ ✹✳✵✳ ❱❛❧✉❡s ✐♥ ♠✐❧❧✐♦♥s ♦❢ ❯❙ ❉♦❧❧❛rs✳
P♦♣✉❧❛t✐♦♥ ✐s ✐♥ t❤♦✉s❛♥❞s✱ ●❉P ✐s r❡❛❧ ●❉P ♣❡r ❝❛♣✐t❛ ✭❯❙❉✮✱ ❛♥❞ t❛r✐✛ ✐s t❤❡ ❣♦✈❡r♥♠❡♥t
r❡✈❡♥✉❡ ❢r♦♠ ❝✉st♦♠s ❛s ❛ s❤❛r❡ ♦❢ t♦t❛❧ ✐♠♣♦rts✳



❚❛❜❧❡ ✸✿ ❊✛❡❝t ♦❢ ✶✾✷✵✬s ◗✉♦t❛s ♦♥ ▼✐❣r❛t✐♦♥

Total Total

(Full Sample) (Subsample) Ag. Workers Professionals Skilled No Occupatio

Quota Exposure -0.10∗∗∗ -0.21∗∗∗ -0.10∗∗ -0.06∗∗ -0.10∗∗∗ -0.03

(0.02) (0.04) (0.04) (0.02) 0.03 (0.03)

N 465 200 200 200 200 200

R
2 0.9 0.91 0.8 0.93 0.9 0.87

Mean (Total) 7.52 8.92

[4.32] [3.66]

Mean (NW Europe) 5.27 6.15

[4.14] [4.48]

Mean (SE Europe) 10.88 10.59

[1.43] [1.47]

❊st✐♠❛t✐♦♥ ❜❛s❡❞ ♦♥ ❡q✉❛t✐♦♥ ✭✷✮✳ ❘♦❜✉st st❛♥❞❛r❞ ❡rr♦rs ✐♥ ♣❛r❡♥t❤❡s❡s❀ ∗∗∗✱ ∗∗ ❛♥❞ ∗ ❞❡♥♦t❡ ✶✪✱ ✺✪ ❛♥❞ ✶✵✪ s✐❣♥✐✜❝❛♥❝❡
❧❡✈❡❧s✳ ◗✉♦t❛ ❊①♣♦s✉r❡ ♠❡❛♥s ✭❛♥❞ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥s✮ ❛r❡ ❝❛❧❝✉❧❛t❡❞ ♦✈❡r t❤❡ ♣❡r✐♦❞ ✶✾✷✷ ✲ ✶✾✸✼✳ ❙✉❜s❛♠♣❧❡ r❡❢❡rs t♦ t❤❡
❝♦✉♥tr✐❡s ❢♦r ✇❤✐❝❤ ♠✐❣r❛t✐♦♥ ❜② ♦❝❝✉♣❛t✐♦♥ ✇❛s ❛✈❛✐❧❛❜❧❡✿ ❋r❛♥❝❡✱ ●❡r♠❛♥②✱ ●r❡❡❝❡✱ ■t❛❧②✱ P♦rt✉❣❛❧✱ ❘✉ss✐❛✱ ❙♣❛✐♥✱ ❯❑✳ ❙❡❡
t❤❡ ❛♣♣❡♥❞✐① ❢♦r ❛ ❧✐st ♦❢ ❝♦✉♥tr✐❡s✳

❚❛❜❧❡ ✹✿ ❊✛❡❝t ♦❢ ✶✾✷✵✬s ■♠♠✐❣r❛t✐♦♥ ◗✉♦t❛s ♦♥ ❚r❛❞❡

Imports Exports
(1) (2) (3) (1) (2) (3)

Migration 0.039 - - -0.025 - -
(0.055) (-) (-) (0.029) (-) (-)

Quota Exposure - -0.052∗∗∗ -0.029∗∗∗ - -0.062∗∗∗ -0.076∗∗∗

(-) (0.013) (0.012) (-) (0.011) (0.010)

% Free Exports to US - - 0.045∗ - - 0.036∗∗

(-) (-) (0.026) (-) (-) (0.015)

