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❆❜str❛❝t

❚❤✐s ♣❛♣❡r ❞❡✈❡❧♦♣s ❛ ♠❡t❤♦❞♦❧♦❣② t♦ ♣❡r❢♦r♠ st♦❝❤❛st✐❝ ❞❡❜t✲s✉st❛✐♥❛❜✐❧✐t② ❛♥❛❧②s✐s ❛♥❞
✜s❝❛❧✲❝♦♥s♦❧✐❞❛t✐♦♥ ♣r♦❣r❛♠✬s ❡✈❛❧✉❛t✐♦♥ ✐♥ ❛ ❍❡t❡r♦❣❡♥❡♦✉s✲❆❣❡♥t ◆❡✇✲❑❡②♥❡s✐❛♥ ✭❍❆◆❑✮
♠♦❞❡❧✳ ❚❤❡ ♠♦❞❡❧ ❡♥❝♦♠♣❛ss❡s ❤❡t❡r♦❣❡♥❡♦✉s ❤♦✉s❡❤♦❧❞s✱ ✇✐t❤ t❤r❡❡ t②♣❡s ♦❢ s❦✐❧❧✱ ♥♦♥✲❧✐♥❡❛r
✜s❝❛❧ s❝❤❡♠❡s✱ ❛♥❞ ♥♦♠✐♥❛❧ r✐❣✐❞✐t✐❡s✳ ❆s ❋✐♥❛♥❝❡ ❆❝ts ✐♥❝♦r♣♦r❛t❡ ❢♦r❡❝❛sts ♦✈❡r t❤❡ ♥❡①t ②❡❛rs
t♦ ❛tt❡st t♦ t❤❡ ❜✉❞❣❡t❛r② s✉st❛✐♥❛❜✐❧✐t② ♦❢ t❤❡✐r ❝♦♠♠✐t♠❡♥ts✱ ✇❡ ✉s❡ t❤❡ ❝♦♥❞✐t✐♦♥❛❧✲❢♦r❡❝❛st
♠❡t❤♦❞ t♦ ❛ss❡ss t❤❡✐r ❝r❡❞✐❜✐❧✐t② ❛♥❞ t❤❡ ❡✛❡❝t✐✈❡♥❡ss ♦❢ t❤❡ ❣♦✈❡r♥♠❡♥t ♣♦❧✐❝②✳ ❲❡ ❛♣♣❧② t❤✐s
♠❡t❤♦❞ t♦ t❤❡ ✷✵✷✹ ❋r❡♥❝❤ ❋✐♥❛♥❝❡ ❆❝t ❛♥❞ ❤✐❣❤❧✐❣❤t t❤❡ r✐s❦s s✉rr♦✉♥❞✐♥❣ t❤❡ ❣♦✈❡r♥♠❡♥t
str❛t❡❣② t♦ r❡❞✉❝❡ ♣✉❜❧✐❝ ❞❡❜t ❜② ✷✵✷✼✳ ❲❡ t❤❡♥ s❤♦✇ t❤❛t ❛ str♦♥❣❡r ❞❡❜t✲r❡❞✉❝t✐♦♥ ♣♦❧✐❝②
❝❛♥ ❜❡ ✐♠♣❧❡♠❡♥t❡❞ ✇✐t❤♦✉t ♣❡♥❛❧✐③✐♥❣ ❣r♦✇t❤ ♦r ✇♦rs❡♥✐♥❣ ✐♥❡q✉❛❧✐t✐❡s ✐❢ t❤❡ ❣♦✈❡r♥♠❡♥t
❝✉ts s♦❝✐❛❧✲✐♥s✉r❛♥❝❡✲❜❛s❡❞ tr❛♥s❢❡rs ♠♦r❡ s❤❛r♣❧② ✇✐t❤♦✉t ❝✉tt✐♥❣ s♦❝✐❛❧✲❛ss✐st❛♥❝❡ tr❛♥s❢❡rs✳
❋✉rt❤❡r♠♦r❡✱ ✇❡ ♠❡❛s✉r❡ t❤❡ ❜❡♥❡✜ts ♦❢ t❤✐s ♣♦❧✐❝② ✐♥ t❡r♠s ♦❢ r❡❞✉❝✐♥❣ t❤❡ r✐s❦ ❜✉r❞❡♥ ♦♥
♣✉❜❧✐❝ ❞❡❜t✳
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❚❤❡ r✐s❡ ✐♥ ✐♥t❡r❡st r❛t❡s ❢r♦♠ ✷✵✷✷ ❤❛s ✐♥❝r❡❛s❡❞ t❤❡ s✉st❛✐♥❛❜✐❧✐t② r✐s❦ ♦❢ ♣✉❜❧✐❝ ❞❡❜t ✇❤✐❝❤ ❤❛s
s♦❛r❡❞ ❛r♦✉♥❞ t❤❡ ✇♦r❧❞ ✐♥ t❤❡ ✇❛❦❡ ♦❢ t❤❡ ❡❝♦♥♦♠✐❝ ❝r✐s❡s ♦❢ t❤❡ ♣❛st ✜❢t❡❡♥ ②❡❛rs✳ ❚❤❡s❡ ❝✐r❝✉♠✲
st❛♥❝❡s ❝❛❧❧ ❢♦r ✜s❝❛❧✲❝♦♥s♦❧✐❞❛t✐♦♥ ♣r♦❣r❛♠s ❛✐♠❡❞ ❛t st❛❜✐❧✐③✐♥❣ ♦r ✐♥❞❡❡❞ r❡❞✉❝✐♥❣ ♣✉❜❧✐❝ ❞❡❜t✳
❊①♣❡r✐❡♥❝❡ ❤❛s s❤♦✇♥✱ ❤♦✇❡✈❡r✱ t❤❛t ♠❛♥② ♦❢ t❤❡s❡ ♣r♦❣r❛♠s ❤❛✈❡ ❢❛✐❧❡❞ t♦ ❛❝❤✐❡✈❡ t❤❡✐r ♦❜❥❡❝t✐✈❡s
❢♦r t✇♦ ♠❛✐♥ r❡❛s♦♥s✳ ❚❤❡ ✜rst r❡❛s♦♥ ✐s t❤❛t t❤❡ r❡❝❡ss✐♦♥❛r② ✐♠♣❛❝t ♦❢ t❤❡s❡ ♣r♦❣r❛♠s ♦♥ ●❉P ♠❛②
❜❡ s♦ ❧❛r❣❡ t❤❛t t❤❡r❡ ✐s ♥♦ r❡❞✉❝t✐♦♥ ✐♥ t❤❡ ❞❡❜t✲t♦✲●❉P r❛t✐♦ ✭❇❧❛♥❝❤❛r❞ ❛♥❞ ▲❡✐❣❤ ✭✷✵✶✸✱ ✷✵✶✹✮✱
■▼❋ ✭✷✵✷✸✮✮✳ ❙❡❝♦♥❞✱ t❤❡② t❡♥❞ t♦ ✐♥❝r❡❛s❡ ✐♥❡q✉❛❧✐t② ✭❇❛❧❧ ❡t ❛❧✳ ✭✷✵✶✸✮✱ ❇r✐♥❝❛ ❡t ❛❧✳ ✭✷✵✷✶✮✮✮
❛♥❞ t❤❡♥ ♠❛② ❧❡❛❞ t♦ ❡❧❡❝t♦r❛❧ ♦✉t❝♦♠❡s ❧✐❦❡❧② t♦ ✉♥❞❡r♠✐♥❡ t❤❡ ❝♦♥t✐♥✉❛t✐♦♥ ♦❢ t❤❡s❡ ♣r♦❣r❛♠s
✭❇r❡♥❞❡r ❛♥❞ ❉r❛③❡♥ ✭✷✵✵✽✮✮✳✶ ❋♦r t❤❡s❡ t✇♦ r❡❛s♦♥s✱ ❛ ♠♦❞❡❧ t♦ ❡✈❛❧✉❛t❡ ✜s❝❛❧✲❝♦♥s♦❧✐❞❛t✐♦♥
♣r♦❣r❛♠s ♠✉st t❛❦❡ ✐♥t♦ ❛❝❝♦✉♥t ❤♦✉s❡❤♦❧❞ ❤❡t❡r♦❣❡♥❡✐t②✳ ■t ✐s ❝r✉❝✐❛❧ t♦ ❛ss❡ss ❛❝❝✉r❛t❡❧② t❤❡
♠❛❝r♦❡❝♦♥♦♠✐❝ ✐♠♣❛❝t ♦❢ t❤❡s❡ ♣r♦❣r❛♠s✱ ✇❤✐❝❤ ❞❡♣❡♥❞s ❝r✉❝✐❛❧❧② ♦♥ ✜s❝❛❧✴❜✉❞❣❡t❛r② ♠✉❧t✐♣❧✐❡rs
♣♦♦r❧② ♠❡❛s✉r❡❞ ✐♥ r❡♣r❡s❡♥t❛t✐✈❡ ❛❣❡♥t ♠♦❞❡❧s ✭❑❛♣❧❛♥ ❡t ❛❧✳ ✭✷✵✶✽✮✱ ❆✉❝❧❡rt ❡t ❛❧✳ ✭✷✵✷✸✮✮✱ ❛♥❞
t♦ ❛♥t✐❝✐♣❛t❡ t❤❡ ❞✐str✐❜✉t✐♦♥❛❧ ❡✛❡❝ts ♦❢ t❤❡s❡ ♣r♦❣r❛♠s✱ ✇❤✐❝❤ ♠❛② ❛✛❡❝t ❤♦✉s❡❤♦❧❞s ❞✐✛❡r❡♥t❧②
❛❝❝♦r❞✐♥❣ t♦ ✐♥❝♦♠❡ ❛♥❞ ✇❡❛❧t❤ ❧❡✈❡❧s✳ ❚❤❡r❡❢♦r❡✱ ✐♥ t❤✐s ❛rt✐❝❧❡✱ ✇❡ ♣r♦♣♦s❡ t♦ ✉s❡ ❛ ❍❡t❡r♦❣❡♥❡♦✉s✲
❆❣❡♥t ◆❡✇✲❑❡②♥❡s✐❛♥ ✭❍❆◆❑✮ ♠♦❞❡❧ t♦ ❛ss❡ss ♣✉❜❧✐❝✲❞❡❜t s✉st❛✐♥❛❜✐❧✐t② ❛♥❞ ✜s❝❛❧✲❝♦♥s♦❧✐❞❛t✐♦♥
♣r♦❣r❛♠s✳

❇❡s✐❞❡s ❛❝❝♦✉♥t✐♥❣ ❢♦r t❤❡ ❤❡t❡r♦❣❡♥❡✐t② ♦❢ ❛❣❡♥ts✱ ❛♥♦t❤❡r ❝❤❛❧❧❡♥❣❡ ✐♥ ❛ss❡ss✐♥❣ ❞❡❜t✲s✉st❛✐♥❛❜✐❧✐t②
❛♥❞ ✜s❝❛❧✲❝♦♥s♦❧✐❞❛t✐♦♥ ♣r♦❣r❛♠s ✐s ❞❡✜♥✐♥❣ t❤❡ ❡❝♦♥♦♠✐❝ ❝♦♥t❡①t ✐♥ ✇❤✐❝❤ t❤❡ ♣r♦❣r❛♠ ✐s ✉♥❞❡r✲
t❛❦❡♥✳ ❋✐s❝❛❧ ❝♦♥s♦❧✐❞❛t✐♦♥ ❤❛s ❛ ❞✐r❡❝t ✐♠♣❛❝t ♥♦t ♦♥❧② ♦♥ t❤❡ ❣♦✈❡r♥♠❡♥t✬s ♣✉❜❧✐❝ ✜♥❛♥❝❡s✱ ❜✉t
❛❧s♦ ♦♥ ❛❣❡♥ts✬ ❞❡❝✐s✐♦♥✲♠❛❦✐♥❣ r✉❧❡s✱ ❛♥❞ t❤✉s ♦♥ t❤❡ ❡❝♦♥♦♠②✬s r❡s♣♦♥s❡ t♦ s❤♦❝❦s✳ ❆ss❡ss✐♥❣ t❤❡
✐♠♣❛❝t ♦❢ ❛ ✜s❝❛❧ ❝♦♥s♦❧✐❞❛t✐♦♥ ♣r♦❣r❛♠ t❤❡r❡❢♦r❡ r❡q✉✐r❡s ♠❛❦✐♥❣ ❛ss✉♠♣t✐♦♥s ❛❜♦✉t t❤❡ ❡❝♦♥♦♠✐❝
❡♥✈✐r♦♥♠❡♥t ✐♥ ✇❤✐❝❤ ✐t ✇✐❧❧ ❜❡ ✐♠♣❧❡♠❡♥t❡❞✳ ❚❤✐s ✐s ♣❛rt✐❝✉❧❛r❧② ✐♠♣♦rt❛♥t ❜❡❝❛✉s❡ t❤❡ ♣♦t❡♥t✐❛❧❧②
s❡❧❢✲❞❡❢❡❛t✐♥❣ ❡✛❡❝ts ♦❢ t❤❡s❡ ♣r♦❣r❛♠s ❛r❡ ✈❡r② s❤♦rt t❡r♠✱ ✐♥ t❤❡ ②❡❛rs ✐♠♠❡❞✐❛t❡❧② ❢♦❧❧♦✇✐♥❣ ✐♠✲
♣❧❡♠❡♥t❛t✐♦♥✳ ❚♦ ❛❞❞r❡ss t❤✐s ❝❤❛❧❧❡♥❣❡ ✇❡ r❡s♦rt t♦ ❝♦♥❞✐t✐♦♥❛❧✲❢♦r❡❝❛st ♠❡t❤♦❞s✱ ✇❤✐❝❤ ❛❧❧♦✇s ✉s
t♦ ✐❞❡♥t✐❢② t❤❡ s❡t ♦❢ s❤♦❝❦s t❤❛t ❛r❡ ❝♦♥s✐st❡♥t ✇✐t❤ ❛ s❡t ♦❢ ❡❝♦♥♦♠✐❝ ❢♦r❡❝❛sts✱ ❣✐✈❡♥ t❤❡ str✉❝✲
t✉r❛❧ ♠♦❞❡❧ ❞❡s❝r✐❜✐♥❣ t❤❡ ❡❝♦♥♦♠②✳ ❈♦♥❞✐t✐♦♥❛❧ ❢♦r❡❝❛sts ❤❛✈❡ ❜❡❡♥ ❛♣♣❧✐❡❞ ✐♥ ❱❆❘ ✭❲❛❣❣♦♥❡r
❛♥❞ ❩❤❛ ✭✶✾✾✾✮✱ ❆♥t♦❧✐♥✲❉✐❛③ ❡t ❛❧✳ ✭✷✵✷✶✮✮ ❛♥❞ ◆❡✇✲❑❡②♥❡s✐❛♥ ♠♦❞❡❧s ✇✐t❤ r❡♣r❡s❡♥t❛t✐✈❡ ❛❣❡♥ts
✭❉❡❧ ◆❡❣r♦ ❛♥❞ ❙❝❤♦r❢❤❡✐❞❡ ✭✷✵✶✸❛✱❜✮✮✳ ❲❡ s❤♦✇ ✐♥ t❤✐s ❛rt✐❝❧❡✱ ❤♦✇ t♦ ✉s❡ t❤❡s❡ ♠❡t❤♦❞s ❢♦r ❛
❍❆◆❑ ♠♦❞❡❧ ✉s✐♥❣ t❤❡ s❡q✉❡♥❝❡✲s♣❛❝❡ ♠❡t❤♦❞ ✐♥tr♦❞✉❝❡❞ ❜② ❆✉❝❧❡rt ❡t ❛❧✳ ✭✷✵✷✶✮✳

❚❤❡ ❝❤♦✐❝❡ ♦❢ ❡❝♦♥♦♠✐❝ ❢♦r❡❝❛sts ✐s ❝r✉❝✐❛❧ t♦ t❤❡ ❛♣♣❧✐❝❛t✐♦♥ ♦❢ ❝♦♥❞✐t✐♦♥❛❧✲❢♦r❡❝❛st ♠❡t❤♦❞s✳
❚♦ ❞♦ t❤✐s✱ ✇❡ ♣r♦♣♦s❡ t♦ ✉s❡ t❤❡ ❣♦✈❡r♥♠❡♥t ❢♦r❡❝❛sts ✐♥❝❧✉❞❡❞ ✐♥ ❋✐♥❛♥❝❡ ❆❝ts✳ ■♥ ❋✐♥❛♥❝❡ ❆❝ts✱
❣♦✈❡r♥♠❡♥ts ❛♥♥♦✉♥❝❡ t❤❡✐r s♣❡♥❞✐♥❣ ❛♥❞ r❡✈❡♥✉❡ ♣r♦❣r❛♠s ❢♦r t❤❡ ②❡❛rs t♦ ❝♦♠❡✱ ✇❤✐❝❤ ❧❡❛❞
t❤❡♠ t♦ ♠❛❦❡ ❢♦r❡❝❛sts ❛❜♦✉t ❛❣❣r❡❣❛t❡ ❡❝♦♥♦♠✐❝ ✐♥❞✐❝❛t♦rs ✭●❉P✱ ✐♥✢❛t✐♦♥✱ ✐♥t❡r❡st r❛t❡s✱ ♣✉❜❧✐❝
❞❡❜t✱✳✳✳✮ ❛tt❡st✐♥❣ t♦ t❤❡ ❜✉❞❣❡t❛r② s✉st❛✐♥❛❜✐❧✐t② ♦❢ t❤❡✐r ♣♦❧✐❝✐❡s✳ ❚❤❡s❡ ❢♦r❡❝❛sts ❛r❡ ❜❛s❡❞ ♦♥
❛ ✈❡r② ❧❛r❣❡ s❡t ♦❢ ✐♥❢♦r♠❛t✐♦♥ ❛♥❞ ✉s❡ ❜♦t❤ q✉❛♥t✐t❛t✐✈❡ ❛♥❞ q✉❛❧✐t❛t✐✈❡ ♠❡t❤♦❞s✳✷ ❖✉r ❛✐♠ ✐♥
t❤✐s ❛rt✐❝❧❡ ✐s ♥♦t t♦ ✐♠♣r♦✈❡ t❤❡ q✉❛❧✐t② ♦❢ t❤❡s❡ ❢♦r❡❝❛sts ❜✉t t♦ ❛ss❡ss t❤❡✐r ♦✈❡r❛❧❧ ❝♦♥s✐st❡♥❝②
❛♥❞ ❡✈❛❧✉❛t❡ ❛❧t❡r♥❛t✐✈❡ ♣♦❧✐❝✐❡s t❤r♦✉❣❤ t❤❡ ❧❡♥s ♦❢ ♦✉r ❍❆◆❑ ♠♦❞❡❧ ✉s✐♥❣ ❝♦♥❞✐t✐♦♥❛❧✲❢♦r❡❝❛st
♠❡t❤♦❞s✳ ❇② ❞♦✐♥❣ s♦✱ ✇❡ ♣r♦✈✐❞❡ ❛ ♥❡✇ t♦♦❧ ❢♦r st♦❝❤❛st✐❝ ❞❡❜t✲s✉st❛✐♥❛❜✐❧✐t② ❛♥❛❧②s✐s✳ ❚❤❡
❞②♥❛♠✐❝s ♦❢ ♣✉❜❧✐❝ ❞❡❜t ❞❡♣❡♥❞ ♦♥ t❤❡ ✜s❝❛❧ s✐t✉❛t✐♦♥ ✭s♣❡❝✐✜❝❛❧❧②✱ t❤❡ ❧❡✈❡❧ ♦❢ t❤❡ ♣✉❜❧✐❝ ❞❡✜❝✐t✮
❛♥❞ t❤❡ ♠❛❝r♦❡❝♦♥♦♠✐❝ ❡♥✈✐r♦♥♠❡♥t ❞❡s❝r✐❜❡❞ ❜② t❤❡ r❡❛❧ ✐♥t❡r❡st r❛t❡ ✭t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡
❞❡❜t✲s❡r✈✐❝❡ r❛t❡ ❛♥❞ ✐♥✢❛t✐♦♥✮ ❛♥❞ t❤❡ ❡❝♦♥♦♠✐❝✲❣r♦✇t❤ r❛t❡ ✭s❡❡ ❡✳❣✳ ❇♦❤♥ ✭✶✾✾✽✮ ❛♥❞ ❇❧❛♥❝❤❛r❞
✭✷✵✶✾✮✮✳ ❚❤❡ st♦❝❤❛st✐❝ ❞✐♠❡♥s✐♦♥ ♦❢ ♦✉r ❛♥❛❧②s✐s ♦❢ ❞❡❜t s✉st❛✐♥❛❜✐❧✐t② ❝♦♠❡s ❢r♦♠ t❤❡ ❡st✐♠❛t✐♦♥

✶❙❡❡ ❆❧❡s✐♥❛ ❡t ❛❧✳ ✭✷✵✷✶✮ ❢♦r ❛ ❞✐s❝✉ss✐♦♥ ♦♥ t❤✐s ✐ss✉❡✳
✷❚❤❡ ❢♦r❡❝❛sts ❝♦♥t❛✐♥❡❞ ✐♥ t❤❡ ❋✐♥❛♥❝❡ ❆❝t ❛r❡ ❜❛s❡❞ ♦♥ ❛ ♠✐①t✉r❡ ♦❢ ♥♦♥✲str✉❝t✉r❛❧ ♠♦❞❡❧s ✉s✐♥❣ ❛ ✈❡r② ❧❛r❣❡ s❡t

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

✷



♦❢ t❤❡ str✉❝t✉r❛❧ s❤♦❝❦s t❤❛t ❤✐t t❤❡ ❡❝♦♥♦♠②✳ ❚❤❡ ❡st✐♠❛t✐♦♥ ♦❢ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡s❡ s❤♦❝❦s ❢♦r
t❤❡ ❢✉t✉r❡ ❜② ♠❡❛♥s ♦❢ ❝♦♥❞✐t✐♦♥❛❧✲❢♦r❡❝❛st✐♥❣ ♠❡t❤♦❞s ❛❧❧♦✇s ✉s t♦ ❞❡t❡r♠✐♥❡ ❞✐str✐❜✉t✐♦♥s ❢♦r t❤❡
❢✉t✉r❡ ❞❡❜t tr❛❥❡❝t♦r② ✐♥ ❛❝❝♦r❞❛♥❝❡ ✇✐t❤ ❇❧❛♥❝❤❛r❞ ❡t ❛❧✳ ✭✷✵✷✶✮✬s r❡❝♦♠♠❡♥❞❛t✐♦♥s ❢♦r st♦❝❤❛st✐❝
❞❡❜t✲s✉st❛✐♥❛❜✐❧✐t② ❛♥❛❧②s✐s✳✸

❲❡ ❛♣♣❧② ♦✉r ♠❡t❤♦❞♦❧♦❣② t♦ ✷✵✷✹ ❋r❛♥❝❡ ❋✐♥❛♥❝❡ ❆❝t✱ ✇❤✐❝❤ ✐♥❝❧✉❞❡s ♣r♦❥❡❝t✐♦♥s t❤r♦✉❣❤
✷✵✷✼✳ ❆s ✇❡ ✉s❡ ❛ str✉❝t✉r❛❧ ❛♣♣r♦❛❝❤ t♦ ✐❞❡♥t✐❢② t❤❡ s❡q✉❡♥❝❡s ♦❢ s❤♦❝❦s t❤❛t ❛❧❧♦✇ t❤❡ ❣♦✈❡r♥♠❡♥t
❢♦r❡❝❛sts t♦ ❜❡❝♦♠❡ r❡❛❧✐③❛t✐♦♥s✱ t❤❡ ❝❤♦✐❝❡ ♦❢ t❤❡ ♠♦❞❡❧ ✐s ❝r✉❝✐❛❧ ❢♦r ♦✉r ❛♥❛❧②s✐s✳ ❲❡ ❞❡✈❡❧♦♣ ❛
❍❆◆❑ ♠♦❞❡❧ ❢♦r ❋r❛♥❝❡ ✇✐t❤ ❡♥❡r❣② ❣♦♦❞s ✐♥ ❝♦♥s✉♠♣t✐♦♥ ❛♥❞ ♣r♦❞✉❝t✐♦♥ s❡❝t♦rs t♦ ✐♥❝❧✉❞❡ s❤♦❝❦s
♦♥ ❡♥❡r❣② ♣r✐❝❡ ✐♥ ♠♦❞❡❧✬s ❡st✐♠❛t✐♦♥❀ ❛♥❞ ❤❡t❡r♦❣❡♥❡♦✉s ❧❡✈❡❧ ♦❢ ❡❞✉❝❛t✐♦♥✳ ❚❤❡ r♦❧❡ ♦❢ ❡♥❡r❣②
s❤♦❝❦s ✐s ❝r✉❝✐❛❧ ❜❡❝❛✉s❡ t❤❡ ❋✐♥❛♥❝❡ ❆❝t ❛✐♠s t♦ ♣✉t t❤❡ ❋r❡♥❝❤ ❡❝♦♥♦♠② ♦♥ ❛ ❞❡s✐♥✢❛t✐♦♥✐st ♣❛t❤
✇❤❡r❡ ●❉P ❣r♦✇t❤ ✐s ❡♥s✉r❡❞ ❛❢t❡r t❤❡ t✇♦ s✉❝❝❡ss✐✈❡ ❈❖❱■❉✲✶✾ ❛♥❞ ❡♥❡r❣② ❝r✐s❡s✳ ■♥ t❤✐s ❝♦♥t❡①t✱
t❤❡ ❛❞✈❛♥t❛❣❡s ♦❢ ❛ ❍❆◆❑ ❛r❡ t✇♦❢♦❧❞✳ ❋✐rst✱ ❛ ❍❆◆❑ ♠♦❞❡❧ ❤❛s t❤❡ ❛❞✈❛♥t❛❣❡ ♦❢ ♣r❡❞✐❝t✐♥❣
t❤❡ ♦❜s❡r✈❡❞ ❞❡♣r❡ss✐✈❡ ❡✛❡❝t ♦❢ ❛ ♣♦s✐t✐✈❡ ❡♥❡r❣②✲♣r✐❝❡ s❤♦❝❦ ♦♥ ✭s❡❡ ❡✳❣✳ ❇❧❛♥❝❤❛r❞ ❛♥❞ ●❛❧✐
✭✷✵✵✼✮✮✱ ❝♦♥tr❛r② t♦ ❛ ❘❡♣r❡s❡♥t❛t✐✈❡✲❆❣❡♥t ◆❡✇✲❑❡②♥❡s✐❛♥ ✭❘❆◆❑✮ ♠♦❞❡❧✱ ❛s s❤♦✇♥ ✐♥ ❆✉❝❧❡rt
❡t ❛❧✳ ✭✷✵✷✸✮✳✹ ❙❡❝♦♥❞✱ ❛ ❍❆◆❑ ♠♦❞❡❧ ❛❧❧♦✇s ✉s t♦ ♣r♦♣❡r❧② ❝❛♣t✉r❡ t❤❡ ❣r❡❛t❡r s❡♥s✐t✐✈✐t② ♦❢ t❤❡
♣♦♦r❡st t♦ t❤❡ s❤♦❝❦ ♦❢ ❡♥❡r❣② ♣r✐❝❡s✱ t❤❛♥❦s t♦ ❛♥ ✐♥❝♦♠♣r❡ss✐❜❧❡ ❝♦♥s✉♠♣t✐♦♥ ♦❢ ❡♥❡r❣② ♣r♦❞✉❝ts✳✺✳
❈♦♥❝❡r♥✐♥❣ t❤❡ ❧❛❜♦r ♠❛r❦❡t✱ st❛♥❞❛r❞ ♠♦❞❡❧✐♥❣ ♦❢ ♥♦♠✐♥❛❧✲✇❛❣❡ r✐❣✐❞✐t✐❡s r❡s✉❧t✐♥❣ ❢r♦♠ ❛ ♥♦♠✐♥❛❧
✇❛❣❡ s❡t ❜② ❛ ✉♥✐♦♥ ♠♦♥♦♣♦❧② ✭s❡❡ ❆✉❝❧❡rt ❡t ❛❧✳ ✭✷✵✶✽✮✮ ✐♠♣❧✐❡s t❤❛t ❧❛❜♦r s✉♣♣❧② ✐s ❤♦♠♦❣❡♥❡♦✉s
❛❝r♦ss ❤❡t❡r♦❣❡♥❡♦✉s ❛❣❡♥ts✳ ❍♦✇❡✈❡r✱ s✐♥❝❡ t❤❡ ❣♦✈❡r♥♠❡♥t ❢♦r❡❝❛sts str♦♥❣ ❡♠♣❧♦②♠❡♥t ❝r❡❛t✐♦♥s✱
✐t ✐s ❛❧s♦ ♥❡❝❡ss❛r② t♦ ❢❛✐t❤❢✉❧❧② ♠♦❞❡❧ ❧❛❜♦r✲s✉♣♣❧② ❜❡❤❛✈✐♦r✱ ✇❤✐❝❤ ❞✐✛❡rs ❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ ❧❡✈❡❧ ♦❢
✐♥❝♦♠❡✳ ■t ✐s t❤❡♥ ♥❡❝❡ss❛r② t♦ ❞✐st✐♥❣✉✐s❤ ❧❛❜♦r ♠❛r❦❡ts ❛❝❝♦r❞✐♥❣ t♦ ✇♦r❦❡rs✬ ❧❡✈❡❧s ♦❢ ❡❞✉❝❛t✐♦♥
t♦ ❤❛✈❡ ❛ ✉♥✐♦♥ ♠♦♥♦♣♦❧② ❢♦r ❡❛❝❤ ♦❢ t❤❡♠✱ ❛♥❞ t❤❡r❡❢♦r❡ ❧❛❜♦r✲s✉♣♣❧② ❡❧❛st✐❝✐t✐❡s s♣❡❝✐✜❝ t♦ ❡❛❝❤
t②♣❡ ♦❢ ❥♦❜✳ ❲❡ t❤✉s ♣r♦♣♦s❡ t♦ ❞✐st✐♥❣✉✐s❤ t❤r❡❡ ❧❛❜♦r✲♠❛r❦❡t s❡❣♠❡♥ts t♦ ❜❡ ❛s ❝❧♦s❡ ❛s ♣♦ss✐❜❧❡
t♦ t❤❡ ❞✐✛❡r❡♥t✐❛t❡❞ ❞②♥❛♠✐❝s ✐♥ ✇❛❣❡s✱ ❤♦✉rs ✇♦r❦❡❞ ❜② ❡♠♣❧♦②❡❡s✱ ❛♥❞ t❤❡ ♥✉♠❜❡r ♦❢ ❥♦❜s ✐♥ ❡❛❝❤
s❡❣♠❡♥t✳

❇❛s❡❞ ♦♥ ❝❛❧✐❜r❛t❡❞ ♣❛r❛♠❡t❡rs ❢♦r t❤❡ st❡❛❞② st❛t❡ ❛♥❞ ❡st✐♠❛t❡❞ ♣❛r❛♠❡t❡rs ❢♦r t❤❡ s❤♦❝❦s✬
♣r♦❝❡ss❡s ♦✈❡r t❤❡ ✷◗✷✵✵✸✲✹◗✷✵✶✾ ♣❡r✐♦❞✱ ♦✉r ❍❆◆❑ ♠♦❞❡❧ ❢♦r t❤❡ ❋r❡♥❝❤ ❡❝♦♥♦♠② ✐❞❡♥t✐✜❡s t❤❡
s❡q✉❡♥❝❡s ♦❢ ❡❛❝❤ str✉❝t✉r❛❧ s❤♦❝❦ ❛❧❧♦✇✐♥❣ t♦ r❡♣r♦❞✉❝❡ t❤❡ ❣♦✈❡r♥♠❡♥t ❢♦r❡❝❛sts ✭♦✉t♣✉t✱ ✐♥✢❛✲
t✐♦♥✱ ✐♥t❡r❡st r❛t❡s✱ ❤♦✉rs ✇♦r❦❡❞✱ ✇❛❣❡s ❛♥❞ ♣✉❜❧✐❝ ❞❡❜t✮ ❝♦♥❞✐t✐♦♥❛❧❧② ♦♥ t❤❡ ❣♦✈❡r♥♠❡♥t✬s ♣♦❧✐❝✐❡s
✭❡①♣❡♥❞✐t✉r❡s ❛♥❞ r❡✈❡♥✉❡s✮ ❛♥❞ ❡♥❡r❣② ♣r✐❝❡s✳ ❙♦❧✉t✐♦♥s ❛r❡ ♦❜t❛✐♥❡❞ t❤❛♥❦s t♦ t❤❡ ✜rst✲♦r❞❡r ❛♣✲
♣r♦①✐♠❛t✐♦♥ ❛r♦✉♥❞ t❤❡ st❡❛❞② st❛t❡ ❞❡✈❡❧♦♣❡❞ ❜② ❘❡✐t❡r ✭✷✵✵✾✮✱ ✭✷✵✶✵✮ ❛♥❞ t❤❡ s❡q✉❡♥❝❡✲s♣❛❝❡
❏❛❝♦❜✐❛♥ ❛♣♣r♦❛❝❤ ♣r♦♣♦s❡❞ ❜② ❆✉❝❧❡rt ❡t ❛❧✳ ✭✷✵✷✶✮✳ ❚❤❡ ❝❤❛❧❧❡♥❣❡ ❢♦r ❝♦♥❞✐t✐♦♥❛❧ ❢♦r❡❝❛sts✱ ✇❤❡♥
❛♣♣❧✐❡❞ t♦ ❡❝♦♥♦♠✐❝ ♣♦❧✐❝✐❡s✱ ✐s t❤❛t t❤❡② ♠❛② ❜❡ ❡①♣♦s❡❞ t♦ ▲✉❝❛s ✭✶✾✼✻✮ ❝r✐t✐q✉❡✿ ❝❤❛♥❣❡s ✐♥ ❡❝♦✲
♥♦♠✐❝ ♣♦❧✐❝② ❛r❡ ❧✐❦❡❧② t♦ ♠♦❞✐❢② ❛❣❡♥ts✬ ❜❡❤❛✈✐♦r✱ ♠❛❦✐♥❣ t❤❡ ❣❡♥❡r❛❧✲❡q✉✐❧✐❜r✐✉♠ ♠♦❞❡❧ ❡st✐♠❛t❡❞
✇✐t❤ ♣❛st ❞❛t❛ ✐♥❡✛❡❝t✐✈❡ ❢♦r ♣r❡❞✐❝t✐♥❣ ❢✉t✉r❡ s❤♦❝❦s✳ ❚♦ t❛❝❦❧❡ t❤✐s ♣r♦❜❧❡♠✱ ✇❡ ✐♠♣❧❡♠❡♥t ❛ st❛✲
❜✐❧✐t② t❡st ♦❢ ♣♦❧✐❝② r✉❧❡s ❛♥❞ s❤♦✇ ❤♦✇ t♦ ✐♥❝♦r♣♦r❛t❡ ❛ ♣♦ss✐❜❧❡ s❤✐❢t ✐♥ ♣♦❧✐❝② ✐♥t♦ t❤❡ ❡✈❛❧✉❛t✐♦♥
♠❡t❤♦❞✳ ❖✉r ❡st✐♠❛t✐♦♥s r❡✈❡❛❧ t❤❛t ♦♥❧② t❤❡ ❣♦✈❡r♥♠❡♥t✬s ❞❡❝✐s✐♦♥ r✉❧❡s ❛r❡ ✉♥st❛❜❧❡ ❜❡t✇❡❡♥
t❤❡ ♣r❡ ❛♥❞ ❛❢t❡r✲❋✐♥❛♥❝❡ ❆❝t ♣❡r✐♦❞s✳ ■t s✉❣❣❡sts t❤❛t ❛❢t❡r t✇❡♥t② ②❡❛rs ♦❢ r✐s✐♥❣ ♣✉❜❧✐❝ ❞❡❜t ✐♥
❋r❛♥❝❡✱ ❛ ♥❡✇ ✜s❝❛❧ ♣♦❧✐❝② ✇✐❧❧ ❜❡ ✐♠♣❧❡♠❡♥t❡❞ ❜② t❤❡ ❣♦✈❡r♥♠❡♥t t♦ ♣r❡✈❡♥t ❛ ❢✉t✉r❡ ❞❡❜t ✐♥❝r❡❛s❡✳
❖✉r ❛ss❡ss♠❡♥t ❛❧s♦ ✐♥❞✐❝❛t❡s t❤❛t ❛❧❧ s❤♦❝❦s✱ ❡①❝❡♣t ❢♦r t❤♦s❡ ♦♥ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣✱ ❡①♣❧❛✐♥ ♦✈❡r

✸❆ ❦❡② ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ t♦♦❧ ♦❢ st♦❝❤❛st✐❝ ❞❡❜t✲s✉st❛✐♥❛❜✐❧✐t② ❛♥❛❧②s✐s ♣r♦♣♦s❡❞ ✐♥ t❤✐s ❛rt✐❝❧❡ ❛♥❞ t❤❡ ♦♥❡
❞❡✈❡❧♦♣❡❞ ✐♥ ✐♥st✐t✉t✐♦♥s ✭s✉❝❤ ❛s t❤❡ ❊✉r♦♣❡❛♥ ❈♦♠♠✐ss✐♦♥✱ s❡❡ ❇♦✉❛❜❞❛❧❧❛❤ ❡t ❛❧✳ ✭✷✵✶✼✮✮ ✐s t❤❛t t❤❡ ❞✐str✐❜✉t✐♦♥s
♦❢ s❤♦❝❦s ❛r❡ ❜❛s❡❞ ♦♥ t❤❡ ❡st✐♠❛t✐♦♥ ♦❢ ❛ ❣❡♥❡r❛❧✲❡q✉✐❧✐❜r✐✉♠ ♠♦❞❡❧ ❛♥❞ ♥♦t ♦♥ ❡❝♦♥♦♠❡tr✐❝ ♠♦❞❡❧s ✇✐t❤♦✉t ❡❝♦♥♦♠✐❝
str✉❝t✉r❡✳

✹■♥ ❛ ❘❆◆❑ ♠♦❞❡❧✱ t❤❡ ❡♥❡r❣② s❤♦❝❦ ❧❡❛❞s ❤♦✉s❡❤♦❧❞s t♦ s✉❜st✐t✉t❡ ❡♥❡r❣② ❣♦♦❞s ❜② ❞♦♠❡st✐❝❛❧❧②✲♣r♦❞✉❝❡❞ ❣♦♦❞s✱
✇❤✐❝❤ ❝♦✉♥t❡r❢❛❝t✉❛❧❧② s✉st❛✐♥s ●❉P ❣r♦✇t❤ ✐♥ t❤❡ ❤♦♠❡ ❝♦✉♥tr②✳

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

✸



✽✵✪ ♦❢ ●❉P ❞❡✈✐❛t✐♦♥s ❢r♦♠ t❤❡ tr❡♥❞✳ ❆s t❤❡ ✈❛r✐❛♥❝❡ ❡①♣❧❛✐♥❡❞ ❜② t❤❡s❡ s❤♦❝❦s ✐s q✉❛♥t✐t❛t✐✈❡❧②
s✐❣♥✐✜❝❛♥t✱ t❤❡② ♣r♦✈✐❞❡ ❛♥ ✐♥✐t✐❛❧ ❛ss❡ss♠❡♥t ♦❢ t❤❡ ✉♥❝❡rt❛✐♥t② s✉rr♦✉♥❞✐♥❣ t❤❡ ✷✵✷✹ ❋✐♥❛♥❝❡ ❆❝t
❛♥❞ t❤❡ ❣♦✈❡r♥♠❡♥t✬s ❜❡t t♦ st❛❜✐❧✐③❡ ♣✉❜❧✐❝ ❞❡❜t t❤r♦✉❣❤ ❤✐❣❤ ●❉P ❣r♦✇t❤✱ r❛t❤❡r t❤❛♥ t❤r♦✉❣❤
♠♦r❡ st❡❛❞❢❛st ❛❞❥✉st♠❡♥ts ♦♥ ✐ts s♣❡♥❞✐♥❣ ❛♥❞ r❡✈❡♥✉❡s✳

❚❤✐s r✐s❦ t♦ t❤❡ tr❛❥❡❝t♦r② ♦❢ ❋r❡♥❝❤ ♣✉❜❧✐❝ ❞❡❜t ✐s ♣❛rt✐❝✉❧❛r❧② ✇♦rr②✐♥❣ ✐♥ t❤❡ ❝♦♥t❡①t ♦❢ r✐s✐♥❣
✐♥t❡r❡st r❛t❡s ❢r♦♠ ✷✵✷✷✳ ■♥❞❡❡❞✱ ❋r❛♥❝❡ ❤❛s ♣❛rt✐❝✉❧❛r❧② ❤✐❣❤ ❧❡✈❡❧s ♦❢ ♣✉❜❧✐❝ ❞❡❜t ❛♥❞ ❞❡✜❝✐t
❛♥❞ ✐s s✉❜❥❡❝t t♦ t❤❡ ❊✉r♦♣❡❛♥ ❯♥✐♦♥✬s ❙t❛❜✐❧✐t② ❛♥❞ ●r♦✇t❤ P❛❝t r✉❧❡s✳ ❈♦✉❧❞ ❋r❛♥❝❡ r❡❞✉❝❡ ✐ts
✐♥❞❡❜t❡❞♥❡ss ♠♦r❡ s❤❛r♣❧② t❤❛♥ ❢♦r❡❝❛st❡❞ ✐♥ t❤❡ ❋✐♥❛♥❝❡ ❆❝t❄ ❚❤❡ ❛❞✈❛♥t❛❣❡ ♦❢ ♦✉r ♠❡t❤♦❞ ♦❢
❡✈❛❧✉❛t✐♦♥ ✐s t❤❛t ✇❡ ❝❛♥ ✉s❡ t❤❡ ♠♦❞❡❧✬s ❝♦♥❞✐t✐♦♥❛❧ ❢♦r❡❝❛sts t♦ ❝♦♠♣❛r❡ t❤❡ ❣♦✈❡r♥♠❡♥t✬s ♣♦❧✐❝②
✇✐t❤ ❛❧t❡r♥❛t✐✈❡ ♣♦❧✐❝✐❡s✳ ❯s✐♥❣ t❤❡ str✉❝t✉r❛❧ s❤♦❝❦s ❡st✐♠❛t❡❞ ❢♦r t❤❡ ❢♦r❡❝❛st ♣❡r✐♦❞✱ ✇❡ ❝❛♥
❝♦♠♣❛r❡ t❤❡ ❢✉t✉r❡ tr❛❥❡❝t♦r✐❡s ♦❢ t❤❡ ❋r❡♥❝❤ ❡❝♦♥♦♠② ❛❝❝♦r❞✐♥❣ t♦ s❡✈❡r❛❧ ✜s❝❛❧ ❛♥❞ ❜✉❞❣❡t❛r②
♣♦❧✐❝✐❡s ✐♥ t❤❡ s❛♠❡ ❡❝♦♥♦♠✐❝ ❝♦♥t❡①t ❞❡✜♥❡❞ ❜② t❤❡s❡ str✉❝t✉r❛❧ s❤♦❝❦s✳ ❲❡ ✉s❡ ♦✉r ♠♦❞❡❧ t♦
❞❡t❡r♠✐♥❡ t❤❡ ❡①t❡♥t t♦ ✇❤✐❝❤ ❛♥ ❛❧t❡r♥❛t✐✈❡ ♣♦❧✐❝② t♦ t❤❛t ♣r♦♣♦s❡❞ ❜② t❤❡ ❣♦✈❡r♥♠❡♥t ✇♦✉❧❞ r❡❞✉❝❡
❞❡❜t ✇✐t❤♦✉t ♣❡♥❛❧✐③✐♥❣ ❡❝♦♥♦♠✐❝ ❣r♦✇t❤ ♦r ❡①❛❝❡r❜❛t✐♥❣ ✐♥❡q✉❛❧✐t②✳ ❲❡ s❤♦✇ t❤❛t ❛ str❛t❡❣② ❜❛s❡❞
♦♥ ❞❡❡♣❡r ❝✉ts ✐♥ ♣✉❜❧✐❝ ❝♦♥s✉♠♣t✐♦♥ ❡①♣❡♥❞✐t✉r❡ ✇♦✉❧❞ ♥♦t ❜❡ ❡✛❡❝t✐✈❡ ❜❡❝❛✉s❡ ♦❢ t❤❡ ❡❝♦♥♦♠✐❝
r❡❝❡ss✐♦♥ ✐t ✇♦✉❧❞ ❝❛✉s❡✳ ❆ str❛t❡❣② ❜❛s❡❞ ♦♥ ❞❡❡♣❡r ❝✉ts ✐♥ ♣✉❜❧✐❝ tr❛♥s❢❡rs ❤❛s ♥♦ ❞❡tr✐♠❡♥t❛❧
❡✛❡❝t ♦♥ ❡❝♦♥♦♠✐❝ ❣r♦✇t❤✱ ❜✉t ❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ ♥❛t✉r❡ ♦❢ t❤❡ tr❛♥s❢❡r ❝✉ts✱ ✐t ♠❛② ❡①❛❝❡r❜❛t❡
✐♥❡q✉❛❧✐t②✳ ❲❡ s❤♦✇ t❤❛t ✐❢ t❤❡ r❡❞✉❝t✐♦♥ ✐♥ ♣✉❜❧✐❝ tr❛♥s❢❡rs ♦♥❧② ❝♦♥❝❡r♥s tr❛♥s❢❡rs ❜❛s❡❞ ♦♥
s♦❝✐❛❧✲s❡❝✉r✐t② ❝♦♥tr✐❜✉t✐♦♥s ✭✐✳❡✳ ❇✐s♠❛r❦✐❛♥ t②♣❡✮✱ ❛♥❞ ✐❢ ❛ss✐st❛♥❝❡ tr❛♥s❢❡rs ✭✐✳❡✳ ❇❡✈❡r✐❞❣✐❛♥
t②♣❡✮ ❛r❡ ❧❡❢t ✉♥❝❤❛♥❣❡❞✱ t❤❡♥ ✐t ✐s ♣♦ss✐❜❧❡ t♦ ❛❝❤✐❡✈❡ ❛ ❧❛r❣❡ r❡❞✉❝t✐♦♥ ✐♥ t❤❡ ❞❡❜t✲t♦✲●❉P r❛t✐♦
✭✹✳✻ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ♠♦r❡ t❤❛♥ t❤❡ ❋✐♥❛♥❝❡ ❆❝t✮ ✇✐t❤♦✉t ✐♥❝r❡❛s✐♥❣ ❝♦♥s✉♠♣t✐♦♥ ✐♥❡q✉❛❧✐t✐❡s ♦r
r❡❞✉❝✐♥❣ ❡❝♦♥♦♠✐❝ ❣r♦✇t❤ ❝♦♠♣❛r❡❞ t♦ t❤❡ ❋✐♥❛♥❝❡ ❆❝t✳

▲✐t❡r❛t✉r❡✳ ❖✉r ♣❛♣❡r ❝♦♥tr✐❜✉t❡s t♦ s❡✈❡r❛❧ str❛♥❞s ♦❢ t❤❡ ❧✐t❡r❛t✉r❡✳ ❲❡ ❝♦♥tr✐❜✉t❡ t♦ t❤❡ ❧✐t✲
❡r❛t✉r❡ ♦♥ ♣♦❧✐❝② ❡✈❛❧✉❛t✐♦♥s ❜❛s❡❞ ♦♥ ❝♦♥❞✐t✐♦♥❛❧ ❢♦r❡❝❛sts✳ ❯s✐♥❣ ❡①t❡r♥❛❧ ✐♥❢♦r♠❛t✐♦♥ t♦ s❡t t❤❡
❡✈♦❧✉t✐♦♥ ♦❢ ❡❝♦♥♦♠✐❝ ❛❣❣r❡❣❛t❡s✱ ❝♦♥❞✐t✐♦♥❛❧ ❢♦r❡❝❛sts ✐❞❡♥t✐❢② s❤♦❝❦ r❡❛❧✐③❛t✐♦♥s t❤❛t ♠❛❦❡ t❤❡
❡q✉✐❧✐❜r✐✉♠ ♠♦❞❡❧✬s ♣❛t❤s ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ♣❛t❤s ❜❛s❡❞ ♦♥ t❤✐s ❡①t❡r♥❛❧ ✐♥❢♦r♠❛t✐♦♥✳ ❆ ❧❛r❣❡ s❡t
♦❢ st✉❞✐❡s ✉s✐♥❣ ❝♦♥❞✐t✐♦♥❛❧ ❢♦r❡❝❛sts ❤❛✈❡ ❢♦❝✉s❡❞ ♦♥ t❤❡ ❛♥❛❧②s✐s ♦❢ ❡❝♦♥♦♠✐❝ ✉♥❝❡rt❛✐♥t② ✇❤❡♥ t❤❡
♣❛t❤ ♦❢ t❤❡ ❢✉t✉r❡ ✐♥t❡r❡st r❛t❡ ✐s ❣✐✈❡♥✱ ✇❤❡t❤❡r ❜❛s❡❞ ♦♥ ❱❆❘ ♠♦❞❡❧s ✭❲❛❣❣♦♥❡r ❛♥❞ ❩❤❛ ✭✶✾✾✾✮
❛♥❞ ❆♥t♦❧✐♥✲❉✐❛③ ❡t ❛❧✳ ✭✷✵✷✶✮✮ ♦r ♦♥ ❉❙●❊ ♠♦❞❡❧s ✭❉❡❧ ◆❡❣r♦ ❛♥❞ ❙❝❤♦r❢❤❡✐❞❡ ✭✷✵✶✸❜✮✮✳ ❖✉r
❝♦♥tr✐❜✉t✐♦♥ ❝♦♥s✐sts ♦❢ ✐❞❡♥t✐❢②✐♥❣ t❤❡ str✉❝t✉r❛❧ s❤♦❝❦s ♦❢ ❛ ❍❆◆❑ ♠♦❞❡❧ ✉s✐♥❣ t❤❡ ❝♦♥❞✐t✐♦♥❛❧✲
❢♦r❡❝❛st ♠❡t❤♦❞ ❛♥❞ ❞❛t❛ ♣r♦✈✐❞❡❞ ❜② ❛ ❣♦✈❡r♥♠❡♥t✬s ❋✐♥❛♥❝❡ ❆❝t ❢♦r❡❝❛sts✳ ❚❤❡ s♦❧✉t✐♦♥ t♦ t❤✐s
✐❞❡♥t✐❢②✐♥❣ ♣r♦❜❧❡♠ ✐s ♦❜t❛✐♥❡❞ t❤r♦✉❣❤ ❆✉❝❧❡rt ❡t ❛❧✳ ✭✷✵✷✶✮✬s s❡q✉❡♥❝❡✲s♣❛❝❡ ❏❛❝♦❜✐❛♥ ♠❡t❤♦❞♦❧✲
♦❣②✳✻ ❲❡ ❛❧s♦ ❝♦♥tr✐❜✉t❡ t♦ t❤❡ ❧✐t❡r❛t✉r❡ ♦♥ t❤❡ q✉❛♥t✐t❛t✐✈❡ ❛♥❛❧②s✐s ♦❢ ❍❆◆❑ ♠♦❞❡❧s✳ ❋♦❧❧♦✇✐♥❣
❑❛♣❧❛♥ ❡t ❛❧✳ ✭✷✵✶✽✮ ❛♥❞ ❆✉❝❧❡rt ❡t ❛❧✳ ✭✷✵✷✶✮ t❤❛t ❤❛✈❡ ❞❡♠♦♥str❛t❡❞ t❤❡ ❡♠♣✐r✐❝❛❧ ♣❡r❢♦r♠❛♥❝❡
♦❢ t❤❡s❡ ❍❆◆❑ ♠♦❞❡❧s ❛♥❞ t❤❡✐r r❡❧❡✈❛♥❝❡ ❢♦r ♠❛❝r♦❡❝♦♥♦♠✐❝ ♣♦❧✐❝② ❡✈❛❧✉❛t✐♦♥s✼✱ ❛ s❡t ♦❢ ♣❛♣❡rs
✐❧❧✉str❛t❡ ❤♦✇ t♦ ❛♣♣❧② t❤❡s❡ ♠♦❞❡❧s t♦ ♠❛❝r♦❡❝♦♥♦♠✐❝ ♣♦❧✐❝② ❛♥❛❧②s✐s✳ ❆✉❝❧❡rt ❡t ❛❧✳ ✭✷✵✶✽✮ ♣r♦✈✐❞❡
❛ ❝♦♠♣❧❡t❡ ❛♥❛❧②s✐s ♦❢ ✜s❝❛❧ ❛♥❞ ♠♦♥❡t❛r② ♠✉❧t✐♣❧✐❡rs ✐♥ ❍❆◆❑ ♠♦❞❡❧s ❛♥❞ ❞✐s❝✉ss t❤❡ ❛❞✈❛♥t❛❣❡ ♦❢

✻▼❛♥② ♥❡✇ ♠❡t❤♦❞s ❤❛✈❡ ❜❡❡♥ ❞❡✈❡❧♦♣❡❞ t♦ ♠♦r❡ ❡❛s✐❧② ✉s❡ ❍❆◆❑ ♠♦❞❡❧s✳ ■♥ ❝♦♥t✐♥✉♦✉s t✐♠❡✱ ❆❝❤❞♦✉ ❡t ❛❧✳
✭✷✵✷✷✮ ❤❛✈❡ ♣r♦♣♦s❡❞ ❛♥ ❛♣♣r♦❛❝❤ ❜❛s❡❞ ♦♥ s♦❧✈✐♥❣ ❑♦❧♠♦❣♦r♦✈✲❋♦❦❦❡r✲P❧❛♥❝❦ ❢♦r✇❛r❞ ❡q✉❛t✐♦♥s ❝♦✉♣❧❡❞ ✇✐t❤ ❍❏❇
❜❛❝❦✇❛r❞ ❡q✉❛t✐♦♥s ✭❙❡❡ ❡✳❣✳ ❑❛♣❧❛♥ ❛♥❞ ❱✐♦❧❛♥t❡ ✭✷✵✶✽✮✮✳ ■♥ ❞✐s❝r❡t❡ t✐♠❡✱ ❘❡✐t❡r ✭✷✵✵✾✮✱ ✭✷✵✶✵✮✱ ❲✐♥❜❡rr② ✭✷✵✶✽✮
❛♥❞ ❇❛②❡r ❛♥❞ ▲✉❡tt✐❝❦❡ ✭✷✵✷✵✮ ❤❛✈❡ ❞❡✈❡❧♦♣❡❞ ♠❡t❤♦❞s t♦ ✐♠♣r♦✈❡ t❤❡ ❛❝❝✉r❛❝② ❛♥❞ r❡s♦❧✉t✐♦♥ s♣❡❡❞ ♦❢ t❤❡s❡
❤❡t❡r♦❣❡♥❡♦✉s✲❛❣❡♥t ♠♦❞❡❧s✳ ❚❤❡ ❆✉❝❧❡rt ❡t ❛❧✳ ✭✷✵✷✶✮ ❛♣♣r♦❛❝❤ ✐♥t❡❣r❛t❡s t❤❡ s❡t ♦❢ t♦♦❧s ♥❡❝❡ss❛r② ❢♦r ♠❛❝r♦✲
❡❝♦♥♦♠✐sts t♦ ✉s❡ t❤❡s❡ ❍❆◆❑ ♠♦❞❡❧s t♦ ♠❛❦❡ ❡❝♦♥♦♠✐❝ ♣♦❧✐❝② ❛ss❡ss♠❡♥ts✿ ✐t ✐s ♣♦ss✐❜❧❡ ✭✐✮ t♦ ❝♦♠♣✉t❡ t❤❡
❞②♥❛♠✐❝ r❡s♣♦♥s❡s t♦ ❛❣❣r❡❣❛t❡ s❤♦❝❦s✱ ✭✐✐✮ t♦ ❝❤❡❝❦ t❤❡ st❛❜✐❧✐t② ♦❢ t❤❡ ❞②♥❛♠✐❝s✱ ✭✐✐✐✮ t♦ ❡st✐♠❛t❡ ♣❛r❛♠❡t❡rs ❛♥❞
s❤♦❝❦ r❡❛❧✐③❛t✐♦♥s ❛♥❞ ✭✐✈✮ t♦ ✉s❡ ❛ ✈❡r② ❢r✐❡♥❞❧② P②t❤♦♥ t♦♦❧❜♦①✳ ❆s s✉❝❤✱ ✇❡ ✉s❡ t❤✐s ❛♣♣r♦❛❝❤✳

