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♦♥ ❡①t❡♥❞✐♥❣ ❜❡♥❡✜ts ❞✉r❛t✐♦♥ ✐♥❝❧✉❞❡ st✉❞✐❡s ♦♥ ❆✉str✐❛ ✭▲❛❧✐✈❡ ❡t ❛❧✳✱ ✷✵✶✹✮ ❛♥❞ ◆♦r✇❛②

✭❉❛❤❧ ❡t ❛❧✳✱ ✷✵✶✻✮✳ ❇♦t❤ ❝♦✉♥tr✐❡s ❤❛❞ ❝♦♠♣❛r❡❞ t♦ ❈❛❧✐❢♦r♥✐❛ ❛❧r❡❛❞② ❛ ♠♦r❡ ❣❡♥❡r♦✉s

♣❛r❡♥t❛❧ ❜❡♥❡✜ts s②st❡♠✳ ■♥❝r❡❛s✐♥❣ t❤❡ ❜❡♥❡✜t ❞✉r❛t✐♦♥ ❢✉rt❤❡r ❤❛❞ ✐♥ ❜♦t❤ ❝♦✉♥tr✐❡s

✷



♥♦ s✐❣♥✐✜❝❛♥t ♠❡❞✐✉♠ r✉♥ ❡✛❡❝ts ♦♥ ❡♠♣❧♦②♠❡♥t ♦✉t❝♦♠❡s✳

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

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

❞✐✛❡rs ❢r♦♠ ♦t❤❡r ♠❡t❤♦❞♦❧♦❣✐❝❛❧ ❛♣♣r♦❛❝❤❡s ✉s❡❞ s♦ ❢❛r ✐♥ ♠♦st ♦❢ t❤❡ ❧✐t❡r❛t✉r❡✳ ❆

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

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

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

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

❛♥ ❡✈❡♥t st✉❞② ✭❋✐t③❡♥❜❡r❣❡r ❡t ❛❧✳✱ ✷✵✶✸❀ ❙✐❛♥❡s✐✱ ✷✵✵✽✮✳ ❚❤✐s ❡st✐♠❛t✐♦♥ ✐♥✈♦❧✈❡s ❛ ❝♦♥tr♦❧

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

♦♥ t❤❡ ❡✛❡❝t ♦❢ ❣✐✈✐♥❣ ❜✐rt❤ ✭❢♦r ❡①❛♠♣❧❡ ❆♥❣❡❧♦✈ ❡t ❛❧✳ ✭✷✵✶✻✮❀ ❑❧❡✈❡♥ ❡t ❛❧✳ ✭✷✵✶✾❛✱❜✮✮✳

❚❤✐s ❛rt✐❝❧❡ ❢✉rt❤❡r r❡✈✐s✐ts t❤❡ ✷✵✵✼ r❡❢♦r♠ ✐♥ ♣❛r❡♥t❛❧ ❜❡♥❡✜ts✳ ❚❤❡ r❡❢♦r♠ ❞❡❝r❡❛s❡❞ ❢♦r

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

s✉❜❣r♦✉♣ ❝♦♥❞✐t✐♦♥❛❧ ♦♥ ✐♥t❡rr✉♣t✐♥❣ ✇♦r❦ ❞✉r✐♥❣ t❤❡ ✜rst ②❡❛r ❛❢t❡r ❝❤✐❧❞ ❜✐rt❤✳ ❲❡

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

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

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

✇❤✐❧❡ r❡❞✉❝✐♥❣ ❢✉❧❧✲t✐♠❡ ❡♠♣❧♦②♠❡♥t✳ ❚❤❡r❡ ❛r❡ ♥♦ ❡✛❡❝ts ♦♥ s❡❝♦♥❞✲♦r❞❡r ❢❡rt✐❧✐t②✳

❚❤❡ r❡♠❛✐♥❞❡r ♦❢ t❤❡ ♣❛♣❡r ❝♦♥t❛✐♥s ✐♥ s❡❝t✐♦♥ ✷ ❛ ❞✐s❝✉ss✐♦♥ ♦❢ t❤❡ r❡❢♦r♠ ❛♥❞ t❤❡

❧✐t❡r❛t✉r❡ ♦♥ ✐t✱ ✐♥ s❡❝t✐♦♥ ✸ ❛♥❞ ✹ ❛ ❞❡s❝r✐♣t✐♦♥ ♦❢ t❤❡ ❞❛t❛ ❛♥❞ t❤❡ ❡st✐♠❛t✐♦♥ ❛♣♣r♦❛❝❤✱

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

❡st✐♠❛t✐♦♥ str❛t❡❣✐❡s✳

✷ ❚❤❡ ✷✵✵✼ ♣❛r❡♥t❛❧ ❧❡❛✈❡ r❡❢♦r♠

❚❤❡ ✷✵✵✼✲r❡❢♦r♠ ♠❛❞❡ ●❡r♠❛♥② t♦ ♦♥❡ ♦❢ t❤❡ ♠♦st ❣❡♥❡r♦✉s ❝♦✉♥tr✐❡s ❝♦♥❝❡r♥✐♥❣ ♣❛r❡♥t❛❧

❜❡♥❡✜ts ✇♦r❧❞✇✐❞❡✳ ❆❧❧ ♠♦t❤❡rs ♦❢ ❝❤✐❧❞r❡♥ ❜♦r♥ ❢r♦♠ ❏❛♥✉❛r② ✷✵✵✼ ♦♥ ♠❛② r❡❝❡✐✈❡

t❤❡ ♥❡✇ ✧♣❛r❡♥t❛❧ ❛❧❧♦✇❛♥❝❡✧ ✉♥t✐❧ t❤❡ ✶✷ ♠♦♥t❤ ❛❢t❡r ❣✐✈✐♥❣ ❜✐rt❤✳ ❚❤❡ r❡❢♦r♠ ✇❛s

✐♠♣❧❡♠❡♥t❡❞ ✇✐t❤ ❛ ❝❧❡❛r ❝✉t♦✛✳ ▼♦t❤❡rs ♦❢ ❝❤✐❧❞r❡♥ ❜♦r♥ ✉♥t✐❧ ❉❡❝❡♠❜❡r ✷✵✵✻ ❢❛❝❡❞ ❛

❞✐✛❡r❡♥t ❜❡♥❡✜t s②st❡♠ ✇❤✐❝❤ ♣❛✐❞ s✉❜st❛♥t✐❛❧❧② ❧❡ss ❜❡♥❡✜ts t♦ ♠♦st ♠♦t❤❡rs✳

❚❤❡ ●❡r♠❛♥ s②st❡♠ ❝♦♥t❛✐♥s ❣❡♥❡r❛❧❧② ❞✐✛❡r❡♥t ✐♥st✐t✉t✐♦♥s✳ ❋r♦♠ s✐① ✇❡❡❦s ❜❡❢♦r❡ t❤❡

❡①♣❡❝t❡❞ ❞❛t❡ ♦❢ ❞❡❧✐✈❡r② ✉♥t✐❧ ❡✐❣❤ts ✇❡❡❦s ❛❢t❡r ❣✐✈✐♥❣ ❜✐rt❤✱ t❤❡ ♠♦t❤❡rs ❛r❡ ✐♥ s♦✲❝❛❧❧❡❞

✸



✧♠❛t❡r♥✐t② ♣r♦t❡❝t✐♦♥✧ ✭▼✉tt❡rs❝❤✉t③✮✳ ❉✉r✐♥❣ t❤❛t ♣❡r✐♦❞✱ ✐t ✐s ❢♦r t❤❡♠ ❢♦r❜✐❞❞❡♥ t♦

♠❛✐♥t❛✐♥ ❛ ♣❛✐❞ ✇♦r❦ ❜✉t t❤❡② r❡❝❡✐✈❡ t❤❡ ✧♠❛t❡r♥✐t② ❛❧❧♦✇❛♥❝❡✧ ✭▼✉tt❡rs❝❤❛❢ts❣❡❧❞✮

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

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

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

r❡❢♦r♠❡❞ ✐♥ ✷✵✵✼ s✉❝❤ t❤❛t ♣r❡✲ ❛♥❞ ♣♦st✲r❡❢♦r♠ ♠♦t❤❡rs ❛r❡ tr❡❛t❡❞ ❡q✉❛❧❧② ✭❇▼❋❙❋❏✱

✷✵✷✵❜✮✳

❯♥❞❡r t❤❡ ♦❧❞ s②st❡♠✱ t❤❡ ❡❧✐❣✐❜✐❧✐t② ❢♦r ❢✉rt❤❡r ❜❡♥❡✜ts ❞❡♣❡♥❞ ♦♥ t❤❡ ♠♦t❤❡r✬s ❛♥❞ ♣♦✲

t❡♥t✐❛❧❧② ❤❡r ♣❛rt♥❡r✬s ✐♥❝♦♠❡ ✭❤❡♥❝❡❢♦rt❤ ❢♦r ❝♦♥✈❡♥✐❡♥❝❡ ❤♦✉s❡❤♦❧❞ ✐♥❝♦♠❡✷✮✳ ▼♦t❤❡rs

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

♠♦♥t❤ ❛❢t❡r ❣✐✈✐♥❣ ❜✐rt❤ ♦♥ ✕ ♥♦ ❢✉rt❤❡r ✜♥❛♥❝✐❛❧ ❜❡♥❡✜t✳ ▼❡❞✐✉♠ ❛♥❞ ❧♦✇ ✐♥❝♦♠❡ ❤♦✉s❡✲

❤♦❧❞s ✇❡r❡ ♣❛✐❞ ✸✵✵ ❊✉r♦ ♠♦♥t❤❧② s♦✲❝❛❧❧❡❞ ✧❝❤✐❧❞ r❛✐s✐♥❣ ❛❧❧♦✇❛♥❝❡✧ ✭❊r③✐❡❤✉♥❣s❣❡❧❞✮✳

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

✉♥t✐❧ t❤❡ ✷✹t❤ ♠♦♥t❤ ❛❢t❡r ❣✐✈✐♥❣ ❜✐rt❤✳ ▲♦✇ ✐♥❝♦♠❡ ❤♦✉s❡❤♦❧❞s ❛❧t❡r♥❛t✐✈❡❧② ❤❛❞ t❤❡

♣♦ss✐❜✐❧✐t② t♦ ❝❤♦♦s❡ ✹✺✵ ❊✉r♦ ♠♦♥t❤❧② ✉♥t✐❧ t❤❡ ❡♥❞ ♦❢ t❤❡ ✜rst ②❡❛r ✐♥st❡❛❞ ♦❢ r❡❝❡✐✈✐♥❣

✸✵✵ ❊✉r♦ ♠♦♥t❤❧② ✉♥t✐❧ t❤❡ ❡♥❞ ♦❢ t❤❡ s❡❝♦♥❞ ②❡❛r ✭❇▼❋❙❋❏✱ ✷✵✵✹✮✳ ❚❤❛t s❡❝♦♥❞ ♦♣✲

t✐♦♥ ❢♦r ❧♦✇✲❡❛♥❡rs ✇❛s ❤♦✇❡✈❡r ♦♥❧② ❝❤♦s❡♥ ❜② ❛ ♠✐♥♦r✐t② ♦❢ ♠♦t❤❡rs ✭❑❧✉✈❡ ❛♥❞ ❚❛♠♠✱

✷✵✶✸✮✳

❋r♦♠ ✷✵✵✼ ♦♥✱ ❡❧✐❣✐❜✐❧✐t② ✐s ✉♥✐✈❡rs❛❧ ❛♥❞ t❤❡ ❛♠♦✉♥t ♦❢ ♠♦♥t❤❧② ❜❡♥❡✜ts ✐s ❡❛r♥✐♥❣

❞❡♣❡♥❞❡♥t✳ ▼♦t❤❡rs r❡❝❡✐✈❡ ✻✺ ♣❡r❝❡♥t✸ ♦❢ t❤❡✐r ♠♦♥t❤② ❡❛r♥✐♥❣s ✐♥ t❤❡ ✶✷ ♠♦♥t❤s ❜❡❢♦r❡

❡♥t❡r✐♥❣ ✧♠❛t❡r♥✐t② ♣r♦t❡❝t✐♦♥✧ ❜✉t ❛t ❧❡❛st ✸✵✵ ❛♥❞ ❛t ♠♦st ✶✽✵✵ ❊✉r♦✳ ❚❤✐s ❜❡♥❡✜t ✐s

♣❛✐❞ ✉♥t✐❧ t❤❡ ❡♥❞ ♦❢ t❤❡ ✜rst ②❡❛r ❛❢t❡r ❣✐✈✐♥❣ ❜✐rt❤✳ ❙✐♥❣❧❡✲♠♦t❤❡rs ❤❛✈❡ t❤❡ ♣♦ss✐❜✐❧✐t✐❡s

t♦ r❡❝❡✐✈❡ t✇♦ ❛❞❞✐t✐♦♥❛❧ ♠♦♥t❤s ♦❢ ✧♣❛r❡♥t❛❧ ❛❧❧♦✇❛♥❝❡✧✹ ✭❊❤❧❡rt✱ ✷✵✵✽✮✳

■t ✐s ❛❧s♦ ✐♠♣♦rt❛♥t t♦ ♥♦t❡ ✇❤❛t ✇❛s ♥♦t t♦✉❝❤❡❞ ❜② t❤❡ r❡❢♦r♠✳ ❚❤❡ ✧♠❛t❡r♥✐t② ♣r♦✲

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

✉♥❝❤❛♥❣❡❞✳ ❋✉rt❤❡r✱ ♠♦t❤❡rs ❧♦♦s❡ ❡❧✐❣✐❜✐❧✐t② ❢♦r ❜♦t❤✱ t❤❡ ♦❧❞ ✧❝❤✐❧❞✲r❛✐s✐♥❣ ❛❧❧♦✇❛♥❝❡✧

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

✷❚❤❡ r❡❧❡✈❛♥t q✉❛♥t✐t② ✇❛s t❤❡ ②❡❛r❧② ♥❡t✲✐♥❝♦♠❡ ♦❢ t❤❡ ♠♦t❤❡r ✐❢ s❤❡ r❛✐s❡❞ ❤❡r ❝❤✐❧❞ ❛s s✐♥❣❧❡✲♠♦t❤❡r
❛♥❞ t❤❡ ❝♦♠❜✐♥❡❞ ✐♥❝♦♠❡ ♦❢ ❤❡r ❛♥❞ ❤❡r ♣❛rt♥❡r ✐❢ t❤❡② ❧✐✈❡❞ ✐♥ ♦♥❡ ❤♦✉s❡❤♦❧❞✳ ❋♦r ❜♦t❤ ❣r♦✉♣s ♦❢
♠♦t❤❡rs ❞✐✛❡r❡♥t ✐♥❝♦♠❡ t❤r❡s❤♦❧❞s ✇❡r❡ ✉s❡❞✳

✸❚❤❡ r❡♣❧❛❝❡♠❡♥t r❛t❡ ❞❡❝r❡❛s❡s ✐♥ ❡❛r♥✐♥❣s✳ ❚❤❡ ❞✐✛❡r❡♥❝❡s ❛r❡ ♠♦❞❡r❛t❡ ❢♦r ❡❛r♥✐♥❣s ❛❜♦✈❡ ✶✵✵✵
❊✉r♦ ♠♦♥t❧② ✭❜❡t✇❡❡♥ ✻✺ ❛♥❞ ✻✼ ♣❡r❝❡♥t✮✱ ❜❡❧♦✇ ✶✵✵✵ ❊✉r♦ ✐t ✐♥❝r❡❛s❡s t♦ ✶✵✵ ♣❡r❝❡♥t ❢♦r ✹✹✵ ❊✉r♦
♠♦♥t❤❧② ❡❛r♥✐♥❣s ✭❇▼❋❙❋❏✱ ✷✵✷✵❛✮✳

✹❋❛t❤❡rs ❛r❡ ❛❧s♦ t❛r❣❡t❡❞ ❜② t❤❡ r❡❢♦r♠✳ ❋r♦♠ ✷✵✵✼ ✐t ✐s ♣♦ss✐❜❧❡ t❤❛t ❜♦t❤ ♣❛r❡♥ts r❡❝❡✐✈❡ ❜❡♥❡✜ts✳
❍♦✇❡✈❡r✱ ❡✛❡❝ts ♦♥ t❤❡♠ ❝❛♥♥♦t ❜❡ ❝♦✈❡r❡❞ ✐♥ t❤✐s ♣r♦❥❡❝ts✳ ❚❤❡ s❛♠❡ ❤♦❧❞s tr✉❡ ❢♦r ❛❞❥✉st♠❡♥ts ✐♥
✷✵✶✺ ✇❤✐❝❤ ❛❞❞❡❞ ♠♦r❡ ✢❡①✐❜✐❧✐t② ❢♦r t❤❡ r❡❝❡✐✈❡rs ♦❢ ✧♣❛r❡♥t❛❧ ❛❧❧♦✇❛♥❝❡✧ ✭❇▼❋❙❋❏✱ ✷✵✷✵❛✮

✹



❛♥❞ t❤❡ ♥❡✇ ✧♣❛r❡♥t❛❧ ❛❧❧♦✇❛♥❝❡✧ ✇❤❡♥ ✇♦r❦✐♥❣ ❢✉❧❧✲t✐♠❡✱ ✇♦r❦✐♥❣ ✉♥t✐❧ ❛t ♠♦st ✸✵

❤♦✉rs ✇❡❡❦❧② ✐s ❛❧❧♦✇❡❞✺✳ ▼♦t❤❡rs ❛❧s♦ ❡♥❥♦② ❥♦❜ ♣r♦t❡❝t✐♦♥ ✭❊❧t❡r♥③❡✐t✮ ❢♦r t❤r❡❡ ②❡❛rs✱

✉♥❝❤❛♥❣❡❞ s✐♥❝❡ ✶✾✾✷✳ ❲✐t❤✐♥ t❤❛t ♣❡r✐♦❞ ♠♦t❤❡rs ♠❛② r❡t✉r♥ t♦ t❤❡✐r ♣r❡✈✐♦✉s ❥♦❜s

✭❇▼❋❙❋❏✱ ✷✵✷✵❛✮✳

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

q✉✐t❡ ❡❛s② t♦ ❞✐st✐♥❣✉✐s❤ r❡❢♦r♠✲✇✐♥♥❡rs ❢r♦♠ r❡❢♦r♠✲❧♦s❡rs✳ ▼❡❞✐✉♠ ❛♥❞ ❡s♣❡❝✐❛❧❧② ❤✐❣❤

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

❤♦✉s❡❤♦❧❞ ♠❛② ❢❛r❡ ✇♦rs❡ ❝♦♠♣❛r❡❞ t♦ t❤❡ ♦❧❞ s②st❡♠✳ ❚♦ ❜r❡❛❦ ❞♦✇♥ ❛❧❧ t❤❡ ❝♦♠♣❧❡①

r❡❣✉❧❛t✐♦♥s t♦ ❛ s✐♠♣❧❡ ♠❡ss❛❣❡✱ ✐t ✐s t❤❡ ❝❛s❡ t❤❛t ●❡r♠❛♥② ❝❤❛♥❣❡❞ ❢r♦♠ ❛ s②st❡♠ ♣❛②✐♥❣

❤✐❣❤❡r ❜❡♥❡✜ts t♦ ❧♦✇✲❡❛r♥❡rs t♦ ♦♥❡ ♣❛②✐♥❣ ❤✐❣❤❡r ❜❡♥❡✜ts t♦ ❤✐❣❤✲❡❛r♥❡rs✳

-2 0 2 4 6 8 10 12 14 16 18 20 22 24

Low Hh-Income, 2006 (Opt. A)

Low Hh-Income, 2006 (Opt. B)

Low Hh-Income, 2007

Medium Hh-Income, 2006

Medium Hh-Income, 2007

High Hh-Income, 2006

High Hh-Income, 2007

Maternity allowance Parental allowance (single mothers) Child-raising allowance

300 €

300 €

450 €

65 % of pre-birth earnings

65 % of pre-birth earnings

65 % of pre-birth earnings

❍✐❣❤ ❛♥❞ ♠❡❞✐✉♠ ✐♥❝♦♠❡ ❤♦✉s❡❤♦❧❞s ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ♦❧❞ ✧❝❤✐❧❞✲r❛✐s✐♥❣ ❛❧❧♦✇❛♥❝❡✧ ✇❡r❡ ❤♦✉s❡❤♦❧❞s ✇✐t❤ ❛♥ ②❡❛r❧② ♥❡t✲✐♥❝♦♠❡
❛❜♦✈❡ ✸✵✵✵✵ ❛♥❞ ✷✷✵✵✵ ✭✷✸✵✵✵ ❛♥❞ ✶✻✵✵✵ ❢♦r s✐♥❣❧❡✲♠♦t❤❡rs✮✱ r❡s♣❡❝t✐✈❡❧②✳
✧P❛r❡♥t❛❧ ❛❧❧♦✇❛♥❝❡✧ ✐s ❜♦✉♥❞ t♦ ❜❡ ❛t ❧❡❛st ✸✵✵ ❛♥❞ ❛t ♠♦st ✶✽✵✵ ❊✉r♦ ♠♦♥t❤❧②✳
❘❡❝❡✐✈❡rs ♦❢ ❜♦t❤✱ ✧❝❤✐❧❞✲r❛✐s✐♥❣ ❛❧❧♦✇❛♥❝❡✧ ❛♥❞ ✧♣❛r❡♥t❛❧ ❛❧❧♦✇❛♥❝❡✧ ❛r❡ r❡str✐❝t❡❞ t♦ ✇♦r❦ ❛t ♠♦st ✸✵ ❤♦✉rs ♣❡r ✇❡❡❦✳

❋✐❣✉r❡ ✶✿ ❇❡♥❡✜ts ✉♥❞❡r ♥❡✇ ❛♥❞ ♦❧❞ r❡❣✐♠❡s ❜② ❤♦✉s❡❤♦❧❞ ✐♥❝♦♠❡

❚❤❡ ✧♣❛r❡♥t❛❧ ❛❧❧♦✇❛♥❝❡✧ ✐s ✐♥t❡r♥❛t✐♦♥❛❧❧② ♦♥❡ ♦❢ t❤❡ ♠♦st ❣❡♥❡r♦✉s s②st❡♠s✳ ❋✐❣✉r❡ ✷

❝♦♠♣❛r❡s t❤❡ s②st❡♠ ♦❢ s♦♠❡ ♦❢ t❤❡ ❧❛r❣❡r ❖❊❈❉✲❝♦✉♥tr✐❡s✳ ❚❤❡ ❝♦✉♥tr✐❡s ❛r❡ ❣r♦✉♣❡❞

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

❣✐✈❡s t❤❡ ♠❛①✐♠✉♠ ❞✉r❛t✐♦♥ ♦❢ ❜❡♥❡✜ts✳ ❚❤❡ ❙♣❛♥✐s❤ s♣❡❛❦✐♥❣ ❝♦✉♥tr✐❡s ❤❛✈❡ ✐♥st✐t✉t✐♦♥s

❝♦♠♣❛r❛❜❧❡ t♦ ✧♠❛t❡r♥✐t② ❛❧❧♦✇❛♥❝❡✧ ✐♥ ●❡r♠❛♥②✱ ❛ r❡♣❧❛❝❡♠❡♥t ♦❢ ✶✵✵ ♣❡r❝❡♥t ❜✉t ♦♥❧②

❢♦r ❛ s❤♦rt ♣❡r✐♦❞✳ ❚❤❡ ♦t❤❡r ❊✉r♦♣❡❛♥ ❝♦✉♥tr✐❡s ❛♥❞ ❈❛♥❛❞❛ ♣❛② ❜❡♥❡✜ts ❢♦r ❛ ❧♦♥❣❡r

❞✉r❛t✐♦♥ ❜✉t ❞♦ ♥♦t r❡♣❧❛❝❡ t❤❡ ❡❛r♥✐♥❣s ❡♥t✐r❡❧②✳ ❖✉tst❛♥❞✐♥❣❧②✱ t❤❡ ❯❙ ❞♦ ♥♦t ❤❛✈❡

✺■❢ ♠♦t❤❡rs ✇♦r❦ ❞✉r✐♥❣ r❡❝❡✐✈❛♥❝❡ ♦❢ ✧♣❛r❡♥t❛❧ ❛❧❧♦✇❛♥❝❡✧✱ t❤❡✐r ❜❡♥❡✜ts ✇✐❧❧ ❞❡❝r❡❛s❡ t♦ ✻✺ ♣❡r❝❡♥t ♦❢
t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ ♣r❡✲ ❛♥❞ ♣♦st ❜✐rt❤ ❡❛r♥✐♥❣s ✭❇▼❋❙❋❏✱ ✷✵✷✵❛✮

✺



♣❛r❡♥t❛❧ ❜❡♥❡✜ts ♦♥ ♥❛t✐♦♥❛❧ ❧❡✈❡❧✳ P♦❧❛♥❞ ❛♥❞ ●❡r♠❛♥② ❛r❡ ❛r❣✉❛❜❧② t❤❡ ♠♦st ❣❡♥❡r♦✉s

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

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

❛♠♦✉♥t ♦❢ ✇❡❡❦s ✇✐t❤ ✶✵✵ ♣❡r❝❡♥t r❡♣❧❛❝❡♠❡♥t✳ ❚❤❡ ✐♥✈❡st✐❣❛t✐♦♥ ♦❢ t❤❡ ●❡r♠❛♥ r❡❢♦r♠

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

✐♥ tr❛♥s❢❡rs ♣❛✐❞ t♦ ♠♦t❤❡rs✳
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100 % replacement rate > 70 % replacement rate > 50 % replacement rate > 30 % replacement rate

