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■ ❛♠ ❈■❈❊❘❖ ❩❆◆❊❚❚■ ❉❊ ▲■▼❆✱ s♦♥ ♦❢ ❈❛t❛r✐♥❛ ❙❡r❧✐ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛

❛♥❞ P❛✉❧♦ ❩ó✐❛ ❞❡ ▲✐♠❛✱ ✇❛s ❜♦r♥ ✐♥ P❡❧♦t❛s✱ ❘✐♦ ●r❛♥❞❡ ❞♦ ❙✉❧✱ ❇r❛③✐❧✱ ✐♥ ❋❡❜r✉❛r②

✽t❤✱ ✶✾✽✺✳

■ ❜❡❣❛♥ ♠② ✉♥❞❡r❣r❛❞✉❛t❡ st✉❞✐❡s ❛t ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞♦ ❘✐♦ ●r❛♥❞❡ ✐♥

▼❛r❝❤ ✷✵✵✸✱ ❛♥❞ r❡❝❡✐✈❡❞ ♠② ❇❛❝❤❡❧♦r ✐♥ ❊❝♦♥♦♠✐❝s ✐♥ ❉❡❝❡♠❜❡r✱ ✷✵✵✼✳

■ ❜❡❣❛♥ t❤❡ ▼❛r❦❡ts ❛♥❞ ❖r❣❛♥✐③❛t✐♦♥s ●r❛❞✉❛t❡ Pr♦❣r❛♠ ✐♥ ❆♣r✐❧ ✷✵✵✾ ❛s

♠❛st❡r✬s st✉❞❡♥t ❛t ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ P❡❧♦t❛s✱ ❛♥❞ s✉❜♠✐tt❡❞ ♠② ❞✐ss❡rt❛t✐♦♥

t✐t❧❡❞ ❯♠❛ ❛✈❛❧✐❛çã♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣❛❣❛♠❡♥t♦ ❞❡ ✜♥❛♥❝✐❛♠❡♥t♦s ❡♠ ♣r♦❥❡t♦s ❞❡

❢r✉t✐❝✉❧t✉r❛ ♥♦ P❘❖◆❆❋ ❡♠ P❡❧♦t❛s✲❘❙ ✐♥ ◆♦✈❡♠❜❡r ✼t❤✱ ✷✵✶✶✳

■♥ ▼❛r❝❤ ✷✵✶✸ ■ ❜❡❣❛♥ t❤❡ ❆♣♣❧✐❡❞ ❊❝♦♥♦♠✐❝s ●r❛❞✉❛t❡ Pr♦❣r❛♠ ❛s P❤❉

st✉❞❡♥t ❛t ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❱✐ç♦s❛✱ ❛♥❞ s✉❜♠✐tt❡❞ ♠② t❤❡s✐s t✐t❧❡❞ ■♠♣❛❝ts

♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥ ✐♥ ❆✉❣✉st ✷✷t❤✱ ✷✵✶✼✳

■ s♣❡♥t ❛ ②❡❛r ❛s ✈✐s✐t✐♥❣ r❡s❡❛r❝❤❡r ❛t ❙ã♦ P❛✉❧♦ ❙❝❤♦♦❧ ♦❢ ❊❝♦♥♦♠✐❝s✱ ❋✉♥✲

❞❛çã♦ ●❡tú❧✐♦ ❱❛r❣❛s ✭✷✵✶✺✮✱ ❛♥❞ ❛s ✈✐s✐t✐♥❣ P❤❉ st✉❞❡♥t ❛t ▼❛ss❛❝❤✉s❡tts ■♥st✐t✉t❡

♦❢ ❚❡❝❤♥♦❧♦❣②✱ ❏♦✐♥t Pr♦❣r❛♠ ♦♥ t❤❡ ❙❝✐❡♥❝❡ ❛♥❞ P♦❧✐❝② ♦❢ ●❧♦❜❛❧ ❈❤❛♥❣❡ ✭✷✵✶✻✮

❞✉r✐♥❣ ♠② ♣❡r✐♦❞ ✐♥ t❤❡ ●r❛❞✉❛t❡ Pr♦❣r❛♠✳
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✧■ ❝❛♥ ❞♦ ❛❧❧ t❤✐s t❤r♦✉❣❤ ❤✐♠ ❲❤♦ ❣✐✈❡s ♠❡ str❡♥❣t❤✧ P❤✐❧ ✹✿✶✸✳

■ ✇♦✉❧❞ ❧✐❦❡ t♦ t❤❛♥❦ ♠② ❢❛t❤❡r✱ P❛✉❧♦✱ ❛♥❞ ♠② ♠♦t❤❡r✱ ❈❛t❛r✐♥❛✱ ❢♦r t❤❡✐r ✉♥❝♦♥❞✐✲

t✐♦♥❛❧ ❧♦✈❡✱ s✉♣♣♦rt✱ ❛♥❞ ❛tt❡♥t✐♦♥✳ ❚❤❛♥❦ ②♦✉ ✈❡r② ♠✉❝❤ ❢♦r ❡✈❡r②t❤✐♥❣✦ ❆❧s♦✱ ♠② s✐st❡r✱

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

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

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

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

✜♥❛❧ str❡t❝❤✳

■ ♦✇❡ ♠✉❝❤ ♦❢ ♠② ❦♥♦✇❧❡❞❣❡ ♦♥ ❈●❊ ♠♦❞❡❧✐♥❣ ❛♥❞ ❝❧✐♠❛t❡ ♣♦❧✐❝✐❡s t♦ Pr♦❢✳ ❆♥❣❡❧♦

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

♦♣❡♥❡❞ ✉♣ t❤✐s ❡①❝✐t✐♥❣ ✜❡❧❞ t♦ ♠❡✱ ❛♥❞ ❣✐✈❡♥ ♠❡ ❛ ❤♦st ♦❢ ❡♥❣❛❣✐♥❣ ❧♦♥❣✲t❡r♠ ✐♥q✉✐r✐❡s✳

❍❡ ✐s ❛❧s♦ t❤❡ ♥✐❝❡st ❛♥❞ ♠♦st ❛♣♣r♦❛❝❤❛❜❧❡ ✇♦r❧❞ ❡①♣❡rt ✐♥ ❛♥② ❛❣r✐❝✉❧t✉r❛❧ ✐ss✉❡ ✇✐t❤

✇❤♦♠ ■ ❤❛✈❡ ❤❛❞ t❤❡ ♣r✐✈✐❧❡❣❡ ♦❢ ✇♦r❦✐♥❣✳

▼② ❝❤♦✐❝❡ t♦ ❛tt❡♥❞ ❯❋❱ ✇❛s ❧❛r❣❡❧② s❤❛♣❡❞ ❜② Pr♦❢✳ ❊r❧② ❚❡✐①❡✐r❛✱ ✇❤♦ ❤❛s ❜❡❡♥

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

❤❡❧♣❢✉❧ ❛♥❞ ✇✐s❡❧② ■ ❛♠ ✐♥❞❡❜t❡❞ t♦ ❤✐s ✜rst ✐♥s✐❣❤ts ✐♥t♦ ❈●❊ ❛♥❛❧②s✐s✱ ❛❣r✐❝✉❧t✉r❛❧ ♣♦❧✐❝✐❡s

❛♥❞ ✐♥t❡r♥❛t✐♦♥❛❧ ❡❝♦♥♦♠✐❝s✳ ❆ s♣❡❝✐❛❧ t❤❛♥❦ ❢♦r ♠② ❢r✐❡♥❞ ●❛❜r✐❡❧✐t♦ ▼❡♥❡③❡s ❛❧✇❛②s

❡♥t❤✉s✐❛st✐❝ ✇❤♦ ❡♥❝♦✉r❛❣❡❞ ♠❡ t♦ ❛tt❡♥❞ ❯❋❱✱ ♦✉r ❝♦♥✈❡rs❛t✐♦♥s ✇❡r❡ ✈❡r② ❡♥❧✐❣❤t❡♥✐♥❣

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

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

❡✈❡r②♦♥❡ ✇✐t❤ ♠✉❝❤ ✇♦r❦ ❛♥❞ ❞❡❞✐❝❛t✐♦♥✳

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

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

t✐♠❡ ❜❡❝♦♠❡ ♣❡rs❡✈❡r❛♥❝❡ ❛♥❞ ❧♦✈❡✳ ▼② s♣❡❝✐❛❧ t❤❛♥❦ ②♦✉ t♦ ②♦✉ ❚❛❧✐t✐♥❤❛✦

■ ✇♦✉❧❞ ❧✐❦❡ t♦ t❤❛♥❦ t❤❡ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❱✐ç♦s❛ ❢♦r ❛❧❧ ✐♥❢r❛str✉❝t✉r❡ ❛♥❞

s✉♣♣♦rt✳ ❆❧s♦ t❤❡ ❈❆P❊❙ ❛♥❞ t❤❡ ❈◆Pq ❢♦r ♣r♦✈✐❞✐♥❣ ✜♥❛♥❝✐❛❧ s✉♣♣♦rt ❞✉r✐♥❣ t❤❡

❞❡✈❡❧♦♣♠❡♥t ♦❢ t❤✐s r❡s❡❛r❝❤ ✐♥ ❇r❛③✐❧✳ ■ ♦✇❡ ❛ s♣❡❝✐❛❧ ❞❡❜t t♦ t❤❡ ❋✉♥❞❛çã♦ ❞❡ ❆♠♣❛r♦
à P❡sq✉✐s❛ ❞♦ ❊st❛❞♦ ❞❡ ▼✐♥❛s ●❡r❛✐s ✭❋❆P❊▼■●✮ ❢♦r ♣r♦✈✐❞❡ ✜♥❛♥❝✐❛❧ s✉♣♣♦rt ❞✉r✐♥❣

t❤❡ ❞❡✈❡❧♦♣♠❡♥t ♦❢ t❤✐s r❡s❡❛r❝❤ ✐♥ t❤❡ ❯♥✐t❡❞ ❙t❛t❡s ❛t t❤❡ ▼❛ss❛❝❤✉s❡tts ■♥st✐t✉t❡ ♦❢
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❈✳✻ ❖✉t♣✉t s❤❛r❡s ❢♦r ❜❛❝❦st♦♣ t❡❝❤♥♦❧♦❣✐❡s ✐♥ t❤❡ ♠♦❞❡❧✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✽✼

❊✳✶ P♦❧✐❝② ❝♦sts ❜② r❡❣✐♦♥s ❛♥❞ t❡❝❤♥♦❧♦❣✐❡s ✉♥❞❡r ❞✐✛❡r❡♥t s❝❡♥❛r✐♦s ✭♠✐❧✲

❧✐♦♥ ❘✩✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✵
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❊✳✷ ❲❡❧❢❛r❡ ❝❤❛♥❣❡s ❜② r❡❣✐♦♥s ✉♥❞❡r ❞✐✛❡r❡♥t s❝❡♥❛r✐♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✶

❊✳✸ Pr♦❞✉❝t✐♦♥ ❝❤❛♥❣❡s ✭✪✮ ♦❢ ♥♦♥✲❛❣r✐❝✉❧t✉r❛❧ s❡❝t♦rs ❜② r❡❣✐♦♥ ❛♥❞ s❝❡✲

♥❛r✐♦s✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✷

❊✳✹ P❡r❝❡♥t❛❣❡ ❝❤❛♥❣❡ ✐♥ ♣r✐❝❡ ❜② s❡❝t♦r ✉♥❞❡r ◆♦♥✲♣r✐♦r✐t② s❝❡♥❛r✐♦✳ ✳ ✳ ✾✸

❊✳✺ P❡r❝❡♥t❛❣❡ ❝❤❛♥❣❡ ✐♥ ♣r✐❝❡ ❜② s❡❝t♦r ✉♥❞❡r Pr✐♦r✐t② s❝❡♥❛r✐♦✳ ✳ ✳ ✳ ✳ ✳ ✾✹

❊✳✻ P❡r❝❡♥t❛❣❡ ❝❤❛♥❣❡ ✐♥ ♣r✐❝❡ ❜② s❡❝t♦r ✉♥❞❡r ❈♦♠❜✐♥❡❞ s❝❡♥❛r✐♦✳ ✳ ✳ ✳ ✳ ✾✺

❊✳✼ ■♥❞❡①❡s ♦❢ ♣r♦❞✉❝t✐♦♥ ✈❛❧✉❡ ♣❡r ❤❡❝t❛r❡ ❜② ✐♥t❡❣r❛t❡❞ s②st❡♠s ❝♦♠✲

♣❛r❡❞ t♦ s✐♥❣❧❡ ♣r♦❞✉❝t✐♦♥ ✭◆♦♥✲Pr✐♦r✐t② s❝❡♥❛r✐♦✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✺

❊✳✽ ■♥❞❡①❡s ♦❢ ♣r♦❞✉❝t✐♦♥ ✈❛❧✉❡ ♣❡r ❤❡❝t❛r❡ ❜② ✐♥t❡❣r❛t❡❞ s②st❡♠s ❝♦♠✲

♣❛r❡❞ t♦ s✐♥❣❧❡ ♣r♦❞✉❝t✐♦♥ ✭Pr✐♦r✐t② s❝❡♥❛r✐♦✮✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✻

❋✳✶ ❙❡ts ❛♥❞ s✉❜s❡ts ✐♥ t❤❡ ♠♦❞❡❧✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✼

❋✳✷ ■♥✐t✐❛❧ ♣❛r❛♠❡t❡rs ✐♥ t❤❡ ♠♦❞❡❧ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✽

❋✳✸ ❊♥❞♦❣❡♥♦✉s ✈❛r✐❛❜❧❡s ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✳ ✾✽
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❆❜str❛❝t

▲■▼❆✱ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡✱ ❉✳❙❝✳✱ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❱✐ç♦s❛✱ ❆✉❣✉st✱ ✷✵✶✼✳
■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥✳ ❆❞✈✐s♦r✿
❊r❧② ❈❛r❞♦s♦ ❚❡✐①❡✐r❛✳

❇r❛③✐❧ ✐s ❝♦♥s✐❞❡r❡❞ ♦♥❡ ♦❢ t❤❡ ♠❛❥♦r ♣❧❛②❡rs ✐♥ ❲♦r❧❞ ❛❣r✐❝✉❧t✉r❡✳ ❇❡s✐❞❡s t❤❡

❡❝♦♥♦♠✐❝ r❡❧❡✈❛♥❝❡ ♦❢ ❛❣r✐❝✉❧t✉r❡ ❛♥❞ ❧✐✈❡st♦❝❦ ♣r♦❞✉❝t✐♦♥s ✐♥ ❇r❛③✐❧✱ t❤❡ ❝♦✉♥tr②

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

t✉r❡✱ ❢♦r❡str② ❛♥❞ ♦t❤❡r ❧❛♥❞ ✉s❡ ✭❆❋❖▲❯✮ s❡❝t♦r ✐s t❤❡ ♠❛✐♥ s♦✉r❝❡ ♦❢ ❣r❡❡♥❤♦✉s❡

❣❛s ✭●❍●✮ ❡♠✐ss✐♦♥s✳ ■t ✐s ❛ ♣❡❝✉❧✐❛r ♣❛tt❡r♥ ❛♠♦♥❣ ❞❡✈❡❧♦♣✐♥❣ ❝♦✉♥tr✐❡s✳ ❆t

❈❖P✲✶✺ ✷✵✵✾✱ ❇r❛③✐❧ ♠❛❞❡ ❛ ✈♦❧✉♥t❛r② ❝♦♠♠✐t♠❡♥t t♦ r❡❞✉❝❡ ❡♠✐ss✐♦♥s ❜② ✸✼✪

✉♥t✐❧ ✷✵✷✺ ❛♥❞ ❜② ✹✸✪ ✉♥t✐❧ ✷✵✸✵ ❝♦♠♣❛r❡❞ t♦ ✷✵✵✺ ❧❡✈❡❧s✳ ❚❤❡ ❛❣r✐❝✉❧t✉r❛❧ ❛♥❞

❧✐✈❡st♦❝❦ s❡❝t♦rs ❛r❡ r❡s♣♦♥s✐❜❧❡ t♦ ❝♦♥tr✐❜✉t❡ ✇✐t❤ ✷✷✳✺✪ ♦❢ t❤✐s t♦t❛❧✳ ❚❤❡ ❇r❛③✐❧✲

✐❛♥ ●♦✈❡r♥♠❡♥t r❡❧❡❛s❡❞ ✐♥ t❤❡ s❛♠❡ ②❡❛r t❤❡ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ P❧❛♥ ✭❆❇❈

P❧❛♥✮ ❛s ♣❛rt ♦❢ ◆❛t✐♦♥❛❧ P♦❧✐❝② ❢♦r ❈❧✐♠❛t❡ ❈❤❛♥❣❡ ✭P◆▼❈✮ t♦ ❛❝❤✐❡✈❡ t❤❡ ●❍●

❡♠✐ss✐♦♥s r❡❞✉❝t✐♦♥ ✐♥ t❤❡ ❆❋❖▲❯ s❡❝t♦r✳ ❚❤❡ ❆❇❈ P❧❛♥ ❤❛s s❡✈❡r❛❧ ❛❝t✐♦♥s✱ ❡✳❣✳✱

r❡❝♦✈❡r ✶✺ ♠✐❧❧✐♦♥ ❤❡❝t❛r❡s ✭▼❤❛✮ ♦❢ ❞❡❣r❛❞❡❞ ♣❛st✉r❡✱ ❛♥❞ ✐♥❝r❡❛s❡ ❜② ✹ ▼❤❛ t❤❡

✐♥t❡❣r❛t❡❞ s②st❡♠s ✭❝r♦♣✲❧✐✈❡st♦❝❦ ✐♥t❡❣r❛t✐♦♥ ❛♥❞✴♦r ❝r♦♣✲❧✐✈❡st♦❝❦✲❢♦r❡str② ✐♥t❡✲

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

❧❛♥❞✲✉s❡ ❝❤❛♥❣❡s r❡s✉❧t✐♥❣ ❢r♦♠ t❤❡s❡ ❛❝t✐♦♥s ♣r❡s❡♥t ✐♥ t❤❡ ❆❇❈ P❧❛♥✱ s✉❝❤ ❛s

♣❛st✉r❡ r❡❝♦✈❡r② ✭P❘✮ ❛♥❞ ✐♥t❡❣r❛t❡❞ s②st❡♠s ✭■❙✮✳ ■ ❤❛✈❡ ❜✉✐❧t ❛ ♥❡✇ ❝♦♠♣✉t❛❜❧❡

❣❡♥❡r❛❧ ❡q✉✐❧✐❜r✐✉♠ ♠♦❞❡❧ ✭❈●❊✮ ✭❇❘❊❆ ✈❡rs✐♦♥ ✶✳✵✮ ✇✐t❤ ❞❡t❛✐❧❡❞ r❡♣r❡s❡♥t❛t✐♦♥

♦❢ s✐① r❡❣✐♦♥s ✐♥ ❇r❛③✐❧ r❡♣r❡s❡♥t✐♥❣ t❤❡ ❡❝♦♥♦♠✐❝ r❡❧❡✈❛♥❝❡ ❛♥❞ ❛❣r✐❝✉❧t✉r❛❧ ❢r♦♥t✐❡r✳

❚❤❡ r❡❣✐♦♥s ❛r❡✿ ❙♦✉t❤✱ ❙♦✉t❤❡❛st✱ ◆♦rt❤ ✭❆♠❛③♦♥ ❜✐♦♠❡✮✱ ❈❡♥t❡r✲❲❡st ✭✇✐t❤♦✉t

❆♠❛③♦♥ ❜✐♦♠❡✮✱ ◆♦rt❤❡❛st✱ ❛♥❞ ◆♦rt❤❡❛st ❈❡rr❛❞♦ ✭▼❛r❛♥❤ã♦✱ ❚♦❝❛♥t✐♥s✱ P✐❛✉í✱

❛♥❞ ❇❛❤✐❛ ❙t❛t❡s✮ ✇❤✐❝❤ ✐s ❝♦♥s✐❞❡r❡❞ t❤❡ ♥❡✇ ❛❣r✐❝✉❧t✉r❛❧ ❢r♦♥t✐❡r ✐♥ ❇r❛③✐❧✳ ❚❤❡

♠♦❞❡❧ r❡♣r❡s❡♥ts s❡✈❡r❛❧ ❧❛♥❞ ✉s❡s✱ ❛❣r✐❝✉❧t✉r❛❧ s❡❝t♦rs✱ ❛♥❞ ✐t ✐s t❤❡ ✜rst ❈●❊ ♠♦❞❡❧

t♦ ❡①♣❧✐❝✐t❧② r❡♣r❡s❡♥t t❤❡s❡ t❡❝❤♥♦❧♦❣✐❡s✳ ❯♥❞❡r ❞✐✛❡r❡♥t s✐♠✉❧❛t❡❞ s❝❡♥❛r✐♦s✱ t❤❡

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

♣❛st✉r❡s✱ ❝♦♠❜✐♥❡❞ ✇✐t❤ t❤❡ ✐♥t❡❣r❛t❡❞ s②st❡♠s✱ ♣r♦♠♦t❡s t❤❡ ❧❛♥❞ s♣❛r✐♥❣ ❡✛❡❝t✳

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

st♦❝❦ s❡❝t♦r✳ ❆❧s♦✱ t❤❡r❡ ✐s ❛ ❞❡❝r❡❛s❡ ✐♥ t❤❡ ❝r♦♣❧❛♥❞ ✉s❡ ❛♥❞ ❛♥ ✐♥❝r❡❛s❡ ✐♥ t❤❡

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

❢r♦♥t✐❡r r❡s♣♦♥❞ ❞✐✛❡r❡♥t❧② t♦ t❤❡ ❆❇❈ P❧❛♥✳ ■♥ t❤❡ ❈❡♥t❡r✲❲❡st ❛♥❞ ◆♦rt❤ r❡❣✐♦♥s

t❤❡ ♣❛st✉r❡ ❛r❡❛ ✐♥❝r❡❛s❡s ♠♦r❡ t❤❛♥ r❡❝♦✈❡r❡❞ ❛r❡❛s✳ ❆t t❤❡ s❛♠❡ t✐♠❡✱ t❤❡ ❝r♦♣✲
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❧❛♥❞ ❛r❡❛ ✐s ❝♦♥✈❡rt❡❞ t♦ ❤✐❣❤ q✉❛❧✐t② ♣❛st✉r❡✳ ■♥ t❤❡ ❙♦✉t❤ ❛♥❞ ❙♦✉t❤❡❛st r❡❣✐♦♥s

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

❛r❡❛ ✐s ❝♦♥✈❡rt❡❞ ✐♥ ❝r♦♣❧❛♥❞✱ ❢♦r❡st ♦r s❡❝♦♥❞❛r② ✈❡❣❡t❛t✐♦♥✳ ❆t ♠❛❝r♦❡❝♦♥♦♠✐❝

❧❡✈❡❧✱ t❤❡r❡ ❛r❡ ✇❡❧❢❛r❡ ❣❛✐♥s ✐♥ ❛❧❧ r❡❣✐♦♥s✱ ❡①❝❡♣t ✐♥ t❤❡ ◆♦rt❤❡❛st ❛♥❞ ◆♦rt❤❡❛st

❈❡rr❛❞♦ r❡❣✐♦♥s✳ ❆❧s♦✱ r❡❣✐♦♥❛❧ ●❉P ❝❤❛♥❣❡s ✐♥❞✐❝❛t❡ s✐❣♥✐✜❝❛♥t ❧♦ss❡s ✐♥ t❤❡s❡

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

✐♥❝r❡❛s✐♥❣ t❤❡ ♣r♦❞✉❝t✐♦♥ ❝❛♣❛❝✐t② ❛♥❞ t❤❡ t❡❝❤♥♦❧♦❣② ❛❜s♦r♣t✐♦♥ ✐♥ t❤❡s❡ r❡❣✐♦♥s✳

❈♦♥s✐❞❡r✐♥❣ t❤❡ ❡❝♦♥♦♠✐❝ ❝♦sts ♦❢ P❘ ❛♥❞ ■❙ t❤❡ ♠♦❞❡❧ ♣r♦❥❡❝ts ❘✩ ✸✾ ❜✐❧❧✐♦♥ ✭✷✵✵✾

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

♥❛❧ t❡①t ♦❢ t❤❡ ❆❇❈ P❧❛♥ ✭❛r♦✉♥❞ ❘✩ ✸✼ ❜✐❧❧✐♦♥ ❢♦r P❘ ❛♥❞ ❘✩ ✺✼ ❜✐❧❧✐♦♥ ❢♦r ■❙✮✳

❚❤❡ ❛❝t✉❛❧ ❛❞♦♣t✐♦♥ ❧❡✈❡❧ ♦❢ r❡s♦✉r❝❡s ♣r❡s❡♥t ✐♥ t❤❡ ❆❇❈ Pr♦❣r❛♠ ✐s ❛❧s♦ ❧♦✇❡r

❝♦♠♣❛r❡❞ t♦ t❤❡ ✈❛❧✉❡ ♣r♦❥❡❝t❡❞ ❜② t❤❡ ♠♦❞❡❧✳ ❇② t❤❡ ❡♥❞ ♦❢ ✷✵✶✺✴✷✵✶✻ ❝r♦♣✲②❡❛r

t❤❡ ✈♦❧✉♠❡ ♦❢ ❝r❡❞✐t t❛❦❡♥ ❜② ❢❛r♠❡rs r❡❛❝❤❡❞ ❘✩ ✶✸✳✽ ❜✐❧❧✐♦♥✱ ✐♥❝❧✉❞✐♥❣ ❛❧❧ ❛❝t✐♦♥s

♣r❡s❡♥t ✐♥ t❤❡ ❆❇❈ P❧❛♥ ❛♥❞ ♥♦t ♦♥❧② P❘ ❛♥❞ ■❙✳ ■t s✉❣❣❡sts t❤❛t ✐❢ t❤❡ ❛❞♦♣t✐♦♥ ♦❢

t❤❡ ❆❇❈ ❝r❡❞✐t ❝♦♥t✐♥✉❡ ✐♥ ❛ ❧♦✇ r❛t❡ t❤❡ ❣♦❛❧s ♦❢ t❤❡ ❆❇❈ P❧❛♥ ✇✐❧❧ ♥♦t ❜❡ ♠❡t✳
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❘❡s✉♠♦

▲■▼❆✱ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡✱ ❉✳❙❝✳✱ ❯♥✐✈❡rs✐❞❛❞❡ ❋❡❞❡r❛❧ ❞❡ ❱✐ç♦s❛✱ ❛❣♦st♦ ❞❡ ✷✵✶✼✳
■♠♣❛❝t♦s ❞❛ ❆❣r✐❝✉❧t✉r❛ ❞❡ ❜❛✐①♦ ❝❛r❜♦♥♦ ♥♦ ❇r❛s✐❧✿ ✉♠❛ ❛♣❧✐❝❛çã♦ ❞❡
❊●❈✳ ❖r✐❡♥t❛❞♦r✿ ❊r❧② ❈❛r❞♦s♦ ❚❡✐①❡✐r❛✳

❆❧é♠ ❞❛ r❡❧❡✈â♥❝✐❛ ❡❝♦♥ô♠✐❝❛✱ ♦ s❡t♦r ❛❣rí❝♦❧❛ ❢❡③ ❝♦♠ q✉❡ ♦ ❇r❛s✐❧ ❛ss✉♠✐ss❡ ✉♠

♣❛♣❡❧ ❛t✐✈♦ ♥❛ ❞✐s❝✉ssã♦ ✐♥t❡r♥❛❝✐♦♥❛❧ ❞❛s ♠✉❞❛♥ç❛s ❝❧✐♠át✐❝❛s✳ ❖ s❡t♦r ❞❡ ❛❣r✐✲

❝✉❧t✉r❛✱ ✢♦r❡st❛ ❡ ♦✉tr♦s ✉s♦s ❞❛ t❡rr❛ ✭❆❋❖▲❯✮ é ❛ ♣r✐♥❝✐♣❛❧ ❢♦♥t❡ ❞❡ ❡♠✐ssã♦ ❞❡

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

❉✉r❛♥t❡ ❛ ❈♦♥❢❡rê♥❝✐❛ ❞❛s ◆❛çõ❡s ❯♥✐❞❛s s♦❜r❡ ❛s ▼✉❞❛♥ç❛s ❈❧✐♠át✐❝❛s ❞❡ ✷✵✵✾

✭❈❖P✲✶✺✮ ♦ ♣❛ís ❛ss✉♠✐✉ ♦ ❝♦♠♣r♦♠✐ss♦ ✈♦❧✉♥tár✐♦ ❞❡ r❡❞✉③✐r s✉❛s ❡♠✐ssõ❡s ❡♠ ✸✼✪

❛té ✷✵✷✺ ❡ ❡♠ ✹✸✪ ❛té ✷✵✸✵ ❡♠ r❡❧❛çã♦ ❛♦s ♥í✈❡✐s ❞❡ ✷✵✵✺✳ ❖ s❡t♦r ❛❣r♦♣❡❝✉ár✐♦

é r❡s♣♦♥sá✈❡❧ ♣♦r ❝♦♥tr✐❜✉✐r ❝♦♠ ✷✷✱✺✪ ❞♦ ❝♦♠♣r♦♠✐ss♦ ✈♦❧✉♥tár✐♦✳ ❆✜♠ ❞❡ ❛t✐♥✲

❣✐r ❡ss❛ ♠❡t❛✱ ❢♦✐ ❝r✐❛❞♦ ❡♠ ✷✵✵✾ ♦ P❧❛♥♦ ❙❡t♦r✐❛❧ ❞❡ ▼✐t✐❣❛çã♦ ❡ ❞❡ ❆❞❛♣t❛çã♦ às

▼✉❞❛♥ç❛s ❈❧✐♠át✐❝❛s ♣❛r❛ ❛ ❈♦♥s♦❧✐❞❛çã♦ ❞❡ ✉♠❛ ❊❝♦♥♦♠✐❛ ❞❡ ❇❛✐①❛ ❊♠✐ssã♦ ❞❡

❈❛r❜♦♥♦ ♥❛ ❆❣r✐❝✉❧t✉r❛ ✭P❧❛♥♦ ❆❇❈✮✳ ❖ P❧❛♥♦ ❆❇❈ ❢❛③ ♣❛rt❡ ❞❛ P♦❧ít✐❝❛ ◆❛❝✐♦♥❛❧

❞❡ ▼✉❞❛♥ç❛s ❈❧✐♠át✐❝❛s ✭P◆▼❈✮✳ ❊♥tr❡ ❛s ❞✐✈❡rs❛s ❛çõ❡s ❞♦ P❧❛♥♦ ❆❇❈✱ ❡stã♦ ❛ r❡✲

❝✉♣❡r❛çã♦ ❞❡ ✶✺ ♠✐❧❤õ❡s ❞❡ ❤❡❝t❛r❡s ✭▼❤❛✮ ❞❡ ♣❛st❛❣❡♥s ❞❡❣r❛❞❛❞❛s ❡ ❛✉♠❡♥t❛r ❡♠

✹ ▼❤❛ ❛s ár❡❛s ❞❡ ✐♥t❡❣r❛çã♦ ❧❛✈♦✉r❛✲♣❡❝✉ár✐❛ ✭✐▲P✮ ❡✴♦✉ ❧❛✈♦✉r❛✲♣❡❝✉ár✐❛✲✢♦r❡st❛

✭✐▲P❋✮✳ ❖ ♦❜❥❡t✐✈♦ ❞❛ t❡s❡ é ❛✈❛❧✐❛r ♦s ✐♠♣❛❝t♦s ❡❝♦♥ô♠✐❝♦s ❡ ❞❡ ♠✉❞❛♥ç❛ ♥♦ ✉s♦

❞❛ t❡rr❛ ❞❡❝♦rr❡♥t❡s ❞❡ss❛s ❞✉❛s ❛çõ❡s ♣r❡s❡♥t❡s ♥♦ P❧❛♥♦ ❆❇❈✳ P❛r❛ t❛❧✱ ❢♦✐ ❝♦♥✲

str✉í❞♦ ✉♠ ♠♦❞❡❧♦ ❞❡ ❡q✉✐❧í❜r✐♦ ❣❡r❛❧ ❝♦♠♣✉tá✈❡❧ ✭❊●❈✮ ✭❇❘❊❆ ✈❡rsã♦ ✶✳✵✮ ❝♦♠

r❡♣r❡s❡♥t❛çã♦ ❞❡t❛❧❤❛❞❛ ❞❡ s❡✐s ❣r❛♥❞❡s r❡❣✐õ❡s ❜r❛s✐❧❡✐r❛s ❞✐✈✐❞✐❞❛s ♣♦r r❡❧❡✈â♥❝✐❛

❡❝♦♥ô♠✐❝❛ ❡ ❢r♦♥t❡✐r❛ ❛❣rí❝♦❧❛✿ ❙✉❧✱ ❙✉❞❡st❡✱ ◆♦rt❡ ✭❜✐♦♠❛ ❆♠❛③ô♥✐❛✮✱ ❈❡♥tr♦✲❖❡st❡

✭s❡♠ ♦ ❜✐♦♠❛ ❆♠❛③ô♥✐❛✮✱ ◆♦r❞❡st❡✱ ❡ ◆♦r❞❡st❡ ❈❡rr❛❞♦ ✭❊st❛❞♦s ❞♦ ▼❛r❛♥❤ã♦✱ ❚♦✲

❝❛♥t✐♥s✱ P✐❛✉í ❡ ❇❛❤✐❛✮ q✉❡ é ❝♦♥s✐❞❡r❛❞❛ ❛ ♥♦✈❛ ❢r♦♥t❡✐r❛ ❛❣rí❝♦❧❛ ❜r❛s✐❧❡✐r❛✳ ❖

♠♦❞❡❧♦ r❡♣r❡s❡♥t❛ ❞✐✈❡rs♦s ✉s♦s ❞❛ t❡rr❛ ❝♦♠ ❞❡s❛❣r❡❣❛çã♦ s❡t♦r✐❛❧ ❛❣r♦♣❡❝✉ár✐❛✱

❡ é ♦ ♣r✐♠❡✐r♦ ♠♦❞❡❧♦ ❞❡ ❊●❈ ❛ ❡①♣❧✐❝✐t❛♠❡♥t❡ r❡♣r❡s❡♥t❛r ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❛s

t❡❝♥♦❧♦❣✐❛s ❞♦ P❧❛♥♦ ❆❇❈✳ ❙♦❜ ❞✐❢❡r❡♥t❡s ❝❡♥ár✐♦s s✐♠✉❧❛❞♦s✱ ♦s r❡s✉❧t❛❞♦s ✐♥❞✐❝❛♠

q✉❡ ❛ ♠❛✐♦r ♦❢❡rt❛ ❞❡ ♣❛st❛❣❡♥s r❡❝✉♣❡r❛❞❛s ❡ ❝♦♠ ❛❧t❛ ♣r♦❞✉t✐✈✐❞❛❞❡✱ s♦♠❛❞❛s às

t❡❝♥♦❧♦❣✐❛s ✐▲P ❡ ✐▲P❋✱ ♣r♦♠♦✈❡♠ ♦ ❡❢❡✐t♦ ♣♦✉♣❛❞♦r ❞❡ t❡rr❛ ❝♦♠♦ r❡s✉❧t❛❞♦ ❛❣r❡✲

❣❛❞♦✳ ❍á r❡❞✉çã♦ ♥❛ ♣r❡ssã♦ q✉❡ ❛ ❛t✐✈✐❞❛❞❡ ❞❡ ♣❡❝✉ár✐❛ ♣r♦♠♦✈❡ s♦❜r❡ ❛s ár❡❛s

♥❛t✉r❛✐s ❡ ✢♦r❡st❛s✳ ❆♦ ♠❡s♠♦ t❡♠♣♦✱ ❤á q✉❡❞❛ ❞❛s ár❡❛s ❞❡st✐♥❛❞❛s às ❛t✐✈✐❞❛❞❡s

❞❡ ❣rã♦s✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ s♦❥❛ ❡ ♠✐❧❤♦✱ ❡ ❛✉♠❡♥t♦ ❞❛ ár❡❛ ❞❡ ✢♦r❡st❛s ♣❧❛♥t❛❞❛s✳

❊♥tr❡t❛♥t♦✱ ♦s r❡s✉❧t❛❞♦s r❡❣✐♦♥❛✐s ♠♦str❛♠ q✉❡ ❛s r❡❣✐õ❡s ❞❡ ❢r♦♥t❡✐r❛ ❛❣rí❝♦❧❛ r❡✲
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s♣♦♥❞❡♠ ❞✐❢❡r❡♥t❡♠❡♥t❡ às ❛çõ❡s ❞♦ P❧❛♥♦ ❆❇❈✳ ◆❛s r❡❣✐õ❡s ❈❡♥tr♦✲❖❡st❡ ❡ ◆♦rt❡

❛s ♣❛st❛❣❡♥s ❝r❡s❝❡♠ ♠❛✐s ❞♦ q✉❡ ❛s ár❡❛s r❡❝✉♣❡r❛❞❛s✱ s❡♥❞♦ q✉❡ ♣❛rt❡ ❞❛s ár❡❛s

❞❡ ❝✉❧t✉r❛s sã♦ ❝♦♥✈❡rt✐❞❛s ♣❛r❛ ♣❛st♦ ❞❡ ❜♦❛ q✉❛❧✐❞❛❞❡✳ ◆❛s r❡❣✐õ❡s ❙✉❞❡st❡ ❡ ❙✉❧

❡ss❛s ♣❛st❛❣❡♥s ❛✉♠❡♥t❛♠ ♠❡♥♦s ❞♦ q✉❡ ❛ ár❡❛ ❞❡ ♣❛st❛❣❡♥s r❡❝✉♣❡r❛❞❛s✱ ♦ q✉❡

s✐❣♥✐✜❝❛ q✉❡ ♣❛rt❡ ❞❛s ♣❛st❛❣❡♥s ❜♦❛s sã♦ ❝♦♥✈❡rt✐❞❛s ❡♠ ár❡❛s ❞❡ ❝✉❧t✉r❛s ♦✉ ❡♠

✢♦r❡st❛s ❡ ár❡❛s ❞❡ ✈❡❣❡t❛çã♦ s❡❝✉♥❞ár✐❛✳ ❊♠ t❡r♠♦s ♠❛❝r♦❡❝♦♥ô♠✐❝♦s✱ ♣❡r❝❡❜❡✲s❡

❣❛♥❤♦s ❞❡ ❜❡♠✲❡st❛r ♣❛r❛ ❛s r❡❣✐õ❡s ❜r❛s✐❧❡✐r❛s✱ ❝♦♠ ❡①❝❡çã♦ ❞❛s r❡❣✐õ❡s ❞♦ ◆♦r❞❡st❡

❡ ◆♦r❞❡st❡ ❈❡rr❛❞♦✳ ❆❞❡♠❛✐s✱ ❛ ✈❛r✐❛çã♦ ❞♦ P■❇ r❡❣✐♦♥❛❧ ✐♥❞✐❝❛ q✉❡❞❛ ❡①♣r❡ss✐✈❛

♥❡ss❛s r❡❣✐õ❡s✳ ❊ss❡s r❡s✉❧t❛❞♦s s✉❣❡r❡♠ q✉❡ ♦ P❧❛♥♦ ❆❇❈ ❛✉♠❡♥t❛ ❛s ❞✐s♣❛r✐❞❛❞❡s

r❡❣✐♦♥❛✐s ♥♦ ❇r❛s✐❧ ❡✈✐❞❡♥❝✐❛♥❞♦ q✉❡ ♦ ❞❡s❡♥❤♦ ❞❡ ♣♦❧ít✐❝❛s ♣ú❜❧✐❝❛s ♣r❡❝✐s❛ ❧❡✈❛r

❡♠ ❝♦♥t❛ t❛✐s ❞✐❢❡r❡♥ç❛s✳ ❆ ♣❡sq✉✐s❛ s✉❣❡r❡ ♠❡❝❛♥✐s♠♦s ♠♦❞❡r♥♦s ❞❡ ❝♦♠♣❡♥s❛çã♦

❞❡ ♣❡r❞❛s r❡❡str✉t✉r❛♥❞♦ ❛s ❝❛❞❡✐❛s ❞❡ ✈❛❧♦r r❡❣✐♦♥❛✐s✱ ♣❛r❛ q✉❡ ♥♦ ❧♦♥❣♦ ♣r❛③♦

❛✉♠❡♥t❡ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❞✉çã♦ ❡ ❛❜s♦rçã♦ ❞❡ t❡❝♥♦❧♦❣✐❛s✳ ❊♠ t❡r♠♦s ❞❡ ❝✉st♦

❡❝♦♥ô♠✐❝♦✱ ♦ ♠♦❞❡❧♦ ✐♥❞✐❝❛ q✉❡ ♣❛r❛ ♦ ❛t✐♥❣✐♠❡♥t♦ ❞❛s ♠❡t❛s ❞♦ P❧❛♥♦ ❆❇❈ r❡❢❡r✲

❡♥t❡s ❛ r❡❝✉♣❡r❛çã♦ ❞❡ ♣❛st❛❣❡♥s ❡ s✐st❡♠❛s ✐♥t❡❣r❛❞♦s s❡r✐❛♠ ♥❡❝❡ssár✐♦s ❝❡r❝❛ ❞❡

❘✩ ✸✾ ❜✐❧❤õ❡s ✭✈❛❧♦r❡s ♥♦♠✐♥❛✐s ❞❡ ✷✵✵✾✮✱ ✈❛❧♦r ✐♥❢❡r✐♦r ❛♦s ✈❛❧♦r❡s ♣r♦❥❡t❛❞♦s ♥♦

❧❛♥ç❛♠❡♥t♦ ❞♦ P❧❛♥♦ ❆❇❈ ✭❝❡r❝❛ ❞❡ ❘✩ ✸✼ ❜✐❧❤õ❡s ♣❛r❛ r❡❝✉♣❡çã♦ ❞❡ ♣❛st❛❣❡♥s ❡

❘✩ ✺✼ ❜✐❧❤õ❡s ♣❛r❛ ✐▲P ❡ ✐▲P❋✮✳ ❖ ❛t✉❛❧ ♥í✈❡❧ ❞❡ ❛❞♦çã♦ ❞❡ r❡❝✉rs♦s ❞♦ Pr♦❣r❛♠❛

❆❇❈ é ❜❡♠ ✐♥❢❡r✐♦r ❛♦ ♠♦♥t❛♥t❡ ♥❡❝❡ssár✐♦ ♣r♦❥❡t❛❞♦ ♥♦ ♣r❡s❡♥t❡ ❡st✉❞♦✳ ❆té ♦ ✜✲

♥❛❧ ❞♦ ❛♥♦ s❛❢r❛ ✷✵✶✺✴✷✵✶✻ ♦s ❞❡s❡♠❜♦❧s♦s ❤❛✈✐❛♠ ❛❧❝❛♥ç❛❞♦ q✉❛s❡ ❘✩ ✶✸✱✽ ❜✐❧❤õ❡s✱

✐♥❝❧✉✐♥❞♦ ♦s ❣❛st♦s ♥ã♦ ❛♣❡♥❛s ❝♦♠ r❡❝✉♣❡r❛çã♦ ❞❡ ♣❛st❛❣❡♥s ❡ ✐▲P❋✱ ♠❛s t❛♠❜é♠

❝♦♠ ❛s ❞❡♠❛✐s ❧✐♥❤❛s ❞♦ ♣r♦❣r❛♠❛✱ ❝♦♠♦ ♦ ♣❧❛♥t✐♦ ❞✐r❡t♦ ❡ ♦ tr❛t❛♠❡♥t♦ ❞❡ ❞❡❥❡t♦s

❞❡ ❛♥✐♠❛✐s✳ ❊ss❛ ❝♦♥st❛t❛çã♦ s✉❣❡r❡ q✉❡✱ ❛ ❝♦♥t✐♥✉❛r ♦ r✐t♠♦ ❛t✉❛❧ ♦❜s❡r✈❛❞♦ ❞❡

❛❞♦çã♦ ❞♦ ❝ré❞✐t♦ ❞♦ Pr♦❣r❛♠❛ ❆❇❈✱ ❛s ♠❡t❛s ❞♦ P❧❛♥♦ ❆❇❈ ♥♦ â♠❜✐t♦ ❞❛ P♦❧ít✐❝❛

◆❛❝✐♦♥❛❧ ❞❡ ▼✉❞❛♥ç❛ ❞♦ ❈❧✐♠❛ ♥ã♦ s❡rã♦ ❛t✐♥❣✐❞❛s✳



❈❤❛♣t❡r ✶

■♥tr♦❞✉❝t✐♦♥

❇r❛③✐❧ ✐s ❝♦♥s✐❞❡r❡❞ ♦♥❡ ♦❢ t❤❡ ♠❛❥♦r ♣❧❛②❡rs ✐♥ ❲♦r❧❞ ❛❣r✐❝✉❧t✉r❡✳ ❚❤❡ ❇r❛③✐❧✲

✐❛♥ ❆❣r✐❜✉s✐♥❡ss s❡❝t♦r ❤❛s ❣r♦✇♥ ✐♥ r❡❛❧ t❡r♠s ❛r♦✉♥❞ ✷✳✶✪ ♣❡r ②❡❛r ❜❡t✇❡❡♥ ✶✾✾✹✲

✷✵✶✺ ❛♥❞ ✐s r❡s♣♦♥s✐❜❧❡ ❢♦r ✷✶✳✺✪ ♦❢ ❇r❛③✐❧✬s ●❉P ✭❈❊P❊❆✱ ✷✵✶✻✮✳ ❚❤❡ ❆❣r✐❜✉s✐♥❡ss

●❉P ✇❛s ❯❙✩ ✸✼✹ ❜✐❧❧✐♦♥ ✐♥ ✷✵✶✺✳ ❚❤❡ ❛❣r♦✲♣r♦❝❡ss✐♥❣ ✐♥❞✉str② ❛❝❝♦✉♥ts ❢♦r ✷✼✪ ♦❢

✐t✱ t❤❡ ✐♥♣✉t ❛♥❞ s✉♣♣❧② ✐♥❞✉str② ❝♦♥tr✐❜✉t❡s ✇✐t❤ ✶✷✪ ✐♥♣✉ts✱ s❡r✈✐❝❡ s❡❝t♦rs ✸✶✪✱

❛♥❞ ♣r✐♠❛r② ❛❣r✐❝✉❧t✉r❡ ❛♥❞ ❧✐✈❡st♦❝❦ ♣r♦❞✉❝t✐♦♥ ✇✐t❤ ✸✵✪✳ ❋♦r t❤❡ s❛♠❡ ②❡❛r✱

t❤❡ ❆❣r✐❜✉s✐♥❡ss ❡①♣♦rts ✇❡r❡ ❯❙✩ ✽✽✳✷ ❜✐❧❧✐♦♥ ❛♥❞ ✐ts tr❛❞❡ ❜❛❧❛♥❝❡ ✇❛s ❢♦✉r t✐♠❡s

❣r❡❛t❡r t❤❛♥ ❇r❛③✐❧✐❛♥ tr❛❞❡ ❜❛❧❛♥❝❡✳

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

✶✾✾✽✲✷✵✶✻✳ ■♥ t❤❡ s❛♠❡ ♣❡r✐♦❞ t❤❡ ♣❧❛♥t❡❞ ❛r❡❛ ❣r❡✇ ❢r♦♠ ✸✺ ▼❤❛ t♦ ✺✽✳✹ ▼❤❛✳

❚❤❡ ♣r♦❞✉❝t✐♦♥ ❣r♦✇t❤ r❛t❡ ❤❛s ❜❡❡♥ ✷✳✻ t✐♠❡s ❣r❡❛t❡r t❤❛♥ t❤❡ ❛r❡❛ ❡①♣❛♥s✐♦♥✱

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

✾✹✪ ♦❢ t❤❡ ❣r♦✇t❤ ✐♥ t❤❡ ♣❡r✐♦❞ ✶✾✼✺✲✷✵✶✶ ✭●❆❙◗❯❊❙ ❡t ❛❧✳✱ ✷✵✶✸✮✳ ■♥ t❤❡ ♣❡r✐♦❞

❢r♦♠ ✶✾✾✵ t♦ ✷✵✶✹ t❤❡ ❧✐✈❡st♦❝❦ ♣r♦❞✉❝t✐♦♥ ❣r❡✇ ✹✻✵✪ ✐♥ t❤❡ ♣♦✉❧tr② s❡❝t♦r✱ ✷✷✺✪

✐♥ t❤❡ ❝❛s❡ ♦❢ ♣♦r❦✱ ❛♥❞ ✶✵✶✪ ❢♦r ❜❡❡❢✳ ■t ✇❛s r❡❧❛t❡❞ t♦ ❛ ♣r♦❞✉❝t✐✈✐t② ❣❛✐♥ ♦❢

✸✳✻✷✪ ♣❡r ②❡❛r ❜❡t✇❡❡♥ ✶✾✼✺✲✶✾✾✻✱ ❛♥❞ ✻✳✻✹✪ ❜❡t✇❡❡♥ ✶✾✾✻✲✷✵✵✻ ✭▼❆❘❚❍❆ ❡t ❛❧✳✱

✷✵✶✷✮✳

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

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

♥♦♠✐❝ ❛♥❞ s❡❝t♦r❛❧ ♣♦❧✐❝✐❡s ♦✈❡r t❤❡ ✾✵✬s ✭●❆❙◗❯❊❙ ❡t ❛❧✳✱ ✷✵✵✽❀ ❚❊■❳❊■❘❆ ❡t ❛❧✳✱

✷✵✶✸✮✳ ❙✉❝❤ ♣♦❧✐❝✐❡s ♣r♦♠♦t❡❞ ❣r❡❛t❡r ♦♣❡♥♥❡ss ❢♦r t❤❡ ❇r❛③✐❧✐❛♥ ❡❝♦♥♦♠②✱ ❞❡r❡❣✲

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

t✐♦♥ ♦♥ ❢♦♦❞ ♣r✐❝❡s ❛♥❞ ❛❣r✐❜✉s✐♥❡ss ♣r✐♠❛r② ♣r♦❞✉❝ts ✭❖❊❈❉✱ ✷✵✵✺❀ ❈❍❆❉❉❆❉❀

❏❆◆❑✱ ✷✵✵✻✮✳ ❚❤❡ ❝✉rr❡♥t ❛❣r✐❝✉❧t✉r❛❧ ♣♦❧✐❝② ♠♦❞❡❧ ✐s ❜❛s❡❞ ♦♥ ♣✉❜❧✐❝ ❛♥❞ ♣r✐✈❛t❡

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

r❛t❡ ❡q✉❛❧✐③❛t✐♦♥ ♣♦❧✐❝②✳ ❚❤❡s❡ ✐♥str✉♠❡♥ts ❤❛✈❡ ❝♦♥tr✐❜✉t❡❞ ❢♦r t❤❡ ❛❣r✐❜✉s✐♥❡ss

❣r♦✇t❤ ✐♥ r❡❝❡♥t ②❡❛rs ✭●❆❙◗❯❊❙ ❡t ❛❧✳✱ ✷✵✵✽❀ P■◆❚❖✱ ✷✵✶✺✮✳

✶



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❚♦❣❡t❤❡r ✇✐t❤ t❤✐s r❡♠❛r❦❛❜❧❡ ♣❡r❢♦r♠❛♥❝❡ ♥❡✇ ❝❤❛❧❧❡♥❣❡s ❛r✐s❡ ❢♦r t❤❡ ❇r❛③✐❧✲

✐❛♥ ❛❣r✐❜✉s✐♥❡ss✱ t❤❡ ❢♦r❡str② s❡❝t♦r✱ ❛♥❞ ♦t❤❡r ❧❛♥❞ ✉s❡ ❛❝t✐✈✐t✐❡s✳ ❙❡✈❡r❛❧ ❡♥✈✐r♦♥✲

♠❡♥t❛❧ ♣r❡ss✉r❡s ♣♦s❡ ❧✐♠✐ts t♦ t❤❡ ❡①♣❛♥s✐♦♥ ♦❢ ❛❣r✐❝✉❧t✉r❡✿ ❝❧✐♠❛t❡ ❝❤❛♥❣❡✱ ♣r❡s❡r✲

✈❛t✐♦♥ ♦❢ ❡❝♦s②st❡♠s ❛♥❞ ❜✐♦❞✐✈❡rs✐t②✱ ❛♥❞ t❤❡ ♥❡✇ ♥❛t✐♦♥❛❧ ✐♥st✐t✉t✐♦♥❛❧ ❢r❛♠❡✇♦r❦

r❡❧❛t❡❞ t♦ ❧❛♥❞ ✉s❡ ❝❤❛♥❣❡s ❛♥❞ ❝❧✐♠❛t❡ ✕ t❤❡ ◆❛t✐♦♥❛❧ P❧❛♥ ❢♦r ❈❧✐♠❛t❡ ❈❤❛♥❣❡

✭P◆▼❈✮ ❛♥❞ t❤❡ ◆❡✇ ❋♦r❡st ❈♦❞❡ ✭◆❈❋✮✳

❆❧s♦✱ ❞❡❢♦r❡st❛t✐♦♥ ✇❛s t❤❡ ♠❛✐♥ s♦✉r❝❡ ♦❢ ❣r❡❡♥❤♦✉s❡ ❣❛s ✭●❍●✮ ❡♠✐ss✐♦♥s

✉♥t✐❧ ✷✵✵✺ ✐♥ ❇r❛③✐❧ ✭▼❈❚■✱ ✷✵✶✻✮✳ ❚❤❡ ❞❡❢♦r❡st❛t✐♦♥ r❛t❡ ❛t t❤❡ ❆♠❛③♦♥ ❞r♦♣♣❡❞

t♦ ❧♦✇ ✈❛❧✉❡s ❞✉❡ t♦ ❝♦♠♠❛♥❞ ❛♥❞ ❝♦♥tr♦❧ ❛❝t✐♦♥s ❝♦♥❞✉❝t❡❞ ❜② t❤❡ ❇r❛③✐❧✐❛♥ ❣♦✈✲

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

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

❞❡♠❛♥❞ ❢♦r ♥❡✇ ❞❡❢♦r❡st❛t✐♦♥ ✭◆❊P❙❚❆❉ ❡t ❛❧✳✱ ✷✵✶✹✮✳ ❋✉rt❤❡r♠♦r❡✱ t❤❡ ♣r❡ss✉r❡

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

❡❝♦s②st❡♠s ❛❝ts t♦ ♣r❡s❡r✈❡ t❤❡ ❝♦✉♥tr②✬s ❜✐♦❞✐✈❡rs✐t② ✭P❊❘❊❙ ❡t ❛❧✳✱ ✷✵✶✵✮✳

❯♥❢♦rt✉♥❛t❡❧②✱ t❤❡ ◆❈❋ r❡❣❛r❞✐♥❣ ❧❛♥❞ ✉s❡ ❝❤❛♥❣❡ ❛♥❞ ❧❛♥❞ ❝♦✈❡r ✐s st✐❧❧ s✉r✲

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

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

❧✐❦❡✇✐s❡ r❡s♣❡❝t ❢♦r t❤❡ ♥❡✇ ❧❡❣✐s❧❛t✐♦♥ ❣❡♥❡r❛t❡ ♣r❡ss✉r❡ ❢♦r ❛ ♣r♦❞✉❝t✐♦♥ ❡①♣❛♥s✐♦♥

t❤r♦✉❣❤ ♣r♦❞✉❝t✐✈✐t② ❣❛✐♥s ✭❙P❆❘❖❱❊❑ ❡t ❛❧✳✱ ✷✵✶✶✮✳

❚❤❡ P◆▼❈ ❡st❛❜❧✐s❤❡s s❡✈❡r❛❧ s❡❝t♦r❛❧ ♣❧❛♥s ❢♦r ♠✐t✐❣❛t✐♦♥ ❛♥❞ ❛❞❛♣t❛t✐♦♥

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

❆❝❝♦r❞✐♥❣ t♦ t❤❡ ▼✐♥✐str② ♦❢ ❊♥✈✐r♦♥♠❡♥t✱ ♣❧❛♥s ❢♦r ♣r❡✈❡♥t✐♦♥ ❛♥❞ ❝♦♥tr♦❧ ♦❢ ❞❡✲

❢♦r❡st❛t✐♦♥ ✐♥ t❤❡ ▲❡❣❛❧ ❆♠❛③♦♥ ✭PP❈❉❆▼✮ ❛♥❞ ❈❡rr❛❞♦ ✭PP❈❡rr❛❞♦✮✱ ❡♥❡r❣②

✭P❉❊✮✱ tr❛♥s❢♦r♠❛t✐♦♥ ✐♥❞✉str② ✭■♥❞✉str② P❧❛♥✮✱ ✉r❜❛♥ ♠♦❜✐❧✐t② ❛♥❞ tr❛♥s♣♦rt❛✲

t✐♦♥ ✭P❙❚▼✮✱ ❛♥❞ ❤❡❛❧t❤ ❛r❡ ♣❛rt ♦❢ t❤❡ ◆❛t✐♦♥❛❧ P❧❛♥ ❢♦r ❈❧✐♠❛t❡ ❈❤❛♥❣❡✳

▼♦r❡♦✈❡r✱ ❇r❛③✐❧ ❤❛s ❛♥ ❛❝t✐✈❡ ✐♥✈♦❧✈❡♠❡♥t ✐♥ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ ❞✐s❝✉ss✐♦♥

❛❜♦✉t ❝❧✐♠❛t❡ ❝❤❛♥❣❡✳ ❚❤❡ ❝♦✉♥tr② ❤❛s ❝♦♠♠✐tt❡❞ t♦ r❡❞✉❝❡ ●❍● ❡♠✐ss✐♦♥s ❜②

✸✼✪ ❜❡❧♦✇ ✷✵✵✺ ❧❡✈❡❧s ✐♥ ✷✵✷✺✱ ❛♥❞ ✹✸✪ ✐♥ ✷✵✸✵✳ ■♥ ✷✵✶✺ t❤❡ ❛❣r✐❝✉❧t✉r❡✱ ❢♦r❡str②

❛♥❞ ♦t❤❡r ❧❛♥❞ ✉s❡ ✭❆❋❖▲❯✮ ✏s❡❝t♦r✑ ❡♠✐tt❡❞ ✻✼✪ ✭✶✱✸✶✵ ▼t ❈❖✷❡q✮ ♦❢ t♦t❛❧ ●❍●

❡♠✐ss✐♦♥s ✐♥ ❇r❛③✐❧✳ ▲❛♥❞ ✉s❡ ❝❤❛♥❣❡ ❛♥❞ ❧✐✈❡st♦❝❦ r❛♥❝❤✐♥❣ ❛r❡ t❤❡ ♠❛✐♥ s♦✉r❝❡s ♦❢

❡♠✐ss✐♦♥s ✐♥ t❤❡ ❆❋❖▲❯ s❡❝t♦r✳ ■♥ ❣❧♦❜❛❧ t❡r♠s t❤❡ ❆❋❖▲❯ s❡❝t♦r ✐s r❡s♣♦♥s✐❜❧❡

❢♦r ✉♥❞❡r ❛ q✉❛rt❡r ♦❢ ❣❧♦❜❛❧ ❛♥t❤r♦♣♦❣❡♥✐❝ ●❍● ❡♠✐ss✐♦♥s ✭❙▼■❚❍ ❡t ❛❧✳✱ ✷✵✶✹✮✳

❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ t❤❡ ❣❧♦❜❛❧ ❢♦♦❞ ❞❡♠❛♥❞ ✐s ❡①♣❡❝t❡❞ t♦ ❣r♦✇ ❜❡t✇❡❡♥ ✼✵✪

❛♥❞ ✶✵✵✪ ❜② ✷✵✺✵✱ ✇❤✐❝❤ ✇✐❧❧ r❡q✉✐r❡ ❛♥ ✐♥❝r❡❛s❡ ✐♥ ❣❧♦❜❛❧ ❛❣r✐❝✉❧t✉r❡ ♣r♦❞✉❝t✐♦♥

✭❲❖❘▲❉ ❇❆◆❑✱ ✷✵✵✽❀ ●❖❉❋❘❆❨ ❡t ❛❧✳✱ ✷✵✶✵✮✳ ❇r❛③✐❧ ✐s ❝❛♣❛❜❧❡ t♦ ✐♥❝r❡❛s❡ t❤❡

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

❞✉❝t✐♦♥✱ ❛s ✇❡❧❧ ❛s ♥❛t✉r❛❧ ❝♦♥❞✐t✐♦♥s✱ ❝❧✐♠❛t❡✱ ❛♥❞ ✇❡❛t❤❡r ✭❆▲❊❳❆◆❉❘❆❚❖❙ ❡t

❛❧✳✱ ✷✵✶✷✮✳ ❍♦✇❡✈❡r✱ t❤❡ ❡①♣❡❝t❡❞ ❣r♦✇t❤ ✐♥ ♣r♦❞✉❝t✐♦♥ ♦❢ ❢♦♦❞✱ ✜❜❡r✱ ❛♥❞ ❜✐♦❡♥❡r❣②

❈❤❛♣t❡r ✶ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✷



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

♥❡❡❞s t♦ ❝♦♠❡ ♠♦st❧② ❢r♦♠ ♣r♦❞✉❝t✐✈✐t② ❣❛✐♥s✱ s✐♥❝❡ t❤❡ r❡str✐❝t✐♦♥s ♦♥ t❤❡ ❡①♣❛♥✲

s✐♦♥ ♦❢ ❝✉❧t✐✈❛t❡❞ ❛r❡❛ ✐♥ ❇r❛③✐❧✱ ❛s ✐♥ t❤❡ ❲♦r❧❞✱ ❛r❡ ✐♥❝r❡❛s✐♥❣ ✭❚■▲▼❆◆ ❡t ❛❧✳✱

✷✵✶✶✮✳ ■♥ ♣❛rt✐❝✉❧❛r✱ t❤❡ ❝✉rr❡♥t ❧❛♥❞ ✉s❡ ❧❡❣✐s❧❛t✐♦♥ ✐♥ t❤❡ ❝♦✉♥tr② ✭◆❈❋✮ r❡q✉✐r❡s

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

❛s ❦❡❡♣ ❧❡❣❛❧ ♥❛t✉r❛❧ r❡s❡r✈❡s ✐♥ t❤❡✐r ♣r✐✈❛t❡ ❧❛♥❞✳

■♥ ✷✵✶✵ t❤❡ ❇r❛③✐❧✐❛♥ ●♦✈❡r♥♠❡♥t r❡❧❡❛s❡❞ t❤❡ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ P❧❛♥

✭❆❇❈ P❧❛♥✮ ✭▼❆P❆✱ ✷✵✶✷✮ ❛s ♣❛rt ♦❢ t❤❡ ✈♦❧✉♥t❛r② ❝❧✐♠❛t❡ ♣♦❧✐❝② ❝♦♠♠✐t♠❡♥ts

s❡t ✐♥ t❤❡ ❈❖P ♦❢ ❈♦♣❡♥❤❛❣❡♥✱ t♦ ❜❡ ✐♠♣❧❡♠❡♥t❡❞ ✉♥t✐❧ ✷✵✷✵✳ ❚❤❡ ❆❇❈ P❧❛♥ ❛✐♠s

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

r❡s♦✉r❝❡s ❛♥❞ ✐♥❝r❡❛s❡ t❤❡ r❡s✐❧✐❡♥❝❡ ♦❢ ♣r♦❞✉❝t✐✈❡ s②st❡♠s ❛♥❞ r✉r❛❧ ❝♦♠♠✉♥✐t✐❡s✱

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

❚❤❡ ❛❝t✐♦♥s ♣r❡s❡♥t ✐♥ t❤❡ ❆❇❈ ♣❧❛♥ s❡❡❦ t♦ tr❛✐♥ t❡❝❤♥✐❝✐❛♥s ❛♥❞ ❢❛r♠❡rs✱

t❡❝❤♥♦❧♦❣② tr❛♥s❢❡r✱ ❡♥✈✐r♦♥♠❡♥t❛❧ ❛♥❞ ❧❛♥❞ r❡❣✉❧❛r✐③❛t✐♦♥✱ t❡❝❤♥✐❝❛❧ ❛ss✐st❛♥❝❡ ❛♥❞

r✉r❛❧ ❡①t❡♥s✐♦♥✱ r❡s❡❛r❝❤✱ ❞❡✈❡❧♦♣♠❡♥t ❛♥❞ ✐♥♥♦✈❛t✐♦♥✱ ❛✈❛✐❧❛❜✐❧✐t② ♦❢ ✐♥♣✉ts✱ s❡❡❞s

❛♥❞ ❢♦r❡st s❡❡❞✐♥❣s ♣r♦❞✉❝t✐♦♥ ❛♥❞ s✉❜s✐❞✐③❡❞ r✉r❛❧ ❝r❡❞✐t ✭❆❇❈ Pr♦❣r❛♠✮✳

❚❤❡ ❆❇❈ P❧❛♥ t❛r❣❡ts str❛t❡❣✐❝ ✐♥✈❡st♠❡♥ts ✐♥ s✉st❛✐♥❛❜❧❡ t❡❝❤♥♦❧♦❣✐❡s t♦ r❡✲

❝♦✈❡r ✶✺ ▼❤❛ ♦❢ ❞❡❣r❛❞❡❞ ♣❛st✉r❡✱ ✐♥❝r❡❛s❡ t❤❡ ✉s❡ ♦❢ ♣r♦❞✉❝t✐♦♥ s②st❡♠s ❝♦♠❜✐♥✐♥❣

❝r♦♣✱ ❧✐✈❡st♦❝❦ ❛♥❞✴♦r ❢♦r❡str② ♣r♦❞✉❝t✐♦♥ ✐♥ t❤❡ s❛♠❡ ❛r❡❛ ✐♥ ✹ ▼❤❛✱ ❡①♣❛♥❞ ♥♦✲

t✐❧❧❛❣❡ ✉s❡ ❛♥❞ ❢♦st❡r ♦t❤❡r ❧♦✇ ❝❛r❜♦♥ t❡❝❤♥♦❧♦❣✐❡s✳ ❇❡s✐❞❡s t❤❡ ❆❇❈ P❧❛♥✱ t❤❡

❇r❛③✐❧✐❛♥ ◆❉❈ ✐♥ t❤❡ P❛r✐s ❆❣r❡❡♠❡♥t t❛r❣❡ts t❤❡ r❡❝♦✈❡r② ♦❢ ❛❞❞✐t✐♦♥❛❧ ✶✺ ▼❤❛ ♦❢

❞❡❣r❛❞❡❞ ♣❛st✉r❡ ❛♥❞ t❤❡ ❡①♣❛♥s✐♦♥ ♦❢ ❝♦♠❜✐♥❡❞ ❝r♦♣✲❧✐✈❡st♦❝❦✲❢♦r❡str② s②st❡♠ ✐♥

❛❞❞✐t✐♦♥❛❧ ✺ ▼❤❛✱ ❢r♦♠ ✷✵✷✵ t♦ ✷✵✸✵✳ ■t ❛❧s♦ s❡ts t❤❡ ♥❡❡❞ ❢♦r ❛♥ ✐♥❝r❡❛s❡ ♦❢ ✶✷ ▼❤❛

♦❢ ❢♦r❡st ❢♦r ♠✉❧t✐♣❧❡ ✉s❡s ✐♥ ♣r✐✈❛t❡ ❛r❡❛s✳

❚❤❡ ❆❇❈ P❧❛♥ ✭▼❆P❆✱ ✷✵✶✷✮ ❢♦r❡s❡❡s ❛♥ ✐♥t❡♥s✐✈❡ ✉s❡ ✐♥ ❛❣r✐❝✉❧t✉r❡ ♦❢ t❤❡

r❡❝♦✈❡r② ♦❢ ❝✉rr❡♥t❧② ❞❡❣r❛❞❡❞ ♣❛st✉r❡❀ ♣r♦♠♦t✐♦♥ ♦❢ ❝r♦♣✲❧✐✈❡st♦❝❦ ✐♥t❡❣r❛t✐♦♥❀ ✐♥✲

❝r❡❛s❡ ✐♥ t❤❡ ✉s❡ ♦❢ ❉✐r❡❝t P❧❛♥t✐♥❣ ❙②st❡♠ ✭❙P❉✮ ❛♥❞ ❇✐♦❧♦❣✐❝❛❧ ❋✐①❛t✐♦♥ ♦❢ ◆✐✲

tr♦❣❡♥ ✭❋❇◆✮❀ ❡①♣❛♥s✐♦♥ ♦❢ ♣❧❛♥t❡❞ ❢♦r❡st ❛r❡❛❀ ✉s❡ ♦❢ ❛♥✐♠❛❧ ✇❛st❡ tr❡❛t♠❡♥t t♦

❣❡♥❡r❛t❡ ❜✐♦❣❛s ❛♥❞ ♦r❣❛♥✐❝ ❝♦♠♣♦✉♥❞s❀ ❡♥❝♦✉r❛❣❡♠❡♥t ❢♦r st✉❞✐❡s ❛♥❞ ❛❞♦♣t✐♦♥ ♦❢

❛❞❛♣t❛t✐♦♥ t❡❝❤♥✐q✉❡s ❢♦r ♣❧❛♥ts✱ ♣r♦❞✉❝t✐✈❡ s②st❡♠s✱ ❛♥❞ r✉r❛❧ ❝♦♠♠✉♥✐t✐❡s t♦ t❤❡

♥❡✇ ❛t♠♦s♣❤❡r✐❝ ✇❛r♠✐♥❣ s❝❡♥❛r✐♦❀ ❛♥❞ s✉♣♣♦rt t♦ ❡✛♦rts ❢♦r r❡❞✉❝✐♥❣ ❞❡❢♦r❡st❛t✐♦♥

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

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

t♦ ❞✐r❡❝t❧② r❡❞✉❝❡ ●❍● ❡♠✐ss✐♦♥s✱ t❤❛t ✐s✱ ❛s ❛ ❝♦♥s❡q✉❡♥❝❡ ♦❢ t❤❡ ♣r♦❞✉❝t✐✈❡ ♣r♦✲

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

❡①♣❛♥s✐♦♥✳

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

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

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

❈❤❛♣t❡r ✶ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✸



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

✢♦♦❞s✱ ❛♥❞ t❤❡ ❞✐✣❝✉❧t② ♦❢ ❛❞❛♣t✐♥❣ s❡❡❞s ❛♥❞ ❝✉❧t✐✈❛rs r❡s✐st❛♥t t♦ t❤❡ ❝❤❛♥❣❡s

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

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

r❡❝♦♠♠❡♥❞❡❞ ✐♥ t❤❡ ❆❇❈ P❧❛♥✱ ❝❛♥ ❜❡ ❛♥ ✐♠♣♦rt❛♥t ❛❧❧② t♦ ❡♥❝♦✉r❛❣❡ ♣r♦❞✉❝t✐✈✐t②

❣❛✐♥s✳ ❚❤✐s ✐s ❜❡❝❛✉s❡ t❤❡ t❡❝❤♥♦❧♦❣✐❡s ❡♠♣❤❛s✐③❡❞ ❜② t❤❡ ❆❇❈ P❧❛♥ ✐♥❞✉❝❡✱ ❢♦r t❤❡

♠♦st ♣❛rt✱ ❧❛♥❞ s♣❛r✐♥❣ ❛♥❞ ❡♠✐ss✐♦♥s ♠✐t✐❣❛t✐♦♥✳

❈❛r❜♦♥ ❉✐♦①✐❞❡ ✭❈❖✷✮✱ ♠❡t❤❛♥❡ ✭❈❍✹✮ ❛♥❞ ♥✐tr♦✉s ♦①✐❞❡ ✭◆✷❖✮ ❛r❡ t❤❡ ♠❛✐♥

●❍● r❡s♣♦♥s✐❜❧❡ ❢♦r ❣❧♦❜❛❧ ✇❛r♠✐♥❣✳ ❆❝❝♦r❞✐♥❣ t♦ t❤❡ ✭■P❈❈✱ ✷✵✶✹❜✮ r❡♣♦rt✱ t❤❡

♣r♦❥❡❝t✐♦♥ ♦❢ t❤❡ ❛✈❡r❛❣❡ ❡❧❡✈❛t✐♦♥ ♦❢ ❊❛rt❤✬s t❡♠♣❡r❛t✉r❡ ❢♦r t❤❡ ♥❡①t ✶✵✵ ②❡❛rs

✐s ❜❡t✇❡❡♥ ✶✳✹❈ ❛♥❞ ✺✳✽❈ ✇✐t❤ t❤❡ ❈❖✷ ❛t♠♦s♣❤❡r✐❝ ❝♦♥❝❡♥tr❛t✐♦♥ ❛t ✸✾✹ ♣♣♠ ✐♥

✷✵✶✵✱ ❛❣❛✐♥st ✷✽✵ ♣♣♠ ✐♥ t❤❡ ②❡❛r ✶✼✺✵✱ ✇❡❧❧ ❛❜♦✈❡ t❤❡ ♥❛t✉r❛❧ r❛♥❣❡✳

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

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

t♦ t❤❡ ♣♦ss✐❜✐❧✐t② ♦❢ ❜❡✐♥❣ ♥❡❣❛t✐✈❡❧② ❛✛❡❝t❡❞✱ ❛❣r✐❝✉❧t✉r❡ ❛♥❞ ❧✐✈❡st♦❝❦ ❛r❡ ❛❝t✐✈✐✲

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

✭❈❖✷ ❛♥❞ ❈❍✹✮ ✶ ❛♥❞ ♥✐tr♦❣❡♥ ✭◆✷❖✮✳ ❚❤❡r❡❢♦r❡✱ t❤❡② ❝❛♥ ❝♦♥tr✐❜✉t❡ t♦ ❣r❡❡♥❤♦✉s❡

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

❆s st❛t❡❞ ❜② ✭❆❙❙❆❉ ❡t ❛❧✳✱ ✷✵✵✽✮✱ t❤❡ t❡♠♣❡r❛t✉r❡ r❛✐s❡ ✐♥ ❇r❛③✐❧ ♠❛② ❧❡❛❞ t♦

❛ ❞❡❝r❡❛s❡ ✐♥ s✉✐t❛❜❧❡ ❛r❡❛s ❢♦r ❣r❛✐♥s ❝✉❧t✐✈❛t✐♦♥✳ ❲✐t❤ t❤❡ ❡①❝❡♣t✐♦♥ ♦❢ s✉❣❛r❝❛♥❡

❛♥❞ ❝❛ss❛✈❛✱ ❛❧❧ ❝r♦♣s ✇♦✉❧❞ s✉✛❡r ❛ ❢❛❧❧ ✐♥ t❤❡ ❧♦✇✲r✐s❦ ❛r❡❛ ❛♥❞✱ ❝♦♥s❡q✉❡♥t❧②✱ ✐♥

t❤❡ ♣r♦❞✉❝t✐♦♥ ✈❛❧✉❡✱ ✇❤✐❝❤ ❝♦✉❧❞ ❣❡♥❡r❛t❡ ❧♦ss❡s ✐♥ ❣r❛✐♥ ❤❛r✈❡sts ♦❢ ❘✩ ✼✳✹ ❜✐❧❧✐♦♥

❜② ✷✵✷✵ ✲ ♥✉♠❜❡r t❤❛t ❝♦✉❧❞ r✐s❡ t♦ ❘✩ ✶✹ ❜✐❧❧✐♦♥ ✐♥ ✷✵✼✵✳

▼♦r❡♦✈❡r✱ ✐t ✐s ♥❡❝❡ss❛r② t♦ t❛❦❡ ✐♥t♦ ❛❝❝♦✉♥t t❤❡ r♦❧❡✱ ②❡t ♥♦t ✇❡❧❧ ❞❡✜♥❡❞✱

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

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

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

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

♣❛rt✐❛❧❧② ✐♥✢✉❡♥❝❡❞ ❜② ♠❛r❦❡t ❢♦r❝❡s✳

■♥ ❢❛❝❡ ♦❢ t❤❡ ❛s♣❡❝ts ❤✐❣❤❧✐❣❤t❡❞ s♦ ❢❛r✱ ✐t ✐s ❝❧❡❛r t❤❛t t❤❡ ❢✉t✉r❡ ♦❢ ❇r❛③✐❧✐❛♥

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

t❤r♦✉❣❤ ♣r♦❞✉❝t✐✈✐t② ✐♥❝r❡❛s❡ ❛♥❞ t❡❝❤♥♦❧♦❣②✱ ♣r❡s❡r✈✐♥❣ t❤❡ ❡①✐st✐♥❣ ❡♥✈✐r♦♥♠❡♥t❛❧

❛ss❡ts✱ r❡st♦r✐♥❣ ❞❡❣r❛❞❡❞ ❛r❡❛s ❛♥❞✱ s✐♠✉❧t❛♥❡♦✉s❧②✱ ❛✈♦✐❞✐♥❣ ●❍● ❡♠✐ss✐♦♥s ❞❡✲

r✐✈❡❞ ❢r♦♠ ❧❛♥❞ ✉s❡ ❝❤❛♥❣❡✱ ❢♦r❡sts✱ ❛♥❞ ❛❣r✐❝✉❧t✉r❡✳ ❚❤❡ ✧❝❤❛❧❧❡♥❣❡✧ ♦❢ t❤❡ ❢✉t✉r❡