✼❚❤❡s❡ ✇♦r❦s ❢♦❧❧♦✇ t❤❡ s❡♠✐♥❛❧ ❝♦♥tr✐❜✉t✐♦♥s ♦❢ ❆✐②❛❣❛r✐ ✭✶✾✾✹✮ ❛♥❞ ❑r✉s❡❧❧ ❛♥❞ ❙♠✐t❤ ✭✶✾✾✽✮✱ ❛♥❞ ❞❡✈❡❧♦♣
q✉❛♥t✐t❛t✐✈❡ ♠♦❞❡❧s ✇✐t❤ ❤❡t❡r♦❣❡♥❡♦✉s ❛❣❡♥ts✱ ✇❤✐❝❤ ❛❧s♦ ✐♥❝❧✉❞❡❞ ♠❛r❦❡t ❢r✐❝t✐♦♥s✱ ❛s ♣r✐❝❡ ❛♥❞ ✇❛❣❡ r✐❣✐❞✐t✐❡s✱
r❡❧❡✈❛♥t ❢♦r ❜✉s✐♥❡ss ❝②❝❧❡ ❛♥❛❧②s✐s✳

✹



t❤❡s❡ ♠♦❞❡❧s ❝♦♠♣❛r❡❞ t♦ ✉s✉❛❧ ❘❆◆❑ ♠♦❞❡❧s✳ ❆✉❝❧❡rt ❡t ❛❧✳ ✭✷✵✷✸✮✱ P✐❡r♦♥✐ ✭✷✵✷✸✮ ♦r ❇❛②❡r ❡t ❛❧✳
✭✷✵✷✸✮ ❛♥❞ ▲❛♥❣♦t ❡t ❛❧✳ ✭✷✵✷✸✮ ✉s❡ ❍❆◆❑ ♠♦❞❡❧s t♦ ❛♥❛❧②③❡ t❤❡ ✐♠♣❛❝t ♦❢ t❤❡ r❡❝❡♥t ❡♥❡r❣② ❝r✐s✐s✳✽

❖✉r ♣❛♣❡r ❡①t❡♥❞s t❤❡s❡ ❛♥❛❧②s❡s ❜② ❡st✐♠❛t✐♥❣ ❛ ❍❆◆❑ ♠♦❞❡❧ t♦ ❡①♣❧❛✐♥ t❤❡ ❜✉s✐♥❡ss ❝②❝❧❡ ❛♥❞
✐♥❡q✉❛❧✐t② ❞②♥❛♠✐❝s ♦❢ t❤❡ ❋r❡♥❝❤ ❡❝♦♥♦♠② ✇❤✐❝❤ ✐s ❛ ♠❡♠❜❡r ♦❢ ❛ ♠♦♥❡t❛r② ✉♥✐♦♥✳ ❚❤❡r❡❢♦r❡✱ t❤❡
❚❛②❧♦r r✉❧❡ ✐s ❛❞❛♣t❡❞ t♦ ❛❝❝♦✉♥t ❢♦r t❤❡ ❢❛❝t t❤❛t t❤❡ ❊✉r♦♣❡❛♥ ❈❡♥tr❛❧ ❇❛♥❦ ✭❊❈❇✮ ♦♥❧② ♣❛rt❧②
r❡s♣♦♥❞s t♦ ❋r❡♥❝❤ ✐♥✢❛t✐♦♥ ✇❤✐❝❤ ✐s ♦♥❧② ❛ ♣❛rt ♦❢ t❤❡ ❊✉r♦♣❡❛♥ ✐♥✢❛t✐♦♥✳ ❲❡ ❛❧s♦ ❝♦♥tr✐❜✉t❡ t♦
t❤❡ ❧✐t❡r❛t✉r❡ ♦♥ ✜s❝❛❧✲❝♦♥s♦❧✐❞❛t✐♦♥ ♣r♦❣r❛♠s✱ ✇❤✐❝❤ ❤❛s ❜❡❡♥ ❡①t❡♥s✐✈❡❧② st✉❞✐❡❞ ❡♠♣✐r✐❝❛❧❧② ❡✳❣✳
❆❧❡s✐♥❛ ❡t ❛❧✳ ✭✷✵✶✺✮✱ ❇❛❧❧ ❡t ❛❧✳ ✭✷✵✶✸✮✱ ❇❧❛♥❝❤❛r❞ ❛♥❞ ▲❡✐❣❤ ✭✷✵✶✸✮✱ ■▼❋ ✭✷✵✷✸✮✱ ❛♥❞ ❇r✐♥❝❛ ❡t ❛❧✳
✭✷✵✷✶✮ ✐♥ ❛ ♥❡♦❝❧❛ss✐❝❛❧ ♠❛❝r♦✲♠♦❞❡❧ ✇✐t❤ ❤❡t❡r♦❣❡♥❡♦✉s ❛❣❡♥ts ❛♥❞ ✐♥❝♦♠♣❧❡t❡ ✐♥s✉r❛♥❝❡ ♠❛r❦❡ts✳
❆s ❇r✐♥❝❛ ❡t ❛❧✳ ✭✷✵✷✶✮✱ ✇❡ ❛♥❛❧②③❡ t❤❡ ✐♥❝✐❞❡♥❝❡ ♦❢ ✜s❝❛❧ ❝♦♥s♦❧✐❞❛t✐♦♥ ♦♥ ♦✉t♣✉t ❛♥❞ ✐♥❡q✉❛❧✐t②✱
❜✉t ✐♥ ❛♥ ❡st✐♠❛t❡❞ ♠♦❞❡❧ ✇❤✐❝❤ t❛❦❡s ✐♥t♦ ❛❝❝♦✉♥t ♥♦♠✐♥❛❧ r✐❣✐❞✐t② ❛♥❞ ♠♦♥❡t❛r② ♣♦❧✐❝②✳

❚❤❡ r❡♠❛✐♥❞❡r ♦❢ t❤❡ ❛rt✐❝❧❡ ✐s ♦r❣❛♥✐③❡❞ ❛s ❢♦❧❧♦✇s✳ ❙❡❝t✐♦♥ ✷ ♣r❡s❡♥ts t❤❡ ♠♦❞❡❧✳ ❙❡❝t✐♦♥ ✸
❞❡s❝r✐❜❡s t❤❡ q✉❛♥t✐t❛t✐✈❡ ♠❡t❤♦❞♦❧♦❣② ❛♥❞ t❤❡ ❡st✐♠❛t✐♦♥ r❡s✉❧ts✳ ❙❡❝t✐♦♥ ✹ ♣r❡s❡♥ts t❤❡ ♠❡t❤♦❞
♦❢ ❝♦♥❞✐t✐♦♥❛❧ ❢♦r❡❝❛sts ❛♥❞ ❛♥❛❧②③❡s t❤❡ q✉❛♥t✐t❛t✐✈❡ r❡s✉❧ts✳ ❙❡❝t✐♦♥ ✺ ❞✐s❝✉ss❡s t❤❡ ❞❡❜t s✉❜st❛✐♥✲
❛❜✐❧✐t② ✐♠♣❧✐❡❞ ❜② t❤❡ ❋✐♥❛♥❝❡ ❆❝t ❛♥❞ s❡❝t✐♦♥ ✻ ❛ss❡ss❡s ❛❧t❡r♥❛t✐✈❡ ✜s❝❛❧✲❝♦♥s♦❧✐❞❛t✐♦♥ ♣r♦❣r❛♠s✳
❙❡❝t✐♦♥ ✼ q✉❛♥t✐✜❡s t❤❡ ❧❡✈❡❧ ♦❢ r✐s❦ ❛ss♦❝✐❛t❡❞ ✇✐t❤ t❤❡ ❞❡❜t✲t♦✲●❉P r❛t✐♦ ✐♥ t❤❡ ❋✐♥❛♥❝❡ ❆❝t ❛♥❞
s❤♦✇s ❤♦✇ ✐t ❝❛♥ ❜❡ r❡❞✉❝❡❞ t❤r♦✉❣❤ ❛❧t❡r♥❛t✐✈❡ ✜s❝❛❧ ❝♦♥s♦❧✐❞❛t✐♦♥ ♣r♦❣r❛♠s✳ ❋✐♥❛❧❧②✱ ❙❡❝t✐♦♥ ✽
❝♦♥❝❧✉❞❡s✳

✷ ❚❤❡ ▼♦❞❡❧

❚❤❡ ♠♦❞❡❧ ✐s ❛♥ ❡①t❡♥❞❡❞ ✈❡rs✐♦♥ ♦❢ t❤❡ ♦♥❡s ♦❢ ❆✉❝❧❡rt ❡t ❛❧✳ ✭✷✵✶✽✮✱ ✭✷✵✷✶✮✱ ❛♥❞ ✭✷✵✷✸✮✱ P✐❡r♦♥✐
✭✷✵✷✸✮ ❛♥❞ ▲❛♥❣♦t ❡t ❛❧✳ ✭✷✵✷✸✮✳

✷✳✶ ❍♦✉s❡❤♦❧❞s

❚❤❡r❡ ❛r❡ t❤r❡❡ t②♣❡s ♦❢ ❤♦✉s❡❤♦❧❞ s❦✐❧❧s s ∈ {l,m, h}✿ ❧♦✇ ✭l✮✱ ♠❡❞✐✉♠ ✭m✮✱ ❛♥❞ ❤✐❣❤✱ ✭h✮✳ ❲✐t❤✐♥
❡❛❝❤ s❦✐❧❧ ❣r♦✉♣✱ ❤♦✉s❡❤♦❧❞s ❡①♣❡r✐❡♥❝❡ ✐❞✐♦s②♥❝r❛t✐❝ ♣r♦❞✉❝t✐✈✐t② s❤♦❝❦s e ❛t t❤❡ ♦r✐❣✐♥ ♦❢ ✐♥❝♦♠❡✱
✇❡❛❧t❤✱ ❛♥❞ ❝♦♥s✉♠♣t✐♦♥ ❤❡t❡r♦❣❡♥❡✐t②✳

❍♦✉s❡❤♦❧❞ ❞❡❝✐s✐♦♥ r✉❧❡s ❛r❡ ✐♥❞❡♣❡♥❞❡♥t ♦❢ s❦✐❧❧✲t②♣❡ s✳ ❍❡♥❝❡✱ ✇❡ ❞r♦♣ t❤❡ s s✉❜s❝r✐♣t✳ ❚❤❡s❡
❞❡❝✐s✐♦♥s ❛r❡ ❞❡❞✉❝❡❞ ❢r♦♠ t❤❡ ❢♦❧❧♦✇✐♥❣ ♠❛①✐♠✐③❛t✐♦♥ ♣r♦❜❧❡♠

Vt(e, a−) = max
c,n,a≥0

{
u(c)− v(n) + βt

∑

e′

P(e, e′)Vt+1(e
′, a)

}

s.t. at = at−1 + yt(a, e)− (1 + τc)(1− sH,t)pFE,tcFE − (1 + τc)ct

✇❤❡r❡ t❤❡ s✉❜s✐st❡♥❝❡ ❧❡✈❡❧ ❢♦r t❤❡ ❡♥❡r❣② ❝♦♥s✉♠♣t✐♦♥ ✐s cFE ✱ sH st❛♥❞s ❢♦r ❛ t❛r✐✛ s❤✐❡❧❞ ✭✧❜♦✉❝❧✐❡r
t❛r✐❢❛✐r❡✧✮✱ ❛♥❞ pFE ✐s t❤❡ r❡❧❛t✐✈❡ ♣r✐❝❡ ♦❢ ❡♥❡r❣②✳ ❚❤❡ ❞✐s❝♦✉♥t ❢❛❝t♦r βt ❝❤❛♥❣❡s ♦✈❡r t✐♠❡ t♦
❛❝❝♦✉♥t ❢♦r ❞❡♠❛♥❞ s❤♦❝❦s ❛♥❞ ✐s ❛ss✉♠❡❞ t♦ ❢♦❧❧♦✇ ❛ st❛t✐♦♥❛r② ❆❘✭✶✮ ♣r♦❝❡ss✳ ❚❤❡ ♥❡t ✐♥❝♦♠❡
y(a, e) ❛♥❞ t❤❡ t❛①❛❜❧❡ ❧❛❜♦r ✐♥❝♦♠❡ ♥❡t ♦❢ s♦❝✐❛❧ ❝♦♥tr✐❜✉t✐♦♥s z(a, e) ❛r❡ ❞❡✜♥❡❞ ❛s ❢♦❧❧♦✇s

yt(a, e) = rtat−1 + (1− τf )dtd̄(e) + (1− µ)zt(a, e)
1−λ + τt

zt(a, e) = (1− τl)wtetnt + TtT̄ (e)

✽■♥ ❆✉❝❧❡rt ❡t ❛❧✳ ✭✷✵✷✸✮✱ t❤❡r❡ ✐s ♥♦ ✐♥❝♦♠♣r❡ss✐❜❧❡ ❝♦♥s✉♠♣t✐♦♥ ❛♥❞ ♥♦ ♣✉❜❧✐❝ ❞❡❜t ❞②♥❛♠✐❝s✱ ✇❤❡r❡❛s P✐❡r♦♥✐
✭✷✵✷✸✮ ✐♥tr♦❞✉❝❡s ✐♥❝♦♠♣r❡ss✐❜❧❡ ❝♦♥s✉♠♣t✐♦♥✱ ❜✉t ♥♦t ♣✉❜❧✐❝ ❞❡❜t ❞②♥❛♠✐❝s✳ ❚❤❡s❡ t✇♦ ♣❛♣❡rs ❞♦ ♥♦t ♣r❡s❡♥t ♣♦❧✐❝②
❡✈❛❧✉❛t✐♦♥s ❜✉t t❤❡♦r❡t✐❝❛❧ ❛♥❛❧②s❡s ♦❢ ❤②♣♦t❤❡t✐❝❛❧ ♣♦❧✐❝✐❡s✳ ❚❤❡ ❛♥❛❧②s✐s ♦❢ ❇❛②❡r ❡t ❛❧✳ ✭✷✵✷✸✮ ❞♦❡s ♥♦t ♣r♦✈✐❞❡ ❛♥
❡st✐♠❛t✐♦♥ ♦❢ t❤❡ ♠♦❞❡❧ ❜❛s❡❞ ♦♥ t✐♠❡ s❡r✐❡s ♦❢ ❛❣❣r❡❣❛t❡s✳

✺



✇❤❡r❡ 1 + rt = 1+it−1

1+πt
❛♥❞ πt = Pt

Pt−1
− 1 ❛♥❞ ❞✐✈✐❞❡♥❞s d ❛r❡ ❞✐str✐❜✉t❡❞ ♥♦♥✲✉♥✐❢♦r♠❧② ❛❝r♦ss

❤♦✉s❡❤♦❧❞s ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❢✉♥❝t✐♦♥ d̄′(e) > 0✳ ❚❤❡ t❛① r❛t❡ ♦♥ ✜r♠s✬ ♣r♦✜ts ✐s τf ✳ ❚❤❡ s♦❝✐❛❧
❝♦♥tr✐❜✉t✐♦♥s ❛r❡ ♣r♦♣♦rt✐♦♥❛❧ t♦ ❧❛❜♦r ✐♥❝♦♠❡s✱ ✇✐t❤ ❛ ❝♦♥tr✐❜✉t✐♦♥ r❛t❡ τl✳ ❆ ✜rst ❝♦♠♣♦♥❡♥t ♦❢
t❤❡ tr❛♥s❢❡rs✱ T ✱ ✐s ✐♥❞❡①❡❞ t♦ ❧❛❜♦r ✐♥❝♦♠❡ ❛♥❞ t❛①❛❜❧❡ ✭♣❡♥s✐♦♥s ❛♥❞ ✉♥❡♠♣❧♦②♠❡♥t ❜❡♥❡✜ts✮✱
t❤❡ ✐♥❞❡①❛t✐♦♥ ❜❡✐♥❣ ❞❡✜♥❡❞ ❜② T̄ ′(e) > 0✳ T T̄ (e) ✐s t❤✉s t❤❡ ❇✐s♠❛r❝❦✐❛♥ ♣❛rt ♦❢ tr❛♥s❢❡rs t❤❛t
t❤❡ ❤♦✉s❡❤♦❧❞ r❡❝❡✐✈❡s✳ ❚❤❡ s❡❝♦♥❞ ❝♦♠♣♦♥❡♥t ♦❢ tr❛♥s❢❡rs✱ τ ✱ ✐s ❧❛r❣❡r ❢♦r ♣♦♦r❡r ❤♦✉s❡❤♦❧❞s✳ ■t
❝♦rr❡s♣♦♥❞s t♦ t❤❡ ❇❡✈❡r✐❞❣✐❛♥ ♣❛rt ♦❢ tr❛♥s❢❡rs✳ ❚❤❡ ❣♦✈❡r♥♠❡♥t t❤r♦✉❣❤ ✐ts ♣♦❧✐❝② r✉❧❡s ❞❡t❡r♠✐♥❡s
t❤❡ t♦t❛❧ ❛❣❣r❡❣❛t❡ ❛♠♦✉♥ts ♦❢ t❤❡s❡ t✇♦ tr❛♥s❢❡rs✳ ❚❤❡② ♠❛② ❝❤❛♥❣❡ ♦✈❡r t✐♠❡ t♦ ❛❝❝♦✉♥t ❢♦r
tr❛♥s❢❡r s❤♦❝❦s✱ ❛ss✉♠❡❞ t♦ ❢♦❧❧♦✇ ❛ st❛t✐♦♥❛r② ❆❘✭✶✮ ♣r♦❝❡ss✳ ❚♦t❛❧ ♣r♦❣r❡ss✐✈❡ t❛①❡s ♣❛✐❞ ♦♥
❧❛❜♦r ✐♥❝♦♠❡ ❛r❡

TI,t(a, e) = zt(a, e)− (1− µ)(zt(a, e))
1−λ

✇❤❡r❡ λ ❞❡t❡r♠✐♥❡s t❤❡ ❞❡❣r❡❡ ♦❢ ♣r♦❣r❡ss✐✈✐t② ♦❢ t❤❡ t❛① s②st❡♠✳ ❆ t❛① s❝❤❡♠❡ ✐s ❝♦♠♠♦♥❧② ❧❛❜❡❧❡❞
♣r♦❣r❡ss✐✈❡ ✭r❡❣r❡ss✐✈❡✮ ✐❢ t❤❡ r❛t✐♦ ♦❢ ♠❛r❣✐♥❛❧ t♦ ❛✈❡r❛❣❡ t❛① r❛t❡s ✐s ❧❛r❣❡r ✭s♠❛❧❧❡r✮ t❤❛♥ ♦♥❡ ❢♦r
❡✈❡r② ❧❡✈❡❧ ♦❢ ✐♥❝♦♠❡ z

T ′
I (z)

TI(z)/z
=

1− (1− µ)(1− λ)z−λ

1− (1− µ)z−λ

❚❤❡ ❈♦❡✣❝✐❡♥t ♦❢ ❘❡s✐❞✉❛❧ ■♥❝♦♠❡ Pr♦❣r❡ss✐♦♥ ✭CRIP ✮ ✐s

CRIP (z) =
∂(1− µ)z1−λ

∂z

z

(1− µ)z1−λ
= (1− µ)(1− λ)z−λ

z

(1− µ)z1−λ
=

1− T ′
I (z)

1− TI(z)/z
= 1− λ

◆♦t❡ t❤❛t t❤❡ ♣r♦❣r❡ss✐✈❡ t❛①❡s ❜❡❝♦♠❡ tr❛♥s❢❡rs ✐❢ TI(z) < 0 ✐✳❡✳ ✇❤❡♥ z < (1− µ)
1
λ ✳

❲❡ ❛ss✉♠❡ t❤❛t u(c) = log(c)✱ v(n) = φs,t
n1+ν

1+ν ✳ ❚❤❡ ❧❛❜♦r ❞✐s✉t✐❧✐t② ♣❛r❛♠❡t❡rs φs,t✱ ✇❤✐❝❤
❛r❡ s❦✐❧❧ s♣❡❝✐✜❝s✱ ❝❤❛♥❣❡ ♦✈❡r t✐♠❡ ✐♥ ♦r❞❡r t♦ ❛❝❝♦✉♥t ❢♦r ❧❛❜♦r s✉♣♣❧② s❤♦❝❦s ❛♥❞ ❛r❡ ❛ss✉♠❡❞ t♦
❢♦❧❧♦✇ ❛ st❛t✐♦♥❛r② ❆❘✭✶✮ ♣r♦❝❡ss✳

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

ct =

(∫
c
εd−1

εd

i,t di

) εd
εd−1

s♦❧❞ ❛t ♣r✐❝❡ P ✳ εd ♠❡❛s✉r❡ t❤❡ ❡❧❛st✐❝✐t② ♦❢ s✉❜st✐t✉t✐♦♥ ❜❡t✇❡❡♥ ❣♦♦❞s i✳ ❊❛❝❤ ♦❢ t❤❡s❡ ❞✐✛❡r❡♥t✐❛t❡❞
❣♦♦❞ ci ✐s ❛ ❜❛s❦❡t ♦❢ ❝❤❛r❛❝t❡r✐st✐❝s ❣✐✈❡♥ ❜②

ci,t =

(
α

1
ηE

E (ciFE,t − cFE)
ηE−1

ηE + (1− αE)
1

ηE (ciH,t)
ηE−1

ηE

) ηE
ηE−1

=

(
α

1
ηE

E (c̃iFE,t)
ηE−1

ηE + (1− αE)
1

ηE (ciH,t)
ηE−1

ηE

) ηE
ηE−1

✇❤❡r❡ ciFE ✐s t❤❡ ❡♥❡r❣② ❝♦♥s✉♠♣t✐♦♥ ❣♦♦❞✱ ✇❤✐❝❤ s❤♦✉❧❞ ❡①❝❡❡❞ t❤❡ s✉❜s✐st❡♥❝❡ ❧❡✈❡❧ cFE ✱ ❛♥❞
ciH t❤❡ ❞♦♠❡st✐❝❛❧❧② ♣r♦❞✉❝❡❞ ❝♦♥s✉♠♣t✐♦♥ ❣♦♦❞✳ ❲✐t❤ pH,t = PH,t/Pt ❛♥❞ pFE,t = PFE,t/Pt✱ t❤✐s
❜❛s❦❡t ❣♦♦❞s ci,t s❛t✐s✜❡s ❤♦✉s❡❤♦❧❞✬s ♣r❡❢❡r❡♥❝❡s ✐❢ ct = pH,tcH,t+(1−sH,t)(1+τP )pFE,tc̃FE,t✱ ✇✐t❤
c̃FE,t ≡ cFE,t − cFE ✱ ✇❤❡r❡ c r❡♣r❡s❡♥ts t♦t❛❧ ❤♦✉s❡❤♦❧❞ ❝♦♥s✉♠♣t✐♦♥✳

✻



✷✳✷ ❯♥✐♦♥s

❋♦r ❡❛❝❤ t②♣❡ s ∈ {l,m, h}✱ ❛ ✉♥✐♦♥ s❡ts ❛ ✉♥✐q✉❡ ✇❛❣❡ ❜② t❛s❦ k ✇❤❛t❡✈❡r t❤❡ ❧❡✈❡❧s ♦❢ ♣r♦❞✉❝t✐✈✐t②
e ∈ E ❛♥❞ ✇❡❛❧t❤ a ∈ A✳ ❚❤❡ ✉♥✐♦♥✬s ♣r♦❣r❛♠ ❢♦r t❤❡ s❦✐❧❧ ❣r♦✉♣ s ✐s

U sk,t(W
s
k,t−1) = max

W s
k,t





∫
e

∫
a

[
u(csi,t(ei, a))− v(nsi,t(ei, a))

]
dΓs

−
ψs
W

2

(
W s

k,t

W s
k,t−1

− 1
)2

+ βU sk,t+1(W
s
k,t)



 s.t. N s

k,t =

(
W s
k,t

W s
t

)−εs

N s
t

✇❤❡r❡ W s
t =

(∫
k

(
W s
k,t

)1−εs
dk

) 1
1−εs

❛♥❞ t❤❡ ❡q✉✐❧✐❜r✐✉♠ ❞✐str✐❜✉t✐♦♥ s❛t✐s✜❡s
∑

s ω
s
∫
e

∫
a
dΓs = 1✳

❚❤❡ ✉♥✐♦♥s✬ ❞❡❝✐s✐♦♥s ❢♦r t❤❡ ♥♦♠✐♥❛❧ ✇❛❣❡s ❧❡❛❞ t♦ t❤❡ ◆❑P❈s✿

πsW,t = κsW

(
N s
t v

′(N s
t )−

1

µsw
tdst

W s
t

Pt
N s
t ũ

′
t(c

s, T s)

)
+ βπsW,t+1

✇✐t❤ t❛① ❞✐st♦rt✐♦♥ tdst = (1−τinc)(1−τssc)
1+τc

✱ ✉♥✐♦♥ ♠❛r❦✉♣ µsw = εs
εs−1 ❛♥❞ ✇❛❣❡ r✐❣✐❞✐t② ♣❛r❛♠❡t❡rs

κsw ≡ εs

ψs
W

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

♦❢ ❝♦♥s✉♠♣t✐♦♥ ✉♥✐ts✱ ũ′t(c
s, T

s
) ≡

∫
e,a−

u′(cs)et(1 − T
s
)dΓs(e, a−) ✇✐t❤ T t❤❡ ❛✈❡r❛❣❡ t❛① r❛t❡✱ ✐s

❞❡❞✉❝❡❞ ❢r♦♠ t❤❡ ❤♦✉s❡❤♦❧❞s ❜❡❤❛✈✐♦rs ❛♥❞ ❝♦♠♣✉t❡❞ ❛t t❤❡ ❡q✉✐❧✐❜r✐✉♠✳✾

✷✳✸ ●♦♦❞s ❙✉♣♣❧②

✷✳✸✳✶ ❇❛s✐❝✲❣♦♦❞ ♣r♦❞✉❝❡rs✬ ❞❡❝✐s✐♦♥s

❇❛s✐❝✲❣♦♦❞ ♣r♦❞✉❝❡rs ♣r♦❞✉❝❡ YN ✉s✐♥❣ ♦♥❧② ❧❛❜♦r ❛♥❞ ♠✐♥✐♠✐③❡ t❤❡✐r ♣r♦❞✉❝t✐♦♥ ❝♦sts

min
nl
i,t,n

m
i,t,n

h
i,t

{
W l
tN

l
t +Wm

t N
m
t +W h

t N
h
t

}

s.t.





YN,t ≤

(
α

1
εN

l

(
AltN

l
t

) εN−1

εN + α
1

εN
m

(
Amt N

m
t

) εN−1

εN +α
1

εN

h

(
AhtN

h
t

) εN−1

εN

) εN
εN−1

N s
t =

∑
i ω

sπsi e
s
i,tn

s
i,t ∀s ∈ {l,m, h}

✇❤❡r❡ ωs ✐s t❤❡ ❢r❛❝t✐♦♥ ♦❢ s✲t②♣❡ ✐♥ t❤❡ ♣♦♣✉❧❛t✐♦♥✱
∑

i π
s
i e
s
i = ϖs ✐s t❤❡ ❛✈❡r❛❣❡ ♣r♦❞✉❝t✐✈✐t② ♦❢

❡❛❝❤ ♣♦♣✉❧❛t✐♦♥ ❛♥❞ As ❛ s✲t②♣❡ ♣r♦❞✉❝t✐✈✐t② s❤♦❝❦ ❛ss✉♠❡❞ t♦ ❢♦❧❧♦✇ ❛ st❛t✐♦♥❛r② ❆❘✭✶✮ ♣r♦❝❡ss
∀s = l,m, h✳

❚❤❡ ♦♣t✐♠❛❧ ❧❛❜♦r ❞❡♠❛♥❞s ❛r❡

N s
t =

αs
Ast

(
W s
t /(A

s
tϖ

s)

MCN,t

)−εN

YN,t ✇✐t❤ MCN,t =

(
∑

s

αs

(
W s
t

Astϖ
s

)1−εN
) 1

1−εN

∀s ∈ {l,m, h}

❆s ❛❧❧ s✲t②♣❡ ❡♠♣❧♦②❡❡s ✇♦r❦ t❤❡ s❛♠❡ ♥✉♠❜❡r ♦❢ ❤♦✉rs ✭❯♥✐♦♥s✮✱ t❤❡♥ nsi,t = nsi′,t ≡ nst ✱ ∀i, i
′✳

❆❢t❡r ♥♦r♠❛❧✐③✐♥❣ nst = 1 ✭αs ❛r❡ ❢♦✉♥❞ t♦ ♠❛t❝❤ t❤✐s r❡str✐❝t✐♦♥✮✱✶✵ N s
t =

∑
i ω

sπsi e
s
i,t✱ ❦♥♦✇✐♥❣∑

s ωs = 1✳ ❆ss✉♠✐♥❣ ♣❡r❢❡❝t ❝♦♠♣❡t✐t✐♦♥ ✐♥ t❤✐s ♠❛r❦❡t✱ ♣r♦✜ts ❛♥❞ ❢r❡❡✲❡♥tr② ❝♦♥❞✐t✐♦♥s ❧❡❛❞ t♦✿

ΠN,t = (Wt −MCN,t)YN,t = 0 ⇒ Wt =MCN,t ⇔ wt = mcN,t, ✇✐t❤

{
wt = Wt

Pt

mcN,t =
MCN,t

Pt

✾❙❡❡ ❆♣♣❡♥❞✐① ❆ ❢♦r ❞❡t❛✐❧s ♦♥ t❤❡ ❞❡r✐✈❛t✐♦♥ ♦❢ t❤❡ P❤✐❧❧✐♣s ❝✉r✈❡✳
✶✵❙❡❡ ❆♣♣❡♥❞✐① ❇ ❢♦r ♠♦r❡ ❞❡t❛✐❧s

✼



✷✳✸✳✷ ■♥t❡r♠❡❞✐❛t❡✲❣♦♦❞ ♣r♦❞✉❝❡rs✬ ❞❡❝✐s✐♦♥s

■♥t❡r♠❡❞✐❛t❡✲❣♦♦❞ ♣r♦❞✉❝❡rs ♣r♦❞✉❝❡ YH ✇✐t❤ ❡♥❡r❣② E ❛♥❞ ❜❛s✐❝ ❣♦♦❞s YN ✇❤✐❧❡ ♠✐♥✐♠✐③✐♥❣ t❤❡✐r
♣r♦❞✉❝t✐♦♥ ❝♦sts

min
Et,YN,t

{WtYN,t + PFEtEt} s.t. YH,t ≤ Zt

(
α

1
σf

f E

σf−1

σf

t + (1− αf )
1
σf Y

σf−1

σf

N,t

) σf
σf−1

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

YN,t = (1− αf )

(
Wt

MCH,t

)−σf

YH,t, Et = αf

(
PFE,t
MCH,t

)−σf

YH,t

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

MCH,t = Z
− 1

σf

t

(
αf (PFE,t)

1−σf + (1− αf )W
1−σf
t

) 1
1−σf

❆ss✉♠✐♥❣ ♣❡r❢❡❝t ❝♦♠♣❡t✐t✐♦♥ ✐♥ t❤✐s ♠❛r❦❡t✱ ♣r♦✜ts ❛♥❞ ❢r❡❡✲❡♥tr② ❝♦♥❞✐t✐♦♥s ❧❡❛❞ t♦✿

ΠH,t = (PH,t−MCH,t)YH,t = 0 ⇒ PH,t =MCH,t ⇔ pH,t = mcH,t, ✇✐t❤

{
pH,t =

PH,t

P,t

mcH,t =
MCH,t

Pt

✷✳✸✳✸ ❋✐♥❛❧✲❣♦♦❞ ♣r♦❞✉❝❡rs✬ ❞❡❝✐s✐♦♥s

❋✐♥❛❧✲❣♦♦❞ ♣r♦❞✉❝❡rs ❝♦♠❜✐♥❡ ❣♦♦❞s ✐♥ ♦r❞❡r t♦ s❛t✐s❢② t❤❡ ❤♦✉s❡❤♦❧❞s✬ ♣r❡❢❡r❡♥❝❡s✳ ❚❤❡② ♠✐♥✐♠✐③❡
t❤❡✐r ♣r♦❞✉❝t✐♦♥ ❝♦sts

min
YH,t,YFE,t

{PH,tYH,t + (1− sH,t)PFE,tYFE,t} s.t. YF,t ≤

(
α

1
ηE

E (YFE,t)
ηE−1

ηE + (1− αE)
1

ηE (YH,t)
ηE−1

ηE

) ηE
ηE−1

❚❤❡ ♦♣t✐♠❛❧ ❞❡❝✐s✐♦♥s s❛t✐s❢②

YFE,t = αE

(
(1− sH,t)PFE,t

MCF,t

)−ηE

YF,t, YH,t = (1− αE)

(
PH,t
MCF,t

)−ηE

YF,t

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

MCF,t =
(
αE((1− sH,tPFE,t)

1−ηE + (1− αE) (PH,t)
1−ηE

) 1
1−ηE

❆ss✉♠✐♥❣ ♣❡r❢❡❝t ❝♦♠♣❡t✐t✐♦♥ ✐♥ t❤✐s ♠❛r❦❡t✱ ♣r♦✜ts ❛♥❞ ❢r❡❡✲❡♥tr② ❝♦♥❞✐t✐♦♥s ❧❡❛❞ t♦✿

ΠF,t = (PF,t−MCF,t)YF,t = 0 ⇒ PF,t =MCF,t ⇔ pF,t = mcF,t, ✇✐t❤

{
pF,t =

PFt

Pt

mcF,t =
MCF,t

Pt

✷✳✸✳✹ ❘❡t❛✐❧❡rs✬ ❞❡❝✐s✐♦♥s

❚❤❡r❡ ✐s ❛ ❝♦♥t✐♥✉✉♠ ♦❢ r❡t❛✐❧❡rs ✐♥❞❡①❡❞ ❜② i✳ ❊❛❝❤ r❡t❛✐❧❡r i ♣r♦❞✉❝❡s ❛♥ ✐♠♣❡r❢❡❝t❧② s✉❜st✐t✉t❛❜❧❡
❝♦♥s✉♠♣t✐♦♥ ❣♦♦❞✳ ❊❛❝❤ r❡t❛✐❧❡r i s❡ts ✐ts ♣r✐❝❡ ✭▼♦♥♦♣♦❧✐st✐❝ ❝♦♠♣❡t✐t✐♦♥✮✳ ❊❛❝❤ r❡t❛✐❧❡r ♣r♦❞✉❝❡s

✽



✉s✐♥❣ ✜♥❛❧ ❣♦♦❞s Yt = YF,t✳ ❘❡t❛✐❧❡rs ♣r♦❞✉❝❡ yi,t ❞✐✛❡r❡♥t✐❛t❡❞ ❣♦♦❞s ✇❤✐❝❤ ❛r❡ ❝♦♠❜✐♥❡❞ t♦
♣r♦❞✉❝❡ t❤❡ ❜❛s❦❡t ❣♦♦❞

Yt =

(∫
y

εd,t−1

εd,t

i,t di

) εd,t
εd,t−1

❲❡ ❛ss✉♠❡ t❤❡ ❡❧❛st✐❝✐t② ♦❢ s✉❜st✐t✉t✐♦♥ ❛❝r♦ss ❣♦♦❞s ❝❤❛♥❣❡s ♦✈❡r t✐♠❡✱ ✐✳❡✳ εd,t ❞❡♣❡♥❞s ♦♥ t✳ ❚❤❡s❡
✈❛r✐❛t✐♦♥s ✐♥ εd,t ❧❡❛❞ t♦ ♣r✐❝❡✲♠❛r❦✉♣ s❤♦❝❦ ✭❛ ❞✐st✉r❜❛♥❝❡ t♦ t❤❡ ❞❡s✐r❡❞ ♠❛r❦✉♣ ♦❢ r❡t❛✐❧❡rs✬ ♣r✐❝❡s
♦✈❡r t❤❡✐r ♠❛r❣✐♥❛❧ ❝♦sts✮ ❜❡❝❛✉s❡ t❤❡ ♠❛r❦✉♣ ✐s ❣✐✈❡♥ ❜② µt =

εd,t
εd,t−1 ✳ ❲❡ ❛ss✉♠❡ t❤❛t µt ❢♦❧❧♦✇s

❛ st❛t✐♦♥❛r② ❆❘✭✶✮ ♣r♦❝❡ss✳
❚❤❡ i✲r❡t❛✐❧❡r✬s ♦❜❥❡❝t✐✈❡ ✐s t♦ ♠❛①✐♠✐③❡ t❤❡ ♣r♦✜ts

Π(Pi,t−1) = max
Pi,t

{
Pi,t − PF,t

Pt
yi,t −

ψP
2

(
Pi,t
Pi,t−1

− 1

)2

Yt +
1

1 + rt+1
Π(Pi,t)

}
s.t. yi,t =

(
Pi,t
Pt

)−εd

Yt

❚❤✐s ❧❡❛❞s t♦ t❤❡ ❢♦❧❧♦✇✐♥❣ ◆❑P❈✿

πt = κP

(
mct −

1

µt

)
+

1

1 + rt+1

Yt+1

Yt
πt+1

✇✐t❤ mct =
PF,t

Pt
❛♥❞ κP = εd

ψP
✳ ❚❤❡ ✜r♠✬s ♣r♦✜t ✭✐ts ❞✐✈✐❞❡♥❞s✮ ✐s ❞❡✜♥❡❞ ❜②

Dt = PtYt − PF,tYF,t −
ψP
2

(
Pj,t
Pj,t−1

− 1

)2

PtYt,

❦♥♦✇✐♥❣ t❤❛t ✇✐t❤ ❛ ❧✐♥❡❛r ♣r♦❞✉❝t✐♦♥✱ ✇❡ ❤❛✈❡ Yt = YF,t✳

✷✳✹ ❈❡♥tr❛❧ ❇❛♥❦

❚❤❡ ❝❡♥tr❛❧ ❜❛♥❦✱ ❤❡r❡ t❤❡ ❊❈❇✱ ❢♦❧❧♦✇s ❛ ♠♦♥❡t❛r② r✉❧❡✿

i∗t = ρri
∗
t−1 + (1− ρr)

(
i∗ss + ϕππ

EU
t

)
+ ε̃t

✇✐t❤ t❤❡ ❊✉r♦♣❡❛♥ ✐♥✢❛t✐♦♥ ❞❡✜♥❡❞ ❛s

πEUt = µFRπt + (1− µFR)π
REU
t ✇❤❡r❡ πREUt = ρππt + πREU∗

t

✇❤❡r❡ πREUt ✐s t❤❡ ✐♥✢❛t✐♦♥ ✐♥ t❤❡ r❡st ♦❢ t❤❡ ❊✉r♦ ❛r❡❛✱ µFR t❤❡ s❤❛r❡ ♦❢ t❤❡ ❋r❡♥❝❤ ❡❝♦♥♦♠② ✐♥
t❤❡ ❊✉r♦ ❛r❡❛✱ ❛♥❞ πREU∗

t t❤❡ ✉♥❝♦rr❡❧❛t❡❞ ❝♦♠♣♦♥❡♥t ♦❢ ❊❯ ✐♥✢❛t✐♦♥ ✇✐t❤ ❋r❡♥❝❤ ✐♥✢❛t✐♦♥ ✭❛♥ iid
♣r♦❝❡ss ❜② ❛ss✉♠♣t✐♦♥✮✳ ❚❤❡r❡❢♦r❡✱ t❤❡ ✧❡✛❡❝t✐✈❡✧ ❚❛②❧♦r r✉❧❡ ❢♦r t❤❡ ❋r❡♥❝❤ ❡❝♦♥♦♠② ✐s

i∗t = ρri
∗
t−1 + (1− ρr) (i

∗
ss + ϕπ(µFR + (1− µFR)ρπ)πt) + εt

✇✐t❤ πt =
Pt
Pt−1

− 1 ❛♥❞ εt = ε̃t + ϕπ(1− ρr)(1− µFR)π
REU∗
t ∼ AR(1)

✷✳✺ ■♥t❡r❡st r❛t❡ ❛♥❞ r✐s❦ ♣r❡♠✐✉♠

❚❤❡ ✐♥t❡r❡st r❛t❡ ❞❡❝✐❞❡❞ ❜② t❤❡ ❝❡♥tr❛❧ ❜❛♥❦ i∗t ♠❛② ❞✐✛❡r ❢r♦♠ t❤❡ ❡✛❡❝t✐✈❡ ✐♥t❡r❡st r❛t❡ ♦♥ t❤❡
❋r❡♥❝❤✲❣♦✈❡r♥♠❡♥t ❞❡❜t✳ ▲❡t ✉s ❞❡✜♥❡ t❤❡ ❡✛❡❝t✐✈❡ ♥♦♠✐♥❛❧ ✐♥t❡r❡st r❛t❡

it = i∗t + ϑt

✇❤❡r❡ ϑt ✐s ❛♥ ❡①♦❣❡♥♦✉s ✇❡❞❣❡ t❤❛t ❝❛♥ ❜❡ ❡✐t❤❡r ♣♦s✐t✐✈❡ ✭❞✉❡ t♦ r✐s❦ ♣r❡♠✐✉♠✮ ♦r ♥❡❣❛t✐✈❡ ✭❞✉❡
t♦ t❤❡ ♠❛t✉r✐t② ❝♦♠♣♦s✐t✐♦♥ ♦❢ ❣♦✈❡r♥♠❡♥t ❞❡❜t✮✳ ❲❡ ❛ss✉♠❡ t❤❛t ϑt ❢♦❧❧♦✇s ❛ st❛t✐♦♥❛r② ❆❘✭✶✮

♣r♦❝❡ss✳ ❚❤❡ ❋✐s❤❡r r✉❧❡ ❧❡❛❞s t♦ 1 + rt =
1+it−1

1+πt
=

1+i∗t−1+ϑt−1

1+πt
✳

✾



✷✳✻ ●♦✈❡r♥♠❡♥t

●♦✈❡r♥♠❡♥t r❡✈❡♥✉❡s ❛♥❞ ❡①♣❡♥❞✐t✉r❡s ❛r❡ ❞❡♥♦t❡❞ r❡s♣❡❝t✐✈❡❧② Rt ❛♥❞ Dt✳ P✉❜❧✐❝ ❞❡❜t ✭Bt✮
✜♥❛♥❝❡s t❤❡ ❞✐✛❡r❡♥❝❡s✿

Rt =
∑

s

∫

a

∫

e

T s
I (a, e)dΓ

s(a, e) + τktrat + Ptτcct + τcpFE,tcFE

Dt = Gt + Ξt + sH,tpFE,t(YFE,t + (1 + τc)cFE)

bt = (1 + rt)bt−1 −Rt −Rct +Dt +Dc
t

✇❤❡r❡ b = B/P ✐s t❤❡ r❡❛❧ ♣✉❜❧✐❝ ❞❡❜t✱ Gt =

(
∫
g

ϵd−1

ϵd

i,t di

) ϵd
ϵd−1

t❤❡ r❡❛❧ ❣♦✈❡r♥♠❡♥t ❝♦♥s✉♠♣t✐♦♥ ❛♥❞

Ξt t❤❡ r❡❛❧ tr❛♥s❢❡rs✳ ❚♦ ❡♥s✉r❡ ♣✉❜❧✐❝✲❞❡❜t ❞②♥❛♠✐❝s✬s st❛❜✐❧✐t②✱ t❤❡ ❧✉♠♣✲s✉♠ tr❛♥s❢❡r ✐♥❝♦r♣♦r❛t❡s
❛ ✜s❝❛❧ ❜r❛❦❡

Ξt = Υt − θ

(
bt−1

b
− 1

)
+ eτ,t ✇✐t❤ Υt =

∫

e

[τ τ̄(e) + TT (e)]dΓe(e)

s✉❝❤ t❤❛t Ξt ✐s r❡❞✉❝❡❞ ✇❤❡♥ ❞❡❜t ✐s ❧❛r❣❡r t❤❛♥ ✐ts st❡❛❞②✲st❛t❡ ❧❡✈❡❧✳ Υt ✐s t❤❡ ♦❜s❡r✈❡❞ tr❛♥s❢❡rs
♣❛✐❞ ❜② t❤❡ ❣♦✈❡r♥♠❡♥t t♦ ❤♦✉s❡❤♦❧❞s ✭❇❡✈❡r✐❞❣✐❛♥

∫
τ τ̄(e)dΓe(e) ❛♥❞ ❇✐s♠❛r❝❦✐❛♥

∫
TT (e)dΓe(e)

❝♦♠♣♦♥❡♥ts ♦❢ tr❛♥s❢❡rs✮ ❛♥❞ eτ ✐s ❛ ♠❡❛s✉r❡♠❡♥t ❡rr♦r✳ ❲❡ ❛ss✉♠❡ t❤❛t Υt ❛♥❞ eτ ❢♦❧❧♦✇ st❛t✐♦♥❛r②
❆❘✭✶✮ ♣r♦❝❡ss❡s✳

✷✳✼ ❊q✉✐❧✐❜r✐✉♠

▼❛r❦❡t✲❝❧❡❛r✐♥❣ ❝♦♥❞✐t✐♦♥s ✉s❡❞ t♦ ❞❡t❡r♠✐♥❡ t❤❡ ✉♥❦♥♦✇♥s {N,w, pFE} ❛r❡

❛ss❡t ♠❛r❦❡t✿ bt = At ≡
∑

s

∫

a−

∫

e

ast (a−, e)dΓ
s(a−, e)

❧❛❜♦r ♠❛r❦❡t✿ Nt = Nt ≡
∑

s

∫

a−

∫

e

nst (a−, e)dΓ
s(a−, e)

❡♥❡r❣② ♠❛r❦❡t✿ Et = Et ≡ YFEt + cFE + Et

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

Yt

(
1−

ψP
2
π2
)

= pFEtEt + Ct +Gt

✇❤❡r❡ pFE,t ❢♦❧❧♦✇s ❛ st❛t✐♦♥❛r② ❆❘✭✶✮ ♣r♦❝❡ss✳

✸ ▼♦❞❡❧ ❊st✐♠❛t✐♦♥

❚❤❡ ❡q✉✐❧✐❜r✐✉♠ ❞❡✜♥❡❞ ✐♥ s❡❝t✐♦♥ ✷✳✼ ❝❛♥ ❜❡ s✉♠♠❛r✐③❡❞ ❜② t❤❡ ❢♦❧❧♦✇✐♥❣ s②st❡♠✿

❍t(❨,❩) ≡




Φ(St+1, St, St−1)
At − bt
Nt −Nt

Et − E


 = 0 ✭✶✮

✶✵



✇❤❡r❡ Φ(St+1, St, St−1) = 0 r❡❣r♦✉♣s ❛❧❧ t❤❡ ❡q✉❛t✐♦♥s ❞❡s❝r✐❜✐♥❣ ✜r♠✱ ✉♥✐♦♥✱ ❣♦✈❡r♥♠❡♥t✱ ❛♥❞
❝❡♥tr❛❧✲❜❛♥❦ ❜❡❤❛✈✐♦rs✱ ✇✐t❤ St t❤❡ ✈❡❝t♦r ♦❢ ❛❣❣r❡❣❛t❡ ✈❛r✐❛❜❧❡s ❝♦♥tr♦❧❧❡❞ ❜② t❤❡s❡ ❛❣❡♥ts✱ ❨
❣❛t❤❡r✐♥❣ t❤❡ t✐♠❡ s❡r✐❡s ♦❢ ✉♥❦♥♦✇♥ ❛❣❣r❡❣❛t❡ ✈❛r✐❛❜❧❡s ❛♥❞ ❩ ♦❢ ❡①♦❣❡♥♦✉s ❛❣❣r❡❣❛t❡ s❤♦❝❦s✳✶✶

■♥ st❡♣ ✶✱ ✇❡ ❝❛❧✐❜r❛t❡ ♣❛r❛♠❡t❡rs t❤❛t ❞❡t❡r♠✐♥❡ t❤❡ st❡❛❞② st❛t❡ ♦❢ t❤❡ ❡❝♦♥♦♠② ✉s✐♥❣ ✭✶✮ ❢♦r
xt+1 = xt = x✱ ∀x ∈ {St,At, bt,Nt, Nt}✳ ■♥ st❡♣ ✷✱ ✇❡ t❤❡♥ ❡st✐♠❛t❡ t❤❡ ♣❛r❛♠❡t❡rs t❤❛t ❣♦✈❡r♥
t❤❡ ❞②♥❛♠✐❝s ♦❢ t❤❡ ❛❣❣r❡❣❛t❡ s❤♦❝❦s ✉s✐♥❣ ❇❛②❡s✐❛♥ t❡❝❤♥✐q✉❡s ❛♥❞ ❛ ❧✐♥❡❛r ❛♣♣r♦①✐♠❛t✐♦♥ ♦❢ ✭✶✮
❣✐✈❡♥ ❜②

0 =

∞∑

s=0

[HY ]t,sdYs +

∞∑

s=0

[HZ ]t,sdZs ✇❤❡r❡ [HY ]t,s ≡
∂Ht

∂Ys
❛♥❞ [HZ ]t,s ≡

∂Ht

∂Zs

⇒ d❨ = ●d❩ ✇✐t❤ ● = −H−1
Y HZ , d❨ = ❨−❨, ❛♥❞ d❩ = ❩− ❩

✇❤❡r❡ ❨ ❛♥❞ ❩ ❛r❡ t❤❡ st❡❛❞② st❛t❡ ✈❛❧✉❡s ♦❢ ❨ ❛♥❞ ❩✳ ● ✐s t❤❡ ❝♦♠♣❧❡t❡ ❏❛❝♦❜✐❛♥ ♦❢ t❤❡ ❞②♥❛♠✐❝
s②st❡♠✳ ● ❞❡♣❡♥❞s ♦♥ ❝❛❧✐❜r❛t❡❞ ♣❛r❛♠❡t❡rs ❞❡t❡r♠✐♥❡❞ ✐♥ st❡♣ ✶✳ ■❢ ❛❧❧ t❤❡ ❡①♦❣❡♥♦✉s s❤♦❝❦s ♦❢
t❤❡ ♠♦❞❡❧ ❤❛✈❡ t❤❡ ❢♦❧❧♦✇✐♥❣ ▼❆✭∞✮ r❡♣r❡s❡♥t❛t✐♦♥✱ dZt =

∑∞
s=0♠

Z
s ε

Z
t−s✱ t❤❡♥ t❤❡ s♦❧✉t✐♦♥ ♦❢ t❤❡

❍❆ ♠♦❞❡❧ ❝❛♥ ❜❡ r❡♣r❡s❡♥t❡❞ ❜② ❛ ▼❆✭∞✮ t❤❛t ✐♥✈♦❧✈❡s ● ❛♥❞ ♠✿

dYt =
∞∑

s=0

∑

s❤♦❝❦ z

[
●Y,z♠z

]
s
εzt−s ✭✷✮

❘❡♣❧❛❝✐♥❣ ∞ ❜② T ✏❧❛r❣❡✑ ❛♥❞ ✉s✐♥❣ t❤❡ ❏❛❝♦❜✐❛♥s✱ ♦♥❡ ❝❛♥ ❡st✐♠❛t❡ t❤❡ ♣❛r❛♠❡t❡rs (ρZ)s = [♠z]s
✐❢ t❤❡ Zt ❢♦❧❧♦✇ ❆❘✭✶✮ ♣r♦❝❡ss❡s✱ ✉s✐♥❣ ❛ ❇❛②❡s✐❛♥ ♠❡t❤♦❞ ❛♥❞ ❛ ❞❛t❛ s❡t✳ ❚❤✐s r❡♣r❡s❡♥t❛t✐♦♥ ♦❢
t❤❡ ♠♦❞❡❧✬s s♦❧✉t✐♦♥ ❛❧❧♦✇s ✉s t♦ ❞❡❝♦♠♣♦s❡ t❤❡ ✈❛r✐❛♥❝❡s ♦❢ ❡♥❞♦❣❡♥♦✉s ✈❛r✐❛❜❧❡s ❛s ✇❡❧❧ ❛s t♦
❛♥❛❧②③❡ t❤❡ ❤✐st♦r✐❝❛❧ ❞❡❝♦♠♣♦s✐t✐♦♥ ♦❢ t✐♠❡ s❡r✐❡s✳

▲❡t t❤❡ ♠♦❞❡❧ s♦❧✉t✐♦♥ ❜❡ Yt = M(Et|Θ,Φ)✳ ❚❤❡ ❣r♦✇t❤✲♣❛t❤ ❡q✉✐❧✐❜r✐✉♠ ❣✐✈❡s ❛ ✜rst s❡t ♦❢
r❡str✐❝t✐♦♥s t❤❛t ❛❧❧♦✇s ✉s t♦ ❝❛❧✐❜r❛t❡ Φ ✈✐❛ Y = Mss(0|Φ) → Φ = M−1

ss (Y)✱ ✇❤❡r❡ Mss ❞❡♥♦t❡
t❤❡ s❡t ♦❢ ♠♦❞❡❧✬s r❡str✐❝t✐♦♥s ❛t t❤❡ st❡❛❞② st❛t❡✳ ❉❡✈✐❛t✐♦♥s ❛r♦✉♥❞ t❤❡ tr❡♥❞ ♣r♦✈✐❞❡ ❛ s❡❝♦♥❞
s❡t ♦❢ r❡str✐❝t✐♦♥s t❤❛t ❛r❡ ✉s❡❞ t♦ ❡st✐♠❛t❡ Θ t❤r♦✉❣❤ Yt = M(Et|Θ,Φ) ❛♥❞ t❤❡ ❞❛t❛ {Yt}