❙♦✉r❝❡✿ ❖❊❈❉ ❋❛♠✐❧② ❉❛t❛❜❛s❡ ✭❖❊❈❉✱ ✷✵✶✾✮✳
❈♦✉♥tr✐❡s ❛r❡ ❣r♦✉♣❡❞ ❜② t❤❡ ❛✈❡r❛❣❡ ❧❡✈❡❧ ♦❢ r❡♣❧❛❝❡♠❡♥t r❛t❡✳ ❚❤❡ ♥✉♠❜❡r ❛t t❤❡ t♦♣ ♦❢ t❤❡ ❜❛r ✐s t❤❡ ♣r♦❞✉❝t ♦❢ t❤❡
r❡♣❧❛❝❡♠❡♥t r❛t❡ ❛♥❞ t❤❡ ♠❛①✐♠✉♠ ❞✉r❛t✐♦♥ ✐♥ ✇❡❡❦s✳ ■t ❝❛♥ ❜❡ ✐♥t❡r♣r❡t❡❞ ❛s t❤❡ t❤❡♦r❡t✐❝❛❧ ♥✉♠❜❡r ♦❢ ✇❡❡❦s ✇✐t❤ ✶✵✵
♣❡r❝❡♥t r❡♣❧❛❝❡♠❡♥t✳
❋♦r ●❡r♠❛♥②✿ ✶✹ ✇❡❡❦s ① ✶✵✵ ✪ ✭♠❛t❡r♥✐t② ❛❧❧♦✇❛♥❝❡✮✰ ✹✹ ✇❡❡❦s ① ✻✺ ✪ ✭♣❛r❡♥t❛❧ ❛❧❧♦✇❛♥❝❡✮❂ ✹✷✱✻

❋✐❣✉r❡ ✷✿ ❈♦♠♣❛r✐s♦♥ ♦❢ ❞✐✛❡r❡♥t ♣❛r❡♥t❛❧ ❜❡♥❡✜t s②st❡♠s

✷✳✶ ▲✐t❡r❛t✉r❡ ♦♥ t❤❡ ●❡r♠❛♥ r❡❢♦r♠

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

t♦ ✐♥✈❡st✐❣❛t❡ ✐ts s❤♦rt✲t❡r♠ ❡✛❡❝ts✳ ❇❡r❣❡♠❛♥♥ ❛♥❞ ❘✐♣❤❛❤♥ ✭✷✵✶✶✮ ❢♦✉♥❞ ❛ ♣♦s✐t✐✈❡

r❡❢♦r♠ ❡✛❡❝t ♦♥ ❡♠♣❧♦②♠❡♥t ❢♦r t❤❡ s❡❝♦♥❞ ②❡❛r ✇❤✐❧❡ ❑❧✉✈❡ ❛♥❞ ❚❛♠♠ ✭✷✵✶✸✮ ❢♦✉♥❞ ❛

♥❡❣❛t✐✈❡ r❡❢♦r♠ ❡✛❡❝t ♦♥ ❡♠♣❧♦②♠❡♥t ❢♦r t❤❡ ✜rst ②❡❛r ❛❢t❡r ❣✐✈✐♥❣ ❜✐rt❤✳ ●❡②❡r ❡t ❛❧✳

✭✷✵✶✺✮ ❝♦♥✜r♠s ❜♦t❤ ✕ t❤❡ ♣♦s✐t✐✈❡ ❡✛❡❝t ✐♥ t❤❡ s❡❝♦♥❞ ②❡❛r ❛t ❧❡❛st ❢♦r ❧♦✇✲❡❛r♥❡rs✳ ❚❤❡s❡

s❤♦rt✲t❡r♠ ❡✛❡❝ts ❛r❡ ♥♦t ❝♦♥tr❛❞✐❝t♦r②✳ ●✐✈❡♥ t❤❡ ✐♥❝r❡❛s❡ ♦❢ ❜❡♥❡✜ts ✐♥ t❤❡ ✜rst ②❡❛r

❛♥❞ t❤❡ ❞❡❝r❡❛s❡ ✐♥ t❤❡ s❡❝♦♥❞ ②❡❛r ✭✜❣✉r❡ ✶✮✱ t❤❡② ❛r❡ r❛t❤❡r ❡①♣❡❝t❛❜❧❡✳

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

❛♥❞ ❘✐♣❤❛❤♥ ✭✷✵✷✵✮ s❤♦✇ t❤❛t t❤❡ t❡♠♣♦r❛r② ❣❛✐♥s ✐♥ ❡♠♣❧♦②♠❡♥t ♣r♦❜❛❜✐❧✐t② ❞♦ ♥♦t

♣❡rs✐st ✐♥ t❤❡ ♠❡❞✐✉♠ r✉♥✳ ❋r♦❞❡r♠❛♥♥ ❡t ❛❧✳ ✭✷✵✷✵✮ ❝♦♥❝❡♥tr❛t❡ ✐♥ t❤❡✐r st✉❞② ♦♥ ❡❛r♥✐♥❣s

✻



❛♥❞ ✜♥❞ ❛ s✐❣♥✐✜❝❛♥t ♣♦s✐t✐✈❡ r❡❢♦r♠ ❡✛❡❝t t✇♦ ②❡❛rs ❛❢t❡r ❣✐✈✐♥❣ ❜✐rt❤✳ ❋♦r ❧♦✇✲❡❛r♥❡rs✱

t❤❛t ✐s t❤❡ ♦♥❧② s✐❣♥✐✜❝❛♥t ❡✛❡❝t✱ ✇❤✐❧❡ ❢♦r ❤✐❣❤✲❡❛r♥❡rs t❤❡ ♣♦s✐t✐✈❡ ❡✛❡❝ts st❛②s s✐❣♥✐✜❝❛♥t

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

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

♦❢ ❑❧✉✈❡ ❛♥❞ ❙❝❤♠✐t③ ✭✷✵✶✽✮ ✇❤♦ ✜♥❞ s✐❣♥✐✜❝❛♥t ❡✛❡❝ts ♦♥ ❡♠♣❧♦②♠❡♥t ✉♥t✐❧ ✜✈❡ ②❡❛rs

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

❤❡t❡r♦❣❡♥♦✉s ❡✛❡❝ts ❢♦r ❢✉❧❧✲t✐♠❡ ❡♠♣❧♦②♠❡♥t✳ ❚❤❡ ♣r♦❜❛❜✐❧✐t② t♦ ✇♦r❦ ❢✉❧❧✲t✐♠❡ ❛❢t❡r

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

❖♥ ❛✈❡r❛❣❡✱ ✐t ✐s ✐♥s✐❣♥✐✜❝❛♥t✳ ■t s❡❡♠s t❤✉s t❤❛t t❤❡ ❡✛❡❝t ✐♥ t❤❡ ♠❡❞✐✉♠ r✉♥ ✭❛❢t❡r

✜✈❡ ②❡❛rs✮ ❛r❡ ❧❡ss str✐❦✐♥❣ t❤❛♥ t❤❡ s❤♦rt r✉♥ ❡✛❡❝ts✳ ❚❤❡r❡ ✐s ❛t ❧❡❛st ❡✈✐❞❡♥❝❡ ❢♦r ❛

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

❤✐❣❤✲❡❛r♥❡rs✳

❚✇♦ st✉❞✐❡s ✇♦r❦ ♦♥ ❢❡rt✐❧✐t② ❡✛❡❝ts ♦❢ t❤❡ r❡❢♦r♠✳ ❈②❣❛♥✲❘❡❤♠ ✭✷✵✶✻✮ ✜♥❞s t❡♠♣♦r❛r✐❧②

❛ ❤✉❣❡ ❞❡❝r❡❛s❡ ✐♥ ❤✐❣❤❡r✲♦r❞❡r ❢❡rt✐❧✐t②✳ ■♥ t❤❡ ♠❡❞✐✉♠ r✉♥ t❤✐s ♥❡❣❛t✐✈❡ ❡✛❡❝t ❜❡❝♦♠❡s

✐♥s✐❣♥✐✜❝❛♥t✳ ■t ✐s ❞r✐✈❡♥ ❜② t❤❡ r❡❢♦r♠✲❧♦s❡rs✳ ❘❛✉t❡ ✭✷✵✶✾✮ s❤♦✇s t❤❛t t❤❡ ♣r♦♣❡♥s✐t②

t♦ ❜❡❝♦♠❡ ♠♦t❤❡r ✭✜rst ❛♥❞ ❤✐❣❤❡r ♦r❞❡r ❢❡rt✐❧✐t②✮ ❢♦r ❤✐❣❤ ❡❛r♥✐♥❣ ✇♦♠❡♥ ✐♥❝r❡❛s❡s

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

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

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

t❤❡ ❧✐t❡r❛t✉r❡✳ ❋r♦❞❡r♠❛♥♥ ❡t ❛❧✳ ✭✷✵✷✵✮❀ ❑❧✉✈❡ ❛♥❞ ❙❝❤♠✐t③ ✭✷✵✶✽✮ ✉s❡ ❛ ❞✐✛✲✐♥✲❞✐✛ ❛♥❞

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

r❡❢♦r♠✳ ❚❤❡② ♥❡❡❞ t♦ ❛ss✉♠❡ t❤❛t ❞✐✛❡r❡♥❝❡s ✐♥ t❤❡ s❡❧❡❝t✐♦♥ ♦❢ ♠♦t❤❡rs ❞♦ ♥♦t ❞r✐✈❡

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

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

❛♥❞ ❘✐♣❤❛❤♥ ✭✷✵✷✵✮✱ ♦♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ ✇♦r❦ ✇✐t❤ ♠♦t❤❡rs ♦❢ t❤❡ ②❡❛r ✷✵✵✺ t♦ ✷✵✵✽✱

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

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

r❡str✐❝t t❤❡♠s❡❧✈❡s t♦ ❛ ♥❛rr♦✇❡r t✐♠❡ ✇✐♥❞♦✇✳

❍♦✇❡✈❡r✱ t♦ ♦✉r ❜❡st ❦♥♦✇❧❡❞❣❡✱ ✇❡ ❛r❡ t❤❡ ✜rst ✇❤♦ tr② t♦ q✉❛♥t✐❢② t❤❡ ❡✛❡❝t ♦❢ t❤❡

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

✼



✸ ❉❛t❛

❲❡ ❤❛✈❡ t❤❡ ❣r❡❛t ❝❤❛♥❝❡ t♦ ✇♦r❦ ✇✐t❤ t❤❡ ♠❡r❣❡ ♦❢ t✇♦ ❞✐✛❡r❡♥t ❤✐❣❤ q✉❛❧✐t② ❛❞♠✐♥✲

✐str❛t✐✈❡ ❞❛t❛ s♦✉r❝❡s ❢r♦♠ ●❡r♠❛♥②✳ ❚❤❡s❡ ❛r❡ ❞❛t❛ ✇❤✐❝❤ ♦r✐❣✐♥❛t❡ ♦♥ ♦♥❡ ❤❛♥❞ ❢r♦♠

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

✸✳✶ ❙♦❝✐❛❧ ✐♥s✉r❛♥❝❡ ❞❛t❛

❚❤❡ ❞❛t❛ ♦❢ t❤❡ s♦❝✐❛❧ ✐♥s✉r❛♥❝❡ ❛r❡ t❤❡ s♦✲❝❛❧❧❡❞ ■♥t❡❣r❛t❡❞ ❊♠♣❧♦②♠❡♥t ❇✐♦❣r❛♣❤✐❡s

✭■❊❇✮✳ ❚❤❡② ❛r❡ ❛❞♠✐♥✐str❛t❡❞ ❜② t❤❡ ■♥st✐t✉t❡ ❢♦r ❊♠♣❧♦②♠❡♥t ❘❡s❡❛r❝❤ ✭■❆❇✮ ❛♥❞

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

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

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

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

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

❜✉t ✇❡ ❞♦ ♥♦t r❡❣❛r❞ ♠❛r❣✐♥❛❧❧② ❡♠♣❧♦②♠❡♥ts ✇✐t❤ ❧❡ss t❤❛♥ ✶✹ ❞❛②s ❞✉r❛t✐♦♥ ♦r ❡❛r♥✐♥❣s

❜❡❧♦✇ ✸✵✵ ❊✉r♦s ✐♥ ♦♥❡ ♠♦♥t❤✳

❖♥❡ ♣♦t❡♥t✐❛❧ ✐ss✉❡ ♦❢ t❤❡ ■❊❇✲❞❛t❛ ✐s t❤❡ t♦♣ ❝♦❞✐♥❣ ♦❢ ❡❛r♥✐♥❣s✳ ❍♦✇❡✈❡r✱ ❢♦r t❤❡ ♣♦♣✉❧❛✲

t✐♦♥ ♦❢ ✇♦♠❡♥ ♦♥❧② t❤❡ t♦♣ ❢♦✉r ♣❡r❝❡♥t ♦❢ ❡♠♣❧♦②♠❡♥t s♣❡❧❧s ❛r❡ ❞✐st♦rt❡❞ ✭❋✐t③❡♥❜❡r❣❡r

❛♥❞ ❙❡✐❞❧✐t③✱ ✷✵✷✵✮✳ ❲❡ ❤❡♥❝❡ ❞❡❝✐❞❡❞ t♦ ♥❡❣❧❡❝t t❤✐s ✐ss✉❡✳ ❚❤❡ ❡❛r♥✐♥❣s ❛r❡ ❢✉rt❤❡r ❞❡✲

✢❛t❡❞ ❜② t❤❡ ❛♥♥✉❛❧ ❝♦♥s✉♠❡r ♣r✐❝❡ ✐♥❞❡① ♦❢ t❤❡ ❋❡❞❡r❛❧ ❙t❛t✐st✐❝❛❧ ❖✣❝❡ ✭❙t❛t✐st✐s❝❤❡s

❇✉♥❞❡s❛♠t✱ ✷✵✶✾✮✳

✸✳✷ P❡♥s✐♦♥ ✐♥s✉r❛♥❝❡ ❞❛t❛ ❛♥❞ ❞❛t❛ ♠❡r❣❡

❚❤❡ ❞❛t❛ ❢r♦♠ t❤❡ ♣❡♥s✐♦♥ ✐♥s✉r❛♥❝❡ ❛r❡ ❝❛❧❧❡❞ ✧❱❡rs✐❝❤❡rt❡♥❦♦♥t♦st✐❝❤♣r♦❜❡ ✭❱❙❑❚✮✧✳

❚❤❡s❡ ❛r❡ ❛❧s♦ s♣❡❧❧ ❞❛t❛ ♦♥ ❡♠♣❧♦②♠❡♥t ♦✉t❝♦♠❡s ✭❋❉❩✲❘❱✱ ✷✵✷✶✮✳ ▼♦st ✐♠♣♦rt❛♥t

❢♦r ✉s✱ t❤❡② ❝♦♥t❛✐♥ ❢♦r t❤❡ ♠♦t❤❡rs t❤❡ ❝♦♥❝r❡t❡ ♠♦♥t❤ ♦❢ ❣✐✈✐♥❣ ❜✐rt❤ ❢♦r ❡❛❝❤ ♦❢ ❤❡r

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

s♦❝✐❛❧ ✐♥s✉r❛♥❝❡✳

❚❤❡ ❞❛t❛ ♠❡r❣❡ ✇❛s ❝♦♥❞✉❝t❡❞ ✇✐t❤✐♥ t❤❡ ♣r♦❥❡❝t ✧❈✉st♦♠ ❙❤❛♣❡❞ ❆❞♠✐♥✐str❛t✐✈❡ ❉❛t❛

✻❋♦r ❛ ❞❡t❛✐❧❡❞ ❞❡s❝r✐♣t✐♦♥ ♦❢ t❤❡ ❞❛t❛ ✇❤✐❝❤ ✐♥❝❧✉❞❡ ♠❛♥② ♠♦r❡ ❢❡❛t✉r❡s✱ ✇❡ ❛r❡ ♥♦t ✉s✐♥❣ ✐♥ t❤✐s
♣r♦❥❡❝t✱ ✇❡ ✇♦✉❧❞ r❡❝♦♠♠❡♥❞ t❤❡ ❞♦❝✉♠❡♥t❛t✐♦♥ ♦❢ t❤❡ ❙■❆❇✳ ❚❤❡ ❙■❆❇ ✐s ❛ t✇♦ ♣❡r❝❡♥t s❛♠♣❧❡ ♦❢
t❤❡ ■❊❇ ✭❆♥t♦♥✐ ❡t ❛❧✳✱ ✷✵✶✾✮✳

✽



❢♦r t❤❡ ❆♥❛❧②s✐s ♦❢ ▲❛❜♦✉r ▼❛r❦❡t ✭❈❆❉❆▲✮✧✼ ❜② r❡s❡❛r❝❤❡rs ❛t t❤❡ ■❆❇✳ ❆s ❜♦t❤ s♦✉r❝❡s

♣r♦✈✐❞❡❞ t❤❡✐r ❞❛t❛ ❛♥♦♥②♠✐③❡❞✱ t❤❡ ✉♥✐♦♥ ♦❢ t❤❡ t✇♦ ❞❛t❛ s♦✉r❝❡s ✐s ❜❛s❡❞ ♦♥ ❛ ♣r♦❜✲

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

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

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

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

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

t✐❝❡s❤✐♣✮ ✐♥ ❜♦t❤ ❞❛t❛ ❜❛s❡s ❛♥❞ r❡q✉✐r❡❞ t❤❛t ❜♦t❤ ❞❛t❛ ❜❛s❡s r❡♣♦rt❡❞ t❤❡ s❛♠❡ ♠♦♥t❤

❛♥❞ ②❡❛r ♦❢ ❜✐rt❤✳

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

❋♦r t✇♦ t❤✐r❞ ♦❢ t❤❡♠ ❛ ✉♥✐q✉❡ ♠❛t❝❤ ✐♥ t❤❡ s♦❝✐❛❧ ✐♥s✉r❛♥❝❡ ✇❛s ❢♦✉♥❞✳ ❚❤❡ r❡st ♦❢ t❤❡

❞❛t❛ ✇❤❡r❡ t❤❡ ❛❧❣♦r✐t❤♠ ✐❞❡♥t✐✜❡❞ ❡✐t❤❡r ♥♦ ♦r ♠♦r❡ t❤❛♥ ♦♥❡ ❝❛♥❞✐❞❛t❡ ♠❛t❝❤ ✇❡r❡ ♥♦t

✉s❡❞✳

❋♦r ♦✉r ❛♥❛❧②s✐s✱ ✇❡ ✐♥tr♦❞✉❝❡❞ ❛ ❢❡✇ ❛❞❞✐t✐♦♥❛❧ ♠✐♥✐♠✉♠ ❝r✐t❡r✐❛ ♦♥ t❤❡ ✇♦r❦✐♥❣ ❤✐st♦r②

❛♥❞ ❡①❝❧✉❞❡ ❛❧❧ ♦❜s❡r✈❛t✐♦♥s ✇✐t❤ ❛ ✇♦r❦✐♥❣ ❤✐st♦r② ✐♥ t❤❡ ❢♦r♠❡r ❊❛st ●❡r♠❛♥ ●❉❘✱

t♦ ❞❡❝r❡❛s❡ t❤❡ r✐s❦ ♦❢ ♠✐s♠❛t❝❤❡s✽✳ ❖❢ ❝♦✉rs❡ t❤✐s ❛♣♣r♦❛❝❤ ❝♦♥t❛✐♥s t❤❡ ❞❛♥❣❡r t❤❛t

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

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

❧❡ss r❡str✐❝t✐✈❡ t❤❛♥ t❤❡ s❡❧❡❝t✐♦♥ ✇❤✐❝❤ ❛r✐s❡s ✇❤❡♥ ♠❛t❡r♥✐t② ✐s ❞✐r❡❝t❧② ✐❞❡♥t✐✜❡❞ ❢r♦♠

s♦❝✐❛❧ ✐♥s✉r❛♥❝❡ ❞❛t❛✳ ▼ü❧❧❡r ❛♥❞ ❙tr❛✉❝❤ ✭✷✵✶✼✮ ❞❡s❝r✐❜❡❞ ❛ ✇❛② ❤♦✇ ♠♦t❤❡rs ❝❛♥ ❜❡

❞❡t❡❝t❡❞ ❢r♦♠ t❤❡ ✐♥❢♦r♠❛t✐♦♥ ♦♥ ✇♦r❦✐♥❣ s♣❡❧❧s ✐♥ t❤❡ ■❊❇ ❞❛t❛✳ ❚❤✐s ❛♣♣r♦❛❝❤ ✐s ✈❡r②

❤❡❧♣❢✉❧ ❛♥❞ ✇✐❞❡❧② ✉s❡❞ ✭❢♦r ❡①❛♠♣❧❡ ❜② ❋r♦❞❡r♠❛♥♥ ❡t ❛❧✳ ✭✷✵✷✵✮✮ ❜✉t ❝♦♥t❛✐♥s ❛ str♦♥❣

r❡str✐❝t✐♦♥✳ ■t r❡q✉✐r❡s ♠♦t❤❡rs t♦ ✇♦r❦ ❞✐r❡❝t❧② ❜❡❢♦r❡ ❡♥t❡r✐♥❣ ♠♦t❤❡r❤♦♦❞ ✇❤✐❧❡ ♦✉r

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

❜❡❢♦r❡ ♦r ❛❢t❡r ❣✐✈✐♥❣ ❜✐rt❤✳

✼❚❤✐s ♣r♦❥❡❝t ✇❛s ♣❛rt ♦❢ t❤❡ ❙PP ✧❚❤❡ ●❡r♠❛♥ ▲❛❜♦r ▼❛r❦❡t ✐♥ ❛ ●❧♦❜❛❧✐③❡❞ ❲♦r❧❞✿ ❈❤❛❧❧❡♥❣❡s
t❤r♦✉❣❤ ❚r❛❞❡✱ ❚❡❝❤♥♦❧♦❣②✱ ❛♥❞ ❉❡♠♦❣r❛♣❤✐❝s✧ ✭❙PP ✶✼✻✹✮ ✇❤✐❝❤ ✇❛s ❢✉♥❞❡❞ ❜② t❤❡ ●❡r♠❛♥ ❘❡✲
s❡❛r❝❤ ❋♦✉♥❞❛t✐♦♥ ✭❉❋●✮✳

✽●✐✈❡♥ ♦✉r ♣r♦❜❛❜✐❧✐st✐❝ ♠❛t❝❤✐♥❣ str❛t❡❣②✱ ✐t ✐s ❝❧❡❛r t❤❛t t❤❡ ❛❝❝✉r❛❝② ✐♥❝r❡❛s❡s ✇✐t❤ t❤❡ ❧❡♥❣t❤ ♦❢ t❤❡
✇♦r❦✐♥❣ ❤✐st♦r②✳ ❲❡ t❤❡r❡❢♦r❡ r❡q✉✐r❡ ♦✉r ♦❜s❡r✈❛t✐♦♥s t♦ ❤❛✈❡ ❛t ❧❡❛st ✇♦r❦❡❞ ❢♦r t✇♦ ②❡❛rs ✇✐t❤✐♥
t❤❡ s♦❝✐❛❧ ✐♥s✉r❛♥❝❡ ❛♥❞ t♦ r❡♣♦rt ❛t ❧❡❛st t❡♥ s♣❡❧❧s ✐♥ t♦t❛❧ ❛♥❞ ✜✈❡ ✇♦r❦✐♥❣ s♣❡❧❧s ❝♦✈❡r❡❞ ❜② t❤❡
s♦❝✐❛❧ ✐♥s✉r❛♥❝❡✳ ❚❤❡ r❡♣♦rt✐♥❣ q✉❛❧✐t② ♦❢ s♣❡❧❧s ✐♥ ♠❛r❣✐♥❛❧ ❡♠♣❧♦②♠❡♥t ✐s ❢✉rt❤❡r ❛ ♣♦t❡♥t✐❛❧ ✐ss✉❡✳
❚❤❡r❡❢♦r❡✱ ✇❡ r❡q✉✐r❡ t❤❡ ♦❜s❡r✈❛t✐♦♥s t♦ ❤❛✈❡ ❡❛r♥❡❞ ♦♥ ❛✈❡r❛❣❡ ♠♦r❡ t❤❛♥ t❤❡ ♠❛r❣✐♥❛❧ ❡♠♣❧♦②♠❡♥t
t❤r❡s❤♦❧❞ ✐♥ ❤❡r ✇♦r❦✐♥❣ s♣❡❧❧s✳ ▲❛st❧②✱ t❤❡ ❛❧❣♦r✐t❤♠ ♠❛② ♣r♦❞✉❝❡s ♠✐s♠❛t❝❤❡s ✐❢ ❛♥ ♦❜s❡r✈❛t✐♦♥ ❤❛s
♣❡r✐♦❞s ✇❤✐❝❤ ❛r❡ ❝♦✈❡r❡❞ ✐♥ ♣❡♥s✐♦♥ ✐♥s✉r❛♥❝❡s ❜✉t ♥♦t ✐♥ s♦❝✐❛❧ ✐♥s✉r❛♥❝❡✳ ❈♦♥s❡q✉❡♥t❧②✱ ✇❡ ❡①❝❧✉❞❡
♦❜s❡r✈❛t✐♦♥ ✇❤♦ ❤❛✈❡ st❛rt❡❞ t❤❡✐r ✇♦r❦✐♥❣ ❝❛r❡❡r ❜❡❢♦r❡ ✶✾✼✺ ✇❤❡♥ t❤❡ s♦❝✐❛❧ ✐♥s✉r❛♥❝❡ r❡❝♦r❞s ❜❡❣❛♥
✭❣✐✈❡♥ ♦✉r ♦❜s❡r✈❛t✐♦♥❛❧ ♣❡r✐♦❞ t❤❛t ✐s ♥♦ s❡✈❡r❡ r❡str✐❝t✐♦♥✮ ❛♥❞ ✇❤♦ ❤❛✈❡ ❛ ✇♦r❦✐♥❣ ❤✐st♦r② ✐♥ t❤❡
❢♦r♠❡r ●❉❘ ✇❤✐❝❤ ✐s ❣❡♥❡r❛❧❧② ♥♦t ✐♥❝❧✉❞❡❞ ✐♥ s♦❝✐❛❧ ✐♥s✉r❛♥❝❡ ❞❛t❛✳

✾



✸✳✸ ❉❡s❝r✐♣t✐✈❡s

❚♦ ❡✈❛❧✉❛t❡ t❤❡ ❡✛❡❝t ♦❢ t❤❡ ✷✵✵✼ r❡❢♦r♠✱ ✇❡ r❡❣❛r❞ t❤❡ ♠♦t❤❡rs ✇❤♦ ❤❛✈❡ ❤❡r ✜rst ❝❤✐❧❞