✶❆❧t❤♦✉❣❤ t❤❡ ♦❝❝✉rr❡♥❝❡ ♦❢ ❈❖✷ ❡♠✐ss✐♦♥s ❢r♦♠ ❛❣r✐❝✉❧t✉r❛❧ ❛❝t✐✈✐t✐❡s ✐s s❝✐❡♥t✐✜❝❛❧❧② ♣r♦✈❡♥✱
t❤❡ ■♥✈❡♥t♦r② ♦❢ ❆♥t❤r♦♣♦❣❡♥✐❝ ❊♠✐ss✐♦♥s ❛♥❞ ●❍● s✐♥❦ r❡♠♦✈❛❧✱ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❝✉rr❡♥t ❣✉✐❞❡✲
❧✐♥❡s ♦❢ ❯◆❋❈❈❈✱ ❞♦❡s ♥♦t ❛❝❝♦✉♥t ❢♦r ❈❖✷ ❛s ❛♥ ❡♠✐ss✐♦♥ ❢r♦♠ t❤❡ ❛❣r✐❝✉❧t✉r❛❧ s❡❝t♦r✱ ❜✉t ♦♥❧②
❈❍✹ ❛♥❞ ◆✷❖✱ s✐♥❝❡ t❤❡s❡✱ ✇❤❡♥ ✉♥✐❞❡♥t✐✜❡❞✱ ❛r❡ ❛ttr✐❜✉t❡❞ t♦ ♦t❤❡r s❡❝t♦r❛❧ s❝♦♣❡s✱ s✉❝❤ ❛s ❧❛♥❞
✉s❡ ❝❤❛♥❣❡ ♦r ❡♥❡r❣②✳

✷■♥❝r❡❛s❡ ✐♥ ❈❖✷ ❝♦♥❝❡♥tr❛t✐♦♥❀ ✐♥❝r❡❛s❡❞ ❛✐r ❛♥❞ s♦✐❧ t❡♠♣❡r❛t✉r❡❀ ✐♥❝r❡❛s❡❞ ❞r♦✉❣❤ts ❛♥❞
t♦rr❡♥t✐❛❧ r❛✐♥s ✭r❛✐♥❢❛❧❧ ❡①tr❡♠❡s✮

❈❤❛♣t❡r ✶ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✹



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

♦❢ ❇r❛③✐❧✐❛♥ ❛❣r✐❝✉❧t✉r❡ ✐s ❞❡✜♥❡❞ ❛♥❞ ✐t ✇✐❧❧ ❜❡ s❤❛♣❡❞ ❜② t❤❡ ❝♦♥❞✐t✐♦♥s ♦❢ t❤❡

♥❛t✐♦♥❛❧ ❛♥❞ ✐♥t❡r♥❛t✐♦♥❛❧ ♠❛r❦❡ts ❢♦r ❢♦♦❞ ❛♥❞ ❡♥❡r❣②✱ ♠❛❝r♦❡❝♦♥♦♠✐❝✱ s❡❝t♦r❛❧✱

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

❝❧✐♠❛t❡ ❝❤❛♥❣❡✳

●✐✈❡♥ t❤❡s❡ ✐♥s✐❣❤ts✱ ■ ❞❡✜♥❡ t❤❡ r❡s❡❛r❝❤ ♦❜❥❡❝t✐✈❡ ❛s ❛ss❡ss✐♥❣ t❤❡ ❡❝♦♥♦♠✐❝

✐♠♣❛❝ts ♦❢ t❤❡ ❆❇❈ P❧❛♥✬s ❛❝t✐♦♥s ♦♥ t❤❡ ❇r❛③✐❧✐❛♥ ❡❝♦♥♦♠②✱ s♣❡❝✐❛❧❧② t❤❡ ❛❣r✐❝✉❧✲

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

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

♣r♦❞✉❝t✐♦♥ ❛♥❞ t❤❡✐r ❡✛❡❝ts ♦♥ ♦t❤❡r s❡❝t♦rs ❛♥❞ t❤❡✐r tr❛❞❡ ✢♦✇s❄ ❲❤❛t ✇✐❧❧ ❜❡

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

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

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

②❡t ❜❡❡♥ q✉❛♥t✐t❛t✐✈❡❧② ❛ss❡ss❡❞ ✐♥ ❇r❛③✐❧✳ ❙♣❡❝✐✜❝❛❧❧②✱ ✐t ❛❧s♦ ✐♥♥♦✈❛t❡s ❜② ♣r♦♣♦s✐♥❣

t❤❡ ❝♦♥str✉❝t✐♦♥ ♦❢ ❛ ♥❡✇ ❈♦♠♣✉t❛❜❧❡ ●❡♥❡r❛❧ ❊q✉✐❧✐❜r✐✉♠ ✭❈●❊✮ ♠♦❞❡❧✳ ■t ✇✐❧❧

r❡♣r❡s❡♥t t❤❡ ❛❣r✐❝✉❧t✉r❛❧ ♠❛r❦❡ts ❛♥❞ s❡❣♠❡♥ts ♦❢ t❤❡ ♠❛✐♥ ❇r❛③✐❧✐❛♥ ❛❣r♦✲✐♥❞✉str✐❛❧

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

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

t❤❡ ❡✈♦❧✉t✐♦♥ ❞②♥❛♠✐❝s ♦❢ t❤❡ ❇r❛③✐❧✐❛♥ ❡❝♦♥♦♠②✱ ✐♥s❡rt❡❞ ✐♥ t❤❡ ❣❧♦❜❛❧ ❝♦♥t❡①t✳

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

❆❇❈ P❧❛♥ ❢♦r ♠✐t✐❣❛t✐♥❣ ●❍● ❡♠✐ss✐♦♥s ♣r♦♠♦t❡❞ ❜② ❆❇❈ Pr♦❣r❛♠✸ ❛r❡ ❝❛♣❛❜❧❡

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

♣r♦❞✉❝t✐✈✐t②✱ ❡✣❝✐❡♥❝②✱ ❛♥❞ ❝♦st r❡❞✉❝t✐♦♥✳

❚❤❡ ❣❡♥❡r❛❧ ♦❜❥❡❝t✐✈❡ ♦❢ t❤✐s t❤❡s✐s ✐s t♦ ❛ss❡ss t❤❡ ❡❝♦♥♦♠✐❝ ✐♠♣❛❝ts ♦❢ t❤❡

❆❇❈ P❧❛♥ ♦♥ t❤❡ ❇r❛③✐❧✐❛♥ ❛❣r✐❝✉❧t✉r❡✱ ❝♦♥s✐❞❡r✐♥❣ s❡✈❡r❛❧ ❛s♣❡❝ts ❛s ♣r♦❞✉❝t✐✈✐t②✱

t❡❝❤♥♦❧♦❣②✱ ❝r♦♣s✱ ❧❛♥❞✲✉s❡ ❛♥❞ ❢♦r❡sts✳

❙♣❡❝✐✜❝❛❧❧②✱ ■ ✐♥t❡♥❞ t♦✿

✐ ❊✈❛❧✉❛t❡ t❤❡ ❡❝♦♥♦♠✐❝ ✐♠♣❛❝ts ♦❢ t❤❡ ❆❇❈ P❧❛♥ ✐♥ t❡r♠s ♦❢ ●❉P ❝❤❛♥❣❡s✱

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

✐✐ ❊✈❛❧✉❛t❡ t❤❡ ♥❡✇ ❧❛♥❞✲✉s❡ ♣❛tt❡r♥ ✐♥ ❇r❛③✐❧ ❜② r❡❝♦✈❡r✐♥❣ ✶✺ ▼❤❛ ♦❢ ❞❡❣r❛❞❡❞

♣❛st✉r❡ ❛♥❞ ✐♥❝r❡❛s✐♥❣ t❤❡ ✐♥t❡❣r❛t❡❞ s②st❡♠s ✐♥ ✹ ▼❤❛❀

✐✐✐ ❊✈❛❧✉❛t❡ t❤❡ ❡❝♦♥♦♠✐❝s ✐♠♣❛❝ts ♦❢ ❝❤♦♦s❡ t❤❡ ♣r✐♦r✐t② ❛r❡❛s ❞❡✜♥❡❞ ❜② ❞❡✲

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

❆❇❈ Pr♦❣r❛♠❀

✐✈ ❊✈❛❧✉❛t❡ t❤❡ ♣♦❧✐❝② ❝♦sts ♦❢ ♣❛st✉r❡ r❡❝♦✈❡r② ❛♥❞ ✐♥t❡❣r❛t❡❞ s②st❡♠s t❡❝❤♥♦❧♦✲

✸ ❘✉r❛❧ ❝r❡❞✐t t♦ ✐♥✈❡st♠❡♥ts t❤❛t ❝♦♥tr✐❜✉t❡ t♦ t❤❡ r❡❞✉❝t✐♦♥ ♦❢ ❡♥✈✐r♦♥♠❡♥t❛❧ ✐♠♣❛❝ts ❝❛✉s❡❞
❜② ❛❣r✐❝✉❧t✉r❛❧ ❛❝t✐✈✐t✐❡s✳ ❚❤❡ ❆❇❈ Pr♦❣r❛♠ ❤❛s s✉❜s✐❞✐③❡❞ ✐♥t❡r❡st r❛t❡s ❜❡t✇❡❡♥ ✽✲✽✳✺✪ ♣❡r ②❡❛r
❛❝❝♦r❞✐♥❣ t♦ t❤❡ ✷✵✶✻✴✷✵✶✼ ❝r♦♣✲②❡❛r✳

❈❤❛♣t❡r ✶ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✺



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❣✐❡s ♣r❡s❡♥t ✐♥ t❤❡ ❆❇❈ P❧❛♥✳

✶✳✶ ❚❤❡s✐s str✉❝t✉r❡

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

❛♥❞ t❤❡ ❆❇❈ P❧❛♥ ❞❡s❝r✐♣t✐♦♥✳ ❈❤❛♣t❡r ✸ ❢♦❝✉s❡s ♦♥ t❤❡ ❣❡♥❡r❛❧ ❡q✉✐❧✐❜r✐✉♠ ♠♦❞❡❧

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

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

❛♥❞ ❞✐s❝✉ss✐♦♥ ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ ❈❤❛♣t❡r ✹✳ ❋✐♥❛❧❧②✱ t❤❡ ❈❤❛♣t❡r ✺ ♣r❡s❡♥ts t❤❡

❝♦♥❝❧✉s✐♦♥s ♦❢ t❤✐s r❡s❡❛r❝❤✳

❈❤❛♣t❡r ✷ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✻



❈❤❛♣t❡r ✷

❚❤❡♦r❡t✐❝❛❧ ❜r❛❝❦❣r♦✉♥❞

✷✳✶ ▼✐t✐❣❛t✐♦♥ ✈❡rs✉s ❆❞❛♣t❛t✐♦♥

❚❤✐s s❡❝t✐♦♥ ❞✐s❝✉ss ❛ ❧✐t❡r❛t✉r❡ r❡✈✐❡✇ ♦♥ t❤❡ st❛t❡✲♦❢✲t❤❡✲❛rt ❛♠♦♥❣ s②♥❡r❣✐❡s

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

✇✐t❤ t❤❡ ❆❇❈ P❧❛♥✳ ❚❤✐s r❡✈✐❡✇ ✐s q✉❛❧✐t❛t✐✈❡ ❛♥❞ ❞♦❡s ♥♦t ❛✐♠ t♦ ❡①❤❛✉st t❤❡

✇❤♦❧❡ ❞✐s❝✉ss✐♦♥ ♦❢ t❤❡ s✉❜❥❡❝t ✐♥ q✉❡st✐♦♥✳ ◆❡①t✱ ■ ♣r❡s❡♥t t❤❡ st✉❞✐❡s ✐♥ ❇r❛③✐❧

t❤❛t tr②✱ t♦ ❛ ❝❡rt❛✐♥ ❡①t❡♥t✱ t♦ ❛ss❡ss ♠✐t✐❣❛t✐♦♥ ❛♥❞ ❛❞❛♣t❛t✐♦♥ ♣♦t❡♥t✐❛❧s✱ ②❡t

✇✐t❤♦✉t ♠♦❞❡❧✐♥❣ ❛♥❞ ❡✈❛❧✉❛t✐♥❣ t❤❡✐r s②♥❡r❣✐❡s ❛♥❞ tr❛❞❡✲♦✛s✳

✷✳✶✳✶ ❆❋❖▲❯ s❡❝t♦r

❆❣r✐❝✉❧t✉r❡✱ ❋♦r❡str② ❛♥❞ ❖t❤❡r ▲❛♥❞✲❯s❡ ✭❆❋❖▲❯✮ s❡❝t♦r ✐s r❡s♣♦♥s✐❜❧❡ ❢♦r

❛❜♦✉t ✷✺✪ ♦❢ t❤❡ ❛♥t❤r♦♣♦❣❡♥✐❝ ●❍● ❡♠✐ss✐♦♥s✱ ♠❛✐♥❧② ❞✉❡ t♦ ❞❡❢♦r❡st❛t✐♦♥ ♦❢

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

✭❙▼■❚❍ ❡t ❛❧✳✱ ✷✵✶✹✮✳ ▲❛♥❞✲✉s❡ ✐s ❞❡t❡r♠✐♥❛♥t ❢♦r t❤❡ s✉♣♣❧② ♦❢ ❣♦♦❞s ❛♥❞ s❡r✈✐❝❡s

♦♥ ❛ ♣❧❛♥❡t ✐♥ ✇❤✐❝❤ ❛ ♣♦♣✉❧❛t✐♦♥ ❜❡t✇❡❡♥ ✾ ❛♥❞ ✶✵ ❜✐❧❧✐♦♥ ♣❡♦♣❧❡ ✐s ❡st✐♠❛t❡❞ ✐♥

✷✵✺✵ ✭●❖❉❋❘❆❨ ❡t ❛❧✳✱ ✷✵✶✵✮✳

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

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

✐♥❣✱ ✐♥❢r❛str✉❝t✉r❡✱ ❜✐♦❞✐✈❡rs✐t② ❛♥❞ ❡♥✈✐r♦♥♠❡♥t✱ ❜❡❝♦♠❡ ❦❡② ✐ss✉❡s ❢♦r ♣❧❛♥♥✐♥❣

❛♥❞ ❛ss❡ss✐♥❣ ❣❧♦❜❛❧ ❛♥❞ r❡❣✐♦♥❛❧ ♣♦❧✐❝✐❡s ❛✐♠❡❞ ❛t t❤❡ ❆❋❖▲❯ s❡❝t♦r✳ ❆❝❝♦r❞✐♥❣

t♦ ❙♠✐t❤ ❡t ❛❧✳ ✭✷✵✶✸✮✱ t❤❡ ♠❛❥♦r ❝❤❛❧❧❡♥❣❡s ♦❢ t❤❡ s❡❝t♦r ❛r❡✿ t♦ ♣r♦❞✉❝❡ ❢♦♦❞ ❛♥❞

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

♣❛❝ts ♦❢ t❤✐s ♣r♦❝❡ss ✇✐t❤ ●❍● ♠✐t✐❣❛t✐♦♥ ♠❡❛s✉r❡s ❛♥❞ ❛❞❛♣t❛t✐♦♥ t♦ t❤❡ ✐♠♣❛❝ts

t❤❛t ❝❛♥ ♥♦t ❜❡ ❛✈♦✐❞❡❞✳

❙✉❝❤ ✐ss✉❡s ❛♥❞ ❝❤❛❧❧❡♥❣❡s ♣♦s❡❞ t♦ t❤❡ ❆❋❖▲❯ s❡❝t♦r ❤❛✈❡ ❣✐✈❡♥ r✐s❡ t♦ ❛ ❣r❡❛t

✼



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❞✐s❝✉ss✐♦♥ ❛❜♦✉t t❤❡ s②♥❡r❣✐❡s ❛♥❞ tr❛❞❡✲♦✛s✱ ❜❡♥❡✜ts✱ ❛❞✈❡rs❡ ❡✛❡❝ts ❛♥❞ ❜❛rr✐❡rs ♦❢

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

❞✐s❝✉ss✐♦♥ ❞r✐✈❡s ❝❧✐♠❛t❡✱ ❡♥✈✐r♦♥♠❡♥t❛❧✱ ❡❝♦♥♦♠✐❝ ❛♥❞ s♦❝✐❛❧ ♣♦❧✐❝✐❡s✳ ❘❡♣♦rts ♦❢

t❤❡ ■♥t❡r❣♦✈❡r♥♠❡♥t❛❧ P❛♥❡❧ ♦♥ ❈❧✐♠❛t❡ ❈❤❛♥❣❡✶ ✭■P❈❈✱ ✷✵✵✶❀ ■P❈❈✱ ✷✵✵✼❀ ■P❈❈✱

✷✵✶✹❛✮ ❛r❡ t❤❡ ♠❛✐♥ s♦✉r❝❡s ♦❢ ✐♥❢♦r♠❛t✐♦♥ ❛♥❞ ✉♣❞❛t❡s ♦♥ t❤❡ st❛t❡✲♦❢✲t❤❡ ❛rt ♦❢

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

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

❚❤❡ s②♥❡r❣② ❛♠♦♥❣ ❜♦t❤ str❛t❡❣✐❡s✱ ♠✐t✐❣❛t✐♦♥ ❛♥❞ ❛❞❛♣t❛t✐♦♥✱ ❤❛❞ ❛❧r❡❛❞②

❜❡❡♥ ♣♦✐♥t❡❞ ♦✉t ✐♥ t❤❡ ✭■P❈❈✱ ✷✵✵✶✮ r❡♣♦rt✱ ❜✉t t❤✐s ✇❛s ♠♦r❡ ❢♦❝✉s❡❞ ♦♥ t❤❡

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

✭❙▼■❚❍ ❡t ❛❧✳✱ ✷✵✵✶✮✳ ❚❤❡ r❡♣♦rt st❛t❡❞✿

✧❬✳ ✳ ✳ ❪ ❝❧✐♠❛t✐❝ ❝❤❛♥❣❡s t♦❞❛② st✐❧❧ ❛r❡ r❡❧❛t✐✈❡❧② s♠❛❧❧✱ t❤✉s t❤❡r❡ ✐s ❧✐tt❧❡

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

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

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

❛❞❛♣t❛t✐♦♥✳✧

❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ t❤❡ ✭■P❈❈✱ ✷✵✵✼✮ r❡♣♦rt s❡❡♠❡❞ t♦ ❜❡ ♠♦r❡ ❝♦♥❝❡r♥❡❞ ✇✐t❤

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

t❤❡ t✇♦ str❛t❡❣✐❡s✳ ❘❡❝♦❣♥✐③✐♥❣ t❤❡ ♥❡❡❞ t♦ ❡①♣❧♦✐t tr❛❞❡✲♦✛s ❛♥❞ s②♥❡r❣✐❡s ❛♠♦♥❣

t❤❡♠✱ t❤❡ ❛✉t❤♦rs ❞❡✈♦t❡ ❛♥❞ ❡♥t✐r❡ ❝❤❛♣t❡r ♦❢ t❤❡ r❡♣♦rt ✭✶✽✮ t♦ t❤✐s ❞✐s❝✉ss✐♦♥ ✐♥

❛ ❣❧♦❜❛❧ ❧❡✈❡❧✳

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

✭■P❈❈✱ ✷✵✶✹❛✮✱ ♣r❡s❡♥ts ♠✐t✐❣❛t✐♦♥ ♦♣♣♦rt✉♥✐t✐❡s ❜♦t❤ ♦♥ t❤❡ s✉♣♣❧② s✐❞❡ ♦❢ ♣r♦❞✲

✉❝ts ❛♥❞ s❡r✈✐❝❡s✱ ❛♥❞ ♦♥ t❤❡ ❞❡♠❛♥❞ s✐❞❡ ❢♦r t❤❡ ❆❋❖▲❯ s❡❝t♦r✳ ❖♥ t❤❡ s✉♣♣❧②

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

●❍● ❡♠✐ss✐♦♥s✱ ✐♥❝r❡❛s❡ s♦✐❧ ❝❛r❜♦♥ st♦r❛❣❡ ❛♥❞ t❤r♦✉❣❤ ❝❛r❜♦♥ s❡q✉❡str❛t✐♦♥ ❛♥❞

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

♦❢ ❢♦ss✐❧ ❢✉❡❧s ❜② ❜✐♦♠❛ss ❜✐♦❢✉❡❧s✳ ❖♥ t❤❡ ❞❡♠❛♥❞ s✐❞❡✱ t❤❡ ❡♠✐ss✐♦♥s ❝❛♥ ❜❡ ♠✐t✲

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

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

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

❆s st❛t❡❞ ❜② ❙♠✐t❤ ❡t ❛❧✳ ✭✷✵✵✶✮✱ ✐♥ r❡❛❧✐t②✱ t❤❡r❡ ❛r❡ ♠❛♥② ♦❜st❛❝❧❡s ❢♦r ✐♠✲

♣❧❡♠❡♥t✐♥❣ ♠✐t✐❣❛t✐♦♥ ♠❡❛s✉r❡s ✐♥ ❛❣r✐❝✉❧t✉r❛❧ s②st❡♠s✳ ❚❤♦s❡ ❝❛♥ ❜❡ str✉❝t✉r❛❧✱

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

✉r❡ ✷✳✶✮✳ ❖✈❡rst❡♣♣✐♥❣ t❤✐s ♦❜st❛❝❧❡s ✇✐❧❧ ♦♥❧② ❜❡ ♣♦ss✐❜❧❡ ✇✐t❤ t❤❡ ❞❡❞✐❝❛t✐♦♥ ❛♥❞

❡✛♦rts ♦❢ ❛❧❧ ❛❣❡♥ts ❞✐r❡❝t❧② ❛♥❞ ✐♥❞✐r❡❝t❧② ❝♦♥♥❡❝t❡❞ t♦ t❤❡ ❆❋❖▲❯ s❡❝t♦r✳

✶❚❤❡ ■♥t❡r❣♦✈❡r♥♠❡♥t❛❧ P❛♥❡❧ ♦♥ ❈❧✐♠❛t❡ ❈❤❛♥❣❡ ✐s ❛♥ ❯♥✐t❡❞ ◆❛t✐♦♥s ❜♦❞② ❡st❛❜❧✐s❤❡❞ ❜②
t❤❡ ❯♥✐t❡❞ ◆❛t✐♦♥s ❊♥✈✐r♦♥♠❡♥t Pr♦❣r❛♠ ✭❯♥❡♣✮ ❛♥❞ ❜② t❤❡ ❲♦r❞ ▼❡t❡♦r♦❧♦❣✐❝❛❧ ❖r❣❛♥✐③❛t✐♦♥
✭❲▼❖✮✱ ❜❡✐♥❣ ❝♦♠♣♦s❡❞ ♦❢ s❝✐❡♥t✐✜❝ ❞❡❧❡❣❛t✐♦♥s ❢r♦♠ ❣♦✈❡r♥♠❡♥ts t♦ ♣r♦♠♦t❡ r❡❣✉❧❛r ❛ss❡ss♠❡♥ts
♦♥ ❝❧✐♠❛t❡ ❝❤❛♥❣❡✳

❈❤❛♣t❡r ✷ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✽



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❋✐❣✉r❡ ✷✳✶✿ ■♠♣❛❝ts ♦❢ ❞✐✛❡r❡♥t ❝♦♥str❛✐♥ts ♦♥ r❡❞✉❝✐♥❣ ●❍● ♠✐t✐❣❛t✐♦♥ ♣♦t❡♥t✐❛❧
❢r♦♠ ✐ts t❤❡♦r❡t✐❝❛❧ ❜✐♦♣❤②s✐❝❛❧ ♠❛①✐♠✉♠ t♦ t❤❡ ❧♦✇❡r ❛❝❤✐❡✈❛❜❧❡ ♣♦t❡♥t✐❛❧
❙♦✉r❝❡✿ ❙♠✐t❤ ❡ ❖❧❡s❡♥ ✭✷✵✶✵✮ ❛♣✉❞ ❙♠✐t❤ ❡t ❛❧✳ ✷✵✵✼✳

❚❤❡ ♠✐t✐❣❛t✐♦♥ ♣♦t❡♥t✐❛❧ ♦❢ t❤❡ ❆❋❖▲❯ s❡❝t♦r ✐s ❡st✐♠❛t❡❞ ✐♥ ✼✳✶✽✲✶✵✳✻✵ ●t

❈❖✷❡q ②❡❛r−1 ✐♥ ✷✵✸✵ ✇✐t❤ ❝❛r❜♦♥ ♣r✐❝❡s ✉♥t✐❧ ✶✵✵ ❯❙❉✴t❈❖✷❡q✳ ❚❤✉s✱ t❤❡ ❆❋❖▲❯

s❡❝t♦r ❤❛s ❛ ❧❛r❣❡ ❝♦st✲❡✛❡❝t✐✈❡ ♣♦t❡♥t✐❛❧ ❢♦r ●❍● ♠✐t✐❣❛t✐♦♥ ✭■P❈❈✱ ✷✵✶✹❛✮✳ ■♥ ♦r✲

❞❡r t♦ ❛❝❤✐❡✈❡ t❤✐s ♣♦t❡♥t✐❛❧ ✐t ✐s ♥❡❝❡ss❛r② t♦ ❝♦♥s✐❞❡r ❧❛♥❞ ✉s❡ ❝♦♠♣❡t✐t✐♦♥✱ s♣❡❝✐❛❧❧②

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

❞✉❝t✐♦♥✳ ❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ s②♥❡r❣✐❡s ♦❢ ❧❛♥❞ ✉s❡ s❤♦✉❧❞ ❜❡ ❡♥❤❛♥❝❡❞✱ s✉❝❤ ❛s

✐♥t❡❣r❛t❡❞ ♣r♦❞✉❝t✐♦♥ s②st❡♠s ♦r ♠✉❧t✐✲❢✉♥❝t✐♦♥❛❧ s②st❡♠s ✇❤✐❝❤ ❡①tr❛❝t ✈❛r✐♦✉s

s❡r✈✐❝❡s ❢r♦♠ t❤❡ ❧❛♥❞✳

❚❤❡ ♠❛❥♦r ❝❤❛❧❧❡♥❣❡ ♦❢ t❤❡ ❆❋❖▲❯ s❡❝t♦r ✐s t♦ ✐♥❝r❡❛s❡ ♣r♦❞✉❝t✐♦♥✱ r❡❞✉❝❡

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

❝♦✉♥tr✐❡s✱ ✐t ✐s ♥❡❝❡ss❛r② t♦ ✐♥❝r❡❛s❡ ❛❣r✐❝✉❧t✉r❛❧ ♣r♦❞✉❝t✐♦♥✱ r❡❞✉❝❡ ●❍● ❡♠✐ss✐♦♥s

❛♥❞ ❛❞❛♣t t♦ ❝❧✐♠❛t❡ ❝❤❛♥❣❡ ✭▼❊❘❚❩ ❡t ❛❧✳✱ ✷✵✵✾✮✳ ❚❤❡ ❣♦❛❧ ♦❢ ♠✐t✐❣❛t✐♦♥ str❛t❡❣✐❡s

✐s t♦ ✐♥❝r❡❛s❡ s♦✐❧ ❝❛r❜♦♥ st♦r❛❣❡ ❛♥❞✴♦r r❡❞✉❝❡ ❈❍✹ ❛♥❞ ◆✷❖ ❡♠✐ss✐♦♥s✱ t❤❡ ♠❛✐♥

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

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

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

❝❤❛♥❣❡✳ ❚❤✐s ❧✐♥❦ ✐s ❦♥♦✇♥ ❛s ❛ ✇✐♥✲✇✐♥✲✇✐♥ ♦♣t✐♦♥ ✭P❆◆ ❡t ❛❧✳✱ ✷✵✵✾✮✳

❖♥ t❤❡ ♦t❤❡r s✐❞❡✱ ❛s s✉❣❣❡st❡❞ ❜② ❙♠✐t❤ ❡ ❖❧❡s❡♥ ✭✷✵✶✵✮✱ ♠❛♥② ❛❞❛♣t❛t✐♦♥

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

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

♠♦✐st✉r❡ ❝♦♥s❡r✈❛t✐♦♥ ♠❡❛s✉r❡s❀ ✐♥❝r❡❛s❡❞ ❞✐✈❡rs✐✜❝❛t✐♦♥ ♦❢ ❝r♦♣ r♦t❛t✐♦♥❀ ♠♦❞✐✜✲

❝❛t✐♦♥ ♦❢ ✧♠✐❝r♦❝❧✐♠❛t❡s✧ ❢♦r r❡❞✉❝✐♥❣ ❡①tr❡♠❡ t❡♠♣❡r❛t✉r❡s ✐♥ ❝r♦♣s❀ ❛♥❞ ❧❛♥❞✲✉s❡

❝❤❛♥❣❡ t❤❛t ✐♥✈♦❧✈❡s ❛❜❛♥❞♦♥❡❞ ❛♥❞✴♦r ❞❡❣r❛❞❡❞ ❛r❡❛s✳ ❚❤❡ ❛✉t❤♦rs str❡ss t❤❛t

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

♠♦r❡ ❡✣❝✐❡♥t ✉s❡ ♦❢ ♥✐tr♦❣❡♥ ❛♥❞ ❛♥ ✐♥❝r❡❛s❡❞ s♦✐❧ ❝❛r❜♦♥ st♦r❛❣❡✳

❋✉rt❤❡r♠♦r❡✱ s♦♠❡ ♠✐t✐❣❛t✐♦♥ str❛t❡❣✐❡s ♠❛② ❤❛✈❡ ♥❡❣❛t✐✈❡ ❡✛❡❝ts ♦♥ ❛❞❛♣t❛✲

t✐♦♥ str❛t❡❣✐❡s✱ s✉❝❤ ❛s s❡❝♦♥❞❛r② ❝r♦♣s t❤❛t r❡❞✉❝❡ ♥✉tr✐❡♥ts ❛♥❞ ❝❛r❜♦♥ ❛❞❞✐t✐♦♥ t♦

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

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

❈❤❛♣t❡r ✷ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✾



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

r❡❞✉❝✐♥❣ t❤❡ s♦✐❧ ❝❛r❜♦♥ st♦❝❦✳

✷✳✶✳✷ ❙✐♥❡r❣✐❡s ❛♥❞ ❜❛rr✐❡rs

❈♦♥s✐st❡♥t ✇✐t❤ ▼❛r❣✉❧✐s ❡ ❉✉❜❡✉① ✭✷✵✶✵✮✱ ●❍● ♠✐t✐❣❛t✐♦♥ ♠❡❛s✉r❡s ❛r❡

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

♠❡❛s✉r❡s ❛r❡ r❡❛❝t✐✈❡✳ ❍❡♥❝❡✱ t❤❡ ✜rst ✐s r❡❧❛t❡❞ t♦ t❤❡ ❝♦st ❜❡♥❡✜t ♦❢ r❡❞✉❝✐♥❣

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

❧✐♥❦s t❤❡ ❝♦sts ❛♥❞ ❜❡♥❡✜ts ✇❤✐❝❤ ❞✐r❡❝t❧② ❛✛❡❝t t❤❡ ✐♥❞✐✈✐❞✉❛❧s ♦❢ t❤❡ ♣❧❛❝❡s ✇❤❡r❡

t❤❡ ♣♦❧✐❝✐❡s ❛r❡ ✐♠♣❧❡♠❡♥t❡❞✳ ❆❞❛♣t✐✈❡ ❡✛♦rts ❝❛♥ ❜❡ s❡❡♥ ❛s ❞✐r❡❝t ♣r❡✈❡♥t✐♦♥ ♦❢

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

♣r❡✈❡♥t✐♦♥ ✭❱❊❘❍❊❨❊◆✱ ✷✵✵✺✮✳

■♥ t❤✐s s❡♥s❡✱ s❡✈❡r❛❧ st✉❞✐❡s ❛✐♠ t♦ ✐❞❡♥t✐❢② t❤❡ ♣♦t❡♥t✐❛❧ s②♥❡r❣✐❡s✱ tr❛❞❡✲

♦✛s ❛♥❞ ❜❛rr✐❡rs ✐♥ t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ ●❍● ♠✐t✐❣❛t✐♦♥ ♣♦❧✐❝✐❡s ✐♥ t❤❡ ❆❋❖▲❯

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

❛♣♣r♦❛❝❤❡❞ ✭❙▼■❚❍ ❡t ❛❧✳✱ ✷✵✵✼❀ ❘❖❙❊◆❩❲❊■●❀ ❚❯❇■❊▲▲❖✱ ✷✵✵✼❀ ❙▼■❚❍❀ ❖▲❊✲

❙❊◆✱ ✷✵✶✵❀ ❇❯❙❚❆▼❆◆❚❊ ❡t ❛❧✳✱ ✷✵✶✹✮✳

❈♦♥❝❡r♥✐♥❣ t❤❡ ✐♥st✐t✉t✐♦♥❛❧ ❛s♣❡❝ts✱ ❇✉st❛♠❛♥t❡ ❡t ❛❧✳ ✭✷✵✶✹✮ ❤✐❣❤❧✐❣❤ts ♣♦s✲

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

✐♥st✐t✉t✐♦♥❛❧ r❡❣✉❧❛t✐♦♥ ♦❢ ❧❛♥❞ t❡♥✉r❡ ❛♥❞ ♣r♦♣❡rt② r✐❣❤ts✱ ❛♥❞ t❤❡ ❧❡✈❡❧ ♦❢ ❝♦♠♣❧✐✲

❛♥❝❡ ♦❢ t❤❡s❡ ✐♥st✐t✉t✐♦♥s✳ ■♥ t❤❡ ❛❜s❡♥❝❡ ♦❢ t❤❡s❡✱ t❤❡ ♠✐t✐❣❛t✐♦♥ ♣♦t❡♥t✐❛❧ ♦❢ t❤❡

s❡❝t♦r ❝❛♥ ❜❡ ❝♦♠♣r♦♠✐s❡❞✳ ■♥ t❤❡ ❇r❛③✐❧✐❛♥ ❝❛s❡✱ t❤❡ ✐♥st✐t✉t✐♦♥❛❧ ❛s♣❡❝ts ❛r❡ ❡①✲

tr❡♠❡❧② ✐♠♣♦rt❛♥t ❢♦r t❤❡ ❡①❡❝✉t✐♦♥ ♦❢ s❡❝t♦r❛❧ ●❍● ♠✐t✐❣❛t✐♦♥ ♣❧❛♥s✱ ❛s ❢♦r❡s❡❡♥

❜② t❤❡ ❆❇❈ P❧❛♥✳ ■♥ ♣❛rt✐❝✉❧❛r✱ t❤❡ ♥❡✇ ❛❣r✐❝✉❧t✉r❛❧ ❢r♦♥t✐❡r ✐♥ t❤❡ ◆♦rt❤ ❛♥❞

◆♦rt❤❡❛st ❈❡rr❛❞♦ ♦❢ t❤❡ ❝♦✉♥tr② ✐s st✐❧❧ ✈✉❧♥❡r❛❜❧❡ t♦ t❤❡ ✐ss✉❡s ♦❢ ❧❛♥❞ t❡♥✉r❡ ❛♥❞

♣r♦♣❡rt② r✐❣❤ts✱ t❤❡r❡❜② ❝♦♠♣r♦♠✐s✐♥❣ ❛♥② ♣✉❜❧✐❝ ♣♦❧✐❝✐❡s ✐♠♣❧❡♠❡♥t❛t✐♦♥ ❢♦r ❛❝❝❡ss

t♦ ❧♦✇ ❝❛r❜♦♥ t❡❝❤♥♦❧♦❣✐❡s ✭❙❚❘❆❙❙❇❯❘● ❡t ❛❧✳✱ ✷✵✶✹❀ ▲❆❘❙❖◆ ❡t ❛❧✳✱ ✷✵✶✸✮✳

❙♦❝✐♦❡❝♦♥♦♠✐❝ ❛s♣❡❝ts✱ s✉❝❤ ❛s ❢♦♦❞ s❡❝✉r✐t② ❛♥❞ ❤❡❛❧t❤✱ ❛❧s♦ ❛r❡ ❡①tr❡♠❡❧②

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

✭✷✵✶✹✮ ♣♦s✐t ❛ s❡r✐❡s ♦❢ st✉❞✐❡s t❤❛t ❞❡❛❧ ✇✐t❤ t❤❡ s✉❜❥❡❝t✱ s✉❝❤ ❛s ❙♠✐t❤ ❡t ❛❧✳ ✭✷✵✶✸✮

❛♥❞ ❱❛❧✐♥ ❡t ❛❧✳ ✭✷✵✶✸✮✱ ✇❤✐❝❤ ❛❞❞r❡ss ✐t ✐♥ t❤❡ ❝♦♥t❡①t ♦❢ ❞❡✈❡❧♦♣✐♥❣ ❝♦✉♥tr✐❡s✳

▼✐t✐❣❛t✐♦♥ ♠❡❛s✉r❡s✱ ❜② ❛♥❞ ❧❛r❣❡✱ r❡s✉❧t ❢r♦♠ ✐♠♣r♦✈❡♠❡♥ts ✐♥ ❧❛♥❞ ✉s❡ ❛♥❞

♠❛♥❛❣❡♠❡♥t✳ ❚❤❡ ♣♦t❡♥t✐❛❧ s②♥❡r❣✐❡s ❤✐❣❤❧✐❣❤t❡❞ ❜② ❙♠✐t❤ ❡t ❛❧✳ ✭✷✵✶✸✮ ❝♦♥❝❡r♥✲

✐♥❣ ❢♦♦❞ s❡❝✉r✐t② ❛r❡✿ ✐♥❝r❡❛s❡ ✐♥ ❢♦♦❞ ❛♥❞ ✜❜❡r ♣r♦❞✉❝t✐♦♥✱ ✐♠♣r♦✈❡♠❡♥t ✐♥ ✇❛✲

t❡r r❡s♦✉r❝❡s q✉❛❧✐t②✱ ❜✐♦❞✐✈❡rs✐t② ❝♦♥s❡r✈❛t✐♦♥✱ ❛❞♦♣t✐♦♥ ♦❢ s✉st❛✐♥❛❜❧❡ ❛❣r✐❝✉❧t✉r❛❧

♣r❛❝t✐❝❡s✱ r❡st♦r❛t✐♦♥ ♦❢ ❞❡❣r❛❞❡❞ ♣❛st✉r❡ ❛♥❞ ✐♥❝r❡❛s❡ ♦❢ ❡❝♦♥♦♠✐❝ ❛❝t✐✈✐t②✳ ❖♥

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

❞❡❣r❛❞❛t✐♦♥ ♦❢ ✇❛t❡r r❡s♦✉r❝❡s✱ ✐♠♣❛❝ts ✐♥ ❜✐♦❞✐✈❡rs✐t② ❛♥❞ r❡str✐❝t✐♦♥s ✐♥ ❧❛♥❞✲✉s❡

❝❤❛♥❣❡✳

❈❤❛♣t❡r ✷ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✶✵



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❚❤❡ ❛✉t❤♦rs ❡♠♣❤❛s✐③❡ t❤❛t✿

✧●❡tt✐♥❣ ❛ ❜❛❧❛♥❝❡ ❜❡t✇❡❡♥ ♠✐t✐❣❛t✐♦♥ ♦♣t✐♦♥s ❛♥❞ ♦t❤❡r s♦❝✐❡t❛❧ ❣♦❛❧s ✕

✐♥❝❧✉❞✐♥❣ ❢♦♦❞ s❡❝✉r✐t② ❛♥❞ ♣r❡s❡r✈❛t✐♦♥ ♦❢ ❡❝♦s②st❡♠ s❡r✈✐❝❡s ✕ r❡q✉✐r❡s

✉♥❞❡rst❛♥❞✐♥❣ t❤❡ ❞②♥❛♠✐❝s ♦❢ ❧❛♥❞ ❣♦✈❡r♥❛♥❝❡✳ ■t ✐s ♥❡❝❡ss❛r② t♦ ❛ss❡ss

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

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

s❝❤❡♠❡s✱ t❡❝❤♥♦❧♦❣② ❛❝❝❡ss ❛♥❞ ❧❛♥❞ t❡♥✉r❡ ❛❣r❡❡♠❡♥ts✳✧✳

❈♦♥♥❡❝t✐♦♥s ❜❡t✇❡❡♥ ♠✐t✐❣❛t✐♦♥ ♠❡❛s✉r❡s ♦❢ t❤❡ ❆❋❖▲❯ s❡❝t♦r ❛♥❞ ❞❡♠❛♥❞

❢♦r ❛❣r✐❝✉❧t✉r❛❧ ♣r♦❞✉❝t✐♦♥ ❛♥❞ ❢♦♦❞ s❡❝✉r✐t② ❝❛♥ ❜❡ r❡♣r❡s❡♥t❡❞ ❜② ❋✐❣✉r❡ ✷✳✷✳

❋✐❣✉r❡ ✷✳✷✿ ■♥t❡rr❡❧❛t✐♦♥s❤✐♣s ❜❡t✇❡❡♥ ❞✐✛❡r❡♥t ❜✉♥❞❧❡s ♦❢ ●❍● ♠✐t✐❣❛t✐♦♥ ♦♣t✐♦♥s
✭❣r❡② s❤❛❞❡❞ ❜♦①❡s✮ ❛♥❞ ❢♦♦❞ s❡❝✉r✐t②✳
❙♦✉r❝❡✿ ❙♠✐t❤ ❡t ❛❧✳ ✭✷✵✶✸✮✳
◆♦t❡✿ ♠✐t✐❣❛t✐♦♥ ♦♣t✐♦♥s ❛r❡ r❡❧❛t❡❞ t♦ ❢♦♦❞ ❞❡♠❛♥❞✳ ✭✰✮ ♦r ✭✲✮ ✐♥❞✐❝❛t❡ t❤❡ r❡❧❛t✐♦♥s❤✐♣

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

❢♦❧❧♦✇✐♥❣✳ ❉♦tt❡❞ ❧✐♥❡s r❡♣r❡s❡♥t ❛♠❜✐❣✉♦✉s ♦r ✇❡❛❦ ✐♥t❡rr❡❧❛t✐♦♥s❤✐♣s✳

❈♦♥s✐❞❡r✐♥❣ ❛♥ ✐♥❝r❡❛s❡ ✐♥ ❢♦♦❞ ❞❡♠❛♥❞✱ ❢♦r ✐♥st❛♥❝❡✱ ❛♥ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ❝♦♥✲

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

t❤❛t ✐s t♦ s❛②✱ t❤❡r❡ ✐s ❛ ♣♦s✐t✐✈❡ ❡✛❡❝t❀ ♥❡✈❡rt❤❡❧❡ss✱ ❙♠✐t❤ ❡t ❛❧✳ ✭✷✵✶✸✮ ♣♦✐♥ts ♦✉t

t❤❛t t❤✐s ✐s ♥♦t ❛ s✉✣❝✐❡♥t ❝♦♥❞✐t✐♦♥ t♦ ❡♥s✉r❡ ❢♦♦❞ s❡❝✉r✐t②✳ ❚❤❡ ❞❡♠❛♥❞ ❢♦r ❛❣r✐✲

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

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

❢❡❝t t❛❦❡s ♣❧❛❝❡✳ ❍♦✇❡✈❡r✱ ❡✣❝✐❡♥❝② ❝❛♥ ❤❛✈❡ ❛ ❞♦✉❜❧❡ ❡✛❡❝t ♦♥ ❢♦♦❞ s❡❝✉r✐t②✳ ■♥

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

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

♦❢ ●❍● ❡♠✐ss✐♦♥s✳ ❋✉rt❤❡r♠♦r❡✱ ✐♥❝r❡❛s❡s ✐♥ ♣r♦❞✉❝t✐✈✐t② ❛r❡ ❧✐♥❦❡❞ t♦ ❛ ❤✐❣❤❡r

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

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

♠✐t✐❣❛t✐♦♥ ♣♦t❡♥t✐❛❧ ♦❢ ❋♦r❡str② ❙②st❡♠s ❛♥❞ ❇✐♦❡♥❡r❣②✳ ❚❤✐s ❤✐❣❤❧✐❣❤ts t❤❡ ❝♦♠✲

♣❡t✐t✐♦♥ ❢♦r ❧❛♥❞ ✉s❡✱ ❜♦t❤ ❢♦r ❛❣r✐❝✉❧t✉r❛❧✱ ❢♦r❡str② ♦r ❜✐♦❡♥❡r❣② ♣r♦❞✉❝t✐♦♥✱ ❛♥❞

❢♦r ●❍● ♠✐t✐❣❛t✐♦♥ ♦♣t✐♦♥s✳ ❚❤✉s✱ ♠✐t✐❣❛t✐♦♥ ❛❝t✐✈✐t✐❡s✱ ❢♦r ❡①❛♠♣❧❡✱ t❤❛t ✐♥❝r❡❛s❡

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

❈❤❛♣t❡r ✷ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✶✶



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

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

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

♦r ❛❣r✐❝✉❧t✉r❛❧ ❛❝t✐✈✐t✐❡s✳

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

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

✐t② ♦❢ ♣r♦❞✉❝✐♥❣ ❜✐♦❡♥❡r❣② t❤r♦✉❣❤ ❜✐♦♠❛ss✳ ❚❤❡ s❛♠❡ ✐s tr✉❡ ❢♦r ❢♦r❡str② s②st❡♠s

❛♥❞ ❜✐♦❡♥❡r❣②✳ ❚❤❡r❡❢♦r❡✱ ♠✐t✐❣❛t✐♦♥ ♦♣t✐♦♥s ❢♦r t❤❡ ❆❋❖▲❯ s❡❝t♦r ❛r❡ ❡①tr❡♠❡❧②

✐♥t❡r❞❡♣❡♥❞❡♥t✱ s♣❡❝✐❛❧❧② r❡❣❛r❞✐♥❣ ❢♦♦❞ s❡❝✉r✐t② ✐ss✉❡s✳ ❚❤❡ ❛✉t❤♦rs ❝♦♥❝❧✉❞❡ t❤❛t

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

t✐♦♥ ♦♣t✐♦♥s ✐♥ r❡❢♦r❡st❛t✐♦♥ s②st❡♠s ♦r ❜✐♦❢✉❡❧s ♣r♦❞✉❝t✐♦♥✱ ❛r❡ ❞✐r❡❝t❧② q✉❛♥t✐✜❡❞✳

❚❤❡ ✐♥❞✐r❡❝t r❡❧❛t✐♦♥s❤✐♣s✱ r❡q✉✐r❡ s②st❡♠❛t✐❝ ❛♣♣r♦❛❝❤❡s ❛♥❞ ❛r❡ ❧❡ss tr✐✈✐❛❧ t♦ ❜❡

q✉❛♥t✐✜❡❞✳

✷✳✶✳✸ ❇r❛③✐❧✐❛♥ ❝❛s❡

■♥ t❤❡ ❇r❛③✐❧✐❛♥ ❝❛s❡✱ ❝❧✐♠❛t❡ ❝❤❛♥❣❡ ✐s ❛♣♣r♦❛❝❤❡❞ ✐♥ t❤❡ ◆❛t✐♦♥❛❧ P❧❛♥ ❢♦r

❈❧✐♠❛t❡ ❈❤❛♥❣❡ ✇❤✐❝❤ ✐♥st✐t✉t❡❞ t❤❡ ❈❧✐♠❛t❡ ❈❤❛♥❣❡ ◆❛t✐♦♥❛❧ P♦❧✐❝②✳ ❚❤✐s ♣♦❧✐❝②

✐♥st✐t✉t✐♦♥❛❧✐③❡❞ ♠✐t✐❣❛t✐♦♥ ❣♦❛❧s ❛♥❞ t❤❡ str❡♥❣t❤❡♥✐♥❣ ♦❢ s✐♥❦s✱ t❤❡ ✉♥❞❡rst❛♥❞✐♥❣

❜❡t✇❡❡♥ ❡❝♦♥♦♠✐❝ ❣r♦✇t❤ ❛♥❞ ❝❧✐♠❛t❡ ♣r♦t❡❝t✐♦♥ ✭❖❇❊❘▼❆■❊❘❀ ❘❖❙❆✱ ✷✵✶✸✮✳

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

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

❚❤❡ ❆❇❈ P❧❛♥ ✭▼❆P❆✱ ✷✵✶✷✮ ❛✐♠s t♦ ♣r♦♠♦t❡ t❤❡ ♠✐t✐❣❛t✐♦♥ ♦❢ ●❍● ❡♠✐s✲

s✐♦♥s✱ ✐♠♣r♦✈✐♥❣ ❡✣❝✐❡♥❝② ✐♥ t❤❡ ✉s❡ ♦❢ ♥❛t✉r❛❧ r❡s♦✉r❝❡s✳ ❚♦ t❤✐s ❡♥❞✱ t❤❡ ❆❇❈ P❧❛♥

✇❛s str✉❝t✉r❡❞ ✐♥ s❡✈❡♥ ♣r♦❣r❛♠s✱ t❤❡ ✜rst s✐① r❡❢❡rr✐♥❣ t♦ ♠✐t✐❣❛t✐♦♥ t❡❝❤♥♦❧♦❣✐❡s

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

r❡❝♦✈❡r② ✭P❘✮❀ ✐♥t❡❣r❛t❡❞ s②st❡♠s ✭■❙✮✱ s✉❝❤ ❛s ❝r♦♣❧❛♥❞✲❧✐✈❡st♦❝❦ ♦r ❝r♦♣✲❧✐✈❡st♦❝❦✲

❢♦r❡str② ✐♥t❡❣r❛t✐♦♥✱ ❛♥❞ ❛❣r♦❢♦r❡str② s②st❡♠s ✭❙❆❋s✮❀ ❞✐r❡❝t ♣❧❛♥t✐♥❣ s②st❡♠ ✭❙P❉✮❀

❜✐♦❧♦❣✐❝❛❧ ✜①❛t✐♦♥ ♦❢ ♥✐tr♦❣❡♥ ✭❋❇◆✮❀ ♣❧❛♥t❡❞ ❋♦r❡sts❀ tr❡❛t♠❡♥t ♦❢ ❛♥✐♠❛❧ ✇❛st❡❀

❛♥❞✱ ❛❞❛♣t❛t✐♦♥ t♦ ❝❧✐♠❛t❡ ❝❤❛♥❣❡✳

◆♦t✇✐t❤st❛♥❞✐♥❣✱ t❤❡ ❆❇❈ P❧❛♥ ❞♦❡s ♥♦t st❛t❡ t❤❛t s②♥❡r❣✐❡s ❛r❡ ❡①♣❡❝t❡❞

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

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

❈♦♥❝❡r♥✐♥❣ t❡❝❤♥♦❧♦❣✐❡s ❢♦r P❘✱ ■❙✱ ❙❆❋s✱ ❛♥❞ ❙P❉✱ t❡❝❤♥♦❧♦❣✐❡s ❞✐r❡❝t❧② ♦r ✐♥✲

❞✐r❡❝t❧② ❛♣♣❧✐❡❞ ✐♥ t❤❡ ❧✐✈❡st♦❝❦ s❡❝t♦r✱ ✐t ✐s ❡①♣❡❝t❡❞ ❛♥ ✐♥t❡♥s✐✜❝❛t✐♦♥ ♣r♦❝❡ss ♦❢

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

❝♦♥s✐❞❡r❡❞ t♦ ❜❡ ❛❞❛♣t✐✈❡✳ ❚❤✐s ♣r♦❝❡ss ✇❛s ❤✐❣❤❧✐❣❤t❡❞ ❜② ●♦✉✈❡❧❧♦ ✭✷✵✶✵✮✿ ✧■♥✲

❝r❡❛s✐♥❣ ❬✳✳✳❪ ✐♥t❡♥s✐✜❝❛t✐♦♥ ♦❢ ❧✐✈❡st♦❝❦✲r❛✐s✐♥❣ ❝❛♥ ♣❧❛② ❛♥ ❡ss❡♥t✐❛❧ r♦❧❡ ✐♥ r❡❞✉❝✐♥❣

t❤❡ ♥❡❡❞ ❢♦r ❧❛♥❞ ❬✳✳✳❪✱ ✇❤✐❧❡ r❡❧❡❛s✐♥❣ t❤❡ ❧❛♥❞ r❡q✉✐r❡❞ ❢♦r ❡①♣❛♥s✐♦♥ ❢♦r ♦t❤❡r

❛❝t✐✈✐t✐❡s✧✳

❈❤❛♣t❡r ✷ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✶✷



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❚❤❡r❡❢♦r❡✱ ❢❡✇ st✉❞✐❡s ✐♥ ❇r❛③✐❧ s❡❡❦ t♦ ✐❞❡♥t✐❢② s②♥❡r❣✐❡s ❛♥❞ tr❛❞❡✲♦✛s ❜❡✲

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

❝♦✉♥tr② ✇❤✐❝❤ ❛r❡ ❝❛♣❛❜❧❡ ♦❢ ✐❞❡♥t✐❢②✐♥❣ t❤❡ ❛❣❣r❡❣❛t❡ ❣❛✐♥s ✐♥ ❡❛❝❤ ♣r♦❝❡ss✳ ■♥ t❤❡

s❡❝t♦r❛❧ ❝♦♥t❡①t✱ ❢♦r ✐♥st❛♥❝❡✱ ❢♦r ❛❣r✐❝✉❧t✉r❛❧ s❡❝t♦rs✱ ✐t ✐s st✐❧❧ ❞✐✣❝✉❧t t♦ ✐❞❡♥t✐❢②

✐♥ ❡❛❝❤ t❡❝❤♥♦❧♦❣② ❣❛✐♥s r❡s✉❧t✐♥❣ ❢r♦♠ ♠✐t✐❣❛t✐♦♥ ❛♥❞✴♦r ❛❞❛♣t❛t✐♦♥✳ ❲❤❛t ❝❛♥ ❜❡

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

❡q✉✐❧✐❜r✐✉♠ ♠♦❞❡❧ ♣❛r❛♠❡t❡rs✱ t❤❡ ❧❛tt❡r ❜❡✐♥❣ str✐❝t❧② ❡❝♦♥♦♠✐❝ r❡s✉❧ts✳ ■♥ ❇r❛③✐❧✱

t❤❡r❡ ✐s st✐❧❧ ❛ ❧❛❝❦ ♦❢ ❘❡s❡❛r❝❤ ✐♥ t❤❡ ❧❡✈❡❧ ♦❢ ■♥t❡❣r❛t❡❞ ❆ss❡ss♠❡♥t ▼♦❞❡❧✐♥❣✱ ❛s

s✉❣❣❡st❡❞ ❜② ■P❈❈ ✭✷✵✶✹❛✮✳

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

■❙✱ ❛❧❧♦✇ r❡❞✉❝✐♥❣ t❤❡ ✐♥❝✐❞❡♥❝❡ ♦❢ ✇❡❡❞s✱ ❞✐s❡❛s❡s ❛♥❞ ♣❡sts ✇✐t❤ t❤❡ ✐♥tr♦❞✉❝t✐♦♥

♦❢ ♣❛st✉r❡s ✐♥ ❣r❛✐♥ ♣r♦❞✉❝t✐♦♥ s②st❡♠s ✭❈❖❙❚❆❀ ❘❆❱❆✱ ✷✵✵✸❀ ❆■❉❆❘ ❡t ❛❧✳✱ ✷✵✵✸❀

❱■▲❊▲❆ ❡t ❛❧✳✱ ✶✾✾✾✮✳ P♦s✐t✐✈❡ ✐♠♣❛❝ts ♦♥ t❤❡ ❝❤❡♠✐❝❛❧✱ ♣❤②s✐❝❛❧ ❛♥❞ ❜✐♦❧♦❣✐❝❛❧

q✉❛❧✐t② ♦❢ t❤❡ s♦✐❧ r❡✢❡❝t✱ ✐♥ ♣❛rt✐❝✉❧❛r✱ t❤❡ ✐♥❝r❡❛s❡ ✐♥ ♦r❣❛♥✐❝ ♠❛tt❡r ✭❙❖❯❙❆ ❡t

❛❧✳✱ ✶✾✾✾❀ ❙❆▲❚❖◆✱ ✷✵✵✺✮✳ ❈♦♥s❡q✉❡♥t❧② t❤❡r❡ ✐s✱ ❢♦r ❡①❛♠♣❧❡✱ ❛♥ ✐♥❝r❡❛s❡ ✐♥ s♦✐❧

♥✉tr✐❡♥ts st♦r❛❣❡ ❝❛♣❛❝✐t② ❛♥❞ ❛ ❣r❡❛t❡r ❡✣❝✐❡♥❝② ✐♥ t❤❡ ✉s❡ ♦❢ t❤✐s ♥✉tr✐❡♥ts ❛♥❞

r❡s♣♦♥s❡ ♣♦t❡♥t✐❛❧ ♦❢ ♣♦st✲♣❛st✉r❡ ❝r♦♣s t♦ ❢❡rt✐❧✐③❛t✐♦♥✳

❚❤❡ ✐♥t❡r❛❝t✐♦♥ ♦❢ s❡✈❡r❛❧ ❢❛❝t♦rs✱ s✉❝❤ ❛s ❛❞❛♣t❛t✐♦♥ ❛♥❞ ❝❛r❜♦♥ s❡q✉❡str❛t✐♦♥✱

❛r❡ ❞✐✣❝✉❧t t♦ s❡♣❛r❛t❡ ❛♥❞ ❛r❡ r❡s♣♦♥s✐❜❧❡ ❢♦r ♣r♦❞✉❝t✐✈✐t② ✐♥❝r❡❛s❡s ♦❢ t❤❡ ❝r♦♣s

❛♥❞ t❤❡ ❛♥✐♠❛❧ s②st❡♠ ✐♥ t❤❡ ❝r♦♣✲❧✐✈❡st♦❝❦ ✐♥t❡❣r❛t✐♦♥✳ ❚❤❡r❡ ✐s ❛ ❜r❡❛❦❞♦✇♥ ♦❢

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

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

✇❤♦❧❡ s②st❡♠ ✭❱■▲❊▲❆ ❡t ❛❧✳✱ ✶✾✾✾❀ ❈❖❙❚❆❀ ❘❆❱❆✱ ✷✵✵✸✮✳

❏ú♥✐♦r ❡ ❱✐❧❡❧❛ ✭✷✵✵✼✮ ❛✣r♠s t❤❛t ♣r♦❞✉❝t✐✈✐t② ❣❛✐♥s ♦❢ ❣r❛✐♥s ❛♥❞ ♠❡❛t ✐♥

t❤❡s❡ ♠✐①❡❞ s②st❡♠s ❛r❡ ❡①♣❧❛✐♥❡❞ ❜② ♣♦s✐t✐✈❡ ✐♥t❡r❛❝t✐♦♥s✳ ■♥ ❛❞❞✐t✐♦♥✱ ♣r♦❞✉❝t✐✈✐t②

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

✈❡❣❡t❛t✐♦♥ ❛r❡❛s ✐♥ ❈❡rr❛❞♦ ❛♥❞ ❆♠❛③♦♥ ❇✐♦♠❡s ❛♥❞ ♠✐♥✐♠✐③✐♥❣ t❤❡ ❝♦♠♣❡t✐t✐♦♥

❢♦r ❧❛♥❞✳

❈♦❤♥ ❡t ❛❧✳ ✭✷✵✶✹✮ ❡♠♣❤❛s✐③❡ t❤❛t ♣♦❧✐❝✐❡s ❢♦r ❝❛tt❧❡ ❜r❡❡❞✐♥❣ ✐♥t❡♥s✐✜❝❛t✐♦♥

✐♥ ❇r❛③✐❧ ❛r❡ ❝♦st✲❡✛❡❝t✐✈❡ ✐♥ ❧✐♠✐t✐♥❣ ❞❡❢♦r❡st❛t✐♦♥ ❛♥❞ ♠✐t✐❣❛t✐♥❣ ●❍● ❡♠✐ss✐♦♥s✳

❱✐❧❧♦r✐❛ ❡t ❛❧✳ ✭✷✵✶✹✮ ✐♥❞✐❝❛t❡ t❤r♦✉❣❤ ❡♠♣✐r✐❝❛❧ ❡✈✐❞❡♥❝❡ ❛ ✇❡❛❦ ♣♦s✐t✐✈❡ r❡❧❛t✐♦♥

❜❡t✇❡❡♥ r❡❣✐♦♥❛❧ t❡❝❤♥♦❧♦❣✐❝❛❧ ♣r♦❣r❡ss ❛♥❞ ❞❡❢♦r❡st❛t✐♦♥✳ ❍♦✇❡✈❡r✱ t❤❡ ❛✉t❤♦rs

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

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

❛♥❞ ❛❜✉♥❞❛♥t ❧❛♥❞ ❛r❡ ♠♦r❡ ♣r♦♥❡ t♦ ❧❛♥❞✲✉s❡ ❡①♣❛♥s✐♦♥s✳

❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ ❛ s❡r✐❡s ♦❢ st✉❞✐❡s ✐♥ ❇r❛③✐❧ ❞❡✈❡❧♦♣❡❞ ❡st✐♠❛t✐♦♥s ✇❤✐❝❤

❛♥t✐❝✐♣❛t❡ t❤❡ ❡✛❡❝ts ♦❢ ❝❧✐♠❛t❡ ❝❤❛♥❣❡ ❜② str✉❝t✉r✐♥❣ t❤❡ s❝❡♥❛r✐♦s t♦ ❜❡ ❛♥❛❧②③❡❞

✭❆❙❙❆❉ ❡t ❛❧✳✱ ✷✵✵✽✮✳ ❚❤❡② ❝♦♥s✐❞❡r t❤❡ ✐♥t❡r❛❝t✐♦♥s ❛♠♦♥❣ t❤❡ ❡♥✈✐r♦♥♠❡♥t❛❧

❈❤❛♣t❡r ✷ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✶✸



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

♣❛r❛♠❡t❡rs ❛♥❞ ❡ss❡♥t✐❛❧❧② ❛tt❡♠♣t t♦ ♣r❡❞✐❝t ♣❡r❝❡♥t❛❣❡ ❧♦ss❡s ✭♦r ❣❛✐♥s✮ ✐♥ ❛❣r✐✲

❝✉❧t✉r❛❧ ♣r♦❞✉❝t✐✈✐t②✱ ❛s ✇❡❧❧ ❛s ❧❛♥❞✲✉s❡ ❝❤❛♥❣❡s ✐♥ ❞✐✛❡r❡♥t r❡❣✐♦♥s ♦❢ t❤❡ ❝♦✉♥tr②✳

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

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

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

s②♥❡r❣② ❜❡t✇❡❡♥ ♠✐t✐❣❛t✐♦♥ ❛♥❞ ❛❞❛♣t❛t✐♦♥✳ ❆s ❛♥ ❡①❛♠♣❧❡✱ ❆ss❛❞ ❡t ❛❧✳ ✭✷✵✵✽✮

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

♥♦t t❛❦✐♥❣ ✐♥t♦ ❛❝❝♦✉♥t t❤❡ ✐♥t❡r❛❝t✐♦♥ ❛♠♦♥❣ t❤❡ ❛❣r✐❝✉❧t✉r❛❧ s❡❝t♦r ❛♥❞ t❤❡ r❡st

♦❢ t❤❡ ❡❝♦♥♦♠②✳

❋r♦♠ ❛ s♦❝✐♦❡❝♦♥♦♠✐❝ ♣♦✐♥t ♦❢ ✈✐❡✇✱ s♦♠❡ ❛❞❛♣t❛t✐♦♥ ❛♥❞ ✈✉❧♥❡r❛❜✐❧✐t② r❡✲

s❡❛r❝❤ ❝❛♥ ❜❡ ❤✐❣❤❧✐❣❤t❡❞✱ s✉❝❤ ❛s ●✉r❣❡❧ ✭✷✵✶✶✮✱ ❋❊❘❘❊■❘❆ ❋■▲❍❖ ✭✷✵✶✸✮ ❛♥❞

❋❊❘❘❊■❘❆ ❋■▲❍❖ ❡ ❍♦rr✐❞❣❡ ✭✷✵✶✹✮ t❤❛t ❝♦♥s✐❞❡r t❤❡ s❡❝t♦r❛❧ ♣♦❧✐❝② ❢♦r st✐♠✉✲

❧❛t✐♥❣ ❜✐♦❢✉❡❧s ♣r♦❞✉❝t✐♦♥✳ ❉✐♥✐③ ✭✷✵✶✷✮✱ ❈❛r✈❛❧❤♦ ❡t ❛❧✳ ✭✷✵✶✻✮✱ ❛♣♣r♦❛❝❤ ❝♦♠♠❛♥❞

❛♥❞ ❝♦♥tr♦❧ ♣♦❧✐❝✐❡s ✐♥ t❤❡ ❆♠❛③♦♥ ❛♥❞ t❤❡ ❋♦r❡st ❈♦❞❡✳ ❆❧s♦✱ ❋❊❘❘❊■❘❆ ❋■▲❍❖

❡ ▼♦r❛❡s ✭✷✵✶✺✮ st✉❞② ✇❤✐❝❤ ❛r❡ t❤❡ r❡❣✐♦♥❛❧ ❡❝♦♥♦♠✐❝ ✐♠♣❛❝ts ♦❢ t❤❡ s❝❡♥❛r✐♦s

s✉❣❣❡st❡❞ ❜② ❆ss❛❞ ❡t ❛❧✳ ✭✷✵✵✽✮✳

❈♦♥❝❡r♥✐♥❣ r❡s❡❛r❝❤ ❢♦❝✉s❡❞ ♦♥ ♠✐t✐❣❛t✐♦♥ ✐♥ ❇r❛③✐❧✱ ❋❊❘❘❊■❘❆ ❋■▲❍❖ ❡

❘♦❝❤❛ ✭✷✵✵✽✮✱ ❋❡✐❥ó ❡ ❏ú♥✐♦r ✭✷✵✵✾✮✱ ❙✐❧✈❛ ❡ ●✉r❣❡❧ ✭✷✵✶✷✮ ❛♥❞ ●✉r❣❡❧ ❡ P❛❧ts❡✈

✭✷✵✶✹✮ ❛tt❡♠♣t t♦ ✐❞❡♥t✐❢② t❤❡ ❛ss♦❝✐❛t❡❞ ❝♦sts ♦❢ r❡❞✉❝✐♥❣ ●❍● ❡♠✐ss✐♦♥s✳ ◆❛r❞② ❡

●✉r❣❡❧ ✭✷✵✶✸✮ ❛♣♣r♦❛❝❤s ❧❛♥❞✲✉s❡ ❝❤❛♥❣❡✱ ✇❤✐❧❡ ▲✐♠❛ ❡ ●✉r❣❡❧ ✭✷✵✶✷✮ ❛♥❞ ❉❛✉❜❡r✲

♠❛♥♥ ❡t ❛❧✳ ✭✷✵✶✶✮ ❛♣♣r♦❛❝❤ s❡❝t♦r❛❧ ♠✐t✐❣❛t✐♦♥ ♣♦❧✐❝✐❡s✳

■♥ ❛ ❝♦♠♣❧❡♠❡♥t❛r② ✇❛②✱ ✐t ✐s ✐♠♣♦rt❛♥t t♦ ❤✐❣❤❧✐❣❤t st✉❞✐❡s ♦♥ ❤❡❛❧t❤ ❛♥❞

♠✐❣r❛t✐♦♥ ❞✐♠❡♥s✐♦♥s✱ s✉❝❤ ❛s ❇❛r❜✐❡r✐ ❡t ❛❧✳ ✭✷✵✶✵✮ t❤❛t ❛❞✈❛♥❝❡ ✐♥ t❤❡ ❝❛❧❝✉❧❛✲

t✐♦♥ ♦❢ ✈✉❧♥❡r❛❜✐❧✐t② ✐♥❞✐❝❛t♦rs ♦❢ ♣♦♣✉❧❛t✐♦♥ ✐♥ t❤❡ ❇r❛③✐❧✐❛♥ t❡rr✐t♦r②✳ ❯s✐♥❣ t❤❡

✐♥♣✉t✲♦✉t♣✉t ❛♣♣r♦❛❝❤✱ ●✉✐❧❤♦t♦ ❡t ❛❧✳ ✭✷✵✵✷✮ s✐♠✉❧❛t❡s ❡♥✈✐r♦♥♠❡♥t❛❧ ✐♠♣❛❝ts ❞❡✲

r✐✈❡❞ ❢r♦♠ t❤❡ ❡❝♦♥♦♠✐❝ ❣r♦✇t❤ tr❛❥❡❝t♦r② ♦❢ t❤❡ ❇r❛③✐❧✐❛♥ ❡❝♦♥♦♠②✳ ❍✐❧❣❡♠❜❡r❣

✭✷✵✵✹✮✱ ❈❛r✈❛❧❤♦ ❡ P❡r♦❜❡❧❧✐ ✭✷✵✵✾✮ ✐❞❡♥t✐❢② t❤❡ ♠♦st s❡♥s✐t✐✈❡ s❡❝t♦rs t♦ ❡♠✐ss✐♦♥s

r❡str✐❝t✐♥❣ ♣♦❧✐❝✐❡s ❛♥❞ ❛ss❡ss ✐ts ✐♠♣❛❝ts ❢♦r s❡❝t♦r❛❧ ✐♥t❡r♠❡❞✐❛t❡ ❝♦♥s✉♠♣t✐♦♥ ❛♥❞

t❤❡ ♣♦❧❧✉t✐♦♥ ❧♦❛❞ ✐♥ ❡①♣♦rt✐♥❣ s❡❝t♦rs✳ ❚❤✐s t②♣❡ ♦❢ ♠♦❞❡❧✐♥❣✱ ❛❧t❤♦✉❣❤ ✈❡r② ✉s❡❢✉❧✱

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

♠❛r❦❡ts ❢♦r ♣r✐♠❛r② ♣r♦❞✉❝t✐♦♥ ❢❛❝t♦rs ❛♥❞ t❤❡✐r ❝♦♥str❛✐♥ts✳

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

t❤❡ ❇r❛③✐❧✐❛♥ ❝❛s❡ ❛r❡ ♥♦t ✇❡❧❧ ❝♦♥♥❡❝t❡❞✳ ❆s ♣r❡✈✐♦✉s❧② ♠❡♥t✐♦♥❡❞✱ ■P❈❈ ✭✷✵✶✹❛✮

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

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

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

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

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

❈❤❛♣t❡r ✷ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✶✹



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❝❧✐♠❛t❡ ❝❤❛♥❣❡✳ ❆❞❞✐t✐♦♥❛❧❧②✱ ✐♥✈❡st♠❡♥ts ✐♥ t❡❝❤♥♦❧♦❣✐❡s ❢♦r ●❍● ♠✐t✐❣❛t✐♦♥ ❛♥❞

❝❧✐♠❛t❡ ❝❤❛♥❣❡ ❛❞❛♣t❛t✐♦♥ ❢♦r ❇r❛③✐❧✱ s♣❡❝✐❛❧❧② ❢♦r t❤❡ ❛❣r✐❝✉❧t✉r❛❧ s❡❝t♦r ❛♥❞ ❢♦r

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

♣♦❧✐❝✐❡s✱ ❧❛♥❞ r❡❣✉❧❛r✐③❛t✐♦♥ t♦ r❡❞✉❝❡ s♣❡❝✉❧❛t✐♦♥ ❛r♦✉♥❞ t❤❡ ❧❛♥❞ ✈❛❧✉❡ ❛♥❞ ❣✉❛r✲

❛♥t❡❡ ♦❢ ♣r♦♣❡rt② r✐❣❤ts✳ ❖♥ t❤❡ ♦t❤❡r s✐❞❡✱ ❛❝❝♦♠♣❛♥✐❡❞ ❜② ❛❞❡q✉❛t❡ ♣♦❧✐❝✐❡s ❢♦r

r✉r❛❧ ❝r❡❞✐t s✉❜s✐❞✐③❡❞ t♦ t❤❡ s❡❝t♦r✱ ❧❛❜♦r✲❢♦r❝❡ tr❛✐♥✐♥❣ ✐♥ t❤❡ ❛❣r✐❝✉❧t✉r❛❧ ❢r♦♥t✐❡rs

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

✷✳✷ ▲♦✇ ❝❛r❜♦♥ t❡❝❤♥♦❧♦❣✐❡s✿ ❆❇❈ P❧❛♥

❚❤❡ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ P❧❛♥ ✭❆❇❈ P❧❛♥✮ ✇❛s ❝r❡❛t❡❞ ❜② t❤❡ ❞❡❝r❡❡

✼✱✸✾✵✴✷✵✶✵✳ ❚❤❡ ❆❇❈ P❧❛♥ ❛✐♠s t♦ ♠✐t✐❣❛t❡ ●❍● ❡♠✐ss✐♦♥s ✐♥ ❛❣r✐❝✉❧t✉r❡✱ ✐♠✲

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

s②st❡♠s ❛♥❞ r✉r❛❧ ❝♦♠♠✉♥✐t✐❡s✱ ❛s ✇❡❧❧ ❛s ❡♥❛❜❧❡ t❤❡ s❡❝t♦r t♦ ❛❞❛♣t t♦ ❝❧✐♠❛t❡

❝❤❛♥❣❡✳

❚❤❡ ❆❇❈ P❧❛♥ ❤❛s ❞✐✛❡r❡♥t ❛❝t✐♦♥s t♦ ❛❝❤✐❡✈❡ t❤❡ ❣♦❛❧s ❞❡✜♥❡❞ ✐♥ t❤❡ ❞❡❝r❡❡✳

❋♦r ❡❛❝❤ ❛❝t✐♦♥ ❤❛s ❛ s♣❡❝✐✜❝ ♣r♦❣r❛♠ t❤❛t ♣r❡s❡♥ts t❤❡ ❣✉✐❞❡❧✐♥❡s t♦ ♠❛❦❡ t❤❡♠

✈✐❛❜❧❡✳ ■♥ t❤❡ ❡♥❞✱ s✐① ♣r♦❣r❛♠s ❤❛✈❡ t❡❝❤♥♦❧♦❣✐❡s t♦ ♠✐t✐❣❛t❡ ●❍● ❡♠✐ss✐♦♥s✱ ❛♥❞

♦♥❡ ♣r♦❣r❛♠ t♦ ❛❞❛♣t t♦ ❝❧✐♠❛t❡ ❝❤❛♥❣❡✳ ❚❤❡ ❛❝t✐♦♥s ♣r❡s❡♥t ✐♥ ❆❇❈ P❧❛♥ ❛r❡✿

✶✳ r❡❝♦✈❡r ✶✺ ▼❤❛ ♦❢ ❞❡❣r❛❞❡❞ ♣❛st✉r❡❀

✷✳ ✐♥❝r❡❛s❡ t❤❡ ❛❞♦♣t✐♦♥ ♦❢ ❝r♦♣✲❧✐✈❡st♦❝❦✲❢♦r❡str② s②st❡♠s ✐♥ ✹ ▼❤❛❀

✸✳ ✐♥❝r❡❛s❡ t❤❡ ♥♦✲t✐❧❧ s②st❡♠ ✐♥ ✽ ▼❤❛❀

✹✳ ✐♥❝r❡❛s❡ t❤❡ ❇✐♦❧♦❣✐❝❛❧ ♥✐tr♦❣❡♥ ✜①❛t✐♦♥ ✐♥ ✺✳✺ ▼❤❛✱ s✉❜st✐t✉t✐♥❣ t❤❡ ♥✐tr♦❣❡♥

❢❡rt✐❧✐③❡rs❀

✺✳ ✐♥❝r❡❛s❡ t❤❡ ♣❧❛♥t❡❞ ❢♦r❡sts ✐♥ ✸ ▼❤❛❀

✻✳ ❡①♣❛♥❞ t❤❡ tr❡❛t♠❡♥t ♦❢ ❛♥✐♠❛❧ ✇❛st❡ ✐♥ ✹✳✹ ▼♠3❀

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

❝✐❛❧❧② t♦ t❤♦s❡ ✇✐t❤ ●❍● ♠✐t✐❣❛t✐♦♥ ♣♦t❡♥t✐❛❧✳

❚❤❡s❡ t❡❝❤♥♦❧♦❣✐❡s st❡♠ ❢r♦♠ t❤❡✐r ❛❜✐❧✐t② t♦ ❞✐r❡❝t❧② r❡❞✉❝❡ ●❍● ❡♠✐ss✐♦♥s✱

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

t❡❝❤♥♦❧♦❣✐❡s t❤❛t r❡❞✉❝❡ t❤❡ ♣r❡ss✉r❡ ♦♥ ❛r❡❛ ❡①♣❛♥s✐♦♥✳ ❆ s✉st❛✐♥❛❜❧❡ ❛❣r✐❝✉❧✲

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

❛t✐✈❡ ❡①t❡r♥❛❧✐t✐❡s✱ ♣r♦♠♦t✐♥❣ ✐♠♣r♦✈❡❞ ②✐❡❧❞s✱ ✇❤✐❧❡ ❝♦♥tr♦❧❧✐♥❣ ●❍● ❡♠✐ss✐♦♥s✱

❛♥❞ ❝♦♥s❡r✈✐♥❣ ❜✐♦❞✐✈❡rs✐t② ❛♥❞ ❡❝♦❤②❞r♦❧♦❣✐❝❛❧ ♣r♦❝❡ss❡s ✭●❖❉❋❘❆❨ ❡t ❛❧✳✱ ✷✵✶✵❀

▼❯❊▲▲❊❘ ❡t ❛❧✳✱ ✷✵✶✷✮✳

❈❤❛♣t❡r ✷ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✶✺



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❆❝t✐♦♥s ✐♥ t❤❡ ❆❇❈ P❧❛♥ ❛r❡ ❛ str❛t❡❣② ❢♦❝✉s❡❞ ♦♥ ❢♦st❡r✐♥❣ ❛❣r✐❝✉❧t✉r❛❧ ❞❡✲

