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❆❜str❛❝t

❚❤❡ ♠❛✐♥ ♣✉r♣♦s❡ ♦❢ t❤✐s ♣❛♣❡r ✐s t♦ s❤♦✇ ❤♦✇ ❛ s✐♠♣❧❡ ✭♠❡❞✐✉♠✲s❝❛❧❡✮
❡♠♣✐r✐❝❛❧ st♦❝❦✲✢♦✇ ❝♦♥s✐st❡♥t ❞②♥❛♠✐❝ ♠♦❞❡❧ ❝❛♥ ❜❡ ❞❡✈❡❧♦♣❡❞ ❢r♦♠
s❝r❛t❝❤✳ ❊✉r♦st❛t ❞❛t❛ ❛♥❞ ❝♦♥✈❡♥t✐♦♥❛❧ st❛t✐st✐❝❛❧ ♣❛❝❦❛❣❡s ✭♥♦t❛❜❧②
❊❱✐❡✇s✱ ❊①❝❡❧ ❛♥❞ ❘✮ ❛r❡ ✉s❡❞✳ ❖♥ t❤❡ t❤❡♦r❡t✐❝❛❧ s✐❞❡✱ t❤❡ ✇♦r❦ ❜✉✐❧❞s
✉♣♦♥ t❤❡ ♣✐♦♥❡❡r✐♥❣ ✇♦r❦ ❜② ●♦❞❧❡② ❛♥❞ ▲❛✈♦✐❡ ✭✷✵✵✼✮❬✺❪✳ ❙❡❝t♦r❛❧
tr❛♥s❛❝t✐♦♥s✲✢♦✇ ♠❛tr✐❝❡s ❛♥❞ ❜❛❧❛♥❝❡ s❤❡❡ts ❛r❡ ❡①♣❧✐❝✐t❧② ♠♦❞❡❧❧❡❞
❛♥❞ t❤❡✐r ❡✈♦❧✉t✐♦♥ ♦✈❡r t✐♠❡ ✉♥❞❡r ❞✐✛❡r❡♥t s❝❡♥❛r✐♦s ✐s ❛♥❛❧②s❡❞✳ ❖♥
t❤❡ ❡♠♣✐r✐❝❛❧ s✐❞❡✱ t❤❡ ♠♦❞❡❧ ❞r❛✇s ✉♣♦♥ t❤❡ ❛♣♣❧✐❡❞ ✇♦r❦ ❜② ❇✉r❣❡ss
❡t ❛❧✳ ✭✷✵✶✻✮❬✷❪✳ ❚❤❡ ❝❛s❡ ♦❢ ■t❛❧② ✐s ❝♦♥s✐❞❡r❡❞✱ ❜✉t t❤❡ ♠♦❞❡❧ ❝❛♥
❜❡ r❡♣❧✐❝❛t❡❞ ❢♦r ♦t❤❡r ❝♦✉♥tr✐❡s✳ ❊✉r♦st❛t ❛♥♥✉❛❧ ❞❛t❛ ✭❢r♦♠ ✶✾✾✺ t♦
✷✵✶✻✮ ❛r❡ ✉s❡❞ t♦ ❡st✐♠❛t❡ ♦r ❝❛❧✐❜r❛t❡ ♠♦st ♦❢ ♠♦❞❡❧ ♣❛r❛♠❡t❡r ✈❛❧✉❡s
✭❡✳❣✳ ❝♦♥s✉♠♣t✐♦♥ ❢✉♥❝t✐♦♥ ❛♥❞ ❤♦✉s✐♥❣ ✐♥✈❡st♠❡♥t ♣❛r❛♠❡t❡rs✮✳ ❘❡✲
♠❛✐♥✐♥❣ ♣❛r❛♠❡t❡rs ❛r❡ ❜♦rr♦✇❡❞ ❢r♦♠ t❤❡ ❛✈❛✐❧❛❜❧❡ ❧✐t❡r❛t✉r❡ ♦r t❛❦❡♥
❢r♦♠ ❛ r❛♥❣❡ ♦❢ r❡❛❧✐st✐❝ ✈❛❧✉❡s ✭❡✳❣✳ ✇❡✐❣❤t ♦♥ ♣❛st ❡rr♦rs ✐♥ ❛❣❡♥ts✬
❡①♣❡❝t❛t✐♦♥s✮✳ ❚❤❡ ♠♦❞❡❧ ✐s t❤❡♥ ✉s❡❞ t♦ ✐♠♣♦s❡ ❛♥❞ ❝♦♠♣❛r❡ ❛❧t❡r♥❛✲
t✐✈❡ s❝❡♥❛r✐♦s ❢♦r ■t❛❧✐❛♥ s❡❝t♦r❛❧ ✜♥❛♥❝✐❛❧ ❜❛❧❛♥❝❡s✱ ❜❛s❡❞ ♦♥ ❞✐✛❡r❡♥t
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∗❯♥✐✈❡rs✐t② ♦❢ ▲❡❡❞s✱ ❊❝♦♥♦♠✐❝s ❉✐✈✐s✐♦♥✱ ♠✳♣❛ss❛r❡❧❧❛❅❧❡❡❞s✳❛❝✳✉❦✳ ■ ❛♠ ❣r❛t❡❢✉❧ t♦
❙t❡❢❛♥♦ ▲✉❝❛r❡❧❧✐✱ ❆♥t♦✐♥❡ ●♦❞✐♥ ❛♥❞ ❆♥♥❛ ▼❛r✐❛ ❱❛r✐❛t♦ ❢♦r ✈❛❧✉❛❜❧❡ ❝♦♠♠❡♥ts ♦♥ ❡❛r❧✐❡r
✈❡rs✐♦♥s ♦❢ t❤✐s ✇♦r❦✳ ■ ❛❧s♦ ✇♦✉❧❞ ❧✐❦❡ t♦ t❤❛♥❦ ●❡♥♥❛r♦ ❩❡③③❛ ❛♥❞ t❤❡ t✇♦ ❛♥♦♥②♠♦✉s
r❡❢❡r❡❡s ✇❤♦ ❣r❡❛t❧② ❤❡❧♣❡❞ ♠❡ ✐♠♣r♦✈❡ t❤❡ ♠❛♥✉s❝r✐♣t✳ ❚❤❡ ✉s✉❛❧ ❝❛✈❡❛ts ❛♣♣❧②✳
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❚❤❡ ♠❛✐♥ ♣✉r♣♦s❡ ♦❢ t❤✐s ♣❛♣❡r ✐s ♣❡❞❛❣♦❣✐❝❛❧✳ ■t ✐s ❛✐♠❡❞ ❛t s❤♦✇✐♥❣ ❤♦✇ ❛
s✐♠♣❧❡ ✭♠❡❞✐✉♠✲s❝❛❧❡✮ ❡♠♣✐r✐❝❛❧ st♦❝❦✲✢♦✇ ❝♦♥s✐st❡♥t ♠❛❝r♦❡❝♦♥♦♠❡tr✐❝ ♠♦❞❡❧
❝❛♥ ❜❡ ❞❡✈❡❧♦♣❡❞ ❢r♦♠ s❝r❛t❝❤✳ ❊✉r♦st❛t ❞❛t❛ ❛♥❞ ❝♦♥✈❡♥t✐♦♥❛❧ st❛t✐st✐❝❛❧
♣❛❝❦❛❣❡s ✭♥♦t❛❜❧② ❊❱✐❡✇s✱ ❊①❝❡❧ ❛♥❞ ❘✮ ❛r❡ ✉s❡❞ t♦ ✐♠♣❧❡♠❡♥t ❛ t❤❡♦r②✲
❝♦♥str❛✐♥❡❞ ❜✉t ❞❛t❛✲❞r✐✈❡♥ ♠♦❞❡❧❧✐♥❣ ♠❡t❤♦❞✳ ❚❤❡ ❦❡② ❢❡❛t✉r❡s ♦❢ t❤❡ ♠♦❞❡❧
❛r❡ ❛s ❢♦❧❧♦✇s✳ ❋✐rst✱ t❤❡ ♠♦❞❡❧ ❜❡❧♦♥❣s t♦ t❤❡ ❝❧❛ss ♦❢ ❵st♦❝❦✲✢♦✇ ❝♦♥s✐st❡♥t✬
♠♦❞❡❧s ✭❙❋❈▼s ❤❡r❡❛❢t❡r✮✱ ❛s ✐t ✐s ✐♥s♣✐r❡❞ ❜② t❤❡ ♣✐♦♥❡❡r✐♥❣ t❤❡♦r❡t✐❝❛❧ ✇♦r❦
❜② ●♦❞❧❡② ❛♥❞ ▲❛✈♦✐❡ ✭✷✵✵✼✮❬✺❪✳✶ ❙❡❝♦♥❞✱ ✐t ✐s ❛♥ ❵❡♠♣✐r✐❝❛❧ ♠❛❝r♦❡❝♦♥♦♠❡tr✐❝✬
♠♦❞❡❧✱ ❛s ✐ts str✉❝t✉r❡ ✐s ❞❡✈❡❧♦♣❡❞ ❜✉✐❧❞✐♥❣ ✉♣♦♥ ♠❛❝r♦❡❝♦♥♦♠✐❝ ♣r✐♥❝✐♣❧❡s
❛♥❞ ❛✈❛✐❧❛❜❧❡ t✐♠❡ s❡r✐❡s ❢♦r ♠❛❝r♦ ✈❛r✐❛❜❧❡s✱ r❛t❤❡r t❤❛♥ ❵❈❧❛ss✐❝❛❧✬ ♠✐❝r♦❡✲
❝♦♥♦♠✐❝s✬ ✜rst ♣r✐♥❝✐♣❧❡s✳ ❆s s✉❝❤✱ t❤❡ ♠♦❞❡❧ ♣r❡s❡♥t❡❞ ❤❡r❡ s❤♦✇s ❛ ❝❧❡❛r
r❡s❡♠❜❧❛♥❝❡ ✇✐t❤ ❛ r❡❝❡♥t ✇♦r❦ r❡❧❡❛s❡❞ ❜② t❤❡ ❇❛♥❦ ♦❢ ❊♥❣❧❛♥❞ ✭❇✉r❣❡ss ❡t
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t❡❝❤♥✐q✉❡ ✐s ✉s❡❞ t♦ ❞❡r✐✈❡ t❤❡ s②st❡♠ ♦❢ ♠❛❝r♦❡❝♦♥♦♠✐❝ ❡q✉❛t✐♦♥s✳ ❋♦r ✐t
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❞❛② ❡✈❡♥✐♥❣✬s ❵✈✐❧❧❛❣❡ ❢❛✐r✬✳ ❆s ❛ r❡s✉❧t✱ t❤❡✐r s②st❡♠✲✇✐❞❡ ❞②♥❛♠✐❝s s❤♦✉❧❞
❜❡ ❛♥❛❧②s❡❞ ❡✐t❤❡r t❤r♦✉❣❤ ❛ ❤❡t❡r♦❣❡♥❡♦✉s ✐♥t❡r❛❝t✐♥❣ ❛❣❡♥ts ♠✐❝r♦✲❢♦✉♥❞❡❞
♠♦❞❡❧ ♦r t❤r♦✉❣❤ ❛ ♠❛❝r♦✲♠♦♥❡t❛r② ❛❝❝♦✉♥t✐♥❣ ❛♣♣r♦❛❝❤✳ ❚❤❡ s❡❝♦♥❞ ♠❡t❤♦❞
✐s ❝❤♦s❡♥ ❤❡r❡✳ ❆❝❝♦r❞✐♥❣❧②✱ s❡❝t♦r❛❧ tr❛♥s❛❝t✐♦♥s✲✢♦✇ ♠❛tr✐❝❡s ❛♥❞ ❜❛❧❛♥❝❡
s❤❡❡ts ♦❢ t❤❡ ❡❝♦♥♦♠② ❛r❡ ❡①♣❧✐❝✐t❧② ♠♦❞❡❧❧❡❞✳ ❚❤❡✐r ❡✈♦❧✉t✐♦♥ ♦✈❡r t✐♠❡ ✉♥❞❡r
❞✐✛❡r❡♥t s❝❡♥❛r✐♦s ✐s ❛♥❛❧②s❡❞✳ ❆✈❛✐❧❛❜❧❡ t✐♠❡ s❡r✐❡s ❢♦r ■t❛❧② ❛r❡ ✉s❡❞✱ ❜✉t t❤❡
♠♦❞❡❧ ❝❛♥ ❜❡ r❡♣❧✐❝❛t❡❞ ❢♦r ♦t❤❡r ❝♦✉♥tr✐❡s✳ ▼♦r❡ ♣r❡❝✐s❡❧②✱ ❊✉r♦st❛t ❛♥♥✉❛❧
❞❛t❛ ✭❢r♦♠ ✶✾✾✺ t♦ ✷✵✶✻✮ ❛r❡ ❡♠♣❧♦②❡❞ t♦ ❡st✐♠❛t❡ ♦r ❝❛❧✐❜r❛t❡ ♠♦st ♦❢ ♠♦❞❡❧
♣❛r❛♠❡t❡r ✈❛❧✉❡s ✭❡✳❣✳ ❝♦♥s✉♠♣t✐♦♥ ❢✉♥❝t✐♦♥ ❛♥❞ ❤♦✉s✐♥❣ ✐♥✈❡st♠❡♥t ♣❛r❛♠✲
❡t❡rs✮✳ ❘❡♠❛✐♥✐♥❣ ♣❛r❛♠❡t❡rs ❛r❡ ❜♦rr♦✇❡❞ ❢r♦♠ t❤❡ ❛✈❛✐❧❛❜❧❡ ❧✐t❡r❛t✉r❡ ♦r
t❛❦❡♥ ❢r♦♠ ❛ r❛♥❣❡ ♦❢ r❡❛❧✐st✐❝ ✈❛❧✉❡s ✭❡✳❣✳ ✇❡✐❣❤t ♦♥ ♣❛st ❡rr♦rs ✐♥ ❛❣❡♥ts✬
❡①♣❡❝t❛t✐♦♥s✮✳ ❚❤❡ ♠♦❞❡❧ ✐s t❤❡♥ r✉♥ t♦ ✐♠♣♦s❡ ❛♥❞ ❝♦♠♣❛r❡ ❛❧t❡r♥❛t✐✈❡ s❝❡✲
♥❛r✐♦s ❢♦r ■t❛❧②✬s s❡❝t♦r❛❧ ✜♥❛♥❝✐❛❧ ❜❛❧❛♥❝❡s✱ ❜❛s❡❞ ♦♥ ❞✐✛❡r❡♥t ❣♦✈❡r♥♠❡♥t
s♣❡♥❞✐♥❣ ♣❛tt❡r♥s✳

❚♦ s✉♠ ✉♣✱ t❤❡ ❛✐♠ ♦❢ t❤❡ ♣❛♣❡r ✐s t♦ s❤♦✇ ❤♦✇ t♦ ❞❡✈❡❧♦♣ ❛ str✉❝t✉r❛❧
♠❛❝r♦❡❝♦♥♦♠❡tr✐❝ ♠♦❞❡❧ t❤❛t ❡♥❛❜❧❡s t♦ ❛❝❝♦✉♥t ❝♦♥s✐st❡♥t❧② ❢♦r t❤❡ ❡✈♦❧✉t✐♦♥
♦❢ ✜♥❛♥❝✐❛❧ st♦❝❦s ❛♥❞ ✢♦✇s ❛❝r♦ss s❡❝t♦rs ✭❤♦✉s❡❤♦❧❞s✱ ♥♦♥✲✜♥❛♥❝✐❛❧ ❝♦r♣♦r❛✲
t✐♦♥s✱ ❣♦✈❡r♥♠❡♥t✱ ✜♥❛♥❝✐❛❧ ✐♥st✐t✉t✐♦♥s✱ ❛♥❞ ❢♦r❡✐❣♥ s❡❝t♦r✮✳ ❋♦r t❤✐s ♣✉r♣♦s❡✱
t❤❡ r❡st ♦❢ t❤❡ ✇♦r❦ ✐s ♦r❣❛♥✐s❡❞ ❛s ❢♦❧❧♦✇s✳ ❙❡❝t✐♦♥ ✷ ♣r♦✈✐❞❡s ❛ ❞❡t❛✐❧❡❞
❞❡s❝r✐♣t✐♦♥ ♦❢ t❤❡ ♠❡t❤♦❞ ✉s❡❞ t♦ r❡✲❝❧❛ss✐❢② ❛♥❞ ❛❣❣r❡❣❛t❡ ❊✉r♦st❛t ❞❛t❛✱
❛♥❞ ❝r❡❛t❡ s❡❝t♦r❛❧ ❜❛❧❛♥❝❡✲s❤❡❡ts ❛♥❞ t❤❡ tr❛♥s❛❝t✐♦♥s✲✢♦✇ ♠❛tr✐①✳ ❙❡❝t✐♦♥ ✸
♣r❡s❡♥ts t❤❡ t❤❡♦r❡t✐❝❛❧ ♠♦❞❡❧✱ ❡q✉❛t✐♦♥ ❜② ❡q✉❛t✐♦♥✱ ❤✐❣❤❧✐❣❤t✐♥❣ ❛❞✈❛♥t❛❣❡s
❛♥❞ ♣♦ss✐❜❧❡ ❝♦♥tr♦✈❡rs✐❡s✳ ❍♦✇ t♦ ❡st✐♠❛t❡ ♠♦❞❡❧ ♣❛r❛♠❡t❡rs ❛♥❞ ❤♦✇ t♦

✶ ❙❡❡ ◆✐❦✐❢♦r♦s ❛♥❞ ❩❡③③❛ ✭✷✵✶✼✮❬✽❪ ❢♦r ❛ r❡❝❡♥t s✉r✈❡② ♦♥ st♦❝❦✲✢♦✇ ❝♦♥s✐st❡♥t ❛♣♣r♦❛❝❤
❧✐t❡r❛t✉r❡✳

