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ABSTRACT

G²LM|LIC Working Paper No. 55 | October 2021

Women’s Well-Being during a Pandemic and Its Containment*

The COVID-19 pandemic brought the dual crises of disease and the containment policies designed to mitigate 

it. Yet, there is little evidence on the impacts of these policies on women, who are likely to be especially 

vulnerable, in lower-income countries. We conduct a large phone survey and leverage India’s geographically-

varying containment policies to estimate the association between both the pandemic and its containment 

policies, and measures of women’s well-being, including mental health and food security. On aggregate, 

the pandemic resulted in dramatic income losses, increases in food insecurity, and declines in female mental 

health. While potentially crucial to stem the spread of COVID-19 cases, we find that greater prevalence of 

containment policies is associated with increased food insecurity, particularly for women, and with reduced 

female mental health. Average containment levels are associated with a 39-40% increase in the likelihood of 

sadness, depression, and hopelessness among women and with an increase in the likelihood that women feel 

more worried by 45% of the variable mean. Particularly vulnerable groups of women, those with daughters 

and those living in female-headed households, experience larger declines in mental health.
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❲❡ s❤♦✇ t❤❛t t❤❡ ♥❡❣❛t✐✈❡ ❡✛❡❝ts ♦❢ t❤❡ ♣❛♥❞❡♠✐❝ ❛r❡ ❡①❛❝❡r❜❛t❡❞ ✐♥ ❛r❡❛s ✇✐t❤ ♠♦r❡

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

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

s❛❞♥❡ss✱ ❞❡♣r❡ss✐♦♥✱ ❛♥❞ ❤♦♣❡❧❡ss♥❡ss ❛♠♦♥❣ ✇♦♠❡♥ ❜② ✸✾✲✹✵✪ ❛♥❞ ❛♥ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ❧✐❦❡❧✐❤♦♦❞

t❤❡② ❢❡❡❧ ♠♦r❡ ✇♦rr✐❡❞ ❜② ✹✺✪ ♦❢ t❤❡ ✈❛r✐❛❜❧❡ ♠❡❛♥✳ ❚✇♦ ♣✐❡❝❡s ♦❢ ❡✈✐❞❡♥❝❡ s✉❣❣❡st t❤❛t

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

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

✐♥ ❛♥ ❛r❡❛ ✇✐t❤ ❛ ❤✐❣❤❡r ♣r❡✈❛❧❡♥❝❡ ♦❢ ❧♦❝❦❞♦✇♥s ✐s ♥♦t s②st❡♠❛t✐❝❛❧❧② ❛ss♦❝✐❛t❡❞ ✇✐t❤ ♣r❡✲

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

t♦ t❤❡ ♣❛♥❞❡♠✐❝ ♦r ❢♦r ❞✐str✐❝t✲❧❡✈❡❧ ♠❡❛s✉r❡s ♦❢ ❢♦♦❞ ✐♥t❛❦❡ ✐♥ t❤❡ ✷✵✶✺✲✶✻ ◆❛t✐♦♥❛❧ ❋❛♠✐❧②

❍❡❛❧t❤ ❙✉r✈❡②✳ ❙❡❝♦♥❞✱ t❤❡ ✐♥❝❧✉s✐♦♥ ♦❢ ❞✐str✐❝t✲❧❡✈❡❧ ❝✉♠✉❧❛t✐✈❡ ♠❡❛s✉r❡s ♦❢ ❝❛s❡ ❛♥❞ ❞❡❛t❤

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

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

▲❛st✱ ✇❡ ❡①❛♠✐♥❡ ❤♦✇ t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ t❤❡ ❛❣❣r❡❣❛t❡ ❈❖❱■❉✲✶✾ s❤♦❝❦ ❛♥❞ ♦✉r

♦✉t❝♦♠❡ ♠❡❛s✉r❡s ✈❛r② ✇✐t❤ t❤❡ ♣r❡✲❡①✐st✐♥❣ ✈✉❧♥❡r❛❜✐❧✐t② ♦❢ ✇♦♠❡♥✳ ❘❡❝❡♥t ❡✈✐❞❡♥❝❡ ❢r♦♠

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

❢❡❝t❡❞ ❜② ❧♦❝❦❞♦✇♥s ✭❩❛♠❛rr♦ ❛♥❞ Pr❛❞♦s✱ ✷✵✷✶✮✳ ❲❤✐❧❡ r❡❧❛t✐✈❡ ❢❡♠❛❧❡ ❧❛❜♦r ❢♦r❝❡ ♣❛rt✐❝✐♣❛✲

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

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

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

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

✐♥ ■♥❞✐❛✱ ✇❤❡r❡ ❞❛✉❣❤t❡rs ♠❛② ❧♦✇❡r ❛ ✇♦♠❛♥✬s st❛t✉s ✇✐t❤✐♥ t❤❡ ❤♦✉s❡❤♦❧❞ ✭❏❛②❛❝❤❛♥❞r❛♥✱

✷✵✶✺✮✳

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

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

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

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

✐♥❝♦♠❡ s❡tt✐♥❣✳ ❲❤✐❧❡ ❝♦♥t❡♠♣♦r❛♥❡♦✉s ✇♦r❦ ❡①❛♠✐♥❡s t❤❡ ❝♦♥s❡q✉❡♥❝❡s ♦❢ t❤❡ ♣❛♥❞❡♠✐❝

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

✭❇r♦❞❡✉r ❡t ❛❧✳✱ ✷✵✷✶❀ ❆r♠❜r✉st❡r ❛♥❞ ❑❧♦t③❜ü❝❤❡r✱ ✷✵✷✵❀ ❉❛✈✐s ❡t ❛❧✳✱ ✷✵✷✵❀ ❲✐tt❡✈❡❡♥ ❛♥❞

❱❡❧t❤♦rst✱ ✷✵✷✵❀ ❆❞❛♠s✲Pr❛ss❧ ❡t ❛❧✳✱ ✷✵✷✵❀ ❍✉❡❜❡♥❡r ❡t ❛❧✳✱ ✷✵✷✵❀ ❊t❤❡r✐❞❣❡ ❛♥❞ ❙♣❛♥t✐❣✱ ✷✵✷✵✮✱

♦r t❤❡ ♠✐❞❞❧❡✲✐♥❝♦♠❡ s❡tt✐♥❣s ♦❢ ❚✉r❦❡② ✭❆❧t✐♥❞❛❣✱ ❊rt❡♥ ❛♥❞ ❑❡s❦✐♥✱ ❋♦rt❤❝♦♠✐♥❣❀ Ö③❞✐♥ ❛♥❞

❇❛②r❛❦ Ö③❞✐♥✱ ✷✵✷✵✮✱ ❇r❛③✐❧ ✭❋❡rr❡✐r❛ ❡t ❛❧✳✱ ✷✵✷✶✮✱ ❛♥❞ ❊❣②♣t ✭❊❧✲❩♦❣❤❜②✱ ❙♦❧t❛♥ ❛♥❞ ❙❛❧❛♠❛✱

✷✵✷✵✮✳✷ ■♥ ❝♦♥tr❛st✱ ✇❡ ❢♦❝✉s ♦♥ ❛ ❧♦✇❡r✲♠✐❞❞❧❡ ✐♥❝♦♠❡ ❝♦✉♥tr②✱ ✇❤❡r❡ ❧✐♠✐t❡❞ s♦❝✐❛❧ s❛❢❡t②

♥❡ts✱ ❧❛❝❦ ♦❢ ♠❡♥t❛❧ ❤❡❛❧t❤ s❡r✈✐❝❡s ✭❆♥❣❡❧✉❝❝✐ ❛♥❞ ❇❡♥♥❡tt✱ ✷✵✷✶✮✱ ❛♥❞ tr❛❞✐t✐♦♥❛❧ ❣❡♥❞❡r

♥♦r♠s ♠❛❦❡ ✇♦♠❡♥ ❡s♣❡❝✐❛❧❧② ✈✉❧♥❡r❛❜❧❡✳✸

✷❙❡❡ ❳✐♦♥❣ ❡t ❛❧✳ ✭✷✵✷✵✮ ❢♦r ❛ s②st❡♠❛t✐❝ r❡✈✐❡✇ ♦❢ t❤❡ ❡✛❡❝ts ♦❢ t❤❡ ♣❛♥❞❡♠✐❝ ♦♥ t❤❡ ♠❡♥t❛❧ ❤❡❛❧t❤ ♦❢ t❤❡
❣❡♥❡r❛❧ ♣♦♣✉❧❛t✐♦♥ ❛❝r♦ss ❝♦✉♥tr✐❡s✳

✸❆❞❞✐t✐♦♥❛❧ ❡✈✐❞❡♥❝❡ ♦♥ t❤❡ ❡✛❡❝t ♦❢ t❤❡ ♣❛♥❞❡♠✐❝ ♦♥ ♠❡♥t❛❧ ❤❡❛❧t❤ ♦❢ ♠❡♥ ❛♥❞ ✇♦♠❡♥ ✐♥ ■♥❞✐❛ ❝❛♥ ❜❡ ❢♦✉♥❞

✷



■♥ ❛❞❞✐t✐♦♥✱ ✇❡ ❝♦❧❧❡❝t ❞❛t❛ s♣❡❝✐✜❝❛❧❧② ❢r♦♠ r✉r❛❧ ❛r❡❛s✳ ❈♦♥❝✉rr❡♥t ✇♦r❦ ✉s✐♥❣ ❞❛t❛ ❢r♦♠

❢♦♦❞ ♠❛r❦❡ts ❛♥❞ ❤❡❛❧t❤❝❛r❡ ❝❧❛✐♠s s❤♦✇s t❤❛t r✉r❛❧ ■♥❞✐❛ s✉✛❡r❡❞ ❢r♦♠ s❡✈❡r❡ ❞✐sr✉♣t✐♦♥s t♦

❢♦♦❞ s✉♣♣❧② ❝❤❛✐♥s ✭▲♦✇❡✱ ◆❛❞❤❛♥❛❡❧ ❛♥❞ ❘♦t❤✱ ✷✵✷✵✮ ❛♥❞ ❛❝❝❡ss t♦ ❤❡❛❧t❤ s❡r✈✐❝❡s ✭❏❛✐♥ ❛♥❞

❉✉♣❛s✱ ✷✵✷✶✮✳ ❚❤❡ ❡❝♦♥♦♠✐❝ ❡✛❡❝ts ♦❢ t❤❡ ♣❛♥❞❡♠✐❝ ❛♣♣❡❛r t♦ ❤❛✈❡ ❜❡❡♥ ❡✈❡♥ ♠♦r❡ s❡✈❡r❡

✐♥ r✉r❛❧ ❛r❡❛s ✭❇❡rtr❛♥❞✱ ❑r✐s❤♥❛♥ ❛♥❞ ❙❝❤♦✜❡❧❞✱ ✷✵✷✵✮✳ ❚❤✉s✱ ♦✉r s✉r✈❡② ❛❝r♦ss r✉r❛❧ ◆♦rt❤

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

❧✐❦❡❧② t❤❡ ♠♦st ❛✛❡❝t❡❞✳ ❚❤♦✉❣❤ ■♥❞✐❛ ✐s ♦✣❝✐❛❧❧② ❝❧❛ss✐✜❡❞ ❛s ♠✐❞❞❧❡✲✐♥❝♦♠❡✱ t❤❡ ✜♥❞✐♥❣s

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

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

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

s✉❝❤ ❝♦♥t❡①ts✱ ✉s✐♥❣ st❛♥❞❛r❞ ♠❡❛s✉r❡s ✈❛❧✐❞❛t❡❞ ✐♥ t❤❡ ♣s②❝❤♦❧♦❣② ❧✐t❡r❛t✉r❡✳✹

❲❡ ❡♠♣❤❛s✐③❡ t❤❛t ♦✉r ✜♥❞✐♥❣s ♦♥ t❤❡ ❛❞✈❡rs❡ r❡♣❡r❝✉ss✐♦♥s ♦❢ t❤❡ ❝♦♥t❛✐♥♠❡♥t ♠❡❛s✉r❡s

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

❤❡❛❧t❤ ♦r ❡❝♦♥♦♠✐❝ ✐♠♣❛❝ts ♦❢ ✐♠♣r♦✈❡❞ ♠✐t✐❣❛t✐♦♥✳ ◆♦♥❡t❤❡❧❡ss✱ t❤❡ ❧❛r❣❡ ♥❡❣❛t✐✈❡ ❛ss♦❝✐❛t✐♦♥s

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

✇❡❧❧✲❜❡✐♥❣ ♦❢ ✇♦♠❡♥ ✐♥ ❧♦✇✲✐♥❝♦♠❡ ❝♦✉♥tr✐❡s✳ ■♥❞❡❡❞✱ ❡✐❣❤t ♠♦♥t❤s ❛❢t❡r ♦✉r s✉r✈❡②✱ ❈❖❱■❉✲

✶✾ ❝❛s❡s ✐♥ ■♥❞✐❛ s❦②r♦❝❦❡t❡❞ s✐① t♦ ❡✐❣❤t t✐♠❡s ❤✐❣❤❡r t❤❛♥ ✇❤❡♥ ✇❡ ❝♦♥❞✉❝t❡❞ t❤❡ s✉r✈❡②✱

r❡s✉❧t✐♥❣ ✐♥ ♠♦r❡ ❝♦♥t❛✐♥♠❡♥t ♣♦❧✐❝✐❡s✳ ❖✉r r❡s✉❧ts s✉❣❣❡st t❤❛t ❛♥② t✐♠❡ s✉❝❤ ♣♦❧✐❝✐❡s ❛r❡

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

✇❡❧❧✲❜❡✐♥❣ ♦❢ ✇♦♠❡♥✳

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

♣❛♥❞❡♠✐❝s ❛r❡ ❡①♣❡❝t❡❞ t♦ ✐♥❝r❡❛s❡ ✐♥ ❢r❡q✉❡♥❝② ❞✉❡ t♦ ✉r❜❛♥✐③❛t✐♦♥✱ ❣❧♦❜❛❧✐③❛t✐♦♥✱ ❧♦ss ♦❢

❜✐♦❞✐✈❡rs✐t②✱ ❛♥❞ ❝❧✐♠❛t❡ ❝❤❛♥❣❡ ✭❉♦❞❞s✱ ✷✵✶✾✮✳ ❯♥❞❡rst❛♥❞✐♥❣ t❤❡ ❝♦♥s❡q✉❡♥❝❡s ♦❢ ❞✐✛❡r❡♥t

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

❛✐❞✲t❛r❣❡t✐♥❣ ✐♥ ❧♦✇❡r✲✐♥❝♦♠❡ s❡tt✐♥❣s✳✺

✷ ❉❛t❛

❚❤✐s ♣r♦❥❡❝t ♠❛✐♥❧② ✉s❡s ❞❛t❛ ❢r♦♠ ❛ ♣❤♦♥❡ s✉r✈❡② ♦❢ ✶✱✺✹✺ r✉r❛❧ ■♥❞✐❛♥ ❤♦✉s❡❤♦❧❞s✳ ❚❤❡s❡

❞❛t❛ ✇❡r❡ ❝♦❧❧❡❝t❡❞ ✐♥ ♣❛rt♥❡rs❤✐♣ ✇✐t❤ ■❉■♥s✐❣❤ts ✭■❉■✮✱ ❛ ❣❧♦❜❛❧ ❛❞✈✐s♦r②✱ ❞❛t❛ ❛♥❛❧②t✐❝s✱ ❛♥❞

r❡s❡❛r❝❤ ♦r❣❛♥✐③❛t✐♦♥✱ ❢r♦♠ ❙❡♣t❡♠❜❡r✕❖❝t♦❜❡r ✷✵✶✾✱ ❛♥❞ t❤❡ s❛♠♣❧❡ ✇❛s r❡s✉r✈❡②❡❞ ❢r♦♠ ❛

s❛♠♣❧❡ t❤❛t ■❉■ ❤❛❞ s✉r✈❡②❡❞ ✐♥✲♣❡rs♦♥ ♣r✐♦r t♦ t❤❡ ♣❛♥❞❡♠✐❝✳ ■♥ ❛❞❞✐t✐♦♥✱ ✇❡ s✉♣♣❧❡♠❡♥t

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

❉❛t❛ ❈♦❧❧❡❝t✐♦♥ ✫ ❑❡② ❱❛r✐❛❜❧❡s✳ ❲♦r❦✐♥❣ ✇✐t❤ ■❉■✱ ✇❡ ❝♦♥❞✉❝t❡❞ t❤❡ ♣❤♦♥❡ s✉r✈❡② ✐♥ ✷✵

❞✐str✐❝ts ❛❝r♦ss ✻ st❛t❡s ✭❘❛❥❛st❤❛♥✱ ❯tt❛r Pr❛❞❡s❤✱ ❇✐❤❛r✱ ❏❤❛r❦❤❛♥❞✱ ▼❛❞❤②❛ Pr❛❞❡s❤✱ ❛♥❞