✈❡❧♦♣♠❡♥t ✇❤✐❧❡ r❡❞✉❝✐♥❣ ❞❡❢♦r❡st❛t✐♦♥ r❛t❡ ❛♥❞ ●❍● ❡♠✐ss✐♦♥s ✭❇❯▲▲❊❘ ❡t ❛❧✳✱

✷✵✶✺✮✳ ❆❧t❤♦✉❣❤ t❤❡ r❡❞✉❝t✐♦♥ ♦❢ ❞❡❢♦r❡st❛t✐♦♥ r❛t❡s r❡t❛✐♥s t❤❡ ❣r❡❛t❡st ♣♦t❡♥t✐❛❧

❢♦r ♠✐t✐❣❛t✐♥❣ ●❍● ❡♠✐ss✐♦♥s✱ ❛ ❧♦✇✲❝❛r❜♦♥ ❛❣r✐❝✉❧t✉r❡ ❝❛♥ ❛❧s♦ r❡❞✉❝❡ ●❍● ❡♠✐s✲

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

❧✐s❤ ❧❛r❣❡ ❛r❡❛s ♦❢ ❣r❛ss❧❛♥❞ ❝✉rr❡♥t❧② ✉s❡❞ ✐♥❡✣❝✐❡♥t❧② ✐♥ t❤❡ ❇r❛③✐❧✐❛♥ ❜✐♦♠❡s✱ ❡✳❣✳✱

❈❡rr❛❞♦ ❛♥❞ ❆♠❛③ô♥✐❛ ✭❆❯❙❚■◆ ❡t ❛❧✳✱ ✷✵✶✸✮✳

✷✳✷✳✶ ❘❡❝♦✈❡r② ❞❡❣r❛❞❡❞ ♣❛st✉r❡

❉❡❣r❛❞❡❞ ♣❛st✉r❡ ✐s ❞❡✜♥❡❞ ❛s ❛♥ ❡✈♦❧✉t✐♦♥❛r② ♣r♦❝❡ss ♦❢ ❧♦ss ♦❢ ✈✐❣♦r✱ ♣r♦✲

❞✉❝t✐✈✐t②✱ ❛♥❞ t❤❡ ♥❛t✉r❛❧ r❡❝♦✈❡r② ❝❛♣❛❝✐t② ♦❢ ♣❛st✉r❡s t♦ s✉st❛✐♥ ♣r♦❞✉❝t✐♦♥ ❧❡✈❡❧s

❛♥❞ t❤❡ q✉❛❧✐t② r❡q✉✐r❡❞ ❜② t❤❡ ❛♥✐♠❛❧s✳ ❆❧s♦ t❤❡ ❤❛r♠❢✉❧ ❡✛❡❝ts ♦❢ ♣❡sts✱ ❞✐s❡❛s❡s

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

❞✉❡ t♦ ✐♥❛❞❡q✉❛t❡ ♠❛♥❛❣❡♠❡♥t ✭❩■▼▼❊❘ ❡t ❛❧✳✱ ✷✵✶✷✮✳

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

♦✈❡r t✐♠❡✳ ❲❤❡♥ t❤❡ ❧✐✈❡st♦❝❦ ❢❛r♠ ✐s ❤❛♥❞❧❡ ✇✐t❤ ♦r❣❛♥✐③❛t✐♦♥✱ ✐t ✐s ♦❢t❡♥ ♦❜s❡r✈❡❞

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

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

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

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

✇✐t❤♦✉t ❢♦r❛❣❡ ❛♥❞ ✇✐t❤ ❡①♣♦s❡❞ s♦✐❧✳ ❆❧s♦ ❝❛♥ ❜❡ ♥♦t❡❞ ❛♥ ♦❝❝✉rr❡♥❝❡s ♦❢ ♣❡sts

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

❝❛♣❛❝✐t② ❜② t❤❡ ❝♦♠♣❡t✐t✐♦♥ ✇✐t❤ ♥❛t✐✈❡ s♣❡❝✐❡s✳

❆s t❤❡ ♣❛st✉r❡ ♣r♦❞✉❝t✐✈✐t② ❢❛❧❧ s♦ ❞♦❡s t❤❡ s✉♣♣♦rt ❝❛♣❛❝✐t② ✐♥ t❡r♠s ♦❢ ❛♥✲

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

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

s♦✐❧ ❢❡rt✐❧✐t② ✐♥❞✐❝❛t❡s ❛ ♣r✐♠❛r② ❢❛❝t♦r ♦❢ ♣❛st✉r❡ ❞❡❣r❛❞❛t✐♦♥✳ ❚❤❡r❡ ✐s ❛ s✐①✲st❛❣❡

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

s✉✐t❛❜❧❡ ❢♦r ❝r♦♣ ♣r♦❞✉❝t✐♦♥❀ ✉♥♣r♦❞✉❝t✐✈❡ ❢♦r ❝r♦♣s❀ s✉✐t❛❜❧❡ ❢♦r ❧✐✈❡st♦❝❦ r❛♥❝❤✲

✐♥❣❀ ✉♥♣r♦❞✉❝t✐✈❡ ❢♦r ❧✐✈❡st♦❝❦ r❛♥❝❤✐♥❣❀ ❛❜❛♥❞♦♥❡❞✱ ❞❡❣r❛❞❡❞ ❛r❡❛❀ ❛♥❞ ❝❧❡❛r✐♥❣ ❛

♥❡✇ ❛r❡❛ ✭❈❖❘◆❊❏❖ ◆❖❘❖◆❍❆ ❡t ❛❧✳✱ ✷✵✶✵✮✳ ❍♦✇❡✈❡r✱ t❤❡ ♣r♦❝❡ss ♦❢ r❡❝♦✈❡r②

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

t✐✈✐t②✱ s♣❛r✐♥❣ ❧❛♥❞✱ ❛♥❞ s❡tt❧✐♥❣ ❛r❡❛ ❢♦r ❝r♦♣s ❛♥❞ ❢♦r❡str②✱ ❡✳❣✳✱ s♦②❜❡❛♥✱ ♠❛✐③❡✱ ♦r

r❡❢♦r❡st❛t✐♦♥✳

P❛st✉r❡ r❡❝♦✈❡r② ✐s ❛♠♦♥❣ t❤❡ ❇r❛③✐❧✐❛♥ ✈♦❧✉♥t❛r② ❝♦♠♠✐t♠❡♥ts ❛ss✉♠❡❞ t♦

r❡❞✉❝❡ ●❍● ❡♠✐ss✐♦♥s✳ ❘❡❝♦✈❡r❡❞ ♣❛st✉r❡s r❡❞✉❝❡ ❈❖✷ ❡♠✐ss✐♦♥s ❜② ❛t ❧❡❛st ✻✵✪ ✐♥

❛ ♣r♦❞✉❝t✐♦♥ s②st❡♠ ❛♥❞ ✐♥❝r❡❛s❡ t❤❡ ❜✐♦♠❛ss ♣r♦❞✉❝t✐♦♥✳ ❚❤❡ ♥✉tr✐❡♥t r❡♣❧❛❝❡♠❡♥t

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

❈❤❛♣t❡r ✷ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✶✻



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❛♥❞ t❤❡ ❡♠✐ss✐♦♥ ♦❢ ♠❡t❤❛♥❡ ❣❛s ✭❈❍✹✮ ❜② t❤❡ ❡♥t❡r✐❝ ❢❡r♠❡♥t❛t✐♦♥ ✭❑❯❘■❍❆❘❆

❡t ❛❧✳✱ ✶✾✾✾✮✳ ❆❧s♦ r❡❞✉❝✐♥❣ t❤❡ ♣r❡ss✉r❡ t♦ ❝♦♥✈❡rt ♥❡✇ ♥❛t✉r❛❧ ❛r❡❛s ✐♥t♦ ♣❛st✉r❡✳

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

t♦ t❤❡ s②st❡♠ s✐♥❝❡ ✇✐t❤ t❤❡ ❛❝❝✉♠✉❧❛t✐♦♥ ♦❢ ♦r❣❛♥✐❝ ♠❛tt❡r ✐♥ t❤❡ s♦✐❧ ♣r♦✈✐❞❡s ❧♦✇❡r

❈❖✷ ❧♦ss❡s t♦ t❤❡ ❛t♠♦s♣❤❡r❡✳

✷✳✷✳✷ ■♥t❡❣r❛t❡❞ ❝r♦♣✲❧✐✈❡st♦❝❦ s②st❡♠s

Pr♦❞✉❝t✐♦♥ s②st❡♠s ❛r❡ ❛❧✇❛②s ❜❡✐♥❣ r❡❢♦r♠✉❧❛t❡❞ t♦ ✐♥❝r❡❛s❡ ♣r♦❞✉❝t✐♦♥ ❡✣✲

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

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

❛♥❞ ❧♦✇ ❧✐✈❡st♦❝❦ ♣r♦❞✉❝t✐✈✐t② ✐♥ ❇r❛③✐❧ ♣❧❛② ❛♥ ✐♠♣♦rt❛♥t ♣r❡ss✉r❡ t♦ ❞❡✈❡❧♦♣♠❡♥t

♦❢ ♥❡✇ ❛❣r✐❝✉❧t✉r❛❧ ♣r❛❝t✐❝❡s t♦ ✐♥t❡♥s✐❢② t❤❡ ❛❣r✐❝✉❧t✉r❡ ②✐❡❧❞ ✭❙❆▲❚❖◆ ❡t ❛❧✳✱ ✷✵✶✹✮✳

❆❣r✐❝✉❧t✉r❛❧ s②st❡♠s t❤❛t ✐♥t❡❣r❛t❡ ❣r❛✐♥ ♣r♦❞✉❝t✐♦♥ ❛♥❞ ❧✐✈❡st♦❝❦ r❛♥❝❤✐♥❣ ❝♦✉❧❞

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

t♦ r❡❝♦✈❡r ♣❛st✉r❡ ♣r♦❞✉❝t✐✈✐t② ❛♥❞ ✐♥❝r❡❛s❡ ❝r♦♣ st❛❜✐❧✐t② ❛t t❤❡ s❛♠❡ t✐♠❡ ✭❉❊

▼❖❘❆❊❙ ❡t ❛❧✳✱ ✷✵✶✹❀ ❙á ❡t ❛❧✳✱ ✷✵✶✼✮✳

■♥t❡❣r❛t❡❞ s②st❡♠s ❛r❡ ♣❧❛♥♥❡❞ s②st❡♠s ✐♥✈♦❧✈✐♥❣ t❡♠♣♦r❛❧ ❛♥❞ s♣❛t✐❛❧ ✐♥t❡r✲

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

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

t❡❣r❛t❡❞ s②st❡♠s ✐s ❜❡♥❡✜❝✐❛❧ ❜② r❡❞✉❝✐♥❣ ♣❛st✉r❡ ❞❡❣r❛❞❛t✐♦♥✳ ❚❤❡ ❜❡♥❡✜ts ♦❢ ■❙

✐♥❝❧✉❞❡ ✐♠♣r♦✈❡❞ ♥✉tr✐❡♥t ❝②❝❧✐♥❣✱ ✐♥❝r❡❛s❡❞ ❢❡rt✐❧✐③❡r ❡✣❝✐❡♥❝②✱ ✐♥❝r❡❛s❡❞ s♦✐❧ ❢❡r✲

t✐❧✐t② ❞✉❡ t♦ t❤❡ ❛❝❝✉♠✉❧❛t✐♦♥ ♦❢ ♦r❣❛♥✐❝ ♠❛tt❡r✱ ❛♥❞ ❜❡tt❡r s♦✐❧ ❛❣❣r❡❣❛t✐♦♥ ✭❉❊

▼❖❘❆❊❙ ❡t ❛❧✳✱ ✷✵✶✹✮✳ ❆❧s♦✱ ■❙ ♣r♦♠♦t❡ ✐♠♣r♦✈❡♠❡♥t ✐♥ ♣r♦❞✉❝t✐♦♥ ♣r♦❝❡ss❡s✱ s✉❝❤

❛s t❤❡ ♠❛❝❤✐♥❡r② ❛♥❞ ❧❛❜♦r✱ ❡❝♦♥♦♠✐❝ st❛❜✐❧✐t② ♦❢ ❢❛❝t♦rs✱ ❛s ✇❡❧❧ ❛s r✐s❦ r❡❞✉❝t✐♦♥✳

❉✉❡ t♦ ✐ts ❡❝♦♥♦♠✐❝ ❛♥❞ ❡❝♦❧♦❣✐❝❛❧ ❛❞✈❛♥t❛❣❡s✱ ■❙ ❤❛✈❡ ❜❡❡♥ ♣r♦♣♦s❡❞ ❛s ❛

str❛t❡❣② t♦ ❝♦♥t❛✐♥ ❛❣r✐❝✉❧t✉r❛❧ ❡①♣❛♥s✐♦♥✱ t❤❡ ❞❡❣r❛❞❛t✐♦♥ ♦❢ ♣❛st✉r❡s✱ ❛♥❞ t❤❡

r❡❞✉❝t✐♦♥ ♦❢ ❞❡❢♦r❡st❛t✐♦♥✳ ❊❛❝❤ t②♣❡ ♦❢ ■❙ ❜r✐♥❣ ✐ts ❝♦♠❜✐♥❛t✐♦♥ ♦❢ ❜❡♥❡✜ts t♦ ❛❣r✐✲

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

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

t❛❧ ✐♠♣❛❝t✳ ❚❤❡ ■❙ ❤❛✈❡ ♣♦t❡♥t✐❛❧ t♦ ♠✐t✐❣❛t❡ ●❍● ❡♠✐ss✐♦♥s✱ r❡❞✉❝❡ t❤❡ ❡r♦s✐♦♥

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

♣♦❧❧✉t✐♦♥✱ ❛♠♦♥❣ ♦t❤❡rs✳ ❚❤❡ ■❙ ❝❛♥ ❣✉❛r❛♥t❡❡ t❤❡ s✉st❛✐♥❛❜❧❡ ✐♥t❡♥s✐✜❝❛t✐♦♥ ♦❢

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

✇✐t❤ t❤❡ ♣r♦♠♦t✐♦♥ ♦❢ ❡❝♦s②st❡♠ s❡r✈✐❝❡s ✭❉❊ ▼❖❘❆❊❙ ❡t ❛❧✳✱ ✷✵✶✹✮✳

❈❤❛♣t❡r ✷ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✶✼



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

✷✳✷✳✸ ❆❇❈ Pr♦❣r❛♠

❚❤❡ ❆❇❈ Pr♦❣r❛♠ ✐s ❛ s♣❡❝✐❛❧ ❝r❡❞✐t ❧✐♥❡ t♦ ✜♥❛♥❝❡ t❤❡ ❆❇❈ ❛❝t✐♦♥s ♣r❡s❡♥t❡❞

❛❜♦✈❡✱ ❛❧s♦ t❤❡ ♣r♦❣r❛♠ ✐♥❝♦r♣♦r❛t❡s ♦t❤❡r ❛❝t✐✈✐t✐❡s ❛♥❞ ❛❝t✐♦♥s✳ ❚❤❡ Pr♦❣r❛♠ ❤❛s

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

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

♦r❣❛♥✐❝ s②st❡♠s ♦❢ ❛❣r✐❝✉❧t✉r❛❧ ♣r♦❞✉❝t✐♦♥❀ ✐♠♣❧❡♠❡♥t ❛♥❞ ✐♠♣r♦✈❡ ♥♦✲t✐❧❧ s②st❡♠s❀

✐♠♣❧❡♠❡♥t ❛♥❞ ✐♠♣r♦✈❡ ❝r♦♣✲❧✐✈❡st♦❝❦✱ ❢♦r❡st✲❧✐✈❡st♦❝❦ ♦r ❝r♦♣✲❧✐✈❡st♦❝❦✲❢♦r❡str② ✐♥✲

t❡❣r❛t✐♦♥ ❛♥❞ ❛❣r♦❢♦r❡str② s②st❡♠s❀ ✐♠♣❧❡♠❡♥t✱ ♠❛✐♥t❛✐♥ ❛♥❞ ✐♠♣r♦✈❡ t❤❡ ♠❛♥❛❣❡✲

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

❝❤❛r❝♦❛❧✳

❋✉t❤❡r♠♦r❡✱ ❛❞❡q✉❛t❡ ♦r r❡❣✉❧❛r✐③❡ r✉r❛❧ ♣r♦♣❡rt✐❡s ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❡♥✈✐r♦♥✲

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

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

❣❡♥❡r❛t✐♦♥ ♦❢ ❡♥❡r❣②❀ ✐♠♣❧❡♠❡♥t✱ ✐♠♣r♦✈❡ ❛♥❞ ♠❛✐♥t❛✐♥ ♣❛❧♠ ♦✐❧ ❢♦r❡sts✱ ♣r✐♠❛r✐❧②

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

❚❤❡ ❆❇❈ ♣r♦❣r❛♠ ❤❛s ❛ ❝r❡❞✐t ❧✐♠✐t ♣❡r ❜❡♥❡✜❝✐❛r② ♣❡r ❝r♦♣ ②❡❛r✱ ✐♥❞❡♣❡♥✲

❞❡♥t❧② ♦❢ ♦t❤❡r ❝r❡❞✐ts ❣r❛♥t❡❞ ❛♥❞ ❝r❡❞✐t r❡s♦✉r❝❡s✳ ❚❤❡ ❆❇❈ Pr♦❣r❛♠✬s ✜♥❛♥❝✐♥❣

❧✐♥❡s ❛r❡ t❤❡ ✐♥str✉♠❡♥t ✉s❡❞ ❜② t❤❡ ✜♥❛♥❝✐❛❧ ✐♥st✐t✉t✐♦♥s t♦ ❛❝❤✐❡✈❡ t❤❡ ❇r❛③✐❧✐❛♥

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

P❧❛♥✳ ❚❤❡ ❧✐♠✐ts r❡❛❝❤ ❘✩ ✷✳✷ ♠✐❧❧✐♦♥ ♣❡r ❢❛r♠❡r❀ ❘✩ ✸ ♠✐❧❧✐♦♥ ❢♦r ❝♦♠♠❡r❝✐❛❧

♣❧❛♥t❡❞ ❢♦r❡st❀ ❛♥❞ ❘✩ ✺ ♠✐❧❧✐♦♥ ❢♦r ❢❛r♠❡rs ✇✐t❤ ♠♦r❡ t❤❛♥ ✶✺ ✜s❝❛❧ ♠♦❞✉❧❡s✷✳

❋✐❣✉r❡ ✷✳✸ s❤♦✇s t❤❡ r❡❝❡♥t ♣❡r❢♦r♠❛♥❝❡ ♦❢ t❤❡ ❆❇❈ Pr♦❣r❛♠✳ ❚❤❡ r❛♥❣❡ ♦❢

t❤❡ ❝r❡❞✐t ❞❛t❛ ❛✈❛✐❧❛❜❧❡ ❛♥❞ ❝♦♥tr❛❝t❡❞ ✐♥ t❤❡ ❆❇❈ ♣r♦❣r❛♠ ✐s ❢r♦♠ ✷✵✶✵✴✷✵✶✶

❝r♦♣✲②❡❛r t♦ ✷✵✶✻✴✷✵✶✼ ❝r♦♣✲②❡❛r ✭❋❡❜r✉❛r②✮✳ ❚❤❡ ❛✈❛✐❧❛❜❧❡ ❞❛t❛ ❛r❡ ♦r❣❛♥✐③❡❞

❜② ❝r♦♣✲②❡❛r ❛♥❞ ♦♥❧② ❛❢t❡r ✷✵✶✺ ❤❛s t❤❡ ✐♥❢♦r♠❛t✐♦♥ ❝♦♥❝❡r♥s ❛❧❧ t❤❡ ❆❇❈ ❝r❡❞✐t

❝❛t❡❣♦r✐❡s✱ ✐✳❡✱ ❝r❡❞✐t ❞❛t❛ ❢♦r P❘✱ ■❙✱ ❛♥❞ s♦ ♦♥✳ ■♥ t❤❡ ✷✵✶✶✴✷✵✶✷ ❝r♦♣✲②❡❛r t❤❡

❝r❡❞✐t ❧✐♥❡ ❢♦r t❤❡ ❆❇❈ Pr♦❣r❛♠ ✇❛s ❘✩ ✸✳✶✺ ❜✐❧❧✐♦♥✱ ✇✐t❤ ✐♥t❡r❡st r❛t❡ ♦❢ ✺✳✺✪

♣❡r ②❡❛r✱ ✇❤✐❝❤ ✹✽✪ ♦❢ t❤❡ r❡s♦✉r❝❡s ✇❡r❡ ✉s❡❞ ✭❘✩ ✶✳✺ ❜✐❧❧✐♦♥✮✳ ❚❤❡ ✈❛❧✉❡ ✐♥ t❤❡

❝r♦♣✲②❡❛r ✷✵✶✶✴✷✵✶✷ r❡♣r❡s❡♥ts ❛♥ ✐♥❝r❡❛s❡ ♦❢ ✷✻✷✪ ✇❤❡♥ ❝♦♠♣❛r❡ t♦ ✷✵✶✵✴✷✵✶✶

❝r♦♣✲②❡❛r✳ ❆❧♠♦st ❛❧❧ t❤❡ ❢✉♥❞s ❢♦r t❤❡ ♣r♦❣r❛♠ ✇❡r❡ tr❛♥s❢❡rr❡❞ ❜② ❇◆❉❊❙ t♦

❇❛♥❝♦ ❞♦ ❇r❛s✐❧ ✭❘✩ ✶✳✷ ❜✐❧❧✐♦♥✮✱ ♦♥❧② ❛r♦✉♥❞ ❘✩ ✸✵✵ ♠✐❧❧✐♦♥ t♦ ♦t❤❡r ♣✉❜❧✐❝ ❛♥❞

♣r✐✈❛t❡ ❜❛♥❦s✳ ■♥ t❡r♠s ♦❢ ♣r♦❥❡❝ts✱ ✺✱✵✸✽ ♣r♦❥❡❝ts ✇❡r❡ ✐♠♣❧❡♠❡♥t❡❞✱ ✇❤✐❝❤ ✷✱✵✷✷

✇❡r❡ ✐♥ t❤❡ ❙♦✉t❤❡❛st✱ ✽✼✵ ✐♥ t❤❡ ❈❡♥t❡r✲❲❡st✱ ❛♥❞ ✷✸✸ ✐♥ t❤❡ ◆♦rt❤✳

✷ ❋✐s❝❛❧ ♠♦❞✉❧❡ ✐s ❛ ✉♥✐t ♦❢ ♠❡❛s✉r❡ ✐♥ ❤❡❝t❛r❡s✳ ❚❤❡ ✈❛❧✉❡ ✐s s❡t ❜② ■◆❈❘❆ ❢♦r ❡❛❝❤ ♠✉♥✐❝✐✲
♣❛❧✐t②✱ t❛❦✐♥❣ ✐♥t♦ ❛❝❝♦✉♥t✿ ✭❛✮ t❤❡ ♣r❡❞♦♠✐♥❛♥t t②♣❡ ♦❢ ❢❛r♠ ✐♥ t❤❡ ♠✉♥✐❝✐♣❛❧✐t② ✭♣❡r♠❛♥❡♥t ❝r♦♣✱
t❡♠♣♦r❛r② ❝r♦♣✱ ❧✐✈❡st♦❝❦ ♦r ❢♦r❡str②✮❀ ✭❇✮ ✐♥❝♦♠❡ ♦❜t❛✐♥❡❞ ✐♥ t❤❡ ♣r❡❞♦♠✐♥❛♥t t②♣❡ ♦❢ ❡❝♦♥♦♠✐❝
❛❝t✐✈✐t②❀ ✭❈✮ ♦t❤❡r ❡①✐st✐♥❣ ❡❝♦♥♦♠✐❝ ❛❝t✐✈✐t✐❡s ✐♥ t❤❡ ♠✉♥✐❝✐♣❛❧✐t② ✇❤✐❝❤✱ ❛❧t❤♦✉❣❤ ♥♦t ♣r❡❞♦♠✲
✐♥❛♥t✱ ❛r❡ ❡①♣r❡ss✐✈❡ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ✐♥❝♦♠❡ ♦r ❛r❡❛ ✉s❡❞❀ ✭❉✮ t❤❡ ❝♦♥❝❡♣t ♦❢ ✧❢❛♠✐❧② ❢❛r♠❡r✧✳
❚❤❡ s✐③❡ ♦❢ ❛ t❛① ♠♦❞✉❧❡ ✈❛r✐❡s ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ♠✉♥✐❝✐♣❛❧✐t② ✇❤❡r❡ t❤❡ ♣r♦♣❡rt② ✐s ❧♦❝❛t❡❞✳ ❚❤❡
✜s❝❛❧ ♠♦❞✉❧❡ ✈❛❧✉❡ ✐♥ ❇r❛③✐❧ r❛♥❣❡s ❢r♦♠ ✺ t♦ ✶✶✵ ❤❡❝t❛r❡s✳

❈❤❛♣t❡r ✷ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✶✽



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❋✐❣✉r❡ ✷✳✸✿ ❚♦t❛❧ ❝r❡❞✐t ❛✈❛✐❧❛❜❧❡ ❛♥❞ ❝♦♥tr❛❝t❡❞ ✐♥ t❤❡ ❆❇❈ Pr♦❣r❛♠✳
✯ ❯♥t✐❧ ❋❡❜r✉❛r②✱ ✷✵✶✼✳

❙♦✉r❝❡✿ ✭❇❆❈❊◆✱ ✷✵✶✼✮

◆♦rt❤ ❛♥❞ ◆♦rt❤❡❛st r❡❣✐♦♥s ❤❛❞ t❤❡ ❧♦✇❡st ♥✉♠❜❡r ♦❢ ✜♥❛♥❝✐♥❣ ❝♦♥tr❛❝ts✱

❛❧t❤♦✉❣❤ t❤❡ ♣❧❛♥ ❤❛s str♦♥❣ ❛❞❤❡r❡♥❝❡ t♦ PP❈❉❆♠ ❛❝t✐♦♥s✱ ❛s ✇❡❧❧ ❛s t❤❡ ❈❛❛t✐♥❣❛

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

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

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

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

❖t❤❡r ❝❡♥tr❛❧ ♣♦✐♥t t♦ ❡①♣❧❛✐♥ t❤❡ ❣r♦✇t❤ ✉♥t✐❧ ✷✵✶✹✴✷✵✶✺ ✇❛s t❤❡ r✐s❡ ✐♥

t❤❡ ✐♥t❡r❡st r❛t❡ ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❢❛❧❧✐♥❣ ✐♥✢❛t✐♦♥ ✐♥ t❤❡ ♠♦st r❡❝❡♥t ♣❡r✐♦❞✳ ■♥

s✉♠✱ r❡❛❧ ✐♥t❡r❡st r❛t❡s ❤❛✈❡ r✐s❡♥ s❤❛r♣❧② s✐♥❝❡ ✷✵✶✺✳ ❋♦r ❡①❛♠♣❧❡✱ ✐♥ ✷✵✵✻✴✷✵✵✼

❝r♦♣✲②❡❛r✱ r❡❛❧ ✐♥t❡r❡st r❛t❡s ✇❡r❡ ❛r♦✉♥❞ ✹✳✾✪ ❛♥❞ ❝❛✉s❡❞ t❤❡ r❡❛❧ ✐♥t❡r❡st r❛t❡

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

✐♥t❡r❡st r❛t❡ ♦♥ r✉r❛❧ ❧♦❛♥s✳ ■♥t❡r❡st ♦♥ ✐♥✈❡st♠❡♥ts ✐♥ ♠❛❝❤✐♥❡r②✱ ✇❛r❡❤♦✉s✐♥❣ ❛♥❞

✐♥st❛❧❧❛t✐♦♥s r❡❛❝❤❡❞ ✷✳✺✪ ✐♥ ♥♦♠✐♥❛❧ t❡r♠s✳ ■♥ r❡❛❧ t❡r♠s t❤❡ ✐♥t❡r❡st r❛t❡ ❝❤❛r❣❡❞

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

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

tr❛❝t❡❞✳ ❚❤❡ t♦t❛❧ ✈❛❧✉❡ ♦❢ r❡s♦✉r❝❡s ♦✛❡r❡❞ ✐♥❝r❡❛s❡❞ ✉♥t✐❧ t❤❡ ✷✵✶✹✴✷✵✶✺ ❝r♦♣✲②❡❛r

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

♣♦❧✐t✐❝❛❧ ❝r✐s✐s ✐♥ ❇r❛③✐❧✱ ❛s ✇❡❧❧ ❛s t❤❡ ❤✐❣❤ ✐♥t❡r❡st r❛t❡ ✐♥ t❤❡ ❆❇❈ Pr♦❣r❛♠✳

❆❞❞✐t✐♦♥❛❧❧②✱ t❤❡r❡ ❛r❡ ♦t❤❡r ✐ss✉❡s t❤❛t ❝♦✉❧❞ ❡①♣❧❛✐♥ t❤✐s ❣❛♣✱ s✉❝❤ ❛s ❣r❡❛t❡r

❝♦♠♣❧❡①✐t② ❛♥❞ ❝♦st ♦❢ ❡st❛❜❧✐s❤✐♥❣ t❤❡ ♥❡❝❡ss❛r② ❢❛❝✐❧✐t✐❡s t♦ ✐♠♣❧❡♠❡♥t ■❙✱ ✇❤✐❝❤

r❡q✉✐r❡ t❡❝❤♥✐❝❛❧ ❛♥❞ ❡❝♦♥♦♠✐❝ ❡①♣❡rt✐s❡ ❛♥❞ ♦t❤❡r t②♣❡s ♦❢ ✉♥❛tt❛✐♥❡❞ ❦♥♦✇❧❡❞❣❡

✭❉❊ ▼❖❘❆❊❙ ❡t ❛❧✳✱ ✷✵✶✹✮❀ t❤❡ ❛❜s❡♥❝❡ ♦❢ s♠❛❧❧✲s❝❛❧❡ ❜✉s✐♥❡ss ♠♦❞❡❧s t❤❛t ❝♦✉❧❞ ❜❡

✉s❡❞ ♦♥ s♠❛❧❧✲s❝❛❧❡ ❢❛r♠s ✭●■▲ ❡t ❛❧✳✱ ✷✵✶✺✮❀ ❛♥❞ ❝r❡❞✐t ❛❝❝❡ss✱ t❡❝❤♥✐❝❛❧ ❡①t❡♥s✐♦♥

❛♥❞ ❧❛❜♦✉r s❝❛r❝✐t② ✭▲❆❚❆❲■❊❈ ❡t ❛❧✳✱ ✷✵✶✼✮❀

❋✐❣✉r❡ ✷✳✹ s✉♠♠❛r✐③❡s t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ r❡s♦✉r❝❡s ❝♦♥tr❛❝t❡❞ ❜② ♣✉r♣♦s❡ ✐♥

❈❤❛♣t❡r ✷ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✶✾



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❋✐❣✉r❡ ✷✳✹✿ ❚♦t❛❧ ❝♦♥tr❛❝t❡❞ ❜② ♣✉r♣♦s❡ ✐♥ t❤❡ ✷✵✶✺✴✷✵✶✺ ❝r♦♣✲②❡❛r✳
❙♦✉r❝❡✿ ✭❇❆❈❊◆✱ ✷✵✶✼✮

t❤❡ ✷✵✶✺✴✷✵✶✻ ❝r♦♣✲②❡❛r✳ ❆❧♠♦st ❤❛❧❢ ♦❢ t❤❡ ❘✩ ✷ ❜✐❧❧✐♦♥ ❝♦♥tr❛❝t❡❞ ✇❛s ❞❡st✐♥❡❞ ❢♦r

♣❛st✉r❡ r❡❝♦✈❡r②✳ ❆r♦✉♥❞ ❘✩ ✻✵✵ ♠✐❧❧✐♦♥ ✇❛s ✉s❡❞ ❢♦r ♥♦✲t✐❧❧❛❣❡✱ ❛♥❞ ♦♥❧② ❛r♦✉♥❞

❘✩ ✶✷✵ ♠✐❧❧✐♦♥ ❞❡st✐♥❡❞ t♦ t❤❡ ■❙✳ ❈♦♥s✐❞❡r✐♥❣ t❤❡ ♣r♦❥❡❝ts t❤❡ t♦t❛❧ ✐s ✹✱✼✵✹✱ ✇❤✐❝❤

✸✱✶✶✽ ✇❡r❡ ❛♣♣❧✐❡❞ t♦ ♣❛st✉r❡ r❡❝♦✈❡r②✱ ✽✾✷ ❢♦r ♥♦✲t✐❧❧ s②st❡♠✱ ❛♥❞ ✷✵✽ t♦ ■❙✳

❚❤❡ r✐s❦ ♣❡r❝❡✐✈❡❞ ❜② t❤❡ ❡❝♦♥♦♠✐❝ ❛❣❡♥ts t❡♥❞s t♦ ❜❡ ❤✐❣❤ ✐♥ t❤❡ r❡❣✐♦♥s

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

❛❜♦✈❡ s✉❣❣❡st t❤❡ s♣❡❡❞ ♦❢ ❛❞✈❛♥❝❡♠❡♥t ♦❢ t❤❡ ❆❇❈ Pr♦❣r❛♠ s❤♦✉❧❞ ❜❡ ♠♦❞❡r❛t❡✳

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

❚❤❡s❡ ❝❤❛♥❣❡s ❤❛✈❡ ❝❡rt❛✐♥❧② ❛✛❡❝t❡❞ ❞❡❝✐s✐♦♥✲♠❛❦✐♥❣ r❡❣❛r❞✐♥❣ ❧♦♥❣❡r✲t❡r♠ ❧♦❛♥s

t❤❛t ✐♥❝❧✉❞❡ ❆❇❈ ❧✐♥❡s ♦❢ ❝r❡❞✐t✳

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✷✵



❈❤❛♣t❡r ✸

●❡♥❡r❛❧ ❊q✉✐❧✐❜r✐✉♠ ♠♦❞❡❧✐♥❣ ♦❢

❧❛♥❞ ✉s❡

●❡♥❡r❛❧ ❊q✉✐❧✐❜r✐✉♠ ♠♦❞❡❧✐♥❣✱ ✇❤❡♥ ❝♦♠♣❛r❡❞ t♦ ❡❝♦♥♦♠❡tr✐❝s ❛♥❞ ♦t❤❡r

s❡❝t♦r✲s♣❡❝✐✜❝ ❛♣♣r♦❛❝❤❡s ✉s❡❞ t♦ ♠❛❦❡ ♣r♦❥❡❝t✐♦♥s ♦❢ ❧❛♥❞ ✉s❡ ✐♥ ❇r❛③✐❧✱ ❤❛s t❤❡

❛❞✈❛♥t❛❣❡ ♦❢ r❡♣r❡s❡♥t✐♥❣ t❤❡ ❡♥t✐r❡ ❡❝♦♥♦♠②✳ ❈●❊ ♠♦❞❡❧s t❛❦❡ ✐♥t♦ ❛❝❝♦✉♥t ♠✐✲

❝r♦❡❝♦♥♦♠✐❝ ❛♥❞ ♠❛❝r♦❡❝♦♥♦♠✐❝ ❢❡❡❞❜❛❝❦s tr♦✉❣❤ ♣r✐❝❡ ❛❞❥✉st♠❡♥ts ♦❢ ❣♦♦❞s ❛♥❞

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

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

❞♦✇♥✧ ✶ ❛♣♣r♦❛❝❤ ✐♥ ❈●❊ ♠♦❞❡❧s ♦❢ ❧❛♥❞ ✉s❡ ❝❤❛♥❣❡s ✐s t❤❛t s❡❝t♦r❛❧ ❞❡t❛✐❧ ♠❛②

s✉✛❡r✳ ■ ❤❛✈❡ ❜✉✐❧t ❛ st❛t✐❝ ❝♦♠♣✉t❛❜❧❡ ❣❡♥❡r❛❧ ❡q✉✐❧✐❜r✐✉♠ ♠♦❞❡❧✱ t❤❡ ❇r❛③✐❧✐❛♥

❊❝♦♥♦♠✐❝ ❆♥❛❧②s✐s ✭❇❘❊❆✮ ♠♦❞❡❧✱ ✈❡rs✐♦♥ ✶✱ ✇✐t❤ ❞❡t❛✐❧❡❞ ❞✐s❛❣❣r❡❣❛t✐♦♥ ♦❢ ❧❛♥❞

✉s❡ ❛♥❞ ❧❛♥❞ ❝♦✈❡r ❝❛t❡❣♦r✐❡s ✐♥ ❇r❛③✐❧✳

❚❤❡ ♣✉r♣♦s❡ ✐s t❤r❡❡❢♦❧❞✿ ✜rst✱ ✉s✐♥❣ ❛ st❛t✐❝ ❈●❊ ♠♦❞❡❧ ✐s ♣♦ss✐❜❧❡ t♦ ✐♥✲

✈❡st✐❣❛t❡ t❤❡ ❞✐r❡❝t ❡✛❡❝ts ❛♥❞ s♣✐❧❧♦✈❡rs ♦❢ ❆❇❈ P❧❛♥ ❛❝t✐♦♥s✱ s✉❝❤ ❛s P❘ ❛♥❞ ■❙✳

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

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

❧❛t❡ ❝♦♠♣❧❡t❡❧② t❤❡ ❞✐r❡❝t ❛♥❞ s♣✐❧❧♦✈❡rs ❡✛❡❝ts ♦❢ t❤❡ ❆❇❈ P❧❛♥❀ s❡❝♦♥❞✱ t♦ ❜❡tt❡r

r❡♣r❡s❡♥t t❤❡ ❤❡t❡r♦❣❡♥❡✐t② ♦❢ ❛❣r✐❝✉❧t✉r❡ ✐♥ ❞✐✛❡r❡♥t r❡❣✐♦♥s ❛♥❞ ❛ss♦❝✐❛t❡❞ ❧❛♥❞

✉s❡ ✇✐t❤ r❡❣✐♦♥❛❧ ❣r♦✇t❤ ♦❢ t❤❡ ❡❝♦♥♦♠② ✐♥ ❛ ❞❡✈❡❧♦♣✐♥❣ ❝♦✉♥tr② ❧✐❦❡ ❇r❛③✐❧✱ ❜②

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

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

❛✛❡❝t ❧❛♥❞ ✉s❡ ❞❡❝✐s✐♦♥s ♠❛❞❡ ❜② ❛❣❡♥ts t♦ ✉♥❞❡rt❛❦❡ ❛❣r✐❝✉❧t✉r❛❧ ♣r♦❞✉❝t✐♦♥ ❛♥❞

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

❝♦♠❜✐♥❡❞✳
✶❚♦♣✲❞♦✇♥ ♠♦❞❡❧s ❞❡s❝r✐❜❡ t❤❡ ❡❝♦♥♦♠✐❝ s②st❡♠ ✐♥ ❛ ❣❧♦❜❛❧ ✇❛② t❤r♦✉❣❤ ❛❣❣r❡❣❛t❡s ❛♥❞ t❤❡✐r

✐♥t❡rr❡❧❛t✐♦♥s ✐♥ t❤❡ ❢r❛♠❡ ♦❢ ❛ ❣❡♥❡r❛❧ ❡q✉✐❧✐❜r✐✉♠ ❜✉✐❧t ♦♥ t❤❡ ❜❛s❡ ♦❢ ♠✐❝r♦❡❝♦♥♦♠✐❝ t❤❡♦r②✳

✷✶



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

✸✳✶ ❚❤❡ ❇❘❊❆ ♠♦❞❡❧

❚❤❡ ❇r❛③✐❧✐❛♥ ❊❝♦♥♦♠✐❝ ❆♥❛❧②s✐s ✐s ❛ st❛t✐❝ ❝♦♠♣✉t❛❜❧❡ ❣❡♥❡r❛❧ ❡q✉✐❧✐❜r✐✉♠

♠♦❞❡❧✳ ■t ✐s ❛ ♠✉❧t✐✲r❡❣✐♦♥❛❧ ❛♥❞ ♠✉❧t✐✲s❡❝t♦r ♠♦❞❡❧ ✇❤✐❝❤ r❡♣r❡s❡♥ts t❤❡ ❇r❛③✐❧✐❛♥

❡❝♦♥♦♠② ❜② s✐① r❡❣✐♦♥s✿ ❙♦✉t❤✱ ❙♦✉t❤❡❛st✱ ❈❡♥t❡r✲❲❡st✱ ◆♦rt❤❡❛st✱ ◆♦rt❤❡❛st ❈❡r✲

r❛❞♦ ✭❙❛✈❛♥♥❛✮✱ ❛♥❞ ◆♦rt❤ ✭❆♠❛③♦♥✮✳ ❋✐❣✉r❡ ✸✳✶ s❤♦✇s t❤❡ ♠♦❞❡❧ r❡♣r❡s❡♥t❛t✐♦♥✳

❋✐❣✉r❡ ✸✳✶✿ ❇r❛③✐❧✐❛♥ ❜✐♦♠❡s ✭❧❡❢t✮ ❛♥❞ r❡❣✐♦♥❛❧ ❛❣❣r❡❣❛t✐♦♥ ✭r✐❣❤t✮ ✐♥ t❤❡ ♠♦❞❡❧✳
❙♦✉r❝❡✿ ✭■❇●❊✱ ✷✵✶✺✮ ❛❞❛♣t❡❞ ❜② ❛✉t❤♦r ❛♥❞ ♦✇♥ ❡❧❛❜♦r❛t✐♦♥✳

❊❛❝❤ r❡❣✐♦♥✬s ✜♥❛❧ ❞❡♠❛♥❞ str✉❝t✉r❡ ✐s ❝♦♠♣♦s❡❞ ♦❢ ♣✉❜❧✐❝ ❛♥❞ ♣r✐✈❛t❡ ✕ ❝♦♥✲

s✉♠♣t✐♦♥ ❛♥❞ ✐♥✈❡st♠❡♥t ✕ ❡①♣❡♥❞✐t✉r❡ ❛❝r♦ss ❣♦♦❞s✳ ❚❤❡ ♠♦❞❡❧ ✐s ❜❛s❡❞ ♦♥ ♦♣✲

t✐♠✐③✐♥❣ ❜❡❤❛✈✐♦r ❛♥❞ t❤❡ ❛❣❡♥ts ♣r♦❞✉❝❡✱ ❝♦♥s✉♠❡ ❛♥❞ s❡❧❧ s❡r✈✐❝❡s ❛♥❞ ♣r♦❞✉❝ts✳

❈♦♥s✉♠❡rs ✇✐t❤ t❤❡✐r ❜✉❞❣❡t ❝♦♥str❛✐♥ts ❛♥❞ ♣r❡❢❡r❡♥❝❡s ❞❡♠❛♥❞ ❣♦♦❞s ♠❛①✐♠✐③✲

✐♥❣ t❤❡✐r ✉t✐❧✐t② ❢✉♥❝t✐♦♥✳ Pr❡❢❡r❡♥❝❡s ❛r❡ ❤②♣♦t❤❡t✐❝❛❧❧② ❝♦♥t✐♥✉♦✉s ❛♥❞ ❝♦♥✈❡①✱

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

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

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

❝♦♥st❛♥t r❡t✉r♥s t♦ s❝❛❧❡✷ ❝♦♠❜✐♥✐♥❣ ✐♥t❡r♠❡❞✐❛t❡ ✐♥♣✉ts✱ ❛♥❞ ♣r✐♠❛r② ❢❛❝t♦rs ✭❝❛♣✐✲

t❛❧✱ ❧❛❜♦r✱ ❛♥❞ ❧❛♥❞✮✳ ■♥ ❡q✉✐❧✐❜r✐✉♠ t❤❡ ♣r♦✜t ♦❢ ✜r♠s ✐s ③❡r♦✳ ❋✐r♠s ❛r❡ ❛ss✉♠❡❞ t♦

❤❛✈❡ ❛ s♣❡❝✐✜❝ ♣r♦❞✉❝t✐♦♥ t❡❝❤♥♦❧♦❣② ❛♥❞ ❞❡♠❛♥❞ ❢❛❝t♦rs t♦ ♠✐♥✐♠✐③❡ t❤❡✐r ❝♦sts✳

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

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

❚❤❡ ♠♦❞❡❧ ✐s ❜❛s❡❞ ♦♥ ●❚❆P✐♥●❆▼❙ ♥♦♠❡♥❝❧❛t✉r❡ ❛♥❞ ✐s ✇r✐tt❡♥ ✐♥ ▼❙P●❊

❧❛♥❣✉❛❣❡✱ ❞❡s✐❣♥❡❞ ❛♥❞ s♦❧✈❡❞ ❛s ❛ ♥♦♥❧✐♥❡❛r ♠✐①❡❞ ❝♦♠♣❧❡♠❡♥t❛r✐t② ♣r♦❜❧❡♠ ✐♥

●❆▼❙ ♣r♦❣r❛♠♠✐♥❣ ❧❛♥❣✉❛❣❡ ✭❘❯❚❍❊❘❋❖❘❉❀ P❆▲❚❙❊❱✱ ✷✵✵✵❀ ❘❯❚❍❊❘❋❖❘❉✱

✷❈♦♥st❛♥t r❡t✉r♥s t♦ s❝❛❧❡ ✐s ✇❤❡♥ ❛ ✜r♠ ❝❤❛♥❣❡s t❤❡✐r ✐♥♣✉ts ♦r r❡s♦✉r❝❡s✱ ✇✐t❤ t❤❡ r❡s✉❧ts
❜❡✐♥❣ ❡①❛❝t❧② t❤❡ s❛♠❡ ❝❤❛♥❣❡ ✐♥ ♦✉t♣✉ts ♦r ♣r♦❞✉❝t✐♦♥✳ ■♥ ♦t❤❡r ✇♦r❞s✱ ✐❢ ❛ ✜r♠ ✐♥❝r❡❛s❡s t❤❡✐r
✐♥♣✉ts ♦r r❡s♦✉r❝❡s✱ t❤❡② ✇✐❧❧ s❡❡ ❛ ♣r♦♣♦rt✐♦♥❛❧ ✐♥❝r❡❛s❡ ✐♥ ♣r♦❞✉❝t✐♦♥ ♦r ♦✉t♣✉ts✳

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✷✷



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

✷✵✵✺✮✳ ❋✐❣✉r❡ ✸✳✷ s❤♦✇s t❤❡ ❡❝♦♥♦♠✐❝ str✉❝t✉r❡ ✉♥❞❡r❧②✐♥❣ t❤❡ ❇❘❊❆ ♠♦❞❡❧✳ ❚❤❡

s②♠❜♦❧s ✐♥ t❤✐s ✢♦✇ ❝❤❛rt ❝♦rr❡s♣♦♥❞ t♦ ✈❛r✐❛❜❧❡s ✐♥ t❤❡ ❡❝♦♥♦♠✐❝ ♠♦❞❡❧✳ Yir ♣♦r✲

tr❛②s t❤❡ ♣r♦❞✉❝t✐♦♥ ♦❢ ❣♦♦❞ i ✐♥ r❡❣✐♦♥ r✱ Cr✱ Ir✱ ❛♥❞ Gr ♣♦rtr❛② ♣r✐✈❛t❡ ❝♦♥s✉♠♣✲

t✐♦♥✱ ✐♥✈❡st♠❡♥t✱ ❛♥❞ ♣✉❜❧✐❝ ❞❡♠❛♥❞✱ r❡s♣❡❝t✐✈❡❧②✳ XRir ❛♥❞ MRir r❡♣r❡s❡♥t t❤❡

r❡❣✐♦♥❛❧ tr❛❞❡ ♦❢ ❣♦♦❞ i ✐♥ r❡❣✐♦♥ r✱ ❛♥❞ Mir t❤❡ ✐♠♣♦rt ♦❢ ❣♦♦❞ i ✐♥t♦ r❡❣✐♦♥ r✳ RAr

❛♥❞ GOV Tr ❛r❡ t❤❡ r❡♣r❡s❡♥t❛t✐✈❡ ❤♦✉s❡❤♦❧❞s ❛♥❞ ❣♦✈❡r♥♠❡♥t ❝♦♥s✉♠❡rs✱ ❛♥❞ FTr

t❤❡ ❛❝t✐✈✐t② t❤r♦✉❣❤ ✇❤✐❝❤ t❤❡ ✧s❧✉❣❣✐s❤✧ ❢❛❝t♦r ♦❢ ♣r♦❞✉❝t✐♦♥ ✐s ❛❧❧♦❝❛t❡❞ t♦ ✐♥❞✐✈✐❞✲

✉❛❧ s❡❝t♦rs✳ ❈♦♠♠♦❞✐t② ❛♥❞ ♠❛r❦❡t ✢♦✇s ❛♣♣❡❛r ✐♥ s♦❧✐❞ ❧✐♥❡s ❛♥❞ t❤❡ ❞♦t❡❞ ❧✐♥❡s

r❡♣r❡s❡♥t t❤❡ t❛① ✢♦✇s✳ ❉♦♠❡st✐❝ ♣r♦❞✉❝t✐♦♥ ✭vomir✮ ✐s ❞✐str✐❜✉t❡❞ t♦ ✐♥t❡r♠❡❞✐❛t❡

❋✐❣✉r❡ ✸✳✷✿ ❘❡❣✐♦♥❛❧ ❡❝♦♥♦♠✐❝ str✉❝t✉r❡✳
❙♦✉r❝❡✿ ♦✇♥ ❡❧❛❜♦r❛t✐♦♥✳

❞❡♠❛♥❞ ✭vdfmijr✮ ❛♥❞ t♦ t❤❡ ✈❡❝t♦rs ✐♥ ✜♥❛❧ ❞❡♠❛♥❞✱ s✉❝❤ ❛s ❤♦✉s❡❤♦❧❞ ❝♦♥s✉♠♣✲

t✐♦♥ ✭vdpmir✮✱ ✐♥✈❡st♠❡♥t ✭vdimir✮✱ ❣♦✈❡r♥♠❡♥t ❞❡♠❛♥❞ ✭vdgmir✮✱ ♦t❤❡r ❞❡♠❛♥❞

r❡❣✐♦♥s ✐♥ ❇r❛③✐❧ ✭vxmdrirs✮✱ ❛♥❞ ❡①♣♦rts ✭vxmdirrow✮✸✳ ❚❤❡ ❛❝❝♦✉♥t ✐❞❡♥t✐t② ✐♥ t❤❡

❞❛t❛s❡t ✐s✿

vomir =
∑

i

vdfmijr + vdpmir + vdimir + vdgmir +
∑

s

vxmdrirs+ vxmdirrow ✭✸✳✶✮

■♥♣✉ts t♦ ♣r♦❞✉❝t✐♦♥ ✐♥❝❧✉❞❡ ✐♥t❡r♠❡❞✐❛t❡ ✐♥♣✉ts ✭❞♦♠❡st✐❝ ❛♥❞ ✐♠♣♦rt❡❞✮✱ ♠♦❜✐❧❡

❢❛❝t♦rs ♦❢ ♣r♦❞✉❝t✐♦♥ ✭f ∈ m✮ ❛♥❞ s♣❡❝✐✜❝ ❢❛❝t♦r ♦❢ ♣r♦❞✉❝t✐♦♥ ✭f ∈ s✮✳ ❋❛❝t♦r

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

r❡❧❛t✐♥❣ t❤❡ ✈❛❧✉❡ ♦❢ ❢❛❝t♦r ♣❛②♠❡♥ts t♦ ❢❛❝t♦r ✐♥❝♦♠❡✿

∑

i

vfmfir = evomfr ✭✸✳✷✮

✸✏r♦✇✑ ✭r❡st ♦❢ ✇♦r❧❞✮✳

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✷✸



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

■♥t❡r♥❛t✐♦♥❛❧ ♠❛r❦❡t ✐s ❞r✐✈❡♥ ❜② ✐♠♣♦rt❡❞ ❛♥❞ ❡①♣♦rt❡❞ ❣♦♦❞s✳ ■♠♣♦rt❡❞ ❣♦♦❞s

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

❝♦♥s✉♠♣t✐♦♥ ✭vipmir✮✱ ❛♥❞ ✐♥✈❡st♠❡♥t ✭viimir✮✳ ❚❤❡ ❛❝❝♦✉♥t✐♥❣ ✐❞❡♥t✐t② ✐s✿

vimir =
∑

j

vifmijr + vipmir + viimir ✭✸✳✸✮

■♥t❡r♥❛t✐♦♥❛❧ ♠❛r❦❡t ❝❧❡❛r❛♥❝❡ ❝♦♥❞✐t✐♦♥s r❡q✉✐r❡ t❤❛t r❡❣✐♦♥ r ❡①♣♦rts ♦❢ ❣♦♦❞ i

❡q✉❛❧ t❤❡ ✐♠♣♦rts ♦❢ t❤❡ s❛♠❡ ❣♦♦❞ ✐♥ ❛❧❧ tr❛❞✐♥❣ ♣❛rt♥❡rs✳ ❍♦✇❡✈❡r✱ t❤✐s r❡❧❛t✐♦♥

✐s tr✐✈✐❛❧ s✐♥❝❡ t❤❡ ♠♦❞❡❧ ❤❛s ❥✉st ♦♥❡ ♦✉ts✐❞❡ r❡❣✐♦♥ ✏r♦✇✑✱ s♦ vxmir = vxmdirrow✳

❚❤❡ tr❡❛t♠❡♥t ❣✐✈❡♥ t♦ t❤❡ ❞❛t❛s❡t ❢♦r t❤❡ ❇r❛③✐❧✐❛♥ r❡❣✐♦♥s ✐s r♦✉❣❤❧② t❤❡

s❛♠❡✳ ❚❤❡ ✏✐♠♣♦rt❡❞ ❣♦♦❞s✑ ❢r♦♠ ♦♥❡ r❡❣✐♦♥ ✐♥ ♦t❤❡r r❡❣✐♦♥s✱ ❡✳❣✳✱ ❙♦✉t❤ r❡❣✐♦♥

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

✐♥t❡r♠❡❞✐❛t❡ ❞❡♠❛♥❞ ✭vifmrijr✮✱ ♣r✐✈❛t❡ ❝♦♥s✉♠♣t✐♦♥ ✭vipmrir✮✱ ❛♥❞ ✐♥✈❡st♠❡♥t

✭viimrir✮✳ ❚❤❡ ❛❝❝♦✉♥t✐♥❣ ✐❞❡♥t✐t② ✐s✿

vimrir =
∑

j

vifmrijr + vipmrir + viimrir ✭✸✳✹✮

❚❛①❡s ✢♦✇s ✐♥ ❇r❛③✐❧ ❝♦♥s✐st ✐♥ ❛ s❡t ♦❢ t❛①❡s✳ ❚❤❡ ✐♥❞✐r❡❝t t❛①❡s ❛r❡ s❡r✈✐❝❡s ❛♥❞

❣♦♦❞s ❝✐r❝✉❧❛t✐♦♥ t❛① ✭■❈▼❙✮✱ ✐♥❞✉str✐❛❧✐③❡❞ ♣r♦❞✉❝ts t❛① ✭■P■✮✱ ❛♥❞ ♦t❤❡rs t❛①❡s ♥❡t

s✉❜s✐❞✐❡s ✭❖■▲❙✮✳ ❚❤❡ ✐♥❞✐r❡❝t t❛①❡s ❛r❡ ❛♣♣❧✐❡❞ ✐♥ ♥❛t✐♦♥❛❧ ❛♥❞ ✐♠♣♦rt❡❞ ❣♦♦❞s s✉❝❤

❛s ✐♥t❡r♠❡❞✐❛t❡ ❞❡♠❛♥❞ ✭rtfdijr✱ rtfiijr✮✱ ❤♦✉s❡❤♦❧❞ ❝♦♥s✉♠♣t✐♦♥ ✭rtpdir✱ rtpiir✮✱

❛♥❞ ✐♥✈❡st♠❡♥t ✭rtidir✱ rtiiir✮✳ ❚❤❡s❡ t❤r❡❡ ✐♥❞✐r❡❝t t❛①❡s ❛r❡ ❛❣❣r❡❣❛t❡❞ ❜② t❤❡ s✉♠

♦❢ ✐♥t❡r♠❡❞✐❛t❡ ❞❡♠❛♥❞ ❛♥❞ ✜♥❛❧ ❞❡♠❛♥❞ ✇❤❡♥ tr❛❞❡ ✐♥s✐❞❡ ❝♦✉♥tr② ✐s ❝♦♥s✐❞❡r❡❞

✭rtmsirs✮✱ ✐✳❡✳✱ ❢♦r ✐♥t❡r✲r❡❣✐♦♥❛❧ tr❛❞❡ t❤❡r❡ ✐s ♦♥❧② ♦♥❡ t❛① r❡❣❛r❞❧❡ss t❤❡ ❝♦♠♠♦❞✐t②

❝♦♥s✉♠♣t✐♦♥ ✭❊q✉❛t✐♦♥ ✸✳✹✮✳ ❉✐r❡❝t t❛①❡s ❛♥❞ s✉❜s✐❞✐❡s ❛r❡ ❛♣♣❧✐❡❞ ✐♥ ♣r♦❞✉❝t✐♦♥

s✉❝❤ ❛s rtoir✳ ❚❛r✐✛ ♦♥ ✐♠♣♦rts ✐s rtmsirrow ❛♥❞ t❛① ♦♥ ❢❛❝t♦rs ♦❢ ♣r♦❞✉❝t✐♦♥ ✐s

rtffir✳

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

❞❛t❛❜❛s❡✿ ♠❛r❦❡t ❝❧❡❛r❛♥❝❡ ✭s✉♣♣❧② ❡q✉❛❧s ❞❡♠❛♥❞ ❢♦r ❛❧❧ ❣♦♦❞s ❛♥❞ ❢❛❝t♦rs✮ ❛♥❞

✐♥❝♦♠❡ ❜❛❧❛♥❝❡ ✭♥❡t ✐♥❝♦♠❡ ❡q✉❛❧s ♥❡t ❡①♣❡♥❞✐t✉r❡✮✳ ❚❤❡ t❤✐r❞ s❡t ♦❢ ✐❞❡♥t✐t✐❡s ✐♥✲

✈♦❧✈❡ ♥❡t ♦♣❡r❛t✐♥❣ ♣r♦✜ts ❜② ❛❧❧ s❡❝t♦rs ✐♥ t❤❡ ❡❝♦♥♦♠②✳ ❈♦♥s✐❞❡r✐♥❣ t❤❡ t❛①❡s ✢♦✇s

❛s RY
ir ✐♥❞✐r❡❝t t❛①❡s ♦♥ ♣r♦❞✉❝t✐♦♥✱ RC

ir t❛①❡s ♦♥ ❝♦♥s✉♠♣t✐♦♥✱ RI
ir ♦♥ ✐♥✈❡st♠❡♥t✱

❛♥❞ RM
ir ♦♥ ✐♠♣♦rts✱ t❤❡ ③❡r♦ ♣r♦✜t ❝♦♥❞✐t✐♦♥ ❢♦r ❡❛❝❤ ♦❢ t❤❡ ♣r♦❞✉❝t✐♦♥ s❡❝t♦rs✹ ✐s

s❤♦✇♥ ❜❡❧♦✇✳
✹ RY

ir = rtoir +
∑

f rtffir +
∑

j(rtfijir + rtfdjir)

RM
ir = rtmsirrow

RC
ir = rtpdir + rtpiir

RI
ir = rtidir + rtiiir

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✷✹



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

Yir :
∑

f

vfmfir +
∑

j

(vifmjir + vdfmjir + vifmrjir) +RY
ir = vomir

Mir : vxmdirowr +RM
ir = vimir

Mrir :
∑

j

vifmrijr + vipmrir + viimrir = vimrir

Cr :
∑

i

(vdpmir + vipmir + vipmrir +RC
ir) = vpmr

Gr :
∑

i

vdgmir = vgmr

Ir :
∑

i

(vdimir + viimir + viimrir +RI
ir) = vimir

FTfr : evomfr =
∑

j

vfmfjr

❚♦ ❝♦♠♣❧❡t❡ t❤❡ ❡❝♦♥♦♠✐❝ str✉❝t✉r❡✱ difmr ✐s t❤❡ s✉♠ ♦❢ r❡❣✐♦♥❛❧ ❛♥❞ ✐♥t❡r✲

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

✸✳✶✳✶ ❉❛t❛❜❛s❡

❚❤❡ ♠♦❞❡❧ r✉♥s ✇✐t❤ s❡✈❡r❛❧ ❞❛t❛❜❛s❡ ❛♥❞ t❤❡s❡ ❛r❡ ❞✐✈✐❞❡❞ ✐♥ t✇♦ ❞✐✛❡r❡♥t

♠♦❞✉❧❡s✿ ❡❝♦♥♦♠✐❝ ❛♥❞ ❧❛♥❞ ✉s❡✳ ❚❤❡ ❡❝♦♥♦♠✐❝ ♠♦❞✉❧❡ ✉s❡s t❤❡ ✷✵✵✾ ◆❛t✐♦♥❛❧

❆❝❝♦✉♥ts ♠❛❞❡ ❛✈❛✐❧❛❜❧❡ ❜② ■❇●❊ ✭■♥st✐t✉t♦ ❇r❛s✐❧❡✐r♦ ❞❡ ●❡♦❣r❛✜❛ ❡ ❊st❛tíst✐❝❛✮✳

❚❤❡ ✐♥♣✉t✲♦✉t♣✉t t❛❜❧❡ ❢♦r ❇r❛③✐❧ ✐s ❡st✐♠❛t❡❞ ❛❝❝♦r❞✐♥❣ ●✉✐❧❤♦t♦ ❡ ❙❡ss♦ ❋✐❧❤♦

✭✷✵✶✵✮ ❛♥❞ ❞✐s❛❣❣r❡❣❛t❡❞ ❛♠♦♥❣ ❛❧❧ ❇r❛③✐❧✐❛♥ ♠✉♥✐❝✐♣❛❧✐t✐❡s ❜② ◆❊❘❊❯❙✲❯❙P ✺✳

❚❤❡ ✜♥❛❧ ❞❛t❛ ✐s ❛❣❣r❡❣❛t❡❞ t♦ ✸✻ s❡❝t♦rs ❛♥❞ t❤r❡❡ ❢❛❝t♦rs ♦❢ ♣r♦❞✉❝t✐♦♥✿ ❝❛♣✐t❛❧✱

❧❛❜♦r✱ ❛♥❞ ❧❛♥❞ ❛s s❤♦✇♥ ✐♥ ❚❛❜❧❡ ✸✳✶✳ ❙❡✈❡r❛❧ ❞✐✛❡r❡♥t ❞❛t❛❜❛s❡s ❛r❡ ❝♦♠❜✐♥❡❞ ✐♥

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

✸✳✶✳✷ ❚❡❝❤♥♦❧♦❣② r❡♣r❡s❡♥t❛t✐♦♥

❚❤❡ ❜❡♥❝❤♠❛r❦ ✐❞❡♥t✐t✐❡s ♣r❡s❡♥t❡❞ ❛❜♦✈❡ ✐♥❞✐❝❛t❡ t❤❡ ♠❛r❦❡t ❝❧❡❛r❛♥❝❡✱ ③❡r♦

♣r♦✜t ❛♥❞ ✐♥❝♦♠❡ ❜❛❧❛♥❝❡ ❝♦♥❞✐t✐♦♥s ✇❤✐❝❤ ❞❡✜♥❡ t❤❡ ❇❘❊❆ ♠♦❞❡❧✳ ❚❤❡s❡ t❤r❡❡

❝♦♥❞✐t✐♦♥s ❛♥❞ ❡q✉❛t✐♦♥s ❞♦ ♥♦t✱ ❤♦✇❡✈❡r✱ ❝❤❛r❛❝t❡r✐③❡ t❤❡ ❜❡❤❛✈✐♦r ♦❢ ❛❣❡♥ts ✐♥ t❤❡

♠♦❞❡❧✳ ■ st❛rt ❞❡✜♥✐♥❣ t❤❡ ❝♦♠♣❡t✐t✐✈❡ ❡q✉✐❧✐❜r✐✉♠ ✐♥ ✇❤✐❝❤ t❤❡ st❛♥❞❛r❞ ❛ss✉♠♣✲

t✐♦♥ ♦❢ ♦♣t✐♠✐③✐♥❣ ❛❣❡♥ts ❛♣♣❧✐❡s ❢♦r ❜♦t❤ ♣r♦❞✉❝❡rs ❛♥❞ ❝♦♥s✉♠❡rs✳ ❚❤❡ s❡tt✐♥❣ ♦❢

❝♦♥st❛♥t r❡t✉r♥s t♦ s❝❛❧❡ ✐♠♣❧✐❡s ♣r♦✜t ♠❛①✐♠✐③❛t✐♦♥ ✐s ❡q✉✐✈❛❧❡♥t ❝♦st ♠✐♥✐♠✐③❛t✐♦♥

s✉❜❥❡❝t t♦ t❡❝❤♥✐❝❛❧ ❝♦♥str❛✐♥ts✳

✺❁❤tt♣✿✴✴✇✇✇✳✉s♣✳❜r✴♥❡r❡✉s✴❃

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✷✺

http://www.usp.br/nereus/
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❚❛❜❧❡ ✸✳✶✿ ❘❡❣✐♦♥s✱ s❡❝t♦rs✱ ♣r✐♠❛r② ❢❛❝t♦rs✱ ❛♥❞ ❧❛♥❞ ✉s❡ ❝❛t❡❣♦r✐❡s✳

Region Sectors Primary factor inputs

South STH Mineral Iron MIN Capital CAP
Southeast SST Coal COAL Labor LAB
Center-West CST Mineral Extraction NMM Land LND
North NTH Meats MEAT Cropland CROP

Northeast NST Soy oil OSD Pasture PAST

Northeast Cerrado NSTC Foods FOOD Degraded pasture DPAS

Textile and wood TEX Natural Forest NFOR

Sectors Refined oil ROIL Planted Forest PFOR

Rice RICE Ethanol ETH Managed Forest MFOR

Maize CORN Chemistry CHM Protected areas PA

Cane CANE Fertilizer FERT Natural areas NAT

Soy SOY Defensives DFN Unused land UNU

Fruit FRIT Steel metal non-metallic MMI
Other Cultures OCUL Machines MAC
Forestry FRST Other Industry OIND
Cattle CTTL Electricity ELEC
Other live animals OLA Pipe gas PGAS
Swine SWIN Water WTR
Poultry PTRY Public Services PSRV
Milk MILK Construction CONS
Oil OIL Services SERV
Gas GAS Transportation TRNS

Source: own elaboration.

Pr♦❞✉❝t✐♦♥ t❡❝❤♥♦❧♦❣②

❚❤❡ ♣r♦❞✉❝t✐♦♥ t❡❝❤♥♦❧♦❣✐❡s ❛r❡ r❡♣r❡s❡♥t❡❞ ❜② ♥❡st❡❞ ❈♦♥st❛♥t ❊❧❛st✐❝✐t②

♦❢ ❙✉❜st✐t✉t✐♦♥ ✭❈❊❙✮ ❢✉♥❝t✐♦♥s✳ ❚❤❡ ♥❡st❡❞ str✉❝t✉r❡ ❛❧❧♦✇s ❣r❡❛t❡r ✢❡①✐❜✐❧✐t②

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

❞✐s❛❣❣r❡❣❛t✐♦♥✱ ❜✉t ✐t r❡q✉✐r❡s t❤❡ ❛✈❛✐❧❛❜✐❧✐t② ♦❢ ❡❧❛st✐❝✐t✐❡s ♦❢ s✉❜st✐t✉t✐♦♥ r❡❧❛t❡❞

t♦ ❡❛❝❤ ♥❡st✳ ❚❤❡ ❝♦♠♠♦♥ ♥❡st str✉❝t✉r❡ ❢♦r t❤❡ r❡❣✐♦♥❛❧ ❛❣r✐❝✉❧t✉r❛❧ s❡❝t♦rs ✭r✐❝❡✱

❝♦r♥✱ ❝❛♥❡✱ s♦②✱ ❢r✐t✱ ♦❝✉❧✮✱ ❧✐✈❡st♦❝❦ s❡❝t♦rs ✭❝tt❧✱ ♦❧❛✮✱ ❛♥❞ ❢♦r❡str② ✭❢rst✮ ✐s ♣r❡s❡♥t❡❞

✐♥ ❋✐❣✉r❡ ✸✳✸✳

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

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

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

▲❡♦♥t✐❡❢ ❢✉♥❝t✐♦♥✱ ✐✳❡✳✱ t❤❡r❡ ✐s ♥♦ s✉❜st✐t✉t✐♦♥ ❛♠♦♥❣ ❢♦ss✐❧ ❡♥❡r❣②✱ t❤❡② ❛r❡ ❝♦♠✲

♣❧❡♠❡♥t❛r②✳ ❚❤❡ ❢♦ss✐❧ ❡♥❡r❣② ❜✉♥❞❧❡ ✐s ❝♦♠❜✐♥❡❞ ✇✐t❤ t❤❡ ❡❧❡❝tr✐❝✐t② ❝♦♥s✉♠♣t✐♦♥

✉s✐♥❣ ❛ ❈❊❙ ❢✉♥❝t✐♦♥✱ ✇❤✐❝❤ ❣❡♥❡r❛t❡s ❛♥ ❆❣❣r❡❣❛t❡ ❡♥❡r❣② ♥❡st✳ ❚❤❡ ❡❧❛st✐❝✐t②

σen ❝♦♥tr♦❧s t❤❡ s✉❜st✐t✉t✐♦♥ ❜❡t✇❡❡♥ ❡❧❡❝tr✐❝✐t② ❛♥❞ t❤❡ ❖t❤❡r ❡♥❡r❣② ❜✉♥❞❧❡✳ ❚❤❡

♦t❤❡r ✐♥t❡r♠❡❞✐❛t❡ ✐♥♣✉ts ❛r❡ ❝♦♠❜✐♥❡❞ ❜② ❛ ▲❡♦♥t✐❡❢ ❢✉♥❝t✐♦♥ ✭❡❧❛st✐❝✐t② σne ❡q✉❛❧s

t♦ ③❡r♦✮✱ ❛♥❞ t❤✐s ♥❡st ✐s ❝♦♠❜✐♥❡❞ ✇✐t❤ t❤❡ ❆❣❣r❡❣❛t❡ ❡♥❡r❣② r❡s✉❧t✐♥❣ t❤❡ ❊♥❡r❣②✲

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

✐♥ t❤❡ t♦♣ ♥❡st ✉♥❞❡r ❡❧❛st✐❝✐t② σva✱ ❛♥❞ ❝♦♠❜✐♥✐♥❣ ✇✐t❤ t❤❡ ❘❡s♦✉r❝❡✲✐♥t❡♥s❡ ♥❡st

r❡s✉❧t✐♥❣ t❤❡ s❡❝t♦r ♦✉t♣✉t ❧❡✈❡❧✳ ◆♦t❡ t❤❛t t❤❡ ♦✉t♣✉t ✐s ❞✐✈✐❞❡❞ t❤r♦✉❣❤ ❛ ❈♦♥st❛♥t

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✷✻



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❋✐❣✉r❡ ✸✳✸✿ ❙tr✉❝t✉r❡ ♦❢ Pr♦❞✉❝t✐♦♥ ❙❡❝t♦rs✿ ❛❣r✐❝✉❧t✉r❛❧✱ ❧✐✈❡st♦❝❦✱ ❛♥❞ ❢♦r❡str②✳
❙♦✉r❝❡✿ ♦✇♥ ❡❧❛❜♦r❛t✐♦♥✳

❊❧❛st✐❝✐t② ❚r❛♥s❢♦r♠❛t✐♦♥ ✭❈❊❚✮ ❢✉♥❝t✐♦♥ ✐♥ ❞♦♠❡st✐❝ ❞❡♠❛♥❞ ❛♥❞ ❡①♣♦rt ❞❡♠❛♥❞

✉♥❞❡r ❡❧❛st✐❝✐t② ♦❢ tr❛♥s❢♦r♠❛t✐♦♥ σt✳

❚❤❡ ❡❧❛st✐❝✐t② σfx ❣♦✈❡r♥s t❤❡ s✉❜st✐t✉t✐♦♥ ❜❡t✇❡❡♥ ❊♥❡r❣②✲♠❛t❡r✐❛❧s ❛♥❞ ❧❛♥❞✱

❛♥❞ σs ❣♦✈❡r♥s t❤❡ s✉❜st✐t✉t✐♦♥ ❜❡t✇❡❡♥ t❤❡ ❊♥❡r❣②✲♠❛t❡r✐❛❧s✲❧❛♥❞ ❛♥❞ t❤❡ ❈❛♣✐t❛❧✲

▲❛❜♦r ❜✉♥❞❧❡s✳ ❚❤❡s❡ ❡❧❛st✐❝✐t✐❡s ❛r❡ s❡t ❛s ✵✳✸ ❛♥❞ ✵✳✼✱ r❡s♣❡❝t✐✈❡❧② ✭❈❍❊◆ ❡t ❛❧✳✱

✷✵✶✼✮✳ ■t ♠❡❛♥s t❤❛t ❤✐❣❤❡r ♣r✐❝❡s ❢♦r ❧❛♥❞ ❝❛♥ ❜❡ ♦✈❡r❝♦♠❡ ❜② s✉❜st✐t✉t✐♥❣ ✐♥

t❤❡ ❧♦✇❡r ♥❡st t♦✇❛r❞ ❡♥❡r❣②✱ ❢❡rt✐❧✐③❡r✱ ❛♥❞ ♦t❤❡r ♠❛t❡r✐❛❧s✱ ❛♥❞ ✐♥ t❤❡ ✉♣♣❡r ♥❡st

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

❧❛♥❞ ✐♥ ❛ s❝❡♥❛r✐♦ ✐♥ ❡❛❝❤ ❛❣r✐❝✉❧t✉r❛❧ s❡❝t♦r ✐♥ ❇❘❊❆ ✐s ❛ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ ❡♥❞♦❣❡♥♦✉s

✐♥t❡♥s✐✜❝❛t✐♦♥ ♣♦ss✐❜✐❧✐t✐❡s t❤❛t ❞❡♣❡♥❞ ♦♥ r❡❧❛t✐✈❡ ♣r✐❝❡s ♦❢ ✐♥♣✉ts✳

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

❋✐rst✱ ❡①♦❣❡♥♦✉s ♣r♦❞✉❝t✐✈✐t② ❣r♦✇t❤ ✐♥ ♣r♦❞✉❝t✐♦♥ ❢❛❝t♦rs ❢♦❧❧♦✇✐♥❣ ❢✉t✉r❡ tr❡♥❞s

❡①♣❡❝t❡❞ ✐♥ t❤❡ s❝✐❡♥t✐✜❝ ❧✐t❡r❛t✉r❡❀ s❡❝♦♥❞✱ ❞✐✛❡r❡♥t t❡❝❤♥✐q✉❡s ♦r t❡❝❤♥♦❧♦❣② t♦ ♠✐①

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

❜② ❝❤❛♥❣❡s ✐♥ r❡❧❛t✐✈❡ ♣r✐❝❡s❀ ❛♥❞ t❤✐r❞✱ ♥❡✇ t❡❝❤♥♦❧♦❣② r❡♣r❡s❡♥t❛t✐♦♥ ✇❤♦s❡ t❤❡

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

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

❞❡s❝r✐❜❡❞ ❜❡❧♦✇✳

■♥ t❤❡ ✜rst ♦♣t✐♦♥✱ ❧❛♥❞ ✐s s✉❜❥❡❝t t♦ ❛♥ ❡①♦❣❡♥♦✉s ♣r♦❞✉❝t✐✈✐t② ✐♠♣r♦✈❡♠❡♥t

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✷✼



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❢♦r ❡❛❝❤ ❧❛♥❞ t②♣❡ ❛♥❞ ❛❣r✐❝✉❧t✉r❛❧ s❡❝t♦r✳ ❍♦✇❡✈❡r✱ ❢♦r ❛ st❛t✐❝ ✈❡rs✐♦♥ ♦❢ t❤❡

♠♦❞❡❧ ✐s ♥♦t tr✐✈✐❛❧ t♦ ❥✉st✐❢② ♣r♦❞✉❝t✐✈✐t② ❣❛✐♥s ✐♥ ♣r✐♠❛r② ❢❛❝t♦rs✱ t❤❡ ❝♦sts✱ ❛♥❞

t❤❡ ❜❡♥❡✜ts ❛ss♦❝✐❛t❡❞ t♦ ✐t✳ ❇❡s✐❞❡s✱ ✐t ✐s ♣♦ss✐❜❧❡ t♦ ✐♥t❡♥s✐❢② ❝♦♥✈❡♥t✐♦♥❛❧ ❛❣r✐❝✉❧✲

t✉r❛❧ ♣r♦❞✉❝t✐♦♥ ✐♥ ❇❘❊❆ ❛s ❧❛♥❞ ❝❛♥ ❜❡ ♣❛rt✐❛❧❧② s✉❜st✐t✉t❡❞ ❜② ✐♥♣✉ts ❛♥❞ ♦t❤❡r

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

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

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

♥♦❧♦❣✐❡s ✐s ❛❧s♦ ❛ ❦❡② ❢❡❛t✉r❡ ♦❢ ❈●❊ ♠♦❞❡❧s ❞❡❛❧✐♥❣ ✇✐t❤ ♥❛t✉r❛❧ r❡s♦✉r❝❡s ❛♥❞

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

❝✉❧t✉r❛❧ t❡❝❤♥♦❧♦❣✐❡s✱ s✉❝❤ ❛s ♣r❡s❡♥t❡❞ ✐♥ t❤❡ ❆❇❈ ♣❧❛♥✱ t❤❡ ❇❘❊❆ ♠♦❞❡❧ ✐s t❤❡

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

✐♥ t❤✐s ❝❤❛♣t❡r ■ ✇✐❧❧ ♣r❡s❡♥t t❤❡ ❛♣♣r♦❛❝❤ ❞❡✈❡❧♦♣❡❞ ✐♥ ❇❘❊❆ ♠♦❞❡❧ t♦ r❡♣r❡s❡♥t

s✉❝❤ t❡❝❤♥♦❧♦❣✐❡s✳

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

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

❣♦♦❞s ❣✐✈❡s ❛ ♥❛t✐♦♥❛❧ ❝♦♠♣♦s✐t❡ ❣♦♦❞✳ ❊❛❝❤ ♥❛t✐♦♥❛❧ ❣♦♦❞ ✐s ❝♦♠❜✐♥❡❞ ✇✐t❤ ✐♠✲

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

❣✐♦♥❛❧ ❛♥❞ ✐♥t❡r✲r❡❣✐♦♥❛❧✱ ❛♥❞ ♥❛t✐♦♥❛❧ ❛♥❞ ✐♠♣♦rt❡❞✱ ❛r❡ ❜❛s❡❞ ♦♥ ❆r♠✐♥❣t♦♥✬s ✐❞❡❛

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

t❤❡s❡ s✉❜st✐t✉t✐♦♥s✳

❚❤❡ ♥❡st str✉❝t✉r❡ ❢♦r t❤❡ ♦t❤❡r s❡❝t♦rs✱ s✉❝❤ ❛s ♥♦♥✲❛❣r✐❝✉❧t✉r❛❧ ❛♥❞ ❡♥❡r❣②

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

▲❡♦♥t✐❡❢ ❢✉♥❝t✐♦♥ ✐♥ t❤❡ t♦♣ ♥❡st✳ ❚❤❡ ❋✐❣✉r❡s ❉✳✶ ❛♥❞ ❉✳✷ s❤♦✇ t❤❡s❡ str✉❝t✉r❡s✳

❇♦t❤ ❡❧❛st✐❝✐t✐❡s σs ❛♥❞ σne ✐♥ t❤❡ ✉♣♣❡r ♥❡st ❛♥❞ ✐♥ t❤❡ ✐♥t❡r♠❡❞✐❛t❡ ✐♥♣✉ts ♥❡st ❛r❡

s❡t t♦ ③❡r♦✳ ❚❤❡ ✐♥t❡♥s✐✜❝❛t✐♦♥ ✐♥ t❤✐s s❡❝t♦rs ♦❝❝✉rs ♦♥❧② ❜② ❡♥❡r❣② ❝♦♥s✉♠♣t✐♦♥✱

❛♥❞ ❝❛♣✐t❛❧✲❧❛❜♦r ❞❡♠❛♥❞✳ ❚❤❡ ❆❣❣r❡❣❛t❡ ❡♥❡r❣② ♥❡st ❝♦♠❜✐♥❡s ❡❧❡❝tr✐❝✐t② ❞❡♠❛♥❞

❛♥❞ ♦t❤❡r ❡♥❡r❣② s♦✉r❝❡s t♦ ❣❡♥❡r❛t❡ ❛❣❣r❡❣❛t❡ ❡♥❡r❣② ❝♦♥s✉♠♣t✐♦♥✳ ❚❤❡ ❡❧❛st✐❝✐t②

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

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

Pr❡❢❡r❡♥❝❡s ❛♥❞ ✜♥❛❧ ❞❡♠❛♥❞

Pr✐✈❛t❡ ❝♦♥s✉♠♣t✐♦♥ ❝♦♥s✐st❡♥t ✇✐t❤ ✉t✐❧✐t② ♠❛①✐♠✐③❛t✐♦♥ ✐s ♣♦rtr❛②❡❞ ❜② ♠✐♥✲

✐♠✐③❛t✐♦♥ ♦❢ t❤❡ ❡①♣❡♥❞✐t✉r❡ t♦ r❡❛❝❤ ❛ ❣✐✈❡♥ ❧❡✈❡❧ ♦❢ ❛❣❣r❡❣❛t❡ ❝♦♥s✉♠♣t✐♦♥✳ ❘❡✲

❣✐♦♥❛❧ ✜♥❛❧ ❞❡♠❛♥❞ ✐♥ t❤❡ ❝♦r❡ ♠♦❞❡❧ ✐s ❝❤❛r❛❝t❡r✐③❡❞ ❜② ❛ ❈♦❜❜✲❉♦✉❣❧❛s tr❛❞❡♦✛

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

✸✳✹ ❞✐s♣❧❛②s t❤❡ ♥❡st❡❞ ❢✉♥❝t✐♦♥ ❢♦r ❝♦♥s✉♠♣t✐♦♥✳ ❚❤❡ ❧♦✇❡r ❧❡✈❡❧ ♦❢ t❤❡ ♥❡st❡❞

str✉❝t✉r❡ ❤❛s t❤r❡❡ ❞✐✛❡r❡♥t ❜✉♥❞❧❡ ♦❢ ❣♦♦❞s✳ ❚❤❡ ✜rst ❜✉♥❞❧❡ ✐s t❤❡ ❡♥❡r❣② ❜✉♥❞❧❡✱

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

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✷✽



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❚❛❜❧❡ ✸✳✷✿ ❊❧❛st✐❝✐t✐❡s ❢♦r ♥❡st✐♥❣ str✉❝t✉r❡✳

Elasticity of substitution between BREA

Agricultural, livestock,

Energy Other Consumptionand forestry
sectors sectors sectors

Domestic and export outputs σt 2.0 2.0 2.0 -
Resource-intense and capital-labor bundles σs 0.7 - - -
Resource-intense and intermediate inputs σs - 0.0 0.0 -
Other consumption and transportation σs - - - 1.0
Land and energy-materials bundle σfx 0.3 - - -
Capital and labor σva 1.0 1.0 1.0 -
Aggregate energy and intermediate inputs σe 0.6 - - -
Aggregate energy and capital-labor bundle σe - 0.8 1.0 -
Electricity and other energy bundle σen 1.5 1.5 1.5 0.5
Intermediate inputs σne 0.0 0.0 0.0 -
Fossil energy σnoe 0.0 0.0 0.0 -
Agricultural and food goods σd1 - - - 0.35
Other goods σd2 - - - 0.35

Source: research data.