✸



❢♦r❡❝❛st r❡❧❡✈❛♥t t✐♠❡ s❡r✐❡s ❛r❡ ❜r✐❡✢② ❞✐s❝✉ss❡❞✳ ❆ ❢❡✇ t✐♣s ❛❜♦✉t s♦❢t✇❛r❡
t❡❝❤♥✐❝❛❧✐t✐❡s ❛r❡ ❛❧s♦ ❣✐✈❡♥✳ ❙❡❝t✐♦♥ ✹ ♣r❡s❡♥ts s♦♠❡ s✐♠♣❧❡ ❞②♥❛♠✐❝ ❝♦♠♣❛r✲
❛t✐✈❡ ❡①❡r❝✐s❡s✳ ▼♦r❡ ♣r❡❝✐s❡❧②✱ ❞✐✛❡r❡♥t ❤②♣♦t❤❡t✐❝❛❧ ✭❢✉t✉r❡✮ s❝❡♥❛r✐♦s ❛r❡
✐♠♣♦s❡❞ ❛♥❞ ❝♦♠♣❛r❡❞ t♦ t❡st t❤❡ r❡❛❝t✐♦♥ ♦❢ ❦❡② ❡♥❞♦❣❡♥♦✉s ♠❛❝r♦❡❝♦♥♦♠✐❝
✈❛r✐❛❜❧❡s ❢♦❧❧♦✇✐♥❣ s❤♦❝❦s t♦ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣✳ ❙♦♠❡ ❢✉rt❤❡r r❡♠❛r❦s ♦♥
♣r♦s✱ ❝♦♥s ❛♥❞ ♣♦ss✐❜❧❡ ❢✉t✉r❡ ❞❡✈❡❧♦♣♠❡♥ts ♦❢ t❤❡ ♠♦❞❡❧ ❛r❡ ♠❛❞❡ ❛t t❤❡ ❡♥❞
♦❢ ❙❡❝t✐♦♥ ✹ ❛♥❞ t❤❡♥ ✐♥ ❙❡❝t✐♦♥ ✺✳

✷ ❘❡❝❧❛ss✐✜❝❛t✐♦♥ ♦❢ ❊✉r♦st❛t ❡♥tr✐❡s

❚❤❡ r❡s❡❛r❝❤ q✉❡st✐♦♥ t❤✐s ♣❛♣❡r ❛✐♠s ❛t ❛❞❞r❡ss✐♥❣ ✐s ♥♦t ❵t❤❡♦r❡t✐❝❛❧✬✱ ❜✉t ❛
q✉✐t❡ ♣r❛❝t✐❝❛❧ ♦♥❡✳ ❙✐♥❝❡ t❤❡ ♣✉❜❧✐❝❛t✐♦♥ ♦❢ ▼♦♥❡t❛r② ❊❝♦♥♦♠✐❝s ❜② ❲②♥♥❡
●♦❞❧❡② ❛♥❞ ▼❛r❝ ▲❛✈♦✐❡ ✐♥ ✷✵✵✼✱ ❛ ❣r♦✇✐♥❣ ❛r♠② ♦❢ ❡❛r❧②✲❝❛r❡❡r r❡s❡❛r❝❤❡rs✱
❵❞✐ss❡♥t✐♥❣✬ ❡❝♦♥♦♠✐sts ❛♥❞ ♣r❛❝t✐t✐♦♥❡rs ❤❛✈❡ ❜❡❡♥ ✉s✐♥❣ ❙❋❈▼s t♦ ♣❡r❢♦r♠
❛ ✈❛r✐❡t② ♦❢ ❞②♥❛♠✐❝ s✐♠✉❧❛t✐♦♥ ❡①❡r❝✐s❡s✳ ❚❤❡ ✇✐❞❡s♣r❡❛❞ ❛✈❛✐❧❛❜✐❧✐t② ♦❢ st❛✲
t✐st✐❝❛❧ s♦❢t✇❛r❡✱ ❛❧♦♥❣ ✇✐t❤ t❤❡ ❤✐❣❤ ✢❡①✐❜✐❧✐t② ♦❢ ❙❋❈▼s✱ ❤❛✈❡ ❝♦♥tr✐❜✉t❡❞
t♦ t❤❡✐r ✐♥❝r❡❛s✐♥❣ ♣♦♣✉❧❛r✐t② ❛♠♦♥❣ P❤❉ st✉❞❡♥ts ❛s ✇❡❧❧✳ ❙❋❈▼s ❤❛✈❡ ❜❡❡♥
❝r♦ss✲❜r❡❞ ✇✐t❤ ✐♥♣✉t✲♦✉t♣✉t ❛♥❞ ❛❣❡♥t✲❜❛s❡❞ ♠♦❞❡❧❧✐♥❣ ❛♣♣r♦❛❝❤❡s✱ ❣✐✈✐♥❣
r✐s❡ t♦ s✉♣❡r✲♠♦❞❡❧s ✇❤♦s❡ ♣♦t❡♥t✐❛❧ ✐s ②❡t t♦ ❜❡ ❢✉❧❧② ❞✐s❝♦✈❡r❡❞✳ ❲❤✐❧❡ q✉❛❧✐✲
t❛t✐✈❡ ✜♥❞✐♥❣s ❢r♦♠ ❙❋❈▼s ❛r❡ ✉s✉❛❧❧② ♦❜t❛✐♥❡❞ t❤r♦✉❣❤ ♥✉♠❡r✐❝❛❧ s✐♠✉❧❛t✐♦♥
t❡❝❤♥✐q✉❡s✱ ♦♥❧② ❛ ❢❡✇ ❡♠♣✐r✐❝❛❧❧②✲❝❛❧✐❜r❛t❡❞ ❙❋❈▼s ❤❛✈❡ ❜❡❡♥ ❞❡✈❡❧♦♣❡❞ s♦
❢❛r✳✷ ❚❤❡ r❡❛s♦♥ ✐s ❧✐❦❡❧② t♦ ❜❡ t❤❡ ❛❜s❡♥❝❡ ♦❢ ❛ ✇❡❧❧✲❡st❛❜❧✐s❤❡❞ ♠❡t❤♦❞ t♦
♠❛t❝❤ t❤❡ st❛♥❞❛r❞ t❤❡♦r❡t✐❝❛❧ ❢r❛♠❡✇♦r❦ ✉s❡❞ ❜② ❙❋❈ ♠♦❞❡❧❧❡rs ✇✐t❤ t❤❡
❙②st❡♠ ♦❢ ◆❛t✐♦♥❛❧ ❆❝❝♦✉♥ts ✭❙◆❆✮✳✸ ❆ttr✐❜✉t✐♥❣ ✈❛❧✉❡s t♦ ♠♦❞❡❧ ♣❛r❛♠❡✲
t❡rs ❛♥❞ ❡①♦❣❡♥♦✉s ✈❛r✐❛❜❧❡s ✐s ❛❧s♦ ♥♦t tr✐✈✐❛❧✳ ❚❤❡ ❛✐♠ ♦❢ t❤✐s ♣❛♣❡r ✐s t♦
❤❡❧♣ ❜r✐❞❣❡ t❤✐s ❣❛♣✳ ❋♦r t❤✐s ♣✉r♣♦s❡✱ t❤❡ ♠♦❞❡❧ ❞✐s❝✉ss❡❞ ❤❡r❡ ✐s ❜✉✐❧t ✉♣♦♥
❊✉r♦st❛t ❞❛t❛✳ ❚❤❡r❡ ❛r❡ t❤r❡❡ r❡❛s♦♥s ❢♦r t❤❛t✳ ❋✐rst✱ ❊✉r♦st❛t s❡r✐❡s ❛r❡
❢r❡❡❧② ❛❝❝❡ss✐❜❧❡ ♦♥✲❧✐♥❡ ❛♥❞ ❝❛♥ ❜❡ ❞♦✇♥❧♦❛❞❡❞ t❤r♦✉❣❤ ❛ s♣❡❝✐✜❝ ❘ ♣❛❝❦❛❣❡
♥❛♠❡❞ ♣❞❢❡t❝❤✳ ❙❡❝♦♥❞✱ ❊✉r♦st❛t ❞❛t❛s❡t ✐s ✉♥✐❢♦r♠ ❛❝r♦ss ❝♦✉♥tr✐❡s✱ ❛❧❧♦✇✐♥❣
❢♦r ❝❧❡❛r ❛♥❞ ❝♦♥s✐st❡♥t ❝r♦ss✲❝♦✉♥tr② ❝♦♠♣❛r✐s♦♥s✳ ❚❤✐r❞✱ ❛ ✉s❡❢✉❧ r❡❝❧❛ss✐✜✲
❝❛t✐♦♥ ♦❢ ❊✉r♦st❛t ❡♥tr✐❡s ❤❛s ❜❡❡♥ ♣r♦♣♦s❡❞ ❜② ●♦❞✐♥ ✭✷✵✶✻✮❬✹❪✳ ❚❤✐s ✇♦r❦s
❞r❛✇s str♦♥❣❧② ♦♥ t❤❛t r❡❝❧❛ss✐✜❝❛t✐♦♥✳

❆s ♠❡♥t✐♦♥❡❞✱ t❤❡ ✜rst st❡♣ t♦ ❜❡ t❛❦❡♥ ✐s t♦ ♠❛t❝❤ t❤❡ tr❛♥s❛❝t✐♦♥✲✢♦✇
♠❛tr✐① ✭❚❋▼ ❤❡r❡❛❢t❡r✮ t♦ t❤❡ ❝❤♦s❡♥ ❝♦✉♥tr②✬s ♥❛t✐♦♥❛❧ ❛❝❝♦✉♥t✐♥❣ ♣r♦✈✐❞❡❞
❜② ❊✉r♦st❛t✳ ❚❤❡ ❢✉❧❧ ❚❋▼ ❢♦r ■t❛❧② ✭❛t ❝✉rr❡♥t ♣r✐❝❡s✮ ✐s s❤♦✇♥ ✐♥ ❋✐❣✉r❡
✶✱ ✇❤✐❝❤ ❞✐s♣❧❛②s t❤❡ ❊①❝❡❧ s❤❡❡t ✉s❡❞ t♦ t❛❦❡ ❛ s♥❛♣s❤♦t ♦❢ ♣❛②♠❡♥ts ❛♥❞
♦t❤❡r tr❛♥s❛❝t✐♦♥s ❛❝r♦ss s❡❝t♦rs ✐♥ ✷✵✶✺✳ ❚❤❡ r❡❧❛t❡❞ ❜❛❧❛♥❝❡ s❤❡❡t ✭❇❙✮ ✐s
❞✐s♣❧❛②❡❞ ✐♥ ❋✐❣✉r❡ ✹✳ ❋♦❝✉s✐♥❣ ♦♥ ❋✐❣✉r❡ ✶✱ ♦♥❡ ❢❡❛t✉r❡ ❛♥❞ t❤r❡❡ ♣♦ss✐❜❧❡
✐ss✉❡s ❛r❡ ❛♣♣❛r❡♥t✳ ❋✐rst✱ ✜✈❡ ♠❛❝r♦✲s❡❝t♦rs ❛r❡ ❝♦♥s✐❞❡r❡❞✿ ❛✮ t❤❡ ❤♦✉s❡❤♦❧❞
s❡❝t♦r✱ ♠❛r❦❡❞ ❜② t❤❡ s✉❜s❝r✐♣t ❍ ✐♥ t❤❡ ♠♦❞❡❧✱ ✐♥❝❧✉❞✐♥❣ ❜♦t❤ ❤♦✉s❡❤♦❧❞s
✭♥❛♠❡❞ ❙✶✹ ✐♥ ❊✉r♦st❛t ❝❧❛ss✐✜❝❛t✐♦♥✮ ❛♥❞ ♥♦♥✲♣r♦✜t ✜r♠s s❡r✈✐♥❣ ❤♦✉s❡❤♦❧❞s

✷ ❚❤❡ r❡❛❞❡r ✐s r❡❢❡rr❡❞ ❛❣❛✐♥ t♦ t❤❡ ❝♦♠♣❧❡t❡ s✉r✈❡② ❜② ◆✐❦✐❢♦r♦s ❛♥❞ ❩❡③③❛ ✭✷✵✶✼✮❬✽❪✳
✸ ❚❤❡ ❙◆❆ ✐s t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧❧② ❛❣r❡❡❞ s❡t ♦❢ r❡❝♦♠♠❡♥❞❛t✐♦♥s t♦ ❜❡ ❛❞♦♣t❡❞ ❜② ♥❛t✐♦♥❛❧

❛❝❝♦✉♥t✐♥❣ ♦✣❝❡s✳ ❚❤❡ ❙◆❆ s✉❣❣❡sts t❤❡ ♠❡t❤♦❞s t♦ ❜✉✐❧❞ ❝♦♥s✐st❡♥t tr❛♥s❛❝t✐♦♥s✲✢♦✇
♠❛tr✐❝❡s✱ ✢♦✇ ♦❢ ❢✉♥❞s✱ ❛♥❞ ❜❛❧❛♥❝❡ s❤❡❡ts ❢♦r r❡❛❧ ❡❝♦♥♦♠✐❡s✳ ❋♦r ❞❡t❛✐❧❡❞ ✐♥❢♦r♠❛t✐♦♥✱ s❡❡
❤tt♣s✿✴✴✉♥st❛ts✳✉♥✳♦r❣✴✉♥s❞✴♥❛t✐♦♥❛❧❛❝❝♦✉♥t✴s♥❛✳❛s♣✳

✹



✭❙✶✺✮❀ ❜✮ t❤❡ ✜r♠s✬ s❡❝t♦r✱ ♠❛r❦❡❞ ❜② t❤❡ s✉❜s❝r✐♣t ❋ ✐♥ t❤❡ ♠♦❞❡❧✱ ✐♥❝❧✉❞✐♥❣
❛❧❧ ♥♦♥✲✜♥❛♥❝✐❛❧ ❝♦r♣♦r❛t✐♦♥s ✭❙✶✶✮❀ ❝✮ t❤❡ ❣♦✈❡r♥♠❡♥t s❡❝t♦r✱ ♠❛r❦❡❞ ❜② t❤❡
s✉❜s❝r✐♣t ● ✐♥ t❤❡ ♠♦❞❡❧✱ ✐♥❝❧✉❞✐♥❣ ❜♦t❤ ❝❡♥tr❛❧ ❛♥❞ ❧♦❝❛❧ ❣♦✈❡r♥♠❡♥ts ✭❙✶✸✮❀
❞✮ t❤❡ ✜♥❛♥❝✐❛❧ s❡❝t♦r✱ ♠❛r❦❡❞ ❜② t❤❡ s✉❜s❝r✐♣t ❇ ✐♥ t❤❡ ♠♦❞❡❧✱ ✐♥❝❧✉❞✐♥❣ ❜♦t❤
❝♦♠♠❡r❝✐❛❧ ❜❛♥❦s ❛♥❞ ♦t❤❡r ✜♥❛♥❝✐❛❧ ✐♥st✐t✉t✐♦♥s ✭❙✶✷✮❀ ❡✮ t❤❡ ❢♦r❡✐❣♥ s❡❝t♦r✱
♠❛r❦❡❞ ❜② t❤❡ s✉❜s❝r✐♣t ❘♦❲ ✐♥ t❤❡ ♠♦❞❡❧✱ ✐♥❝❧✉❞✐♥❣ r❡st ♦❢ t❤❡ ✇♦r❧❞✬s
st♦❝❦s ❛♥❞ ✢♦✇s ✭❙✷✱ ❛s ♦♣♣♦s❡❞ t♦ t♦t❛❧ ❞♦♠❡st✐❝ ❡❝♦♥♦♠②✱ ❙✶✮✳ ❙❡❝♦♥❞✱
t❤❡ ❝❡♥tr❛❧ ❜❛♥❦ ✐s ✐♠♣❧✐❝✐t❧② ❝♦♥s♦❧✐❞❛t❡❞ ✇✐t❤ t❤❡ r❡st ♦❢ t❤❡ ❜❛♥❦✐♥❣ ❛♥❞
✜♥❛♥❝✐❛❧ s❡❝t♦r✳ ❚❤✐s s✐♠♣❧✐✜❝❛t✐♦♥ s❤♦✉❧❞ ❜❡ ❛❞❞r❡ss❡❞ ✐♥ ❛ ♠♦r❡ ❛❞✈❛♥❝❡❞
❙❋❈ ♠♦❞❡❧ ❢♦r ■t❛❧② ♦r ♦t❤❡r ❊✉r♦ ❆r❡❛✬s ♠❡♠❜❡r✲st❛t❡s✳ ❚❤❡ ♣♦✐♥t ✐s t❤❛t
t❤❡ ❇❛♥❦ ♦❢ ■t❛❧② ❞♦❡s ♥♦t ♦♣❡r❛t❡ ❧✐❦❡ ❛ ❵♥♦r♠❛❧✬ ❝❡♥tr❛❧ ❜❛♥❦ ✐ss✉✐♥❣ ✐ts
♦✇♥ ❝✉rr❡♥❝②✳ ❖♥ t❤❡ ❝♦♥tr❛r②✱ t❤✐s ✐s ❛ s♣❡❝✐❛❧ ♣r✐✈✐❧❡❣❡ ♦❢ t❤❡ ❊✉r♦♣❡❛♥
❈❡♥tr❛❧ ❇❛♥❦ ✭❊❈❇✮✳ ❚❤✐r❞✱ ❧✐♥❡s ✻ t♦ ✾ ✭❛♥❞ ✶ t♦ ✺✮ ♦❢ t❤❡ ❢✉❧❧ ❚❋▼ ❞♦ ♥♦t
s✉♠ ✉♣ t♦ ③❡r♦✳ ❚❤❡ ❢❛❝t ✐s t❤❛t t❤❡r❡ ✐s ♥♦ ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t ❵✇❤♦ ♣❛②s
✇❤♦♠✬✱ t❤❛t ✐s✱ ❛❜♦✉t ❝r♦ss✲s❡❝t♦r tr❛♥s❛❝t✐♦♥s✱ ✐♥ t❤❡ ❊✉r♦st❛t ❜❛s✐❝ ❞❛t❛s❡t✳
❈♦♥s❡q✉❡♥t❧②✱ ❛♥ ❛ss✉♠♣t✐♦♥ ♠✉st ❜❡ ♠❛❞❡ ❛❜♦✉t t❤❡ ✇❛② ♦✉t♣✉t ✐s ♣r♦❞✉❝❡❞
❛♥❞ ❞✐str✐❜✉t❡❞✳ ❋♦✉rt❤✱ ❚❋▼✬s ❡♥tr✐❡s ❛r❡ ♥✉♠❡r♦✉s ❛♥❞ ❵❞❡♥s❡✬✳ ❚❤✐s ♠❛❦❡s
t❤❡ t❛s❦ ♦❢ ✐❞❡♥t✐❢②✐♥❣ ♠♦❞❡❧✬s ✐❞❡♥t✐t✐❡s ❢r♦♠ ❝♦❧✉♠♥s ❛♥❞ ♠✉❧t✐♣❧❡✲❡♥tr② r♦✇s
q✉✐t❡ ❝♦♠♣❧✐❝❛t❡❞✳✹ ❚❤❡s❡ ❡♥tr✐❡s s❤♦✉❧❞ ❜❡ r❡❞✉❝❡❞ t♦ ❛✈♦✐❞ ❞❡❛❧✐♥❣ ✇✐t❤ ❛♥
❡①❝❡ss✐✈❡ ♥✉♠❜❡r ♦❢ ✈❛r✐❛❜❧❡s ❛♥❞ ❡q✉❛t✐♦♥s ✇❤❡♥ ❞❡✈❡❧♦♣✐♥❣ t❤❡ ♠♦❞❡❧✳