✐♥ ❆❢r✐❞✐✱ ❉❤✐❧❧♦♥ ❛♥❞ ❘♦② ✭✷✵✷✶✮✱ ✇❤♦ ❢♦❝✉s ♦♥ ❛ s❛♠♣❧❡ ♦❢ ♣♦♦r ❤♦✉s❡❤♦❧❞s ✐♥ ❉❡❧❤✐✳ ■♥ t❤✐s ❞✐✛❡r❡♥t ♣♦♣✉❧❛✲
t✐♦♥✱ t❤❡② ✜♥❞ t❤❛t ♠❡♥t❛❧ ❤❡❛❧t❤ ❞❡❝❧✐♥❡s ♠♦r❡ ❢♦r ✇♦♠❡♥ t❤❛♥ ♠❡♥ ❞✉r✐♥❣ t❤❡ ♣❛♥❞❡♠✐❝✳ ❆❝❤❛r②❛ ❙❛♠❛❞❛rs❤✐✱
❙❤❛r♠❛ ❛♥❞ ❇❤❛tt❛ ✭✷✵✷✵✮ ❛❧s♦ ❞♦❝✉♠❡♥t ✐♥❝r❡❛s❡s ✐♥ str❡ss ❞✉r✐♥❣ t❤❡ ♣❛♥❞❡♠✐❝ ✐♥ ❛♥ ♦♥❧✐♥❡ s✉r✈❡② ❢r♦♠ ◆❡♣❛❧✳

✹❘❡❝❡♥t ✇♦r❦ s❤♦✇s t❤❛t ♣r♦✈✐❞✐♥❣ ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t t❤❡ ❈♦✈✐❞✲✶✾ ♣❛♥❞❡♠✐❝ ✈✐❛ ♣❤♦♥❡ ❝❛❧❧s r❡❞✉❝❡❞ ❛♥①✐❡t②
❛♠♦♥❣ ■♥❞✐❛♥ ♠✐❣r❛♥t ✇♦r❦❡rs ✭❙❛❞✐s❤✱ ❆❞❤✈❛r②✉ ❛♥❞ ◆②s❤❛❞❤❛♠✱ ✷✵✷✶✮✳

✺▲♦✇❡r✲♠✐❞❞❧❡ ✐♥❝♦♠❡ ❝♦✉♥tr✐❡s ❧✐❦❡ ■♥❞✐❛✱ ❛❧♦♥❡✱ ❛❝❝♦✉♥t ❢♦r r♦✉❣❤❧② ✸ ❜✐❧❧✐♦♥ ♣❡♦♣❧❡ ♦r r♦✉❣❤❧② ✹✵ ♣❡r❝❡♥t
♦❢ t❤❡ ❣❧♦❜❛❧ ♣♦♣✉❧❛t✐♦♥✳

✸



▼❛❤❛r❛s❤tr❛✮ ✐♥ ◆♦rt❤❡r♥ ■♥❞✐❛✳ ❍♦✉s❡❤♦❧❞s ♣❛rt✐❝✐♣❛t❡❞ ✐♥ ❛ ✷✵✲✸✵ ♠✐♥✉t❡ s✉r✈❡② ✇✐t❤ t✇♦

♣❛rts✱ ❛ ❤♦✉s❡❤♦❧❞✲❤❡❛❞ ♠♦❞✉❧❡ ❛♥❞ ❛ ❢❡♠❛❧❡ r❡s♣♦♥❞❡♥t ♠♦❞✉❧❡✳ ❚❤❡ ♥✉♠❜❡r ♦❢ q✉❡st✐♦♥s ✐♥

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

t❤❛♥ ✷✵ ♠✐♥✉t❡s ♦✈❡r t❤❡ ♣❤♦♥❡✳✻

■♥ t❤❡ ❤♦✉s❡❤♦❧❞✲❤❡❛❞ ♠♦❞✉❧❡✱ ✇❡ s✉r✈❡②❡❞ t❤❡ ❤♦✉s❡❤♦❧❞ ❤❡❛❞ ✭✇❤♦ ✇❛s ♠❛❧❡ ✐♥ ✼✽✪

♦❢ ❝❛s❡s✮ ❛❜♦✉t t❤❡ ❤♦✉s❡❤♦❧❞✬s s♦❝✐♦❡❝♦♥♦♠✐❝ ❝♦♥❞✐t✐♦♥s✱ ❤♦✉s❡❤♦❧❞ ❤❡❛❞✬s ✐♥❝♦♠❡✱ t❤❡ ♠❛❧❡

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

t❤❡♠s❡❧✈❡s ♦r t❤❡✐r ❝❤✐❧❞r❡♥✳ ❚❤❡ ♥✉tr✐t✐♦♥ q✉❡st✐♦♥s ✇❡r❡ t❛❦❡♥ ❢r♦♠ t❤❡ ◆❛t✐♦♥❛❧ ❋❛♠✐❧② ❛♥❞

❍❡❛❧t❤ ❙✉r✈❡② ✭◆❋❍❙✮ r♦✉♥❞ ✹✱ ❛❧❧♦✇✐♥❣ ✉s t♦ ✉s❡ t❤❡ ♣r❡✲♣❛♥❞❡♠✐❝ r❡s♣♦♥s❡s t♦ t❤❡ s✉r✈❡②

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

❝❛t❡❣♦r✐❡s ✐♥ t❤❡ ◆❋❍❙ ✭♠✐❧❦✱ ♣✉❧s❡s✱ ✈❡❣❡t❛❜❧❡s✱ ❢r✉✐ts✱ ❡❣❣s✱ ✜s❤✱ ❛♥❞ ♠❡❛t✮ ✐♥ ♦✉r s✉r✈❡②✳

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

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

❆❢t❡r t❤❡ ❤❡❛❞ ♠♦❞✉❧❡✱ ✐❢ t❤❡ ❤❡❛❞ ✇❛s ♠❛❧❡✱ ✇❡ ❛s❦❡❞ ❤✐♠ t♦ ♣❛ss t❤❡ ♣❤♦♥❡ t♦ ❛ ❢❡✲

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

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

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

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

♠♦❞✉❧❡ t♦ ❜❡ ❝♦♥❞✉❝t❡❞ ✇✐t❤ ✺✼✸ ✇♦♠❡♥✳

❚♦ ❛s❝❡rt❛✐♥ ✐♥❢♦r♠❛t✐♦♥ ♦♥ ✇♦♠❡♥✬s ♠❡♥t❛❧ ❤❡❛❧t❤✱ ✇❡ ❛s❦❡❞ ❛ s❡❧❡❝t✐♦♥ ♦❢ q✉❡st✐♦♥s ❢r♦♠

t❤❡ P❍◗✾ ❞❡♣r❡ss✐♦♥ ❞✐❛❣♥♦st✐❝ s❝❛❧❡ ✭❑r♦❡♥❦❡✱ ❙♣✐t③❡r ❛♥❞ ❲✐❧❧✐❛♠s✱ ✷✵✵✶✮ ❛♥❞ t❤❡ ●❆❉✼

❛♥①✐❡t② s❝❛❧❡ ✭❙♣✐t③❡r ❡t ❛❧✳✱ ✷✵✵✻✮✳✼ ❋r♦♠ t❤❡ P❍◗✾✱ ✇❡ ❛s❦ ❖✈❡r t❤❡ ❧❛st t✇♦ ✇❡❡❦s✱ ❤♦✇ ♦❢t❡♥

❤❛✈❡ ②♦✉ ❜❡❡♥ ❜♦t❤❡r❡❞ ❜②✿ ✭✶✮ ❋❡❡❧✐♥❣ s❛❞✱ ❞♦✇♥✱ ❞❡♣r❡ss❡❞✱ ♦r ❤♦♣❡❧❡ss❄ ❛♥❞ ✭✷✮ ❋❡❡❧✐♥❣ t✐r❡❞

♦r ❧✐❦❡ ②♦✉ ❛r❡ ❝❛rr②✐♥❣ ❛ ❤❡❛✈② ❜✉r❞❡♥ ♦r ❧✐❦❡ ②♦✉ ❤❛✈❡ ❧✐tt❧❡ str❡♥❣t❤ ✐♥ ②♦✉r ❜♦❞②❄✳ ❋r♦♠

t❤❡ ●❆❉✼✱ ✇❡ ❛s❦✱ ❖✈❡r t❤❡ ❧❛st ✷ ✇❡❡❦s✱ ♦♥ ❤♦✇ ♠❛♥② ❞❛②s ❤❛✈❡ ②♦✉ ❜❡❡♥ ❜♦t❤❡r❡❞ ❜② ♥♦t

❜❡✐♥❣ ❛❜❧❡ t♦ st♦♣ ♦r ❝♦♥tr♦❧ ✇♦rr②✐♥❣❄ ❲❡ s✉♣♣❧❡♠❡♥t t❤❡s❡ ♠❡♥t❛❧ ❤❡❛❧t❤ q✉❡st✐♦♥s ❜② ❛s❦✐♥❣

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

❤♦✇ ♦❢t❡♥ ❤❛✈❡ ②♦✉ ❜❡❡♥ ❜♦t❤❡r❡❞ ❜②✿ ❋❡❡❧✐♥❣ ✇♦rr✐❡❞ ❛❜♦✉t ②♦✉r ♣❤②s✐❝❛❧ s❛❢❡t②❄ ✽

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

❞✉❡ t♦ t❤❡ ♣❛♥❞❡♠✐❝✳ ❋♦r ❡①❛♠♣❧❡✱ ❢♦r ❡❛❝❤ ♦❢ t❤❡ ♠❡♥t❛❧ ❤❡❛❧t❤ q✉❡st✐♦♥s ❛❜♦✈❡ ✭❛s ✇❡❧❧ ❛s t❤❡

s❛❢❡t② q✉❡st✐♦♥✮✱ ✇❡ ❛s❦ r❡s♣♦♥❞❡♥ts ❛ ❢♦❧❧♦✇✲✉♣ q✉❡st✐♦♥ ❛❜♦✉t ✇❤❡t❤❡r t❤❡✐r ❡①♣❡r✐❡♥❝❡s ❤❛✈❡

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

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

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

❛❝r♦ss ✐♥❞✐✈✐❞✉❛❧s✳
✻Pr♦✈✐❞✐♥❣ ✐♥❝❡♥t✐✈❡s ❢♦r s✉r✈❡② ♣❛rt✐❝✐♣❛t✐♦♥ ✐♥ ■♥❞✐❛ ✐s ❝❤❛❧❧❡♥❣✐♥❣ ❜❡❝❛✉s❡ ♠♦❜✐❧❡ ♠♦♥❡② ✐s ♥♦t ✇✐❞❡s♣r❡❛❞

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

✼❚❤❡ ♣❤♦♥❡ s✉r✈❡②✬s s❤♦rt t✐♠❡ ❢r❛♠❡ ♣r❡✈❡♥t❡❞ ✉s ❢r♦♠ ❛s❦✐♥❣ t❤❡ t✇♦ ❝♦♠♣❧❡t❡ s❝❛❧❡s✳
✽P❛t❡❧ ❡t ❛❧✳ ✭✷✵✵✽✮ ✈❛❧✐❞❛t❡ t❤❡ P❍◗ ❛♥❞ ♦t❤❡r r❡❧❛t❡❞ ❛ss❡ss♠❡♥t t♦♦❧s ✐♥ t❤❡ ■♥❞✐❛♥ ❝♦♥t❡①t✳ ❙❛❞✐s❤✱

❆❞❤✈❛r②✉ ❛♥❞ ◆②s❤❛❞❤❛♠ ✭✷✵✷✶✮ ❛❧s♦ ❡❧✐❝✐t ♠❡♥t❛❧ ❤❡❛❧t❤ ✐♥❢♦r♠❛t✐♦♥ ♦♥ t❤❡ ♣❤♦♥❡ ❞✉r✐♥❣ ■♥❞✐❛✬s ❈♦✈✐❞✲✶✾
♣❛♥❞❡♠✐❝✱ ❛♥❞ ❤✐❣❤❧✐❣❤t t❤❡ ❢❡❛s✐❜✐❧✐t② ♦❢ s✉❝❤ ❞❛t❛ ❝♦❧❧❡❝t✐♦♥✳

✹



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

❜② ■❉■ ✐♥ t❤❡✐r ♣r✐♦r s✉r✈❡②✳ ❚❛❜❧❡ ❆✶ r❡♣♦rts s✉♠♠❛r② st❛t✐st✐❝s ❢♦r t❤❡ ♣r✐♠❛r② ♦✉t❝♦♠❡s✳

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

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

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

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

❡t ❛❧✳✱ ✷✵✷✵✮✳

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

s✉❝❝❡ss❢✉❧❧② s✉r✈❡② ✸✷✪✱ ❛ r❡❧❛t✐✈❡❧② ❤✐❣❤ r❡s♣♦♥s❡ r❛t❡ ❢♦r ❛ ♣❤♦♥❡ s✉r✈❡②✳ ■♥ t❤❡ ✈❛st ♠❛❥♦r✐t②

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

t❤❡ ❧✐st❡❞ ♣❤♦♥❡ ♥✉♠❜❡r ✭✻✶✪ ♦❢ ❤♦✉s❡❤♦❧❞s ❝♦✉❧❞ ♥♦t ❜❡ r❡❛❝❤❡❞✱ ❛♥❞ ✻✳✻✪ r❡❢✉s❡❞ t♦ t❛❦❡

♣❛rt ✐♥ t❤❡ s✉r✈❡②✮✳ ❚♦ ❡✈❛❧✉❛t❡ ✇❤❡t❤❡r ♦✉r ♥♦♥✲r❡s♣♦♥s✐✈❡♥❡ss ❧❡❛❞s t♦ ❛ ❧❡ss r❡♣r❡s❡♥t❛t✐✈❡

s❛♠♣❧❡✱ ✐♥ ❆♣♣❡♥❞✐① ❚❛❜❧❡ ❆✸✱ ✇❡ ❡st✐♠❛t❡ t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❤♦✉s❡❤♦❧❞ ✇❡❛❧t❤✱ ✇❤❡t❤❡r

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

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

t❤❡ ❡✛❡❝t ✐s ✈❡r② s♠❛❧❧✱ ✇✐t❤ ❛ ✶ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ✭s❞✮ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ❛ss❡t ✐♥❞❡① ✐♥❝r❡❛s✐♥❣

t❤❡ ❧✐❦❡❧✐❤♦♦❞ ♦❢ ❜❡✐♥❣ r❡❛❝❤❡❞ ❜② ❧❡ss t❤❛♥ ✶ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥t✳ ❚❤✉s✱ ❛ ❤♦✉s❡❤♦❧❞ ❛t t❤❡ ✾✺t❤

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

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

❤♦✉s❡❤♦❧❞s✱ t♦ t❤❡ ❡①t❡♥t t❤❛t ✐t ❜✐❛s❡s ♦✉r ❛❣❣r❡❣❛t❡ ❡st✐♠❛t❡s ♦❢ t❤❡ ❡✛❡❝t ♦❢ t❤❡ ❈♦✈✐❞✲✶✾

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

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

❜✉t ❛❧s♦ ♠♦r❡ ❧✐❦❡❧② t♦ r❡❢✉s❡ ✭t❤♦✉❣❤ ❜♦t❤ ❡✛❡❝ts ❛r❡ s♠❛❧❧ ✐♥ ♠❛❣♥✐t✉❞❡✮✱ ❧❡❛❞✐♥❣ t♦ ♣♦s✐t✐✈❡

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

❆❞❞✐t✐♦♥❛❧ ❉❛t❛ ♦♥ ❈❛s❡ ❘❛t❡s✴❉❡❛t❤s✳ ❲❡ s✉♣♣❧❡♠❡♥t ♦✉r ♣❤♦♥❡ s✉r✈❡② ❞❛t❛ ✇✐t❤ ❛❞✲

❞✐t✐♦♥❛❧ ❞✐str✐❝t✲❧❡✈❡❧ ❞❛t❛ ♦♥ ❈❖❱■❉✲✶✾ ❤♦s♣✐t❛❧✐③❛t✐♦♥s ❛♥❞ ❞❡❛t❤s ❜❡t✇❡❡♥ t❤❡ st❛rt ♦❢ t❤❡

♣❛♥❞❡♠✐❝ ❛♥❞ t❤❡ t✐♠❡ ♦❢ t❤❡ s✉r✈❡②✳ ❚❤✐s ❞❛t❛ ✐s ❛ss❡♠❜❧❡❞ ❜② t❤❡ ❉❡✈❡❧♦♣♠❡♥t ❉❛t❛ ▲❛❜✳✶✵

✸ ❚❤❡ ❆❣❣r❡❣❛t❡ ❙❤♦❝❦

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

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

✶ r❡♣♦rts t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ❤❡❛❞✬s s❡❧❢✲r❡♣♦rt❡❞ ✐♥❝♦♠❡ ❜❡❢♦r❡ ❛♥❞ ❛❢t❡r t❤❡ ♣❛♥❞❡♠✐❝✱

✇❤✐❝❤ s❤♦✇s ❛ ❞r❛♠❛t✐❝ ❞r♦♣✳ ❖♥ ❛✈❡r❛❣❡✱ t❤❡ ❤❡❛❞✬s ♠♦♥t❤❧② ✐♥❝♦♠❡ ❢❛❧❧s ❢r♦♠ ✽✱✻✷✺ ❘✉♣❡❡s

✭✶✷✵ ❯❙❉✮ ✐♥ ❛ ♥♦r♠❛❧ ♠♦♥t❤ t♦ ✸✱✺✽✹ ❘✉♣❡❡s ✭✺✵ ❯❙❉✮ ✐♥ t❤❡ ❝✉rr❡♥t ✭❞✉r✐♥❣ ❈❖❱■❉✮ ♠♦♥t❤✱