❋✐❣✉r❡ ✸✳✹✿ ❙tr✉❝t✉r❡ ♦❢ ♣r✐✈❛t❡ ❝♦♥s✉♠♣t✐♦♥✳
❙♦✉r❝❡✿ ♦✇♥ ❡❧❛❜♦r❛t✐♦♥✳

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

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

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

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

●♦✈❡r♥♠❡♥t ❛♥❞ ♣✉❜❧✐❝ ❝♦♥s✉♠♣t✐♦♥

❘❡❣✐♦♥❛❧ ♣✉❜❧✐❝ ❝♦♥s✉♠♣t✐♦♥ ✐♥ t❤❡ ❇❘❊❆ ♠♦❞❡❧ ✐s r❡♣r❡s❡♥t❡❞ ❛s ❛ ✜①❡❞

❝♦❡✣❝✐❡♥t ❛❣❣r❡❣❛t✐♦♥ ♦❢ ❞♦♠❡st✐❝ ❣♦♦❞s✳ ❚❤❡r❡ ✐s ♥♦ ✐♠♣♦rt❡❞ ❝♦♥s✉♠♣t✐♦♥ ❜②

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

❡❛❝❤ r❡❣✐♦♥✳ ❋✐❣✉r❡ ✸✳✺ ✐❧❧✉str❛t❡s t❤❡ ❢✉♥❝t✐♦♥❛❧ ❢♦r♠✳

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✷✾



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❋✐❣✉r❡ ✸✳✺✿ ❙tr✉❝t✉r❡ ♦❢ ❣♦✈❡r♥♠❡♥t ❝♦♥s✉♠♣t✐♦♥✳
❙♦✉r❝❡✿ ♦✇♥ ❡❧❛❜♦r❛t✐♦♥✳

■♥✈❡st♠❡♥t

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

str✉❝t✉r❡✳ ❊❛❝❤ r❡❣✐♦♥ ❞❡♠❛♥❞s s❡r✈✐❝❡ ❛♥❞ ❣♦♦❞s ✐♥ t❤r❡❡ ❞✐✛❡r❡♥t s♦✉r❝❡s✱ s✉❝❤

❛s r❡❣✐♦♥❛❧✱ ✐♥t❡r✲r❡❣✐♦♥❛❧✱ ❛♥❞ ✐♠♣♦rt❡❞✳ ❋✐❣✉r❡ ✸✳✻ s❤♦✇s t❤❡ r❡❣✐♦♥❛❧ str✉❝t✉r❡

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

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

◆❛t✐♦♥❛❧ ❣♦♦❞✳ ❚❤✐s ◆❛t✐♦♥❛❧ ❣♦♦❞ ✐s ❝♦♠❜✐♥❡❞ ✇✐t❤ ■♠♣♦rt❡❞ ❣♦♦❞ ✉♥❞❡r ❡❧❛st✐❝✐t②

♦❢ s✉❜st✐t✉t✐♦♥ ❡s✉❜❞ ❢♦r ❡❛❝❤ ❣♦♦❞ ✐✳ ❋✐♥❛❧❧②✱ ✐♥ t❤❡ ✉♣♣❡r ♥❡st ✉♥❞❡r ❡❧❛st✐❝✐t② σs =

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

❋✐❣✉r❡ ✸✳✻✿ ❙tr✉❝t✉r❡ ♦❢ ✐♥✈❡st♠❡♥t✳
❙♦✉r❝❡✿ ♦✇♥ ❡❧❛❜♦r❛t✐♦♥✳

✸✳✷ ▲❛♥❞ ✉s❡

❚❤✐s s❡❝t✐♦♥ ♣r❡s❡♥ts t❤❡ ❧❛♥❞✲✉s❡ ♠♦❞✉❧❡ ✉s❡❞ ✐♥ ❇❘❊❆ ♠♦❞❡❧✱ ❝♦♠♣r✐s❡❞

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

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

❛s t❤❡ ❛✈❛✐❧❛❜✐❧✐t② ♦❢ r❡❧✐❛❜❧❡ ❧❛♥❞ ✉s❡ ❛♥❞ ❧❛♥❞ ❝♦✈❡r ♠❛♣s✳ ❙❡✈❡r❛❧ ❞✐✛❡r❡♥t ❞❛t❛

s❡ts ✇❡r❡ r❡✈✐s❡❞ ❛♥❞ ❝♦♠❜✐♥❡❞ t♦ ❜✉✐❧❞ ❇❘❊❆✱ ❛s t❤♦s❡ ♣r♦❞✉❝❡❞ ❜② ■❇●❊✱ ■◆P❊

✭❇r❛③✐❧✐❛♥ ◆❛t✐♦♥❛❧ ■♥st✐t✉t❡ ❢♦r ❙♣❛❝❡ ❘❡s❡❛r❝❤✮✱ ▼▼❆ ✭❋❡❞❡r❛❧ ▼✐♥✐str② ❢♦r t❤❡

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✸✵



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❊♥✈✐r♦♥♠❡♥t✮✱ ▼❆P❆ ✭❋❡❞❡r❛❧ ▼✐♥✐str② ❢♦r t❤❡ ❆❣r✐❝✉❧t✉r❡✮✱ ❈❖◆❆❇ ✭❇r❛③✐❧✐❛♥

❙✉♣♣❧② ❈♦♠♣❛♥②✮✱ ❛♥❞ ❙❖❙ ▼❛t❛ ❆t❧â♥t✐❝❛✳

❚❤❡ ❞❛t❛ s❡ts ❢r♦♠ ■❇●❊ ❛r❡ t❤❡ ✷✵✵✻ ❆❣r✐❝✉❧t✉r❛❧ ❈❡♥s✉s ✭■❇●❊✱ ✷✵✵✻✮✱

t❤❡ ▼✉♥✐❝✐♣❛❧ ❈r♦♣ Pr♦❞✉❝t✐♦♥ s✉r✈❡② ✭P❆▼✮ ❢♦r ✷✵✵✾ ✭■❇●❊✱ ✷✵✶✻❛✮✱ ❛♥❞ t❤❡

▼✉♥✐❝✐♣❛❧ ▲✐✈❡st♦❝❦ Pr♦❞✉❝t✐♦♥ s✉r✈❡② ✭PP▼✮ ❢♦r ✷✵✵✾ ✭■❇●❊✱ ✷✵✶✻❜✮✳ ❚❤❡ ✷✵✵✻

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

t❤❡ t♦t❛❧ ✈❛❧✉❡ ♣❛✐❞ ✐♥ r❡♥t✳ ❚❤❡ P❆▼ s✉r✈❡② ♣r♦✈✐❞❡s t❤❡ ✐♥❢♦r♠❛t✐♦♥ ♦♥ ❤❛r✈❡st❡❞

❛r❡❛✱ ♣❧❛♥t❡❞ ❛r❡❛✱ ♣r♦❞✉❝t✐♦♥ ✈❛❧✉❡ ❛♥❞ ✈♦❧✉♠❡ ♦❢ ♣❡r♠❛♥❡♥t ❛♥❞ t❡♠♣♦r❛r② ❝r♦♣s✳

❚❤❡ PP▼ s✉r✈❡② ❤❛s ✐♥❢♦r♠❛t✐♦♥ ♦♥ ❤❡r❞ ✐♥✈❡♥t♦r✐❡s✱ q✉❛♥t✐t② ❛♥❞ ✈❛❧✉❡ ♦❢ ❛♥✐♠❛❧

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

▲❛♥❞ ✉s❡ ❛♥❞ ❧❛♥❞ ❝♦✈❡r ❞❛t❛ ✐♥ ❇r❛③✐❧ ❛r❡ ♦r❣❛♥✐③❡❞ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ r❡❣✐♦♥s

✐♥ t❤❡ ♠♦❞❡❧✳ ❚❤❡r❡ ❛r❡ s✐① r❡❣✐♦♥s✿ ❙♦✉t❤✱ ❙♦✉t❤❡❛st✱ ❈❡♥t❡r✲❲❡st✱ ◆♦rt❤ ✭❆♠❛✲

③♦♥✮✱ ◆♦rt❤❡❛st✱ ❛♥❞ ◆♦rt❤❡❛st ❈❡rr❛❞♦✳ ❚❤❡ ♠♦❞❡❧ r❡♣r❡s❡♥ts t❤❡ ❧❛♥❞ ✉s❡ ✐♥ ✾

❝❛t❡❣♦r✐❡s✿ ❝r♦♣❧❛♥❞✱ ♣❛st✉r❡✱ ❞❡❣r❛❞❡❞ ♣❛st✉r❡✱ ♠❛♥❛❣❡❞ ❢♦r❡st✱ ♣❧❛♥t❡❞ ❢♦r❡st✱ ♥❛t✲

✉r❛❧ ❢♦r❡st ❛♥❞ ♥❛t✉r❛❧ ❛r❡❛s✱ ♣r♦t❡❝t❡❞ ❛r❡❛s✱ ❛♥❞ ✉♥✉s❡❞ ❛r❡❛✳ ■ st❛rt t❤❡ ❞❛t❛❜❛s❡

❢r♦♠ t❤❡ s✐① ❜✐♦♠❡s ✐♥ ❇r❛③✐❧✿ ❆♠❛③ô♥✐❛ ✭tr♦♣✐❝❛❧ r❛✐♥ ❢♦r❡st✮✱ ❈❡rr❛❞♦ ✭tr♦♣✐❝❛❧ s❛✲

✈❛♥♥❛✮✱ ❈❛❛t✐♥❣❛ ✭s❡♠✐✲❛r✐❞ ❞❡❝✐❞✉♦✉s s❤r✉❜❧❛♥❞ ❛♥❞ s❡♠✐✲❞❡❝✐❞✉♦✉s ❞r② ❢♦r❡sts✮✱

▼❛t❛ ❆t❧â♥t✐❝❛ ✭tr♦♣✐❝❛❧ ❛♥❞ s✉❜tr♦♣✐❝❛❧ ❢♦r❡st✮✱ P❛♥t❛♥❛❧ ✭✇❡t❧❛♥❞s✮✱ ❛♥❞ P❛♠♣❛

✭♥❛t✉r❛❧ ❣r❛ss❧❛♥❞✮✳

❘❡❣❛r❞✐♥❣ t❤❡ ♠❛♣s ✐♥ ❋✐❣✉r❡ ✸✳✶✱ ✐t ✐s ✐♠♣♦rt❛♥t t♦ ❤✐❣❤❧✐❣❤t t❤❡ ❞✐✛❡r❡♥❝❡

❜❡t✇❡❡♥ t❤❡♠✳ ❚❤❡ ✜rst ♠❛♣ s❤♦✇s t❤❡ ❇✐♦♠❡s ✐♥ ❇r❛③✐❧ ❛♥❞ t❤❡ s❡❝♦♥❞ t❤❡ r❡❣✐♦♥❛❧

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

❛♥❞ ♣♦❧✐t✐❝❛❧ ❞✐✈✐s✐♦♥ ✐♥ ❇r❛③✐❧✳ ❚❤❡ ❞❡t❛✐❧s ❛❜♦✉t t❤❡ ❛❣❣r❡❣❛t✐♦♥ ❛r❡ ❞❡s❝r✐❜❡❞

❜❡❧♦✇✳

❚❤❡ ❆♠❛③ô♥✐❛ ❜✐♦♠❡ ❝♦✈❡rs ❛♥ ❛r❡❛ ♦❢ ✹✶✾✳✻ ▼❤❛✳ ■t ✐s ❡st✐♠❛t❡❞ t❤❛t ✶✼✪

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

❡①♣❛♥s✐♦♥✳ ❚❤❡ ❛♥♥✉❛❧ ❞❡❢♦r❡st❛t✐♦♥ r❛t❡ r❡❛❝❤❡❞ ✷✳✼ ▼❤❛ ✐♥ ✷✵✵✹✳ ◆❡✈❡rt❤❡❧❡ss✱

s✐♥❝❡ ✷✵✵✺ ❞❡❢♦r❡st❛t✐♦♥ r❛t❡s ❞r♦♣♣❡❞✱ ❛♥❞ ✐♥ ✷✵✶✻ r❡❛❝❤❡❞ ✵✳✼✾✾ ▼❤❛✳ ❚❤✐s r❡s✉❧t

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

❧❛✇ ❡♥❢♦r❝❡♠❡♥t ❛♥❞ ❝r❡❛t✐♦♥ ♦❢ ♣r♦t❡❝t❡❞ ❛r❡❛s✳ ❚❤❡ ❆♠❛③ô♥✐❛ ❜✐♦♠❡ ✐s t❤❡ s❛♠❡

❛r❡❛ ❛s t❤❡ ◆♦rt❤❡r♥ r❡❣✐♦♥ ✐♥ t❤❡ ♠♦❞❡❧✳

❚❤❡ ❈❡rr❛❞♦ ❤❛s ✷✵✸✳✻ ▼❤❛ ❛♥❞ ✐t ❝♦✈❡rs ❛❧♠♦st ✷✺✪ ♦❢ t❤❡ ❝♦✉♥tr②✬s ❧❛♥❞

❛r❡❛✳ ❆❝❝♦r❞✐♥❣ t♦ ▼▼❆ ✭✷✵✶✻✮ ✐t ✐s ❡st✐♠❛t❡❞ t❤❛t ❛r♦✉♥❞ ♦♥❧② ✶✵✵ ▼❤❛ r❡♠❛✐♥s

✇✐t❤ ♦r✐❣✐♥❛❧ ✈❡❣❡t❛t✐♦♥✳ ■♥ t❤❡ ♠♦❞❡❧✱ t❤❡ ❈❡rr❛❞♦ ❜✐♦♠❡ ✐s s♣❧✐t ✐♥t♦ t❤r❡❡ ❞✐✛❡r❡♥t

r❡❣✐♦♥s✱ s✉❝❤ ❛s ❈❡♥t❡r✲❲❡st✱ ◆♦rt❤❡❛st ❈❡rr❛❞♦✱ ❛♥❞ ♣❛rt ♦❢ ❙♦✉t❤❡❛st✳ ■t ✐s ❤❡❧♣❢✉❧

t♦ ✐♥tr♦❞✉❝❡ ✐t ✐♥t♦ t❤❡ ♠♦❞❡❧ t♦ tr❡❛t t❤❡ ❞②♥❛♠✐❝s ♦❢ ❛❣r✐❝✉❧t✉r❡ ❢r♦♥t✐❡r ✐♥ ❇r❛③✐❧✱

❡s♣❡❝✐❛❧❧② ✐♥ t❤❡ ◆♦rt❤❡❛st❡r♥ ❈❡rr❛❞♦✻ r❡❣✐♦♥✳

✻◆♦rt❤❡❛st❡r♥ ❈❡rr❛❞♦ ✐s ❛❧s♦ ❦♥♦✇♥ ❜② ▼❛♣✐t♦❜❛ ♦r ▼❛t♦♣✐❜❛✱ ✇❤✐❝❤ ❛r❡ ❙t❛t❡✬s ✐♥✐t✐❛❧s
❛❝r♦♥②♠s ♦❢ ▼❛r❛♥❤ã♦ ✭▼❆✮✱ P✐❛✉í ✭P■✮✱ ❚♦❝❛♥t✐♥s ✭❚❖✮✱ ❛♥❞ ❇❛❤✐❛ ✭❇❆✮✳

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✸✶



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❚❤❡ ❈❛❛t✐♥❣❛ ❜✐♦♠❡ ❤❛s ✽✹✳✹ ▼❤❛ ❛♥❞ ✐t ✐s r❡♣r❡s❡♥t❡❞ ❜② ◆♦rt❤❡❛st❡r♥ ❈♦❛st

r❡❣✐♦♥✳ ■t ✐s ❛ s❡❛s♦♥❛❧❧② ❞r② tr♦♣✐❝❛❧ s❤r✉❜❧❛♥❞✱ s✐♥❝❡ ✐ts ✢♦r❛ ✭s❤r✉❜s ❛♥❞ tr❡❡s✮

❝♦♥s✐sts ♦❢ ❞r② ❢♦r❡st s♣❡❝✐❡s r❛t❤❡r t❤❛♥ s❛✈❛♥♥❛ s♣❡❝✐❡s ✭❙❆◆❚❖❙ ❡t ❛❧✳✱ ✷✵✶✶✮✳

❚❤❡ ▼❛t❛ ❆t❧â♥t✐❝❛ ❜✐♦♠❡ ❝♦rr❡s♣♦♥❞s ❢♦r ✶✼✪ ✭✶✶✶ ▼❤❛✮ ♦❢ ❇r❛③✐❧✐❛♥ t❡rr✐t♦r②✱

✉♥❢♦rt✉♥❛t❡❧② r❡♣r❡s❡♥ts t❤❡ ♠♦st ♣♦♣✉❧❛t❡❞ ❛r❡❛ ✐♥ ❇r❛③✐❧ ❛♥❞ ✐t ❤❛s ❜❡❡♥ s❡✈❡r❡❧②

❞❡❣r❛❞❡❞✳ ■t ❡st✐♠❛t❡❞ ♦♥❧② ✶✷✪ ✭✶✸✳✸ ▼❤❛✮ ♦❢ t❤❡ ♦r✐❣✐♥❛❧ ❢♦r❡st r❡♠❛✐♥s ✭❘■❇❊■❘❖

❡t ❛❧✳✱ ✷✵✵✾✮✳ ■♥ t❤❡ ♠♦❞❡❧ ✐t ✐s s♣❧✐t ✐♥ ❙♦✉t❤❡r♥✱ ❙♦✉t❤❡❛st❡r♥✱ ❛♥❞ ❛ s♠❛❧❧ ♣❛rt ♦❢

◆♦rt❤❡❛st❡r♥ ❈❡rr❛❞♦ ❛♥❞ ◆♦rt❤❡❛st❡r♥ ❈♦❛st r❡❣✐♦♥s✳

❚❤❡ P❛♥t❛♥❛❧ ❜✐♦♠❡ ❝♦✈❡rs ❛r♦✉♥❞ ✶✺✳✵✹ ▼❤❛✳ ❉✉r✐♥❣ ✸ t♦ ✻ ♠♦♥t❤s s♦♠❡

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

❝♦♥tr♦❧ ♦❢ ❛ ❣r❡❛t ✈❛r✐❡t② ♦❢ ✢♦r❛ ❛♥❞ ❢❛✉♥❛✳ ■t ✐s ❛❧s♦ ❛♥ ❛r❡❛ ♦❢ ❡①t❡♥s✐✈❡ ❝❛tt❧❡

r❛♥❝❤✐♥❣✱ ❛♥❞ ✐t ✐s ❡st✐♠❛t❡❞ t❤❛t ♠♦r❡ t❤❛♥ ✹✵✪ ♦❢ ✐ts ❢♦r❡sts ❛♥❞ s❛✈❛♥♥❛s ❤❛✈❡

❜❡❡♥ ❛❧t❡r❡❞ ❜② t❤❡ ✐♥tr♦❞✉❝t✐♦♥ ♦❢ ❣r❛ss s♣❡❝✐❡s ❢♦r ❝❛tt❧❡ r❛♥❝❤✐♥❣ ✭❍❆❘❘■❙ ❡t

❛❧✳✱ ✷✵✵✺✮✳ ■♥ t❤❡ ❇❘❊❆ ♠♦❞❡❧✱ P❛♥t❛♥❛❧ ❜✐♦♠❡ ✐s ✐♥❝♦r♣♦r❛t❡❞ ✐♥ t❤❡ ❈❡♥t❡r✲

❲❡st❡r♥ r❡❣✐♦♥✳ ❆t ❧❛st✱ P❛♠♣❛ ❜✐♦♠❡ ✐s ♣r❡s❡♥t ♦♥❧② ✐♥ ❘✐♦ ●r❛♥❞❡ ❞♦ ❙✉❧ ❙t❛t❡

❛♥❞ ❝♦✈❡rs ✻✸✪ ♦❢ t❤❡ ❙t❛t❡ ❛r❡❛ ✭✶✼✳✻ ▼❤❛✮✳ ▲✐✈❡st♦❝❦ ♣r♦❞✉❝t✐♦♥ ✐s t❤❡ ♠❛✐♥

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

✐♥❝❧✉❞❡❞ ✐♥ t❤❡ ❙♦✉t❤❡r♥ r❡❣✐♦♥✳

❇❘❊❆ ♠♦❞❡❧ ✐s ❛♥ ❡❝♦♥♦♠✐❝ ♠♦❞❡❧ ❝❛♣❛❜❧❡ t♦ r❡♣r❡s❡♥t t❤❡ ❛❣r✐❝✉❧t✉r❛❧ ♠❛r✲

❦❡ts ❛♥❞ ✐ts r❡❣✐♦♥❛❧ ❞✐✛❡r❡♥❝❡s ✐♥ ❇r❛③✐❧✳ ❙✉❝❤ ❧❡✈❡❧ ♦❢ r❡❣✐♦♥❛❧ ❛❣❣r❡❣❛t✐♦♥ ♠✐❣❤t

❧♦s❡ t❤❡ ❧❛♥❞ ❤❡t❡r♦❣❡♥❡✐t②✱ s✐♥❝❡ ❡❛❝❤ ❜✐♦♠❡ ❤❛s s♣❡❝✐✜❝ ❜✐♦❣❡♦❝❤❡♠✐❝❛❧ ❝②❝❧❡s ✇♦r❦✲

✐♥❣ ✐♥ ❞✐✛❡r❡♥t ✇❛②s ❛s ❛ ❝❛r❜♦♥ s✐♥❦ ✭▲■▼❆ ❡t ❛❧✳✱ ✷✵✶✷✮✳ ❍♦✇❡✈❡r✱ ✐♥ s♦♠❡ ❛r❡❛s

s✉❝❤ ❛s P❛♠♣❛ ❛♥❞ ▼❛t❛ ❆t❧â♥t✐❝❛ ❜✐♦♠❡s✱ t❤❡ t♦t❛❧ ❛❣r✐❝✉❧t✉r❛❧ ❛r❡❛ ✐s ❢❛✐r❧② st❛✲

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

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

❛ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ t❤r❡❡ ❞✐✛❡r❡♥t ❜✐♦♠❡s✳ ❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ t❤❡ ❞②♥❛♠✐❝ ♦❢ ❧❛♥❞

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

✐♥ t❤❡ ◆♦rt❤❡r♥ ❛♥❞ ◆♦rt❤❡❛st❡r♥ ❈❡rr❛❞♦ r❡❣✐♦♥s ✭▲❯▼❇❘❊❘❆❙ ❡t ❛❧✳✱ ✷✵✶✺✮✳

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

t❤❡ t♦t❛❧ ❛r❡❛ ♦❢ ❇r❛③✐❧✳ ❚❤✐s ❞❛t❛ ✐s ♠❛❞❡ ❛✈❛✐❧❛❜❧❡ ❜② st❛t❡ ♦♥ ■❇●❊ ✇❡❜s✐t❡✼✳ ❆s

❛ r❡s✉❧t ■ ♣r❡s❡♥t ❜❡❧♦✇ ❛ s✉♠♠❛r② ♦❢ ❡❛❝❤ t②♣❡ ♦❢ ❧❛♥❞ ✉s❡ ❛♥❞ ✐ts ❞❡✜♥✐t✐♦♥✳ ❚❛❜❧❡

✸✳✹ s❤♦✇s t❤❡ t♦t❛❧ r❡❣✐♦♥❛❧ ❛r❡❛s ❜② ❧❛♥❞ ✉s❡✳

❈r♦♣❧❛♥❞ ✲ ❛r❡❛s ♣❧❛♥t❡❞ ✇✐t❤ ♦♥❡ ♦❢ t❤❡ s✐① ❝r♦♣s ❝❛t❡❣♦r✐❡s ✐♥ t❤❡ ♠♦❞❡❧✿

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

✐s ❛r♦✉♥❞ ✻✺ ▼❤❛✳ ❙♦✉t❤❡r♥✱ ❙♦✉t❤❡❛st❡r♥✱ ❛♥❞ ❈❡♥t❡r✲❲❡st❡r♥ r❡❣✐♦♥s ❝♦♥❝❡♥tr❛t❡

❛r♦✉♥❞ ✼✹✪ ♦❢ t♦t❛❧ ❛r❡❛✱ ✇❤✐❧❡ t❤❡ ◆♦rt❤❡r♥ ❛♥❞ ◆♦rt❤❡❛st❡r♥ ❈❡rr❛❞♦ r❡❣✐♦♥ ✕

t❤❡ ♥❡✇ ❛❣r✐❝✉❧t✉r❛❧ ❢r♦♥t✐❡r ✕ r❡♣r❡s❡♥ts ❛r♦✉♥❞ ✷✶✪✳ ❚♦ ❞❡t❡r♠✐♥❡ t❤❡ ❛r❡❛ ♦❢

❝r♦♣❧❛♥❞ ■ ✉s❡ t❤❡ P❆▼ s✉r✈❡② ✭■❇●❊✱ ✷✵✶✻❛✮ ❛♥❞ ♠❛t❝❤ t❤❡ s✉r✈❡② ❞❛t❛ ✇✐t❤ t❤❡

✼ ❁❤tt♣✿✴✴✇✇✇✳✐❜❣❡✳❣♦✈✳❜r✴❤♦♠❡✴❣❡♦❝✐❡♥❝✐❛s✴❝❛rt♦❣r❛✜❛✴❞❡❢❛✉❧t❴t❡rr✐t❴❛r❡❛✳s❤t♠❃

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✸✷

http://www.ibge.gov.br/home/geociencias/cartografia/default_territ_area.shtm


■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❛❣r✐❝✉❧t✉r❛❧ s❡❝t♦rs ✐♥ t❤❡ ♠♦❞❡❧ ❜② ❝♦♠♠♦❞✐t②✱ st❛t❡✱ ❛♥❞ ♠✉♥✐❝✐♣❛❧✐t✐❡s✽✳ ❚❤❡

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

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

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

■ ✇✐❧❧ s❤♦✇ ❛ s♣❡❝✐❛❧ tr❡❛t♠❡♥t ❢♦r t❤❡ ❞♦✉❜❧❡ ❝r♦♣ ♦❢ ♠❛✐③❡✳

P❛st✉r❡ ✲ ❛r❡❛s ✇✐t❤ ♥❛t✉r❛❧ ❣r❛ss ♦r ♣❧❛♥t❡❞ ♣❛st✉r❡ ✉s❡❞ ❢♦r ❧✐✈❡st♦❝❦ r❛♥❝❤✐♥❣

❛♥❞ ♦t❤❡r ❧✐✈❡ ❛♥✐♠❛❧s✳ ❚❤❡ r❡❣✐♦♥s ◆♦rt❤ ❛♥❞ ◆♦rt❤❡❛st ❈❡rr❛❞♦ r❡♣r❡s❡♥t ✹✸✪

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

✐♥ ❇r❛③✐❧✳ ■ ✉s❡ t❤❡ ❞❛t❛ ♦❢ t♦t❛❧ ♣❛st✉r❡ ❢r♦♠ ▲❛❜♦r❛tór✐♦ ❞❡ Pr♦❝❡ss❛♠❡♥t♦ ❞❡

■♠❛❣❡♥s ❡ ●❡♦♣r♦❝❡ss❛♠❡♥t♦ ✭▲❆P■●✮✾ ❛✈❛✐❧❛❜❧❡ ❜② st❛t❡ ❛♥❞ ♠✉♥✐❝✐♣❛❧✐t✐❡s✳ ❚❤❡

t♦t❛❧ ♣❛st✉r❡ ❡st✐♠❛t❡❞ ✐s ✶✻✽ ▼❤❛ ❛♥❞ ✹✽ ▼❤❛ ♦❢ t❤❛t ✐s ❝♦♥s✐❞❡r❡❞ ❞❡❣r❛❞❡❞

♣❛st✉r❡✳

❉❡❣r❛❞❡❞ P❛st✉r❡ ✲ ❛r❡❛s ✇✐t❤ ♥❛t✉r❛❧ ❣r❛ss ♦r ♣❧❛♥t❡❞ ♣❛st✉r❡ ✉s❡❞ ❢♦r ❧✐✈❡✲

st♦❝❦ r❛♥❝❤✐♥❣ ❛♥❞ ♦t❤❡r ❧✐✈❡ ❛♥✐♠❛❧s ✇✐t❤ ❧♦✇ ♣r♦❞✉❝t✐✈❡ ❝❛♣❛❝✐t②✳ ■ ♠❛t❝❤ t❤❡

❞❛t❛ ❢♦r t♦t❛❧ ♣❛st✉r❡ ❛r❡❛ ❛♥❞ t❤❡ ❤❡r❞ ✐♥✈❡♥t♦r✐❡s ♣r♦✈✐❞❡❞ ❜② PP▼ s✉r✈❡② ✭■❇●❊✱

✷✵✶✻❜✮ ❜② st❛t❡ ❛♥❞ ♠✉♥✐❝✐♣❛❧✐t✐❡s✳ ❚❤❡ ♦❝❝✉♣❛t✐♦♥ r❛t❡ ✭or✮ ✐s t❤❡ r❛t✐♦ ♦❢ t♦t❛❧

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

♣❛st✉r❡ ❛s ✇❡❧❧ ❛s t❤❡ ❞✐✈✐s✐♦♥ ❛♠♦♥❣ ❞✐✛❡r❡♥t ❞❡❣r❛❞❛t✐♦♥ ❧❡✈❡❧s✳ P❛st✉r❡ ❛r❡❛s

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

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

❚❛❜❧❡ ✸✳✸✿ ❚♦t❛❧ ♣❛st✉r❡✱ ❞❡❣r❛❞❡❞ ♣❛st✉r❡✱ ♦❝❝✉♣❛t✐♦♥ r❛t❡ ✭or✮✱ ❛♥❞ ❧❡✈❡❧s ♦❢
❞❡❣r❛❞❛t✐♦♥✳

Regions

Pasture (1,000 ha) Levels of degradation

Total* Degraded
Occupation Very High High

rate 0 ≤ or ≤ 0.4 0.4 < or ≤ 0.75

South 17,740 5,663 0.59 403 5,260
Southeast 28,480 8,398 0.56 1,231 7,168
Center-West 37,743 1,232 0.65 10 1,222
North 34,325 1,834 0.54 461 1,373
Northeast 14,259 11,317 0.38 6,586 4,731
Northeast Cerrado 36,248 19,775 0.32 13,627 6,148

Total 168,794 48,220 0.51** 22,317 25,903

Source: research data, own elaboration.
* Good pasture plus degraded pasture.
** Average of all regions.

❚❤❡ ❝r✐t❡r✐❛ ✉s❡❞ t♦ ❞❡t❡r♠✐♥❡ ❞❡❣r❛❞❡❞ ♣❛st✉r❡s s✉❣❣❡sts t❤❡r❡ ❛r❡ ✹✽ ▼❤❛

♦❢ t❤✐s ❧❛♥❞ ❝❛t❡❣♦r② ✐♥ ❇r❛③✐❧✳ ■t ✐s ❝♦♥❝❡♥tr❛t❡❞ ✐♥ t✇♦ r❡❣✐♦♥s✱ ◆♦rt❤❡❛st ❛♥❞

◆♦rt❤❡❛st ❈❡rr❛❞♦✱ r❡♣r❡s❡♥t✐♥❣ ❛r♦✉♥❞ ✻✺✪ ♦❢ t♦t❛❧✳ ❚❤❡ ❧♦✇❡r ♦❝❝✉♣❛t✐♦♥ r❛t❡

✽❲❤✐❝❤ ✐s t❤❡ ❝❛s❡ ♦❢ ▼❛t♦ ●r♦ss♦ ❙t❛t❡✱ ❞✐✈✐❞❡❞ ✐♥ t✇♦ ❞✐✛❡r❡♥t r❡❣✐♦♥s ❝♦♥s✐❞❡r✐♥❣ t❤❡
♠✉♥✐❝✐♣❛❧✐t✐❡s ✐♥ t❤❡ ❆♠❛③♦♥ ❜✐♦♠❡ ❛♥❞ ❈❡rr❛❞♦ ❜✐♦♠❡✳

✾❁❤tt♣s✿✴✴✇✇✇✳❧❛♣✐❣✳✐❡s❛✳✉❢❣✳❜r✴❧❛♣✐❣✴❃

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✸✸

https://www.lapig.iesa.ufg.br/lapig/


■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

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

✇❡❛t❤❡r ✇♦r❦ ❛s ❧✐♠✐t❛t✐♦♥s t♦ ✐♠♣r♦✈❡ t❤❡ ♣❛st✉r❡ q✉❛❧✐t②✳

❚❤❡ ❢♦r❡st ❛r❡❛s r❡❝❡✐✈❡ ❛ s♣❡❝✐❛❧ tr❡❛t♠❡♥t✳ ❚❤❡ ♦❜❥❡❝t✐✈❡ ❤❡r❡ ✐s t♦ ❝❧❛ss✐❢②

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

♣r♦t❡❝t❡❞ ❛r❡❛s✳ ◆♦t✐❝❡ t❤❛t t❤❡ ❝❛t❡❣♦r② ♥❛t✉r❛❧ ❢♦r❡st ❝♦✉❧❞ ❜❡ ✐♥s✐❞❡ ♦r ♦✉ts✐❞❡

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

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

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

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

♥❛t✉r❛❧ ❢♦r❡st✳ ■ st❛rt ✇✐t❤ t❤❡ ❞❛t❛ ♦❢ t♦t❛❧ ♥❛t✐✈❡ ✈❡❣❡t❛t✐♦♥ ❛✈❛✐❧❛❜❧❡ ♦♥ ▲❆P■●

✭▲❆P■●✱ ✷✵✶✻✮✱ ❚❡rr❛ ❈❧❛ss ❈❡rr❛❞♦ ✭■◆P❊✱ ✷✵✶✻✮✱ ❚❡rr❛ ❈❧❛ss ❆♠❛③♦♥ ✭■◆P❊✱

✮✱ ❛♥❞ ❙❖❙ ▼❛t❛ ❆t❧â♥t✐❝❛ ✭❙❖❙ ▼❛t❛ ❆t❧â♥t✐❝❛✱ ✷✵✶✻✮✳ ❚❡rr❛ ❈❧❛ss ♣r♦✈✐❞❡s

✐♥❢♦r♠❛t✐♦♥ ❢♦r ❡❛❝❤ ❜✐♦♠❡ ❛♥❞ st❛t❡✱ ❛♥❞ ❙❖❙ ▼❛t❛ ❆t❧â♥t✐❝❛ ✐♥❢♦r♠❛t✐♦♥ ❢♦r ❡❛❝❤

st❛t❡✳

■ ♠❛t❝❤ t❤❡ ❞❛t❛ ❢r♦♠ ▲❆P■● ✇✐t❤ t❤❡ ❚❡rr❛ ❈❧❛ss ❞❛t❛ ❜② st❛t❡✳ ❚❤❡ ❈❡rr❛❞♦

❜✐♦♠❡ ❤❛s ❛ ♣❡❝✉❧✐❛r✐t② s✐♥❝❡ ✐t ❤❛s ❢♦r❡st ❛♥❞ ♥♦♥✲❢♦r❡st ❛r❡❛s✶✵✳ ❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱

t❤❡ ❇r❛③✐❧✐❛♥ ❋♦r❡str② ❙❡r✈✐❝❡ ✭❙❋❇✮ ❤❛s t❤❡ ◆❛t✐♦♥❛❧ ❘❡❝♦r❞ ♦❢ P✉❜❧✐❝ ❋♦r❡sts

✭❙❋❇✱ ✷✵✶✻✮✳ ❚❤❡ ❙❋❇ ❞❛t❛ ❤❛s ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t t❤❡ ❛r❡❛ ♦❢ ♣✉❜❧✐❝ ❢♦r❡st ✉♥❞❡r

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

✉s❡ t❤❡ ❞❛t❛ ❢r♦♠ ❇r❛③✐❧✐❛♥ ❚r❡❡ ■♥❞✉str② ✭■❇❆✮ ❢♦r ♣❧❛♥t❡❞ ❢♦r❡st ✭■❇❆✱ ✷✵✶✻✮✱ ❛♥❞

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

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

❛♥❞ ♣r✐✈❛t❡❀ ♠❛♥❛❣❡❞ ♥❛t✉r❛❧ ❣r❛ss ✭♣✉❜❧✐❝✮✱ ♣❧❛♥t❡❞ ❢♦r❡st✱ ❛♥❞ ✉♥✉s❡❞ ❛r❡❛s✳

▼❛♥❛❣❡❞ ❋♦r❡st ✲ t❤❡s❡ ❛r❡❛s ❛r❡ ❢♦r❡sts ✉s❡❞ ✐♥ ❛ s✉st❛✐♥❛❜❧❡ ✇❛②✳ ■t ✐s ❞✐✈✐❞❡❞

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

✶✻✹ ▼❤❛ ❛♥❞ ❛r❡ ❞✐✈✐❞❡❞ ✐♥ s❡✈❡♥ t②♣❡s✿ ❡♥✈✐r♦♥♠❡♥t❛❧ ♣r♦t❡❝t✐♦♥ ❛r❡❛✱ ❛r❡❛ ♦❢ r❡❧✲

❡✈❛♥t ❡❝♦❧♦❣✐❝❛❧ ✐♥t❡r❡st✱ ♥❛t✐♦♥❛❧ ❢♦r❡st✱ ❡①tr❛❝t✐✈❡ r❡s❡r✈❡✱ ✇✐❧❞✜r❡ r❡s❡r✈❡✱ ♣r✐✈❛t❡

♥❛t✉r❛❧ ❤❡r✐t❛❣❡ r❡s❡r✈❡ ❛♥❞ s✉st❛✐♥❛❜❧❡ ❞❡✈❡❧♦♣♠❡♥t r❡s❡r✈❡✳ ■ ❛ss✉♠❡ t❤❛t t❤✐s

❧❛♥❞ ❝❛t❡❣♦r② ✐s ♥♦t ❛✈❛✐❧❛❜❧❡ t♦ ❝♦♥✈❡rs✐♦♥ t♦ ❛❣r✐❝✉❧t✉r❛❧ ✉s❡ ✐♥ t❤❡ ♠♦❞❡❧✳ ❚❤❡

♣r✐✈❛t❡ ♠❛♥❛❣❡❞ ❢♦r❡st ✐s ✽ ▼❤❛ ❛♥❞ ✐t ✐s ❛✈❛✐❧❛❜❧❡ t♦ ❜❡ ❝♦♥✈❡rt❡❞ ✐♥ t❤❡ ♠♦❞❡❧

❜❡♥❝❤♠❛r❦✳

P❧❛♥t❡❞ ❋♦r❡st ✲ t❤❡s❡ ❛r❡❛s ❛r❡ r❡♣r❡s❡♥t❡❞ ❢♦r ❛ ❧❛r❣❡ ♥✉♠❜❡r ♦❢ ♣❧❛♥t❡❞

❢♦r❡sts ✇✐t❤ ♣✐♥✉s ❛♥❞ ❡✉❝❛❧②♣t✉s s♣❡❝✐❡s✳ ❚❤❡ t♦t❛❧ ✐s ✼ ▼❤❛ ❝♦♥❝❡♥tr❛t❡❞ ✐♥

t❤❡ ❙♦✉t❤❡r♥✱ ❙♦✉t❤❡❛st❡r♥✱ ❛♥❞ ◆♦rt❤❡❛st❡r♥ ❈❡rr❛❞♦ r❡❣✐♦♥s✳ ■♥ ❛ s❤♦rt✲r♦t❛t✐♦♥

✶✵ ❚❤❡ t②♣✐❝❛❧ s❛✈❛♥♥❛ ❢♦r♠❛t✐♦♥s ❛r❡ ♥♦t ❤♦♠♦❣❡♥♦✉s✳ ❚❤❡r❡ ✐s ❛ ❣r❡❛t ✈❛r✐❛t✐♦♥ ✐♥ t❤❡ ❜❛❧❛♥❝❡
❜❡t✇❡❡♥ t❤❡ q✉❛♥t✐t✐❡s ♦❢ tr❡❡s ❛♥❞ ❤❡r❜❛❝❡♦✉s ✈❡❣❡t❛t✐♦♥✱ ❢♦r♠✐♥❣ ❛ str✉❝t✉r❛❧ ❣r❛❞✐❡♥t t❤❛t ❣♦❡s
❢r♦♠ t❤❡ ❝♦♠♣❧❡t❡❧② ♦♣❡♥ ❝❡rr❛❞♦ ✲ t❤❡ ❝❧❡❛♥ ✜❡❧❞✱ ♣r❡❞♦♠✐♥❛♥t ✈❡❣❡t❛t✐♦♥ ♦❢ ❣r❛ss❡s✱ ✇✐t❤♦✉t t❤❡
♣r❡s❡♥❝❡ ♦❢ ✇♦♦❞❡♥ ❡❧❡♠❡♥ts ✭tr❡❡s ❛♥❞ s❤r✉❜s✮ ✲ t♦ t❤❡ ❝❧♦s❡ ❝❡rr❛❞♦✱ ♣❤②s✐♦❣♥♦♠✐❝❛❧❧② ❢♦r❡st❛❧
✲ t❤❡ ❝❡rr❛❞ã♦ ✭✬❜✐❣ ❝❡rr❛❞♦✬✮✱ ✇✐t❤ ❛ ❣r❡❛t q✉❛♥t✐t② ♦❢ tr❡❡s ❛♥❞ ❛ ❢♦r❡st t②♣❡ ❛s♣❡❝t✳ ❚❤❡ ✐♥t❡r✲
♠❡❞✐❛t❡ ❢♦r♠s ❛r❡ t❤❡ ❞✐rt② ✜❡❧❞✱ t❤❡ ❝❡rr❛❞♦ ✜❡❧❞ ❛♥❞ t❤❡ ❝❡rr❛❞♦ s❡♥s✉ str✐❝t♦✱ ❛❝❝♦r❞✐♥❣ t♦ ❛
❣r♦✇✐♥❣ ❞❡♥s✐t② ♦❢ tr❡❡s✳

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✸✹



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

s②st❡♠ ✇✐t❤ s✐♥❣❧❡ ♦r ❢❡✇ s♣❡❝✐❡s ❛♥❞ ✉♥✐❢♦r♠ ♣❧❛♥t✐♥❣ ❞❡♥s✐t②✱ t❤❡ ♣r♦❞✉❝t✐♦♥ ✐s

✉s❡❞ t♦ s✉♣♣❧② t❤❡ ✇♦♦❞ ❛♥❞ ♣❛♣❡r ✐♥❞✉str✐❡s✳

▼❛♥❛❣❡❞ ♥❛t✉r❛❧ ❣r❛ss ✲ ✐t ✐s ❛ s♣❡❝✐❛❧ ❝❛t❡❣♦r② t❤❛t ❞♦❡s ♥♦t ❡♥t❡r ✐♥ t❤❡

♠♦❞❡❧ ❜❡♥❝❤♠❛r❦✳ ■t ✐s ❛r♦✉♥❞ ✾ ▼❤❛ ❝♦♥❝❡♥tr❛t❡❞ ✐♥ t❤❡ ❈❡rr❛❞♦ ❜✐♦♠❡ ❛♥❞ ✐s

♣r❡s❡♥t ✐♥ t❤❡ ◆❛t✐♦♥❛❧ ❘❡❝♦r❞ ♦❢ P✉❜❧✐❝ ❋♦r❡sts ✭❙❋❇✱ ✷✵✶✻✮✱ ❤♦✇❡✈❡r ✐t ✐s ❞✐✣❝✉❧t

t♦ ❡♥s✉r❡ t❤❡ r❡❛❧ ✈❡❣❡t❛t✐♦♥ ✐♥ t❤❡s❡ ❛r❡❛s ✭❢♦r❡st ♦r ♥♦♥✲❢♦r❡st ❈❡rr❛❞♦✮✳

Pr♦t❡❝t❡❞ ❛r❡❛s ✲ t❤❡ t♦t❛❧ ♣r♦t❡❝t❡❞ ❛r❡❛ r❡♣r❡s❡♥ts ❛r♦✉♥❞ ✶✽✼ ▼❤❛ ❛♥❞ ✐t

✐s ❞✐✈✐❞❡❞ ✐♥ ♣✉❜❧✐❝ ❛♥❞ ♣r✐✈❛t❡ ❛r❡❛s✳ ❚❤❡ ♣r✐✈❛t❡ ❛r❡❛s ❛r❡ ✐♥s✐❞❡ t❤❡ r✉r❛❧ ❡st❛❜✲

❧✐s❤♠❡♥ts ❛♥❞ r❡♣r❡s❡♥t ✺✶ ▼❤❛✳ ❚❤❡ ♣✉❜❧✐❝ ♣r♦t❡❝t❡❞ ❛r❡❛ r❡♣r❡s❡♥ts ❛r♦✉♥❞ ✶✸✺

▼❤❛✳ ❚❤❡r❡ ❛r❡ t✇♦ t②♣❡s ♦❢ ❡♥✈✐r♦♥♠❡♥t❛❧ ♣r♦t❡❝t✐♦♥ ❛r❡❛s ✐♥ t❤❡ ❝♦✉♥tr②✿ ❛r❡❛s

♦❢ ❢✉❧❧ ♣r♦t❡❝t✐♦♥ ❛♥❞ ❛r❡❛s ♦❢ s✉st❛✐♥❛❜❧❡ ✉s❡ ✭❛❧❧♦❝❛t❡❞ ✐♥ ♠❛♥❛❣❡❞ ❢♦r❡st ❝❛t❡❣♦r②

❛❜♦✈❡✮✳ ❚❤❡ ❢✉❧❧ ♣r♦t❡❝t❡❞ ❛r❡❛s ❛r❡ ❝❧❛ss✐✜❡❞ ✐♥ ✜✈❡ t②♣❡s✿ ❡❝♦❧♦❣✐❝❛❧ st❛t✐♦♥✱ ❜✐✲

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

❛r❡❛s ✐♥ ◆♦rt❤❡r♥ r❡❣✐♦♥ ✭❆♠❛③♦♥ ❜✐♦♠❡✮ r❡♣r❡s❡♥ts ✼✸✪ ♦❢ t♦t❛❧ ♣r♦t❡❝t❡❞ ❛r❡❛ ✐♥

❇r❛③✐❧✱ ❛♥❞ ✐♥ t❤❡ ❈❡rr❛❞♦ ❜✐♦♠❡ ✐s ✶✺✪ ♦❢ t♦t❛❧ ❛r❡❛✳ ❚❤❡s❡ ❛r❡❛s ❛r❡ ♥♦t ❛✈❛✐❧❛❜❧❡

t♦ ❜❡ ❝♦♥✈❡rt❡❞ ✐♥ t❤❡ ♠♦❞❡❧ ❜❡♥❝❤♠❛r❦✳

◆❛t✉r❛❧ ❛r❡❛s ✲ t❤❡s❡ ❛r❡❛s ♣♦rtr❛② t❤❡ r❡s✐❞✉❛❧ ❛r❡❛s ✇❤❡r❡ t❤❡r❡ ✐s ❛ ❝♦♠❜✐✲

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

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

❢r♦♠ ▼❛t❛ ❆t❧â♥t✐❝❛ ❜✐♦♠❡✱ ❛♥❞ ♥♦♥✲❢♦r❡st ❢♦r♠❛t✐♦♥ ❢r♦♠ ❈❡rr❛❞♦✳ ❚❤❡ s❛♠❡ ❢♦r

❈❡♥t❡r✲❲❡st r❡❣✐♦♥✱ ✇❤❡r❡ ✐s ❛ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ ♥♦♥✲❢♦r❡st ❢♦r♠❛t✐♦♥ ❢r♦♠ ❈❡rr❛❞♦

❛♥❞ ✇❡t❧❛♥❞s ❢r♦♠ P❛♥t❛♥❛❧ ❜✐♦♠❡✳ ❋♦r t❤❡ ◆♦rt❤❡❛st ❈❡rr❛❞♦ ✐t ✐s ❛ ❝♦♠❜✐♥❛✲

t✐♦♥ ♦❢ ♥♦♥✲❢♦r❡st ❢♦r♠❛t✐♦♥ ❢r♦♠ ❈❛❛t✐♥❣❛ ❛♥❞ ❈❡rr❛❞♦ ❜✐♦♠❡s✳ ❚❤❡ t♦t❛❧ ❛r❡❛ ✐s

❛r♦✉♥❞ ✶✶✶ ▼❤❛ ❛♥❞ t❤✐s ❛r❡❛ ✐s ❝♦♥s✐❞❡r❡❞ ❛✈❛✐❧❛❜❧❡ t♦ ❜❡ ❝♦♥✈❡rt❡❞ t♦ ❛❣r✐❝✉❧t✉r❡

♦r ♣❛st✉r❡ ❛r❡❛s ✐♥ t❤❡ ♠♦❞❡❧✳

❯♥✉s❡❞ ✲ t❤❡ t♦t❛❧ ✉♥✉s❡❞ ❛r❡❛ r❡♣r❡s❡♥ts ❛r♦✉♥❞ ✷✹ ▼❤❛✳ ❚❤✐s ❛r❡❛ ✐s ❛

❝♦♥❝❡♥tr❛t✐♦♥ ♦❢ r✐✈❡r ❜❛s✐♥s✱ s✉❝❤ ❛s ❆♠❛③♦♥ r✐✈❡r✱ ❛s ✇❡❧❧ ❛s ✇❡t❧❛♥❞s✱ ✉r❜❛♥ ❛r❡❛s✱

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

s❛❧✐♥❛t❡❞ ❧❛♥❞s✳

❚❛❜❧❡ ✸✳✹✿ ❆r❡❛ ♦❢ ❇❘❊❆ ❝❧❛ss❡s ♣❡r r❡❣✐♦♥ ✐♥ ❇r❛③✐❧ ✭✶✱✵✵✵ ❤❛✮✳

Regions Cropland
Good Degraded Natural Natural Managed Planted Others

Totalpasture pasture areas forest∗ forest forest categories

sth 19,146 12,077 5,663 7,566 2,624 512 2,153 7,936 57,677
sst 13,778 20,082 8,398 23,676 6,762 1,164 3,463 15,138 92,462
cst 14,988 36,510 1,232 21,143 11,371 675 675 26,436 113,031
nth 5,168 32,491 1,834 2,522 50,275 1,039 413 311,465 405,206
nst 3,519 2,942 11,317 14,070 4,567 1,605 8 2,574 40,601
nstc 8,568 16,472 19,775 42,059 28,504 3,479 906 22,837 142,600

Total 65,166 120,575 48,220 111,035 104,103 8,472 7,619 386,387 851,577

Source: research data own elaboration.
sth: South; sst: Southeast; cst: Center-West; nth: North; nst: Northeast; nstc: Northeast Cerrado.
∗ Public and Private.

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✸✺



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

✸✳✷✳✶ ▲❛♥❞ r❡♥t ❛♥❞ ❧❛♥❞ ✈❛❧✉❡

❚❤❡ ✐♥♣✉t✲♦✉t♣✉t ❞❛t❛❜❛s❡ r❡♣♦rts ❡❝♦♥♦♠✐❝ ✢♦✇s ✐♥ t❤❡ ②❡❛r ✷✵✵✾✳ ❘❡❣❛r❞✐♥❣

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

❝♦♠❡s t♦ t❤❡ ❧❛♥❞ ✉s❡ ❞❛t❛❜❛s❡ t❤❡ r❡❧❡✈❛♥t ✢♦✇s ❛r❡ t❤❡ ❧❛♥❞ r❡♥ts ❛ss♦❝✐❛t❡❞ ✇✐t❤

❛ ❣✐✈❡♥ ❡❝♦♥♦♠✐❝ ❛❝t✐✈✐t②✱ t❛❦✐♥❣ ♣❧❛❝❡ ✐♥ ❛ ❣✐✈❡♥ ❛❣r✐❝✉❧t✉r❛❧ ❛r❡❛✳ ❚❤❡ ❧❛♥❞ r❡♥ts

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

✐♥ t❤❡ ❈●❊ ♠♦❞❡❧✳ ■♥ ❛❞❞✐t✐♦♥✱ t❤❡ ♠❛♥✐♣✉❧❛t✐♦♥ ♦❢ t❤❡ ❞❛t❛❜❛s❡ ♠✉st s❛t✐s❢② ❛

♥✉♠❜❡r ♦❢ ❦❡② ❡q✉✐❧✐❜r✐✉♠ ❝♦♥❞✐t✐♦♥s✱ ✐♥❝❧✉❞✐♥❣✿ ♠❛r❦❡t ❝❧❡❛r❛♥❝❡✱ ✐♥❝♦♠❡ ❜❛❧❛♥❝❡✱

❛♥❞ ③❡r♦ ♣r♦✜t✳ ❇❡❝❛✉s❡ ♦❢ t❤❡s❡ r❡q✉✐r❡♠❡♥ts✱ ❛♥② ❝❤❛♥❣❡ ✐♥ t❤❡ ❞❛t❛❜❛s❡ t♦

r❡♣r❡s❡♥t ❧❛♥❞ r❡♥ts ♦r ❛♥② ♦t❤❡r ♥❡✇ ❡❝♦♥♦♠✐❝ ✢♦✇ ♠✉st ❛✈♦✐❞ ❥❡♦♣❛r❞✐③✐♥❣ ♦♥❡ ♦r

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

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

❞❛t❛❜❛s❡✱ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ✐♥❢♦r♠❛t✐♦♥ ♣r♦✈✐❞❡❞ ❜② t❤❡ ✷✵✵✻ ❆❣r✐❝✉❧t✉r❛❧ ❈❡♥s✉s

✭■❇●❊✱ ✷✵✵✻✮ ❛♥❞ t❤❡ P❆▼ s✉r✈❡② ✭■❇●❊✱ ✷✵✶✻❛✮✳

■♥ t❤✐s s✉❜s❡❝t✐♦♥✱ ■ ❞❡s❝r✐❜❡ ❤♦✇ ■ ❛❧❧♦❝❛t❡ t❤❡ ❧❛♥❞ r❡♥ts ❛❝r♦ss t❤❡ s❡❝t♦rs

✐♥ t❤❡ ♠♦❞❡❧✳ ❚❤❡ ♣r♦❝❡❞✉r❡ ❞✐✛❡rs ❢♦r ❝r♦♣ ❛♥❞ ❧✐✈❡st♦❝❦✱ s♦ ■ ❞✐s❝✉ss t❤❡ ❛ss♦✲

❝✐❛t❡❞ ♣r♦❝❡❞✉r❡s ✜rst ❢♦r ❝r♦♣s ❛♥❞ t❤❡♥ ❢♦r ❧✐✈❡st♦❝❦✳ ❚❤❡ s❡❝t♦r❛❧ ✈❛❧✉❡✲❛❞❞❡❞

❛❞❥✉st♠❡♥t s❤♦✉❧❞ ♣r❡s❡r✈❡ t❤❡ ❡st✐♠❛t❡s ♦❢ ♣r✐♠❛r② ❢❛❝t♦rs s❤❛r❡s ❢r♦♠ ❧✐t❡r❛t✉r❡✱

❛❧s♦ t❤❡ ❛ss✉♠♣t✐♦♥ ♦❢ ✐♥❞✐r❡❝t ✉s❡ ♦❢ ❧❛♥❞ ❜② ♥♦♥✲r✉♠✐♥❛♥ts s❡❝t♦rs ✭s✇✐♥❡ ❛♥❞

♣♦✉❧tr②✮✳ ❋♦r❡st ❧❛♥❞ r❡♥t ❛❧❧♦❝❛t✐♦♥ ✐s ❞❡s❝r✐❜❡❞ ♥❡①t✱ ❢♦❧❧♦✇❡❞ ❜② ❛♥ ♦✈❡r✈✐❡✇ ♦❢

t❤❡ ✜♥❛❧ ❞❛t❛❜❛s❡✳

■ st❛rt ✇✐t❤ t❤❡ ❞❛t❛ ♦❢ ❤❛r✈❡st❡❞ ❛r❡❛ ✐♥ t❤❡ ②❡❛r ✷✵✵✾✱ s✐♥❝❡ ✐♥ t❤❡ ❡❝♦♥♦♠✐❝

❛❝❝♦✉♥ts ❢♦r ❡❛❝❤ r❡❣✐♦♥ ✐♥ t❤❡ ♠♦❞❡❧✱ ❧❛♥❞ r❡♥ts ❛r❡ ❣❡♥❡r❛t❡❞ ❢r♦♠ t❤❡ ❛❝t✐✈✐t②

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

✐♥ t❤❡ ✈❛❧✉❡ ♦❢ t❤❡ ❧❛♥❞ ✐♥ ♣r♦❞✉❝t✐♦♥ ♦✈❡r t❤❡ ❝♦✉rs❡ ♦❢ t❤❡ ❡♥t✐r❡ ②❡❛r✱ ♥♦t ❥✉st

♦♥❡ s❡❛s♦♥✳ ❈♦♥s✐❞❡r t❤❡ ❝❛s❡ ♦❢ ❛ ❢❛r♠❡r ✐♥ t❤❡ ❙♦✉t❤ ♦❢ ❇r❛③✐❧ ✇❤♦ ❣r♦✇s ❡❛r❧②

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

❚❤❡ ❡❝♦♥♦♠✐❝ ❞❛t❛ ✐❞❡♥t✐❢② s❡❝t♦rs ✐♥ t❡r♠s ♦❢ ❝r♦♣s ✭r✐❝❡✱ ♠❛✐③❡✱ s♦②❜❡❛♥✱ ❛♥❞ s♦

♦♥✮✱ ♥♦t ❤❡❝t❛r❡s ♦❢ ❧❛♥❞✳ ❚❤❡ ❧❛♥❞ r❡♥ts s❤♦✉❧❞ ❛❝❝r✉❡ t♦ t❤❡ ❤❛r✈❡st❡❞ ❛r❡❛✱ ❜②

❝r♦♣✳

❚❤❡ ✷✵✵✻ ❆❣r✐❝✉❧t✉r❛❧ ❈❡♥s✉s ✭■❇●❊✱ ✷✵✵✻✮ ❤❛s t❤❡ ✐♥❢♦r♠❛t✐♦♥ ♦❢ ❧❛♥❞ r❡♥ts

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

t✉r❛❧ s❡❝t♦rs ✐♥ t❤❡ ♠♦❞❡❧✱ t❤❡ ❡①❝❡♣t✐♦♥s ❛r❡ ❢r✉✐t ✭❢r✐t✮ ❛♥❞ ♦t❤❡r ❝✉❧t✉r❡s ✭♦❝✉❧✮

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

✶✶❋♦r ❡①❛♠♣❧❡✱ t❤❡ ❡❝♦♥♦♠✐❝ ❛❝t✐✈✐t② ♦❢ ❝♦r♥ ❤❛s ❛ ❞✐r❡❝t❧② ♠❛t❝❤ ✇✐t❤ t❤❡ ❝♦r♥ s❡❝t♦r✳ ❖♥ t❤❡
♦t❤❡r ❤❛♥❞✱ ❛❧❧ t❤❡ ❢r✉✐t ♣r♦❞✉❝t✐♦♥ ♠❛t❝❤ ✇✐t❤ ❢r✐t s❡❝t♦r❀ ❛❧❧ t❤❡ ♦t❤❡r ❣r❛✐♥ ♣r♦❞✉❝t✐♦♥ ♠❛t❝❤
✇✐t❤ ♦❝✉❧ s❡❝t♦r✳ ❚❤❡② ❛r❡ ❛ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ ❞✐✛❡r❡♥t ❡❝♦♥♦♠✐❝ ❛❝t✐✈✐t✐❡s✱ s✉❝❤ ❛s ❢r✉✐ts ♣r♦❞✉❝t✐♦♥
❛♥❞ ♦t❤❡r ❣r❛✐♥s✱ r❡s♣❡❝t✐✈❡❧②✳

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✸✻



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

t❤❡ ❇❘❊❆ s❡❝t♦r❛❧ ❧❛♥❞ r❡♥ts ✐♥t♦ t❤❡ ✈❡❣❡t❛❧ ♣r♦❞✉❝t✐♦♥ s❡❝t♦rs✳

V RENTi,r =
∑

r

(Pi,r · Ai,r) ·
V PRODi,r

∑

r V PRODi,r

✭✸✳✺✮

i ∈ vagri, i 6= frit, ocul

✇❤❡r❡✿

V RENTi,r ✐s t❤❡ ✈❛❧✉❡ ♦❢ t♦t❛❧ ❧❛♥❞ ♦❢ ❝r♦♣ i ✐♥ r❡❣✐♦♥ r❀

Pi,r ✐s t❤❡ ♣❡r✲❤❛ ♣r✐❝❡ ♦❢ ❧❛♥❞ r❡♥t ✐♥ ❝r♦♣ i ✐♥ r❡❣✐♦♥ r ✭❈❖◆❆❇✶✷✮❀

Ai,r ✐s t❤❡ ❤❛r✈❡st❡❞ ❛r❡❛ ✭❤❛✮ ♦❢ ❝r♦♣ i ✐♥ r❡❣✐♦♥ r ✭P❆▼ s✉r✈❡②✮❀

V PRODi,r ✐s t❤❡ ✈❛❧✉❡ ♦❢ ♣r♦❞✉❝t✐♦♥ ♦❢ ❝r♦♣ i ✐♥ r❡❣✐♦♥ r ✭P❆▼ s✉r✈❡②✮✳

❋♦r t❤❡ ❢r✉✐t ✭❢r✐t✮ ❛♥❞ ♦t❤❡r ❝✉❧t✉r❡s ✭♦❝✉❧✮ s❡❝t♦rs ■ ✉s❡ ❛ s❧✐❣❤t❧② ❞✐✛❡r❡♥t

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

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

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

✷✵✵✻ ❈❡♥s✉s ❞❛t❛ ✭■❇●❊✱ ✷✵✵✻✮✳

V RENTi,r =
RENTi,r

ARENTi,r

· Ai,r ✭✸✳✻✮

i = frit, ocul

✇❤❡r❡✿

RENTi,r ✐s t❤❡ ✈❛❧✉❡ ♦❢ t♦t❛❧ ❧❛♥❞ r❡♥t ♣❛②❡❞ ✐♥ ❝r♦♣ i ✐♥ r❡❣✐♦♥ r ✭❈❡♥s✉s✮❀

ARENTi,r ✐s t❤❡ t♦t❛❧ ❛r❡❛ r❡♥t❡❞ ✐♥ ❝r♦♣ i ✐♥ r❡❣✐♦♥ r ✭❈❡♥s✉s✮❀

❚❛❜❧❡ ✸✳✺ s❤♦✇s t❤❡ t♦t❛❧ ❧❛♥❞ r❡♥ts ♣❡r r❡❣✐♦♥ ✐♥ ❇❘❊❆ ♠♦❞❡❧✳ ❚❤❡ ❞❛t❛

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

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

❝✉❧t✉r❡s s❡❝t♦r ✭♦❝✉❧✮✱ s♣❡❝✐❛❧❧② ✐♥ t❤❡ ❙♦✉t❤ ❛♥❞ ❙♦✉t❤❡❛st r❡❣✐♦♥s✱ ❛r❡ ❝♦♥s❡q✉❡♥❝❡

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

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

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

s♦♠❡ ♣♦✐♥ts ❛❜♦✉t s♣❡❝✐✜❝ ❝r♦♣s✳ ❋♦r ❡①❛♠♣❧❡✱ t❤❡ s♦②❜❡❛♥ ❤❛s ❧❛r❣❡ s❤❛r❡s ✐♥

❛❧♠♦st ❛❧❧ r❡❣✐♦♥s ❡①❝❡♣t ✐♥ t❤❡ ◆♦rt❤❡❛st✳ ■♥ t❤❡ ❈❡♥t❡r✲❲❡st ✐t r❡❛❝❤❡s ✻✺✪ ♦❢

t♦t❛❧ ❧❛♥❞ r❡♥ts ✭❋✐❣✉r❡ ✸✳✼✮❀ t❤❡ ♠❛✐③❡ ♣r♦❞✉❝t✐♦♥ ✐s ✇❡❧❧ ❞✐str✐❜✉t❡❞ t❤r♦✉❣❤♦✉t t❤❡

❝♦✉♥tr②✱ ❡ss❡♥t✐❛❧❧② ❞✉♦ t♦ t❤❡ ❞✐✛✉s✐♦♥ ♦❢ ❞♦✉❜❧❡ ❝r♦♣♣✐♥❣✳ ❚❤❡ s❛♠❡ ♣❛tt❡r♥ ✇✐t❤

❢r✉✐t ♣r♦❞✉❝t✐♦♥✱ ❡①♣❡❝t ❢♦r ❈❡♥t❡r✲❲❡st ❛♥❞ ◆♦rt❤ r❡❣✐♦♥s✱ ✇❤✐❝❤ ❛r❡ ❞♦♠✐♥❛t❡❞

❜② s♦②❜❡❛♥ ❛♥❞ ❧✐✈❡st♦❝❦ ♣r♦❞✉❝t✐♦♥s✳ ❈❛♥❡ ♣r♦❞✉❝t✐♦♥ ✐s ❛ tr❛❞✐t✐♦♥❛❧ ❝r♦♣ ✐♥ t❤❡

❙♦✉t❤❡❛st ❛♥❞ ◆♦rt❤❡❛st r❡❣✐♦♥s ❛s t❤❡ r✐❝❡ ♣r♦❞✉❝t✐♦♥ ✐♥ t❤❡ ❙♦✉t❤✳

✶✷❈♦♠♣❛♥❤✐❛ ◆❛❝✐♦♥❛❧ ❞❡ ❆❜❛st❡❝✐♠❡♥t♦✳ ❆✈❛✐❧❛❜❡ ❛t ❈♦sts ♦❢ ♣r♦❞✉❝t✐♦♥ ✇❡❜s✐t❡✿ ❁❤tt♣✿
✴✴✇✇✇✳❝♦♥❛❜✳❣♦✈✳❜r✴❝♦♥t❡✉❞♦s✳♣❤♣❄❛❂✶✺✹✻✫t❂✷❃

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✸✼

http://www.conab.gov.br/conteudos.php?a=1546&t=2
http://www.conab.gov.br/conteudos.php?a=1546&t=2
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❚❛❜❧❡ ✸✳✺✿ ❚♦t❛❧ ❧❛♥❞ r❡♥ts ♣❡r r❡❣✐♦♥ ✭❛❧❧ ❘✩ ✈❛❧✉❡s ❛r❡ ✐♥ ✷✵✵✾ ♠✐❧❧✐♦♥ ❘✩✮✳

Regions rice corn cane soy frit ocul frst cttl ola

South 361 481 178 1,627 362 2,912 306 1,932 206
Southeast 9 300 1,442 351 642 1,545 1,061 2,767 87
Center-West 36 274 240 1,809 16 373 56 1,786 68
North 38 78 53 380 19 103 134 1,533 123
Northeast 9 48 277 1 56 279 15 696 41
Northeast Cerrado 55 100 67 430 100 269 502 904 192

Source: reseach data own elaboration.
rice: rice; corn: maize; cane: sugar cane; soy: soybean; frit: fruits; ocul: other cultures
frst: forestry; cttl: cattle ranching; ola: other live animals.