❚♦ ❛❞❞r❡ss t❤❡ ❧❛st t✇♦ ✐ss✉❡s✱ t❤❡ ❢✉❧❧ ❚❋▼ ❝❛♥ ❜❡ ♥❛rr♦✇❡❞ ❞♦✇♥ ✐♥ t✇♦
st❡♣s✳ ❋✐rst✱ ✐t ❝❛♥ ❜❡ ❛ss✉♠❡❞ t❤❛t ❡✈❡r②t❤✐♥❣ ✐s ♣r♦❞✉❝❡❞ ❜② ♥♦♥✲✜♥❛♥❝✐❛❧
❝♦r♣♦r❛t✐♦♥s ✉♣♦♥ r❡q✉❡st ♦❢ ♦t❤❡r s❡❝t♦rs✳ ❙tr♦♥❣ t❤♦✉❣❤ ✐t ♠❛② s❡❡♠✱ t❤✐s
❛ss✉♠♣t✐♦♥ ❛❧❧♦✇s ♠❡❡t✐♥❣ t❤❡ st♦❝❦✲✢♦✇ ❝♦♥s✐st❡♥❝② ❝♦♥❞✐t✐♦♥s ❢♦r ♣r♦❞✉❝✲
t✐♦♥ ❡♥tr✐❡s ✐♥ ❛ s✐♠♣❧❡ ✇❛②✱ s♦ t❤❛t ❡❛❝❤ r♦✇ t♦t❛❧ ❛♠♦✉♥ts t♦ ③❡r♦✳ ❋✐❣✉r❡
✷ s❤♦✇s t❤❡ r❡❞✉❝❡❞ ❚❋▼✱ ✇❤❡r❡ s♦♠❡ r♦✇s ❤❛✈❡ ❜❡❡♥ ❝♦♥s♦❧✐❞❛t❡❞✳ ❙❡❝♦♥❞✱
t❤❡ ❚❋▼ ❝❛♥ ❜❡ ❢✉rt❤❡r s✐♠♣❧✐✜❡❞ ❜② ♠❡r❣✐♥❣ t♦❣❡t❤❡r s♦♠❡ ❡♥tr✐❡s ✭r♦✇s✮✳
■♥ t❤✐s ♣❛♣❡r ✐t ✇❛s ❝❤♦s❡♥ t♦ ♠❡r❣❡ ❛❧❧ t❛① ❡♥tr✐❡s ✭❡①❝❡♣t ❢♦r t❤❡ s✉❜s✐❞✐❡s
♦♥ ♣r♦❞✉❝ts✱ ✇❤✐❝❤ ♠✉st ❜❡ ❦❡♣t s❡♣❛r❛t❡❞ t♦ ❝❛❧❝✉❧❛t❡ ❡❛❝❤ s❡❝t♦r✬s ❛♥❞ t♦✲
t❛❧ ●❉Ps✮✱ ❛❧❧ tr❛♥s❢❡rs ✭✐♥❝❧✉❞✐♥❣ s✉❜s✐❞✐❡s✱ ❜❡♥❡✜ts ❛♥❞ ♦t❤❡r tr❛♥s❢❡rs ❢r♦♠
t❤❡ ❣♦✈❡r♥♠❡♥t s❡❝t♦r✮✱ ❛♥❞ ♦t❤❡r ❤❡t❡r♦❣❡♥❡♦✉s ❡♥tr✐❡s ✭❧❛❜❡❧❧❡❞ ❵❝❤❛♥❣❡ ✐♥
❢✉♥❞s✬✮✳ ❋✐❣✉r❡ ✸ ❞✐s♣❧❛②s t❤❡ s✉♣❡r✲s✐♠♣❧✐✜❡❞ ❚❋▼ t❤❛t ♣r♦✈✐❞❡s t❤❡ ❛❝❝♦✉♥t✲
✐♥❣ str✉❝t✉r❡ t❤❡ t❤❡♦r❡t✐❝❛❧ ♠♦❞❡❧ ♣r❡s❡♥t❡❞ ✐♥ ❙❡❝t✐♦♥ ✸ ✐s ❜✉✐❧t ✉♣♦♥✳ ◆♦t✐❝❡
t❤❛t✱ ✉♥❧✐❦❡ t❤❡ ❚❋▼✱ t❤❡ ❇❙ ❞♦❡s ♥♦t ♥❡❡❞ ❛ ❞❡❡♣ r❡❝❧❛ss✐✜❝❛t✐♦♥✳ ❋♦r t❤❡
s❛❦❡ ♦❢ s✐♠♣❧✐❝✐t②✱ ✐♥s✉r❛♥❝❡ t❡❝❤♥✐❝❛❧ r❡s❡r✈❡s✱ ❞❡r✐✈❛t✐✈❡s ❛♥❞ ♦t❤❡r ❛❝❝♦✉♥ts
✇❡r❡ ❣r♦✉♣❡❞ t♦❣❡t❤❡r ❛♥❞ ♥❛♠❡❞ ❵♦t❤❡r ✜♥❛♥❝✐❛❧ ❛ss❡ts✬ ✐♥ t❤❡ ♠♦❞❡❧✳ ❈✉r✲
r❡♥❝② ❛♥❞ ❞❡♣♦s✐ts ✇❡r❡ ❛❧s♦ ♠❡r❣❡❞✱ s♦ t❤❛t t❤❡ ❛♠❡♥❞❡❞ ♦r r❡❝❧❛ss✐✜❡❞ ❇❙ ✐s
♠❛❞❡ ✉♣ ♦❢ ❢♦✉r t②♣❡s ♦❢ ❛ss❡ts ✫ ❧✐❛❜✐❧✐t✐❡s✿ ♣r♦❞✉❝❡❞ ♥♦♥✲✜♥❛♥❝✐❛❧ ❛ss❡ts ✭✐♥✲
❝❧✉❞✐♥❣ ❞✇❡❧❧✐♥❣s✮✱ ❝✉rr❡♥❝② ❛♥❞ ❞❡♣♦s✐ts✱ s❡❝✉r✐t✐❡s✱ ❧♦❛♥s✱ s❤❛r❡s✱ ❛♥❞ ♦t❤❡r
✜♥❛♥❝✐❛❧ ❛ss❡ts ✭s❡❡ ❋✐❣✉r❡ ✹✮✳

✹ ❙❡❡ ❉❛❢❡r♠♦s ❛♥❞ ◆✐❦♦❧❛✐❞✐ ✭✷✵✶✼✮❬✸❪ ❢♦r ❛ s❤♦rt ❜✉t ❝❧❡❛r ❞❡s❝r✐♣t✐♦♥ ♦❢ t❤❡ st❡♣s ✐♥
❞❡✈❡❧♦♣✐♥❣ ❛ ❙❋❈▼✳

✺



✸ ❉❡✈❡❧♦♣✐♥❣ t❤❡ ♠♦❞❡❧

✸✳✶ ❚❤❡ s②st❡♠ ♦❢ ❞✐✛❡r❡♥❝❡ ❡q✉❛t✐♦♥s

✸✳✶✳✶ ❑❡② ❢❡❛t✉r❡s ❛♥❞ ❛ss✉♠♣t✐♦♥s

❚❤❡ ♦♥❡ ♣r♦♣♦s❡❞ ❤❡r❡ ✐s ❛ ❞✐s❝r❡t❡✲t✐♠❡✱ ♠❡❞✐✉♠✲s❝❛❧❡✱ ❞②♥❛♠✐❝ ♠❛❝r♦❡✲
❝♦♥♦♠❡tr✐❝ ♠♦❞❡❧✱ ❜❛s❡❞ ♦♥ ❜♦t❤ t❤❡♦r❡t✐❝❛❧ ♣r✐♥❝✐♣❧❡s ❛♥❞ ❞❛t❛ ❛✈❛✐❧❛❜✐❧✐t②✳
■t ✇✐❧❧ ❜❡ r❡❢❡rr❡❞ ❛s ❊❙❙❋❈ ✭❊✉r♦❙t❛t✲❜❛s❡❞ ❙t♦❝❦✲❋❧♦✇ ❈♦♥s✐st❡♥t ♠♦❞❡❧✮
❤❡r❡❛❢t❡r✳ ❚❤❡ ♣♦s✐t✐♦♥ ♦❝❝✉♣✐❡❞ ❜② ❊❊❙❋❈ ❛❧♦♥❣ t❤❡ P❛❣❛♥ ✭✷✵✵✸✮❬✾❪ ❢r♦♥t✐❡r
♦❢ ♠♦❞❡❧s ✐s ❞✐s♣❧❛②❡❞ ✐♥ ❋✐❣✉r❡ ✺✳ ■t s❤♦✇s t❤❡ tr❛❞❡✲♦✛ ❜❡t✇❡❡♥ t❤❡♦r❡t✐❝❛❧
❛♥❞ ❡♠♣✐r✐❝❛❧ ❝♦❤❡r❡♥❝❡ t❤❛t ♠❛❝r♦ ♠♦❞❡❧❧❡rs ✉s✉❛❧❧② ❢❛❝❡✳ ❆t t❤❡ t✇♦ ❡♥❞s
♦❢ t❤❡ ❝✉r✈❡ ❛r❡ t❤❡ ♠♦❞❡❧s t❤❛t ❤❛✈❡ ♥❡✈❡r ❜❡❡♥ ❝❛❧✐❜r❛t❡❞ ♦r ❡st✐♠❛t❡❞ ✉s✐♥❣
❤✐st♦r✐❝❛❧ ❞❛t❛ ✭♣✉r❡❧② t❤❡♦r❡t✐❝❛❧ ♠♦❞❡❧s✮ ❛♥❞ t❤♦s❡ t❤❛t ❤❛✈❡ ♣❡r❢❡❝t ✜t ❜✉t
❤❛✈❡ ❤❛r❞❧② ❛♥② t❤❡♦r❡t✐❝❛❧ str✉❝t✉r❡ ✭♣✉r❡❧② ❡♠♣✐r✐❝❛❧ ♠♦❞❡❧s✮✱ r❡s♣❡❝t✐✈❡❧②✳
◗✉❛❞r❛♥t ✭❛✮ s❤♦✇s t❤❛t ❝♦♥✈❡♥t✐♦♥❛❧ ♠♦❞❡❧s ❝❛♥ ❜❡ ❝❧❛ss✐✜❡❞ ✐♥ ❈❧❛ss✐❝❛❧
❉❙●❊✱ ❑❡②♥❡s✐❛♥ ❉❙●❊✱ str✉❝t✉r❛❧ ♠❛❝r♦❡❝♦♥♦♠❡tr✐❝✱ str✉❝t✉r❛❧ ❱❆❘✱ ❛♥❞
❱❆❘ ♠♦❞❡❧s✱ ♠♦✈✐♥❣ ❢r♦♠ t❤❡ ♠♦st ❵t❤❡♦r❡t✐❝❛❧✬ t♦ t❤❡ ♠♦st ❵❡♠♣✐r✐❝❛❧✬ ♦♥❡✳
❙✐♠✐❧❛r❧②✱ ▼✐♥s❦②✲●♦♦❞✇✐♥ ♥♦♥✲❧✐♥❡❛r ♠♦❞❡❧s ❝❛♥ ❜❡ r❡❣❛r❞❡❞ ❛s t❤❡ ♠♦st t❤❡✲
♦r❡t✐❝❛❧ ♦♣t✐♦♥ ❢♦r ❤❡t❡r♦❞♦① ♠❛❝r♦❡❝♦♥♦♠✐sts ✲ s❡❡ q✉❛❞r❛♥t ✭❜✮✳ ◆✉♠❡r✐❝❛❧
❙❋❈✱ ❛❣❡♥t✲❜❛s❡❞ ✭❆❇✮ ❛♥❞ s✉♣❡r✲♠✉❧t✐♣❧✐❡r ✭❙▼✮ ♠♦❞❡❧s ❤❛✈❡ ❛❧s♦ ❛ str♦♥❣
t❤❡♦r❡t✐❝❛❧ str✉❝t✉r❡✱ ❜✉t t❤❡② ❝❛♥ ❜❡ ❜❡♥t t♦ ❡♠♣✐r✐❝❛❧ ♣✉r♣♦s❡s✳ ❋✐♥❛❧❧②✱
✐♥♣✉t✲♦✉t♣✉t ✭■✲❖✮ ❛♥❞ ♣♦❧✐❝②✲♦r✐❡♥t❡❞ ❙❋❈ ♠♦❞❡❧s✱ ❧✐❦❡ t❤❡ ♦♥❡ ❞❡✈❡❧♦♣❡❞ ❜②
r❡s❡❛r❝❤❡rs ❛t ▲❡✈② ■♥st✐t✉t❡✱ ❛r❡ ✉s✉❛❧❧② ♣r❡❢❡rr❡❞ t♦ ❜♦t❤ str✉❝t✉r❛❧ ❛♥❞ ♥♦♥✲
str✉❝t✉r❛❧ ❱❆❘ ♠♦❞❡❧s ❛t ❛ ❤✐❣❤❡r ❧❡✈❡❧ ♦❢ ❡♠♣✐r✐❝❛❧ ❞❡t❛✐❧✳ ■♥ ❛ s❡♥s❡✱ ❊❙❙❋❈
✐s ❛✐♠❡❞ ❛t ❜r✐❞❣✐♥❣ t❤❡ ❣❛♣ ❜❡t✇❡❡♥ ♥✉♠❡r✐❝❛❧ ♦r t❤❡♦r❡t✐❝❛❧ ❙❋❈ ♠♦❞❡❧s
❛♥❞ ▲❡✈②✲❧✐❦❡ ♠♦❞❡❧s✳ ❍♦✇❡✈❡r✱ s✐♥❝❡ t❤❡ ♠♦❞❡❧ ✐s st✐❧❧ ❜❡✐♥❣ ❞❡✈❡❧♦♣❡❞✱ ✐t ✐s
✉♥❧✐❦❡❧② t♦ ❜❡ ♦♥ t❤❡ ♦♣t✐♠❛❧ ❢r♦♥t✐❡r ②❡t✳

❊❙❙❋❈✬s ♠❛✐♥ ❛ss✉♠♣t✐♦♥s ❛♥❞ ❢❡❛t✉r❡s ❛r❡ ❧✐st❡❞ ❜❡❧♦✇✳

❛✮ ❊❙❙❋❈ ❛✐♠s ❛t ✉s✐♥❣ ❛♥❞ ♠❛♥✐♣✉❧❛t✐♥❣ ❊✉r♦st❛t ❝❧❛ss✐✜❝❛t✐♦♥s✱ ✇❤✐❧❡ ❛s✲
s✉r✐♥❣ ❢✉❧❧ st♦❝❦✲✢♦✇ ❝♦♥s✐st❡♥❝②✳

❜✮ ■t ✐s ❛ss✉♠❡❞ t❤❛t t❤❡ ❡❝♦♥♦♠② ✐s ❞❡♠❛♥❞✲❧❡❞ ❜♦t❤ ✐♥ t❤❡ s❤♦rt✲ ❛♥❞ ❧♦♥❣✲
r✉♥✳ ❚♦t❛❧ ♣r♦❞✉❝t✐♦♥ ❛♥❞ t❤❡ ❡♠♣❧♦②♠❡♥t ❧❡✈❡❧ ❛r❡ ❞❡t❡r♠✐♥❡❞ ❜② ❛❣❣r❡❣❛t❡
❞❡♠❛♥❞✳ ❆ ♣r♦❞✉❝t✐♦♥ ❢✉♥❝t✐♦♥ ❤❛s ❜❡❡♥ ❛❞❞❡❞ t♦ t❤❡ ❜❛s✐❝ s❡t ♦❢ ❡q✉❛t✐♦♥s✱
❜✉t ✐t ❞♦❡s ♥♦t ❛♥❝❤♦r ❊❙❙❋❈ ❧♦♥❣✲r✉♥ ❞②♥❛♠✐❝s✳✺ ❘❛t❤❡r✱ t❤❡ ❧❛tt❡r ✐s ❵t✐❡❞
❞♦✇♥✬ ❜② t❤❡ ❛❝❝♦✉♥t✐♥❣ ❝♦♥s✐st❡♥❝② ❝♦♥str❛✐♥ts ♦❢ t❤❡ ♠♦❞❡❧✳