✾❲❡ ❢♦❧❧♦✇ ❋✐❧♠❡r ❛♥❞ Pr✐t❝❤❡tt ✭✷✵✵✶✮ ❛♥❞ ❝r❡❛t❡ ❛♥ ✐♥❞❡① ❜② ❝♦♥❞✉❝t✐♥❣ ❛ ♣r✐♥❝✐♣❧❡ ❝♦♠♣♦♥❡♥ts ❛♥❛❧②s✐s
♦✈❡r ✐♥❞✐❝❛t♦rs ❢♦r t❤❡ ❛ss❡ts ♦✇♥❡❞ ♣r✐♦r t♦ t❤❡ ♣❛♥❞❡♠✐❝ ✕ ❝❛r✱ ❥❡❡♣✱ ❜✐❝②❝❧❡✱ ♠♦t♦r❝②❝❧❡✱ s❝♦♦t❡r✱ r❡❢r✐❣❡r❛t♦r✱
r❛❞✐♦✱ t❡❧❡✈✐s✐♦♥✱ ❡❧❡❝tr✐❝ ❢❛♥✱ ❞r❡ss✐♥❣ t❛❜❧❡✱ st♦✈❡✱ ♣r❡ss✉r❡ ❝♦♦❦❡r✱ ♠♦❜✐❧❡ ♣❤♦♥❡ ✕ ❛♥❞ ♣r❡❞✐❝t✐♥❣ t❤❡ ✜rst
♣r✐♥❝✐♣❛❧ ❝♦♠♣♦♥❡♥t✳ ❚❤❡ ❞✐s❝r❡♣❛♥❝② ❜❡t✇❡❡♥ t❤❡ ♦r✐❣✐♥❛❧ s❛♠♣❧❡ s✐③❡ ♦❢ ✹✱✼✾✾ ❛♥❞ t❤❡ s❛♠♣❧❡ s✐③❡ ✐♥ t❤❡ t❛❜❧❡
✐s ❞✉❡ t♦ ❛ s♠❛❧❧ ♥✉♠❜❡r ♦❢ ❤♦✉s❡❤♦❧❞s ✇✐t❤ ♠✐ss✐♥❣ ✇❡❛❧t❤ ✐♥❢♦r♠❛t✐♦♥✳

✶✵❚❤✐s ❞❛t❛ ❝❛♥ ❜❡ ❛❝❝❡ss❡❞ ❛t ❤tt♣✿✴✴✇✇✇✳❞❡✈❞❛t❛❧❛❜✳♦r❣✴❝♦✈✐❞✳

✺

http://www.devdatalab.org/covid


❛ ❞❡❝❧✐♥❡ ♦❢ ❛❜♦✉t ✺✵✪✳ ❚❤❡ r✐❣❤t s✉❜✲✜❣✉r❡ s❤♦✇s t❤❛t ✼✻✪ ♦❢ t❤❡ r❡s♣♦♥❞❡♥ts r❡♣♦rt r❡❞✉❝❡❞

✐♥❝♦♠❡ ❢♦r t❤❡♠s❡❧✈❡s✱ ❛♥❞ ✷✹✪ r❡♣♦rt r❡❞✉❝❡❞ ♠❡❛❧s ❢♦r s♦♠❡♦♥❡ ✐♥ t❤❡ ❤♦✉s❡❤♦❧❞✳

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

t❤❡ ❢❡♠❛❧❡ r❡s♣♦♥❞❡♥t r❡♣♦rts t❤❛t ❤❡r ❢❡❡❧✐♥❣s ♦❢ ❞❡♣r❡ss✐♦♥✱ ❡①❤❛✉st✐♦♥✱ ❛♥①✐❡t②✱ ❛♥❞ s❛❢❡t②

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

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

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

s✉❣❣❡st✐♥❣ t❤❛t ✇♦rs❡♥✐♥❣ ❞♦❡s ♥♦t s✐♠♣❧② r❡✢❡❝t ✐❞✐♦s②♥❝r❛t✐❝ ❝❤❛♥❣❡s ♦r ♠❡❛♥ r❡✈❡rs✐♦♥✳

✹ ❆ss♦❝✐❛t✐♦♥ ❲✐t❤ ❈♦♥t❛✐♥♠❡♥t P♦❧✐❝✐❡s

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

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

❜❡t✇❡❡♥ ❝♦♥t❛✐♥♠❡♥t ✐♥t❡♥s✐t② ❛♥❞ t❤❡s❡ ♦✉t❝♦♠❡s✳ ❲❡ ✜rst ❞♦❝✉♠❡♥t ✈❛r✐❛t✐♦♥ ✐♥ ♦✉r ❝♦♥t❛✐♥✲

♠❡♥t ♠❡❛s✉r❡ ❛♥❞ s❤♦✇ t❤❛t ✐t ✐s ♥♦t ❝♦rr❡❧❛t❡❞ ✇✐t❤ ♣r❡✲♣❛♥❞❡♠✐❝ ❝❤❛r❛❝t❡r✐st✐❝s t❤❛t ❝♦✉❧❞

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

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

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

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

❢♦r ❝❛s❡ r❛t❡s ❛♥❞ ❞❡❛t❤s✳

❈♦♥t❛✐♥♠❡♥t ▼❡❛s✉r❡✳ ❙✐♥❝❡ t❤❡ ❡♥❞ ♦❢ t❤❡ ❢❡❞❡r❛❧ ❧♦❝❦❞♦✇♥ ✐♥ ▼❛② ✷✵✷✵✱ t❤❡r❡ ❛r❡ ♥♦ ❝❡♥✲

tr❛❧✐③❡❞ ❞❛t❛❜❛s❡s ✭❡✈❡♥ ❛t t❤❡ st❛t❡ ❧❡✈❡❧✮ ❝♦♥t❛✐♥✐♥❣ ❝♦♠♣❧❡t❡ ✐♥❢♦r♠❛t✐♦♥ ♦♥ ■♥❞✐❛✬s ♣❛t❝❤✲

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

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

❞❡♥ts ✐♥ ❛ ❞✐str✐❝t ❡①♣❡r✐❡♥❝✐♥❣ ❝♦♥t❛✐♥♠❡♥t ♣♦❧✐❝✐❡s✳ ❋✐❣✉r❡ ❆✶ r❡♣♦rts t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤✐s

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

❈♦♥s✐st❡♥t ✇✐t❤ t❤❡ ❢❛❝t t❤❛t ❝♦♥t❛✐♥♠❡♥t ❛r❡❛s ❝❛♥ ❜❡ ❡①tr❡♠❡❧② ❧♦❝❛❧✐③❡❞ ✭✐✳❡✳ ❛s s♠❛❧❧ ❛s

❛♥ ❛♣❛rt♠❡♥t ❜✉✐❧❞✐♥❣ ♦r str❡❡t ✭❊①♣r❡ss ◆❡✇s ❙❡r✈✐❝❡✱ ✷✵✷✵✮✮✱ t❤❡ ❞✐str✐❝t✲❧❡✈❡❧ ❞✐str✐❜✉t✐♦♥

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

❛✛❡❝t❡❞ ❜② ❝♦♥t❛✐♥♠❡♥t r❡str✐❝t✐♦♥s✳

❋✐❣✉r❡ ✷ s❤♦✇s s❝❛tt❡r ♣❧♦ts t❤❛t ✐♥❞✐❝❛t❡ t❤❛t ❤✐❣❤❡r ❝♦♥t❛✐♥♠❡♥t ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❛

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

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

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

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

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

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

❊❛❝❤ r♦✇ ♦❢ ❚❛❜❧❡ ❆✷ r❡❣r❡ss❡s ❛ ❞✐✛❡r❡♥t ♣r❡✲♣❛♥❞❡♠✐❝ ❝♦✈❛r✐❛t❡ ♦♥ t❤❡ ❞✐str✐❝t✲❧❡✈❡❧ ❝♦♥✲

t❛✐♥♠❡♥t ♠❡❛s✉r❡ ❛♥❞ r❡♣♦rts t❤❡ ❝♦❡✣❝✐❡♥t ❛♥❞ st❛♥❞❛r❞ ❡rr♦r ✭❝♦❧✉♠♥s ✸ ❛♥❞ ✹✮✳ ❚❤❡ t♦♣

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

✻



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

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

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

✐♥ ❛ ❣✐✈❡♥ ❞✐str✐❝t r❡♣♦rt ❡❛t✐♥❣ ❞✐✛❡r❡♥t ❢♦♦❞ t②♣❡s ✐♥ t❤❡ ◆❋❍❙✳ ❚❤❡s❡ ❛♥s✇❡rs ❤❛✈❡ ❜❡❡♥

r❡❝♦❞❡❞ s♦ t❤❛t ❛ ❤✐❣❤❡r ✈❛❧✉❡ ✐♥❞✐❝❛t❡s ❛ ❤✐❣❤❡r ❧✐❦❡❧✐❤♦♦❞ ♦❢ ❝♦♥s✉♠♣t✐♦♥ ❛♥❞ ♥♦r♠❛❧✐③❡❞ s♦

t❤❛t t❤❡ ❝♦❡✣❝✐❡♥ts ❝❛♥ ❜❡ ✐♥t❡r♣r❡t❡❞ ✐♥ t❡r♠s ♦❢ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥s✳✶✶ ❆❝r♦ss ✷✵ ♠❡❛s✉r❡s✱

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

♠❡❛s✉r❡ ✭✈❡❣❡t❛❜❧❡ ❝♦♥s✉♠♣t✐♦♥✮✱ ❛♥❞ t❤❡ ♣♦s✐t✐✈❡ ❝♦❡✣❝✐❡♥t s✉❣❣❡sts t❤❛t✱ ✐❢ ❛♥②t❤✐♥❣✱ ❛r❡❛s

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

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

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

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

❙❡❝♦♥❞✱ ✐♥ ❋✐❣✉r❡ ❆✷✱ ✇❡ ❡①❛♠✐♥❡ ✇❤❡t❤❡r r❡s♣♦♥s❡ r❛t❡s ❛r❡ ❞✐✛❡r❡♥t✐❛❧ ❜② ❝♦♥t❛✐♥♠❡♥t

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

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

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

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

❝♦♥t❛✐♥♠❡♥t ♦♥❧② ❞❡❝r❡❛s❡s r❡❢✉s❛❧ r❛t❡s ❜② ✶✳✼✷ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts✳ ❚❤✉s✱ ✇❡ ❞♦ ♥♦t ❡①♣❡❝t

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

❡st✐♠❛t❡s ✇✐t❤ ▲❡❡✲st②❧❡ ❜♦✉♥❞s ✭▲❡❡✱ ✷✵✵✾✮✳

❘❡s❡❛r❝❤ ❉❡s✐❣♥✳ ❚♦ ❡①❛♠✐♥❡ t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❝♦♥t❛✐♥♠❡♥t ❛♥❞ ❞✐✛❡r❡♥t ♦✉t❝♦♠❡s✱

✇❡ ❡st✐♠❛t❡ t❤❡ ❢♦❧❧♦✇✐♥❣ r❡❣r❡ss✐♦♥✿

yiasd = β containmentd + αa + δs + ΓXi + ǫiasd, ✭✶✮

✇❤❡r❡ i ❞❡♥♦t❡s t❤❡ r❡s♣♦♥❞❡♥t✱ a t❤❡✐r ❛❣❡✱ s t❤❡✐r st❛t❡ ♦❢ r❡s✐❞❡♥❝②✱ ❛♥❞ d t❤❡✐r ❞✐str✐❝t✳ yiasd
✐s t❤❡ ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡✱ ❛♥❞ containmentd ✐s t❤❡ ❞✐str✐❝t✲❧❡✈❡❧ ♠❡❛s✉r❡ ♦❢ ❝♦♥t❛✐♥♠❡♥t ✭t❤❡

s❤❛r❡ ♦❢ r❡s♣♦♥❞❡♥ts ✐♥ ❛ ❞✐str✐❝t ❡①♣❡r✐❡♥❝✐♥❣ ❝♦♥t❛✐♥♠❡♥t ♣♦❧✐❝✐❡s✮✳ ❆❧❧ s♣❡❝✐✜❝❛t✐♦♥s ✐♥❝❧✉❞❡

❛❣❡ ✜①❡❞ ❡✛❡❝ts αa ❛♥❞ st❛t❡ ✜①❡❞ ❡✛❡❝ts δs✳ ❚❤❡ ✈❡❝t♦r ♦❢ ❝♦♥tr♦❧s Xi ✐♥❝❧✉❞❡s ✐♥❞✐❝❛t♦r

✈❛r✐❛❜❧❡s ❢♦r ✇❤❡t❤❡r t❤❡ ❞✐str✐❝t ✇❛s ✐♥ ❛ r❡❞ ♦r ♦r❛♥❣❡ ③♦♥❡ ✐♥ ■♥❞✐❛✬s ♣r❡✈✐♦✉s ❝❡♥tr❛❧✐③❡❞

❧♦❝❦❞♦✇♥ ❞✉r✐♥❣ ❆♣r✐❧ ❛♥❞ ▼❛② ✷✵✷✵✳✶✷ ❲❡ ✐♥❝❧✉❞❡ t✇♦ ❛❞❞✐t✐♦♥❛❧ s❡ts ♦❢ ❝♦♥tr♦❧s t♦ ❛ss✐st ✐♥

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

♦❜s❡r✈❡ ♦r ♦♠✐tt❡❞ ✈❛r✐❛❜❧❡ ❜✐❛s ❢r♦♠ ♣r❡✲♣❛♥❞❡♠✐❝ s♦❝✐♦❡❝♦♥♦♠✐❝ ♠❡❛s✉r❡s✳ ❋✐rst✱ ✇❡ ❝♦♥tr♦❧

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

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

❞♦✉❜❧❡✲❧❛ss♦ ✭❯r♠✐♥s❦②✱ ❍❛♥s❡♥ ❛♥❞ ❈❤❡r♥♦③❤✉❦♦✈✱ ✷✵✶✻✮ t♦ s❡❧❡❝t ❛❞❞✐t✐♦♥❛❧ ❝♦♥tr♦❧s✱ ✇❤✐❝❤

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

✶✶❚❤❡ ✈❛❧✉❡s ✇❡r❡ ♥♦r♠❛❧✐③❡❞ ✇✐t❤ t❤❡ ❢✉❧❧ ◆❋❍❙✱ s♦ t❤❡ ♠❡❛♥s ❛♥❞ ❙❉ ❛r❡ ♥♦t ❡①❛❝t❧② ✵ ❛♥❞ ✶✳
✶✷■♥❞✐❛✬s ❝❡♥tr❛❧ ❣♦✈❡r♥♠❡♥t ❝❧❛ss✐✜❡❞ ❛❧❧ ❞✐str✐❝ts ✐♥t♦ ❣r❡❡♥✱ ♦r❛♥❣❡ ❛♥❞ r❡❞ ③♦♥❡s✱ ✇❤❡r❡ r❡❞ ③♦♥❡s ❤❛❞ t❤❡

str✐❝t❡st ♠♦❜✐❧✐t② r❡str✐❝t✐♦♥s ❛♥❞ ❣r❡❡♥ t❤❡ ♠♦st ❧❡♥✐❡♥t✳ ■♥ ❏✉♥❡ ✷✵✷✵✱ t❤❡ ❝❡♥tr❛❧✐③❡❞ ❞✐str✐❝t✲❧❡✈❡❧ r❡str✐❝t✐♦♥s
✇❡r❡ ❞✐s♠❛♥t❧❡❞✱ ❛♥❞ ❡❛❝❤ st❛t❡ ❝♦✉❧❞ ❞❡♠❛r❝❛t❡ t❤❡✐r ♦✇♥ ❝♦♥t❛✐♥♠❡♥t r❡❣✐♦♥s✳

✼



✭✈❛r✐❛❜❧❡s ✐♥ t❤❡ t♦♣ ♣❛rt ♦❢ ❚❛❜❧❡ ❆✷✮✳ ❚♦ ♠❛✐♥t❛✐♥ ❛ ❝♦♥s✐st❡♥t s❛♠♣❧❡ ❛❝r♦ss r❡❣r❡ss✐♦♥s✱ ✇❡

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

❛✈❛✐❧❛❜❧❡✳

❋❡♠❛❧❡ ❲❡❧❧✲❜❡✐♥❣✳ ❚❛❜❧❡ ✶ r❡♣♦rts t❤❡ r❡s✉❧ts ❢r♦♠ ❡st✐♠❛t✐♥❣ ❊q✉❛t✐♦♥ ✶ ✐♥ ♦✉r s❛♠♣❧❡✳

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

❞❡♣r❡ss✐♦♥ ✐♥❞✐❝❛t♦rs✿ ♠♦✈✐♥❣ ❢r♦♠ ✵ t♦ ✶✵✵✪ ❝♦♥t❛✐♥♠❡♥t ✐s r❡❧❛t❡❞ t♦ ❛ ✷✹✲✷✺ ♣❡r❝❡♥t❛❣❡

♣♦✐♥t ✭♣♣✮ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ❧✐❦❡❧✐❤♦♦❞ t❤❛t ❢❡❡❧✐♥❣s ♦❢ ❞❡♣r❡ss✐♦♥ ❤❛✈❡ ✇♦rs❡♥❡❞ ❛♥❞ ❛ ✸✻✲✸✼♣♣

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

❝♦♥t❛✐♥♠❡♥t ✈❛r✐❛❜❧❡ ✐s ❡q✉❛❧ t♦ ✵✳✺✺✹✱ ♠♦✈✐♥❣ ❢r♦♠ ♥♦ ❝♦♥t❛✐♥♠❡♥t t♦ ❛✈❡r❛❣❡ ❧❡✈❡❧s ♦❢ ❝♦♥✲

t❛✐♥♠❡♥t ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❛ ✶✸✲✶✹♣♣ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ❧✐❦❡❧✐❤♦♦❞ t❤❛t ❢❡❡❧✐♥❣s ♦❢ ❞❡♣r❡ss✐♦♥ ❤❛✈❡