T
t=t0

✳

✸✳✶ ❈❛❧✐❜r❛t❡❞ ♣❛r❛♠❡t❡rs Φ

❚❤❡ ✜rst s✉❜s❡t Φ1 ♦❢ t❤❡ ✈❡❝t♦r Φ ✐s ❝❛❧✐❜r❛t❡❞ ✉s✐♥❣ ❡①t❡r♥❛❧ ✐♥❢♦r♠❛t✐♦♥✳ ❘❡s✉❧ts ❛r❡ r❡♣♦rt❡❞
✐♥ ❚❛❜❧❡ ✶✳

❚❤❡ s❡❝♦♥❞ s✉❜s❡t Φ2 ♦❢ t❤❡ ✈❡❝t♦r Φ t❛❦❡s ✈❛❧✉❡s ❜❛s❡❞ ♦♥ s♦♠❡ st❡❛❞②✲st❛t❡ r❡str✐❝t✐♦♥s ♦❢ t❤❡
♠♦❞❡❧ ❛♥❞ ❛r❡ ❞❡❞✉❝❡❞ ✐♥ ♦r❞❡r t♦ s♦❧✈❡

min
Φ2

[Ψs(Φ2)−Ψd]W [Ψs(Φ2)−Ψd]
′ ✇✐t❤ W = Id

✇❤❡r❡ Ψz✱ ❢♦r z = s, d✱ ✐s t❤❡ s❡t ♦❢ s✐♠✉❧❛t❡❞✴t❛r❣❡t❡❞ ♠♦♠❡♥ts✳ ❚❤❡ r❡s✉❧ts ❛r❡ r❡♣♦rt❡❞ ✐♥ ❚❛❜❧❡
✷

❚❤❡ ❝❛❧✐❜r❛t✐♦♥s ✐♠♣❧✐❡❞ ❜② t❤❡ ♠♦❞❡❧ st❡❛❞② st❛t❡ ❛r❡ ❞❡s❝r✐❜❡❞ ✐♥ ❆♣♣❡♥❞✐① ❇✳ ❚❤❡ ▼❛r❣✐♥❛❧
Pr♦♣❡♥s✐t✐❡s t♦ ❈♦♥s✉♠❡ ✭▼P❈✮ ♣❡r ❧❡✈❡❧ ♦❢ ✐♥❝♦♠❡ ❛r❡ r❡♣♦rt❡❞ ✐♥ ♣❛♥❡❧ ✭❛✮ ♦❢ ❋✐❣✉r❡ ✶✳ ❆s
❡①♣❡❝t❡❞✱ t❤❡ ❛❣❡♥ts ✇✐t❤ ❧♦✇ ✐♥❝♦♠❡s ❝♦♥s✉♠❡ ❛ ❧❛r❣❡r ❢r❛❝t✐♦♥ ✐❢ t❤❡✐r ✐♥❝♦♠❡ ✐♥❝r❡❛s❡s✳ P❛♥❡❧
✭❜✮ ♦❢ ❋✐❣✉r❡ ✶ s❤♦✇s t❤❛t t❤❡ ❛❣❡♥ts ❞❡✈♦t❡ ❛ ❧❛r❣❡r s❤❛r❡ ♦❢ t❤❡✐r ❡①♣❡♥❞✐t✉r❡s t♦ ❡♥❡r❣②✱ ❛s ✐♥ t❤❡
❞❛t❛✳ P❛♥❡❧ ✭❝✮ ♦❢ ❋✐❣✉r❡ ✶ s❤♦✇s t❤❛t t❤❡ ❛❣❡♥ts ✇✐t❤ ❧♦✇ ✐♥❝♦♠❡s ❤❛✈❡ ♠♦r❡ ❞✐✣❝✉❧t② r❡❞✉❝✐♥❣
t❤❡✐r ❡♥❡r❣② ❝♦♥s✉♠♣t✐♦♥ ✇❤❡♥ t❤❡ ♣r✐❝❡ ✐♥❝r❡❛s❡s✳ ❚❤✐s r❡s✉❧t ❝♦♠❡s ❢r♦♠ t❤❡ ❧❛r❣❡st s❤❛r❡ ♦❢
✐♥❝♦♠♣r❡ss✐❜❧❡ ❝♦♥s✉♠♣t✐♦♥ ✐♥ t❤❡✐r ❡♥❡r❣② ❝♦♥s✉♠♣t✐♦♥✳ ❋✐♥❛❧❧②✱ ♣❛♥❡❧ ✭❞✮ ♦❢ ❋✐❣✉r❡ ✶ s❤♦✇s t❤❛t
t❤❡ ❡♥❡r❣② ▼P❈s ❞❡❝❧✐♥❡ ✇✐t❤ ✐♥❝♦♠❡✳ ❋✐♥❛❧❧②✱ t❤✐s ❝❛❧✐❜r❛t✐♦♥ r❡s✉❧ts ✐♥ ✸✶✪ ♦❢ ❤♦✉s❡❤♦❧❞s ❜❡✐♥❣
✜♥❛♥❝✐❛❧❧② ❝♦♥str❛✐♥❡❞✳

✶✶❚❤❡ ❞②♥❛♠✐❝ ♣❛t❤s ♦❢ t❤✐s ❡❝♦♥♦♠② ❛r❡ s♦❧✈❡❞ ✉s✐♥❣ t❤❡ ♠❡t❤♦❞ ❞❡✈❡❧♦♣❡❞ ❜② ❆✉❝❧❡rt ❡t ❛❧✳ ✭✷✵✷✶✮✳

✶✶



Pr❡❢❡r❡♥❝❡s ❱❛❧✉❡s ❚❛r❣❡ts

❉✐s❝♦✉♥t ❢❛❝t♦r β ✵✳✾✽✽✽ ❘❡❛❧ ✐♥t❡r❡st r❛t❡ r = 0.74% ♣❡r q✉❛rt❡r
❋r✐s❝❤ ❡❧❛st✐❝✐t② ♦❢ ❧❛❜♦r s✉♣♣❧② φ ✶ ❈❤❡tt② ❡t ❛❧✳ ✭✷✵✶✷✮
❊❧❛st✐❝✐t② ♦❢ ✐♥t❡rt❡♠♣♦r❛❧ s✉❜st✐t✉t✐♦♥ σ ✶ ▲♦❣✲✉t✐❧✐t② ❢♦r ❝♦♥s✉♠♣t✐♦♥
■♥❝♦♠♣r❡ss✐❜❧❡ ❡♥❡r❣② ❝♦♥s✉♠♣t✐♦♥ c ✵✳✵✹✶ 20% ♦❢ ❤♦✉s❡❤♦❧❞s✬ ❡♥❡r❣② ❝♦♥s✉♠♣t✐♦♥
❲❛❣❡ ♠❛r❦✉♣ µw ✶✳✶ ❆✉❝❧❡rt ❡t ❛❧✳ ✭✷✵✷✶✮
▲♦✇✲s❦✐❧❧ ❧❛❜♦r ❞❡s✉t✐❧✐t② ϕl ✵✳✸✻✸✹ ▲♦✇✲s❦✐❧❧ ✇❛❣❡
▼✐❞❞❧❡✲s❦✐❧❧ ❧❛❜♦r ❞❡s✉t✐❧✐t② ϕl ✵✳✸✷✼✽ ▼✐❞❞❧❡✲s❦✐❧❧ ✇❛❣❡
❍✐❣❤✲s❦✐❧❧ ❧❛❜♦r ❞❡s✉t✐❧✐t② ϕl ✵✳✶✹✽✷ ❍✐❣❤✲s❦✐❧❧ ✇❛❣❡
❊❧❛st✐❝✐t② ♦❢ s✉❜st✐t✉t✐♦♥ ❜❡t✇❡❡♥ ♣r♦❞✉❝t✐♦♥ ✐♥♣✉ts ηE ✵✳✺ ◆❡❣❛t✐✈❡ ✐♠♣❛❝t ♦♥ ●❉P ♦❢ ❡♥❡r❣②✲♣r✐❝❡ s❤♦❝❦
❙❤❛r❡ ♣❛r❛♠❡t❡r ✭❡♥❡r❣②✱ ✐♥t❡r♠❡❞✐❛t❡ ❣♦♦❞✮ αE ✵✳✵✹✸ ❙❤❛r✐♥❣ r✉❧❡✿ ❛ ❤❛❧❢ ♦❢ ❡♥❡r❣② t♦ ❤♦✉s❡❤♦❧❞s

Pr♦❞✉❝t✐♦♥ ❱❛❧✉❡s ❚❛r❣❡ts

❊❧❛st✐❝✐t② ♦❢ s✉❜st✐t✉t✐♦♥ ❜❡t✇❡❡♥ ♣r♦❞✉❝t✐♦♥ ✐♥♣✉ts σf ηE ❙✐♠♣❧✐❢②✐♥❣ ❛ss✉♠♣t✐♦♥
❙❤❛r❡ ♣❛r❛♠❡t❡r ✭❡♥❡r❣②✱ ❧❛❜♦r✮ αf ✵✳✵✺✻ ❙❤❛r✐♥❣ r✉❧❡✿ ❛ ❤❛❧❢ ♦❢ ❡♥❡r❣② t♦ ✜r♠s
❋✐r♠ ♠❛r❦✉♣ µ ✶✳✷ ❆✉❝❧❡rt ❡t ❛❧✳ ✭✷✵✷✶✮
Pr♦❞✉❝t✐✈✐t② ♣❛r❛♠❡t❡rs As ✶ ◆♦r♠❛❧✐③❛t✐♦♥

❆❣❣r❡❣❛t❡ t❛r❣❡ts ❱❛❧✉❡s ❚❛r❣❡ts

❊♥❡r❣② ♣r✐❝❡ 0.105% ❙❤❛r❡ ♦❢ ❡♥❡r❣② ✐♥ ●❉P ♦❢ ✸✳✶✽✪
P✉❜❧✐❝ ❞❡❜t B ✺✳✹✶✽ ❉❡❜t✲t♦✲●❉P r❛t✐♦ 100% ✇✐t❤ ❛♥♥✉❛❧ ●❉P
P✉❜❧✐❝ s♣❡♥❞✐♥❣ G ✵✳✷✸✻ P✉❜❧✐❝ s♣❡♥❞✐♥❣✲t♦✲●❉P r❛t✐♦ = ✶✼✳✺✪
❚r❛♥s❢❡rs ✵✳✶✾✷✰✵✳✷✹✷ ❚r❛♥s❢❡rs✲t♦✲●❉P r❛t✐♦ ✭❇❡✈✳ + ❇✐s♠✳✮ = ✸✷✳✶✪

◆♦♠✐♥❛❧ r✐❣✐❞✐t② ❱❛❧✉❡s ❚❛r❣❡ts

Pr✐❝❡ r✐❣✐❞✐t② κ ✵✳✾✺ ❆r❜✐tr❛r② ❤✐❣❤❡r t❤❛♥ ❆✉❝❧❡rt ❡t ❛❧✳ ✭✷✵✶✽✮
❲❛❣❡ r✐❣✐❞✐t② κw ✵✳✶ ❆✉❝❧❡rt ❡t ❛❧✳ ✭✷✵✶✽✮

▼♦♥❡t❛r② ♣♦❧✐❝② ❱❛❧✉❡s ❚❛r❣❡ts

❚❛②❧♦r r✉❧❡ ❝♦❡✣❝✐❡♥t ϕπ(µFR + (1− µFR)ρπ)) ✶✳✷ ❲✐t❤ ϕπ = 1.5✱ µFR = 20%✱ ❛♥❞ ρπ = 0.75
P❡rs✐st❡♥❝❡ ♦❢ ♠♦♥❡t❛r② ♣♦❧✐❝② ρr ✵✳✽✺ ❈❛r✈❛❧❤♦ ❡t ❛❧✳ ✭✷✵✷✶✮

❚❛❜❧❡ ✶✿ P❛r❛♠❡t❡rs Φ1 ❜❛s❡❞ ♦♥ ❡①t❡r♥❛❧ ✐♥❢♦r♠❛t✐♦♥

P❛r❛♠❡t❡r Φ2 ❱❛❧✉❡ ▼♦♠❡♥t Ψz ❉❛t❛ ▼♦❞❡❧

❇❡✈❡r✐❞❣✐❛♥ tr❛♥s❢❡r r✉❧❡ τ̄(e) = eabeve abeve = −0.47 ❇❡✈❡r✐❞❣✐❛♥ ❚r❛♥s❢❡r ❉✶✵✴❉✶ ✵✳✸✻ ✵✳✸✻
❇✐s♠❛r❝❦✐❛♥ tr❛♥s❢❡r r✉❧❡ T̄ (e) = eabism abism = 0.815 ❇✐s♠❛r❝❦✐❛♥ ❚r❛♥s❢❡r ❉✶✵✴❉✶ ✺✳✹✸ ✺✳✹✸
❉✐✈✐❞❡♥❞s r✉❧❡ d̄(e) = eadiv adiv = 1.775 ❉✐✈✐❞❡♥❞s ❉✶✵✴❉✶ ✻✻✳✷✺ ✻✺✳✸✹
Pr♦❞✉❝t✐✈✐t②✲♣❡rs✐st❡♥❝❡ ❧♦✇✲s❦✐❧❧ ρl = 0.97 ●r♦ss ✐♥❝♦♠❡ ❉✶✵✴❉✶ ✶✶✳✻✼ ✶✶✳✻✹
Pr♦❞✉❝t✐✈✐t②✲♣❡rs✐st❡♥❝❡ ♠✐❞❞❧❡✲s❦✐❧❧ ρm = 0.965 ●r♦ss ✐♥❝♦♠❡ ❉✺✴❉✶ ✷✳✾✹ ✷✳✼✸
Pr♦❞✉❝t✐✈✐t②✲♣❡rs✐st❡♥❝❡ ❤✐❣❤✲s❦✐❧❧ ρh = 0.94 ❆✈❡r❛❣❡ ♣r♦❞✉❝t✐✈✐t② ♣❡rs✐st❡♥❝❡ ✵✳✾✻✻ ✵✳✾✻✻
Pr♦❞✉❝t✐✈✐t②✲✈❛r✐❛♥❝❡ ❧♦✇✲s❦✐❧❧ σl = 0.36 ◆❡t ❝♦♥s✉♠♣t✐♦♥ ❉✶✵✴❉✶ ✸✳✵✼ ✸✳✶✷
Pr♦❞✉❝t✐✈✐t②✲✈❛r✐❛♥❝❡ ♠✐❞❞❧❡✲s❦✐❧❧ σm = 0.64 ◆❡t ❈♦♥s✉♠♣t✐♦♥ ❉✺✴❉✶ ✶✳✹✾ ✶✳✹✾
Pr♦❞✉❝t✐✈✐t②✲✈❛r✐❛♥❝❡ ❤✐❣❤✲s❦✐❧❧ σh = 1.4 ◆❡t ✐♥❝♦♠❡ ❉✶✵✴❉✶ ✹✳✶✻ ✸✳✼✷
▲❡✈❡❧ ♦❢ t❤❡ ✐♥❝♦♠❡ t❛① (1− τz)z

1−λ λ = 0.089 ◆❡t ✐♥❝♦♠❡ ❉✺✴❉✶ ✶✳✺✼ ✶✳✹✷
Pr♦❣r❡ss✐✈✐t② ♦❢ t❤❡ ✐♥❝♦♠❡ t❛① (1− τz)z

1−λ τz = 0.35 ■♥❝♦♠❡✲t❛① r❡✈❡♥✉❡s✴●❉P ✵✳✶✶✺ ✵✳✶✶✺
▲❡✈❡❧ ♦❢ ❱❆❚ τc = 0.213 ❱❆❚ r❡✈❡♥✉❡s✴●❉P ✵✳✶✼ ✵✳✶✼
▲❡✈❡❧ ♦❢ s♦❝✐❛❧ s❡❝✉r✐t② ❝♦♥tr✐❜✉t✐♦♥ τl = 0.242 ❙♦❝✐❛❧✲s❡❝✉r✐t② ❝♦♥tr✐❜✉t✐♦♥ r❡✈❡♥✉❡s✴●❉P ✵✳✶✾✺ ✵✳✶✾✺
▲❡✈❡❧ ♦❢ t❤❡ ❝♦r♣♦r❛t❡ t❛① τf = 0.35 ❈♦r♣♦r❛t❡✲t❛① r❡✈❡♥✉❡s✴●❉P ✵✳✵✹✺ ✵✳✵✹✺

❚❛❜❧❡ ✷✿ P❛r❛♠❡t❡rs Φ2 ❜❛s❡❞ ♦♥ st❡❛❞②✲st❛t❡ r❡str✐❝t✐♦♥s

✶✷



0 5 10 15 20
Productivity level

0.0

0.2

0.4

0.6

0.8

Average MPC

✭❛✮ ▼❛r❣✐♥❛❧ Pr♦♣❡♥s✐t② t♦ ❈♦♥s✉♠❡

0 5 10 15 20
Productivity level

0.000

0.025

0.050

0.075

0.100

0.125

0.150

0.175

0.200 Average share
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✭❝✮ Pr✐❝❡ ❊❧❛st✐❝✐t②✱ ❊♥❡r❣②
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✭❞✮ ■♥❝♦♠❡ ❊❧❛st✐❝✐t②✱ ❊♥❡r❣②

❋✐❣✉r❡ ✶✿ ❍❡t❡r♦❣❡♥❡♦✉s ❤♦✉s❡❤♦❧❞s✬ ❜❡❤❛✈✐♦rs

✶✸



✸✳✷ ❊st✐♠❛t❡❞ ♣❛r❛♠❡t❡rs

❆s ✐♥ ❛❧❧ ❞②♥❛♠✐❝ ♠♦❞❡❧s✱ t❤❡ ✐♠♣❛❝t ♦❢ ❡❛❝❤ s❤♦❝❦ ❞❡♣❡♥❞s ♦♥ ❤♦✇ t❤❡ ❛❣❡♥ts ❡①♣❡❝t t❤❡♠ t♦
♣❡rs✐st✳ ❚❤❡ ✈❡❝t♦r ♦❢ ♣❛r❛♠❡t❡rs

Θ =
{
ρZ , σZ |❢♦r Z ∈ {β, µ, PFE , ε, ϑ, {φs}s=l,m,h, {As}s=l,m,h, G, T, eτ}

}

✐s ❡st✐♠❛t❡❞ ✉s✐♥❣ ❛ ❇❛②❡s✐❛♥ ♠❡t❤♦❞

Θ̂ = ❛r❣♠❛① L
(
Θ|{Yt}

T
t=t0 ,Φ

)
✇❤❡r❡ Yt = M(Et|Θ,Φ)

❣✐✈❡♥ t❤❛t M ✐s ❞❡❞✉❝❡❞ ❢r♦♠ ❡q✉❛t✐♦♥ ✭✷✮✳ ■♥ ♦r❞❡r t♦ ❤❛✈❡ ❛ ✏❥✉st✲✐❞❡♥t✐✜❡❞✑ s②st❡♠✱ t❤❡ ♥✉♠❜❡r
♦❢ t✐♠❡ s❡r✐❡s ✉s❡❞ ✐♥ t❤❡ ❡st✐♠❛t✐♦♥ ✐s ❡q✉❛❧ t♦ t❤❡ ♥✉♠❜❡r ♦❢ s❤♦❝❦s ✐♥tr♦❞✉❝❡❞ ✐♥ t❤❡ ♠♦❞❡❧✳
❚❤❡r❡❢♦r❡✱ t♦ ✐❞❡♥t✐❢② t❤❡ ✶✹ s❤♦❝❦s✱ ✇❡ ✉s❡ t❤❡ ❞❛t❛ s❡t

Y =

{
Y,t πt, PFE,t, i

∗
t , it, {Ns,t}s=l,m,h, {π

w
s,t}s=l,m,h, Gt, Tt,

bt
Yt

}T

t=t0

♦✈❡r t❤❡ s❛♠♣❧❡ t0 = 2Q2003 t♦ T = 4Q2019✳✶✷,✶✸ ❚❛❜❧❡ ✸ s✉♠♠❛r✐③❡s t❤✐s ♠❛♣♣✐♥❣ ❜❡t✇❡❡♥ ❞❛t❛
❛♥❞ s❤♦❝❦s✳ ❲❡ ❛ss✉♠❡ t❤❛t t❤❡ ❡♥❡r❣②✲❝♦♥s✉♠♣t✐♦♥ s✉❜s✐❞② ✭t❤❡ t❛r✐✛ s❤✐❡❧❞✮ ❛r❡ ♣r❡s❡♥t ❜❡t✇❡❡♥
✶◗✷✵✷✷ ❛♥❞ ✹◗✷✵✷✸✳

Y
■♥t✳ r❛t❡s ❊♥❡r❣② ●♦✈❡r♥♠❡♥t ❉❡❜t✲t♦✲

●❉P ■♥❢✳ ❇❈❊ ❞❡❜t ♣r✐❝❡ ❝♦♥s✳ tr❛♥s✳ ●❉P

Yt πt it i∗t PFE,t Gt Tt
bt
Yt

E β µ ε ϑ PFE G T eτ

Y
❍♦✉rs ❲❛❣❡s

l m h l m h
Nl,t Nm,t Nh,t πwl,t πwm,t πwh,t

E φl φm φh Al Am Ah

❚❛❜❧❡ ✸✿ ■❞❡♥t✐✜❝❛t✐♦♥✿ ❉❛t❛ ✭Y✮ ✖ ❙❤♦❝❦s ✭E✮

❚❤❡ ❛✉t♦❝♦rr❡❧❛t✐♦♥s ♦❢ t❤❡s❡ ❆❘✭✶✮ ♣r♦❝❡ss❡s ❛♥❞ t❤❡ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥s ♦❢ t❤❡✐r ✐♥♥♦✈❛t✐♦♥s
❛r❡ r❡♣♦rt❡❞ ✐♥ ❚❛❜❧❡ ✹ ✭s❡❡ ❞❡t❛✐❧s ✐♥ ❆♣♣❡♥❞✐① ❈✮✳

✸✳✸ ❱❛r✐❛♥❝❡ ❞❡❝♦♠♣♦s✐t✐♦♥

❚❤✐s s❡❝t✐♦♥ ♣r❡s❡♥ts t❤❡ ✈❛r✐❛♥❝❡ ❞❡❝♦♠♣♦s✐t✐♦♥ ♦❢ t❤❡ ❡st✐♠❛t❡❞ ♠♦❞❡❧ ❢♦r t❤❡ ♣❡r✐♦❞ ♦❢ ❡st✐♠❛t✐♦♥
✶◗✷✵✵✸✲✹◗✷✵✶✾✳✶✹ ❚❤❡ ✈❛r✐❛♥❝❡ ❞❡❝♦♠♣♦s✐t✐♦♥ ♦❢ t❤❡ ♠❛✐♥ ♠❛❝r♦❡❝♦♥♦♠✐❝ ✈❛r✐❛❜❧❡s ❛❧❧♦✇s ✉s t♦
❡✈❛❧✉❛t❡ ✇❤✐❝❤ ❛r❡ t❤❡ ❞♦♠✐♥❛♥t s❤♦❝❦s ❢♦r ❡①♣❧❛✐♥✐♥❣ t❤❡ ❜✉s✐♥❡ss ❝②❝❧❡ ♦✈❡r t❤❡ ❡♥t✐r❡ ♣❡r✐♦❞✳ ■t
❣✐✈❡s t❤❡ ❝♦♥tr✐❜✉t✐♦♥ ♦❢ ❡❛❝❤ s❤♦❝❦ ✐♥ ❡①♣❧❛✐♥✐♥❣ t❤❡ ❞❡✈✐❛t✐♦♥s ♦❢ ❡❛❝❤ ❡♥❞♦❣❡♥♦✉s ✈❛r✐❛❜❧❡ ❢r♦♠
✐ts ❧♦♥❣✲t❡r♠ ✈❛❧✉❡✳✶✺

❖✈❡r t❤❡ ❡st✐♠❛t✐♦♥ ♣❡r✐♦❞ ❛s ❛ ✇❤♦❧❡ ✭s❡❡ ❚❛❜❧❡ ✺✮✶✻✱ s❤♦❝❦s t♦ ❤♦✉s❡❤♦❧❞ ❞❡♠❛♥❞ ❛r❡ t❤❡ ♠❛✐♥
s♦✉r❝❡ ♦❢ ♦✉t♣✉t ✢✉❝t✉❛t✐♦♥s ✭✹✹✪✮✳ ◆❡①t✱ s❤♦❝❦s t♦ ♣r♦❞✉❝t✐✈✐t② ❛♥❞ ✜r♠✲♠❛r❦✉♣ s❤♦❝❦s ❡❛❝❤

✶✷❆♣♣❡♥❞✐① ❇ ♣r❡s❡♥ts t❤❡ ❞❛t❛ ✉s❡❞ ✐♥ t❤❡ ♣❛♣❡r✳ ❆❧❧ ❞❛t❛ ❛r❡ st❛t✐♦♥❛r✐③❡❞ ❜② ❡①tr❛❝t✐♥❣ ❛ ❧✐♥❡❛r tr❡♥❞✱ ❡①❝❡♣t
t❤❡ ❞❡❜t✲t♦✲●❉P r❛t✐♦ ✇❤❡r❡ ♦♥❧② ✐ts ❛✈❡r❛❣❡ ♦✈❡r t❤❡ s❛♠♣❧❡ ✐s ❡①tr❛❝t❡❞✳

✶✸❆❞❞✐t✐♦♥❛❧ ❞❡t❛✐❧s ♦♥ t❤❡ ❡st✐♠❛t✐♦♥ ♣r♦❝❡❞✉r❡ ❝❛♥ ❜❡ ❢♦✉♥❞ ✐♥ ❛♣♣❡♥❞✐① ❈✳ ❙❡❡ ❛❧s♦ ▲❛♥❣♦t ❡t ❛❧✳ ✭✷✵✷✸✮
✶✹t❤❡ ❤✐st♦r✐❝❛❧ ❞❡❝♦♠♣♦s✐t✐♦♥ ✐s ❛❧s♦ ♣r❡s❡♥t❡❞ ✐♥ ❆♣♣❡♥❞✐①
✶✺❋❧✉❝t✉❛t✐♦♥s r❡♣r❡s❡♥t t❤❡ ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ t❤❡ ❝✉rr❡♥t ✈❛❧✉❡s ♦❢ ❡❝♦♥♦♠✐❝ ✈❛r✐❛❜❧❡s ❛♥❞ t❤❡✐r ❧♦♥❣✲t❡r♠ ✈❛❧✉❡s✳
✶✻■♥ t❤❡ ❛♣♣❡♥❞✐① ❉✱ ✇❡ ♣r❡s❡♥t t❤❡ ✈❛r✐❛♥❝❡ ❞❡❝♦♠♣♦s✐t✐♦♥ ♦✈❡r ❛❧❧ t❤❡ s❛♠♣❧❡ ❢♦r ♦✉t♣✉t✱ ✐♥✢❛t✐♦♥ ❞❡❜t✲t♦✲●❉P

r❛t✐♦ ❛♥❞ ❤♦✉rs ✇♦r❦❡❞ ❜② ✇❛❣❡ ❧❡✈❡❧✳

✶✹



Z P❡rs✐st❡♥❝❡ ρZ ❙t❛♥❞❛r❞ ❞❡✈✳ σZ
❱❛r✐❛♥❝❡

❙❤♦❝❦ ▼❡❛♥ ▼❡❛♥ (σZ)2

1−(ρZ)2
× 100

Pr❡❢❡r❡♥❝❡ β ✵✳✼✼✽✹✽✷ ✵✳✵✵✾✶✹✸ ✵✳✵✷✶✷✶✽✼✵
✭✵✳✵✷✺✷✸✶✮ ✭✵✳✵✵✶✹✸✽✮

Pr✐❝❡ ♠❛r❦✉♣ µ ✵✳✽✷✼✽✸✾ ✵✳✵✷✸✹✷✵ ✵✳✶✼✹✸✵✶✹✼
✭✵✳✵✷✺✺✶✼✮ ✭✵✳✵✵✷✸✸✶✮

❊♥❡r❣② ♣r✐❝❡ pFE ✵✳✼✾✸✹✾✷ ✵✳✶✶✻✶✶✷ ✸✳✻✹✵✶✸✽✸✷
✭✵✳✵✷✷✻✽✷✮ ✭✵✳✵✵✾✵✺✽✮

▼♦♥❡t❛r② ♣♦❧✐❝② ε ✵✳✺✼✺✹✻✼ ✵✳✵✵✻✸✽✶ ✵✳✵✵✻✵✽✼✼✹
✭✵✳✵✹✵✾✾✹✮ ✭✵✳✵✵✵✹✾✽✮

❙♣r❡❛❞ ϑ ✵✳✽✸✷✾✼✵ ✵✳✵✵✶✶✼✷ ✵✳✵✵✵✹✹✽✻✹
✭✵✳✵✸✹✷✵✸✮ ✭✵✳✵✵✵✶✷✻✮

❉✐s✉t✐❧✐t② l ϕl ✵✳✼✼✶✵✹✹ ✵✳✵✷✵✸✵✸ ✵✳✶✵✶✻✺✼✹✶
✭✵✳✵✹✽✷✾✹✮ ✭✵✳✵✵✷✽✻✶✮

❉✐s✉t✐❧✐t② m ϕm ✵✳✼✼✷✸✶✹ ✵✳✵✶✽✺✻✶ ✵✳✵✽✺✸✼✹✵✷
✭✵✳✵✹✻✸✸✵✮ ✭✵✳✵✵✷✹✾✷✮

❉✐s✉t✐❧✐t② h ϕh ✵✳✻✾✷✵✷✽ ✵✳✵✸✷✺✼✼ ✵✳✷✵✸✻✺✽✾✵
✭✵✳✵✺✽✶✸✷✮ ✭✵✳✵✵✸✾✻✼✮

Pr♦❞✉❝t✐✈✐t② l Al ✵✳✽✶✾✵✹✵ ✵✳✵✷✹✻✸✺ ✵✳✶✽✹✸✻✺✼✼
✭✵✳✵✷✾✺✽✺✮ ✭✵✳✵✵✷✵✽✾✮

Pr♦❞✉❝t✐✈✐t② m Am ✵✳✼✾✺✶✾✽ ✵✳✵✶✽✺✻✶ ✵✳✵✾✸✼✵✸✺✽
✭✵✳✵✷✾✵✵✶✮ ✭✵✳✵✵✶✾✺✹✮

Pr♦❞✉❝t✐✈✐t② h Ah ✵✳✽✹✹✺✷✸ ✵✳✵✷✺✵✷✽ ✵✳✷✶✽✹✷✹✽✺
✭✵✳✵✸✷✷✾✽✮ ✭✵✳✵✵✷✷✵✺✮

●♦✈❡r♥♠❡♥t ❝♦♥s✉♠♣t✐♦♥ G ✵✳✼✶✹✸✶✵ ✵✳✵✵✹✷✷✵ ✵✳✵✵✸✻✸✻✶✸
✭✵✳✵✺✻✾✽✶✮ ✭✵✳✵✵✵✸✼✾✮

❚r❛♥s❢❡rs T ✵✳✼✾✼✻✽✶ ✵✳✵✵✺✸✶✺ ✵✳✵✵✼✼✻✼✵✼
✭✵✳✵✹✹✵✼✽✮ ✭✵✳✵✵✵✹✻✺✮

▼❡❛s✉r❡♠❡♥t ❡rr♦r eτ ✵✳✼✼✸✹✼✻ ✵✳✵✶✺✾✶✺ ✵✳✵✻✸✵✹✽✸✺
✭✵✳✵✹✼✶✷✹✮ ✭✵✳✵✵✹✵✹✻✮

❚❛❜❧❡ ✹✿ ❊st✐♠❛t❡❞ ♣❛r❛♠❡t❡rs ♦❢ t❤❡ AR(1) ♣r♦❝❡ss❡s

✶✺



❛❝❝♦✉♥t ❢♦r ❛r♦✉♥❞ ✶✻✪ ♦❢ t❤❡s❡ ✈❛r✐❛t✐♦♥s✳ ❋❧✉❝t✉❛t✐♦♥s ✐♥ ♦✐❧ ♣r✐❝❡s ❛❝❝♦✉♥t ❢♦r ✻✪ ♦❢ ♣r♦❞✉❝t✐♦♥
✈❛r✐❛t✐♦♥s✳✶✼ ▼♦r❡ t❤❛♥ ❤❛❧❢ ♦❢ ✐♥✢❛t✐♦♥ ✢✉❝t✉❛t✐♦♥s ❛r❡ ❡①♣❧❛✐♥❡❞ ❜② ♦✐❧✲♣r✐❝❡ ✢✉❝t✉❛t✐♦♥s ✭✺✻✪✮✱
❛♥❞ ✶✺✪ ❜② ♠❛r❦✉♣ ✢✉❝t✉❛t✐♦♥s✳ ❚❤❡ ❤✐❣❤ ❝♦♥tr✐❜✉t✐♦♥ ♦❢ ❡♥❡r❣② t♦ ✐♥✢❛t✐♦♥ ✢✉❝t✉❛t✐♦♥s ✐s ❞✉❡
t♦ t❤❡ ♣r✐❝❡ r✐❣✐❞✐t②✱ ✇❤✐❝❤ ♠❡❛♥s t❤❛t ❞♦♠❡st✐❝ ♣r✐❝❡s ♦♥❧② r❡❛❝t ✇✐t❤ ❞❡❧❛② t♦ s❤♦❝❦s✱ ♣❛rt✐❝✉❧❛r❧②
t❤♦s❡ t❤❛t ❛r❡ ✈❡r② ♣❡rs✐st❡♥t✱ ✇❤❡r❡❛s ❡♥❡r❣② ♣r✐❝❡s ❛r❡ ❞❡t❡r♠✐♥❡❞ ❜② ✈❡r② ✈♦❧❛t✐❧❡ s❤♦❝❦s✳ ■♥❞❡❡❞✱
t❤❡ ❡st✐♠❛t❡❞ ✈❛r✐❛♥❝❡ ♦❢ ♦✐❧✲♣r✐❝❡ s❤♦❝❦s ✐s t❡♥ t✐♠❡s ❤✐❣❤❡r t❤❛♥ t❤❛t ♦❢ ♠❛r❦✉♣ s❤♦❝❦s ❛♥❞ ❛
❤✉♥❞r❡❞ t✐♠❡s ❤✐❣❤❡r t❤❛♥ t❤❛t ♦❢ ♣r❡❢❡r❡♥❝❡ s❤♦❝❦s ✭r❡s♣❡❝t✐✈❡❧② ✸✳✻✹✱ ✵✳✶✼✱ ❛♥❞ ✵✳✵✷✶✱ s❡❡ ❚❛❜❧❡
✹✮✳ Pr♦❞✉❝t✐✈✐t② s❤♦❝❦s ❡①♣❧❛✐♥ ✾✪ ♦❢ ✐♥✢❛t✐♦♥ ✈❛r✐❛t✐♦♥s✱ ❢♦❧❧♦✇❡❞ ❜② ❞❡♠❛♥❞ s❤♦❝❦s ❢♦r ❧❡ss t❤❛♥

♦✉t♣✉t ✐♥✢❛t✐♦♥ ❞❡❜t ✐♥t✳ r❛t❡ ❞❡❜t r❛t❡ ❡♠♣❧ ▲ ❡♠♣❧ ▼ ❡♠♣❧ ❍ ✇❛❣❡ ▲ ✇❛❣❡ ▼ ✇❛❣❡ ❍

β ✹✸✳✽✪ ✼✳✻✪ ✷✺✳✽✪ ✶✹✳✹✪ ✶✹✳✷✪ ✷✽✳✸✪ ✷✼✳✺✪ ✷✸✳✾✪ ✶✸✳✽✪ ✶✹✳✾✪ ✶✵✳✺✪
µ ✶✻✳✵✪ ✶✺✳✷✪ ✷✵✳✻✪ ✶✶✳✺✪ ✶✶✳✸✪ ✶✵✳✺✪ ✾✳✹✪ ✾✳✺✪ ✻✳✹✪ ✼✳✷✪ ✻✳✻✪
pFE ✺✳✾✪ ✺✻✳✶✪ ✷✾✳✸✪ ✺✵✳✹✪ ✺✵✳✸✪ ✸✺✳✹✪ ✸✼✳✾✪ ✸✷✳✽✪ ✹✶✳✺✪ ✹✵✳✺✪ ✸✺✳✺✪
ε ✹✳✵✪ ✶✳✹✪ ✹✳✷✪ ✷✳✷✪ ✶✳✾✪ ✸✳✵✪ ✷✳✾✪ ✶✳✾✪ ✸✳✼✪ ✸✳✼✪ ✷✳✶✪
ϑ ✵✳✽✪ ✵✳✷✪ ✶✳✸✪ ✵✳✸✪ ✷✳✹✪ ✵✳✻✪ ✵✳✻✪ ✵✳✸✪ ✵✳✻✪ ✵✳✺✪ ✵✳✸✪
φl ✶✳✵✪ ✶✳✵✪ ✵✳✽✪ ✶✳✷✪ ✶✳✶✪ ✻✳✽✪ ✵✳✵✪ ✵✳✵✪ ✶✸✳✺✪ ✵✳✺✪ ✵✳✹✪
φm ✸✳✽✪ ✸✳✸✪ ✶✳✼✪ ✷✳✽✪ ✷✳✹✪ ✵✳✸✪ ✼✳✻✪ ✵✳✶✪ ✶✳✸✪ ✶✺✳✹✪ ✵✳✾✪
φh ✵✳✼✪ ✵✳✻✪ ✵✳✹✪ ✵✳✼✪ ✵✳✻✪ ✵✳✵✪ ✵✳✵✪ ✶✸✳✸✪ ✵✳✸✪ ✵✳✸✪ ✷✺✳✽✪
Al ✹✳✹✪ ✷✳✷✪ ✷✳✵✪ ✸✳✷✪ ✸✳✶✪ ✾✳✷✪ ✵✳✷✪ ✵✳✷✪ ✹✳✸✪ ✶✳✾✪ ✶✳✼✪
Am ✶✵✳✶✪ ✺✳✾✪ ✶✳✻✪ ✹✳✸✪ ✹✳✶✪ ✵✳✹✪ ✽✳✶✪ ✵✳✹✪ ✷✳✺✪ ✹✳✼✪ ✷✳✷✪
Ah ✶✳✼✪ ✵✳✼✪ ✵✳✷✪ ✶✳✵✪ ✵✳✾✪ ✵✳✵✪ ✵✳✵✪ ✶✹✳✷✪ ✵✳✺✪ ✵✳✹✪ ✸✳✺✪
G ✶✳✻✪ ✵✳✶✪ ✵✳✶✪ ✵✳✵✪ ✵✳✵✪ ✶✳✶✪ ✶✳✶✪ ✵✳✽✪ ✵✳✷✪ ✵✳✷✪ ✵✳✶✪
T ✵✳✶✪ ✵✳✷✪ ✵✳✷✪ ✵✳✸✪ ✵✳✷✪ ✵✳✶✪ ✵✳✶✪ ✵✳✶✪ ✵✳✻✪ ✵✳✺✪ ✵✳✷✪
eτ ✻✳✷✪ ✺✳✼✪ ✶✶✳✾✪ ✼✳✼✪ ✼✳✸✪ ✹✳✸✪ ✹✳✻✪ ✷✳✻✪ ✶✵✳✾✪ ✾✳✹✪ ✶✵✳✷✪

❚❛❜❧❡ ✺✿ ❱❛r✐❛♥❝❡ ❞❡❝♦♠♣♦s✐t✐♦♥✳ ❙❤❛r❡ ♦❢ t❤❡ ❞❡✈✐❛t✐♦♥ ❢r♦♠ t❤❡ st❡❛❞② st❛t❡ ❡①♣❧❛✐♥❡❞ ❜② ❡❛❝❤ s❤♦❝❦✿ ♠❡❛♥

✈❛❧✉❡ ❢♦r t❤❡ s❛♠♣❧❡ ✷✵✵✸◗✶✲✷✵✶✾◗✹✳

✽✪ ❛♥❞ ❧❛❜♦r s✉♣♣❧② ❢♦r ✺✪✳ ❉❡❜t ❞②♥❛♠✐❝s ❛r❡ ❞❡t❡r♠✐♥❡❞ ❜② t❤❡s❡ ♠❛✐♥ ❞❡t❡r♠✐♥❛♥ts ♦❢ ♦✉t♣✉t
❛♥❞ ✐♥✢❛t✐♦♥ ✢✉❝t✉❛t✐♦♥s✳ ■ts ✈❛r✐❛t✐♦♥s ❛r❡ ❡①♣❧❛✐♥❡❞ ❜② s❤♦❝❦s t♦ ❡♥❡r❣② ♣r✐❝❡s ✭✷✾✪✮✱ ❝♦♥s✉♠❡r
❞❡♠❛♥❞ ✭✷✻✪✮ ❛♥❞ ♠❛r❦✉♣ ✭✷✶✪✮ ✱ ❢♦❧❧♦✇❡❞ ❜② s❤♦❝❦s t♦ ❧❛❜♦r s✉♣♣❧② ✭✺✪✮✱ ♣r♦❞✉❝t✐✈✐t② ✭✹✪✮ ❛♥❞
✐♥t❡r❡st r❛t❡s ✭✷✪✮✳ ❚❤❡ t❤r❡❡ ♠❛✐♥ ♠❛❝r♦❡❝♦♥♦♠✐❝ s❤♦❝❦s ✭♦✐❧ ♣r✐❝❡✱ ❞❡♠❛♥❞ ❛♥❞ ♠❛r❦✉♣✮ ❛❧s♦
❡①♣❧❛✐♥ ♠♦st ♦❢ t❤❡ ✢✉❝t✉❛t✐♦♥s ✐♥ ❧❛❜♦r ♠❛r❦❡ts✳ ❚❤❡② ❛❝❝♦✉♥t ❢♦r ✼✹✪ ♦❢ ✈❛r✐❛t✐♦♥s ✐♥ ✉♥s❦✐❧❧❡❞
❥♦❜s✱ ✼✺✪ ✐♥ ✐♥t❡r♠❡❞✐❛t❡ ❥♦❜s✱ ❛♥❞ ✻✻✪ ✐♥ s❦✐❧❧❡❞ ❥♦❜s✳

✹ ❈♦♥❞✐t✐♦♥❛❧ ❋♦r❡❝❛sts

❚❤❡ ♦r✐❣✐♥❛❧✐t② ♦❢ ♦✉r q✉❛♥t✐t❛t✐✈❡ ♠❡t❤♦❞ ✐s t♦ ♣r♦♣♦s❡ ❛♥ ❡①✲❛♥t❡ ❡✈❛❧✉❛t✐♦♥✱ ✐✳❡✳ ❛ ♠❡t❤♦❞ t❤❛t
❝❛♥ ❜❡ ✉s❡❞ ✐♥ r❡❛❧ t✐♠❡ t♦ ❤❡❧♣ ❣♦✈❡r♥♠❡♥ts ♠❛❦❡ t❤❡✐r ❡❝♦♥♦♠✐❝✲♣♦❧✐❝② ❞❡❝✐s✐♦♥s✳ ❖✉r ♠❡t❤♦❞
✐♥t❡❣r❛t❡s t❤❡ ❢♦r❡❝❛sts ❝♦♥t❛✐♥❡❞ ✐♥ t❤❡ ❋✐♥❛♥❝❡ ❆❝t ✐♥t♦ ❛ ❣❡♥❡r❛❧✲❡q✉✐❧✐❜r✐✉♠ ♠♦❞❡❧ t♦ ❡st✐♠❛t❡
t❤❡ s❡q✉❡♥❝❡s ♦❢ t❤❡ ❞✐✛❡r❡♥t s❤♦❝❦s t❤❛t ♠✉st ♣❡rt✉r❜ t❤❡ ❋r❡♥❝❤ ❡❝♦♥♦♠② s♦ t❤❛t t❤❡ ❋✐♥❛♥❝❡
❆❝t ❢♦r❡❝❛sts ❜❡❝♦♠❡ r❡❛❧✐③❛t✐♦♥s✱ ✐♥ t❤❡ s♣✐r✐t ♦❢ t❤❡ ❝♦♥❞✐t✐♦♥❛❧✲❢♦r❡❝❛st ♠❡t❤♦❞♦❧♦❣② ♣r❡s❡♥t❡❞
❜② ❉❡❧ ◆❡❣r♦ ❛♥❞ ❙❝❤♦r❢❤❡✐❞❡ ✭✷✵✶✸❛✮✳✶✽ ❚❤✐s str✉❝t✉r❛❧ ❛♣♣r♦❛❝❤ ♣r♦✈✐❞❡s ❛♥ ❡✈❛❧✉❛t✐♦♥ ♦❢ ❛

✶✼❖t❤❡r s❤♦❝❦s ♣❧❛② ❛ ♠✐♥♦r r♦❧❡✿ ✺✪ ❢♦r ❧❛❜♦r✲s✉♣♣❧② s❤♦❝❦s ❛♥❞ ✐♥t❡r❡st✲r❛t❡ s❤♦❝❦s ❛♥❞ ✶✳✻✪ ❢♦r ♣✉❜❧✐❝ s♣❡♥❞✐♥❣
s❤♦❝❦s✳

✶✽❚❤❡r❡❢♦r❡✱ t❤❡ s❤♦❝❦s ❡st✐♠❛t❡❞ ❢♦r t❤❡ ✜✈❡ ②❡❛rs ♦❢ ❢♦r❡❝❛sts ✭✷✵✷✸✲✷✵✷✼✮ ❝❛♥ ❜❡ ✐♥t❡r♣r❡t❡❞ ❛s t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ t❤❡
❡❝♦♥♦♠✐❝ ❝♦♥❞✐t✐♦♥s ♥❡❝❡ss❛r② t♦ ♠❛❦❡ ❝r❡❞✐❜❧❡ t❤❡ ❣♦✈❡r♥♠❡♥t✬s ❢♦r❡❝❛sts t♦ t❤❡ ❡②❡s ♦❢ t❤❡ ♠♦❞❡❧✳ ❖✉r q✉❛♥t✐t❛t✐✈❡
♠❡t❤♦❞ ♠✐①❡s ♥♦♥✲str✉❝t✉r❛❧ ✭❣♦✈❡r♥♠❡♥t ❢♦r❡❝❛sts✮ ❛♥❞ str✉❝t✉r❛❧ ✭❍❆◆❑ ❢♦r❡❝❛sts✮ ❛♣♣r♦❛❝❤❡s✳ ❚❤❡r❡ ✐s ❛ ❧❛r❣❡
❧✐t❡r❛t✉r❡ ♦♥ t❤❡ ♦♣t✐♠❛❧ ✇❛② t♦ ♠✐① ♥♦♥✲str✉❝t✉r❛❧ ❛♥❞ str✉❝t✉r❛❧ ❉❙●❊ ❛♣♣r♦❛❝❤❡s ❢♦r ❢♦r❡❝❛st✐♥❣✳ ❙❡❡ ❡✳❣✳ ❇♦✐✈✐♥
❛♥❞ ●✐❛♥♥♦♥✐ ✭✷✵✵✻✮✱ ❙❝❤♦r❢❤❡✐❞❡ ❡t ❛❧✳ ✭✷✵✶✵✮✱ ❉❡❧ ◆❡❣r♦ ❛♥❞ ❙❝❤♦r❢❤❡✐❞❡ ✭✷✵✶✸❛✮✱ ❆❞♦❧❢s♦♥ ❡t ❛❧✳ ✭✷✵✵✺✮ ♦r ●❡❧❢❡r
✭✷✵✶✾✮✳ ❈♦♥❞✐t✐♦♥❛❧ ❢♦r❡❝❛sts ❤❛✈❡ ❢♦❝✉s❡❞ ♦♥ t❤❡ ♠♦♥❡t❛r② ♣♦❧✐❝② ✐♥t❡r❡st r❛t❡ ✐♥ ❱❆❘ ✭❲❛❣❣♦♥❡r ❛♥❞ ❩❤❛ ✭✶✾✾✾✮

✶✻



♣♦❧✐❝② ♦♥ t❤❡ ❡❝♦♥♦♠✐❝ ✐♥❞✐❝❛t♦rs ✭❛❣❣r❡❣❛t❡s ❛♥❞ ✐♥❡q✉❛❧✐t✐❡s✮✳ ❖✉r ♠❡t❤♦❞♦❧♦❣✐❝❛❧ ❝♦♥tr✐❜✉t✐♦♥
❝♦♥s✐sts ♦❢ ❡st✐♠❛t✐♥❣ ❝♦♥❞✐t✐♦♥❛❧ ❢♦r❡❝❛sts ❜❛s❡❞ ♦♥ t❤❡ ❣♦✈❡r♥♠❡♥t✬s ❢♦r❡❝❛sts ❢♦r ♣✉❜❧✐❝ ✜♥❛♥❝❡
❛♥❞ ♠❛❝r♦❡❝♦♥♦♠✐❝ ❛❣❣r❡❣❛t❡s ✉s✐♥❣ ❆✉❝❧❡rt ❡t ❛❧✳ ✭✷✵✷✶✮✬s s❡q✉❡♥❝❡✲s♣❛❝❡ ❏❛❝♦❜✐❛♥ ♠❡t❤♦❞♦❧♦❣②
❛♥❞ t❤❡♥ ❡✈❛❧✉❛t✐♥❣ ♣♦❧✐❝② ✉s✐♥❣ ❝♦✉♥t❡r❢❛❝t✉❛❧ s❝❡♥❛r✐♦s ❞❡❞✉❝❡❞ ❢r♦♠ ♦✉r ❍❆◆❑ ♠♦❞❡❧✳

✹✳✶ ▼❡t❤♦❞♦❧♦❣②

❲❡ ❞❡✈❡❧♦♣ ❛ ♠❡t❤♦❞ t❤❛t ♣r♦✈✐❞❡s ❛♥ ❡①✲❛♥t❡ ❡✈❛❧✉❛t✐♦♥ ♦❢ ♣♦❧✐❝✐❡s ♣❧❛♥♥❡❞ t♦ ❜❡ ✐♠♣❧❡♠❡♥t❡❞
✐♥ t❤❡ ❢✉t✉r❡✳ ❚❤✐s ♠❡t❤♦❞ ❝❛♥ ❜❡ ✉s❡❞ ❜❡❢♦r❡ t❤❡ ♦❜s❡r✈❛t✐♦♥s ♦❢ t❤❡ ♠❛❝r♦❡❝♦♥♦♠✐❝ s❡r✐❡s✱ ✐✳❡✳
✇❤❡♥ t❤❡ ♣♦❧✐❝②♠❛❦❡r ♠✉st ♠❛❦❡ ❤❡r ❝❤♦✐❝❡✳✶✾ ❆t t❤❡ t✐♠❡ ♦❢ t❤❡ ❞❡❝✐s✐♦♥✱ ✇❡ ❞♦ ♥♦t ♦❜s❡r✈❡
❞❛t❛ ✏❛❢t❡r✑ t❤❡ ♣♦❧✐❝② ❝❤❛♥❣❡s✳ ■♥st❡❛❞ ♦❢ t❤❡s❡ ♦❜s❡r✈❡❞ ❞❛t❛✱ ✇❡ ✉s❡ t❤❡ ✏❢♦r❡❝❛sts✑ ❛s ♦❜s❡r✈❛❜❧❡
✈❛r✐❛❜❧❡s t♦ r❡✈❡❛❧ t❤❡ t✐♠❡✲s♣❡❝✐✜❝ r❡❛❧✐③❛t✐♦♥s ♦❢ t❤❡ str✉❝t✉r❛❧ s❤♦❝❦s ♦❢ ♦✉r ♠♦❞❡❧ t❤❛t ♠❛❦❡ ✐ts
❡♥❞♦❣❡♥♦✉s ✈❛r✐❛❜❧❡s ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡s❡ ❢♦r❡❝❛sts✳✷✵ ❈♦♥s❡q✉❡♥t❧②✱ t❤❡ t✐♠❡✲s♣❡❝✐✜❝ r❡❛❧✐③❛t✐♦♥s
♦❢ t❤❡s❡ s❤♦❝❦s ❝❛♥ ❜❡ ✐♥t❡r♣r❡t❡❞ ❛s t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ t❤❡ ❡❝♦♥♦♠✐❝ ❡♥✈✐r♦♥♠❡♥t ♥❡❝❡ss❛r② t♦ ♠❛❦❡
t❤❡ ❣♦✈❡r♥♠❡♥t ❢♦r❡❝❛sts ❝r❡❞✐❜❧❡ ✉♥❞❡r t❤❡ ♥✉❧❧ ❤②♣♦t❤❡s✐s t❤❛t t❤❡ ♠♦❞❡❧ ✐s tr✉❡✳

❖✉r ❜❡♥❝❤♠❛r❦ s❝❡♥❛r✐♦ ✇✐❧❧ ❝♦♥str❛✐♥ ♦✉r ❍❆◆❑ ♠♦❞❡❧ t♦ r❡♣r♦❞✉❝❡ t❤❡s❡ ❣♦✈❡r♥♠❡♥t ❢♦r❡✲
❝❛sts ❝♦♥❝❡r♥✐♥❣ ♦✉t♣✉t✱ ✐♥✢❛t✐♦♥✱ ✐♥t❡r❡st r❛t❡s ❛♥❞ ♣✉❜❧✐❝ ❞❡❜t✱ ❝♦♥❞✐t✐♦♥❛❧❧② ♦♥ t❤❡ ♣❛t❤s ❢♦r
❣♦✈❡r♥♠❡♥t✬s ❡①♣❡♥❞✐t✉r❡s ❛♥❞ r❡✈❡♥✉❡s ❛❧s♦ ❝♦♥t❛✐♥❡❞ ✐♥ t❤❡ ❋✐♥❛♥❝❡ ❆❝t✳ ❲❡ ❛❧s♦ ✉s❡ t❤❡ ❢♦r❡✲
❝❛sts ♦♥ ❝❤❛♥❣❡s ❡①♦❣❡♥♦✉s t♦ t❤❡ ♠♦❞❡❧ ✭❡✳❣✳ t❤❡ ❝❤❛♥❣❡s ✐♥ t❤❡ ❡♥❡r❣② ♣r✐❝❡ ♦r r✐s❦ ♣r❡♠✐✉♠✮ ✐♥
♦r❞❡r t♦ r❡✈❡❛❧ t❤❡✐r s✐③❡✱ ✇❤✐❝❤ ✐s ❝r✉❝✐❛❧ ❢♦r t❤❡ ❡✈❛❧✉❛t✐♦♥ ♦❢ t❤❡ ♣♦❧✐❝②✳ ❚❤❡r❡❢♦r❡✱ ✇❡ ✐♠♣♦s❡
str♦♥❣ r❡str✐❝t✐♦♥s ❜❛s❡❞ ♦♥ t❤❡♦r② t♦ ♦✛❡r ❝❛✉s❛❧ ✐♥t❡r♣r❡t❛t✐♦♥s✳ ❚❤❡ ❝♦st ♦❢ ♦✉r ❛♣♣r♦❛❝❤ ✐s t♦
❞❡s❝r✐❜❡ r❡❧❛t✐♦♥s❤✐♣s ❛♠♦♥❣ ❛ s♠❛❧❧ s❡t ♦❢ ✈❛r✐❛❜❧❡s✱ t❤❡r❡❢♦r❡ ❧✐♠✐t✐♥❣ t❤❡ ✐♥❢♦r♠❛t✐♦♥ s❡t ✉s❡❞ ❢♦r
❢♦r❡❝❛st✐♥❣ ❛♥❞ t❤✉s ✐ts ❛❝❝✉r❛❝② r❡❧❛t✐✈❡ t♦ ❧❛r❣❡r s❝❛❧❡✱ ♥♦♥✲str✉❝t✉r❛❧ ♠♦❞❡❧s✳