❋✐❣✉r❡ ✸✳✼✿ ❉✐str✐❜✉t✐♦♥ ♦❢ ❝r♦♣ s❡❝t♦rs ❧❛♥❞ r❡♥t ✭❧❡❢t✮ ❛♥❞ ❞✐str✐❜✉t✐♦♥ ♦❢ ❝r♦♣✱
❧✐✈❡st♦❝❦✱ ❛♥❞ ❢♦r❡str② ❧❛♥❞ r❡♥ts ✭r✐❣❤t✮✳
st❤✿ ❙♦✉t❤❀ sst✿ ❙♦✉t❤❡❛st❀ ❝st✿ ❈❡♥t❡r✲❲❡st❀ ♥t❤✿ ◆♦rt❤❀ ♥st✿ ◆♦rt❤❡❛st❀ ♥st❝✿

◆♦rt❤❡❛st ❈❡rr❛❞♦✳

❙♦✉r❝❡✿ r❡s❡❛r❝❤ ❞❛t❛ ♦✇♥ ❡❧❛❜♦r❛t✐♦♥✳

❚❤❡r❡ ❛r❡ ❢♦✉r ❧✐✈❡st♦❝❦ ♣r♦❞✉❝t✐♦♥ s❡❝t♦rs ✐♥ ❇❘❊❆ ❞❛t❛❜❛s❡✿ ❝❛tt❧❡ ✭❝tt❧✮✱

♦t❤❡r ❧✐✈❡ ❛♥✐♠❛❧s ✭♦❧❛✮✱ s✇✐♥❡ ✭s✇✐♥✮✱ ❛♥❞ ♣♦✉❧tr② ✭♣tr②✮✳ ❚❤❡ ♥♦♥✲r✉♠✐♥❛♥ts ✭s✇✐♥❡

❛♥❞ ♣♦✉❧tr②✮ s❡❝t♦rs ❞♦ ♥♦t ✉s❡ ❧❛♥❞ ❞✐r❡❝t❧② ✐♥ ♣r♦❞✉❝t✐♦♥✳ ❚❤❡② ❝♦♥s✉♠❡ ❣r❛✐♥ ❛♥❞

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

✐♥ t❤❡ s②st❡♠✳ ▼♦r❡♦✈❡r✱ ❛s t❤❡ ♣r♦❞✉❝t✐♦♥ ✐♥t❡♥s✐✜❝❛t✐♦♥ ✐♥❝r❡❛s❡s✱ t❤❡s❡ ❛♥✐♠❛❧s

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

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

t❤❡s❡ s❡❝t♦rs ❛♥❞ ❝r♦♣s✱ ❢♦r❡str② ❛♥❞ r✉♠✐♥❛♥ts ♣r♦❞✉❝t✐♦♥✳ ❍♦✇❡✈❡r✱ t❤❡r❡ ✐s ❛♥

✐♥❞✐r❡❝t ❝♦♠♣❡t✐t✐♦♥✱ s✐♥❝❡ ❛♥ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ♣♦✉❧tr② ♣r♦❞✉❝t✐♦♥✱ ❢♦r ❡①❛♠♣❧❡✱ ✇✐❧❧

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

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

r✉♠✐♥❛♥t ♣r♦❞✉❝t✐♦♥✳

■♥ ♦r❞❡r t♦ ❞❡t❡r♠✐♥❡ t❤❡ ❧❛♥❞ r❡♥t ❢♦r t❤❡ ♦t❤❡r ❧✐✈❡ ❛♥✐♠❛❧s ✭♦❧❛✮ s❡❝t♦r ■

✉s❡ ❛♥ ❛♣♣r♦❛❝❤ s✐♠✐❧❛r t♦ t❤❡ ●❚❆P ♠♦❞❡❧ ✭▲❊❊ ❡t ❛❧✳✱ ✷✵✵✾✮✳ ❚❤❡ ♦❧❛ s❡❝t♦r ✐s ❛

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

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

t❤❡s❡ ❛♥✐♠❛❧s ❛r❡ r❛✐s❡❞✳ ❲✐t❤ t❤✐s ✐♥ ♠✐♥❞ ■ ✉s❡ ❛♥ ✐♥❞❡① ♦❢ ♠❛✐③❡ ②✐❡❧❞ ❛s ❛

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✸✽



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

♣r❡❞✐❝t♦r ♦❢ ❧❛♥❞ ♣r♦❞✉❝t✐✈✐t② ✐♥ ❢♦r❛❣❡✳ ❋♦r t❤❡ ❝❛tt❧❡ ♣r♦❞✉❝t✐♦♥ ■ ✉s❡ ❛♥ ✐♥❞❡①

❜❛s❡❞ ♦♥ ♣❡r✲❅ ♣r✐❝❡ ✶✸ ✱ ♣r♦❞✉❝t✐✈✐t②✱ ❛s ✇❡❧❧ ❛s t❤❡ ♣❛st✉r❡ ❛♥❞ ♥❛t✉r❛❧ ❣r❛ss ❧❛♥❞

❛r❡❛s✳ ❚❤❡ t♦t❛❧ ✈❛❧✉❡s ♣❛✐❞ ✐♥ r❡♥t ❢♦r ❡❛❝❤ s❡❝t♦r ❛r❡ s♣❧✐t ✉s✐♥❣ t❤❡s❡s ✐♥❞❡①❡s✱

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

V RENTi,r =
∑

r

(

RENTi,r

ARENTi,r

· APi,r

)

· shrenti,r ✭✸✳✼✮

shrenti,r =
Pi,r · Y IELDi,r · APi,r

∑

r(Pi,r · Y IELDir · APi,r)

i = cttl, ola

✇❤❡r❡✿

APi,r ✐s t❤❡ ♣❛st✉r❡ ❛♥❞ ♥❛t✉r❛❧ ❣r❛ss ❛r❡❛ ✭❈❡♥s✉s✮❀

❋✐❣✉r❡ ✸✳✼ s❤♦✇s t❤❡ s❤❛r❡s ♦❢ t♦t❛❧ ❧❛♥❞ r❡♥ts ✐♥ ❡❛❝❤ r❡❣✐♦♥✳ ❚❤❡ ❧✐✈❡st♦❝❦

❧❛❜❡❧ ✐♥❝❧✉❞❡s t❤❡ ❝❛tt❧❡ ❛♥❞ t❤❡ ♦t❤❡r ❧✐✈❡ ❛♥✐♠❛❧s s❡❝t♦rs✳ ❚❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ ❧❛♥❞

r❡♥ts ❛❝r♦ss r❡❣✐♦♥s r❡✈❡❛❧ ❛ ♣❛tt❡r♥ s✐♠✐❧❛r t♦ t❤❡ ❝r♦♣s ❞✐str✐❜✉t✐♦♥✳ ■♥❞❡❡❞✱ ❙♦✉t❤

❛♥❞ ❙♦✉t❤❡❛st r❡❣✐♦♥s s❤♦✇ ❧✐✈❡st♦❝❦✬s s❤❛r❡s ❛r♦✉♥❞ ✷✻✪ ❛♥❞ ✸✺✪✱ r❡s♣❡❝t✐✈❡❧②✳

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

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

❛♥❞ ✐♥❢r❛str✉❝t✉r❡✱ ❛♥❞ ❞✉❡ t♦ ✐♥st✐t✉t✐♦♥❛❧ ❝♦♥str❛✐♥ts✳ ❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ r❡❣✐♦♥s

✇❤❡r❡ t❤❡ ❧❛♥❞ tr❛♥s✐t✐♦♥ ✐s ❤✐❣❤❡r✱ ❛s ◆♦rt❤ ❛♥❞ ◆♦rt❤❡❛st ❈❡rr❛❞♦✱ t❤❡ ❧✐✈❡st♦❝❦

r❡♥ts r❡❛❝❤ ✻✷✪ ❛♥❞ ✹✷✪✱ r❡s♣❡❝t✐✈❡❧②✳

◆♦✇ ■ t✉r♥ t♦ t❤❡ ❞❡t❡r♠✐♥❛t✐♦♥ ♦❢ ❧❛♥❞ r❡♥ts ✐♥ t❤❡ ❢♦r❡str② s❡❝t♦r ✐♥ t❤❡

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

❢♦r❡st✱ ♣❧❛♥t❡❞ ❢♦r❡st✱ ❛♥❞ ♥❛t✉r❛❧ ❢♦r❡st ❛✈❛✐❧❛❜❧❡ ✐♥ ✷✵✵✻ ❈❡♥s✉s ✭■❇●❊✱ ✷✵✵✻✮

❞❡t❡r♠✐♥❡ t❤❡ r❡♥t ♣❛✐❞ ♣❡r ❤❡❝t❛r❡✳

V RENTi,r =
RENTi,r

ARENTi,r

· AFi,r ✭✸✳✽✮

i = frst

AFi,r ✐s t❤❡ s✉♠ ♦❢ ♠❛♥❛❣❡❞ ❢♦r❡st✱ ♣❧❛♥t❡❞ ❢♦r❡st✱ ❛♥❞ ♥❛t✉r❛❧ ❢♦r❡st ❛r❡❛s ✭❈❡♥s✉s✮❀

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

♥❛t✉r❛❧ ❛r❡❛s t❤❛♥ s❤♦✇❡❞ ❜② ✷✵✵✻ ❈❡♥s✉s✳ ■t ❤❛♣♣❡♥s s✐♥❝❡ t❤❡ ✷✵✵✻ ❈❡♥s✉s s❤♦✇s

♦♥❧② r❡♣♦rt❡❞ ✈❛r✐❛❜❧❡s ✐♥s✐❞❡ t❤❡ r✉r❛❧ ❡st❛❜❧✐s❤♠❡♥ts✳ ❚❤❡ ❧❛♥❞ ❝♦✈❡r ❞❛t❛ ❜✉✐❧t

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

❛r❡❛s✳ ❚❤✉s✱ t❤❡r❡ ❛r❡ ♥♦ r❡♥t❛❧ ✈❛❧✉❡s t♦ ❧❛♥❞ t❤❛t ✐s ♥♦t ✐♥ ❝✉rr❡♥t ✉s❡✳

✶✸❚❤❡ ❝❛❧❝✉❧❛t✐♦♥ ♦❢ ❝❛tt❧❡ ②✐❡❧❞ ✉s❡s t❤❡ ♣❡r✲❅ ♣r✐❝❡ ♦❢ ❘✩ ✼✺✱ ✷✷✺❑❣ ♣❡r s❧❛✉❣❤t❡r❡❞ ❛♥✐♠❛❧✱
❛♥❞ ❡❛❝❤ ❅ ❡q✉❛❧s t♦ ✶✺❑❣ ❛s r❡❢❡r❡♥❝❡s✳

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✸✾



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❲❤✐❧❡ ❝♦♥✈❡rs✐♦♥ ❝♦sts ❢r♦♠ ♠❛♥❛❣❡❞ ❢♦r❡st t♦ ❝r♦♣❧❛♥❞ ❛♥❞ ♣❛st✉r❡✱ ♦r ❢r♦♠

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

♦♥ t❤❡ ✧✈❛❧✉❡✧ ♦❢ ❧❛♥❞ ♥♦t ❝✉rr❡♥t❧② ✐♥ ✉s❡✱ ♦r t❤❡ ❝♦st ♦❢ ❝♦♥✈❡rs✐♦♥✳ ❙♦✱ ❛♥

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

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

■ ✉s❡ ❞❛t❛ ❢r♦♠ t❤❡ ●❧♦❜❛❧ ❚✐♠❜❡r ▼❛r❦❡t ❛♥❞ ❋♦r❡str② ❞❛t❛ Pr♦❥❡❝t ❛t ❖❤✐♦ ❙t❛t❡

✭❙❖❍◆●❊◆❀ ❚❊◆◆■❚❨✱ ✷✵✵✼❀ ❈❍❊◆ ❡t ❛❧✳✱ ✷✵✶✼✮✳

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

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

t❤❡ ❢♦r❡st r❡❣r♦✇s ✭●❯❘●❊▲ ❡t ❛❧✳✱ ✷✵✶✼✮✳ ■ ❛ss✉♠❡ t❤❛t ♥❛t✉r❛❧ ❛r❡❛s r❡♥t r❡❧❛t✐✈❡

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

r❡❣✐♦♥❛❧ ❧❛♥❞ r❡♥ts ❜② ❧❛♥❞ ✉s❡ ❛r❡ s❤♦✇♥ ✐♥ ❚❛❜❧❡ ❈✳✷✳

❖♥❝❡ ■ ❤❛✈❡ ♣r✐❝❡❞ ♥❛t✉r❛❧ ❢♦r❡st ❛♥❞ ♥❛t✉r❛❧ ❛r❡❛s✱ t❤❡s❡ ❛r❡ ✐♥❝♦r♣♦r❛t❡❞ ✐♥

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

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

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

❛♥ ❡❧❛st✐❝✐t② ♦❢ s✉❜st✐t✉t✐♦♥ ✇✐t❤ ♦t❤❡r ❝♦♥s✉♠♣t✐♦♥ ❣♦♦❞s ❛♥❞ s❡r✈✐❝❡s ✭❈❍❊◆ ❡t

❛❧✳✱ ✷✵✶✼❀ ●❯❘●❊▲ ❡t ❛❧✳✱ ✷✵✶✼✮✳

✸✳✷✳✷ ▲❛♥❞ ❙✉♣♣❧②

❆t t❤✐s ♣♦✐♥t t❤❡ ♠♦❞❡❧ ❤❛s t❤❡ ❦❡② ❡❧❡♠❡♥ts ✐♥ ♦r❞❡r t♦ ✐♥❝♦r♣♦r❛t❡ ❧❛♥❞ ✉s❡

✐♥ ❛ ❈●❊ ❢r❛♠❡✇♦r❦ s✉❝❤ ❛s t❤❡ ❞❛t❛❜❛s❡✱ t❤❡ ❝❧❛ss✐✜❝❛t✐♦♥ ✐♥ ❞✐✛❡r❡♥t ❧❛♥❞ ✉s❡s✱

t❤❡ ❞❡t❡r♠✐♥❛t✐♦♥ ♦❢ t❤❡ ❧❛♥❞ r❡♥ts✱ ❛♥❞ t❤❡ ❧❛♥❞ ✈❛❧✉❡s ❢♦r ♥❛t✉r❛❧ ❛r❡❛s✳ ◆♦✇ ■

❛❞❞r❡ss t❤❡ ❛tt❡♥t✐♦♥ t♦ ✐♠♣♦rt❛♥t ❢❡❛t✉r❡s ❛s t❤❡ ♠♦❜✐❧✐t② ♦❢ ❧❛♥❞ ❛❝r♦ss ✉s❡s✱ t❤❡

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

❝♦♠♣❡t✐t✐♦♥ ❛♥❞ ❞❡♠❛♥❞ ❢♦r ❧❛♥❞ ❛♠♦♥❣ ❝r♦♣s✱ ❧✐✈❡st♦❝❦✱ ❛♥❞ ❢♦r❡str② ♣r♦❞✉❝t✐♦♥✳

▲❛♥❞ ✉s❡ ✐s ♦♥❡ ♦❢ t❤❡ ❦❡② ❡❧❡♠❡♥ts ❢♦r ❡q✉✐❧✐❜r✐✉♠ ❝♦♥❞✐t✐♦♥s ✐♥ ❈●❊ ♠♦❞❡❧s✱

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

✐♥❝r❡❛s✐♥❣ ❞❡❜❛t❡ ❛❜♦✉t t❤❡ ❧❛♥❞ s✉♣♣❧② ❛♥❞ ✐ts ❝❛♣❛❝✐t② t♦ ❢❡❡❞ t❤❡ ❣❧♦❜❛❧ ♣♦♣✉✲

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

❜❡❡♥ ❞❡✈❡❧♦♣❡❞ t♦ ❛❞❞r❡ss t❤❡s❡ ✐ss✉❡s ✭●❚❆P✲❇■❖✱ ❊PP❆✱ ▼■❘❆●❊✲❜✐♦❋✱ ■▼✲

❆●❊✱ ▲❊■❚❆P✱ ❛♥❞ ❚❊❘▼✲❇❘✮ ✭●❖▲❯❇ ❡t ❛❧✳✱ ✷✵✶✷❀ ●❖▲❯❇❀ ❍❊❘❚❊▲✱ ✷✵✶✷❀

●❯❘●❊▲ ❡t ❛❧✳✱ ✷✵✵✼❀ ▲❆❇❖❘❉❊❀ ❱❆▲■◆✱ ✷✵✶✷❀ ❙❚❊❍❋❊❙❚ ❡t ❛❧✳✱ ✷✵✶✸❀ ❋❊❘✲

❘❊■❘❆ ❋■▲❍❖❀ ▼❖❘❆❊❙✱ ✷✵✶✺❀ ❙■▲❱❆ ❡t ❛❧✳✱ ✷✵✶✼✮✳

❋♦r t❤✐s r❡❛s♦♥ t❤❡ ♣r♦❝❡ss t♦ ✐♥t❡❣r❛t❡ ❧❛♥❞ ✉s❡ ✐♥ ❇❘❊❆ ❢r❛♠❡✇♦r❦ s❤♦✉❧❞

❜❡ ❝♦♥s✐st❡♥t ✇✐t❤ t✇♦ r❡q✉✐r❡♠❡♥ts✿ ✜rst✱ t❤❡ ♠♦❞❡❧ s❤♦✉❧❞ r❡t❛✐♥ ❝♦♥s✐st❡♥❝②

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

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

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✹✵



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

♦❜s❡r✈❛t✐♦♥ ❛s r❡❝♦r❞❡❞ ✐♥ t❤❡ ❈●❊ ❞❛t❛❜❛s❡ ❢♦r t❤❡ ❜❛s❡ ②❡❛r✳ ❆❝❝♦r❞✐♥❣❧② t♦

●✉r❣❡❧ ❡t ❛❧✳ ✭✷✵✶✼✮✱ ❢❛✐❧✉r❡ ♦♥ t❤❡ ✜rst ❝♦♥❞✐t✐♦♥ ✇♦✉❧❞ ♠❡❛♥ t❤❛t t❤❡ ❧❛♥❞ s✉♣♣❧②

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

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

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

✇♦✉❧❞ ♥♦t ❜❡ ✐♥ ❡q✉✐❧✐❜r✐✉♠ ❛♥❞ t❤❡ ♠♦❞❡❧ ✇♦✉❧❞ r✉♥ t♦ ♦t❤❡r ❡q✉✐❧✐❜r✐✉♠ st❛t❡

❝♦♥❞✐t✐♦♥ ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ♣❛r❛♠❡t❡r✐③❛t✐♦♥✱ ❜✉t ❞✐✛❡r❡♥t ❢r♦♠ t❤❡ ❜❡♥❝❤♠❛r❦

❝♦♥❞✐t✐♦♥✳

❋✉rt❤❡r ❛❞❥✉st♠❡♥ts ❛r❡ r❡q✉✐r❡❞ t♦ r❡✢❡❝t ♦❜s❡r✈❡❞ ❜❡❤❛✈✐♦r ✐♥ ❧❛♥❞✲✉s❡✳ ❊♠✲

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

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

t✐♦♥s t❤❛t ❧✐♠✐t ❧❛♥❞ ♠♦❜✐❧✐t② ✇✐t❤✐♥ ✉s❡s✳ ❚❤❡s❡ ✐♥❝❧✉❞❡s ❝♦sts ♦❢ ❝♦♥✈❡rs✐♦♥✱ ♠❛♥✲

❛❣❡r✐❛❧ ✐♥❡rt✐❛✱ ✉♥♠❡❛s✉r❡❞ ❜❡♥❡✜ts ❢r♦♠ ❝r♦♣ r♦t❛t✐♦♥✱ ✐♥st✐t✉t✐♦♥❛❧ ❝♦♥str❛✐♥ts✱

❡t❝✳ ■♥ t❤❡ ♠♦❞❡❧✱ s✉❝❤ ♠♦✈❡♠❡♥t ✐s ❣♦✈❡r♥❡❞ ❜② ❛ ❈♦♥st❛♥t ❊❧❛st✐❝✐t② ♦❢ ❚r❛♥s✲

❢♦r♠❛t✐♦♥ ✭❈❊❚✮ ❢r♦♥t✐❡r✳ ❚❤✉s✱ ✇✐t❤✐♥ ❛ r❡❣✐♦♥ ✐♥ t❤❡ ♠♦❞❡❧✱ t❤❡ r❡t✉r♥s t♦ ❧❛♥❞

✐♥ ❞✐✛❡r❡♥t ✉s❡s ❛r❡ ❛❧❧♦✇❡❞ t♦ ❞✐✛❡r✳ ❚❤❡ ❈❊❚ ❢✉♥❝t✐♦♥ r❡✢❡❝ts s♦♠❡ ✉♥❞❡r❧②✐♥❣

✈❛r✐❛t✐♦♥ ✐♥ s✉✐t❛❜✐❧✐t② ♦❢ ❧❛♥❞ ❢♦r ❞✐✛❡r❡♥t ✉s❡s ❛♥❞✴♦r t❤❡ ❝♦st ♦r ✇✐❧❧✐♥❣♥❡ss ♦❢

♦✇♥❡rs t♦ s✇✐t❝❤ ❧❛♥❞ t♦ ❛♥♦t❤❡r ✉s❡ ✭●❯❘●❊▲ ❡t ❛❧✳✱ ✷✵✶✼✮✳

❋✐❣✉r❡ ✸✳✽✿ ▲❛♥❞ s✉♣♣❧②✳
❙♦✉r❝❡✿ ♦✇♥ ❡❧❛❜♦r❛t✐♦♥✳

❋✐❣✉r❡ ✸✳✽ s❤♦✇s t❤❡ ♥❡st❡❞ ❈❊❚ str✉❝t✉r❡ ❢♦r ❧❛♥❞ s✉♣♣❧②✳ ■♥ t❤✐s ❢✉♥❝t✐♦♥

t❤❡ r❡♥t✲♠❛①✐♠✐③✐♥❣ ❧❛♥❞ ♦✇♥❡r ✜rst ❞❡❝✐❞❡s ♦♥ t❤❡ ❛❧❧♦❝❛t✐♦♥ ♦❢ ❧❛♥❞ ❛♠♦♥❣ ♥❛t✉r❛❧

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

❢♦r❡st ✭♣✉❜❧✐❝✮✳ ❍❡r❡✱ t❤❡ ❈❊❚ str✉❝t✉r❡ ❝❛♣t✉r❡s t❤❡ ♣r❡ss✉r❡ ❢♦r ❞❡❢♦r❡st❛t✐♦♥ ♦✈❡r

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

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

❛❧❧♦❝❛t✐♦♥ ♦❢ ❧❛♥❞ ❛♠♦♥❣ ♣❛st✉r❡✱ ♣❧❛♥t❡❞ ❢♦r❡st✱ ❛♥❞ ❝r♦♣❧❛♥❞✳

❚❤❡ ❈❊❚ ♣❛r❛♠❡t❡r ❣♦✈❡r♥s t❤❡ ❡❛s❡ ♦❢ ❧❛♥❞ ♠♦❜✐❧✐t② ❛❝r♦ss ✉s❡s ✇✐t❤✐♥ ❡❛❝❤

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

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✹✶



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

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

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

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

s♦②❜❡❛♥ t♦ ❝♦r♥✳ ❚❛❜❧❡ ❈✳✸ s❤♦✇s t❤❡ ❡❧❛st✐❝✐t✐❡s ✐♥ t❤❡ ❧❛♥❞ ✉s❡ s✉♣♣❧②✳

❲❤✐❧❡ t❤❡ ❈❊❚ ❢✉♥❝t✐♦♥ ✐s ❛ ♣♦♣✉❧❛r ❞❡✈✐❝❡ ✐♥ ❈●❊ ♠♦❞❡❧s ❛❧❧♦✇✐♥❣ t❤❡

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

❈❊❚ ❢✉♥❝t✐♦♥ ❛❧❧♦✇s s✐❣♥✐✜❝❛♥t ❞✐✛❡r❡♥❝❡s ✐♥ r❡t✉r♥s t♦ ❧❛♥❞ ✐♥ t❤❡ s❛♠❡ r❡❣✐♦♥ t♦

♣❡rs✐st ♦✈❡r t✐♠❡✱ ❛s s❤♦✇s ❋✉❥✐♠♦r✐ ❡t ❛❧✳ ✭✷✵✶✹✮✳ ❆♥♦t❤❡r ✐♠♣♦rt❛♥t ❧✐♠✐t❛t✐♦♥ ♦❢

❈❊❚ ❢✉♥❝t✐♦♥ ✐s t❤❛t t❤❡ ❢✉♥❞❛♠❡♥t❛❧ ❝♦♥str❛✐♥t ✐♥ t❤❡ ❈❊❚ ♣r♦❞✉❝t✐♦♥ ♣♦ss✐❜✐❧✐t②

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

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

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

r❡s✉❧ts ❜❛❝❦ t♦ t❤❡ ♣❤②s✐❝❛❧ ❡♥✈✐r♦♥♠❡♥t ✭●❖▲❯❇❀ ❍❊❘❚❊▲✱ ✷✵✶✷✮✳

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

❇❘❊❆ ♠♦❞❡❧ ✐♥❝♦r♣♦r❛t❡s ❛♥ ❛❞❥✉st♠❡♥t ✐♥ t❤❡ ❧❛♥❞ s✉♣♣❧②✳ ❚❤✐s ✐s ❞♦♥❡ ❜② ✐♥✲

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

❡♠♣❧♦②❡❞ ✐♥ ❝r♦♣♣✐♥❣✱ ♣❛st✉r❡✱ ❛♥❞ ❢♦r❡str② t♦ ❛❞❞ ✉♣ t♦ t♦t❛❧ ♣❤②s✐❝❛❧ ❛r❡❛✳ ❚❤❡

♠♦❞❡❧ ❛♣♣❧✐❡s ❛♥ ❛❞❥✉st♠❡♥t t♦ t❤❡ ❈❊❚ ❛❣❣r❡❣❛t♦r s✉❝❤ t❤❛t ✐t ❝♦✉❧❞ ♠❛✐♥t❛✐♥

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

r❡s♣❡❝t✐✈❡❧② ✭❈❍❊◆ ❡t ❛❧✳✱ ✷✵✶✸✮✳

✸✳✸ ❇❛❝❦st♦♣ t❡❝❤♥♦❧♦❣✐❡s

❚❤❡ ❝❡♥tr❛❧ ✐❞❡❛ ♦❢ t❤❡ ❜❛❝❦st♦♣ t❡❝❤♥♦❧♦❣② ✐s ❛♥ ❛♣♣r♦❛❝❤ ❢♦r r❡♣r❡s❡♥t✐♥❣

❛❞♦♣t✐♦♥ ✐♥ ❛ ❈●❊ ❢r❛♠❡✇♦r❦ ✭▼❖❘❘■❙ ❡t ❛❧✳✱ ✷✵✶✹✮✳ ■ s❡❡❦ ❛ s✐♠♣❧❡ ❢♦r♠✉❧❛t✐♦♥

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

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

❝❡ss ✐s ❝♦♥s✐st❡♥t ✇✐t❤ ❛ ❣❡♥❡r❛❧ ❡q✉✐❧✐❜r✐✉♠ ❢r❛♠❡✇♦r❦ ❛♥❞ ❛♣♣❧✐❡❞ t♦ t❤❡ ❇r❛③✐❧✐❛♥

❊❝♦♥♦♠✐❝ ❆♥❛❧②s✐s ♠♦❞❡❧✳

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

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

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

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

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

✐♥❝❡♥t✐✈❡s ♦r ♣♦❧✐❝② ✐♥t❡r✈❡♥t✐♦♥s✳ ❚❤❡ ▼❈P ❢♦r♠✉❧❛t✐♦♥ ♣r❡s❡♥t❡❞ ✐♥ ❙❡❝t✐♦♥ ✸✳✶

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

❙♦♠❡ ❜❛❝❦st♦♣ t❡❝❤♥♦❧♦❣✐❡s ✐♥ ❚❛❜❧❡ ✸✳✻ ❤❛✈❡ ❜❡❡♥ r✉♥ ❛t ♥♦♥tr✐✈✐❛❧ s❝❛❧❡s s✐♥❝❡

✷✵✶✷ ✭♠♦st❧② ❞✉❡ t♦ ✐♥❝❡♥t✐✈❡s ♦r s✉♣♣♦rt ♣r♦✈✐❞❡❞ ❜② t❤❡ ❣♦✈❡r♥♠❡♥t✮✱ ✐♥❝❧✉❞✐♥❣

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✹✷



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❚❛❜❧❡ ✸✳✻✿ ❇❛❝❦st♦♣ t❡❝❤♥♦❧♦❣✐❡s ✐♥ t❤❡ ❇❘❊❆ ♠♦❞❡❧✳

Backstop technology Output BREA*

Direct system

Pasture recovery Pasture rec

Crop-livestock-forestry systems

Crop-livestock Maize/Soybean and Cattle icl (corn); isl (soy)
Crop-livestock-forestry Maize/Soybean, Cattle, and Forestry iclf (corn); islf (soy)

* Acronyms used in the model.
Source: own elaboration.

❝♦♥s♦rt✐✉♠ ♣r♦❞✉❝t✐♦♥ ❛♥❞ ❝r♦♣✲❧✐✈❡st♦❝❦ s②st❡♠s✳ ❇❘❊❆ ♠♦❞❡❧ r❡♣r❡s❡♥ts t❤❡

t❡❝❤♥♦❧♦❣② ❢♦r P❘ ❝♦♥s✐❞❡r✐♥❣ ❞✐✛❡r❡♥t r❡❣✐♦♥❛❧ ❝♦sts r❡❣❛r❞❧❡ss t❤❡ ❞❡❣r❛❞❛t✐♦♥

❧❡✈❡❧ ♦❢ ♣❛st✉r❡✳ ▼♦r❡♦✈❡r✱ t❤❡ ♠♦❞❡❧ ❡①♣❧✐❝✐t❧② r❡♣r❡s❡♥ts t✇♦ t②♣❡s ♦❢ ✐♥t❡❣r❛t❡❞

♣r♦❞✉❝t✐♦♥✿ ❝r♦♣✲❧✐✈❡st♦❝❦ ❛♥❞ ❝r♦♣✲❧✐✈❡st♦❝❦✲❢♦r❡str②✳ ❚♦ t❤❡ ❢♦r♠❡r t❤❡ ♦✉t♣✉t ✐s ❛

❝♦♠❜✐♥❛t✐♦♥ ♦❢ ❣r❛✐♥ ✭♠❛✐③❡ ♦r s♦②❜❡❛♥✮ ❛♥❞ ❝❛tt❧❡✱ ✇❤✐❧❡ t❤❡ ❧❛tt❡r ✐s ❛ ❝♦♠❜✐♥❛t✐♦♥

♦❢ ❣r❛✐♥ ✭♠❛✐③❡ ♦r s♦②❜❡❛♥✮✱ ❝❛tt❧❡✱ ❛♥❞ ❢♦r❡str②✳

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

❛❜♦✉t t❤❡ ❝♦sts ❛♥❞ t❤❡ ♦✉t♣✉t ❧❡✈❡❧s ♦❢ t❤❡s❡ t❡❝❤♥♦❧♦❣✐❡s ✭❆◆❯❆▲P❊❈✱ ✷✵✶✵❀

❙❊◆❆❘✱ ✷✵✶✸✮✳ ❚❤❡ ❜❛❝❦st♦♣ t❡❝❤♥♦❧♦❣② ❢♦r P❘ ❝♦♠❜✐♥❡s t❤❡ ❝❛♣✐t❛❧✲❧❛❜♦r ❜✉♥❞❧❡✱

✐♥t❡r♠❡❞✐❛t❡ ✐♥♣✉ts ✲ ♠❛✐♥❧② ❝❤❡♠✐❝❛❧s ❛♥❞ ❢❡rt✐❧✐③❡rs ✲ ❛♥❞ ❞❡❣r❛❞❡❞ ♣❛st✉r❡ ❧❛♥❞

t♦ ♣r♦❞✉❝❡ ♣❛st✉r❡ ❛s ♦✉t♣✉t ✭❋✐❣✉r❡ ✸✳✾✮✳ ❚❤✐s r❡♣r❡s❡♥t❛t✐♦♥ ♣❡r♠✐ts t♦ ❛❣❣r❡✲

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

❝♦♠❜✐♥❛t✐♦♥ ♦❢ ❝❤❡♠✐❝❛❧s ❛♥❞ ❢❡rt✐❧✐③❡rs ❛s ✇❡❧❧ ❛s ♠❛❝❤✐♥❡r② t♦ ✐♠♣r♦✈❡ t❤❡ ♣❛s✲

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

♣r♦❞✉❝t✐✈✐t② ❛♥❞ ✈❛❧✉❡ ❛❞❞❡❞✳

❚❛❜❧❡ ✸✳✼ ❛♥❞ ❋✐❣✉r❡ ✸✳✾ s❤♦✇ ❤♦✇ t❤❡ ❜❛❝❦st♦♣ t❡❝❤♥♦❧♦❣✐❡s ❛r❡ ❝♦♥♥❡❝t❡❞

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

❜❡t✇❡❡♥ t❤❡ r❡♥ts ♦❢ ❞❡❣r❛❞❡❞ ♣❛st✉r❡s ❛♥❞ ❣♦♦❞ ♣❛st✉r❡s✳ ■♥ t❤✐s ❢❛s❤✐♦♥ ✇❛② t❤❡

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

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

❋✉rt❤❡r♠♦r❡✱ t❤❡ ♠❛r❦✉♣s s❤♦✇♥ ✐♥ ❚❛❜❧❡ ✸✳✼ ♣♦rtr❛② t❤❡ r❡❣✐♦♥❛❧ ❞✐✛❡r❡♥❝❡

❜❡t✇❡❡♥ t❤❡ ❝❛❧✐❜r❛t❡❞ ❝♦sts ❢♦r P❘ ❛♥❞ t❤❡ ♦❜s❡r✈❡❞ ❧♦❛♥s ❞❛t❛ t❤❛t t❤❡ ❢❛r♠❡rs

t♦♦❦ ✐♥ t❤❡ ❆❇❈ ♣r♦❣r❛♠✳ ❋♦r ❡①❛♠♣❧❡✱ ❢♦r ❙♦✉t❤ r❡❣✐♦♥ ❛s ❛ ✇❤♦❧❡ t❤❡ t♦t❛❧

❢❛r♠❡rs✬ ❧♦❛♥s r❡❛❝❤ ✸✷✳✸ t✐♠❡s ❣r❡❛t❡r t❤❛♥ t❤❡ t♦t❛❧ ❝♦st t♦ r❡❝♦✈❡r② t❤❡ ♦❜s❡r✈❡❞

❛r❡❛✳ ❚❤❡ ♠♦❞❡❧ ❝♦♥s✐❞❡rs ♦♥❧② t❤❡ ❝♦st ✇✐t❤ ❝❤❡♠✐❝❛❧s ❛♥❞ ♠❛❝❤✐♥❡r② t♦ r❡❝♦✈❡r

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

t♦ ❜✉✐❧❞✱ ❢♦r ❡①❛♠♣❧❡✱ ❛ ❢❡♥❝❡ ♦♥ t❤❡ ♣r♦♣❡rt② ♦r ♦♥ t❤❡ r❡❝♦✈❡r❡❞ ❛r❡❛✱ ❛s ✇❡❧❧

❛s ♦t❤❡r t②♣❡s ♦❢ ✐♥✈❡st♠❡♥ts✳ ❆s ❛ r❡s✉❧t t❤❡ ♠❛r❦✉♣ ✈❛❧✉❡s s❤♦✉❧❞ ❜❡ ❤✐❣❤❡r t♦

❝❛♣t✉r❡ t❤❡s❡ r❡❣✐♦♥❛❧ ❞✐✛❡r❡♥❝❡s✳

❚❤❡ ■❙ ✉s❡ ♦♥❧② ♣❛st✉r❡ ❛s ❧❛♥❞ ♣r✐♠❛r② ❢❛❝t♦r✳ ❚❤❡ ❝♦♠❜✐♥❛t✐♦♥ ✇✐t❤ ✐♥t❡r✲

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✹✸



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❚❛❜❧❡ ✸✳✼✿ ▼❛r❦✉♣s ❢♦r ♣❛st✉r❡ r❡❝♦✈❡r② ❜❛❝❦st♦♣ t❡❝❤♥♦❧♦❣✐❡s✳

Regions South Southeast Center-West North Northeast
Northeast
Cerrado

Fertilizers 0.093 0.081 0.076 0.144 0.141 0.097
Defensives 0.056 0.049 0.046 0.087 0.085 0.058
Chemicals 0.054 0.047 0.044 0.083 0.082 0.056

Capital 0.141 0.123 0.115 0.219 0.215 0.147
Labor 0.022 0.019 0.018 0.033 0.033 0.022
Land 0.634 0.682 0.703 0.433 0.444 0.620

Total 1.000 1.000 1.000 1.000 1.000 1.000

Markup 32.3 49.1 78.6 61.4 63.4 120.4

Source: based on (ANUALPEC, 2010) and own elaboration.

❋✐❣✉r❡ ✸✳✾✿ ❇❛❝❦st♦♣ t❡❝❤♥♦❧♦❣② ❢♦r ♣❛st✉r❡ r❡❝♦✈❡r②✳
❙♦✉r❝❡✿ r❡s❡❛r❝❤ ❞❛t❛✳

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

❜❡❡❢✱ ❛♥❞ ❢♦r❡str② ✭❋✐❣✉r❡s ❉✳✸ ❛♥❞ ❉✳✹✮✳

❊q✉❛❧❧② ✐♠♣♦rt❛♥t✱ t❤❡ ■❙ ❞♦ ♥♦t ❤❛✈❡ ♠❛r❦✉♣s t♦ r❡✢❡❝t t❤❡ ❝♦sts ♦❢ ✐ts

❡❝♦♥♦♠✐❝ ♣❡♥❡tr❛t✐♦♥✳ ❆ss✉r✐♥❣ t❤❡ ■❙ ❝❛♥ ♦♥❧② ✉s❡ ♣❛st✉r❡ ❧❛♥❞ ❛❧❧ t❤❡ ❝♦sts ♦❢

P❘ ❛r❡ ❝❛♣t✉r❡❞ ✐♥ t❤❡ ❢✉♥❝t✐♦♥ s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✸✳✾✳ ❲✐t❤ t❤✐s ❛♣♣r♦❛❝❤ t❤❡

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

s②st❡♠s✳ ❚❛❜❧❡s ❈✳✺ ❛♥❞ ❈✳✻ s❤♦✇ t❤❡ ❝♦st str✉❝t✉r❡s ❛♥❞ t❤❡ ♦✉t♣✉t s❤❛r❡s ♦❢ ■❙✱

r❡s♣❡❝t✐✈❡❧②✱ ✐♥ t❤❡ ♠♦❞❡❧✳

✸✳✹ ❙tr❛t❡❣✐❝ s❝❡♥❛r✐♦s

❚❤❡ ❇❘❊❆ ♠♦❞❡❧ ❞❡s❝r✐❜❡❞ ❛❜♦✈❡ ✐s ❝❛❧✐❜r❛t❡❞ ✇✐t❤ ❜❡♥❝❤♠❛r❦ ❞❛t❛ ♦❢ t❤❡

❇r❛③✐❧✐❛♥ ❡❝♦♥♦♠② ✐♥ ✷✵✵✾✳ ■ ❛ss❡ss t❤❡ ❡❝♦♥♦♠✐❝ ✐♠♣❛❝ts ❆❇❈ P❧❛♥ ❛❝t✐♦♥s✱ s✉❝❤

❛s P❘ ✭✶✺ ▼❤❛✮ ❛♥❞ ■❙ ✭✹ ▼❤❛✮✳ ■ ❡✈❛❧✉❛t❡ t❤❡ ✐♠♣❛❝t ♦♥ ❧❛♥❞✲✉s❡ ❝❤❛♥❣❡s✱ r❡❣✐♦♥❛❧

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

❚❤❡ r❛♥❣❡ ♦❢ s❝❡♥❛r✐♦s ✐s ❝❤♦s❡♥ t♦ r❡♣r❡s❡♥t q✉✐t❡ ❞✐✛❡r❡♥t ❛♣♣r♦❛❝❤❡s t♦ ♣♦❧✲

✐❝② ✐♠♣❧❡♠❡♥t❛t✐♦♥✳ ❚❤❡ ❛ss❡ss♠❡♥t ♦❢ t❤❡ ❧✐❦❡❧② r❡s✉❧ts ❢r♦♠ t❤❡ Pr✐♦r✐t② s❝❡♥❛r✐♦

❛r❡ ❡✈❛❧✉❛t❡❞ ❛❣❛✐♥st t❤❡ ◆♦♥✲Pr✐♦r✐t② s❝❡♥❛r✐♦✳ ❚❤❡ ❈♦♠❜✐♥❡❞ s❝❡♥❛r✐♦ ❛ss❡ss t❤❡

❝♦sts ✇❤❡♥ t❤❡ ❛ss✉♠♣t✐♦♥ ♦✈❡r ♣r✐♦r✐t② ❛r❡❛s ❢♦r P❘ ✐s r❡❧❛①❡❞✳ ❚❛❜❧❡ ✸✳✽ s✉♠♠❛✲

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✹✹



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

r✐③❡s ❛❧❧ t❤❡ s❝❡♥❛r✐♦s✳

✸✳✹✳✶ ◆♦♥✲♣r✐♦r✐t②

■ s✐♠✉❧❛t❡ t❤❡ ♦❜❥❡❝t✐✈❡ ♦❢ r❡❞✉❝✐♥❣ ❞❡❣r❛❞❡❞ ♣❛st✉r❡ ✐♥ ✶✺ ▼❤❛ ❛♥❞ ✐♥❝r❡❛s✐♥❣

t❤❡ ■❙ ✐♥ ✹ ▼❤❛ ❜② ✷✵✷✵✳ ❚❤❡ ♠♦❞❡❧ ❛♣♣❧✐❡s ❢r❡❡❧② s✉❝❤ t❡❝❤♥♦❧♦❣✐❡s ✐♥ ❞✐✛❡r❡♥t

❇r❛③✐❧✐❛♥ r❡❣✐♦♥s✳ ■ ❡✈❛❧✉❛t❡ t❤❡ ✐♠♣❛❝t ♦♥ ❧❛♥❞✲✉s❡ ❝❤❛♥❣❡s✱ s❡❝t♦r❛❧ ♣r♦❞✉❝t✐♦♥✱

❝♦♥s✉♠♣t✐♦♥✱ ●❉P✱ ❛♥❞ ✇❡❧❢❛r❡✳

✸✳✹✳✷ Pr✐♦r✐t②

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

str❛✐♥t ✐♥ t❤❡ ♥❡✇ t❡❝❤♥♦❧♦❣② ❛❞♦♣t✐♦♥✳ ❙✉❝❤ t❡❝❤♥♦❧♦❣✐❡s ❛r❡ str✐❝t❧② ✉s❡❞ ✐♥ ♣r✐♦r✐t②

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

s❤♦✇♥ ✐♥ ❚❛❜❧❡ ✸✳✸✳ ❚❤❡ t❡❝❤♥♦❧♦❣✐❡s ❢♦r ■❙ ❛r❡ ❝❛❧✐❜r❛t❡❞ ❜❛s❡❞ ♦♥ t❤❡ ♦❜s❡r✈❡❞

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

♦✛❡rs ✐♥s✐❣❤ts ✐♥t♦ ❝♦♠♣❛r✐♥❣ t❤❡ ♣♦❧✐❝② ❞❡s✐❣♥ ✐♥ t❡r♠s ♦❢ ❝♦sts ❛♥❞ ❡✛❡❝t✐✈❡♥❡ss✳

✸✳✹✳✸ ❈♦♠❜✐♥❡❞

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

✇✐t❤ t❤❡ ✐♥❝r❡❛s✐♥❣ ♦❢ ■❙ ❜❛s❡❞ ♦♥ ♦❜s❡r✈❡❞ ❞❛t❛✳ ■ r❡❧❛① t❤❡ ❝♦♥str❛✐♥t ♦✈❡r ♣r✐♦r✐t②

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

t❤❡ ❝♦♥str❛✐♥t ✐s r❡❧❛①❡❞✳ ■t ❛❧s♦ ♦✛❡rs t❤❡ ♣♦ss✐❜✐❧✐t② t♦ ❡①♣❧♦r❡ s②♥❡r❣✐❡s ❜❡t✇❡❡♥

t✇♦ ❞✐✛❡r❡♥t ♣♦❧✐❝② ✐♥str✉♠❡♥ts✳

❚❛❜❧❡ ✸✳✽✿ P♦❧✐❝② ❙❝❡♥❛r✐♦s✳

Scenario Description

Non-priority ABC Plan commitment in area through 2020: recover 15 Mha of degraded pas-
ture; increase the production of crop-livestock and/or crop-livestock-forestry in 4
Mha. The priority areas are chosen freely as well as the IS.

Priority ABC Plan commitment in area through 2020: recover 15 Mha of degraded pas-
ture considering the priority areas based on degradation level of pasture; in-
crease the production of crop-livestock and/or crop-livestock-forestry in 4 Mha
based on observed data.

Combined ABC Plan commitment in area through 2020. The assumption over priority areas
is relaxed. The recovery of 15 Mha is freely and the increase of IS in 4 Mha is
based on observed data.

Source: own elaboration.

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✹✺



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

✸✳✹✳✹ ❙❤♦❝❦ Pr♦❝❡❞✉r❡s

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

♠❡♥ts t♦ t❤❡ ❜❛❝❦st♦♣ t❡❝❤♥♦❧♦❣✐❡s ✭ebr✮✳ ■t ✐s ♣♦ss✐❜❧❡ t♦ ❝❛♣t✉r❡ t❤❡ ♣❡♥❡tr❛t✐♦♥

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

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

❞❛t❛ t♦ r❡♣r❡s❡♥t ❛❧❧ t❤❡ ❆❇❈ ❝♦sts ❛s ✇❡❧❧ ❛s t❤❡ ♣❡♥❡tr❛t✐♦♥ ♦❢ t❤❡ ♥❡✇ ❛❣r✐❝✉❧t✉r❛❧

♣r❛❝t✐❝❡s ✐♥ t❤❡ ❡❝♦♥♦♠✐❝ s②st❡♠✳

■ ❛❞❞ t❤r❡❡ ❝♦♥str❛✐♥ts ✐♥ t❤❡ ♠♦❞❡❧ s♦❧✉t✐♦♥✳ ❖♥❡ ❢♦r P❘ ✇✐t❤ ✉♣♣❡r ❧✐♠✐t

t♦ ✶✺ ▼❤❛ ✇❤✐❝❤ ❝❛♥ ❜❡ ❝♦♥tr♦❧❧❡❞ ❜② r❡❣✐♦♥ ❛❝❝♦r❞✐♥❣ t♦ s❝❡♥❛r✐♦ ✐♠♣❧❡♠❡♥t❛t✐♦♥

✭✸✳✾✮✳ ❖t❤❡r t✇♦ ❝♦♥str❛✐♥ts ♦♥❡ ❢♦r ❡❛❝❤ ■❙✱ ✇❤✐❝❤ ❝❛♥ ❜❡ ❝♦♥tr♦❧❧❡❞ ❜② r❡❣✐♦♥

✭✸✳✶✵✮✳

∑

r

(ebr × Ar) =
∑

r

AABC
r ✭✸✳✾✮

∑

bti,r

(ebbti,r × Abti,r) =
∑

bti,r

AABC
bti,r ✭✸✳✶✵✮

bti = {icl, isl, islf} ✭✸✳✶✶✮

✇❤❡r❡ ebr ❛♥❞ ebbti,r ❛r❡ t❤❡ ❧❡✈❡❧ ♦❢ P❘ ❛♥❞ ■❙ ❜❛❝❦st♦♣ t❡❝❤♥♦❧♦❣✐❡s✱ r❡s♣❡❝t✐✈❡❧②❀

Ar ❛♥❞ Abti,r ❛r❡ t❤❡ ❛r❡❛s ❝❛❧✐❜r❛t❡❞ ✐♥ t❤❡ ❜❛❝❦st♦♣ t❡❝❤♥♦❧♦❣✐❡s ❛♥❞ t❤❡② ❛r❡ ❡q✉❛❧

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

♦❢ ■❙ ♦♥❧② ♦♥❡ ❤❡❝t❛r❡ ♦❢ ♣❛st✉r❡❧❛♥❞ ✐s ✉s❡❞ ❡❛❝❤ t✐♠❡❀ ❛♥❞ AABC
r ✐s t❤❡ t♦t❛❧ ❛r❡❛

t♦ ❜❡ r❡❝♦✈❡r❡❞ ✭✶✺ ▼❤❛✮✱ ❛♥❞ AABC
bti,r ✐s t❤❡ t♦t❛❧ ❛r❡❛ ♦❢ ■❙ ✭✹ ▼❤❛✮✱ ❜♦t❤ ❡①♦❣❡♥♦✉s

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

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

t✐♦♥ ♦❢ P❘ ❛♥❞ ■❙ t❡❝❤♥♦❧♦❣✐❡s✳ ❆❧s♦✱ ❣✐✈❡♥ t❤❡ ❝♦sts s✐♠✐❧❛r✐t② ❜❡t✇❡❡♥ t❤❡ ■❙

✇✐t❤ ♠❛✐③❡ ♦r s♦②❜❡❛♥ ✇✐t❤ ❢♦r❡str② ❝♦♠♣♦♥❡♥t t❤❡ ♠♦❞❡❧ ♦♥❧② ♣r♦❥❡❝ts ❛r❡❛ ❢♦r ■❙

✇✐t❤ s♦②❜❡❛♥✱ ♦t❤❡r✇✐s❡ t❤❡ ❝♦♠♣✉t❛t✐♦♥❛❧ t✐♠❡ ✐♥❝r❡❛s❡s t✉r♥✐♥❣ t❤❡ ♦♣t✐♠✐③❛t✐♦♥

♣r♦❜❧❡♠ ✉♥s♦❧✈❛❜❧❡✳ ❚❤❡ ♠♦❞❡❧ ❛❞❥✉sts ❡♥❞♦❣❡♥♦✉s❧② ❜♦t❤ ❧❡✈❡❧s ♦❢ ebr ❛♥❞ ebbti,r

t♦ ❛❝❤✐❡✈❡ t❤❡ ❞❡s✐r❛❜❧❡ ❛r❡❛s ♦❢ P❘ ❛♥❞ ■❙ t❡❝❤♥♦❧♦❣✐❡s✳ ■♥ ❛❞❞✐t✐♦♥✱ t❤❡ ♠♦❞❡❧

♣r♦❥❡❝ts t❤❡ ❡❝♦♥♦♠✐❝ ❝♦st ♦❢ ❡❛❝❤ t❡❝❤♥♦❧♦❣② ❜② t❤❡ t♦t❛❧ ❞❡♠❛♥❞ ♦❢ ✐♥t❡r♠❡❞✐❛t❡

✐♥♣✉ts ✉♥❞❡r❧②✐♥❣ ❡❛❝❤ ❜❛❝❦st♦♣ t❡❝❤♥♦❧♦❣②✳

✸✳✺ ▼❛❝r♦❡❝♦♥♦♠✐❝ ❝❧♦s✉r❡

❚❤❡ ♠❛❝r♦❡❝♦♥♦♠✐❝ ❝❧♦s✉r❡ ❝♦♥❝❡r♥s ❛♥ ✐♠♣♦rt❛♥t st❡♣ ✐♥ ❈●❊ ♠♦❞❡❧✐♥❣✳ ❚❤❡

♠♦❞❡❧ ✐s s♦❧✈❡❞ st❛t✐❝❛❧❧② t❤r❡❡ t✐♠❡s ♦♥❡ ❢♦r ❡❛❝❤ s❝❡♥❛r✐♦ ❛♥❞ ❛❢t❡r ■ ✐♥t❡r♣r❡t t❤❡

r❡s✉❧ts ❝♦♥s✐❞❡r✐♥❣ s❡✈❡r❛❧ ♠❛❝r♦❡❝♦♥♦♠✐❝ ❛ss✉♠♣t✐♦♥s ❛s✿ ✭✐✮ t❤❡ ❢❛❝t♦rs✬ s✉♣♣❧②

❈❤❛♣t❡r ✸ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✹✻



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❛r❡ ✜①❡❞ ❛♥❞ t❤❡r❡ ✐s ♥♦ ❢❛❝t♦r ♠♦❜✐❧✐t② ✲ ❝❛♣✐t❛❧ ❛♥❞ ❧❛❜♦r ✲ ❛❝r♦ss r❡❣✐♦♥s❀ ✭✐✐✮

❧❛♥❞ ✐s ❛ s❡❝t♦r✲s♣❡❝✐✜❝ ❢❛❝t♦r❀ ✭✐✐✐✮ t❤❡r❡ ✐s ♥♦ ✉♥❡♠♣❧♦②♠❡♥t ❛♥❞ t❤❡ ❢❛❝t♦rs✬ ♣r✐❝❡

❛r❡ ✢❡①✐❜❧❡❀ ✭✐✈✮ t❤❡ ✐♥✈❡st♠❡♥t ❧❡✈❡❧ ✐s ✜①❡❞✱ ❛s ✇❡❧❧ ❛s ❜❛❧❛♥❝❡ ♦❢ ♣❛②♠❡♥ts✳ ❆s

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

✐♠♣♦rt ❛❞❥✉st♠❡♥ts✳ ❚❤❡s❡ ❛ss✉♠♣t✐♦♥s ✐♠♣❧② ❛ ✧♠✐❞❞❧❡ r✉♥✧ ♠♦❞❡❧ ❝❧♦s✉r❡ ✇❤❡r❡

t❤❡ ❆❇❈ ❛❝t✐♦♥s ❛r❡ ♣r♦❥❡❝t❡❞ ❜② ✷✵✷✵✳

❆❞❞✐t✐♦♥❛❧❧②✱ t❤❡ ❣♦✈❡r♥♠❡♥t ❡①♣❡♥❞✐t✉r❡ ❝♦✉❧❞ ❝❤❛♥❣❡ ✐❢ ♣r✐❝❡ ❝❤❛♥❣❡s ❛♥❞

t❤❡ t❛① r❡✈❡♥✉❡ ✐s ❞❡♣❡♥❞❡♥t ♦❢ t❤❡ ♣r♦❞✉❝t✐♦♥ ❧❡✈❡❧ ❛♥❞ ❝♦♥s✉♠♣t✐♦♥✳ ▲❛♥❞✲✉s❡

❝❤❛♥❣❡s ❛r❡ ♣r♦❥❡❝t❡❞ ❜❛s❡❞ ♦♥ ❞❡♠❛♥❞ ❛♥❞ ♣r♦❞✉❝t✐♦♥ ❝♦sts ♦❜s❡r✈❡❞ ❝♦♥s✐❞❡r✐♥❣

t❤❡ ❛❞♦♣t✐♦♥ ♦❢ P❘ ❛♥❞ ■❙ t❡❝❤♥♦❧♦❣✐❡s t♦ ❛❝❤✐❡✈❡ t❤❡ ❆❇❈ t❛r❣❡ts ❜② ✷✵✷✵✱ ✐✳❡✳✱

t❤❡ ♠♦❞❡❧ ♠✐❣❤t ♥♦t ❢♦❧❧♦✇ t❤❡ ♦❜s❡r✈❡❞ tr❡♥❞ ♦❢ ❧❛♥❞✲✉s❡ ❝❤❛♥❣❡ ❛❝r♦ss ❇r❛③✐❧✐❛♥

r❡❣✐♦♥s✳

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

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

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

s✐❢②✐♥❣ ♣r♦❞✉❝t✐♦♥ ✐♥ t❤❡ s❛♠❡ ❛r❡❛ ✭s✉♠♠❡r s♦②❜❡❛♥ ❛♥❞ ✇✐♥t❡r ❝r♦♣ ♦❢ ♠❛✐③❡✮ t♦

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

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

❈❤❛♣t❡r ✹ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✹✼



❈❤❛♣t❡r ✹

❘❡s✉❧ts ❛♥❞ ❞✐s❝✉ss✐♦♥

■♥ t❤✐s ❝❤❛♣t❡r ■ ❡①t❡♥❞ t❤❡ ❞✐s❝✉ss✐♦♥ t♦ ♣r♦✈✐❞❡ t❤❡ ✜♥❞✐♥❣s ♦❢ t❤✐s t❤❡s✐s

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

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

s❡♥t❛t✐♦♥ ✐s ♦r❣❛♥✐③❡❞ ✐♥ t❤r❡❡ s❡❝t✐♦♥s✿ ❙❡❝t✐♦♥ ✹✳✶ ❞❡❛❧s ✇✐t❤ t❤❡ ❧❛♥❞✲✉s❡ ❝❤❛♥❣❡s

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

❞✉❝t✐♦♥ ❝❤❛♥❣❡s ❛♥❞ t❤❡ ■❙ ♣r♦❞✉❝t✐♦♥ ❧❡✈❡❧✱ ❙❡❝t✐♦♥ ✹✳✸ s❤♦✇s t❤❡ ♣♦❧✐❝② ❝♦sts

❛♥❞ ♠❛❝r♦❡❝♦♥♦♠✐❝ r❡s✉❧ts✱ s✉❝❤ ❛s ●❉P ❝❤❛♥❣❡s ❛♥❞ ✇❡❧❢❛r❡✱ ❛♥❞ ✜♥❛❧❧②✱ ❙❡❝t✐♦♥s

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

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

✐♠♣♦rt❛♥t ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ t❤❡ ♠♦❞❡❧ r❡s♣♦♥s❡ ❛❝r♦ss s❝❡♥❛r✐♦s✳

✹✳✶ ▲❛♥❞✲✉s❡ ❝❤❛♥❣❡s

❆ ❜❡tt❡r r❡♣r❡s❡♥t❛t✐♦♥ ♦❢ ❧❛♥❞ ✐♥ ❛ ❈●❊ ❢r❛♠❡✇♦r❦ ❛❧❧♦✇s ✐♥✈❡st✐❣❛t✐♦♥ ♦❢

✐ts ✉s❡ ❛s ❛♥ ✐♥♣✉t t♦ ❡❝♦♥♦♠✐❝ ❛❝t✐✈✐t✐❡s✱ ❛s ✇❡❧❧ ❛s ❡♥✈✐r♦♥♠❡♥t❛❧ ❝♦♥s❡q✉❡♥❝❡s ♦❢

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

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

❞❡♠❛♥❞ ❢♦r ❢♦♦❞✱ ❢✉❡❧ ❛♥❞ ✜❜❡r✱ ❛♥❞ t❤❡ ♠❛✐♥t❡♥❛♥❝❡ ♦❢ ♥❛t✉r❛❧ ❡♥✈✐r♦♥♠❡♥t❛❧✱ ❜✉t

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

t❤❡♠✳ ❚❛❜❧❡ ✹✳✶ s✉♠♠❛r✐③❡s t❤❡ ❦❡② ❜❛s❡ r❡s✉❧ts✱ ✇❤✐❝❤ ■ ❞✐s❝✉ss ✐♥ ❞❡t❛✐❧ ❜❡❧♦✇✳

❈♦♥s✐❞❡r✐♥❣ P❘ t❤❡ r❡❣✐♦♥❛❧ t❡❝❤♥♦❧♦❣② ❝♦sts ❛r❡ ❞r✐✈❡♥ ❜② t❤❡ ❧❛♥❞ r❡♥ts✳

❚❤❡ r❛t✐♦ ❜❡t✇❡❡♥ t❤❡ r❡♥ts ♦❢ ❞❡❣r❛❞❡❞ ♣❛st✉r❡s ❛♥❞ ❣♦♦❞ ♣❛st✉r❡s r❡♣r❡s❡♥ts

❤♦✇ ♠✉❝❤ ❡❝♦♥♦♠✐❝ ❡✛♦rt ♠✉st ❜❡ ❛♣♣❧✐❡❞ t♦ r❡❝♦✈❡r② t❤❡s❡ ❛r❡❛s✳ ❋♦r ✐♥st❛♥❝❡✱

r❛t✐♦s ♦❢ ✵✳✼✵ ❛♥❞ ✵✳✹✹ ❢♦r ❈❡♥t❡r✲❲❡st ❛♥❞ ◆♦rt❤ r❡❣✐♦♥s✱ r❡s♣❡❝t✐✈❡❧②✱ s❤♦✇ ❧♦✇❡r

✐♥✈❡st♠❡♥t t♦ r❡❝♦✈❡r② t❤❡ s❛♠❡ q✉❛♥t✐t② ♦❢ ❛r❡❛ ✐♥ ❈❡♥t❡r✲❲❡st ✇❤❡♥ ❝♦♠♣❛r❡ t♦

◆♦rt❤ ✭❛s s❤♦✇♥ ✐♥ ❚❛❜❧❡ ✸✳✼✮✳ ■❙ s✉❝❤ ❛s ❝r♦♣✲❧✐✈❡st♦❝❦ ❛♥❞ ❝r♦♣✲❧✐✈❡st♦❝❦✲❢♦r❡str②

♦♥❧② ❞❡♠❛♥❞ ❣♦♦❞ ♣❛st✉r❡ ❧❛♥❞ ❛s s❡❝t♦r✲s♣❡❝✐✜❝ ♣r✐♠❛r② ❢❛❝t♦r✱ ✐✳❡✳✱ t❤❡s❡ s②st❡♠s

✹✽
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❚❛❜❧❡ ✹✳✶✿ ❙✉♠♠❛r② ♦❢ ❦❡② ❜❛s❡ r❡s✉❧ts ✭❛❧❧ ❘✩ ✈❛❧✉❡s ❛r❡ ✐♥ ✷✵✵✾ ❘✩✮✳

Scenarios

Metric Unit Non-priority Priority Combined

Land-use changes

Cropland 1,000 ha -664 -1,381 -2
Pasture 1,000 ha 10,314 10,881 9,597
Degraded pasture 1,000 ha -15,000 -15,000 -15,000
Natural forest 1,000 ha 485 597 471
Natural forest (private) 1,000 ha 1,323 1,456 1,260
Managed forest 1,000 ha 49 229 54
Planted forest 1,000 ha 507 179 500
Natural areas 1,000 ha 2,987 3,039 3,120

Integrated systems

maize-livestock 1,000 ha 1,164 461 269
soybean-livestock 1,000 ha 2,476 3,179 3,371
soybean-livestock-forestry 1,000 ha 360 360 360

Policy costs

Welfare million R$ 7,959 -724 8,027
Total pasture recovery million R$ 26,626 31,288 26,685
Recovery per hectare R$/ha 1,774 2,086 1,779
Total integrated systems million R$ 5,939 7,789 7,732
Total ABC Plan million R$ 32,565 39,077 34,417
GDP change % -0.963 -1.185 -1.110

Source: research outcomes.

❝♦♠♣❡t❡ ❢♦r ❧❛♥❞ ✇✐t❤ ❝❛tt❧❡ ✭❝tt❧✮ ❛♥❞ ♦t❤❡r ❧✐✈❡ ❛♥✐♠❛❧s ✭♦❧❛✮ s❡❝t♦rs✳ ■♥ t❤✐s

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

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

t❤❡ ❝❛s❡ ♦❢ ■❙ ✇✐t❤ ❢♦r❡st ❝♦♠♣♦♥❡♥t✳ ❈♦♥s❡q✉❡♥t❧②✱ t❤❡ ■❙ ❛r❡ ♥♦t ❝♦♥s✐❞❡r❡❞ ❛

r❡❝♦✈❡r② str❛t❡❣② ✐♥ t❤✐s r❡s❡❛r❝❤✱ ❡✈❡♥ t❤♦✉❣❤ t❤❡s❡ s②st❡♠s ❤❛✈❡ s❤♦✇♥ r❡❝♦✈❡r②

❛♥❞ ♠✐t✐❣❛t✐♦♥ ♣♦t❡♥t✐❛❧s ✭❉❊ ▼❖❘❆❊❙ ❡t ❛❧✳✱ ✷✵✶✹✮✳

❚❤❡ ❛❣❣r❡❣❛t❡❞ ✈❛❧✉❡ ♦❢ ❧❛♥❞✲✉s❡ ❝❤❛♥❣❡ ❜② ❝❛t❡❣♦r② ✐s ♣r❡s❡♥t❡❞ ✐♥ ❋✐❣✉r❡

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

t❤❡ ❆❇❈ P❧❛♥ ✐♥ ❇r❛③✐❧✳ ❉✉♦ t♦ t❤❡ ♣♦❧✐❝② ✐♠♣❧❡♠❡♥t❛t✐♦♥ t❤❡ r❡s✉❧ts ♦❢ ❞❡❣r❛❞❡❞

♣❛st✉r❡ r❡❝♦✈❡r❡❞ ✉♥❞❡r ❛❧❧ s❝❡♥❛r✐♦s ❛r❡ t❤❡ s❛♠❡ ✭✶✺ ▼❤❛✮✳ ❋✐rst✱ t❤❡ ♦✉t❝♦♠❡s

s❤♦✇ ❛♥ ✐♥❝r❡❛s❡ ✐♥ ♣❛st✉r❡ ❧❛♥❞ ❛r♦✉♥❞ ✶✵ ▼❤❛ ✉♥❞❡r ◆♦♥✲♣r✐♦r✐t② ❛♥❞ Pr✐♦r✐t②

s❝❡♥❛r✐♦s✱ ❛♥❞ ❛ s❧✐❣❤t❧② s♠❛❧❧❡r ❛r❡❛ ✭✾✳✻ ▼❤❛✮ ✉♥❞❡r ❈♦♠❜✐♥❡❞ s❝❡♥❛r✐♦✳ ❙✐♥❝❡

t❤❡ ❧❛♥❞ ✐s ❛ s❡❝t♦r✲s♣❡❝✐✜❝ ♣r✐♠❛r② ❢❛❝t♦r ✐ts ✜♥❛❧ ❛❧❧♦❝❛t✐♦♥ ✐s ❞❡♣❡♥❞❡♥t ♦❢ t❤❡

❝♦♠♣❡t✐t✐♦♥ ❜② ❞✐✛❡r❡♥t ✉s❡s✳ ■t ♠❡❛♥s t❤❛t ♥♦t ♥❡❝❡ss❛r✐❧② ❛❧❧ ✶✺ ▼❤❛ ♦❢ r❡❝♦✈❡r❡❞

♣❛st✉r❡ ✇♦✉❧❞ ❜❡ ❝♦♥✈❡rt❡❞ ✐♥ ♣❛st✉r❡ ❧❛♥❞✳ ❚❤❡ ♣❛st✉r❡ ❛r❡❛ r❡❞✉❝❡s ✹✳✶ ▼❤❛✱

✹✳✼ ▼❤❛✱ ❛♥❞ ✺✳✹ ▼❤❛ ✉♥❞❡r Pr✐♦r✐t②✱ ◆♦♥✲♣r✐♦r✐t②✱ ❛♥❞ ❈♦♠❜✐♥❡❞ s❝❡♥❛r✐♦s✱ r❡✲

s♣❡❝t✐✈❡❧②✳ ❚❤❡ P❘ ♣r♦❝❡ss ✐♥❝r❡❛s❡s t❤❡ s✉♣♣❧② ♦❢ ❧❛♥❞ ✇✐t❤ ❤✐❣❤ ♣r♦❞✉❝t✐✈✐t② ❛♥❞

r❡❞✉❝❡ t❤❡ ❧❛♥❞ ❞❡♠❛♥❞ ❢♦r tr❛❞✐t✐♦♥❛❧ ❧✐✈❡st♦❝❦ s②st❡♠✳ ❆❧s♦✱ t❤❡ ❛❝t✐♦♥ ❞✐r❡❝t❧②

❛✛❡❝ts s♦②❜❡❛♥ ❛♥❞ ♠❛✐③❡ s❡❝t♦rs✳ ❆s ❛ r❡s✉❧t✱ ♠♦r❡ ❧❛♥❞ ✐s ❛✈❛✐❧❛❜❧❡ ❢♦r ♦t❤❡r ✉s❡s

❈❤❛♣t❡r ✹ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✹✾
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❛♥❞ s❡❝t♦rs✳

❋✐❣✉r❡ ✹✳✶✿ ❆❣❣r❡❣❛t❡❞ ❧❛♥❞✲✉s❡ ❝❤❛♥❣❡ ✉♥❞❡r ❞✐✛❡r❡♥t s❝❡♥❛r✐♦s✳
❙♦✉r❝❡✿ r❡s❡❛r❝❤ ♦✉t❝♦♠❡s✳

❙❡❝♦♥❞✱ t❤❡ ♦✉t❝♦♠❡s ✉♥❞❡r ❛❧❧ s❝❡♥❛r✐♦s s❤♦✇ ❛♥ ✐♥❝r❡❛s❡ ❛r♦✉♥❞ ✹✳✽ ▼❤❛

✐♥ ♥❛t✉r❛❧ ❛♥❞ ❢♦r❡st ❛r❡❛s ✭♣✉❜❧✐❝ ❛♥❞ ♣r✐✈❛t❡✮✱ ✇❤✐❝❤ ❛♣♣r♦①✐♠❛t❡❧② ✸✽✪ ♦❝❝✉rs

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

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

✐♥❝r❡❛s❡ ❜② ✵✳✺✺✻ ▼❤❛ ❛♥❞ ✵✳✺✺✹ ▼❤❛ ✉♥❞❡r ◆♦♥✲♣r✐♦r✐t② ❛♥❞ ❈♦♠❜✐♥❡❞ s❝❡♥❛r✐♦s✱

r❡s♣❡❝t✐✈❡❧②✱ ❛♥❞ ✵✳✹✵✽ ▼❤❛ ✉♥❞❡r Pr✐♦r✐t② s❝❡♥❛r✐♦✳ ❚❤❡s❡ r❡s✉❧ts ✐♥❞✐❝❛t❡ ❛ ❧♦✇❡r

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

❛r❡❛s ❢♦r ♠❛♥❛❣❡❞ ❛♥❞ ♣❧❛♥t❡❞ ❢♦r❡st ✐s ❛ ❝♦♥s❡q✉❡♥❝❡ ♦❢ t❤❡ ✐♥✈❡st♠❡♥ts ✐♥ ■❙ t❤❛t

❜♦♦st t❤❡ ❢♦r❡str② s❡❝t♦r ❜♦t❤ s✐♥❣❧❡ ❛♥❞✴♦r ✐♥t❡❣r❛t❡❞ ♣r♦❞✉❝t✐♦♥✳ ❆❧s♦✱ ✐♥❞✐❝❛t❡ ❛

s②♥❡r❣② ❜❡t✇❡❡♥ t❤❡ P❘ ❛♥❞ ❢♦r❡st ❛❝t✐♦♥s t♦ ❝♦♥tr♦❧ ❞❡❢♦r❡st❛t✐♦♥ ❛♥❞ t♦ ✐♠♣r♦✈❡

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

❛✈❛✐❧❛❜❧❡ ❢♦r ✐♥t❡❣r❛t❡❞ ♣r♦❞✉❝t✐♦♥✱ ❛♥❞ ❧❡ss ♣r❡ss✉r❡ t♦ ❝❧❡❛r ♥❡✇ ♥❛t✉r❛❧ ❧❛♥❞✳

❚❤✐r❞✱ t❤❡r❡ ✐s ❛ ❞❡❝r❡❛s❡ ✐♥ ❝r♦♣❧❛♥❞ ✉s❡ ✐♥❞✐❝❛t✐♥❣ ❛ ✐♥t❡♥s✐✜❝❛t✐♦♥ ♣r♦❝❡ss

❛❝r♦ss ❝♦♠♠♦❞✐t✐❡s ♣r♦❞✉❝t✐♦♥ ✭❣r❛✐♥s✮ ❞❡s♣✐t❡ t❤❡ r❡❣✐♦♥❛❧ ♦✉t❝♦♠❡s✳ ❯♥❞❡r Pr✐✲

♦r✐t② ❛♥❞ ◆♦♥✲♣r✐♦r✐t② s❝❡♥❛r✐♦s t❤❡ ✈❛❧✉❡ ♦❢ ❝r♦♣❧❛♥❞ ✉s❡ ❞❡❝r❡❛s❡s ✶✳✹ ▼❤❛ ❛♥❞

✵✳✻✻✹ ▼❤❛✱ r❡s♣❡❝t✐✈❡❧②✳ ❯♥❞❡r ❈♦♠❜✐♥❡❞ s❝❡♥❛r✐♦ t❤❡ ❝❤❛♥❣❡ ✐s ♦♥❧② ✷✱✵✵✵ ❤❛✳ ❚❤✐s

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

s②♥❡r❣✐❡s ❜❡t✇❡❡♥ t❤❡ t✇♦ ❛❝t✐♦♥s✳ ❯♥❞❡r Pr✐♦r✐t② s❝❡♥❛r✐♦ t❤❡ ✈♦❧✉♠❡ ♦❢ ■❙ ❛❧❧♦✲

❝❛t❡❞ ✐♥ t❤❡ ❙♦✉t❤✱ ❈❡♥t❡r✲❲❡st✱ ❛♥❞ ◆♦rt❤ r❡❣✐♦♥s ❛r❡ ❣r❡❛t❡r t❤❛♥ t❤❡ r❡❝♦✈❡r❡❞

♣❛st✉r❡✳ ■t ✐♠♣❧✐❡s ❛ str♦♥❣ ✐♥t❡♥s✐✜❝❛t✐♦♥ ❛❝r♦ss ❞✐✛❡r❡♥t ❝♦♠♠♦❞✐t✐❡s ✐♥ t❤❡s❡

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

r❡❝♦✈❡r❡❞ ♣❛st✉r❡ ✐♥ t❤❡ ❙♦✉t❤ ❛♥❞ ❙♦✉t❤❡❛st r❡❣✐♦♥s ✉♥❞❡r ❈♦♠❜✐♥❡❞ s❝❡♥❛r✐♦ ❞♦❡s

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

❈❤❛♣t❡r ✹ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✺✵



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❛❧❧♦❝❛t❡❞ t♦ tr❛❞✐t✐♦♥❛❧ s❡❝t♦rs✱ s✉❝❤ ❛s r✐❝❡ ❛♥❞ ❢r✉✐ts ✐♥ t❤❡ ❙♦✉t❤✱ ❛♥❞ s✉❣❛r❝❛♥❡

✐♥ t❤❡ ❙♦✉t❤❡❛st✳ ❆t r❡❣✐♦♥❛❧ ❧❡✈❡❧ ❜♦t❤ ❛❝t✐♦♥s s❤♦✉❧❞ ❜❡ ❝♦♠❜✐♥❡❞ ❢♦r ❜❡st r❡s✉❧ts✳

❚❤❡s❡ r❡s✉❧ts s✉❣❣❡st ❛ s②♥❡r❣② ❜❡t✇❡❡♥ t❤❡ t✇♦ ❆❇❈ P❧❛♥ ❛❝t✐♦♥s✱ s✉❝❤ ❛s P❘ ❛♥❞

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

❛r❡❛s ❛r❡ ❞❡st✐♥❡❞ t♦ t❤❡ ♣r♦❞✉❝t✐♦♥ ♦❢ ■❙ ✇✐t❤ ♠❛✐③❡ ♦r s♦②❜❡❛♥✱ ❧✐✈❡st♦❝❦ ❛♥❞✴♦r

❢♦r❡str②✳ ❆s ❛ r❡s✉❧t✱ t❤❡ s✐♥❣❧❡ ♣r♦❞✉❝t✐♦♥ ♦❢ s♦②❜❡❛♥ ❛♥❞ ♠❛✐③❡ ❞❡♠❛♥❞s ❧❡ss ❧❛♥❞

❞❡t❡r♠✐♥✐♥❣ t❤❡ ♥❡❣❛t✐✈❡ ❝❤❛♥❣❡ ✐♥ t❤✐s ❧❛♥❞✲✉s❡ ❝❛t❡❣♦r② r❡❣❛r❞❧❡ss t❤❡ ♦t❤❡r ❝r♦♣

s❡❝t♦rs✳ ■♥❞❡❡❞✱ t❤❡r❡ ❛r❡ t✇♦ ❢❛❝t♦rs t❤❛t ❣♦✈❡r♥s t❤❡ ✐♥t❡♥s✐✜❝❛t✐♦♥ ♦❢ ♣r♦❞✉❝t✐♦♥✳

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

s✐❞❡✱ s♦②❜❡❛♥ ❛♥❞ ♠❛✐③❡ ❛r❡ ♣r♦❞✉❝❡❞ ✐♥ ❛♥ ■❙ ✇✐t❤ ❧✐✈❡st♦❝❦ ❛♥❞✴♦r ❢♦r❡st✳ ❆❧s♦

t❤❡r❡ ❛r❡ ✐♥❞✐r❡❝t ❡♥✈✐r♦♥♠❡♥t❛❧ ❡①t❡r♥❛❧✐t✐❡s✱ s✉❝❤ ❛s ❧❡ss ❧❛♥❞✲✉s❡ tr❛♥s✐t✐♦♥s s✐♥❝❡

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

❢♦r❡st❛t✐♦♥✱ ❜✐♦❞✐✈❡rs✐t② ❝♦♥s❡r✈❛t✐♦♥✱ ❡❝♦s②st❡♠ s❡r✈✐❝❡s✱ s✐♥❝❡ r❡❞✉❝❡ t❤❡ ♣r❡ss✉r❡

♦✈❡r ♥❛t✉r❛❧ ❛♥❞ ❢♦r❡st ❛r❡❛s✳

❋✐❣✉r❡ ✹✳✷✿ ❙❤❛r❡ ♦❢ t♦t❛❧ ❛♥❞ ❛r❡❛ ♦❢ ❡❛❝❤ ✐♥t❡❣r❛t❡❞ s②st❡♠ ✉♥❞❡r ❞✐✛❡r❡♥t
s❝❡♥❛r✐♦s ✭✶✱✵✵✵ ❤❛✮✳
❙♦✉r❝❡✿ r❡s❡❛r❝❤ ♦✉t❝♦♠❡s✳

❋✐❣✉r❡ ✹✳✷ s❤♦✇s t❤❡ ❛r❡❛s ♦❢ ■❙ ✉♥❞❡r ❞✐✛❡r❡♥t s❝❡♥❛r✐♦s✳ ❆s ❛❢♦r❡♠❡♥t✐♦♥❡❞✱

❜❡❝❛✉s❡ ♦❢ s♦❧✈❡r r❡str✐❝t✐♦♥s t❤❡ ❛r❡❛s ♦❢ s♦②❜❡❛♥✲❧✐✈❡st♦❝❦✲❢♦r❡str② ✐♥t❡❣r❛t✐♦♥ ❛r❡

t❤❡ s❛♠❡ ❛❝r♦ss s❝❡♥❛r✐♦s ✭✸✻✵✱✵✵✵ ❤❛✮✳ ◆❡✈❡rt❤❡❧❡ss✱ t❤❡ ❛r❡❛s ♦❢ ■❙ ✇✐t❤ ♠❛✐③❡

♦r s♦②❜❡❛♥ ❛♥❞ ❧✐✈❡st♦❝❦ r❡♣r❡s❡♥t ♠♦r❡ t❤❛♥ ✾✵✪ ♦❢ t♦t❛❧ ♦❜s❡r✈❡❞ ❞❛t❛✳ ❚❤❡

♦✉t❝♦♠❡s ❢♦r t❤❡s❡ ■❙ ❞✐✛❡r ❛❝r♦ss s❝❡♥❛r✐♦s✳ ❚❤❡ ❛r❡❛ ✇✐t❤ ♠❛✐③❡✲❧✐✈❡st♦❝❦ ❢❛❧❧

s✐❣♥✐✜❝❛♥t❧② ❢r♦♠ ✶✳✷ ▼❤❛ ✉♥❞❡r ◆♦♥✲♣r✐♦r✐t② s❝❡♥❛r✐♦ t♦ ✹✻✶✱✵✵✵ ❤❛ ❛♥❞ ✷✻✾✱✵✵✵ ❤❛