✇♦rs❡♥❡❞ ✭✸✾✲✹✵✪ ♦❢ t❤❡ ✈❛r✐❛❜❧❡ ♠❡❛♥✮ ❛♥❞ ❛ ✷✵♣♣ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ❧✐❦❡❧✐❤♦♦❞ t❤❛t ❢❡❡❧✐♥❣s ♦❢

t✐r❡❞♥❡ss ❤❛✈❡ ✐♥❝r❡❛s❡❞ ✭✼✸✪ ♦❢ t❤❡ ✈❛r✐❛❜❧❡ ♠❡❛♥✮✳ ❈♦♥t❛✐♥♠❡♥t ✐s ❛❧s♦ ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❛

s✐❣♥✐✜❝❛♥t ✐♥❝r❡❛s❡ ✐♥ t❤❡ ❛♥①✐❡t② ♠❡❛s✉r❡✳ ▼♦✈✐♥❣ ❢r♦♠ ✵ t♦ ❛✈❡r❛❣❡ ❝♦♥t❛✐♥♠❡♥t ✐s r❡❧❛t❡❞

t♦ ❛ ✶✸♣♣ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ❧✐❦❡❧✐❤♦♦❞ t❤❛t r❡s♣♦♥❞❡♥ts ❢❡❡❧ ♠♦r❡ ✇♦rr✐❡❞ ✭✹✺✪ ♦❢ t❤❡ ✈❛r✐❛❜❧❡

♠❡❛♥✮✳ ❋✐♥❛❧❧②✱ ❝♦♥t❛✐♥♠❡♥t ✐s ❛❧s♦ r❡❧❛t❡❞ t♦ ❞❡❝r❡❛s❡❞ ❢❡❡❧✐♥❣s ♦❢ s❛❢❡t②✱ ❜✉t t❤❡s❡ r❡s✉❧ts

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

❝♦❧✉♠♥s ✭✇✐t❤♦✉t ❧❛ss♦ ♦r ❝❛s❡ ❛♥❞ ❞❡❛t❤ r❛t❡ ❝♦♥tr♦❧s✮ ❛♥❞ ❡✈❡♥ ❝♦❧✉♠♥s ✭✇✐t❤ ❛❞❞✐t✐♦♥❛❧

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

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

❲❡ r❡♣♦rt t✇♦ r♦❜✉st♥❡ss ❝❤❡❝❦s ❢♦r t❤❡s❡ r❡s✉❧ts✳ ❋✐rst✱ t♦ ❡♥s✉r❡ t❤❡ r❡❧❛t✐♦♥s❤✐♣s ✇❡

♦❜s❡r✈❡ ✐♥ ❚❛❜❧❡ ✶ ❛r❡ ♥♦t ❞r✐✈❡♥ ❜② ❞✐✛❡r❡♥t✐❛❧ r❡❢✉s❛❧✱ ✐♥ ❚❛❜❧❡ ❆✹✱ ✇❡ ❝♦♥str✉❝t ▲❡❡✲st②❧❡

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

❜♦✉♥❞✐♥❣ ❡①❡r❝✐s❡✱ ❢♦r t❤✐s t❛❜❧❡✱ ♦✉r ❡①♣❧❛♥❛t♦r② ✈❛r✐❛❜❧❡ ♦❢ ✐♥t❡r❡st ✐s ❛♥ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡

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

t❤❡ ✉♥❛❞❥✉st❡❞ ❝♦❡✣❝✐❡♥t ✇✐t❤ t❤✐s r❡❣r❡ss♦r✳ ■♥ t❤❡ s❡❝♦♥❞ ❝♦❧✉♠♥✱ ✇❡ r❡✲r✉♥ t❤❡ r❡❣r❡ss✐♦♥

❛❢t❡r ❞r♦♣♣✐♥❣ t❤❡ ✶✳✼✷✪ ♦❢ ♦❜s❡r✈❛t✐♦♥s ✇✐t❤ t❤❡ ❜❡st ♦✉t❝♦♠❡s ✐♥ t❤❡ ❜❡❧♦✇✲♠❡❞✐❛♥ ❞✐str✐❝ts❀

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

t❤❡ ♦✉t❝♦♠❡✳ ❚❤❡ t❤✐r❞ ❝♦❧✉♠♥ r❡♣♦rts t❤❡ ❧♦✇❡r ❜♦✉♥❞✱ ❛s ✇❡ ❞r♦♣ t❤❡ ✶✳✼✷✪ ♦❢ ♦❜s❡r✈❛t✐♦♥s

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

♥♦♥✲r❡s♣♦♥s❡ ❤❛s ❧✐tt❧❡ s❝♦♣❡ t♦ ❜✐❛s t❤❡ ❡st✐♠❛t❡s✳ ❙❡❝♦♥❞✱ t♦ ♠♦r❡ r✐❝❤❧② ❝♦♥tr♦❧ ❢♦r t❤❡ ❞✐r❡❝t

❡✛❡❝ts ♦❢ t❤❡ ♣❛♥❞❡♠✐❝✱ ❛♥❞ ❛❧❧♦✇ t❤♦s❡ ❡✛❡❝ts t♦ ❜❡ ♥♦♥✲❧✐♥❡❛r✱ ✐♥ ❚❛❜❧❡ ❆✺✱ ✇❡ ❝♦♥tr♦❧ ❢♦r

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

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

❙♦❝✐♦❡❝♦♥♦♠✐❝ ❛♥❞ ◆✉tr✐t✐♦♥❛❧ ❖✉t❝♦♠❡s✳ ❚❛❜❧❡ ✷ r❡♣♦rts t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❝♦♥✲

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

✶✳ ❈♦❧✉♠♥s ✶ ❛♥❞ ✷ ❡①❛♠✐♥❡ t❤❡ ♥✉♠❜❡r ♦❢ ❤♦✉s❡❤♦❧❞ ♠❡♠❜❡rs ✇❤♦ ❡①♣❡r✐❡♥❝❡❞ r❡❞✉❝t✐♦♥s ✐♥

✐♥❝♦♠❡✳ ❚❤❡ ♣♦✐♥t ❡st✐♠❛t❡ ✐♥❞✐❝❛t❡s t❤❛t ♠♦✈✐♥❣ ❢r♦♠ ❛ ❞✐str✐❝t ✇✐t❤ ✵✪ t♦ ✶✵✵✪ ❝♦♥t❛✐♥♠❡♥t

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

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

✽



✇✐t❤ ✵✳✻ ❛❞❞✐t✐♦♥❛❧ ❤♦✉s❡❤♦❧❞ ♠❡♠❜❡rs ✇❤♦ ❤❛✈❡ ❧♦st ✐♥❝♦♠❡ ✭❛ ✺✶✪ ✐♥❝r❡❛s❡ r❡❧❛t✐✈❡ t♦ t❤❡

♠❡❛♥ ♦❢ t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡✮✳ ■♥ ❝♦❧✉♠♥s ✸ ❛♥❞ ✹✱ t❤❡ ♦✉t❝♦♠❡ ✐s ❛♥ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡ ❢♦r

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

❝♦♥t❛✐♥♠❡♥t t♦ ❢✉❧❧ ❝♦♥t❛✐♥♠❡♥t ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❛ ✶✺♣♣ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ❧✐❦❡❧✐❤♦♦❞ ♦❢ r❡❞✉❝✐♥❣

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

❛ ✽♣♣ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ❧✐❦❡❧✐❤♦♦❞ ♦❢ r❡❞✉❝✐♥❣ ♠❡❛❧s ✭❛ ✸✸✪ ✐♥❝r❡❛s❡ r❡❧❛t✐✈❡ t♦ t❤❡ ♠❡❛♥ ♦❢ t❤❡

❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡✮✳

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

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

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

❢♦♦❞ ❝❛t❡❣♦r② ✐♥ t❤❡ ♣r❡✲♣❛♥❞❡♠✐❝ ◆❋❍❙ ❛♥❞ t❤❡♥ ❛✈❡r❛❣✐♥❣ ♦✈❡r t❤❡s❡ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡s

❢♦r ❛❧❧ ♦❢ t❤❡ ❢♦♦❞ ❝❛t❡❣♦r✐❡s ❢♦r ❡❛❝❤ ✐♥❞✐✈✐❞✉❛❧✳ ❚❤✉s✱ t❤❡ r❡❣r❡ss✐♦♥s ✏❝♦♥tr♦❧✑ ❢♦r ❝r♦ss✲

❞✐str✐❝t ✈❛r✐❛t✐♦♥✱ s✐♥❝❡ ❛ ♣♦s✐t✐✈❡ ❝♦❡✣❝✐❡♥t ❢♦r t❤❡s❡ ❡st✐♠❛t❡s ✐♥❞✐❝❛t❡s t❤❛t ❛♥ ✐♥❞✐✈✐❞✉❛❧

✐s ❞♦✐♥❣ ✇♦rs❡ t❤❛♥ ❤❡r ♣r❡✲♣❛♥❞❡♠✐❝ ❞✐str✐❝t✲s♣❡❝✐✜❝ ❛✈❡r❛❣❡✳ ▼♦✈✐♥❣ ❢r♦♠ ❛ ❞✐str✐❝t ✇✐t❤

✵✪ t♦ ✶✵✵✪ ❝♦♥t❛✐♥♠❡♥t ✐s r❡❧❛t❡❞ t♦ ❛♥ ✐♥❝r❡❛s❡ ✐♥ t❤❡ s❤❛r❡ ♦❢ ❢♦♦❞ ❝❛t❡❣♦r✐❡s ❢♦r ✇❤✐❝❤ ❛

✇♦♠❛♥✬s ❝♦♥s✉♠♣t✐♦♥ ✐s ❜❡❧♦✇ ❤❡r ❞✐str✐❝t✬s ♣r❡✲♣❛♥❞❡♠✐❝ ♠❡❞✐❛♥ ♦❢ ✷✹♣♣✳ ❚❤❡s❡ ❡st✐♠❛t❡s

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

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

❞✐str✐❝t✬s ♣r❡✲♣❛♥❞❡♠✐❝ ♠❡❞✐❛♥ ✭❛ ✸✸✪ ✐♥❝r❡❛s❡ r❡❧❛t✐✈❡ t♦ t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ♠❡❛♥✮✳ ❋♦r

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

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

❛ss♦❝✐❛t✐♦♥s ✇✐t❤ ❝♦♥t❛✐♥♠❡♥t ✉♥❝❤❛♥❣❡❞✳

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

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

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

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

✐♥ ❝♦♥s✉♠♣t✐♦♥✳ ❍❛t❤✐ ❡t ❛❧✳ ✭✷✵✷✶✮ ♣r♦✈✐❞❡ ❡✈✐❞❡♥❝❡ ✐♥ ❢❛✈♦r ♦❢ s✉❝❤ ❛ ❝♦♥♥❡❝t✐♦♥✿ ✇♦♠❡♥

✇❤♦ ❡❛t ❛❢t❡r ♠❡♥ ✐♥ t❤❡✐r ❤♦✉s❡❤♦❧❞s ❛❧s♦ ❤❛✈❡ ✇♦rs❡ ♠❡♥t❛❧ ❤❡❛❧t❤ ✐♥ t❤❡ ■♥❞✐❛ ❍✉♠❛♥

❉❡✈❡❧♦♣♠❡♥t ❙✉r✈❡②✳

❚✉r♥✐♥❣ t♦ ♦✉r t✇♦ r♦❜✉st♥❡ss t❡sts✱ ❚❛❜❧❡ ❆✻ r❡♣♦rts t❤❡ ▲❡❡✲st②❧❡ ❜♦✉♥❞s ❢♦r t❤❡ s♦✲

❝✐♦❡❝♦♥♦♠✐❝ ❛♥❞ ♥✉tr✐t✐♦♥❛❧ ♦✉t❝♦♠❡s✱ ✇❤✐❝❤ ❛r❡ ❛❣❛✐♥ t✐❣❤t✳ ❚❛❜❧❡ ❆✼ r❡♣♦rts t❤❡ ❡st✐♠❛t❡s

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

❝❛❧✳

✺ ❋❛♠✐❧② ❙tr✉❝t✉r❡ ❛♥❞ ❱✉❧♥❡r❛❜❧❡ ❲♦♠❡♥

❚❤❡ r❡s✉❧ts ❢r♦♠ ❚❛❜❧❡s ✶ ❛♥❞ ✷ s♣❡❛❦ t♦ t❤❡ ✈✉❧♥❡r❛❜✐❧✐t② ♦❢ ✇♦♠❡♥✖❛ ♣❛rt✐❝✉❧❛r❧② ❤❛r❞ t♦

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

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

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

♣r❡❢❡r❡♥❝❡ ✐s ❝♦♠♠♦♥ ✐♥ ■♥❞✐❛ ✭❏❛②❛❝❤❛♥❞r❛♥✱ ✷✵✶✺✮ ❛♥❞ ❤❛✈✐♥❣ ❛ ❞❛✉❣❤t❡r ✭r❛t❤❡r t❤❛♥ ❛ s♦♥✮

✾



♠❛② ❧♦✇❡r ❛ ✇♦♠❛♥✬s st❛t✉s✳ ■♥❞❡❡❞✱ ▼✐❧❛③③♦ ✭✷✵✶✽✮ ✜♥❞s t❤❛t ❤❛✈✐♥❣ ❛ ❞❛✉❣❤t❡r r❛t❤❡r t❤❛♥

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

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

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

❊♠♣✐r✐❝❛❧ ❙tr❛t❡❣②✳ ❚♦ ❡①❛♠✐♥❡ t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❢❛♠✐❧② str✉❝t✉r❡ ❛♥❞ ❢❡♠❛❧❡ ✇❡❧❧✲

❜❡✐♥❣✱ ✇❡ ❡st✐♠❛t❡ t❤❡ ❢♦❧❧♦✇✐♥❣ r❡❣r❡ss✐♦♥✿

yiasd = β1 has❴soni + β2 has❴daughteri + β3 female❴headedi + αa + δs + ΓXi + ǫiasd, ✭✷✮

✇❤❡r❡ i ❞❡♥♦t❡s ❛♥ ✐♥❞✐✈✐❞✉❛❧✱ a t❤❡ r❡s♣♦♥❞❡♥t✬s ❛❣❡✱ s t❤❡ r❡s♣♦♥❞❡♥t✬s st❛t❡ ♦❢ r❡s✐❞❡♥❝②✱ ❛♥❞

d t❤❡ ❞✐str✐❝t✱ yiasd ✐s t❤❡ ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡✱ ❛♥❞ has❴soni ❛♥❞ has❴daughteri ❛r❡ ✐♥❞✐❝❛t♦r

✈❛r✐❛❜❧❡s ❞❡♥♦t✐♥❣ ✇❤❡t❤❡r t❤❡ r❡s♣♦♥❞❡♥t ❤❛s ❛ s♦♥ ♦r ❞❛✉❣❤t❡r✳ female❴headedi ❞❡♥♦t❡s
✇❤❡t❤❡r t❤❡ r❡s♣♦♥❞❡♥t ❧✐✈❡s ✐♥ ❛ ❤♦✉s❡❤♦❧❞ ✇❤❡r❡ t❤❡ ❤❡❛❞ ✐s ❢❡♠❛❧❡✳ ❚❤❡ ✜①❡❞ ❡✛❡❝ts ❛♥❞

♦t❤❡r ❝♦♥tr♦❧s ❛r❡ t❤❡ s❛♠❡ ❛s ✐♥ t❤❡ ♣r❡✈✐♦✉s ❡q✉❛t✐♦♥✳

❘❡s✉❧ts✳ ❚❛❜❧❡ ✸ r❡♣♦rts t❤❡ r❡s✉❧ts ❢r♦♠ ❡st✐♠❛t✐♥❣ ❊q✉❛t✐♦♥ ✷ ✐♥ ♦✉r s❛♠♣❧❡✳ ❍❛✈✐♥❣ ❛

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

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

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

✇✐t❤ ❛ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❡✛❡❝t ♦♥ t❤❡ ❛♥①✐❡t② ❛♥❞ s❛❢❡t② ♠❡❛s✉r❡s✱ ❧❡❛❞✐♥❣ t♦ ❛ ✼♣♣ ✐♥❝r❡❛s❡

✐♥ t❤❡ ❧✐❦❡❧✐❤♦♦❞ t❤❛t r❡s♣♦♥❞❡♥ts ❛r❡ ♠♦r❡ ❛♥①✐♦✉s ❛♥❞ ❛ ✶✵♣♣ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ❧✐❦❡❧✐❤♦♦❞ t❤❛t

t❤❡② ❢❡❡❧ ❧❡ss s❛❢❡ ✇❤❡♥ ♠♦✈✐♥❣ ❢r♦♠ ③❡r♦ t♦ ✶✵✵✪ ❝♦♥t❛✐♥♠❡♥t✳ ❚❤❡ ❧❛tt❡r ✜♥❞✐♥❣ ♠❛② ❝❛♣t✉r❡

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

t♦ ✇♦♠❡♥ ✇✐t❤ ❞❛✉❣❤t❡rs r❛t❤❡r t❤❛♥ ✇♦♠❡♥ ✇✐t❤ ❝❤✐❧❞r❡♥✳ ❚❤❡ ❡✛❡❝ts ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❤❛✈✐♥❣