❝✮ ❯♥❧❡ss ♦t❤❡r✇✐s❡ st❛t❡❞✱ st♦❝❦✲ ❛♥❞ ✢♦✇✲✈❛r✐❛❜❧❡s ❛r❡ ❡①♣r❡ss❡❞ ❛t ❝♦♥st❛♥t
♣r✐❝❡s ❛♥❞ ♥❛t✐♦♥❛❧ ❝✉rr❡♥❝② ✭❊✉r♦✮✳ ▼♦r❡ ♣r❡❝✐s❡❧②✱ ✈❛r✐❛❜❧❡s ❤❛✈❡ ❜❡❡♥ ❛❧❧
t❛❦❡♥ ❛t ❝✉rr❡♥t ♣r✐❝❡s ❛♥❞ t❤❡♥ t✉r♥❡❞ t♦ ✷✵✶✵ ♣r✐❝❡s✳ ❋♦r t❤❡ s❛❦❡ ♦❢ s✐♠✲
♣❧✐❝✐t②✱ t❤❡ ●❉P ❞❡✢❛t♦r ❤❛s ❜❡❡♥ ✉s❡❞ ❢♦r ❛❧❧ ●❉P ❝♦♠♣♦♥❡♥ts ❛♥❞ ✜♥❛♥❝✐❛❧

✺ ❆❧♦♥❣ ✇✐t❤ t❤❡ ❛❜s❡♥❝❡ ♦❢ ❵r❡♣r❡s❡♥t❛t✐✈❡ ❛❣❡♥t✬ t②♣❡ ♦❢ ♠✐❝r♦❢♦✉♥❞❛t✐♦♥s✱ t❤✐s ✐s t❤❡
♠♦st r❡♠❛r❦❛❜❧❡ ❞✐✛❡r❡♥❝❡ ✇✐t❤ ❛ ❉❙●❊ ♠♦❞❡❧✳ ❚❤❡ ♣♦✐♥t ✐s t❤❛t t❤❡ ♠✉❧t✐♣❧✐❝✐t② ♦❢ ♣♦ss✐❜❧❡
♠❛❝r♦❡❝♦♥♦♠✐❝ ❡q✉✐❧✐❜r✐❛ ✐s ❛t ♦❞❞s ✇✐t❤ t❤❡ ✉s❡ ♦❢ ❛♥ ❤❛r♠♦♥✐❝ ♦s❝✐❧❧❛t♦r ♠❡❝❤❛♥✐s♠✳

✻



st♦❝❦ ✈❛r✐❛❜❧❡s ❛s ✇❡❧❧✳✻ ❙♦♠❡ ❛ss❡ts✬ ♣r✐❝❡s✱ t❤❡ ❣❡♥❡r❛❧ ♣r✐❝❡ ❧❡✈❡❧ ✭●❉P ❞❡✲
✢❛t♦r✮ ❛♥❞ t❤❡ ❝❛♣✐t❛❧ ❞❡✢❛t♦r ❛r❡ t❤❡♥ ❡♥❞♦❣❡♥♦✉s❧② ❞❡t❡r♠✐♥❡❞ ❜② t❤❡ ♠♦❞❡❧✳

❞✮ ❚♦t❛❧ ❣r♦ss ♦✉t♣✉t ✐s ❛ss✉♠❡❞ t♦ ❜❡ ♣r♦❞✉❝❡❞ ❜② ♥♦♥✲✜♥❛♥❝✐❛❧ ✜r♠s ♦♥❧②✱
♦♥ ❜❡❤❛❧❢ ♦❢ ♦t❤❡r s❡❝t♦rs✳✼

❡✮ ❉✐str✐❜✉t✐♦♥ ❛♥❞ ❤❡♥❝❡ s❡❝t♦r❛❧ ●❉Ps ❛r❡ ❞❡t❡r♠✐♥❡❞ ❜② ✐♥st✐t✉t✐♦♥❛❧✱ ♣♦✲
❧✐t✐❝❛❧✱ s♦❝✐❛❧ ❛♥❞ ❤✐st♦r✐❝❛❧ ❢❛❝t♦rs✳ ❋♦r t❤❡ s❛❦❡ ♦❢ s✐♠♣❧✐❝✐t②✱ t❤❡s❡ ❢❛❝t♦rs
❛r❡ ❡♠❜♦❞✐❡❞ ✐♥ ❝♦❡✣❝✐❡♥ts ♥❛♠❡❞ ✏❜❡t❛✑ ✭βj✱ ✇❤❡r❡ t❤❡ s✉❜s❝r✐♣t j ❞❡♥♦t❡s
t❤❡ s❡❝t♦r✮✱ ✇❤✐❝❤ ❝❛♥ ❜❡ ❝❛❧❝✉❧❛t❡❞ ❛s ♠♦✈✐♥❣ ❛✈❡r❛❣❡s ✭s❡❡ s✉❜s❡❝t✐♦♥ ✸✳✷✮✳
❚❛❜❧❡ ✷ ❛t ❤tt♣✿✴✴♠♦❞❡❧s✳s❢❝✲♠♦❞❡❧s✳♥❡t✴ s❤♦✇s t❤❡ ❝♦♠♣❧❡t❡ ❦❡② t♦ s②♠❜♦❧s✳

❢ ✮ ❊❛❝❤ s❡❝t♦r ✐s ♠❛r❦❡❞ ❜② ❡✐t❤❡r ❛ ♣♦rt❢♦❧✐♦ ✐♥✈❡st♠❡♥t ❢✉♥❝t✐♦♥ ♦r ❛ s✐♠♣❧✐✲
✜❡❞ ✜♥❛♥❝✐❛❧ ✐♥✈❡st♠❡♥t r✉❧❡✳

❣✮ ◆❡t st♦❝❦s ♦❢ ✜♥❛♥❝✐❛❧ ❛ss❡ts ❛♥❞ ❧✐❛❜✐❧✐t✐❡s✱ r❛t❤❡r t❤❛♥ ❣r♦ss st♦❝❦s✱ ❛r❡
✉s✉❛❧❧② t❛❦❡♥ ✐♥t♦ ❝♦♥s✐❞❡r❛t✐♦♥✳ ❚❤✐s ✐s ❛ r❡♠❛r❦❛❜❧❡ ❧✐♠✐t❛t✐♦♥ t❤❛t s❤♦✉❧❞ ❜❡
❛❞❞r❡ss❡❞ ✐♥ ❛ ♠♦r❡ ❛❞✈❛♥❝❡❞ ✈❡rs✐♦♥ ♦❢ t❤❡ ♠♦❞❡❧✳ ❖♥❡ ♦❢ t❤❡ ♠❛✐♥ r❡❛s♦♥s ✐s
t❤❛t ♣♦rt❢♦❧✐♦ ❝❤♦✐❝❡s ♦❢ ❤♦✉s❡❤♦❧❞s ❛r❡ ♠♦❞❡❧❧❡❞ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❚♦❜✐♥❡sq✉❡
♣r✐♥❝✐♣❧❡✳ ❯s✐♥❣ ♥❡t ✜♥❛♥❝✐❛❧ st♦❝❦s✱ ✐♥st❡❛❞ ♦❢ ❣r♦ss ♦♥❡s✱ ❝❛♥ s❡✈❡r❡❧② ❛✛❡❝t
t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ r❡t✉r♥ r❛t❡s ♦♥ ❛ss❡ts ❛♥❞ ♣♦rt❢♦❧✐♦ ❛❞❥✉st♠❡♥ts✳

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

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

❧✮ ❈♦♠♠❡r❝✐❛❧ ❜❛♥❦s ❛♥❞ ♦t❤❡r ✜♥❛♥❝✐❛❧ ✐♥st✐t✉t✐♦♥s ❛r❡ r❡❣❛r❞❡❞ ❛s ❛♥ ✐♥✲
t❡❣r❛t❡❞ ❛♥❞ ❝♦♥s♦❧✐❞❛t❡❞ s❡❝t♦r✳ ❚❤✐s ✐s ♥♦t ❛ ♠❛❥♦r s✐♠♣❧✐✜❝❛t✐♦♥ ❢♦r t❤❡
■t❛❧✐❛♥ s②st❡♠✱ ❛s t❤❡ ✜♥❛♥❝✐❛❧ s❡❝t♦r ✐s ❞♦♠✐♥❛t❡❞ ❜② ❛ ❢❡✇ ❜❛♥❦s✳

✸✳✶✳✷ ❍♦✉s❡❤♦❧❞ s❡❝t♦r

❆s ✐s ❦♥♦✇♥✱ ■t❛❧✐❛♥ ❤♦✉s❡❤♦❧❞s ✇❡r❡ ♠❛r❦❡❞ ❜② ❛♥ ❡①❝❡♣t✐♦♥❛❧ s❛✈✐♥❣ r❛t❡
✉♣ ✉♥t✐❧ t❤❡ ❡❛r❧② ✶✾✾✵s✳ ❍♦✇❡✈❡r✱ ❛ ♣❧✉r❛❧✐t② ♦❢ ❡❝♦♥♦♠✐❝✱ ✐♥st✐t✉t✐♦♥❛❧ ❛♥❞
♣♦❧✐t✐❝❛❧ ❢❛❝t♦rs ✭✐♥❝❧✉❞✐♥❣ s❡✈❡r❛❧ r❡❢♦r♠s ♦❢ t❤❡ ❧❛❜♦✉r ♠❛r❦❡t ❛♥❞ t❤❡ ♣❡♥✲
s✐♦♥ s②st❡♠✱ t❤❡ ❝♦♠✐♥❣ ✐♥t♦ ❢♦r❝❡ ♦❢ t❤❡ ▼❛❛str✐❝❤t ❚r❡❛t②✱ t❤❡ ❧❛✉♥❝❤ ♦❢ t❤❡
❊✉r♦✱ t✇♦ ♠❛❥♦r ✜♥❛♥❝✐❛❧ ❝r✐s❡s✱ ❛♥❞ t❤❡ ❜❡❣✐♥♥✐♥❣ ♦❢ t❤❡ ❵❛✉st❡r✐t②✬ ❡r❛✮ ❤❛✈❡
❛✛❡❝t❡❞ r❡♠❛r❦❛❜❧② t❤❡ ✜♥❛♥❝✐❛❧ s✐t✉❛t✐♦♥ ♦❢ ❤♦✉s❡❤♦❧❞ s❡❝t♦r ❡✈❡r s✐♥❝❡✳ ■t❛❧✲
✐❛♥ ❤♦✉s❡❤♦❧❞s st✐❧❧ ❡①❤✐❜✐t ❛ ❤✐❣❤ s❛✈✐♥❣ r❛t❡ ❝♦♠♣❛r❡❞ t♦ ♦t❤❡r ✐♥❞✉str✐❛❧✐s❡❞

✻ ❈❧❡❛r❧②✱ ❛ ♠♦r❡ ❛❝❝✉r❛t❡ ♠♦❞❡❧ ✇♦✉❧❞ ❜❡ ✉s✐♥❣ ❛ ❞✐✛❡r❡♥t ❞❡✢❛t♦r ❢♦r ❡❛❝❤ ❞✐✛❡r❡♥t
●❉P ❝♦♠♣♦♥❡♥t✳ ❚❤❡ s❛♠❡ ❣♦❡s ❢♦r ❢♦r ✜♥❛♥❝✐❛❧ st♦❝❦ ✈❛r✐❛❜❧❡s✳

✼ ❆s ❛ r❡s✉❧t✱ t❤❡r❡ ✐s ♦♥❧② ♦♥❡ ♣r♦❞✉❝t✐♦♥ ❢✉♥❝t✐♦♥ t♦ ❜❡ ❞❡✜♥❡❞✳

✼



♦r ❞❡✈❡❧♦♣❡❞ ❝♦✉♥tr✐❡s✱ ❜✉t t❤❡ ❣❛♣ ❤❛s ❜❡❡♥ ♥❛rr♦✇✐♥❣ ❞♦✇♥ ♦✈❡r t✐♠❡✳ ❚❤✐s
❤❛s ❣♦♥❡ ❛❧♦♥❣ ✇✐t❤ s②♠♠❡tr✐❝❛❧ ❝❤❛♥❣❡s ✐♥ ♦t❤❡r s❡❝t♦r❛❧ ✜♥❛♥❝✐❛❧ ❜❛❧❛♥❝❡s✳

■♥ ❢♦r♠❛❧ t❡r♠s✱ ❤♦✉s❡❤♦❧❞ ❞✐s♣♦s❛❜❧❡ ✐♥❝♦♠❡ ✐s ♠❛❞❡ ✉♣ ♦❢ ❤♦✉s❡❤♦❧❞
❣r♦ss ❞♦♠❡st✐❝ ♣r♦❞✉❝t ✭♠❡❛♥✐♥❣ ❣r♦ss ♦✉t♣✉t ♠✐♥✉s ✐♥t❡r♠❡❞✐❛t❡ ❝♦♥s✉♠♣✲
t✐♦♥✮ ♣❧✉s ✇❛❣❡s ♠✐♥✉s t❛①❡s ✭♦♥ ✐♥❝♦♠❡✱ ✇❡❛❧t❤✱ ✐♠♣♦rt ❛♥❞ ♣r♦❞✉❝t✐♦♥✮ ♣❧✉s
♥❡t ✐♥t❡r❡st ❡♥tr✐❡s ♣❧✉s t♦t❛❧ tr❛♥s❢❡rs ✭✐♥❝❧✉❞✐♥❣ ♥❛rr♦✇❧②✲❞❡✜♥❡❞ tr❛♥s❢❡rs✱
s✉❜s✐❞✐❡s ❛♥❞ ❜❡♥❡✜ts✮ ♣❧✉s ❛♥♥✉✐t✐❡s ✭✐♥❝❧✉❞✐♥❣ ❞✐✈✐❞❡♥❞s ❛♥❞ ♦t❤❡r ♣r♦♣❡rt②
✐♥❝♦♠❡s✮✿

Y D = GDPH +WB − τH + INTH + TH + ANNH ✭✶✮

◆♦t✐❝❡ t❤❛t t❤❡ ❤♦✉s❡❤♦❧❞ s❡❝t♦r ✐s ❤❡r❡ ❞❡✜♥❡❞ ✐♥ ❜r♦❛❞ t❡r♠s✱ ❛s ✐t ✐♥✲
❝❧✉❞❡s ♥♦♥✲♣r♦✜t ✐♥st✐t✉t✐♦♥s s❡r✈✐♥❣ ❤♦✉s❡❤♦❧❞s ✭◆P■❙❍✮✱ ✐♥ ❛❞❞✐t✐♦♥ t♦ s♠❛❧❧
♣r♦❞✉❝t✐✈❡ ✉♥✐ts ♦r ❤♦✉s❡❤♦❧❞ ✉♥✐♥❝♦r♣♦r❛t❡❞ ♠❛r❦❡t ❡♥t❡r♣r✐s❡s ✭❍❯▼❊✮
r❡❝♦r❞❡❞ ❜② t❤❡ ❙◆❆✳ ❚❤✐s ✐s t❤❡ r❡❛s♦♥ t❤❡ ❞✐s♣♦s❛❜❧❡ ✐♥❝♦♠❡ ❡q✉❛t✐♦♥ ✐♥✲
❝❧✉❞❡s ❛ ✭s❡❝t♦r❛❧✮ ❣r♦ss ❞♦♠❡st✐❝ ♣r♦❞✉❝t ❝♦♠♣♦♥❡♥t✳ ❚❤❡ ❧❛tt❡r ✐s ❛ss✉♠❡❞ t♦
❜❡ ♣r♦❞✉❝❡❞ ♠❛t❡r✐❛❧❧② ❜② ♥♦♥✲✜♥❛♥❝✐❛❧ ✜r♠s ♦♥ ❜❡❤❛❧❢ ♦❢ ◆P■❙❍ ❛♥❞ ❍❯▼❊✳

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

GDPH = βH ·GDP ✭✷✮

❙✐♠✐❧❛r❧②✱ ♥❡t ✇❛❣❡s ❛r❡ ❞❡✜♥❡❞ ❛s ❛ s❤❛r❡ ♦❢ t♦t❛❧ ●❉P✿

WB = ωT ·GDP ✭✸✮

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

τH = θH ·WB−1 ✭✹✮

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

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

INTH = INTRECVH − INT PAIDH ✭✺✮

❚❤❡ t♦t❛❧ ✐♥t❡r❡st r❡❝❡✐✈❡❞ ❜② ❤♦✉s❡❤♦❧❞s ✐s ❞❡✜♥❡❞ ❛s ❛ ❧✐♥❡❛r ❢✉♥❝t✐♦♥ ♦❢
✐♥t❡r❡sts ❡❛r♥❡❞ ♦♥ ❜❛♥❦ ❞❡♣♦s✐ts✱ ✐♥❝♦♠❡s ❢r♦♠ ❜♦♥❞s✱ ❛♥❞ ♦t❤❡r ✜♥❛♥❝✐❛❧
✐♥str✉♠❡♥ts✳ ❙✐♠✐❧❛r❧②✱ t❤❡ t♦t❛❧ ✐♥t❡r❡st ♣❛✐❞ ❜② ❤♦✉s❡❤♦❧❞s ✐s t❤❡ s✉♠♠❛t✐♦♥
♦❢ ✐♥t❡r❡st ♣❛②♠❡♥ts ♦♥ ♠♦rt❣❛❣❡s ❛♥❞ ♦t❤❡r ♣❛②♠❡♥ts ♦♥ ❧♦❛♥s✳✾

■♥ t❤❡ ❙❋❈ ❧✐t❡r❛t✉r❡✱ ❤♦✉s❡❤♦❧❞ ❝♦♥s✉♠♣t✐♦♥ ✐s ✉s✉❛❧❧② ❞❡✜♥❡❞ ❛s ❛ ❢✉♥❝✲
t✐♦♥ ♦❢ ✭❡①♣❡❝t❡❞✮ ❞✐s♣♦s❛❜❧❡ ✐♥❝♦♠❡ ❛♥❞ ✇❡❛❧t❤✳ ❆♥ ❛✉t♦♥♦♠♦✉s ✭♦r s❤♦❝❦✮

✽ ❚❤✐s ✐s ❛♥♦t❤❡r s✐♠♣❧✐✜❝❛t✐♦♥ t❤❛t s❤♦✉❧❞ ❜❡ ❛❞❞r❡ss❡❞ ✐♥ ❛ ♠♦r❡ ❛❝❝✉r❛t❡ ✈❡rs✐♦♥ ♦❢
t❤❡ ♠♦❞❡❧✱ ❛s s♦♠❡ tr❛♥s❢❡rs ❛r❡ ❞✐s❝r❡t✐♦♥❛r② ❛♥❞ ❝❛♥ ❤❛r❞❧② ❜❡ ❧✐♥❦❡❞ ✇✐t❤ ✇❛❣❡s✳