Avg. Import Tariff - - 0.032 - - 0.065∗

(-) (-) (0.053) (-) (-) (0.033)

N 462 462 462 462 462 462
R2 0.79 0.79 0.89 0.91 0.92 0.94
Wild Bootstrap-t 0.49 0.00 0.02 0.39 0.00 0.00

❊st✐♠❛t✐♦♥ ❜❛s❡❞ ♦♥ ❡q✉❛t✐♦♥ ✭✸✮✳ ❘♦❜✉st st❛♥❞❛r❞ ❡rr♦rs ✐♥ ♣❛r❡♥t❤❡s❡s❀ ∗∗∗✱ ∗∗ ❛♥❞ ∗ ❞❡♥♦t❡ ✶✪✱ ✺✪ ❛♥❞ ✶✵✪
s✐❣♥✐✜❝❛♥❝❡ ❧❡✈❡❧s✳ ❚❤❡ r♦✇ ✬❲✐❧❞ ❇♦♦tstr❛♣✲t✬ s❤♦✇s ♣✲✈❛❧✉❡s ❢♦r t❤❡ ♠✐❣r❛t✐♦♥✴q✉♦t❛ ❡①♣♦s✉r❡ ✈❛r✐❛❜❧❡ ❢r♦♠ ❛
✇✐❧❞ ❜♦♦tstr❛♣ ❛s ✐♥ ❘♦♦❞♠❛♥ ❡t ❛❧✳ ✭✷✵✶✾✮✳



❚❛❜❧❡ ✺✿ ❚r❛❞❡ ❉✐✈❡rs✐♦♥ ❊✛❡❝ts ♦❢ t❤❡ ✶✾✷✵✬s ■♠♠✐❣r❛t✐♦♥ ◗✉♦t❛s

Imports Exports

Europe World Europe World

Quota Exposure -0.002 0.001 -0.02 0.022

(0.027) (0.027) (0.027) (0.027)

Avg. Export Tariff Rate 0.216 0.129 0.242∗ 0.138

(0.144) (0.138) (0.143) (0.142)

Avg. Import Tariff Rate -0.07 -0.062 -0.07 -0.044

(0.117) (0.116) (0.115) (0.114)

N 437 437 437 437

R2 0.437 0.483 0.469 0.494

Wild Bootstrap-t 0.96 0.99 0.53 0.48

❊st✐♠❛t✐♦♥ ❜❛s❡❞ ♦♥ ❡q✉❛t✐♦♥ ✭✸✮✳ ❘♦❜✉st st❛♥❞❛r❞ ❡rr♦rs ✐♥ ♣❛r❡♥t❤❡s❡s❀ ∗∗∗✱ ∗∗ ❛♥❞ ∗ ❞❡♥♦t❡ ✶✪✱
✺✪ ❛♥❞ ✶✵✪ s✐❣♥✐✜❝❛♥❝❡ ❧❡✈❡❧s✳ ❚❤❡ r♦✇ ✬❲✐❧❞ ❇♦♦tstr❛♣✲t✬ s❤♦✇s ♣✲✈❛❧✉❡s ❢♦r t❤❡ ♠✐❣r❛t✐♦♥✴q✉♦t❛
❡①♣♦s✉r❡ ✈❛r✐❛❜❧❡ ❢r♦♠ ❛ ✇✐❧❞ ❜♦♦tstr❛♣ ❛s ✐♥ ❘♦♦❞♠❛♥ ❡t ❛❧✳ ✭✷✵✶✾✮✳ ◗✉♦t❛ ❊①♣♦s✉r❡ r❡❢❡rs t♦ t❤❡
♠❡❛s✉r❡ ✐♥ ❆❣❡r ❛♥❞ ❍❛♥s❡♥ ✭✷✵✶✼✮ ❛s ❞✐s❝✉ss❡❞ ✐♥ ❙❡❝t✐♦♥ ✹✳ ❈♦❧✉♠♥s ❵❊✉r♦♣❡✬ ❛♥❞ ❵❲♦r❧❞✬ r❡❢❡rs
t♦ t♦t❛❧ tr❛❞❡ ✇✐t❤ ❊✉r♦♣❡ ❛♥❞ t❤❡ ✇♦r❧❞ ✭❡①❝❧✳ ❯❙✮✱ r❡s♣❡❝t✐✈❡❧②✳