❛ s♦♥ ❛r❡ s♠❛❧❧✱ st❛t✐st✐❝❛❧❧② ✐♥s✐❣♥✐✜❝❛♥t ❛♥❞ ♥♦t s②st❡♠❛t✐❝❛❧❧② ♣♦s✐t✐✈❡✳ ❲❤✐❧❡ ✇❡ ❧❛❝❦ t❤❡

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

✇❡ ❝❛♥ r❡❥❡❝t t❤❛t t❤❡② ❛r❡ t❤❡ s❛♠❡ ❢♦r s❛❢❡t② ❛t t❤❡ ✺ ♣❡r❝❡♥t ❧❡✈❡❧✳

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

❛❧t❤♦✉❣❤ ✇❡ ❝❛✉t✐♦♥ t❤❛t ❢❡♠❛❧❡✲❤❡❛❞❡❞ ❤♦✉s❡❤♦❧❞✬s s♦❝✐♦❡❝♦♥♦♠✐❝ st❛t✉s ❝♦✉❧❞ ❛❧s♦ ❜❡ s②st❡♠✲

❛t✐❝❛❧❧② ❞✐✛❡r❡♥t ❢r♦♠ ♠❛❧❡✲❤❡❛❞❡❞ ❤♦✉s❡❤♦❧❞s✳✶✸ ❲❤❡♥ t❤❡ r❡s♣♦♥❞❡♥t ❧✐✈❡s ✐♥ ❛ ❢❡♠❛❧❡ ❤❡❛❞❡❞

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

❧✐❦❡❧② t♦ ❤❛✈❡ ✇♦rs❡♥✐♥❣ ❢❡❡❧✐♥❣s ♦❢ ❡①❤❛✉st✐♦♥ ✇❤❡♥ ♠♦✈✐♥❣ ❢r♦♠ ③❡r♦ t♦ ✶✵✵✪ ❝♦♥t❛✐♥♠❡♥t✳

▲✐✈✐♥❣ ✐♥ ❛ ❢❡♠❛❧❡✲❤❡❛❞❡❞ ❤♦✉s❡❤♦❧❞ ✐s ❛❧s♦ s✐❣♥✐✜❝❛♥t❧② ❛ss♦❝✐❛t❡❞ ✇✐t❤ t❤❡ s❛❢❡t② ♠❡❛s✉r❡✱

❧❡❛❞✐♥❣ t♦ ❛ ✶✷✲✶✸♣♣ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ❧✐❦❡❧✐❤♦♦❞ t❤❛t r❡s♣♦♥❞❡♥ts ❢❡❡❧ ❧❡ss s❛❢❡✳

✶✸❆r♦✉♥❞ ✷✵ ♣❡r❝❡♥t ♦❢ t❤❡ ❤♦✉s❡❤♦❧❞s ✐♥ t❤❡ ❞❛t❛ ❤❛✈❡ ❛ ❢❡♠❛❧❡✲❤❡❛❞❡❞ ❤♦✉s❡❤♦❧❞✳ ❆♠♦♥❣ t❤❡s❡ ❤♦✉s❡❤♦❧❞s✱
✽✹ ♣❡r❝❡♥t ♦❢ t❤❡ ❢❡♠❛❧❡ ❤❡❛❞s ❛r❡ ❝✉rr❡♥t❧② ♠❛rr✐❡❞✱ ❛♥❞ ✶✸ ♣❡r❝❡♥t ❛r❡ ✇✐❞♦✇❡❞✳ ❆♥❞❡rs♦♥ ❛♥❞ ❘❛② ✭✷✵✶✾✮
❞♦❝✉♠❡♥t t❤❛t ✇✐❞♦✇s ❛r❡ ♣❛rt✐❝✉❧❛r❧② ✈✉❧♥❡r❛❜❧❡ ✐♥ ■♥❞✐❛✳

✶✵



✻ ❉✐s❝✉ss✐♦♥ ❛♥❞ P♦❧✐❝② ■♠♣❧✐❝❛t✐♦♥s

❲❡ ✜♥❞ t❤❛t t❤❡ ♦♥s❡t ♦❢ t❤❡ ❈❖❱■❉ ♣❛♥❞❡♠✐❝ ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❛❞✈❡rs❡ ♦✉t❝♦♠❡s ❢♦r ✇♦♠❡♥✬s

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

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

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

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

❛♥❞ ✇❡❧❧✲❜❡✐♥❣✱ ❛s ✇❡❧❧ ❛s ❞❡❝r❡❛s❡❞ ❢♦♦❞ s❡❝✉r✐t②✳

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

❛r❡ ♠♦r❡ ❧✐❦❡❧② t♦ ❡①♣❡r✐❡♥❝❡ ❞❡❝❧✐♥❡s ✐♥ ♠❡♥t❛❧ ❤❡❛❧t❤ ❛♥❞ s❤♦✇ ✐♥❝r❡❛s❡❞ ❝♦♥❝❡r♥ ❢♦r t❤❡✐r

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

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

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

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

■♥❞✐❛♥ ✇♦♠❡♥ ✖ ♠❛② ❜❡ ♣❛rt✐❝✉❧❛r❧② ❤❛r♠❡❞ ❜② ❜♦t❤ t❤❡ ❞✐r❡❝t ❡✛❡❝ts ♦❢ t❤❡ ♣❛♥❞❡♠✐❝ ❛♥❞

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

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

❤❡❛❧t❤✳

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

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

❧♦✇❡r✲✐♥❝♦♠❡ ❝♦✉♥tr✐❡s ♣❡rs✐st✱ ❛♥❞ ♦t❤❡r ♣❛♥❞❡♠✐❝s ❛r❡ ❧✐❦❡❧②✱ ✉♥❞❡rst❛♥❞✐♥❣ t❤❡ ❝♦♥s❡q✉❡♥❝❡s

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

✶✶



❘❡❢❡r❡♥❝❡s

❆❝❤❛r②❛ ❙❛♠❛❞❛rs❤✐✱ ❙❛✉r❛✈✱ ❙❤❛r♠✐st❤❛ ❙❤❛r♠❛✱ ❛♥❞ ❏❡❡✈❛♥ ❇❤❛tt❛✳ ✷✵✷✵✳ ✏❆♥ ♦♥❧✐♥❡

s✉r✈❡② ♦❢ ❢❛❝t♦rs ❛ss♦❝✐❛t❡❞ ✇✐t❤ s❡❧❢✲♣❡r❝❡✐✈❡❞ str❡ss ❞✉r✐♥❣ t❤❡ ✐♥✐t✐❛❧ st❛❣❡ ♦❢ t❤❡ ❈❖❱■❉✲✶✾

♦✉t❜r❡❛❦ ✐♥ ◆❡♣❛❧✳✑ ❊t❤✐♦♣✐❛♥ ❏♦✉r♥❛❧ ♦❢ ❍❡❛❧t❤ ❉❡✈❡❧♦♣♠❡♥t✱ ✸✹✿ ✽✹✕✽✾✳

❆❞❛♠s✲Pr❛ss❧✱ ❆❜✐✱ ❚❡♦❞♦r❛ ❇♦♥❡✈❛✱ ▼❛rt❛ ●♦❧✐♥✱ ❛♥❞ ❈❤r✐st♦♣❤❡r ❘❛✉❤✳ ✷✵✷✵✳ ✏❚❤❡

✐♠♣❛❝t ♦❢ t❤❡ ❝♦r♦♥❛✈✐r✉s ▲♦❝❦❞♦✇♥ ♦♥ ♠❡♥t❛❧ ❤❡❛❧t❤✿ ❊✈✐❞❡♥❝❡ ❢r♦♠ t❤❡ ❯✳❙✳✑ ❲♦r❦✐♥❣ P❛♣❡r✳

❆❢r✐❞✐✱ ❋❛r③❛♥❛✱ ❆♠r✐t❛ ❉❤✐❧❧♦♥✱ ❛♥❞ ❙❛♥❝❤❛r✐ ❘♦②✳ ✷✵✷✶✳ ✏❚❤❡ ❣❡♥❞❡r❡❞ ❝r✐s✐s✿ ▲✐✈❡❧✐❤♦♦❞s

❛♥❞ ♠❡♥t❛❧ ✇❡❧❧✲❜❡✐♥❣ ✐♥ ■♥❞✐❛ ❞✉r✐♥❣ ❈❖❱■❉✲✶✾✳✑ ❯◆❯✲❲■❉❊❘ ❲♦r❦✐♥❣ P❛♣❡r✳

❆❧t✐♥❞❛❣✱ ❖♥✉r✱ ❇✐❧❣❡ ❊rt❡♥✱ ❛♥❞ P✐♥❛r ❑❡s❦✐♥✳ ❋♦rt❤❝♦♠✐♥❣✳ ✏▼❡♥t❛❧ ❤❡❛❧t❤ ❝♦sts ♦❢ ❧♦❝❦❞♦✇♥s✿

❊✈✐❞❡♥❝❡ ❢r♦♠ ❛❣❡✲s♣❡❝✐✜❝ ❝✉r❢❡✇s ✐♥ ❚✉r❦❡②✳✑ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❏♦✉r♥❛❧✿ ❆♣♣❧✐❡❞ ❊❝♦♥♦♠✐❝s✳

❆♥❞❡rs♦♥✱ ❙✐✇❛♥✱ ❛♥❞ ❉❡❜r❛❥ ❘❛②✳ ✷✵✶✾✳ ✏▼✐ss✐♥❣ ✉♥♠❛rr✐❡❞ ✇♦♠❡♥✳✑ ❏♦✉r♥❛❧ ♦❢ t❤❡ ❊✉r♦♣❡❛♥

❊❝♦♥♦♠✐❝ ❆ss♦❝✐❛t✐♦♥✱ ✶✼✭✺✮✿ ✶✺✽✺✕✶✻✶✻✳

❆♥❣❡❧✉❝❝✐✱ ▼❛♥✉❡❧❛✱ ❛♥❞ ❉❛♥✐❡❧ ❇❡♥♥❡tt✳ ✷✵✷✶✳ ✏❚❤❡ ❊❝♦♥♦♠✐❝ ■♠♣❛❝t ♦❢ ❉❡♣r❡ss✐♦♥ ❚r❡❛t♠❡♥t

✐♥ ■♥❞✐❛✳✑

❆r♠❜r✉st❡r✱ ❙t❡♣❤❛♥✐❡✱ ❛♥❞ ❱❛❧❡♥t✐♥ ❑❧♦t③❜ü❝❤❡r✳ ✷✵✷✵✳ ✏▲♦st ✐♥ ❧♦❝❦❞♦✇♥❄ ❈❖❱■❉✲✶✾✱ s♦❝✐❛❧

❞✐st❛♥❝✐♥❣✱ ❛♥❞ ♠❡♥t❛❧ ❤❡❛❧t❤ ✐♥ ●❡r♠❛♥②✳✑ ❉✐s❦✉ss✐♦♥s❜❡✐trä❣❡ ❲♦r❦✐♥❣ P❛♣❡r ✷✵✷✵✲✵✹✳

❇❡rtr❛♥❞✱ ▼❛r✐❛♥♥❡✱ ❑❛✉s❤✐❦ ❑r✐s❤♥❛♥✱ ❛♥❞ ❍❡❛t❤❡r ❙❝❤♦✜❡❧❞✳ ✷✵✷✵✳ ✏❍♦✇ ❛r❡ ■♥❞✐❛♥ ❤♦✉s❡✲

❤♦❧❞s ❝♦♣✐♥❣ ✉♥❞❡r t❤❡ ❈❖❱■❉✲✶✾ ❧♦❝❦❞♦✇♥❄ ✽ ❦❡② ✜♥❞✐♥❣s✳✑

❇r♦❞❡✉r✱ ❆❜❡❧✱ ❆♥❞r❡✇ ❊✳ ❈❧❛r❦✱ ❙❛r❛❤ ❋❧❡❝❤❡✱ ❛♥❞ ◆❛tt❛✈✉❞❤ P♦✇❞t❤❛✈❡❡✳ ✷✵✷✶✳

✏❈❖❱■❉✲✶✾✱ ❧♦❝❦❞♦✇♥s ❛♥❞ ✇❡❧❧✲❜❡✐♥❣✿ ❊✈✐❞❡♥❝❡ ❢r♦♠ ❣♦♦❣❧❡ tr❡♥❞s✳✑ ❏♦✉r♥❛❧ ♦❢ P✉❜❧✐❝ ❊❝♦♥♦♠✐❝s✱

✶✾✸✿ ✶✵✹✸✹✻✳

❉❛✈✐s✱ ❈❛ss❛♥❞r❛ ❘✳✱ ❏❡✈❛② ●r♦♦♠s✱ ❆❧❜❡rt♦ ❖rt❡❣❛✱ ❏♦❛q✉✐♥ ❆❧❢r❡❞♦✲❆♥❣❡❧ ❘✉❜❛❧❝❛❜❛✱

❛♥❞ ❊❞✇❛r❞ ❱❛r❣❛s✳ ✷✵✷✵✳ ✏❉✐st❛♥❝❡ ❧❡❛r♥✐♥❣ ❛♥❞ ♣❛r❡♥t❛❧ ♠❡♥t❛❧ ❤❡❛❧t❤ ❞✉r✐♥❣ ❈❖❱■❉✲✶✾✳✑

❊❞✉❝❛t✐♦♥❛❧ ❘❡s❡❛r❝❤❡r✳

❉♦❞❞s✱ ❲❛❧t❡r✳ ✷✵✶✾✳ ✏❉✐s❡❛s❡ ♥♦✇ ❛♥❞ ♣♦t❡♥t✐❛❧ ❢✉t✉r❡ ♣❛♥❞❡♠✐❝s✳✑ ■♥ ❚❤❡ ❲♦r❧❞✬s ❲♦rst Pr♦❜❧❡♠s✳

✸✶✕✹✹✳ ❙♣r✐♥❣❡r✳

❊❣❣❡r✱ ❉❡♥♥✐s✱ ❊❞✇❛r❞ ▼✐❣✉❡❧✱ ❙❤❛♥❛ ❙✳ ❲❛rr❡♥✱ ❆s❤✐s❤ ❙❤❡♥♦②✱ ❊❧❧✐♦tt ❈♦❧❧✐♥s✱ ❉❡❛♥

❑❛r❧❛♥✱ ❉♦✉❣ P❛r❦❡rs♦♥✱ ❆✳ ▼✉s❤✜q ▼♦❜❛r❛❦✱ ●ü♥t❤❡r ❋✐♥❦✱ ❈❤r✐st♦♣❤❡r ❯❞r②✱

▼✐❝❤❛❡❧ ❲❛❧❦❡r✱ ❏♦❤❛♥♥❡s ❍❛✉s❤♦❢❡r✱ ▼❛❣❞❛❧❡♥❛ ▲❛rr❡❜♦✉r❡✱ ❙✉s❛♥ ❆t❤❡②✱ P❛✉❧❛

▲♦♣❡③✲P❡♥❛✱ ❙❛❧✐♠ ❇❡♥❤❛❝❤♠✐✱ ▼❛❝❛rt❛♥ ❍✉♠♣❤r❡②s✱ ▲❛②♥❛ ▲♦✇❡✱ ◆✐❝❝♦❧ó ❋✳ ▼❡r✐❣❣✐✱

❆♥❞r❡✇ ❲❛❜✇✐r❡✱ ❈✳ ❆✉st✐♥ ❉❛✈✐s✱ ❯t③ ❏♦❤❛♥♥ P❛♣❡✱ ❚✐❧♠❛♥ ●r❛✛✱ ▼❛❛rt❡♥ ❱♦♦rs✱

❈❛r♦❧②♥ ◆❡❦❡s❛✱ ❛♥❞ ❈♦r❡② ❱❡r♥♦t✳ ✷✵✷✶✳ ✏❋❛❧❧✐♥❣ ❧✐✈✐♥❣ st❛♥❞❛r❞s ❞✉r✐♥❣ t❤❡ ❈❖❱■❉✲✶✾ ❝r✐s✐s✿

◗✉❛♥t✐t❛t✐✈❡ ❡✈✐❞❡♥❝❡ ❢r♦♠ ♥✐♥❡ ❞❡✈❡❧♦♣✐♥❣ ❝♦✉♥tr✐❡s✳✑ ❙❝✐❡♥❝❡ ❆❞✈❛♥❝❡s✱ ✼✭✻✮✿ ❡❛❜❡✵✾✾✼✳ P✉❜❧✐s❤❡r✿

❆♠❡r✐❝❛♥ ❆ss♦❝✐❛t✐♦♥ ❢♦r t❤❡ ❆❞✈❛♥❝❡♠❡♥t ♦❢ ❙❝✐❡♥❝❡ ❙❡❝t✐♦♥✿ ❘❡s❡❛r❝❤ ❆rt✐❝❧❡✳

❊❧✲❩♦❣❤❜②✱ ❙❛❢❛❛ ▼✳✱ ❊♥❛②❛t ▼✳ ❙♦❧t❛♥✱ ❛♥❞ ❍❡♥❞ ▼✳ ❙❛❧❛♠❛✳ ✷✵✷✵✳ ✏■♠♣❛❝t ♦❢ t❤❡ ❈❖❱■❉✲

✶✾ ♣❛♥❞❡♠✐❝ ♦♥ ♠❡♥t❛❧ ❤❡❛❧t❤ ❛♥❞ s♦❝✐❛❧ s✉♣♣♦rt ❛♠♦♥❣ ❛❞✉❧t ❊❣②♣t✐❛♥s✳✑ ❏♦✉r♥❛❧ ♦❢ ❈♦♠♠✉♥✐t②