❚❤❡ ❧✐♠✐ts ♦❢ t❤✐s q✉❛♥t✐t❛t✐✈❡ ♠❡t❤♦❞ ❜❛s❡❞ ♦♥ ❝♦♥❞✐t✐♦♥❛❧ ❢♦r❡❝❛st ❛r❡ ✜rst ❞❡s❝r✐❜❡❞ ✐♥ ▲❡❡♣❡r
❛♥❞ ❩❤❛ ✭✷✵✵✸✮✳ ✏❙✉♣♣♦s❡ t❤❛t t❤❡ ✐♥t❡r❡st r❛t❡ ♣❛t❤ ✐s ♥♦t ❛♥♥♦✉♥❝❡❞ t♦ t❤❡ ♣✉❜❧✐❝ ❜✉t ✐ts ✐♠♣❧❡✲

♠❡♥t❛t✐♦♥ r❡q✉✐r❡s ❛ s❡q✉❡♥❝❡ ♦❢ str♦♥❣❧② ♣♦s✐t✐✈❡❧② ❝♦rr❡❧❛t❡❞ ✉♥❛♥t✐❝✐♣❛t❡❞ ♠♦♥❡t❛r② ♣♦❧✐❝② s❤♦❝❦s✳

❖✈❡r t✐♠❡✱ t❤❡ ❛❣❡♥ts ✐♥ t❤❡ ❉❙●❊ ♠♦❞❡❧ ♠✐❣❤t ❜❡ ❛❜❧❡ t♦ ❞❡t❡❝t t❤❡ ♣❡rs✐st❡♥❝❡ ✐♥ t❤❡ ❞❡✈✐❛t✐♦♥

❢r♦♠ t❤❡ s②st❡♠❛t✐❝ ♣❛rt ♦❢ t❤❡ ♠♦♥❡t❛r② ♣♦❧✐❝② r✉❧❡ ❛♥❞ s✉s♣❡❝t t❤❛t t❤❡ ♣♦❧✐❝② r✉❧❡ ✐ts❡❧❢ ♠✐❣❤t ❤❛✈❡

❝❤❛♥❣❡❞ ♣❡r♠❛♥❡♥t❧②✱ ✇❤✐❝❤✱ ✐♥ t✉r♥✱ ❝r❡❛t❡s ❛♥ ✐♥❝❡♥t✐✈❡ t♦ ✉♣❞❛t❡ ❞❡❝✐s✐♦♥ r✉❧❡s✳✑ ✭❉❡❧ ◆❡❣r♦ ❛♥❞
❙❝❤♦r❢❤❡✐❞❡ ✭✷✵✶✸❛✮✮✳✷✶ ❚❤✐s t②♣❡ ♦❢ ❛❞❥✉st♠❡♥t ✇✐❧❧ ❜❡ t❛❦❡♥ ✐♥t♦ ❛❝❝♦✉♥t ✐♥ ♦✉r ❛♥❛❧②s✐s✿ ✇❡
❡✈❛❧✉❛t❡ t❤❡ ♥❡✇ ❣♦✈❡r♥♠❡♥t✬s ❞❡❝✐s✐♦♥ r✉❧❡s t❤❛t ❛❧❧♦✇ t❤❡ ♠♦❞❡❧ t♦ ❛❝❝♦✉♥t ❢♦r ❢♦r❡❝❛st❡❞ ❣♦✈❡r♥✲
♠❡♥t ♣♦❧✐❝②✳ ❚❤❡s❡ ✏♥❡✇✑ ♣♦❧✐❝② r✉❧❡s ❝❛♥ ❜❡ st❛t✐st✐❝❛❧❧② ❞✐✛❡r❡♥t ❢r♦♠ t❤❡ ♦♥❡s ❡st✐♠❛t❡❞ ♦♥ t❤❡
✐♥✐t✐❛❧ s❛♠♣❧❡✳✷✷ ❚❤❡ ❝❤❛♥❣❡s ✐♥ t❤❡ ♣❛r❛♠❡t❡rs ♦❢ t❤❡ ❣♦✈❡r♥♠❡♥t✬s ❞❡❝✐s✐♦♥ r✉❧❡s ❛r❡ ❛ss✉♠❡❞ t♦
❜❡ ✉♥❡①♣❡❝t❡❞✳

❛♥❞ ❆♥t♦❧✐♥✲❉✐❛③ ❡t ❛❧✳ ✭✷✵✷✶✮✮ ❛♥❞ ❉❙●❊ ♠♦❞❡❧s ✭❆❞♦❧❢s♦♥ ❡t ❛❧✳ ✭✷✵✵✺✮ ❛♥❞ ❉❡❧ ◆❡❣r♦ ❛♥❞ ❙❝❤♦r❢❤❡✐❞❡ ✭✷✵✶✸❛✮✮✳
✶✾❲❤❡♥ t❤❡ ♣❛r❧✐❛♠❡♥t ❛♣♣r♦✈❡s t❤❡ ❣♦✈❡r♥♠❡♥t✬s ❜✉❞❣❡t✱ t❤❡ ❣♦✈❡r♥♠❡♥t ❝♦♠♠✐ts ✐ts❡❧❢ t♦ ✐ts ❡①♣❡♥❞✐t✉r❡s ❛♥❞

r❡✈❡♥✉❡s ❜② ♣r❡s❡♥t✐♥❣ t❤❡ ✐♠♣❧✐❝❛t✐♦♥s ♦❢ t❤❡s❡ ❝♦♠♠✐t♠❡♥ts ♦♥ t❤❡ ♦✉t♣✉t✱ ✐♥✢❛t✐♦♥✱ ✐♥t❡r❡st r❛t❡s ❛♥❞ ♣✉❜❧✐❝ ❞❡❜t✳
✷✵❚❤❡ t✐♠❡ s❡r✐❡s ♦❢ t❤❡ ❣♦✈❡r♥♠❡♥t ❢♦r❡❝❛sts ❛r❡ ❜❛s❡❞ ♦♥ ❛ ♠✐①t✉r❡ ♦❢ ♥♦♥✲str✉❝t✉r❛❧ ♠♦❞❡❧s✱ t❤❡ ❡①♣❡r✐❡♥❝❡ ♦❢

t❤❡ ❢♦r❡❝❛st❡rs ❛♥❞ t❤❡ ❦♥♦✇❧❡❞❣❡ ♦❢ ❞♦♠❛✐♥ ❡①♣❡rts✳ ❚❤❡② ❛r❡ ❜❛s❡❞ ♦♥ ❧❡ss r❡str✐❝t✐✈❡ r❡❧❛t✐♦♥s t❤❛♥ t❤♦s❡ ✐♠♣❧✐❡❞
❜② ❛ ❍❆◆❑ ♠♦❞❡❧✱ ❜✉t ♠♦st❧② ♦♥ s✐❣♥✐✜❝❛♥t❧② ❧❛r❣❡r ✐♥❢♦r♠❛t✐♦♥ s❡ts ✭t❤❛t ✐♥❝❧✉❞❡ t❤❡ ❦♥♦✇❧❡❞❣❡ ♦❢ ❞♦♠❛✐♥ ❡①♣❡rts
❢♦r ✐♠♣r♦✈✐♥❣ t❤❡ ❝r❡❞✐❜✐❧✐t② ♦❢ t❤❡s❡ ❢♦r❡❝❛sts✮✳

✷✶▲❡❡♣❡r ❛♥❞ ❩❤❛ ✭✷✵✵✸✮ ❞❡✜♥❡ t❤❡ s✐③❡ ♦❢ t❤❡ ♣♦❧✐❝② ❝❤❛♥❣❡s t❤❛t ❝❛♥ ❜❡ ❞❡✜♥❡❞ ❛s ❜❡✐♥❣ ✏♠♦❞❡st✑✱ ✐♥ t❤❡ s❡♥s❡
t❤❛t t❤❡ r❡✲♦♣t✐♠✐③❛t✐♦♥ ♦❢ t❤❡ ♠♦❞❡❧ ❞♦❡s ♥♦t ❧❡❛❞ t♦ ❛ s✐❣♥✐✜❝❛♥t ❝❤❛♥❣❡ ✐♥ t❤❡ ❢♦r❡❝❛sts✳ ❙❡❡ ❛❧s♦ ❆❞♦❧❢s♦♥ ❡t ❛❧✳
✭✷✵✵✺✮ ❢♦r ❛ ♠♦r❡ ❣❡♥❡r❛❧ ♠❡❛s✉r❡ ✉s✐♥❣ ❉❙●❊ ♠♦❞❡❧s✳ ❙❡❡ ●❛❧✐ ✭✷✵✶✶✮ ❢♦r ❛ ❝r✐t✐❝❛❧ ❛♥❛❧②s✐s ♦❢ ❝♦♥❞✐t✐♦♥❛❧ ❢♦r❡❝❛sts✳

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

✶✼



✹✳✷ ▲✉❝❛s ✭✶✾✼✻✮ ❝r✐t✐q✉❡

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

ct = aEtct+1 + byt + γt ✇✐t❤ |a| < 1, ❛♥❞ γt ∼ iid(0, 1)
yt = ρyt−1 + σεt ✇✐t❤ |ρ| < 1, ❛♥❞ εt ∼ iid(0, 1)
γt = ργγt−1 + σγet ✇✐t❤ |ργ | < 1, ❛♥❞ et ∼ iid(0, 1)



 ⇒ ct =

b

1− ρa
yt +

b

1− ργa
γt ✭✸✮

❚❤✐s ♠♦❞❡❧ ❞✐st✐♥❣✉✐s❤❡s t✇♦ t②♣❡s ♦❢ ❡①♦❣❡♥♦✉s ✈❛r✐❛❜❧❡s✿ yt ❝❛♥ ❜❡ ♠❛♥✐♣✉❧❛t❡❞ ❜② t❤❡ ❣♦✈❡r♥♠❡♥t
✭♣♦❧✐❝② ❝❤❛♥❣❡s✮✱ ✇❤❡r❡❛s γt ❝❛♥♥♦t ✭♣r❡❢❡r❡♥❝❡s ♦r t❡❝❤♥♦❧♦❣② s❤♦❝❦s✮✳

■♥ ♦r❞❡r t♦ ♣r♦✈✐❞❡ q✉❛♥t✐t❛t✐✈❡ ♣♦❧✐❝② ❡✈❛❧✉❛t✐♦♥s✱ ♦♥❡ ♠✉st ❡st✐♠❛t❡ t❤✐s ♠♦❞❡❧✳ ❚❤❡ ❞❛t❛s❡t
YT = {ct, yt}

T
t=0 ❛❧❧♦✇s t❤❡ ♠♦❞❡❧ M t♦ ✐❞❡♥t✐❢② t❤❡ s❡q✉❡♥❝❡s ET = {εt, et}

T
t=0✱ ❣✐✈❡♥ t❤❡ ❡st✐♠❛t❡❞

♣❛r❛♠❡t❡r s❡t Θ̂ = {â, b̂, ρ̂, σ̂, ρ̂γ , σ̂γ}✳ ❚❤❡ s♦❧✉t✐♦♥ ✐s ❞❡❞✉❝❡❞ ❢r♦♠

YT = M(ET |Θ̂) ⇒ ET = M−1(YT |Θ̂) ✇✐t❤ Θ̂ = ❆r❣♠❛① L(Θ|YT )

❘❡♠❛r❦ t❤❛t t❤❡ ✐❞❡♥t✐✜❝❛t✐♦♥ ♦❢ {εt}
T
t=0 ❞♦❡s ♥♦t ❞❡♣❡♥❞ ♦♥ t❤❡ ♠♦❞❡❧ ❝♦♥tr❛r✐❧② t♦ t❤❡ s❡q✉❡♥❝❡

{et}
T
t=0✱ ❧❡❛❞✐♥❣ t♦ {γt}

T
t=0 s✐♠♣❧② ❜❡❝❛✉s❡ γt ✐s ✉♥♦❜s❡r✈❛❜❧❡✳

❯s✐♥❣ t❤✐s ♠♦❞❡❧✬s ❡st✐♠❛t✐♦♥✱ ♦♥❡ ❝❛♥ ❜✉✐❧❞ ❢♦r❡❝❛sts✳ ❚❤❡ ❢♦r❡❝❛st {cT+h}
H
h=1 ✐s ❞❡✜♥❡❞ ❜②✿

ET cT+h =
b̂

1− âρ̂
ρ̂hyT +

b̂

1− ρ̂γ â
ρ̂hγγT

❲✐t❤♦✉t ❛♥② ✐♥❢♦r♠❛t✐♦♥ ♦♥ t❤❡ ❞❛t❛ ❛t ♣❡r✐♦❞s T + h✱ ∀h > 0✱ t❤❡ ♠♦❞❡❧ ✉s❡❞ t♦ ❢♦r❡❝❛st ✐s
❛ss✉♠❡❞ t♦ ❜❡ t❤❡ ♦♥❡ ❡st✐♠❛t❡❞ ♦♥ ❤✐st♦r✐❝❛❧ ❞❛t❛s❡t YT ✳

❈♦♥❞✐t✐♦♥❛❧ ❢♦r❡❝❛sts✳ ❆ ❝♦♥❞✐t✐♦♥❛❧ ❢♦r❡❝❛st ✉s❡s ✐♥❢♦r♠❛t✐♦♥ ♦♥ ❢✉t✉r❡ r❡❛❧✐③❛t✐♦♥s ♦❢ ct ❛♥❞ yt✱
YT+H = {cT+h, yT+h}

H
h=1✱ ✐♥ ♦r❞❡r t♦ r❡✈❡❛❧ t❤❡ s❡q✉❡♥❝❡s ♦❢ ET+H = {eT+h, γT+h}

H
h=1 s❛t✐s❢②✐♥❣

YT+h = M(ET+h|Θ̂)✳ ●✐✈❡♥ t❤❛t t❤❡ ❋✐♥❛♥❝❡ ❆❝t ❝❛♥ ♣r♦♣♦s❡ ♥❡✇ ♣♦❧✐❝✐❡s✱ t❤❡ ❣♦✈❡r♥♠❡♥t✬s
❞❡❝✐s✐♦♥ r✉❧❡s ❝❛♥ ❝❤❛♥❣❡ ❝♦♠♣❛r❡❞ t♦ t❤❡ ♦♥❡s ♦❜s❡r✈❡❞ ✐♥ t❤❡ ♣❛st ❛♥❞ ❡st✐♠❛t❡❞ ♦✈❡r t❤❡ s❛♠♣❧❡
t ∈ [0, T ]✳ ❚❤❡r❡❢♦r❡✱ t♦ t❛❦❡ s❡r✐♦✉s❧② t❤✐s ♣♦t❡♥t✐❛❧ ♣r♦❜❧❡♠✱ ✜rst ✉♥❞❡r❧✐♥❡❞ ❜② ▲✉❝❛s ✭✶✾✼✻✮✱ ✇❡
♠✉st ❞✐st✐♥❣✉✐s❤ t✇♦ ❝❛s❡s✳

❈❛s❡ ✶✿ st❛❜✐❧✐t② ♦❢ t❤❡ ❣♦✈❡r♥♠❡♥t✬s ❞❡❝✐s✐♦♥ r✉❧❡s✳ ■♥ t❤❡ ✜rst st❡♣✱ t❤❡ ❣♦✈❡r♥♠❡♥t
❛♥♥♦✉♥❝❡s ✐ts ♣♦❧✐❝② ❛♥❞ t❤✉s s❡ts {yT+h}

H
h=1✳ ❯s✐♥❣ t❤❡ ♠♦❞❡❧ ✭✸✮✱ t❤❡ s❡q✉❡♥❝❡ ♦❢ {εT+h}

H
h=1 ✐s

✐❞❡♥t✐✜❡❞ ✉s✐♥❣ εT+h = 1
σ̂
(yT+h − ρ̂yT+h−1)✳ ❚❤✐s ❢♦r❡❝❛st ✐s ♥♦t ❜✐❛s❡❞ ✐❢ ❛♥❞ ♦♥❧② ✐❢ εT+h ∈ CI ♦❢

N (0, 1)✳ ■❢ t❤✐s ✐s t❤❡ ❝❛s❡✱ t❤❡♥ t❤❡ st❛❜✐❧✐t② ♦❢ t❤❡ ♣❛r❛♠❡t❡rs {ρ, σ} ✐s ♥♦t r❡❥❡❝t❡❞ ❜② t❤❡ ♥❡✇
❛♥♥♦✉♥❝❡♠❡♥ts ♦❢ t❤❡ ❣♦✈❡r♥♠❡♥t✳

■❢ t❤❡ st❛❜✐❧✐t② ♦❢ t❤❡ ❣♦✈❡r♥♠❡♥t✬s ❞❡❝✐s✐♦♥ r✉❧❡ ✐s ♥♦t r❡❥❡❝t❡❞✱ t❤❡ s❡q✉❡♥❝❡ {eT+h}
H
h=1 ❝❛♥ ❜❡

✐❞❡♥t✐✜❡❞ t❤r♦✉❣❤ γT+h =
1−ρ̂γ â

b̂
cT+h−

1−ρ̂γ â
1−ρ̂â yT+h ❛♥❞ eT+h = 1

σ̂γ
(γT+h− ρ̂γγT+h−1)✳ ■❢ eT+h ∈ CI

♦❢ N (0, 1)✱ t❤❡♥ t❤❡ st❛❜✐❧✐t② ♦❢ t❤❡ ♣❛r❛♠❡t❡rs {ργ , σγ} ✐s ♥♦t r❡❥❡❝t❡❞✱ ✐✳❡✳ t❤❡ ❜❡❤❛✈✐♦rs ♦❢
❤♦✉s❡❤♦❧❞s ❛♥❞ ✜r♠s ❛r❡ ❛❧s♦ st❛❜❧❡✳

❈❛s❡ ✷✿ ✐♥st❛❜✐❧✐t② ♦❢ t❤❡ ❣♦✈❡r♥♠❡♥t✬s ❞❡❝✐s✐♦♥ r✉❧❡s✳ ■❢ t❤❡ ❣♦✈❡r♥♠❡♥t✬s ❞❡❝✐s✐♦♥ r✉❧❡s
❛r❡ ✉♥st❛❜❧❡✱ t❤❡♥ t❤❡② ❝❛♥ ❜❡ r❡✇r✐tt❡♥ ❛s ❢♦❧❧♦✇s✿

yt =

{
ρ̂yt−1 + σ̂εt ✐❢ t ≤ T ❖❧❞ ♣♦❧✐❝② r✉❧❡
ρ̃yt−1 + σ̃εt ✐❢ t > T ◆❡✇ ♣♦❧✐❝② r✉❧❡

✶✽



❚❤❡r❡❢♦r❡✱ ✇❤❡♥ t❤❡ ❣♦✈❡r♥♠❡♥t ❛♥♥♦✉♥❝❡s {yT+h}
H
h=1✱ t❤❡ s❡q✉❡♥❝❡ ♦❢ {εT+h}

H
h=1 ♠✉st ❜❡ ✐❞❡♥t✐✲

✜❡❞ ✉s✐♥❣ εT+h = 1
σ̃
(yT+h − ρ̃yT+h−1)✳ ■❢ ✇❡ ❛ss✉♠❡ t❤❛t {a, b, ργ , σγ} ❞♦❡s ♥♦t ❝❤❛♥❣❡ ✇❤❡♥ t❤❡

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

❢♦r❡❝❛st t❤❡✐r ❝♦♥s✉♠♣t✐♦♥ ❛s ❢♦❧❧♦✇s✿✷✸ ET cT+h = b̂
1−âρ̃ ρ̃

hyT + b̂
1−ρ̂γ â

ρ̂hγγT ✳ ❚❤❡ ❝♦♥❞✐t✐♦♥❛❧ ❢♦r❡✲

❝❛sts✱ ✐✳❡✳ t❤❡ ❢♦r❡❝❛sts ✉s✐♥❣ t❤❡ ✐♥❢♦r♠❛t✐♦♥ s❡t YT+H ✱ ❛❧❧♦✇ ✉s t♦ ✐❞❡♥t✐❢② t❤❡ s❡q✉❡♥❝❡ {ẽT+h}
H
h=1

t❤r♦✉❣❤

γ̃T+h =
1− ρ̂γ â

b̂
cT+h −

1− ρ̂γ â

1− ρ̃a
yT+h ❛♥❞ ẽT+h =

1

σ̂γ
(γ̃T+h − ρ̂γ γ̃T+h−1)

❚❤❡ st❛❜✐❧✐t② ♦❢ {a, b, ργ , σγ} ✐s ♥♦t r❡❥❡❝t❡❞ ✐❢ ẽT+h ∈ CI ♦❢ N (0, 1)✳✷✹

❆♣♣❧✐❝❛t✐♦♥✳ ■♥ ♦✉r ♠♦r❡ ❝♦♠♣❧❡① ♠♦❞❡❧✱ ✇❡ ❛❝❝❡ss t❤❡ q✉❛♥t✐t❛t✐✈❡ r❡❧❡✈❛♥❝❡ ♦❢ t❤❡ ▲✉❝❛s ✭✶✾✼✻✮
❝r✐t✐q✉❡ ❜② s✐♠♣❧② t❡st✐♥❣ ✐❢ εT+h ∈ CI ♦❢ N (0, 1) ❛♥❞ eT+h ∈ CI ♦❢ N (0, 1)✱ ❛❢t❡r ❤❛✈✐♥❣ ✐❞❡♥t✐✜❡❞
t❤❡s❡ t✇♦ s❡q✉❡♥❝❡s {ET+h}

H
h=1 ✉s✐♥❣ ET+H = M−1(YT+H |Θ̂)✳ ■❢ t❤✐s ✐s t❤❡ ❝❛s❡✱ t❤❡♥ t❤❡ ▲✉❝❛s

✭✶✾✼✻✮ ❝r✐t✐q✉❡ ✐s ♥♦t q✉❛♥t✐t❛t✐✈❡❧② r❡❧❡✈❛♥t ❛♥❞ t❤❡ s❡q✉❡♥❝❡s ❛r❡ ♥♦t ❜✐❛s❡❞✳
❖♥ t❤❡ ❝♦♥tr❛r②✱ ✐❢ εT+h /∈ CI ♦❢ N (0, 1)✱ t❤❡♥ ❛ ♥❡✇ r✉❧❡ ❢♦r t❤❡ ♣r♦❝❡ss❡s ♦❢ t❤❡ ❡①♦❣❡♥♦✉s

♣♦❧✐❝② s❤♦❝❦s Xt ♠✉st ❜❡ r❡✲❡st✐♠❛t❡❞✳ ❲❡ r❡✲❡st✐♠❛t❡ t❤✐s r✉❧❡ ✉s✐♥❣ ♠❛①✐♠✉♠✲❧✐❦❡❧✐❤♦♦❞ t❡❝❤♥✐❝s

Θ̃x = ❛r❣♠❛① L
(
Θx|{XT+h}

T+H
h=T ,Φ

)
❢♦r XT+h ∈ YT+h✳ ❚❤❡r❡❢♦r❡✱ t❤❡ ✐❞❡♥t✐✜❝❛t✐♦♥ ♦❢ ET+H ✐s

♥♦✇ ♠❛❞❡ t❤r♦✉❣❤ ET+h = M−1(YT+h|{Θ̂−x, Θ̃x})✳ ■♥ t❤✐s ❝❛s❡✱ t❤❡ ▲✉❝❛s ✭✶✾✼✻✮✬s ❝r✐t✐❝✐s♠ ✐s
q✉❛♥t✐t❛t✐✈❡❧② r❡❧❡✈❛♥t ❛♥❞ t❤❡ ✐❞❡♥t✐✜❝❛t✐♦♥ ♣r♦❝❡ss ♦❢ t❤❡ s❤♦❝❦ ✐♥♥♦✈❛t✐♦♥s ♠✉st ❜❡ ✏❝♦rr❡❝t❡❞✑
✐♥ ♦r❞❡r t♦ ❜❡ ✉♥❜✐❛s❡❞✳

✹✳✸ ❆ss❡ss✐♥❣ t❤❡ ❝❤❛♥❣❡s ✐♥ ♣♦❧✐❝② r✉❧❡s

❋✐❣✉r❡ ✷ s❤♦✇s t❤❡ ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧s ❢♦r t❤❡ ✐♥♥♦✈❛t✐♦♥s ♦❢ t❤❡ ❣♦✈❡r♥♠❡♥t ❞❡❝✐s✐♦♥ r✉❧❡s ✭❣r❡② ❛r✲
❡❛s✮✱ t❤❡ ♠❡❛♥ ♦❢ t❤❡s❡ s❤♦❝❦s ✭r❡❞ ❧✐♥❡✮ ❛♥❞ t❤❡ s❡q✉❡♥❝❡s ♦❢ t❤❡ ✐♥♥♦✈❛t✐♦♥s ✭❜❧❛❝❦ ❧✐♥❡s✮ ✐❞❡♥t✐✜❡❞
❜② t❤❡ ♠♦❞❡❧s t♦ ❛❧❧♦✇ ✐t t♦ ♠❛t❝❤ t❤❡ ❣♦✈❡r♥♠❡♥t ❢♦r❡❝❛sts✳

❋♦r ❛❧❧ s❤♦❝❦s✱ ✇❡ ❝♦♠♣❛r❡ t❤❡ s✐♠✉❧❛t✐♦♥s ❜❛s❡❞ ♦♥ t❤❡ ♠♦❞❡❧s ✇❤❡r❡ {ρ, σ} ❛r❡ ♦r ❛r❡ ♥♦t r❡✲
❡st✐♠❛t❡❞✳ ❚❤❡ r❡✲❡st✐♠❛t✐♦♥ ♦❢ {ρ, σ} ✐s ❜❛s❡❞ ♦♥ ❞❛t❛ {Gt, Tt} ❛❝❝♦✉♥t✐♥❣ ❢♦r t❤❡ ❝♦♠♠✐t♠❡♥ts ❢♦r
t❤❡ s❛♠♣❧❡ t ∈ [4Q2019; 4Q2027]✱ ❞❡s❝r✐❜❡❞ ✐♥ t❤❡ ❋✐♥❛♥❝❡ ❆❝t✳ ❊①❝❡♣t ❢♦r ❣♦✈❡r♥♠❡♥t✲❝♦♥s✉♠♣t✐♦♥
❛♥❞ ❣♦✈❡r♥♠❡♥t✲tr❛♥s❢❡r s❤♦❝❦s ✭s❡❡ t❤❡ ✐♥♥♦✈❛t✐♦♥s ♦❢ ❤♦✉s❡❤♦❧❞ ❛♥❞ ✜r♠ s❤♦❝❦s ❞✐s♣❧❛②❡❞ ✐♥
❋✐❣✉r❡ ✷✶✮✱ ✐t ✐s ♥♦t ♣♦ss✐❜❧❡ t♦ r❡❥❡❝t t❤❡ ❛ss✉♠♣t✐♦♥ ♦❢ ✐♥✈❛r✐❛♥❝❡ ♦❢ t❤❡ ❧❛✇s ♦❢ t❤❡s❡ ✐♥♥♦✈❛t✐♦♥s✳
❚❤❡r❡❢♦r❡✱ ✐♥ t❤❡ ❡✈❛❧✉❛t✐♦♥s ♦❢ t❤❡ ❋r❡♥❝❤ ❋✐♥❛♥❝❡ ❆❝t✱ ❜❛s❡❞ ♦♥ ❝♦♥❞✐t✐♦♥❛❧ ❢♦r❡❝❛sts✱ ✇❡ ✉s❡
t❤❡ ♥❡✇ ✈❛❧✉❡s ❢♦r {ρ̃, σ̃} r❡♣♦rt❡❞ ✐♥ ❚❛❜❧❡ ✻ ❛s ✐t ❛❧❧♦✇s ❛❣❡♥ts✬ ❡①♣❡❝t❛t✐♦♥s t♦ ❜❡ ♠♦❞❡❧❡❞
s❛t✐s❢❛❝t♦r✐❧②✳

G T

ρ̃ ✵✳✾✺✾✺✸ ✵✳✾✵✸✾✶
σ̃ ✵✵✽✻✼ ✵✳✵✷✷✾✾

❚❛❜❧❡ ✻✿ ❊st✐♠❛t❡❞ ♣❛r❛♠❡t❡rs ♦✈❡r ✹◗✲✷✵✶✾ t♦ ✹◗✲✷✵✷✼

❆❧t❤♦✉❣❤ ✐♥ t❤❡ ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧✱ ♣❛♥❡❧s ✭❞✮✱ ✭✐✮✱ ✭♠✮✱ ✭♣✮✱ ✭s✮ ❛♥❞ ✭✈✮ ✐♥ ❋✐❣✉r❡ ✷✶ ✐♥ ❆♣♣❡♥❞✐①
❊✱ s✉❣❣❡st t❤❛t t❤❡ ❋✐♥❛♥❝❡ ❆❝t ✐s ❤✐❣❤❧② ♦♣t✐♠✐st✐❝ r❡❣❛r❞✐♥❣ ♠❛r❦✉♣s ❛♥❞ t❤❡ ❤✐❣❤✲s❦✐❧❧ ✇♦r❦❡r

✷✸❚❤❡ ❜✐❛s ✇✐t❤♦✉t ❡①♣❡❝t❛t✐♦♥✬s r❡✈✐s✐♦♥ ✐s ET [cT+h|ρ̂]− ET [cT+h|ρ̃] =
(

ρ̂h

1−âρ̂
− ρ̃h

1−âρ̃

)
b̂yT

✷✹❚❤❡ ❜✐❛s ❜❡t✇❡❡♥ ✏tr✉❡✑ ✭γ̃T+h, ẽT+h✮ ❛♥❞ ✏♥❛✐✈❡✑ ✭γT+h, eT+h✮ s❤♦❝❦s ✐s ❣✐✈❡♥ ❜② γ̃T+h − γT+h = â(ρ̂ −

ρ̃)
1−ρ̂γ â

(1−ρ̂â)(1−ρ̃â)
yT+h ✐♠♣❧②✐♥❣ t❤❛t widetildeeT+h − eT+h = 1

σ̂γ
â(ρ̂− ρ̃)

1−ρ̂γ â

(1−ρ̂â)(1−ρ̃â)
[(ρ̃− ρ̂γ)yT+h−1 + σ̃εT+h]✳

✶✾
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−0.04
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Average

✭❞✮ ●♦✈t✳ tr❛♥s❢❡rs ✭❇✮

❋✐❣✉r❡ ✷✿ ■♥♥♦✈❛t✐♦♥s ♦❢ ❣♦✈❡r♥♠❡♥t ❞❡❝✐s✐♦♥ r✉❧❡s✳ ✭❆✮ ❜❡❢♦r❡ ❛♥❞ ✭❇✮ ❛❢t❡r r❡✲❡st✐♠❛t✐♦♥✳

✷✵



❧❛❜♦r✲♠❛r❦❡t ♣❛t❤s✳ ❚❤❡ ✉♥❞❡r❧②✐♥❣ s❡q✉❡♥❝❡ ♦❢ ♣r♦❞✉❝t✐✈✐t② s❤♦❝❦s ❞❡❝❧✐♥❡s ❝♦♥t✐♥✉♦✉s❧②✳✷✺ ■♥
t❤❡ ❡✈❛❧✉❛t✐♦♥s ♦❢ t❤❡ ❋r❡♥❝❤ ❋✐♥❛♥❝❡ ❆❝t✱ ❜❛s❡❞ ♦♥ ❝♦♥❞✐t✐♦♥❛❧ ❢♦r❡❝❛sts✱ ✇❡ t❤❡r❡❢♦r❡ ✉s❡ t❤❡
r❡✲❡st✐♠❛t❡❞ ♠♦❞❡❧ ❜❡❝❛✉s❡ ✐t ❛❧❧♦✇s ❛❣❡♥ts✬ ❡①♣❡❝t❛t✐♦♥s t♦ ❜❡ ♠♦❞❡❧❡❞ s❛t✐s❢❛❝t♦r✐❧②✳

✺ ❆ss❡ss✐♥❣ t❤❡ ❉❡❜t ❙✉❜st❛✐♥❛❜✐❧✐t② ♦❢ t❤❡ ❋✐♥❛♥❝❡ ❆❝t

✺✳✶ ❙❤♦❝❦s ❯♥❞❡r❧②✐♥❣ t❤❡ ●♦✈❡r♥♠❡♥t✬s ❋♦r❡❝❛sts

❋✐❣✉r❡s ✸ ❛♥❞ ✹ r❡♣r❡s❡♥t t❤❡ ❞❡✈✐❛t✐♦♥s ❢r♦♠ t❤❡ st❡❛❞②✲st❛t❡ ✈❛❧✉❡s ♦❢ ❛❧❧ t✐♠❡ s❡r✐❡s ✐♥ E ✳ ❚❤❡
✐♥t❡r❡st r❛t❡ ✐s q✉❛rt❡r❧② ❛♥❞ ❝♦rr❡s♣♦♥❞s t♦ ❛♥ ❛♥♥✉❛❧ ✐♥t❡r❡st ♦❢ ✸✪✱ ✇✐t❤ ❛♥ ❛♥♥✉❛❧ s♣r❡❛❞ ❡q✉❛❧
t♦ ✶✪✱ t❤✉s ✐♠♣❧②✐♥❣ ❛ ❇❈❊ ❛♥♥✉❛❧ ✐♥t❡r❡st r❛t❡ ❡q✉❛❧ t♦ ✷✪✳

P❛♥❡❧ ✭❛✮ ♦❢ ❋✐❣✉r❡ ✸ s❤♦✇s t❤❛t t❤❡ ❞✐s❝♦✉♥t ❢❛❝t♦r ✭βt✮ t❛❦❡s ✈❛❧✉❡s ❛❜♦✈❡ ✐ts st❡❛❞②✲st❛t❡
✈❛❧✉❡ ♦✈❡r t❤❡ ❡♥t✐r❡ ❢♦r❡❝❛st ♣❡r✐♦❞✱ ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ✐♥♥♦✈❛t✐♦♥ ❤✐st♦r② ♦❢ ♣❛♥❡❧ ✭❞✮ ♦❢ ❋✐❣✉r❡
✷ ✭❛❧❧ ✐♥♥♦✈❛t✐♦♥s✬ r❡❛❧✐③❛t✐♦♥s ♦✈❡r ✹◗✲✷✵✷✸ t♦ ✹◗✲✷✵✷✼ ❛r❡ ❛❜♦✈❡ ③❡r♦✮✳ P❛♥❡❧ ✭❛✮ ♦❢ t❤❡ ❋✐❣✉r❡
s❤♦✇s t❤❛t t❤❡ ✈❛❧✉❡s ♦❢ βt ❣♦❡s ❢r♦♠ ✶✳✵✷✹ t♦ ✵✳✾✾✾ ❞✉r✐♥❣ t❤❡ ❢♦r❡❝❛st ♣❡r✐♦❞ ✭t❤❡s❡ ♥✉♠❜❡rs
❛r❡ ♦❜t❛✐♥❡❞ ❜② ❛❞❞✐♥❣ t❤❡ ✈❛❧✉❡s ✐♥ t❤❡ ♣❛♥❡❧ ✭❛✮ ♦❢ t❤❡ ❋✐❣✉r❡ ✸ t♦ t❤❡ ✈❛❧✉❡ ♦❢ β ❛t t❤❡ st❡❛❞②
st❛t❡✮✳ ❚❤✐s ✉♥❞❡r❧✐♥❡s t❤❛t t❤❡ ❤♦✉s❡❤♦❧❞s✬ ❞❡♠❛♥❞ ✐s ❞❡♣r❡ss❡❞ ♦✈❡r t❤❡ ❢♦r❡❝❛st ♣❡r✐♦❞s ❜② ❛♥
❡①❝❡♣t✐♦♥❛❧❧② ❤✐❣❤ ♣r❡❢❡r❡♥❝❡ ❢♦r s❛✈✐♥❣✳

P❛♥❡❧ ✭❜✮ ♦❢ ❋✐❣✉r❡ ✸ s❤♦✇s t❤❛t t❤❡ ♣r✐❝❡ ♠❛r❦✉♣ ✭µt✮ t❛❦❡s ✈❛❧✉❡s ❜❡❧♦✇ ✐ts st❡❛❞②✲st❛t❡ ✈❛❧✉❡
♦✈❡r t❤❡ ❡♥t✐r❡ ❢♦r❡❝❛st ♣❡r✐♦❞✱ ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ✐♥♥♦✈❛t✐♦♥ ❤✐st♦r② ♦❢ t❤❡ ♣❛♥❡❧ ✭❝✮ ♦❢ ❋✐❣✉r❡ ✷✶
✭❛❧❧ ✐♥♥♦✈❛t✐♦♥s✬ r❡❛❧✐③❛t✐♦♥s ♦✈❡r ✹◗✲✷✵✷✸ t♦ ✹◗✲✷✵✷✼ ❛r❡ ❜❡❧♦✇ ③❡r♦✮✳ ❯s✐♥❣ ❞❛t❛ ♦❢ ♣❛♥❡❧ ✭❜✮ ♦❢
❋✐❣✉r❡ ✸✱ ✇❡ ❞❡❞✉❝❡ t❤❛t µt ✇✐❧❧ t❛❦❡ ✈❛❧✉❡s ❜❡t✇❡❡♥ ✶✳✶✶✶ ❛♥❞ ✶✳✶✷✺ ✐✳❡✳ ❛ ♠❛r❦✉♣ ❛❧♠♦st ❞✐✈✐❞❡❞
❜② ✷ ♦✈❡r t❤❡ ❢♦r❡❝❛st ♣❡r✐♦❞ ✭❢r♦♠ ✷✵✪ t♦ ✶✶✪ ♦r ✶✷✪✮✳

P❛♥❡❧ ✭❝✮ ♦❢ ❋✐❣✉r❡ ✸ s❤♦✇s t❤❛t t❤❡ ❡♥❡r❣② ♣r✐❝❡ ✭PFE,t✮ t❛❦❡s ✈❛❧✉❡s ❛❜♦✈❡ ✐ts st❡❛❞② st❛t❡
✈❛❧✉❡ ♦✈❡r t❤❡ ❡♥t✐r❡ ❢♦r❡❝❛st ♣❡r✐♦❞✱ ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ✐♥♥♦✈❛t✐♦♥ ❤✐st♦r② ♦❢ ♣❛♥❡❧ ✭❞✮ ♦❢ ❋✐❣✉r❡
✷✶ ✭❛❧❧ ✐♥♥♦✈❛t✐♦♥s✬ r❡❛❧✐③❛t✐♦♥s ♦✈❡r ✹◗✲✷✵✷✸ t♦ ✹◗✲✷✵✷✼ ❛r❡ ❛❜♦✈❡ ③❡r♦✮✳ ❯s✐♥❣ ❞❛t❛ ♦❢ ♣❛♥❡❧ ✭❝✮ ♦❢
❋✐❣✉r❡ ✸✱ ✇❡ ❞❡❞✉❝❡ t❤❛t t❤❡ ❡♥❡r❣② ♣r✐❝❡ ✇✐❧❧ ❜❡ ❜❡t✇❡❡♥ ✶✽✪ ❛♥❞ ✷✾✪ ❛❜♦✈❡ ✐ts st❡❛❞②✲st❛t❡ ✈❛❧✉❡✳
❚❤✐s ❡st✐♠❛t❡ ❝♦rr❡s♣♦♥❞s t♦ ❛ ✈❛r✐❛t✐♦♥ ♦❢ ♦✐❧ ♣r✐❝❡ ❣♦✐♥❣ ❢r♦♠ ✺✵✳✸et♦ ✹✻e✭✐♥ ♣r✐❝❡s ♦❢ ✶✾✾✺✮ ❢r♦♠
✸◗✷✵✷✸ t♦ ✹◗✷✵✷✼✱ ❣✐✈❡♥ t❤❛t t❤❡ ❛✈❡r❛❣❡ ✈❛❧✉❡ ♦❢ ♦✐❧ ♣r✐❝❡ ❜❡t✇❡❡♥ ✶◗✲✷✵✵✸ t♦ ✹◗✲✷✵✶✾ ✐s ❡q✉❛❧
t♦ ✸✽✳✾e✳

P❛♥❡❧ ✭❞✮ ♦❢ ❋✐❣✉r❡ ✸ s❤♦✇s t❤❛t t❤❡ ❣♦✈❡r♥♠❡♥t ❝♦♥s✉♠♣t✐♦♥ ✭Gt✮ t❛❦❡s ✈❛❧✉❡s ❜❡❧♦✇ ✐ts st❡❛❞②✲
st❛t❡ ✈❛❧✉❡ ♦✈❡r t❤❡ ❡♥t✐r❡ ❢♦r❡❝❛st ♣❡r✐♦❞✱ ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ✐♥♥♦✈❛t✐♦♥ ❤✐st♦r② ♦❢ t❤❡ ♣❛♥❡❧ ✭❝✮
♦❢ t❤❡ ❋✐❣✉r❡ ✷ ✭❛❧❧ ✐♥♥♦✈❛t✐♦♥s✬ r❡❛❧✐③❛t✐♦♥s ♦✈❡r ✹◗✲✷✵✷✸ t♦ ✹◗✲✷✵✷✼ ❛r❡ ❜❡❧♦✇ ③❡r♦✮✳ ❯s✐♥❣ ❞❛t❛
♦❢ t❤❡ ♣❛♥❡❧ ✭❞✮ ♦❢ ❋✐❣✉r❡ ✸✱ ✇❡ ❞❡❞✉❝❡ t❤❛t Gt ✇✐❧❧ t❛❦❡ ✈❛❧✉❡s ❝♦♥s✐st❛♥t❧② ❛r♦✉♥❞ ✲✵✳✵✵✺ ♦✈❡r t❤❡
❢♦r❡❝❛st ♣❡r✐♦❞✱ ♠❡❛♥✐♥❣ ❛ r❡❞✉❝t✐♦♥ ♦❢ ❛r♦✉♥❞ ✵✳✺✪ ♦❢ t❤❡ ❣♦✈❡r♥♠❡♥t ❝♦♥s✉♠♣t✐♦♥ ✇✐t❤ r❡s♣❡❝t
t♦ ✐ts ✹◗✷✵✶✾ ✈❛❧✉❡ ✭t❤❡ r❡❢❡r❡♥❝❡ ♣♦✐♥t✮✳

P❛♥❡❧ ✭❡✮ ♦❢ ❋✐❣✉r❡ ✸ r❡♣♦rts t❤❡ ✈❛❧✉❡s ❢♦r ❣♦✈❡r♥♠❡♥t tr❛♥s❢❡rs ✭Tt✮✱ s❤♦✇✐♥❣ t❤❛t t❤❡② ❛r❡ ✹✪
t♦ ✺✪ ❜❡❧♦✇ t❤❡✐r ✹◗✷✵✶✾ ✈❛❧✉❡ ✭t❤❡ r❡❢❡r❡♥❝❡ ♣♦✐♥t✮✱ ❝♦♥s✐st❡♥t❧② ✇✐t❤ t❤❡ ✐♥♥♦✈❛t✐♦♥ ❤✐st♦r② ♦❢
t❤❡ ♣❛♥❡❧ ✭❞✮ ♦❢ t❤❡ ❋✐❣✉r❡ ✷ ✭❛❧❧ ✐♥♥♦✈❛t✐♦♥s✬ r❡❛❧✐③❛t✐♦♥s ♦✈❡r ✹◗✷✵✷✸ t♦ ✹◗✷✵✷✼ ❛r❡ ❜❡❧♦✇ ③❡r♦✮✳

❚❤❡ ✈❛❧✉❡s ♦❢ ❡♥❡r❣② s✉❜s✐❞✐❡s ❝♦rr❡s♣♦♥❞✐♥❣ t♦ t❤❡ t❛r✐✛ s❤✐❡❧❞ ❛r❡ r❡♣♦rt❡❞ ✐♥ ♣❛♥❡❧ ✭❢✮ ♦❢ ❋✐❣✉r❡
✸✳ ❚❤✐s s✉❜s✐❞② ❝♦rr❡s♣♦♥❞s t♦ ❛♥ ❡♥❡r❣②✲♣r✐❝❡ ❝✉t ❛♣♣r♦①✐♠❛t❡❧② ❡q✉❛❧ t♦ ✶✷✪ ✉♥t✐❧ ✹◗✷✵✷✸✳

■❢ t❤❡ ♠♦♥❡t❛r② ♣♦❧✐❝② s❤♦❝❦ ♦s❝✐❧❧❛t❡s ❛r♦✉♥❞ ③❡r♦✱ s✉❣❣❡st✐♥❣ ✈❡r② ❧✐tt❧❡ ✈❛r✐❛t✐♦♥ ✐♥ ✐t ✭s❡❡
♣❛♥❡❧ ✭❣✮ ♦❢ ❋✐❣✉r❡ ✸✮✱ t❤❡ r✐s❦ ♣r❡♠✐✉♠ ♣❛✐❞ ❜② t❤❡ ❣♦✈❡r♥♠❡♥t ✇❤❡♥ ✐t r❡♣❛②s ✐ts ❞❡❜t ✐s ♦♥
t❤❡ ♦t❤❡r ❤❛♥❞ ❝♦♥t✐♥✉♦✉s❧② ❜❡❧♦✇ ♦❢ ✐ts ❧♦♥❣✲t❡r♠ ✈❛❧✉❡✱ ❡✈❡♥ ✐❢ ✐t r✐s❡s t♦✇❛r❞s ✐t ❛t t❤❡ ❡♥❞ ♦❢
t❤❡ ❢♦r❡❝❛st ♣❡r✐♦❞ ✭s❡❡ ♣❛♥❡❧ ✭❤✮ ♦❢ t❤❡ ❋✐❣✉r❡ ✸✮✳ ❖✈❡r t❤❡ ❢♦r❡❝❛st ♣❡r✐♦❞✱ t❤❡ s♣r❡❛❞ ✇✐❧❧ ❜❡

✷✺❋✐❣✉r❡s ✷✼ t♦ ✸✵ ✐♥ t❤❡ ❆♣♣❡♥❞✐① ● s❤♦✇ t❤❡ ❢♦r❡❝❛sts ♦❢ ❡♥❞♦❣❡♥♦✉s ✈❛r✐❛❜❧❡s ❛♥❞ t❤❡✐r ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧s
✉♥❞❡r t❤❡ ❛ss✉♠♣t✐♦♥ t❤❛t ❛❧❧ ✐♥♥♦✈❛t✐♦♥s ♦❢ t❤❡ ❡①♦❣❡♥♦✉s ✈❛r✐❛❜❧❡s ❛r❡ ❞r❛✇♥ ✐♥ t❤❡✐r ❡st✐♠❛t❡❞ ❞✐str✐❜✉t✐♦♥s✳

✷✶



2024 2025 2026 2027

0.015

0.020

0.025

0.030

0.035

Preference

Without re-estimation
With re-estimation

✭❛✮ ❉✐s❝♦✉♥t r❛t❡

2024 2025 2026 2027

−0.088

−0.086

−0.084

−0.082

−0.080

−0.078

−0.076

Price markup

Without re-estimation
With re-estimation

✭❜✮ ▼❛r❦✲✉♣

2024 2025 2026 2027

0.20

0.22

0.24

0.26

0.28

Energy price

Without re-estimation
With re-estimation

✭❝✮ ❊♥❡r❣② ♣r✐❝❡

2024 2025 2026 2027

−0.025

−0.020

−0.015

−0.010

−0.005

Public spending

Without re-estimation
With re-estimation

✭❞✮ ●♦✈t✳ ❝♦♥s✉♠♣t✐♦♥

2024 2025 2026 2027

−0.09

−0.08

−0.07

−0.06

−0.05

−0.04

Transfers

Without re-estimation
With re-estimation

✭❡✮ ●♦✈t✳ tr❛♥s❢❡rs

2024 2025 2026 2027

0.00

0.02

0.04

0.06

0.08

0.10

0.12

Energy subsidy

Without re-estimation
With re-estimation

✭❢✮ ❚❛r✐✛ s❤✐❡❧❞

2024 2025 2026 2027

−0.008

−0.006

−0.004

−0.002

0.000

0.002

0.004

0.006

Monetary policy

Without re-estimation
With re-estimation

✭❣✮ ◆♦♠✐♥❛❧ ✐♥t❡r❡st r❛t❡

2024 2025 2026 2027
−0.0075

−0.0070

−0.0065

−0.0060

−0.0055

Interest spread

Without re-estimation
With re-estimation

✭❤✮ ❙♣r❡❛❞

2024 2025 2026 2027

−0.14

−0.12

−0.10

−0.08

−0.06

−0.04

−0.02

0.00
Measure Error

Without re-estimation
With re-estimation

✭✐✮ ▼❡❛s✉r❡♠❡♥t ❡rr♦r

❋✐❣✉r❡ ✸✿ ❚✐♠❡ s❡r✐❡s ♦❢ ❡st✐♠❛t❡❞ s❤♦❝❦s✳ ❚❤❡ ❧✐♥❡s ❝♦rr❡s♣♦♥❞ t❤❡ ❡st✐♠❛t❡❞ s❤♦❝❦s ✇❤❡♥ t❤❡ ♠♦❞❡❧ ✐s

r❡✲❡st✐♠❛t❡❞ ✭❇✮✳ ❉♦tt❡❞ ❧✐♥❡ ❝♦rr❡s♣♦♥❞ t❤❡ ❡st✐♠❛t❡❞ s❤♦❝❦s ✇❤❡♥ t❤❡ ♠♦❞❡❧ ✐s ♥♦t r❡✲❡st✐♠❛t❡❞ ✭❆✮

✷✷



❧♦✇❡r ❜② ✵✳✻ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥t ♣❡r q✉❛rt❡r ♦♥ ❛✈❡r❛❣❡ ✭✷✳✹ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts ♣❡r ②❡❛r✮ ❝♦♠♣❛r❡❞ t♦
✐ts ❧♦♥❣✲t❡r♠ ✈❛❧✉❡ ✇❤✐❝❤ ✐s ✵✳✷✹ ✪ ♣❡r q✉❛rt❡r ✭✶✪ ♣❡r ②❡❛r✮✳ ❚❤❡ r❡❛❧ ✐♥t❡r❡st r❛t❡ ♣❛✐❞ ❜② t❤❡
❣♦✈❡r♥♠❡♥t t♦ r❡♣❛② ✐ts ❞❡❜t ✭t❤✐s r❛t❡ ✇✐❧❧ ❜❡ ♦♥ ❛✈❡r❛❣❡ ✵✳✻✪ ♣❡r ②❡❛r✮ ✇✐❧❧ t❤❡r❡❢♦r❡ ❜❡ ❧♦✇❡r
t❤❛♥ t❤❡ r❡❛❧ ❊❈❇✲✐♥t❡r❡st r❛t❡ ♦✈❡r t❤❡ ❡♥t✐r❡ ❢♦r❡❝❛st ♣❡r✐♦❞ ✭t❤✐s r❛t❡ ✇✐❧❧ ❜❡ ♦♥ ❛✈❡r❛❣❡ ✷✪✮✳

2024 2025 2026 2027

−0.03

−0.02

−0.01

0.00

0.01

Leisure preference Low-skill

Without re-estimation
With re-estimation

✭❛✮ ❉✐s✉t✐❧✐t② ♦❢ ✇♦r❦✐♥❣ l

2024 2025 2026 2027

−0.055

−0.050

−0.045

−0.040

−0.035

−0.030

−0.025

−0.020

−0.015

Leisure preference Middle-skill

Without re-estimation
With re-estimation

✭❜✮ ❉✐s✉t✐❧✐t② ♦❢ ✇♦r❦✐♥❣ m

2024 2025 2026 2027

−0.050

−0.045

−0.040

−0.035

−0.030

−0.025

Leisure preference High-skill

Without re-estimation
With re-estimation

✭❝✮ ❉✐s✉t✐❧✐t② ♦❢ ✇♦r❦✐♥❣ h

2024 2025 2026 2027

−0.020

−0.018

−0.016

−0.014

−0.012

Low-skill productivity

Without re-estimation
With re-estimation

✭❞✮ ❲♦r❦ ❡✣❝✐❡♥❝② l

2024 2025 2026 2027
−0.0375

−0.0350

−0.0325

−0.0300

−0.0275

−0.0250

−0.0225

−0.0200

−0.0175
Middle-skill productivity

Without re-estimation
With re-estimation

✭❡✮ ❲♦r❦ ❡✣❝✐❡♥❝② m

2024 2025 2026 2027
−0.0425

−0.0400

−0.0375

−0.0350

−0.0325

−0.0300

−0.0275

−0.0250

High-skill productivity

Without re-estimation
With re-estimation

✭❢✮ ❲♦r❦ ❡✣❝✐❡♥❝② h

❋✐❣✉r❡ ✹✿ ❚✐♠❡ s❡r✐❡s ♦❢ ❡st✐♠❛t❡❞ s❤♦❝❦s ✳ ❚❤❡ ❧✐♥❡s ❝♦rr❡s♣♦♥❞ t❤❡ ❡st✐♠❛t❡❞ s❤♦❝❦s ✇❤❡♥ t❤❡ ♠♦❞❡❧ ✐s

r❡✲❡st✐♠❛t❡❞ ✭❇✮✳ ❉♦tt❡❞ ❧✐♥❡ ❝♦rr❡s♣♦♥❞ t❤❡ ❡st✐♠❛t❡❞ s❤♦❝❦s ✇❤❡♥ t❤❡ ♠♦❞❡❧ ✐s ♥♦t r❡✲❡st✐♠❛t❡❞ ✭❆✮

❋✐♥❛❧❧②✱ ♣❛♥❡❧s ✭❞✮✱ ✭❡✮ ❛♥❞ ✭❢✮ ♦❢ ❋✐❣✉r❡ ✹ s❤♦✇ t❤❛t t❤❡ ❧❛❜♦r ♣r♦❞✉❝t✐✈✐t② ♦❢ ❛❧❧ ❡♠♣❧♦②❡❡s
❞❡❝❧✐♥❡s ✭✇❤❡♥ r❡♠♦✈✐♥❣ t❤❡ ❤✐st♦r✐❝❛❧ tr❡♥❞✮ ♦✈❡r t❤❡ ❢♦r❡❝❛st ♣❡r✐♦❞✿ ❜❡t✇❡❡♥ ✶ ❛♥❞ ✷✪ ❢♦r
✇♦r❦❡rs r❡❝❡✐✈✐♥❣ ❧♦✇ ✇❛❣❡s✱ ❛♥❞ ❜❡t✇❡❡♥ ✷ ❛♥❞ ✹✪ ❢♦r t❤♦s❡ r❡❝❡✐✈✐♥❣ ♠✐❞❞❧❡ ❛♥❞ ❤✐❣❤ s❛❧❛r✐❡s✳
■❢ t❤❡ ❞❡❝❧✐♥❡ ✐♥ ♣r♦❞✉❝t✐✈✐t② ✐s s❤❛r❡❞ ❜② ❛❧❧ t②♣❡s ♦❢ ✇♦r❦❡rs✱ t❤❡ s❛♠❡ ✐s ♥♦t tr✉❡ ❢♦r t❤❡ ❧❛❜♦r✲
❞✐s✉t✐❧✐t② ❡✈♦❧✉t✐♦♥ ✭s❡❡ P❛♥❡❧s ✭❛✮✱ ✭❜✮ ❛♥❞ ✭❝✮ ♦❢ ❋✐❣✉r❡ ✹✮✳ ■t ✐s st❛❜❧❡ ❢♦r ❧♦✇✲✇❛❣❡ ✇♦r❦❡rs ✇❤✐❧❡
✐t ❞❡❝r❡❛s❡s ✉♣ t♦ ✹✪ ❢♦r t❤♦s❡ ✇✐t❤ ♠✐❞❞❧❡ ❛♥❞ ❤✐❣❤ ✇❛❣❡s✳