✉♥❞❡r Pr✐♦r✐t② ❛♥❞ ❈♦♠❜✐♥❡❞ s❝❡♥❛r✐♦s✱ r❡s♣❡❝t✐✈❡❧②✳ ❚❤❡ ❛❞❞✐t✐♦♥ ♦❢ ❛ r❡str✐❝t✐♦♥

t♦ r❡❝♦✈❡r ♣❛st✉r❡ ✭Pr✐♦r✐t② s❝❡♥❛r✐♦✮ ✐♥❝r❡❛s❡s t❤❡ ❛❧❧♦❝❛t❡❞ ❛r❡❛ ✇✐t❤ s♦②❜❡❛♥

✐♥t❡❣r❛t✐♦♥✳ ❚❤❡ s❛♠❡ ♦❝❝✉rs ✉♥❞❡r ❈♦♠❜✐♥❡❞ s❝❡♥❛r✐♦✳ ■♥ t❤❡ ❜❛s❡ ②❡❛r t❤❡ t♦t❛❧

❝♦st ♣❡r ❤❡❝t❛r❡ ♦❢ s♦②❜❡❛♥✲❧✐✈❡st♦❝❦ ✐♥t❡❣r❛t✐♦♥ ✐s✱ ♦♥ ❛✈❡r❛❣❡✱ ✷✺✪ ❧♦✇❡r t❤❛♥

♠❛✐③❡✲❧✐✈❡st♦❝❦ ✐♥t❡❣r❛t✐♦♥✳ ❚❤❡ ❧♦✇❡r ❝♦st ❛♥❞ t❤❡ r❡❣✐♦♥❛❧ r❡str✐❝t✐♦♥s ❢♦r❝❡❞ ✉♥❞❡r

❈❤❛♣t❡r ✹ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✺✶



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

Pr✐♦r✐t② ❛♥❞ ❈♦♠❜✐♥❡❞ s❝❡♥❛r✐♦s ✐♥❝r❡❛s❡ t❤❡ s♦②❜❡❛♥ ❛r❡❛ r❡❧❛t✐✈❡❧② t♦ ♠❛✐③❡ ❛r❡❛✳

✹✳✶✳✶ ❘❡❣✐♦♥❛❧ ❧❛♥❞✲✉s❡ ❝❤❛♥❣❡s

❘❡❣✐♦♥❛❧ ♦✉t❝♦♠❡s ♦❢ ❧❛♥❞✲✉s❡ ❝❤❛♥❣❡s ❛r❡ s✉♠♠❛r✐③❡❞ ✐♥ ❋✐❣✉r❡ ✹✳✸✳ ❚❤❡

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

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

✐♥ t❤❡ ♠♦❞❡❧ ❜② r❡❣✐♦♥❛❧ tr❛❞❡✳ ■t s✉❣❣❡sts ✐❢ t❤❡r❡ ✐s ❛♥ ✐♥❝r❡❛s❡✴❞❡❝r❡❛s❡ ✐♥ ❞❡❢♦r✲

❡st❛t✐♦♥ ✐♥ t❤❡ ✐♥♥♦✈❛t✐♥❣ r❡❣✐♦♥ ✐♥ r❡s♣♦♥s❡ t♦ ❤✐❣❤❡r✴❧♦✇❡r ❧❛♥❞ ♣r♦❞✉❝t✐✈✐t②✱ t❤❡

❛❣r✐❝✉❧t✉r❛❧ ❛♥❞ ❢♦♦❞ ♠❛r❦❡ts ❛r❡ ❧✐❦❡❧② ✐♥❞✉❝❡ ✧❧❡❛❦❛❣❡✧ ❡✛❡❝ts ✈✐❛ tr❛❞❡✱ ✇❤❡r❡❜②

t❤❡ ✐♥♥♦✈❛t✐♥❣ r❡❣✐♦♥ r❡❧✐❡✈❡s✴✐♥❝r❡❛s❡s ♣r❡ss✉r❡s ♦♥ ❢♦r❡sts ❡❧s❡✇❤❡r❡✳

❯♥❞❡r ◆♦♥✲♣r✐♦r✐t② s❝❡♥❛r✐♦ ❙♦✉t❤ ❛♥❞ ❙♦✉t❤❡❛st r❡❣✐♦♥s s❤♦✇ t❤❡ ❧❛r❣❡st

s❤❛r❡s ♦❢ r❡❝♦✈❡r❡❞ ❛r❡❛s✳ ❚❤❡s❡ r❡❣✐♦♥s ❤❛✈❡ ❧♦✇❡r r❡❝♦✈❡r② ❝♦sts ❛♥❞ ❧❛r❣❡ ❛r❡❛s

✇✐t❤ ❞❡❣r❛❞❡❞ ♣❛st✉r❡ ✇❤✐❝❤ ♠❡❛♥ ♠♦r❡ s✉✐t❛❜✐❧✐t② t♦ ❛❝t✐♦♥s ♣r❡s❡♥t ✐♥ t❤❡ ❆❇❈

P❧❛♥✳ ❆❧s♦✱ t❤❡s❡ r❡❣✐♦♥s ❤❛✈❡ ❛♥ ✐♥❝r❡❛s❡ ✐♥ ♥❛t✉r❛❧ ❛♥❞ ❢♦r❡st ❛r❡❛s ✉♥❞❡r ❛❧❧

s❝❡♥❛r✐♦s✳ ❇❡s✐❞❡s r❡❞✉❝✐♥❣ t❤❡ ♣r❡ss✉r❡ ♦♥ ♥❛t✐✈❡ ✈❡❣❡t❛t✐♦♥ ✐♥ t❤❡s❡ r❡❣✐♦♥s✱ t❤❡

❢♦r❡str② s②st❡♠s ❛♣♣❡❛r ❛s ❛ ❧♦♥❣✲t❡r♠ ❛❝t✐✈✐t② ❛s ❧✐✈❡st♦❝❦ ❛♥❞ ❝r♦♣s ❛r❡ ❜❡❣✐♥

✐♥t❡♥s✐✜❡❞ ❜② t❤❡ ❆❇❈ P❧❛♥ ❛❝t✐♦♥s✳ ◆♦t❡ t❤❛t t❤❡ ❝r♦♣❧❛♥❞ ✉s❡ ✐♥❝r❡❛s❡s ❞✉❡ t♦

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

❛♥❞ ❢r✉✐ts ✐♥ t❤❡ ❙♦✉t❤✱ ❛♥❞ s✉❣❛r❝❛♥❡ ✐♥ t❤❡ ❙♦✉t❤❡❛st✳ ■♥ t❤❡ ❙♦✉t❤ ❛♥❞ ❙♦✉t❤❡❛st

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

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

❚❤❡ s❛♠❡ ❞②♥❛♠✐❝ ♦❝❝✉rs ✉♥❞❡r Pr✐♦r✐t② ❛♥❞ ❈♦♠❜✐♥❡❞ s❝❡♥❛r✐♦s✳

❍♦✇❡✈❡r✱ t❤❡ ✐♥♥♦✈❛t✐♥❣ ♣r♦❝❡ss ♣r♦♠♦t❡❞ ❜② t❤❡ ❆❇❈ P❧❛♥ ❛❝t✐♦♥s ❤❛s ❞✐✛❡r✲

❡♥t ♦✉t❝♦♠❡s ❢♦r r❡❣✐♦♥s ✐♥ t❤❡ ❛❣r✐❝✉❧t✉r❛❧ ❢r♦♥t✐❡r✳ ❈❡♥t❡r✲❲❡st ❛♥❞ ◆♦rt❤ r❡❣✐♦♥s

s❤♦✇ ❛ ❞❡❝r❡❛s❡ ✐♥ t❤❡ ♥❛t✉r❛❧ ❛♥❞ ❢♦r❡sts ❛r❡❛s✱ ❛s ✇❡❧❧ ❛s ✐♥ t❤❡ ❢♦r❡str② s②st❡♠s

✉♥❞❡r ❛❧❧ s❝❡♥❛r✐♦s✳ ❚❤❡ ❡①❝❡♣t✐♦♥ ♦❝❝✉rs ✐♥ t❤❡ ◆♦rt❤ ✇✐t❤ s♠❛❧❧ ✐♥❝r❡❛s❡ ✐♥ t❤❡

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

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

t❤❡ ◆♦rt❤❡❛st ❈❡rr❛❞♦✳ ❚❤✐s ♦✉t❝♦♠❡ ✐s ✉♥✐q✉❡ ✇❤❡♥ ❝♦♠♣❛r❡ t♦ t❤❡ ♦t❤❡r r❡❣✐♦♥s✳

◆♦rt❤✱ ❈❡♥t❡r✲❲❡st✱ ❛♥❞ ◆♦rt❤❡❛st ❈❡rr❛❞♦ ❤❛✈❡ t❤❡ ❧❛r❣❡st s❤❛r❡s ♦❢ ♣❛st✉r❡ ❧❛♥❞

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

❛♥ ✐♥❝❡♥t✐✈❡ ❡✈❡♥ ✇✐t❤ t❤❡ ❆❇❈ ❛❝t✐♦♥s t♦ ✐♥❝r❡❛s❡ t❤❡ ♣❛st✉r❡ ❧❛♥❞ ♠♦r❡ t❤❛♥ t❤❡

r❡❝♦✈❡r❡❞ ♣❛st✉r❡✳ ❘❡❣❛r❞❧❡ss t❤❡ ✐♥t❡❣r❛t❡❞ ♣r♦❞✉❝t✐♦♥✱ t❤❡s❡ r❡s✉❧ts s✉❣❣❡st t❤❡

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

♦♥ ♥❛t✐✈❡ ✈❡❣❡t❛t✐♦♥✳ ❆❧s♦✱ t❤❡ s✐♥❣❧❡ ❧✐✈❡st♦❝❦ ♣r♦❞✉❝t✐♦♥ ✐♥❝r❡❛s❡s ✐♥ ❈❡♥t❡r✲❲❡st✱

◆♦rt❤✱ ❛♥❞ ◆♦rt❤❡❛st ❈❡rr❛❞♦ r❡❣✐♦♥s r❡✐♥❢♦r❝✐♥❣ t❤❡s❡ r❡s✉❧ts✳

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

t♦ ♦t❤❡r r❡❣✐♦♥s ✐♥ t❤❡ ♠♦❞❡❧✳ ❖♥❧② ✉♥❞❡r Pr✐♦r✐t② s❝❡♥❛r✐♦ t❤❡ ❧❛♥❞✲✉s❡ ❝❤❛♥❣❡ ❤❛s

❈❤❛♣t❡r ✹ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✺✷



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❋✐❣✉r❡ ✹✳✸✿ ▲❛♥❞✲✉s❡ ❝❤❛♥❣❡s ❜② r❡❣✐♦♥ ✉♥❞❡r ❞✐✛❡r❡♥t s❝❡♥❛r✐♦s✳
❙♦✉r❝❡✿ r❡s❡❛r❝❤ ♦✉t❝♦♠❡s✳

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

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

t❤❛t ❢♦r❡str② s②st❡♠s ✲ ♠❛♥❛❣❡❞ ❛♥❞ ♣❧❛♥t❡❞ ❢♦r❡sts ✲ ❛r❡ ♥♦t ❛♥ ❡❝♦♥♦♠✐❝ ♦♣t✐♦♥s

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

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

❢♦r t❤✐s r❡❣✐♦♥✱ ✇❤✐❝❤ ❤✐st♦r✐❝❛❧❧② ✐s t❤❡ ♣♦♦r❡st r❡❣✐♦♥ ✐♥ ❇r❛③✐❧✳ ❆❧s♦✱ t❤❡ ❈❛❛t✐♥❣❛

❜✐♦♠❡ r❡♣r❡s❡♥ts ❛ ❝❤❛❧❧❡♥❣❡ t♦ t❤❡ ❛❣r✐❝✉❧t✉r❛❧ ❞❡✈❡❧♦♣♠❡♥t ✐♥ ❇r❛③✐❧✱ ❜❡❝❛✉s❡ t❤❡

r❡❣✐♦♥ ✐s ❛ s❡❛s♦♥❛❧❧② ❞r② tr♦♣✐❝❛❧ ❢♦r❡st ❛♥❞ ❝♦♥s✐sts ♦❢ ❞r② ❢♦r❡st s♣❡❝✐❡s r❛t❤❡r

t❤❛♥ s❛✈❛♥♥❛ s♣❡❝✐❡s✳

❆s s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✸✳✶ t❤❡ ❈❛❛t✐♥❣❛ ❜✐♦♠❡ ✐s ❛❧s♦ ❛ ❧❛r❣❡ s❤❛r❡ ♦❢ t❤❡ ◆♦rt❤❡❛st

❈❡rr❛❞♦ r❡❣✐♦♥✳ ❙✐♥❝❡ t❤❡ ♠♦❞❡❧ st✐❧❧ ❞♦❡s ♥♦t ❝❛♣t✉r❡ ❜✐♦♠❡ ❛❣r✐❝✉❧t✉r❛❧ ❛♣t✐t✉❞❡

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

❈❤❛♣t❡r ✹ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✺✸



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❍♦✇❡✈❡r✱ t❤❡ r❡s✉❧ts ❢♦r t❤✐s r❡❣✐♦♥ ❛r❡ ❡①tr❡♠❡❧② ✐♠♣♦rt❛♥t ❛♥❞ t❤❡ ❆❇❈ ❛❝t✐♦♥s

❤❛✈❡ ❞✐✛❡r❡♥t r❡❣✐♦♥❛❧ ♦✉t❝♦♠❡s✳ ❆❝t✉❛❧❧②✱ ✐♥ t❤✐s r❡❣✐♦♥ t❤❡ ❛❣r✐❝✉❧t✉r❛❧ ❞②♥❛♠✐❝

♦❝❝✉rs ✐♥ t❤❡ ❈❡rr❛❞♦ ❜✐♦♠❡✳ ❘❡❣❛r❞❧❡ss t❤❡ ❝♦♥s♦❧✐❞❛t❡ ❛❣r✐❝✉❧t✉r❡ ✐♥ t❤❡ ❚♦❝❛♥t✐♥s

✭❚❖✮ ❙t❛t❡✱ t❤❡ ❲❡st ♣❛rt ♦❢ ❇❛❤✐❛ ✭❇❆✮✱ ❛♥❞ ❙♦✉t❤ ♦❢ ▼❛r❛♥❤ã♦ ✭▼❆✮ ❛♥❞ P✐❛✉í

✭P■✮ ❙t❛t❡s ❛r❡ ❝♦♥s✐❞❡r❡❞ t❤❡ ♠♦st ✐♠♣♦rt❛♥t r❡❣✐♦♥ ❢♦r ❧❛♥❞✲✉s❡ ❝❤❛♥❣❡✱ ❛❣r✐❝✉❧✲

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

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

❛♥ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ♥❛t✉r❛❧ ❛♥❞ ❢♦r❡st ❛r❡❛s✱ ❛♥❞ ❛ s♠❛❧❧ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ❢♦r❡str② s②s✲

t❡♠s✳ ❆❧t❤♦✉❣❤ t❤❡ ♣❛st✉r❡ ❝♦♥t✐♥✉✐♥❣ t❤❡ ♠❛✐♥ ❧❛♥❞✲✉s❡ ✐♥ t❤✐s r❡❣✐♦♥✱ t❤❡ r❡s✉❧ts

✐♥❞✐❝❛t❡ ❛ ❣♦♦❞ ♦♣♣♦rt✉♥✐t② ❢♦r ❛❣r✐❝✉❧t✉r❛❧ ✐♥t❡♥s✐✜❝❛t✐♦♥ t❤r♦✉❣❤ ■❙✱ ❛♥❞ r❡❞✉❝❡

t❤❡ ♣r❡ss✉r❡ ♦♥ ♥❛t✉r❛❧ ❛r❡❛s ✐♥ ❈❡rr❛❞♦ ❜✐♦♠❡✳

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

t❡❝❤♥♦❧♦❣✐❡s ❛r❡ ♥♦t ❛❝t✐✈❡ ✐♥ t❤❡ ❜❡♥❝❤♠❛r❦ ❡q✉✐❧✐❜r✐✉♠✱ ❝♦♥s❡q✉❡♥t❧② t❤❡ r❡s✉❧ts

s❤♦✇ ❛❜s♦❧✉t❡ ✈❛❧✉❡ ♦❢ ❛r❡❛✳ ▲♦♦❦✐♥❣ ❝❛r❡❢✉❧❧② t❤❡ r❡❣✐♦♥❛❧ ♦✉t❝♦♠❡s ❛r❡ ❡①tr❡♠❡❧②

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

t❤❡♠✳

❯♥❞❡r ◆♦♥✲♣r✐♦r✐t② s❝❡♥❛r✐♦✱ ✇❤✐❝❤ ❛❧❧♦✇s t❤❡ ❢r❡❡ ♣♦❧✐❝② ✐♠♣❧❡♠❡♥t❛t✐♦♥✱

t❤❡ ◆♦rt❤❡❛st ❈❡rr❛❞♦ r❡❣✐♦♥ ❤❛s t❤❡ ❧❛r❣❡st ❛r❡❛s ♦❢ ■❙ ✭✼✹✪✮✱ ❢♦❧❧♦✇❡❞ ❜② ◆♦rt❤

r❡❣✐♦♥ ✭✷✻✪✮✳ ❚❤❡ ❧❛r❣❡ ❛r❡❛s ♦❢ ♣❛st✉r❡ ❛♥❞ ❞❡❣r❛❞❡❞ ♣❛st✉r❡ ❛ss♦❝✐❛t❡❞ t♦ ❧♦✇

♣r✐❝❡s ♦❢ ✐♥t❡r♠❡❞✐❛t❡ ✐♥♣✉ts ❛♥❞ ♣r✐♠❛r② ❢❛❝t♦rs ❛ttr❛❝t t❤❡ ❛✈❛✐❧❛❜❧❡ r❡s♦✉r❝❡s ❢♦r

✐♠♣❧❡♠❡♥t✐♥❣ t❤❡ ■❙✳ ❚❤❡ r❡str✐❝t✐♦♥ ❛❞❞❡❞ ✉♥❞❡r Pr✐♦r✐t② ❛♥❞ ❈♦♠❜✐♥❡❞ s❝❡♥❛r✐♦s

✐♥t❡rr✉♣t t❤❡ ✢♦✇ ♦❢ r❡s♦✉r❝❡s t♦✇❛r❞s t❤❡ ◆♦rt❤❡❛st ❈❡rr❛❞♦ r❡❣✐♦♥✳ ❆s ❛ r❡s✉❧t✱

t❤❡ ❛r❡❛ ♦❢ ■❙ ❞r♦♣s ❞r❛st✐❝❛❧❧② ❢r♦♠ ✷✳✼ ▼❤❛ t♦ ✶✹✺✱✵✵✵ ❤❛✳ ❆❧s♦✱ t❤❡ ■❙ ✐♥ t❤❡

◆♦rt❤ r❡❣✐♦♥ ❞❡❝r❡❛s❡ ❢r♦♠ ✾✺✻✱✵✵✵ ❤❛ t♦ ✽✾✾✱✵✵✵ ▼❤❛ r❡♣r❡s❡♥t✐♥❣ ❛r♦✉♥❞ ✷✹✳✼✪

♦❢ t♦t❛❧ ■❙ ❛r❡❛✳

❚❤❡ ♣❛rt✐❝✐♣❛t✐♦♥ ♦❢ ♦t❤❡r r❡❣✐♦♥s✱ s✉❝❤ ❛s ❙♦✉t❤✱ ❈❡♥t❡r✲❲❡st r❡❛❝❤❡s ✹✶✳✻✪

❛♥❞ ✷✼✳✸✪ ♦❢ t♦t❛❧ ■❙ ❛r❡❛s✱ r❡s♣❡❝t✐✈❡❧②✳ ❚❤❡ ❙♦✉t❤❡❛st ❤❛s ♦♥❧② ✷✳✹✪ ♦❢ t♦t❛❧✳

❚❤❡s❡ r❡s✉❧ts ❛r❡ str✐❝t❧② ❝♦rr❡❧❛t❡❞ t♦ t❤❡ ♦❜s❡r✈❡❞ ❞❛t❛ ♦❢ ■❙ ✐♥ ❇r❛③✐❧✐❛♥ r❡❣✐♦♥s✳

❍♦✇❡✈❡r✱ t❤❡ s❝❡♥❛r✐♦s s✐♠✉❧❛t✐♦♥ s❤♦✇s t❤❛t t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ❝♦♥str❛✐♥t ✐♥✲

❝r❡❛s❡s t❤❡ ✈♦❧✉♠❡ ♦❢ r❡s♦✉r❝❡s ❛❧❧♦❝❛t❡❞ t♦ ❝❛rr② ♦✉t t❤❡ ❝r♦♣✲❧✐✈❡st♦❝❦ ❛♥❞ ❝r♦♣✲

❧✐✈❡st♦❝❦✲❢♦r❡str② t❡❝❤♥♦❧♦❣✐❡s✳

❚❤❡ ✜rst ✐♥s✐❣❤t ❤❡r❡ ❝♦♥❝❡r♥s ❛❜♦✉t t❤❡ ✢♦✇ ♦❢ r❡s♦✉r❝❡s t♦ ◆♦rt❤❡❛st ❈❡rr❛❞♦

❛♥❞ ◆♦rt❤ r❡❣✐♦♥s ✉♥❞❡r ◆♦♥✲♣r✐♦r✐t② s❝❡♥❛r✐♦✳ ■♥❞❡❡❞✱ t❤✐s s❝❡♥❛r✐♦ ❤❛s t❤❡ ❧♦✇❡st

❝♦st ❢♦r ■❙ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ❛r♦✉♥❞ ❘✩ ✺✳✾ ❜✐❧❧✐♦♥ ❛s s❤♦✇♥ ✐♥ ❚❛❜❧❡ ✹✳✶✳ ❍♦✇❡✈❡r✱ t❤❡

♠♦❞❡❧ ❞♦❡s ♥♦t ❝❛♣t✉r❡ t❤❡ ✐♠♣❧✐❝✐t ❝♦sts t♦ ❝❛rr② ♦✉t t❤❡s❡s t❡❝❤♥♦❧♦❣✐❡s✱ s✉❝❤ ❛s

❧❛♥❞ t❡♥✉r❡✱ ♣r♦♣r✐❡t② r✐❣❤ts✱ ❛♥❞ ✐♥❢r❛str✉❝t✉r❡✱ s♣❡❝✐❛❧❧② ❢♦r tr❛♥s♣♦rt❛t✐♦♥✱ ✇❤✐❝❤

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

◆❡✈❡rt❤❡❧❡ss✱ t❤❡ ♦t❤❡r t✇♦ s❝❡♥❛r✐♦s s❤♦✇ t❤❛t t❡❝❤♥♦❧♦❣✐❡s ♠✐❣r❛t❡ t♦ ❙♦✉t❤✱

❈❤❛♣t❡r ✹ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✺✹



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❋✐❣✉r❡ ✹✳✹✿ ❆r❡❛ ♦❢ ❡❛❝❤ ✐♥t❡❣r❛t❡❞ s②st❡♠s ❜② r❡❣✐♦♥ ✉♥❞❡r ❞✐✛❡r❡♥t s❝❡♥❛r✐♦s✳
❙♦✉r❝❡✿ r❡s❡❛r❝❤ ♦✉t❝♦♠❡s✳

❈❡♥t❡r✲❲❡st✱ ❛♥❞ ◆♦rt❤ r❡❣✐♦♥s✱ ✐♥❝r❡❛s✐♥❣ t❤❡ ■❙ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ❝♦sts ❛r♦✉♥❞ ❘✩

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

❢❛❝t♦rs✱ s♣❡❝✐❛❧❧② ❧❛♥❞✱ ✇❤✐❝❤ r❡✢❡❝t ✐♥ t❤❡ ♣♦❧✐❝② ❝♦sts✳ ❆❧s♦✱ ✐♥ r❡❣✐♦♥s s✉❝❤ ❛s

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

t✐♦♥❛❧ ❛❣r✐❝✉❧t✉r❛❧ ❛❝t✐✈✐t✐❡s✱ ✇❤✐❝❤ ❛r❡ t❡❝❤♥♦❧♦❣②✲✐♥t❡♥s✐✈❡ ✇✐t❤ ❤✐❣❤ s♣❡❝✐❛❧✐③❛t✐♦♥✳

■t ♠✐❣❤t ❝r❡❛t❡ ❜❛rr✐❡rs t♦ t❤❡ ❡♥tr② ♦❢ ❧♦✇✲❝❛r❜♦♥ t❡❝❤♥♦❧♦❣✐❡s✳ ❋✉rt❤❡r✱ s❡❝t✐♦♥ ✹✳✸

s❤♦✇s t❤❡ ♦✉t❝♦♠❡s ❝♦rr❡❧❛t❡❞ t♦ t❤❡ ♣♦❧✐❝② ❝♦sts✳

■♥ t❤❡ ♥❡①t s✉❜s❡❝t✐♦♥ ■ s❤♦✇ t❤❡ r❡❣✐♦♥❛❧ ♣r♦❞✉❝t✐♦♥ r❡s✉❧ts ❢♦r ❝r♦♣s ❛♥❞ ❧✐✈❡✲

st♦❝❦ ❜② r❡❣✐♦♥✳ ❚❤❡ ♣r♦❞✉❝t✐✈✐t② ❝♦♠♣❛r✐s♦♥ ♦❢ s✐♥❣❧❡ ❝r♦♣s ❛♥❞ ■❙ ❞❡♠♦♥str❛t❡s

t❤❛t t❤❡ s✉st❛✐♥❛❜❧❡ ❛❣r✐❝✉❧t✉r❡ ❡✈♦❧✉t✐♦♥ ✐♥ ❇r❛③✐❧ ❞❡♣❡♥❞s ♦♥ t❤❡ ❧♦✇✲❝❛r❜♦♥ ♣r❛❝✲

t✐❝❡s ❛♥❞ ✐♥t❡♥s✐✜❝❛t✐♦♥ ♣r❡s❡♥t ✐♥ t❤❡ ❆❇❈ P❧❛♥✳

❈❤❛♣t❡r ✹ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✺✺



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

✹✳✷ ❘❡❣✐♦♥❛❧ ♣r♦❞✉❝t✐♦♥ ❝❤❛♥❣❡s

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

❢❡r❡♥t s❝❡♥❛r✐♦s ✐♠♣❧❡♠❡♥t❡❞ ✐♥ t❤❡ ♠♦❞❡❧✳ ■♥ ❛ ❈●❊ ❢r❛♠❡✇♦r❦ ✐s ❡①♣❡❝t❡❞✱ ❛❢t❡r

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

♦❢ ❞✐✛❡r❡♥t ❛❝t✐♦♥s ♣r❡s❡♥t ✐♥ t❤❡ ❆❇❈ P❧❛♥✱ s✉❝❤ ❛s P❘ ❛♥❞ ■❙✱ st✐♠✉❧❛t❡s s♣❡❝✐✜❝

s❡❝t♦rs ❛s ✐♥t❡r♠❡❞✐❛t❡ ✐♥♣✉ts✱ ❛♥❞ ♣r♦❞✉❝t✐♦♥ ❢❛❝t♦rs✳ ❆♥❛❧②③✐♥❣ ❛❧❧ t❤❡ s❡❝t♦r❛❧

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

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

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

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

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

✐♥ t❤❡ ❡♥❞ ♦❢ t❤✐s s❡❝t✐♦♥ ❛♥❞ s❤♦✇♥ ✐♥ ❚❛❜❧❡ ❊✳✸✳

✹✳✷✳✶ ❆❣r✐❝✉❧t✉r❛❧ ♣r♦❞✉❝t✐♦♥

❚❛❜❧❡ ✹✳✷ s✉♠♠❛r✐③❡s t❤❡ ♦✉t❝♦♠❡s ♦❢ ♣r♦❞✉❝t✐♦♥ ❝❤❛♥❣❡s ❢♦r ❛❣r✐❝✉❧t✉r❛❧ s❡❝✲

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

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

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

✐s ♦❜s❡r✈❡❞ ✐♥ t❤❡ ❝❛tt❧❡ s❡❝t♦r✱ t❤❡ ❡①❝❡♣t✐♦♥ ♦❝❝✉rs ✐♥ t❤❡ ❈❡♥t❡r✲❲❡st ❛♥❞ ◆♦rt❤

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

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

♣❧② ♦❢ ❤✐❣❤ ♣r♦❞✉❝t✐✈✐t② ❛r❡❛s ❛✈❛✐❧❛❜❧❡ ❜♦t❤ ❢♦r ❝r♦♣s ❛♥❞ ■❙✳ ❚❤❡ r❡❧❛t✐✈❡ ♣r✐❝❡s

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

♣❛st✉r❡ ❧❛♥❞✳ ❈♦♥s❡q✉❡♥t❧②✱ ❜❡❝♦♠❡s ♠♦r❡ ❡①♣❡♥s✐✈❡ ❦❡❡♣ ✉s✐♥❣ ❞❡❣r❛❞❡❞ ♣❛st✉r❡

❛♥❞ ❧❛♥❞❤♦❧❞❡rs ❤❛✈❡ ❛♥ ✐♥❝❡♥t✐✈❡ t♦ ✉s❡ ♣❛st✉r❡ ❧❛♥❞✳ ❚❤❡ ♦♣♣♦rt✉♥✐t② ❝♦sts t♦ ✉s❡

❡❛❝❤ t②♣❡ ♦❢ ❧❛♥❞ ❛r❡ r❡✢❡❝t❡❞ ✐♥ t❤❡ s✐♥❣❧❡ ♣r♦❞✉❝t✐♦♥ ❝❤❛♥❣❡s✳

❊q✉❛❧❧② ✐♠♣♦rt❛♥t✱ t❤❡ ♣r♦❞✉❝t✐♦♥ ✈❛❧✉❡s ♦❢ ■❙ s✉♣♣♦rt t❤❡s❡ ♦✉t❝♦♠❡s✳ ❚❛❜❧❡

✹✳✹ s❤♦✇s ♦✉t❝♦♠❡s ❢♦r ❡❛❝❤ ■❙ ❛♥❞ ♦✉t♣✉t✱ s✉❝❤ ❛s ♠❛✐③❡✱ s♦②❜❡❛♥✱ ❝❛tt❧❡✱ ❛♥❞

❢♦r❡str②✳ ❚❤❡ ✐♥❞❡① ❝♦♠♣❛r❡s t❤❡ ♣r♦❞✉❝t✐♦♥ ✈❛❧✉❡ ♣❡r ❤❛ ✐♥ ❡❛❝❤ ■❙ ✇✐t❤ t❤❡ ♣r♦✲

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

t❤❛♥ ♦♥❡ ✐♥ ❛❧❧ t❡❝❤♥♦❧♦❣✐❡s✳ ❚❤❡ ❧♦✇❡st ✈❛❧✉❡ ✐s ❛r♦✉♥❞ ✶✳✵✷ ❢♦r s♦②❜❡❛♥✲❧✐✈❡st♦❝❦ ✐♥✲

t❡❣r❛t✐♦♥ ✐♥ t❤❡ ❙♦✉t❤❡❛st✱ ❛♥❞ t❤❡ ❤✐❣❤❡st ❛r♦✉♥❞ ✶✳✷ ❢♦r s♦②❜❡❛♥✲❧✐✈❡st♦❝❦✲❢♦r❡str②

✐♥t❡❣r❛t✐♦♥ ✐♥ t❤❡ ◆♦rt❤❡❛st ❈❡rr❛❞♦✳ ❚❤❡s❡ r❡s✉❧ts ❝❧❡❛r❧② ❤✐❣❤❧✐❣❤t t❤❡ ♣r♦❞✉❝t✐✈✲

✐t② ❣❛✐♥s ♦❢ ■❙✳ ■♥ t❤❡ ❧❛tt❡r ❝❛s❡ t❤❡ ♣r♦❞✉❝t✐♦♥ ✈❛❧✉❡ ♣❡r ❤❛ ♦❢ ■❙ ✐s ✷✵✪ ❣r❡❛t❡r

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

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

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

❈❤❛♣t❡r ✹ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✺✻



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

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

❛r❡❛s ❛♥❞ ♥❛t✉r❛❧ ❢♦r❡sts ✭♣✉❜❧✐❝ ❛♥❞ ♣r✐✈❛t❡✮✳

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

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

♣r♦❞✉❝t✐♦♥ ✐♥ t❤❡ ❝❛tt❧❡ s❡❝t♦r ✐♥ t❤❡ ❈❡♥t❡r✲❲❡st ❛♥❞ ◆♦rt❤ r❡❣✐♦♥s✳ ❙✐♥❝❡ ❜♦t❤ ✉s❡

♣❛st✉r❡ ❛s ❧❛♥❞ ♣r✐♠❛r② ❢❛❝t♦r✱ t❤❡ r❡s✉❧ts s✉❣❣❡st ❛ s❤✐❢t ✐♥ ❢❛✈♦r ♦❢ ❝❛tt❧❡ ♣r♦❞✉❝✲

t✐♦♥✳ ■♥ t❤❡ ◆♦rt❤❡❛st r❡❣✐♦♥ t❤❡ s✉❣❛r❝❛♥❡ ❛❝t✐✈✐t② ✐♥❝r❡❛s❡s ♠♦r❡ t❤❛♥ ✶✵✪ ✉♥❞❡r

Pr✐♦r✐t② s❝❡♥❛r✐♦❀ ✐♥ t❤❡ ❙♦✉t❤❡❛st r❡❣✐♦♥ t❤❡ s✉❣❛r❝❛♥❡ ♣r♦❞✉❝t✐♦♥ ❛❧s♦ ✐♥❝r❡❛s❡s

✭✷✳✻✪ ❛♥❞ ✷✳✽✪ ✉♥❞❡r ◆♦♥✲♣r✐♦t✐r② ❛♥❞ ❈♦♠❜✐♥❡❞ s❝❡♥❛r✐♦s✱ r❡s♣❡❝t✐✈❡❧②✮✳ ❚❤❡s❡

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

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

t✐✈❡♥❡ss ♦✈❡r t❤❡ ♦t❤❡r ❛❝t✐✈✐t✐❡s ❡✈❡♥ ✐♥ ❛ ♣r❡s❡♥❝❡ ♦❢ t❤❡ ■❙✱ ❛s ❛ r❡s✉❧t t❤❡ s♣❛t✐❛❧

❞✐str✐❜✉t✐♦♥ ♦❢ ❛❣r✐❝✉❧t✉r❛❧ ❛❝t✐✈✐t✐❡s ✐♥ ❇r❛③✐❧ r❡♠❛✐♥s ❛❢t❡r t❤❡ ♣♦❧✐❝② ✐♥t❡r✈❡♥t✐♦♥✳

✹✳✷✳✷ ◆♦♥✲❛❣r✐❝✉❧t✉r❛❧ ♣r♦❞✉❝t✐♦♥

❚❤❡ t❡❝❤♥♦❧♦❣② ❢♦r P❘ ❝♦♠❜✐♥❡s t❤❡ ❝❛♣✐t❛❧✲❧❛❜♦r ❜✉♥❞❧❡✱ ✐♥t❡r♠❡❞✐❛t❡ ✐♥♣✉ts

✲ ♠❛✐♥❧② ❝❤❡♠✐❝❛❧s ❛♥❞ ❢❡rt✐❧✐③❡rs ✲ ❛♥❞ ❞❡❣r❛❞❡❞ ♣❛st✉r❡ ❧❛♥❞ t♦ ♣r♦❞✉❝❡ ♣❛st✉r❡

❛s ❛♥ ♦✉t♣✉t✳ ❊q✉❛❧❧② ✐♠♣♦rt❛♥t✱ t❤❡ ■❙ ❞❡♠❛♥❞ ❣♦♦❞ ♣❛st✉r❡ ❧❛♥❞✱ ✐✳❡✳✱ t❤❡s❡ ♥❡✇

s②st❡♠s ❛r❡ ✐♥ ❞✐r❡❝t ❝♦♠♣❡t✐t✐♦♥ ❢♦r ❧❛♥❞ ✇✐t❤ t❤❡ tr❛❞✐t✐♦♥❛❧ ❧✐✈❡st♦❝❦ s❡❝t♦rs✳

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

❜❛❝❦st♦♣ t❡❝❤♥♦❧♦❣✐❡s✱ s✉❝❤ ❛s ❝❤❡♠✐❝❛❧✱ ❞❡❢❡♥s✐✈❡s✱ ❛♥❞ ❢❡rt✐❧✐③❡rs✱ ❛s ✇❡❧❧ ❛s ❝❛♣✐t❛❧

❛♥❞ ❧❛❜♦r✳ ❙♦✱ t❤❡r❡ ❛r❡ s♣✐❧❧♦✈❡r ❡✛❡❝ts t❤❛t ❝❛♥ ❜❡ s♣❛t✐❛❧✱ s✐♥❝❡ t❤❡ ❇r❛③✐❧✐❛♥

r❡❣✐♦♥s r❡s♣♦♥❞ ❞✐✛❡r❡♥t❧② t♦ t❤❡ ❆❇❈ ♣♦❧✐❝②✱ ❛♥❞ s♣✐❧❧♦✈❡r ❡✛❡❝ts t❤❛t ❝❛♥ ❜❡

s❡❝t♦r❛❧✱ s✐♥❝❡ t❤❡ ❧✐♥❦❛❣❡s ❛♠♦♥❣ s❡❝t♦rs ❛r❡ ♠♦r❡ ♦r ❧❡ss ✐♥t❡♥s❡✱ ❡✳❣✳✱ ✈❡❣❡t❛❧

♣r♦❞✉❝t✐♦♥ ❛♥❞ t❤❡ ❢♦♦❞ ✐♥❞✉str②✳

❆s s❤♦✇♥ ✐♥ ❚❛❜❧❡ ❊✳✸ t❤❡ ♣♦❧✐❝② ✐♥t❡r✈❡♥t✐♦♥ ❜♦♦st t❤❡ ❝❤❡♠✐❝❛❧s s❡❝t♦rs t♦

❛tt❡♥❞ t❤❡ ♥❡✇ ❞❡♠❛♥❞s✳ ❚❤❡ ❣r♦✇t❤ ✐♥ t❤❡s❡ ✐♥❞✉str✐❡s ✐s ❡①❛❣❣❡r❛t❡❞ ❛♥❞ ❛ ❣r❡❛t

❡①t❡♥t ✐s ❛ ❧✐♠✐t❛t✐♦♥ ♦❢ ❈●❊ ❛♥❛❧②s✐s ✉s✐♥❣ ❛ st❛t✐❝ ♠♦❞❡❧✳ ■♥ t❤❡ ❜❡♥❝❤♠❛r❦ ❜❛s❡

②❡❛r t❤❡ ♣r♦❞✉❝t✐♦♥ ♦❢ ❝❤❡♠✐❝❛❧s ❛♥❞ ❢❡rt✐❧✐③❡rs ❛r❡ ❡①tr❡♠❡❧② ❧♦✇ ✐♥ s♦♠❡ r❡❣✐♦♥s✱

s✉❝❤ ❛s ◆♦rt❤ ❛♥❞ ◆♦rt❤❡❛st✳ ●✐✈❡♥ t❤❡ ❡❝♦♥♦♠✐❝ ✐♥❝❡♥t✐✈❡ ♦r ♣♦❧✐❝② ✐♥t❡r✈❡♥t✐♦♥

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

s✐❞❡✱ ✐t s✉❣❣❡sts t❤❛t t❤❡ ♣♦❧✐❝② ❞❡s✐❣♥✐♥❣ s❤♦✉❧❞ t❛❦❡ ❛❝❝♦✉♥t ♠❡❛s✉r❡s ❛ss♦❝✐❛t❡❞ t♦

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

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

❝♦❛❧✱ s♣❡❝✐❛❧❧② ◆♦rt❤❡❛st ❛♥❞ ◆♦rt❤❡❛st ❈❡rr❛❞♦ r❡❣✐♦♥s✳ ■♥ t❤❡ s❛♠❡ ✇❛②✱ t❤❡

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

♠❡❛ts s❡❝t♦r t❤❡r❡ ✐s ❛ ♠✐❣r❛t✐♦♥ ♦❢ ❞❡♠❛♥❞ t♦ t❤❡ ◆♦rt❤ ❛♥❞ ❈❡♥t❡r✲❲❡st r❡❣✐♦♥s✱

❈❤❛♣t❡r ✹ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✺✼
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❚❛❜❧❡ ✹✳✷✿ Pr♦❞✉❝t✐♦♥ ❝❤❛♥❣❡s ✭✪✮ ♦❢ ❛❣r✐❝✉❧t✉r❛❧ s❡❝t♦rs ❜② r❡❣✐♦♥ ✉♥❞❡r ❞✐✛❡r❡♥t s❝❡♥❛r✐♦s✳

Regions South Southeast Center-West North Northeast Northeast Cerrado

Scenarios N-P P C N-P P C N-P P C N-P P C N-P P C N-P P C

Rice 1.7 3.3 3.2 1.4 1.8 1.1 -1.7 3.2 -0.2 0.9 2.9 -0.3 -3.2 -5.0 -3.6 -2.8 -11.6 -7.5
Maize -0.1 -11.7 2.7 -2.6 -7.6 -6.2 -4.2 -5.2 -1.4 -46.2 -44.5 -38.4 -5.0 -2.6 -3.6 -81.6 -2.4 -9.9
Sugarcane 4.1 2.4 6.6 2.6 0.2 2.8 -4.7 -0.2 -2.8 1.4 1.8 2.0 -0.4 11.8 -0.3 1.4 4.0 -2.8
Soybean 3.2 -13.6 -9.6 -4.5 -9.1 -7.4 -9.1 -14.3 -17.4 -36.6 -29.7 -33.0 -16.9 -17.8 -18.3 -54.6 -18.4 -14.7
Fruits 3.5 3.2 5.0 2.0 1.6 2.1 -1.5 0.8 -1.0 -1.1 0.2 -1.1 -2.6 -3.8 -2.7 -0.8 -1.6 -2.2
Other cultures 7.1 4.9 9.9 4.8 1.4 4.4 -5.8 -1.0 -5.1 -5.9 -3.5 -6.5 -2.6 1.2 -3.1 -3.6 -4.1 -7.6
Forestry -1.3 -6.5 -5.1 7.3 2.4 8.0 -7.8 -8.9 -12.3 -25.8 -8.5 -12.3 -5.7 -2.6 -5.5 -0.1 1.9 -2.2
Cattle -25.9 -10.5 -34.9 -18.0 -3.5 -19.3 9.7 1.5 7.4 3.4 0.6 3.5 12.2 -10.7 12.3 6.6 -8.0 13.1
Other live animals 8.2 -0.9 7.8 1.2 -3.1 0.8 -8.0 -6.6 -8.1 -5.7 -5.4 -5.5 -1.1 11.8 -1.2 0.3 28.2 2.2

N-P: non-priority; P: priority; C: combined.
Source: research outcomes.
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■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❚❛❜❧❡ ✹✳✸✿ ■♥❞❡①❡s ♦❢ ♣r♦❞✉❝t✐♦♥ ✈❛❧✉❡ ♣❡r ❤❡❝t❛r❡ ❜② ✐♥t❡❣r❛t❡❞ s②st❡♠s ❝♦♠♣❛r❡❞
t♦ s✐♥❣❧❡ ♣r♦❞✉❝t✐♦♥ ✭❈♦♠❜✐♥❡❞ s❝❡♥❛r✐♦✮✳

IS technology maize-livestock soybean-livestock soybean-livestock-forestry
maize cattle soybean cattle soybean cattle forestry

South 1.095 1.097 - - 1.090 1.088 1.089
Southeast 1.023 1.021 1.018 1.017 1.024 1.025 1.023
Center-West - - 1.041 1.039 1.016 1.015 1.015
North 1.074 1.080 1.085 1.087 1.056 1.057 1.056
Northeast - - - - - - -
Northeast Cerrado 1.181 1.182 1.188 1.185 1.195 1.197 1.194

Source: research outcomes.

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

❛♥❞ ❙♦✉t❤❡❛st r❡❣✐♦♥s✳

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

✈❛❧✉❡✱ s♣❡❝✐❛❧❧② ✐♥ t❤❡ ❙♦✉t❤✱ ◆♦rt❤❡❛st ❛♥❞ ◆♦rt❤❡❛st ❈❡rr❛❞♦ r❡❣✐♦♥s✳ ❚❤❡s❡

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

❆❇❈ t❡❝❤♥♦❧♦❣✐❡s ✐♥❝r❡❛s❡s✱ t❤❡ s✉♣♣❧② ♦❢ ♦t❤❡r ♣✉❜❧✐❝ s❡r✈✐❝❡s s✉✛❡r✳ ❖♥ t❤❡ ♦t❤❡r

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

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

●❉P ❝❤❛♥❣❡s✱ ❛s s❤♦✇♥ ✐♥ t❤❡ ♥❡①t s❡❝t✐♦♥✳

✹✳✸ ▼❛❝r♦❡❝♦♥♦♠✐❝ ❝❤❛♥❣❡s ❛♥❞ P♦❧✐❝② ❝♦sts

✹✳✸✳✶ ❲❡❧❢❛r❡ ❛♥❞ ●❉P

❚♦ ♠❡❛s✉r❡ t❤❡ ♣♦❧✐❝② ❝♦sts ♦❢ ❞✐✛❡r❡♥t ❛❝t✐♦♥s ♣r❡s❡♥t ✐♥ t❤❡ ❆❇❈ P❧❛♥✱ ■

✜rst ❝♦♠♣❛r❡ t❤❡ t♦t❛❧ ❝♦st P❘ ❛♥❞ ■❙ ✉♥❞❡r ❞✐✛❡r❡♥t s❝❡♥❛r✐♦s ✭❚❛❜❧❡ ✹✳✶✮✳ ❚❤❡

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

❍✐❝❦s✐❛♥ ❡q✉✐✈❛❧❡♥t ✈❛r✐❛t✐♦♥ ✭❊❱✮ ❢r♦♠ ❡❝♦♥♦♠✐❝ t❤❡♦r②✶✳ ❲❡❧❢❛r❡ ❧♦ss ♦♥❧② ♦❝❝✉rs

✉♥❞❡r t❤❡ Pr✐♦r✐t② s❝❡♥❛r✐♦ ✭❘✩ ✲✼✷✹ ♠✐❧❧✐♦♥✮✱ ❛♥❞ t❤❡ ✇❡❧❢❛r❡ ❣❛✐♥ s✐❣♥✐✜❝❛♥t❧②

❤✐❣❤❡r ✉♥❞❡r ◆♦♥✲♣r✐♦r✐t② ❛♥❞ ❈♦♠❜✐♥❡❞ s❝❡♥❛r✐♦s ✭❘✩ ✼✱✾✺✾ ❛♥❞ ❘✩ ✽✱✵✷✼ ♠✐❧❧✐♦♥✱

r❡s♣❡❝t✐✈❡❧②✮✳

❆ ❜❡tt❡r ♠❡tr✐❝ t♦ ❝♦♠♣❛r❡ t❤❡ ❡✣❝✐❡♥❝② ♦❢ P❘ ♣♦❧✐❝② ✐s t❤❡ ✇❡❧❢❛r❡ ❝❤❛♥❣❡s

♣❡r ❤❡❝t❛r❡ ♦❢ r❡❝♦✈❡r❡❞ ❛r❡❛ ✭❋✐❣✉r❡ ✹✳✺✮✳ ■♥ t❤✐s ❝❛s❡ t❤❡ r❡❢❡r❡♥❝❡ ✐s ✶✾ ▼❤❛ ✭✶✺

▼❤❛ ♦❢ P❘ ❛♥❞ ✹ ▼❤❛ ♦❢ ■❙✮✳ ❈♦♠♣❛r✐♥❣ ❞✐✛❡r❡♥t s❝❡♥❛r✐♦s t❤❡r❡ ✐s ❛♥ ✐♥❝r❡❛s❡ ✐♥ t❤❡

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

◆♦rt❤❡❛st ❛♥❞ ◆♦rt❤❡❛st ❈❡rr❛❞♦ r❡❣✐♦♥s✳ ❯♥❞❡r Pr✐♦r✐t② s❝❡♥❛r✐♦ ♦♥❧② ❙♦✉t❤❡❛st

✶❍✐❝❦s✐❛♥ ❡q✉✐✈❛❧❡♥t ✈❛r✐❛t✐♦♥ ✐s t❤❡ ♠❛①✐♠✉♠ ❛♠♦✉♥t t❤❡ ❝♦♥s✉♠❡rs ❛r❡ ✇✐❧❧✐♥❣ t♦ ♣❛② t♦
❛✈♦✐❞ ❛ ♣r✐❝❡ ❝❤❛♥❣❡✳ ■♥ t❤❡ ♣r❡s❡♥t ❝♦♥t❡①t✱ ✐t ✐s ❡q✉✐✈❛❧❡♥t t♦ ✐♥❝r❡❛s❡✴❞❡❝❧✐♥❡ ✐♥ ❤♦✉s❡❤♦❧❞
❝♦♥s✉♠♣t✐♦♥ ❞✉❡ t♦ ♣❛st✉r❡ r❡❝♦✈❡r② ❛♥❞ ✐♥t❡❣r❛t❡❞ s②st❡♠s ♣♦❧✐❝✐❡s✳

❈❤❛♣t❡r ✹ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✺✾



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❋✐❣✉r❡ ✹✳✺✿ ❈❤❛♥❣❡ ✐♥ ❝♦♥s✉♠♣t✐♦♥ ♣❡r ❤❡❝t❛r❡ r❡❝♦✈❡r❡❞ ❛♥ ✐♥t❡❣r❛t❡❞ s②st❡♠s
✉♥❞❡r ❞✐✛❡r❡♥t s❝❡♥❛r✐♦s ✭❘✩✴❤❛✮✳
❙♦✉r❝❡✿ r❡s❡❛r❝❤ ❞❛t❛✳

r❡❣✐♦♥ ❤❛s ❛♥ ✐♥❝r❡❛s❡ ✐♥ ✜♥❛❧ ❝♦♥s✉♠♣t✐♦♥✳ ❚❤✐s r❡s♦♥❛t❡s ✇✐t❤ ❡❝♦♥♦♠✐❝ t❤❡♦r②✬s

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

t❤❡ ◆♦♥✲♣r✐♦r✐t② ❛♥❞ ❈♦♠❜✐♥❡❞ ✇✐t❤ ❢r❡❡ ♠♦✈❡♠❡♥t ♦❢ r❡s♦✉r❝❡s ❢♦r ♣❛st✉r❡ r❡❝♦✈✲

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

❚❤❡ ❛❧❧♦❝❛t✐♦♥ ♦❢ ✐♥✈❡st♠❡♥ts ✐♥ ♣r✐♦r✐t② ❛r❡❛s s❤♦✇s ✇❡❧❢❛r❡ ❧♦ss❡s✱ ❝♦♥s❡q✉❡♥t❧②

r❡❞✉❝✐♥❣ t❤❡ ♣♦❧✐❝② ❡✣❝✐❡♥❝②✳

❚❤❡ r❡❣✐♦♥❛❧ ●❉P ♦✉t❝♦♠❡s ❢♦❧❧♦✇ t❤❡ r❡❣✐♦♥❛❧ ❝❤❛♥❣❡s ✐♥ ✇❡❧❢❛r❡✳ ❚❛❜❧❡ ✹✳✹

s❤♦✇s t❤❡ ●❉P ❝❤❛♥❣❡s ❜② ❝♦♠♣♦♥❡♥ts ✉♥❞❡r ❞✐✛❡r❡♥t s❝❡♥❛r✐♦s✳ ❚❤❡ ❛❣r✐❝✉❧t✉r❛❧

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

t❡r♠✐♥✐♥❣ ❢❛❝t♦r ❢♦r t❤❡ r❡❣✐♦♥❛❧ ●❉P ❧♦ss❡s✳ ❯♥❞❡r Pr✐♦r✐t② s❝❡♥❛r✐♦ t❤❡ ❧♦ss❡s ✐♥

◆♦rt❤ ❛♥❞ ◆♦rt❤❡❛st ❈❡rr❛❞♦ ❛r❡ s✐❣♥✐✜❝❛♥t❧② ❤✐❣❤❡r✱ ✲✺✳✵✺✪ ❛♥❞ ✲✹✳✽✼✪✱ r❡s♣❡❝✲

t✐✈❡❧②✳ ❆❧s♦✱ ✐♥ t❤❡ s❛♠❡ s❝❡♥❛r✐♦ t❤❡ ●❉P ♦❢ ❈❡♥t❡r✲❲❡st r❡❣✐♦♥ ❞❡❝❧✐♥❡ ✲✶✳✵✸✪✳

■♥ t❤❡ ❙♦✉t❤✱ ❙♦✉t❤❡❛st✱ ❛♥❞ ◆♦rt❤ r❡❣✐♦♥s t❤❡ ♦✉t❝♦♠❡s ❛r❡ ❧♦✇❡r ✲✵✳✻✻✪✱ ✲✵✳✷✹✪✱

❛♥❞ ✲✵✳✶✹✪✱ r❡s♣❡❝t✐✈❡❧②✳

❈♦♥s✐❞❡r✐♥❣ t❤❡ ❛✈❡r❛❣❡ ♦❢ ●❉P ❝❤❛♥❣❡s✱ t❤❡ ♦✉t❝♦♠❡s ❢♦r ◆♦♥✲♣r✐♦r✐t②✱ Pr✐✲

♦r✐t②✱ ❛♥❞ ❈♦♠❜✐♥❡❞ s❝❡♥❛r✐♦s ❛r❡ ✲✶✳✶✺✪✱ ✲✷✳✵✪✱ ❛♥❞ ✲✶✳✹✪✱ r❡s♣❡❝t✐✈❡❧②✳ ❈♦♥s✐❞✲

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

s❝❡♥❛r✐♦s ✐s ♣♦ss✐❜❧❡ t♦ ❛✈♦✐❞✱ ♦♥ ❛✈❡r❛❣❡✱ ●❉P ❧♦ss❡s ❛r♦✉♥❞ ✹✸✪ ❛♥❞ ✸✵✪ ✉♥❞❡r

◆♦♥✲♣r✐♦r✐t② ❛♥❞ ❈♦♠❜✐♥❡❞ s❝❡♥❛r✐♦s✱ r❡s♣❡❝t✐✈❡❧②✳

❚❤❡ ♦✉t❝♦♠❡s ♦❢ ●❉P ❝❤❛♥❣❡s r❡✐♥❢♦r❝❡ t❤♦s❡ ♦❜t❛✐♥❡❞ ❢♦r ✇❡❧❢❛r❡✳ ❚❤❡ ❡❝♦✲

♥♦♠✐❝ ❛♥❞ ♣♦❧✐t✐❝❛❧ ❡✛♦rts t♦ ❛♣♣❧② t❤❡s❡ ♣♦❧✐❝✐❡s ❛r❡ ❣r❡❛t❡r✱ s✐♥❝❡ s♦♠❡ r❡❣✐♦♥s ❛r❡

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

❆s ❛❢♦r❡♠❡♥t✐♦♥❡❞✱ t❤❡ ◆♦rt❤❡❛st ❛♥❞ ◆♦rt❤❡❛st ❈❡rr❛❞♦ r❡❣✐♦♥s ❛r❡ ❡❝♦♥♦♠✐❝ ❛♥❞

❡♥✈✐r♦♥♠❡♥t❛❧ ❢r❛❣✐❧❡ ❝♦♠♣❛r❡ t♦ ♦t❤❡r r❡❣✐♦♥s ✐♥ t❤❡ ❝♦✉♥tr②✳ ■♥ t❡r♠s ♦❢ ❡✛❡❝t✐✈❡✲

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

❈❤❛♣t❡r ✹ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✻✵



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❚❛❜❧❡ ✹✳✹✿ ●❉P ❝❤❛♥❣❡s ✭✪✮ ❜② ❝♦♠♣♦♥❡♥t ✉♥❞❡r ❞✐✛❡r❡♥t s❝❡♥❛r✐♦s✳

GDP
South Southeast Center-West North Northeast

Northeast
component Cerrado

Non-priority

C 0.79 0.28 1.26 1.00 -0.25 -0.05
G -12.67 -5.22 -1.61 -4.71 -4.98 -8.24
I 0 0 0 0 0 0
X 1.44 0.74 -1.89 -1.25 0.49 -1.57
M 0.83 0.11 -0.16 0.91 0.11 1.59

GDP -1.45 -0.68 -0.27 -0.89 -1.52 -2.06

Priority

C -0.01 0.10 -0.17 0.08 -0.57 -0.32
G -3.99 -1.89 -2.14 -0.59 -17.17 -22.09
I 0 0 0 0 0 0
X 0.58 0.37 -0.16 0.08 3.90 3.85
M 0.76 0.17 0.97 0.58 2.59 2.93

GDP -0.66 -0.24 -1.03 -0.14 -5.05 -4.87

Combined

C 0.75 0.31 1.18 1.06 -0.26 -0.08
G -13.14 -5.34 -3.42 -6.15 -5.32 -9.62
I 0 0 0 0 0 0
X 1.39 0.77 -1.93 -0.98 0.56 0.52
M 1.32 0.15 0.98 1.00 0.17 0.86

GDP -1.62 -0.68 -1.13 -1.18 -1.62 -2.15

Source: research outcomes.
C: consumption; G: government expense; I: investment; X: export; M: import.

❈❤❛♣t❡r ✹ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✻✶



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❛❝❤✐❡✈❡s ❜❡tt❡r r❡s✉❧ts✳ ❍♦✇❡✈❡r✱ ❛r♦✉♥❞ ✷✾✪ ♦❢ t❤❡ ■❙ ❧♦❛♥s ❛r❡ ❛❧❧♦❝❛t❡❞ ✐♥ t❤❡

◆♦r❤ ❛♥❞ ◆♦rt❤❡❛st ❈❡rr❛❞♦ ✭✷✹✪ ❛♥❞ ✺✪✱ r❡s♣❡❝t✐✈❡❧②✮✳ ■♥❞❡❡❞✱ t❤❡ ♠♦❞❡❧ ✐s s✉❣✲

❣❡st✐♥❣ t❤❛t t❤❡r❡ ❛r❡ s❡✈❡r❛❧ ❜❛rr✐❡rs t♦ ❡①♣❛♥❞ t❤✐s ♣♦❧✐❝② ❛❝r♦ss ❞✐✛❡r❡♥t r❡❣✐♦♥s✱

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

❧❛❜♦✉r✱ ✜♥❛♥❝✐❛❧ ❝♦♥str❛✐♥ts✱ ❛❝❝❡ss t♦ t❡❝❤♥✐❝❛❧ ❡①t❡♥s✐♦♥ s❡r✈✐❝❡s✱ ❡t❝✳

❆❞❞✐t✐♦♥❛❧❧②✱ t❤❡ ●❉P ❝❤❛♥❣❡ ♦✉t❝♦♠❡s ❛r❡ ❡①tr❡♠❡❧② s❡♥s✐❜❧❡ t♦ t❤❡ ❝❛❧✐✲

❜r❛t✐♦♥ ❞❛t❛ ✐♥ t❤❡ ❜❡♥❝❤♠❛r❦✳ ❚❤❡ ❝♦st ❞❛t❛ ♦❢ P❘ ♣❡r ❤❛ ♣r❡s❡♥t ✐♥ t❤❡ ❝r❡❞✐t

❞❛t❛❜❛s❡ ✭❇❆❈❊◆✱ ✷✵✶✼✮ ❛r❡ ❡①tr❡♠❡❧② ❤✐❣❤❡r ❝♦♠♣❛r❡ t♦ t❤❡ ❝❛❧✐❜r❛t❡❞ ❝♦sts ✐♥

t❤❡ ♠♦❞❡❧✱ ✇❤✐❝❤ ❛r❡ ❜❛s❡❞ ♦♥ ❆◆❯❆▲P❊❈ ✭✷✵✶✵✮✳ ❚❤❡s❡ ❝❛✈❡❛t ❤❛s ❛ s❡✈❡r❡ ✐♠✲

♣❛❝t ♦✈❡r t❤❡ ♠❛r❦✉♣s ❢♦r P❘ t❡❝❤♥♦❧♦❣② ❢✉♥❝t✐♦♥s s❤♦✇♥ ✐♥ ❚❛❜❧❡ ✸✳✼✱ ✇❤✐❝❤ ✐♥

t✉r♥ ✐♥❝r❡❛s❡ t❤❡ r❡❣✐♦♥❛❧ ❝♦sts ❢♦r P❘ ❛s ✇❡❧❧ ❛s t❤❡ ●❉P ❝❤❛♥❣❡s ♦✉t❝♦♠❡s✳

✹✳✸✳✷ P♦❧✐❝② ❝♦sts

■♥ ♦r❞❡r t♦ ♠❡❛s✉r❡ t❤❡ ♣♦❧✐❝② ❝♦sts ■ s❡❡❦ t♦ ✐❞❡♥t✐❢② t❤❡ t♦t❛❧ ♠♦♥❡t❛r② ✈❛❧✉❡

✐♥✈❡st❡❞ t♦ ❝❛rr② ♦✉t t❤❡ P❘ ❛s ✇❡❧❧ ❛s t❤❡ ■❙ ✉♥❞❡r ❞✐✛❡r❡♥t s❝❡♥❛r✐♦s✳ ❆s ❛ r❡s✉❧t✱

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

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

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

✐s ♠♦r❡ ❢❡❛s✐❜❧❡✱ s✐♥❝❡ t❤❡ ❢❛r♠❡rs t❛❦❡ t❤❡ ❧♦❛♥s ❛✈❛✐❧❛❜❧❡ ✐♥ t❤❡ ❆❇❈ Pr♦❣r❛♠ t♦

♣✉r❝❤❛s❡ ✐♥♣✉ts✱ ♠❛❝❤✐♥❡r②✱ ❛s ✇❡❧❧ ❛s ❤✐r❡ ❧❛❜♦r ❢♦r❝❡ t♦ ❛♣♣❧② t❤❡s❡ ❛❣r✐❝✉❧t✉r❛❧

♣r❛❝t✐❝❡s✳

❚❤❡ ❦❡② ♦✉t❝♦♠❡s ❢♦r ♣♦❧✐❝② ❝♦sts ❛r❡ s❤♦✇♥ ✐♥ ❚❛❜❧❡ ✹✳✶✳ ❯♥❞❡r ◆♦♥✲♣r✐♦r✐t②

❛♥❞ ❈♦♠❜✐♥❡❞ s❝❡♥❛r✐♦s t❤❡ t♦t❛❧ ❝♦st ♦❢ P❘ ✐s ❛❧♠♦st t❤❡ s❛♠❡✱ ❛r♦✉♥❞ ❘✩ ✷✻✳✻

❜✐❧❧✐♦♥✱ r❡❛❝❤✐♥❣ ❘✩ ✶✱✼✼✹ ❛♥❞ ❘✩ ✶✱✼✸✽ ♣❡r ❤❡❝t❛r❡✱ r❡s♣❡❝t✐✈❡❧②✳ ❍♦✇❡✈❡r✱ ✉♥❞❡r

t❤❡ Pr✐♦r✐t② s❝❡♥❛r✐♦ t❤❡ t♦t❛❧ ❝♦st ✐s ✶✼✪ ❤✐❣❤❡r r❡❛❝❤✐♥❣ ❘✩ ✸✶✳✷ ❜✐❧❧✐♦♥✱ ✇❤✐❝❤ ❘✩

✷✱✵✽✻ ♣❡r ❤❡❝t❛r❡✳ ❆❧s♦✱ ❚❛❜❧❡ ❊✳✶ s❤♦✇s t❤❡ ♦✉t❝♦♠❡s ❞✐s❛❣❣r❡❣❛t❡❞ ❜② ❞✐✛❡r❡♥t

t❡❝❤♥♦❧♦❣✐❡s✳ ❚❤❡ ✈❛❧✉❡s ♦❢ P❘ ♣♦rtr❛② t❤❡ ❧❛r❣❡st s❤❛r❡s ♦❢ ❝♦sts ✐♥ ❛❧❧ r❡❣✐♦♥s

❡①❝❡♣t✐♦♥ ✐♥ ❈❡♥t❡r✲❲❡st ✉♥❞❡r Pr✐♦r✐t② s❝❡♥❛r✐♦✳

❘❡❣❛r❞✐♥❣ t❤❡ t♦t❛❧ ■❙ ❝♦st t❤❡ ❧♦✇❡st ✈❛❧✉❡ r❡❛❝❤❡s ❘✩ ✺✳✾ ❜✐❧❧✐♦♥ ✉♥❞❡r t❤❡

◆♦♥✲♣r✐♦r✐t② s❝❡♥❛r✐♦✳ ❚❤❡ t♦t❛❧ ❝♦sts ✉♥❞❡r ♦t❤❡r s❝❡♥❛r✐♦s ❛r❡ ❛r♦✉♥❞ ❘✩ ✼✳✼

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

♠❛✐③❡✲❧✐✈❡st♦❝❦ ✐♥t❡❣r❛t✐♦♥✳

❚❤❡ t♦t❛❧ ❝♦st ♦❢ t❤❡ ❆❇❈ ♣❧❛♥ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ♠♦❞❡❧✐♥❣ r❡❛❝❤❡s ❘✩ ✸✷✳✺

❜✐❧❧✐♦♥ ❛♥❞ ❘✩ ✸✹✳✹ ❜✐❧❧✐♦♥ ✉♥❞❡r ◆♦♥✲♣r✐♦r✐t② ❛♥❞ ❈♦♠❜✐♥❡❞ s❝❡♥❛r✐♦s✳ ❚❤❡ ✈❛❧✉❡

✐♥❝r❡❛s❡s t♦ ❘✩ ✸✾ ❜✐❧❧✐♦♥ ✉♥❞❡r t❤❡ Pr✐♦r✐t② s❝❡♥❛r✐♦✳ ❈♦♥s✐❞❡r✐♥❣ ♦♥❧② t❤❡ ❡❝♦♥♦♠✐❝

❛s♣❡❝ts✱ t❤❡s❡ ✈❛❧✉❡s ❛r❡ s✐❣♥✐✜❝❛♥t❧② ❧♦✇❡r t♦ t❤❛t ❡st✐♠❛t❡❞ ✭❛r♦✉♥❞ ❘✩ ✸✼ ❜✐❧❧✐♦♥

❢♦r P❘ ❛♥❞ ❘✩ ✺✼ ❜✐❧❧✐♦♥ ❢♦r t❤❡ ■❙✮ ❜② t❤❡ ♣♦❧✐❝② ♠❛❦❡rs ✐♥ t❤❡ ❞❡✈❡❧♦♣♠❡♥t ♦❢ t❤❡

❆❇❈ P❧❛♥ ✭▼❆P❆✱ ✷✵✶✷✮✳ ❆❧s♦✱ r❡❣❛r❞✐♥❣ t❤❡ ✈❛❧✉❡s ♦❢ ❜❡♥❡✜t❡❞ ♣r♦❥❡❝ts ✐♥ t❤❡

❈❤❛♣t❡r ✹ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✻✷



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❆❇❈ P❧❛♥ s✐♥❝❡ ✷✵✶✵ r❡❛❝❤ ❛r♦✉♥❞ ❘✩ ✶✸ ❜✐❧❧✐♦♥✳ ❚❤✐s ✈❛❧✉❡ ✐s ❢❛r ❜❡❤✐♥❞ t❤♦s❡

❞❡t❡r♠✐♥❡❞ ❜② t❤❡ ♠♦❞❡❧✳ ■t ♠❡❛♥s t❤❛t ❛ ❤✐❣❤❡r ❡✛♦rt s❤♦✉❧❞ ❜❡ ❞♦♥❡ t♦ ❜♦♦st t❤❡

r❡❝♦✈❡r❡❞ ❛r❡❛s ✐♥ ❇r❛③✐❧ ✉♥t✐❧ ✷✵✷✵✳ ❖t❤❡r✇✐s❡✱ t❤❡ ✈♦❧✉♥t❛r② ❝♦♠♠✐t♠❡♥t ❢♦r P❘

❛♥❞ ■❙ ♠❛② ♥♦t ❜❡ ❛❝❤✐❡✈❡✳

✹✳✹ ❉✐s❝✉ss✐♦♥

❲✐t❤✐♥ t❤✐s st✉❞② ■ ❛♥❛❧②③❡ t❤❡ ❡❝♦♥♦♠✐❝ ❡✛❡❝ts ♦❢ t✇♦ t❡❝❤♥♦❧♦❣✐❡s✱ s✉❝❤ ❛s

P❘ ❛♥❞ ■❙ ✐♥ t❤❡ ❧✐✈❡st♦❝❦✱ s♦②❜❡❛♥✱ ❛♥❞ ♠❛✐③❡ s❡❝t♦rs ❛♥❞ r❡❧❛t❡❞ r❡♣❡r❝✉ss✐♦♥s

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

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

P❘ ❛♥❞ ■❙ t❡❝❤♥♦❧♦❣✐❡s✱ ✐♥✈❡st♠❡♥t ❝♦♥str❛✐♥t ✐♥ t❤❡ ♣r✐♦r✐t② ❛r❡❛s ❞❡✜♥❡❞ ❜② t❤❡

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

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

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

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

✜❝❛t✐♦♥ t❡❝❤♥♦❧♦❣✐❡s✱ ❝♦♥s❡q✉❡♥t❧② ❧❛♥❞✲s♣❛r✐♥❣ t❡❝❤♥♦❧♦❣✐❡s✳ ▲❛♥❞✲s♣❛r✐♥❣ ❝♦♥❝❡♣t

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

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

②✐❡❧❞s ✭❈❖❍◆ ❡t ❛❧✳✱ ✷✵✶✶✮✳ ❖♥ ♣♦ss✐❜❧❡ ✇❛② ♦❢ ❧❛♥❞✲s♣❛r✐♥❣ ✐s t❤❡ ✉s❡ ♦❢ ❞❡❣r❛❞❡❞

❧❛♥❞ ✇❤✐❝❤ ✐s t❤❡ ❝❛s❡ ♦❢ ♣❛st✉r❡ ✇✐t❤ ❧♦✇ ♣r♦❞✉❝t✐✈✐t② ✐♥ ❇r❛③✐❧✳ ❖♥ t❤❡ ♦t❤❡r

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

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

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

♠❛♥❛❣❡♠❡♥t ♣r❛❝t✐❝❡s✳ ✭❇❨❊❘▲❊❊ ❡t ❛❧✳✱ ✷✵✶✹✮✳

❚❤❡ ❧❛♥❞✲✉s❡ ❝❤❛♥❣❡s r❡s✉❧ts s❤♦✇ ❛ ❧❛♥❞ s♣❛r✐♥❣ ♣r♦❝❡ss ❛t ◆❛t✐♦♥❛❧ ❧❡✈❡❧

❛s s❤♦✇♥ ✐♥ ❙❡❝t✐♦♥ ✹✳✶✳ ❚❤❡ P❘ ♣r♦❝❡ss ✐♥❝r❡❛s❡s t❤❡ s✉♣♣❧② ♦❢ ❤✐❣❤ ♣r♦❞✉❝t✐✈✲

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

■❙ ❡♠❡r❣❡ ❛s ❛ ❣r❡❛t ♦♣♣♦rt✉♥✐t② t♦ ❜❡ ✐♠♣❧❡♠❡♥t❡❞ ✐♥ t❤♦s❡ ❛r❡❛s✳ ❚❤❡ ■❙ ❛❧❧♦✇

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

❛♥❞ ❢♦r❡str② ✲ ❝♦♠♣❛r❡❞ t♦ s✐♥❣❧❡ ♣r♦❞✉❝t✐♦♥ s②st❡♠s✳ ❆s ❛ ♠✐t✐❣❛t✐♦♥ str❛t❡❣② t❤❡

■❙ ✐♥❝r❡❛s❡ ❝❛r❜♦♥ st♦❝❦ ✐♥ t❤❡ s♦✐❧ ❛♥❞ r❡❞✉❝❡ t❤❡ ❈❍✹ ❛♥❞ ◆✷❖ ❡♠✐ss✐♦♥s✱ ❛♥❞

❛s ❛❞❛♣t❛t✐♦♥ str❛t❡❣② ✐♥❝r❡❛s❡ ❢❡rt✐❧✐t② ❛♥❞ ♦r❣❛♥✐❝ ♠❛tt❡r ✐♥ t❤❡ s♦✐❧✳ ❚❤✐s ❢❛✈♦rs

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

✐♥ ❝r♦♣s✱ ❛s ✇❡❧❧ ❛s r❡❞✉❝✐♥❣ t❤❡ ♣r❡ss✉r❡ t♦ ❡①♣❛♥❞ ❛❣r✐❝✉❧t✉r❛❧ ❛r❡❛✳ ❚❤❡ r❡s✉❧ts

s❤♦✇ ❛ ♣r♦❞✉❝t✐✈✐t② ❣❛✐♥ ✉♣ t♦ ✷✵✪ ❝♦♠♣❛r❡❞ t♦ s✐♥❣❧❡ ♣r♦❞✉❝t✐♦♥✳ ■t ✐♠♣❧✐❡s ✐♥ ❛

❤✐❣❤ ❡❝♦♥♦♠✐❝ r❡t✉r♥ ❛♥❞ s♦✐❧ ❝♦♥✈❡rs❛t✐♦♥ ♦✈❡r t❤❡ ❧♦♥❣ r✉♥ ✇✐t❤ ❛ ✐♥❝r❡❛s❡❞ s②s✲

t❡♠✬s t♦t❛❧ ♣r♦❞✉❝t✐✈✐t②✳ ❆❞❞✐t✐♦♥❛❧❧②✱ ❛t ◆❛t✐♦♥❛❧ ❧❡✈❡❧ t❤❡ ✐♥t❡♥s✐✜❝❛t✐♦♥ ♣r♦❝❡ss

r❡❞✉❝❡s t❤❡ ♣r❡ss✉r❡ ♦✈❡r ♥❛t✉r❛❧ ❛r❡❛s ❛♥❞ ♥❛t✉r❛❧ ❢♦r❡sts✳ ❚❤✐s s②♥❡r❣✐st✐❝ r❡s♣♦♥s❡

❈❤❛♣t❡r ✹ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✻✸



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

♦❢ ❜♦t❤ ❛❝t✐♦♥s ✐s ✐♥❞✐❝❛t❡❞ ✐♥ t❤❡ ❧✐t❡r❛t✉r❡ ✭❙á ❡t ❛❧✳✱ ✷✵✶✼✮ ❛♥❞ ❝♦♥✜r♠❡❞ ✉s✐♥❣ ❛

❈●❊ ♠♦❞❡❧ t❤❛t ❡①♣❧✐❝✐t❧② r❡♣r❡s❡♥ts t❤❡✐r ✐♠♣❧❡♠❡♥t❛t✐♦♥✳ ❚❤❡s❡ r❡s✉❧ts s❤♦✇ t❤❛t

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

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

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

✐♠♣❧❡♠❡♥t❛t✐♦♥ ❛♥❞ ❞✐✛✉s✐♦♥✳

❊✈❡♥ t❤♦✉❣❤ t❤❡ ❆❇❈ P❧❛♥ ❞❡✜♥❡s t❤❡s❡ t❡❝❤♥♦❧♦❣✐❡s ❛s ❛ ♠✐t✐❣❛t✐♦♥ t❡❝❤✲

♥♦❧♦❣✐❡s✱ t❤❡ r❡s✉❧ts ❡✈✐❞❡♥❝❡ t❤❛t t❤❡ P❘ ❛ss♦❝✐❛t❡❞ t♦ t❤❡ ■❙ ❛❝ts s♣❛r✐♥❣ ❧❛♥❞

❛♥❞ ✐♥❝r❡❛s✐♥❣ t❤❡ ♣r♦❞✉❝t✐✈✐t②✳ ❚❤❡ ❧❛♥❞✲s♣❛r✐♥❣ ♣r♦❝❡ss ❞✉❡ t♦ ❧✐✈❡st♦❝❦ ✐♥t❡♥s✐✲