✾ ❙❡❡ ❆♣♣❡♥❞✐① ❇✱ ❙❡❝t✐♦♥ ■✱ ❛t ❛t ❤tt♣✿✴✴♠♦❞❡❧s✳s❢❝✲♠♦❞❡❧s✳♥❡t✴✱ ❢♦r t❤❡ s♣❡❝✐✜❝ ❢♦r♠ ♦❢
❤♦✉s❡❤♦❧❞ ❡q✉❛t✐♦♥s✳ ◆♦t✐❝❡ t❤❛t✱ s✐♥❝❡ ✐♥t❡r❡st r❛t❡ ♦♥ ❜❛♥❦ ❞❡♣♦s✐ts ✐s ♥✉❧❧✱ t❤❡ r❡❧❛t❡❞
✐♥t❡r❡st ♣❛②♠❡♥t ❤❛s ❜❡❡♥ ❞r♦♣♣❡❞ ❢r♦♠ INTRECV

H ✳

✽



❝♦♠♣♦♥❡♥t ❛♥❞ ❛ s♠♦♦t❤✐♥❣ ✭♦r ✐♥❡rt✐❛❧✮ ♦♥❡ ❤❛✈❡ ❜❡❡♥ ❛❧s♦ ❝♦♥s✐❞❡r❡❞ ❤❡r❡✱
s♦ t❤❛t✿

CH = c0 + c1 · E(Y D) + c2 ·NWH,−1 + c3 · CH,−1 ✭✻✮

✇❤❡r❡ Y D ✐s ❤♦✉s❡❤♦❧❞ ❞✐s♣♦s❛❜❧❡ ✐♥❝♦♠❡✱ E(·) st❛♥❞s ❢♦r ❵❡①♣❡❝t❡❞ ✈❛❧✉❡✬✱
❛♥❞ NWH ✐s ❤♦✉s❡❤♦❧❞s✬ ♥❡t ✇❡❛❧t❤✳ ❆s ✉s✉❛❧✱ c1 ❛♥❞ c2 ❛r❡ t❤❡ ♣r♦♣❡♥s✐t✐❡s t♦
❝♦♥s✉♠❡ ♦✉t ♦❢ ✐♥❝♦♠❡ ❛♥❞ ✇❡❛❧t❤✱ r❡s♣❡❝t✐✈❡❧②✱ ✇❤❡r❡❛s c0 ❛♥❞ c3 ❛❝❝♦✉♥t ❢♦r
st♦❝❤❛st✐❝ s❤♦❝❦s ❛♥❞ ✐♥❡rt✐❛❧ ❝♦♥s✉♠♣t✐♦♥ ❤❛❜✐ts✱ r❡s♣❡❝t✐✈❡❧②✳✶✵ ❈❛♣✐t❛❧ ❣❛✐♥s
✭♦r ❧♦ss❡s✮ ❛r❡ ♥♦t ✐♥❝❧✉❞❡❞ ❡①♣❧✐❝✐t❧②✱ ❜✉t t❤❡② ❛✛❡❝t ❝♦♥s✉♠♣t✐♦♥ t❤r♦✉❣❤
❤♦✉s❡❤♦❧❞s✬ ♥❡t ✇❡❛❧t❤✳

◆♦t✐❝❡ t❤❛t ❛❞❛♣t✐✈❡ ❡①♣❡❝t❛t✐♦♥s ❛r❡ ❛ss✉♠❡❞✱ ♠❡❛♥✐♥❣ t❤❛t E(x) = x−1+
υ·[E(x−1)− x−1]✱ ✇✐t❤ 0 ≤ υ ≤ 1✳ ❆❝❝♦r❞✐♥❣❧②✱ ❡①♣❡❝t❡❞ ❤♦✉s❡❤♦❧❞ ❞✐s♣♦s❛❜❧❡
✐♥❝♦♠❡ ✐s✿

E(Y D) = Y D−1 + υ ·

[

E(Y D−1)− Y D−1

]

◆❡t ✇❡❛❧t❤ ✐♥ ❝✉rr❡♥t ♣❡r✐♦❞ ✐s t❤❡ ♥❡t st♦❝❦ ♦❢ ✇❡❛❧t❤ ✐♥ ♣r❡✈✐♦✉s ♣❡r✐♦❞
♣❧✉s ❝✉rr❡♥t s❛✈✐♥❣ ✭✐✳❡✳ t❤❡ ♣♦rt✐♦♥ ♦❢ ❞✐s♣♦s❛❜❧❡ ✐♥❝♦♠❡ t❤❛t ✐s ♥♦t s♣❡♥t
❢♦r ❝♦♥s✉♠♣t✐♦♥ ❛♥❞✴♦r ❤♦✉s✐♥❣ ✐♥✈❡st♠❡♥t✮ ♣❧✉s ❝❤❛♥❣❡ ✐♥ ❢✉♥❞s ♣❧✉s ✇❡❛❧t❤
r❡✈❛❧✉❛t✐♦♥✿

NWH = NWH,−1 + Y DH − CONSH − INVH +NFUNDSH + CGH ✭✼✮

✇❤❡r❡ CGH ✐s t❤❡ ❛♠♦✉♥t ♦❢ ❝❛♣✐t❛❧ ❣❛✐♥s ✭♦r ❧♦ss❡s✮ r❡❝♦r❞❡❞ ❜② ❤♦✉s❡❤♦❧❞s✱
❞✉❡ t♦ t❤❡ r❡✈❛❧✉❛t✐♦♥ ♦❢ t❤❡✐r ❞✇❡❧❧✐♥❣s✱ ❜♦♥❞s ❛♥❞ ❡q✉✐t② ✫ s❤❛r❡s ❤♦❧❞✐♥❣s✳
❈❛♣✐t❛❧ ❣❛✐♥s✱ ✐♥ t✉r♥✱ ❝❛♥ ❜❡ ❝❛❧❝✉❧❛t❡❞ ❜② ❛❝❝♦✉♥t✐♥❣ ❢♦r t❤❡ ❡✛❡❝t ♦❢ t❤❡
❝❤❛♥❣❡ ✐♥ ✉♥✐t ♣r✐❝❡s ♦❢ ❛ss❡ts ♦♥ t❤❡ ❝✉rr❡♥t ✈❛❧✉❡ ♦❢ t❤❡✐r st♦❝❦s✳ ■♥ t❤❡ ❝❛s❡
♦❢ ❤♦✉s❡❤♦❧❞s✱ ✐t ✐s✿

CGH = ∆pH ·
HOUSEH,−1

pH,−1

+∆pB ·
BH,−1

pB,−1

+∆pV ·
VH,−1

pV,−1

+ CGRES
H ✭✽✮

✇❤❡r❡ HOUSEH , BH ❛♥❞ VH ❛r❡ t❤❡ st♦❝❦s ♦❢ ❞✇❡❧❧✐♥❣s✱ ❣♦✈❡r♥♠❡♥t ❜♦♥❞s
❛♥❞ s❤❛r❡s ❤❡❧❞ ❜② ❤♦✉s❡❤♦❧❞s✱ r❡s♣❡❝t✐✈❡❧②✱ ✇❤✐❧❡ pH , pB ❛♥❞ pH ❛r❡ t❤❡ r❡❧❛t❡❞
✉♥✐t ♣r✐❝❡s✳ ❋✐♥❛❧❧② CGRES

H ✐s ❛♥ ❛❞❞✐t✐♦♥❛❧ ❝♦♠♣♦♥❡♥t ❝❛♣t✉r✐♥❣ r❡✈❛❧✉❛t✐♦♥
❡✛❡❝ts ♦♥ ♦t❤❡r ✜♥❛♥❝✐❛❧ ❛ss❡ts✳ ■t ✐s ❞❡✜♥❡❞ ✉s✐♥❣ t❤❡ ❛✈❡r❛❣❡ ✈❛❧✉❡ ♦❢ σHCG =
CGRES

H /CGH ♦✈❡r t❤❡ ♣❡r✐♦❞ ❝♦♥s✐❞❡r❡❞✳✶✶

❍♦✉s❡❤♦❧❞s✬ ✜♥❛♥❝✐❛❧ ❛ss❡ts ❤♦❧❞✐♥❣s ❝❛♥ ❜❡ ❝❛❧❝✉❧❛t❡❞ ❜② s✉❜tr❛❝t✐♥❣ ♥♦♥✲
✜♥❛♥❝✐❛❧ ❛ss❡ts ❢r♦♠ t❤❡✐r ♥❡t ✇❡❛❧t❤ ❛♥❞ ❛❞❞✐♥❣ ♥❡t ✭r❡❝❡✐✈❡❞✮ ❧♦❛♥s✿

NFWH = NWH −HOUSEH + LH ✭✾✮

✶✵ ❋♦r t❤❡ s❛❦❡ ♦❢ s✐♠♣❧✐❝✐t②✱ t❤❡ ✐♠♣❛❝t ♦❢ s♦❝✐❛❧ ♦r ❝❧❛ss st❛t✉s ♦♥ ♣r♦♣❡♥s✐t② t♦ ❝♦♥s✉♠❡
✐s ❛ss✉♠❡❞ ❛✇❛②✳ ◆♦t✐❝❡ t❤❛t ❛ s✐♠♣❧❡ ✇❛② t♦ ❛❝❝♦✉♥t ✭♣❛rt✐❛❧❧②✮ ❢♦r ✐t ✇♦✉❧❞ ❜❡ t♦ s♣❧✐t
♥❡t ✇❡❛❧t❤ ✐♥t♦ ✐ts ♦✇♥ ❝♦♠♣♦♥❡♥ts ❛♥❞ ❛❧❧♦✇ ❢♦r ❞✐✛❡r❡♥t ❝♦♥s✉♠♣t✐♦♥ ❝♦❡✣❝✐❡♥ts✱ ❜❡❝❛✉s❡
♣♦rt❢♦❧✐♦ ❝♦♠♣♦s✐t✐♦♥s ❛r❡ ❧✐❦❡❧② t♦ ❜❡ q✉✐t❡ ❞✐✈❡rs❡ ❛❝r♦ss ❞✐✛❡r❡♥t ❣r♦✉♣s ♦❢ ♣♦♣✉❧❛t✐♦♥✳

✶✶ ❙❡❡ ❆♣♣❡♥❞✐① ❇✱ ❙❡❝t✐♦♥ ■✱ ❛t ❤tt♣✿✴✴♠♦❞❡❧s✳s❢❝✲♠♦❞❡❧s✳♥❡t✴✳ ❇② ❝♦♥tr❛st✱ ❝❛♣✐t❛❧ ❣❛✐♥s
❛♥❞ ❧♦ss❡s r❡❝♦r❞❡❞ ❜② ♦t❤❡r s❡❝t♦rs ❛r❡ ❤❡r❡ s✐♠♣❧② ❞❡✜♥❡❞ ❛s ♣❡r❝❡♥t❛❣❡s ♦❢ t❤❡ t♦t❛❧ st♦❝❦
♦❢ ❛ss❡ts ❤❡❧❞ ❛t t✐♠❡ t − 1✱ t❤❛t ✐s✿ CGj = σ

j
CG · NWj,−1✱ ✇❤❡r❡ s✉❜s❝r✐♣t j = F,B,G

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

j
CG ✐s ❝❛❧❝✉❧❛t❡❞ ❛s ❛ ♠♦✈✐♥❣ ❛✈❡r❛❣❡✳

✾



❍♦✉s❡❤♦❧❞ ♥♦♥✲✜♥❛♥❝✐❛❧ ❛ss❡ts ❤♦❧❞✐♥❣s✱ ♠❡❛♥✐♥❣ ❞✇❡❧❧✐♥❣s✱ ❡q✉❛❧ ♣❛st ♣❡r✐♦❞
❤♦✉s✐♥❣ st♦❝❦ ✭♥❡t ♦❢ ❞❡♣r❡❝✐❛t✐♦♥✮ ♣❧✉s ♥❡✇ ❤♦✉s✐♥❣ ✐♥✈❡st♠❡♥t✿

HOUSEH = (1− δ1H) ·HOUSEH,−1 + (1− δ2H) · INVH ✭✶✵✮

✇❤❡r❡ δ1H ✐s t❤❡ ❞❡♣r❡❝✐❛t✐♦♥ r❛t❡ ♦❢ ❤♦✉s✐♥❣ ❝❛♣✐t❛❧✱ INVH ✐s t♦t❛❧ ✐♥✈❡st♠❡♥t
✉♥❞❡rt❛❦❡♥ ❜② ❤♦✉s❡❤♦❧❞✱ ❛♥❞ δ2H ✐s t❤❡ ✭s♠❛❧❧✮ s❤❛r❡ ♦❢ ❤♦✉s❡❤♦❧❞ ✐♥✈❡st♠❡♥t
♥♦t ❞❡✈♦t❡❞ t♦ ❤♦✉s✐♥❣✳

P♦rt❢♦❧✐♦ ❛❧❧♦❝❛t✐♦♥ ❜② ❤♦✉s❡❤♦❧❞s ✐s ♠♦❞❡❧❧❡❞ ❜❛s❡❞ ♦♥ ❇r❛✐♥❛r❞ ❛♥❞ ❚♦❜✐♥
✭✶✾✻✽✮❬✶❪ ❛♥❞ ●♦❞❧❡② ❛♥❞ ▲❛✈♦✐❡ ✭✷✵✵✼✮❬✺❪✳ ❋♦r t❤❡ s❛❦❡ ♦❢ s✐♠♣❧✐❝✐t②✱ ✐t ✐s
❛ss✉♠❡❞ t❤❛t ❛❧❧ s❤❛r❡s ❛r❡ ♠❛r❦❡❞ ❜② t❤❡ s❛♠❡ ❛✈❡r❛❣❡ r❡t✉r♥ r❛t❡✳ ❚♦t❛❧ ♥❡t
❡q✉✐t② ✫ s❤❛r❡s ✭st♦❝❦✮ ❤❡❧❞ ❜② ❤♦✉s❡❤♦❧❞s ✐s✿

VH = λH1,0 · E(NFWH) + λH1,1 · E(NFWH) · E(rV ) + λH1,2 · E(Y DH)+

+ λH1,3 · E(NFWH) · E(rBA)

✇❤❡r❡ λH1,j ❝♦❡✣❝✐❡♥ts ✭✇✐t❤ j = 0, 1, 2, 3✮ ❞❡✜♥❡ t❤❡ ♣r♦♣♦rt✐♦♥ ♦❢ ♥❡t ✜♥❛♥❝✐❛❧
✇❡❛❧t❤ ❤♦✉s❡❤♦❧❞s ✇✐s❤ t♦ ❤♦❧❞ ✐♥ ❢♦r♠ ♦❢ ❡q✉✐t② ✫ s❤❛r❡s✱ ❜❛s❡❞ ♦♥ t❤❡✐r
❡①♣❡❝t❡❞ r❡t✉r♥ r❛t❡✱ s❡❝✉r✐t✐❡s✬ ✐♥t❡r❡st r❛t❡s ❛♥❞ ❧✐q✉✐❞✐t② ♥❡❡❞s✳✶✷ ◆♦t✐❝❡
t❤❛t rV ✐s t❤❡ ✭❛✈❡r❛❣❡✮ r❡t✉r♥ r❛t❡ ♦♥ ❡q✉✐t② ✫ s❤❛r❡s✱ ❛♥❞ rBA ✐s t❤❡ ✭❛✈❡r❛❣❡✮
r❡t✉r♥ r❛t❡ ♦♥ s❡❝✉r✐t✐❡s✳ ❚❤❡ ❧❛tt❡r ✐s ❞❡✜♥❡❞ ❜② ❡q✉❛t✐♦♥ ✭✹✹✮✱ ✇❤❡r❡❛s t❤❡
❢♦r♠❡r ❝❛♥ ❜❡ ❝❛❧❝✉❧❛t❡❞ ❛s ❛ ❢✉♥❝t✐♦♥ ♦❢ t❤❡ ♠❛r❦❡t ♣r✐❝❡ ♦❢ s❤❛r❡s✿

rV = v1 · rV,−1 + v2 ·
∆pV
pV,−1

❊q✉❛t✐♦♥ ❛❜♦✈❡ st❛t❡s t❤❛t t❤❡ r❡t✉r♥ r❛t❡ ♦♥ ■t❛❧✐❛♥ ❡q✉✐t② ✫ s❤❛r❡s ❣r♦✇s
❛s t❤❡✐r ♠❛r❦❡t ✈❛❧✉❡ ❣r♦✇s✱ ✇❤❡r❡ t❤❡ ❝❛✉s❛❧✐t② r✉♥s ❢r♦♠ ♣r✐❝❡ t♦ r❡t✉r♥
r❛t❡✳ ❋♦r t❤❡ s❛❦❡ ♦❢ s✐♠♣❧✐❝✐t②✱ ❞✐✈✐❞❡♥❞ ♣❛②♠❡♥ts ❤❛✈❡ ❜❡❡♥ ❛ss✉♠❡❞ ❛✇❛②✳
❍♦✇❡✈❡r ❡①♣❡❝t❡❞ ❞✐✈✐❞❡♥❞s ✐♥✢✉❡♥❝❡ t❤❡ r❡t✉r♥ r❛t❡ t❤r♦✉❣❤ ❝❤❛♥❣❡s ✐♥ t❤❡
✉♥✐t ♣r✐❝❡✳ ❚❤❡ r❡❛❧ ✈♦❧✉♠❡ ♦❢ ❡q✉✐t② ✫ s❤❛r❡s ❛♥❞ t❤❡✐r ♣r✐❝❡ ❛r❡ ❞❡✜♥❡❞ ❜②
❡q✉❛t✐♦♥s ✭✸✽✮ ❛♥❞ ✭✸✾✮✱ r❡s♣❡❝t✐✈❡❧②✱ ❛♥❞ ❛r❡ ❢✉rt❤❡r ❞✐s❝✉ss❡❞ ❜❡❧♦✇✳ ◆♦t✐❝❡
t❤❛t✱ ✇❤✐❧❡ t❤✐s ❢♦r♠✉❧❛t✐♦♥ ✐s ✉s❡❞ t♦ s✐♠✉❧❛t❡ ❢✉t✉r❡ s❝❡♥❛r✐♦s✱ rv ✇❛s t❛❦❡♥
❛s ❛♥ ❡①♦❣❡♥♦✉s ✈❛r✐❛❜❧❡ ✇❤❡♥ t❤❡ ♠♦❞❡❧ ✇❛s r✉♥ ♦♥ ❤✐st♦r✐❝❛❧ ✈❛❧✉❡s✳