❚❛❜❧❡ ✻✿ ❚❛r✐✛ ❘❛t❡s ❜② ❙❡❧❡❝t❡❞ Pr♦❞✉❝t ❛♥❞ ❚❛r✐✛ ❆❝t

Product Payne-Aldrich Fordney-McCumber Act From SE Europe

Sugar 1.68 a pound 2.20 a pound <1%

Wool multiple rates multiple rates <1%

Wood multiple rates multiple rates <1%

Wheat 0.25 a bushel 0.30 a bushel <1%

Beef 0.015 a pound 0.03 a pound <1%

Lamb 0.02 a pound 0.04 a pound <1%

Agricultural Machinery Free Free <1%†

Binder Twine Free Free <1%

Tungsten 20% ad valorem 0.45 a pound <1%†

Ferrotungs 25% ad valorem 0.60 a pound n/a

Manganese Free 0.01 a pound <1%†

Poultry 0.03 a pound 0.03 a pound <1%

Eggs 0.05 a dozen 0.08 a dozen <1%

Corn 0.15 a bushel 0.15 a bushel <1%

Oats 0.15 a bushel 0.15 a bushel <1%

Olives 0.15 a gallon 0.20 a gallon >95%

Apples 0.25 a bushel 0.25 a bushel <1%†

Apricots Free 0.50 a pound n/a

Lemons 0.015 a pound 0.02 a pound >95%

Potatoes 0.25 a bushel 0.50 per 100 <1%

Peanuts 0.01 a pound 0.04 a pound <1%

Butter 0.06 a pound 0.08 a pound <1%

Pig Iron free 0.75 a ton <1%†

Steel rails free 2.24 a ton <1%†

Iron ore free free <5%†

Toys 35% ad valorem 70% ad valorem <1%

Cotton (raw) Free Free <1%

Hides Free Free <5%

Coal Free Free <1%

Books Free Free <5%

Glasswear for Chemicals Free 65% ad valorem <15%†

Bread Free Free n/a

dyestuffs (coal tar) 30% + 0.05 a pound 40% + 0.07 a pound <1%

Average Duty on all Imports 19.30% 14%

Average on Dutiable Imports 40.80% 38.50%

❈♦♠♣✐❧❛t✐♦♥ ♦❢ t❛r✐✛ r❛t❡s t❛❦❡♥ ❢r♦♠ ❚❛✉ss✐❣ ✭✶✾✷✷✮ ❛♥❞❚❤❡ ◆❡✇ ❨♦r❦ ❚✐♠❡s ✭✶✾✷✷✮✳ P❛②♥❡✲
❆❧❞r✐❝❤ ❆❝t ✇❛s ✐♠♣❧❡♠❡♥t❡❞ ✐♥ ✶✾✵✾✱ ❋♦r❞♥❡②✲▼❝❈✉♠❜❡r ❆❝t ✐♥ ✶✾✷✷✳ ❋r❛❝t✐♦♥ ♦❢ ❯❙ ✐♠♣♦rts
❢r♦♠ ❙❊ ❊✉r♦♣❡ ✭❧❛st ❈♦❧✉♠♥✮ ❝❛❧❝✉❧❛t❡❞ ❢r♦♠ ❋♦r❡✐❣♥ ❈♦♠♠❡r❝❡ ❛♥❞ ◆❛✈✐❣❛t✐♦♥ ♦❢ t❤❡ ❯♥✐t❡❞
❙t❛t❡s ✭✶✾✷✵✮✳ † ♠❛r❦ ♣r♦❞✉❝ts ❢♦r ✇❤✐❝❤ ✶✾✷✷ ❞❛t❛ ✇❛s ✉s❡❞ ❞✉❡ t♦ ♠✐ss✐♥❣ ❞❛t❛ ✐♥ t❤❡ ✶✾✷✵
r❡♣♦rt✳