✺✳✷ ❱❛r✐❛♥❝❡ ❛♥❞ ❝♦♥tr✐❜✉t✐♦♥ ❞❡❝♦♠♣♦s✐t✐♦♥

❋✐❣✉r❡ ✺ ✭♣❛♥❡❧ ✭❛✮✮ ✐♥❞✐❝❛t❡s t❤❛t ❜✉❞❣❡t❛r② ❞❡❝✐s✐♦♥s ♦♥❧② ❡①♣❧❛✐♥ ❛r♦✉♥❞ ✷✵✪ ♦❢ ●❉P ❢♦r❡❝❛st
❞✉r✐♥❣ t❤❡ ♣❡r✐♦❞✳ ❚❤✉s✱ ❡♥✈✐r♦♥♠❡♥t❛❧ s❤♦❝❦s ❡①♣❧❛✐♥ t❤❡ ❧❛r❣❡st s❤❛r❡✳ ❚❤✐s t❤❡♥ ♠❛❦❡s t❤❡
❋✐♥❛♥❝❡ ❆❝t ❢♦r❡❝❛sts ✉♥❝❡rt❛✐♥ ❛s t❤❡② r❡❧② ❤❡❛✈✐❧② ♦♥ s❤♦❝❦s ♥♦t ❝♦♥tr♦❧❧❡❞ ❜② t❤❡ ❣♦✈❡r♥♠❡♥t✳
❚❤❡ ♣❛♥❡❧ ✭❛✮ ♦❢ ❋✐❣✉r❡ ✺ ❣✐✈❡s t❤❡ ❡①❤❛✉st✐✈❡ ❞❡❝♦♠♣♦s✐t✐♦♥ ♦❢ t❤❡ ✈❛r✐❛♥❝❡ ♦❢ ●❉P ❛❝❝♦r❞✐♥❣ t♦
t❤❡ ✶✺ s♦✉r❝❡s ♦❢ ✢✉❝t✉❛t✐♦♥ ✐♥t❡❣r❛t❡❞ ✐♥t♦ ❈❡♣r❡❍❆◆❑✳ ■♥ ✷✵✷✼✱ t❤❡ s✉♠ ♦❢ t❤❡ ❝♦♥tr✐❜✉t✐♦♥s
♦❢ ♣✉❜❧✐❝ ❝♦♥s✉♠♣t✐♦♥ ❛♥❞ tr❛♥s❢❡r s❤♦❝❦s✱ t♦ ✇❤✐❝❤ ✇❡ ❛❧s♦ ❛❞❞ t❤❡ ❝♦♥tr✐❜✉t✐♦♥ ♦❢ ♠❡❛s✉r❡♠❡♥t
❡rr♦r✱ ❛♠♦✉♥ts t♦ 8.4% + 0.4% + 17.0% = 25.8%✳✷✻

✷✻❚❤❡ ❝♦♠♣❧❡t❡ st❛t✐st✐❝s ♦❢ t❤❡ ✈❛r✐❛♥❝❡ ❞❡❝♦♠♣♦s✐t✐♦♥ ❛r❡ ✐♥ t❤❡ ❚❛❜❧❡s ✶✹ ❛♥❞ ✶✺ ♦❢ t❤❡ ❆♣♣❡♥❞✐① ❉✳

✷✸



2023 2024 2025 2026 2027
0

20

40

60

80

100

Variance decomposition of output

Preference
Price markup
Energy price
Monetary policy
Interest spread
Leisure preference Low-skill
Leisure preference Middle-skill
Leisure preference High-skill
Low-skill productivity
Middle-skill productivity
High-skill productivity
Public spending
Transfers
Energy subsidy
Measure Error

✭❛✮ ❆❧❧ s❤♦❝❦s
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Variance decomposition of output (excluding government decisions)

✭❜✮ ◆❡t ♦❢ ●✈t✳ s❤♦❝❦s

❋✐❣✉r❡ ✺✿ ❱❛r✐❛♥❝❡ ❞❡❝♦♠♣♦s✐t✐♦♥✿ ❖✉t♣✉t✳ ❆❢t❡r r❡✲❡st✐♠❛t✐♦♥ ✭❇✮

❚♦ ❡①tr❛❝t t❤❡ s❤♦❝❦s t❤❛t ❛r❡ ♥♦t ✐♥ t❤❡ ❣♦✈❡r♥♠❡♥t ❜✉❞❣❡t✱ ✇❡ t❤❡♥ r❡♣♦rt ✐♥ ♣❛♥❡❧ ✭❜✮ ♦❢ t❤❡
❋✐❣✉r❡ ✺ t❤❡ r❡♠❛✐♥✐♥❣ ❡✛❡❝ts ✭✇❤✐❝❤ ❛r❡ t❤❡♥ r❡✲♥♦r♠❛❧✐③❡❞ t♦ ✶✵✵✪✮✳ ■❢ ✇❡ ❡①❝❧✉❞❡ ❜✉❞❣❡t❛r②
s❤♦❝❦s✱ s❤♦❝❦s t♦ ❞❡♠❛♥❞✱ ♠❛r❦✉♣✱ ❡♥❡r❣② ♣r✐❝❡✱ ❧❛❜♦r s✉♣♣❧② ❛♥❞ ♣r♦❞✉❝t✐✈✐t② ❡①♣❧❛✐♥ t❤❡ ♠❛❥♦r✐t②
♦❢ ✈❛r✐❛t✐♦♥s ✐♥ ●❉P✱ ♠♦♥❡t❛r② ♣♦❧✐❝② s❤♦❝❦s ❛♥❞ r✐s❦ ♣r❡♠✐✉♠ ♦♥ ♣✉❜❧✐❝ ❞❡❜t ❤❛✈✐♥❣✱ ❢♦r t❤❡✐r
♣❛rt✱ ♦♥❧② ❛ ♠♦❞❡st ❝♦♥tr✐❜✉t✐♦♥✳

❋✐❣✉r❡ ✻ ❣✐✈❡s t❤❡ ❝♦♥tr✐❜✉t✐♦♥ ♦❢ ❡❛❝❤ s❤♦❝❦ ✐♥ t❤❡ q✉❛rt❡r❧② ❢♦r❡❝❛st ♦❢ ❡❛❝❤ ✈❛r✐❛❜❧❡✳ ❚❤r❡❡
✈❛r✐❛❜❧❡s ❛r❡ ♣✉r❡❧② ❡①♦❣❡♥♦✉s✿ ♣✉❜❧✐❝ ❝♦♥s✉♠♣t✐♦♥✱ ♣✉❜❧✐❝ tr❛♥s❢❡rs✱ ❛♥❞ ❡♥❡r❣② ♣r✐❝❡s✳ ❚❤❡ t❡♠✲
♣♦r❛r② ❡♥❡r❣② s✉❜s✐❞② ✭t❛r✐✛ s❤✐❡❧❞✮ ✐s ❛❧s♦ ❝♦♠♣❧❡t❡❧② ✐♥❞❡♣❡♥❞❡♥t ♦❢ ♦t❤❡r ✈❛r✐❛❜❧❡s✳ ■t ❛♣♣❡❛rs
t❤❛t ❡♥❡r❣②✲♣r✐❝❡ s❤♦❝❦s ❤❛✈❡ ❛ ❧❛r❣❡ ❝♦♥tr✐❜✉t✐♦♥ t♦ ✐♥✢❛t✐♦♥ ❞②♥❛♠✐❝s ✭♣r✐❝❡ ❛♥❞ ✇❛❣❡s✮✳ ❉❡♠❛♥❞
❛♥❞ ♠❛r❦✉♣ s❤♦❝❦s ❡①♣❧❛✐♥ ❛ ❧❛r❣❡ ♣❛rt ♦❢ ♦✉t♣✉t ❞②♥❛♠✐❝s✳ ❋✐♥❛❧❧②✱ t❤❡ s❤♦❝❦s ♦♥ t❤❡ ❞✐s✉t✐❧✐t② ♦❢
✇♦r❦✐♥❣ ❛♥❞ ♣r♦❞✉❝t✐✈✐t② ❤❛✈❡ s✐❣♥✐✜❝❛♥t ❝♦♥tr✐❜✉t✐♦♥s t♦ t♦t❛❧ ❤♦✉rs ✇♦r❦❡❞✳

✺✳✸ ❊✈❛❧✉❛t✐♥❣ t❤❡ ❯♥❝❡rt❛✐♥t② ❆r♦✉♥❞ ❛ ❋✐♥❛♥❝❡ ❆❝t

■♥ ♦r❞❡r t♦ ❜r✐♥❣ ❣♦✈❡r♥♠❡♥t ❢♦r❡❝❛sts ✐♥t♦ ❛ ❝♦♥t❡①t ✇❤❡r❡ ❡①tr❡♠❡ r❡❛❧✐③❛t✐♦♥s ♦❢ ❡♥✈✐r♦♥♠❡♥t❛❧
✈❛r✐❛❜❧❡s ❛r❡ ❧❡ss ❧✐❦❡❧②✱ ✇❡ ❝♦♥str✉❝t ❝♦✉♥t❡r❢❛❝t✉❛❧ s❝❡♥❛r✐♦s ✐♥ ✇❤✐❝❤ t❤❡ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ ♦❢
♦♥❡ ♦❢ t❤❡s❡ ❡♥✈✐r♦♥♠❡♥t❛❧ ✈❛r✐❛❜❧❡s ✐s r❡❞✉❝❡❞ ❜② ✷✺✪✳ ❚❤✐s ❧❡❛❞s ✉s t♦ ♠✉❧t✐♣❧② t❤❡ s❡q✉❡♥❝❡ ♦❢
❡st✐♠❛t❡❞ s❤♦❝❦s ❛✛❡❝t✐♥❣ t❤✐s ❡♥✈✐r♦♥♠❡♥t❛❧ ✈❛r✐❛❜❧❡ ♦✈❡r t❤❡ ❢♦r❡❝❛st ❤♦r✐③♦♥ ❜② ✼✺✪✳ ❲❡ ❝❛♥
t❤❡♥ ❡①♣r❡ss ✐♥ t❡r♠s ♦❢ ●❉P ❧♦ss❡s ♦r ❣❛✐♥s ✭♦r ❞❡❜t ✐♥❝r❡❛s❡ ♦r r❡❞✉❝t✐♦♥✮ t❤❡ ♠❛❝r♦❡❝♦♥♦♠✐❝
✐♠♣❛❝t ♦❢ ❣♦✈❡r♥♠❡♥t ♦✈❡r❝♦♥✜❞❡♥❝❡ ✭♦r ✉♥❞❡r✲❝♦♥✜❞❡♥❝❡✮ ✐♥ ❢✉t✉r❡ ❡❝♦♥♦♠✐❝ ❝♦♥❞✐t✐♦♥s ❛♥❞ ✐ts
r❡♣❡r❝✉ss✐♦♥s ♦♥ ✐♥❡q✉❛❧✐t② tr❡♥❞s✳

❋♦r t❤❡ ❣♦✈❡r♥♠❡♥t✬s ♣r♦❥❡❝t✐♦♥s t♦ ❜❡❝♦♠❡ r❡❛❧✐③❛t✐♦♥s✱ ♦✉r ❛♥❛❧②s✐s ❤✐❣❤❧✐❣❤ts t❤❡ ♥❡❝❡ss❛r②
❝♦♠❜✐♥❛t✐♦♥ ♦❢ ✏❢❛✈♦r❛❜❧❡ ✇✐♥❞s✑✱ ❢❛❝✐❧✐t❛t✐♥❣ t❤❡ ♦❜❥❡❝t✐✈❡ ♦❢ ●❉P ❣r♦✇t❤ ❛♥❞ r❡st♦r❛t✐♦♥ ♦❢ t❤❡
❜❛❧❛♥❝❡ ♦❢ ♣✉❜❧✐❝ ✜♥❛♥❝❡s ✭s❤♦❝❦s ♦♥ ♠❛r❦✉♣✱ ❧❛❜♦r s✉♣♣❧② ❛♥❞ r✐s❦ ♣r❡♠✐✉♠✮✱ ❛♥❞ ✏✉♥❢❛✈♦r❛❜❧❡
✇✐♥❞s✑ ✭s❤♦❝❦s ♦♥ ♣r♦❞✉❝t✐✈✐t② ❛♥❞ ❞❡♠❛♥❞✮✱ ♠❛❦✐♥❣ t❤✐s ♦❜❥❡❝t✐✈❡ ♠♦r❡ ❞✐✣❝✉❧t t♦ ❛❝❤✐❡✈❡✳ ❚❤❡s❡
❛r❡ t❤❡ ❝♦♥❞✐t✐♦♥s t❤❛t ❞❡s❡r✈❡ t♦ ❜❡ ❛ss❡ss❡❞ t♦ ❥✉❞❣❡ t❤❡ ❝r❡❞✐❜✐❧✐t② ♦❢ t❤❡ ❋✐♥❛♥❝❡ ❆❝t✳ ❆ s✉♠♠❛r②
♦❢ t❤❡ r❡s✉❧ts ❛r❡ s❤♦✇♥ ✐♥ ❚❛❜❧❡ ✼ ✇❤✐❧❡ ❞❡t❛✐❧s ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ ❆♣♣❡♥❞✐① ❋✳

❚❤❡ ❋✐♥❛♥❝❡ ❆❝t ❢♦r❡❝❛sts ❛ r❛t❤❡r ♦♣t✐♠✐st ❛♥♥✉❛❧ ✐♥❝r❡❛s❡ ♦❢ ●❉P ♦❢ ✶✳✻✹✪ ❜❡t✇❡❡♥ ✷✵✵✸
t♦ ✷✵✷✼✳ ❆s ✇❡ ❝❛♥ ♦❜s❡r✈❡✱ t❤❡ ♦✉t♣✉t ❣r♦✇t❤ ❝❛♥ ✈❛r② ❜❡t✇❡❡♥ ✰✵✳✶✷♣♣ t♦ ✲✵✳✶✶♣♣ ❞❡♣❡♥❞✐♥❣
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▼✐❞❞❧❡✲s❦✐❧❧ ❡♠♣❧♦②♠❡♥t ✵✳✽✸✪ ✵✳✼✺✪ ✵✳✽✶✪ ✵✳✼✷✪ ✵✳✾✵✪ ✵✳✼✻✪
❍✐❣❤✲s❦✐❧❧ ❡♠♣❧♦②♠❡♥t ✵✳✾✵✪ ✵✳✼✹✪ ✵✳✽✺✪ ✵✳✻✷✪ ✵✳✾✾✪ ✵✳✼✾✪

◆♦t❡✿ ❘❡s✉❧ts ❛r❡ ♣r❡s❡♥t❡❞ ❛s ❛✈❡r❛❣❡ ❛♥♥✉❛❧ ❣r♦✇t❤ ♦✈❡r t❤❡ ♣❡r✐♦❞ ✷✵✷✸◗✶✲✷✵✷✼◗✹ ❢♦r ♦✉t♣✉t ❛♥❞
❡♠♣❧♦②♠❡♥t✳ ■♥✢❛t✐♦♥ ✐s ❣✐✈❡♥ ❛♥♥✉❛❧ ♣❡r❝❡♥t❛❣❡ ✇❤✐❧❡ t❤❡ ❞❡❜t✲t♦✲●❉P r❛t✐♦ ❝♦rr❡s♣♦♥❞s t♦ t❤❡ ✈❛❧✉❡ ✐♥
✷✵✷✼◗✹✳

❚❛❜❧❡ ✼✿ ❯♥❝❡rt❛✐♥t② ❛ss❡ss♠❡♥t✿ ✐♠♣❛❝t ♦❢ s♠❛❧❧❡r s❤♦❝❦s

♦♥ t❤❡ s❝❡♥❛r✐♦✳ ❆ ❞❡❝r❡❛s❡ ♦❢ ♣r✐❝❡✲♠❛r❦✉♣ ♦r ❧❛❜♦r✲❞✐s✉t✐❧✐t② s❤♦❝❦s ✭✐✳❡✳ ❛♥ ✐♥❝r❡❛s❡ ♦❢ ♠❛r❦✉♣
❛♥❞ ❧❛❜♦r ❞✐s✉t✐❧✐t②✮ ✇♦✉❧❞ ❝❛✉s❡ t❤❡ ❤✐❣❤❡st ❢❛❧❧ ✇❤✐❧❡ t❤❡ ❞✐♠✐♥✉t✐♦♥ ♦❢ t❤❡ ♣r♦❞✉❝t✐✈✐t② s❤♦❝❦
✭✐✳❡✳ ❛♥ ✐♥❝r❡❛s❡ ♦❢ ♣r♦❞✉❝t✐✈✐t②✮ ✇♦✉❧❞ ❧❡❛❞ t♦ ❛♥ ✐♠♣♦rt❛♥t ✐♥❝r❡❛s❡ ♦❢ ●❉P✳ ❚❤❡ ❣♦✈❡r♥♠❡♥t
♣❧❛♥s ❢♦r t❤❡ ❞❡❜t✲t♦✲●❉P r❛t✐♦ t♦ ❞❡❝r❡❛s❡ t♦ ✶✵✽✳✸✪ ✐♥ ✷✵✷✼◗✹✳ ❍♦✇❡✈❡r✱ ❛ ❞❡❝r❡❛s❡ ♦❢ ❧❛❜♦r✲
❞✐s✉t✐❧✐t② ♦r ✐♥t❡r❡st✲s♣r❡❛❞ s❤♦❝❦s ❜② ✷✺✪ ✇♦✉❧❞ ❝♦♠♣❧❡t❡❧② ♦✈❡rt✉r♥ ❛♥② ♣❧❛♥♥❡❞ ❞❡❝r❡❛s❡✱ ✇✐t❤
❞❡❜t✲t♦✲●❉P r❛t✐♦ r❡♠❛✐♥✐♥❣ ❛t ✶✶✶✪✳ ❖♥ t❤❡ ❝♦♥tr❛r②✱ ❛ ❞✐♠✐♥✉t✐♦♥ ♦❢ t❤❡ ♣r❡❢❡r❡♥❝❡ s❤♦❝❦✱
♠❡❛♥✐♥❣ ❤♦✉s❡❤♦❧❞s ✐♥❝r❡❛s✐♥❣ ❝♦♥s✉♠♣t✐♦♥✱ ✇♦✉❧❞ ❛❧❧♦✇ t❤❡ ❣♦✈❡r♥♠❡♥t t♦ ❞❡❝r❡❛s❡ ❞❡❜t ♠♦r❡
❡❛s✐❧②✱ t♦ ✶✵✺✳✼✪ ♦❢ ●❉P✳ ❚❤❡♥✱ ❛♥♥✉❛❧ ✐♥✢❛t✐♦♥ ✐s ❢♦r❡❝❛st❡❞ t♦ ❜❡ ❛t ✷✳✹✷✪ ♦✈❡r t❤❡ ❝♦♥s✐❞❡r❡❞
♣❡r✐♦❞✳ ❍♦✇❡✈❡r✱ ❛♥ ✐♥❝r❡❛s❡ ♦❢ t❤❡ ♠❛r❦✉♣ ✇♦✉❧❞ ♠❛❦❡ ✐t ❣♦ ❛❜♦✈❡ ✸✪✳ ❆ ❜❡tt❡r ♣r♦❞✉❝t✐✈✐t②
✇♦✉❧❞ ❞✐♠✐♥✐s❤ ❧❛❜♦r ❝♦sts ❛♥❞ ❛s s✉❝❤ ❤❛✈❡ t❤❡ ♦♣♣♦s✐t❡ ❡✛❡❝t✱ ❜r✐♥❣✐♥❣ ✐♥✢❛t✐♦♥ ❞♦✇♥ t♦ ✷✳✵✽✪✳
❋✐♥❛❧❧②✱ t❤❡ ❣♦✈❡r♥♠❡♥t ❢♦r❡❝❛sts ❛♥ ✐♥❝r❡❛s❡ ♦❢ ❡♠♣❧♦②♠❡♥t ♦❢ ✵✳✼✶✪ ♣❡r ②❡❛r✳ Pr❡❢❡r❡♥❝❡s ♠♦r❡
❢❛✈♦r❛❜❧❡ t♦ ❝♦♥s✉♠♣t✐♦♥ ✇♦✉❧❞ ❤❡❧♣ ❡♠♣❧♦②♠❡♥t ❣r♦✇t❤✱ ❝❛✉s✐♥❣ ✐t t♦ ✐♥❝r❡❛s❡ t♦ ✵✳✼✽✪✳ ❖♥ t❤❡
❝♦♥tr❛r②✱ ❛ ❤✐❣❤❡r ✐♥t❡r❡st s♣r❡❛❞ ♦r ❛ ❤✐❣❤❡st ❞✐s✉t✐❧✐t② ♦❢ ❧❛❜♦r ✇♦✉❧❞ ❧♦❣✐❝❛❧❧② ❜r✐♥❣ ❡♠♣❧♦②♠❡♥t
❞♦✇♥ ✭✐♥❝r❡❛s✐♥❣ r❡s♣❡❝t✐✈❡❧② ♦❢ ✵✳✻✷✪ ❛♥❞ ✵✳✻✸✪✮✳

❚❤✉s✱ t❤✐s ❡①❡r❝✐s❡ s❤♦✇s t❤❛t t❤❡ s✐③❡ ♦❢ s❤♦❝❦s ✐s ♦❢ ❣r❡❛t ✐♠♣♦rt❛♥❝❡ ❢♦r t❤❡ s✉❝❝❡ss ♦❢ t❤❡
❣♦✈❡r♥♠❡♥t ❢♦r❡❝❛sts✳ ❊✈❡♥ r❛t❤❡r s♠❛❧❧ ❝❤❛♥❣❡s ❝❛♥ ❧❡❛❞ t♦ ❧❛r❣❡ ❝♦♥s❡q✉❡♥❝❡s ✐♥ t❡r♠s ♦❢ ♦✉t♣✉t✱
❞❡❜t✱ ✐♥✢❛t✐♦♥ ♦r ❡♠♣❧♦②♠❡♥t✳

✻ ❆ss❡ss✐♥❣ ❋✐s❝❛❧ ❈♦♥s♦❧✐❞❛t✐♦♥ Pr♦❣r❛♠s

■♥ ✐ts ❋✐♥❛♥❝❡ ❆❝t✱ t❤❡ ❋r❡♥❝❤ ❣♦✈❡r♥♠❡♥t ♣❧❛♥s ❢♦r ❛ s♠❛❧❧ ❞❡❝r❡❛s❡ ♦❢ ❞❡❜t✲t♦✲●❉P r❛t✐♦ ❜② ✷✵✷✼ t♦
✶✵✽✳✸✪ t❤❛♥❦s t♦ ❛ str♦♥❣ ✐♥❝r❡❛s❡ ✐♥ ●❉P ❣r♦✇t❤✳ ◆❡✈❡rt❤❡❧❡ss✱ t❤❡ ♣r❡✈✐♦✉s s❡❝t✐♦♥ s❤♦✇❡❞ t❤❛t
✉♥❝❡rt❛✐♥t② ❛r♦✉♥❞ t❤❡ r❡❛❧✐③❛t✐♦♥ ♦❢ t❤❡ ❋✐♥❛♥❝❡ ❆❝t ❢♦r❡❝❛sts ✐s ❤✐❣❤✳ ❇❡s✐❞❡s✱ ❞❡❜t✲s✉st❛✐♥❛❜✐❧✐t②
♣r♦❜❧❡♠s ♠❛② ♣✉t ✐♥t♦ q✉❡st✐♦♥s t❤❡ str❛t❡❣② ♦❢ t❤❡ ❣♦✈❡r♥♠❡♥t ❛♥❞ ❧❡❛❞ t♦ ❝❛❧❧s t♦ ❞❡❝r❡❛s❡ ❞❡❜t
t❤r♦✉❣❤ ♣✉❜❧✐❝✲s♣❡♥❞✐♥❣ r❡❞✉❝t✐♦♥ ♣r♦❣r❛♠s✳ ❆s s✉❝❤✱ ✐t ✐s ✐♠♣♦rt❛♥t t♦ ❝♦♥s✐❞❡r ♠♦r❡ s✉❜st❛♥t✐❛❧
✜s❝❛❧✲❝♦♥s♦❧✐❞❛t✐♦♥ ♣r♦❣r❛♠s t❤❛t ✇✐❧❧ ❡♥❛❜❧❡ ❋r❛♥❝❡ t♦ ❛❝❤✐❡✈❡ ❛ ❧❛r❣❡r r❡❞✉❝t✐♦♥ ✐♥ ✐ts ♣✉❜❧✐❝ ❞❡❜t✳
❙✐♠♣❧② ♣✉t✱ ❝♦✉❧❞ ❋r❛♥❝❡ r❡❞✉❝❡ ✐ts ✐♥❞❡❜t❡❞♥❡ss ♠♦r❡ s❤❛r♣❧② t❤❛♥ ❢♦r❡❝❛st❡❞ ✐♥ t❤❡ ❋✐♥❛♥❝❡ ❆❝t❄

P✉❜❧✐❝✲❞❡❜t s✉st❛✐♥❛❜✐❧✐t② ✐s ❛t t❤❡ ❝❡♥t❡r ♦❢ ♣♦❧✐❝② ❞✐s❝✉ss✐♦♥s t♦❞❛② ❛s✱ ✐♥ ♠♦st ❞❡✈❡❧♦♣❡❞
❝♦✉♥tr✐❡s ❛s ❋r❛♥❝❡✱ ❞❡❜t ✐♥t❡r❡st r❛t❡ ✐s ❣❡tt✐♥❣ ❝❧♦s❡ ♦r ❛❜♦✈❡ t❤❡ ❣r♦✇t❤ r❛t❡ ♦❢ t❤❡ ❡❝♦♥♦♠②❀ ❞❡❜t
✐s ❛t ♣❛rt✐❝✉❧❛r❧② ❤✐❣❤ ❧❡✈❡❧ ❢♦❧❧♦✇✐♥❣ ✜s❝❛❧ ♣❛❝❦❛❣❡s ❧✐♥❦❡❞ t♦ t❤❡ ❈♦✈✐❞✲✶✾ ❝r✐s✐s❀ ❛♥❞ ✜s❝❛❧ s♣❛❝❡ ✐s
r❡q✉✐r❡❞ t♦ ❢❛❝❡ ♥❡✇ ❝❤❛❧❧❡♥❣❡s ❛s ❝❧✐♠❛t❡ ❝❤❛♥❣❡ ✭❇❧❛♥❝❤❛r❞ ✭✷✵✷✸✮✮✳ ❍♦✇❡✈❡r✱ t❤❡ ❞✐✣❝✉❧t✐❡s ♦❢
❞❡❝r❡❛s✐♥❣ ❞❡❜t ❤❛✈❡ ❜❡❡♥ ✉♥❞❡r❧✐♥❡❞ ❢♦r ②❡❛rs✳ ❊♠♣✐r✐❝❛❧ st✉❞✐❡s ❤❛✈❡ ♥♦t❛❜❧② ❢♦✉♥❞ t❤❛t ♣♦❧✐❝✐❡s
❢♦❝✉s✐♥❣ ♦♥ ❞❡❝r❡❛s✐♥❣ ❞❡❜t ❤❛✈❡ ♦❢t❡♥ ❤✐♥❞❡r❡❞ ❡❝♦♥♦♠✐❝ ❣r♦✇t❤ ✭❇❧❛♥❝❤❛r❞ ❛♥❞ ▲❡✐❣❤ ✭✷✵✶✸✮✱

✷✻



❆❧❡s✐♥❛ ❡t ❛❧✳ ✭✷✵✶✺✮ ❛♥❞■▼❋ ✭✷✵✷✸✮✮ ✇❤✐❧❡ ❇❛❧❧ ❡t ❛❧✳ ✭✷✵✶✸✮ ❛♥❞ ❇r✐♥❝❛ ❡t ❛❧✳ ✭✷✵✷✶✮ s❤♦✇ ❤♦✇
✜s❝❛❧ ❝♦♥s♦❧✐❞❛t✐♦♥ ♣r♦❣r❛♠s ❛r❡ ✉s✉❛❧❧② ❝♦rr❡❧❛t❡❞ ✇✐t❤ ❛♥ ✐♥❝r❡❛s❡ ✐♥ ✐♥❡q✉❛❧✐t✐❡s✱ ❝❛❧❧✐♥❣ ✐♥t♦
q✉❡st✐♦♥ t❤❡ s♦❝✐❛❧ ❛♥❞ ♣♦❧✐t✐❝❛❧ ❛❝❝❡♣t❛❜✐❧✐t② ♦❢ t❤❡s❡ ♣♦❧✐❝✐❡s✳ ❚❤❡r❡❢♦r❡✱ ❜❡❢♦r❡ ❡①❛♠✐♥✐♥❣ t❤❡s❡
✜s❝❛❧ ❝♦♥s♦❧✐❞❛t✐♦♥ ♣r♦❣r❛♠s✱ ✐t ✐s ✇♦rt❤ ✜rst ❛♥❛❧②③✐♥❣ t❤❡ ❝❤❛♥❣❡s ✐♥ ✐♥❡q✉❛❧✐t✐❡s ♣r❡❞✐❝t❡❞ ❜② t❤❡
♠♦❞❡❧ ❣✐✈❡♥ t❤❡ ❢♦r❡❝❛sts ❝♦♥t❛✐♥❡❞ ✐♥ t❤❡ ❋✐♥❛♥❝❡ ❆❝t✳

✻✳✶ ■♥❞✉❝❡❞ ■♥❡q✉❛❧✐t② ❉②♥❛♠✐❝s

❈❤❛♥❣❡s ✐♥ ❝♦♥s✉♠♣t✐♦♥ ✐♥❡q✉❛❧✐t✐❡s ❛r❡ r❡♣♦rt❡❞ ✐♥ ❋✐❣✉r❡ ✽✳ P❛♥❡❧ ✭❛✮ ❣✐✈❡s t❤❡ q✉❛rt❡r❧② ❝♦♥✲
s✉♠♣t✐♦♥ ♦❢ ✇♦r❦❡rs ✇❤♦ ♦♥❧② ❤❛✈❡ ❛❝❝❡ss t♦ ❧♦✇✲s❦✐❧❧ ❥♦❜s✳ ❆s t❤❡r❡ ✐s ❛ ❞✐str✐❜✉t✐♦♥ ♦❢ ❧♦✇✲s❦✐❧❧
❥♦❜s✱ t❤✐s ✇♦r❦❡r ♠❛② ❤❛✈❡ r❡♠✉♥❡r❛t✐♦♥ ❛♠♦♥❣ t❤❡ ❧♦✇❡st ✶✵✪ ✭❝❛❧❧❡❞ ❇♦tt♦♠ ✶✵✪✮✱ ♦r ❡q✉❛❧ t♦
t❤❡ ♠❡❞✐❛♥ ✭▼❡❞✐❛♥✮ ♦r ❡✈❡♥ ❛♠♦♥❣ t❤❡ ❤✐❣❤❡st ✶✵✪ ✭❚♦♣ ✶✵✪✮✳✷✼ ❚❤❡ ✜❣✉r❡ t❤❡♥ r❡♣♦rts t❤❡
❝♦♥s✉♠♣t✐♦♥ ❧❡✈❡❧s ❛ss♦❝✐❛t❡❞ ✇✐t❤ t❤❡s❡ t❤r❡❡ s❛❧❛r② ❧❡✈❡❧s ❢♦r t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ ❧♦✇✲s❦✐❧❧ ❥♦❜s✳
P❛♥❡❧s ✭❜✮ ❛♥❞ ✭❝✮ ♦❢ ❋✐❣✉r❡ ✽ r❡♣♦rt t❤❡ s❛♠❡ ✐♥❢♦r♠❛t✐♦♥ ❜✉t ❢♦r ✇♦r❦❡rs ✇✐t❤ ❛❝❝❡ss t♦ ✇❛❣❡s
✐♥ ♠✐❞❞❧❡ ❛♥❞ ❤✐❣❤✲s❦✐❧❧❡❞ ❥♦❜s✳ ❋✐♥❛❧❧②✱ ♣❛♥❡❧ ✭❞✮ ♦❢ ❋✐❣✉r❡ ✽ ♠❛❦❡s t❤❡ ❝♦♥♥❡❝t✐♦♥ ❜❡t✇❡❡♥ t❤❡
❡①tr❡♠❡s✱ t❤❡ t♦♣ ✶✵✪ ♦❢ ❤✐❣❤ ✇❛❣❡s ❝♦♠♣❛r❡❞ t♦ t❤❡ ❜♦tt♦♠ ✶✵✪ ♦❢ ❧♦✇ ✇❛❣❡s✳ ■t ❛❧s♦ r❡♣♦rts
t❤❡ ❝♦♥s✉♠♣t✐♦♥ r❛t✐♦s ❜❡t✇❡❡♥ t❤❡ ❜♦tt♦♠ ✶✵✪ ♦❢ ❧♦✇ ❡❛r♥❡rs ❛♥❞ t❤❡ ♠❡❞✐❛♥ ♦❢ t❤❡ ♠✐❞❞❧❡ ❝❧❛ss✱
❛♥❞ ❜❡t✇❡❡♥ t❤❡ ❚♦♣ ✶✵✪ ❛♥❞ t❤❡ ♠❡❞✐❛♥ ♦❢ t❤❡ ♠✐❞❞❧❡ ❝❧❛ss✳

❖✉r ♠♦❞❡❧ ❢♦r❡❝❛sts t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ ✐♥❡q✉❛❧✐t✐❡s ❝♦♥s✐st❡♥t ✇✐t❤ ♠❛❝r♦❡❝♦♥♦♠✐❝ ❞②♥❛♠✐❝s✳ ■♥✲
❝r❡❛s❡s ✐♥ t❤❡ r❡❛❧ ✐♥t❡r❡st r❛t❡ ❛♥❞ ❤✐❣❤ s❛❧❛r✐❡s ❛r❡ ❢❛❝t♦rs ✐♥ ✐♥❝r❡❛s✐♥❣ ✐♥❡q✉❛❧✐t✐❡s✱ ✇❤✐❧❡ str♦♥❣
●❉P ❣r♦✇t❤ ✐♥ t❡r♠s ♦❢ ❡♠♣❧♦②♠❡♥t ❢✉rt❤❡r ❢❛✈♦rs t❤❡ ❝♦♥s✉♠♣t✐♦♥ ♦❢ t❤❡ ♣♦♦r❡st✳ ❲❤❡♥ ✇❡
❛ss✉♠❡ t❤❛t ❛❧❧ tr❛♥s❢❡rs ✭t❤❡ ❇✐s♠❛r❦✐❛♥ ❛♥❞ t❤❡ ❇❡✈❡r✐❞❣✐❛♥ ❝♦♠♣♦♥❡♥ts ♦❢ tr❛♥s❢❡rs✮ ❛r❡ r❡❞✉❝❡❞
❤♦♠♦❣❡♥❡♦✉s❧②✱ t❤❡ ♠♦❞❡❧ r❡✈❡❛❧s t❤❛t ✐♥❡q✉❛❧✐t✐❡s ✐♥❝r❡❛s❡✿ ✐♥ ✷✵✷✸✱ ❛ ✇❡❧❧✲♦✛ ✇♦r❦❡r ❝♦♥s✉♠❡s
✹✳✸✻ t✐♠❡s ♠♦r❡ t❤❛♥ ❛ ♣♦♦r ✇♦r❦❡r✱ ✇❤✐❧❡ ❤❡ ✇♦✉❧❞ ❝♦♥s✉♠❡ ✹✳✽✺ t✐♠❡s ♠♦r❡ ✐♥ ✷✵✷✼✳ ❚❤❡ ❞r♦♣
✐♥ tr❛♥s❢❡rs ♣❡♥❛❧✐③❡s ❤♦✉s❡❤♦❧❞s ✇✐t❤ t❤❡ ❧♦✇❡st ✐♥❝♦♠❡s ✇❤♦ ❛r❡ t❤❡ ♠❛✐♥ ❜❡♥❡✜❝✐❛r✐❡s ❛♥❞ ✇❤♦
❤❛✈❡ ♥♦ s❛✈✐♥❣s t♦ ❝♦♠♣❡♥s❛t❡ ❢♦r t❤❡s❡ ❧♦ss❡s ♦❢ ✐♥❝♦♠❡✳ ■♥ t❤✐s s❝❡♥❛r✐♦✱ str♦♥❣ ❣r♦✇t❤✱ ✇❤✐❝❤
♥❡✈❡rt❤❡❧❡ss ❢❛✈♦rs t❤❡ ❝♦♥s✉♠♣t✐♦♥ ♦❢ t❤❡ ♠♦st ❞✐s❛❞✈❛♥t❛❣❡❞✱ ✐s ♥♦t s✉✣❝✐❡♥t t♦ ❝♦♥t❛✐♥ t❤❡ ✐♥✲
❝r❡❛s❡ ✐♥ ✐♥❡q✉❛❧✐t✐❡s✳ ❚❤✐s ❝♦✉❧❞ r✐s❦ ❜❧♦❝❦✐♥❣ t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ t❤❡ ❞❡❝✐s✐♦♥s ♥❡❝❡ss❛r② ❢♦r
t❤❡ r❡❛❧✐③❛t✐♦♥ ♦❢ t❤❡ ❋✐♥❛♥❝❡ ❆❝t✳ ❲❡ ✇✐❧❧ ♥♦✇ ✉s❡ ♦✉r ♠♦❞❡❧ t♦ s❡❡ ✐❢ ✐t ✐s ♣♦ss✐❜❧❡ t♦ ✐♠♣❧❡♠❡♥t ❛
❋✐♥❛♥❝❡ ❆❝t ❝❛✉s✐♥❣ ❛ ❞❡❝r❡❛s❡ ♦❢ ♣✉❜❧✐❝ ❞❡❜t ✇✐t❤♦✉t ❤✐♥❞❡r✐♥❣ ❡❝♦♥♦♠✐❝ ❣r♦✇t❤ ♦r ❡①❛❝❡r❜❛t✐♥❣
✐♥❡q✉❛❧✐t✐❡s✳

✻✳✷ ❍♦✇ t♦ r❡❞✉❝❡ ❞❡❜t ✇✐t❤♦✉t ❞❛♠❛❣✐♥❣ ❣r♦✇t❤ ♦r ✇♦rs❡♥✐♥❣ ✐♥❡q✉❛❧✐t②❄

❚❤❛♥❦s t♦ ♦✉r ♠✐❝r♦✲❢♦✉♥❞❡❞ ❞❡❝♦♠♣♦s✐t✐♦♥ ♦❢ ♣✉❜❧✐❝ s♣❡♥❞✐♥❣ ❜❡t✇❡❡♥ ♣✉❜❧✐❝ ❝♦♥s✉♠♣t✐♦♥✱ ❇✐s✲
♠❛r❝❦✐❛♥ ✭♣r♦♣♦rt✐♦♥❛❧ t♦ ✇❛❣❡✮ ❛♥❞ ❇❡✈❡r✐❞❣✐❛♥ tr❛♥s❢❡rs ✭✐♥✈❡rs❡❧② ♣r♦♣♦rt✐♦♥❛❧ t♦ ✇❛❣❡✮ ✇❡ ❝❛♥
❡✈❛❧✉❛t❡ t❤❡ ❝♦♥s❡q✉❡♥❝❡s ♦❢ ❞✐✛❡r❡♥t ❞❡❜t✲r❡❞✉❝✐♥❣ ♣♦❧✐❝✐❡s✳ ❋✉rt❤❡r♠♦r❡✱ ✇✐t❤ ♦✉r ♠❡t❤♦❞ ✇❡
t❛❦❡ ✐♥t♦ ❛❝❝♦✉♥t t❤❡ ❣❡♥❡r❛❧✲❡q✉✐❧✐❜r✐✉♠ ❡✛❡❝ts ♦❢ t❤♦s❡ ♣r♦❣r❛♠s ❛♥❞ t❤❡ ❤❡t❡r♦❣❡♥❡♦✉s✲❛❣❡♥t
str✉❝t✉r❡ ♦❢ t❤❡ ♠♦❞❡❧ ❣✐✈❡s ✉s ❛ ♣r❡❝✐s❡ ✈✐s✐♦♥ ♦❢ ✐♥❡q✉❛❧✐t② ❞②♥❛♠✐❝s ✐♥❞✉❝❡❞ ❜② t❤♦s❡ ♣♦❧✐❝✐❡s✳
❚❤✐s ✇❛② ♦✉r ♠♦❞❡❧ ❛❧❧♦✇s ✉s t♦ ❣♦ ❢✉rt❤❡r ✐♥t♦ t❤❡ ❛♥❛❧②s✐s ♦❢ t❤♦s❡ ♣♦❧✐❝✐❡s t❤❛♥ ♣r❡✈✐♦✉s st✉❞✐❡s✳

❯s✐♥❣ t❤❡ str✉❝t✉r❛❧ s❤♦❝❦s ❡st✐♠❛t❡❞ ❢♦r t❤❡ ❢♦r❡❝❛st ♣❡r✐♦❞✱ ✇❡ ❧♦♦❦ ❛t t❤❡ ❢✉t✉r❡ tr❛❥❡❝t♦r✐❡s
♦❢ t❤❡ ❋r❡♥❝❤ ❡❝♦♥♦♠② ❛❝❝♦r❞✐♥❣ t♦ s❡✈❡r❛❧ ✜s❝❛❧ ❛♥❞ ❜✉❞❣❡t❛r② ♣♦❧✐❝✐❡s ✐♥ t❤❡ s❛♠❡ ❡❝♦♥♦♠✐❝
❝♦♥t❡①t ❞❡✜♥❡❞ ❜② t❤❡s❡ str✉❝t✉r❛❧ s❤♦❝❦s ❛♥❞ ❝♦♠♣❛r❡ ✐t t♦ t❤❡ ❢♦r❡❝❛sts ♦❢ t❤❡ ❋✐♥❛♥❝❡ ❆❝t✳ ❲❡
❝♦♥s✐❞❡r t❤r❡❡ ❞✐✛❡r❡♥t ♣r♦❣r❛♠s✳

✶✳ ❆ t✇♦✲❢♦❧❞ r❡❞✉❝t✐♦♥ ✐♥ ♣✉❜❧✐❝ ❝♦♥s✉♠♣t✐♦♥ ❡①♣❡♥❞✐t✉r❡✳

✷✼❚❤❡ ✶✳✺✪ ❧♦✇❡st ❛♥❞ ❤✐❣❤❡st r❡♠✉♥❡r❛t✐♦♥s ❛r❡ ❡①❝❧✉❞❡❞ r❡s♣❡❝t✐✈❡❧② ❢r♦♠ t❤❡ ❝❛t❡❣♦r✐❡s ❝❛❧❧❡❞ ❇♦tt♦♠ ✶✵✪ ❛♥❞
❚♦♣ ✶✵✪✳

✷✼



2020 2021 2022 2023 2024 2025 2026 2027 2028
2.0

2.2

2.4

2.6

2.8

Top 10
Median
Bottom 10

✭❛✮ ❍✐❣❤✲s❦✐❧❧❡❞ ✈s ▲♦✇✲s❦✐❧❧❡❞ ✭❇✮

2020 2021 2022 2023 2024 2025 2026 2027 2028
1.6

1.8

2.0

2.2

2.4

2.6

Top 10
Median
Bottom 10

✭❜✮ ❍✐❣❤✲s❦✐❧❧❡❞ ✈s ▼❡❞✐✉♠✲s❦✐❧❧❡❞ ✭❇✮

2020 2021 2022 2023 2024 2025 2026 2027 2028

1.0

1.1

1.2

1.3

1.4

1.5

Top 10
Median
Bottom 10

✭❝✮ ▼❡❞✐✉♠✲s❦✐❧❧❡❞ ✈s ▲♦✇✲s❦✐❧❧❡❞ ✭❇✮

2020 2021 2022 2023 2024 2025 2026 2027 2028
1

2

3

4

5

6 H Top 10/M Median
M Median/L Bottom 10
H Top 10/L Bottom 10

✭❞✮ ❙❦✐❧❧ ❛♥❞ ♣r♦❞✉❝t✐✈✐t② ❞✐✛❡r❡♥❝❡s ✭❇✮

❋✐❣✉r❡ ✼✿ ❈♦♥s✉♠♣t✐♦♥ r❛t✐♦s✿ ❝♦♠♣❛r✐s♦♥ ❛❝r♦ss t✇♦ ❞✐✛❡r❡♥t ✇♦r❦❡rs✬ t②♣❡s✳ ✭❇✮ ❛❢t❡r r❡✲
❡st✐♠❛t✐♦♥✳

✷✽



✷✳ ❆ t✇♦✲❢♦❧❞ r❡❞✉❝t✐♦♥ ✐♥ ♣✉❜❧✐❝ tr❛♥s❢❡rs ❦❡❡♣✐♥❣ ✉♥❝❤❛♥❣❡❞ t❤❡ ❜r❡❛❦❞♦✇♥ ❜❡t✇❡❡♥ ❇✐s♠❛r❦✐❛♥
❛♥❞ t❤❡ ❇❡✈❡r✐❞❣✐❛♥ ❝♦♠♣♦♥❡♥ts ♦❢ tr❛♥s❢❡rs✳

✸✳ ❆ t✇♦✲❢♦❧❞ r❡❞✉❝t✐♦♥ ✐♥ ♣✉❜❧✐❝ tr❛♥s❢❡rs ♠❛❞❡ ❡♥t✐r❡❧② ❜② r❡❞✉❝✐♥❣ ❇✐s♠❛r❦✐❛♥ tr❛♥s❢❡rs ❛♥❞
❧❡❛✈✐♥❣ ❇❡✈❡r✐❞❣✐❛♥ tr❛♥s❢❡rs ✉♥❝❤❛♥❣❡❞✳

❋✐❣✉r❡ ✽ s❤♦✇s t❤❡ ❝♦♥s❡q✉❡♥❝❡s ♦❢ t❤❡ ✜rst ♣r♦❣r❛♠✳ ❋✐s❝❛❧ ❝♦♥s♦❧✐❞❛t✐♦♥ ❜❛s❡❞ s♦❧❡❧② ♦♥ ❛
r❡❞✉❝t✐♦♥ ✐♥ ♣✉❜❧✐❝ ❝♦♥s✉♠♣t✐♦♥ ✇✐❧❧ ♥♦t ❜❡ ❛❜❧❡ t♦ ❜r✐♥❣ t♦ t❤❡ ❋r❡♥❝❤ ❡❝♦♥♦♠② ❛ str♦♥❣ ❞❡❝r❡❛s❡
♦❢ ♣✉❜❧✐❝ ❞❡❜t ✇✐t❤ ❛ s✉st❛✐♥❡❞ ❡❝♦♥♦♠✐❝ ❣r♦✇t❤ ♦r ❛ ❞❡❝r❡❛s❡ ♦❢ ✐♥❡q✉❛❧✐t✐❡s✳ ❚❤❡ ❞❡❜t✲t♦✲●❉P
r❛t✐♦ ❢❛❧❧s ✭❛❢t❡r ❛♥ ✐♥✐t✐❛❧ ✐♥❝r❡❛s❡✮✱ ❜✉t ♦♥❧② ✶♣♣ ♠♦r❡ t❤❛♥ ✐♥ t❤❡ ❋✐♥❛♥❝❡ ❆❝t✳ ❚❤❡ ❢❛❧❧ ✐♥ ♣✉❜❧✐❝
❝♦♥s✉♠♣t✐♦♥ ❝❛✉s❡s ❛ ❞❡❝r❡❛s❡ ✐♥ ❛❣❣r❡❣❛t❡ ❞❡♠❛♥❞✳ ❆s s✉❝❤✱ ♦✉t♣✉t ❣r♦✇t❤ ✐s str♦♥❣❧② ❞❛♠❛❣❡❞
✇✐t❤ ❛♥ ❛✈❡r❛❣❡ ❛♥♥✉❛❧ ❣r♦✇t❤ ♦❢ ✶✳✸✼✪ ✭✈❡rs✉s ✶✳✻✹✪ ✐♥ t❤❡ ❋✐♥❛♥❝❡ ❆❝t✮✳ ❚❤✐s ❛❧s♦ ❧❡❛❞s t♦ ❛
r❡❞✉❝t✐♦♥ ✐♥ ❡♠♣❧♦②♠❡♥t ❢♦r ❛❧❧ ✇♦r❦❡rs✱ r❡❣❛r❞❧❡ss ♦❢ t❤❡✐r q✉❛❧✐✜❝❛t✐♦♥s ✭❛♥♥✉❛❧ ❣r♦✇t❤ ♦❢ ✵✳✺✪
✈❡rs✉s ✵✳✼✶✪ ✐♥ t❤❡ ❋✐♥❛♥❝❡ ❆❝t✮✳ ❆s t❤❡ ♠♦st ❞✐s❛❞✈❛♥t❛❣❡❞ ❤♦✉s❡❤♦❧❞s ❛r❡ t❤❡ ♠♦st ❞❡♣❡♥❞❡♥t
♦♥ ✇❛❣❡ ✐♥❝♦♠❡✱ t❤✐s ✇♦✉❧❞ ❛❧s♦ ❧❡❛❞ t♦ ❛♥ ✐♥❝r❡❛s❡ ✐♥ ✐♥❡q✉❛❧✐t②✳ ❆s s✉❝❤✱ ❛ ✜s❝❛❧✲❝♦♥s♦❧✐❞❛t✐♦♥
♣r♦❣r❛♠ ❜❛s❡❞ ♦♥ ❞❡❝r❡❛s✐♥❣ ♣✉❜❧✐❝ ❝♦♥s✉♠♣t✐♦♥ ❞♦❡s ♥♦t s❡❡♠ t♦ ❜❡ ❡✛❡❝t✐✈❡✳

❋✐❣✉r❡ ✾ s❤♦✇s t❤❡ ❝♦♥s❡q✉❡♥❝❡s ♦❢ t❤❡ s❡❝♦♥❞ ♣r♦❣r❛♠✳ ❯♥❧✐❦❡ t❤❡ ♣r❡✈✐♦✉s ♣r♦❣r❛♠✱ ❝✉ts ✐♥
♣✉❜❧✐❝ tr❛♥s❢❡rs s✐❣♥✐✜❝❛♥t❧② r❡❞✉❝❡ t❤❡ ❞❡❜t✲t♦✲●❉P r❛t✐♦ ✭✐t ❢❛❧❧s t♦ ✶✵✸✳✼✪ ♦❢ ●❉P ✐♥ ✷✵✷✼◗✹✮
❛♥❞ ✐t ✐s ♥♦t r❡❝❡ss✐♦♥❛r②✳ ❊❝♦♥♦♠✐❝ ❣r♦✇t❤ ✇✐❧❧ ❜❡ ✈✐rt✉❛❧❧② ✐❞❡♥t✐❝❛❧ t♦ t❤❛t ♣r♦❥❡❝t❡❞ ✐♥ t❤❡
❋✐♥❛♥❝❡ ❆❝t ✭s❧✐❣❤t❧② ❧♦✇❡r ❞✉r✐♥❣ t❤❡ ✜rst q✉❛rt❡rs✮✳ ❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ t❤✐s ♣r♦❣r❛♠ ❧❡❛❞s t♦ ❛
s❤❛r♣ r✐s❡ ✐♥ ✐♥❡q✉❛❧✐t✐❡s✳ ❖✉r ❡①tr❡♠❡ ❝♦♥s✉♠♣t✐♦♥✲✐♥❡q✉❛❧✐t② r❛t✐♦ r✐s❡s t♦ ✺✳✻✷ ✐♥ ✷✵✷✼ ✭✈❡rs✉s
✹✳✽✺ ✐♥ t❤❡ ❋✐♥❛♥❝❡ ❆❝t✮✳ ▲♦✇✲s❦✐❧❧ ❤♦✉s❡❤♦❧❞s ❛r❡ str♦♥❣❧② ❞❡♣❡♥❞❡♥t ♦♥ ❇❡✈❡r✐❞❣✐❛♥ tr❛♥s❢❡rs
t❤❛t r❡♣r❡s❡♥t t❤❡ ♠❛❥♦r✐t② ♦❢ t❤❡✐r ✐♥❝♦♠❡✳ ❚❤❡r❡❢♦r❡✱ t❤❡✐r ❢❛❧❧ ❤❛s ❛ ✈❡r② str♦♥❣ ✐♠♣❛❝t ♦♥ t❤♦s❡
❞✐s❛❞✈❛♥t❛❣❡❞ ❤♦✉s❡❤♦❧❞s✳ ❉❡s♣✐t❡ ✐♥❝r❡❛s✐♥❣ t❤❡✐r s✉♣♣❧② ♦❢ ❧❛❜♦r✱ ✐t ✐s ♥♦t ❡♥♦✉❣❤ t♦ ❝♦♠♣❡♥s❛t❡
❢♦r t❤❡ s✉✛❡r❡❞ ✐♥❝♦♠❡ ❧♦ss ❛♥❞ t❤❡✐r ❝♦♥s✉♠♣t✐♦♥ ❢❛❧❧s ♠♦r❡ s❤❛r♣❧② t❤❛♥ ❢♦r ♦t❤❡r ❤♦✉s❡❤♦❧❞s✳
❚❤✉s✱ ❞❡s♣✐t❡ t❤❡ str♦♥❣ ❞❡❝r❡❛s❡ ✐♥ ♣✉❜❧✐❝ ❞❡❜t✱ t❤❡ ✐♥❝r❡❛s❡ ✐♥ ✐♥❡q✉❛❧✐t② t❤✐s ♣r♦❣r❛♠ ❡♥t❛✐❧s
✇♦✉❧❞ ❜❡ ❛ ❝♦♥s✐❞❡r❛❜❧❡ ♦❜st❛❝❧❡ t♦ ✐ts s♦❝✐❛❧ ❛❝❝❡♣t❛❜✐❧✐t②✳