❘❡❛rr❛♥❣✐♥❣ VH ❡q✉❛t✐♦♥✱ ❤♦✉s❡❤♦❧❞ ♣♦rt❢♦❧✐♦ ❞❡❝✐s✐♦♥s ❛❜♦✉t s❤❛r❡s ✫
❡q✉✐t② ❝❛♥ ❜❡ ❡①♣r❡ss❡❞ ❜② t❤❡ r❛t✐♦ ❜❡❧♦✇✿

VH
E(NFWH)

= λH1,0 + λH1,1 · E(rV ) + λH1,2 ·
E(Y DH)

E(NFWH)
+ λH1,3 · E(rBA) ✭✶✶✮

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

BH

E(NFWH)
= λH2,0 + λH2,1 · E(rV ) + λH2,2 ·

E(Y DH)

E(NFWH)
+ λH2,3 · E(rBA) ✭✶✷✮

✶✷ ■t ✐s ❛ss✉♠❡❞ t❤❛t ❜❛♥❦ ❞❡♣♦s✐ts ❜❡❛r ♥♦ ✐♥t❡r❡st r❛t❡✳ ❈♦♥s❡q✉❡♥t❧②✱ ❞❡♣♦s✐ts ✭❛♥❞
❝❛s❤✮ ❛r❡ ♠❛✐♥❧② ❞❡♠❛♥❞❡❞ ❢♦r tr❛♥s❛❝t✐♦♥ ✭❛♥❞ ❤♦❛r❞✐♥❣✮ ♠♦t✐✈❡s✱ ❵♣r♦①✐❡❞✬ ❜② ❤♦✉s❡❤♦❧❞s✬
❞✐s♣♦s❛❜❧❡ ✐♥❝♦♠❡ ❧❡✈❡❧✳

✶✵



✇❤❡r❡ λH2,j ♣❛r❛♠❡t❡rs ❞❡✜♥❡ ❤♦✉s❡❤♦❧❞s✬ t❛r❣❡t ♦r ❞❡s✐r❡❞ ❜♦♥❞s✬ ❤♦❧❞✐♥❣s✳✶✸

❇❛♥❦ ❞❡♣♦s✐ts ❛♥❞ ❝❛s❤ ❤❡❧❞ ❜② ❤♦✉s❡❤♦❧❞s ❛r❡✿

DH

E(NFWH)
= λH3,0 + λH3,1 · E(rV ) + λH3,2 ·

E(Y DH)

E(NFWH)
+ λH3,3 · E(rBA) ✭✶✸✮

✇❤❡r❡ λH3,j ♣❛r❛♠❡t❡rs ❡♠❜♦❞② ❤♦✉s❡❤♦❧❞s✬ ♣r❡❢❡r❡♥❝❡ ❢♦r ❧✐q✉✐❞✐t②✳

❋✐❣✉r❡ ✹ s❤♦✇s t❤❛t ❤♦✉s❡❤♦❧❞s ❤♦❧❞ ♦t❤❡r ✜♥❛♥❝✐❛❧ ❛ss❡ts ✐♥ ❛❞❞✐t✐♦♥ t♦
s❤❛r❡s✱ s❡❝✉r✐t✐❡s ❛♥❞ ❞❡♣♦s✐ts✳ ❋♦r t❤❡ s❛❦❡ ♦❢ s✐♠♣❧✐❝✐t②✱ t❤❡s❡ ❛ss❡ts ❛r❡
❛ss✉♠❡❞ t♦ ❜❡❛r ♥♦ ✐♥t❡r❡st r❛t❡✳ ❚❤❡✐r ✈❛❧✉❡ ❝❛♥ ❜❡ ❞❡✜♥❡❞ ✉s✐♥❣ t❤❡ ✇❡❧❧✲
❦♥♦✇♥ ❛❞❞✐♥❣✲✉♣ ❝♦♥str❛✐♥ts ✭●♦❞❧❡② ❛♥❞ ▲❛✈♦✐❡ ✷✵✵✼✮❬✺❪✿

OFINH

E(NFWH)
= λH4,0 + λH4,1 · E(rV ) + λH4,2 ·

E(Y DH)

E(NFWH)
+ λH4,3 · E(rBA)

✇❤❡r❡✿ λH4,0 = 1 − (λH1,0 + λH2,0 + λH3,0) ❛♥❞ λH4,j = −(λH1,j + λH2,j + λH3,j)✱ ❢♦r
j = 1, 2, 3✳

❆❧t❡r♥❛t✐✈❡❧②✱ OFINH ❝❛♥ ❜❡ ❞✐r❡❝t❧② ❞❡✜♥❡❞ ❛s t❤❡ r❡♠❛✐♥✐♥❣ ♣♦rt✐♦♥ ♦❢
♥❡t ✜♥❛♥❝✐❛❧ ✇❡❛❧t❤✱ ♦♥❝❡ ❞❡♣♦s✐ts✱ ❡q✉✐t② ✫ s❤❛r❡s ❛♥❞ s❡❝✉r✐t✐❡s ❛r❡ ❞❡❞✉❝t❡❞✿

OFINH = NFWH −DH − VH − BH ✭✶✹✮

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

LH = LH,−1 + φ1 · Y D−1 + φ2 ·HOUSEH,−1 + φ3 · INVH,−1 ✭✶✺✮

■♥✈❡st♠❡♥t ✐s ✉♥❞❡rt❛❦❡♥ ❜② ❤♦✉s❡❤♦❧❞s ♠❛✐♥❧② ❢♦r ❤♦✉s✐♥❣ ♣✉r♣♦s❡s✳ ❙♦✱
✐t ❝❛♥ ❜❡ ❞❡✜♥❡❞ ❛s ❛ ❢✉♥❝t✐♦♥ ♦❢ s❡✈❡r❛❧ ✈❛r✐❛❜❧❡s✱ ✐♥❝❧✉❞✐♥❣ ♣❛st ❤♦✉s✐♥❣
✐♥✈❡st♠❡♥t✱ ❤♦✉s❡❤♦❧❞ ♠♦rt❣❛❣❡s✱ t❤❡ st♦❝❦ ♦❢ ❞✇❡❧❧✐♥❣s✱ ❤♦✉s❡❤♦❧❞ ❞✐s♣♦s❛❜❧❡
✐♥❝♦♠❡✱ ❛♥❞ t❤❡ ❡①♣❡❝t❡❞ ❣r♦✇t❤ r❛t❡ ✐♥ ♣r♦♣❡rt② ✐♥❝♦♠❡✿

INVH = ϑ1 · INVH,−1 + ϑ2 · LH,−1 + ϑ3 ·HOUSEH,−1+

+ ϑ4 · Y DH,−1 + ϑ5 · E(rH)
✭✶✻✮

✇❤❡r❡ t❤❡ ♣r♦♣❡rt② ✐♥❝♦♠❡ ❣r♦✇t❤ r❛t❡ ✐s s✐♠♣❧② ❞❡✜♥❡❞ ❛s✿

rH =
∆PROPH
PROPH,−1

✭✶✼✮

❙♦♠❡ ❛❞❞✐t✐♦♥❛❧ ❤✐♥ts ♦♥ ❤♦✉s✐♥❣ ♠❛r❦❡t ❛r❡ ❣✐✈❡♥ ✐♥ t❤❡ ❆♣♣❡♥❞✐① ❆✳

✶✸ ◆♦t✐❝❡ t❤❛t ♣♦rt❢♦❧✐♦ ❡q✉❛t✐♦♥s s❤♦✉❧❞ ❜❡ s♣❡❝✐✜❡❞ ✐♥ t❡r♠s ♦❢ ❣r♦ss ✇❡❛❧t❤✱ r❛t❤❡r t❤❛♥
♥❡t ✇❡❛❧t❤✱ ❜❡❝❛✉s❡ t❤❡ ❧❛tt❡r ♠❛② ✇❡❧❧ ❜❡ ♥❡❣❛t✐✈❡✳ ❋♦r t❤❡ s❛❦❡ ♦❢ s✐♠♣❧✐❝✐t②✱ t❤✐s ♣♦ss✐❜❧❡
✐ss✉❡ ✐s ✐❣♥♦r❡❞ ❤❡r❡❛❢t❡r✳

✶✶



◆❡t ❜♦rr♦✇✐♥❣ ❜② ❤♦✉s❡❤♦❧❞s ❝❛♥ ❜❡ ❞❡✜♥❡❞ ❛s ❤♦✉s❡❤♦❧❞s✬ ❝♦♥s✉♠♣t✐♦♥
❛♥❞ ✐♥✈❡st♠❡♥t s♣❡♥❞✐♥❣ ✐♥ ❡①❝❡ss ♦❢ ❞✐s♣♦s❛❜❧❡ ✐♥❝♦♠❡ ❛♥❞ ♥❡t ❝❤❛♥❣❡s ✐♥
❢✉♥❞s✳ ❈♦♥✈❡rs❡❧②✱ ♥❡t ❧❡♥❞✐♥❣ ❜② ❤♦✉s❡❤♦❧❞s ✐s✿

NLH = Y D +NFUNDSH − CONSH − INVH ✭✶✽✮

❆s ♠❡♥t✐♦♥❡❞✱ NFUNDSH ✐s ❛ q✉✐t❡ ❤❡t❡r♦❣❡♥❡♦✉s ❡♥tr② ✐♥❝❧✉❞✐♥❣ ❛❞❥✉st✲
♠❡♥t ✐♥ ♣❡♥s✐♦♥ ❢✉♥❞s✱ ❝❛♣✐t❛❧ tr❛♥s❢❡rs ❛♥❞ ♥♦♥✲♣r♦❞✉❝❡❞ ♥♦♥✲✜♥❛♥❝✐❛❧ ♣r♦❞✲
✉❝ts ✭s❡❡ ✜❣✉r❡ ✸✮✳ ❋♦r t❤❡ s❛❦❡ ♦❢ s✐♠♣❧✐❝✐t②✱ ✐t ✐s r❡❣❛r❞❡❞ ❛s ❛ ❧✐♥❡❛r ❢✉♥❝t✐♦♥
♦❢ ✭❧❛❣❣❡❞✮ ❞✐s♣♦s❛❜❧❡ ✐♥❝♦♠❡✳

✸✳✶✳✸ ◆♦♥✲✜♥❛♥❝✐❛❧ ❝♦r♣♦r❛t✐♦♥s

❲❤✐❧❡ ❢❛❝✐♥❣ ❛ ❧♦♥❣✲st❛♥❞✐♥❣ ❝r✐s✐s s✐♥❝❡ t❤❡ ♠✐❞✲✶✾✾✵s ♦r ❡✈❡♥ ❡❛r❧✐❡r✱✶✹ ■t❛❧②
✐s st✐❧❧ t❤❡ s❡❝♦♥❞ ❜✐❣❣❡st ♠❛♥✉❢❛❝t✉r✐♥❣ ❡❝♦♥♦♠② ✐♥ t❤❡ ❊✉r♦♣❡❛♥ ❯♥✐♦♥✳
❆r♦✉♥❞ ❛ q✉❛rt❡r ♦❢ ■t❛❧✐❛♥ ●❉P ✐s st✐❧❧ ❛ttr✐❜✉t❡❞ t♦ ✭♠❛♥✉❢❛❝t✉r✐♥❣✮ ✐♥❞✉s✲
tr②✳

❊✉r♦st❛t ❞❡✜♥❡s ●❉P ❛s ❣r♦ss ♦✉t♣✉t✱ Y ✱ ♠✐♥✉s ✐♥t❡r♠❡❞✐❛t❡ ❝♦♥s✉♠♣✲
t✐♦♥✱ CONSINT ✱ ♣❧✉s t❛①❡s ♦♥ ♣r♦❞✉❝ts ♥❡t ♦❢ s✉❜s✐❞✐❡s✱ τNETP ✭s❡❡ ❋✐❣✉r❡ ✶✮✳
■♥ ❢♦r♠✉❧❛s✿

GDP = Y − CONSINT + τNETP ✭✶✾✮

❆s ♠❡♥t✐♦♥❡❞✱ ✐t ✐s ❛ss✉♠❡❞ t❤❛t ♥♦♥✲✜♥❛♥❝✐❛❧ ❝♦r♣♦r❛t✐♦♥s ✭◆❋❈s✮ ♣r♦❞✉❝❡ ❛❧❧
♦✉t♣✉t ♦♥ t❤❡ ❜❡❤❛❧❢ ♦❢ ♦t❤❡r s❡❝t♦rs✳ ❍♦✇❡✈❡r✱ t❤❡ ❛♠♦✉♥t ♦❢ ●❉P ❛ss♦❝✐❛t❡❞
✇✐t❤ ◆❋❈s ✐s ❥✉st ❛ s❤❛r❡ ♦❢ t♦t❛❧ ●❉P✿

GDPF = βF ·GDP ✭✷✵✮

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

❚❤❡ t♦t❛❧ st♦❝❦ ♦❢ ✜①❡❞ ❝❛♣✐t❛❧ ❣r♦✇s ❛t ❛ r❛t❡ gK ✿

K = K−1 · (1 + gK) ✭✷✶✮

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

INV = K−1 · (gK + δK) ✭✷✷✮

✇❤❡r❡ δK ✐s t❤❡ ❝❛♣✐t❛❧ ❞❡♣r❡❝✐❛t✐♦♥ r❛t❡✳

❚❤❡ ❣r♦✇t❤ r❛t❡ ♦❢ ❝❛♣✐t❛❧ ✐s ❞❡✜♥❡❞ ❛s ❛ ❢✉♥❝t✐♦♥ ♦❢ t❤❡ ❡①♣❡❝t❡❞ ❝❛♣✐t❛❧
✉t✐❧✐s❛t✐♦♥ r❛t❡ ✭♣r♦①✐❡❞ ❜② t❤❡ ♦✉t♣✉t t♦ ❝❛♣✐t❛❧ r❛t✐♦✮✱ t❤❡ ❡①♣❡❝t❡❞ ♣r♦✜t
r❛t❡✱ t❤❡ r✐s❦✲❢r❡❡ ✐♥t❡r❡st r❛t❡✱ ❛♥❞ t❤❡ ❝♦st ♦❢ ✜♥❛♥❝✐♥❣✿✶✺

✶✹ ❚❤❡ ❧❛st t❤r❡❡ ❞❡❝❛❞❡s ❤❛✈❡ ✇✐t♥❡ss❡❞ ❛♥ ❛♣♣❛r❡♥t st❛❣♥❛t✐♦♥ ✐♥ ❧❛❜♦✉r ♣r♦❞✉❝t✐✈✐t②✱
✇✐t❤ ■t❛❧② ❧♦s✐♥❣ ✐ts ❝❡♥tr❛❧ ♣♦s✐t✐♦♥ ✐♥ t❤❡ ❣❧♦❜❛❧ ✈❛❧✉❡ ❝❤❛✐♥✳

✶✺ ▼♦r❡ ♣r❡❝✐s❡❧②✱ gK ✐s ❛✛❡❝t❡❞ ❜② ❜♦t❤ t❤❡ r✐s❦✲❢r❡❡ ✐♥t❡r❡st r❛t❡ ❛♥❞ t❤❡ ❛❝t✉❛❧ r❛t❡ ♦♥
❧♦❛♥s✳ ❆❧t❡r♥❛t✐✈❡❧②✱ ✐t ❝❛♥ ❜❡ ♠♦❞❡❧❧❡❞ ❛s ❛ ❢✉♥❝t✐♦♥ ♦❢ t❤❡ r✐s❦ ♣r❡♠✐✉♠ ♦♥❧②✳ ❋✉rt❤❡r♠♦r❡✱
t❤❡ r✐s❦✲❢r❡❡ ✐♥t❡r❡st r❛t❡ ❝❛♥ ❜❡ r❡♣❧❛❝❡❞ ✇✐t❤ t❤❡ ❊❈❇ ♣♦❧✐❝② r❛t❡✳

✶✷



gK = γY + γU · E

(

Y

K

)

+ γΠ · E

(

ΠF

K

)

− γZ · E(rZ)− γR · E(rL,F ) ✭✷✸✮

✇❤❡r❡ ΠF ✐s ◆❋❈ ♣r♦✜t ♥❡t ♦❢ t❛①❡s✳✶✻

❲❤✐❧❡ ✐t ✐s ❛ss✉♠❡❞ t❤❛t ✐♥✈❡st♠❡♥t ❞❡❝✐s✐♦♥s ❛r❡ ♠❛❞❡ ❜② ✜r♠s✱ ♦♥❧② ❛
♣♦rt✐♦♥ ♦❢ t❤❡♠ ✭❛❧t❤♦✉❣❤ ❛ ❜✐❣ ♦♥❡✮ ♠✉st ❜❡ ❞✐r❡❝t❧② ❛ttr✐❜✉t❡❞ t♦ t❤❡ ◆❋❈
s❡❝t♦r✳ ❋♦r t❤❡ s❛❦❡ ♦❢ s✐♠♣❧✐❝✐t②✱ ♥❛rr♦✇❧②✲❞❡✜♥❡❞ ◆❋❈ ✐♥✈❡st♠❡♥t ✭✐♥❝❧✉❞✐♥❣
✐♥✈❡♥t♦r✐❡s✮ ✐s ❞❡✜♥❡❞ ❛s ❛ s❤❛r❡ ♦❢ t♦t❛❧ ✐♥✈❡st♠❡♥t✿