❆♣♣❡♥❞✐①

❆✶ ❱❛r✐❛❜❧❡ ❉❡✜♥✐t✐♦♥ ❛♥❞ ❙♦✉r❝❡s

P♦❧✐t② ❝❤❛♥❣❡s ❞✉r✐♥❣ t❤❡ s❛♠♣❧❡ ♣❡r✐♦❞✿ ❆✉str✐❛✲❍✉♥❣❛r② ✐s ❧✐st❡❞ ❛s ❛ s✐♥❣❧❡ ❡♥t✐t② ✐♥ ♦✉r
s❛♠♣❧❡ ❢♦r t❤❡ ②❡❛rs ✶✾✵✵ ✲ ✶✾✶✽✳ ❆❢t❡r ✶✾✶✽✱ ✇❡ ❛❣❣r❡❣❛t❡ t❤❡ ✐♥❞✐✈✐❞✉❛❧ ❝♦✉♥tr② ❞❛t❛
❢♦r ❆✉str✐❛ ❛♥❞ ❍✉♥❣❛r② t♦ ❦❡❡♣ t❤❡ ♦r✐❣✐♥❛❧ ♣♦❧✐t②✳ ❙✐♠✐❧❛r❧②✱ ❘✉ss✐❛ ❛♥❞ ❋✐♥❧❛♥❞ ✇❡r❡
❧✐st❡❞ ❛s ♦♥❡ ♣♦❧✐t② ❢r♦♠ ✶✾✵✵ ✲ ✶✾✶✼ ❛♥❞ s❡♣❛r❛t❡❧② ❛❢t❡r✳ ❙♦✉t❤❡r♥ ❛♥❞ ❊❛st❡r♥ ❊✉r♦♣❡❛♥
❝♦✉♥tr✐❡s ✐♥❝❧✉❞❡ ❆✉str✐❛✲❍✉♥❣❛r②✱ ●r❡❡❝❡✱ ■t❛❧②✱ P♦rt✉❣❛❧✱ ❙♣❛✐♥✱ ❛♥❞ ❯❙❙❘ ✭✐♥❝❧✳ ❋✐♥❧❛♥❞✮✳
◆♦rt❤❡r♥ ❛♥❞ ❲❡st❡r♥ ❊✉r♦♣❡❛♥ ❝♦✉♥tr✐❡s ✐♥❝❧✉❞❡ ❇❡❧❣✐✉♠✱ ❉❡♥♠❛r❦✱ ❋r❛♥❝❡✱ ●❡r♠❛♥②✱
◆❡t❤❡r❧❛♥❞s✱ ◆♦r✇❛②✱ ❙✇❡❞❡♥✱ ❙✇✐t③❡r❧❛♥❞✱ ❛♥❞ t❤❡ ❯❑✳