❋✐❣✉r❡ ✶✵ s❤♦✇s t❤❡ ❝♦♥s❡q✉❡♥❝❡s ♦❢ t❤❡ t❤✐r❞ ♣r♦❣r❛♠✳ ❆s ✐♥ t❤❡ s❡❝♦♥❞ ♣r♦❣r❛♠✱ ✐t ✐s ❜❛s❡❞ ♦♥
❛ r❡❞✉❝t✐♦♥ ✐♥ ♣✉❜❧✐❝ tr❛♥s❢❡rs✳ ❚❤❡ ❞✐✛❡r❡♥❝❡ ✐s t❤❛t ✐♥ t❤✐s t❤✐r❞ ♣r♦❣r❛♠ t❤❡ r❡❞✉❝t✐♦♥ ✐♥ tr❛♥s❢❡rs
♦♥❧② ❝♦♥❝❡r♥s ❇✐s♠❛r❝❦✐❛♥ tr❛♥s❢❡rs✳ ❚❤✐s ♠❡❛♥s t❤❛t ❇❡✈❡r✐❞❣✐❛♥ tr❛♥s❢❡rs ✐♥❝r❡❛s❡ ♠♦r❡ ✐♥ t❤✐s
♣r♦❣r❛♠ t❤❛♥ ✐♥ ♦✉r ❜❛s❡❧✐♥❡ ✭✇❤✐❝❤ ❛ss✉♠❡s ♥♦ ❝❤❛♥❣❡ ✐♥ t❤❡ ❞✐str✐❜✉t✐♦♥ ❜❡t✇❡❡♥ t❤❡ t✇♦ t②♣❡s ♦❢
tr❛♥s❢❡rs✮✳ ❲✐t❤ t❤✐s ♣r♦❣r❛♠✱ ❛ s❤❛r♣ r❡❞✉❝t✐♦♥ ✐♥ t❤❡ ❞❡❜t✲t♦✲●❉P r❛t✐♦ ♦❝❝✉rs ✭✶✵✹✳✻✪ ♦❢ ●❉P
✐♥ ✷✵✷✼◗✹✮✳ ❊❝♦♥♦♠✐❝ ❣r♦✇t❤ ✐s ❤✐❣❤❡r t❤❛♥ ✐♥ t❤❡ ❋✐♥❛♥❝❡ ❆❝t ✭✶✳✽✸✪ ♣❡r ②❡❛r ✈❡rs✉s ✶✳✻✹✪✮✳
■♥❞❡❡❞✱ ❛s tr❛♥s❢❡rs ❞❡❝r❡❛s❡✱ ❤♦✉s❡❤♦❧❞s ❧♦s❡ ♣❛rt ♦❢ t❤❡✐r ✐♥❝♦♠❡ ❛♥❞ ❞❡❝✐❞❡ t♦ ✇♦r❦ ♠♦r❡ t♦
❝♦♠♣❡♥s❛t❡ t❤✐s ❧♦ss✳ ❚❤✐s ❝❤❛♥❣❡ ✐♥ ❧❛❜♦r s✉♣♣❧② ♦❝❝✉rs ❢♦r ❛❧❧ t②♣❡s ♦❢ ❤♦✉s❡❤♦❧❞s ❛s ❇✐s♠❛r❝❦✐❛♥
tr❛♥s❢❡rs✱ t❤❡ ♦♥❡s ♣r♦♣♦rt✐♦♥❛❧ t♦ ✇❛❣❡✱ ❛r❡ t❤❡ ♦♥❡s t♦ ❢❛❧❧✳ ❋✐♥❛❧❧②✱ ❛s ❇❡✈❡r✐❞❣✐❛♥ tr❛♥s❢❡rs✱
❢❛✈♦r✐♥❣ t❤❡ ♠♦r❡ ❞✐s❛❞✈❛♥t❛❣❡❞ ❤♦✉s❡❤♦❧❞s r❡♠❛✐♥ st❛❜❧❡✱ ✐♥❡q✉❛❧✐t✐❡s ❢♦❧❧♦✇ ❛ s✐♠✐❧❛r ♣❛t❤ ❛s ✐♥
t❤❡ ❋✐♥❛♥❝❡ ❆❝t ✭✹✳✽✶ ✈❡rs✉s ✹✳✽✺ ✐♥ ✷✵✷✼ ❢♦r t❤❡ ❡①tr❡♠❡ ❝♦♥s✉♠♣t✐♦♥✲✐♥❡q✉❛❧✐t② ♠❡❛s✉r❡✮✳ ❚❤✉s✱
t❤✐s ♣r♦❣r❛♠ r❡❝♦♥❝✐❧❡s t❤❡ t❤r❡❡ ♦❜❥❡❝t✐✈❡s✿ ❛ s❤❛r♣ r❡❞✉❝t✐♦♥ ✐♥ t❤❡ ❞❡❜t✲t♦✲●❉P r❛t✐♦✱ ♥♦ ❝❤❛♥❣❡
✐♥ ✐♥❡q✉❛❧✐t② ❝♦♠♣❛r❡❞ t♦ t❤❡ ❜❡♥❝❤♠❛r❦ s✐t✉❛t✐♦♥✱ ❛♥❞ ❛ s✉st❛✐♥❡❞ ❡❝♦♥♦♠✐❝ ❣r♦✇t❤✳ ❆s s✉❝❤✱ ✐t
s❡❡♠s ♣♦ss✐❜❧❡ t♦ r❡❞✉❝❡ ❞❡❜t ✇✐t❤♦✉t ✇♦rs❡♥✐♥❣ ✐♥❡q✉❛❧✐t✐❡s ♦r ❞❛♠❛❣✐♥❣ ❡❝♦♥♦♠✐❝ ❣r♦✇t❤✳ ❲❤❛t
♠❛tt❡rs ✐s t❤❡ t②♣❡ ♦❢ tr❛♥s❢❡rs t♦ ❝✉t✳ ❚❤❡ ❣♦✈❡r♥♠❡♥t ♠✉st ❞❡❝r❡❛s❡ tr❛♥s❢❡rs ♣r♦♣♦rt✐♦♥❛❧ t♦
✐♥❝♦♠❡ ❛s ♣❡♥s✐♦♥s ♦r ✉♥❡♠♣❧♦②♠❡♥t ✐♥s✉r❛♥❝❡✳

✻✳✸ ●❡♥❡r❛❧ ✈❡rs✉s ♣❛rt✐❛❧✲❡q✉✐❧✐❜r✐✉♠ ❡✛❡❝ts

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

✷✾



2020 2021 2022 2023 2024 2025 2026 2027 2028

85

90

95

100

105

110
Output

Baseline
lower G

✭❛✮ ●❉P ✭❇✮

2020 2021 2022 2023 2024 2025 2026 2027 2028

97.5

100.0

102.5

105.0

107.5

110.0

112.5

115.0

117.5
Debt-to-GDP

Baseline
lower G

✭❜✮ ❉❡❜t✲t♦✲●❉P r❛t✐♦ ✭❇✮

2023 2024 2025 2026 2027

−1.4

−1.2

−1.0

−0.8

−0.6

−0.4

−0.2

0.0 Output
Hours Low-skilled
Hours Medium-skilled
Hours High-skilled

✭❝✮ ●❛♣s ✐♥ ♦✉t♣✉t ❛♥❞ ❤♦✉rs ✴ ✶◗✲✷✵✷✸ ✭❇✮

2020 2021 2022 2023 2024 2025 2026 2027 2028

100

101

102

103

104

105

106

Public spending

Baseline
lower G

✭❞✮ ●♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ✭❇✮

2020 2021 2022 2023 2024 2025 2026 2027 2028

100

102

104

106

108

110

112

Transfers

Baseline
lower G

✭❡✮ ❚r❛♥s❢❡rs ✭❇✮

2024 2025 2026 2027

2.0

2.5

3.0

3.5

4.0

4.5

5.0

H Top 10/M Median
bench: H Top 10/M Median
M Median/L Bottom 10
bench: M Median/L Bottom 10
H Top 10/L Bottom 10
bench: H Top 10/L Bottom 10

✭❢✮ ■♥❡q✉❛❧✐t✐❡s ✭❇✮

❋✐❣✉r❡ ✽✿ ❈♦✉♥t❡r❢❛❝t✉❛❧✿ t✇♦✲❢♦❧❞ r❡❞✉❝t✐♦♥ ✐♥ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣✳ ✭❇✮ ❛❢t❡r r❡✲❡st✐♠❛t✐♦♥✳

♦❢ ❣♦✈❡r♥♠❡♥t ❝♦♥s✉♠♣t✐♦♥✱ ♦❢ tr❛♥s❢❡rs ✇✐t❤ ❛♥❞ ✇✐t❤♦✉t ❛ ❝❤❛♥❣❡ ✐♥ t❤❡✐r ❝♦♠♣♦s✐t✐♦♥ ✐♥ ❋✐❣✉r❡
✶✶✳ ❚❤❡ r❡s✉❧ts ❛r❡ ❡①♣r❡ss❡❞ ❛s ♣❡r❝❡♥t❛❣❡✲♣♦✐♥t ❞✐✛❡r❡♥❝❡ ✇✐t❤ r❡s♣❡❝t t♦ t❤❡ ❢♦r❡❝❛sts ♦❢ t❤❡
❋✐♥❛♥❝❡ ❆❝t✳ ❋✐rst✱ ✇❡ s❡❡ t❤❡ ✐♠♣❛❝t ♦❢ ♦♥❧② t❤❡ ❞❡❝r❡❛s❡ ✐♥ ❣♦✈❡r♥♠❡♥t ❡①♣❡♥❞✐t✉r❡s✱ t❤❛t ✐s t❤❡
❞✐r❡❝t ❡✛❡❝t ♦❢ t❤❡ ♣♦❧✐❝②✳ ❙❡❝♦♥❞✱ ✇❡ ❛❞❞ t♦ t❤✐s ❞❡❝r❡❛s❡ t❤❡ ♠♦❞✐✜❝❛t✐♦♥ ✐♥ r❡✈❡♥✉❡✳ ■♥❞❡❡❞✱
t❤❡ ❞❡❝r❡❛s❡ ✐♥ ❣♦✈❡r♥♠❡♥t ❡①♣❡♥❞✐t✉r❡s ✐♠♣❧✐❡s ❛ ❞❡❝r❡❛s❡ ✐♥ ♣✉❜❧✐❝ r❡✈❡♥✉❡✳ ❚❤✐r❞✱ ✇❡ ❛❞❞ t❤❡
♠♦❞✐✜❝❛t✐♦♥s ✐♥ t❡r♠s ♦❢ ♦✉t♣✉t t♦ t❤❡ ❝❤❛♥❣❡s ✐♥ ♣✉❜❧✐❝ s♣❡♥❞✐♥❣ ❛♥❞ r❡✈❡♥✉❡✳ ■♥ t❤✐s ❝❛s❡✱ t❤❡
r❡❛❧ ✐♥t❡r❡st r❛t❡ ✐s t❤❡ ♦♥❧② ✈❛r✐❛❜❧❡ t❤❛t r❡♠❛✐♥s ❛s ✐♥ t❤❡ ❜❡♥❝❤♠❛r❦✳ ❋✐♥❛❧❧②✱ ✇❡ s❤♦✇ ❛❣❛✐♥ t❤❡
❣❡♥❡r❛❧✲❡q✉✐❧✐❜r✐✉♠ ❡✛❡❝t✳

■♥ ❛❧❧ t❤r❡❡ ❝❛s❡s✱ t❤❡ ❞✐r❡❝t ❡✛❡❝t ♦❢ t❤❡ ♣♦❧✐❝② ✭t❤❡ s♦❧❡ ✐♠♣❛❝t ♦❢ t❤❡ ❞❡❝r❡❛s❡ ✐♥ ♣✉❜❧✐❝
❡①♣❡♥❞✐t✉r❡s✮ ✐s t❤❡ ❧❛r❣❡st✳ ■t ✐♠♣❧✐❡s ❛ ❞❡❝r❡❛s❡ ♦❢ ❞❡❜t ✇✐t❤ r❡s♣❡❝t t♦ t❤❡ ❜❡♥❝❤♠❛r❦ ♦❢ ♠♦r❡
t❤❛♥ ✶✹♣♣ ❢♦r ❜♦t❤ ♣♦❧✐❝✐❡s ✐♠♣❧②✐♥❣ ❛ ❞✐♠✐♥✉t✐♦♥ ♦❢ tr❛♥s❢❡rs❀ ❛♥❞ ❛ ❞❡❝r❡❛s❡ ♦❢ ♠♦r❡ t❤❛♥ ✜✈❡
♣♦✐♥ts ✐♥ t❤❡ ❝❛s❡ ♦❢ t❤❡ ❞✐♠✐♥✉t✐♦♥ ♦❢ ♣✉❜❧✐❝ ❝♦♥s✉♠♣t✐♦♥✳ ❋♦r ♦✉r ♣r❡❢❡rr❡❞ ♣♦❧✐❝② ✭❛ ❞❡❝r❡❛s❡ ♦❢
tr❛♥s❢❡rs ♦♥❧② ❞✉❡ t♦ ❛ ❞✐♠✐♥✉t✐♦♥ ♦❢ ✐ts ❇✐s♠❛r❝❦✐❛♥ ♣❛rt✮✱ t❤✐s ✶✹♣♣ ❞✐✛❡r❡♥❝❡ ♠❡❛♥s t❤❛t t❤✐s
♣❛rt✐❛❧✲❡q✉✐❧✐❜r✐✉♠ ❡✛❡❝t ✐s ❛❜♦✉t t❤r❡❡ t✐♠❡s ❜✐❣❣❡r t❤❛♥ t❤❡ ❣❡♥❡r❛❧✲❡q✉✐❧✐❜r✐✉♠ ❡✛❡❝t✳ ❲❤❡♥
t❛❦✐♥❣ ✐♥t♦ ❛❝❝♦✉♥t t❤❡ ✐♠♣❧✐❡❞ ❝❤❛♥❣❡ ✐♥ r❡✈❡♥✉❡✱ t❤❡ ✐♠♣❛❝t ♦♥ ❞❡❜t ❞✐♠✐♥✐s❤❡s✳ ■t ❢❛❧❧s ❢r♦♠
✺♣♣ t♦ ✸✳✺♣♣ ❢♦r t❤❡ ♣♦❧✐❝② ❞✐♠✐♥✐s❤✐♥❣ ♣✉❜❧✐❝ ❝♦♥s✉♠♣t✐♦♥ ❛♥❞ ❢r♦♠ ✶✹♣♣ t♦ ✶✵♣♣ ❢♦r t❤❡ ♣♦❧✐❝②
❞✐♠✐♥✐s❤✐♥❣ ♣✉❜❧✐❝ tr❛♥s❢❡rs✳ ❋♦r ♦✉r ♣r❡❢❡rr❡❞ ♣♦❧✐❝②✱ t❤✐s ❞✐♠✐♥✉t✐♦♥ ♦❢ t❤❡ ✐♠♣❛❝t ✐s ❡✈❡♥ ❜✐❣❣❡r✱
✐t ✐s ❞✐✈✐❞❡❞ ❜② ♠♦r❡ t❤❛♥ t✇♦✱ ❣♦✐♥❣ ❢r♦♠ ✶✹♣♣ t♦ ✻♣♣✳ ■♥❞❡❡❞✱ t❤❡ ❇✐s♠❛r❝❦✐❛♥ tr❛♥s❢❡rs t❤❛t ❛r❡
r❡❞✉❝❡❞ ❛r❡ t❤❡ ♦♥❡s t❤❛t ❛r❡ t❛①❡❞ ❛♥❞ ❛s s✉❝❤ t❤❡② ❜r✐♥❣ ❛❞❞✐t✐♦♥❛❧ r❡✈❡♥✉❡s t♦ t❤❡ ❣♦✈❡r♥♠❡♥t✳
❆❞❞✐♥❣ t❤❡ ✐♠♣❛❝t ♦♥ ♦✉t♣✉t ❜r✐♥❣s ❧✐♠✐t❡❞ ❝❤❛♥❣❡s t♦ t❤❡ ♣r❡✈✐♦✉s r❡s✉❧ts✳ ❋♦r t❤❡ ♣♦❧✐❝② t❤❛t

✸✵



2020 2021 2022 2023 2024 2025 2026 2027 2028

85

90

95

100

105

110
Output

Baseline
Lower T

✭❛✮ ●❉P ✭❇✮

2020 2021 2022 2023 2024 2025 2026 2027 2028

97.5

100.0

102.5

105.0

107.5

110.0

112.5

115.0

117.5
Debt-to-GDP

Baseline
Lower T

✭❜✮ ❉❡❜t✲t♦✲●❉P r❛t✐♦ ✭❇✮

2023 2024 2025 2026 2027
−1.0

−0.8

−0.6

−0.4

−0.2

0.0

0.2

0.4
Output
Hours Low-skilled
Hours Medium-skilled
Hours High-skilled

✭❝✮ ●❛♣s ✐♥ ♦✉t♣✉t ❛♥❞ ❤♦✉rs ✴ ✶◗✲✷✵✷✸ ✭❇✮

2020 2021 2022 2023 2024 2025 2026 2027 2028

100

101

102

103

104

105

106

Public spending

Baseline
Lower T

✭❞✮ ●♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ✭❇✮

2020 2021 2022 2023 2024 2025 2026 2027 2028

95.0

97.5

100.0

102.5

105.0

107.5

110.0

112.5
Transfers

Baseline
Lower T

✭❡✮ ❚r❛♥s❢❡rs ✭❇✮

2024 2025 2026 2027

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

H Top 10/M Median
bench: H Top 10/M Median
M Median/L Bottom 10
bench: M Median/L Bottom 10
H Top 10/L Bottom 10
bench: H Top 10/L Bottom 10

✭❢✮ ■♥❡q✉❛❧✐t✐❡s ✭❇✮

❋✐❣✉r❡ ✾✿ ❈♦✉♥t❡r❢❛❝t✉❛❧✿ t✇♦✲❢♦❧❞ r❡❞✉❝t✐♦♥ ✐♥ ❚r❛♥s❢❡rs✳ ✭❇✮ ❛❢t❡r r❡✲❡st✐♠❛t✐♦♥✳
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2020 2021 2022 2023 2024 2025 2026 2027 2028

85

90

95

100

105

110

Output

Baseline
lower T and change in T composition

✭❛✮ ●❉P ✭❇✮

2020 2021 2022 2023 2024 2025 2026 2027 2028

97.5

100.0

102.5

105.0

107.5

110.0

112.5

115.0

117.5
Debt-to-GDP

Baseline
lower T and change in T composition

✭❜✮ ❉❡❜t✲t♦✲●❉P r❛t✐♦ ✭❇✮

2023 2024 2025 2026 2027

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75
Output
Hours Low-skilled
Hours Medium-skilled
Hours High-skilled

✭❝✮ ●❛♣s ✐♥ ♦✉t♣✉t ❛♥❞ ❤♦✉rs ✴ ✶◗✲✷✵✷✸ ✭❇✮

2020 2021 2022 2023 2024 2025 2026 2027 2028

100

101

102

103

104

105

106

Public spending

Baseline
lower T and change in T composition

✭❞✮ ●♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ✭❇✮

2020 2021 2022 2023 2024 2025 2026 2027 2028

95.0

97.5

100.0

102.5

105.0

107.5

110.0

112.5
Transfers

Baseline
lower T and change in T composition

✭❡✮ ❚r❛♥s❢❡rs ✭❇✮

2024 2025 2026 2027

2.0

2.5

3.0

3.5

4.0

4.5

5.0

H Top 10/M Median
bench: H Top 10/M Median
M Median/L Bottom 10
bench: M Median/L Bottom 10
H Top 10/L Bottom 10
bench: H Top 10/L Bottom 10

✭❢✮ ■♥❡q✉❛❧✐t✐❡s ✭❇✮

❋✐❣✉r❡ ✶✵✿ ❈♦✉♥t❡r❢❛❝t✉❛❧✿ t✇♦✲❢♦❧❞ r❡❞✉❝t✐♦♥ ✐♥ ❚r❛♥s❢❡rs ♦♥❧② ❜♦r♥ ❜② ❇✐s♠❛r❝❦✐❛♥ ❚r❛♥s❢❡rs✳ ✭❇✮
❛❢t❡r r❡✲❡st✐♠❛t✐♦♥✳
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2024 2025 2026 2027

−14

−12

−10

−8

−6

−4

−2

0

✭❛✮ ❚✇♦✲❢♦❧❞ ❞❡❝r❡❛s❡ ♦❢ tr❛♥s❢❡rs ♦♥❧② ❜♦r♥ ❜② ❇✐s✲
♠❛r❝❦✐❛♥ tr❛♥s❢❡rs ✭❇✮

2024 2025 2026 2027

−5

−4

−3

−2

−1

0

1

✭❜✮ ❚✇♦✲❢♦❧❞ ❞❡❝r❡❛s❡ ♦❢ ♣✉❜❧✐❝ ❝♦♥s✉♠♣t✐♦♥ ✭❇✮

2024 2025 2026 2027

−14

−12

−10

−8

−6

−4

−2

0 Partial equilibrium effect (Spending)
Partial equilibrium effect (Spending and revenue)
Partial equilibrium effect (Spending, revenue and output)
General equilibrium effect (Spending, revenue, output and real interest rate)

✭❝✮ ❚✇♦✲❢♦❧❞ ❞❡❝r❡❛s❡ ♦❢ tr❛♥s❢❡rs ✭❇✮

❋✐❣✉r❡ ✶✶✿ P❛rt✐❛❧ ✈❡rs✉s ❣❡♥❡r❛❧ ❡q✉✐❧✐❜r✐✉♠ ❡✛❡❝ts ♦❢ ♣✉❜❧✐❝ ♣♦❧✐❝✐❡s ♦♥ ❞❡❜t✲t♦✲●❉P r❛t✐♦ ✭❛❜s♦❧✉t❡
❞✐✛❡r❡♥❝❡ ✇✐t❤ r❡s♣❡❝t t♦ t❤❡ ❋✐♥❛♥❝❡ ❆❝t ❢♦r❡❝❛sts✮✳ ✭❇✮ ❛❢t❡r r❡✲❡st✐♠❛t✐♦♥✳

r❡❞✉❝❡s tr❛♥s❢❡rs ❤♦♠♦❣❡♥❡♦✉s❧②✱ t❤❡ ✐♠♣❛❝t ♦♥ ❞❡❜t ✐s ✈❡r② s✐♠✐❧❛r ❛s t❤✐s ♣♦❧✐❝② ❤❛s ❛❧♠♦st ♥♦
❡✛❡❝t ♦♥ ♦✉t♣✉t ✭❡s♣❡❝✐❛❧❧② ✇❤❡♥ ❧♦♦❦✐♥❣ ❛t t❤❡ ❡♥❞ ♦❢ t❤❡ ♣❡r✐♦❞✮✳ ❋♦r t❤❡ ♣♦❧✐❝② r❡❞✉❝✐♥❣ ♣✉❜❧✐❝
❝♦♥s✉♠♣t✐♦♥✱ t❤❡ ❞❡❝r❡❛s❡ ♦❢ ❞❡❜t ✐s r❡❞✉❝❡❞ ❛ ❧✐tt❧❡ ♠♦r❡ ✭❢r♦♠ ✸✳✺♣♣ t♦ ✷✳✺♣♣✮ ❛s ♦✉t♣✉t ✐s ❧♦✇❡r✳
❚❤❡ ♦♣♣♦s✐t❡ ♦❝❝✉rs ❢♦r ♦✉r ❢❛✈♦r❡❞ ♣♦❧✐❝②✳ ❆s ♦✉t♣✉t ❜❡❝♦♠❡s ❤✐❣❤❡r ✐♥ t❤✐s ❝♦✉♥t❡r❢❛❝t✉❛❧ ♣♦❧✐❝②✱
t❛❦✐♥❣ ✐t ✐♥t♦ ❛❝❝♦✉♥t ✐♥❝r❡❛s❡s t❤❡ ✐♠♣❛❝t ♦♥ ❞❡❜t ❢r♦♠ ✻♣♣ t♦ ✼♣♣✳

✼ ❉❡❜t✲❛t✲❘✐s❦

✼✳✶ ▼❡t❤♦❞♦❧♦❣②

❚❤✐s s❡❝t✐♦♥ ✐♥tr♦❞✉❝❡s t❤❡ ❞❡❜t✲❛t✲r✐s❦ ❝♦♥❝❡♣t t❤❛t ✇❡ ♣r♦♣♦s❡ t♦ ✉s❡ ❢♦r st♦❝❤❛st✐❝ ❞❡❜t✲s✉st❛✐♥❛❜✐❧✐t②
❛♥❛❧②s✐s ✭❙❉❙❆✮ ✐♥ ♦✉r s❡t✉♣✳ ■♥ t❤❡ ♣r❡✈✐♦✉s s❡❝t✐♦♥s✱ ✇❡ ❢♦❝✉s❡❞ ♦♥ t❤❡ tr❡♥❞ ❞②♥❛♠✐❝s ♦❢ ♠❛❝r♦❡✲
❝♦♥♦♠✐❝ ❢✉♥❞❛♠❡♥t❛❧s✿ t❤❡ ♣r✐♠❛r② ✜s❝❛❧ ❜❛❧❛♥❝❡✱ ❡❝♦♥♦♠✐❝ ❣r♦✇t❤✱ ❛♥❞ ✐♥t❡r❡st ❛♥❞ ✐♥✢❛t✐♦♥ r❛t❡s✳
❚❤✐s ❛♥❛❧②s✐s ✐s ✉s❡❢✉❧ ❢♦r ❛ss❡ss✐♥❣ t❤❡ ❢✉t✉r❡ tr❛❥❡❝t♦r② ♦❢ ❞❡❜t✱ ❜✉t ✐t ❞♦❡s ♥♦t ♣r♦✈✐❞❡ ❛♥ ❛s✲
s❡ss♠❡♥t ♦❢ t❤❡ r✐s❦s ✇❡✐❣❤✐♥❣ ♦♥ ♣✉❜❧✐❝ ❞❡❜t ❝♦♥tr❛r② t♦ t❤❡ ❙❉❙❆ ❛s ❞❡✜♥❡❞ ❜② ❇❧❛♥❝❤❛r❞ ❡t ❛❧✳
✭✷✵✷✶✮✳ ❋♦r t❤❡ ❛✉t❤♦rs✿ ❙❉❙❆ ✧✇♦✉❧❞ ❣❡♥❡r❛t❡ ❛ ❞✐str✐❜✉t✐♦♥ ♦❢ ♣❛t❤s ♦❢ t❤❡ ❞❡❜t r❛t✐♦ ✭s♦♠❡t✐♠❡s
❝❛❧❧❡❞ ❛ ✬❢❛♥ ❝❤❛rt✬✮✱ ❜❛s❡❞ ♦♥ ❢♦r❡❝❛sts ❢♦r t❤❡ ❞r✐✈❡rs ♦❢ t❤❡ ❞❡❜t ❞②♥❛♠✐❝s✱ ✇❤✐❝❤ ❛r❡ t❤❡♠s❡❧✈❡s

✸✸



st♦❝❤❛st✐❝✳ ✭✳✳✳✮ ❚❤❡ ❢♦r❡❝❛sts ✇♦✉❧❞ ❛❧s♦ t❛❦❡ ✐♥t♦ ❛❝❝♦✉♥t t❤❡ ♣♦❧✐❝② ✐♥t❡♥t✐♦♥s ♦❢ t❤❡ ❛✉t❤♦r✐t✐❡s✱
❛s ✇❡❧❧ ❛s t❤❡ ✐♥t❡r❛❝t✐♦♥s ❜❡t✇❡❡♥ ❣r♦✇t❤ ❛♥❞ ✜s❝❛❧ ♣♦❧✐❝✐❡s✳ ❚❤❡ r❡s✉❧t ✇♦✉❧❞ ❜❡ ❛ ❞✐str✐❜✉t✐♦♥ ❢♦r
t❤❡ ❞❡❜t r❛t✐♦ ♥ ②❡❛rs ♦✉t ✭✳✳✳✮ ❝♦♥❞✐t✐♦♥❛❧ ♦♥ ❡①♣❡❝t❡❞ ♣♦❧✐❝✐❡s ✭❜✉t ❛❧❧♦✇✐♥❣ ❢♦r ✉♥❝❡rt❛✐♥t② ❛❜♦✉t
t❤❡s❡ ♣♦❧✐❝✐❡s ✇♦✉❧❞ ❛✛❡❝t t❤❡ ❡❝♦♥♦♠②✮✳✧

❖✉r ❛♣♣❧✐❝❛t✐♦♥ ♦❢ ❝♦♥❞✐t✐♦♥❛❧ ❢♦r❡❝❛st✐♥❣ t❡❝❤♥✐q✉❡s t♦ t❤❡ ❍❆◆❑ ♠♦❞❡❧ ❛❧❧♦✇s ✉s t♦ ❣❡♥❡r❛t❡
t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ❞❡❜t✲t♦✲●❉P r❛t✐♦ ❝♦♥❞✐t✐♦♥❛❧ ♦♥ ❣♦✈❡r♥♠❡♥t ❢♦r❡❝❛sts✱ t❤❡ ❡❝♦♥♦♠✐❝ ♣♦❧✐❝✐❡s
♣✉rs✉❡❞ ❜② t❤❡ ❣♦✈❡r♥♠❡♥t✱ ❛♥❞ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ s❤♦❝❦s t❤❛t ❤❛✈❡ ❤✐t t❤❡ ❡❝♦♥♦♠② ✐♥ t❤❡ ♣❛st✳
❲❡ ❞❡♥♦t❡ t❤❡ ♠❡❛s✉r❡ ♦❢ ❛s ❞❡❜t✲❛t✲r✐s❦ bαt+n✱ ✇❤✐❝❤ s❛t✐s✜❡s

F
(
bαt+n|It

)
= α, ✭✹✮

✇❤❡r❡ F (bt+n|It) ✐s t❤❡ ❝♦♥❞✐t✐♦♥❛❧ ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ❞❡❜t r❛t✐♦ ❞❡t❡r♠✐♥❡❞ ❜② t❤❡ ❡st✐♠❛t❡❞
❍❆◆❑ ♠♦❞❡❧ ❛♥❞ t❤❡ s❡t ✐❢ ✐♥❢♦r♠❛t✐♦♥ It✱ ✇❤✐❝❤ ✐♥❝❧✉❞❡s t❤❡ ❡st✐♠❛t❡❞ ♣❛r❛♠❡t❡rs ♦❢ t❤❡ ♠♦❞❡❧
Θ ❛♥❞ t❤❡ ♣♦❧✐❝② Pt(x) ❛♥♥♦✉♥❝❡❞ ❛s ♦❢ t✐♠❡ t ❢♦r t+ n ♣❡r✐♦❞s✳ ❚❤❡ ✈❛❧✉❡ ♦❢ bαt+n (x) ✐s t❤❡ ❞❡❜t✲
t♦✲●❉P r❛t✐♦ t❤❛t✱ ❛❝❝♦r❞✐♥❣ t♦ ♦✉r ♠♦❞❡❧✱ t❤❡ ❡❝♦♥♦♠② ✇✐❧❧ ❡①❝❡❡❞ ✇✐t❤ ❛ ♣r♦❜❛❜✐❧✐t② 1−α% ✐♥ n
♣❡r✐♦❞s ❣✐✈❡♥ t❤❡ ♣♦❧✐❝② Pt(x)✳

✷✽ ❚❤❡ ✉s❡ ♦❢ ❛ str✉❝t✉r❛❧ ♠♦❞❡❧ ❛❧❧♦✇s ✉s t♦ ❡✈❛❧✉❛t❡ ❝♦✉♥t❡r❢❛❝t✉❛❧
s❝❡♥❛r✐♦s ❢♦r r❡❞✉❝✐♥❣ t❤❡ r✐s❦ ♦♥ ♣✉❜❧✐❝ ❞❡❜t✳ ❲❡ ❞❡✜♥❡

∆α
t+n (x, y) = bαt+n (x)− bαt+n (y) ✭✺✮

❛s t❤❡ ❝❤❛♥❣❡s ♦❢ ❞❡❜t✲❛t✲r✐s❦✱ ♠❡❛s✉r❡❞ ✐♥ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts✱ ✐♥❞✉❝❡❞ ❜② ❛ s❤✐❢t ❢r♦♠ ♣♦❧✐❝② Pt (x) t♦
Pt (y)✳ ❆♣♣❧✐❡❞ t♦ t❤❡ ✜s❝❛❧ ❝♦♥s♦❧✐❞❛t✐♦♥ ♣r♦❣r❛♠s ✇❡ ❛r❡ st✉❞②✐♥❣✱ t❤✐s ♠❡❛s✉r❡ ♠❛❦❡s ✐t ♣♦ss✐❜❧❡
t♦ ❛ss❡ss t❤❡ r✐s❦ r❡❞✉❝t✐♦♥ t❤❡② ❜r✐♥❣ ✐♥ r❡❧❛t✐♦♥ t♦ t❤❡ ♣♦❧✐❝② ❛♥♥♦✉♥❝❡❞ ❜② t❤❡ ❣♦✈❡r♥♠❡♥t✳

✼✳✷ ❘❡s✉❧ts

■♥ t❤✐s s❡❝t✐♦♥✱ ✇❡ ♣r❡s❡♥t ❢♦r❡❝❛sts ♦❢ t❤❡ ❞❡❜t✲t♦✲●❉P r❛t✐♦ ❝♦♥❞✐t✐♦♥❛❧ ♦♥ t❤❡ ❡❝♦♥♦♠✐❝ ♣♦❧✐❝②
♣✉rs✉❡❞ ✭s❡❡ ❙❡❝t✐♦♥ ● ❢♦r t❤❡ ✉♥❝♦♥❞✐t✐♦♥❛❧ ❢♦r❡❝❛sts ♦❢ ❛❧❧ ♠❛❝r♦❡❝♦♥♦♠✐❝ ✈❛r✐❛❜❧❡s ❝♦♥s✐❞❡r❡❞ ✐♥
t❤❡ ❡st✐♠❛t✐♦♥✮✳ ❲❡ ♠❛❦❡ ❢♦r❡❝❛sts ❜② ❞r❛✇✐♥❣ ✶✵✵✵ r❡❛❧✐③❛t✐♦♥s ❢r♦♠ t❤❡ ❡st✐♠❛t❡❞ ❞✐str✐❜✉t✐♦♥s
♦❢ ❛❧❧ s❤♦❝❦s t❤❛t ❞♦ ♥♦t ❝♦♥❝❡r♥ t❤❡ ❣♦✈❡r♥♠❡♥t ♣♦❧✐❝② ❞❡❝✐s✐♦♥s✱ ♥❛♠❡❧② s❤♦❝❦s ♦♥ ♣r❡❢❡r❡♥❝❡s✱
♠❛r❦✉♣✱ ✐♥t❡r❡st r❛t❡s✱ ❛♥❞ ♣r♦❞✉❝t✐✈✐t②✳ ❋♦r ♣♦❧✐❝② s❤♦❝❦s t♦ ❣♦✈❡r♥♠❡♥t ❝♦♥s✉♠♣t✐♦♥✱ tr❛♥s❢❡rs
❛♥❞ ❞❡❜t r❡s✐❞✉❛❧✱ ✇❡ ✐♠♣♦s❡ ✈❛❧✉❡s ❜❛s❡❞ ♦♥ t❤❡ ♣♦❧✐❝② s❝❡♥❛r✐♦ Pt (x) ✉♥❞❡r ❝♦♥s✐❞❡r❛t✐♦♥✳ ❲❡
t❤❡♥ ♣❧♦t t❤❡ ❢♦r❡❝❛st ♣❛t❤s ♦❢ t❤❡ ❞❡❜t✲t♦✲●❉P r❛t✐♦ ❛♥❞ ❝❛❧❝✉❧❛t❡ t❤❡ ✈❛❧✉❡s ♦❢ bαt+n (x, y) ❢♦r
α = {2.5, 12.5, 25, 37.5, 50, 62.5, 75, 87.5, 97.5} ✐♥ ♣❡r❝❡♥t❛❣❡✳

P♦❧✐❝② x P♦❧✐❝② ❢♦r❡❝❛st
❉✐str✐❜✉t✐♦♥ ♦❢ ❢♦r❡❝❛sts ❢♦r ♣❡r❝❡♥t✐❧❡s α

✷✳✺✪ ✶✷✳✺✪ ✷✺✪ ✸✼✳✺✪ ✺✵✪ ✻✷✳✺✪ ✼✺✪ ✽✼✳✺✪ ✾✼✳✺✪

✭❛✮ ❇❡♥❝❤♠❛r❦ ✭❋✐♥❛♥❝❡ ❆❝t✮ ✶✵✽✳✸✪ ✽✽✳✾✪ ✾✾✳✸✪ ✶✵✻✳✼✪ ✶✶✶✳✸✪ ✶✶✺✳✼✪ ✶✷✵✳✼✪ ✶✷✻✳✹✪ ✶✸✹✳✷✪ ✶✺✵✳✺✪
✭❜✮ ▲❛r❣❡r ⇓ G ✶✵✼✳✷✪ ✽✼✳✾✪ ✾✽✳✸✪ ✶✵✺✳✼✪ ✶✶✵✳✸✪ ✶✶✹✳✼✪ ✶✶✾✳✼✪ ✶✷✺✳✹✪ ✶✸✸✳✷✪ ✶✹✾✳✻✪
✭❝✮ ▲❛r❣❡ ⇓ T ✶✵✶✳✼✪ ✽✷✳✸✪ ✾✷✳✼✪ ✶✵✵✳✶✪ ✶✵✹✳✼✪ ✶✵✾✳✶✪ ✶✶✹✳✶✪ ✶✶✾✳✽✪ ✶✷✼✳✻✪ ✶✹✹✳✵✪
✭❞✮ ▲❛r❣❡ ⇓ T ❛♥❞ ω = 0 ✶✵✸✳✼✪ ✽✹✳✷✪ ✾✹✳✻✪ ✶✵✷✳✵✪ ✶✵✻✳✻✪ ✶✶✶✳✵✪ ✶✶✻✳✵✪ ✶✷✶✳✼✪ ✶✷✾✳✹✪ ✶✹✺✳✽✪

❚❛❜❧❡ ✽✿ ❉❡❜t✲❛t✲r✐s❦ bαt+n (x) ❝♦♥❞✐t✐♦♥❛❧ t♦ t❤❡ ♣♦❧✐❝② x ✇✐t❤ ✭❛✮ t❤❡ ❜❡♥❝❤♠❛r❦ ♣♦❧✐❝② ✭❋✐♥❛♥❝❡
❆❝t✮✱ ✭❜✮ ❛ t✇♦✲❢♦❧❞ ❞❡❝r❡❛s❡ ✐♥ ♣✉❜❧✐❝ ❝♦♥s✉♠♣t✐♦♥ G✱ ✭❝✮ ❛ t✇♦✲❢♦❧❞ ❞❡❝r❡❛s❡ ✐♥ tr❛♥s❢❡rs T ✱ ❛♥❞
✭❞✮ ❛ t✇♦✲❢♦❧❞ ❞❡❝r❡❛s❡ ♦❢ tr❛♥s❢❡rs ♦♥❧② ❜♦r♥ ❜② ❇✐s♠❛r❝❦✐❛♥ tr❛♥s❢❡rs✳
❉❡❜t✲t♦✲●❉P ✈❛❧✉❡s ✐♥ ✷✵✷✼◗✹

❲❡ st❛rt ✇✐t❤ ♣♦❧✐❝② Pt (a) ❛ss♦❝✐❛t❡❞ ✇✐t❤ t❤❡ ❋✐♥❛♥❝❡ ❆❝t✳ P❛♥❡❧ ✭❛✮ ♦❢ ❋✐❣✉r❡ ✶✷ s❤♦✇s
t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ ❞❡❜t✲t♦✲●❉P r❛t✐♦ ✭✐♥ s❤❛♣❡s ♦❢ ❜❧✉❡✮ ❛s ✇❡❧❧ ❛s t❤❡ tr❛❥❡❝t♦r② ♣❧❛♥♥❡❞ ❜② t❤❡

✷✽❚❤❡ ✉♥❞❡r❧②✐♥❣ ❞❡✜♥✐t✐♦♥ ♦❢ r✐s❦ ✐s s✐♠✐❧❛r t♦ t❤❡ ♦♥❡ ❞❡✈❡❧♦♣❡❞ ❜② ❆❞r✐❛♥ ❡t ❛❧✳ ✭✷✵✶✾✮ ❢♦r ❣r♦✇t❤ ❛t r✐s❦✱ t❤❡
❦❡② ❞✐✛❡r❡♥❝❡ ❜❡✐♥❣ t❤❛t ♦✉r ♣r❡❞✐❝t✐✈❡ ❞✐str✐❜✉t✐♦♥s ❛r❡ ❜❛s❡❞ ♦♥ t❤❡ ❡st✐♠❛t✐♦♥ ♦❢ ❛♥ ❡st✐♠❛t❡❞ str✉❝t✉r❛❧ ♠♦❞❡❧
r❛t❤❡r t❤❛♥ ♦♥ q✉❛♥t✐❧❡ r❡❣r❡ss✐♦♥s✳

✸✹
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✭❛✮
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✭❜✮
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✭❞✮

❋✐❣✉r❡ ✶✷✿ ❉✐str✐❜✉t✐♦♥ ♦❢ ❞❡❜t✲t♦✲●❉P ❢♦r❡❝❛sts ❝♦♥❞✐t✐♦♥♥❛❧ t♦ t❤❡ ♣♦❧✐❝② ✭✐♥ ❜❧✉❡✮ ❛♥❞ ❞❡❜t✲t♦✲
●❉P ♣❧❛♥♥❡❞ ✐♥ t❤❡ ♣♦❧✐❝② s❝❡♥❛r✐♦ ✭✐♥ ❜❧❛❝❦✮✳ P❛♥❡❧ ✭❛✮✿ ❇❡♥❝❤♠❛r❦ ✭❋✐♥❛♥❝❡ ❆❝t✮✳ P❛♥❡❧ ✭❜✮✿
❚✇♦✲❢♦❧❞ ❞❡❝r❡❛s❡ ✐♥ ♣✉❜❧✐❝ ❝♦♥s✉♠♣t✐♦♥ G✳ P❛♥❡❧ ✭❝✮✿ ❚✇♦✲❢♦❧❞ ❞❡❝r❡❛s❡ ✐♥ tr❛♥s❢❡rs T ✳ P❛♥❡❧ ✭❞✮✿
❚✇♦✲❢♦❧❞ ❞❡❝r❡❛s❡ ♦❢ tr❛♥s❢❡rs ♦♥❧② ❜♦r♥ ❜② ❇✐s♠❛r❝❦✐❛♥ tr❛♥s❢❡rs✳ ❙❤❛❞❡❞ ❝♦❧♦rs ❝♦rr❡♣♦♥❞s t♦ t❤❡
❞✐str✐❜✉t✐♦♥ ♣❡r❝❡♥t✐❧❡s [2.5; 97.5]✱ [12.5; 87.5]✱ [25; 75]✱ ❛♥❞ [37.5; 62.5] ✐♥ ♣❡r❝❡♥t❛❣❡✳

✸✺



❣♦✈❡r♥♠❡♥t ✭✐♥ t❤❡ ❜❧❛❝❦ ❧✐♥❡✮✳ ❆s ✇❡ ❝❛♥ s❡❡✱ t❤❡ ♣❛t❤ ♣❧❛♥♥❡❞ ❜② t❤❡ ❣♦✈❡r♥♠❡♥t ✐s ♥♦t ✐♥ t❤❡
♠✐❞❞❧❡ ♦❢ t❤❡ ❞✐str✐❜✉t✐♦♥✿ t❤❡ ♠❡❞✐❛♥ ♦❢ t❤❡ ❢♦r❡❝❛st ✐s ✶✶✺✳✼✪ ✇❤✐❧❡ t❤❡ ❣♦✈❡r♥♠❡♥t ❢♦r❡❝❛st❡❞
✶✵✽✳✸✪✳ ❚❤✐s ♠❡❛♥s t❤❛t ❡✈❡♥ ✐❢ t❤❡ ♥♦♥✲❣♦✈❡r♥♠❡♥t s❤♦❝❦s ❝♦♠♣❛t✐❜❧❡ ✇✐t❤ t❤❡ ❋✐♥❛♥❝❡ ❆❝t ❛r❡
♥♦t ✉♥r❡❛❧✐st✐❝✱ ✐♥ t❤❡ s❡♥s❡ t❤❛t t❤❡② ❜❡❧♦♥❣ t♦ t❤❡ ❞✐str✐❜✉t✐♦♥s ♦❢ t❤❡s❡ s❤♦❝❦s ❡st✐♠❛t❡❞ ♦♥ t❤❡
❜❛s✐s ♦❢ ♣❛st ❞❛t❛ ✭s❡❡ ❙❡❝t✐♦♥ ✹✮✱ t❤❡② ❛r❡ ♦♣t✐♠✐st✐❝ ✐♥ t❤❡ s❡♥s❡ t❤❛t t❤❡ s✉♠ ♦❢ t❤❡✐r r❡✈❡❛❧❡❞
✈❛❧✉❡s t❡♥❞ t♦ ❧♦✇❡r t❤✐s r❛t✐♦ ♠♦r❡ t❤❛♥ ❛ r❛♥❞♦♠ ❞r❛✇ ♦❢ t❤❡s❡ ✈❛❧✉❡s✳ ❚❤❡ ❛♠♦✉♥t ♦❢ ❞❡❜t ❛t r✐s❦
❛t t❤❡ ✷✺✪ t❤r❡s❤♦❧❞ ✐s b0.75t+n (Pt) = 126.4%✳ ❆❝❝♦r❞✐♥❣ t♦ ♦✉r ♠♦❞❡❧✱ t❤❡r❡ ✐s ❛ ✷✺✪ ❝❤❛♥❝❡ t❤❛t
❞❡❜t ✇✐❧❧ ❡①❝❡❡❞ t❤❡ ✈❛❧✉❡ ♦❢ ✶✷✻✳✹✪✳ ❚❤✐s ✜❣✉r❡ ♠❛② s❡❡♠ ❤✐❣❤✳ ❍♦✇❡✈❡r✱ ✇❡ s❤♦✉❧❞ ❦❡❡♣ ✐♥ ♠✐♥❞
t❤❛t t❤❡ ♠♦❞❡❧ ✐s ❡st✐♠❛t❡❞ ♦✈❡r t❤❡ r❡❝❡♥t ♣❡r✐♦❞✱ ✇❤❡♥ t✇♦ ♠❛❥♦r ❝r✐s❡s ❧❡❞ t♦ ❛ s❤❛r♣ ✐♥❝r❡❛s❡
✐♥ t❤❡ ❞❡❜t✲t♦✲●❉P r❛t✐♦ ♦❢ ❛❧♠♦st ✶✺ ♣♦✐♥ts ✐♥ ❛ s✐♥❣❧❡ ②❡❛r ✭❞✉r✐♥❣ t❤❡ ●r❡❛t ❘❡❝❡ss✐♦♥ ✐♥ ✷✵✵✾
❛♥❞ t❤❡ ❈❖❱■❉ ❝r✐s✐s ✐♥ ✷✵✷✵✮✳ ❲❡ ❛r❡ ✐♥❞❡❡❞ ❧✐✈✐♥❣ ✐♥ ❛ r✐s❦② ❡♥✈✐r♦♥♠❡♥t✱ ✇✐t❤ ❛♥ ✉♥❝♦♥❞✐t✐♦♥❛❧
♣r♦❜❛❜✐❧✐t② ♦❢ ✶✵✪ ✭t✇♦ ②❡❛rs ♦❢ ❝r✐s❡s ✐♥ t✇❡♥t② ②❡❛rs ♦❢ ♦❜s❡r✈❛t✐♦♥✮ ♦❢ ❡①♣❡r✐❡♥❝✐♥❣ ❛ ❝r✐s✐s ✇✐t❤
♠❛❥♦r ❝♦♥s❡q✉❡♥❝❡s ❢♦r t❤❡ s✉st❛✐♥❛❜✐❧✐t② ♦❢ ♣✉❜❧✐❝ ❞❡❜t✳ ❚❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ ❢♦r❡❝❛sts r❡✢❡❝ts t❤✐s
❤✐❣❤ r✐s❦ t♦ ❣♦✈❡r♥♠❡♥t ❞❡❜t✳ ■t ✐s ❛❧s♦ ✇♦rt❤ ♥♦t✐♥❣ t❤❛t✱ ❛s t❤❡ ♠♦❞❡❧ ✐s ❧✐♥❡❛r✱ t❤❡ r✐s❦s ❛r❡
s②♠♠❡tr✐❝❛❧ ♦♥ t❤❡ ✉♣s✐❞❡ ❛♥❞ t❤❡ ❞♦✇♥s✐❞❡✳ ❚❤✉s✱ t❤❡r❡ ✐s ❛❧s♦ ❛ ✷✺✪ ❝❤❛♥❝❡ t❤❛t ❣♦✈❡r♥♠❡♥t
❞❡❜t ✇✐❧❧ ❢❛❧❧ ❜❡❧♦✇ ✶✵✻✳✼✪ ♦❢ ●❉P ❜② ✷✵✷✼✳

❲❡ ♥♦✇ ❝♦♠♣❛r❡ t❤❡ ♣♦❧✐❝② Pt (a) ❛ss♦❝✐❛t❡❞ ✇✐t❤ t❤❡ ❋✐♥❛♥❝❡ ❆❝t ✇✐t❤ ❛❧t❡r♥❛t✐✈❡ ♣♦❧✐❝✐❡s Pt (x)
❞❡✜♥❡❞ ✐♥ ❙❡❝t✐♦♥ ✻✳ ■♥ ❛❧❧ t❤r❡❡ ❝❛s❡s✱ ✇❡ ♠❛✐♥t❛✐♥ t❤❡ s❤♦❝❦s t♦ t❤❡ r❡s✐❞✉❛❧ ♣✉❜❧✐❝ ❞❡❜t t❤❛t ❛r❡
r❡✈❡❛❧❡❞ ✐♥ t❤❡ r❡❢❡r❡♥❝❡ ❝❛s❡✱ t❤❛t ♦❢ t❤❡ ❋✐♥❛♥❝❡ ❆❝t✳ ❚❤❡ r❡s✉❧ts ❛r❡ s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✶✷ ❛♥❞
❚❛❜❧❡ ✽✳ ❚❤❡s❡ r❡s✉❧ts ♠❛❦❡ ✐t ♣♦ss✐❜❧❡ t♦ ❛ss❡ss ❤♦✇ ✜s❝❛❧✲❝♦♥s♦❧✐❞❛t✐♦♥ ♣r♦❣r❛♠s r❡❞✉❝❡ t❤❡ r✐s❦
❜✉r❞❡♥ ♦♥ ❞❡❜t✳ ❚❤❡ ✜s❝❛❧✲❝♦♥s♦❧✐❞❛t✐♦♥ ♣r♦❣r❛♠s ✇❡ st✉❞② ♠♦❞✐❢② t❤❡ tr❛❥❡❝t♦r② ❡✐t❤❡r ♦❢ ♣✉❜❧✐❝
s♣❡♥❞✐♥❣ ♦r ♦❢ tr❛♥s❢❡rs✱ ❧❡❛✈✐♥❣ ♥♦♥✲❣♦✈❡r♥♠❡♥t s❤♦❝❦s ✉♥❝❤❛♥❣❡❞ ✐♥ ❛♥② ❝❛s❡✳ ❈♦♠♠✐tt✐♥❣ t♦ ❛
♠♦r❡ ✐♥t❡♥s✐✈❡ ❞❡❜t✲r❡❞✉❝t✐♦♥ ♣❛t❤ r❡❞✉❝❡s t❤❡ r✐s❦ t♦ t❤❡ ❞❡❜t✱ ❛s t❤❡s❡ ♥♦♥✲❣♦✈❡r♥♠❡♥t s❤♦❝❦s ❛r❡
s✉♣❡r✐♠♣♦s❡❞ ♦♥ ❧♦✇❡r ❞❡❜t ♣❛t❤s✳ ❋♦r ❡①❛♠♣❧❡✱ ✐♥ s❝❡♥❛r✐♦ ✭❜✮ ✇✐t❤ ❧♦✇❡r ♣✉❜❧✐❝ ❝♦♥s✉♠♣t✐♦♥✱ t❤❡
r✐s❦ t♦ ❞❡❜t ✐s ❧✐tt❧❡ ❝❤❛♥❣❡❞✱ ❛s t❤❡ ♥❡❣❛t✐✈❡ ✐♠♣❛❝t ♦❢ t❤✐s ♣r♦❣r❛♠ ♦♥ ❣r♦✇t❤ ❞♦❡s ♥♦t s✐❣♥✐✜❝❛♥t❧②
❛❧t❡r t❤❡ ❞❡❜t tr❛❥❡❝t♦r② ✉♥t✐❧ ✷✵✷✼✳ ❚❤❡ ❝♦♥s♦❧✐❞❛t✐♦♥ ♣r♦❣r❛♠ (b) r❡❞✉❝❡s ❞❡❜t✲❛t✲r✐s❦ ✈❛❧✉❡ ✭❛t
t❤❡ ✷✺✪ ❧❡✈❡❧ ♦❢ r✐s❦✮ ❜② ♦♥❧② ∆0.75

t+20 (a, b) = 1 ♣♦✐♥t ♦❢ ♣❡r❝❡♥t❛❣❡✳ ❇② ❝♦♥str❛t✱ ✐♥ s❝❡♥❛r✐♦ ✭❝✮
✇✐t❤ ❧♦✇❡r tr❛♥s❢❡rs✱ t❤❡ r✐s❦ t♦ ❞❡❜t ✐s s❤❛r♣❧② r❡❞✉❝❡❞ ∆0.75

t+20 (a, c) = 6.6 ♣♦✐♥ts ♦❢ ♣❡r❝❡♥t❛❣❡✳
■♥ ♦✉r ♣r❡❢❡rr❡❞ s❝❡♥❛r✐♦ ✭❞✮✱ ✇❤✐❝❤ r❡❞✉❝❡s ♣✉❜❧✐❝ ❞❡❜t ✇❤✐❧❡ ♠❛✐♥t❛✐♥✐♥❣ ❣r♦✇t❤ ❛♥❞ ❝♦♥t❛✐♥✐♥❣
✐♥❡q✉❛❧✐t②✱ t❤❡ r❡❞✉❝t✐♦♥ ✐♥ ❞❡❜t r✐s❦ ✐s ∆0.75

t+20 (a, d) = 4.7 ♣♦✐♥ts ♦❢ ♣❡r❝❡♥t❛❣❡✳ ■♥ t❤✐s ❝❛s❡✱ ✐t
s❤♦✉❧❞ ❜❡ ♣♦✐♥t❡❞ ♦✉t t❤❛t t❤❡ ❝❤❛♥❣❡ ✐♥ t❤❡ tr❛♥s❢❡r r✉❧❡ ❛❧s♦ ❝❤❛♥❣❡s t❤❡ r✐s❦ ❜② ♠♦❞✐❢②✐♥❣ t❤❡
s❡♥s✐t✐✈✐t② ♦❢ t❤❡ ❡❝♦♥♦♠② t♦ ❛❧❧ s❤♦❝❦s✱ s✐♥❝❡ t❤❡ ❏❛❝♦❜✐❛♥ ✐s ♠♦❞✐✜❡❞ ❜② t❤❡ ❝❤❛♥❣❡ ✐♥ t❤❡ s❤❛r❡
♦❢ ❇❡✈❡r✐❞❣✐❛♥ tr❛♥s❢❡rs✳