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

❢♦r t❤✐s ♣r♦❝❡ss✱ s✉❝❤ ❛s ❝r♦♣❧❛♥❞ ✐♥t❡♥s✐✜❝❛t✐♦♥ r❡❞✉❝✐♥❣ ❞❡❢♦r❡st❛t✐♦♥ ✭▼❆❈❊❉❖

❡t ❛❧✳✱ ✷✵✶✷✮✱ ✐♥✈❡st♠❡♥ts ✐♥ ❛❣r✐❝✉❧t✉r❛❧ ❘✫❉ t♦ ✐♥❝r❡❛s❡ t❤❡ t❡❝❤♥♦❧♦❣✐❝❛❧ ❧❡✈❡❧ ✐♥

t❤❡ ❧✐✈❡st♦❝❦ s❡❝t♦r ✭●❖❯❱❊▲▲❖✱ ✷✵✶✵❀ ❙❚❊❱❊◆❙❖◆ ❡t ❛❧✳✱ ✷✵✶✸❀ ❱■▲▲❖❘■❆✱

✷✵✶✼✮✱ t❛① ❛♥❞ s✉❜s✐❞② ♣♦❧✐❝✐❡s ❞✐r❡❝t❧② ✐♥ ❧✐✈❡st♦❝❦ s❡❝t♦r ♣r♦♠♦t✐♥❣ ✐♥❝❡♥t✐✈❡s t♦

❛ s❡♠✐✲✐♥t❡♥s✐✈❡ ♣r♦❞✉❝t✐♦♥ ✭❈❖❍◆ ❡t ❛❧✳✱ ✷✵✶✹✮✱ ❛♥❞ ✐♠♣r♦✈❡♠❡♥ts ✐♥ ♣❛st✉r❡ ❛♥❞

❤❡r❞ ♣r♦❞✉❝t✐✈✐t✐❡s ✭❙❚❘❆❙❙❇❯❘● ❡t ❛❧✳✱ ✷✵✶✹❀ ❙■▲❱❆ ❡t ❛❧✳✱ ✷✵✶✼✮✳ ❖♥❡ ♠❛✐♥

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

✐♥ ❛❣r✐❝✉❧t✉r❛❧ ❘✫❉ s❧♦✇ ❞♦✇♥ ❞❡❢♦r❡st❛t✐♦♥ r❛t❡s ✐♥ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ✐♥❝r❡❛s✐♥❣

❞❡♠❛♥❞ ❢♦r ❛❣r✐❝✉❧t✉r❛❧ ❣♦♦❞s✳

❆ ✈❡r② ❞❡t❛✐❧ ❝♦♠♣❛r✐s♦♥ ❜❡t✇❡❡♥ ♠♦❞❡❧s ✐s ❝♦♠♣r♦♠✐s❡❞ ❣✐✈❡♥ ❞✐✛❡r❡♥t ❛♣✲

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

✇✐❞❡❧② ❛❝r♦ss ♠♦❞❡❧s✱ r❡✢❡❝t✐♥❣ ❞✐✛❡r❡♥❝❡s ✐♥ ♠♦❞❡❧ str✉❝t✉r❡✱ ❧❛♥❞ s✉♣♣❧② ❢✉♥❝✲

t✐♦♥✱ ❛♥❞ ♣❛r❛♠❡t❡r✐③❛t✐♦♥✳ ❆t t❤❡ s❛♠❡ t✐♠❡✱ ✐t ✐s ✐♠♣♦rt❛♥t t♦ ❤✐❣❤❧✐❣❤t t❤❛t

❈♦❤♥ ❡t ❛❧✳ ✭✷✵✶✹✮ s❤♦✇ t❤❛t ♣♦❧✐❝②✲❞r✐✈❡♥ ✐♥t❡♥s✐✜❝❛t✐♦♥ ✇✐t❤✐♥ ♣❛st✉r❡✲❜❛s❡❞ ❝❛t✲

t❧❡ ♣r♦❞✉❝t✐♦♥ s②st❡♠s ❝♦✉❧❞ r❡❞✉❝❡ t❤❡ ♣❛st✉r❡ ❛r❡❛ ❜② ✶✻✲✷✶ ▼❤❛✱ ❛♥❞ ✶✺✲✶✼ ▼❤❛

♦❢ ❢♦r❡st ❝♦✉❧❞ s♣❛r❡❞ ❢r♦♠ ❞❡❢♦r❡st❛t✐♦♥✳ ❆❧s♦✱ ❙✐❧✈❛ ❡t ❛❧✳ ✭✷✵✶✼✮ s❤♦✇ t❤❛t ❛♥

✐♥❝r❡❛s❡ ✐♥ t❤❡ t♦t❛❧ ❢❛❝t♦r ♣r♦❞✉❝t✐✈✐t② ❞✉❡ t♦ ♣♦❧✐❝②✲❞r✐✈❡♥ ✐♥t❡♥s✐✜❝❛t✐♦♥ ❝♦✉❧❞

r❡❞✉❝❡ t❤❡ ♣❛st✉r❡ ❛r❡❛ ❛r♦✉♥❞ ✶✸ ▼❤❛ ❦❡❡♣✐♥❣ t❤❡ ❢♦r❡st ❛♥❞ ♥❛t✉r❛❧ ❛r❡❛s ❝♦♥✲

st❛♥t✱ ❛s ✇❡❧❧ ❛s ❝♦✉❧❞ ✐♥❝r❡❛s❡ t❤❡ ❝r♦♣❧❛♥❞ ✉s❡ ❜② ✽ ▼❤❛✳ ❚❤❡ r❡s✉❧ts ❤❡r❡ s❤♦✇

❛ ❞❡❝r❡❛s❡ ✐♥ ♣❛st✉r❡ ❛r❡❛ ❛r♦✉♥❞ ✺ ▼❤❛✱ ❛♥❞ ❛♥ ✐♥❝r❡❛s❡ ❜② ✹✳✽ ▼❤❛ ✐♥ ❢♦r❡st ❛♥❞

♥❛t✉r❛❧ ❛r❡❛s✱ ❛s ✇❡❧❧ ❛s ❛ ❞❡❝r❡❛s❡ ✐♥ ❝r♦♣❧❛♥❞ ❛r❡❛ ✉♣ t♦ ✶✳✹ ▼❤❛✳ ❙✉❝❤ ❞✐✛❡r❡♥❝❡s

❛r❡ ❞✉❡ t♦ ♠♦❞❡❧ ❝❧♦s✉r❡✱ ✐♥✈❡st♠❡♥t ❞②♥❛♠✐❝✱ ❛♥❞ t✐♠❡ ❤♦r✐③♦♥ ❜❡t✇❡❡♥ ♠♦❞❡❧s✳

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

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

✇♦r❦s✳ ❊q✉❛❧❧② ✐♠♣♦rt❛♥t✱ t❤❡ ❇r❛③✐❧✐❛♥ r❡❣✐♦♥s✱ s♣❡❝✐❛❧❧② t❤♦s❡ ✐♥ t❤❡ ❛❣r✐❝✉❧t✉r❡

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

✉s❡✳

❈❡♥t❡r✲❲❡st ❛♥❞ ◆♦rt❤ r❡❣✐♦♥s r❡s♣♦♥❞s t♦ t❤❡ ♣♦❧✐❝② ✐♥❝r❡❛s✐♥❣ t❤❡ ❛r❡❛ ❛❧❧♦✲

❝❛t❡❞ t♦ ♣❛st✉r❡✳ ❆❧t❤♦✉❣❤ t❤❡ ♦✉t❝♦♠❡s ❛r❡ s✉❣❣❡st✐♥❣ ❛♥ ❡❝♦♥♦♠✐❝ s♣❡❝✐❛❧✐③❛t✐♦♥

❈❤❛♣t❡r ✹ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✻✹



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

✐♥ t❤❡s❡ r❡❣✐♦♥s✱ t❤❡r❡ ❛r❡ s❡✈❡r❛❧ ♦t❤❡r ✐ss✉❡s ❝♦♥❝❡r♥ t❤❡ ❧✐✈❡st♦❝❦ ✐♥t❡♥s✐✜❝❛t✐♦♥✱

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

❡♠✐ss✐♦♥s ❢r♦♠ ❝❛tt❧❡✱ ❛♥❞ ♣♦❧✐❝② ❡✛❡❝t✐✈❡♥❡ss✳ ■♥ t❤❡ ◆♦rt❤❡❛st ❈❡rr❛❞♦ r❡❣✐♦♥ t❤❡

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

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

❧✐✈❡st♦❝❦ ✐♥t❡♥s✐✜❝❛t✐♦♥ ❛s ❛ ❧❛♥❞✲s♣❛r✐♥❣ str❛t❡❣② ❛t r❡❣✐♦♥❛❧ ❧❡✈❡❧✱ ❞✐✛❡r❡♥t❧② t❤❛t

♣r♦♣♦s❡❞ ❜② ❙tr❛ss❜✉r❣ ❡t ❛❧✳ ✭✷✵✶✹✮ ✇❤✐❝❤ t❤❡ ✐♥t❡♥s✐✜❝❛t✐♦♥ ❝♦✉❧❞ ❜❡ s♣r❡❛❞ ✐♥

✇❤♦❧❡ ❝♦✉♥tr②✳ ❚❤❡s❡ ♦✉t❝♦♠❡s ❝❛♥ ❜❡ ♠✐t✐❣❛t❡❞ ❜② ♠♦✈✐♥❣ ❢r♦♠ ❛ ♣❛st✉r❡✲❜❛s❡❞

t♦ ■❙✱ ❝♦♥s❡q✉❡♥t❧② r❡❞✉❝✐♥❣ t❤❡ ❧❛♥❞ ♦❝❝✉♣❛t✐♦♥ ✐♥ t❤❡ ❝✉rr❡♥t s②st❡♠ ✭●❊❘❙❙❊◆✲

●❖◆❉❊▲❆❈❍ ❡t ❛❧✳✱ ✷✵✶✼❀ ❈❖❍◆ ❡t ❛❧✳✱ ✷✵✶✹✮

❖t❤❡r ✐♠♣♦rt❛♥t ❝♦♥❝❡r♥ ✐♥ t❤✐s t②♣❡ ♦❢ ♣♦❧✐❝② ✐s t❤❡ ✧r❡❜♦✉♥❞ ❡✛❡❝t✧✱ ✇❤✐❝❤

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

♣r♦❞✉❝t✐♦♥ ❝♦sts ❛♥❞ ♦✉t♣✉t ♣r✐❝❡s ✭❍❊❘❘❊❘❖ ❡t ❛❧✳✱ ✷✵✶✻✮✳ ❆s s❤♦✇♥ ✐♥ ❚❛❜❧❡s

❊✳✹✱ ❊✳✺✱ ❛♥❞ ❊✳✻ t❤❡ ❡✛❡❝t ♦❢ ❧♦✇❡r ♣r✐❝❡s ❣✐✈❡♥ t❤❡ t❡❝❤♥♦❧♦❣② ❛❞♦♣t✐♦♥✱ s♣❡❝✐❛❧❧②

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

r❡s✉❧ts✳ ❚❤✐s r❡s✉❧t ✐s ❛❝❝♦r❞✐♥❣ t♦ ♣r❡✈✐♦✉s st✉❞✐❡s ✭❈❖❍◆ ❡t ❛❧✳✱ ✷✵✶✹❀ ❙■▲❱❆ ❡t

❛❧✳✱ ✷✵✶✼❀ ❙❚❊❱❆◆❖❱■❶ ❡t ❛❧✳✱ ✷✵✶✼✮✳

■ ❛❞❞r❡ss ❛tt❡♥t✐♦♥ ❤❡r❡ t♦ t❤❡ ❛❣r✐❝✉❧t✉r❛❧ ❛♥❞ ♥♦♥✲❛❣r✐❝✉❧t✉r❛❧ ♣r♦❞✉❝t✐♦♥

❝❤❛♥❣❡s ❛♥❞ t❤❡✐r ✧❧❡❛❦❛❣❡✧ ✈✐❛ r❡❣✐♦♥❛❧ tr❛❞❡✳ ❚❤❡ r❡s✉❧ts s❤♦✇♥ ✐♥ ❙❡❝t✐♦♥ ✹✳✷

s✉❣❣❡st ❛ s♣❡❝✐❛❧✐③❛t✐♦♥ ✐♥ ❣r❛✐♥ ♣r♦❞✉❝t✐♦♥ ✐♥ t❤❡ ❙♦✉t❤ ❛♥❞ ❙♦✉t❤❡❛st r❡❣✐♦♥s✱ s✐♥❝❡

t❤❡ ❝r♦♣❧❛♥❞ ✉s❡ ✐♥❝r❡❛s❡ ✐♥ t❤❡s❡ r❡❣✐♦♥s✳ ❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ ✐♥ t❤❡ ❈❡♥t❡r✲❲❡st✱

◆♦rt❤✱ ❛♥❞ ◆♦rt❤❡❛st ❈❡rr❛❞♦ r❡❣✐♦♥s t❤❡ r❡s✉❧ts s✉❣❣❡st ❛ s♣❡❝✐❛❧✐③❛t✐♦♥ ✐♥ ❧✐✈❡st♦❝❦

♣r♦❞✉❝t✐♦♥✱ s✐♥❝❡ t❤❡ ♣❛st✉r❡ ❛r❡❛ ✐♥❝r❡❛s❡s ♠♦r❡ t❤❛♥ r❡❝♦✈❡r❡❞ ♣❛st✉r❡✳ ❚❤❡s❡

♠♦✈❡♠❡♥ts ❛❝r♦ss r❡❣✐♦♥s ❞✐r❡❝t❧② ✐♥❝r❡❛s❡ t❤❡ ♣r♦❞✉❝t✐♦♥ ♦❢ ❝❤❡♠✐❝❛❧s✱ ❢❡rt✐❧✐③❡rs✱

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

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

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

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

s❡❝t♦rs ❞✐r❡❝t❧② ✐♠♣❛❝t t❤❡ ✐♥t❡♥s✐t② ♦❢ ●❍● ❡♠✐ss✐♦♥s ✐♥ ❡♥❡r❣② s❡❝t♦r ❛♥❞ ✐t ♠✐❣❤t

♦✛✲s❡t t❤❡ ♠✐t✐❣❛t✐♦♥ ♣♦t❡♥t✐❛❧ ✐♥ t❤❡ ❛❣r✐❝✉❧t✉r❡ ❛♥❞ ❧✐✈❡st♦❝❦ s❡❝t♦rs✳ ■t ✐s ❛♥

✐♠♣♦rt❛♥t ♣♦❧✐❝② ✐♠♣❧✐❝❛t✐♦♥ t❤❛t ■ ❞✐s❝✉ss ✐♥ t❤❡ ♥❡①t s✉❜s❡❝t✐♦♥✳

✹✳✹✳✶ P♦❧✐❝② ✐♠♣❧✐❝❛t✐♦♥s

❚❤❡ ❝♦♥❝❡♣t ♦❢ t❤❡ ❆❇❈ P♦❧✐❝② ✐s ❜❛s❡❞ ♦♥ ❛ ♣❛r❛❞✐❣♠ ❝❤❛♥❣❡ ✐♥ t❤❡ ❇r❛③✐❧✐❛♥

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

t✐♦♥ ✐♥ t❤❡ ❝♦✉♥tr②✳ ❍✐❣❤ s♣❡❝✐❛❧✐③❡❞ ❢❛r♠❡rs✱ ✇❤❡t❤❡r ✐♥ ❧✐✈❡st♦❝❦ ♦r ❣r❛✐♥s ✭s♦②❜❡❛♥

♦r ♠❛✐③❡✮✱ ♥♦✇ ♥❡❡❞ t♦ ❛❞♦♣t ♥❡✇ t❡❝❤♥♦❧♦❣✐❡s t❤❛t ❞✐✈❡rs✐❢② ❛❣r✐❝✉❧t✉r❛❧ ♣r♦❞✉❝t✐♦♥

❛♥❞ ♠❛①✐♠✐③❡ ❡♥✈✐r♦♥♠❡♥t❛❧ ❜❡♥❡✜ts✳ ❆ ❝♦♠♣❧❡t❡ ♣♦❧✐❝② ❛ss❡ss♠❡♥t ♥❡❡❞s t♦ t❛❦❡

❈❤❛♣t❡r ✹ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✻✺



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

✐♥t♦ ❛❝❝♦✉♥t t❤❡ ❝♦sts ❛♥❞ t❤❡ ❜❡♥❡✜ts✱ ✇✐♥♥❡rs ❛♥❞ ❧♦s❡rs✳ ■♥ t❤✐s ✇❛②✱ t❤✐s r❡s❡❛r❝❤

❝♦♥tr✐❜✉t❡s t♦ t❤❡ ❆❇❈ P♦❧✐❝② ❞❡❜❛t❡ ✐❞❡♥t✐❢②✐♥❣ t❤❡s❡ ❝♦sts ❛♥❞ ❜❡♥❡✜ts✱ ❛s ✇❡❧❧

❛s t❤❡ ❡❝♦♥♦♠✐❝ ❧❡❛❦❛❣❡s✳

■♥ t❡r♠s ♦❢ t♦t❛❧ ❝♦sts✱ t❤❡ ♠♦❞❡❧ ♣r♦❥❡❝ts ❘✩ ✸✻✲✸✾ ❜✐❧❧✐♦♥✱ ✇❤✐❝❤ ❘✩ ✷✻✳✻✲

✸✶✳✷ ❜✐❧❧✐♦♥ ❢♦r P❘✱ ❛♥❞ ❘✩ ✺✳✾✲✼✳✼ ❜✐❧❧✐♦♥ ❢♦r ■❙ t❡❝❤♥♦❧♦❣✐❡s✳ ❚❤❡ ❣r❡❛t❡st ❡①♣❡♥s❡s

✇♦✉❧❞ ♦❝❝✉r ✉♥❞❡r Pr✐♦r✐t② s❝❡♥❛r✐♦✳ ■♥ t❤✐s s❝❡♥❛r✐♦ t❤❡ ❞❡✜♥✐t✐♦♥ ♦❢ ♣r✐♦r✐t② ❛r❡❛s

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

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

❢♦r ❡❝♦♥♦♠✐❝ r❡t✉r♥✱ ✇❤✐❝❤ ❛r❡ t❤❡ ❝❛s❡ ♦❢ ◆♦rt❤❡❛st ❛♥❞ ◆♦rt❤❡❛st ❈❡rr❛❞♦ r❡❣✐♦♥s

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

✇❤✐❝❤ ❞✐s❝✉ss t❤❡ ♠❛❥♦r r✐s❦s✱ ❜❛rr✐❡rs✱ ❛♥❞ ❡❝♦♥♦♠✐❝ r❡t✉r♥ ♦❢ ♣r✐♦r✐t② ❛r❡❛s ❜❛s❡❞

♦♥❧② ♦♥ t❤❡ ❧❡✈❡❧ ♦❢ ❞❡❣r❛❞❡❞ ♣❛st✉r❡ ✭❆❇❈✱ ✷✵✶✼❛✮✳

❚❤❡ ●❉P ❛♥❞ ✇❡❧❢❛r❡ r❡s✉❧ts s❤♦✇ t❤❛t t❤❡r❡ ✐s ❛♥ ❡❝♦♥♦♠✐❝ ❧❡❛❦❛❣❡ ✐♥ ❞✐r❡❝✲

t✐♦♥ ♦❢ ♦t❤❡r r❡❣✐♦♥s s✉❝❤ ❛s ❙♦✉t❤✱ ❙♦✉t❤❡❛st✱ ❛♥❞ ❈❡♥t❡r✲❲❡st r❡❣✐♦♥s✱ ✐✳❡✳✱ t❤❡

❆❇❈ P❧❛♥ ❛s ❛♥ ❛❣r♦✲❡♥✈✐r♦♥♠❡♥t❛❧ ♣♦❧✐❝② ✐♥❝r❡❛s❡s t❤❡ r❡❣✐♦♥❛❧ ❞✐s♣❛r✐t② ✐♥ ❇r❛③✐❧✳

❚❤❡ ✐♥❝♦♠❡ ✢♦✇ ♠✐❣r❛t❡s t♦ t❤❡s❡ r❡❣✐♦♥s ✐♥❝r❡❛s✐♥❣ t❤❡ ❝♦♥s✉♠♣t✐♦♥ ♣❡r ❤❡❝t❛r❡ ✐♥

❞❡tr✐♠❡♥t ♦❢ ◆♦rt❤❡❛st ❛♥❞ ◆♦rt❤❡❛st ❈❡rr❛❞♦ r❡❣✐♦♥s✳ ■t ✐s ❛♥ ✐♠♣♦rt❛♥t r❡s✉❧t ❛♥❞

s❤♦✇s t❤❛t t❤❡ ♣♦❧✐❝② ❞❡s✐❣♥ ✐♥ ❇r❛③✐❧ s❤♦✉❧❞ ❝♦♥s✐❞❡r t❤❡ ✐♥tr✐♥s✐❝ ❝❤❛r❛❝t❡r✐st✐❝s

♦❢ ❡❛❝❤ r❡❣✐♦♥✳

❖t❤❡r ❝♦♥❝❡r♥ s✐♥❝❡ t❤❡ ❜❡❣✐♥♥✐♥❣ ♦❢ ❆❇❈ P❧❛♥ ✇❛s t❤❡ ❧♦✇ ✉♣t❛❦❡ ♦❢ ❧♦❛♥s

❡✈❡♥ ✇✐t❤ s✉❜s✐❞✐③❡❞ ✐♥t❡r❡st r❛t❡s ✭❆◆●❊▲❖✱ ✷✵✶✷✮✳ ❙❡✈❡r❛❧ st✉❞✐❡s tr② t♦ ✐❞❡♥✲

t✐❢② t❤❡s❡ s♦❝✐♦✲❡❝♦♥♦♠✐❝ ❜❛rr✐❡rs t♦ ❡①♣❧❛✐♥ t❤✐s r❡s✉❧t ✭●■▲ ❡t ❛❧✳✱ ✷✵✶✺❀ ❆❇❈✱

✷✵✶✼❜❀ ▲❆❚❆❲■❊❈ ❡t ❛❧✳✱ ✷✵✶✼✮✳ ❆❝❝♦r❞✐♥❣ t♦ t❤❡s❡ st✉❞✐❡s s✉❝❤ ❜❛rr✐❡rs ❛r❡✿ t❤❡

✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ ■❙ r❡q✉✐r❡s t❡❝❤♥✐❝❛❧ ❛♥❞ ❡❝♦♥♦♠✐❝ ❡①♣❡rt✐s❡ ❛♥❞ ♦t❤❡r t②♣❡s ♦❢

✉♥❛tt❛✐♥❡❞ ❦♥♦✇❧❡❞❣❡ ✭❉❊ ▼❖❘❆❊❙ ❡t ❛❧✳✱ ✷✵✶✹✮❀ ❧❛❝❦ ♦❢ q✉❛❧✐❢② ❧❛❜♦✉r✱ ❤✐❣❤ ✜✲

♥❛♥❝✐❛❧ ❝♦sts ❛♥❞ ❝r❡❞✐t ❛❝❝❡ss ✭▲❆❚❆❲■❊❈ ❡t ❛❧✳✱ ✷✵✶✼✮❀ t❤❡ ❛❜s❡♥❝❡ ♦❢ s♠❛❧❧✲s❝❛❧❡

❜✉s✐♥❡ss ♠♦❞❡❧s t❤❛t ❝♦✉❧❞ ❜❡ ✉s❡❞ ♦♥ s♠❛❧❧✲s❝❛❧❡ ❢❛r♠❡rs ✭●■▲ ❡t ❛❧✳✱ ✷✵✶✺✮❀ ❝♦♥❝❡r♥

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

s♣❡❝✐❛❧❧② t❡❝❤♥✐❝❛❧ ♣r♦❥❡❝t✱ ❛♥❞ s❤♦rt ❣r❛❝❡ ♣❡r✐♦❞ ✭▲❆❚❆❲■❊❈ ❡t ❛❧✳✱ ✷✵✶✼✮✳ ❖♥

t❤❡ ♦t❤❡r ❤❛♥❞✱ t❤❡r❡ ✐s ♣♦s✐t✐✈❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ t❤❡ ❛❝❝❡ss t♦ t❤❡ ❝r❡❞✐t ♣r♦✲

✈✐❞❡❞ ❜② ❆❇❈ Pr♦❣r❛♠ ❛♥❞ ❡♥✈✐r♦♥♠❡♥t❛❧ ♦✉t❝♦♠❡s✳ ❆❝❝♦r❞✐♥❣ t♦ ❖❧✐✈❡✐r❛ ❙✐❧✈❛

❡t ❛❧✳ ✭✷✵✶✼✮ ❛❝❝❡ss t♦ ❆❇❈ ❝r❡❞✐t r❡❞✉❝❡s ❡♠✐ss✐♦♥s ✐♥t❡♥s✐t② ❜② ❛r♦✉♥❞ ✷✵✪ ✇❤❡♥

❝♦♠♣❛r❡❞ t♦ t❤❡ s❛♠❡ ♣❛st✉r❡ ♠❛♥❛❣❡♠❡♥t ♣r❛❝t✐❝❡✱ ❛ss✉♠✐♥❣ t❤❛t ♣r♦❞✉❝❡rs r✐s❦

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

❆❇❈ ❝r❡❞✐t✳

❚❤❡ ❈❛❛t✐♥❣❛ ❜✐♦♠❡ ♣r❡s❡♥ts ❣r❡❛t ❝❤❛❧❧❡♥❣❡s ❢♦r t❤❡ ❞❡✈❡❧♦♣♠❡♥t ♦❢ ❇r❛③✐❧✐❛♥

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

s✉❝❤ ❛s ◆♦rt❤❡❛st ❛♥❞ ◆♦rt❤❡❛st ❈❡rr❛❞♦ ❞❡s❡r✈❡s s♣❡❝✐❛❧ tr❡❛t♠❡♥t ❜② ❛❧❧ st❛❦❡✲

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

❈❤❛♣t❡r ✹ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✻✻



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❝♦♠♣❡♥s❛t✐♦♥ ♠❡❝❤❛♥✐s♠s ❢♦r t❤❡ ♠♦st ❡❝♦♥♦♠✐❝❛❧❧② ❢r❛❣✐❧❡✳ ❘❡❣❛r❞❧❡ss ✐♥❝♦♠❡

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

♣❡♥s❛t❡ t❤❡ ✐♥❝♦♠❡ ❝❤❛♥❣❡s ✐♥ t❤❡ s❤♦rt✲r✉♥✳

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

❛♥❞ ❦♥♦✇❧❡❞❣❡ ❛❜♦✉t t❤❡ ❜❡♥❡✜ts ♣r♦✈✐❞❡❞ ❜② ❡❝♦s②st❡♠s✱ ❛♥❞ ❛r❡❛s ✇✐t❤ ❣♦♦❞

♠❛♥❛❣❡♠❡♥t✳ ■♠♣r♦✈❡♠❡♥ts ✐♥ t❤❡ ❝r❡❞✐t ❛❝❝❡ss ❜② r❡❞✉❝✐♥❣ t❤❡ ❜❛♥❦✬s ❜✉r❡❛✉✲

❝r❛❝②✱ ❛s ✇❡❧❧ ❛s ❝♦♠♣❧❡① t❡❝❤♥✐❝❛❧ ♣r♦❥❡❝ts✳ ❆t t❤❡ s❛♠❡ t✐♠❡✱ r❡✐♥❢♦r❝❡ ❝♦♠♠❛♥❞

❛♥❞ ❝♦♥tr♦❧ ♣♦❧✐❝✐❡s ❞❡s✐❣♥❡❞ ❢♦r ♣r♦♣r✐❡t② r✐❣❤ts ❛♥❞ ❧❛♥❞ t❡♥✉r❡ t♦ r❡❞✉❝❡ t❤❡ ❧❛♥❞

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

♠❡❝❤❛♥✐s♠s ♠✐❣❤t ✐♥❝r❡❛s❡ t❤❡ ♣r♦❞✉❝t✐✈❡ ❝❛♣❛❝✐t② ✐♥ t❤❡s❡ r❡❣✐♦♥s ❜② t❤❡ ❛❜s♦r♣✲

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

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

❋✐♥❛❧❧②✱ ✐t ✐s ❝❧❡❛r❧② t❤❛t t❤❡ ❞❡✜♥✐t✐♦♥ ♦❢ ♣r✐♦r✐t② ❛r❡❛s ✐s ♦♥❡ ♦❢ t❤❡ ❝❡♥tr❛❧

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

❧❡❛❦❛❣❡s ❝♦♥❝❡r♥✐♥❣ t❤✐s ❛❣r♦✲❡♥✈✐r♦♥♠❡♥t❛❧ ♣♦❧✐❝②✳ ■♥✈❡st♠❡♥ts ✐♥ ■❙✱ ❡s♣❡❝✐❛❧❧②

t❤♦s❡ ✇✐t❤ ❢♦r❡str② ❝♦♠♣♦♥❡♥t✱ s❤♦✉❧❞ ❜❡ ❛♣♣❧② ✐♥ ❛r❡❛s ✇✐t❤ t✐♠❜❡r ❛♥❞ ✇♦♦❞

✐♥❞✉str✐❡s t♦ ❛❜s♦r❜ t❤❡ ❢♦r❡str② ♣r♦❞✉❝t✐♦♥✱ ♦t❤❡r✇✐s❡ t❤❡ ❡①♣❡♥s❡s ✐♥ ❆❇❈ ♣r♦❣r❛♠

❝♦♥t✐♥✉❡ t♦ ❣❡♥❡r❛t❡ ❛ ❧♦✇❡r ❡❝♦♥♦♠✐❝ r❡t✉r♥ t♦ ❇r❛③✐❧ ❛s ❛ ✇❤♦❧❡✳ ❚❤✐s ✐s ♦♥❧② ♦♥❡

❡①❛♠♣❧❡✱ ❜❡②♦♥❞ ♦t❤❡r ♣r❡s❡♥t❡❞ ❛❜♦✈❡✳ ●♦✈❡r♥♠❡♥ts✱ st❛❦❡❤♦❧❞❡rs✱ ❛♥❞ ♣♦❧✐❝②

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

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

♥❡✇ t❡❝❤♥♦❧♦❣✐❡s✱ ✐♥✈❡st✐♥❣ ✐♥ ❘✫❉✱ ❛♥❞ ❝r❡❛t✐♥❣ s✉✐t❛❜❧❡ ♠❛r❦❡t ❝♦♥❞✐t✐♦♥s ❝♦✉❧❞

❡♥❤❛♥❝❡ t❤❡ ❆❇❈ P❧❛♥ ♦✉t❝♦♠❡s✳

❈❤❛♣t❡r ✺ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✻✼



❈❤❛♣t❡r ✺

❈♦♥❝❧✉s✐♦♥s

■♥ t❤❡ ♣r❡❝❡❞✐♥❣ ❝❤❛♣t❡rs✱ ■ ❤❛✈❡ ❧❛✐❞ ♦✉t t❤❡ ❝♦♠♣❧❡①✐t✐❡s ❛r✐s✐♥❣ ❢r♦♠ t❤❡

✐♥t❡r❛❝t✐♦♥ ♦❢ ❛❣r♦✲❡♥✈✐r♦♥♠❡♥t❛❧ ♣♦❧✐❝② ✇✐t❤ ❝♦✉♥tr② s♣❡❝✐✜❝ ❝❤❛❧❧❡♥❣❡s ❢❛❝❡❞ ❜②

t❤❡ ♣♦❧✐❝②♠❛❦❡rs ✐♥ ❇r❛③✐❧✳ ❚♦ ❛❞❞r❡ss t❤❡ ❞✉❛❧ ❝❤❛❧❧❡♥❣❡s ♦❢ ♠❛✐♥t❛✐♥✐♥❣ ❡❝♦♥♦♠✐❝

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

s✐♦♥s✱ ❇r❛③✐❧✬s ❝❧✐♠❛t❡ ❝♦♠♠✐t♠❡♥ts t♦ t❤❡ ❈❖P✲✶✺ ✐♥❝❧✉❞❡ ❜♦t❤ ❡❝♦♥♦♠②✲✇✐❞❡ ❛♥❞

s❡❝t♦r s♣❡❝✐✜❝ ♣♦❧✐❝✐❡s✳ ❆♥❛❧②③✐♥❣ t❤❡ ✐♠♣❛❝t ♦❢ t❤❡s❡ ♣♦❧✐❝✐❡s ♦♥ ❧❛♥❞✲✉s❡ ❝❤❛♥❣❡s✱

❝♦♥s✉♠❡r ✇❡❧❢❛r❡✱ r❡❣✐♦♥❛❧ ♣r♦❞✉❝t✐♦♥✱ ❛♥❞ ●❉P✱ t❤❡ ✐♥t❡r❡sts ♦❢ ❞✐✛❡r❡♥t st❛❦❡✲

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

♦✉t❝♦♠❡s✳

■ ❤❛✈❡ ❡①♣❧♦r❡❞ t❤❡♦r❡t✐❝❛❧ ❛r❣✉♠❡♥ts ❢♦r ❛❞❞r❡ss✐♥❣ ❝❧✐♠❛t❡ ❝❤❛♥❣❡ ✇❤❡♥ ❝♦♥✲

s✐❞❡r❡❞ ✇✐t❤ ❛♥❞ ✇✐t❤♦✉t ♣♦❧✐t✐❝❛❧ ❡❝♦♥♦♠② ❝♦♥str❛✐♥ts ❛s ✇❡❧❧ ❛s t❤❡ s②♥❡r❣✐❡s ❛♥❞

tr❛❞❡✲♦✛s ♦❢ ♠✐t✐❣❛t✐♦♥ ❛♥❞ ❛❞❛♣t❛t✐♦♥ ♦♣t✐♦♥s✳ ❘❡❝♦❣♥✐③✐♥❣ t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ t❤❡

❡❝♦♥♦♠✐❝ ❡✈❛❧✉❛t✐♦♥ ♦❢ ❛♥ ❛❣r♦✲❡♥✈✐r♦♥♠❡♥t❛❧ ♣♦❧✐❝②✱ s✉❝❤ ❛s t❤❡ ❆❇❈ P❧❛♥ ❡❝♦✲

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

t♦ ❛❣r✐❝✉❧t✉r❡ ❤❛✈❡ ❜❡❡♥ ❞✐s❝✉ss❡❞✳

❚♦ ❛♥❛❧②③❡ t❤❡ ❡✣❝✐❡♥❝② ❛♥❞ ❡❝♦♥♦♠✐❝ ✐♠♣❛❝ts ♦❢ ❇r❛③✐❧✬s ❛❣r♦✲❡♥✈✐r♦♥♠❡♥t❛❧

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

♣❧♦②❡❞ ❛ ❈●❊ ♠♦❞❡❧ ♦❢ t❤❡ ❇r❛③✐❧✐❛♥ ❡❝♦♥♦♠② ✇✐t❤ ❞❡t❛✐❧❡❞ r❡♣r❡s❡♥t❛t✐♦♥ ♦❢ t❤❡

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

r❡s❡❛r❝❤ q✉❡st✐♦♥s ❛r❡ ❜❛s❡❞ ❜♦t❤ ♦♥ t❤❡♦r② ❛s ✇❡❧❧ ❛s q✉❛❧✐t❛t✐✈❡ ✐♥♣✉ts ♦♥ ♣♦❧✐❝②

♣r❡❢❡r❡♥❝❡s ❛♥❞ ♣♦ss✐❜✐❧✐t✐❡s✳ ■♥ ♣❛rt✐❝✉❧❛r✱ ■ ❤❛✈❡ ❡♥❞❡❛✈♦r❡❞ t♦ ❛♥❛❧②③❡ ❤♦✇ s❡❝t♦r

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

❧❡✈❡❧s ♦❢ ♣❛st✉r❡ r❡❝♦✈❡r② ❛♥❞ ✐♥t❡❣r❛t❡❞ s②st❡♠s✳

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

st❛❦❡❤♦❧❞❡rs t❤❛t st❛♥❞ t♦ ❜❡♥❡✜t ♦r ❧♦s❡✱ ❛❧♦♥❣ ✇✐t❤ t❤❡ ❡①t❡♥t ♦❢ ✐♠♣❛❝t ♦♥ t❤❡♠✳

❈♦♠♣❛r✐♥❣ t❤❡ ♦✉t❝♦♠❡s ♦❢ t❤❡ ❆❇❈ ♣♦❧✐❝② s✐♠✉❧❛t❡❞ ✉♥❞❡r ❞✐✛❡r❡♥t s❝❡♥❛r✐♦s✱ ■

❤❛✈❡ ❢♦✉♥❞ t❤❛t t❤❡ ✐♥✈❡st♠❡♥ts ❛♣♣❧✐❡❞ ✐♥ t❤❡ ♣r✐♦r✐t② ❛r❡❛s ❞❡✜♥❡❞ ❜② t❤❡ ❧❡✈❡❧ ♦❢

✻✽



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

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

●❉P ❝❤❛♥❣❡s ✐♥❞✐❝❛t❡ t❤❛t t❤❡ ❆❇❈ ♣♦❧✐❝② ✐♥❝r❡❛s❡ t❤❡ ❞✐s♣❛r✐t② ❛♠♦♥❣ ❇r❛③✐❧✐❛♥

r❡❣✐♦♥s✳ ■t ♠❡❛♥s t❤❛t t❤❡r❡ ❛r❡ s❡✈❡r❛❧ ❜❛rr✐❡rs t♦ ♠❛①✐♠✐③❡ t❤❡ ♦✉t❝♦♠❡s ❛❝r♦ss

❞✐✛❡r❡♥t r❡❣✐♦♥s✳ ❚❤❡ r❡❞❡✜♥✐t✐♦♥ ♦❢ ♣r✐♦r✐t② ❛r❡❛s ❜❛s❡❞ ♦♥ ❡❝♦♥♦♠✐❝ ❛s♣❡❝ts ❜❡✲

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

r❡s✉❧ts✳ ❆❧s♦✱ ✐♠♣r♦✈❡♠❡♥ts ✐♥ t❤❡ ❝r❡❞✐t ❛❝❝❡ss ❜② r❡❞✉❝✐♥❣ t❤❡ ❜❛♥❦✬s ❜✉r❡❛✉✲

❝r❛❝②✱ ❛s ✇❡❧❧ ❛s ❝♦♠♣❧❡① t❡❝❤♥✐❝❛❧ ♣r♦❥❡❝ts✳ ■ ❤❛✈❡ ❢♦✉♥❞ t❤❛t ❛ ♣♦❧✐❝② ✇✐t❤♦✉t

t❤❡ ✐♥❞✐❝❛t✐♦♥ ♦❢ ♣r✐♦r✐t② ❛r❡❛s ✐s ♠♦r❡ ❡✛❡❝t✐✈❡♥❡ss ❛♥❞ ❧❡ss ❡①♣❡♥s❡ ♣❡r r❡❝♦✈❡r❡❞

❤❡❝t❛r❡✳

❯♥❞❡r ❞✐✛❡r❡♥t s✐♠✉❧❛t❡❞ s❝❡♥❛r✐♦s ■ ❤❛✈❡ ❡♥❞❡❛✈♦r❡❞ t♦ ❛♥❛❧②③❡ t❤❡ ❧❛♥❞✲✉s❡

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

t❤❡ P❘ ❛ss♦❝✐❛t❡❞ t♦ t❤❡ ■❙ t❡❝❤♥♦❧♦❣✐❡s ❛r❡ ❧❛♥❞✲s♣❛r✐♥❣ t❡❝❤♥♦❧♦❣✐❡s✳ ❆s t❤❡ ♣r♦✲

❞✉❝t✐✈✐t② ♦❢ r❡❝♦✈❡r❡❞ ❛r❡❛s ✐♥❝r❡❛s❡ s❡tt❧❡ ❛r❡❛ ❢♦r ♥❡✇ ♣r♦❞✉❝t✐♦♥ s②st❡♠s✱ s✉❝❤ ❛s

■❙✳ ■❙ t❡❝❤♥♦❧♦❣✐❡s ❤❛✈❡ ♣r❡s❡♥t❡❞ ❛ ❣r❡❛t ♦♣♣♦rt✉♥✐t② ❢♦r ❧✐✈❡st♦❝❦ ✐♥t❡♥s✐✜❝❛t✐♦♥

❛s ✇❡❧❧ ❛s r❡❞✉❝❡ t❤❡ ♣r❡ss✉r❡ t♦ ❝❧❡❛r ♥❡✇ ♥❛t✉r❛❧ ❛r❡❛s ❛♥❞ ❢♦r❡st ❛r❡❛s ✐♥ ❇r❛③✐❧✳

■♥ ❢❛❝t✱ t❤❡ ♠♦❞❡❧ ♣r♦❥❡❝ts ❛♥ ✐♥❝r❡❛s❡ ♦❢ ♥❛t✉r❛❧ ❢♦r❡st ✐♥s✐❞❡ t❤❡ r✉r❛❧ ❡st❛❜❧✐s❤✲

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

✐♠♣❧❡♠❡♥t✐♥❣ ❡❛❝❤ ■❙ t❤❡ ✐♥t❡❣r❛t✐♦♥ ✇✐t❤ s♦②❜❡❛♥ ❤❛s s❤♦✇♥ ❡❝♦♥♦♠✐❝ ❛❞✈❛♥t❛❣❡s

❛❝r♦ss r❡❣✐♦♥s✱ s♣❡❝✐❛❧❧② ✇✐t❤♦✉t ♣r✐♦r✐t② ♣♦❧✐❝②✳

◆❡✈❡rt❤❡❧❡ss✱ ■ ❛❧s♦ ❤❛✈❡ ❢♦✉♥❞ t❤❛t t❤❡ ❢❛r♠❡rs ✐♥ t❤❡ ❛❣r✐❝✉❧t✉r❛❧ ❢r♦♥t✐❡r✱

❛s ✐♥ t❤❡ ❈❡♥t❡r✲❲❡st ❛♥❞ ◆♦rt❤ r❡❣✐♦♥s✱ ❤❛✈❡ ❛♥ ✐♥❝❡♥t✐✈❡ t♦ ✐♥❝r❡❛s❡ t❤❡ ♣❛st✉r❡

❛r❡❛ ❣✐✈❡♥ t❤❡ ❆❇❈ ♣♦❧✐❝②✳ ■t ✐s ❛♥ ✐♠♣♦rt❛♥t r❡s✉❧t ❢♦r t❤❡ ❧✐t❡r❛t✉r❡ ❝♦♥❝❡r♥✐♥❣

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

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

❦♥♦✇❧❡❞❣❡ t❤❛t ❛❣r✐❝✉❧t✉r❛❧ ✐♥t❡♥s✐✜❝❛t✐♦♥ ❝♦✉❧❞ ❜❡ s♣r❡❛❞ ✐♥ ❇r❛③✐❧ ❛s ❛ ✇❤♦❧❡ ✐s

♥♦t ❝♦♥✜r♠❡❞ ✐♥ ♠② r❡s❡❛r❝❤✳

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

✐③❛t✐♦♥✳ ■t ✐s t❤❡ ❝❛s❡ ♦❢ ❧✐✈❡st♦❝❦ ♣r♦❞✉❝t✐♦♥ ✐♥ t❤❡ ❈❡♥t❡r✲❲❡st ❛♥❞ ◆♦rt❤ r❡❣✐♦♥s✱

r✐❝❡ ✐♥ t❤❡ ❙♦✉t❤✱ ❛♥❞ s✉❣❛r❝❛♥❡ ✐♥ t❤❡ ❙♦✉t❤❡❛st ❛♥❞ ◆♦rt❤❡❛st r❡❣✐♦♥s✳ ❙✉❝❤

s♣❡❝✐❛❧✐③❛t✐♦♥ ♣r♦♠♦t❡❞ ❜② t❤❡ ❆❇❈ ♣♦❧✐❝② ✐♥❝r❡❛s❡s t❤❡ ❞❡♠❛♥❞ ♦✈❡r ❝❤❡♠✐❝❛❧s✱

❞❡❢❡♥s✐✈❡s✱ ❛♥❞ ❢❡rt✐❧✐③❡rs s❡❝t♦rs✱ ❛s ✇❡❧❧ ❛s t❤❡ ❞❡♠❛♥❞ ♦❢ ❢♦ss✐❧ ❡♥❡r❣②✱ s✉❝❤ ❛s ♦✐❧

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

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

st❛❦❡❤♦❧❞❡rs ❣r♦✉♣s ♠♦r❡ ❛tt❡♥t✐♦♥ s❤♦✉❧❞ ❜❡ ❞♦♥❡ t♦ t❤❡ ♣♦❧✐❝② ❞❡s✐❣♥✐♥❣✳ P♦❧✐❝✐❡s

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

❛❣r✐❝✉❧t✉r❛❧ s❡❝t♦rs t♦ ♦✈❡r❝♦♠❡ ❛ ♣♦ss✐❜❧❡ ♦✛✲s❡t ✐♥ t❤❡ ❆❇❈ ❛❝t✐♦♥s ♠✐t✐❣❛t✐♦♥

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

s♣❡❝✐❛❧❧② ❢♦r t❤❡ ❡♥❡r❣② s❡❝t♦r✱ ❜♦t❤ ❡❧❡❝tr✐❝✐t② ❛♥❞ ❢♦ss✐❧✲❡♥❡r❣②✳

❋✐♥❛❧❧②✱ t❤❡ ♠♦❞❡❧ ❤❛s ♣r♦❥❡❝t❡❞ t❤❡ t♦t❛❧ ❝♦st ❛r♦✉♥❞ ❘✩ ✸✾ ❜✐❧❧✐♦♥✱ ✇❤✐❝❤ ❘✩

❈❤❛♣t❡r ✺ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✻✾



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

✼✳✽ ❜✐❧❧✐♦♥ ❢♦r ■❙ ✐♥ t❤❡ Pr✐♦r✐t② s❝❡♥❛r✐♦✳ ❲✐t❤♦✉t t❤❡ ✐❞❡♥t✐✜❝❛t✐♦♥ ♦❢ ♣r✐♦r✐t② ❛r❡❛s

t❤❡ t♦t❛❧ ❝♦sts ❤❛s r❡❛❝❤❡❞ ❛r♦✉♥❞ ❘✩ ✸✹ ❜✐❧❧✐♦♥✳ ❚❤❡s❡ ✈❛❧✉❡s ❛r❡ s✐❣♥✐✜❝❛♥t❧② ❧♦✇❡r

❝♦♠♣❛r❡❞ t♦ t❤♦s❡ ♣r♦❥❡❝t❡❞ ✐♥ t❤❡ ♦r✐❣✐♥❛❧ t❡①t ♦❢ ❆❇❈ P❧❛♥ ✭❛r♦✉♥❞ ❘✩ ✸✼ ❜✐❧❧✐♦♥

❢♦r P❘ ❛♥❞ ❘✩ ✺✼ ❜✐❧❧✐♦♥ ❢♦r ■❙✮✳ ❚❤❡ ❛❝t✉❛❧ ❛❞♦♣t✐♦♥ ❧❡✈❡❧ ♦❢ r❡s♦✉r❝❡s ♣r❡s❡♥t ✐♥ t❤❡

❆❇❈ Pr♦❣r❛♠ ✐s ❛❧s♦ ❧♦✇❡r ❝♦♠♣❛r❡❞ t♦ t❤❡ ✈❛❧✉❡ ♣r♦❥❡❝t❡❞ ❜② t❤❡ ♠♦❞❡❧✳ ❇② t❤❡

❡♥❞ ♦❢ ✷✵✶✺✴✷✵✶✻ ❝r♦♣✲②❡❛r t❤❡ ✈♦❧✉♠❡ ♦❢ ❝r❡❞✐t t❛❦❡♥ ❜② ❢❛r♠❡rs r❡❛❝❤❡❞ ❘✩ ✶✸✳✽

❜✐❧❧✐♦♥✱ ✐♥❝❧✉❞✐♥❣ ❛❧❧ ❛❝t✐♦♥s ♣r❡s❡♥t ✐♥ ❆❇❈ P❧❛♥ ❛♥❞ ♥♦t ♦♥❧② P❘ ❛♥❞ ■❙✳ ❚❤❡s❡

❡①♣❡♥❞✐t✉r❡s r❡♣r❡s❡♥t ♦♥❧② ✶✻✪ ♦❢ t❤❡ t♦t❛❧ ❛♠♦✉♥t ❢♦r❡s❡❡♥ ✐♥ t❤❡ ♦r✐❣✐♥❛❧ t❡①t

♦❢ t❤❡ ❆❇❈ P❧❛♥ t♦ ❜❡ ✉s❡❞ ❢♦r P❘ ❛♥❞ ■❙✳ ❘❡❣❛r❞✐♥❣ t❤❡ r❡s✉❧ts ♦❢ t❤✐s r❡s❡❛r❝❤✱

t❤❡ t♦t❛❧ ❡①♣❡♥s❡s ♦❢ t❤❡ ❆❇❈ Pr♦❣r❛♠ ♦❜s❡r✈❡❞ ✉♥t✐❧ t❤❡ ❡♥❞ ♦❢ ✷✵✶✺✴✷✵✶✻ ❝r♦♣✲

②❡❛r r❡♣r❡s❡♥t ❜❡t✇❡❡♥ ✸✺✲✹✵✪ ♦❢ t❤❡ ✈❛❧✉❡ ♣r♦❥❡❝t❡❞ ❜② t❤❡ ♠♦❞❡❧✱ ✇❤✐❝❤ ✐♥ t✉r♥

s✐♠✉❧❛t❡s ♦♥❧② ❡①♣❡♥s❡s ✐♥ P❘ ❛♥❞ ■❙✳ ❚❤❡ ❝♦♥❝❧✉s✐♦♥ ✐s t❤❛t ✐❢ t❤❡ ❛❞♦♣t✐♦♥ ♦❢ ❆❇❈

Pr♦❣r❛♠ ❝♦♥t✐♥✉❡s ✐♥ ❛ ❧♦✇❡r r❛t❡ t❤❡ ❣♦❛❧s ♦❢ ❆❇❈ P❧❛♥ ✉♥t✐❧ ✷✵✷✵ ✇✐❧❧ ♥♦t ❜❡ ♠❡t✳

❚❤✐s r❡s❡❛r❝❤ s❝r❛t❝❤ t❤❡ s✉r❢❛❝❡ ♦❢ t❤✐s ❝♦♠♣❧❡① ✐ss✉❡✱ ❜✉t t❤❡s❡ ❝♦♥tr✐❜✉t✐♦♥s

❝❛♥ ❤♦♣❡❢✉❧❧② st✐❧❧ ❤❛✈❡ ❛ ♣♦s✐t✐✈❡ ✐♠♣❛❝t✳ ❊✈❡♥ t❤♦✉❣❤✱ t❤❡r❡ ❛r❡ st✐❧❧ ❝♦✉♥t❧❡ss

♦♣❡♥ q✉❡st✐♦♥s t♦ ❜❡ ✐♥✈❡st✐❣❛t❡❞✱ ♣❧❡♥t② ♦❢ ✉♥r❡s♦❧✈❡❞ ✐ss✉❡s✱ ❛♥❞ ♣❧❡♥t② ♦❢ ✇♦r❦

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

❛♥❞ ❝❧✐♠❛t❡ ❝❤❛♥❣❡✳ ❚❤❡r❡ ❛r❡ ♦t❤❡r ❆❇❈ ❛❝t✐♦♥s t❤❛t ♠✉st ❜❡ ❛♥❛❧②③❡❞✱ s✉❝❤ ❛s

♥♦✲t✐❧❧ t❡❝❤♥♦❧♦❣②✱ ♥✐tr♦❣❡♥ ❜✐♦❧♦❣✐❝❛❧ ✜①❛t✐♦♥✱ ❛s ✇❡❧❧ ❛s ❛♥✐♠❛❧ ✇❛st❡ tr❡❛t♠❡♥t✳

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

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

♦❢ s✉❝❤ ❛❝t✐♦♥s✳ ❖t❤❡r ✐ss✉❡s ❝♦♥❝❡r♥✐♥❣ ❞❛t❛✬s q✉❛❧✐t② ♥❡❡❞ ❛tt❡♥t✐♦♥✱ s✉❝❤ ❛s ❛

❝♦rr❡❝t ❛♥❞ ❝♦♠♣❧❡t❡ ❛ss❡ss♠❡♥t ♦❢ ❤♦✇ ♠✉❝❤ ✐s t❤❡ r❡❞✉❝t✐♦♥ ♣♦t❡♥t✐❛❧ ♦❢ ●❍●

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

❛s ✐♠♣r♦✈❡♠❡♥t ✐♥ t❤❡ q✉❛❧✐t② ♦❢ ■❙ ❝♦sts ❞❛t❛ ❛♥❞ r✉r❛❧ ❝r❡❞✐t ❞❛t❛ ♠✉st ❜❡ ❞♦♥❡✳

❈●❊ ♠♦❞❡❧s ❛r❡ ❛♥ ✐♠♣♦rt❛♥t t♦♦❧s t♦ ❛♥s✇❡r ❛❧❧ t❤❡s❡ ✐ss✉❡s✱ ❛♥❞ ❛ ❢✉❧❧ ✐♥t❡❣r❛t✐♦♥

♦❢ ❊❝♦♥♦♠✐❝ s②st❡♠ ❛♥❞ ❊❛rt❤ s②st❡♠ ✇✐❧❧ ♣r♦✈✐❞❡ ❛ ❝♦♠♣❧❡t❡ ❛ss❡ss♠❡♥t ♦❢ t❤✐s

♣♦❧✐❝②✳ ❆ ❈●❊ st❛t✐❝ ♠♦❞❡❧ ✐s ❛♥ ✐♠♣♦rt❛♥t ❧✐♠✐t❛t✐♦♥✳ ❊✈❡♥ t❤♦✉❣❤ ❛ st❛t✐❝ ❈●❊

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

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

❛❝❝✉♠✉❧❛t✐♦♥ ❛♥❞ ✐♥✈❡st♠❡♥t ✉s✐♥❣ ❛ ❞②♥❛♠✐❝ ❈●❊ ♠♦❞❡❧ ♠✐❣❤t ♦✈❡r❝♦♠❡ t❤❡ ●❉P

❧♦ss❡s ✐♥ t❤❡ ❧♦♥❣✲r✉♥✳

❈❤❛♣t❡r ✺ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✼✵



❆♣♣❡♥❞✐① ❆

❲❡❧❢❛r❡ ❞✐s❝✉ss✐♦♥

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

s✉♠♣t✐♦♥ ❧❡✈❡❧✳ ▲♦♦❦✐♥❣ ❝❛r❡❢✉❧❧② t❤❡ ✇❡❧❢❛r❡ ❛♥❞ ●❉P r❡s✉❧ts s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✹✳✺

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

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

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

q✉❡♥❝❡ ♦❢ ❤♦✇ t❤❡ ❛❞♦♣t✐♦♥ ♦❢ P❘ ❛♥❞ ■❙ t❡❝❤♥♦❧♦❣✐❡s ❛r❡ ✐♠♣❧❡♠❡♥t❡❞ ✐♥ ❇❘❊❆

♠♦❞❡❧✳

■ ❤❛✈❡ ❛ss✉♠❡❞ t❤❛t t❤❡ ❣♦✈❡r♥♠❡♥t ✜♥❛♥❝❡s t❤❡ ❛❞♦♣t✐♦♥ ♦❢ P❘ ❛♥❞ ■❙ t❡❝❤✲

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

✜♥❛♥❝❡ t❤❡ r❡❣✐♦♥❛❧ ✐♥♥♦✈❛t✐♦♥ ♦♥ ❛❣r✐❝✉❧t✉r❛❧ s❡❝t♦rs✳ ❆s ❛ r❡s✉❧t✱ t❤❡ ❣♦✈❡r♥♠❡♥t

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

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

❝♦♥s✉♠♣t✐♦♥✱ s♣❡❝✐❛❧❧② ✐♥ t❤❡ ◆♦rt❤❡❛st ❛♥❞ ◆♦rt❤❡❛st ❈❡rr❛❞♦ r❡❣✐♦♥s✳ ❚❤❡s❡ r❡✲

❣✐♦♥s ❤❛✈❡ ❤✐❣❤❡r ❝♦sts ❢♦r P❘ ❝♦♠♣❛r❡ t♦ t❤❡ ♦t❤❡r r❡❣✐♦♥s✱ s✉❝❤ ❛s ❙♦✉t❤ ❛♥❞

❙♦✉t❤❡❛st✳

❚❤❡ ✇❡❧❢❛r❡ ♠❡tr✐❝ ✐♥ t❤❡ ❝♦r❡ ♦❢ ❇❘❊❆ ♠♦❞❡❧ ✐s ❞❡✜♥❡❞ ❜② t❤❡ ❢♦❧❧♦✇✐♥❣

❡①♣r❡ss✐♦♥✿

✯ ❲❡❧❢❛r❡ ❝❤❛♥❣❡s

❡✈✭✧❝❤❴✪✧✱r✮ ❂ r♦✉♥❞✭✶✵✵✯❬❝✳❧✭r✮ ✲ ✶❪✱✸✮❀

❡✈✭✧❝❤❴✩✧✱r✮ ❂ r♦✉♥❞✭✈♣♠✭r✮✯❬❝✳❧✭r✮ ✲ ✶❪✱✸✮❀

✇❤❡r❡ ❝❤❴✪ ♣♦rtr❛②s t❤❡ ♣❡r❝❡♥t❛❣❡ ❝❤❛♥❣❡ ✐♥ ✇❡❧❢❛r❡❀ ❝❤❴✩ t❤❡ ✈❛❧✉❡ ❝❤❛♥❣❡ ✐♥ ♠✐❧✲

❧✐♦♥ ❘✩❀ ❝✳❧✭r✮ ✐s t❤❡ ❤♦✉s❡❤♦❧❞ ❝♦♥s✉♠♣t✐♦♥ ❧❡✈❡❧ ❛❢t❡r t❤❡ ♣♦❧✐❝② ✐♠♣❧❡♠❡♥t❛t✐♦♥❀

❛♥❞ ✈♣♠✭r✮ ✐s t❤❡ r❡❣✐♦♥❛❧ ❤♦✉s❡❤♦❧❞ ❝♦♥s✉♠♣t✐♦♥ ✐♥ t❤❡ ❜❡♥❝❤♠❛r❦ ❡q✉✐❧✐❜r✐✉♠✳

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

❝♦♥st❛♥t✳ ■♥ t❤✐s ❝❛s❡✱ t❤❡r❡ ✐s ♥♦ ♣✉❜❧✐❝ ❞❡✜❝✐t t♦ ✜♥❛♥❝❡ P❘ ❛♥❞ ■❙ t❡❝❤♥♦❧♦❣✐❡s

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

✼✸



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

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

■♥ ♣r❛❝t✐❝❡✱ t❤❡ P❘ ❛♥❞ ■❙ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ✐♥ t❤❡ ❇❘❊❆ ♠♦❞❡❧ ✐s t❤❡ s❛♠❡✱

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

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

❝♦♥st❛♥t t❤❡ ❧❡✈❡❧ ♦❢ ♣✉❜❧✐❝ ❝♦♥s✉♠♣t✐♦♥✳ ❖♥❧② ❛ ❢❡✇ ❧✐♥❡s ✐♥ t❤❡ ▼P❙●❊ ❝♦❞❡ ❛r❡

❝❤❛♥❣❡❞ t♦ ❛❧❧♦✇ t❤✐s ❧✉♠♣✲s✉♠ tr❛♥s❢❡r✳ ❆♥ ❛✉①✐❧✐❛r② ✈❛r✐❛❜❧❡ t❛✉✭r✮ ❣♦✈❡r♥s t❤❡s❡

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

❞❡♠❛♥❞ ❜❧♦❝❦s✳ ■♥ t❤❡ ❢♦r♠❡r✱ t❤❡ ❛✉①✐❧✐❛r② ✈❛r✐❛❜❧❡ t❛✉✭r✮ ♠✉❧t✐♣❧✐❡s ✈♣♠✭r✮ ❛♥❞

♣❝✭r✮ tr❛♥s❢❡rr✐♥❣ r❡s♦✉r❝❡s t♦ t❤❡ ❧❛tt❡r ❦❡❡♣✐♥❣ ❝♦♥st❛♥t t❤❡ ❧❡✈❡❧ ♦❢ ❣♦✈❡r♥♠❡♥t

❝♦♥s✉♠♣t✐♦♥ ✭❣✭r✮✮✳

✩❛✉①✐❧✐❛r②✿

t❛✉✭r✮ ✦ ▲✉♠♣s✉♠ r❡♣❧❛❝❡♠❡♥t t❛① r❛t❡

✩❞❡♠❛♥❞✿❤❤✭r✮

❡✿♣❝✭r✮ q✿✭✲✈♣♠✭r✮✮ r✿t❛✉✭r✮

✩❞❡♠❛♥❞✿❣♦✈t✭r✮

❡✿♣❝✭r✮ q✿✈♣♠✭r✮ r✿t❛✉✭r✮

✩❝♦♥str❛✐♥t✿t❛✉✭r✮

❣✭r✮ ❂❡❂ ✶❀

❋♦❧❧♦✇✐♥❣✱ ■ ♦♥❧② ♣r❡s❡♥t t❤❡ ✇❡❧❢❛r❡✱ ●❉P✱ ❛♥❞ ❧❛♥❞ ✉s❡ ❝❤❛♥❣❡ r❡s✉❧ts ✉♥✲

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

✇❡❧❢❛r❡ r❡s✉❧ts ✐♥ t❤❡ ♦r✐❣✐♥❛❧ ♣r♦❥❡❝t✐♦♥ ❛♥❞ t❤❡ ●♦✈❡r♥♠❡♥t ♥❡✉tr❛❧ ❛ss✉♠♣t✐♦♥✳

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

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

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

❣✐♦♥s ✉♥❞❡r ❛❧❧ s❝❡♥❛r✐♦s✳

❘❡❣✐♦♥s ✇✐t❤ t❤❡ ❤✐❣❤❡st ❛❞♦♣t✐♦♥ r❛t❡ ♦❢ P❘ ❛♥❞ ■❙ t❡❝❤♥♦❧♦❣✐❡s ❤❛✈❡ ❛ s✐❣♥✐✜✲

❝❛♥t ✇❡❧❢❛r❡ ❧♦ss✳ ❚❤✐s ✐s t❤❡ ❝❛s❡ ♦❢ ❙♦✉t❤ ❛♥❞ ❙♦✉t❤❡❛st r❡❣✐♦♥s ✉♥❞❡r ◆♦♥✲♣r✐♦r✐t②

❛♥❞ ❈♦♠❜✐♥❡❞ s❝❡♥❛r✐♦s✱ ❛♥❞ ◆♦rt❤❡❛st ❛♥❞ ◆♦rt❤❡❛st ❈❡rr❛❞♦ ✉♥❞❡r Pr✐♦r✐t② s❝❡✲

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

r❡s✉❧ts✳ ❯♥❞❡r ◆♦♥✲♣r✐♦r✐t② s❝❡♥❛r✐♦ t❤❡ t♦t❛❧ ✇❡❧❢❛r❡ ❝❤❛♥❣❡s ❢r♦♠ ❛ ♣♦s✐t✐✈❡ ✈❛❧✉❡

♦❢ ❘✩ ✼✳✾ ❜✐❧❧✐♦♥ t♦ ❛ ❧♦ss ♦❢ ❘✩ ✷✾✳✾ ❜✐❧❧✐♦♥✳ ❚❤❡ s❛♠❡ ♦❝❝✉rs ✉♥❞❡r ❈♦♠❜✐♥❡❞

s❝❡♥❛r✐♦✱ ✇❤✐❝❤ ❝❤❛♥❣❡s ❢r♦♠ ❘✩ ✽ ❜✐❧❧✐♦♥ t♦ ❛ ❧♦ss ♦❢ ❘✩ ✸✹✳✽ ❜✐❧❧✐♦♥✳ ❚❤❡ Pr✐♦r✐t②

s❝❡♥❛r✐♦ st✐❧❧ ❤❛s t❤❡ ❤✐❣❤❡st ❧❡✈❡❧ ♦❢ ✇❡❧❢❛r❡ ❧♦ss ✭❘✩ ✸✼✳✷ ❜✐❧❧✐♦♥✮✳

❚❛❜❧❡ ❆✳✷ s❤♦✇s t❤❡ ❞❡❝♦♠♣♦s✐t✐♦♥ ♦❢ ●❉P r❡s✉❧ts ✉♥❞❡r t❤❡ ❣♦✈❡r♥♠❡♥t

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

❆ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✼✹



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❚❛❜❧❡ ❆✳✶✿ ❈♦♠♣❛r✐s♦♥ ❜❡t✇❡❡♥ ✇❡❧❢❛r❡ r❡s✉❧ts✳

Welfare South Southeast Center-West North Northeast
Northeast

Brazil
Cerrado

Non-priority

% 0.79 0.28 1.26 1.00 -0.25 -0.05
Million R$ 2,779 2,910 1,786 995 -436 -76 7,959

Priority

% -0.01 0.10 -0.17 0.08 -0.57 -0.32
Million R$ -32 1,005 -238 76 -997 -538 -724

Combined

% 0.75 0.31 1.18 1.06 -0.26 -0.08
Million R$ 2,629 3,242 1,678 1,063 -452 -133 8,027

Non-priority (Government neutral)

% -2.29 -1.15 -0.50 -1.19 -2.04 -2.69
Million R$ -8,040 -11,978 -709 -1,187 -3,552 -4,473 -29,938

Priority (Government neutral)

% -1.15 -0.48 -2.72 -0.49 -7.13 -6.86
Million R$ -4,043 -5,002 -3,864 -490 -12,441 -11,422 -37,262

Combined (Government neutral)

% -2.52 -1.16 -2.51 -1.53 -2.23 -2.93
Million R$ -8,870 -12,158 -3,556 -1,528 -3893 -4,877 -34,882

Source: research outcomes.

t♦ t❤❡ ♦r✐❣✐♥❛❧ r❡s✉❧ts✳ ❆❝t✉❛❧❧②✱ t❤❡ ❧✉♠♣✲s✉♠ tr❛♥s❢❡rs ❢♦r❝❡ ❛ ❞❡❝r❡❛s❡ ✐♥ t❤❡

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

❝♦♥s✉♠♣t✐♦♥✳ ❚❤✐s ♥❡✇ ❛ss✉♠♣t✐♦♥ ❤❛s ❛ ✇❡❛❦ ✐♠♣❛❝t ♦♥ t❤❡ ●❉P ❝❤❛♥❣❡ r❡s✉❧ts✱

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

s✐❣♥✐✜❝❛♥t ❝❤❛♥❣❡s ❛r❡ ♦♥ t❤❡ ♣r✐✈❛t❡ ❝♦♥s✉♠♣t✐♦♥✱ ❛♥❞ t❤❡ ✜♥❛❧ ●❉P ❝❤❛♥❣❡s ❛r❡

❝❧♦s❡ t♦ t❤❡ ♦r✐❣✐♥❛❧ ♣r♦❥❡❝t✐♦♥s✳

❋✐♥❛❧❧②✱ ❚❛❜❧❡s ❆✳✸ ❛♥❞ ❆✳✹ s❤♦✇ t❤❡ ❧❛♥❞✲✉s❡ ❝❤❛♥❣❡s r❡s✉❧ts ❢♦r ❇r❛③✐❧ ❛♥❞

❜② r❡❣✐♦♥s ✉♥❞❡r ❛❧❧ s❝❡♥❛r✐♦s✱ r❡s♣❡❝t✐✈❡❧②✳ ❆t ❛❣❣r❡❣❛t❡ ❧❡✈❡❧ ✭❇r❛③✐❧✮ t❤❡ r❡s✉❧ts

❦❡❡♣ t❤❡ s❛♠❡ ❞✐r❡❝t✐♦♥✱ ❡①❝❡♣t t❤❡ ❝r♦♣❧❛♥❞ ✉s❡✳ ❚❤❡r❡ ✐s ❛♥ ✐♥❝r❡❛s❡ ❜② ✹✶✱✵✵✵

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

❢❡✇ ❝❤❛♥❣❡s ♦♥ ❧❛♥❞✲✉s❡ ✈❛❧✉❡s ♦♥❧② ✉♥❞❡r Pr✐♦r✐t② s❝❡♥❛r✐♦✳ ■t ✐s t❤❡ ❝❛s❡ ♦❢ ❙♦✉t❤

r❡❣✐♦♥ ❢♦r ♠❛♥❛❣❡❞ ❢♦r❡st ✉s❡❀ ◆♦rt❤ r❡❣✐♦♥ ❢♦r ♥❛t✉r❛❧ ❢♦r❡st ❛♥❞ ♥❛t✉r❛❧ ❛r❡❛s❀

❛♥❞ ◆♦rt❤❡❛st ❈❡rr❛❞♦ ❢♦r ❝r♦♣❧❛♥❞ ✉s❡✱ ✇❤✐❝❤ ✐s t❤❡ ❧❛r❣❡st ❝❤❛♥❣❡ ❛r♦✉♥❞ ✻✶✱✵✵✵

❤❡❝t❛r❡s✳

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

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

t♦ ✐♥❝r❡❛s❡ t❤❡ ♣✉❜❧✐❝ ❞❡✜❝✐t t♦ ✜♥❛♥❝❡ t❤❡ P❘ ❛♥❞ ■❙ t❡❝❤♥♦❧♦❣✐❡s ❛❞♦♣t✐♦♥ ❝♦✉❧❞

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

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

♠♦st ❜❡♥❡✜t❡❞ ❜② t❤❡ ❆❇❈ P❧❛♥✱ ✇❤✐❝❤ ❛r❡ t❤❡ ❝❛s❡ ♦❢ ❙♦✉t❤✱ ❙♦✉t❤❡❛st✱ ❛♥❞

❈❡♥t❡r✲❲❡st r❡❣✐♦♥s✳ ❆t t❤❡ s❛♠❡ t✐♠❡✱ ♦t❤❡r ✐♠♣♦rt❛♥t r❡s✉❧t ❝♦♥❝❡r♥s t❤❡ ❧❛♥❞✲

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

❆ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✼✺
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♠♦❞✐❢②✐♥❣ t❤❡ ✐♥t❡♥s✐✜❝❛t✐♦♥ tr❛❥❡❝t♦r② ♣r♦♠♦t❡❞ ❜② P❘ ❛♥❞ ■❙ t❡❝❤♥♦❧♦❣✐❡s✳
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❚❛❜❧❡ ❆✳✷✿ ❉❡❝♦♠♣♦s✐t✐♦♥ ♦❢ ●❉P r❡s✉❧ts ✉♥❞❡r ♠♦❞❡❧ ♣r♦❥❡❝t✐♦♥ ✭❧❡❢t✮ ❛♥❞ ❣♦✈❡r♥♠❡♥t ♥❡✉tr❛❧ ❛ss✉♠♣t✐♦♥ ✭r✐❣❤t✮✳

GDP
South Southeast Center-West North Northeast

Northeast
South Southeast Center-West North Northeast

Northeast
components Cerrado Cerrado

Non-priority Non-priority (Government neutral)

C 0.79 0.28 1.26 1.00 -0.25 -0.05 -2.29 -1.15 -0.50 -1.19 -2.04 -2.69
G -12.67 -5.22 -1.61 -4.71 -4.98 -8.24 -0.47 -0.26 0.17 0.61 -0.37 0.78
I 0 0 0 0 0 0 0 0 0 0 0 0
X 1.44 0.74 -1.89 -1.25 0.49 -1.57 -0.13 0.32 -1.88 -0.96 -1.16 -3.85
M 0.83 0.11 -0.16 0.91 0.11 1.59 -0.38 -0.35 -0.74 -0.09 -0.78 0.54

GDP -1.45 -0.68 -0.27 -0.89 -1.52 -2.06 -1.54 -0.70 -0.23 -0.61 -1.34 -1.91

Priority Priority (Government neutral)

C -0.01 0.10 -0.17 0.08 -0.57 -0.32 -1.15 -0.48 -2.72 -0.49 -7.13 -6.86
G -3.99 -1.89 -2.14 -0.59 -17.17 -22.09 0.21 -0.01 0.61 0.55 -0.70 -0.37
I 0 0 0 0 0 0 0 0 0 0 0 0
X 0.58 0.37 -0.16 0.08 3.90 3.85 0.32 0.42 -0.60 0.93 -3.45 -2.50
M 0.76 0.17 0.97 0.58 2.59 2.93 0.34 0.01 0.00 0.46 -1.01 0.02

GDP -0.66 -0.24 -1.03 -0.14 -5.05 -4.87 -0.71 -0.24 -0.93 -0.02 -4.56 -4.67

Combined Combined (Government neutral)

C 0.75 0.31 1.18 1.06 -0.26 -0.08 -2.52 -1.16 -2.51 -1.53 -2.23 -2.93
G -13.14 -5.34 -3.42 -6.15 -5.32 -9.62 -0.21 -0.25 0.71 0.41 -0.39 -0.02
I 0 0 0 0 0 0 0 0 0 0 0 0
X 1.39 0.77 -1.93 -0.98 0.56 0.52 -0.27 0.35 -2.72 -0.91 -1.26 -1.71
M 1.32 0.15 0.98 1.00 0.17 0.86 0.03 -0.33 -0.35 -0.12 -0.79 -0.38

GDP -1.62 -0.68 -1.13 -1.18 -1.62 -2.15 -1.72 -0.71 -0.95 -0.83 -1.46 -1.99

Source: research results.
C: consumption; G: government expenses; I: investment; X: exports; M: imports.
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❚❛❜❧❡ ❆✳✸✿ ▲❛♥❞✲✉s❡ ❝❤❛♥❣❡ ❢♦r ❇r❛③✐❧ ✉♥❞❡r ❞✐✛❡r❡♥t s❝❡♥❛r✐♦s ✭✶✱✵✵✵ ❤❛✮✳

Brazil Original results Government neutral

Land use N-P P C N-P P C

Cropland -664 -1,381 -2 -698 -1,322 41
Pasture 10,314 10,881 9,597 10,122 10,610 9,331
Degraded pasture -15,000 -15,000 -15,000 -15,000 -15,000 -15,000
Natural forest 485 597 471 513 676 575
Natural forest priv. 1,323 1,456 1,260 1,360 1,499 1,338
Managed forest 49 229 54 59 249 47
Planted forest 507 179 500 499 152 474
Natural areas 2,987 3,039 3,120 3,145 3,136 3,194

Source: research outcomes.
N-P: non-priority; P: priority; C: combined.

❆ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✼✽



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❚❛❜❧❡ ❆✳✹✿ ❘❡❣✐♦♥❛❧ ❧❛♥❞✲✉s❡ ❝❤❛♥❣❡ ✉♥❞❡r ❞✐✛❡r❡♥t s❝❡♥❛r✐♦s ✭✶✱✵✵✵ ❤❛✮✳

Regions Original results Government neutral

Land use N-P P C N-P P C

South

Cropland 1,904 -263 1,374 1,954 -262 1,425
Pasture 614 1,477 1,128 602 1,473 1,118
Degraded pasture -3,722 -1,755 -3,951 -3,727 -1,755 -3,955
Natural forest 10 5 13 10 6 13
Natural forest priv. 304 164 384 302 173 383
Managed forest 34 2 32 30 -1 27
Planted forest 136 -5 119 114 -22 90
Natural areas 720 373 902 715 388 901

Southeast

Cropland 1,081 241 1,047 1,052 225 1,023
Pasture 1,104 1,232 1,083 1,092 1,205 1,062
Degraded pasture -5,102 -2,610 -5,188 -5,117 -2,610 -5,212
Natural forest 301 117 314 307 123 321
Natural forest priv. 293 121 307 301 130 317
Managed forest 118 45 126 120 43 127
Planted forest 411 160 441 418 154 447
Natural areas 1,793 695 1,870 1,827 731 1,915

Center-West

Cropland -853 -965 -1,372 -778 -901 -1,340
Pasture 2,080 1,445 2,550 1,900 1,327 2,514
Degraded pasture -815 -390 -830 -835 -390 -827
Natural forest -82 -16 -66 -55 -3 -64
Natural forest priv. -29 30 1 -8 42 4
Managed forest -33 -30 -47 -33 -32 -50
Planted forest -37 -32 -52 -37 -35 -56
Natural areas -230 -44 -184 -154 -8 -181

North

Cropland -829 -660 -740 -755 -694 -736
Pasture 2,031 1,193 1,818 1,965 1,148 1,683
Degraded pasture -1,214 -570 -1,242 -1,193 -570 -1,264
Natural forest 48 -15 74 21 36 163
Natural forest priv. 166 105 165 145 141 222
Managed forest -142 -40 -59 -128 -48 -58
Planted forest -63 -12 -21 -57 -16 -20
Natural areas 3 -1 5 1 2 10

Northeast

Cropland 43 318 52 27 304 40
Pasture 643 1,905 679 627 1,907 675
Degraded pasture -997 -3,525 -1,066 -965 -3,525 -1,059
Natural forest 8 34 8 8 33 9
Natural forest priv. 126 372 135 131 383 143
Managed forest -13 84 -9 -16 101 -12
Planted forest 0 0 0 0 1 0
Natural areas 190 811 201 188 796 205

Northeast Cerrado

Cropland -2,009 -54 -364 -2,199 7 -370
Pasture 3,841 3,628 2,338 3,937 3,549 2,279
Degraded pasture -3,150 -6,150 -2,722 -3,163 -6,150 -2,682
Natural forest 200 472 128 222 481 134
Natural forest priv. 462 663 269 489 629 269
Managed forest 86 168 11 86 186 14
Planted forest 59 66 13 61 70 14
Natural areas 511 1,206 326 567 1,227 343

Source: research outcomes.
N-P: non-priority; P: priority; C: combined.