■♠♠✐❣r❛t✐♦♥ ❉❛t❛✿ ❲❡ ✉s❡ t❤❡ ❯❙ ❙t❛t✐st✐❝❛❧ ❆❜str❛❝ts ✶✾✶✵✱ ✶✾✷✵✱ ✶✾✷✸✱ ✶✾✷✾ ✶✾✸✸✱
✶✾✸✻✱ ❛♥❞ ✶✾✸✽ t♦ ♦❜t❛✐♥ ♠✐❣r❛t✐♦♥ ❞❛t❛ ❢r♦♠ ✶✾✵✵ ✲ ✶✾✸✼✳ ■♥ ❛❞❞✐t✐♦♥✱ ♠✐❣r❛t✐♦♥ ❞❛t❛
❢♦r ❆✉str✐❛✲❍✉♥❣❛r② ❛♥❞ ▲❛t✐♥ ❆♠❡r✐❝❛♥ ❝♦✉♥tr✐❡s ❜❡t✇❡❡♥ ✶✾✵✺ ❛♥❞ ✶✾✶✾ ❝♦♠❡s ❢r♦♠ t❤❡
◆❇❊❘ st❛t✐st✐❝s ♦❢ ♠✐❣r❛t✐♦♥✳ ❚❤❡ ❞❛t❛ ♦♥ ■♠♠✐❣r❛♥t ❆❧✐❡♥s ❛❞♠✐tt❡❞ ✐s ❢r♦♠ t❤❡ ❆♥♥✉❛❧
❘❡♣♦rt ♦❢ t❤❡ ❈♦♠♠✐ss✐♦♥❡r ●❡♥❡r❛❧ ♦❢ ■♠♠✐❣r❛t✐♦♥✳ ❚❤❡ ✬s❦✐❧❧❡❞✬ ❝❛t❡❣♦r② ✐♥❝❧✉❞❡s ❆❝✲
t♦rs✱ ❆r❝❤✐t❡❝ts✱ ❈❧❡r❣②✱ ❊❞✐t♦rs✱ ❊❧❡❝tr✐❝✐❛♥s✱ ❊♥❣✐♥❡❡rs✱ ▲❛✇②❡rs✱ ▼✉s✐❝✐❛♥s✱ ●♦✈❡r♥♠❡♥t
❖✣❝✐❛❧s✱ P❤②s✐❝✐❛♥s✱ ❆rt✐sts✱ ❛♥❞ ❚❡❛❝❤❡rs✳ ❚❤❡ ✬❛❣r✐❝✉❧t✉r❛❧ ✇♦r❦❡rs✬ ❝❛t❡❣♦r② ✐♥❝❧✉❞❡s
❢❛r♠❡rs ❛♥❞ ❢❛r♠ ❧❛❜♦r❡rs✳ ❚❤❡ ✬◆♦ ❖❝❝✉♣❛t✐♦♥✬ ❝❛t❡❣♦r② ✐♥❝❧✉❞❡s t❤❡ ✉♥❡♠♣❧♦②❡❞ ❛♥❞
♦✉t✲♦❢✲t❤❡✲❧❛❜♦r ❢♦r❝❡✱ ✐♥❝❧✉❞✐♥❣ ✇♦♠❡♥ ❛♥❞ ❝❤✐❧❞r❡♥✳ ❋✐♥❛❧❧②✱ t❤❡ ✬Pr♦❢❡ss✐♦♥❛❧s✬ ❝❛t❡❣♦r②
✐♥❝❧✉❞❡s ♠♦st❧② ♠❛♥✉❛❧ ❧❛❜♦r❡rs✱ s✉❝❤ ❛s P❧✉♠❜❡rs✱ ▼❛s♦♥s✱ ♦r ❈❛r♣❡♥t❡rs✳ P❧❡❛s❡ r❡❢❡r t♦
t❤❡ ❆♥♥✉❛❧ ❘❡♣♦rts ❢♦r ❞❡t❛✐❧s✳