❍❡❛❧t❤✱ ✹✺✭✹✮✿ ✻✽✾✕✻✾✺✳

❊t❤❡r✐❞❣❡✱ ❇❡♥✱ ❛♥❞ ▲✐s❛ ❙♣❛♥t✐❣✳ ✷✵✷✵✳ ✏❚❤❡ ❣❡♥❞❡r ❣❛♣ ✐♥ ♠❡♥t❛❧ ✇❡❧❧✲❜❡✐♥❣ ❞✉r✐♥❣ t❤❡ ❈♦✈✐❞✲✶✾

♦✉t❜r❡❛❦✿ ❊✈✐❞❡♥❝❡ ❢r♦♠ t❤❡ ❯❑✳✑ ■❙❊❘ ❲♦r❦✐♥❣ P❛♣❡r ❙❡r✐❡s✳

❊①♣r❡ss ◆❡✇s ❙❡r✈✐❝❡✳ ✷✵✷✵✳ ✏❊①♣❧❛✐♥❡❞✿ ❲❤❛t ❛r❡ ❝♦♥t❛✐♥♠❡♥t ③♦♥❡s✱ ❤♦✇ ❛r❡ t❤❡② ❞❡♠❛r❝❛t❡❞❄✑
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❳✐♦♥❣✱ ❏✐❛q✐✱ ❖r❧② ▲✐♣s✐t③✱ ❋❧♦r❛ ◆❛sr✐✱ ▲❡❛♥♥❛ ▼✳❲✳ ▲✉✐✱ ❍❛rt❡❥ ●✐❧❧✱ ▲❡❡ P❤❛♥✱ ❉❛✈✐❞

❈❤❡♥✲▲✐✱ ▼✐❝❤❡❧❧❡ ■❛❝♦❜✉❝❝✐✱ ❘♦❣❡r ❍♦✱ ❆♠♥❛ ▼❛❥❡❡❞✱ ❛♥❞ ❘♦❣❡r ❙✳ ▼❝■♥t②r❡✳ ✷✵✷✵✳

✏■♠♣❛❝t ♦❢ ❈❖❱■❉✲✶✾ ♣❛♥❞❡♠✐❝ ♦♥ ♠❡♥t❛❧ ❤❡❛❧t❤ ✐♥ t❤❡ ❣❡♥❡r❛❧ ♣♦♣✉❧❛t✐♦♥✿ ❆ s②st❡♠❛t✐❝ r❡✈✐❡✇✳✑

❏♦✉r♥❛❧ ♦❢ ❆✛❡❝t✐✈❡ ❉✐s♦r❞❡rs✱ ✷✼✼✿ ✺✺✕✻✹✳

❩❛♠❛rr♦✱ ●❡♠❛✱ ❛♥❞ ▼❛r✐❛ Pr❛❞♦s✳ ✷✵✷✶✳ ✏●❡♥❞❡r ❞✐✛❡r❡♥❝❡s ✐♥ ❝♦✉♣❧❡s✬ ❞✐✈✐s✐♦♥ ♦❢ ❝❤✐❧❞❝❛r❡✱

✇♦r❦ ❛♥❞ ♠❡♥t❛❧ ❤❡❛❧t❤ ❞✉r✐♥❣ ❈♦✈✐❞✲✶✾✳✑ ❘❡✈✐❡✇ ♦❢ ❊❝♦♥♦♠✐❝s ♦❢ t❤❡ ❍♦✉s❡❤♦❧❞✱ ✶✾✿ ✶✶✕✹✵✳

✶✹



❋✐❣✉r❡s ❛♥❞ ❚❛❜❧❡s

❋✐❣✉r❡ ✶✿ ■♠♣❛❝t ♦❢ ❆❣❣r❡❣❛t❡ ❙❤♦❝❦ ♦♥ ■♥❝♦♠❡ ❛♥❞ ❋❡♠❛❧❡ ❲❡❧❧✲❇❡✐♥❣

◆♦t❡s✿ ❚❤❡ ❧❡❢t s✉❜✲✜❣✉r❡ r❡♣♦rts t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ✐♥✈❡rs❡ ❤②♣❡r❜♦❧✐❝ s✐♥❡ ♦❢ t❤❡ ❤♦✉s❡❤♦❧❞ ❤❡❛❞✬s s❡❧❢✲r❡♣♦rt❡❞ ✐♥❝♦♠❡ ✐♥
t❤❡ ❝✉rr❡♥t ♠♦♥t❤ ❛♥❞ ❛ ♥♦r♠❛❧ ♠♦♥t❤ ✐♥ r✉♣❡❡s✳ ❚❤❡ r✐❣❤t s✉❜✲✜❣✉r❡ r❡♣♦rts t❤❡ ♣❡r❝❡♥t❛❣❡ ♦❢ ❤♦✉s❡❤♦❧❞s r❡♣♦rt✐♥❣ r❡❞✉❝❡❞
✐♥❝♦♠❡✱ r❡❞✉❝❡❞ ♠❡❛❧s✱ ❛♥❞ ✇♦rs❡♥✐♥❣ ♠❡❛s✉r❡s ♦❢ ❢❡♠❛❧❡ ✇❡❧❧✲❜❡✐♥❣✳ ❵▲♦st ■♥❝♦♠❡✬ ✐s t❤❡ ❢r❛❝t✐♦♥ ♦❢ ❤♦✉s❡❤♦❧❞s ✇❤❡r❡ t❤❡ ❤❡❛❞
r❡♣♦rt❡❞ ❧❡ss ✐♥❝♦♠❡ ✐♥ t❤❡ ❝✉rr❡♥t ♠♦♥t❤ t❤❛♥ ❛ ♥♦r♠❛❧ ♠♦♥t❤✳ ❋♦r ❡❛❝❤ ♠❡♠❜❡r ✐♥ t❤❡ ❤♦✉s❡❤♦❧❞ r♦st❡r✱ ✇❡ ❛s❦ ✐❢ t❤❡② r❡❞✉❝❡❞
t❤❡ ♥✉♠❜❡r✴s✐③❡ ♦❢ ❞❛✐❧② ♠❡❛❧s✱ ❛♥❞ r❡♣♦rt t❤❡ ❢r❛❝t✐♦♥ ♦❢ ❤♦✉s❡❤♦❧❞s ✇❤❡r❡ ❛t ❧❡❛st ♦♥❡ ♠❡♠❜❡r r❡❞✉❝❡❞ ♠❡❛❧s✳ ❚❤❡ ♦✉t❝♦♠❡s
❢♦r ❢❡♠❛❧❡ ✇❡❧❧✲❜❡✐♥❣ ✭❡✳❣✳✱ ♠♦r❡ ❞❡♣r❡ss❡❞✮ ✇❡r❡ ❡❧✐❝✐t❡❞ ❜② ❛s❦✐♥❣ ✏❍❛✈❡ t❤❡s❡ ❢❡❡❧✐♥❣s ❜❡❝♦♠❡ ✇♦rs❡ ♥♦✇ ❝♦♠♣❛r❡❞ t♦ ❜❡❢♦r❡ t❤❡
❈♦✈✐❞ ❝r✐s✐s❄✑ ❚❤❡ ✜❣✉r❡ r❡♣♦rts t❤❡ ❢r❛❝t✐♦♥ ♦❢ ❤♦✉s❡❤♦❧❞s ✇✐t❤ ✇♦♠❡♥ r❡♣♦rt✐♥❣ ✇♦rs❡ ✇❡❧❧✲❜❡✐♥❣✳

✶✺



❋✐❣✉r❡ ✷✿ ❋❡♠❛❧❡ ❲❡❧❧✲❜❡✐♥❣ ❛♥❞ ❙♦❝✐♦❡❝♦♥♦♠✐❝ ❖✉t❝♦♠❡s ❜② ❈♦♥t❛✐♥♠❡♥t ■♥t❡♥s✐t②

◆♦t❡s✿ ❚❤✐s ✜❣✉r❡ r❡♣♦rts ❞✐str✐❝t✲❧❡✈❡❧ r❡❧❛t✐♦♥s❤✐♣s ❜❡t✇❡❡♥ ✇♦♠❡♥✬s ✇❡❧❧✲❜❡✐♥❣ ✭♦r ❤♦✉s❡❤♦❧❞✬s s♦❝✐♦❡❝♦♥♦♠✐❝ ♦✉t❝♦♠❡s✮ ❛♥❞ t❤❡
❢r❛❝t✐♦♥ ♦❢ ❛ ❞✐str✐❝t ✐♥ ❛ ❝♦♥t❛✐♥♠❡♥t ③♦♥❡✳ ❊❛❝❤ ♣♦✐♥t r❡♣r❡s❡♥ts ❛ ❞✐str✐❝t✲❧❡✈❡❧ ❛✈❡r❛❣❡✱ ✇✐t❤ ❜✉❜❜❧❡ s✐③❡ ✇❡✐❣❤t❡❞ ❜② s❛♠♣❧❡
s✐③❡✳ β r❡♣♦rts t❤❡ r❡❣r❡ss✐♦♥ ❝♦❡✣❝✐❡♥t✱ ✇✐t❤ st❛♥❞❛r❞ ❡rr♦rs ❝❧✉st❡r❡❞ ❛t t❤❡ ❞✐str✐❝t ❧❡✈❡❧ ✐♥ ♣❛r❡♥t❤❡s❡s✳ ✯✱✯✯✱ ❛♥❞ ✯✯✯ ❞❡♥♦t❡
✶✵✱ ✺✱ ❛♥❞ ✶✪ s✐❣♥✐✜❝❛♥❝❡ r❡s♣❡❝t✐✈❡❧②✳ ❚❤❡ ♦✉t❝♦♠❡s ❢♦r ❢❡♠❛❧❡ ✇❡❧❧✲❜❡✐♥❣ ✭❡✳❣✳✱ ♠♦r❡ ❞❡♣r❡ss❡❞✮ ✇❡r❡ ❡❧✐❝✐t❡❞ ❜② ❛s❦✐♥❣ ✏❍❛✈❡
t❤❡s❡ ❢❡❡❧✐♥❣s ❜❡❝♦♠❡ ✇♦rs❡ ♥♦✇ ❝♦♠♣❛r❡❞ t♦ ❜❡❢♦r❡ t❤❡ ❈♦✈✐❞ ❝r✐s✐s❄✑ ❚❤❡ ❵❘❡❞✉❝❡❞ ▼❡❛❧s✬ ♠❡❛s✉r❡ ✐s ❛♥ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡ ❢♦r
✇❤❡t❤❡r t❤❡ ❤❡❛❞ r❡♣♦rt❡❞ r❡❞✉❝✐♥❣ t❤❡ ♥✉♠❜❡r✴s✐③❡ ♦❢ ♠❡❛❧s ❢♦r ❛t ❧❡❛st ♦♥❡ ♣❡rs♦♥ ✐♥ t❤❡ ❤♦✉s❡❤♦❧❞✳ ❚❤❡ ❵◆✉♠❜❡r ♦❢ ■♥❞✐✈✐❞✉❛❧s
▲♦st ■♥❝♦♠❡✬ ♠❡❛s✉r❡ ✐s t❤❡ ♥✉♠❜❡r ♦❢ ❛❞✉❧ts ✇❤♦ ❝♦♥tr✐❜✉t❡ t♦ t❤❡ ✐♥❝♦♠❡ ♦❢ t❤❡ ❤♦✉s❡❤♦❧❞ ✇❤♦ ❤❛✈❡ ❧♦st t❤❡✐r ❥♦❜ ♦r ❤❛❞ t❤❡✐r
✐♥❝♦♠❡ r❡❞✉❝❡❞ ❞✉❡ t♦ ❈❖❱■❉✳

✶✻



❚❛❜❧❡ ✶✿ ❘❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❈♦♥t❛✐♥♠❡♥t ❛♥❞ ❋❡♠❛❧❡ ❲❡❧❧✲❜❡✐♥❣

✭✶✮ ✭✷✮ ✭✸✮ ✭✹✮ ✭✺✮ ✭✻✮ ✭✼✮ ✭✽✮

▼♦r❡ ❉❡♣r❡ss❡❞ ▼♦r❡ ❊①❤❛✉st❡❞ ▼♦r❡ ❆♥①✐♦✉s ▲❡ss ❙❛❢❡

❈♦♥t❛✐♥♠❡♥t ✵✳✷✹✽✯✯ ✵✳✷✹✵✯✯✯ ✵✳✸✻✸✯ ✵✳✸✻✻✯✯✯ ✵✳✷✻✸ ✵✳✷✹✷✯✯✯ ✵✳✶✹✽ ✵✳✶✷✼

✭✵✳✶✶✸✮ ✭✵✳✵✼✶✼✮ ✭✵✳✶✼✻✮ ✭✵✳✶✷✵✮ ✭✵✳✶✺✺✮ ✭✵✳✵✼✸✸✮ ✭✵✳✶✺✶✮ ✭✵✳✶✸✶✮

P❛st ❈♦♥t❛✐♥♠❡♥t ❈♦♥tr♦❧s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s

❙t❛t❡ ❋❊ ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s

❆❣❡ ❋❊ ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s

▲❛ss♦ ❈♦♥tr♦❧s ◆♦ ❨❡s ◆♦ ❨❡s ◆♦ ❨❡s ◆♦ ❨❡s

❈❛s❡ ❛♥❞ ❉❡❛t❤ ❈♦♥tr♦❧s ◆♦ ❨❡s ◆♦ ❨❡s ◆♦ ❨❡s ◆♦ ❨❡s

❉❡♣ ❱❛r✳ ▼❡❛♥ ✵✳✸✹✹ ✵✳✸✹✹ ✵✳✷✼✻ ✵✳✷✼✻ ✵✳✸✵✶ ✵✳✸✵✶ ✵✳✷✾✾ ✵✳✷✾✾

❆❞❥✉st❡❞ ❘✲sq✉❛r❡❞ ✵✳✵✶✵ ✵✳✵✷✼ ✵✳✵✷✷ ✵✳✵✺✻ ✵✳✵✷✸ ✵✳✵✺✸ ✵✳✵✵✻ ✵✳✵✷✻

❖❜s❡r✈❛t✐♦♥s ✹✽✾ ✹✽✾ ✹✽✾ ✹✽✾ ✹✽✾ ✹✽✾ ✹✽✾ ✹✽✾

◆♦t❡s✿ ❚❤✐s t❛❜❧❡ r❡♣♦rts t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❞✐str✐❝t✲❧❡✈❡❧ ❝♦♥t❛✐♥♠❡♥t ❛♥❞ ❢❡♠❛❧❡ ✇❡❧❧✲❜❡✐♥❣ r❡❧❛t✐✈❡ t♦ t❤❡✐r ✇❡❧❧✲❜❡✐♥❣

❜❡❢♦r❡ t❤❡ ❈♦✈✐❞ ❝r✐s✐s ✉s✐♥❣ ❊q✉❛t✐♦♥ ✶✳ ■♥ ❝♦❧✉♠♥s ✭✶✮ ✫ ✭✷✮✱ t❤❡ ♦✉t❝♦♠❡ ✐s ❛♥ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡ t❤❛t t❤❡ r❡s♣♦♥❞❡♥t ❢❡❡❧s

♠♦r❡ ❞❡♣r❡ss❡❞✳ ■♥ ✭✸✮ ✫ ✭✹✮✱ ✐t ✐s ❛♥ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡ ❢♦r ❢❡❡❧✐♥❣ ♠♦r❡ ❡①❤❛✉st❡❞✳ ■♥ ✭✺✮ ✫ ✭✻✮✱ ✐t ✐s ❛♥ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡ ❢♦r

❢❡❡❧✐♥❣ ♠♦r❡ ❛♥①✐♦✉s✳ ❋✐♥❛❧❧② ✐♥ ✭✼✮ ✫ ✭✽✮✱ ✐t ✐s ❛♥ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡ ❢♦r ❢❡❡❧✐♥❣ ❧❡ss s❛❢❡✳ ❙t❛♥❞❛r❞ ❡rr♦rs ❛r❡ ❝❧✉st❡r❡❞ ❛t t❤❡

❞✐str✐❝t ❧❡✈❡❧✳ ✯✱✯✯✱ ❛♥❞ ✯✯✯ ❞❡♥♦t❡ ✶✵✱ ✺✱ ❛♥❞ ✶✪ s✐❣♥✐✜❝❛♥❝❡ r❡s♣❡❝t✐✈❡❧②✳

✶✼



❚❛❜❧❡ ✷✿ ❘❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❈♦♥t❛✐♥♠❡♥t ❛♥❞ ❙♦❝✐♦❡❝♦♥♦♠✐❝ ❛♥❞ ◆✉tr✐t✐♦♥❛❧ ❖✉t❝♦♠❡s
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▼❡❛♥ ❙❉ ✷✺ P❝t ✺✵ P❝t ✼✺ P❝t ❖❜s

❙♦❝✐♦❡❝♦♥♦♠✐❝ ❙t❛t✉s
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❉❛②s ✇✐s❤❡❞ ❢♦r ♠♦r❡ ❢♦♦❞✳✳✳