✇✐t❤✐♥ t❤r❡❡ ②❡❛rs ❜❡❢♦r❡ ♦r ❛❢t❡r t❤❡ r❡❢♦r♠ ❡❣✳ t❤❡ ✜rst t✐♠❡✲♠♦t❤❡rs ♦❢ t❤❡ s✐① ②❡❛rs

❢r♦♠ ✷✵✵✹ t♦ ✷✵✵✾✳ ❚❤✐s ♠❡❛♥s ♥❛t✉r❛❧❧② t❤❛t ✇❡ ❡①❝❧✉❞❡ ❛❧❧ ✇♦♠❡♥ ✇❤♦ ❤❛✈❡ ❤❡r ✜rst

❝❤✐❧❞ ❜❡❢♦r❡ ✷✵✵✹ ❢r♦♠ t❤❡ ♠❛t❝❤❡❞ s❛♠♣❧❡✳ ❋✉rt❤❡r✱ ✇❡ r❡str✐❝t t❤❡ s❛♠♣❧❡ t♦ ❛ ❝♦r❡

✇♦r❦✐♥❣ ❛♥❞ ❢❡rt✐❧✐t② ❛❣❡ ❣r♦✉♣ ♦❢ ✇♦♠❡♥ ❛❣❡❞ ✷✶ t♦ ✹✵✳ ❆❧❧ ♦❜s❡r✈❛t✐♦♥s ❛r❡ r❡q✉✐r❡❞

t♦ ❜❡ ✐♥ t❤✐s ❛❣❡ ❣r♦✉♣ ✐♥ ❛t ❧❡❛st ♦♥❡ ②❡❛r ❜❡t✇❡❡♥ ✷✵✵✹ ❛♥❞ ✷✵✵✾✳ ❚❤✐s ✐s ❡q✉✐✈❛❧❡♥t

✇✐t❤ st❛t✐♥❣ t❤❛t ✇❡ ♦♥❧② ❡✈❛❧✉❛t❡ t❤❡ ♣♦♣✉❧❛t✐♦♥ ❜♦r♥ ❜❡t✇❡❡♥ ✶✾✻✹ ❛♥❞ ✶✾✽✽✳ ❋♦r ♦✉r

❝♦♥tr♦❧ ❣r♦✉♣✱ ✇❡ ❦❡❡♣ ❛❧❧ ✇♦♠❡♥ ✇❤♦ ❛r❡ ❝❤✐❧❞❧❡ss ✉♥t✐❧ ✷✵✶✵✱ r❡❣❛r❞❧❡ss ✇❤❡t❤❡r t❤❡②

❜❡❝♦♠❡ ❧❛t❡r ♠♦t❤❡rs✳

❚❤✐s r❡str✐❝t✐♦♥s ❧❡❛✈❡ ✉s ✺✵✵✵✵ ♦❜s❡r✈❛t✐♦♥✱ ❛ ❜✐t ♠♦r❡ t❤❛♥ ✶✵✵✵✵ ♦❢ t❤❡♠ ❜❡❝♦♠❡ ❤❡r

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

❚❛❜❧❡ ✶✿ ❆✈❡r❛❣❡ ✈❛❧✉❡s ❢♦r ♦✉t❝♦♠❡ ❛♥❞ ❝♦♥tr♦❧ ✈❛r✐❛❜❧❡s

❝❤✐❧❞❧❡ss ♠♦t❤❡rs ✭✜rst ❝❤✐❧❞✱ ✷✵✵✹ ✲✷✵✵✾✮
✭✉♥t✐❧ ✷✵✶✵✮ ❜❡❢♦r❡ ❣✐✈✐♥❣ ❜✐rt❤ ❛❢t❡r ❣✐✈✐♥❣ ❜✐rt❤

❧❛❜♦r ♠❛r❦♦t ♦✉t❝♦♠❡s✿
❞❛✐❧② ❡❛r♥✐♥❣s ✺✺✳✵✹ ✻✸ ✷✼✳✷✻
♣❛rt✐❝✐♣❛t✐♦♥ ✳✼✹✺ ✳✽✶✸ ✳✺✶✽
❢✉❧❧t✐♠❡ ✳✺✺✸ ✳✻✻✹ ✳✶✸✾
❝♦♥tr♦❧s✿
②❡❛r ♦❢ ❜✐rt❤ ✶✾✼✼✳✼✾ ✶✾✼✻✳✷✽
❢♦r♠❡r ❊❛st ●❡r♠❛♥② ✳✵✹✷ ✳✵✸✸
❧♦✇ ❡❞✉❝❛t✐♦♥ ✳✶✻✼ ✳✶✶✶
♠❡❞✐✉♠ ❡❞✉❝❛t✐♦♥ ✳✻✻✻ ✳✼✶✷
❤✐❣❤ ❡❞✉❝❛t✐♦♥ ✳✶✸✾ ✳✶✻✶
◆ ✹✵✶✻✼ ✶✵✻✾✺

❚❤❡ ❧❡❢t ❤❛♥❞ ♣❛rt ♦❢ t❤❡ t❛❜❧❡ ❝♦♥t❛✐♥s t❤❡ ❛✈❡r❛❣❡s ❢♦r t❤♦s❡ ✇♦♠❡♥ ✇❤♦ ❛r❡ ❝❤✐❧❞❧❡ss ✐♥
♦✉r ♣❡r✐♦❞ ♦❢ ✐♥t❡r❡sts✳ ❚❤❡ r✐❣❤t ❤❛♥❞ ♣❛rt ♦❢ t❤❡ t❛❜❧❡ ❝♦♥t❛✐♥s t❤❡ ❛✈❡r❛❣❡s ❢♦r t❤♦s❡
✇♦♠❡♥ ✇❤♦ ❤❛✈❡ t❤❡✐r ✜rst ❝❤✐❧❞ ✐♥ ♦✉r ♣❡r✐♦❞ ♦❢ ✐♥t❡r❡st✱ t❤r❡❡ ②❡❛rs ❜❡❢♦r❡ ❛♥❞ ❛❢t❡r t❤❡
r❡❢♦r♠ ✭✷✵✵✹ ✲ ✷✵✵✾✮✳
❚❤❡ ❛✈❡r❛❣❡s ❛r❡ ❜❛s❡❞ ♦♥ ❛ ♠♦♥t❤❧② ♣❛♥❡❧ ✐♥❝❧✉❞✐♥❣ t❤❡ ♣❡r✐♦❞ ✷✵✵✶ ✲ ✷✵✶✹ ❛s ✇❡ r❡❣❛r❞
t❤❡ t✐♠❡ ❢r♦♠ t❤r❡❡ ②❡❛rs ❜❡❢♦r❡ ✉♥t✐❧ ✜✈❡ ②❡❛rs ❛❢t❡r ❣✐✈✐♥❣ ❜✐rt❤✳
❲❡ ❛❧❧♦✇ ❢♦r ♠✐ss✐♥❣ ✈❛❧✉❡ ❛s ❛ ✧❢♦rt❤✧ ❡❞✉❝❛t✐♦♥❛❧ ❝❛t❡❣♦r② ✭✷✳✻ ♣❡r❝❡♥t ♦❢ t❤❡ s❛♠♣❧❡✮✳
❚❤✐s ❡①♣❧❛✐♥s✱ ✇❤② t❤❡ ♥✉♠❜❡rs ♦❢ t❤❡ t❤r❡❡ ❝❛t❡❣♦r✐❡s ❧♦✇✱ ♠❡❞✐✉♠ ❛♥❞ ❤✐❣❤ ❡❞✉❝❛t✐♦♥ ❞♦
♥♦t ❛❞❞ ✉♣ t♦ ♦♥❡✳
❍✐❣❤✱ ♠❡❞✐✉♠ ❛♥❞ ❧♦✇ ❡❞✉❝❛t✐♦♥ r❡❢❡r t♦ ❤❛✈✐♥❣ ❛ t❡rt✐❛r②✱ s❡❝♦♥❞❛r② ❛♥❞ ♥♦ s❡❝♦♥❞❛r②
❝❡rt✐✜❝❛t❡✳

❲❡ ❧❡❛r♥ t❤❛t t❤❡ s❛♠♣❧❡ ♦❢ ♠♦t❤❡rs ✐s ❜✐t ❜❡tt❡r ❡❞✉❝❛t❡❞✳ ✽✼ ♣❡r❝❡♥t ♦❢ t❤❡♠ ❤♦❧❞ ❛t

✶✵



❧❡❛st ❛ s❡❝♦♥❞❛r② ❡❞✉❝❛t✐♦♥❛❧ ❝❡rt✐✜❝❛t❡ ❝♦♠♣❛r❡❞ t♦ ✽✶ ♣❡r❝❡♥t ♦❢ t❤❡ ❝❤✐❧❞❧❡ss ✇♦♠❡♥✳

❚❤❡ ❞✐✛❡r❡♥❝❡s ✐♥ ❛❣❡ ❛♥❞ r❡❣✐♦♥ ♦❢ r❡s✐❞❡♥❝❡ ❛r❡ s♠❛❧❧✳ ❚❤❡ s❤❛r❡ ♦❢ ❊❛st ●❡r♠❛♥s ✐♥

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

t❤❡ ♠❛t❝❤✐♥❣✳

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

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

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

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

❧❡ss t❤❛♥ ❤❛❧❢ ♦❢ t❤❡ ♣r❡✲❜✐rt❤ ❡❛r♥✐♥❣s✳

❲❡ ❢✉rt❤❡r s❡❡ t❤❛t t❤❡ ❣r♦✉♣ ♦❢ ♠♦t❤❡rs ❜❡❢♦r❡ ❣✐✈✐♥❣ ❜✐rt❤ s❤♦✇s ✐♥ ❛❧❧ t❤r❡❡ ♦❜s❡r✈❡❞

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

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

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

r❡s✉❧ts s❤♦✇s t❤❡ r❡❧❡✈❛♥❝❡ t♦ ❛❝❝♦✉♥t ❢♦r t❤❡s❡ ♣r❡✲❜✐rt❤ ❞✐✛❡r❡♥❝❡s✳ ■♥ ♦✉r ❛♣♣r♦❛❝❤✱

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

✇❡✐❣❤t✐♥❣✳

✹ ❊❝♦♥♦♠❡tr✐❝ ❆♣♣r♦❛❝❤

❲❡ ✜rst ❡st✐♠❛t❡ t❤❡ ❝❛✉s❛❧ ❡✛❡❝t ♦❢ ♠♦t❤❡r❤♦♦❞ ♦♥ ✈❛r✐♦✉s ♣♦st✲❜✐rt❤ ♦✉t❝♦♠❡s ❜❡❢♦r❡

❛♥❞ ❛❢t❡r t❤❡ ✷✵✵✼ ♣❛r❡♥t❛❧ ❧❡❛✈❡ r❡❢♦r♠ ✉s✐♥❣ ❛ ❞②♥❛♠✐❝ tr❡❛t♠❡♥t ❡✛❡❝ts ❛♣♣r♦❛❝❤ ❛s ✐♥

❋✐t③❡♥❜❡r❣❡r ❡t ❛❧✳ ✭✷✵✶✸✮✳ ■♥ t❤❡ s❡❝♦♥❞ st❡♣✱ ✇❡ ❡st✐♠❛t❡ t❤❡ ✐♠♣❛❝t ♦❢ t❤❡ r❡❢♦r♠ ♦♥ t❤❡

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

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

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

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

◆♦✇ ✇❡ ❞❡s❝r✐❜❡ t❤❡s❡ t❤r❡❡ st❡♣s ✐♥ ❞❡t❛✐❧✳

✹✳✶ ❊st✐♠❛t✐♥❣ t❤❡ ❝❛✉s❛❧ ❡✛❡❝t ♦❢ ♠♦t❤❡r❤♦♦❞

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

♦✉t❝♦♠❡s ❜❛s❡❞ ♦♥ ❞✐s❝r❡t❡ t✐♠❡ ❞❛t❛✳ ❚❤❡ tr❡❛t♠❡♥t ✐s ✬✜rst ❝❤✐❧❞ ❜✐rt❤ ❛t ❛ ❝❡rt❛✐♥ ♣♦✐♥t

✐♥ t✐♠❡✬ ❛❣❛✐♥st t❤❡ ❛❧t❡r♥❛t✐✈❡ ♦❢ ✇❛✐t✐♥❣✳ ❚❤❡ ❛❧t❡r♥❛t✐✈❡ ♦❢ ✇❛✐t✐♥❣✱ ✐✳❡✳ ♦❢ ♥♦t ❤❛✈✐♥❣

✶✶



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

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

♦❢ ❤❛✈✐♥❣ ❛ ✜rst ❝❤✐❧❞ ❛t t❤✐s ♣♦✐♥t ♦❢ t✐♠❡ ✈❡rs✉s ♥♦t ②❡t ❤❛✈✐♥❣ ❛ ❝❤✐❧❞✳✾ ❇♦t❤✱ tr❡❛t❡❞

♠♦t❤❡rs ❛♥❞ ♥♦♥tr❡❛t❡❞ ✇♦♠❡♥ ❛t ❛ ❝❡rt❛✐♥ ❞❛t❡ ❛r❡ r❡q✉✐r❡❞ t♦ ♥♦t ❤❛✈❡ ❛ ❝❤✐❧❞ ②❡t

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

✇♦♠❡♥ ✇❤♦ ❤❛✈❡ ❛ ❝❤✐❧❞ ❛t ❛ ❧❛t❡r ❞❛t❡ ✭s❡❡ s✉❜s❡❝t✐♦♥ ✹✳✶✳✶✮✳ ❚❤✐s ❞❡✜♥✐t✐♦♥ ♦❢ t❤❡

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

❚❤✐s s❡❝t✐♦♥ ❞r❛✇s ♦♥ ❋✐t③❡♥❜❡r❣❡r ❡t ❛❧✳ ✭✷✵✶✸✮ ✇✐t❤ t❤❡ ❞✐✛❡r❡♥❝❡ t❤❛t ❋✐t③❡♥❜❡r❣❡r ❡t ❛❧✳

✭✷✵✶✸✮ ❛❧✐❣♥ tr❡❛t❡❞ ♠♦t❤❡rs ❛♥❞ ♥♦♥tr❡❛t❡❞ ✇♦♠❡♥ ❜② ❛❣❡ ❛t ✜rst ❜✐rt❤ ✇❤❡r❡❛s ✇❡ ❛❧✐❣♥

tr❡❛t❡❞ ❛♥❞ ♥♦♥tr❡❛t❡❞ ✇♦♠❡♥ ❜② t✐♠❡ ❛t ✜rst ❜✐rt❤✱ ✇❤✐❝❤ ❛❧❧♦✇s ✉s t♦ ❝❧❡❛r❧② s❡♣❛r❛t❡

tr❡❛t❡❞ ❛♥❞ ♥♦♥tr❡❛t❡❞ ✇♦♠❡♥ ❜❡❢♦r❡ ❛♥❞ ❛❢t❡r t❤❡ r❡❢♦r♠✳ ❚❤❡r❡ ✐s ♥♦ ❢✉♥❞❛♠❡♥t❛❧

❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ t✇♦ ❛♣♣r♦❛❝❤❡s ❜❡❝❛✉s❡ ❡✐t❤❡r ✇❛② t❤❡ s❡❝♦♥❞ ❞✐♠❡♥s✐♦♥ ✭❛❣❡ ♦r

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

✐♥✈❡rs❡ ♣r♦❜❛❜✐❧✐t② r❡✇❡✐❣❤t✐♥❣✳

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

❛ss✉♠♣t✐♦♥ ✭❋✐t③❡♥❜❡r❣❡r ❡t ❛❧✳✱ ✷✵✶✸✮✳ ■t st❛t❡s t❤❛t ✕ ❝♦♥❞✐t✐♦♥❛❧ ♦♥ t❤❡ ✈❛r✐❛❜❧❡s

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

♣❡r✐♦❞ ✐s r❛♥❞♦♠✱ ✐✳❡✳ ✐♥❞❡♣❡♥❞❡♥t ♦❢ t❤❡ ♣♦t❡♥t✐❛❧ ♦✉t❝♦♠❡s✳ ❙♣❡❝✐✜❝❛❧❧②✱ ♦✉r ❞②♥❛♠✐❝

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

❛♥❞ ❣✐✈❡♥ t❤❡ ❝♦✈❛r✐❛t❡s✱ ❤❛✈✐♥❣ ❛ ✜rst ❜✐rt❤ ✇✐t❤✐♥ t❤❡ ♥❡①t ②❡❛r ✐s r❛♥❞♦♠✳

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

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

❛♥❞ ❧❛❜♦r ♠❛r❦❡t ❤✐st♦r②✳ ❖♥❡ ②❡❛r ❜❡❢♦r❡ ❜✐rt❤✱ t❤❡ tr❡❛t❡❞ ✇♦♠❡♥ ❛r❡ ♥♦t ❧✐❦❡❧② t♦

❞✐✛❡r s②st❡♠❛t✐❝❛❧❧② ❢r♦♠ t❤♦s❡ ✇♦♠❡♥ ✇❤♦ st❛② ❝❤✐❧❞❧❡ss ✉♥t✐❧ s❤♦rt❧② ❛❢t❡r t❤❡ ❜✐rt❤ ♦❢

t❤❡ ❝❤✐❧❞✳ ❚❤❡ ❡①❛❝t t✐♠✐♥❣ ♦❢ ❜✐rt❤ ❝❛♥♥♦t ❜❡ ♣❧❛♥♥❡❞ ✇✐t❤ ❝❡rt❛✐♥t② ❛♥❞ ♠❛② ❞❡♣❡♥❞

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

✐♠♣❧❛✉s✐❜❧❡ t❤❛t ✇♦♠❡♥ ♣❧❛♥ t❤❡ ❡①❛❝t ♠♦♥t❤ ♦❢ ✜rst ❜✐rt❤ ♠♦r❡ t❤❛♥ ❛ ②❡❛r ❛❤❡❛❞✳ ❆t

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

t❤✐s ✐s ❧✐❦❡❧② t♦ ❜❡ r❡✢❡❝t❡❞ ❜② t❤❡ ❝❤❛r❛❝t❡r✐st✐❝s t❤❛t ❛r❡ ❜❡✐♥❣ ❝♦♥tr♦❧❧❡❞ ❢♦r✳ ■♥ ♦✉r

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

✾❚❤❡ tr❡❛t♠❡♥t ❡✛❡❝t ✇❡ ❡st✐♠❛t❡ ✐s ❛♥ ❡①❛♠♣❧❡ ❢♦r t❤❡ ❞②♥❛♠✐❝ tr❡❛t♠❡♥t ❛♣♣r♦❛❝❤ ❛♣♣❧✐❡❞ ✐♥ t❤❡
❝♦♥t❡①t ♦❢ ♣r♦❣r❛♠ ❡✈❛❧✉❛t✐♦♥ ♦❢ ❛❝t✐✈❡ ❧❛❜♦r ♠❛r❦❡t ♣♦❧✐❝✐❡s ❜② ❙✐❛♥❡s✐ ✭✷✵✵✹✮ ❢♦r ❙✇❡❞❡♥ ♦r ❜②
❇✐❡✇❡♥ ❡t ❛❧✳ ✭✷✵✶✹✮ ❢♦r ●❡r♠❛♥②✳

✶✷



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

♣r❡❣♥❛♥t ✐s ♠❛❞❡✳

■♥ ♦✉r ❛♣♣❧✐❝❛t✐♦♥✱ ❢♦r ❡st✐♠❛t✐♥❣ t❤❡ ❡✛❡❝ts ♦❢ ❣✐✈✐♥❣ ❜✐rt❤ ❢♦r t❤❡ ✜rst t✐♠❡✱ ✇❡ ❞♦

♥♦t ❡①❝❧✉❞❡ t❤❡ ❛❧t❡r♥❛t✐✈❡ ♦❢ ❣✐✈✐♥❣ ✜rst ❜✐rt❤ ❛t ❛ ❧❛t❡r ❞❛t❡✳ ❚❤✐s ❝♦rr❡s♣♦♥❞s t♦ t❤❡

❢❛❝t t❤❛t ❢❡rt✐❧✐t② ❞❡❝✐s✐♦♥s ❛r❡ t❛❦❡♥ ❥♦✐♥t❧② ✇✐t❤ ❝❛r❡❡r ❞❡❝✐s✐♦♥s ❛♥❞ t❤❛t ✇♦♠❡♥ ♠❛❦❡

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

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

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

✜rst ❜✐rt❤ ✉♥t✐❧ ❛ ♠✉❝❤ ❧❛t❡r ❞❛t❡ ♦r ✇❤♦ ✇✐❧❧ ♥❡✈❡r ❤❛✈❡ ❛ ❝❤✐❧❞ ✇♦✉❧❞ ❜✐❛s t❤❡ ❝♦♥tr♦❧

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

❝❤✐❧❞✳ ❚❤✐s ❜✐❛s ✐s ❧✐❦❡❧② t♦ ❜❡ ❝♦rr❡❧❛t❡❞ ✇✐t❤ ❧❛❜♦r ♠❛r❦❡t ♦✉t❝♦♠❡s ✭❡✳❣✳✱ ✇♦♠❡♥ ✇✐t❤ ❛

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

❛tt❛❝❤♠❡♥t ❛♥❞ ❧♦✇❡r ❢❡rt✐❧✐t② r❛t❡s✮✳

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

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

t❤✐s ❞❛t❡✳ ❚❤✐s ❛♣♣r♦❛❝❤ ❛ss✉♠❡s t❤❛t ✇♦♠❡♥ ❞♦ ♥♦t ❦♥♦✇ t❤❡ ❡①❛❝t t✐♠✐♥❣ ♦❢ ✜rst ❜✐rt❤

❜❡❢♦r❡ t❤❡ ❣❡st❛t✐♦♥ ♣❡r✐♦❞✳ ❇✉t t❤❡② ♠❛② ❦♥♦✇ t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ❤❛✈✐♥❣ ❛ ✜rst ❜✐rt❤ ♥♦✇

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

❱❛♥ ❞❡♥ ❇❡r❣✱ ✷✵✵✸✮✳ ❆ss✉♠✐♥❣ ❛ ♥♦✲❛♥t✐❝✐♣❛t✐♦♥ ❝♦♥❞✐t✐♦♥ ✇✐t❤ r❡s♣❡❝t t♦ t❤❡ ♣r❡❝✐s❡

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

✇♦♠❡♥ ❛t t❤✐s ❞❛t❡✳

❚❤❡ tr❡❛t♠❡♥t ❣r♦✉♣ ✐♥ ♦✉r ❛♥❛❧②s✐s ❝♦♥s✐sts ♦❢ ✇♦♠❡♥ ✇❤♦ ❤❛✈❡ t❤❡✐r ✜rst ❝❤✐❧❞ ❜❡t✇❡❡♥

t❤❡ ❛❣❡ ♦❢ ✷✶ ❛♥❞ ✹✵✳ ❚❤❡ ❝♦♥tr♦❧ ❣r♦✉♣ ❝♦♥s✐sts ♦❢ ✇♦♠❡♥ ✇❤♦ ❛r❡ st✐❧❧ ❝❤✐❧❞❧❡ss ✇❤❡♥ t❤❡

✬tr❡❛t❡❞ ❣r♦✉♣✬ ❣✐✈❡s ❜✐rt❤✳ ❲❡ ♠❡❛s✉r❡ t❤❡ tr❡❛t♠❡♥t ❡✛❡❝t ❛t ❛ ♠♦♥t❤❧② ❢r❡q✉❡♥❝②✳ ❖✉r

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

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

✹✳✶✳✶ ❚❡♠♣♦r❛❧ ❛❧✐❣♥♠❡♥t

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

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

✭t✐♠❡ ♣❡r✐♦❞✮ ❛t ❣✐✈✐♥❣ ✜rst ❜✐rt❤✱ ✐✳❡✳ ❝❛❧❡♥❞❛r t✐♠❡ ✐s t❤❡ tr❡❛t♠❡♥t t✐♠❡✳ ❲♦♠❡♥ ✐♥

t❤❡ ❝♦♥tr♦❧ ❣r♦✉♣ ❛r❡ ❛❧✐❣♥❡❞ t♦ t❤❡ tr❡❛t❡❞ ♠♦t❤❡rs ❜❛s❡❞ ♦♥ ♥♦t ❣✐✈✐♥❣ ✜rst ❜✐rt❤ ✐♥ t❤❡

✶✸



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

t✐♠❡ ❢♦r ❝♦♥tr♦❧ ♦❜s❡r✈❛t✐♦♥s ✭❛s ❞✐s❝✉ss❡❞✱ ❡✳❣✳✱ ✐♥ ❑❧❡✈❡♥ ❡t ❛❧✳ ✭✷✵✶✾❛✮✮✳✶✵

❆s ❝❧❛ss✐✜❝❛t✐♦♥ ✇✐♥❞♦✇ ❢♦r ♦✉r ❜❡♥❝❤♠❛r❦ ❛♥❛❧②s✐s✱ ✇❡ ❝♦♥s✐❞❡r ❛s s✉✐t❛❜❧❡ ❝♦♥tr♦❧ ♦❜✲

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

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

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

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

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

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

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

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

❛♥❞ t♦ ❡①t❡♥❞✐♥❣ t❤❡ ❝❧❛ss✐✜❝❛t✐♦♥ ✇✐♥❞♦✇ t♦ ✷✹ ♠♦♥t❤s✱ ✐✳❡✳ ✇♦♠❡♥ ❣✐✈✐♥❣ ✜rst ❜✐rt❤s

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

❣r♦✉♣✳

❲❡ ❝♦♥s✐❞❡r ❡❛❝❤ tr❡❛t♠❡♥t ♠♦♥t❤ ❢r♦♠ ❏❛♥✉❛r② ✷✵✵✹ t♦ ❉❡❝❡♠❜❡r ✷✵✵✾ s❡♣❛r❛t❡❧②✳ ❋♦r

❡❛❝❤ ♦❢ t❤❡s❡ ✼✷ ♠♦♥t❤s✱ ✇❡ ♣♦♦❧ tr❡❛t❡❞ ✇♦♠❡♥✱ ✇❤♦ ❤❛✈❡ ❤❡r ✜rst ❝❤✐❧❞ ✐♥ t❤✐s ♠♦♥t❤✱