✽ ❈♦♥❝❧✉s✐♦♥

❲❡ ❞❡✈❡❧♦♣ ❛ ♠❡t❤♦❞♦❧♦❣② t❤❛t r✐❣♦r♦✉s❧② ❛ss❡ss❡s t❤❡ ❞❡❜t s✉s❜t❛✐♥❛❜✐❧✐t② ✐♠♣❧✐❡❞ ❜② ❋✐♥❛♥❝❡ ❆❝ts
❛♥❞ ❡✈❛❧✉❛t❡s t❤❡ ✐♠♣❧✐❝❛t✐♦♥s ♦❢ ❛❧t❡r♥❛t✐✈❡ ✜s❝❛❧✲❝♦♥s♦❧✐❞❛t✐♦♥ ♣r♦❣r❛♠s✳ ❯s✐♥❣ t❤❡ ❝♦♥❞✐t✐♦♥❛❧
❢♦r❡❝❛sts ♦❢ ❛ ❍❆◆❑ ♠♦❞❡❧✱ ✇❡ ✐❞❡♥t✐❢② ❛❧❧ ❢✉t✉r❡ s❤♦❝❦s ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ❋✐♥❛♥❝❡ ❆❝t ♣r♦♣♦s❡❞
❜② t❤❡ ❣♦✈❡r♥♠❡♥t✳ ❚❤❡♥✱ ✇❡ ♠❡❛s✉r❡ t❤❡ ❝♦♥tr✐❜✉t✐♦♥ ♦❢ ✜s❝❛❧ ❞❡❝✐s✐♦♥s ✐♥ t❤❡ ♣r♦❥❡❝t✐♦♥s ❛♥❞ ❝♦♠✲
♣❛r❡ ✐t t♦ t❤❡ ❝♦♥tr✐❜✉t✐♦♥s ♦❢ t❛✐❧✇✐♥❞s ❛♥❞ ❤❡❛❞✇✐♥❞s✱ t❤✉s r❡✈❡❛❧✐♥❣ t❤❡ ♦♣t✐♠✐s♠ ♦r ♣❡ss✐♠✐s♠ ♦❢
t❤❡ ❢♦r❡❝❛st✳ ❚❤❡ ✉♥❝❡rt❛✐♥t✐❡s ❛❜♦✉t t❤❡s❡ ♠❛❝r♦❡❝♦♥♦♠✐❝ ♣r♦❥❡❝t✐♦♥s ♠❛② ❝❛st ❞♦✉❜t ♦♥ ❋r❛♥❝❡✬s
❛❜✐❧✐t② t♦ r❡❞✉❝❡ ✐ts ♣✉❜❧✐❝ ❞❡❜t✳ ❲❡ t❤❡r❡❢♦r❡ ❝♦♠♣❛r❡ ❛❧t❡r♥❛t✐✈❡ ✜s❝❛❧✲❝♦♥s♦❧✐❞❛t✐♦♥ ♣r♦❣r❛♠s t♦
t❤❡ ♦♥❡ ♣r♦♣♦s❡❞ ✐♥ t❤❡ ❣♦✈❡r♥♠❡♥t ❋✐♥❛♥❝❡ ❆❝t✳ ❚❤❡ r❡s✉❧ts s❤♦✇ t❤❛t ✜s❝❛❧ ❝♦♥s♦❧✐❞❛t✐♦♥ ✈✐❛ ❛
r❡❞✉❝t✐♦♥ ✐♥ ♣✉❜❧✐❝ ❝♦♥s✉♠♣t✐♦♥ ❤❛s t❤❡ ❞✐s❛❞✈❛♥t❛❣❡ ♦❢ ❣❡♥❡r❛t✐♥❣ s✐❣♥✐✜❝❛♥t r❡❝❡ss✐♦♥❛r② ❡✛❡❝ts✱
✉♥❧✐❦❡ ✜s❝❛❧ ❝♦♥s♦❧✐❞❛t✐♦♥ ✈✐❛ ❛ r❡❞✉❝t✐♦♥ ✐♥ ♣✉❜❧✐❝ tr❛♥s❢❡rs✳ ❚❤❡ ❝❤♦✐❝❡ ♦❢ ✇❤✐❝❤ tr❛♥s❢❡rs ❛r❡
s✉❜❥❡❝t t♦ ❝✉ts ✐s ♦❢ ❝r✉❝✐❛❧ ✐♠♣♦rt❛♥❝❡ ✐♥ t❡r♠s ♦❢ ❝♦♥s✉♠♣t✐♦♥ ✐♥❡q✉❛❧✐t✐❡s ❜❡t✇❡❡♥ ❤♦✉s❡❤♦❧❞s✳

✸✻



❲❡ s❤♦✇ t❤❛t ✐t ✐s ♣♦ss✐❜❧❡ t♦ r❡❞✉❝❡ ❞❡❜t ❛♥❞ s✉♣♣♦rt ❣r♦✇t❤ ✇✐t❤♦✉t ✐♥❝r❡❛s✐♥❣ ✐♥❡q✉❛❧✐t② ✐❢
t❤❡ r❡❞✉❝t✐♦♥ ❝♦♥❝❡r♥s ✐♥s✉r❛♥❝❡ tr❛♥s❢❡rs ✭♦❢ t❤❡ ❇✐s♠❛r❝❦✐❛♥ t②♣❡✮ ✇✐t❤♦✉t ❛✛❡❝t✐♥❣ ❛ss✐st❛♥❝❡
tr❛♥s❢❡rs ✭♦❢ t❤❡ ❇❡✈❡r✐❞❣✐❛♥ t②♣❡✮✳ ❖✉r ❛♥❛❧②s✐s ❛❧s♦ s❤♦✇s t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ st✉❞②✐♥❣ ❞❡❜t s✉s✲
t❛✐♥❛❜✐❧✐t② ✐♥ t❤❡ ❣❡♥❡r❛❧ ❡q✉✐❧✐❜r✐✉♠✿ ✜s❝❛❧ ♣♦❧✐❝✐❡s s❤♦✉❧❞ ♥♦t ❜❡ ❞❡❝✐❞❡❞ ♦♥❧② ❧♦♦❦✐♥❣ ❛t ♣❛rt✐❛❧
❡q✉✐❧✐❜r✐✉♠ ❡✛❡❝ts✳ ■♥ ❛❧❧ st✉❞✐❡❞ ❝❛s❡s✱ t❤❡ ✐♠♣❛❝t ♦♥ ❞❡❜t ✐♥ ♣❛rt✐❛❧ ❡q✉✐❧✐❜r✐✉♠s ❡①❝❡❡❞s ❧❛r❣❡r❧②
t❤❡✐r ✐♠♣❛❝ts ♠❡❛s✉r❡❞ ✐♥ ❣❡♥❡r❛❧ ❡q✉✐❧✐❜r✐✉♠✳

❘❡❢❡r❡♥❝❡s

❆❝❝❛r❞♦✱ ❆✳✱ ▼✳ ❆♥❞ré✱ ❙✳ ❇✐❧❧♦t✱ ❏✳✲▼✳ ●❡r♠❛✐♥✱ ❛♥❞ ▼✳ ❙✐❝s✐❝ ✭✷✵✷✶✮✳ ❘é❞✉❝t✐♦♥ ❞❡s ✐♥é❣❛❧✐tés✿ ❧❛
r❡❞✐str✐❜✉t✐♦♥ ❡st ❞❡✉① ❢♦✐s ♣❧✉s ❛♠♣❧❡ ❡♥ ✐♥té❣r❛♥t ❧❡s s❡r✈✐❝❡s ♣✉❜❧✐❝s✳ ■♥s❡❡ ❘é❢ér❡♥❝❡✱ ■◆❙❊❊ ✳

❆❝❤❞♦✉✱ ❨✳✱ ❏✳ ❍❛♥✱ ❏✳✲▼✳ ▲❛sr②✱ P✳✲▲✳ ▲✐♦♥s✱ ❛♥❞ ❇✳ ▼♦❧❧ ✭✷✵✷✷✱ ❏❛♥✉❛r②✮✳ ✏■♥❝♦♠❡ ❛♥❞ ✇❡❛❧t❤
❞✐str✐❜✉t✐♦♥ ✐♥ ♠❛❝r♦❡❝♦♥♦♠✐❝s✿ ❆ ❝♦♥t✐♥✉♦✉s✲t✐♠❡ ❛♣♣r♦❛❝❤✑✳ ❘❡✈✐❡✇ ♦❢ ❊❝♦♥♦♠✐❝ ❙t✉❞✐❡s ✽✾✱
✹✺✕✽✻✳

❆❞♦❧❢s♦♥✱ ▼✳✱ ❙✳ ▲❛s❡❡♥✱ ❏✳ ▲✐♥❞❡✱ ❛♥❞ ▼✳ ❱✐❧❧❛♥✐ ✭✷✵✵✺✮✳ ✏❆r❡ ❈♦♥st❛♥t ■♥t❡r❡st ❘❛t❡ ❋♦r❡❝❛sts
▼♦❞❡st P♦❧✐❝② ■♥t❡r✈❡♥t✐♦♥s❄ ❊✈✐❞❡♥❝❡ ❢r♦♠ ❛ ❉②♥❛♠✐❝ ❖♣❡♥✲❊❝♦♥♦♠② ▼♦❞❡❧✑✳ ■♥t❡r♥❛t✐♦♥❛❧

❋✐♥❛♥❝❡ ✽✱ ✺✵✾✕✺✹✹✳

❆❞r✐❛♥✱ ❚✳✱ ◆✳ ❇♦②❛r❝❤❡♥❦♦✱ ❛♥❞ ❉✳ ●✐❛♥♥♦♥❡ ✭✷✵✶✾✮✳ ❱✉❧♥❡r❛❜❧❡ ❣r♦✇t❤✳ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝

❘❡✈✐❡✇ ✶✵✾ ✭✹✮✱ ✶✷✻✸✕✶✷✽✾✳

❆✐②❛❣❛r✐✱ ❙✳ ❘✳ ✭✶✾✾✹✮✳ ✏❯♥✐♥s✉r❡❞ ✐❞✐♦s②♥❝r❛t✐❝ r✐s❦ ❛♥❞ ❛❣❣r❡❣❛t❡ s❛✈✐♥❣✑✳ ❚❤❡ ◗✉❛rt❡r❧② ❏♦✉r♥❛❧

♦❢ ❊❝♦♥♦♠✐❝s ✶✵✾ ✭✸✮✱ ✻✺✾✕✻✽✹✳

❆❧❡s✐♥❛✱ ❆✳✱ ❈✳ ❋❛✈❡r♦✱ ❛♥❞ ❋✳ ●✐❛✈❛③③✐ ✭✷✵✶✺✮✳ ❚❤❡ ♦✉t♣✉t ❡✛❡❝t ♦❢ ✜s❝❛❧ ❝♦♥s♦❧✐❞❛t✐♦♥ ♣❧❛♥s✳
❏♦✉r♥❛❧ ♦❢ ■♥t❡r♥❛t✐♦♥❛❧ ❊❝♦♥♦♠✐❝s ✾✻✱ ❙✶✾✕❙✹✷✳

❆❧❡s✐♥❛✱ ▼✳ ❆✳✱ ●✳ ❈✐♠✐♥❡❧❧✐✱ ❉✳ ❋✉r❝❡r✐✱ ❛♥❞ ●✳ ❙❛♣♦♥❛r♦ ✭✷✵✷✶✮✳ ❆✉st❡r✐t② ❛♥❞ ❊❧❡❝t✐♦♥s✳ ■♥t❡r✲
♥❛t✐♦♥❛❧ ▼♦♥❡t❛r② ❋✉♥❞✳

❆♥❞ré✱ ▼✳✱ ❏✳✲▼✳ ●❡r♠❛✐♥✱ ❛♥❞ ▼✳ ❙✐❝s✐❝ ✭✷✵✷✸✮✳ ▲❛ r❡❞✐str✐❜✉t✐♦♥ é❧❛r❣✐❡✱ ✐♥❝❧✉❛♥t ❧✬❡♥s❡♠❜❧❡ ❞❡s
tr❛♥s❢❡rts ♠♦♥ét❛✐r❡s ❡t ❧❡s s❡r✈✐❝❡s ♣✉❜❧✐❝s✱ ❛♠é❧✐♦r❡ ❧❡ ♥✐✈❡❛✉ ❞❡ ✈✐❡ ❞❡ ✺✼✪ ❞❡s ♣❡rs♦♥♥❡s✳ ■♥s❡❡
❆♥❛❧②s❡s ✽✽✱ ■◆❙❊❊ ✳

❆♥t♦❧✐♥✲❉✐❛③✱ ❏✳✱ ■✳ P❡tr❡❧❧❛✱ ❛♥❞ ❏✳ ❋✳ ❘✉❜✐♦✲❘❛♠✐r❡③ ✭✷✵✷✶✮✳ ✏❙tr✉❝t✉r❛❧ s❝❡♥❛r✐♦ ❛♥❛❧②s✐s ✇✐t❤
❙❱❆❘s✑✳ ❏♦✉r♥❛❧ ♦❢ ▼♦♥❡t❛r② ❊❝♦♥♦♠✐❝s ✶✶✼✱ ✼✾✽✕✽✶✺✳
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❆ ✉♥✐♦♥ s❡ts ❛ ✉♥✐q✉❡ ♥♦♠✐♥❛❧ ✇❛❣❡ W s
k ❜② t❛s❦ k✱ ∀s ∈ {l,m, h}✳ ❚❤❡ ✉♥✐♦♥✬s ♣r♦❣r❛♠ ✐s✿
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


∫
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


∫
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
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✐♠♣♦s❡s t❤❛t ❡✈❡r② ✇♦r❦❡r ✇♦r❦s t❤❡ s❛♠❡ ❛♠♦✉♥t ♦❢ ❤♦✉rs✱ s♦ t❤❛t✿ nsk = N s
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∫
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∫
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∫
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∫
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s, T

s
) ≡

∫
e,a−

u′(cs)et(1 − T
s
t )dΓ

s(e, a−)✱ t❤❡r❡❢♦r❡
✇❡ ❞❡❞✉❝❡✿

0 =
1

(1 + τc)Pt
(1− τinc)(1− τssc)(1− εs)N

s
t ũ
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❉❛t❛ ❢♦r ❝♦♥s✉♠♣t✐♦♥ ❣✐✈❡s ✉s t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ ❝♦♥s✉♠♣t✐♦♥ ❜② t②♣❡ ♦❢ ❣♦♦❞s✳ ❲❡ ❝♦♥s✐❞❡r t❤❛t
t❤❡ ❝❛t❡❣♦r✐❡s ✧❍♦✉s✐♥❣✱ ✇❛t❡r✱ ❣❛s✱ ❡❧❡❝tr✐❝✐t② ❛♥❞ ♦t❤❡r ❢✉❡❧s✧ ✭✧▲♦❣❡♠❡♥t✱ ❡❛✉✱ ❣❛③✱ ❡❧❡❝tr✐❝✐té ❡t
❛✉tr❡s ❝♦♠❜✉st✐❜❧❡s✧✮ ❛♥❞ ✧❢✉❡❧s ❛♥❞ ❧✉❜r✐❝❛♥ts✱ ❛♥t✐❢r❡❡③❡✧ ✭✧❈❛r❜✉r❛♥ts ❡t ❧✉❜r✐✜❛♥ts✱ ❛♥t✐❣❡❧✧✮
❜❡❧♦♥❣ t♦ t❤❡ ❡♥❡r❣② ♣❛rt ♦❢ ❝♦♥s✉♠♣t✐♦♥✳ ▼❛❦✐♥❣ t❤❡ ❛ss✉♠♣t✐♦♥ t❤❛t t❤❡ ❞❡♠❛♥❞ ❢♦r ❡♥❡r❣②
✐s ❡q✉❛❧❧② s❤❛r❡❞ ❜❡t✇❡❡♥ ❤♦✉s❡❤♦❧❞s ❛♥❞ ✜r♠s✱ ✇❡ ♦❜t❛✐♥ t❤❛t t❤❡ s❤❛r❡s ♦❢ ✜r♠ ❛♥❞ ❤♦✉s❡❤♦❧❞
❡♥❡r❣② ❞❡♠❛♥❞ ♦✈❡r ●❉P ❛r❡ ❡❛❝❤ ✶✳✺✾✪✳

❆ss✉♠✐♥❣ ❢✉rt❤❡r t❤❛t σf = ηE ✱ Z = 1 ❛♥❞ sH = sF = 0✳ ❚❤❡♥✱ ✉s✐♥❣ mc = 1/µ✱ ✇❡ ❝❛♥ s❡t
mcF = mc ❛♥❞ pF = mcF ✳ ❍❡♥❝❡✱ ✇❡ ❞❡❞✉❝❡ ❍❡♥❝❡✱ ✇❡ ❞❡❞✉❝❡

YFE = αE

(
pFE
pF

)−ηE

Y ⇔
pFEYFE

Y
= αE

(
1

pF

)−ηE

p1−ηEFE

E = αf (1− αE)

(
pFE
pF

)−ηE

Y ⇔
pFEE

Y
= αf (1− αE)

(
1

pF

)−ηE

p1−ηEFE

✇❤✐❝❤ ❣✐✈❡s ✉s✿

αf =
αE

1− αE

pFEE/Y

pFEYFE/Y

pFE =

(
(pFEYFE/Y ) + PFEE/Y

αE + αf (1− αE)
mc−ηE

) 1
1−ηE

❇✳✸ ▲❛❜♦r ▼❛r❦❡t✳

❋✐❣✉r❡ ✶✹ s❤♦✇s t❤❡ ❡♠♣❧♦②♠❡♥t s❤❛r❡s ❛♥❞ ❣r♦ss ✇❛❣❡ ❜② s❡❝t♦r ♦❢ t❤❡ ❋r❡♥❝❤ ❡❝♦♥♦♠②✳ ❋♦r ♦✉r
♠♦❞❡❧✱ ✇❡ ❞✐✈✐❞❡ t❤❡ ❧❛❜♦r ♠❛r❦❡t ✐♥t♦ t❤r❡❡ s✉❜♠❛r❦❡ts✱ s = l,m, h✿

❼ t❤❡ s✉❜♠❛r❦❡t ♦❢ ❤✐❣❤ ✇❛❣❡s ✭s = h✮✿ ■♥❢♦r♠❛t✐♦♥ ❈♦♠♠✉♥✐❝❛t✐♦♥ + ❋✐♥❛♥❝❡

❼ t❤❡ s✉❜♠❛r❦❡t ♦❢ ✐♥t❡r♠❡❞✐❛t❡ ✇❛❣❡s ✭s = m✮✿ ■♥❞✉str② + ❈♦♥str✉❝t✐♦♥ + ❙❝✐❡♥t✐✜❝ ❛♥❞
❆❞♠✐♥✐str❛t✐✈❡ + ❘❡❛❧ ❊st❛t❡

❼ t❤❡ s✉❜♠❛r❦❡t ♦❢ ❧♦✇ ✇❛❣❡s ✭s = l✮✿ ❲❤♦❧❡s❛❧❡ ❛♥❞ ❘❡t❛✐❧ ❚r❛❞❡ + ❆❣r✐❝✉❧t✉r❡

❲❡ ♦❜t❛✐♥ t❤❡ ❞✐str✐❜✉t✐♦♥s s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✶✺✳ ❇❡t✇❡❡♥ ✶◗✷✵✵✸ ❛♥❞ ✹◗✷✵✶✾✱ t❤❡ ❡♠♣❧♦②♠❡♥t
r❛t❡ ✇❡r❡ ÑL = 25.5%✱ ÑM = 32.5% ❛♥❞ ÑH = 5%✳ ❚❤❡r❡❢♦r❡✱ t❤❡ ❛❣❣r❡❣❛t❡ ❡♠♣❧♦②♠❡♥t
r❛t❡ ✐s

∑
s Ñs = Ñ = 63%✳ ❚❤✐s ❛❧❧♦✇s t♦ ❞❡❞✉❝❡ t❤❡ r❡❧❛t✐✈❡ ❡♠♣❧♦②♠❡♥t s✐③❡s s✿ Ñs/Ñ ∈

{40.5; 51.5; 8}%✳
❚♦ ❞❡t❡r♠✐♥❡ t❤❡ ❡♠♣❧♦②♠❡♥t r❛t❡ ❜② s✱ ✇❡ ♥❡❡❞ t♦ ✉s❡ t❤❡ ♣❛rt✐❝✐♣❛t✐♦♥ r❛t❡s ❛♥❞ t❤❡ ❡♠✲

♣❧♦②♠❡♥t r❛t❡s ❢♦r ❡❛❝❤ s✳ ❲❡ ❛♣♣r♦①✐♠❛t❡ t❤❡s❡ r❛t❡s ❜② ❛ss✉♠✐♥❣ t❤❛t ❧♦✇✲✇❛❣❡ ✇♦r❦❡rs ❤❛✈❡ ❛
❞✐♣❧♦♠❛ ❧♦✇❡r t❤❛♥ t❤❡ ✏❜❛❝❝❛❧❛✉ré❛t✑✱ t❤♦s❡ ✇✐t❤ ❛♥ ✐♥t❡r♠❡❞✐❛t❡ ✇❛❣❡ ❤❛✈❡ ❛ ❞✐♣❧♦♠❛ ❜❡t✇❡❡♥
t❤❡ ✏❜❛❝❝❛❧❛✉ré❛t✑ ❛♥❞ t✇♦ ②❡❛rs ♦❢ ❤✐❣❤❡r ❡❞✉❝❛t✐♦♥✱ ❛♥❞ ❤✐❣❤✲✇❛❣❡ ✇♦r❦❡rs ❤❛✈❡ ❛ ❜❛❝❤❡❧♦r ♦r
♠♦r❡✳ ❉❛t❛ ❢♦r t❤❡ ♣❛rt✐❝✐♣❛t✐♦♥ r❛t❡s✱ ❛♥❞ ❞❛t❛ ❢♦r ✉♥❡♠♣❧♦②♠❡♥t ❧❡❛❞ t♦

• P❛rt✐❝✐♣❛t✐♦♥ r❛t❡s ✭✶✾✽✺✲✷✵✶✻✮✿ Pl = 71%✱ Pm = 76.25% ❛♥❞ Ph = 87.0%

✹✹

https://www.insee.fr/fr/statistiques/4648339
https://www.strategie.gouv.fr/sites/strategie.gouv.fr/files/atoms/files/fs-na-85-influence-diplome-marche-travail-fevrier-2020.pdf
https://www.insee.fr/fr/statistiques/2850098?sommaire=2841366
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❋✐❣✉r❡ ✶✹✿ ❘❛✇ ❧❛❜♦r✲♠❛r❦❡t st❛t✐st✐❝s

❙❡❝t♦r s L M H ▼❡❛♥

❙❤❛r❡s ✭Ñs/Ñ✮ ✹✺✳✷✪ ✹✽✳✻✪ ✻✳✷✪ ✲
❲❛❣❡s ✶ ✶✳✹ ✷ ✶✳✸
❊♠♣❧♦②♠❡♥t r❛t❡s ✺✻✪ ✻✻✳✷✺✪ ✽✶✪ ✻✸✪
❍♦✉rs ✇♦r❦❡❞ ✶ ✵✳✾✽ ✶✳✵✷ ✵✳✾✾

N̂s ✭❡♠♣❧♦②♠❡♥t r❛t❡s×❙❤❛r❡✮ ✷✺✳✸ ✸✶✳✻ ✺✳✶ ✲

❚❛❜❧❡ ✶✵✿ ▲❛❜♦r✲♠❛r❦❡t st❛t✐st✐❝s

• ❯♥❡♠♣❧♦②♠❡♥t r❛t❡s ✭✷✵✶✻✮✿ Ul = 15%✱ Um = 10% ❛♥❞ Uh = 6%✳

❚❤✐s ❧❡❛❞s t♦ ❡♠♣❧♦②♠❡♥t r❛t❡s ❡q✉❛❧ t♦ Nl = 56%✱ Nm = 66.25% ❛♥❞ Nh = 81%✱ ❝♦♥s✐st❡♥t ✇✐t❤
❛ t♦t❛❧ ❡♠♣❧♦②♠❡♥t r❛t❡ ❡q✉❛❧s t♦ 63% ✇✐t❤ t❤❡ s❤❛r❡s Ns/N ✳

❇❡②♦♥❞ t❤❡ ❡♠♣❧♦②♠❡♥t r❛t❡ ✭N✮✱ ✇❡ ❛❧s♦ ✉s❡ t❤❡ ♥✉♠❜❡r ♦❢ ❤♦✉rs ✇♦r❦❡❞ ❜② ✇♦r❦❡rs ✭h✮ t♦
❜✉✐❧❞ t❤❡ ❛❣❣r❡❣❛t❡ ❤♦✉rs Nh = N × h✳

❼ ■♥❢♦r♠❛t✐♦♥ ♣r♦✈✐❞❡❞ ❜② t❤❡ ❞❛t❛

✕ t❤❡ ✈❛❧✉❡s ♦❢ {ωs, ns} ∀s✳ ●✐✈❡♥ t❤❛t ❡✣❝✐❡♥t ❧❛❜♦r ✐s N s =
∑

i ω
sπsi e

s
in
s
i ✱ ✇❤❡r❡ ω

s ✐s
t❤❡ s✐③❡ ♦❢ ❡❛❝❤ ♣♦♣✉❧❛t✐♦♥✱

∑
i π

s
i e
s
i = ϖs ✐s t❤❡ ❛✈❡r❛❣❡ ♣r♦❞✉❝t✐✈✐t② ♦❢ ❡❛❝❤ ♣♦♣✉❧❛t✐♦♥

❛♥❞ ns(i) = ns(i′) ≡ ns✱ ∀i, i′ ✐s t❤❡ ❤♦♠♦❣❡♥♦✉s ❛❣❣r❡❣❛t❡ ❤♦✉rs ✇♦r❦❡❞ ∀s ✭r❡str✐❝t✐♦♥
✐♠♣❧✐❡❞ ❜② ✉♥✐♦♥s✮ ❜② ❡❛❝❤ ♣♦♣✉❧❛t✐♦♥✱ ✇❡ ❞❡❞✉❝❡ t❤❛t N s = ϖsωsns = ϖsn̂s✳

✕ t❤❡ r❡❧❛t✐✈❡ ✇❛❣❡s {1, lm, lh}

❼ ❯♥❦♥♦✇♥ ♣❛r❛♠❡t❡rs ❞❡t❡r♠✐♥❡❞ ❜② st❡❛❞②✲st❛t❡ r❡str✐❝t✐♦♥s✿ {αs, ϖs}s=l,m,h

✹✻
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❋✐❣✉r❡ ✶✺✿ ▲❛❜♦r✲♠❛r❦❡t st❛t✐st✐❝s

✹✼



❚❤❡ ♣r♦❞✉❝t✐♦♥ ❢✉♥❝t✐♦♥ ✐s

YN =

(
α

1
εN

l

(
ϖlωlnl

) εN−1

εN + α
1

εN
m

(
ϖmωmnm

) εN−1

εN +α
1

εN

h

(
ϖhωhnh

) εN−1

εN

) εN
εN−1

=

(
α

1
εN

l

(
ϖln̂l

) εN−1

εN + α
1

εN
m

(
ϖmn̂m

) εN−1

εN +α
1

εN

h

(
ϖhn̂h

) εN−1

εN

) εN
εN−1

✇❤❡r❡ ✐t ✐s ❛ss✉♠❡❞ t❤❛t t❤❡r❡ ❛r❡ ♥♦ ❚❋P s❤♦❝❦s ❛t t❤❡ st❡❛❞② st❛t❡✿ As = 1 ∀s✳ ❚❤❡ ❡♥tr❡♣r❡♥❡✉r
❝♦♥tr♦❧s t❤❡ ❛❣❣r❡❣❛t❡ ❤♦✉rs ❜② s❦✐❧❧ n̂s✳ ❚❤❡ ✜r♠✬s ❋❖❈ ❛r❡✱ ∀s ∈ {l,m, h}✿

∂YN
∂n̂s

= α
1

εN
s ϖs (ϖsn̂s)

εN−1

εN
−1

(
α

1
εN

l

(
ϖln̂l

) εN−1

εN + α
1

εN
m

(
ϖmn̂m

) εN−1

εN +α
1

εN

h

(
ϖhn̂h

) εN−1

εN

) εN
εN−1

−1

=
W s

W

⇒ n̂s = αs(ϖ
s)εN−1

(
W s

W

)−εN

YN

✇❤❡r❡ W ✐s t❤❡ t♦t❛❧ ♠❛r❣✐♥❛❧ ❝♦st✿

W =MCN =

(
∑

s

αs

(
W s

ϖs

)1−εN
) 1

1−εN

= Wl

(
αl

(
1

ϖl

)1−εN

+ αm

(
lm

ϖm

)1−εN

+ αh

(
lh

ϖh

)1−εN
) 1

1−εN

≡ WlΓ(αl, αm, αh, ϖ
l, ϖm, ϖh)

❚❤✐s ❧❡❛❞s t♦

n̂s = αs(ϖ
s)εN−1

(
W s

WlΓ(αl, αm, αh, ϖl, ϖm, ϖh)

)−εN

YN

= αs(ϖ
s)εN−1Γ(αl, αm, αh, ϖ

l, ϖm, ϖh)εN
(
W s

Wl

)−εN

YN

❚❤❡r❡❢♦r❡✱ ✇❡ ❞❡❞✉❝❡

n̂l = αl(ϖ
l)εN−1Γ(αl, αm, αh, ϖ

l, ϖm, ϖh)−εNYN ✭✻✮

n̂m = αm(ϖ
m)εN−1(lm)−εNΓ(αl, αm, αh, ϖ

l, ϖm, ϖh)−εNYN ✭✼✮

n̂h = αh(ϖ
h)εN−1(lh)−εNΓ(αl, αm, αh, ϖ

l, ϖm, ϖh)−εNYN ✭✽✮

✇❤❡r❡ {ϖl, ϖm, ϖh, αl, αm, αh} ❛r❡ t❤❡ ✻ ✉♥❦♥♦✇♥s✳ ❘❡♠❛r❦ t❤❛t t❤❡ ❤♦♠♦❣❡♥❡✐t② ♦❢ t❤❡ ♣r♦❞✉❝t✐♦♥
❢✉♥❝t✐♦♥ ✐♠♣❧✐❡s t❤❛t

∑

s

Wsn
s =WYN ⇒ YN =

1

Γ
(nl + lmnm + lhnh)

t❤✐s ❡q✉❛t✐♦♥ ❜❡✐♥❣ ❛ ❧✐♥❡❛r ❝♦♠❜✐♥❛t✐♦♥ ♦❢ ❡q✉❛t✐♦♥s ✭✻✮✱ ✭✼✮ ❛♥❞ ✭✽✮✳ ❚❤✉s✱ ✇❡ ❤❛✈❡ ✻ ✉♥❦♥♦✇♥s

❢♦r ♦♥❧② ✸ ✐♥❞❡♣❡♥❞❡♥t ❡q✉❛t✐♦♥s ✭✻✮✱ ✭✼✮ ❛♥❞ ✭✽✮✳

✹✽



❆❞❞✐t✐♦♥❛❧ r❡str✐❝t✐♦♥s

✶✳
∑

s αs = 1 ⇒ αh = 1− αl − αm

✷✳ ϖm = 1 ❜❡❝❛✉s❡ ✇❡ ♦♥❧② ♦❜s❡r✈❡ ✷ r❡❧❛t✐✈❡ ✇❛❣❡s✱ {Wm/Wl,Wh/Wl}

✸✳
∑

s ω
sϖs = 1 ⇒ ϖl = 1−ωmϖm−ωhϖh

ωl ✳ ❲✐t❤ ✷✳ t❤✐s ❧❡❛❞s t♦ ϖh = 1−ωlϖl−ωm

ωh

⇒ ❚❤❡ r❡♠❛✐♥✐♥❣ ✸ ✉♥❦♥♦✇♥s ❛r❡ {ϖl, αl, αm}✳

❯s✐♥❣ t❤❡ ❞❡✜♥✐t✐♦♥ ♦❢ t❤❡ ❢✉♥❝t✐♦♥ Γ✱ ✇❡ ❞❡❞✉❝❡

Γ(αl, αm, αh, ϖ
l, ϖm, ϖh) =

(
αl

(
1

ϖl

)1−εN

+ αm

(
lm

ϖm

)1−εN

+ αh

(
lh

ϖh

)1−εN
) 1

1−εN

⇔ Γ̃(αl, αm, ϖ
l) =

(
αl

(
1

ϖl

)1−εN

+ αm (lm)1−εN + (1− αl − αm)

(
ωhlh

1− ωlϖl − ωm

)1−εN
) 1

1−εN

❙♦❧✉t✐♦♥ ❝❛♥ ❜❡ ♦❜t❛✐♥❡❞ ✉s✐♥❣✿

n̂l = αl(ϖ
l)εN−1Γ̃(αl, αm, ϖ

l)(εN−1)(n̂l + l̂mn̂m + l̂hn̂h) ✭✾✮

n̂m = αm(l̂
m)−εN Γ̃(αl, αm, ϖ

l)(εN−1)(n̂l + l̂mn̂m + l̂hn̂h) ✭✶✵✮

n̂h = αh(ϖ
h)εN−1(l̂h)−εN Γ̃(αl, αm, ϖ

l)(εN−1)(n̂l + l̂mn̂m + l̂hn̂h) ✭✶✶✮

✇❤❡r❡ t❤❡ ✈❛r✐❛❜❧❡s ✇✐t❤ ❛ ✏❤❛t✑ ❛r❡ t❤❡ ♦❜s❡r✈❛❜❧❡ ❞❛t❛✳ ❙♦❧✉t✐♦♥s ♠✉st s❛t✐s❢② ϖl > 0✱ 0 < αl < 1✱
0 < αm < 1 ✇✐t❤ αl +αm < 1✳ ▼♦r❡♦✈❡r✱ t❤❡ s♦❧✉t✐♦♥ ✇♦✉❧❞ ❜❡ s✉❝❤ t❤❛t ϖl < ϖm < ϖh✳ ❘❡s✉❧ts
✭♣❛r❛♠❡t❡rs ❛♥❞ ✇❛❣❡ ❞✐str✐❜✉t✐♦♥s✮ ❛r❡ r❡♣♦rt❡❞ ✐♥ ❋✐❣✉r❡ ✶✻✳
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❋✐❣✉r❡ ✶✻✿ Pr♦❞✉❝t✐✈✐t② ❉✐str✐❜✉t✐♦♥ ❜② ❲♦r❦❡rs✬ ❚②♣❡ s

✹✾



s l m h

❈❊❙ ♣❛r❛♠❡t❡rs ♦❢ YN
αs ✵✳✸✶✸✸ ✵✳✺✷✸✵ ✵✳✶✻✸✻
ϖl ✵✳✼✽✵✽ ✶ ✷✳✺✾✼✽

■♥❝♦♠❡ ❘✐s❦s
ρs ✵✳✾✼ ✵✳✾✻✺ ✵✳✾✹
σs ✵✳✸✻ ✵✳✻✹ ✶✳✹

❉✐s✉t✐❧✐t② ♦❢ ✇♦r❦✐♥❣
φs ✵✳✸✻✸✹ ✵✳✸✷✼✽ ✵✳✶✹✽✷

❚❛❜❧❡ ✶✶✿ ❙♣❡❝✐✜❝ P❛r❛♠❡t❡rs ❜② ❲♦r❦❡rs✬ ❚②♣❡s s

●✐✈❡♥ t❤❡ s♦❧✉t✐♦♥s ❢♦r {ϖl, ϖm, ϖh}✱ ✇❤❡r❡
∑

s ω
sϖs = 1✱ ✇❡ ❞❡✜♥❡ ϖs = ∆s +

∑
i e
s
iπ
s
i ✱ ✇✐t❤∑

i e
s
iπ
s
i = 1✱ ∀s✳ ❯s✐♥❣ t❤❡ ♣❛r❛♠❡t❡rs {ρs, σs}✱ t❤❡ ❣r✐❞s ♦❢ t❤❡ ✐❞✐♦s②♥❝r❛t✐❝ ♣r♦❞✉❝t✐✈✐t② s❤♦❝❦s

[es1, ...., e
s
N ] ❛♥❞ t❤❡ ▼❛r❦♦✈ ♠❛tr✐① [π̃sii′ ] ❛r❡ ❝♦♥str✉❝t❡❞✱ ❛♥❞ s❛t✐s❢②

∑
i e
s
iπ
s
i = 1 ✇❤❡r❡ πsi ✐s t❤❡

❡✐❣❡♥✈❡❝t♦r ❛ss♦❝✐❛t❡❞ t♦ t❤❡ ❡✐❣❡♥✈❛❧✉❡ ✶ ♦❢ t❤❡ ♠❛tr✐① [π̃sii′ ]✳
❋✐♥❛❧❧②✱ ❡q✉✐❧✐❜r✐❛ ♦♥ ❧❛❜♦r ♠❛r❦❡ts ❛❧❧♦✇ ✉s t♦ ❞❡❞✉❝❡ t❤❡ ✈❛❧✉❡s ♦❢ t❤❡ ❞✐s✉t✐❧✐t② ♦❢ ✇♦r❦✐♥❣ φs✱

∀s = l,m, h ✭s❡❡ t❤❡ ❚❛❜❧❡ ✶✶✮✮✳

❇✳✹ ❈❛❧✐❜r❛t✐♦♥ ♦❢ t❛①❛t✐♦♥ ❛♥❞ tr❛♥s❢❡rs

❲❡ ✉s❡ s❡✈❡r❛❧ ♠♦♠❡♥ts ♦❢ t❤❡ ❞❡❝✐❧❡ ❞✐str✐❜✉t✐♦♥ t♦ ❝❛❧✐❜r❛t❡ ♥♦t❛❜❧② tr❛♥s❢❡r ❛♥❞ ✐♥❝♦♠❡ t❛① ♣❛✲
r❛♠❡t❡rs✳ ❚❤♦s❡ ♠♦♠❡♥ts ❛r❡ ❝♦♠♣✉t❡❞ ❢r♦♠ t❤❡ ❞❛t❛ ✐♥ ❆❝❝❛r❞♦ ❡t ❛❧✳ ✭✷✵✷✶✮ ❢♦r ✷✵✶✽✳ ❲❡ ❝♦♥s✐❞❡r
t❤❛t ❇✐s♠❛r❝❦✐❛♥ tr❛♥s❢❡rs ❡♥❝♦♠♣❛ss ♣❡♥s✐♦♥ ❛♥❞ ✉♥❡♠♣❧♦②♠❡♥t ✐♥s✉r❛♥❝❡ tr❛♥s❢❡rs ✭✧r❡tr❛✐t❡✧ ❡t
✧❝❤ô♠❛❣❡ ❡t r❡✈❡♥✉s ❞❡ r❡♠♣❧❛❝❡♠❡♥t✧✮✳ ❇❡✈❡r✐❞❣✐❛♥ tr❛♥s❢❡rs ✐♥❝❧✉❞❡ t❤❡ ♦t❤❡r ♠♦♥❡t❛r② tr❛♥s✲
❢❡rs ❛s ✇❡❧❧ ❛s ❤❡❛❧t❤ ❛♥❞ s♦❝✐❛❧ ❛❝t✐♦♥ ❛♥❞ ❤♦✉s✐♥❣ tr❛♥s❢❡rs ✐♥ ❦✐♥❞ ✭✧s❛♥té✧ ❡t ✧❛❝t✐♦♥ s♦❝✐❛❧❡ ❡t
❧♦❣❡♠❡♥t✧✮✳ ❚❤✐s ✇❛②✱ ✇❡ ♦❜t❛✐♥ t❤❡ s❤❛r❡ ♦❢ tr❛♥s❢❡rs ♦✈❡r ●❉P ✭✶✼✳✾✪ ❢♦r ❇✐s♠❛r❝❦✐❛♥ ❛♥❞ ✶✹✳✷✪
❢♦r ❇❡✈❡r✐❞❣✐❛♥✮ ❛♥❞ t❤❡✐r ❞✐str✐❜✉t✐♦♥ ❜② ❞❡❝✐❧❡✳ ❋♦r ❣r♦ss ✐♥❝♦♠❡✱ ✇❡ ❝♦♥s✐❞❡r ♣r✐♠❛r② ✐♥❝♦♠❡
✭✧r❡✈❡♥✉ ♣r✐♠❛✐r❡ é❧❛r❣✐✧✮ t♦ ✇❤✐❝❤ ✇❡ r❡♠♦✈❡ s♦❝✐❛❧ ❝♦♥tr✐❜✉t✐♦♥s ✭✧❝♦t✐s❛t✐♦♥s s♦❝✐❛❧❡s✧✮ ❛♥❞ ❛❞❞
❇✐s♠❛r❝❦✐❛♥ tr❛♥s❢❡rs✳ ❋♦r ♥❡t ✐♥❝♦♠❡✱ ✇❡ ✉s❡ ❞✐s♣♦s❛❜❧❡ ✐♥❝♦♠❡ ✭✧r❡✈❡♥✉ ❞✐s♣♦♥✐❜❧❡✧✮ ♣❧✉s ❤❡❛❧t❤
❛♥❞ s♦❝✐❛❧ ❛❝t✐♦♥ ❛♥❞ ❤♦✉s✐♥❣ tr❛♥s❢❡rs ✐♥ ❦✐♥❞✳ ❉❛t❛ ❢♦r ❝♦♥s✉♠♣t✐♦♥ ❣✐✈❡s ✉s t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢
❝♦♥s✉♠♣t✐♦♥ ❜② ❞❡❝✐❧❡✳ ❋✐♥❛❧❧②✱ ✇❡ ♦❜t❛✐♥ ❞❛t❛ ❢♦r t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ ❞✐✈✐❞❡♥❞s ❢r♦♠ ❆♥❞ré ❡t ❛❧✳
✭✷✵✷✸✮✱ ✉s✐♥❣ t❤❡ ❞✐✈✐❞❡♥❞ ❛♥❞ ♠✐①❡❞ r❡✈❡♥✉❡ ❝❛t❡❣♦r② ✭✧❞✐✈✐❞❡♥❞❡s ❡t r❡✈❡♥✉s ♠✐①t❡s✧✮✳

❇✳✺ ❋r♦♠ ❣♦✈❡r♥♠❡♥t ❢♦r❡❝❛sts t♦ q✉❛rt❡r❧② ❞❛t❛

❚❤❡ tr❛♥s❢❡rs ✭T ✮ ❛r❡ t❤❡ s✉♠ ♦❢ ✧❙♦❝✐❛❧ ❜❡♥❡✜ts ✐♥ ❝❛s❤✑ + ✧❙♦❝✐❛❧ ❜❡♥❡✜ts ✐♥ ❦✐♥❞✑✳ ❚❤❡ ❡♥❡r❣②
♣r✐❝❡ ✐s ✜rst ❞✐✈✐❞❡❞ ❜② t❤❡ ❊❯❘✴❯❙❉ ❡①❝❤❛♥❣❡ r❛t❡ ❛♥❞ ❜② t❤❡ ✐♥✢❛t✐♦♥ ❧❡✈❡❧✳ ❋♦r ●❉P✱ ■P❈✱
❡♥❡r❣② ♣r✐❝❡ ❛♥❞ ✇❛❣❡ ♦❢ t❤❡ ②❡❛r τ ✱ ✇❡ ❝♦♠♣✉t❡ t❤❡ q✉❛rt❡r❧② ❣r♦✇t❤ r❛t❡s gzτ ✉s✐♥❣ t❤❡ ❛♥♥✉❛❧
❣r♦✇t❤ r❛t❡s gza,τ ✭❢♦r❡❝❛sts ♦❢ t❤❡ ●❉P✱ ■P❈✱ ❡♥❡r❣② ♣r✐❝❡ ❛♥❞ ✇❛❣❡ ❣r♦✇t❤ r❛t❡s r❡♣♦rt❡❞ ✐♥ t❤❡
❚❛❜❧❡ ✶✷✮✷✾✱ s♦❧✈✐♥❣

(1 + gza,τ )×

4Q∑

q=1Q

Zq,τ = Z1Q,τ+1 ×
[
1 + (1 + gzτ ) + (1 + gzτ )

2 + (1 + gzτ )
3
]

✇❤❡r❡ Z = ●❉P✱ ■P❈✱ ❡♥❡r❣② ♣r✐❝❡ ❛♥❞ ✇❛❣❡✳ ❲❡ ❜✉✐❧t t❤❡ q✉❛rt❡r❧② ❞❛t❛ ❢♦r ●❉P✱ ■P❈ ❛♥❞ ❡♥❡r❣②
♣r✐❝❡ ♦✈❡r t❤❡ ♣❡r✐♦❞s ✶◗✷✵✷✷ t♦ ✹◗✷✵✷✼ ✭s❡❡ ♣❛♥❡❧s ✭❛✮✱ ✭❜✮ ✫ ✭❝✮ ♦❢ ❋✐❣✉r❡ ✶✼✮✳ ❲❡ ❣❡t q✉❛rt❡r❧②

✷✾❋♦r t❤❡ ❡♥❡r❣② ♣r✐❝❡✱ ✇❡ ❞❡❞✉❝❡ t❤❡ ❛♥♥✉❛❧ ❣r♦✇t❤ r❛t❡ ❢r♦♠ ❢♦r❡❝❛sts ♦❢ t❤❡ ❞❛t❛ ✐♥ ❧❡✈❡❧✳

✺✵

https://www.insee.fr/fr/statistiques/4648339
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●❉P ❣r♦✇t❤ ✷✳✻✪ ✶✳✵✪ ✶✳✻✪ ✶✳✼✪ ✶✳✼✪ ✶✳✽✪
●❉P s❤❛r❡ ♦❢ G ✷✸✳✼✪ ✷✸✳✷✪ ✷✷✳✽✪ ✷✷✳✺✪ ✷✷✳✸✪ ✷✷✳✶✪
●❉P s❤❛r❡ ♦❢ T ✷✺✳✼✪ ✷✹✳✾✪ ✷✺✳✵✪ ✷✹✳✽✪ ✷✹✳✻✪ ✷✹✳✸✪
❉❡❜t✲t♦✲●❉P ✶✶✶✳✻✪ ✶✵✾✳✻✪ ✶✵✾✳✺✪ ✶✵✾✳✹✪ ✶✵✾✳✷✪ ✶✵✽✳✸✪
❊♥❡r❣② ♣r✐❝❡ ✩✶✵✶ ✩✽✸ ✩✽✸ ✩✽✸ ✩✽✸ ✩✽✸
■P❈ ✭✐♥✢❛t✐♦♥ r❛t❡✮ ✺✳✷✪ ✹✳✾✪ ✷✳✻✪ ✷✳✵✪ ✶✳✽✪ ✶✳✽✪
❊♠♣❧♦②♠❡♥t ✷✳✹✪ ✵✳✽✪ ✵✳✻✪ ✵✳✽✪ ✵✳✽✪ ✵✳✽✪
❲❛❣❡ ✺✳✵✪ ✹✳✽✪ ✸✳✵✪ ✷✳✽✪ ✷✳✹ ✷✳✺✪
❙❤♦rt✲t❡r♠ ✐♥t❡r❡st r❛t❡ ✵✳✸✪ ✸✳✶✪ ✸✳✼✪ ✸✳✹✪ ✸✳✹✪ ✸✳✹✪
●❉P s❤❛r❡ ♦❢ ✐♥t❡r❡st ❝❤❛r❣❡s ✶✳✾✪ ✶✳✼✪ ✶✳✾✪ ✷✳✶✪ ✷✳✸✪ ✷✳✹✪
❊①❝❤❛♥❣❡ r❛t❡ ❊❯❘✴❯❙❉ ✶✳✵✺ ✶✳✵✼ ✶✳✵✼ ✶✳✵✼ ✶✳✵✼ ✶✳✵✼

❚❛❜❧❡ ✶✷✿ ●♦✈❡r♥♠❡♥t ❢♦r❡❝❛sts✳ ❙♦✉r❝❡✿ ❋✐♥❛♥❝❡ ❆❝t

s❡r✐❡s ❜② ✐♥t❡r♣♦❧❛t✐♥❣ t❤❡ ●❉P s❤❛r❡ ♦❢ G ✭❣♦✈❡r♥♠❡♥t ❝♦♥s✉♠♣t✐♦♥✮ ❛♥❞ t❤❡ ●❉P s❤❛r❡ ♦❢ T
✭❣♦✈❡r♥♠❡♥t tr❛♥s❢❡rs✮✳ ❚❤❡♥✱ ✉s✐♥❣ t❤❡ q✉❛rt❡r❧② ❞❛t❛ ♦❢ ●❉P✱ ✇❡ ❜✉✐❧t q✉❛rt❡r❧② ❞❛t❛ ❢♦r G ❛♥❞
T ♦✈❡r t❤❡ ♣❡r✐♦❞s ✶◗✷✵✷✷ t♦ ✹◗✷✵✷✼ ✭s❡❡ ♣❛♥❡❧s ✭❛✮ ✫ ✭❜✮ ♦❢ t❤❡ ❋✐❣✉r❡ ✶✽✮✳ ❈♦♥❝❡r♥✐♥❣ t❤❡ ❞❡❜t✲
t♦✲●❉P r❛t✐♦✱ t❤❡ ●❉P s❤❛r❡ ♦❢ ✐♥t❡r❡st ❝❤❛r❣❡s ❛♥❞ ❡♠♣❧♦②♠❡♥t✱ ✇❡ s✐♠♣❧② ♣❡r❢♦r♠ q✉❛rt❡r❧②
✐♥t❡r♣♦❧❛t✐♦♥ t♦ ❝♦♥str✉❝t q✉❛rt❡r❧② ❞❛t❛ ♦✈❡r t❤❡ ♣❡r✐♦❞s ✶◗✷✵✷✷ t♦ ✹◗✷✵✷✼ ✭s❡❡ ♣❛♥❡❧ ✭❝✮ ♦❢ t❤❡
❋✐❣✉r❡ ✶✽✮✱ ❝♦♥s✐❞❡r✐♥❣ t❤❛t t❤❡ ❋✐♥❛♥❝❡ ❆❝t ❣✐✈❡s t❤❡ ❡♥❞✲♦❢✲②❡❛r ✈❛❧✉❡✳ ❋♦r t❤❡ s❤♦rt✲t❡r♠ ✐♥t❡r❡st
r❛t❡✱ ✇❡ ✉s❡ t❤❡ ❛♥♥✉❛❧ ✈❛❧✉❡ ❢♦r ❡❛❝❤ q✉❛rt❡r ♦❢ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ②❡❛r✳

Pr♦❥❡❝t❡❞ ❞❛t❛ ❢♦r t❤❡ ❧❛❜♦r ♠❛r❦❡ts✳ ❖♥ t❤❡ ❧❛❜♦r ♠❛r❦❡t✱ t❤❡ ❣♦✈❡r♥♠❡♥t ❢♦r❡❝❛sts ❣✐✈❡
❛❣❣r❡❣❛t❡ ♣r♦❥❡❝t✐♦♥s ❢♦r t❤❡ ❡♠♣❧♦②♠❡♥t r❛t❡ ✭N✮ ❛♥❞ t❤❡ r❡❛❧ ✇❛❣❡ ✭w✮✳ ■♥ ♦r❞❡r t♦ ❝♦♥str✉❝t
❤♦✉rs ✇♦r❦❡❞ ✭❡♠♣❧♦②♠❡♥t r❛t❡ ♠✉❧t✐♣❧✐❡❞ ❜② ♥✉♠❜❡r ♦❢ ❤♦✉rs ✇♦r❦❡❞ ♣❡r ❡♠♣❧♦②❡❡✱ H = N × h✮
❛♥❞ r❡❛❧ ✇❛❣❡s ❜② s❛❧❛r② ❧❡✈❡❧ ♦✈❡r t❤❡ ♣❡r✐♦❞ ✶◗✷✵✷✸ t♦ ✹◗✷✵✷✼✱ ✇❡ ✉s❡ t❤❡ ❣♦✈❡r♥♠❡♥t ❢♦r❡❝❛sts
❢♦r N ❛♥❞ w ❛♥❞ t❤❡ ♣r♦❥❡❝t✐♦♥s ♦❢ t❤❡ tr❡♥❞s ♦❢ Ns✱ hs ❛♥❞ ws ♦❜s❡r✈❡❞ ♦✈❡r t❤❡ ♣❡r✐♦❞ ✷◗✲✷✵✵✸
t♦ ✹◗✷✵✷✷✳ ❚♦ ❞♦ t❤✐s✱ ✇❡ ❛ss✉♠❡ t❤❛t✿

✭✐✮ t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ ❥♦❜s r❡♠❛✐♥s st❛❜❧❡✱ ✐❡✳ Ns,t = ωsNt✱ ❢♦r t = [1Q2023; 4Q2027]✳ ❍❡♥❝❡✱
✉s✐♥❣ t❤❡ ✈❛❧✉❡s ♦❢ ωs✱ ✇❡ ❜✉✐❧❞ Ns,t✱ ❝♦♥s✐st❡♥t ✇✐t❤ Nt ♣r♦✈✐❞❡❞ ❜② t❤❡ ❣♦✈❡r♥♠❡♥t ❢♦r❡❝❛sts✳

✭✐✐✮ t❤❡ r❛t✐♦ ❜❡t✇❡❡♥ t❤❡ s❛❧❛r② ♦❢ ❛ ❥♦❜ ♦❢ t②♣❡ l ❛♥❞ t❤❡ ❛❣❣r❡❣❛t❡ s❛❧❛r② ❝♦♥t✐♥✉❡s t♦ ❡✈♦❧✈❡ ❛s
✐t ❞✐❞ ❜❡t✇❡❡♥ ✷◗✷✵✵✸ t♦ ✹◗✷✵✷✷✱ wl,t = µtwt ✇✐t❤ µt ♦❜s❡r✈❡❞ ❜❡t✇❡❡♥ ✷◗✷✵✵✸ ❛♥❞ ✹◗✷✵✷✷
t❤❡♥ ♣r♦❥❡❝t❡❞ ❧✐♥❡❛r❧② ❜❡t✇❡❡♥ ✶◗✷✵✷✸ t♦ ✹◗✷✵✷✼✳ ❚❤✐s ♣r♦✈✐❞❡s t❤❡ ❞❛t❛ ❢♦r wl,t✱ ❣✐✈❡♥ t❤❡
❣♦✈❡r♥♠❡♥t ❢♦r❡❝❛sts ❢♦r wt✳

✭✐✐✐✮ t❤❡ ✇❛❣❡ ❣❛♣s ❜❡t✇❡❡♥ m,h ❛♥❞ l r❡♠❛✐♥ st❛❜❧❡✱ ✐✳❡✳ ws,t = γswl,t✱ ❢♦r s = m,h✳