INVF = δF · INV ✭✷✹✮

✇❤❡r❡ δF ✐s t❤❡ r❛t✐♦ ♦❢ ◆❋❈ ✐♥✈❡st♠❡♥t t♦ t♦t❛❧ ✐♥✈❡st♠❡♥t✳

❉❛t❛ s❤♦✇ t❤❛t ❞❡♣♦s✐ts ❤❡❧❞ ❜② ■t❛❧✐❛♥ ♥♦♥✲✜♥❛♥❝✐❛❧ ❝♦r♣♦r❛t✐♦♥s ❤❛✈❡
❜❡❡♥ ❣r♦✇✐♥❣ ❢❛st❡r t❤❛♥ ●❉P ✐♥ t❤❡ ❧❛st ❞❡❝❛❞❡s✳ ❚❤✐s ✐s ❛ r❡❧❛t✐✈❡❧② r❡❝❡♥t
♣❤❡♥♦♠❡♥♦♥ ❛♥❞ ✐s ❧✐❦❡❧② t♦ ❜❡ ❧✐♥❦❡❞ ✇✐t❤ t❤❡ ❵✜♥❛♥❝✐❛❧✐s❛t✐♦♥✬ ♦❢ t❤❡ ■t❛❧✐❛♥
♣r♦❞✉❝t✐✈❡ s❡❝t♦r ❛♥❞ t❤❡ ♥❡❡❞ ❢♦r ❧✐q✉✐❞ ❛ss❡ts✳ ❆❝❝♦r❞✐♥❣❧②✱ ❞❡♣♦s✐ts ❤❡❧❞ ❜②
✜r♠s ❛r❡ ❞❡✜♥❡❞ ❛s✿

DF = (1 + ηF ) ·DF,−1 ·
GDP

GDP−1

✭✷✺✮

✇❤❡r❡ ηF ❛❧❧♦✇s ❛❝❝♦✉♥t✐♥❣ ❢♦r t❤❡ ❡①tr❛ ❣r♦✇t❤ r❛t❡ ♦❢ ❜❛♥❦ ❞❡♣♦s✐ts✳

❆❣❣r❡❣❛t❡ ❞❡♠❛♥❞ ✐s ❞❡✜♥❡❞ ❛s t❤❡ s✉♠♠❛t✐♦♥ ♦❢ ❤♦✉s❡❤♦❧❞ ❝♦♥s✉♠♣t✐♦♥✱
❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ✭❝♦♥s✉♠♣t✐♦♥✮✱ ✐♥✈❡st♠❡♥t✱ ✐♥t❡r♠❡❞✐❛t❡ ❝♦♥s✉♠♣t✐♦♥
❛♥❞ ❡①♣♦rt✱ ♠✐♥✉s ✐♠♣♦rt ❛♥❞ ✭♥❡t✮ t❛①❡s ♦♥ ♣r♦❞✉❝ts✿

YAD = CONSH + CONSG + INV + CONSINT+

+ EXP − IMP − τNETT

✭✷✻✮

✇❤❡r❡ τNETT st❛♥❞s ❢♦r t♦t❛❧ t❛①❡s ♦♥ ♣r♦❞✉❝ts ♥❡t ♦❢ s✉❜s✐❞✐❡s ✭s❡❡ ❋✐❣✉r❡ ✷✮✳

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

Y = YAD ✭✷✼✮

▲♦♦❦✐♥❣ ❛t t❤❡ s✉♣♣❧② s✐❞❡✱ ❣r♦ss ♣♦t❡♥t✐❛❧ ♦✉t♣✉t ❝❛♥ ❜❡ ❞❡✜♥❡❞ ✐♥ r❡❛❧
t❡r♠s t❤r♦✉❣❤ ❛ ♣r♦❞✉❝t✐♦♥ ❢✉♥❝t✐♦♥✳ ❆ ▲❡♦♥t✐❡❢ ❢✉♥❝t✐♦♥ ✇❛s ❝❤♦s❡♥ ❢♦r t❤❡
❊❙❙❋❈✳✶✼ ■♥ ❢♦r♠❛❧ t❡r♠s✿

Yn = min(Y L
n , Y

K
n ) ✭✷✽✮

✶✻ ❆❝t✉❛❧ ✈❛❧✉❡s✱ r❛t❤❡r t❤❛♥ ❢♦r❡❝❛st ✈❛❧✉❡s✱ ❛r❡ ✉s❡❞ ✇❤❡♥ r✉♥♥✐♥❣ t❤❡ ♠♦❞❡❧ ♦♥ ❤✐st♦r✐❝❛❧
✈❛❧✉❡s t♦ ❝r❡❛t❡ ❋✐❣✉r❡ ✼✳

✶✼ ❚❤✐s ✐s ❛♥♦t❤❡r ❞✐✛❡r❡♥❝❡ ✇✐t❤ r❡s♣❡❝t t♦ ❇✉r❣❡ss ❡t ❛❧✳ ✭✷✵✶✻✮❬✷❪✱ ✇❤♦ ❛ss✉♠❡ t❤❛t ♣r♦✲
❞✉❝t✐♦♥ ❛♥❞ ❞✐str✐❜✉t✐♦♥ ❛r❡ ✐♠♣❧✐❝✐t❧② ❞❡✜♥❡❞ t❤r♦✉❣❤ ❛ st❛♥❞❛r❞ ❈♦❜❜✲❉♦✉❣❧❛s ♣r♦❞✉❝t✐♦♥
❢✉♥❝t✐♦♥✳

✶✸



✇❤❡r❡ Y L
n ❛♥❞ Y K

n ❛r❡ ❞❡✜♥❡❞✱ r❡s♣❡❝t✐✈❡❧②✱ ❛s✿

log(Y L
n ) = νL0 + νL1 · log(N) + νL2 · t

❛♥❞✿

log(Y K
n ) = νK0 + νK1 · log(K) + νK2 · t

✇❤❡r❡ νLi ❛♥❞ νKi ❛r❡ ❡♠♣✐r✐❝❛❧❧② ❡st✐♠❛t❡❞ ❝♦❡✣❝✐❡♥ts ✭∀i = 0, 1, 2✮✳ ❚❤❡s❡
❝♦❡✣❝✐❡♥ts ❤❛✈❡ ❜❡❡♥ ♦❜t❛✐♥❡❞ r❡❣r❡ss✐♥❣ ❛❣❛✐♥st ♦✉t♣✉t ✈❛❧✉❡s ❞✉r✐♥❣ ❵♥♦r♠❛❧
t✐♠❡s✬ ♦♥❧②✳ P♦t❡♥t✐❛❧ ♦✉t♣✉t ✐s ❤❡r❡ ❞❡✜♥❡❞ ❛s t❤❡ ❧❡✈❡❧ ♦❢ ♦✉t♣✉t ♣r❡❞✐❝t❡❞
✉s✐♥❣ ❛ ▲❡♦♥t✐❡❢ ♣r♦❞✉❝t✐♦♥ ❢✉♥❝t✐♦♥ ❛♥❞ ❜❛s❡❞ ♦♥ ✶✾✾✻✲✷✵✵✽ ❞❛t❛✳

❆❝❝♦r❞✐♥❣❧②✱ t❤❡ ✭r❡❛❧✮ ♣♦t❡♥t✐❛❧ ❣r♦✇t❤ r❛t❡ ♦❢ t❤❡ ❡❝♦♥♦♠② ✐s ❛♣♣r♦①✐✲
♠❛t❡❧②✿

gn = d(log(Yn))

◆♦t✐❝❡ t❤❛t ♣♦t❡♥t✐❛❧ ♦✉t♣✉t ❞♦❡s ♥♦t ❞❡t❡r♠✐♥❡ ❛❝t✉❛❧ ♦✉t♣✉t ✐♥ ❊❙❙❋❈✳
❚❤❡ ❛❝t✉❛❧ ♣r♦❞✉❝t✐♦♥ ❧❡✈❡❧ ✐s ❛ss✉♠❡❞ t♦ ❜❡ ♦♥❧② ❞❡✜♥❡❞ ✭❝♦♥str❛✐♥❡❞✮ ❜②
❛❣❣r❡❣❛t❡ ❞❡♠❛♥❞✳ ❍♦✇❡✈❡r✱ ♣♦t❡♥t✐❛❧ ♦✉t♣✉t ✐s ✉s❡❞ ❛s ❛ ♣r♦①② ❢♦r ❜♦t❤
❞❡♠❛♥❞ ♣r❡ss✉r❡ ❛♥❞ s♦❝✐❛❧ ❝♦♥✢✐❝t t♦ ❞❡t❡r♠✐♥❡ t❤❡ ♣r✐❝❡ ❧❡✈❡❧ ♦❢ ♦✉t♣✉t
✭●❉P ❞❡✢❛t♦r✮✳ ▼♦r❡ ♣r❡❝✐s❡❧②✱ ♦✉t♣✉t ❛♥❞ ❝❛♣✐t❛❧ ❞❡✢❛t♦rs ❛r❡ s❡t ❛s ❧✐♥❡❛r
❢✉♥❝t✐♦♥s ♦❢ s❡✈❡r❛❧ ✈❛r✐❛❜❧❡s✱ ✐♥❝❧✉❞✐♥❣ ❛♥ ✐♥❡rt✐❛❧ ❝♦♠♣♦♥❡♥t✱ t❤❡ ✇❛❣❡ s❤❛r❡✱
t❤❡ ♥♦♠✐♥❛❧ ❡①❝❤❛♥❣❡ r❛t❡✱ t❤❡ ♦✉t♣✉t ❣❛♣ ✭❢♦r ♦✉t♣✉t ♣r✐❝❡ ❧❡✈❡❧✱ pY ✱ ♦♥❧②✮
❛♥❞ t❤❡ r❛t❡ ♦❢ ✉t✐❧✐s❛t✐♦♥ ♦❢ ♣❧❛♥ts ✭❢♦r ❝❛♣✐t❛❧ ❞❡✢❛t♦r✱ pK ✱ ♦♥❧②✮✳

✶✽

❆❝t✉❛❧ ♣r♦❞✉❝t✐✈✐t② ♦❢ ❧❛❜♦✉r ✐s ❛❧s♦ r❡❣❛r❞❡❞ ❛s ❛♥ ❡♥❞♦❣❡♥♦✉s ✈❛r✐❛❜❧❡ ♦❢
t❤❡ ♠♦❞❡❧✳ ■ts ❣r♦✇t❤ r❛t❡ ✐s ❛ss✉♠❡❞ t♦ ❞❡♣❡♥❞ ♦♥ ❣r♦✇t❤ r❛t❡s ♦❢ ❛✉t♦♥♦♠♦✉s
❝♦♠♣♦♥❡♥ts ♦❢ ❛❣❣r❡❣❛t❡ ❞❡♠❛♥❞✳ ❉❛t❛ s❤♦✇ t❤❛t t❤❡ ✐♠♣❛❝t ♦❢ ❣♦✈❡r♥♠❡♥t
s♣❡♥❞✐♥❣ ✐s ❤✐❣❤❡r t❤❛♥ t❤❡ ✐♠♣❛❝t ♦❢ ♣r✐✈❛t❡ ✐♥✈❡st♠❡♥t ❛♥❞ t❤❡ ❧❛tt❡r ✐s ❤✐❣❤❡r
t❤❛♥ t❤❡ ✐♠♣❛❝t ♦❢ ♥❡①t ❡①♣♦rt✳ ❚❤✐s ✐s ❧✐❦❡❧② t♦ ❜❡ ❞✉❡ t♦ t❤❡ str✉❝t✉r❡ ♦❢
t❤❡ ■t❛❧✐❛♥ ❡❝♦♥♦♠②✱ ✇❤❡r❡ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ✐s ❝❤r♦♥✐❝❛❧❧② ❧♦✇ ✭❛❢t❡r t✇♦
❞❡❝❛❞❡s ♦❢ ❛✉st❡r✐t② ♠❡❛s✉r❡s✮ ✇❤✐❧❡ ❡①♣♦rt ✐s tr❛❞✐t✐♦♥❛❧❧② ❞r✐✈❡♥ ❜② ❧♦✇✲t❡❝❤
♣r♦❞✉❝ts✳ ❙♦✱ t❤❡ ♣r♦❞✉❝t✐✈✐t② ❣r♦✇t❤ r❛t❡ ✐s ❞❡✜♥❡❞ ❛s✿✶✾

gPROD = ρ1 + ρ2 · d
[

log(INVF,−1)
]

+ ρ3 · d
[

log(EXP−1)
]

+

+ ρ4 · d
[

log(CONSG,−1)
] ✭✷✾✮

❈♦♥s❡q✉❡♥t❧②✱ ❧❛❜♦✉r ♣r♦❞✉❝t✐✈✐t② ✐s✿

PRODL = PRODL,−1 · (1 + gPROD) ✭✸✵✮

✇❤✐❧❡ t❤❡ ❡♠♣❧♦②♠❡♥t ❧❡✈❡❧ ❝❛♥ ❜❡ s✐♠♣❧② ❞❡✜♥❡❞ ❛s✿

N =
Y

PROD
✭✸✶✮

✶✽ ❙❡❡ ❆♣♣❡♥❞✐① ❇✱ ❙❡❝t✐♦♥ ■■✱ ❛t ❤tt♣✿✴✴♠♦❞❡❧s✳s❢❝✲♠♦❞❡❧s✳♥❡t✴✳
✶✾ ❆ ❞✉♠♠② ✈❛r✐❛❜❧❡ ✐s ✉s❡❞ t♦ ❛❞❞r❡ss t❤❡ str✉❝t✉r❛❧ ❜r❡❛❦ ✐♥ ♣r♦❞✉❝t✐✈✐t② t❤❛t t❛❦❡s

♣❧❛❝❡ ✐♥ ✷✵✵✼✳

✶✹



❙✐♠✐❧❛r❧② t♦ ❇✉r❣❡ss ❡t ❛❧✳ ✭✷✵✶✻✮❬✷❪✱ ✐♠♣♦rt ❞②♥❛♠✐❝s ❞❡♣❡♥❞s ♦♥ t❤❡ ❝❤❛♥❣❡
✐♥ ♦✉t♣✉t ❛♥❞ t❤❡ ❡①❝❤❛♥❣❡ r❛t❡✿

IMP = IMP−1 · exp

[

µ1 + µ2 · ln
( Y

Y−1

)

+ µ3 · (NER−NER−1)

]

✭✸✷✮

✇❤❡r❡ ◆❊❘ ✐s t❤❡ ♥♦♠✐♥❛❧ ❡①❝❤❛♥❣❡ r❛t❡ ✭s❡❡ s✉❜s❡❝t✐♦♥ ✸✳✶✳✽✮ ❛♥❞ exp(x) ✐s
t❤❡ ❡①♣♦♥❡♥t✐❛❧ ❢✉♥❝t✐♦♥ ♦❢ x✱ t❤❛t ✐s✱ ex✳

Pr♦✜ts ♦❢ ♥♦♥✲✜♥❛♥❝✐❛❧ ❝♦r♣♦r❛t✐♦♥s ✭♥❡t ♦❢ t❛①❡s✮ ❛r❡ ❞❡✜♥❡❞ r❡s✐❞✉❛❧❧②✿
❝♦r♣♦r❛t❡ GDP ♠✐♥✉s ✇❛❣❡s ♣❛✐❞ ❜② ◆❋❈s ✭♥❡t ♦❢ ♦t❤❡r s❡❝t♦rs✬ ✇❛❣❡s✮ ♠✐♥✉s
t❛①❡s ♣❧✉s s✉❜s✐❞✐❡s ♣❧✉s ♥❡t ✐♥t❡r❡st ♣❛②♠❡♥ts ♣❧✉s ❝❤❛♥❣❡ ✐♥ ❢✉♥❞s ♣❧✉s ♦t❤❡r
♣r♦♣❡rt② ✐♥❝♦♠❡s✳ ■♥ ❢♦r♠✉❧❛s✿

ΠF = GDPF − (WB −WBOTHER)− τF + TF+

+ INTF +NFUNDSF + PROPF
✭✸✸✮

◆❋❈s ❡❛r♥ ✐♥t❡r❡sts ♦♥ t❤❡✐r ♦✇♥ ❜❛♥❦ ❞❡♣♦s✐ts ❛♥❞ ❣♦✈❡r♥♠❡♥t ❜♦♥❞ ❤♦❧❞✐♥❣s
❛♥❞ ❢❛❝❡ ♥❡❣❛t✐✈❡ ✐♥t❡r❡st ♣❛②♠❡♥ts ♦♥ ❜❛♥❦ ❧♦❛♥s ❛♥❞ s❡❝✉r✐t② ✐ss✉❡s✳ ❆♥
❛❞❞✐t✐♦♥❛❧ ❝♦♠♣♦♥❡♥t ✐s ❛❧s♦ ✐♥❝❧✉❞❡❞✳ ❙♦✱ t❤❡ ♥❡t ✐♥t❡r❡st ✐♥❝♦♠❡ ❡❛r♥❡❞ ❜②
◆❋❈s ✐s ❞❡✜♥❡❞ ❛s✿

INTF =
[

rD,−1 ·DF,−1

]