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

♠♦♥t❤s ❢♦r t❤❡ ❜❡♥❝❤♠❛r❦ ❛♥❛❧②s✐s ✭t❤❡ ❝❧❛ss✐✜❝❛t✐♦♥ ✇✐♥❞♦✇ ✐s ✶ ♠♦♥t❤ ♦r ✷✹ ♠♦♥t❤s

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

✷✶ ❛♥❞ ✹✵ ②❡❛rs ♦❢ ❛❣❡ ❛t t❤❡ tr❡❛t♠❡♥t t✐♠❡ ✭❞❛t❡ ♦❢ ❜✐rt❤✮✳ ■♥ t❤❡ ♥❡①t st❡♣✱ ✇❡ ♣♦♦❧

t❤❡ ❞❛t❛ ♦✈❡r t❤❡ ✼✷ tr❡❛t♠❡♥t ♠♦♥t❤s✳

❚❤✐s ✇❛②✱ ✇❡ ❣❡♥❡r❛t❡ ❛ person × treatment− calendar−months [2004, 1 to 2009, 12] ×

month− relative− to− treatment− time [−35 to 59] ❞❛t❛ s❡t ✉s❡❞ ❢♦r ♦✉r ❛♥❛❧②s✐s✳ ❋♦r

♠♦♥t❤✲r❡❧❛t✐✈❡✲t♦✲tr❡❛t♠❡♥t✲t✐♠❡✱ 0 ❞❡♥♦t❡s t❤❡ ♠♦♥t❤ ♦❢ ❜✐rt❤✱ −35 ♠❡❛♥s ✸✺ ♠♦♥t❤s

❜❡❢♦r❡ ❜✐rt❤✱ ❛♥❞ 59 ♠❡❛♥s ✺✾ ♠♦♥t❤s ❛❢t❡r ❜✐rt❤✳ ❊✛❡❝t✐✈❡❧②✱ ❢♦r t❤❡ ♣❛♥❡❧ ❞❛t❛ s❡t ✉s❡❞

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

t ∈ ❬✷✵✵✹✱✶ t♦ ✷✵✵✾✱✶✷❪✳ ❆ ✇♦♠❛♥ ♠❛② ❜❡ ✉s❡❞ ✐♥ ♦♥❡ tr❡❛t♠❡♥t ♣❡r✐♦❞ ❛s tr❡❛t❡❞✱ ✐♥ t❤❡

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

✐♥ ❛❧❧ ♠♦♥t❤s ✇❤✐❝❤ ❛r❡ ❛t ❧❡❛st ♦♥❡ ②❡❛r ❜❡❢♦r❡ s❤❡ ❤❛s ❤❡r ❝❤✐❧❞✳ t ∈ ❬✷✵✵✹✱✶ t♦ ✷✵✵✻✱✶✷❪

r❡♣r❡s❡♥ts t❤❡ ♣r❡✲r❡❢♦r♠ ♣❡r✐♦❞ ❛♥❞ t ∈ ❬✷✵✵✼✱✶ t♦ ✷✵✵✾✱✶✷❪ t❤❡ ♣♦st✲r❡❢♦r♠ ♣❡r✐♦❞✳

✶✵❚❤✐s ✐s ❜❡❝❛✉s❡ ✇❡ ❞♦ ♥♦t ✇❛♥t t♦ r❡str✐❝t t❤❡ ❝♦♥tr♦❧ ❣r♦✉♣ t♦ ✇♦♠❡♥ ✇❤♦ ❞♦ ♥♦t ❣✐✈❡ ❜✐rt❤ ❞✉r✐♥❣
t❤❡ ❡♥t✐r❡ ♦❜s❡r✈❛t✐♦♥ ✇✐♥❞♦✇✳ ❖♥❧② ❢♦r t❤❡ ❧❛tt❡r ❣r♦✉♣✱ ✐t ✇♦✉❧❞ ❜❡ ♣❧❛✉s✐❜❧❡ t♦ s✐♠✉❧❛t❡ ♣❧❛❝❡❜♦
tr❡❛t♠❡♥t t✐♠❡s✳

✶✹



❚❛❦❡ ❛s ❛♥ ❡①❛♠♣❧❡ ❛ ✇♦♠❛♥ ✇❤♦ ❣✐✈❡s ✜rst ❜✐rt❤ ✐♥ ❆♣r✐❧ ✷✵✵✻✳ ■♥ t❤❡ ♠♦♥t❤s ✉♥t✐❧

❆♣r✐❧ ✷✵✵✺✱ t❤♦s❡ ✇❤✐❝❤ ❛r❡ ♠❛r❦❡❞ ❜❧✉❡ ✐♥ ✜❣✉r❡ ✸✱ s❤❡ s❡r✈❡s ❛s ❝♦♥tr♦❧ ♦❜s❡r✈❛t✐♦♥✳

❙❤❡ ✐s ♥♦t ✉s❡❞ ✐♥ ▼❛② ✷✵✵✺ ❛s t❤❡♥ ❤❡r ♦✇♥ ❝❤✐❧❞ ❤❛s ❧❡ss t❤❛♥ ♦♥❡ ②❡❛r t♦ ❝♦♠❡✳ ❙♦✱

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

❤♦❧❞s ✉♥t✐❧ ▼❛r❝❤ ✷✵✵✻✳ ■♥ ❆♣r✐❧ ♦❢ t❤❛t ②❡❛r✱ s❤❡ ❣✐✈❡ ❜✐rt❤ t♦ ❤❡r ✜rst ❝❤✐❧❞ ♠♦t❤❡r ❛♥❞

❡♥t❡rs t❤❡ s❛♠♣❧❡ ❛s tr❡❛t❡❞✳ ❆❢t❡r✇❛r❞s✱ ❢♦r ❛❧❧ tr❡❛t♠❡♥t ♠♦♥t❤s ✉♥t✐❧ ❉❡❝❡♠❜❡r ✷✵✵✾✱

s❤❡ ✐s ♥♦t ✉s❡❞✱ ❛s s❤❡ ✐s ❛❧r❡❛❞② ❛ ♠♦t❤❡r✳

Jan

04
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04

Mar

04
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04
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04
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04

Sep

04
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04
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04
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04
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05

Apr

05
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05

Jun

05

Jul

05

Aug

05

Sep

05
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05
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05
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05

Jan
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06
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06
May

06
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06
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06 …
Oct

09
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09

Potential treatment months:

❜❧✉❡✿ ♦❜s❡r✈❛t✐♦♥ ✐s ✉s❡❞ ❛s ❝♦♥tr♦❧
②❡❧❧♦✇✿ ♦❜s❡r✈❛t✐♦♥ ✐s ✉s❡❞ ❛s ✏tr❡❛t❡❞✑
✇❤✐t❡✿ ♦❜s❡r✈❛t✐♦♥ ✐s ♥♦t ✉s❡❞

❋✐❣✉r❡ ✸✿ ❉✉♣❧✐❝❛t✐♦♥ ♦❢ ♦❜s❡r✈❛t✐♦♥s ❢♦r t❡♠♣♦r❛❧ ❛❧✐❣♥♠❡♥t

❯s✐♥❣ t❤✐s ❛♣♣r♦❛❝❤ r❡s✉❧ts ✐♥ ❛ ✈❡r② ❧❛r❣❡ ❞❛t❛ s❡t✳ ❚❤❡ ❛♣♣r♦①✐♠❛t❡❧② ✺✵✱✵✵✵ ✇♦♠❛♥✱

✇❡ ❤❛✈❡ ✐♥ ♦✉r s❛♠♣❧❡ ❛♥❞ ✇❤✐❝❤ ❛r❡ s❤♦✇♥ ✐♥ t❛❜❧❡ ✶✱ ❛❞❞ ✉♣ t♦ ✶✵✱✻✾✺ tr❡❛t♠❡♥t ❛♥❞

♠♦r❡ t❤❛♥ ✷✱✻✺✵✱✵✵✵ ❝♦♥tr♦❧ ♦❜s❡r✈❛t✐♦♥s ❜❡❝❛✉s❡ ♥♦t✲②❡t✲tr❡❛t❡❞ ✇♦♠❡♥ ❛r❡ ❞✉♣❧✐❝❛t❡❞✳

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

❝♦♥tr♦❧ ♦❜s❡r✈❛t✐♦♥ ❝❛♥ ❜❡ ♥♦✇ ❛♥❛❧②③❡❞ ✇✐t❤ r❡s♣❡❝t t♦ t❤❡ t✐♠✐♥❣ ♦❢ tr❡❛t♠❡♥t✳ ■t ✐s

❢♦r ❡①❛♠♣❧❡ ♣♦ss✐❜❧❡ t♦ ♣❧♦t ❛✈❡r❛❣❡ ❞❛✐❧② ❡❛r♥✐♥❣s ❛♥❞ ❧❛❜♦r ♠❛r❦❡t ♣❛rt✐❝✐♣❛t✐♦♥ ❢♦r

tr❡❛t♠❡♥t ❛♥❞ ❝♦♥tr♦❧ ❣r♦✉♣ ❛♥❞ s❡♣❛r❛t❡❞ ❜② t✐♠❡ ♣❡r✐♦❞s ✭♣r❡✲r❡❢♦r♠✿ tr❡❛t♠❡♥t ②❡❛rs

✷✵✵✹ t♦ ✷✵✵✻ ❛♥❞ ♣♦st✲r❡❢♦r♠✿ tr❡❛t♠❡♥t ②❡❛rs ✷✵✵✼ t♦ ✷✵✵✾✮✳

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

tr❡❛t❡❞ ❜② ♠♦♥t❤ ✇✐t❤ r❡s♣❡❝t t♦ ❜✐rt❤ ✭tr❡❛t♠❡♥t t✐♠❡✮ ❛❢t❡r t❡♠♣♦r❛❧ ❛❧✐❣♥♠❡♥t✳ ◆♦♥✲

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

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

♣♦st✲r❡❢♦r♠ ♣❡r✐♦❞ ✇❤✐❝❤ ❛r❡ ❝❛❧❝✉❧❛t❡❞ ✐♥ t✇♦ st❡♣s✳ ❋✐rst✱ ❢♦r ❡❛❝❤ tr❡❛t♠❡♥t ♠♦♥t❤

t❤❡ ❛✈❡r❛❣❡ ♦✉t❝♦♠❡s ❛r❡ ❝❛❧❝✉❧❛t❡❞ ❢♦r ❛❧❧ ♠♦♥t❤s ❢r♦♠ ✸✺ ♠♦♥t❤s ❜❡❢♦r❡ t❤❡ tr❡❛t♠❡♥t

♠♦♥t❤ ✉♣ t♦ ✺✾ ♠♦♥t❤s ❛❢t❡r t❤❡ tr❡❛t♠❡♥t ♠♦♥t❤✳ ❙❡❝♦♥❞✱ ✇❡ ❛✈❡r❛❣❡ t❤❡s❡ ❛✈❡r❛❣❡s ❜②
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✭❜✮ ❧❛❜♦r ♠❛r❦❡t ♣❛rt✐❝✐♣❛t✐♦♥

❋✐❣✉r❡ ✹✿ ❘❛✇ ❞❛t❛ ❛❢t❡r t❡♠♣♦r❛❧ ❛❧✐❣♥♠❡♥t

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

✹ s❤♦✇ t❤❛t t❤❡ ❧❛❜♦r ♠❛r❦❡t ♦✉t❝♦♠❡s ❢♦r ♠♦t❤❡rs ❞r♦♣ s❤❛r♣❧② t♦ ✈✐rt✉❛❧❧② ③❡r♦ ❛t ❝❤✐❧❞

❜✐rt❤✳ ❚❤❡ r❡❝♦✈❡r② ❛❢t❡r✇❛r❞s s❡❡♠s t♦ ❜❡ ✐♥✢✉❡♥❝❡❞ ❜② t❤❡ r❡❢♦r♠ ❛s t❤❡ ❧✐♥❡s ❢♦r ♣r❡✲

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

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

str♦♥❣❧② ✐♥ t❤❡ ♣r❡✲tr❡❛t♠❡♥t ♣❡r✐♦❞✳ ▼♦t❤❡rs ❡❛r♥ ♠♦r❡ ❛♥❞ ❤❛✈❡ ❛ ❤✐❣❤❡r ♣r♦❜❛❜✐❧✐t②

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

♥❡✐t❤❡r ♣r❡s❡♥t ♥♦r ❛♥t✐❝✐♣❛t❡❞✱ t❤✐s ❞✐✛❡r❡♥❝❡ ❝❛♥♥♦t ❜❡ ❝❛✉s❛❧ ❛♥❞ ✐s ❛ ❝❧❡❛r ❡✈✐❞❡♥❝❡

❢♦r t❤❡ ♣♦s✐t✐✈❡ s❡❧❡❝t✐♦♥ ♦❢ ♠♦t❤❡rs✳

✹✳✶✳✷ ■♥✈❡rs❡ Pr♦❜❛❜✐❧✐t② ❲❡✐❣❤t✐♥❣ ✭■P❲✮

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

❜✐rt❤ ❛t ❛ ❝❡rt❛✐♥ ❞❛t❡✳ ❲❡ ❡st✐♠❛t❡ s❡♣❛r❛t❡ ♠♦❞❡❧s ❢♦r t❤❡ ♣r❡✲r❡❢♦r♠ ❛♥❞ t❤❡ ♣♦st✲

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

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

♦❢ s♦❝✐♦✲❞❡♠♦❣r❛♣❤✐❝ ❝❤❛r❛❝t❡r✐st✐❝s ❛♥❞ ❧❛❜♦r ♠❛r❦❡t ❤✐st♦r②✳ ❈♦♥tr♦❧❧✐♥❣ ❢♦r ♣❛st ❧❛❜♦r

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

❯♥❞❡r t❤❡ ✉♥❝♦♥❢♦✉♥❞❡❞♥❡ss ♦❢ t❤❡ tr❡❛t♠❡♥t ❛♥❞ ♣❡r❢❡❝t ♦✈❡r❧❛♣ ✐♥ t❤❡ ♣r♦♣❡♥s✐t② s❝♦r❡✱

❇✉ss♦ ❡t ❛❧✳ ✭✷✵✶✹✮ ✜♥❞ t❤❛t ✐♥ s♠❛❧❧ s❛♠♣❧❡s ✇✐t❤ ✉♥❦♥♦✇♥ ♣r♦♣❡♥s✐t② s❝♦r❡✱ ❛ ♠♦❞✐✜❡❞

✐♥✈❡rs❡ ♣r♦❜❛❜✐❧✐t② ✇❡✐❣❤t✐♥❣ ❡st✐♠❛t♦r ✭■P❲✮ ♣❡r❢♦r♠s ✇❡❧❧✳ ❚❤❡ ❝r✉❝✐❛❧ ♠♦❞✐✜❝❛t✐♦♥ ♦❢

t❤❡ ■P❲ ❡st✐♠❛t♦r ✐♥✈♦❧✈❡s t❤❡ ♥♦r♠❛❧✐③❛t✐♦♥ ♦❢ ✇❡✐❣❤ts ❢♦r t❤❡ ♥♦♥tr❡❛t❡❞ ✇♦♠❡♥✳

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

✶✻



❝❤❛♥❣❡s ❜② ♠♦♥t❤ ♦❢ ❜✐rt❤✱ s❡❡ s❡❝t✐♦♥ ✹✳✶✳✶✳ ❈♦rr❡s♣♦♥❞✐♥❣❧②✱ t❤❡ ❛❧✐❣♥♠❡♥t ❜❡t✇❡❡♥

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

t✐✈❡❧②✳ ❘❡❝❛❧❧✱ t❤❛t ✇❡ ❡st✐♠❛t❡ t❤❡ ❛✈❡r❛❣❡ tr❡❛t♠❡♥t ❡✛❡❝t ♦♥ t❤❡ tr❡❛t❡❞ ✭❆❚❚✮✱ ✐✳❡✳

t❤❡ ❛✈❡r❛❣❡ tr❡❛t♠❡♥t ❡✛❡❝t ❢♦r t❤❡ ❛❝t✉❛❧ ♠♦t❤❡rs✳ ❚❤✐s tr❡❛t♠❡♥t ❡✛❡❝t ✐s t❤❡ ❡✛❡❝t ♦❢

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

t♦✲tr❡❛t♠❡♥t✲t✐♠❡ ✇❤✐❝❤ ❝❛♥ ❜❡ ❡st✐♠❛t❡❞ ❜② ■P❲ ❛s
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✇✐t❤ ✇❡✐❣❤ts Ŵi,t = Ej,tp̂t(Xj)/(1− p̂t(Xj))✳ n ✐s t❤❡ t♦t❛❧ ♥✉♠❜❡r ♦❢ ✇♦♠❡♥ ✐♥ t❤❡ ❞❛t❛

s❡t✳ Ti,t ❞❡♥♦t❡ t❤❡ tr❡❛t♠❡♥t ❞✉♠♠② ✈❛r✐❛❜❧❡ ❢♦r ✐♥❞✐✈✐❞✉❛❧s i ✐♥ tr❡❛t♠❡♥t ♠♦♥t❤ t

✭tr❡❛t❡❞ ❛♥❞ ♥♦♥✲tr❡❛t❡❞✮✱ r❡s♣❡❝t✐✈❡❧②✱ ❛♥❞ p̂t(i)(Xj) ❞❡♥♦t❡s t❤❡ ❡st✐♠❛t❡❞ ♣r♦❜❛❜✐❧✐t② t♦

❤❛✈❡ ❛ ✜rst ❝❤✐❧❞ ✐♥ t✐♠❡ ♣❡r✐♦❞ t(i) ❛s ❛ ❢✉♥❝t✐♦♥ ♦❢ ❝♦✈❛r✐❛t❡s Xj✳ ❲✐t❤ s❧✐❣❤t ❛❜✉s❡ ♦❢

♥♦t❛t✐♦♥✱ Xj ❝❛♥ ✈❛r② ♦✈❡r t✐♠❡ ❛♥❞ Xj ❞❡♥♦t❡s t❤❡ ❝♦✈❛r✐❛t❡s ♦❢ t❤❡ ♥♦♥tr❡❛t❡❞ ✇♦♠❛♥

✐♥ ♣❡r✐♦❞ t✳ ❚❤❡ ❛♣♣❧✐❝❛t✐♦♥ ♦❢ t❤❡ ✇❡✐❣❤ts Wi,j ❧❡❛❞s t♦ ❛ r❡✇❡✐❣❤t✐♥❣ ♦❢ t❤❡ ♥♦♥tr❡❛t❡❞

✇♦♠❡♥ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ♦❞❞s✕r❛t✐♦ ♦❢ ❤❛✈✐♥❣ ❛ ❝❤✐❧❞ ✇✐t❤✐♥ t❤❡ ♥❡①t ②❡❛r✳ Ej,t ✐s ❛ ❞✉♠♠②

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

j ❝❛♥ ❜❡ ✉s❡❞ ❛s ❛ ❝♦♥tr♦❧ ♦❜s❡r✈❛t✐♦♥ ❢♦r tr❡❛t♠❡♥t ♠♦♥t❤ t✳ ❖t❤❡r✇✐s❡✱ Ej,t ✐s s❡t t♦

③❡r♦✳ ❚❤✉s✱ Ej,t ✐s ❛ ❞②♥❛♠✐❝ ♥♦♥✲tr❡❛t♠❡♥t ❞✉♠♠②✳ ❖✉r ❜❡♥❝❤♠❛r❦ ❛♥❛❧②s✐s s❡ts t❤❡

❝❧❛ss✐✜❝❛t✐♦♥ ✇✐♥❞♦✇ t♦ ✶✷ ♠♦♥t❤s✱ ✐✳❡✳ ❢♦r ❛t ❧❡❛st ✶✶ ♠♦♥t❤s ❛❢t❡r t❤❡ r❡s♣❡❝t✐✈❡ t✐♠❡

♣❡r✐♦❞ ❛t ✜rst ❜✐rt❤ ❢♦r t❤❡ tr❡❛t❡❞ ✇♦♠❛♥ i✳

❚❤❡ ■P❲ r❡✇❡✐❣❤t✐♥❣ ❡st✐♠❛t♦r ❤❛s t❤❡ ❛❞✈❛♥t❛❣❡ ♦❢ ♥♦t r❡❧②✐♥❣ ♦♥ ❛ t✉♥✐♥❣ ♣❛r❛♠❡t❡r✳

▼♦r❡♦✈❡r✱ ✐t ✐s ❡❛s② t♦ ✐♠♣❧❡♠❡♥t ❛♥❞ st❛♥❞❛r❞ ❡rr♦rs ❛r❡ r❡❛❞✐❧② ♦❜t❛✐♥❡❞ ❜② ❜♦♦tstr❛♣✲

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

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

s❡t ❛t month−relative− to− treatment− time = −12 ♠♦♥t❤s✱ ✐✳❡✳ ♦♥❡ ②❡❛r ❜❡❢♦r❡ ❣✐✈✐♥❣

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

❜❡ ❛ ♠♦t❤❡r ❛r❡ ❛♥ ✐♥❞✐❝❛t♦r ❢♦r ✇♦r❦✐♥❣ ✐♥ ❢♦r♠❡r ❊❛st✲●❡r♠❛♥② ✭eastit✮ ❛♥❞ ❞✉♠♠✐❡s

❢♦r t❤❡ t❤r❡❡ ❡❞✉❝❛t✐♦♥❛❧ ❝❛t❡❣♦r✐❡s ✭♠✐ss✐♥❣ ✈❛❧✉❡ s❡r✈❡s ❛s r❡❢❡r❡♥❝❡ ❝❛t❡❣♦r②✮✳ ❋✉rt❤❡r✱

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

♠♦st ✐♠♣♦rt❛♥t ❛r❡ t❤❡ ❝♦♥tr♦❧s ❢♦r t❤❡ ❡♠♣❧♦②♠❡♥t ❤✐st♦r②✳ ❲❡ ✐♥❝❧✉❞❡ t❤r❡❡ t✐♠❡s ✷✹

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

✶✼



❜❡❢♦r❡ ❣✐✈✐♥❣ ❜✐rt❤ ✭♠♦♥t❤ ✲✸✺ t♦ ✲✶✷ ✇✐t❤ r❡♣❡❝t t♦ ❣✐✈✐♥❣ ❜✐rt❤✮✳ ❚❤✐s r❡❣r❡ss✐♦♥ ✐s

❝♦♥❞✉❝t❡❞ s❡♣❛r❛t❡❧② ❢♦r ❢♦✉r ❛❣❡ ❣r♦✉♣s ✭✇♦♠❡♥ ❛❣❡❞ ✷✶ t♦ ✷✺✱ ✷✻ t♦ ✸✵✱ ✸✶ t♦ ✸✺ ❛♥❞ ✸✻

t♦ ✹✵✮ ❛♥❞ s❡♣❛r❛t❡❧② ❢♦r t❤❡ ♣r❡✲r❡❢♦r♠ ❛♥❞ t❤❡ ♣♦st✲r❡❢♦r♠ ♣❡r✐♦❞✳ ❲❡ ✉s❡ t❤❡ ❢♦❧❧♦✇✐♥❣

s♣❡❝✐✜❝❛t✐♦♥ ❢♦r tr❡❛t♠❡♥t ♠♦♥t❤ t✿

P (motherit = 1|Xi) = Φ

(

β0 + β1eastit +
40
∑

l=22

βlI(ageit = l) +
3
∑

j=1

γjI(eduit = j)

+
−12
∑

k=−35

(δkearn(k)it + αkparti(k)it + θkft(k)it) + λm + µy

)

✭✷✮

✇✐t❤ Φ(.) r❡♣r❡s❡♥t✐♥❣ t❤❡ st❛♥❞❛r❞ ♥♦r♠❛❧ ❞✐str✐❜✉t✐♦♥ ❢✉♥❝t✐♦♥ ❛♥❞ Xi ❝♦♠♣r✐s✐♥❣ t❤❡

❛❢♦r❡♠❡♥t✐♦♥❡❞ ♣❛rt❧② t✐♠❡✲✈❛r②✐♥❣ ❝♦✈❛r✐❛t❡s ❝♦♥s✐❞❡r❡❞ ✐♥ ❡q✳ ✭✷✮✳ ❋♦r p̂t(i) ✐♥ ❡q✳ ✭✶✮ ✇❡

✉s❡ t❤❡ ✜tt❡❞ ✈❛❧✉❡ ♦❢ P (motherit = 1|Xi)✳

✹✳✷ ❘❡❢♦r♠ ❊✛❡❝t

❚❤❡ r❡❢♦r♠ ❡✛❡❝t ❝❛♥ ♠❛♥✐❢❡st ✐ts❡❧❢ ✐♥ t❤❡ ❝❤❛♥❣❡ ✐♥ t❤❡ s❡❧❡❝t✐♦♥ ♦❢ ♠♦t❤❡rs ❛♥❞ ✐♥

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

♦❢ t❤❡ ♣♦st✲❜✐rt❤ ♠♦t❤❡r❤♦♦❞ ❡✛❡❝ts ♦♥ ♦✉t❝♦♠❡s ✇✐❧❧ ❝♦♥❢♦✉♥❞ t❤♦s❡ t✇♦ ❡✛❡❝ts✳ ■♥

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

s❤♦✇ t❤❡ r❡❢♦r♠ ❡✛❡❝t ♦♥ t❤❡ s❡❧❡❝t✐♦♥ ♦❢ ♠♦t❤❡rs ✇✐t❤ r❡s♣❡❝t t♦ t❤❡✐r s♦❝✐♦✲❡❝♦♥♦♠✐❝

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

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

s❡❝t✐♦♥✮✱ ❛♥❞ t❤❡ ✐♠♣❧✐❡❞ s❡❧❡❝t✐♦♥ ❡✛❡❝t ♦♥ t❤❡ ❝❛✉s❛❧ ❡✛❡❝t ♦❢ ♠♦t❤❡r❤♦♦❞ ♦♥ ♣♦st✲

❜✐rt❤ ♦✉t❝♦♠❡s✳ ❆❝❝♦✉♥t✐♥❣ ❢♦r t❤❡ s❡❧❡❝t✐♦♥ ❡✛❡❝t ♦❢ t❤❡ r❡❢♦r♠✱ ✇❡ t❤❡♥ ❞❡t❡r♠✐♥❡ t❤❡