✭✐✈✮ t❤❡ ♥✉♠❜❡r ♦❢ ❤♦✉rs ✇♦r❦❡❞ ❜② t②♣❡ ♦❢ ❡♠♣❧♦②❡❡ s = l,m, h ❡✈♦❧✈❡s ✐♥ t❤❡ ❢✉t✉r❡ ✭✸◗✷✵✷✸ t♦
✹◗✷✵✷✼✮ ❝♦♥t✐♥✉✐♥❣ t❤❡ ❧✐♥❡❛r tr❡♥❞ ♦❜s❡r✈❡❞ s✐♥❝❡ ✷◗✷✵✵✸✳

❯s✐♥❣ t❤✐s s❡t ♦❢ r❡str✐❝t✐♦♥s✱ ✇❡ ❜✉✐❧t t♦t❛❧ ❤♦✉rs ✇♦r❦❡❞ Hs ❛♥❞ r❡❛❧ ✇❛❣❡ ws ❢♦r ❡❛❝❤ ❧❛❜♦r ♠❛r❦❡t
s = l,m, h ❢♦r t❤❡ s❛♠♣❧❡ ✶◗✷✵✷✸ t♦ ✹◗✷✵✷✼✳ ❉❛t❛ ❢♦r t❤❡ ❧❛❜♦r ♠❛r❦❡t ❛r❡ ✐♥ t❤❡ ❋✐❣✉r❡ ✶✾✳

✺✶

https://www.budget.gouv.fr/files/uploads/extract/2022/programme_stabilite/PSTAB%202022.pdf
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❈ ❊st✐♠❛t✐♦♥ ♦❢ t❤❡ ❡①♦❣❡♥♦✉s s❤♦❝❦s ♣r♦❝❡ss❡s

❚❤❡ ♣❡rs✐st❡♥❝❡ ρ ❛♥❞ t❤❡ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥ σ ♦❢ t❤❡ s❤♦❝❦ ♣r♦❝❡ss❡s ❛r❡ ❡st✐♠❛t❡❞ ✉s✐♥❣ ❛ ❇❛②❡s✐❛♥
♣r♦❝❡❞✉r❡✿ ❜❛s❡❞ ♦♥ ❛ ▼❡tr♦♣♦❧✐s✲❍❛st✐♥❣s ❛❧❣♦r✐t❤♠✱ ✇❡ ❞r❛✇ ♦♥❡ ♠✐❧❧✐♦♥ ❞r❛✇s✳ ❚❤❡ ✜rst ❤❛❧❢ ♦❢
❛❝❝❡♣t❡❞ ❞r❛✇s ✇❡r❡ ❜✉r♥❡❞ ✐♥ t♦ ❝♦rr❡❝t ❢♦r ♣♦ss✐❜❧❡ ♠✐s❝❤♦✐❝❡ ♦❢ t❤❡ st❛rt✐♥❣ ♣♦✐♥t✳

❚❤❡ ♣r✐♦r ❞✐str✐❜✉t✐♦♥s ❝♦♥s✐❞❡r❡❞ ❛r❡ r❡♣♦rt❡❞ ✐♥ ❚❛❜❧❡ ✶✸✳ ❋♦r ❡♥❡r❣② ♣r✐❝❡s ✭pFE✮✱ ❣♦✈❡r♥♠❡♥t
s♣❡♥❞✐♥❣ ✭G✮ ❛♥❞ tr❛♥s❢❡rs ✭T ✮✱ ♦✉r ❍❆◆❑ ♠♦❞❡❧ s✐♠♣❧② r❡♣❧✐❝❛t❡s t❤❡ ❡①♦❣❡♥♦✉s ✐♥♣✉t s❡r✐❡s✳
❈♦♥s❡q✉❡♥t❧②✱ ❣✉❡ss❡s ❢♦r t❤❡ ✈❛❧✉❡s ♦❢ t❤❡s❡ ♣❛r❛♠❡t❡rs ❝❛♥ ❜❡ ♦❜t❛✐♥❡❞ ❜② ❡st✐♠❛t✐♥❣ ❛♥ AR(1)
♦♥ t❤❡ t✐♠❡ s❡r✐❡s {pFE , G, T}✳ ❚❤❡s❡ ❡st✐♠❛t❡s ❛r❡ ✉s❡❞ ❛s ✐♥❢♦r♠❛t✐♦♥ t♦ ❞❡✜♥❡ t❤❡ ♣r✐♦rs ♦❢ t❤❡s❡
s❤♦❝❦s✳ ❚❤❡ r❡♠❛✐♥✐♥❣ ♣r✐♦rs ❢♦r {β, µ, ε, ϑ, {φs}s=l,m,h, , {As}s=l,m,h, eτ} ❛r❡ ❛ss✉♠❡❞ t♦ ❢♦❧❧♦✇
❜❡t❛ ❞✐str✐❜✉t✐♦♥s ❢♦r t❤❡ ♣❡rs✐st❡♥❝❡ ❛♥❞ ✐♥✈❡rs❡✲❣❛♠♠❛ ❞✐str✐❜✉t✐♦♥s ❢♦r t❤❡ st❛♥❞❛r❞ ❞❡✈✐❛t✐♦♥✱
❛s ✉s✉❛❧ ✐♥ t❤❡ ❧✐t❡r❛t✉r❡✳ ❚❤❡ r❡s✉❧ts ♦❢ t❤❡ ❡st✐♠❛t✐♦♥ ❛r❡ ✐♥ t❤❡ ❚❛❜❧❡ ✶✸ ❛♥❞ ✐♥ t❤❡ ❋✐❣✉r❡ ✷✵✳

❙❤♦❝❦ Pr✐♦r ▼♦❞❡ ▼❡❛♥ ❙t❞ ✾✺✪ ❈■

Pr❡❢❡r❡♥❝❡ β ρ β(0.8, 0.05) ✵✳✼✼✾✹✸✸ ✵✳✼✼✽✹✽✷ ✵✳✵✷✺✷✸✶ [0.735657, 0.818507]
σ invΓ(0.05, 1.0) ✵✳✵✵✽✾✷✷ ✵✳✵✵✾✶✹✸ ✵✳✵✵✶✹✸✽ [0.006991, 0.011675]

Pr✐❝❡ ♠❛r❦✉♣ µ ρ β(0.8, 0.05) ✵✳✼✾✼✸✵✸ ✵✳✼✽✾✷✵✵ ✵✳✵✷✼✹✽✾ [0.784003, 0.866901]
σ invΓ(0.05, 1.0) ✵✳✵✷✷✼✼✺ ✵✳✵✷✸✹✷✵ ✵✳✵✵✷✸✸✶ [0.019887, 0.027508]

❊♥❡r❣② ♣r✐❝❡ pFE ρ N (0.89, 0.054) ✵✳✼✾✸✹✾✷ ✵✳✼✾✹✻✼✹ ✵✳✵✷✷✻✽✷ [0.755927, 0.830306]
σ N (0.13, 0.067) ✵✳✶✶✸✸✼✸ ✵✳✶✶✻✶✶✷ ✵✳✵✵✾✵✺✽ [0.102126, 0.131723]

▼♦♥❡t❛r② ♣♦❧✐❝② ε ρ β(0.8, 0.05) ✵✳✺✼✽✸✼✵ ✵✳✺✼✺✹✻✼ ✵✳✵✹✵✾✾✹ [0.506296, 0.641365]
σ invΓ(0.05, 1.0) ✵✳✵✵✻✷✼✾ ✵✳✵✵✻✸✽✶ ✵✳✵✵✵✹✾✽ [0.005615, 0.007241]

❙♣r❡❛❞ ϑ ρ β(0.8, 0.05) ✵✳✽✸✺✷✽✼ ✵✳✽✸✷✾✼✵ ✵✳✵✸✹✷✵✸ [0.773230, 0.884632]
σ invΓ(0.05, 1.0) ✵✳✵✵✶✶✺✽ ✵✳✵✵✶✶✼✷ ✵✳✵✵✵✶✷✻ [0.000981, 0.001391]

❉✐s✉t✐❧✐t② l φl ρ β(0.8, 0.05) ✵✳✼✼✷✵✻✽ ✵✳✼✼✶✵✹✹ ✵✳✵✹✽✷✾✹ [0.688632, 0.847175]
σ invΓ(0.05, 1.0) ✵✳✵✶✾✺✼✹ ✵✳✵✷✵✸✵✸ ✵✳✵✵✷✽✻✶ [0.015940, 0.025250]

❉✐s✉t✐❧✐t② m φm ρ β(0.8, 0.05) ✵✳✼✼✽✹✶✵ ✵✳✼✼✷✸✶✹ ✵✳✵✹✻✸✸✵ [0.692780, 0.844720]
σ invΓ(0.05, 1.0) ✵✳✵✶✼✾✹✷ ✵✳✵✶✽✺✻✶ ✵✳✵✵✷✹✾✷ [0.014766, 0.022911]

❉✐s✉t✐❧✐t② h φh ρ β(0.8, 0.05) ✵✳✼✵✸✽✶✺ ✵✳✻✾✷✵✷✽ ✵✳✵✺✽✶✸✷ [0.594230, 0.785392]
σ invΓ(0.05, 1.0) ✵✳✵✸✶✹✽✺ ✵✳✵✸✷✺✼✼ ✵✳✵✵✸✾✻✼ [0.026451, 0.039417]

Pr♦❞✉❝t✐✈✐t② l Al ρ β(0.8, 0.05) ✵✳✽✶✾✵✹✵ ✵✳✽✶✺✶✵✼ ✵✳✵✷✾✺✽✺ [0.764506, 0.861222]
σ invΓ(0.05, 1.0) ✵✳✵✷✹✵✽✵ ✵✳✵✷✹✻✸✺ ✵✳✵✵✷✵✽✾ [0.021438, 0.028305]

Pr♦❞✉❝t✐✈✐t② m Am ρ β(0.8, 0.05) ✵✳✽✵✹✸✷✽ ✵✳✼✾✺✶✾✽ ✵✳✵✷✾✵✵✶ [0.745639, 0.840641]
σ invΓ(0.05, 1.0) ✵✳✵✷✶✾✻✹ ✵✳✵✷✷✷✼✽ ✵✳✵✵✶✾✺✹ [0.019318, 0.025698]

Pr♦❞✉❝t✐✈✐t② h Ah ρ β(0.8, 0.05) ✵✳✽✹✹✺✷✸ ✵✳✽✸✾✾✾✷ ✵✳✵✸✷✷✾✽ [0.784530, 0.890326]
σ invΓ(0.05, 1.0) ✵✳✵✷✹✼✷✾ ✵✳✵✷✺✵✷✽ ✵✳✵✵✷✷✵✺ [0.021721, 0.028933]

●♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ G ρ N (0.726, 0.085) ✵✳✼✵✺✾✶✼ ✵✳✼✶✹✸✶✵ ✵✳✵✺✻✾✽✶ [0.619684, 0.807090]
σ N (0.0041, 0.0029) ✵✳✵✵✹✶✾✽ ✵✳✵✵✹✷✷✵ ✵✳✵✵✵✸✼✾ [0.003650, 0.004887]

❚r❛♥s❢❡rs T ρ N (0.815, 0.073) ✵✳✽✶✷✸✼✼ ✵✳✼✾✼✻✽✶ ✵✳✵✹✹✵✼✽ [0.722558, 0.867606]
σ N (0.0052, 0.0059) ✵✳✵✵✺✷✶✷ ✵✳✵✵✺✸✶✺ ✵✳✵✵✵✹✻✺ [0.004602, 0.006132]

▼❡❛s✉r❡♠❡♥t ❡rr♦r eτ ρ β(0.8, 0.05) ✵✳✼✼✾✹✼✷ ✵✳✼✼✸✹✼✻ ✵✳✵✹✼✶✷✹ [0.691685, 0.846046]
σ invΓ(0.05, 1.0) ✵✳✵✶✹✸✾✻ ✵✳✵✶✺✾✶✺ ✵✳✵✵✹✵✹✻ [0.010032, 0.023161]

❚❛❜❧❡ ✶✸✿ ❇❛②❡s✐❛♥ ❡st✐♠❛t✐♦♥ r❡s✉❧ts ♦❢ t❤❡ ♣❛r❛♠❡t❡rs ♦❢ t❤❡ AR(1) ♣r♦❝❡ss❡s

❇❡❝❛✉s❡ ♦✉r ♠♦❞❡❧ ✐s ♥♦t ❢♦r♠✉❧❛t❡❞ ✐♥ ❛ ❧✐♥❡❛r st❛t❡✲s♣❛❝❡ ✇❛②✱ t❤❡ ❑❛❧♠❛♥ ✜❧t❡r ❝❛♥♥♦t ❜❡
✉s❡❞ t♦ ❡✈❛❧✉❛t❡ t❤❡ ❧♦❣✲❧✐❦❡❧✐❤♦♦❞✳ ■♥st❡❛❞✱ ❛♥❞ ❝♦♥s✐st❡♥t❧② ✇✐t❤ ❆✉❝❧❡rt ❡t ❛❧✳ ✭✷✵✷✶✮✱ t❤❡ ❧♦❣✲
❧✐❦❡❧✐❤♦♦❞ ♦❢ ♦✉r ♠♦❞❡❧ ✐s ❝♦♠♣✉t❡❞ ✉s✐♥❣ t❤❡ ❝♦✈❛r✐❛♥❝❡ ♠❛tr✐① ❧✐♥❦✐♥❣ t❤❡ ♠♦❞❡❧✬s ✈❛r✐❛❜❧❡s✳ ❚❤✐s
❝♦✈❛r✐❛♥❝❡ ♠❛tr✐① r❡❧✐❡s ♦♥ t❤❡ ❏❛❝♦❜✐❛♥ ♦❢ t❤❡ ♠♦❞❡❧ ✇❤✐❝❤ ❝❛♥ ❜❡ ♦❜t❛✐♥❡❞ ✉s✐♥❣ t❤❡ s❡q✉❡♥❝❡✲
s♣❛❝❡ ♠❡t❤♦❞✳ ◆♦t❡ t❤❛t ❜❡❝❛✉s❡ ✇❡ ❞♦ ♥♦t ❡st✐♠❛t❡ str✉❝t✉r❛❧ ♣❛r❛♠❡t❡rs t❤❛t ❛✛❡❝t t❤❡ ❏❛❝♦❜✐❛♥
♦❢ t❤❡ s②st❡♠✱ t❤❡ s❛♠❡ ❏❛❝♦❜✐❛♥ ❝❛♥ ❜❡ r❡✉s❡❞ t❤r♦✉❣❤♦✉t t❤❡ ❡♥t✐r❡ ♣r♦❝❡ss ♦❢ ❡st✐♠❛t✐♦♥✱ ✇❤✐❝❤

✺✹



s❛✈❡s s♦♠❡ ❝♦♠♣✉t✐♥❣ t✐♠❡✳
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Variance decomposition of the output
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Variance decomposition of inflation
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Variance decomposition of the debt/GDP
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Variance decomposition of middle-skill employment
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Variance decomposition of high-skill employment
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β ✸✶✳✷✪ ✶✽✳✼✪ ✷✷✳✻✪ ✷✹✳✷✪ ✷✻✳✺✪ ✷✺✳✺✪ ✶✻✳✵✪ ✽✳✾✪
µ ✷✻✳✺✪ ✼✳✾✪ ✸✳✾✪ ✹✳✽✪ ✾✳✼✪ ✾✳✼✪ ✾✳✻✪ ✽✳✼✪
PFE ✶✾✳✼✪ ✷✺✳✽✪ ✻✵✳✵✪ ✺✽✳✵✪ ✺✷✳✾✪ ✹✼✳✻✪ ✹✼✳✹✪ ✹✸✳✾✪
ε ✵✳✺✪ ✵✳✼✪ ✶✳✾✪ ✶✳✽✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪
ϑ ✷✳✻✪ ✼✳✻✪ ✹✳✾✪ ✸✳✻✪ ✸✳✹✪ ✶✳✵✪ ✵✳✽✪ ✵✳✼✪
φl ✵✳✵✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪
φm ✸✳✷✪ ✵✳✻✪ ✵✳✵✪ ✵✳✵✪ ✶✳✺✪ ✻✳✷✪ ✶✷✳✸✪ ✶✼✳✺✪
φh ✵✳✵✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪
Al ✵✳✵✪ ✵✳✷✪ ✵✳✷✪ ✵✳✷✪ ✵✳✶✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪
Am ✶✷✳✾✪ ✶✽✳✷✪ ✶✳✼✪ ✷✳✻✪ ✶✳✷✪ ✷✳✻✪ ✹✳✻✪ ✻✳✽✪
Ah ✵✳✶✪ ✵✳✶✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪
G ✵✳✶✪ ✹✳✻✪ ✸✳✼✪ ✸✳✽✪ ✶✳✺✪ ✷✳✻✪ ✸✳✷✪ ✹✳✵✪
T ✶✳✵✪ ✷✳✹✪ ✵✳✸✪ ✵✳✶✪ ✵✳✶✪ ✵✳✶✪ ✵✳✷✪ ✵✳✷✪
sH ✷✳✵✪ ✶✳✼✪ ✵✳✼✪ ✵✳✼✪ ✵✳✸✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪
eτ ✵✳✸✪ ✶✶✳✺✪ ✵✳✵✪ ✵✳✷✪ ✷✳✽✪ ✹✳✻✪ ✺✳✽✪ ✾✳✷✪
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µ ✷✺✳✻✪ ✶✵✳✵✪ ✺✳✻✪ ✻✳✼✪ ✶✶✳✾✪ ✶✸✳✹✪ ✶✹✳✼✪ ✶✹✳✾✪
PFE ✷✵✳✾✪ ✷✹✳✹✪ ✹✾✳✹✪ ✹✼✳✹✪ ✹✷✳✼✪ ✸✻✳✵✪ ✸✷✳✺✪ ✷✼✳✼✪
ε ✷✳✵✪ ✷✳✹✪ ✸✳✷✪ ✸✳✷✪ ✵✳✷✪ ✵✳✼✪ ✵✳✸✪ ✵✳✹✪
ϑ ✶✳✻✪ ✹✳✺✪ ✸✳✹✪ ✷✳✼✪ ✷✳✼✪ ✶✳✶✪ ✶✳✵✪ ✶✳✵✪
φl ✵✳✵✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪
φm ✵✳✷✪ ✵✳✶✪ ✵✳✶✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪
φh ✽✳✻✪ ✶✻✳✵✪ ✶✵✳✶✪ ✶✵✳✻✪ ✶✹✳✺✪ ✷✶✳✾✪ ✸✶✳✾✪ ✹✵✳✺✪
Al ✵✳✶✪ ✵✳✷✪ ✵✳✷✪ ✵✳✶✪ ✵✳✶✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪
Am ✵✳✺✪ ✵✳✵✪ ✵✳✶✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪ ✵✳✶✪ ✵✳✶✪
Ah ✷✳✹✪ ✻✳✽✪ ✶✳✵✪ ✶✳✻✪ ✵✳✽✪ ✶✳✻✪ ✷✳✼✪ ✸✳✻✪
G ✵✳✶✪ ✷✳✼✪ ✷✳✼✪ ✷✳✽✪ ✶✳✸✪ ✶✳✾✪ ✷✳✶✪ ✷✳✹✪
T ✵✳✽✪ ✷✳✶✪ ✵✳✻✪ ✵✳✺✪ ✵✳✶✪ ✵✳✸✪ ✵✳✺✪ ✵✳✾✪
sH ✶✳✹✪ ✶✳✶✪ ✵✳✺✪ ✵✳✺✪ ✵✳✷✪ ✵✳✵✪ ✵✳✵✪ ✵✳✵✪
eτ ✵✳✸✪ ✼✳✵✪ ✵✳✵✪ ✵✳✷✪ ✶✳✹✪ ✶✳✺✪ ✶✳✵✪ ✶✳✵✪

❚❛❜❧❡ ✶✺✿ ❱❛r✐❛♥❝❡ ❞❡❝♦♠♣♦s✐t✐♦♥✳ ❆❢t❡r r❡✲❡st✐♠❛t✐♦♥ ✭❇✮✳ ❙❤❛r❡ ♦❢ t❤❡ ❞❡✈✐❛t✐♦♥ ❢r♦♠ t❤❡ st❡❛❞② st❛t❡

❡①♣❧❛✐♥❡❞ ❜② ❡❛❝❤ s❤♦❝❦ ✺✽
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❋✐❣✉r❡ ✷✶✿ ■♥♥♦✈❛t✐♦♥s ♦❢ ❤♦✉s❡❤♦❧❞s ❛♥❞ ✜r♠s s❤♦❝❦s✳ ✭❆✮ ❜❡❢♦r❡ ❛♥❞ ✭❇✮ ❛❢t❡r r❡✲❡st✐♠❛t✐♦♥✳
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❋ ❊✈❛❧✉❛t✐♥❣ t❤❡ ❯♥❝❡rt❛✐♥t② ❆r♦✉♥❞ ❛ ❋✐♥❛♥❝❡ ❆❝t

❋✳✶ ❙♠❛❧❧❡r ❉❡❝r❡❛s❡s ✐♥ ❋✐r♠s✬ ▼❛r❦✉♣s

❚❤❡ ✜rst ✏❢❛✈♦r❛❜❧❡ ✇✐♥❞✑ ❝♦♥❝❡r♥s t❤❡ ❢❛❧❧ ✐♥ ✜r♠s✬ ♠❛r❦✉♣s✳ ❚❤❡s❡ ♠❛r❦✉♣ r❡❞✉❝t✐♦♥s ❝♦♥tr✐❜✉t❡
t♦ ✷✻✪ ♦❢ t❤❡ ✷✵✷✼ ●❉P ❢♦r❡❝❛st ✭s❡❡ ✜❣✉r❡ ✺✮✳ ❚❤❡s❡ ❝♦♥tr❛❝t✐♦♥s ✐♥ ♠❛r❦✉♣s ❛r❡ ❡ss❡♥t✐❛❧
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❋✐❣✉r❡ ✷✷✿ ❈♦✉♥t❡r❢❛❝t✉❛❧✿ ❙♠❛❧❧❡r ❉❡❝r❡❛s❡s ✐♥ ❋✐r♠s✬ ▼❛r❦✉♣s✳ ✭❇✮ ❛❢t❡r r❡✲❡st✐♠❛t✐♦♥✳

t♦ t❤❡ ♦✈❡r❛❧❧ ❝♦❤❡r❡♥❝❡ ♦❢ t❤❡ ❋✐♥❛♥❝❡ ❆❝t ✇❤✐❝❤ ✐♥❞✐❝❛t❡s ❛ r❛♣✐❞ ❡①✐t✱ ❢r♦♠ ✷✵✷✹✱ ❢r♦♠ t❤❡
❝✉rr❡♥t ♣❡r✐♦❞ ♦❢ ❤✐❣❤ ✐♥✢❛t✐♦♥ ❛♥❞ ❛ r❡t✉r♥ t♦ ♠♦❞❡r❛t❡ ✐♥✢❛t✐♦♥ ♦❝❝✉rr✐♥❣ ✐♥ ❛ ❝♦♥t❡①t ♦❢ str♦♥❣
❡♠♣❧♦②♠❡♥t ❣r♦✇t❤✳ ❚♦ r❡❝♦♥❝✐❧❡ t❤❡ ❞②♥❛♠✐s♠ ♦❢ t❤❡ ❧❛❜♦r ♠❛r❦❡t ✇✐t❤ t❤❡ s❧♦✇❞♦✇♥ ✐♥ ✐♥✢❛t✐♦♥✱
♦✉r ❡st✐♠❛t✐♦♥ ✐♥❞✐❝❛t❡s t❤❛t t❤❡ ✜r♠s ♠❛r❦✉♣s s❤♦✉❧❞ ❢❛❧❧ ❜② ✾ ♣❡r❝❡♥t❛❣❡ ♣♦✐♥ts✳ ❈♦♥tr❛❝t✐♦♥s ✐♥
t❤❡ ♠❛r❦✉♣s ♦❢ ❋r❡♥❝❤ ✜r♠s✱ ❢❛✈♦r❛❜❧❡ t♦ ❣r♦✇t❤✱ ✇❡r❡ ♦❜s❡r✈❡❞ ❞✉r✐♥❣ t❤❡ ✐♥✢❛t✐♦♥❛r② ❡♣✐s♦❞❡ t❤❛t
❜❡❣❛♥ ✐♥ ✷✵✷✶ ✭s❡❡ ❇❛r♥❛r❞ ❛♥❞ ❖❧❧✐✈❛✉❞ ✭✷✵✷✸✮✮✳ ❇✉t ❋r❡♥❝❤ ❝♦♠♣❛♥✐❡s ✇❡r❡ t❤❡ ♦♥❧② ♦♥❡s ✇✐t❤✐♥
t❤❡ ❖❊❈❉ t♦ ❤❛✈❡ r❡❛❝t❡❞ ✐♥ t❤✐s ✇❛②✱ ✇❤✐❝❤ ♠❛❦❡s t❤❡ ❤②♣♦t❤❡s✐s ♦❢ r❡♣r♦❞✉❝t✐♦♥ ♦❢ t❤✐s ❜❡❤❛✈✐♦r
❢r❛❣✐❧❡✱ ❡s♣❡❝✐❛❧❧② ✇✐t❤ t❤✐s ♠❛❣♥✐t✉❞❡✳ ❚❤❡s❡ ❝♦♥tr❛❝t✐♦♥s ✐♥ ♠❛r❦✉♣s ♠❛② ❜❡ ♣❛rt❧② ✐♥❞✉❝❡❞ ❜②
t❤❡ ❛♥♥♦✉♥❝❡❞ r❡❞✉❝t✐♦♥s ✐♥ t❛①❡s ♦♥ ❜✉s✐♥❡ss ❛❞❞❡❞ ✈❛❧✉❡✿ t❤❡✐r ❞❡❝r❡❛s❡ ❢r♦♠ ✶✳✺✵✪ t♦ ✵✳✼✺✪
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r❡❞✉❝❡s t❤❡ ♠❛r❦✉♣ ❜② ❛❧♠♦st ✶♣♣✱ ❛♥❞ t❤❡✐r ❞✐s❛♣♣❡❛r❛♥❝❡ ✇♦✉❧❞ r❡❞✉❝❡ ✐t ❜② ✶✳✺♣♣✱ ❧❡❛✈✐♥❣ t❤❡
r❡♠❛✐♥✐♥❣ ✼✳✺♣♣ ❜✉r♥✐♥❣ t♦ t❤❡ ✜r♠s✳

❋✐♥❛♥❝❡ ❆❝t ❢♦r❡❝❛sts ♣r❡❞✐❝t ❛ r❛♣✐❞ ❡①✐t✱ ❢r♦♠ ✷✵✷✹✱ ❢r♦♠ t❤❡ ❝✉rr❡♥t ♣❡r✐♦❞ ♦❢ ❤✐❣❤ ✐♥✢❛t✐♦♥
t❤❛♥❦s ✐♥ ♣❛rt t♦ ❛ r❡❞✉❝t✐♦♥ ✐♥ ❝♦r♣♦r❛t❡ ♠❛r❣✐♥ r❛t❡s✳ ■❢ ✇❡ r❡❞✉❝❡ t❤❡s❡ ❡①♣❡❝t❡❞ ❞❡❝❧✐♥❡s ✐♥
✜r♠s✬ ♠❛r❦✉♣s ❜② ✷✺✪✱ t❤❡♥✱ ❣r❡❛t❡r ✐♥✢❛t✐♦♥❛r② ♣r❡ss✉r❡s ✭t❤❡ ✐♥✢❛t✐♦♥ r❛t❡ ✇♦✉❧❞ ❜❡ ♦♥ ❛✈❡r❛❣❡
✸✳✵✺✪ ♣❡r ②❡❛r ❝♦♠♣❛r❡❞ t♦ ✷✳✹✷✪ ✐♥ t❤❡ ❋✐♥❛♥❝❡ ❆❝t✮ ✇♦✉❧❞ ❧❡❛❞ t♦ ❛♥ ✐♥❝r❡❛s❡ ✐♥ ✐♥t❡r❡st r❛t❡s
❛♥❞ ❛ ❢❛❧❧ ✐♥ r❡❛❧ ✇❛❣❡s✱ r❡❞✉❝✐♥❣ ❣r♦✇t❤ ✭✶✳✺✸✪ ♣❡r ②❡❛r ❝♦♠♣❛r❡❞ t♦ ✶✳✻✹✪ ✐♥ t❤❡ ❋✐♥❛♥❝❡ ❆❝t✮✳
❚❤❡ ❞❡❜t ✇♦✉❧❞ t❤❡♥ ❛♠♦✉♥t t♦ ✶✶✶✳✵✪ ♦❢ ●❉P ✐♥ ✷✵✷✼✳ ❚❤❡ ❡♠♣❧♦②♠❡♥t ❣r♦✇t❤ r❛t❡ ✇♦✉❧❞ ❜❡
❛t ✵✳✻✷✪ ♣❡r ②❡❛r✱ ❝♦♠♣❛r❡❞ t♦ ✵✳✻✹✪ ✐♥ t❤❡ ❋✐♥❛♥❝❡ ❆❝t✳

❋✳✷ ▲❡ss ❋❛✈♦r❛❜❧❡ ▲❛❜♦r✲▼❛r❦❡t ❆❞❥✉st♠❡♥ts

❚❤❡ s❡❝♦♥❞ ✏❢❛✈♦r❛❜❧❡ ✇✐♥❞✑ ❝♦♥❝❡r♥s t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ t❤❡ ❧❛❜♦r ♠❛r❦❡t✳ ■♥❞❡❡❞✱ t❤❡ ❋✐♥❛♥❝❡
❆❝t ♣r♦❥❡❝t✐♦♥s r❡q✉✐r❡ str♦♥❣ ❡♠♣❧♦②♠❡♥t ❣r♦✇t❤ ✇❤✐❝❤ ❝❛♥♥♦t ♦❝❝✉r✱ ❛❝❝♦r❞✐♥❣ t♦ ♦✉r ♠♦❞❡❧✱
✇✐t❤♦✉t ❝❤❛♥❣❡s ✐♥ ❧❛❜♦r✲s✉♣♣❧② ❜❡❤❛✈✐♦r✳ ❖✉r ❡st✐♠❛t❡s ✐♥❞✐❝❛t❡ t❤❛t t❤❡s❡ ❝❤❛♥❣❡s ✐♥ ❧❛❜♦r

2020 2021 2022 2023 2024 2025 2026 2027 2028

85

90

95

100

105

110
Output

Baseline
Lower increase in employment

✭❛✮ ❖✉t♣✉t ✭❇✮

2020 2021 2022 2023 2024 2025 2026 2027 2028

97.5

100.0

102.5

105.0

107.5

110.0

112.5

115.0

117.5
Debt-to-GDP

Baseline
Lower increase in employment

✭❜✮ ❉❡❜t✲t♦✲●❉P r❛t✐♦ ✭❇✮

2023 2024 2025 2026 2027

−1.4

−1.2

−1.0

−0.8

−0.6

−0.4

−0.2

0.0

Output
Hours Low-skilled
Hours Medium-skilled
Hours High-skilled

✭❝✮ ●❛♣s ✐♥ ❖✉t♣✉t ❛♥❞ ❍♦✉rs ✴ ✶◗✲✷✵✷✸ ✭❇✮

2024 2025 2026 2027

2.0

2.5

3.0

3.5

4.0

4.5

5.0

H Top 10/M Median
bench: H Top 10/M Median
M Median/L Bottom 10
bench: M Median/L Bottom 10
H Top 10/L Bottom 10
bench: H Top 10/L Bottom 10

✭❞✮ ❈♦♥s✉♠♣t✐♦♥ ■♥❡q✉❛❧✐t✐❡s ✭❇✮

❋✐❣✉r❡ ✷✸✿ ❈♦✉♥t❡r❢❛❝t✉❛❧✿ ❙♠❛❧❧❡r ❉❡❝❧✐♥❡ ✐♥ t❤❡ ❉✐s✉t✐❧✐t② ♦❢ ❲♦r❦✐♥❣✳ ✭❇✮ ❛❢t❡r r❡✲❡st✐♠❛t✐♦♥✳
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s✉♣♣❧② ❝♦♥tr✐❜✉t❡ t♦ ✶✹✪ ♦❢ t❤❡ ✷✵✷✼ ●❉P ❢♦r❡❝❛st✳ ❚❤❡② ❛❧s♦ ✐♥❞✐❝❛t❡ t❤❛t t❤❡ ❛❞❥✉st♠❡♥ts ❛r❡
❞✐✛❡r❡♥t ❢r♦♠ ♦♥❡ ❧❛❜♦r ♠❛r❦❡t t♦ ❛♥♦t❤❡r✿ t❤❡ ❞r♦♣ ✐♥ tr❛♥s❢❡rs✱ ♣r♦✈✐❞❡❞ ❢♦r ✐♥ t❤❡ ❋✐♥❛♥❝❡ ❆❝t✱
❡♥❝♦✉r❛❣❡s ❧♦✇✲✇❛❣❡ ❡♠♣❧♦②❡❡s t♦ ❝♦♠♣❡♥s❛t❡ ❢♦r t❤❡s❡ r❡❞✉❝t✐♦♥s ✐♥ ✐♥❝♦♠❡ ❜② ✐♥❝r❡❛s✐♥❣ t❤❡✐r
❤♦✉rs ✇♦r❦❡❞✳ ❆s t❤❡ ❤♦✉rs ❢♦r❡❝❛st❡❞ ❢♦r t❤✐s t②♣❡ ♦❢ ❡♠♣❧♦②❡❡ ✇✐❧❧ ✐♥❝r❡❛s❡ ❛s ♠✉❝❤ ❛s ✇❤❛t t❤✐s
♠❡❝❤❛♥✐s♠ ❣❡♥❡r❛t❡s✱ t❤❡ ♠♦❞❡❧ t❤❡♥ ✐❞❡♥t✐✜❡s t❤❛t t❤❡✐r ❞✐s✉t✐❧✐t② ♦❢ ✇♦r❦ r❡♠❛✐♥s st❛❜❧❡✳ ❖♥
t❤❡ ❝♦♥tr❛r②✱ t❤❡ ❡①♣❡❝t❡❞ ♥✉♠❜❡r ♦❢ ❤♦✉rs ✇♦r❦❡❞ ❜② ♠✐❞❞❧❡ ❛♥❞ ❤✐❣❤✲✇❛❣❡ ❡♠♣❧♦②❡❡s ✐♥❝r❡❛s❡s✱
✇❤✐❧❡ t❤❡② ❛r❡ ♦♥❧② ❧✐tt❧❡ ❛✛❡❝t❡❞ ❜② t❤❡ ❞r♦♣ ✐♥ tr❛♥s❢❡rs✿ ❛♥ ❡①♦❣❡♥♦✉s ✐♥❝r❡❛s❡ ✐♥ t❤❡ ❧❛❜♦r
s✉♣♣❧② ✐s t❤❡♥ ♥❡❝❡ss❛r② ✭t❤❡ ❞✐s✉t✐❧✐t② ♦❢ ✇♦r❦ ❢❛❧❧s✮ t♦ ❣❡♥❡r❛t❡ t❤❡ ❡①♣❡❝t❡❞ ✐♥❝r❡❛s❡ ✐♥ t❤❡✐r ❤♦✉rs
✇♦r❦❡❞✳ ❚❤✉s✱ ❜❡②♦♥❞ t❤❡ r❡♣❡r❝✉ss✐♦♥s ♦❢ r❡❞✉❝t✐♦♥s ✐♥ tr❛♥s❢❡rs ♦♥ ❤♦✉rs ✇♦r❦❡❞✱ ✐t ❞♦❡s ♥♦t s❡❡♠
✉♥r❡❛❧✐st✐❝ t♦ ❡♥✈✐s❛❣❡ t❤❛t ♣❡♥s✐♦♥ ❛♥❞ ✉♥❡♠♣❧♦②♠❡♥t✲✐♥s✉r❛♥❝❡ r❡❢♦r♠s ✇✐❧❧ r❡s✉❧t ✐♥ ✈❛r✐❛t✐♦♥s ✐♥
t❤❡ ❡♠♣❧♦②❡❞ ♣♦♣✉❧❛t✐♦♥ ❛♥❞ ❤♦✉rs ✇♦r❦❡❞ ✇❤✐❝❤ ❛r❡ ❞✐✛❡r❡♥t ❞❡♣❡♥❞✐♥❣ ♦♥ r❡♠✉♥❡r❛t✐♦♥✳ ■♥❞❡❡❞✱
s♦❝✐❛❧ ♠❡❛s✉r❡s ❛❝❝♦♠♣❛♥② t❤❡s❡ str✉❝t✉r❛❧ r❡❢♦r♠s ✈✐❛ ♠♦❞✉❧❛t✐♦♥s ✐♥ ❢❛✈♦r ♦❢ t❤❡ ♠♦r❡ ♠♦❞❡st
✇♦r❦❡rs ✭❢♦r ❡①❛♠♣❧❡✱ t❤❡ ✏❡❛r❧② r❡t✐r❡♠❡♥t ❢♦r ❧♦♥❣ ❝❛r❡❡r✑ ♣r♦❝❡❞✉r❡ ♦❢ t❤❡ ❧❛t❡st ♣❡♥s✐♦♥ r❡❢♦r♠✮✳
❊①♦❣❡♥♦✉s ❛♥❞ ❞✐✛❡r❡♥t✐❛t❡❞ ✈❛r✐❛t✐♦♥s ✐♥ ❧❛❜♦r s✉♣♣❧② ❝❛♥ t❤❡r❡❢♦r❡ ❜❡ ✐♥t❡r♣r❡t❡❞ ❛s t❤❡ ✐♠♣❛❝t
♦❢ t❤❡s❡ ♠♦❞✉❧❛t✐♦♥s✳

❚❤✉s✱ ♦✉r ♠♦❞❡❧ s✉❣❣❡sts t❤❛t ♠✐❞❞❧❡ ❛♥❞ ❤✐❣❤✲✇❛❣❡ ✇♦r❦❡rs ❛r❡ ✇✐❧❧✐♥❣ t♦ ✇♦r❦ ♠♦r❡ ❢♦r
✉♥❝❤❛♥❣❡❞ ✇❛❣❡ ❧❡✈❡❧s✳ ❖✉r ❡st✐♠❛t❡ r❡✈❡❛❧s t❤❛t t❤❡ s✉❝❝❡ss ♦❢ t❤❡s❡ ♣♦❧✐❝✐❡s ✐s ♥❡❝❡ss❛r② ❢♦r t❤❡
❋✐♥❛♥❝❡ ❆❝t ❢♦r❡❝❛sts t♦ ❜❡ r❡❛❧✐③❡❞✳ ■❢ t❤❡ ♠❛❣♥✐t✉❞❡ ♦❢ t❤❡s❡ ❝❤❛♥❣❡s ✐♥ t❤❡ ❧❛❜♦r s✉♣♣❧② ♦❢ ♠✐❞❞❧❡
❛♥❞ ❤✐❣❤ ❡❛r♥❡rs ✇❡r❡ r❡❞✉❝❡❞ ❜② ✷✺✪✱ ❣r♦✇t❤ ✇♦✉❧❞ ❜❡ ❧♦✇❡r ✭✶✳✺✸✪ ♣❡r ②❡❛r ♦♥ ❛✈❡r❛❣❡✱ ❛ ❧♦ss
♦❢ ✵✳✶✶♣♣ ❝♦♠♣❛r❡❞ t♦ t❤❡ ❋✐♥❛♥❝❡ ❆❝t✮ ❛♥❞ t❤❡ ✐♥❝r❡❛s❡ ✐♥ ❡♠♣❧♦②♠❡♥t ♦❢ ❤✐❣❤ ❡❛r♥❡rs ✇♦✉❧❞
❜❡ s❧♦✇❡❞ ❞♦✇♥✱ ❣♦✐♥❣ ❢r♦♠ ✵✳✾✪ ♣❡r ②❡❛r t♦ ✵✳✻✷✪✳ ❲❤❡♥ t❤❡ ❧❛❜♦r s✉♣♣❧② ✐s ❧❡ss st✐♠✉❧❛t❡❞✱
✐♥✢❛t✐♦♥ ✐s ❤✐❣❤❡r ✭✷✳✼✾✪ ♣❡r ②❡❛r ♦♥ ❛✈❡r❛❣❡ ❜❡t✇❡❡♥ ✷✵✷✸ ❛♥❞ ✷✵✷✼ ❝♦♠♣❛r❡❞ t♦ ✷✳✹✷✪ ✐♥ t❤❡
❋✐♥❛♥❝❡ ❆❝t✮✱ ✇❤✐❝❤ ♣❛rt❧② ❝✉s❤✐♦♥s t❤❡ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ❞❡❜t r❛t✐♦ ✇❤✐❝❤ ✇♦✉❧❞ r❡♣r❡s❡♥t ✶✵✾✳✵✪ ♦❢
●❉P ❛t t❤❡ ❡♥❞ ♦❢ ✷✵✷✼ ✭❛♥ ✐♥❝r❡❛s❡ ♦❢ ✵✳✼ ♣♦✐♥ts ❝♦♠♣❛r❡❞ t♦ t❤❡ ❋✐♥❛♥❝❡ ❆❝t✮✳

❋✳✸ ❆ ▲❡ss ❋❛✈♦r❛❜❧❡ ■♥t❡r❡st ❘❛t❡ ❙♣r❡❛❞ ❉②♥❛♠✐❝s

❚❤❡ t❤✐r❞ ✏❢❛✈♦r❛❜❧❡ ✇✐♥❞✑ ❝♦♥❝❡r♥s t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ t❤❡ ✐♥t❡r❡st r❛t❡✳ ❋✐♥❛♥❝❡ ❆❝t ♣r♦❥❡❝t✐♦♥s
r❡q✉✐r❡ ❧♦✇✲✐♥t❡r❡st r❛t❡s✱ ✇✐t❤ ❛ s❧♦✇ tr❛♥s♠✐ss✐♦♥ ♦❢ t❤❡ ❊❈❇✲r❛t❡ ✐♥❝r❡❛s❡s✱ t❤❛t ♦❝❝✉rr❡❞ ✐♥ ✷✵✷✷
❛♥❞ ✷✵✷✸✱ t♦ t❤❡ ❛♣♣❛r❡♥t ❞❡❜t r❛t❡✳ ●✐✈❡♥ t❤❡ ❢❛✐r❧② ❧♦♥❣ ♠❛t✉r✐t② ♦❢ t❤❡ ❋r❡♥❝❤ ❞❡❜t ✭✽✳✺ ②❡❛rs ✐♥
❆✉❣✉st ✷✵✷✸✮✱ t❤❡ ❣♦✈❡r♥♠❡♥t ✐s ♥♦t ❞✐r❡❝t❧② ❡①♣♦s❡❞ t♦ t❤❡ r✐s❡ ✐♥ s❤♦rt✲t❡r♠ r❛t❡s✳ ❍♦✇❡✈❡r✱ ✐♥
t❤❡ ❡✈❡♥t ♦❢ t❡♥s✐♦♥ ✐♥ t❤❡ s♦✈❡r❡✐❣♥✲❞❡❜t ♠❛r❦❡t✱ t❤❡ ❣❛♣ ❜❡t✇❡❡♥ t❤❡ ❊❈❇ ❛♥❞ ❞❡❜t r❛t❡s ❝♦✉❧❞
♥❛rr♦✇ ♠♦r❡ q✉✐❝❦❧② ❛♥❞ ✇❡❛❦❡♥ t❤❡ ♣r♦❥❡❝t✐♦♥s✳

❇② ❜❡✐♥❣ ❧❡ss ♦♣t✐♠✐st✐❝ t❤❛♥ t❤❡ ❣♦✈❡r♥♠❡♥t ❛❜♦✉t t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ t❤❡ ✐♥t❡r❡st r❛t❡ ♦♥ t❤❡
♣✉❜❧✐❝ ❞❡❜t✱ t❤❡ ❛♥♥✉❛❧ ❣r♦✇t❤ r❛t❡ ✇♦✉❧❞ ❜❡ ❧♦✇❡r ❜② ♦♥❧② ✵✳✵✷♣♣ ♦✈❡r t❤❡ ♣❡r✐♦❞ ✷✵✷✸✲✷✵✷✼ ✭t❤❡
❡❝♦♥♦♠② ✇♦✉❧❞ ❜❡ ♠❛✐♥❧② ✐♠♣❛❝t❡❞ ✐♥ ✷✵✷✹✮ ❜✉t t❤❡ ❞❡❜t✲t♦✲●❉P r❛t✐♦ ✇♦✉❧❞ ✐♥❝r❡❛s❡ ❜② ✷✳✽♣♣✱
r✐s✐♥❣ t♦ ✶✶✶✳✶✪ ❛t t❤❡ ❡♥❞ ♦❢ ✷✵✷✼✳

❋✳✹ ▼♦r❡ ▼♦❞❡r❛t❡ Pr♦❞✉❝t✐✈✐t② ❉❡❝❧✐♥❡s

❖✉r ❛ss❡ss♠❡♥t ♦❢ t❤❡ ❋✐♥❛♥❝❡ ❆❝t ❛❧s♦ r❡✈❡❛❧s t❤❛t ✏✉♥❢❛✈♦r❛❜❧❡ ✇✐♥❞s✑ ♠✉st ❜❡ t❛❦❡♥ ✐♥t♦ ❛❝❝♦✉♥t
t♦ s❡❡ ❋✐♥❛♥❝❡ ❆❝t ❢♦r❡❝❛sts ♦❝❝✉rr✐♥❣✳ ❚❤❡ ✜rst ✐s ❛ s❧♦✇❞♦✇♥ ✐♥ ❧❛❜♦r ♣r♦❞✉❝t✐✈✐t② ✇❤✐❝❤ ✇♦✉❧❞
❝♦♥tr✐❜✉t❡ t♦ ✶✸✪ ♦❢ t❤❡ r❡❛❧✐③❛t✐♦♥ ♦❢ ●❉P ✐♥ ✷✵✷✼✳ ❚❤✐s str♦♥❣ s❧♦✇❞♦✇♥ ✐♥ ♣r♦❞✉❝t✐✈✐t② ✐♥ ❋r❛♥❝❡
✐s ❛❧s♦ ✉♥❞❡r❧✐♥❡❞ ✐♥ t❤❡ ❖❊❈❉ ❢♦r❡❝❛sts✳ ❖✉r ♠♦❞❡❧ ❛❧s♦ ✐♥❞✐❝❛t❡s t❤❛t t❤✐s ❞r♦♣ ✐♥ ♣r♦❞✉❝t✐✈✐t②
❣r♦✇t❤ ✐s ♦❜s❡r✈❡❞ ❢♦r ❛❧❧ ✇❛❣❡ ❧❡✈❡❧s✳

❋✐♥❛♥❝❡ ❆❝t ❢♦r❡❝❛sts ❛ss✉♠❡ ✈❡r② str♦♥❣ ❡♠♣❧♦②♠❡♥t ❣r♦✇t❤✳ ❆s ❛ r❡s✉❧t✱ ❧❛❜♦r✲♣r♦❞✉❝t✐✈✐t②
❣r♦✇t❤ ✇♦✉❧❞ ❞❡❝❧✐♥❡✿ t❤❡ ♥❡✇✲✜❧❧❡❞ ❥♦❜s✱ ❢♦r ❡❛❝❤ s❛❧❛r② ❧❡✈❡❧✱ ✇♦✉❧❞ ❜❡ ❧❡ss ♣r♦❞✉❝t✐✈❡ t❤❛♥ ❝✉rr❡♥t
❥♦❜s✳ ■❢ t❤❡s❡ ♣r♦❞✉❝t✐✈✐t② ❧♦ss❡s ✇❡r❡ ❧♦✇❡r✱ t❤❡♥ ❣r♦✇t❤ ❝♦✉❧❞ ❜❡ ✶✳✼✻✪ ♣❡r ②❡❛r ✭❝♦♠♣❛r❡❞ t♦

✻✷



2020 2021 2022 2023 2024 2025 2026 2027 2028
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Output

Baseline
Lower interest rate spread shocks

✭❛✮ ❖✉t♣✉t ✭❇✮

2020 2021 2022 2023 2024 2025 2026 2027 2028

97.5

100.0

102.5

105.0

107.5

110.0

112.5

115.0

117.5
Debt-to-GDP

Baseline
Lower interest rate spread shocks

✭❜✮ ❉❡❜t✲t♦✲●❉P r❛t✐♦ ✭❇✮

2023 2024 2025 2026 2027

−0.35

−0.30

−0.25

−0.20

−0.15

−0.10

−0.05

0.00 Output
Hours Low-skilled
Hours Medium-skilled
Hours High-skilled

✭❝✮ ●❛♣s ✐♥ ❖✉t♣✉t ❛♥❞ ❍♦✉rs ✴ ✶◗✲✷✵✷✸ ✭❇✮

2024 2025 2026 2027

2.0

2.5

3.0

3.5

4.0

4.5

5.0

H Top 10/M Median
bench: H Top 10/M Median
M Median/L Bottom 10
bench: M Median/L Bottom 10
H Top 10/L Bottom 10
bench: H Top 10/L Bottom 10

✭❞✮ ❈♦♥s✉♠♣t✐♦♥ ■♥❡q✉❛❧✐t✐❡s ✭❇✮

❋✐❣✉r❡ ✷✹✿ ❈♦✉♥t❡r❢❛❝t✉❛❧✿ ❍✐❣❤❡r ■♥t❡r❡st ❘❛t❡ ♦♥ P✉❜❧✐❝ ❉❡❜t✳ ✭❇✮ ❛❢t❡r r❡✲❡st✐♠❛t✐♦♥✳

✻✸
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Slower TFP decrease

✭❛✮ ❖✉t♣✉t ✭❇✮

2020 2021 2022 2023 2024 2025 2026 2027 2028

97.5

100.0

102.5

105.0

107.5

110.0

112.5

115.0

117.5
Debt-to-GDP

Baseline
Slower TFP decrease

✭❜✮ ❉❡❜t✲t♦✲●❉P r❛t✐♦ ✭❇✮

2023 2024 2025 2026 2027

−0.6

−0.4

−0.2

0.0

0.2

0.4

0.6 Output
Hours Low-skilled
Hours Medium-skilled
Hours High-skilled

✭❝✮ ●❛♣s ✐♥ ❖✉t♣✉t ❛♥❞ ❍♦✉rs ✴ ✶◗✲✷✵✷✸ ✭❇✮

2024 2025 2026 2027

2.0

2.5

3.0

3.5

4.0

4.5

5.0

H Top 10/M Median
bench: H Top 10/M Median
M Median/L Bottom 10
bench: M Median/L Bottom 10
H Top 10/L Bottom 10
bench: H Top 10/L Bottom 10

✭❞✮ ❈♦♥s✉♠♣t✐♦♥ ■♥❡q✉❛❧✐t✐❡s ✭❇✮

❋✐❣✉r❡ ✷✺✿ ❈♦✉♥t❡r❢❛❝t✉❛❧✿ ❙♠❛❧❧❡r ❉❡❝❧✐♥❡s ✐♥ ❚❋P✳ ✭❇✮ ❛❢t❡r r❡✲❡st✐♠❛t✐♦♥✳

✻✹



✶✳✻✹✪✮✱ ✐♥ ❛ ❝♦♥t❡①t ♦❢ ✈❡r② ❧♦✇ ✐♥✢❛t✐♦♥ ✭✷✳✵✽✪ ♣❡r ②❡❛r ❝♦♠♣❛r❡❞ t♦ ✷✳✹✷✪✮✳ ❚❤❡ ❞❡❜t ✇♦✉❧❞ t❤❡♥
s❧✐❣❤t❧② ❞❡❝r❡❛s❡ t♦ ✶✵✼✳✽✪ ♦❢ ●❉P ✐♥ ✷✵✷✼✳ ❇✉t t❤❡s❡ ❜❡tt❡r r❡s✉❧ts r❡❣❛r❞✐♥❣ ●❉P✱ ✐♥✢❛t✐♦♥ ❛♥❞
❞❡❜t ✇♦✉❧❞ ❝♦♠❡ ❛t t❤❡ ❝♦st ♦❢ ❛ ❧♦✇❡r ❥♦❜ ❝r❡❛t✐♦♥✳ ❲✐t❤ ❛ ♠♦r❡ ❢❛✈♦r❛❜❧❡ ♣r♦❞✉❝t✐✈✐t② tr❛❥❡❝t♦r②✱
❢❡✇❡r ❥♦❜s ✇♦✉❧❞ ❜❡ ♥❡❡❞❡❞ t♦ ♣r♦❞✉❝❡✿ t❤❡ ❡♠♣❧♦②♠❡♥t ❣r♦✇t❤ r❛t❡ ✇♦✉❧❞ ♦♥❧② ❜❡ ✵✳✻✺✪ ♣❡r ②❡❛r✳

❋✳✺ ▼♦r❡ ▼♦❞❡r❛t❡ ❉❡♠❛♥❞ ❉❡❝r❡❛s❡s

❚❤❡ s❡❝♦♥❞ ✏✉♥❢❛✈♦r❛❜❧❡ ✇✐♥❞✑ ✐s ❛ ❧♦✇ ❧❡✈❡❧ ♦❢ ❤♦✉s❡❤♦❧❞ ❞❡♠❛♥❞✱ ✇❤✐❝❤ ❝♦♥tr✐❜✉t❡s t♦ ✷✵✪ ♦❢ t❤❡
❛❝❤✐❡✈❡♠❡♥t ♦❢ ●❉P ✐♥ ✷✵✷✼✳ ❆❝❝♦r❞✐♥❣ t♦ t❤❡ ❋r❡♥❝❤ ■♥st✐t✉t❡ ♦❢ ❙t❛t✐st✐❝s ✭■◆❙❊❊✮✱ t❤❡ s❛✈✐♥❣s
r❛t❡ ♦❢ ❋r❡♥❝❤ ❤♦✉s❡❤♦❧❞s ✇❛s ✶✻✪ ♦♥ ❛✈❡r❛❣❡ ❜❡t✇❡❡♥ ✶✾✺✵ ❛♥❞ ✷✵✷✷✱ r❡❛❝❤✐♥❣ ❛ r❡❝♦r❞ ❧❡✈❡❧ ♦❢
✷✼✪ ✐♥ ✷◗✷✵✷✶✳ ■t ❢❡❧❧ ✉♥t✐❧ ✷◗✷✵✷✷ ✇❤❡♥ ✐t ✇❛s ✶✻✳✻✪ ❜✉t ❤❛s s✐♥❝❡ r✐s❡♥ t♦ ✶✽✳✽✪ ✐♥ ✶◗✷✵✷✸✳ ■♥
❛❝❝♦r❞❛♥❝❡ ✇✐t❤ t❤❡s❡ ❞❛t❛✱ ♦✉r ♠♦❞❡❧ ✐❞❡♥t✐✜❡s ❛ ♣r❡❢❡r❡♥❝❡ s❤♦❝❦ t❤❛t s❤✐❢ts ❤♦✉s❡❤♦❧❞ ❞❡❝✐s✐♦♥s
✐♥ ❢❛✈♦r ♦❢ s❛✈✐♥❣s ✇❤✐❝❤ r❡♠❛✐♥s s✉st❛✐♥❛❜❧② ❛❜♦✈❡ ✐ts ❛✈❡r❛❣❡ ✐♥ t❤❡ ♥❡①t t✇♦ ②❡❛rs✳
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✭❛✮ ❖✉t♣✉t ✭❇✮
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