❋♦r s❡❧❢ ✵✳✽✾✹ ✶✳✽✵✹ ✵ ✵ ✶ ✶✵✵✽

❋♦r ❝❤✐❧❞r❡♥ ✶✳✶✾✸ ✷✳✶✻✺ ✵ ✵ ✷ ✾✺✹

❙❤❛r❡ ❜❡❧♦✇✲♠❡❞✐❛♥ ❢♦♦❞ ❝❛t❡❣♦r✐❡s ✭▼❛❧❡✮ ✵✳✸✸✸ ✵✳✷✽✶ ✵ ✵✳✷✺ ✵✳✺ ✶✵✺✼

❙❤❛r❡ ❜❡❧♦✇✲♠❡❞✐❛♥ ❢♦♦❞ ❝❛t❡❣♦r✐❡s ✭❋❡♠❛❧❡✮ ✵✳✸✾✵ ✵✳✷✾✼ ✵✳✷✺ ✵✳✷✺ ✵✳✺ ✶✵✺✼

▼❡♥t❛❧ ❍❡❛❧t❤

❋❡♠❛❧❡ ❉❡♣r❡ss✐♦♥ ❲♦rs❡ ✵✳✸✹✹ ✵✳✹✼✺ ✵ ✵ ✶ ✹✽✾

❋❡♠❛❧❡ ❆♥①✐❡t② ❲♦rs❡ ✵✳✸✵✶ ✵✳✹✺✾ ✵ ✵ ✶ ✹✽✾

❋❡♠❛❧❡ ❊①❤❛✉st✐♦♥ ❲♦rs❡ ✵✳✷✼✻ ✵✳✹✹✽ ✵ ✵ ✶ ✹✽✾

❋❡♠❛❧❡ ❙❛❢❡t② ❲♦rs❡ ✵✳✷✾✾ ✵✳✹✺✽ ✵ ✵ ✶ ✹✽✾

◆♦t❡s✿ ❚❤✐s t❛❜❧❡ r❡♣♦rts s✉♠♠❛r② st❛t✐st✐❝s ❢♦r ♦✉r ♠❛✐♥ ♦✉t❝♦♠❡s✳ ❚❤❡ ♠❡❛s✉r❡s ✐♥ t❤❡ t♦♣ ❤❛❧❢ ❛r❡ s♦❝✐♦❡❝♦♥♦♠✐❝ ❛♥❞

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

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

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

✐♥t❛❦❡ ✐s ❜❡❧♦✇ t❤❡ ♠❡❞✐❛♥ ❢♦r ❤✐s✴❤❡r ❞✐str✐❝t✲❣❡♥❞❡r s♣❡❝✐✜❝ ✐♥t❛❦❡ ✐♥ t❤❡ ♣r❡✲♣❛♥❞❡♠✐❝ ◆❋❍❙✳ ❚❤❡ ❜♦tt♦♠ ❤❛❧❢ ❛r❡ ♠❡❛s✉r❡s ❢♦r

❢❡♠❛❧❡ ✇❡❧❧✲❜❡✐♥❣✿ r♦✇s ✼✲✶✵ ❛r❡ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡s ❢♦r ✇❤❡t❤❡r t❤❡ ❢❡♠❛❧❡ r❡s♣♦♥❞❡♥t✬s ❢❡❡❧✐♥❣s ♦❢ ❞❡♣r❡ss✐♦♥✱ ❛♥①✐❡t②✱ ❡①❤❛✉st✐♦♥

❛♥❞ s❛❢❡t② ✇♦rs❡♥❡❞ ❝♦♠♣❛r❡❞ t♦ ❜❡❢♦r❡ t❤❡ ♣❛♥❞❡♠✐❝✳

❆✸



❚❛❜❧❡ ❆✷✿ ❉✐str✐❝t✲▲❡✈❡❧ ❇❛❧❛♥❝❡ ♦♥ ❈♦♥t❛✐♥♠❡♥t ❚❛❜❧❡

▼❡❛♥ ❙❉ ❈♦♥t❛✐♥♠❡♥t ❈♦❡❢✳ ❙❡ ◆

Pr❡✲❚r❡❛t♠❡♥t ❖✉t❝♦♠❡s ✐♥ ❙✉r✈❡② ❙❛♠♣❧❡

■❍❙✭Pr❡✲♣❛♥❞❡♠✐❝ ■♥❝♦♠❡✮ ✽✳✾✶✵ ✷✳✸✹✻ ✵✳✶✾✵ ✵✳✺✸✺ ✶✸✽✾

❆ss❡t ■♥❞❡① ✵✳✵✵✵ ✶✳✼✼✾ ✲✶✳✷✶✹ ✵✳✽✹✶ ✶✺✸✽

▼❛❧❡ ❍❡❛❞ ❈♦♠♣❧❡t❡❞ ❙❡❝♦♥❞❛r② ✵✳✺✽✾ ✵✳✹✾✷ ✲✵✳✵✻✾ ✵✳✶✶✽ ✶✹✻✽

❋❡♠❛❧❡ ❍❡❛❞ ❈♦♠♣❧❡t❡❞ ❙❡❝♦♥❞❛r② ✵✳✹✺✵ ✵✳✹✾✽ ✲✵✳✵✷✷ ✵✳✶✸✾ ✶✹✻✶

◆❋❍❙ ✹ ❋❡♠❛❧❡ ❈♦♥s✉♠♣t✐♦♥ ✭◆♦r♠❛❧✐③❡❞✮

▼✐❧❦ ✲✵✳✶✻✻ ✵✳✾✼✵ ✲✵✳✵✷✾ ✵✳✸✷✵ ✷✷✵✶✷

P✉❧s❡s ✵✳✶✺✾ ✶✳✵✵✾ ✵✳✹✼✽ ✵✳✹✼✼ ✷✷✵✶✷

❱❡❣ ✵✳✵✶✻ ✶✳✵✶✵ ✵✳✽✺✺✯ ✵✳✹✻✶ ✷✷✵✶✷

❋r✉✐ts ✲✵✳✸✹✽ ✵✳✽✹✺ ✲✵✳✶✸✼ ✵✳✶✽✾ ✷✷✵✶✷

❊❣❣s ✲✵✳✷✶✷ ✵✳✾✹✾ ✲✵✳✶✺✽ ✵✳✹✷✺ ✷✷✵✶✷

❋✐s❤ ✲✵✳✶✹✽ ✵✳✽✾✼ ✲✵✳✵✶✵ ✵✳✹✽✸ ✷✷✵✶✷

▼❡❛t ✲✵✳✶✺✻ ✵✳✾✺✸ ✲✵✳✶✾✵ ✵✳✹✵✻ ✷✷✵✶✷

◆❋❍❙ ✹ ▼❛❧❡ ❈♦♥s✉♠♣t✐♦♥ ✭◆♦r♠❛❧✐③❡❞✮

▼✐❧❦ ✲✵✳✷✶✹ ✵✳✾✾✺ ✵✳✶✷✾ ✵✳✷✾✺ ✷✾✾✷

P✉❧s❡s ✵✳✵✽✻ ✵✳✾✽✽ ✵✳✸✼✾ ✵✳✺✶✸ ✷✾✾✷

❱❡❣ ✲✵✳✶✾✹ ✶✳✵✷✽ ✵✳✹✸✺ ✵✳✹✶✹ ✷✾✾✷

❋r✉✐ts ✲✵✳✸✷✷ ✵✳✽✽✷ ✲✵✳✵✻✵ ✵✳✷✸✽ ✷✾✾✷

❊❣❣s ✲✵✳✷✷✷ ✵✳✾✾✻ ✵✳✵✸✼ ✵✳✹✸✶ ✷✾✾✷

❋✐s❤ ✲✵✳✶✷✻ ✵✳✾✸✺ ✵✳✵✼✽ ✵✳✺✶✶ ✷✾✾✷

▼❡❛t ✲✵✳✷✶✸ ✵✳✾✽✶ ✲✵✳✶✵✶ ✵✳✹✻✸ ✷✾✾✷

◆♦t❡s✿ ❚❤✐s t❛❜❧❡ r❡♣♦rts t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❝♦♥t❛✐♥♠❡♥t ❛♥❞ ❞✐✛❡r❡♥t ♣r❡✲♣❛♥❞❡♠✐❝ ♠❡❛s✉r❡s✳ ❚❤❡

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

✐♥❝♦♠❡✱ r♦✇ ✷ ✐s ❛♥ ❛ss❡t ✐♥❞❡① ❝♦♥str✉❝t❡❞ ❢r♦♠ t❤❡ ♣r❡✲♣❛♥❞❡♠✐❝ ❜❛s❡❧✐♥❡ s✉r✈❡②✱ ❛♥❞ r♦✇s ✸ ❛♥❞ ✹ ❛r❡

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

♠❡❛s✉r❡s ✐♥ t❤❡ ❜♦tt♦♠ ♣❛rt ❛r❡ ❞r❛✇♥ ❢r♦♠ t❤❡ ◆❋❍❙ ❘♦✉♥❞ ✹✳ ❚❤❡s❡ ❛r❡ ♠❡❛s✉r❡s ♦❢ t❤❡ ❢r❡q✉❡♥❝② ✇✐t❤

✇❤✐❝❤ ✐♥❞✐✈✐❞✉❛❧s ✐♥ ❛ ❣✐✈❡♥ ❞✐str✐❝t r❡♣♦rt ❡❛t✐♥❣ ❞✐✛❡r❡♥t ❢♦♦❞ t②♣❡s ✭♦♥ ❛ s❝❛❧❡ ♦❢ ✶✲✹✮✳ ❚❤❡s❡ ❛♥s✇❡rs ❤❛✈❡

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

❝♦❡✣❝✐❡♥ts ❝❛♥ ❜❡ ✐♥t❡r♣r❡t❡❞ ✐♥ t❡r♠s ♦❢ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥s✳ ❙t❛♥❞❛r❞ ❡rr♦rs ❛r❡ ❝❧✉st❡r❡❞ ❛t t❤❡ ❞✐str✐❝t

❧❡✈❡❧✳ ✯✱✯✯✱ ❛♥❞ ✯✯✯ ❞❡♥♦t❡ ✶✵✱ ✺✱ ❛♥❞ ✶✪s✐❣♥✐✜❝❛♥❝❡ r❡s♣❡❝t✐✈❡❧②✳

❆✹



❚❛❜❧❡ ❆✸✿ ❘❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❘❡s♣♦♥s❡ ❛♥❞ ❲❡❛❧t❤

✭✶✮ ✭✷✮ ✭✸✮

❈♦♠♣❧❡t❡❞ ◆♦t ❘❡❛❝❤❡❞ ❘❡❢✉s❡❞

❆ss❡t ■♥❞❡① ✵✳✵✵✾✾✽✯✯ ✲✵✳✵✶✼✽✯✯✯ ✵✳✵✵✼✼✽✯✯✯

✭✵✳✵✵✹✺✺✮ ✭✵✳✵✵✺✵✼✮ ✭✵✳✵✵✶✾✽✮

❈♦♥st❛♥t ✵✳✸✷✷✯✯✯ ✵✳✻✶✷✯✯✯ ✵✳✵✻✻✷✯✯✯

✭✵✳✵✶✽✶✮ ✭✵✳✵✶✼✹✮ ✭✵✳✵✵✸✹✼✮

❉❡♣ ❱❛r✳ ▼❡❛♥ ✵✳✸✷✷ ✵✳✻✶✷ ✵✳✵✻✻✷

❆❞❥✉st❡❞ ❘✲sq✉❛r❡❞ ✵✳✵✵✶✵✵ ✵✳✵✵✸✸✷ ✵✳✵✵✷✸✾

❖❜s❡r✈❛t✐♦♥s ✹✼✼✹ ✹✼✼✹ ✹✼✼✹

◆♦t❡s✿ ❚❤✐s t❛❜❧❡ r❡♣♦rts t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❛ ❤♦✉s❡❤♦❧❞✬s ❛ss❡t ✐♥❞❡① ❛♥❞ ❛♥ ✐♥❞✐❝❛t♦r ❢♦r ✇❤❡t❤❡r t❤❡② ❝♦♠♣❧❡t❡❞ t❤❡

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

✭❝♦❧✉♠♥ ✭✸✮✮✳ ❙t❛♥❞❛r❞ ❡rr♦rs ❛r❡ ❝❧✉st❡r❡❞ ❛t t❤❡ ❞✐str✐❝t ❧❡✈❡❧✳ ✯✱✯✯✱ ❛♥❞ ✯✯✯ ❞❡♥♦t❡ ✶✵✱ ✺✱ ❛♥❞ ✶✪ s✐❣♥✐✜❝❛♥❝❡ r❡s♣❡❝t✐✈❡❧②✳

❚❛❜❧❡ ❆✹✿ ❇♦✉♥❞s ❢♦r ❘❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❈♦♥t❛✐♥♠❡♥t ❛♥❞ ❋❡♠❛❧❡ ❲❡❧❧✲❜❡✐♥❣

✭✶✮ ✭✷✮ ✭✸✮ ✭✹✮ ✭✺✮ ✭✻✮ ✭✼✮ ✭✽✮ ✭✾✮ ✭✶✵✮ ✭✶✶✮ ✭✶✷✮

▼♦r❡ ❉❡♣r❡ss❡❞ ▼♦r❡ ❊①❤❛✉st❡❞ ▼♦r❡ ❆♥①✐♦✉s ▲❡ss ❙❛❢❡

❍✐❣❤ ❈♦♥t❛✐♥♠❡♥t ✵✳✵✽✾✹✯✯ ✵✳✵✽✽✵✯ ✵✳✵✽✵✷✯ ✵✳✶✾✼✯✯✯ ✵✳✷✵✷✯✯✯ ✵✳✶✾✷✯✯✯ ✵✳✶✸✺✯✯✯ ✵✳✶✹✵✯✯✯ ✵✳✶✸✸✯✯✯ ✵✳✶✷✽✯✯ ✵✳✶✸✺✯✯✯ ✵✳✶✷✵✯✯

✭✵✳✵✹✵✹✮ ✭✵✳✵✹✷✹✮ ✭✵✳✵✹✸✻✮ ✭✵✳✵✸✺✾✮ ✭✵✳✵✸✺✻✮ ✭✵✳✵✸✻✽✮ ✭✵✳✵✸✸✵✮ ✭✵✳✵✸✷✼✮ ✭✵✳✵✸✹✾✮ ✭✵✳✵✹✻✼✮ ✭✵✳✵✹✼✷✮ ✭✵✳✵✹✼✹✮

P❛st ❈♦♥t❛✐♥♠❡♥t ❈♦♥tr♦❧s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s

❙t❛t❡ ❋❊ ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s

▲❛ss♦ ❈♦♥tr♦❧s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s

❈❛s❡ ❛♥❞ ❉❡❛t❤ ❈♦♥tr♦❧s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s

❉❡♣ ❱❛r✳ ▼❡❛♥ ✵✳✸✸✹ ✵✳✸✸✺ ✵✳✸✷✼ ✵✳✷✼✼ ✵✳✷✼✾ ✵✳✷✼✵ ✵✳✷✾✾ ✵✳✸✵✷ ✵✳✷✾✸ ✵✳✷✾✼ ✵✳✸✵✵ ✵✳✷✾✶

❆❞❥✉st❡❞ ❘✲sq✉❛r❡❞ ✵✳✵✷✾ ✵✳✵✷✼ ✵✳✵✸✶ ✵✳✵✻✼ ✵✳✵✻✽ ✵✳✵✻✾ ✵✳✵✺✻ ✵✳✵✺✻ ✵✳✵✺✽ ✵✳✵✷✾ ✵✳✵✸✷ ✵✳✵✸✸

❖❜s❡r✈❛t✐♦♥s ✺✻✵ ✺✷✻ ✺✷✻ ✺✻✵ ✺✺✺ ✺✺✺ ✺✺✷ ✺✹✼ ✺✹✼ ✺✺✽ ✺✺✸ ✺✺✸

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

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

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

❝♦❧✉♠♥s ✭✶✮✱ ✭✷✮ ✫ ✭✸✮✱ t❤❡ ♦✉t❝♦♠❡ ✐s ❛♥ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡ t❤❛t t❤❡ r❡s♣♦♥❞❡♥t ❢❡❡❧s ♠♦r❡ ❞❡♣r❡ss❡❞✳ ■♥ ✭✹✮✱ ✭✺✮ ✫ ✭✻✮✱ ✐t ✐s ❛♥

✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡ ❢♦r ❢❡❡❧✐♥❣ ♠♦r❡ ❡①❤❛✉st❡❞✳ ■♥ ✭✼✮✱ ✭✽✮ ✫ ✭✾✮✱ ✐t ✐s ❛♥ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡ ❢♦r ❢❡❡❧✐♥❣ ♠♦r❡ ❛♥①✐♦✉s✳ ❋✐♥❛❧❧② ✐♥ ✭✶✵✮✱

✭✶✶✮ ✫ ✭✶✷✮✱ ✐t ✐s ❛♥ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡ ❢♦r ❢❡❡❧✐♥❣ ❧❡ss s❛❢❡✳ ❙t❛♥❞❛r❞ ❡rr♦rs ❛r❡ ❝❧✉st❡r❡❞ ❛t t❤❡ ❞✐str✐❝t ❧❡✈❡❧✳ ✯✱✯✯✱ ❛♥❞ ✯✯✯ ❞❡♥♦t❡

✶✵✱ ✺✱ ❛♥❞ ✶✪ s✐❣♥✐✜❝❛♥❝❡ r❡s♣❡❝t✐✈❡❧②✳

❆✺



❚❛❜❧❡ ❆✺✿ ❘❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❈♦♥t❛✐♥♠❡♥t ❛♥❞ ❋❡♠❛❧❡ ❲❡❧❧✲❜❡✐♥❣ ✇✐t❤ ❙❡♠✐✲P❛r❛♠❡tr✐❝
❈❛s❡ ❛♥❞ ❉❡❛t❤ ❘❛t❡ ❈♦♥tr♦❧s