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

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

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

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

❡rs ❛♥❞ t❤❡ ❝❤❛♥❣❡ ✐♥ t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ ♠♦t❤❡rs ❛♥❞ ♥♦♥tr❡❛t❡❞ ✇♦♠❡♥ ✇❤♦ ❛r❡

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

❡✈✐❞❡♥❝❡ ♦♥ t❤✐s s❡❧❡❝t✐♦♥ ❡✛❡❝t✳

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

t♦ t❤❡ ❝❛✉s❛❧ ❡✛❡❝t ♦❢ ♠♦t❤❡r❤♦♦❞ ♦♥ ♣♦st✲❜✐rt❤ ♦✉t❝♦♠❡s✱ ✇❡ ✉s❡ ■P❲ t♦ r❡✇❡✐❣❤t t❤❡

✶✽



s❛♠♣❧❡ ♦❢ ♠♦t❤❡rs ✐♥ t❤❡ ♣r❡✲r❡❢♦r♠ ♣❡r✐♦❞ t♦ t❤❡ s❛♠♣❧❡ ♦❢ ♠♦t❤❡rs ✐♥ t❤❡ ♣♦st r❡❢♦r♠✳

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

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

✐♥ t❤❡ ♣♦st✲r❡❢♦r♠ ♣❡r✐♦❞✳

❊st✐♠❛t✐♥❣ t❤✐s ❝♦✉♥t❡r❢❛❝t✉❛❧ ❆❚❚ ✲ ✐♥ t❤❡ ❢♦❧❧♦✇✐♥❣ ❞❡♥♦t❡❞ ❛t ♣r❡✲r❡❢♦r♠ ❬♠♦t❤❡rs❪✱

r❡✇❡✐❣❤t❡❞ ❬t♦ ♣♦st✲r❡❢♦r♠ ♠♦t❤❡rs❪ ✐s ✐♠♣❧❡♠❡♥t❡❞ ✐♥ t✇♦ st❡♣s✿

✶✳ ❲❡ t❛❦❡ t❤❡ t♦t❛❧ s❛♠♣❧❡ ♦❢ ♠♦t❤❡rs ❢♦r t❤❡ ♣r❡✲ ❛♥❞ ♣♦st✲r❡❢♦r♠ ♣❡r✐♦❞ ❛♥❞ r✉♥ ❛

Pr♦❜✐t r❡❣r❡ss✐♦♥ t♦ ❡st✐♠❛t❡ t❤❡ ♣r♦❜❛❜✐❧✐t② t❤❛t ❛ ♠♦t❤❡r ❣✐✈❡s ❜✐rt❤ ✐♥ t❤❡ ♣♦st✲

r❡❢♦r♠ ♣❡r✐♦❞ ❛s ❛ ❢✉♥❝t✐♦♥ ♦❢ ♣r❡✲❜✐rt❤ ❝❤❛r❛❝t❡r✐st✐❝s ❛♥❞ ❤✐st♦r② ❛s ♦❜s❡r✈❡❞ ✶✷

♠♦♥t❤s ❜❡❢♦r❡ ❜✐rt❤✳ ❚❤✐s ♣r♦❜❛❜✐❧✐t② P (posti = 1|Xi) ✐s s♣❡❝✐✜❡❞ ❛s ❛ ❢✉♥❝t✐♦♥ ♦❢

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

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

❚❤❡ ❧❛❜♦r ♠❛r❦❡t ♦✉t❝♦♠❡s ❛r❡ ❛✈❡r❛❣❡❞ ❢♦r t❤❡ ❢♦✉r ❤❛❧❢✲②❡❛r ♣❡r✐♦❞s [−35,−30]✱

[−29,−24]✱ [−23,−18]✱ ❛♥❞ [−17,−12] ✭♠♦♥t❤s✲r❡❧❛t✐✈❡✲t♦✲tr❡❛t♠❡♥t✮✳

✷✳ ❚❤❡♥✱ ✇❡ ❡st✐♠❛t❡ t❤❡ ❝♦✉♥t❡r❢❛❝t✉❛❧ ❆❚❚ ♦❢ ♠♦t❤❡r❤♦♦❞ ❢♦r ♣r❡✲r❡❢♦r♠ ❬♠♦t❤❡rs❪✱

r❡✇❡✐❣❤t❡❞ ❬t♦ ♣♦st✲r❡❢♦r♠ ♠♦t❤❡rs❪ ❜② r❡✇❡✐❣❤t✐♥❣ ♣r❡✲r❡❢♦r♠ ♠♦t❤❡rs ✇✐t❤

gi =
P̂ (posti = 1|Xi)

1− P̂ (posti = 1|Xi)
,

✇❤❡r❡ P̂ (posti = 1|Xi) ❛r❡ t❤❡ ✜tt❡❞ ♣r♦❜❛❜✐❧✐t✐❡s ❢♦r t❤❡ Pr♦❜✐t r❡❣r❡ss✐♦♥ ✐♥ st❡♣ ✶✳

❚❤❡ ❝♦✉♥t❡r❢❛❝t✉❛❧ ❆❚❚ ✐s t❤❡♥ ❣✐✈❡♥ ❜②

θ̂(♣♦st✲s❛♠♣❧❡✱♣r❡✲❡✛❡❝t) =
1

∑

t

∑npre

i=1 giTi,t

·
∑

t

{

npre
∑

i=1

giTi,t

(

Yi −

∑npre

j=1 Ŵj,tYj,t

∑npre

j=1 Ŵj,t

)}

✭✸✮

✇✐t❤ ✇❡✐❣❤ts Ŵi,j ❛s ✐♥ ❡q✳ ✭✶✮✳ ❍❡r❡✱ i, j = 1, ..., npre ❞❡♥♦t❡s t❤❡ s❛♠♣❧❡ ♦❢ ✇♦♠❡♥

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

♦❜s❡r✈❛t✐♦♥s ✐♥ t❤❡ ♣r❡✲r❡❢♦r♠ ♣❡r✐♦❞✮✳

❚❤❡ ♣r❡✲r❡❢♦r♠ ♦❜s❡r✈❛t✐♦♥s ♦❢ ♠♦t❤❡rs✱ t❤❡ ♦♥❡s ❢♦r t❤❡ tr❡❛t♠❡♥t ♣❡r✐♦❞s ❢r♦♠ ❏❛♥✉❛r②

✷✵✵✹ t♦ ❉❡❝❡♠❜❡r ✷✵✵✻✱ r❡❝❡✐✈❡ ❛ ✇❡✐❣❤t gi ✇❤✐❝❤ ✐s ❤✐❣❤ ❢♦r t❤♦s❡ ♠♦t❤❡rs ✇❤♦ ❛r❡

❝♦♠♣❛r❛❜❧❡ t♦ t❤❡ ♠♦t❤❡rs ♦❢ t❤❡ ②❡❛r ❢r♦♠ ✷✵✵✼ t♦ ✷✵✵✾✳

✶✾



▲❡t t❤❡ ❢❛❝t✉❛❧ ❆❚❚s ♦❢ ♠♦t❤❡r❤♦♦❞ ✐♥ t❤❡ ♣r❡✲r❡❢♦r♠ ♣❡r✐♦❞ ❛♥❞ t❤❡ ♣♦st✲r❡❢♦r♠ ♣❡r✐♦❞ ✲

❛s ❣✐✈❡♥ ❜② ❡q✳ ✭✶✮ ✲ ❜❡ ❞❡♥♦t❡❞ ❜② θ̂(♣r❡✲s❛♠♣❧❡✱♣r❡✲❡✛❡❝t) ❛♥❞ θ̂(♣♦st✲s❛♠♣❧❡✱♣♦st✲❡✛❡❝t)✱

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

t❤❡ ❞✐✛❡r❡♥❝❡s ♦❢ t❤❡s❡ ❆❚❚s✱ ✐✳❡✳ ❜②

❚❤❡♥✱ t❤❡ r❛✇ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ ♣r❡✲ ❛♥❞ ♣♦st✲r❡❢♦r♠ ✐s ❣✐✈❡♥ ❜②

r❛✇❴❞✐✛ = θ̂(♣♦st✲s❛♠♣❧❡✱♣♦st✲❡✛❡❝t)− θ̂(♣r❡✲s❛♠♣❧❡✱♣r❡✲❡✛❡❝t) . ✭✹✮

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

❛❢t❡r t❤❡ r❡❢♦r♠ ❛❧s♦ ❞✐✛❡r s②st❡♠❛t✐❝❛❧❧② ✐♥ ❛ s♦❝✐♦✲❡❝♦♥♦♠✐❝ ❝❤❛r❛❝t❡r✐st✐❝s ❛♥❞ ❧❛❜♦r

♠❛r❦❡t ❤✐st♦r②✳ ❚❤❡s❡ ❞✐✛❡r❡♥❝❡ ✐♥ t❤❡ s❡❧❡❝t✐♦♥ ♦❢ ♠♦t❤❡r ♠❛② ✐ts❡❧❢ r❡s✉❧t ✐♥ ❛ ❝❤❛♥❣❡

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

✭❤❡♥❝❡❢♦rt❤✱ t❤❡ s❡❧❡❝t✐♦♥ ❡✛❡❝t✮ ♦♥ t❤❡ ❆❚❚ ❝❛♥ ❜❡ ❡st✐♠❛t❡❞ ❜②

s❡❧❴❡✛ = θ̂(♣♦st✲s❛♠♣❧❡✱♣r❡✲❡✛❡❝t)− θ̂(♣r❡✲s❛♠♣❧❡✱♣r❡✲❡✛❡❝t) . ✭✺✮

❚❤✐s s❡❧❡❝t✐♦♥ ❡✛❡❝t q✉❛♥t✐✜❡s ❤♦✇ t❤❡ ❝♦✉♥t❡r❢❛❝t✉❛❧ ❡✛❡❝t ♦❢ ♠♦t❤❡r❤♦♦❞ ❢♦r t❤❡ ♣♦st✲

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

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

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

s❛♠♣❧❡✳

❚❤❡ ❝❛✉s❛❧ r❡❢♦r♠ ❡✛❡❝t ♦❢ t❤❡ ❆❚❚ ♦❢ ♠♦t❤❡r❤♦♦❞ ❢♦r t❤❡ ♣♦st✲r❡❢♦r♠ s❛♠♣❧❡ ♦❢ ♠♦t❤❡rs

✐s t❤❡♥ ❣✐✈❡♥ ❜②

r❡❢♦r♠✲❡✛ = r❛✇❴❞✐✛− s❡❧❴✲❡✛ ✭✻✮

= θ̂(♣♦st✲s❛♠♣❧❡✱♣♦st✲❡✛❡❝t)− θ̂(♣♦st✲s❛♠♣❧❡✱♣r❡✲❡✛❡❝t) .

❚❤✐s r❡❢♦r♠ ❡✛❡❝t s✐♠♣❧② ♠❡❛s✉r❡s ❢♦r t❤❡ ♣♦st✲r❡❢♦r♠ s❛♠♣❧❡ ♦❢ ♠♦t❤❡rs ❤♦✇ t❤❡ ❝❛✉s❛❧

❡✛❡❝t ♦❢ ♠♦t❤❡r❤♦♦❞ ❝❤❛♥❣❡s ❞✉❡ t♦ t❤❡ r❡❢♦r♠✳

❚❤❡ r❡s✉❧ts ♦❢ t❤❡ ✐♥✈❡rs❡ ♣r♦❜❛❜✐❧✐t② ✇❡✐❣❤t✐♥❣ ❛r❡ s❤♦✇♥ ✐♥ ✜❣✉r❡ ✺✳ ❈♦♠♣❛r❡❞ t♦

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

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

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

♦❢ t❤❡ ❣r❛♣❤ ✉♥t✐❧ ♦♥❡ ②❡❛r ❜❡❢♦r❡ ❣✐✈✐♥❣ ❜✐rt❤ ✭♠♦♥t❤ ✲✶✷✮✱ t❤❡ ❝♦♥tr♦❧s r❡s✉❧ts ♠❛t❝❤

✷✵



✈❡r② ♣r❡❝✐s❡❧② t❤❡ tr❡❛t♠❡♥t r❡s✉❧ts✳ ❚❤✐s ❣✐✈❡s ✉s ❝♦♥✜❞❡♥❝❡ t❤❛t ✇❡ ❛r❡ ✐♥❞❡❡❞ ❛❜❧❡ t♦

❛❝❤✐❡✈❡ ❝♦♠♣❛r❛❜✐❧✐t② ✐♥ ❛❜s❡♥❝❡ ♦❢ t❤❡ tr❡❛t♠❡♥t ❢♦r t❤❡ t✇♦ ❣r♦✉♣s✳
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✭❜✮ ❧❛❜♦r ♠❛r❦❡t ♣❛rt✐❝✐♣❛t✐♦♥

❋✐❣✉r❡ ✺✿ ❚r❡❛t♠❡♥t ❛♥❞ ❝♦♥tr♦❧ ❣r♦✉♣ ❛❢t❡r ■P❲

❚❤❡ s❛♠❡ ❤♦❧❞s tr✉❡ ❢♦r t❤❡ r❡✇❡✐❣❤t❡❞ ♣r❡✲r❡❢♦r♠ s❛♠♣❧❡ ✉s✐♥❣ t❤❡ ✇❡✐❣❤ts ♦❢ ✭✸✮ ✭t❤❡

❣r❡❡♥ ❧✐♥❡s ✐♥ ✜❣✉r❡ ✺✮✳ ❚❤✐s ❣r♦✉♣ ♠❛t❝❤❡s ✐♥ t❤❡ ♣r❡✲tr❡❛t♠❡♥t ♣❡r✐♦❞✱ t❤❡ r❡s✉❧ts ♦❢

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

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

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

✺ ❘❡s✉❧ts

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

♦✉t❝♦♠❡s✳ ❆❞❞✐t✐♦♥❛❧❧②✱ t❤❡ ❡✛❡❝ts ♦♥ s❡❝♦♥❞ ♦r❞❡r ❢❡rt✐❧✐t② ❛r❡ ❡✈❛❧✉❛t❡❞✳ ■♥ t❤❡ ❡♥❞ ♦❢

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

✺✳✶ ❋✐♥❞✐♥❣s ♦♥ ❧❛❜♦r ♠❛r❦❡t ♦✉t❝♦♠❡s

❚❤❡ ❡✛❡❝ts ♦❢ ❣✐✈✐♥❣ ❜✐rt❤ ♦♥ ❡❛r♥✐♥❣s ❛r❡ s❤♦✇♥ ✐♥ ✜❣✉r❡ ✻✳ ❚❤❡ ❡✛❡❝t ✐s ❣✐✈❡♥ ❢♦r t❤❡

♣♦st✲r❡❢♦r♠ ♣❡r✐♦❞✱ ❢♦r t❤❡ ♣r❡✲r❡❢♦r♠ ♣❡r✐♦❞ ❛♥❞ ❢♦r t❤❡ r❡✇❡✐❣❤t❡❞ ♣r❡✲r❡❢♦r♠ s❛♠♣❧❡✳

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

❣r♦✉♣ ♦❢ ❣r❛♣❤ ✺✳ ❚❤❡s❡ ❡✛❡❝ts ♦❢ ❣✐✈✐♥❣ ❜✐rt❤ ❢♦❧❧♦✇ ❢♦r ❛❧❧ t❤r❡❡ ❣r♦✉♣s s✐♠✐❧❛r ♣❛tt❡r♥✱

✉♥t✐❧ ♦♥❡ ②❡❛r ❜❡❢♦r❡ ❣✐✈✐♥❣ ❜✐rt❤ t❤❡r❡ ✐s ✉♥s✉r♣r✐s✐♥❣❧② ♥♦ ❡✛❡❝t ❛t ❛❧❧✱ s❤♦rt❧② ❜❡❢♦r❡

❣✐✈✐♥❣ ❜✐rt❤✱ t❤❡r❡ ✐s ❛ ❞r❛♠❛t✐❝ ❞❡❝❧✐♥❡ ✐♥ ❡❛r♥✐♥❣s ❛♥❞ t❤❛♥ ❛ s❧♦✇ r❡❝♦✈❡r②✳ ❚❤❡r❡ ❛r❡

✷✶
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❋✐❣✉r❡ ✻✿ ❊✛❡❝ts ♦❢ ❣✐✈✐♥❣ ❜✐rt❤ ♦♥ ❞❛✐❧② ❡❛r♥✐♥❣s

❚❤❡ r❡❢♦r♠ ❤❛s ✐ts ❧❛r❣❡st ❡✛❡❝ts ✐♥ t❤❡ s❤♦rt r✉♥ ✕ t❤❡ ✜rst t✇♦ ②❡❛rs ❛❢t❡r ❣✐✈✐♥❣ ❜✐rt❤✳

❍❡r❡ ✇❡ r❡♣❧✐❝❛t❡ t❤❡ r❡s✉❧ts ♦❢ t❤❡ ❧✐t❡r❛t✉r❡✳ ❆ ❞❡❝r❡❛s❡ ✐♥ ❡❛r♥✐♥❣s ✐♥ t❤❡ ✜rst ②❡❛r

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

✐♥ ❡❛r♥✐♥❣s ❛❢t❡r t❤❡ ❡♥❞ ♦❢ t❤❡ t❤✐r❞ ②❡❛r ❛❢t❡r ❣✐✈✐♥❣ ❜✐rt❤✳ ❚❤✐s ❛♣♣❡❛rs ✐♥ ♣r❡✲ ❛♥❞

♣♦st✲r❡❢♦r♠ ♣❡r✐♦❞s ❛♥❞ ♠❛r❦s t❤❡ ❡♥❞ ♦❢ ❥♦❜ ♣r♦t❡❝t✐♦♥✳

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

❞❛✐❧② ❡❛r♥✐♥❣s ♦♥ ❛✈❡r❛❣❡ ✐♥ t❤❡ ✜❢t❤ ②❡❛r ❛❢t❡r ❣✐✈✐♥❣ ❜✐rt❤ ❜② ✶✳✾✶ ❊✉r♦ ✭❛♥ ❛❧♠♦st

✼✵✵ ❊✉r♦ ✐♥❝r❡❛s❡ ✐♥ ②❡❛r❧② ♥❡t✲❡❛r♥✐♥❣s✮✭s❡❡ ❢♦r t❤❡ ❡st✐♠❛t❡s t❤❡ t♦♣ ♣❛♥❡❧ ♦❢ t❛❜❧❡ ❆✳✶

✐♥ ❛♣♣❡♥❞✐①✮✳ ❋✉rt❤❡r✱ ✇❡ s❡❡ ❛ s✐❣♥✐✜❝❛♥t ✐♥❝r❡❛s❡ ✐♥ ❡❛r♥✐♥❣s ✐♥ t❤❡ ✜rst ②❡❛r ❜❡❢♦r❡

❣✐✈✐♥❣ ❜✐rt❤✳ ❚❤✐s ❡✛❡❝t ❤❛s ♥♦t ❜❡❡♥ ♥♦t❡❞ s♦ ❢❛r ✐♥ t❤❡ ❧✐t❡r❛t✉r❡ t♦ ♦✉r ❦♥♦✇❧❡❞❣❡✳ ■t

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

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

♣r♦t❡❝t✐♦♥✳ ❚❤✐s ✧❡♥t✐t❧❡♠❡♥t ❡✛❡❝t✧ ✐s s✐❣♥✐✜❝❛♥t ♦♥ ❢♦✉r ♣❡r❝❡♥t ❧❡✈❡❧✳ ❆❝❝♦r❞✐♥❣ t♦

❣r❛♣❤ ✻✱ ✐t s❡❡♠s t♦ st❡♠ ❢r♦♠ t❤❡ ♥✐♥t❤ t♦ ❢♦✉rt❤ ♠♦♥t❤ ❜❡❢♦r❡ ❣✐✈✐♥❣ ❜✐rt❤ ❛♥❞ ✐ts s✐③❡

✷✷



✐s ❡st✐♠❛t❡❞ t♦ ❜❡ ✵✳✼✼ ❊✉r♦ ✐♥ ❞❛✐❧② ❡❛r♥✐♥❣s ✭✷✽✵ ❊✉r♦ ②❡❛r❧②✮✳

❲❡ ❞♦ ❤♦✇❡✈❡r ♥♦t ❞❡t❡❝t ❛ s✐❣♥✐✜❝❛♥t ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ ✉♥✇❡✐❣❤t❡❞ ❛♥❞ r❡✇❡✐❣❤t❡❞

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

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

♠♦t❤❡rs✳ ❆s s❤♦✇♥ ✐♥ ✜❣✉r❡ ✹ ❛♥❞ ✺✱ t❤❡r❡ ❛r❡ ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ ♣r❡✲ ❛♥❞ ♣♦st✲r❡❢♦r♠

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

❍♦✇❡✈❡r✱ t❤✐s ❞✐✛❡r❡♥❝❡s ✐♥ t❤❡ s❡❧❡❝t✐♦♥ ❞♦ ♥♦t s❡❡♠ t♦ ❜❡ ✐♠♣♦rt❛♥t ❢♦r t❤❡ ❡✛❡❝t ♦❢

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

♦✉t❝♦♠❡s✳

❋♦r ❡♠♣❧♦②♠❡♥t✱ t❤❡ ❡✛❡❝ts ❛r❡ ❣❡♥❡r❛❧❧② ✈❡r② s✐♠✐❧❛r✳ ❲❡ s❡❡ t❤❡ s❛♠❡ ♣❛tt❡r♥s ❢♦r

t❤❡ s❤♦rt r✉♥ ❡✛❡❝ts✱ t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ ❥♦❜ ♣r♦t❡❝t✐♦♥ ❛♥❞ ❛ ♣♦s✐t✐✈❡ ❡✛❡❝t ✜✈❡ ②❡❛rs

❛❢t❡r ❣✐✈✐♥❣ ❜✐rt❤ ✭✜❣✉r❡ ✼ ❛♥❞ t❤❡ t♦♣ ♣❛♥❡❧ ♦❢ t❛❜❧❡ ❆✳✷✮✳ ▼♦t❤❡rs ♦❢ t❤❡ ♣♦st✲r❡❢♦r♠

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

❣r♦✉♣✳ ■♥t❡r❡st✐♥❣❧②✱ t❤✐s ❡✛❡❝t ✐s q✉✐t❡ st❛❜❧❡ ✐♥ t❤❡ ❢♦✉rt❤ ❛♥❞ ✜❢t❤ ②❡❛r ❛❢t❡r ❣✐✈✐♥❣

❜✐rt❤ ✇❤✐❝❤ ✇♦✉❧❞ ❜❡ ❛♥ ❡✈✐❞❡♥❝❡ t❤❛t t❤❡ ❡✛❡❝ts ❞♦ ♥♦t ❢❛❞❡ ♦✉t✳ ❆❣❛✐♥✱ ✇❡ ✜♥❞ ❛❧s♦ t❤❡

❡♥t✐t❧❡♠❡♥t ❡✛❡❝t ✐♥ t❤❡ ✜rst ②❡❛r ❜❡❢♦r❡ ❣✐✈✐♥❣ ❜✐rt❤✳ ▼♦t❤❡rs ❡♠♣❧♦②♠❡♥t ♣r♦❜❛❜✐❧✐t②

✐♥❝r❡❛s❡s s✐❣♥✐✜❝❛♥t❧② ❜② ✶✳✸ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ✇❤✐❧❡ t❤❡ ❡✛❡❝t ♦❢ t❤❡ s❡❧❡❝t✐♦♥ ✐♥❞✉❝❡❞

❜② t❤❡ r❡❢♦r♠ ✐s ❛❣❛✐♥ ❜❛r❡❧② ✈✐s✐❜❧❡✳

❚❤❡ ❡✛❡❝ts ♦♥ ❢✉❧❧✲t✐♠❡ ❡♠♣❧♦②♠❡♥t ❛r❡ s❤♦✇♥ ✐♥ ✜❣✉r❡ ✽ ❛♥❞ t❛❜❧❡ ❆✳✸✳ ❚❤❡ ❡♥t✐t❧❡♠❡♥t

❡✛❡❝t ❜❡❢♦r❡ ❣✐✈✐♥❣ ❜✐rt❤ ✐s ♦❢ s✐♠✐❧❛r s✐③❡ ❛s t❤❡ ❡✛❡❝t ♦♥ ❡♠♣❧♦②♠❡♥t r❛t❡ ✐♥❞✐❝❛t✐♥❣ t❤❛t

❢✉❧❧✲t✐♠❡ ❥♦❜s ❛r❡ ♣r❡❞♦♠✐♥❛t❡❧② ♠❛✐♥t❛✐♥❡❞ ✉♥t✐❧ ♠❛t❡r♥✐t② ♣r♦t❡❝t✐♦♥✳ ❚❤❡ s❤♦rt✲t❡r♠

❡✛❡❝ts s❤♦✇ ✐♥ t❤❡ s❛♠❡ ❞✐r❡❝t✐♦♥ ❛s ❢♦r ❡♠♣❧♦②♠❡♥t ❜✉t ❛r❡ s♠❛❧❧❡r ✐♥ s✐③❡✳ ❈♦♥❝❡r♥✐♥❣

♠❡❞✐✉♠ r✉♥ ❡✛❡❝ts✱ ✇❡ s❡❡ s✉r♣r✐s✐♥❣❧② ❛ s✐❣♥✐✜❝❛♥t ♥❡❣❛t✐✈❡ ❡✛❡❝t✳ ❲♦♠❡♥ ❛r❡ ❡st✐♠❛t❡❞

t♦ ❤❛✈❡ ❛ ✷✳✾ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ❧♦✇❡r ♣r♦❜❛❜✐❧✐t② ♦❢ ❜❡✐♥❣ ❢✉❧❧✲t✐♠❡ ❡♠♣❧♦②❡❞✳

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

♣r♦❜❛❜✐❧✐t② t♦ ✇♦r❦ ❢✉❧❧✲t✐♠❡✳ ❚❤✐s ✇♦✉❧❞ ❧❡❛❞ t♦ t❤❡ ❝♦♥❝❧✉s✐♦♥ t❤❛t t❤❡ ♣♦s✐t✐✈❡ ❡✛❡❝ts