❚❛r✐✛ ❘❛t❡s✿ ❲❡ ✉s❡ t❤r❡❡ t❛r✐✛ ✈❛r✐❛❜❧❡s ✐♥ ♦✉r r❡❣r❡ss✐♦♥s✳ ❋✐rst✱ ❛ ❝♦✉♥tr②✬s ❛✈❡r❛❣❡
t❛r✐✛ r❛t❡ ✐s ❝❛❧❝✉❧❛t❡❞ ❛s t❤❡ r❛t✐♦ ♦❢ ❣♦✈❡r♥♠❡♥t r❡✈❡♥✉❡ ❢r♦♠ ❝✉st♦♠s r❡❧❛t✐✈❡ t♦ t♦t❛❧
✐♠♣♦rts✳ ❙❡❝♦♥❞✱ ❢♦r t❤❡ ❊❯✲❯❙ tr❛❞❡ r❡❣r❡ss✐♦♥s✱ ✇❡ ❛♣♣r♦①✐♠❛t❡ ❢♦r ❝♦✉♥tr② i′s ❛✈❡r❛❣❡
❡①♣♦rt t❛r✐✛ t♦ t❤❡ ❯❙ ❜② ❝❛❧❝✉❧❛t✐♥❣ ✐ts ❡①♣♦rts ❢r❡❡ ♦❢ ❞✉t✐❡s ✐♥ ②❡❛r t r❡❧❛t✐✈❡ t♦ ✐ts ❡①♣♦rts
❢r❡❡ ♦❢ ❞✉t✐❡s ✐♥ ②❡❛r ✶✾✶✹✳ ❉✉r✐♥❣ ✶✾✶✹✱ t❤❡ ❯♥❞❡r✇♦♦❞✲❙✐♠♠♦♥s t❛r✐✛ ❛❝t s❡t t❛r✐✛s t♦
❤✐st♦r✐❝ ❧♦✇s✳ ❆s s✉❝❤ ✇❡ ✐♥t❡r♣r❡t ❛♥ ❞❡❝r❡❛s❡ ✐♥ ❢r❡❡ ❡①♣♦rts t♦ t❤❡ ❯❙ r❡❧❛t✐✈❡ t♦ ✶✾✶✹ ❛s
❛♥ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ❛✈❡r❛❣❡ t❛r✐✛ r❛t❡✳ ❚❤✐r❞✱ ❢♦r t❤❡ r❡❣r❡ss✐♦♥s ✐♥✈♦❧✈✐♥❣ tr❛❞❡ ❜❡t✇❡❡♥ ❊❯
❝♦✉♥tr✐❡s ❛♥❞ t❤❡ r❡st ♦❢ t❤❡ ✇♦r❧❞ ✇❡ ❝❛❧❝✉❧❛t❡ ❝♦✉♥tr② i′s ❛✈❡r❛❣❡ ❡①♣♦rt t❛r✐✛ r❛t❡ ❛s t❤❡
❛✈❡r❛❣❡ t❛r✐✛ ♦❢ ❝♦✉♥tr② i′s ❚♦♣ ❋✐✈❡ tr❛❞✐♥❣ ♣❛rt♥❡rs✳ ❲❡ ✐♥t❡r♣r❡t ❛♥ ✐♥❝r❡❛s❡ ✐♥ ♣❛rt♥❡r
j′s ✐♠♣♦rt t❛r✐✛ ❛s ❛ r✐s❡ ✐♥ ❝♦✉♥tr② i′s ❛✈❡r❛❣❡ ❡①♣♦rt t❛r✐✛✳



❚❛❜❧❡ ❆✶✿ ❱❛r✐❛❜❧❡ ❉❡✜♥✐t✐♦♥s ❛♥❞ ❙♦✉r❝❡s

❱❛r✐❛❜❧❡ ❉❡✜♥✐t✐♦♥ ❙♦✉r❝❡

❯❙✲❊✉r♦♣❡ ▼✐❣r❛t✐♦♥
❆rr✐✈❛❧s ♦❢ ■♠♠✐❣r❛♥ts✴◗✉♦t❛ ❆❧✐❡♥s
❆❞♠✐tt❡❞

❙t❛t✐st✐❝❛❧ ❆❜str❛❝ts ♦❢ t❤❡
❯♥✐t❡❞ ❙t❛t❡s ✭✶✾✶✵✱ ✶✾✷✵✱
✶✾✷✸✱ ✶✾✷✾✱ ✶✾✸✸✱ ✶✾✸✻✱ ✶✾✸✽✮

❯❙ ■♠♠✐❣r❛t✐♦♥
◗✉♦t❛

■♠♠✐❣r❛t✐♦♥ ◗✉♦t❛s ❆❧❧♦t❡❞
❙t❛t✐st✐❝❛❧ ❆❜str❛❝ts ♦❢ t❤❡
❯♥✐t❡❞ ❙t❛t❡s ✭✶✾✶✵✱ ✶✾✷✵✱
✶✾✷✸✱ ✶✾✷✾✱ ✶✾✸✸✱ ✶✾✸✻✱ ✶✾✸✽✮

❯❙✲❊✉r♦♣❡ ▼✐❣r❛t✐♦♥
❜② ❖❝❝✉♣❛t✐♦♥

■♠♠✐❣r❛♥t ❆❧✐❡♥s ❆❞♠✐tt❡❞✱ ❜②
♦❝❝✉♣❛t✐♦♥s ❛♥❞ r❛❝❡ ♦r ♣❡♦♣❧❡

❆♥♥✉❛❧ ❘❡♣♦rt ♦❢ t❤❡
❈♦♠♠✐ss✐♦♥❡r ●❡♥❡r❛❧ ♦❢
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