✭✶✮ ✭✷✮ ✭✸✮ ✭✹✮ ✭✺✮ ✭✻✮ ✭✼✮ ✭✽✮

▼♦r❡ ❉❡♣r❡ss❡❞ ▼♦r❡ ❊①❤❛✉st❡❞ ▼♦r❡ ❆♥①✐♦✉s ▲❡ss ❙❛❢❡

❈♦♥t❛✐♥♠❡♥t ✵✳✷✹✽✯✯ ✵✳✷✵✽✯✯ ✵✳✸✻✸✯ ✵✳✹✶✵✯✯✯ ✵✳✷✻✸ ✵✳✷✻✾✯✯✯ ✵✳✶✹✽ ✵✳✶✾✷

✭✵✳✶✶✸✮ ✭✵✳✵✾✺✶✮ ✭✵✳✶✼✻✮ ✭✵✳✵✾✵✷✮ ✭✵✳✶✺✺✮ ✭✵✳✵✼✺✼✮ ✭✵✳✶✺✶✮ ✭✵✳✶✶✹✮

P❛st ❈♦♥t❛✐♥♠❡♥t ❈♦♥tr♦❧s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s

❙t❛t❡ ❋❊ ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s

❆❣❡ ❋❊ ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s

▲❛ss♦ ❈♦♥tr♦❧s ◆♦ ❨❡s ◆♦ ❨❡s ◆♦ ❨❡s ◆♦ ❨❡s

❈❛s❡s ✫ ❉❡❛t❤s ✭✸r❞ ❞❡❣ ♣♦❧②♥♦♠✐❛❧✮ ◆♦ ❨❡s ◆♦ ❨❡s ◆♦ ❨❡s ◆♦ ❨❡s

❉❡♣ ❱❛r✳ ▼❡❛♥ ✵✳✸✹✹ ✵✳✸✹✹ ✵✳✷✼✻ ✵✳✷✼✻ ✵✳✸✵✶ ✵✳✸✵✶ ✵✳✷✾✾ ✵✳✷✾✾

❆❞❥✉st❡❞ ❘✲sq✉❛r❡❞ ✵✳✵✶✵ ✵✳✵✶✹ ✵✳✵✷✷ ✵✳✵✹✻ ✵✳✵✷✸ ✵✳✵✹✸ ✵✳✵✵✻ ✵✳✵✶✹

❖❜s❡r✈❛t✐♦♥s ✹✽✾ ✹✽✾ ✹✽✾ ✹✽✾ ✹✽✾ ✹✽✾ ✹✽✾ ✹✽✾

◆♦t❡s✿ ❚❤✐s t❛❜❧❡ r❡♣♦rts t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❞✐str✐❝t✲❧❡✈❡❧ ❝♦♥t❛✐♥♠❡♥t ❛♥❞ ❢❡♠❛❧❡ ✇❡❧❧✲❜❡✐♥❣ r❡❧❛t✐✈❡ t♦ t❤❡✐r ✇❡❧❧✲❜❡✐♥❣

❜❡❢♦r❡ t❤❡ ❈♦✈✐❞ ❝r✐s✐s ✉s✐♥❣ ❊q✉❛t✐♦♥ ✶ ❝♦♥tr♦❧❧✐♥❣ ❢♦r ✉♣ t♦ t❤✐r❞✲❞❡❣r❡❡ ♣♦❧②♥♦♠✐❛❧s ✐♥ ❝❛s❡ ❛♥❞ ❞❡❛t❤ r❛t❡s✳ ■♥ ❝♦❧✉♠♥s ✭✶✮ ✫

✭✷✮✱ t❤❡ ♦✉t❝♦♠❡ ✐s ❛♥ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡ t❤❛t t❤❡ r❡s♣♦♥❞❡♥t ❢❡❡❧s ♠♦r❡ ❞❡♣r❡ss❡❞✳ ■♥ ✭✸✮ ✫ ✭✹✮✱ ✐t ✐s ❛♥ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡ ❢♦r

❢❡❡❧✐♥❣ ♠♦r❡ ❡①❤❛✉st❡❞✳ ■♥ ✭✺✮ ✫ ✭✻✮✱ ✐t ✐s ❛♥ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡ ❢♦r ❢❡❡❧✐♥❣ ♠♦r❡ ❛♥①✐♦✉s✳ ❋✐♥❛❧❧② ✐♥ ✭✼✮ ✫ ✭✽✮✱ ✐t ✐s ❛♥ ✐♥❞✐❝❛t♦r

✈❛r✐❛❜❧❡ ❢♦r ❢❡❡❧✐♥❣ ❧❡ss s❛❢❡✳ ❙t❛♥❞❛r❞ ❡rr♦rs ❛r❡ ❝❧✉st❡r❡❞ ❛t t❤❡ ❞✐str✐❝t ❧❡✈❡❧✳ ✯✱✯✯✱ ❛♥❞ ✯✯✯ ❞❡♥♦t❡ ✶✵✱ ✺✱ ❛♥❞ ✶✪ s✐❣♥✐✜❝❛♥❝❡

r❡s♣❡❝t✐✈❡❧②✳

❚❛❜❧❡ ❆✻✿ ❇♦✉♥❞s ❢♦r ❘❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❈♦♥t❛✐♥♠❡♥t ❛♥❞ ❙♦❝✐♦❡❝♦♥♦♠✐❝ ❛♥❞ ◆✉tr✐t✐♦♥❛❧
❖✉t❝♦♠❡s

✭✶✮ ✭✷✮ ✭✸✮ ✭✹✮ ✭✺✮ ✭✻✮ ✭✼✮ ✭✽✮ ✭✾✮ ✭✶✵✮ ✭✶✶✮ ✭✶✷✮

❇❡❧♦✇ ▼❡❞✐❛♥ ❈♦♥s✉♠♣t✐♦♥ ❢♦r✿

◆✉♠✳ ▲♦st ■♥❝♦♠❡ ❘❡❞✉❝❡❞ ▼❡❛❧s ▼❛❧❡ ❋❡♠❛❧❡

❍✐❣❤ ❈♦♥t❛✐♥♠❡♥t ✵✳✸✸✾✯✯ ✵✳✸✺✸✯✯ ✵✳✷✺✵✯ ✵✳✵✻✸✽✯✯ ✵✳✵✻✽✷✯✯ ✵✳✵✹✽✵✯ ✵✳✵✼✸✺ ✵✳✵✼✾✾✯ ✵✳✵✻✷✶ ✵✳✶✸✷✯✯✯ ✵✳✶✹✷✯✯✯ ✵✳✶✷✵✯✯

✭✵✳✶✹✷✮ ✭✵✳✶✹✵✮ ✭✵✳✶✸✼✮ ✭✵✳✵✷✹✽✮ ✭✵✳✵✷✹✻✮ ✭✵✳✵✷✺✺✮ ✭✵✳✵✹✷✽✮ ✭✵✳✵✹✸✻✮ ✭✵✳✵✹✹✵✮ ✭✵✳✵✹✸✻✮ ✭✵✳✵✹✹✺✮ ✭✵✳✵✹✹✶✮

P❛st ❈♦♥t❛✐♥♠❡♥t ❈♦♥tr♦❧s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s

❙t❛t❡ ❋❊ ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s

▲❛ss♦ ❈♦♥tr♦❧s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s

❈❛s❡ ❛♥❞ ❉❡❛t❤ ❈♦♥tr♦❧s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s

❉❡♣ ❱❛r✳ ▼❡❛♥ ✶✳✶✻✸ ✶✳✶✼✽ ✶✳✶✷✶ ✵✳✷✸✾ ✵✳✷✹✷ ✵✳✷✸✷ ✵✳✸✸✺ ✵✳✸✸✽ ✵✳✸✷✾ ✵✳✸✾✵ ✵✳✸✾✸ ✵✳✸✽✷

❆❞❥✉st❡❞ ❘✲sq✉❛r❡❞ ✵✳✵✽✶ ✵✳✵✽✹ ✵✳✵✾✺ ✵✳✵✷✶ ✵✳✵✷✵ ✵✳✵✷✸ ✵✳✵✻✻ ✵✳✵✻✽ ✵✳✵✻✺ ✵✳✵✺✾ ✵✳✵✻✼ ✵✳✵✻✺

❖❜s❡r✈❛t✐♦♥s ✶✷✼✻ ✶✷✻✼ ✶✷✻✼ ✶✷✶✷ ✶✷✵✵ ✶✷✵✵ ✶✷✶✵ ✶✶✾✻ ✶✶✾✻ ✶✶✼✺ ✶✶✺✺ ✶✶✺✺

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

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

✇❤✐❧❡ t❤❡ s❡❝♦♥❞ ❝♦❧✉♠♥ ♣r♦✈✐❞❡s ❛♥ ✉♣♣❡r ❜♦✉♥❞✱ ❛♥❞ t❤❡ t❤✐r❞ ❝♦❧✉♠♥ ♣r♦✈✐❞❡s ❛ ❧♦✇❡r ❜♦✉♥❞✳ ■♥ ❝♦❧✉♠♥s ✭✶✮✱ ✭✷✮ ✫ ✭✸✮✱ t❤❡

♦✉t❝♦♠❡ ✐s t❤❡ ♥✉♠❜❡r ♦❢ ❤♦✉s❡❤♦❧❞ ♠❡♠❜❡rs ✇❤♦ ❧♦st t❤❡✐r ❥♦❜ ♦r ✐♥❝♦♠❡✳ ■♥ ❝♦❧✉♠♥s ✭✹✮✱ ✭✺✮ ✫ ✭✻✮✱ ✐t ✐s ❛♥ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡

❢♦r ✇❤❡t❤❡r t❤❡ ❤♦✉s❡❤♦❧❞ r❡❞✉❝❡❞ ♠❡❛❧s ❢♦r ❛t ❧❡❛st ♦♥❡ ♠❡♠❜❡r✳ ■♥ ❝♦❧✉♠♥s ✭✼✮✲ ✭✶✷✮✱ ✐t ✐s ❛♥ ✐♥❞✐❝❛t♦r ❢♦r t❤❡ s❤❛r❡ ♦❢ ❢♦♦❞

❝❛t❡❣♦r✐❡s ❢♦r ✇❤✐❝❤ t❤❡ r❡s♣♦♥❞❡♥t✬s ✐♥t❛❦❡ ✐s ❜❡❧♦✇ t❤❡ ❣❡♥❞❡r✲s♣❡❝✐✜❝ ❞✐str✐❝t✲❧❡✈❡❧ ♠❡❞✐❛♥ ✐♥ t❤❡ ♣r❡✲♣❛♥❞❡♠✐❝ ◆❋❍❙✳

❙t❛♥❞❛r❞ ❡rr♦rs ❛r❡ ❝❧✉st❡r❡❞ ❛t t❤❡ ❞✐str✐❝t ❧❡✈❡❧✳ ✯✱✯✯✱ ❛♥❞ ✯✯✯ ❞❡♥♦t❡ ✶✵✱ ✺✱ ❛♥❞ ✶✪ s✐❣♥✐✜❝❛♥❝❡ r❡s♣❡❝t✐✈❡❧②✳

❆✻



❚❛❜❧❡ ❆✼✿ ❘❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❈♦♥t❛✐♥♠❡♥t ❛♥❞ ❙♦❝✐♦❡❝♦♥♦♠✐❝ ❛♥❞ ◆✉tr✐t✐♦♥❛❧ ❖✉t❝♦♠❡s
✇✐t❤ ❙❡♠✐✲P❛r❛♠❡tr✐❝ ❈❛s❡ ❛♥❞ ❉❡❛t❤ ❘❛t❡ ❈♦♥tr♦❧s

✭✶✮ ✭✷✮ ✭✸✮ ✭✹✮ ✭✺✮ ✭✻✮ ✭✼✮ ✭✽✮

❇❡❧♦✇ ▼❡❞✐❛♥ ❈♦♥s✉♠♣t✐♦♥ ❢♦r✿

◆✉♠✳ ▲♦st ■♥❝♦♠❡ ❘❡❞✉❝❡❞ ▼❡❛❧s ▼❛❧❡ ❋❡♠❛❧❡

❈♦♥t❛✐♥♠❡♥t ✶✳✵✽✼✯✯ ✶✳✶✽✸✯✯✯ ✵✳✶✺✸✯✯ ✵✳✷✶✾✯✯✯ ✵✳✵✺✺✹ ✵✳✵✶✷✸ ✵✳✷✸✺✯✯ ✵✳✷✺✶✯✯✯

✭✵✳✸✽✻✮ ✭✵✳✶✽✺✮ ✭✵✳✵✻✻✽✮ ✭✵✳✵✺✼✻✮ ✭✵✳✶✵✹✮ ✭✵✳✵✼✼✹✮ ✭✵✳✶✵✷✮ ✭✵✳✵✽✶✽✮

P❛st ❈♦♥t❛✐♥♠❡♥t ❈♦♥tr♦❧s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s

❙t❛t❡ ❋❊ ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s

❆❣❡ ❋❊ ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s ❨❡s

▲❛ss♦ ❈♦♥tr♦❧s ◆♦ ❨❡s ◆♦ ❨❡s ◆♦ ❨❡s ◆♦ ❨❡s

❈❛s❡s ✫ ❉❡❛t❤s ✭✸r❞ ❞❡❣ ♣♦❧②♥♦♠✐❛❧✮ ◆♦ ❨❡s ◆♦ ❨❡s ◆♦ ❨❡s ◆♦ ❨❡s

❉❡♣ ❱❛r✳ ▼❡❛♥ ✶✳✶✽✸ ✶✳✶✽✸ ✵✳✷✺✵ ✵✳✷✺✵ ✵✳✸✸✸ ✵✳✸✸✸ ✵✳✸✾✵ ✵✳✸✾✵

❆❞❥✉st❡❞ ❘✲sq✉❛r❡❞ ✵✳✶✵✷ ✵✳✶✶✸ ✵✳✵✷✾ ✵✳✵✷✾ ✵✳✵✺✺ ✵✳✵✽✼ ✵✳✵✸✸ ✵✳✵✼✺

❖❜s❡r✈❛t✐♦♥s ✶✵✺✼ ✶✵✺✼ ✶✵✺✼ ✶✵✺✼ ✶✵✺✼ ✶✵✺✼ ✶✵✺✼ ✶✵✺✼

◆♦t❡s✿ ❚❤✐s t❛❜❧❡ r❡♣♦rts t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❞✐str✐❝t✲❧❡✈❡❧ ❝♦♥t❛✐♥♠❡♥t ❛♥❞ s♦❝✐♦❡❝♦♥♦♠✐❝ ❛♥❞ ♥✉tr✐t✐♦♥❛❧ ♦✉t❝♦♠❡s ❢r♦♠

❊q✉❛t✐♦♥ ✶ ❝♦♥tr♦❧❧✐♥❣ ❢♦r ✉♣ t♦ t❤✐r❞✲❞❡❣r❡❡ ♣♦❧②♥♦♠✐❛❧s ✐♥ ❝❛s❡ ❛♥❞ ❞❡❛t❤ r❛t❡s✳ ■♥ ❝♦❧✉♠♥s ✭✶✮ ✫ ✭✷✮✱ t❤❡ ♦✉t❝♦♠❡ ✐s t❤❡

♥✉♠❜❡r ♦❢ ❤♦✉s❡❤♦❧❞ ♠❡♠❜❡rs ✇❤♦ ❧♦st t❤❡✐r ❥♦❜ ♦r ✐♥❝♦♠❡✳ ■♥ ❝♦❧✉♠♥s ✭✸✮ ✫ ✭✹✮✱ ✐t ✐s ❛♥ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡ ❢♦r ✇❤❡t❤❡r t❤❡

❤♦✉s❡❤♦❧❞ r❡❞✉❝❡❞ ♠❡❛❧s ❢♦r ❛t ❧❡❛st ♦♥❡ ♠❡♠❜❡r✳ ■♥ ❝♦❧✉♠♥s ✭✺✮✲✭✽✮✱ ✐t ✐s ❛♥ ✐♥❞✐❝❛t♦r ❢♦r t❤❡ s❤❛r❡ ♦❢ ❢♦♦❞ ❝❛t❡❣♦r✐❡s ❢♦r ✇❤✐❝❤

t❤❡ r❡s♣♦♥❞❡♥t✬s ✐♥t❛❦❡ ✐s ❜❡❧♦✇ t❤❡ ❣❡♥❞❡r✲s♣❡❝✐✜❝ ❞✐str✐❝t✲❧❡✈❡❧ ♠❡❞✐❛♥ ✐♥ t❤❡ ♣r❡✲♣❛♥❞❡♠✐❝ ◆❋❍❙✳ ❙t❛♥❞❛r❞ ❡rr♦rs ❛r❡ ❝❧✉st❡r❡❞

❛t t❤❡ ❞✐str✐❝t ❧❡✈❡❧✳ ✯✱✯✯✱ ❛♥❞ ✯✯✯ ❞❡♥♦t❡ ✶✵✱ ✺✱ ❛♥❞ ✶✪ s✐❣♥✐✜❝❛♥❝❡ r❡s♣❡❝t✐✈❡❧②✳

❆✼


	Introduction
	Data
	The Aggregate Shock
	Association With Containment Policies
	Family Structure and Vulnerable Women
	Discussion and Policy Implications