♦♥ ❡❛r♥✐♥❣s ❛♥❞ ❡♠♣❧♦②♠❡♥t st❡♠ ❢r♦♠ ♣❛rt✲t✐♠❡ ❥♦❜s✳

✺✳✷ ❋✐♥❞✐♥❣s ♦♥ s❡❝♦♥❞ ♦r❞❡r ❢❡rt✐❧✐t②

■t ✐s ❝♦♥❝❡✐✈❛❜❧❡ t❤❛t t❤❡ ♣❛r❡♥t❛❧ ❜❡♥❡✜ts r❡❢♦r♠ ❛❧s♦ ❛✛❡❝ts t❤❡ ♣r♦♣❡♥s✐t② t♦ ❤❛✈❡ ❛

s❡❝♦♥❞ ❝❤✐❧❞✳ ❈②❣❛♥✲❘❡❤♠ ✭✷✵✶✻✮ ✐♥✈❡st✐❣❛t❡s t❤✐s ♦✉t❝♦♠❡ ❛♥❞ ✜♥❞s t❡♠♣♦r❛r② ❜✉t

♥♦ ❧❛st✐♥❣ ❡✛❡❝ts✳ ❲❡ ❛❧s♦ ✐♥tr♦❞✉❝❡ t❤❡ ✐♥❝✐❞❡♥❝❡ ♦❢ ❤❛✈✐♥❣ ❛♥♦t❤❡r ❝❤✐❧❞ ❛s ♦✉t❝♦♠❡
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✈❛r✐❛❜❧❡✳ ❚❤❡ r❡s✉❧ts ❛r❡ s❤♦✇♥ ✐♥ ✜❣✉r❡ ✾ ❛♥❞ t❛❜❧❡ ❆✳✹✳ ❚❤❡② ❛r❡ ❛❧♠♦st ❡♥t✐r❡❧②

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

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

♦♥ t❤✐s ♠❛r❣✐♥❛❧ s✐❣♥✐✜❝❛♥t r❡s✉❧t✳ ❆ ♣♦s✐t✐✈❡ ❡✛❡❝t ♦♥ s❡❝♦♥❞✲♦r❞❡r ❢❡rt✐❧✐t② ✇♦✉❧❞ ❜❡

❛♥②✇❛② r❛t❤❡r s✉r♣r✐s✐♥❣ ❣✐✈❡♥ t❤❡ ♣♦s✐t✐✈❡ ❡✛❡❝ts ♦♥ ❧❛❜♦r ♠❛r❦❡t ♦✉t❝♦♠❡s✳
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pre-reform
post-reform
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❋✐❣✉r❡ ✾✿ ❊✛❡❝ts ♦❢ ❣✐✈✐♥❣ ❜✐rt❤ ♦♥ s❡❝♦♥❞ ♦r❞❡r ❢❡rt✐❧✐t②

✺✳✸ ❍❡t❡r♦❣❡♥♦✉s ❡✛❡❝ts ❜② ❛❣❡ ♦❢ ♠♦t❤❡rs

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

♦✉t❝♦♠❡s ❛r❡ s❤♦✇♥ ✐♥ ✜❣✉r❡s ❆✳✶ t♦ ❆✳✸ ❛♥❞ t❤❡ ❧♦✇❡r ♣❛♥❡❧s ♦❢ t❛❜❧❡s ❆✳✶ t♦ ❆✳✸✳

●❡♥❡r❛❧❧②✱ t❤❡ ♠❡❞✐✉♠ r✉♥ r❡❢♦r♠ ❡✛❡❝t ✐s ❛r❣✉❛❜❧② ♠♦st ❜❡♥❡✜❝✐❛❧ ❢♦r ♠♦t❤❡rs ❛❣❡❞ ✸✶

t♦ ✸✺✳ ❚❤✐s ♠❡❛♥s t❤❛t t❤❡② ❞r✐✈❡ t❤❡ ♣♦s✐t✐✈❡ ❡✛❡❝ts ♦♥ ❡❛r♥✐♥❣s ❛♥❞ ❡♠♣❧♦②♠❡♥t✳ ❋♦r

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

t❤❡ ②♦✉♥❣❡st ❛❣❡ ❣r♦✉♣ ✐♥ ❛❧❧ t❤r❡❡ ♠❡❞✐✉♠ r✉♥ ♦✉t❝♦♠❡s✳ ▼♦t❤❡rs ❛❣❡❞ ✷✶ t♦ ✷✺ ❤❛✈❡

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

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

❜✐rt❤ ❡❛r♥✐♥❣s ✭r❡❢♦r♠ ✇✐♥♥❡rs ❛♥❞ ❧♦s❡rs✮✳ ❇❡r❣❡♠❛♥♥ ❛♥❞ ❘✐♣❤❛❤♥ ✭✷✵✶✶✮✱ ❋r♦❞❡r♠❛♥♥

❡t ❛❧✳ ✭✷✵✷✵✮ ❛♥❞ ❑❧✉✈❡ ❛♥❞ ❙❝❤♠✐t③ ✭✷✵✶✽✮✱ ❛❧❧ ✜♥❞ t❤❛t t❤❡ r❡❢♦r♠ ✇✐♥♥❡rs ✭✇✐t❤ ❤✐❣❤

♣r❡✲❜✐rt❤ ❡❛r♥✐♥❣s✮ ❜❡♥❡✜ts ❛❜♦✈❡ ❛✈❡r❛❣❡ ✇❤✐❧❡ t❤❡ r❡❢♦r♠ ❧♦s❡rs ❞♦ ♥♦t ❣❛✐♥ ✐♥ t❤❡

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

t❤❛♥ ♦✉r ✜♥❞✐♥❣s ✇♦✉❧❞ ❛❣r❡❡ ✇✐t❤ t❤❛t ❧✐t❡r❛t✉r❡✳

❋✉rt❤❡r✱ ✇❡ s❤♦✇ ✐♥ t❤❡ ❧♦✇❡r ♣❛♥❡❧ ♦❢ t❛❜❧❡ ❆✳✹ t❤❛t t❤❡ ❡✛❡❝t ♦♥ s❡❝♦♥❞ ♦r❞❡r ❢❡rt✐❧✐t②

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

✻ ❈♦♠♣❛r✐s♦♥ t♦ ❛❧t❡r♥❛t✐✈❡ ❡st✐♠❛t✐♦♥ str❛t❡❣✐❡s

❆ ♣♦♣✉❧❛r s✐♠♣❧❡ ❛♣♣r♦❛❝❤ t♦ ❡st✐♠❛t❡ t❤❡ ❡✛❡❝t ♦❢ ♠♦t❤❡r❤♦♦❞ ♦♥ ♣♦st✲❜✐rt❤ ♦✉t❝♦♠❡s

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

t♦ ❡st✐♠❛t✐♥❣ ❛♥ ❡✈❡♥t st✉❞② r❡❣r❡ss✐♦♥ ✉s✐♥❣ ❛ ♥♦♥♣❛r❛♠❡tr✐❝ s♣❡❝✐✜❝❛t✐♦♥ ✐♥ t✐♠❡✲

r❡❧❛t✐✈❡✲t♦✲tr❡❛t♠❡♥t ✭❑❧❡✈❡♥ ❡t ❛❧✳✱ ✷✵✶✾❛✱❜✮✳ ❚❤❡ ❡✈❡♥t st✉❞② r❡❣r❡ss✐♦♥ ✉s❡s t❤❡ s❛♠♣❧❡

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

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

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

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

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

Yiym =
59
∑

j=−35
j 6=−12

αjI(ym− t = j) +
59
∑

k=−35

βkI(ym− t = k)postreformi

+ πeastiym +
3
∑

j=1

θjI(eduism = j) +
45
∑

l=19

γlI(age = l) + λy + δm + ǫiym , ✭✼✮

✇❤❡r❡ Yiym ✐s t❤❡ ♦✉t❝♦♠❡ ❢♦r ✐♥❞✐✈✐❞✉❛❧ i ♦❜s❡r✈❡❞ ✐♥ ②❡❛r y ❛♥❞ ♠♦♥t❤ m✳ t ✐s t❤❡ ♠♦♥t❤

♦❢ ❜✐rt❤ ❛♥❞ ym ✐s t❤❡ ②❡❛r ❛♥❞ ♠♦♥t❤ ♦❜s❡r✈❡❞✱ t❤✉s ym− t ✐s t✐♠❡ r❡❧❛t✐✈❡ t♦ t❤❡ ❜✐rt❤

♠♦♥t❤✳ ❚❤✐s r❡❣r❡ss✐♦♥ ✉s❡s ❛ s❡r✐❡s ♦❢ ❞✉♠♠✐❡s ❢♦r ♠♦♥t❤ r❡❧❛t✐✈❡ t♦ ❜✐rt❤ I(ym− t = j)

❢r♦♠ ✸✺ ♠♦♥t❤s ❜❡❢♦r❡ ❜✐rt❤ t♦ ✺✾ ♠♦♥t❤s ❛❢t❡r ❜✐rt❤✳ ❚❤❡ ♦♠✐tt❡❞ ❝❛t❡❣♦r② ✐s ✶✷ ♠♦♥t❤s

❜❡❢♦r❡ ❜✐rt❤ ❛♥❞ t❤❡ ❝♦❡✣❝✐❡♥ts αj ♠❡❛s✉r❡s t❤❡ ❞✐✛❡r❡♥❝❡ ♦❢ t❤❡ ♦✉t❝♦♠❡ ✐♥ ♠♦♥t❤ j

r❡❧❛t✐✈❡ t♦ ♠♦♥t❤ −12✱ ✇❤✐❝❤ ✐s ❛❧s♦ ♦✉r t✐♠❡ ♦❢ ❛❧✐❣♥♠❡♥t ❢♦r ♦✉r ❝♦♥tr♦❧ ❣r♦✉♣ ❛♣♣r♦❛❝❤
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✐♥ s❡❝t✐♦♥ ❄❄✳ αj ❛r❡ t❤❡ ❡✛❡❝t ❡st✐♠❛t❡s ❢♦r t❤❡ t❤❡ ♣r❡✲r❡❢♦r♠ ♣❡r✐♦❞ s✐♥❝❡ t❤❡ r❡❢♦r♠

❛❧s♦ ✐♥✈♦❧✈❡s ✐♥t❡r❛❝t✐♦♥s ♦❢ t❤❡ I(ym− t = j) ❞✉♠♠✐❡s ✇✐t❤ t❤❡ ♣♦st✲r❡❢♦r♠ ♣❡r✐♦❞✳ ❚❤❡

❝♦❡✣❝✐❡♥ts ♦❢ t❤❡ ✐♥t❡r❛❝t✐♦♥s βk r❡♣r❡s❡♥t t❤❡ ❝❤❛♥❣❡s ♦❢ t❤❡ ♠♦t❤❡r❤♦♦❞ ❡✛❡❝ts ❜❡t✇❡❡♥

t❤❡ ♣r❡✲r❡❢♦r♠ ♣❡r✐♦❞ ❛♥❞ t❤❡ ♣♦st✲r❡❢♦r♠ ♣❡r✐♦❞✳

❚❤❡ ✐❞❡♥t✐✜❝❛t✐♦♥ ♦❢ t❤❡ ✐♠♠❡❞✐❛t❡ ♠♦t❤❡r❤♦♦❞ ❡✛❡❝t r✐❣❤t ❛❢t❡r t❤❡ ❜✐rt❤ r❡❧✐❡s ♦♥ t❤❡

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

t✐♠❡ ✭❑❧❡✈❡♥ ❡t ❛❧✳✱ ✷✵✶✾❛✮✳ ❚❤✐s ❛ss✉♠♣t✐♦♥ ✐♠♣❧②✐♥❣ s♠❛❧❧ ❝❤❛♥❣❡s ♦✈❡r t✐♠❡ ✐♥ t❤❡

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

❛❢t❡r ❜✐rt❤✳ ❍♦✇❡✈❡r✱ ✐t ❛❧s♦ r❡❧✐❡s ♦♥ t❤❡ ❛ss✉♠♣t✐♦♥ t❤❛t ♣r❡✲tr❡❛t♠❡♥t ♦✉t❝♦♠❡s ❢♦r

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

♠❡❛♥s t❤❛t t❤❡ ❡✛❡❝ts ♦❢ t✐♠❡ ❛♥❞ s♦❝✐♦✲❡❝♦♥♦♠✐❝ ❝❤❛r❛❝t❡r✐st✐❝s ♦♥ t❤❡ ❝♦✉♥t❡r❢❛❝t✉❛❧

❛r❡ ❝❛♣t✉r❡❞ ❜② t❤❡ ❡st✐♠❛t❡s ♦♥ t❤❡s❡ ❝♦✈❛r✐❛t❡s ✐♥ ❡q✳ ✭✼✮✳ ❚❤❡ ✐❞❡♥t✐❢②✐♥❣ ❛ss✉♠♣t✐♦♥s

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

✇❤✐❧❡ s✐♥❝❡ tr❡❛t♠❡♥t✱ ❛s ❑❧❡✈❡♥ ❡t ❛❧✳ ✭✷✵✶✾❛✮ ♣♦✐♥t ♦✉t t❤❡♠s❡❧✈❡s✳ ■♥ ❛❞❞✐t✐♦♥✱ t❤❡

❛ss✉♠♣t✐♦♥ ♦❢ ❝♦♥t✐♥✉✐t② ✐♥ t✐♠❡ ✐s ❧❡ss ♣❧❛✉s✐❜❧❡ ✇❤❡♥ tr❡❛t♠❡♥t ❡✛❡❝ts ❛r❡ ❡st✐♠❛t❡❞

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

tr❡❛t♠❡♥t t✐♠❡ t♦ ❛❝❝♦✉♥t ❢♦r ❛♥t✐❝✐♣❛t✐♦♥ ❡✛❡❝ts ♦❢ tr❡❛t♠❡♥t✳ ▲❛st❧②✱ t❤❡ ❡✈❡♥t st✉❞②

r❡❣r❡ss✐♦♥ ✐♥ ❡q✳ ✭✼✮ ❡st✐♠❛t❡s t❤❡ ❝❛❧❡♥❞❛r t✐♠❡ ❡✛❡❝t ❢♦r t❤❡ ②❡❛rs ❛❢t❡r t❤❡ ♣r❡✲r❡❢♦r♠

♣❡r✐♦❞ ❜❛s❡❞ ♦♥ ♣♦st✲❜✐rt❤ ♦✉t❝♦♠❡s ❢♦r t❤❡ ♣r❡✲r❡❢♦r♠ ♠♦t❤❡rs ❛♥❞ ♦♥ ♦✉t❝♦♠❡s ❢♦r t❤❡

♣♦st✲r❡❢♦r♠ ♠♦t❤❡rs✳ ❙✐♥❝❡ t❤❡ s❡❧❡❝t✐♦♥ ♦❢ ♠♦t❤❡rs ❞✐✛❡rs ❜❡t✇❡❡♥ t❤❡ ♣r❡✲ ❛♥❞ ♣♦st✲

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

♠♦r❡ ✐♠♣♦rt❛♥t❧②✱ t❤❡ ❝❛❧❡♥❞❛r t✐♠❡ ❡✛❡❝ts ❛❢t❡r t❤❡ ②❡❛r ✷✵✵✾ ❛r❡ s♦❧❡❧② ❜❛s❡❞ ♦♥ t❤❡

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

❡✛❡❝ts ♦❢ ♠♦t❤❡r❤♦♦❞✳

❆ ❢✉rt❤❡r ❝♦♥❝❡r♥ ✐s t❤❛t t❤❡ ❡st✐♠❛t❡❞ r❡❢♦r♠ ❡✛❡❝t ✐♥ ❡q✳ ✭✼✮ ❞♦❡s ♥♦t ❛❝❝♦✉♥t ❢♦r

❞✐✛❡r❡♥❝❡s ✐♥ ♣r❡✲❜✐rt❤ ❧❛❜♦r ♠❛r❦❡t ❤✐st♦r② ❛♣❛rt ❢r♦♠ t❤❡ ♦✉t❝♦♠❡ ❡✛❡❝t ❛t ♠♦♥t❤ ✲✶✷✳

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

♠❛r❦❡t ❤✐st♦r② ❞✉❡ t♦ t❤❡ r❡❢♦r♠ ❛r❡ ♥♦t ❛❝❝♦✉♥t❡❞ ❢♦r ✇❤❡♥ ❡st✐♠❛t✐♥❣ t❤❡ r❡❢♦r♠ ❡✛❡❝t

❜❛s❡❞ ♦♥ t❤❡ ❡✈❡♥t st✉❞② r❡❣r❡ss✐♦♥ ✐♥ ❡q✳ ✭✼✮✳

❚♦ ❡①♣❧♦r❡ t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ t❤❡s❡ ❝♦♥❝❡r♥s✱ ✇❡ ❝♦♥tr❛st t❤❡ ❡st✐♠❛t❡❞ tr❡❛t♠❡♥t ❡✛❡❝ts

❛♥❞ r❡❢♦r♠ ❡✛❡❝ts ❜❛s❡❞ ♦♥ ♦✉r ❝♦♥tr♦❧ ❣r♦✉♣ ❛♣♣r♦❛❝❤ t♦ t❤❡ ❡st✐♠❛t❡s ❢♦r ❡q✳ ✭✼✮✳

❋♦r t❤❡ ♣r❡✲r❡❢♦r♠ ♣❡r✐♦❞✱ ❋✐❣✉r❡ ✶✵ ❞❡♣✐❝ts t❤❡ ❡st✐♠❛t❡❞ ❝♦❡✣❝✐❡♥ts αj ❜❛s❡❞ ♦♥ t❤❡
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✭❜✮ ❧❛❜♦r ♠❛r❦❡t ♣❛rt✐❝✐♣❛t✐♦♥

❋✐❣✉r❡ ✶✵✿ ❊✛❡❝t ♦❢ ❣✐✈✐♥❣ ❜✐rt❤ ✇✐t❤ ❡✈❡♥t✲st✉❞②✱ ❜❛s❡❧✐♥❡ ❛♥❞ t✇♦ ❛❧t❡r♥❛t✐✈❡ ❝♦♥tr♦❧
❣r♦✉♣s

❡✈❡♥t st✉❞② r❡❣r❡ss✐♦♥ ✭❞❡♥♦t❡❞ ❜② ❡✈❡♥t✲st✉❞②✮ ❛♥❞ t❤❡ ❡st✐♠❛t❡❞ tr❡❛t♠❡♥t ❡✛❡❝ts ❜❛s❡❞

♦♥ ♦✉r ❝♦♥tr♦❧ ❣r♦✉♣ ❛♣♣r♦❛❝❤ ✭❞❡♥♦t❡❞ ❜② ❜❛s❡❧✐♥❡ ❬❝❧❛ss✐✜❝❛t✐♦♥ ✇✐♥❞♦✇ ♦❢ ✶✷ ♠♦♥t❤s❪✱

s♠❛❧❧❡r ❝♦♥tr♦❧ ❣r♦✉♣ ❬❝❧❛ss✐✜❝❛t✐♦♥ ✇✐♥❞♦✇ ♦❢ ✷✹ ♠♦♥t❤s❪✱ ❧❛r❣❡r ❝♦♥tr♦❧ ❣r♦✉♣ ❬❝❧❛ss✐✜✲

❝❛t✐♦♥ ✇✐♥❞♦✇ ♦❢ ✶ ♠♦♥t❤❪✮✳ ❚❤❡ ❣r❛♣❤ t♦ t❤❡ ❧❡❢t s❤♦✇s t❤❡ ✜♥❞✐♥❣s ❢♦r ❡❛r♥✐♥❣s ❛♥❞ t❤❡

❣r❛♣❤ t♦ t❤❡ r✐❣❤t ❢♦r ❧❛❜♦r ♠❛r❦❡t ♣❛rt✐❝✐♣❛t✐♦♥✳ ❚❤❡ ❡✛❡❝t ❡st✐♠❛t❡s ♣r❡✲tr❡❛t♠❡♥t ❛♥❞

❞✉r✐♥❣ t❤❡ ✜rst ②❡❛r ❛❢t❡r tr❡❛t♠❡♥t ❛r❡ q✉✐t❡ s✐♠✐❧❛r ❜❡t✇❡❡♥ t❤❡ ❜❛s❡❧✐♥❡ ❛♥❞ t❤❡ ❡✈❡♥t

st✉❞② ❛♣♣r♦❛❝❤✳ ❚❤✉s✱ t❤❡ ❡✈❡♥t st✉❞② ❛♣♣r♦❛❝❤ ♣r♦✈✐❞❡s ❛ ✈❡r② ❣♦♦❞ ❛❧✐❣♥♠❡♥t ❜❡❢♦r❡

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

t❤❡ ❡✛❡❝ts ❞✉r✐♥❣ t❤❡ ✜rst ②❡❛r ❛❢t❡r ❜✐rt❤✳ ❍♦✇❡✈❡r✱ t❤❡ ❡✈❡♥t st✉❞② ❛♣♣r♦❛❝❤ str♦♥❣❧②

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

❝♦♥tr♦❧ ❣r♦✉♣ ❛♣♣r♦❛❝❤ ❡st✐♠❛t❡s ❛ ❝♦♥t✐♥✉♦✉s r❡❝♦✈❡r② ✐♥ ❡❛r♥✐♥❣s ❛♥❞ ❡♠♣❧♦②♠❡♥t ♦✈❡r

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

r❡❝♦✈❡r② ❛❢t❡r t❤❡ ✜rst ②❡❛r✳ ❖♥❡ r❡❛s♦♥ ❢♦r t❤✐s ✜♥❞✐♥❣ ❛r❡ t❤❡ ❜❡tt❡r ❡♠♣❧♦②♠❡♥t ❛♥❞

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

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

◆♦✇✱ ✇❡ t✉r♥ t♦ t❤❡ r❡❢♦r♠ ❡✛❡❝ts✳ ❋✐❣✉r❡ ✶✶ ❝♦♥tr❛sts t❤❡ ❡st✐♠❛t❡❞ r❡❢♦r♠ ❡✛❡❝ts ❢♦r

t❤❡ ❡✈❡♥t st✉❞② r❡❣r❡ss✐♦♥ ✭t❤❡ βk✬s ✐♥ ❡q✳ ✭✼✮✮ ❛♥❞ t❤❡ r❡❢♦r♠ ❡✛❡❝ts ❜❛s❡❞ ♦♥ t❤❡ ❝♦♥tr♦❧

❣r♦✉♣ ❛♣♣r♦❛❝❤ ✭❜❛s❡❧✐♥❡✱ s♠❛❧❧❡r✴❧❛r❣❡ ❝♦♥tr♦❧ ❣r♦✉♣✮✳ ❆❣❛✐♥ ✇❡ ✜♥❞ t❤❛t t❤❡ ❡✛❡❝ts ❛r❡

✈❡r② s✐♠✐❧❛r ❜❡t✇❡❡♥ t❤❡ ❞✐✛❡r❡♥t ❛♣♣r♦❛❝❤❡s ❜❡❢♦r❡ ❜✐rt❤ ❛♥❞ ❢♦r t❤❡ ✜rst ②❡❛r ❛❢t❡r ❜✐rt❤✳

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

t❤❡ s❡❝♦♥❞ ♣♦st✲❜✐rt❤ ②❡❛r ♦♥✇❛r❞✳ ❚❤❡ ❞✐✛❡r❡♥❝❡ ✐s ❣r♦✇✐♥❣ ♦✈❡r t✐♠❡ ❛♥❞ ✐t ❛♠♦✉♥ts
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✭❜✮ ❧❛❜♦r ♠❛r❦❡t ♣❛rt✐❝✐♣❛t✐♦♥

❋✐❣✉r❡ ✶✶✿ ❘❡❢♦r♠ ❡✛❡❝ts ✇✐t❤ ❡✈❡♥t✲st✉❞②✱ ❜❛s❡❧✐♥❡ ❛♥❞ t✇♦ ❛❧t❡r♥❛t✐✈❡ ❝♦♥tr♦❧ ❣r♦✉♣s

t♦ ❛❜♦✉t ✜✈❡ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ✐♥ t❤❡ ✜❢t❤ ♣♦st✲❜✐rt❤ ②❡❛r✳ ❲❤✐❧❡ t❤❡ r❡❢♦r♠ ❡✛❡❝ts ❢♦r

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

✉♥❞❡r❡st✐♠❛t❡s t❤❡ ♣♦s✐t✐✈❡ ❡❛r♥✐♥❣s ❡✛❡❝t ✐♥ t❤❡ ❢♦rt❤ ❛♥❞ ✜❢t❤ ♣♦st✲❜✐rt❤ ②❡❛r✳ ❲❤❛t

❛r❡ t❤❡ r❡❛s♦♥s ❢♦r t❤❡s❡ ❞✐✛❡r❡♥❝❡s❄ ■♥ ❛❞❞✐t✐♦♥ t♦ t❤❡ ❛❢♦r❡♠❡♥t✐♦♥❡❞ r❡❛s♦♥s ❢♦r t❤❡

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

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

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

❛♣♣r♦❛❝❤ ❛❝❝♦✉♥ts ❢♦r t❤❡s❡✳

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

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

t❤❡ r❡❢♦r♠ ❡✛❡❝t✳

✼ ❈♦♥❝❧✉s✐♦♥s

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

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

t❤❡ ❡✛❡❝t ♦❢ t❤❡ ✷✵✵✼ ♣❛r❡♥t❛❧ ❧❡❛✈❡ r❡❢♦r♠✳ ▼♦t❤❡rs ❛r❡ ♣♦s✐t✐✈❡❧② s❡❧❡❝t❡❞ ✐♥ t❡r♠s

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

❜✐rt❤✱ t❤❡② ❡❛r♥ ❛r♦✉♥❞ ✹✵ ♣❡r❝❡♥t ♠♦r❡ t❤❛♥ t❤❡ ✇♦♠❡♥ ✐♥ t❤❡ ❝♦♥tr♦❧ ❣r♦✉♣ ❛♥❞ t❤❡✐r