❆ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✼✾



❆♣♣❡♥❞✐① ❇

❉♦✉❜❧❡ ❝r♦♣♣✐♥❣

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

■♥ ❇r❛③✐❧✐❛♥ ❛❣r✐❝✉❧t✉r❡ ✐t ✐s ❛ ❝♦♠♠♦♥ ♣r❛❝t✐❝❡ ✐♥ ❝✉❧t✉r❡s ♦❢ ♠❛✐③❡✱ ♣❡❛♥✉t✱ ♣♦t❛t♦✱

❛♥❞ ❜❡❛♥✳ ■♥ s♦♠❡ r❡❣✐♦♥s✱ s✉❝❤ ❛s ❙♦✉t❤❡❛st ❛♥❞ ◆♦rt❤❡❛st ❈❡rr❛❞♦✱ ♣♦t❛t♦ ❛♥❞

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

❢♦r ❞♦✉❜❧❡ ❝r♦♣♣✐♥❣ ✐♥ t❤❡ ❝♦✉♥tr② ✐s t❤❡ ♦♥❡ r❡❧❛t❡❞ t♦ ♠❛✐③❡ ♣r♦❞✉❝t✐♦♥✳ ❚❤❡

❛❝t✐✈✐t② t♦ ♣❧❛♥t s✉♠♠❡r s♦②❜❡❛♥ ✭r❛✐♥② s❡❛s♦♥✮ ✇✐t❤ ❛ ✇✐♥t❡r ❝r♦♣ ♦❢ ♠❛✐③❡ ❤❛s

❜❡❝♦♠❡ ✇❡❧❧ ❡st❛❜❧✐s❤❡❞ ✐♥ s♦♠❡ r❡❣✐♦♥s ✲ ❙♦✉t❤ ✭P❛r❛♥á ❙t❛t❡✮ ❛♥❞ ❈❡♥t❡r✲❲❡st

✲ ♦✈❡r t❤❡ ❧❛st t❡♥ ②❡❛rs ❛♥❞ ✐s t❤❡r❡❢♦r❡ ❛ ❦❡② ❞r✐✈❡r ✐♥ t❤❡ ❡①♣❛♥s✐♦♥ ♦❢ ♠❛✐③❡

♣r♦❞✉❝t✐♦♥✳

❚❤❡r❡ ❛r❡ t✇♦ ♠❛✐♥ ❞❡t❡r♠✐♥❛♥ts ❢♦r s✉❝❤ ❞②♥❛♠✐❝✿ t❤❡ ♥♦✲t✐❧❧ ♣r❛❝t✐❝❡ ❢♦r

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

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

❞✐r❡❝t❧② ♣❧❛♥t ♠❛✐③❡ ❛❢t❡r s♦②❜❡❛♥ ✐s ❤❡r❜✐❝✐❞❡ r❡s✐st❛♥❝❡ ✈❛r✐❡t✐❡s✳ ❆s t❤❡r❡ ✐s ♥♦

t✐♠❡ t♦ ❝♦♥tr♦❧ ✇❡❡❞s ❜❡❢♦r❡ s❡❡❞✐♥❣✱ ✐t ❝❛♥ ❜❡ ❞♦♥❡ ✐♥ t❤❡ ♠❛✐③❡ ❝r♦♣ r❛t❤❡r ❡❛s✐❧②

✭❲■▲❉❊●●❊❘❀ ❇❆▲■❊■❘❖✱ ✷✵✶✺✮✳

❉♦✉❜❧❡ ❝r♦♣♣✐♥❣ ✐♥❝r❡❛s❡s t❤❡ ✉t✐❧✐③❛t✐♦♥ ♦❢ ❢❛r♠✬s ♣r✐♠❛r② ❢❛❝t♦rs ✲ ❧❛♥❞✱

♠❛❝❤✐♥❡r②✱ ❧❛❜♦r✱ ❛♥❞ ❡q✉✐♣♠❡♥t ✲ ✐♠♣r♦✈✐♥❣ ❛❧s♦ ❛❣r♦♥♦♠✐❝❛❧ ❝♦♥❞✐t✐♦♥s ❞✉❡ t♦

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

❛♥❞ ❡♥❛❜❧❡s ♥♦✲t✐❧❧ ❜② ❦❡❡♣✐♥❣ t❤❡ s♦✐❧ ❝♦✈❡r❡❞ t❤r♦✉❣❤♦✉t t❤❡ ②❡❛r✳ ◆❡✈❡rt❤❡❧❡ss✱

❞♦✉❜❧❡ ❝r♦♣♣✐♥❣ ✐s ♥♦t ✇✐❞❡s♣r❡❛❞ t❤r♦✉❣❤♦✉t ❇r❛③✐❧ s✐♥❝❡ t❤❡ ♣r♦❞✉❝t✐✈✐t② ✐s ❣r❡❛t❧②

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

st❛❣❡ ♦❢ t❤❡ ❝②❝❧❡✳

■♥ t❤❡ ♣❛st ✸✵ ❝r♦♣✲②❡❛rs ✭✶✾✽✺✴✽✻✲✷✵✶✺✴✶✻✮ t❤❡ ❛♥♥✉❛❧ ❣r♦✇t❤ r❛t❡ ♦❢ ♣❧❛♥t❡❞

❛r❡❛ ♦❢ ♠❛✐③❡✬s s❡❝♦♥❞ ❝r♦♣ ✇❛s ✶✶✪✱ r❡❛❝❤✐♥❣ ✐♥ ✷✵✶✺✴✶✻ ❛r♦✉♥❞ ✶✵✳✺ ▼❤❛✳ ❆t t❤❡

s❛♠❡ t✐♠❡✱ t❤❡ ✜rst ❝r♦♣ ✇❛s ✲✷✳✽✪✱ r❡❛❝❤✐♥❣ ✐♥ t❤❡ s❛♠❡ ❝r♦♣✲②❡❛r ✺✳✸ ▼❤❛✳ ❚❤❡

s❛♠❡ ♣❛tt❡r♥ ♦❝❝✉rs ✐♥ t❤❡ ✈♦❧✉♠❡ ♦❢ ♣r♦❞✉❝t✐♦♥✱ ✶✺✳✼✪ ❛♥❞ ✵✳✾✪✱ ❢♦r s❡❝♦♥❞ ❛♥❞

✜rst ❝r♦♣s✱ r❡s♣❡❝t✐✈❡❧②✳ ❚❤❡ ❣r♦✇t❤ ♦❢ ♠❛✐③❡✬s s❡❝♦♥❞ ❝r♦♣ ❢♦❧❧♦✇s t❤❡ tr❡♥❞ ✐♥ t❤❡

✽✵



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

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

✹✳✷✪ ❛♥❞ ✻✳✽✪ ❢♦r ❛r❡❛ ❛♥❞ ✈♦❧✉♠❡ ♦❢ ♣r♦❞✉❝t✐♦♥✱ r❡s♣❡❝t✐✈❡❧②✳ ❋✐❣✉r❡ ❇✳✶ s❤♦✇s

t❤❡ ❣r♦✇t❤ ♦❢ ♣❧❛♥t❡❞ ❛r❡❛ ✐♥ ❇r❛③✐❧✳

❋✐❣✉r❡ ❇✳✶✿ P❧❛♥t❡❞ ❛r❡❛ ♦❢ ♠❛✐③❡ ✲ ✶st ❛♥❞ ✷nd ❝r♦♣s ✲ ❛♥❞ s♦②❜❡❛♥ ✐♥ ❇r❛③✐❧✳
❙♦✉r❝❡✿ ✭❈❖◆❆❇✱ ✷✵✶✻✮ ❛❞❛♣t❡❞ ❜② ❛✉t❤♦r✳

❚❛❜❧❡ ❇✳✶ s❤♦✇s t❤❡ ❞♦✉❜❧❡ ❝r♦♣♣✐♥❣ t♦t❛❧ ♣❧❛♥t❡❞ ❛r❡❛✳ ■ ❛❣❣r❡❣❛t❡ t❤❡ ❞♦✉❜❧❡

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

❜❧❡ ❝r♦♣ ♦❢ t❤❡s❡ ❝✉❧t✉r❡s ❛r❡ ♥♦t ❡①♣❧✐❝✐t❧② r❡♣r❡s❡♥t❡❞ ✐♥ t❤❡ ♠♦❞❡❧✳ ❇❘❊❆ ♠♦❞❡❧

❡①♣❧✐❝✐t❧② r❡♣r❡s❡♥ts t❤❡ ❞♦✉❜❧❡ ❝r♦♣♣✐♥❣ ♦❢ ♠❛✐③❡ ♣r♦❞✉❝t✐♦♥ ✇❤❡r❡ t❤❡ ♣✉r♣♦s❡ ✐s

t✇♦❢♦❧❞✿ ✜rst✱ ✐♥tr♦❞✉❝❡ t❤✐s ♥♦✈❡❧t② ✐♥ ❈●❊ ♠♦❞❡❧✐♥❣ ♦❢ ❧❛♥❞ ✉s❡ ❛♥❞ ✐♥❝r❡❛s❡ t❤❡

❝❛♣❛❜✐❧✐t② ♦❢ t❤❡ ♠♦❞❡❧ t♦ r❡♣r❡s❡♥t t❤❡ ❞②♥❛♠✐❝s ♦❢ t❤❡ ❇r❛③✐❧✐❛♥ ❛❣r✐❝✉❧t✉r❡✱ ❛♥❞

s❡❝♦♥❞✱ r❡♣r❡s❡♥ts t❤❡ ❝♦♥♥❡❝t✐♦♥ ❜❡t✇❡❡♥ t❤❡ t✇♦ ❝✉❧t✉r❡s✱ ❜✉t ♥♦t t❤❡✐r s✉❜st✐t✉✲

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

❝r♦♣ ♦❢ ♠❛✐③❡ ❤❛s ✐♥❝r❡❛s❡❞ ❝♦♥s✐❞❡r❛❜❧② ✐♥ t❤❡ ♣❛st ✸✵ ②❡❛rs✱ ❛♥❞ ❤❛s ♣♦t❡♥t✐❛❧ t♦

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

❚❛❜❧❡ ❇✳✶✿ ❉♦✉❜❧❡ ❝r♦♣♣✐♥❣ ♣❧❛♥t❡❞ ❛r❡❛ ♦❢ ♠❛✐③❡ ❛♥❞ ♦t❤❡r ❝✉❧t✉r❡s ❝❛❧✐❜r❛t❡❞ ✐♥
t❤❡ ❇❘❊❆ ♠♦❞❡❧✳

Regions
Maize (1,000 ha) Other cultures* (1,000 ha)

Total 1st crop 2nd crop Total 1st crop 2nd crop 3th crop

South 3,928 2,029 1,899 737 395 336 5
Southeast 2,132 1,597 534 693 377 196 120
Center-West 5,460 392 5,068 347 78 183 86
North 1,381 302 1,079 136 46 86 4
Northeast 1,036 695 341 828 605 223 0
Northeast Cerrado 1,905 1,381 523 936 540 393 3

Total 15,842 6,397 9,445 3,677 2,042 1,416 219

Source: PAM survey (IBGE, 2016a).
* Peanut, potato, and bean.

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

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

♠❡♥t ✐♥❝r❡❛s❡s ❜② t❤❡ ✈❛❧✉❡ ♦❢ ♠❛✐③❡✬s s❡❝♦♥❞ ❝r♦♣✳ ❚❤✐s ✈❛❧✉❡ ✐s ❛❧s♦ ❛♥ ♦✉t♣✉t ✐♥ t❤❡

❇ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✽✶



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

s♦②❜❡❛♥ ♣r♦❞✉❝t✐♦♥ s②st❡♠✳ ❚❤❡ ♦❜❥❡❝t✐✈❡ ❤❡r❡ ✐s r❡♣r❡s❡♥t s♦♠❡ ❞❡♣❡♥❞❡♥❝② ♦❢ t❤❡

❛r❡❛ ❛❧❧♦❝❛t❡❞ t♦ ♠❛✐③❡ ❛♥❞ s♦②❜❡❛♥ ♣r♦❞✉❝t✐♦♥✱ ✇❤✐❧❡ ♠❛✐♥t❛✐♥✐♥❣ t❤❡ ③❡r♦ ♣r♦✜t

❝♦♥❞✐t✐♦♥ ✐♥ t❤❡ s♦②❜❡❛♥ s❡❝t♦r✳ ❚❤❡ ❡❧❛st✐❝✐t② ♦❢ tr❛♥s❢♦r♠❛t✐♦♥ ✭σt = 0✮ ❡♥s✉r❡s

♥♦♥✲s✉❜st✐t✉t✐♦♥ ❜❡t✇❡❡♥ s♦②❜❡❛♥✬s ♣r♦❞✉❝t✐♦♥ ✈❛❧✉❡ ❛♥❞ ♠❛✐③❡✬s ❛r❡❛✱ ❦❡❡♣✐♥❣ t❤❡

❝♦♥s✐st❡♥❝② ✐♥ ❛r❡❛✳ ❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ t❤❡ ❡❧❛st✐❝✐t② ♦❢ s✉❜st✐t✉t✐♦♥ ✭σfx = 0.3✮

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

♠❛✐③❡✬s s❡❝♦♥❞ ❝r♦♣✱ ✐✳❡✳✱ ✐❢ t❤❡ s♦②❜❡❛♥✬s ❛r❡❛ ❡①♣❛♥❞s t❤❡ ❛✈❛✐❧❛❜❧❡ ❛r❡❛ ❢♦r s❡❝♦♥❞

❝r♦♣ ♦❢ ♠❛✐③❡ ❛❧s♦ ❡①♣❛♥❞s✳ ❋✐❣✉r❡ ❇✳✷ ♣❛♥❡❧ ✭❛✮ s❤♦✇s t❤✐s r❡♣r❡s❡♥t❛t✐♦♥✳ ■♥ ♣❛♥❡❧

✭❜✮ t❤❡ ♠❛✐③❡✬s ❧❛♥❞ ❡♥❞♦✇♠❡♥t ✐s ♥♦✇ ❞✐✈✐❞❡❞ ✐♥ t✇♦ ❞✐✛❡r❡♥t ✈❛❧✉❡s✿ t❤❡ ✜rst ❛♥❞

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

♣r♦❞✉❝t✐♦♥ s②st❡♠✳

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

t❤❡ ❡①♣❛♥s✐♦♥ ♦❢ ♠❛✐③❡ ❛r❡❛ ♦✈❡r s♦②❜❡❛♥ ❛r❡❛✱ ■ ❞❡t❡r♠✐♥❡ t❤❡ ♣♦t❡♥t✐❛❧ ❣r♦✇t❤ ✐♥

♠❛✐③❡ ❛r❡❛ ❜❛s❡❞ ♦♥ ❤✐st♦r✐❝❛❧ ❞❛t❛ ❢♦r t❤❡ s✐① r❡❣✐♦♥s ✐♥ t❤❡ ♠♦❞❡❧✳ ❋♦r ❡①❛♠♣❧❡✱ ✐♥

❙♦✉t❤ r❡❣✐♦♥ t❤❡ ♣♦t❡♥t✐❛❧ ❣r♦✇t❤ ✐s ✸✵✪ ♦✈❡r s♦②❜❡❛♥ ❛r❡❛ ❛s s❤♦✇♥ ✐♥ ❚❛❜❧❡ ❈✳✹✳

❚❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ ♦❜s❡r✈❡❞ ❛r❡❛ ♦❢ ♠❛✐③❡✬s s❡❝♦♥❞ ❝r♦♣ ❛♥❞ t❤❡ ♣♦t❡♥t✐❛❧

❛r❡❛ t♦ ❡①♣❛♥❞ ✐s t❤❡ ❢❛❧❧♦✇ ❛r❡❛✳ ❚❤❡ ❢❛❧❧♦✇ ❛r❡❛ ❝♦✉❧❞ ❜❡ ❝♦♥✈❡rt❡❞ t♦ ♠❛✐③❡ ❛r❡❛

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

❝♦♥tr♦❧s t❤❡ s✉♣♣❧② ♦❢ t♦t❛❧ ❞♦✉❜❧❡ ❝r♦♣♣✐♥❣ ❛r❡❛✱ ✐✳❡✳✱ t❤❡ s✉♠ ♦❢ s♦②❜❡❛♥✱ ♠❛✐③❡✬s

s❡❝♦♥❞ ❝r♦♣ ❛♥❞ ❢❛❧❧♦✇ ❛r❡❛s✳ P❛♥❡❧ ✭❝✮ ✐♥ ❋✐❣✉r❡ ❇✳✷ s❤♦✇s ❤♦✇ t❤❡ t♦t❛❧ ❛r❡❛ ✐s

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

❝♦♥✈❡rt❡❞ ❞✐r❡❝t❧② t♦ ♠❛✐③❡ ❛r❡❛ t❤r♦✉❣❤ ❛ ❜❛❝❦st♦♣ t❡❝❤♥♦❧♦❣②✳

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

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

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

❛r❡❛ s❡tt✐♥❣ ❛s✐❞❡ ❛❢t❡r s✉♠♠❡r ❤❛r✈❡st✐♥❣✳ ❍♦✉s❡❤♦❧❞ ❞❡❝✐❞❡ t❤❡ ✜♥❛❧ ❞❡st✐♥❛t✐♦♥

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

t❤❡♠ t♦ ❛❣r✐❝✉❧t✉r❛❧ ✉s❡✳ ❲✐t❤ t❤✐s ❛♣♣r♦❛❝❤ t❤❡ ❇❘❊❆ ♠♦❞❡❧ ❤❛s ❛ s❛t✐s❢❛❝t♦r②

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

❝♦✉❧❞ ✐♥❝r❡❛s❡ ✇❤❡♥ t❤❡ s♦②❜❡❛♥ ❛r❡❛ ❡①♣❛♥❞s✳ ❆t t❤❡ s❛♠❡ t✐♠❡✱ t❤❡ ♠❛✐③❡ ❛r❡❛

❝♦✉❧❞ ❡①♣❛♥❞ ♦✈❡r t❤❡ ❛❝t✉❛❧ ❛r❡❛ ❛s r❡♣r❡s❡♥t❡❞ ❜② ❛ ♥❡st❡❞ ❈❊❙ ❢✉♥❝t✐♦♥✳ ❊q✉❛❧❧②

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

❛♥❞ s❡❝♦♥❞ ❝r♦♣ ♦❢ ♠❛✐③❡✱ ❛s ❜♦t❤ t❛❦❡ ♣❧❛❝❡ ✐♥ t❤❡ s❛♠❡ ❛r❡❛✳ ❋✐♥❛❧❧②✱ ✐t ❝❛♣t✉r❡s

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

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

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

❇ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✽✷



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❋✐❣✉r❡ ❇✳✷✿ ❉♦✉❜❧❡ ❝r♦♣♣✐♥❣ r❡♣r❡s❡♥t❛t✐♦♥ ✐♥ t❤❡ ❇❘❊❆ ♠♦❞❡❧✳
❙♦✉r❝❡✿ ♦✇♥ ❡❧❛❜♦r❛t✐♦♥✳

❇ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✽✸



❆♣♣❡♥❞✐① ❈

❊❧❛st✐❝✐t✐❡s ❛♥❞ ♣❛r❛♠❡t❡rs

❚❛❜❧❡ ❈✳✶✿ ❊❧❛st✐❝✐t✐❡s ❝❛❧✐❜r❛t❡❞ ✐♥ t❤❡ ❇❘❊❆ ♠♦❞❡❧✳

Sectors esubd esubdr esubva esubm

Rice 3.771 7.541 0.469 5.725
Maize 1.283 2.566 0.238 2.555
Sugarcane 2.700 5.400 0.264 5.400
Soybean 2.974 5.948 0.521 5.959
Fruits 1.850 3.700 0.264 3.700
Other cultures 2.965 5.931 0.264 6.118
Forestry 2.500 5.000 0.200 5.000
Cattle 2.000 4.000 0.264 4.000
Other live animals 1.283 2.566 0.238 2.555
Swine 1.283 2.566 0.238 2.555
Poultry 1.283 2.566 0.238 2.555
Milk 3.650 7.300 0.699 7.300
Oil 5.200 10.400 0.200 10.400
Gas 17.200 34.400 0.200 34.400
Mineral iron 2.145 4.291 0.787 3.071
Coal 3.050 6.100 0.200 6.100
Mineral extraction 2.145 4.291 0.787 3.071
Meats 4.140 8.281 1.120 8.360
Soybean oil 3.552 7.103 1.260 7.340
Foods 1.753 3.505 1.120 3.644
Wood and textile 3.634 7.267 1.260 7.297
Refined oil 2.100 4.200 1.260 4.200
Ethanol 5.200 10.400 0.200 10.400
Chemicals 3.300 6.600 1.260 6.600
Fertilizers 3.552 7.103 1.260 7.340
Defensives 3.552 7.103 1.260 7.340
Steel non-metallic 3.541 7.083 1.260 7.378
Machines 4.050 8.100 1.260 8.100
Other industry 3.552 7.103 1.260 7.340
Electricity 2.800 5.600 1.260 5.600
Pipe gas 2.800 5.600 1.260 5.600
Water 2.800 5.600 1.260 5.600
Public services 1.900 3.800 1.260 3.800
Construction 1.900 3.800 1.400 3.800
Services 1.900 3.800 1.381 3.800
Transportation 1.900 3.800 1.680 3.800

Source: based on GTAP9 database.

✽✹



■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

❚❛❜❧❡ ❈✳✷✿ ▲❛♥❞ ✈❛❧✉❡s ♦❢ ♥❛t✉r❛❧ ❢♦r❡st ❛♥❞ ♥❛t✉r❛❧ ❛r❡❛s ✭✷✵✵✾ ♠✐❧❧✐♦♥ ❘✩✮✳

Regions Natural forest Natural forest (private) Natural areas

South 2.34 54.71 159.21
Southeast 172.71 121.25 444.05
Center-West 59.30 30.23 190.56
North 690.87 188.38 21.48
Northeast 1.03 6.97 136.02
Northeast Cerrado 357.51 260.78 205.08

Source: own elaboration.

❚❛❜❧❡ ❈✳✸✿ ❊❧❛st✐❝✐t✐❡s ❢♦r t❤❡ ❧❛♥❞ s✉♣♣❧② ❢✉♥❝t✐♦♥✳

Regions σnat σng σepas σecrf σecrop

South 0.20 0.35 0.50 0.75 1.00
Southeast 0.20 0.35 0.50 0.75 1.00
Center-West 0.20 0.35 0.50 0.75 1.00
North 0.20 0.35 0.50 0.75 1.00
Northeast 0.20 0.35 0.50 0.75 1.00
Northeast Cerrado 0.20 0.35 0.50 0.75 1.00

Source: own elaboration.
σnat: substitution between
σng: substitution between
σepas: substitution between
σecrf : substitution between
σecrop: substitution between

❚❛❜❧❡ ❈✳✹✿ P❡r❝❡♥t❛❣❡ ❝❤❛♥❣❡ ✭✪✮ ❢♦r ❞♦✉❜❧❡ ❝r♦♣♣✐♥❣ ❡①♣❛♥s✐♦♥ ✉♥❞❡r ❞✐✛❡r❡♥t
❛ss✉♠♣t✐♦♥s ✭♦♣✶ ❛♥❞ ♦♣✷✮✳

Regions op1 op2

South 30 22
Southeast 42 30
Center-West 60 45
North 55 40
Northeast 33 20
Northeast Cerrado 30 21

Source: based on (CONAB, 2016).

❈ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✽✺
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❚❛❜❧❡ ❈✳✺✿ ❈♦st str✉❝t✉r❡ ❢♦r ✐♥t❡❣r❛t❡❞ s②st❡♠ ❜❛❝❦st♦♣ t❡❝❤♥♦❧♦❣✐❡s✳

Regions South Southeast Center-West North Northeast
Northeast
Cerrado

Integrated maize-livestock system

Fertilizers 0.324 0.325 0.338 0.334 - 0.327
Defensives 0.278 0.279 0.290 0.287 - 0.281
Chemicals 0.153 0.153 0.159 0.158 - 0.154
Capital 0.077 0.077 0.080 0.079 - 0.078
Labor 0.121 0.121 0.126 0.124 - 0.122
Pasture 0.048 0.046 0.007 0.017 - 0.038

Integrated maize-livestock-forestry system

Fertilizers 0.330 0.329 0.338 0.336 - 0.332
Defensives 0.283 0.282 0.290 0.289 - 0.285
Chemicals 0.156 0.155 0.159 0.159 - 0.156
Capital 0.078 0.078 0.080 0.080 - 0.079
Labor 0.123 0.122 0.126 0.125 - 0.123
Pasture 0.030 0.034 0.006 0.011 - 0.025

Integrated soybean-livestock system

Fertilizers 0.283 0.289 0.296 0.294 - 0.297
Defensives 0.367 0.375 0.384 0.381 - 0.385
Chemicals 0.069 0.070 0.072 0.071 - 0.072
Capital 0.014 0.015 0.015 0.015 - 0.015
Labor 0.199 0.203 0.208 0.206 - 0.209
Pasture 0.068 0.049 0.026 0.032 - 0.022

Integrated soybean-livestock-forestry system

Fertilizers 0.293 0.293 0.298 0.299 - 0.298
Defensives 0.379 0.380 0.386 0.387 - 0.387
Chemicals 0.071 0.071 0.072 0.072 - 0.072
Capital 0.015 0.015 0.015 0.015 - 0.015
Labor 0.205 0.206 0.209 0.210 - 0.210
Pasture 0.037 0.035 0.020 0.017 - 0.017

Source: based on (SENAR, 2013) and own elaboration.

❈ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✽✻
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❚❛❜❧❡ ❈✳✻✿ ❖✉t♣✉t s❤❛r❡s ❢♦r ❜❛❝❦st♦♣ t❡❝❤♥♦❧♦❣✐❡s ✐♥ t❤❡ ♠♦❞❡❧✳

Regions South Southeast Center-West North Northeast
Northeast
Cerrado

Pasture recovery

Pasture 1.000 1.000 1.000 1.000 1.000 1.000

Integrated maize-livestock system

Maize 0.752 0.754 0.949 0.905 - 0.788
Cattle 0.248 0.246 0.051 0.095 - 0.212

Integrated soybean-livestock system

Soybean 0.646 0.739 0.799 0.820 - 0.877
Cattle 0.354 0.261 0.201 0.180 - 0.123

Integrated maize-livestock-forestry system

Maize 0.471 0.550 0.875 0.607 - 0.529
Forestry 0.374 0.270 0.078 0.330 - 0.329
Cattle 0.156 0.180 0.047 0.063 - 0.142

Integrated soybean-livestock-forestry system

Soybean 0.350 0.531 0.600 0.424 - 0.682
Forestry 0.459 0.281 0.249 0.483 - 0.222
Cattle 0.191 0.188 0.151 0.093 - 0.096

Source: based on (SENAR, 2013) and own elaboration.

❈ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✽✼
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❖t❤❡r t❡❝❤♥♦❧♦❣✐❝❛❧ str✉❝t✉r❡s

❋✐❣✉r❡ ❉✳✶✿ ❙tr✉❝t✉r❡ ♦❢ Pr♦❞✉❝t✐♦♥ ❙❡❝t♦rs✿ ❖✐❧✱ ❈♦❛❧✱ ❘♦✐❧✱ ❛♥❞ ●❛s s❡❝t♦rs✳
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❋✐❣✉r❡ ❉✳✷✿ ❙tr✉❝t✉r❡ ♦❢ Pr♦❞✉❝t✐♦♥ ❙❡❝t♦rs✿ ♥♦♥✲❛❣r✐❝✉❧t✉r❛❧✲❡♥❡r❣② s❡❝t♦rs✳

❋✐❣✉r❡ ❉✳✸✿ ❇❛❝❦st♦♣ t❡❝❤♥♦❧♦❣② ❢♦r ❝r♦♣✲❧✐✈❡st♦❝❦ ♣r♦❞✉❝t✐♦♥ ✐♥t♦ ❛♥ ✐♥t❡❣r❛t❡❞
s②st❡♠✳

❋✐❣✉r❡ ❉✳✹✿ ❇❛❝❦st♦♣ t❡❝❤♥♦❧♦❣② ❢♦r ❝r♦♣✲❧✐✈❡st♦❝❦✲❢♦r❡str② ♣r♦❞✉❝t✐♦♥ ✐♥t♦ ❛♥
✐♥t❡❣r❛t❡❞ s②st❡♠✳

❉ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✽✾



❆♣♣❡♥❞✐① ❊

❖t❤❡r r❡s✉❧ts

❚❛❜❧❡ ❊✳✶✿ P♦❧✐❝② ❝♦sts ❜② r❡❣✐♦♥s ❛♥❞ t❡❝❤♥♦❧♦❣✐❡s ✉♥❞❡r ❞✐✛❡r❡♥t s❝❡♥❛r✐♦s
✭♠✐❧❧✐♦♥ ❘✩✮✳

Regions South Southeast Center-West North Northeast
Northeast

Brazil
Cerrado

Non-priority

rec 6,005 8,824 947 2,097 3,254 5,499 26,626
icl - - - 341 - 914 1,255
isl - - - 1,175 - 2,520 3,695
islf - - - 989 - - 989

Priority

rec 2,837 4,526 454 987 11,656 10,828 31,288
icl 616 201 117 331 - 2 1,268
isl 2,363 1,755 1,100 - 243 5,461
islf 523 26 232 247 - 32 1,060

Combined

rec 6,374 8,972 964 2,146 3,479 4,751 26,685
icl 3,032 190 - 289 - 80 3,591
isl - 19 1,800 1,134 - 105 3,057
islf 544 27 233 247 - 31 1,083

Source: research results.
rec: pasture recovery; icl: maize-livestock; isl: soybean-livestock; islf: soybean-livestock-forestry.
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❚❛❜❧❡ ❊✳✷✿ ❲❡❧❢❛r❡ ❝❤❛♥❣❡s ❜② r❡❣✐♦♥s ✉♥❞❡r ❞✐✛❡r❡♥t s❝❡♥❛r✐♦s✳

Welfare South Southeast Center-West North Northeast
Northeast
Cerrado

Non-priority

% 0.79 0.28 1.26 1.00 -0.25 -0.05
Million R$ 2,779 2,910 1,786 995 -436 -76

Priority

% -0.01 0.10 -0.17 0.08 -0.57 -0.32
Million R$ -32 1,005 -238 76 -997 -538

Combined

% 0.75 0.31 1.18 1.06 -0.26 -0.08
Million R$ 2,629 3,242 1,678 1,063 -452 -133

Source: research outcomes.

❊ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✾✶
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❚❛❜❧❡ ❊✳✸✿ Pr♦❞✉❝t✐♦♥ ❝❤❛♥❣❡s ✭✪✮ ♦❢ ♥♦♥✲❛❣r✐❝✉❧t✉r❛❧ s❡❝t♦rs ❜② r❡❣✐♦♥ ❛♥❞ s❝❡♥❛r✐♦s✳

Regions South Southeast Center-West North Northeast Northeast Cerrado

Scenarios N-P P C N-P P C N-P P C N-P P C N-P P C N-P P C

Swine -2.2 0.2 -2.1 -2.8 -1.0 -3.0 0.2 1.2 0.8 1.4 1.0 1.2 0.1 -2.4 -0.2 2.9 -1.3 -0.1
Poultry -2.3 0.3 -2.0 -2.9 -0.5 -3.0 0.8 1.3 1.4 -0.1 0.5 -0.1 -1.0 -0.4 -1.1 0.5 -3.4 -2.0
Milk -10.0 0.7 -8.9 -3.7 -1.2 -4.1 7.7 2.3 8.2 9.5 2.3 9.1 8.4 -6.6 8.4 10.1 -1.9 8.8
Oil 13.0 0.5 10.8 0.5 -1.5 0.3 -0.7 -3.0 -1.2 2.4 -2.6 6.4 5.1 19.1 5.2 5.0 33.1 11.5
Gas -6.8 -10.4 -8.2 1.4 -6.7 0.4 -2.8 -6.8 -3.6 -3.4 -7.0 -2.1 9.3 44.4 9.1 -0.3 21.5 5.8
Mineral iron -0.5 0.5 -0.2 4.4 4.7 5.2 5.3 9.8 9.4 -0.6 2.9 -1.2 11.4 32.8 12.7 1.2 -3.4 1.6
Coal 1.4 1.2 1.4 0.5 2.2 1.5 0.5 6.8 5.1 0.7 -0.6 6.0 5.2 23.4 6.6 1.3 16.1 5.1
Mineral extraction 4.3 3.0 3.9 5.3 5.5 5.9 5.1 10.9 9.8 2.7 3.0 4.4 9.2 22.1 9.9 1.8 1.1 2.7
Meats -6.6 -0.5 -6.6 -9.9 -2.7 -10.3 3.1 1.8 3.6 4.1 1.4 4.0 7.3 -12.5 7.1 14.9 -1.0 12.8
Soybean oil 4.5 8.0 13.2 -1.5 -2.5 -2.8 -1.7 4.2 2.6 14.5 9.4 10.9 -0.5 -1.1 -2.3 31.3 -1.6 -3.8
Foods 1.1 0.7 1.6 -0.4 -0.3 -0.4 0.4 0.3 0.7 -0.1 -0.7 -0.1 0.8 3.1 0.8 1.5 0.7 0.0
Textile 2.9 -0.1 2.4 0.2 -0.2 0.3 -0.5 0.3 -0.1 -0.2 -0.6 0.6 -1.2 2.9 -1.1 -0.2 5.5 1.3
Refined Oil 0.3 0.7 0.4 0.9 0.9 1.0 1.3 1.7 1.7 1.0 1.4 1.1 0.1 -1.7 0.1 1.2 1.2 1.0
Ethanol 2.5 3.9 4.8 2.8 1.6 2.9 -2.0 3.0 0.8 6.6 7.4 9.5 7.3 41.9 7.6 3.2 12.4 0.0
Chemicals 5.8 3.6 7.1 1.9 1.4 2.3 2.9 8.7 9.2 19.9 10.9 18.9 6.6 23.4 7.3 9.6 18.9 8.2
Fertilizers 21.7 23.4 35.2 25.2 13.6 25.8 8.3 66.1 67.5 645.9 364.5 550.8 65.6 232.4 70.2 150.8 212.0 93.4
Defensives 37.1 67.7 89.7 14.7 7.4 15.0 32.5 428.6 434.9 1E+06 9E+05 1E+06 1E+03 4E+03 1E+03 150.7 167.5 72.9
Steel non-met 2.5 0.2 2.1 0.5 0.2 0.5 -0.2 1.0 0.4 0.0 -0.3 0.7 0.5 3.6 0.6 -1.9 1.5 -0.4
Machines 1.8 0.1 1.5 -0.5 0.0 -0.3 -1.6 0.3 -1.2 -2.3 -0.6 -1.6 -0.8 5.0 -0.4 -2.7 3.8 -0.8
Other industries 2.8 -0.1 2.2 0.4 0.0 0.4 -0.3 -0.1 -0.2 -0.6 -0.8 0.3 0.1 4.7 0.2 -0.3 5.6 1.2
Electricity -0.4 0.2 -0.3 0.0 0.1 0.0 1.1 1.8 1.6 0.9 0.9 0.8 -1.1 -4.9 -1.2 0.1 -0.8 -0.1
Pipe gas -0.2 1.5 0.1 0.5 1.5 0.5 1.8 4.0 2.6 1.6 2.3 1.5 -0.8 -4.5 -0.9 0.4 -0.9 -0.2
Water 0.7 0.6 0.7 0.3 0.5 0.3 1.2 2.3 1.8 1.1 1.1 1.3 -0.8 -3.3 -0.9 0.3 0.7 0.3
Public services -10.8 -3.7 -11.5 -4.4 -1.7 -4.5 -1.5 -2.2 -3.3 -4.1 -0.9 -4.9 -3.6 -13.1 -3.8 -7.1 -17.8 -7.7
Construction -0.4 -0.4 -0.5 -0.1 -0.2 -0.1 -0.1 -0.2 -0.3 -0.2 -0.3 -0.2 -0.2 -0.8 -0.2 -0.4 -0.1 -0.2
Services 0.5 -0.1 0.5 0.1 0.0 0.1 0.4 0.2 0.6 0.6 0.1 0.7 -0.4 -0.9 -0.4 -0.2 -0.3 -0.3
Transportation 1.0 0.3 1.2 0.7 0.2 0.7 0.4 0.9 1.1 1.2 0.5 1.3 0.4 1.8 0.4 0.7 1.9 0.6

Source: research results.
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Sectors South Southeast Center-West North Northeast
Northeast
Cerrado

Rice -1.0 -1.0 -0.3 -0.8 -0.1 -0.1
Maize -3.4 -2.7 -1.2 -8.0 -1.4 -12.3
Cane -2.6 -2.4 -0.7 -1.7 -1.5 -2.0
Soybean -4.1 -3.5 -2.1 -8.5 -1.7 -11.7
Fruits -1.9 -1.5 -0.2 -0.3 0.2 -0.4
Other cultures -3.3 -2.4 -0.6 -0.6 -1.1 -0.9
Forestry -2.0 -4.2 -0.9 -2.7 -1.2 -2.7
Cattle 21.8 17.3 7.8 8.0 6.7 6.0
Other live animals -6.9 -4.0 0.9 -0.3 -2.4 -2.9
Swine -0.1 0.0 -0.1 -0.6 0.0 -0.9
Poultry 0.0 -0.1 -0.1 -0.3 -0.1 -0.7
Milk 6.9 5.4 3.3 3.0 2.9 2.4
Oil -1.4 -0.2 -0.1 -0.4 -0.6 -0.6
Gas 0.0 -0.2 -0.1 -0.1 -0.5 -0.2
Mineral iron 0.4 0.2 -0.1 0.7 -0.9 0.8
Coal -0.7 -0.3 -0.1 -0.4 -0.4 -0.3
Mineral extraction -0.9 -0.3 -0.1 -0.2 -0.2 0.5
Meats 4.6 5.1 3.4 3.2 3.0 1.8
Soybean oil -3.3 -2.6 -2.3 -4.3 -2.8 -7.0
Foods -1.1 -0.6 -0.6 -0.5 -0.9 -1.1
Textile -0.8 -0.4 -0.3 -0.3 -0.2 -0.3
Refined Oil 0.0 -0.1 -0.2 -0.1 0.0 0.0
Ethanol -1.0 -1.2 -0.6 -1.0 -1.3 -1.3
Chemicals -0.4 -0.2 -0.1 -0.1 -0.1 -0.1
Fertilizers -0.1 -0.1 -0.1 0.0 0.1 0.0
Defensives -0.4 -0.3 -0.2 -0.3 -0.4 -0.3
Steel non-metallic -0.5 -0.2 -0.1 -0.1 -0.2 0.1
Machines -0.6 -0.3 -0.1 -0.1 -0.2 0.0
Other industries -0.7 -0.3 -0.2 -0.2 -0.3 -0.2
Electricity 0.2 0.1 0.0 0.0 0.4 0.3
Pipe gas 0.5 0.1 -0.1 0.0 0.6 0.5
Water 0.0 0.0 -0.1 0.0 0.4 0.3
Public services -1.5 -0.7 -0.1 -0.5 -1.2 -0.9
Construction -0.2 -0.2 -0.1 -0.1 0.0 0.0
Services -0.3 -0.1 -0.1 0.0 0.1 0.2
Transportation -0.2 -0.3 -0.1 -0.1 -0.1 0.1

Source: research outcomes.
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❚❛❜❧❡ ❊✳✺✿ P❡r❝❡♥t❛❣❡ ❝❤❛♥❣❡ ✐♥ ♣r✐❝❡ ❜② s❡❝t♦r ✉♥❞❡r Pr✐♦r✐t② s❝❡♥❛r✐♦✳

Sectors South Southeast Center-West North Northeast
Northeast
Cerrado

Rice -0.6 -0.4 -0.4 -0.6 0.9 2.2
Maize -3.6 -2.0 -2.4 -7.3 -1.4 -1.3
Cane -1.5 -1.1 -0.8 -1.1 -3.1 -1.7
Soybean -5.6 -2.5 -4.0 -7.0 -0.9 -1.8
Fruits -1.1 -0.6 -0.3 -0.1 1.3 0.6
Other cultures -2.0 -1.1 -0.6 -0.3 -1.1 -0.1
Forestry -1.5 -2.1 -1.3 -1.2 -0.5 -2.0
Cattle 1.9 3.0 0.6 0.7 5.7 4.6
Other live animals -2.5 -1.9 -0.1 -0.2 -7.8 -13.1
Swine -0.6 -0.4 -0.7 -0.8 0.1 0.0
Poultry -0.5 -0.4 -0.7 -0.6 -0.2 1.1
Milk 0.5 0.9 0.2 0.2 1.6 0.8
Oil -0.1 0.1 0.0 0.2 -2.0 -3.1
Gas 0.2 0.0 0.0 0.1 -1.5 -1.1
Mineral iron 0.3 0.3 -0.1 0.3 -3.0 2.5
Coal 0.0 0.0 0.0 0.4 -1.1 -1.9
Mineral extraction 0.0 0.0 -0.1 0.3 -0.4 1.3
Meats 0.3 0.6 0.1 0.1 1.9 0.4
Soybean oil -3.6 -2.3 -3.1 -3.7 -2.5 -2.1
Foods -0.9 -0.5 -0.7 -0.4 -1.7 -1.0
Textile -0.1 -0.1 -0.2 0.0 -0.6 -0.9
Refined Oil 0.0 0.0 -0.2 -0.1 0.5 0.3
Ethanol -0.7 -0.7 -0.6 -0.6 -3.1 -1.7
Chemicals 0.0 0.0 -0.1 0.0 -0.2 -0.6
Fertilizers 0.1 0.1 0.0 0.1 0.6 0.1
Defensives 0.0 -0.1 -0.1 0.0 -0.7 -1.0
Steel non-metallic 0.0 0.1 0.0 0.1 -0.3 0.0
Machines 0.0 0.0 0.0 0.1 -0.6 -0.4
Other industries 0.0 0.0 0.1 -0.7 -0.9
Electricity 0.2 0.2 0.0 0.1 1.4 0.6
Pipe gas 0.2 0.1 -0.2 -0.1 2.3 1.6
Water 0.2 0.1 0.0 0.1 1.5 0.4
Public services -0.1 -0.2 0.0 0.2 -4.0 -4.4
Construction 0.1 0.0 0.0 0.1 0.1 -0.5
Services 0.1 0.1 -0.1 0.1 0.4 0.2
Transportation 0.1 0.0 0.0 0.1 0.0 -0.2

Source: research outcomes.

❊ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✾✹
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❚❛❜❧❡ ❊✳✻✿ P❡r❝❡♥t❛❣❡ ❝❤❛♥❣❡ ✐♥ ♣r✐❝❡ ❜② s❡❝t♦r ✉♥❞❡r ❈♦♠❜✐♥❡❞ s❝❡♥❛r✐♦✳

Sectors South Southeast Center-West North Northeast
Northeast
Cerrado

Rice -1.3 -1.0 -0.6 -0.7 -0.1 0.6
Maize -4.1 -3.2 -1.7 -6.8 -1.3 -1.9
Cane -3.1 -2.5 -1.0 -1.7 -1.6 -1.2
Soybean -7.7 -4.0 -4.4 -7.5 -1.8 -2.4
Fruits -2.4 -1.6 -0.4 -0.3 0.2 0.0
Other cultures -4.1 -2.5 -0.9 -0.7 -1.2 -0.4
Forestry -2.6 -4.3 -1.6 -1.3 -1.2 -2.1
Cattle 21.3 18.0 7.8 8.5 6.9 6.7
Other live animals -7.1 -4.2 0.7 -0.7 -2.6 -4.0
Swine -0.2 0.0 -0.3 -0.6 0.0 0.0
Poultry -0.1 -0.1 -0.3 -0.3 -0.1 0.4
Milk 6.7 5.5 3.3 3.1 3.0 2.7
Oil -1.2 -0.1 -0.1 -0.8 -0.7 -1.3
Gas 0.1 -0.2 -0.1 -0.1 -0.5 -0.5
Mineral iron 0.4 0.2 -0.1 1.0 -1.0 1.0
Coal -0.6 -0.2 -0.1 -0.9 -0.4 -0.8
Mineral extraction -0.7 -0.3 -0.2 -0.4 -0.2 0.5
Meats 4.6 5.2 3.4 3.3 3.1 2.1
Soybean oil -4.9 -3.0 -3.5 -4.4 -2.9 -2.3
Foods -1.4 -0.7 -0.8 -0.6 -0.9 -0.7
Textile -0.7 -0.4 -0.3 -0.4 -0.2 -0.5
Refined Oil 0.0 -0.1 -0.2 -0.1 0.0 0.0
Ethanol -1.1 -1.3 -0.8 -1.2 -1.4 -1.0
Chemicals -0.3 -0.2 -0.1 -0.2 -0.1 -0.3
Fertilizers 0.0 -0.1 -0.1 0.0 0.1 0.0
Defensives -0.4 -0.4 -0.2 -0.4 -0.4 -0.5
Steel non-metallic -0.4 -0.2 -0.1 -0.1 -0.2 0.0
Machines -0.5 -0.3 -0.1 -0.1 -0.2 -0.2
Other industries -0.6 -0.3 -0.2 -0.3 -0.3 -0.5
Electricity 0.3 0.1 -0.1 0.0 0.4 0.2
Pipe gas 0.5 0.1 -0.2 0.0 0.6 0.6
Water 0.0 0.0 -0.1 -0.1 0.4 0.2
Public services -1.3 -0.7 -0.1 -1.1 -1.2 -1.7
Construction -0.1 -0.2 -0.1 -0.1 0.0 -0.2
Services -0.2 -0.1 -0.1 -0.1 0.1 0.1
Transportation -0.1 -0.3 -0.1 -0.2 -0.1 -0.1

Source: research outcomes.

❚❛❜❧❡ ❊✳✼✿ ■♥❞❡①❡s ♦❢ ♣r♦❞✉❝t✐♦♥ ✈❛❧✉❡ ♣❡r ❤❡❝t❛r❡ ❜② ✐♥t❡❣r❛t❡❞ s②st❡♠s
❝♦♠♣❛r❡❞ t♦ s✐♥❣❧❡ ♣r♦❞✉❝t✐♦♥ ✭◆♦♥✲Pr✐♦r✐t② s❝❡♥❛r✐♦✮✳

IS technology maize-livestock soybean-livestock soybean-livestock-forestry
maize cattle soybean cattle soybean cattle forestry

South - - - - - - -
Southeast - - - - - - -
Center-West - - - - - - -
North 1.074 1.080 1.085 1.087 1.056 1.056 1.057
Northeast - - - - - - -
Northeast Cerrado 1.181 1.182 1.188 1.185 - - -

Source: research outcomes.

❊ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✾✺
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❚❛❜❧❡ ❊✳✽✿ ■♥❞❡①❡s ♦❢ ♣r♦❞✉❝t✐♦♥ ✈❛❧✉❡ ♣❡r ❤❡❝t❛r❡ ❜② ✐♥t❡❣r❛t❡❞ s②st❡♠s
❝♦♠♣❛r❡❞ t♦ s✐♥❣❧❡ ♣r♦❞✉❝t✐♦♥ ✭Pr✐♦r✐t② s❝❡♥❛r✐♦✮✳

IS technology maize-livestock soybean-livestock soybean-livestock-forestry
maize cattle soybean cattle soybean cattle forestry

South 1.092 1.089 1.095 1.097 1.09 1.088 1.089
Southeast 1.023 1.021 - - 1.024 1.025 1.023
Center-West 0.985 0.979 1.041 1.039 1.016 1.015 1.015
North 1.074 1.08 1.085 1.087 1.056 1.057 1.056
Northeast - - - - - - -
Northeast Cerrado 1.181 1.182 1.188 1.185 1.195 1.197 1.194

Source: research outcomes.

❊ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✾✻



❆♣♣❡♥❞✐① ❋

❆❧❣❡❜r❛✐❝ r❡♣r❡s❡♥t❛t✐♦♥ ♦❢ ❇❘❊❆

❚❤❡ ❇❘❊❆ ♠♦❞❡❧ ✐s ✇r✐tt❡♥ ✐♥ ▼❛t❤❡♠❛t✐❝❛❧ Pr♦❣r❛♠♠✐♥❣ ❙②st❡♠ ❢♦r ●❡♥✲

❡r❛❧ ❊q✉✐❧✐❜r✐✉♠ ✭▼P❙●❊✮ ✭❘❯❚❍❊❘❋❖❘❉✱ ✶✾✾✾✮✳ ❚❤❡ ▼P❙●❊ ✉s❡s ❛❧❧ t❤❡ ✐♥✲

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

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

✐♥♣✉ts t♦ ❝r❡❛t❡ t❤❡ ♠❛t❤❡♠❛t✐❝❛❧ ❢♦r♠✉❧❛t✐♦♥ t♦ s♦❧✈❡ t❤❡ s②st❡♠ ❛s ❛ ♥♦♥❧✐♥❡❛r

♠✐①❡❞ ❝♦♠♣❧❡♠❡♥t❛r✐t② ♣r♦❜❧❡♠✳

❚❤r❡❡ ✐♥❡q✉❛❧✐t✐❡s ♠✉st ❜❡ s❛t✐s✜❡❞✿ ③❡r♦ ♣r♦✜t✱ ♠❛r❦❡t ❝❧❡❛r❛♥❝❡✱ ❛♥❞ ✐♥❝♦♠❡

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

♠✐①❡❞ ❝♦♠♣❧❡♠❡♥t❛r✐t② ♣r♦❜❧❡♠✿ ♣r✐❝❡✱ q✉❛♥t✐t② ❧❡✈❡❧✱ ❛♥❞ ✐♥❝♦♠❡ ❧❡✈❡❧✳ ❚❤❡ ❚❛❜❧❡s

❋✳✶✱ ❋✳✷✱ ❛♥❞ ❋✳✸ s❤♦✇ t❤❡ s❡ts✱ ✈❛r✐❛❜❧❡s✱ ❛♥❞ ♣❛r❛♠❡t❡rs ✐♥ t❤❡ ♠♦❞❡❧✳ ❚❤❡ ③❡r♦

♣r♦✜t ❡q✉❛t✐♦♥s ♣♦rtr❛② t❤❡ t❡❝❤♥♦❧♦❣✐❝❛❧ str✉❝t✉r❡ ❢♦r ❡❛❝❤ s❡❝t♦r✳ ❚♦ ❜✉✐❧❞ t❤✐s

s②st❡♠ ♦❢ ❡q✉❛t✐♦♥s ■ ✉s❡ t❤❡ ❝♦st ❛♥❞ ❞❡♠❛♥❞ ❢✉♥❝t✐♦♥s ✐♥ ❛ ❝❛❧✐❜r❛t❡❞ s❤❛r❡ ❢♦r♠✳

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

❝♦sts ♦❢ ♣r♦❞✉❝t✐♦♥ ✭✐♥t❡r♠❡❞✐❛t❡ ✐♥♣✉ts ❛♥❞ ♣r♦❞✉❝t✐♦♥ ❢❛❝t♦rs✮✳

❚❛❜❧❡ ❋✳✶✿ ❙❡ts ❛♥❞ s✉❜s❡ts ✐♥ t❤❡ ♠♦❞❡❧✳

Notation Description

i, j, k ∈ I Sectors and goods
r, s Regions
agri ⊂ I Agricultural sectors
agrilu ⊂ I Agricultural sectors land use
e ⊂ I Energy sectors
ne ⊂ I Non-energy sectors
elec ∈ I Electricity sector
noe ⊂ I Non-elec energy sectors
f ∈ F Factors of production
mf ⊂ F Mobile factors
sf ⊂ F Sluggish factor

✾✼
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❚❛❜❧❡ ❋✳✷✿ ■♥✐t✐❛❧ ♣❛r❛♠❡t❡rs ✐♥ t❤❡ ♠♦❞❡❧

Notation Description

θijr Share of intermediate good i in sector j in region r

θOjr Share of resource-intense bundle in sector j in region r

θ
f
jr Share of production factor f in sector j in region r

θRI
jr Share of aggregate-energy nest in resource-intense bundle in sector j in region r

θAE
jr Share of electricity in aggregate-energy bundle in sector j in region r

θEM
jr Share of aggregate-energy bundle in energy-materials nest in sector j in region r

θY R
ijr Share of regional good i in Armington aggregation in sector j in region r

θAijr Share of national good i in Armington aggregation in sector j in region r

θCR
ir Share of regional consumption good i in Armington aggregation in region r

θCA
ir Share of national consumption good i in Armington aggregation in region r

θIRir Share of regional investment good i in Armington aggregation in region r

θIir Share of national investment good i in Armington aggregation in region r

θcir Share of final consumption good i in bundle c of region r

θGir Share of final public consumption good i in region r

ωL
r Labor endowment in region r

ωK
r Capital endowment in region r

ωf
r Land endowment in region r

❚❛❜❧❡ ❋✳✸✿ ❊♥❞♦❣❡♥♦✉s ✈❛r✐❛❜❧❡s

Notation Description

pYjr Production price of good j in region r

p
f
jr Land price in sector j in region r

pEM
jr Energy-materials bundle price in sector j in region r

pKL
jr Capital-labor bundle price in sector j in region r

pAE
jr Aggregate-energy bundle price in sector j in region r

pAijr Price of composite good i in sector j in region r

θAijr Share of national good i in Armington aggregation in sector j in region r

θCR
ir Share of regional consumption good i in Armington aggregation in region r

θCA
ir Share of national consumption good i in Armington aggregation in region r

θIRir Share of regional investment good i in Armington aggregation in region r

θIir Share of national investment good i in Armington aggregation in region r

θcir Share of final consumption good i in bundle c of region r

θGir Share of final public consumption good i in region r

ωL
r Labor endowment in region r

ωK
r Capital endowment in region r

ωf
r Land endowment in region r

❋ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✾✽
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❋✳✶ ❩❡r♦ ♣r♦✜t ❝♦♥❞✐t✐♦♥

❋✳✶✳✶ ❆❣r✐❝✉❧t✉r❛❧ ♣r♦❞✉❝t✐♦♥

ΠY
jr = pYjr−

{

θOjr

[

θ
f
jr(p

f
jr)

1−σfx + (1− θ
f
jr)(p

EM
jr )1−σfx

]
1−σs
1−σfx + (1− θOjr)(p

KL
jr )1−σs

}

1

1−σs

= 0

✭❋✳✶✮

∀j ∈ agrilu, f ∈ sf

❋✳✶✳✷ ◆♦♥✲❛❣r✐❝✉❧t✉r❛❧ ❛♥❞ ❊♥❡r❣② ♣r♦❞✉❝t✐♦♥

ΠY
jr = pYjr −

{

θOjr
[

θRI
jr (p

AE
jr )1−σe + (1− θRI

jr )(p
KL
jr )1−σe

]

1

1−σe + (1− θOjr)
∑

i∈ne

θijrp
A
ijr

}

= 0

✭❋✳✷✮

∀j ∈ I, j /∈ agrilu

❋✳✶✳✸ ❈❛♣✐t❛❧✲▲❛❜♦r ♥❡st

ΠKL
jr = pKL

jr − wαjr
r r1−αjr

r = 0 ∀j ∈ I ✭❋✳✸✮

❋✳✶✳✹ ❆❣❣r❡❣❛t❡ ❊♥❡r❣② ♥❡st

ΠAE
jr = pAE

jr −



θAE
jr (pAkjr)

1−σen + (1− θAE
jr )

(

∑

i∈e

θijrp
A
ijr

)1−σen





1

1−σen

= 0 ✭❋✳✹✮

∀j ∈ I, k = elec

❋✳✶✳✺ ❊♥❡r❣②✲♠❛t❡r✐❛❧s ♥❡st

ΠEM
jr = pEM

jr −



θEM
jr (pAE

jr )1−σe + (1− θEM
jr )

(

∑

i∈ne

θijrp
A
ijr

)1−σe





1

1−σe

= 0 ✭❋✳✺✮

❋ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✾✾
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∀j ∈ vagri

❋✳✶✳✻ ❆r♠✐♥❣t♦♥ str✉❝t✉r❡

■♥t❡r✲r❡❣✐♦♥❛❧ ❛❣❣r❡❣❛t✐♦♥

ΠY R
ijr = pY R

ijr −
[

θY R
ijr (p

Y
ir)

1−σesubdr + (1− θY R
ijr )(p

MR
ir )1−σesubdr

]
1

1−σesubdr = 0 ✭❋✳✻✮

∀i, j ∈ I

◆❛t✐♦♥❛❧ ❛♥❞ ✐♠♣♦rt ❛❣❣r❡❣❛t✐♦♥

ΠA
ijr = pAijr −

[

θAijr(p
Y R
ijr )

1−σesubd + (1− θAijr)(p
M
ir )

1−σesubd
]

1

1−σesubd = 0 ✭❋✳✼✮

∀i, j ∈ I

■♥t❡r✲r❡❣✐♦♥❛❧ ❝♦♥s✉♠♣t✐♦♥ ❛❣❣r❡❣❛t✐♦♥

ΠCR
ir = pCR

ir −
[

θCR
ir (pYir)

1−σesubdr + (1− θCR
ir )(pMR

ir )1−σesubdr
]

1

1−σesubdr = 0 ✭❋✳✽✮

∀i ∈ I

◆❛t✐♦♥❛❧ ❛♥❞ ✐♠♣♦rt ❝♦♥s✉♠♣t✐♦♥ ❛❣❣r❡❣❛t✐♦♥

ΠCA
ir = pCA

ir −
[

θCA
ir (pCR

ir )1−σesubd + (1− θCA
ir )(pMir )

1−σesubd
]

1

1−σesubd = 0 ✭❋✳✾✮

∀i ∈ I

■♥t❡r✲r❡❣✐♦♥❛❧ ✐♥✈❡st♠❡♥t ❛❣❣r❡❣❛t✐♦♥

ΠIR
ir = pIRir −

[

θIRir (pYir)
1−σesubdr + (1− θIRir )(pMR

ir )1−σesubdr
]

1

1−σesubdr = 0 ✭❋✳✶✵✮

❋ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✶✵✵
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∀i ∈ I

◆❛t✐♦♥❛❧ ❛♥❞ ✐♠♣♦rt ✐♥✈❡st♠❡♥t ❛❣❣r❡❣❛t✐♦♥

ΠI
r = pIr −

∏

i

{

[

θIir(p
IR
ir )

1−σesubd + (1− θIir)(p
M
ir )

1−σesubd
]

1

1−σesubd

}δi

= 0 ✭❋✳✶✶✮

∀i ∈ I,
∑

i

δi = 1

❋✳✶✳✼ ❍♦✉s❡❤♦❧❞ ✉t✐❧✐t②

ΠU
r = pUr − (pOC

r )βr(pAir)
1−βr = 0 ✭❋✳✶✷✮

i = trns

ΠOC
r = pOC

r −
3
∏

c=1

(pcr)
δc = 0

❊♥❡r❣② ❞❡♠❛♥❞

Πc
r|c=1 = pcr −

[

∑

i∈e

θcir(p
CA
ir )1−σe

]
1

1−σe

= 0,
∑

i∈e

θcir = 1 ✭❋✳✶✸✮

❋♦♦❞ ❛♥❞ ❛❣r✐❝✉❧t✉r❛❧ ❞❡♠❛♥❞

Πc
r|c=2 = pcr −

[

∑

i∈food,agri

θcir(p
CA
ir )1−σd1

]
1

1−σd1

= 0,
∑

i∈food,agri

θcir = 1 ✭❋✳✶✹✮

❖t❤❡r ❞❡♠❛♥❞

Πc
r|c=3 = pcr −

[

∑

k

θckr(p
CA
kr )1−σd2

]
1

1−σd2

= 0, ✭❋✳✶✺✮

∀k /∈ e, agri, k 6= food, trns,
∑

k

θckr = 1

❋ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✶✵✶
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❋✳✶✳✽ ●♦✈❡r♥♠❡♥t

ΠG
r = pGr −

∑

i

θGirp
Y
ir = 0 ✭❋✳✶✻✮

❋✳✷ ▼❛r❦❡t ❈❧❡❛r❛♥❝❡ ❝♦♥❞✐t✐♦♥

❋✳✷✳✶ ▲❛❜♦r✱ ❝❛♣✐t❛❧✱ ❛♥❞ ❧❛♥❞

ωL
r =

∑

j

Yjr

∂ΠY
jr

∂wr

✭❋✳✶✼✮

ωK
r =

∑

j

Yjr

∂ΠY
jr

∂rr
✭❋✳✶✽✮

ωf
r =

∑

j

Yjr

∂ΠY
jr

∂pfr
∀j ∈ agrilu, f ∈ sf ✭❋✳✶✾✮

❋✳✷✳✷ ❙❡❝t♦r❛❧ ♣r♦❞✉❝t✐♦♥

Yjr = Ajr

∂ΠA
jr

∂pYjr
✭❋✳✷✵✮

❋ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✶✵✷
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❉❊ ▼❖❘❆❊❙✱ ❆✳❀ ❈❆❘❱❆▲❍❖✱ P✳ ❈✳ ❞✳ ❋✳❀ ❆◆●❍■◆❖◆■✱ ■✳❀ ▲❯❙❚❖❙❆✱ ❙✳ ❇✳ ❈✳❀
❈❖❙❚❆✱ ❙✳ ❊✳ ❱✳ ●✳ ❞✳ ❆✳❀ ❑❯◆❘❆❚❍✱ ❚✳ ❘✳ ■♥t❡❣r❛t❡❞ ❝r♦♣✲❧✐✈❡st♦❝❦ s②st❡♠s ✐♥
t❤❡ ❇r❛③✐❧✐❛♥ s✉❜tr♦♣✐❝s✳ ❊✉r♦♣❡❛♥ ❏♦✉r♥❛❧ ♦❢ ❆❣r♦♥♦♠②✱ ❊❧s❡✈✐❡r ❇✳❱✳✱ ✈✳ ✺✼✱
♣✳ ✹✕✾✱ ✷✵✶✹✳ ■❙❙◆ ✶✶✻✶✵✸✵✶✳ ❉✐s♣♦♥í✈❡❧ ❡♠✿ ❁❤tt♣✿✴✴❞①✳❞♦✐✳♦r❣✴✶✵✳✶✵✶✻✴❥✳❡❥❛✳✷✵✶✸✳
✶✵✳✵✵✹❃✳

❉■◆■❩✱ ❚✳ ❇✳ ■♠♣❛❝t♦s s♦❝✐♦❡❝♦♥ô♠✐❝♦s ❞♦ ❈ó❞✐❣♦ ❋❧♦r❡st❛❧ ❜r❛s✐❧❡✐r♦✿
✉♠❛ ❞✐s❝✉ssã♦ à ❧✉③ ❞❡ ✉♠ ♠♦❞❡❧♦ ❝♦♠♣✉tá✈❡❧ ❞❡ ❡q✉✐❧í❜r✐♦ ❣❡r❛❧✳ ❚❡s❡
✭❉♦✉t♦r❛❞♦✮ ✖ ❯♥✐✈❡rs✐❞❛❞❡ ❞❡ ❙ã♦ P❛✉❧♦✱ ✷✵✶✷✳

❋❊■❏Ó✱ ❋✳ ❚✳❀ ❏Ú◆■❖❘✱ ❙✳ P✳ ❖ ♣r♦t♦❝♦❧♦ ❞❡ q✉✐♦t♦ ❡ ♦ ❜❡♠✲❡st❛r ❡❝♦♥ô♠✐❝♦
♥♦ ❜r❛s✐❧✲✉♠❛ ❛♥á❧✐s❡ ✉t✐❧✐③❛♥❞♦ ❡q✉✐❧í❜r✐♦ ❣❡r❛❧ ❝♦♠♣✉tá✈❡❧✳ ❆♥á❧✐s❡ ❊❝♦♥ô♠✐❝❛✱
✈✳ ✷✼✱ ♥✳ ✺✶✱ ✷✵✵✾✳

❋❊❘❘❊■❘❆ ❋■▲❍❖✱ ❏✳ ❇✳ ❞✳ ❙✳❀ ❍❖❘❘■❉●❊✱ ▼✳ ❊t❤❛♥♦❧ ❡①♣❛♥s✐♦♥ ❛♥❞ ✐♥❞✐r❡❝t
❧❛♥❞ ✉s❡ ❝❤❛♥❣❡ ✐♥ ❇r❛③✐❧✳ ▲❛♥❞ ❯s❡ P♦❧✐❝②✱ ❊❧s❡✈✐❡r ▲t❞✱ ✈✳ ✸✻✱ ♣✳ ✺✾✺✕✻✵✹✱ ✷✵✶✹✳
■❙❙◆ ✵✷✻✹✽✸✼✼✳ ❉✐s♣♦♥í✈❡❧ ❡♠✿ ❁❤tt♣✿✴✴❞①✳❞♦✐✳♦r❣✴✶✵✳✶✵✶✻✴❥✳❧❛♥❞✉s❡♣♦❧✳✷✵✶✸✳✶✵✳
✵✶✺❃✳

❋❊❘❘❊■❘❆ ❋■▲❍❖✱ ❏✳ ❇✳ ❞✳ ❙✳❀ ▼❖❘❆❊❙✱ ●✳ ■✳ ❞❡✳ ❈❧✐♠❛t❡ ❝❤❛♥❣❡✱ ❛❣r✐❝✉❧t✉r❡ ❛♥❞
❡❝♦♥♦♠✐❝ ❡✛❡❝ts ♦♥ ❞✐✛❡r❡♥t r❡❣✐♦♥s ♦❢ ❇r❛③✐❧✳ ❊♥✈✐r♦♥♠❡♥t ❛♥❞ ❉❡✈❡❧♦♣♠❡♥t
❊❝♦♥♦♠✐❝s✱ ✈✳ ✷✵✱ ♥✳ ✵✶✱ ♣✳ ✸✼✕✺✻✱ ✷✵✶✺✳

❋❊❘❘❊■❘❆ ❋■▲❍❖✱ ❏✳ ❇✳ ❉✳ ❙✳❀ ❘❖❈❍❆✱ ▼✳ ❚✳ ❊❝♦♥♦♠✐❝ ❡✈❛❧✉❛t✐♦♥ ♦❢ ♣✉❜❧✐❝
♣♦❧✐❝✐❡s ❛✐♠✐♥❣ t❤❡ r❡❞✉❝t✐♦♥ ♦❢ ❣r❡❡♥❤♦✉s❡ ❣❛s ❡♠✐ss✐♦♥s ✐♥ ❜r❛③✐❧✳ ❏♦✉r♥❛❧ ♦❢
❊❝♦♥♦♠✐❝ ■♥t❡❣r❛t✐♦♥✱ ✳✱ ✈✳ ✷✸✱ ♥✳ ✸✱ ♣✳ ✼✵✾✕✼✸✻✱ ✷✵✵✽✳

❋❊❘❘❊■❘❆ ❋■▲❍❖✱ ❏✳ ❙✳ ❇✳ ❋♦♦❞ s❡❝✉r✐t②✱ t❤❡ ❧❛❜♦r ♠❛r❦❡t✱ ❛♥❞ ♣♦✈❡rt② ✐♥ t❤❡
❜r❛③✐❧✐❛♥ ❜✐♦✲❡❝♦♥♦♠②✳ ❆❣r✐❝✉❧t✉r❛❧ ❊❝♦♥♦♠✐❝s✱ ❲✐❧❡② ❖♥❧✐♥❡ ▲✐❜r❛r②✱ ✈✳ ✹✹✱
♥✳ s✶✱ ♣✳ ✽✺✕✾✸✱ ✷✵✶✸✳

❋❯❏■▼❖❘■✱ ❙✳❀ ❍❆❙❊●❆❲❆✱ ❚✳❀ ▼❆❙❯■✱ ❚✳❀ ❚❆❑❆❍❆❙❍■✱ ❑✳ ▲❛♥❞ ✉s❡ r❡♣r❡✲
s❡♥t❛t✐♦♥ ✐♥ ❛ ❣❧♦❜❛❧ ❈●❊ ♠♦❞❡❧ ❢♦r ❧♦♥❣✲t❡r♠ s✐♠✉❧❛t✐♦♥✿ ❈❊❚ ✈s✳ ❧♦❣✐t ❢✉♥❝t✐♦♥s✳
❋♦♦❞ ❙❡❝✉r✐t②✱ ✈✳ ✻✱ ♥✳ ✺✱ ♣✳ ✻✽✺✕✻✾✾✱ ✷✵✶✹✳ ■❙❙◆ ✶✽✼✻✹✺✷✺✳

●❆❙◗❯❊❙✱ ❏✳ ●✳❀ ❇❆❙❚❖❙✱ ❊✳ ❚✳❀ ❇❆❈❈❍■✱ ▼✳ ❘✳ P✳ Pr♦❞✉t✐✈✐❞❛❞❡ ❡ ❢♦♥t❡s ❞❡
❝r❡s❝✐♠❡♥t♦ ❞❛ ❛❣r✐❝✉❧t✉r❛ ❜r❛s✐❧❡✐r❛✳ P♦❧ít✐❝❛s ❞❡ ✐♥❝❡♥t✐✈♦ à ✐♥♦✈❛çã♦ t❡❝✲
♥♦❧ó❣✐❝❛✱ ❇r❛s✐❧✐❛✱ ■♥st✐t✉t♦ ❞❡ ■♥✈❡st✐❣❛❝✐ó♥ ❊❝♦♥ó♠✐❝❛ ❆♣❧✐❝❛❞❛ ✭✮✳✭✷✵✵✼✮✱✏Pr♦✲
❞✉t✐✈✐❞❛❞❡ ❡ ❢♦♥t❡s ❞❡ ❝r❡s❝✐♠❡♥t♦ ❞❛ ❛❣r✐❝✉❧t✉r❛✑✱ ❛❣♦st♦ ❬❡♥ ❧í♥❡❛❪ ❢t♣✿✴✴❢t♣✳ s♣✳
❣♦✈✳ ❜r✴❢t♣✐❡❛✴❝♦♥❣r❡ss♦s✴❝♦♥❣✲♣❛❧✷✵✽✵✼✳ ♣❞❢✱ ✷✵✵✽✳

●❆❙◗❯❊❙✱ ❏✳ ●✳❀ ❇❆❙❚❖❙✱ ❊✳ ❚✳❀ ❱❆▲❉❊❙✱ ❈✳❀ ❇❆❈❈❍■✱ ▼✳ Pr♦✲
❞✉t✐✈✐❞❛❞❡ ❡ ❝r❡s❝✐♠❡♥t♦✿ ❛❧❣✉♠❛s ❝♦♠♣❛r❛çõ❡s✳ ❬❙✳❧✳❪✱ ✷✵✶✸✳ ✾ ♣✳
❉✐s♣♦♥í✈❡❧ ❡♠✿ ❁❤tt♣✿✴✴✇✇✇✳❛❣r✐❝✉❧t✉r❛✳❣♦✈✳❜r✴❛rq④❭❴⑥❡❞✐t♦r✴✜❧❡✴✵t❛❜❡❧❛s✴
Pr♦❞✉t✐✈✐❞❛❞❡❡❈r❡s❝✐♠❡♥t♦✲❆rt✐❣♦✸✶✵✶✶✸④❭❴⑥❃✳

❋ ❈✐❝❡r♦ ❩❛♥❡tt✐ ❞❡ ▲✐♠❛ ✶✵✺
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■♠♣❛❝ts ♦❢ ▲♦✇ ❈❛r❜♦♥ ❆❣r✐❝✉❧t✉r❡ ✐♥ ❇r❛③✐❧✿ ❛ ❈●❊ ❛♣♣❧✐❝❛t✐♦♥

●❊❘❙❙❊◆✲●❖◆❉❊▲❆❈❍✱ ❙✳ ❏✳❀ ▲❆❯❲❊❘■❏❙❙❊◆✱ ❘✳❀ ❍❆❱▲❮❑✱ P✳❀ ❍❊❘❘❊❘❖✱
▼✳❀ ❱❆▲■◆✱ ❍✳❀ ❋❆❆■❏✱ ❆✳ P✳❀ ❲■❈❑❊✱ ❇✳ ■♥t❡♥s✐✜❝❛t✐♦♥ ♣❛t❤✇❛②s ❢♦r ❜❡❡❢ ❛♥❞
❞❛✐r② ❝❛tt❧❡ ♣r♦❞✉❝t✐♦♥ s②st❡♠s✿ ✐♠♣❛❝ts ♦♥ ●❍● ❡♠✐ss✐♦♥s✱ ❧❛♥❞ ♦❝❝✉♣❛t✐♦♥ ❛♥❞
❧❛♥❞ ✉s❡ ❝❤❛♥❣❡✳ ❆❣r✐❝✉❧t✉r❡✱ ❊❝♦s②st❡♠s ❛♥❞ ❊♥✈✐r♦♥♠❡♥t✱ ✈✳ ✷✹✵✱ ♥✳ ▼❛r❝❤✱
♣✳ ✶✸✺✕✶✹✼✱ ✷✵✶✼✳ ■❙❙◆ ✵✶✻✼✽✽✵✾✳

●■▲✱ ❏✳❀ ❙■❊❇❖▲❉✱ ▼✳❀ ❇❊❘●❊❘✱ ❚✳ ❆❞♦♣t✐♦♥ ❛♥❞ ❞❡✈❡❧♦♣♠❡♥t ♦❢ ✐♥t❡❣r❛t❡❞ ❝r♦♣✲
❧✐✈❡st♦❝❦✲❢♦r❡str② s②st❡♠s ✐♥ ▼❛t♦ ●r♦ss♦✱ ❇r❛③✐❧✳ ❆❣r✐❝✉❧t✉r❡✱ ❊❝♦s②st❡♠s ❛♥❞
❊♥✈✐r♦♥♠❡♥t✱ ❊❧s❡✈✐❡r ❇✳❱✳✱ ✈✳ ✶✾✾✱ ♣✳ ✸✾✹✕✹✵✻✱ ✷✵✶✺✳ ■❙❙◆ ✵✶✻✼✽✽✵✾✳ ❉✐s♣♦♥í✈❡❧
❡♠✿ ❁❤tt♣✿✴✴❞①✳❞♦✐✳♦r❣✴✶✵✳✶✵✶✻✴❥✳❛❣❡❡✳✷✵✶✹✳✶✵✳✵✵✽❃✳

●❖❉❋❘❆❨✱ ❍✳ ❈✳ ❏✳❀ ❇❊❉❉■◆●❚❖◆✱ ❏✳ ❘✳❀ ❈❘❯❚❊✱ ■✳ ❘✳❀ ❍❆❉❉❆❉✱ ▲✳❀
▲❆❲❘❊◆❈❊✱ ❉✳❀ ▼❯■❘✱ ❏✳ ❋✳❀ P❘❊❚❚❨✱ ❏✳❀ ❘❖❇■◆❙❖◆✱ ❙✳❀ ❚❍❖▼❆❙✱ ❙✳ ▼✳❀
❚❖❯▲▼■◆✱ ❈✳ ❋♦♦❞ ❙❡❝✉r✐t② ✿ ❚❤❡ ❈❤❛❧❧❡♥❣❡ ♦❢ ❋❡❡❞✐♥❣ ✾ ❇✐❧❧✐♦♥ P❡♦♣❧❡✳ ❙❝✐❡♥❝❡✱
✈✳ ✸✷✼✱ ♥✳ ❋❊❇❘❯❆❘❨✱ ♣✳ ✽✶✷✕✽✶✽✱ ✷✵✶✵✳

●❖▲❯❇✱ ❆✳ ❆✳❀ ❍❊◆❉❊❘❙❖◆✱ ❇✳ ❇✳❀ ❍❊❘❚❊▲✱ ❚✳ ❲✳❀ ●❊❘❇❊❘✱ P✳ ❏✳❀ ❘❖❙❊✱
❙✳ ❑✳❀ ❙❖❍◆●❊◆✱ ❇✳ ●❧♦❜❛❧ ❝❧✐♠❛t❡ ♣♦❧✐❝② ✐♠♣❛❝ts ♦♥ ❧✐✈❡st♦❝❦✱ ❧❛♥❞ ✉s❡✱ ❧✐✈❡❧✐✲
❤♦♦❞s✱ ❛♥❞ ❢♦♦❞ s❡❝✉r✐t②✳ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ◆❛t✐♦♥❛❧ ❆❝❛❞❡♠② ♦❢ ❙❝✐❡♥❝❡s
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