❡♠♣❧♦②♠❡♥t r❛t❡ ✐s ♠♦r❡ t❤❛♥ ✶✵ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ❤✐❣❤❡r✳ ❲❤✐❧❡ t❤❡ ❡♠♣❧♦②♠❡♥t r❛t❡

❛♥❞ t❤❡ ❡❛r♥✐♥❣s ❜❡❢♦r❡ ❜✐rt❤ ✇❡r❡ ❤✐❣❤❡r ❛❢t❡r t❤❡ r❡❢♦r♠ t❤❛♥ ❜❡❢♦r❡✱ t❤❡ r❡❢♦r♠ ❤❛❞

❧✐tt❧❡ ✐♠♣❛❝t ♦♥ t❤❡ ♣r❡✲❜✐rt❤ ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ ♠♦t❤❡r ❛♥❞ t❤❡ ❝♦♥tr♦❧ ❣r♦✉♣✳

✷✾



❲❤✐❧❡ t❤❡r❡ ❛r❡ s✐❣♥✐✜❝❛♥t ♥❡❣❛t✐✈❡ ❡✛❡❝ts ♦❢ t❤❡ r❡❢♦r♠ ♦♥ ❧❛❜♦r ♠❛r❦❡t ♦✉t❝♦♠❡ ❞✉r✐♥❣

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

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

❜② ❛❧♠♦st ✼✵✵ ❊✉r♦s ❛♥❞ t❤❡ ❡♠♣❧♦②♠❡♥t r❛t❡ ❜② ✷✳✻ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ✐♥ t❤❡ ✜❢t❤ ②❡❛r

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

❛♠♦♥❣ ♠♦t❤❡rs✳ ❚❤❡ ♠♦st ♣♦s✐t✐✈❡ ❡✛❡❝ts ❛r❡ ❢♦✉♥❞ ❢♦r ♠❡❞✐✉♠ ❛❣❡❞ ♠♦t❤❡rs ✭✸✶ t♦

✸✺ ②❡❛rs ♦❢ ❛❣❡✮ ✇❤✐❧❡ t❤❡ ②♦✉♥❣❡st ❛❣❡ ❣r♦✉♣ ✭✷✶ t♦ ✷✺ ②❡❛rs ♦❢ ❛❣❡✮ s❤♦✇s ✇♦rs❡ ❧❛❜♦r

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

s❡❝♦♥❞✲♦r❞❡r ❢❡rt✐❧✐t② ✐s s♠❛❧❧ ❛♥❞ ✐♥s✐❣♥✐✜❝❛♥t✳

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

❡✛❡❝t✧ ✐s s✐❣♥✐✜❝❛♥t ❢♦r ❛❧❧ t❤r❡❡ ❧❛❜♦r ♠❛r❦❡t ♦✉t❝♦♠❡s✳ ❚❤✐s ✜♥❞✐♥❣ ✐s ♣❧❛✉s✐❜❧❡ ❜❡❝❛✉s❡

t❤❡ ♣❛r❡♥t❛❧ ❧❡❛✈❡ ❜❡♥❡✜ts ✐♥ t❤❡ ♣♦st✲r❡❢♦r♠ ♣❡r✐♦❞ ❞❡♣❡♥❞ ♦♥ t❤❡ ❡❛r♥✐♥❣s ♦❢ ♠♦t❤❡rs

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

❖✉r ❡✈✐❞❡♥❝❡ ♦♥ t❤❡ r❡❢♦r♠ ❡✛❡❝ts ♦♥ ♣♦st✲❜✐rt❤ ♦✉t❝♦♠❡s ✜ts q✉✐t❡ ✇❡❧❧ t♦ t❤❡ ❡①✐st✐♥❣

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

❜✉t ♥♦t ❢♦r ❢✉❧❧✲t✐♠❡ ❡♠♣❧♦②♠❡♥t ✭❋r♦❞❡r♠❛♥♥ ❡t ❛❧✳✱ ✷✵✷✵❀ ❑❧✉✈❡ ❛♥❞ ❙❝❤♠✐t③✱ ✷✵✶✽✮✳

❚❤❡ ♣♦s✐t✐✈❡ r❡❢♦r♠ ❡✛❡❝ts st❡♠ ❢r♦♠ ♠♦t❤❡rs ✇✐t❤ ❜❡tt❡r ♣r❡✲❜✐rt❤ ❧❛❜♦r ♠❛r❦❡t ♦✉t✲

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

❛♥❞ ❘✐♣❤❛❤♥✱ ✷✵✷✵❀ ❋r♦❞❡r♠❛♥♥ ❡t ❛❧✳✱ ✷✵✷✵❀ ❑❧✉✈❡ ❛♥❞ ❙❝❤♠✐t③✱ ✷✵✶✽✮✳ ❖✉r r❡s✉❧ts s❡♣✲

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

❜✐rt❤ ✐♥ t❤❡✐r ✸✵s ✐♥❝r❡❛s❡ ❛❢t❡r t❤❡ r❡❢♦r♠ ✇❤✐❧❡ ✇❡ ❞♦ ♥♦t ✜♥❞ s✉❝❤ ♣♦s✐t✐✈❡ r❡❢♦r♠ ❡✛❡❝ts

❢♦r ♠♦t❤❡rs ❣✐✈✐♥❣ ❜✐rt❤ ✐♥ t❤❡✐r ❡❛r❧② ✷✵s✳ ❇♦t❤ ♣r❡✲❜✐rt❤ ❡♠♣❧♦②♠❡♥t ❛♥❞ ❡❛r♥✐♥❣s ❛r❡

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

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

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

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

t❤❡ ✐♠♣❛❝t ♦❢ ✐♥st✐t✉t✐♦♥❛❧ ❝❤❛♥❣❡s ✐♥ t❤✐s ❝♦♥t❡①t✳ ❋♦r s❤♦rt✲r✉♥ ♦✉t❝♦♠❡s ♣♦st ❜✐rt❤✱ t❤❡

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

str♦♥❣ ❞✐♣ ✐♥ ❡♠♣❧♦②♠❡♥t ❛♥❞ ❡❛r♥✐♥❣s ❢♦r ♠♦t❤❡rs ✐♠♠❡❞✐❛t❡❧② ❛❢t❡r ❜✐rt❤✳ ❍♦✇❡✈❡r✱ t❤❡

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

♦♥✇❛r❞ ❝♦♠♣❛r❡❞ t♦ ❛ ❡✈❡♥t st✉❞② ❛♣♣r♦❛❝❤ ❛s ✐♥ ❑❧❡✈❡♥ ❡t ❛❧✳ ✭✷✵✶✾❜✮✳ ❖✉r ✜♥❞✐♥❣s

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

✸✵



❡✛❡❝ts ♦❢ ♠♦t❤❡r❤♦♦❞ ❝♦♠♣❛r❡❞ t❤❡ ❡✈❡♥t st✉❞② ❛♣♣r♦❛❝❤✳ ❊✈❡♥ t❤♦✉❣❤ t❤❡r❡ ✐s s♦♠❡

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

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

r✉♥✳ ❘❡❣❛r❞✐♥❣ t❤❡ r❡❢♦r♠ ❡✛❡❝t✱ t❤❡ ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ ♦✉r ❛♣♣r♦❛❝❤ ❛♥❞ ❛♥ ❡✈❡♥t

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

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

s✐❣♥✐✜❝❛♥t r❡❢♦r♠ ❡✛❡❝ts ♦♥ ♣♦st✲❜✐rt❤ ❡❛r♥✐♥❣s ❛♥❞ ❡♠♣❧♦②♠❡♥t ✐♥ t❤❡ ♠❡❞✐✉♠ r✉♥✳ ❚❤✐s

♠❡❛♥s t❤❛t t❤❡ ❝❤♦✐❝❡ ♦❢ t❤❡ ❡❝♦♥♦♠❡tr✐❝ str❛t❡❣② ♠❛tt❡rs ✇❤❡♥ ❛ss❡ss✐♥❣ t❤❡ ❡✛❡❝ts ♦❢

t❤❡ ✷✵✵✼ ♣❛r❡♥t❛❧ ❧❡❛✈❡ r❡❢♦r♠ ✐♥ ●❡r♠❛♥②✳

❇✐❜❧✐♦❣r❛♣❤②

❆❜❜r✐♥❣✱ ❏✳ ❍✳ ❛♥❞ ❱❛♥ ❞❡♥ ❇❡r❣✱ ●✳ ❏✳ ✭✷✵✵✸✮✳ ❚❤❡ ♥♦♥♣❛r❛♠❡tr✐❝ ✐❞❡♥t✐✜❝❛t✐♦♥ ♦❢

tr❡❛t♠❡♥t ❡✛❡❝ts ✐♥ ❞✉r❛t✐♦♥ ♠♦❞❡❧s✳ ❊❝♦♥♦♠❡tr✐❝❛✱ ✼✶✭✺✮✿✶✹✾✶✕✶✺✶✼✳

❆♥❣❡❧♦✈✱ ◆✳✱ ❏♦❤❛♥ss♦♥✱ P✳✱ ❛♥❞ ▲✐♥❞❛❤❧✱ ❊✳ ✭✷✵✶✻✮✳ P❛r❡♥t❤♦♦❞ ❛♥❞ t❤❡ ❣❡♥❞❡r ❣❛♣ ✐♥

♣❛②✳ ❏♦✉r♥❛❧ ♦❢ ▲❛❜♦r ❊❝♦♥♦♠✐❝s✱ ✸✹✭✸✮✿✺✹✺✕✺✼✾✳

❆♥t♦♥✐✱ ▼✳✱ ●❛♥③❡r✱ ❆✳✱ ❛♥❞ ✈♦♠ ❇❡r❣❡✱ P✳ ✭✷✵✶✾✮✳ ❙❛♠♣❧❡ ♦❢ ✐♥t❡❣r❛t❡❞ ❧❛❜♦✉r ♠❛r❦❡t

❜✐♦❣r❛♣❤✐❡s r❡❣✐♦♥❛❧ ✜❧❡ ✭s✐❛❜✲r✮ ✶✾✼✺ ✲ ✷✵✶✼✳ ❋❉❩✲❉❛t❡♥r❡♣♦rt ✵✹✴✷✵✶✾ ✭❡♥✮✱ ◆✉r❡♠✲

❜❡r❣✳

❇❡r❣❡♠❛♥♥✱ ❆✳ ❛♥❞ ❘✐♣❤❛❤♥✱ ❘✳ ❚✳ ✭✷✵✶✶✮✳ ❋❡♠❛❧❡ ❧❛❜♦✉r s✉♣♣❧② ❛♥❞ ♣❛r❡♥t❛❧ ❧❡❛✈❡

❜❡♥❡✜ts ✕ t❤❡ ❝❛✉s❛❧ ❡✛❡❝t ♦❢ ♣❛②✐♥❣ ❤✐❣❤❡r tr❛♥s❢❡rs ❢♦r ❛ s❤♦rt❡r ♣❡r✐♦❞ ♦❢ t✐♠❡✳

❆♣♣❧✐❡❞ ❊❝♦♥♦♠✐❝s ▲❡tt❡rs✱ ✶✽✭✶✮✿✶✼✕✷✵✳

❇❡r❣❡♠❛♥♥✱ ❆✳ ❛♥❞ ❘✐♣❤❛❤♥✱ ❘✳ ❚✳ ✭✷✵✷✵✮✳ ▼❛t❡r♥❛❧ ❡♠♣❧♦②♠❡♥t ❡✛❡❝ts ♦❢ ♣❛✐❞ ♣❛r❡♥t❛❧

❧❡❛✈❡✳ ❲♦r❦✐♥❣ P❛♣❡r ❙❡r✐❡s ✷✵✷✵✿✻✱ ■❋❆❯ ✲ ■♥st✐t✉t❡ ❢♦r ❊✈❛❧✉❛t✐♦♥ ♦❢ ▲❛❜♦✉r ▼❛r❦❡t

❛♥❞ ❊❞✉❝❛t✐♦♥ P♦❧✐❝②✳

❇✐❡✇❡♥✱ ▼✳✱ ❋✐t③❡♥❜❡r❣❡r✱ ❇✳✱ ❖s✐❦♦♠✐♥✉✱ ❆✳✱ ❛♥❞ P❛✉❧✱ ▼✳ ✭✷✵✶✹✮✳ ❚❤❡ ❡✛❡❝t✐✈❡♥❡ss

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

❝❤♦✐❝❡s✳ ❏♦✉r♥❛❧ ♦❢ ▲❛❜♦r ❊❝♦♥♦♠✐❝s✱ ✸✷✭✹✮✿✽✸✼✕✽✾✼✳

❇▼❋❙❋❏ ✭✷✵✵✹✮✳ ❊r③✐❡❤✉♥❣s❣❡❧❞✱ ❊❧t❡r♥③❡✐t✳ ❉❛s ❇✉♥❞❡s❡r③✐❡❤✉♥❣s❣❡❧❞❣❡s❡t③t✳ ❚❡❝❤♥✐❝❛❧

r❡♣♦rt✱ ❇✉♥❞❡s♠✐♥✐st❡r✐✉♠ ❢ür ❋❛♠✐❧✐❡✱ ❙❡♥✐♦r❡♥✱ ❋r❛✉❡♥ ✉♥❞ ❏✉❣❡♥❞✳

✸✶



❇▼❋❙❋❏ ✭✷✵✷✵❛✮✳ ❊❧t❡r♥❣❡❧❞✱ ❊❧t❡r♥❣❡❧❞P❧✉s ✉♥❞ ❊❧t❡r♥③❡✐t✳ ❉❛s ❇✉♥❞❡s❡❧t❡r♥❣❡❧❞✲ ✉♥❞

❊❧t❡r♥③❡✐t❣❡s❡t③✱ ✷✸✳ ❆✉✢❛❣❡✳ ❚❡❝❤♥✐❝❛❧ r❡♣♦rt✱ ❇✉♥❞❡s♠✐♥✐st❡r✐✉♠ ❢ür ❋❛♠✐❧✐❡✱ ❙❡✲

♥✐♦r❡♥✱ ❋r❛✉❡♥ ✉♥❞ ❏✉❣❡♥❞✳

❇▼❋❙❋❏ ✭✷✵✷✵❜✮✳ ▲❡✐t❢❛❞❡♥ ③✉♠ ▼✉tt❡rs❝❤✉t③✱ ✶✻✳ ❆✉✢❛❣❡✳ ❚❡❝❤♥✐❝❛❧ r❡♣♦rt✱ ❇✉♥✲

❞❡s♠✐♥✐st❡r✐✉♠ ❢ür ❋❛♠✐❧✐❡✱ ❙❡♥✐♦r❡♥✱ ❋r❛✉❡♥ ✉♥❞ ❏✉❣❡♥❞✳

❇✉ss♦✱ ▼✳✱ ❉✐◆❛r❞♦✱ ❏✳✱ ❛♥❞ ▼❝❈r❛r②✱ ❏✳ ✭✷✵✶✹✮✳ ◆❡✇ ❡✈✐❞❡♥❝❡ ♦♥ t❤❡ ✜♥✐t❡ s❛♠♣❧❡ ♣r♦♣✲

❡rt✐❡s ♦❢ ♣r♦♣❡♥s✐t② s❝♦r❡ r❡✇❡✐❣❤t✐♥❣ ❛♥❞ ♠❛t❝❤✐♥❣ ❡st✐♠❛t♦rs✳ ❘❡✈✐❡✇ ♦❢ ❊❝♦♥♦♠✐❝s

❛♥❞ ❙t❛t✐st✐❝s✱ ✾✻✭✺✮✿✽✽✺✕✽✾✼✳

❈②❣❛♥✲❘❡❤♠✱ ❑✳ ✭✷✵✶✻✮✳ P❛r❡♥t❛❧ ❧❡❛✈❡ ❜❡♥❡✜t ❛♥❞ ❞✐✛❡r❡♥t✐❛❧ ❢❡rt✐❧✐t② r❡s♣♦♥s❡s✿ ❡✈✐✲

❞❡♥❝❡ ❢r♦♠ ❛ ❣❡r♠❛♥ r❡❢♦r♠✳ ❏♦✉r♥❛❧ ♦❢ P♦♣✉❧❛t✐♦♥ ❊❝♦♥♦♠✐❝s✱ ✷✾✭✶✮✿✼✸✕✶✵✸✳

❉❛❤❧✱ ●✳ ❇✳✱ ▲ø❦❡♥✱ ❑✳ ❱✳✱ ▼♦❣st❛❞✱ ▼✳✱ ❛♥❞ ❙❛❧✈❛♥❡s✱ ❑✳ ❱✳ ✭✷✵✶✻✮✳ ❲❤❛t ✐s t❤❡ ❝❛s❡

❢♦r ♣❛✐❞ ♠❛t❡r♥✐t② ❧❡❛✈❡❄ ❚❤❡ ❘❡✈✐❡✇ ♦❢ ❊❝♦♥♦♠✐❝s ❛♥❞ ❙t❛t✐st✐❝s✱ ✾✽✭✹✮✿✻✺✺✕✻✼✵✳

❊❤❧❡rt✱ ◆✳ ✭✷✵✵✽✮✳ ❊❧t❡r♥❣❡❧❞ ❛❧s ❚❡✐❧ ♥❛❝❤❤❛❧t✐❣❡r ❋❛♠✐❧✐❡♥♣♦❧✐t✐❦✱ ✸✳ ❆✉✢❛❣❡✳ ❚❡❝❤♥✐❝❛❧

r❡♣♦rt✱ ❇✉♥❞❡s♠✐♥✐st❡r✐✉♠ ❢ür ❋❛♠✐❧✐❡✱ ❙❡♥✐♦r❡♥✱ ❋r❛✉❡♥ ✉♥❞ ❏✉❣❡♥❞✳

❋❉❩✲❘❱ ✭✷✵✷✶✮✳ ❈♦❞❡♣❧❛♥ ❢❞③✲❜✐♦❣r❛✜❡❞❛t❡♥s❛t③ ✕ ✈s❦t ✷✵✶✽✳ ❚❡❝❤♥✐❝❛❧ r❡♣♦rt✱ ❉❡✉ts❝❤❡

❘❡♥t❡♥✈❡rs✐❝❤❡r✉♥❣✳

❋✐t③❡♥❜❡r❣❡r✱ ❇✳ ❛♥❞ ❙❡✐❞❧✐t③✱ ❆✳ ✭✷✵✷✵✮✳ ❚❤❡ ✷✵✶✶ ❜r❡❛❦ ✐♥ t❤❡ ♣❛rt✲t✐♠❡ ✐♥❞✐❝❛t♦r ❛♥❞

t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ ✇❛❣❡ ✐♥❡q✉❛❧✐t② ✐♥ ❣❡r♠❛♥②✳ ❏♦✉r♥❛❧ ❢♦r ▲❛❜♦✉r ▼❛r❦❡t ❘❡s❡❛r❝❤✱ ✺✹✭✶✮✳

❋✐t③❡♥❜❡r❣❡r✱ ❇✳✱ ❙♦♠♠❡r❢❡❧❞✱ ❑✳✱ ❛♥❞ ❙t❡✛❡s✱ ❙✳ ✭✷✵✶✸✮✳ ❈❛✉s❛❧ ❡✛❡❝ts ♦♥ ❡♠♣❧♦②♠❡♥t

❛❢t❡r ✜rst ❜✐rt❤ ✖ ❆ ❞②♥❛♠✐❝ tr❡❛t♠❡♥t ❛♣♣r♦❛❝❤✳ ▲❛❜♦✉r ❊❝♦♥♦♠✐❝s✱ ✷✺✭❈✮✿✹✾✕✻✷✳

❋r♦❞❡r♠❛♥♥✱ ❈✳✱ ❲r♦❤❧✐❝❤✱ ❑✳✱ ❛♥❞ ❩✉❝❝♦✱ ❆✳ ✭✷✵✷✵✮✳ P❛r❡♥t❛❧ ▲❡❛✈❡ ❘❡❢♦r♠ ❛♥❞ ▲♦♥❣✲

❘✉♥ ❊❛r♥✐♥❣s ♦❢ ▼♦t❤❡rs✳ ❉✐s❝✉ss✐♦♥ P❛♣❡rs ♦❢ ❉■❲ ❇❡r❧✐♥ ✶✽✹✼✱ ❉■❲ ❇❡r❧✐♥✱ ●❡r♠❛♥

■♥st✐t✉t❡ ❢♦r ❊❝♦♥♦♠✐❝ ❘❡s❡❛r❝❤✳

●❡②❡r✱ ❏✳✱ ❍❛❛♥✱ P✳✱ ❛♥❞ ❲r♦❤❧✐❝❤✱ ❑✳ ✭✷✵✶✺✮✳ ❚❤❡ ❡✛❡❝ts ♦❢ ❢❛♠✐❧② ♣♦❧✐❝② ♦♥ ♠❛t❡r♥❛❧

❧❛❜♦r s✉♣♣❧②✿ ❈♦♠❜✐♥✐♥❣ ❡✈✐❞❡♥❝❡ ❢r♦♠ ❛ str✉❝t✉r❛❧ ♠♦❞❡❧ ❛♥❞ ❛ q✉❛s✐✲❡①♣❡r✐♠❡♥t❛❧

❛♣♣r♦❛❝❤✳ ▲❛❜♦✉r ❊❝♦♥♦♠✐❝s✱ ✸✻✿✽✹ ✕ ✾✽✳

❑❧❡✈❡♥✱ ❍✳✱ ▲❛♥❞❛✐s✱ ❈✳✱ P♦s❝❤✱ ❏✳✱ ❙t❡✐♥❤❛✉❡r✱ ❆✳✱ ❛♥❞ ❩✇❡✐♠ü❧❧❡r✱ ❏✳ ✭✷✵✶✾❛✮✳ ❈❤✐❧❞

♣❡♥❛❧t✐❡s ❛❝r♦ss ❝♦✉♥tr✐❡s✿ ❊✈✐❞❡♥❝❡ ❛♥❞ ❡①♣❧❛♥❛t✐♦♥s✳ ✭✷✺✺✷✹✮✳

✸✷



❑❧❡✈❡♥✱ ❍✳✱ ▲❛♥❞❛✐s✱ ❈✳✱ ❛♥❞ ❙ø❣❛❛r❞✱ ❏✳ ❊✳ ✭✷✵✶✾❜✮✳ ❈❤✐❧❞r❡♥ ❛♥❞ ❣❡♥❞❡r ✐♥❡q✉❛❧✐t②✿

❊✈✐❞❡♥❝❡ ❢r♦♠ ❞❡♥♠❛r❦✳ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❏♦✉r♥❛❧✿ ❆♣♣❧✐❡❞ ❊❝♦♥♦♠✐❝s✱ ✶✶✭✹✮✳

❑❧✉✈❡✱ ❏✳ ❛♥❞ ❙❝❤♠✐t③✱ ❙✳ ✭✷✵✶✽✮✳ ❇❛❝❦ t♦ ✇♦r❦✿ P❛r❡♥t❛❧ ❜❡♥❡✜ts ❛♥❞ ♠♦t❤❡rs✬ ❧❛❜♦r

♠❛r❦❡t ♦✉t❝♦♠❡s ✐♥ t❤❡ ♠❡❞✐✉♠ r✉♥✳ ■▲❘ ❘❡✈✐❡✇✱ ✼✶✭✶✮✿✶✹✸✕✶✼✸✳

❑❧✉✈❡✱ ❏✳ ❛♥❞ ❚❛♠♠✱ ▼✳ ✭✷✵✶✸✮✳ P❛r❡♥t❛❧ ❧❡❛✈❡ r❡❣✉❧❛t✐♦♥s✱ ♠♦t❤❡rs✬ ❧❛❜♦r ❢♦r❝❡ ❛tt❛❝❤✲

♠❡♥t ❛♥❞ ❢❛t❤❡rs✬ ❝❤✐❧❞❝❛r❡ ✐♥✈♦❧✈❡♠❡♥t✿ ❡✈✐❞❡♥❝❡ ❢r♦♠ ❛ ♥❛t✉r❛❧ ❡①♣❡r✐♠❡♥t✳ ❏♦✉r♥❛❧

♦❢ P♦♣✉❧❛t✐♦♥ ❊❝♦♥♦♠✐❝s✱ ✷✻✭✸✮✿✾✽✸✕✶✵✵✺✳

▲❛❧✐✈❡✱ ❘✳✱ ❙❝❤❧♦ss❡r✱ ❆✳✱ ❙t❡✐♥❤❛✉❡r✱ ❆✳✱ ❛♥❞ ❩✇❡✐♠ü❧❧❡r✱ ❏✳ ✭✷✵✶✹✮✳ P❛r❡♥t❛❧ ❧❡❛✈❡ ❛♥❞

♠♦t❤❡rs✬ ❝❛r❡❡rs✿ ❚❤❡ r❡❧❛t✐✈❡ ✐♠♣♦rt❛♥❝❡ ♦❢ ❥♦❜ ♣r♦t❡❝t✐♦♥ ❛♥❞ ❝❛s❤ ❜❡♥❡✜ts✳ ❘❡✈✐❡✇

♦❢ ❊❝♦♥♦♠✐❝ ❙t✉❞✐❡s✱ ✽✶✭✶✮✿✷✶✾✕✷✻✺✳

▼ü❧❧❡r✱ ❉✳ ❛♥❞ ❙tr❛✉❝❤✱ ❑✳ ✭✷✵✶✼✮✳ ■❞❡♥t✐❢②✐♥❣ ♠♦t❤❡rs ✐♥ ❛❞♠✐♥✐str❛t✐✈❡ ❞❛t❛✳ ❋❞③ ♠❡t❤✲

♦❞❡♥r❡♣♦rt✱ ■♥st✐t✉t ❢ür ❆r❜❡✐ts♠❛r❦t✲ ✉♥❞ ❇❡r✉❢s❢♦rs❝❤✉♥❣ ✭■❆❇✮✱ ◆ür♥❜❡r❣ ❬■♥st✐t✉t❡

❢♦r ❊♠♣❧♦②♠❡♥t ❘❡s❡❛r❝❤✱ ◆✉r❡♠❜❡r❣✱ ●❡r♠❛♥②❪✳

❖❊❈❉ ✭✷✵✶✾✮✳ ❋❛♠✐❧② ❞❛t❛❜❛s❡✳ ❚❡❝❤♥✐❝❛❧ r❡♣♦rt✱ ❖r❣❛♥✐s❛t✐♦♥ ❢♦r ❊❝♦♥♦♠✐❝ ❈♦✲

♦♣❡r❛t✐♦♥ ❛♥❞ ❉❡✈❡❧♦♣♠❡♥t✳

❖❧✐✈❡tt✐✱ ❈✳ ❛♥❞ P❡tr♦♥❣♦❧♦✱ ❇✳ ✭✷✵✶✼✮✳ ❚❤❡ ❡❝♦♥♦♠✐❝ ❝♦♥s❡q✉❡♥❝❡s ♦❢ ❢❛♠✐❧② ♣♦❧✐❝✐❡s✿

▲❡ss♦♥s ❢r♦♠ ❛ ❝❡♥t✉r② ♦❢ ❧❡❣✐s❧❛t✐♦♥ ✐♥ ❤✐❣❤✲✐♥❝♦♠❡ ❝♦✉♥tr✐❡s✳ ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝

P❡rs♣❡❝t✐✈❡s✱ ✸✶✭✶✮✿✷✵✺✕✸✵✳

❘❛✉t❡✱ ❆✳ ✭✷✵✶✾✮✳ ❈❛♥ ✜♥❛♥❝✐❛❧ ✐♥❝❡♥t✐✈❡s r❡❞✉❝❡ t❤❡ ❜❛❜② ❣❛♣❄ ❡✈✐❞❡♥❝❡ ❢r♦♠ ❛ r❡❢♦r♠

✐♥ ♠❛t❡r♥✐t② ❧❡❛✈❡ ❜❡♥❡✜ts✳ ❏♦✉r♥❛❧ ♦❢ P✉❜❧✐❝ ❊❝♦♥♦♠✐❝s✱ ✶✻✾✿✷✵✸ ✕ ✷✷✷✳

❘♦ss✐♥✲❙❧❛t❡r✱ ▼✳ ✭✷✵✶✽✮✳ ▼❛t❡r♥✐t② ❛♥❞ ❢❛♠✐❧② ❧❡❛✈❡ ♣♦❧✐❝②✳ ■♥ ❙✉s❛♥ ▲✳ ❆✈❡r❡tt✱ ▲✳

▼✳ ❆✳ ❛♥❞ ❍♦✛♠❛♥✱ ❙✳ ❉✳✱ ❡❞✐t♦rs✱ ❖①❢♦r❞ ❍❛♥❞❜♦♦❦ ♦❢ ❲♦♠❡♥ ❛♥❞ t❤❡ ❊❝♦♥♦♠②✳

❖①❢♦r❞ ❯♥✐✈❡rs✐t② Pr❡ss✳

❘♦ss✐♥✲❙❧❛t❡r✱ ▼✳✱ ❘✉❤♠✱ ❈✳ ❏✳✱ ❛♥❞ ❲❛❧❞❢♦❣❡❧✱ ❏✳ ✭✷✵✶✸✮✳ ❚❤❡ ❡✛❡❝ts ♦❢ ❝❛❧✐❢♦r♥✐❛✬s ♣❛✐❞

❢❛♠✐❧② ❧❡❛✈❡ ♣r♦❣r❛♠ ♦♥ ♠♦t❤❡rs✬ ❧❡❛✈❡✲t❛❦✐♥❣ ❛♥❞ s✉❜s❡q✉❡♥t ❧❛❜♦r ♠❛r❦❡t ♦✉t❝♦♠❡s✳

❏♦✉r♥❛❧ ♦❢ P♦❧✐❝② ❆♥❛❧②s✐s ❛♥❞ ▼❛♥❛❣❡♠❡♥t✱ ✸✷✭✷✮✿✷✷✹✕✷✹✺✳

❙❝❤ö♥❜❡r❣✱ ❯✳ ❛♥❞ ▲✉❞st❡❝❦✱ ❏✳ ✭✷✵✶✹✮✳ ❊①♣❛♥s✐♦♥s ✐♥ ♠❛t❡r♥✐t② ❧❡❛✈❡ ❝♦✈❡r❛❣❡ ❛♥❞ ♠♦t❤✲

❡rs✬ ❧❛❜♦r ♠❛r❦❡t ♦✉t❝♦♠❡s ❛❢t❡r ❝❤✐❧❞❜✐rt❤✳ ❏♦✉r♥❛❧ ♦❢ ▲❛❜♦r ❊❝♦♥♦♠✐❝s✱ ✸✷✭✸✮✿✹✻✾✕✺✵✺✳

✸✸



❙✐❛♥❡s✐✱ ❇✳ ✭✷✵✵✹✮✳ ❆♥ ❡✈❛❧✉❛t✐♦♥ ♦❢ t❤❡ s✇❡❞✐s❤ s②st❡♠ ♦❢ ❛❝t✐✈❡ ❧❛❜♦r ♠❛r❦❡t ♣r♦❣r❛♠s

✐♥ t❤❡ ✶✾✾✵s✳ ❘❡✈✐❡✇ ♦❢ ❊❝♦♥♦♠✐❝s ❛♥❞ st❛t✐st✐❝s✱ ✽✻✭✶✮✿✶✸✸✕✶✺✺✳

❙✐❛♥❡s✐✱ ❇✳ ✭✷✵✵✽✮✳ ❉✐✛❡r❡♥t✐❛❧ ❡✛❡❝ts ♦❢ ❛❝t✐✈❡ ❧❛❜♦✉r ♠❛r❦❡t ♣r♦❣r❛♠s ❢♦r t❤❡ ✉♥❡♠✲

♣❧♦②❡❞✳ ▲❛❜♦✉r ❊❝♦♥♦♠✐❝s✱ ✶✺✭✸✮✿✸✼✵✕✸✾✾✳

❙✐❣❧❡✲❘✉s❤t♦♥✱ ❲✳ ❛♥❞ ❲❛❧❞❢♦❣❡❧✱ ❏✳ ✭✷✵✵✼✮✳ ▼♦t❤❡r❤♦♦❞ ❛♥❞ ✇♦♠❡♥✬s ❡❛r♥✐♥❣s ✐♥ ❛♥❣❧♦✲

❛♠❡r✐❝❛♥✱ ❝♦♥t✐♥❡♥t❛❧ ❡✉r♦♣❡❛♥✱ ❛♥❞ ♥♦r❞✐❝ ❝♦✉♥tr✐❡s✳ ❋❡♠✐♥✐st ❊❝♦♥♦♠✐❝s✱ ✶✸✭✷✮✿✺✺✕

✾✶✳

❙t❛t✐st✐s❝❤❡s ❇✉♥❞❡s❛♠t ✭✷✵✶✾✮✳ ❱❡r❜r❛✉❝❤❡r♣r❡✐s✐♥❞✐③❡s ❢ür ❉❡✉ts❝❤❧❛♥❞✳ ❏❛❤r❡s❜❡r✐❝❤t

✷✵✶✽✳

✸✹



❆♣♣❡♥❞✐①

❚❛❜❧❡s

❚❛❜❧❡ ❆✳✶✿ ❆✈❡r❛❣❡ r❡❢♦r♠ ❡✛❡❝ts ♦♥ ♠❡❛♥ ❡❛r♥✐♥❣s

✶st ②❡❛r ✶st ②❡❛r ✷♥❞ ②❡❛r ✸r❞ ②❡❛r ✹t❤ ②❡❛r ✺t❤ ②❡❛r
❜❡❢♦r❡ ❣✐✈✐♥❣ ❜✐rt❤ ❛❢t❡r ❣✐✈✐♥❣ ❜✐rt❤
❘❊ ❢✉❧❧ ❘❊ ❘❊ ❢✉❧❧ ❘❊ ❘❊ ❢✉❧❧ ❘❊ ❘❊ ❢✉❧❧ ❘❊ ❘❊ ❢✉❧❧ ❘❊ ❘❊ ❢✉❧❧ ❘❊

❡♥t✐r❡ .77∗∗ .52∗ −7.15∗∗∗ −8.37∗∗∗ 2.26∗∗∗ 1.52∗∗ 4.22∗∗∗ 3.47∗∗∗ 1.4∗ ✳✾✼ 1.91∗∗ 1.66∗∗

s❛♠♣❧❡ ✭✳✵✸✸✮ ✭✳✵✺✾✮ ✭✵✮ ✭✵✮ ✭✳✵✵✶✮ ✭✳✵✹✷✮ ✭✵✮ ✭✵✮ ✭✳✵✻✷✮ ✭✳✶✽✸✮ ✭✳✵✶✼✮ ✭✳✵✸✺✮
✇♦♠❡♥ ✲✳✻✶ ✲✳✹✻ −6.07∗∗∗ −6.07∗∗∗ −1.82∗ ✲✶✳✽✼ ✲✳✻✺ ✲✳✾✺ ✲✶✳✼✶ −2.28∗ ✲✶✳✻✺ ✲✷✳✵✺
❛❣❡ ✷✶✲✷✺ ✭✳✸✻✽✮ ✭✳✹✷✶✮ ✭✵✮ ✭✵✮ ✭✳✵✼✹✮ ✭✳✶✹✸✮ ✭✳✺✼✽✮ ✭✳✹✻✼✮ ✭✳✶✽✹✮ ✭✳✵✾✼✮ ✭✳✷✹✷✮ ✭✳✶✺✶✮

✇♦♠❡♥ 1.09∗∗ .82∗∗ −6.83∗∗∗ −5.37∗∗∗ ✶✳✵✹ 1.72∗ 1.65∗ 1.91∗ ✲✳✵✶ ✲✳✵✸ ✶✳✵✹ ✶✳✶✻
❛❣❡ ✷✻✲✸✵ ✭✳✵✶✹✮ ✭✳✵✹✶✮ ✭✵✮ ✭✵✮ ✭✳✷✷✽✮ ✭✳✵✾✹✮ ✭✳✵✽✾✮ ✭✳✵✼✻✮ ✭✳✾✾✶✮ ✭✳✾✼✾✮ ✭✳✸✹✹✮ ✭✳✸✶✮

✇♦♠❡♥ ✳✸✹ ✳✷✽ −7.54∗∗∗ −8.39∗∗∗ 3.58∗∗∗ 3.14∗∗ 6.38∗∗∗ 5.97∗∗∗ ✶✳✾✸ ✶✳✺✹ 3.05∗∗ 2.69∗

❛❣❡ ✸✶✲✸✺ ✭✳✺✽✻✮ ✭✳✺✻✷✮ ✭✵✮ ✭✵✮ ✭✳✵✵✻✮ ✭✳✵✷✽✮ ✭✵✮ ✭✵✮ ✭✳✶✻✶✮ ✭✳✷✼✸✮ ✭✳✵✸✺✮ ✭✳✵✻✸✮

✇♦♠❡♥ 2.51∗ ✶✳✺✺ −7.91∗∗∗ −11.02∗∗∗ 5.7∗∗ ✸ 9.69∗∗∗ 7.29∗∗∗ 6.84∗∗∗ 5.03∗∗ ✹✳✹✹ ✶✳✾✼
❛❣❡ ✸✻✲✹✵ ✭✳✵✾✾✮ ✭✳✶✻✶✮ ✭✵✮ ✭✵✮ ✭✳✵✷✮ ✭✳✷✻✷✮ ✭✵✮ ✭✳✵✵✽✮ ✭✳✵✵✾✮ ✭✳✵✹✾✮ ✭✳✶✶✼✮ ✭✳✹✼✶✮

❆✈❡r❛❣❡ ❡✛❡❝ts ❛s ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ ♣♦st✲r❡❢♦r♠ ❛♥❞ ♣r❡✲r❡❢♦r♠ ✭r❡✇❡✐❣❤t❡❞✮ r❡s✉❧ts ❢♦r t❤❡ r❡❢♦r♠ ❡✛❡❝t ✭❘❊✮ ❛♥❞ ❜❡t✇❡❡♥ ♣♦st✲r❡❢♦r♠ ❛♥❞
♣r❡✲r❡❢♦r♠ r❡s✉❧ts ❢♦r t❤❡ ✧❢✉❧❧ r❡❢♦r♠ ❡✛❡❝t ✭❢✉❧❧ ❘❊✮✧✳ ❚❤❡ ❢♦r♠❡r ❡①❝❧✉❞❡s ❛♥❞ t❤❡ ❧❛tt❡r ✐♥❝❧✉❞❡s ♣♦t❡♥t✐❛❧ r❡❢♦r♠ ❡✛❡❝ts ♦♥ t❤❡ s❡❧❡❝t✐♦♥ ♦❢
♠♦t❤❡rs✳
P✲✈❛❧✉❡s ✐♥ ♣❛r❡♥t❤❡s❡s r❡❢❡r t♦ ❛ t✲t❡st ♦♥ s✐❣♥✐✜❝❛♥❝❡ ♦❢ t❤❡ ❛✈❡r❛❣❡ ❡✛❡❝t ❢♦r t❤❡ r❡s♣❡❝t✐✈❡ ②❡❛rs✳
✯✯✯✱✯✯ ❛♥❞ ✯ ✐♥❞✐❝❛t❡ s✐❣♥✐✜❝❛♥❝❡ ♦♥ ✾✾✱ ✾✺ ❛♥❞ ✾✵ ♣❡r❝❡♥t ❧❡✈❡❧✳

❚❛❜❧❡ ❆✳✷✿ ❆✈❡r❛❣❡ r❡❢♦r♠ ❡✛❡❝ts ♦♥ ♣❛rt✐❝✐♣❛t✐♦♥ r❛t❡

✶st ②❡❛r ✶st ②❡❛r ✷♥❞ ②❡❛r ✸r❞ ②❡❛r ✹t❤ ②❡❛r ✺t❤ ②❡❛r
❜❡❢♦r❡ ❣✐✈✐♥❣ ❜✐rt❤ ❛❢t❡r ❣✐✈✐♥❣ ❜✐rt❤
❘❊ ❢✉❧❧ ❘❊ ❘❊ ❢✉❧❧ ❘❊ ❘❊ ❢✉❧❧ ❘❊ ❘❊ ❢✉❧❧ ❘❊ ❘❊ ❢✉❧❧ ❘❊ ❘❊ ❢✉❧❧ ❘❊

❡♥t✐r❡ .013∗∗∗ .014∗∗∗ −.121∗∗∗ −.126∗∗∗ .034∗∗∗ .031∗∗∗ .059∗∗∗ .054∗∗∗ .025∗∗∗ .026∗∗∗ .026∗∗∗ .026∗∗∗

s❛♠♣❧❡ ✭✳✵✵✷✮ ✭✵✮ ✭✵✮ ✭✵✮ ✭✵✮ ✭✵✮ ✭✵✮ ✭✵✮ ✭✳✵✵✻✮ ✭✳✵✵✷✮ ✭✳✵✵✻✮ ✭✳✵✵✹✮
✇♦♠❡♥ ✳✵✶✷ ✳✵✶✸ −.113∗∗∗ −.129∗∗∗ ✳✵✶✽ ✳✵✶✶ .042∗ ✳✵✸✻ ✳✵✸ ✳✵✷✼ ✲✳✵✶✸ ✲✳✵✶✼
❛❣❡ ✷✶✲✷✺ ✭✳✷✾✽✮ ✭✳✷✵✺✮ ✭✵✮ ✭✵✮ ✭✳✹✺✺✮ ✭✳✻✶✻✮ ✭✳✵✾✮ ✭✳✶✶✼✮ ✭✳✷✮ ✭✳✷✶✹✮ ✭✳✺✹✾✮ ✭✳✹✶✹✮

✇♦♠❡♥ .014∗∗ .014∗∗∗ −.13∗∗∗ −.139∗∗∗ .032∗∗ .024∗ .055∗∗∗ .046∗∗∗ ✳✵✷ ✳✵✶✻ .033∗∗ .029∗∗

❛❣❡ ✷✻✲✸✵ ✭✳✵✶✺✮ ✭✳✵✵✻✮ ✭✵✮ ✭✵✮ ✭✳✵✶✽✮ ✭✳✵✼✷✮ ✭✵✮ ✭✳✵✵✶✮ ✭✳✶✻✻✮ ✭✳✷✻✼✮ ✭✳✵✷✻✮ ✭✳✵✹✸✮

✇♦♠❡♥ .011∗ .013∗∗ −.114∗∗∗ −.113∗∗∗ .046∗∗∗ .049∗∗∗ .065∗∗∗ .066∗∗∗ ✳✵✷✶ ✳✵✷✹ .032∗∗ .035∗∗

❛❣❡ ✸✶✲✸✻ ✭✳✵✽✶✮ ✭✳✵✶✻✮ ✭✵✮ ✭✵✮ ✭✳✵✵✷✮ ✭✳✵✵✶✮ ✭✵✮ ✭ ✵✮ ✭✳✶✺✮ ✭✳✶✵✼✮ ✭✳✵✸✹✮ ✭✳✵✶✼✮

✇♦♠❡♥ ✳✵✶✸ ✳✵✶ −.13∗∗∗ −.152∗∗∗ ✳✵✶✼ ✳✵✵✼ .067∗∗ .06∗∗ ✳✵✹✶ .041∗ ✳✵✷✶ ✳✵✶✼
❛❣❡ ✸✻✲✹✵ ✭✳✸✹✻✮ ✭✳✸✺✾✮ ✭✵✮ ✭✵✮ ✭✳✺✷✺✮ ✭✳✼✽✶✮ ✭✳✵✶✺✮ ✭✳✵✷✺✮ ✭✳✶✷✮ ✭✳✶✮ ✭✳✹✷✷✮ ✭✳✹✾✹✮

❆✈❡r❛❣❡ ❡✛❡❝ts ❛s ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ ♣♦st✲r❡❢♦r♠ ❛♥❞ ♣r❡✲r❡❢♦r♠ ✭r❡✇❡✐❣❤t❡❞✮ r❡s✉❧ts ❢♦r t❤❡ r❡❢♦r♠ ❡✛❡❝t ✭❘❊✮ ❛♥❞ ❜❡t✇❡❡♥ ♣♦st✲r❡❢♦r♠ ❛♥❞
♣r❡✲r❡❢♦r♠ r❡s✉❧ts ❢♦r t❤❡ ✧❢✉❧❧ r❡❢♦r♠ ❡✛❡❝t ✭❢✉❧❧ ❘❊✮✧✳ ❚❤❡ ❢♦r♠❡r ❡①❝❧✉❞❡s ❛♥❞ t❤❡ ❧❛tt❡r ✐♥❝❧✉❞❡s ♣♦t❡♥t✐❛❧ r❡❢♦r♠ ❡✛❡❝ts ♦♥ t❤❡ s❡❧❡❝t✐♦♥ ♦❢
♠♦t❤❡rs✳
P✲✈❛❧✉❡s ✐♥ ♣❛r❡♥t❤❡s❡s r❡❢❡r t♦ ❛ t✲t❡st ♦♥ s✐❣♥✐✜❝❛♥❝❡ ♦❢ t❤❡ ❛✈❡r❛❣❡ ❡✛❡❝t ❢♦r t❤❡ r❡s♣❡❝t✐✈❡ ②❡❛rs✳
✯✯✯✱✯✯ ❛♥❞ ✯ ✐♥❞✐❝❛t❡ s✐❣♥✐✜❝❛♥❝❡ ♦♥ ✾✾✱ ✾✺ ❛♥❞ ✾✵ ♣❡r❝❡♥t ❧❡✈❡❧✳

✸✺



❚❛❜❧❡ ❆✳✸✿ ❆✈❡r❛❣❡ r❡❢♦r♠ ❡✛❡❝ts ♦♥ ❢✉❧❧✲t✐♠❡ r❛t❡

✶st ②❡❛r ✶st ②❡❛r ✷♥❞ ②❡❛r ✸r❞ ②❡❛r ✹t❤ ②❡❛r ✺t❤ ②❡❛r
❜❡❢♦r❡ ❣✐✈✐♥❣ ❜✐rt❤ ❛❢t❡r ❣✐✈✐♥❣ ❜✐rt❤
❘❊ ❢✉❧❧ ❘❊ ❘❊ ❢✉❧❧ ❘❊ ❘❊ ❢✉❧❧ ❘❊ ❘❊ ❢✉❧❧ ❘❊ ❘❊ ❢✉❧❧ ❘❊ ❘❊ ❢✉❧❧ ❘❊

❡♥t✐r❡ .016∗∗∗ .013∗∗∗ −.053∗∗∗ −.053∗∗∗ .022∗∗∗ .025∗∗∗ .02∗∗∗ .021∗∗∗ −.027∗∗∗ −.023∗∗∗ −.029∗∗∗ −.027∗∗∗

s❛♠♣❧❡ ✭✵✮ ✭✵✮ ✭✵✮ ✭✵✮ ✭✳✵✵✶✮ ✭✵✮ ✭✳✵✵✹✮ ✭✳✵✵✸✮ ✭✵✮ ✭✳✵✵✶✮ ✭✵✮ ✭✵✮
✇♦♠❡♥ ✳✵✶✽ ✳✵✵✻ −.051∗∗∗ −.051∗∗∗ ✳✵✶✻ ✳✵✶✸ ✳✵✶ ✳✵✵✻ −.032∗ −.037∗∗ −.036∗∗ −.043∗∗

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

✇♦♠❡♥ .019∗∗∗ .014∗∗ −.056∗∗∗ −.05∗∗∗ ✳✵✶✺ .019∗ ✳✵✵✸ ✳✵✵✹ −.029∗∗∗ −.031∗∗∗ −.033∗∗∗ −.033∗∗∗

❛❣❡ ✷✻✲✸✵ ✭✳✵✵✷✮ ✭✳✵✶✶✮ ✭✵✮ ✭✵✮ ✭✳✶✸✶✮ ✭✳✵✽✻✮ ✭✳✼✻✸✮ ✭✳✼✹✼✮ ✭✳✵✵✼✮ ✭✳✵✵✹✮ ✭✳✵✵✷✮ ✭✳✵✵✷✮

✇♦♠❡♥ .012∗∗ .012∗∗ −.046∗∗∗ −.05∗∗∗ .039∗∗∗ .038∗∗∗ .046∗∗∗ .046∗∗∗ ✲✳✵✶ ✲✳✵✶ ✲✳✵✵✸ ✲✳✵✵✻
❛❣❡ ✸✶✲✸✺ ✭✳✵✹✾✮ ✭✳✵✶✻✮ ✭✵✮ ✭✵✮ ✭✵✮ ✭✳✵✵✶✮ ✭✵✮ ✭✵✮ ✭✳✹✹✹✮ ✭✳✹✻✹✮ ✭✳✼✽✮ ✭✳✻✷✹✮

✇♦♠❡♥ ✳✵✶✺ ✳✵✵✽ −.072∗∗∗ −.106∗∗∗ ✲✳✵✵✻ ✲✳✵✸✶ ✲✳✵✵✷ ✲✳✵✷✸ −.071∗∗∗ −.082∗∗∗ −.087∗∗∗ −.1∗∗∗

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

❆✈❡r❛❣❡ ❡✛❡❝ts ❛s ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ ♣♦st✲r❡❢♦r♠ ❛♥❞ ♣r❡✲r❡❢♦r♠ ✭r❡✇❡✐❣❤t❡❞✮ r❡s✉❧ts ❢♦r t❤❡ r❡❢♦r♠ ❡✛❡❝t ✭❘❊✮ ❛♥❞ ❜❡t✇❡❡♥ ♣♦st✲r❡❢♦r♠ ❛♥❞ ♣r❡✲r❡❢♦r♠
r❡s✉❧ts ❢♦r t❤❡ ✧❢✉❧❧ r❡❢♦r♠ ❡✛❡❝t ✭❢✉❧❧ ❘❊✮✧✳ ❚❤❡ ❢♦r♠❡r ❡①❝❧✉❞❡s ❛♥❞ t❤❡ ❧❛tt❡r ✐♥❝❧✉❞❡s ♣♦t❡♥t✐❛❧ r❡❢♦r♠ ❡✛❡❝ts ♦♥ t❤❡ s❡❧❡❝t✐♦♥ ♦❢ ♠♦t❤❡rs✳
P✲✈❛❧✉❡s ✐♥ ♣❛r❡♥t❤❡s❡s r❡❢❡r t♦ ❛ t✲t❡st ♦♥ s✐❣♥✐✜❝❛♥❝❡ ♦❢ t❤❡ ❛✈❡r❛❣❡ ❡✛❡❝t ❢♦r t❤❡ r❡s♣❡❝t✐✈❡ ②❡❛rs✳
✯✯✯✱✯✯ ❛♥❞ ✯ ✐♥❞✐❝❛t❡ s✐❣♥✐✜❝❛♥❝❡ ♦♥ ✾✾✱ ✾✺ ❛♥❞ ✾✵ ♣❡r❝❡♥t ❧❡✈❡❧✳

❚❛❜❧❡ ❆✳✹✿ ❆✈❡r❛❣❡ r❡❢♦r♠ ❡✛❡❝ts ♦♥ s❡❝♦♥❞ ♦r❞❡r ❢❡rt✐❧✐t②

✶st ②❡❛r ✷♥❞ ②❡❛r ✸r❞ ②❡❛r ✹t❤ ②❡❛r ✺t❤ ②❡❛r
❛❢t❡r ❣✐✈✐♥❣ ❜✐rt❤

❘❊ ❢✉❧❧ ❘❊ ❘❊ ❢✉❧❧ ❘❊ ❘❊ ❢✉❧❧ ❘❊ ❘❊ ❢✉❧❧ ❘❊ ❘❊ ❢✉❧❧ ❘❊
❡♥t✐r❡ ✳✵✵✵✹ ✳✵✵✵✹ ✲✳✵✵✷✷ ✲✳✵✵✷✼ ✲✳✵✶✵✶ ✲✳✵✶✵✼ ✲✳✵✵✵✶ ✲✳✵✵✺✼ .0154∗ ✳✵✵✻✹
s❛♠♣❧❡ ✭✳✸✶✮ ✭✳✸✷✽✮ ✭✳✹✼✷✮ ✭✳✸✻✶✮ ✭✳✶✻✾✮ ✭✳✶✷✼✮ ✭✳✾✾✺✮ ✭✳✺✶✷✮ ✭✳✵✾✺✮ ✭✳✹✽✼✮
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