− rL,F · LF,−1 − rBA · (BF,−1 − BG,F,−1)+

+ INTRESF

✭✸✹✮

◆♦t✐❝❡ t❤❛t t❤❡ ❛❞❞✐t✐♦♥❛❧ ♦r r❡s✐❞✉❛❧ ❝♦♠♣♦♥❡♥t ✐s ♣❛rt✐❝✉❧❛r❧② ✐♠♣♦rt❛♥t
✇❤❡♥ ❝♦♥s✐❞❡r✐♥❣ ✐♥t❡r❡st ♣❛②♠❡♥ts ❛❝❝r✉✐♥❣ ♦♥ ❧♦❛♥s ♦❜t❛✐♥❡❞ ❜② ◆❋❈s✱ ❜❡✲
❝❛✉s❡ t❤❡s❡ ✐♥t❡r❡sts ❝❛♥♥♦t ❜❡ ❛❝❝✉r❛t❡❧② ❝❛❧❝✉❧❛t❡❞ ❥✉st ❜② ♠✉❧t✐♣❧②✐♥❣ ❧♦❛♥s
❜② ✐♥t❡r❡st r❛t❡s✳ ❚❤✐s ✐s ❛ ✇❡❧❧✲❦♥♦✇♥ ♣r♦❜❧❡♠ ❢♦r ❙❋❈ ♠♦❞❡❧❧❡rs✳ ❚❤❡ ❢❛❝t
✐s t❤❛t ✐♥t❡r❡st ♣❛②♠❡♥ts ❛r❡ ♣r♦♣♦rt✐♦♥❛❧ t♦ ❣r♦ss ✐♥✐t✐❛❧ ♦r ❡①✲❛♥t❡ r❡❝❡✐✈❡❞
❧♦❛♥s✱ ✇❤✐❝❤ ❛r❡ ❞❡♠❛♥❞❡❞ ❜② ◆❋❈s ❛t t❤❡ ❜❡❣✐♥♥✐♥❣ ♦❢ ❡❛❝❤ ♣❡r✐♦❞✱ ❜❛s❡❞
♦♥ t❤❡✐r ♦✇♥ ♣r♦❞✉❝t✐♦♥ ♣❧❛♥s ✭●r❛③✐❛♥✐ ✷✵✵✸✮❬✻❪✳ ❍♦✇❡✈❡r✱ ♦♥❡ ❝❛♥ ♦♥❧② ✉s❡
❞❛t❛ ♦♥ r❡♠❛✐♥✐♥❣ ♦r ❡①✲♣♦st r❡❝❡✐✈❡❞ ❧♦❛♥s✱ ❛s r❡❝♦r❞❡❞ ❛t t❤❡ ❡♥❞ ♦❢ t❤❡ s❛♠❡
♣❡r✐♦❞✳ ❆s ❛ r❡s✉❧t✱ ♦♥❡ ✐s ✉♥❧✐❦❡❧② t♦ ✜♥❞ ❛ s✐♠♣❧❡ ❧✐♥❡❛r r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥
t❤❡ st♦❝❦ ♦❢ ❜❛♥❦ ❧♦❛♥s ❛t ❛ ❝❡rt❛✐♥ ♣❡r✐♦❞ ❛♥❞ t❤❡ r❡❧❛t❡❞ ✢♦✇ ♦❢ ✐♥t❡r❡st
♣❛②♠❡♥ts✳ ◆♦t✐❝❡ ❛❧s♦ t❤❛t t❤❡ ✈❛❧✉❡ ♦❢ INTRESF ✐s ❡①♣❡❝t❡❞ t♦ ❜❡ ♥❡❣❛t✐✈❡✱
❛s ✐♥t❡r❡st ♣❛②♠❡♥ts ♠❛❞❡ ❜② ◆❋❈s ♥♦r♠❛❧❧② ♦✉tstr✐♣ ✐♥t❡r❡st ❡❛r♥✐♥❣s✳✷✵

Pr♦✜ts ❡❛r♥❡❞ ❜② ◆❋❈s ❛r❡ ♥♦t ❡♥t✐r❡❧② r❡✐♥✈❡st❡❞✳ ❘❡t❛✐♥❡❞ ♣r♦✜ts ❛r❡✿

ΠFU = sF · ΠF ✭✸✺✮

✇❤❡r❡ sF ✐s t❤❡ ❛✈❡r❛❣❡ r❡t❡♥t✐♦♥ r❛t❡ ♦❢ ◆❋❈s✱ ❞❡✜♥✐♥❣ t❤❡✐r ♦✇♥ s❡❧❢✲❢✉♥❞✐♥❣
❝❛♣❛❝✐t②✳

❆❝❝♦r❞✐♥❣❧②✱ ◆❋❈ ❞✐str✐❜✉t❡❞ ♣r♦✜ts ✭❞✐✈✐❞❡♥❞s✮ ❛r❡✿

DIVF = (1− sF ) · ΠF ✭✸✻✮

✷✵ ❍♦✇❡✈❡r✱ ❞❛t❛ s❤♦✇ t❤❛t t❤❡ ✈❛❧✉❡ ♦❢ ♥❡t ✐♥t❡r❡st ✢♦✇s ❤❛✈❡ t✉r♥❡❞ ♣♦s✐t✐✈❡ ✐♥ t❤❡ ❧❛st
❢❡✇ ②❡❛rs✳

✶✺



❚❛①❡s ♣❛✐❞ ❜② ◆❋❈s ❛r❡ ❛ ✜①❡❞ ♣❡r❝❡♥t❛❣❡ ♦❢ ♣r❡✲t❛① ✭♣❛st✮ ♣r♦✜ts✿

τF = θF ·

[

GDPF,−1 − (WB−1 −WBOTHER,−1)− INTF,−1+

−NFUNDSF,−1 − PROPF,−1

] ✭✸✼✮

❋♦r t❤❡ s❛❦❡ ♦❢ s✐♠♣❧✐❝✐t②✱ ❝❤❛♥❣❡s ✐♥ ❢✉♥❞s ❛♥❞ ❛❞❞✐t✐♦♥❛❧ ♣r♦♣❡rt② ✐♥❝♦♠❡s ❛r❡
❞❡✜♥❡❞ ❛s ❛ ♣❡r❝❡♥t❛❣❡ ♦❢ ❝✉rr❡♥t ♣r♦✜t✳ ❙✉❜s✐❞✐❡s ❛♥❞ tr❛♥s❢❡rs ❛r❡ ❞❡✜♥❡❞ ✐♥
❛ s✐♠✐❧❛r ✇❛②✳ ■♥ ❧✐♥❡ ✇✐t❤ t❤❡ ❝✉rr❡♥t ❧✐t❡r❛t✉r❡✱ ✐t ✐s ❛ss✉♠❡❞ t❤❛t ✜r♠s ❝❛♥
✐ss✉❡ ♥❡✇ ❡q✉✐t② t♦ ❢✉♥❞ ❛ s♠❛❧❧ ♣❡r❝❡♥t❛❣❡ ♦❢ t❤❡✐r ✐♥✈❡st♠❡♥t ♣❧❛♥s ✭❇✉r❣❡ss
❡t ❛❧✳ ✷✵✶✻❬✷❪✮✳ ❚❤❡ r❡❛❧ ✈♦❧✉♠❡ ♦❢ ❡q✉✐t② ✐s✿

vF = vF,−1 + ψ ·
INVF,−1

pV,−1

✭✸✽✮

✇❤❡r❡ pV ✐s t❤❡ ✉♥✐t ♠❛r❦❡t ✈❛❧✉❡ ♦❢ ◆❋❈ ❡q✉✐t② ✫ s❤❛r❡s✳ ❚❤✐s ✐s ❛♥ ❛✈❡r❛❣❡
♣r✐❝❡✱ ✇❤✐❝❤ ❝❛♥ ❜❡ s✐♠♣❧② ❞❡✜♥❡❞ ❛s✿

pV =
VF
vF

✭✸✾✮

◆♦t✐❝❡ t❤❛t ■t❛❧② ✐s ✉s✉❛❧❧② r❡❣❛r❞❡❞ ❛s ❛ tr❛❞✐t✐♦♥❛❧ ♦r ❵❜❛♥❦ ❜❛s❡❞✬ s②st❡♠✳
❋♦r ✜♥❛♥❝✐❛❧ ♠❛r❦❡ts ✉s✉❛❧❧② ❞♦ ♥♦t ♦❝❝✉♣② ❝❡♥t❡r st❛❣❡✳ ❖♥ t❤❡ ❝♦♥tr❛r②✱
■t❛❧✐❛♥ ◆❋❈s r❡❧② ♠❛✐♥❧② ♦♥ ❜❛♥❦ ❧♦❛♥s t♦ ❢✉♥❞ t❤❡✐r ♦✇♥ ♣r♦❞✉❝t✐♦♥ ❛♥❞
✐♥✈❡st♠❡♥t ♣❧❛♥s✳ ■♥ ❧✐♥❡ ✇✐t❤ ❙❋❈ ❧✐t❡r❛t✉r❡✱ ♥❡✇ ❜❛♥❦ ❧♦❛♥s ♦❜t❛✐♥❡❞ ❜②
✜r♠s ❛r❡ ❞❡t❡r♠✐♥❡❞ ✐♥ r❡s✐❞✉❛❧ t❡r♠s✿

LF = LF,−1 + INVF − ΠFU −NPL− pV ·∆vF

= LF,−1 −NLF −NPL− pV ·∆vF
✭✹✵✮

❊q✉❛t✐♦♥ ✭✸✾✮ s❤♦✇s t❤❛t t❤❡ ❝❤❛♥❣❡ ✐♥ ❜❛♥❦ ❧♦❛♥s ♦❜t❛✐♥❡❞ ❜② ◆❋❈s ❡q✉❛❧s
t❤❡✐r ♦✇♥ ✐♥✈❡st♠❡♥t ♣❧❛♥s♠✐♥✉s r❡t❛✐♥❡❞ ♣r♦✜ts♠✐♥✉s ❧♦❛♥s ✇r✐t❡✲♦✛s♠✐♥✉s
✐ss✉❡s ♦❢ ♥❡✇ s❤❛r❡s✳

❚❤❡ ♠♦❞❡❧ ❝❛♥ ♥♦✇ ❜❡ ✉s❡❞ t♦ ❞❡t❡r♠✐♥❡ t❤❡ ♥❡t ❧❡♥❞✐♥❣ ❜② ◆❋❈s✱ ✇❤✐❝❤
✐s✿

NLF = ΠFU − INVF ✭✹✶✮

❚❤✐s ✐s t❤❡ ❦❡② s❡❝t♦r❛❧ ♠❛❣♥✐t✉❞❡ ♦❢ ❊❙❙❋❈✱ ❛s ✐t ❞❡✜♥❡s ◆❋❈ ♥❡t ✜♥❛♥❝✐❛❧
❧✐♥❦ ✇✐t❤ t❤❡ r❡st ♦❢ t❤❡ ❡❝♦♥♦♠②✳

✸✳✶✳✹ ●♦✈❡r♥♠❡♥t s❡❝t♦r

❇♦t❤ ❊✉r♦st❛t ❛♥❞ t❤❡ ❊❈❇ ❧✐❦❡♥ t❤❡ ❝♦♥❝❡♣t ♦❢ ❣♦✈❡r♥♠❡♥t ❵s✉r♣❧✉s✬ ✭❵❞❡✜❝✐t✬✮
✇✐t❤ t❤❛t ♦❢ ❣♦✈❡r♥♠❡♥t ❵♥❡t ❧❡♥❞✐♥❣✬ ✭❵♥❡t ❜♦rr♦✇✐♥❣✬✮✳ ❚❤❡ ❧❛tt❡r ✐s ❞❡✜♥❡❞
❛s ❵t❤❡ ❧❛st ❜❛❧❛♥❝✐♥❣ ✐t❡♠ ♦❢ t❤❡ ♥♦♥✲✜♥❛♥❝✐❛❧ ❛❝❝♦✉♥ts ✲ ♥❛♠❡❧② t❤❡ ❜❛❧❛♥❝✐♥❣
✐t❡♠ ♦❢ t❤❡ ❝❛♣✐t❛❧ ❛❝❝♦✉♥t✬✳✷✶ ■♥ ❢♦r♠❛❧ t❡r♠s✱ ♥❡t ❧❡♥❞✐♥❣ ❜② t❤❡ ❣♦✈❡r♥♠❡♥t
❛r✐s❡s ❢r♦♠ r❡✈❡♥✉❡s ♥❡t ♦❢ s♣❡♥❞✐♥❣ ❛♥❞ ✐♥t❡r❡st ♣❛②♠❡♥ts✿

✷✶ ❙❡❡ ❊✉r♦st❛t ●❧♦ss❛r② ❛t✿ ❤tt♣✿✴✴❡❝✳❡✉r♦♣❛✳❡✉✴❡✉r♦st❛t✴st❛t✐st✐❝s✲❡①♣❧❛✐♥❡❞✴✳

✶✻



NLG = GOVREV −GOVSP − INTG ✭✹✷✮

■♥t❡r❡st ♣❛②♠❡♥ts ❞❡♣❡♥❞ ♦♥ t❤❡ ❛✈❡r❛❣❡ r❡t✉r♥ r❛t❡ ♦♥ ❣♦✈❡r♥♠❡♥t s❡❝✉r✐t✐❡s
❛♥❞ t❤❡ ❛♠♦✉♥t ♦❢ ♦✉tst❛♥❞✐♥❣ ❞❡❜t ✭✐♥ ❢♦r♠ ♦❢ s❡❝✉r✐t✐❡s✮✳ ❆♥ ❛❞❞✐t✐♦♥❛❧ ♦r
r❡s✐❞✉❛❧ ❝♦♠♣♦♥❡♥t ✐s ❛❧s♦ ✐♥❝❧✉❞❡❞✱ s♦ t❤❛t✿

INTG = rBA,−1 · BG,−1 + INTRESG ✭✹✸✮

❚❤❡ ❛✈❡r❛❣❡ ②✐❡❧❞ ♦❢ ■t❛❧✐❛♥ ❣♦✈❡r♥♠❡♥t s❡❝✉r✐t✐❡s ❝❛♥ ❜❡ ❞❡✜♥❡❞ ❜② ❛❞❞✐♥❣
❛ ♠❛r❦✲✉♣ t♦ t❤❡ r✐s❦✲❢r❡❡ ✐♥t❡r❡st r❛t❡ ✭✐✳❡✳ t❤❡ ●❡r♠❛♥ ✶✵✲②❡❛r ❣♦✈❡r♥♠❡♥t
❜♦♥❞ ②✐❡❧❞✮✿✷✷

rBA = rZ · (1 + µA) ✭✹✹✮

●♦✈❡r♥♠❡♥t t♦t❛❧ s♣❡♥❞✐♥❣ ✐s ❣✐✈❡♥ ❜② t❤❡ s✉♠♠❛t✐♦♥ ♦❢ ❣♦✈❡r♥♠❡♥t ❝♦♥s✉♠♣✲
t✐♦♥✱ ✐♥✈❡st♠❡♥t✱ t♦t❛❧ tr❛♥s❢❡rs ✭✐♥❝❧✉❞✐♥❣ s✉❜s✐❞✐❡s ❛♥❞ ❜❡♥❡✜ts✮ ❛♥❞ ❝❤❛♥❣❡
✐♥ ❢✉♥❞s✿

GOVSP = CONSG + INVG + TTOT +NFUNDSG ✭✹✺✮

●♦✈❡r♥♠❡♥t t♦t❛❧ r❡✈❡♥✉❡ ✐s ❣✐✈❡♥ ❜② ❣♦✈❡r♥♠❡♥t ●❉P ✭✐✳❡✳ t❤❡ ❝♦st ♦❢ ❣♦♦❞s
❛♥❞ s❡r✈✐❝❡s ♣r♦❞✉❝❡❞ ❜② t❤❡ ❣♦✈❡r♥♠❡♥t✮ ♠✐♥✉s ✇❛❣❡ ♣❛②♠❡♥ts✱ ♣❧✉s t♦t❛❧
t❛①❡s✱ ♦t❤❡r ♣r♦♣❡rt② ✐♥❝♦♠❡s ❛♥❞ ❞✐✈✐❞❡♥❞s✿

GOVREV = GDPG −WBG + τTOT + PROPG +DIVG ✭✹✻✮

❋♦r t❤❡ s❛❦❡ ♦❢ s✐♠♣❧✐❝✐t②✱ ❣♦✈❡r♥♠❡♥t ❝♦♥s✉♠♣t✐♦♥ ✐s ❞❡✜♥❡❞ ❛s ❛ s❤❛r❡ ♦❢
t♦t❛❧ ●❉P ♣❧✉s ❛ ❞✐s❝r❡t✐♦♥❛r② ❝♦♠♣♦♥❡♥t✿

CONSG = αCG ·GDP + ζG ✭✹✼✮

❖t❤❡r ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ❛♥❞ r❡✈❡♥✉❡ ❡♥tr✐❡s ❛r❡ ❞❡✜♥❡❞ ✐♥ ❛ s✐♠✐❧❛r ✇❛②✳✷✸

❙✐♥❝❡ t❤❡ ♠♦❞❡❧ ✐s q✉✐t❡ ❝♦♠♣❧❡① ②❡t✱ ♦♥❧② st♦❝❤❛st✐❝ s❤♦❝❦s t♦ ❣♦✈❡r♥♠❡♥t
❡q✉❛t✐♦♥s✬ ❝♦❡✣❝✐❡♥ts ❛r❡ ❝♦♥s✐❞❡r❡❞ ❤❡r❡✳ ❍♦✇❡✈❡r✱ t❤❡s❡ s✐♠♣❧✐✜❡❞ ❡q✉❛t✐♦♥s
❝❛♥ ❜❡ r❡❞❡✜♥❡❞ t♦ ✐♥❝❧✉❞❡ ❛❧❧ s♦rts ♦❢ ✜s❝❛❧ ♣♦❧✐❝② r✉❧❡s ❛♥❞ r❡❛❝t✐♦♥ ❢✉♥❝t✐♦♥s✳

❚❤❡ t♦t❛❧ t❛① r❡✈❡♥✉❡ ✐s t❤❡ s✉♠♠❛t✐♦♥ ♦❢ t❛①❡s ♣❛✐❞ ❜② ✭❞♦♠❡st✐❝✮ ♣r✐✈❛t❡
❛♥❞ ❢♦r❡✐❣♥ s❡❝t♦rs✿

τTOT = τH + τF + τB + τRoW ✭✹✽✮

❙✐♠✐❧❛r❧②✱ t❤❡ ❛♠♦✉♥t ♦❢ t♦t❛❧ tr❛♥s❢❡rs ✐s t❤❡ s✉♠♠❛t✐♦♥ ♦❢ tr❛♥s❢❡rs ♣❛✐❞ ❜②
❣♦✈❡r♥♠❡♥t t♦ ✭❞♦♠❡st✐❝✮ ♣r✐✈❛t❡ ❛♥❞ ❢♦r❡✐❣♥ s❡❝t♦rs✿

TTOT = TH + TF + TB + TRoW ✭✹✾✮

✷✷ ●♦✈❡r♥♠❡♥t s❡❝✉r✐t✐❡s ✐ss✉❡❞ ❜② t❤❡ ■t❛❧✐❛♥ ❣♦✈❡r♥♠❡♥t ✐♥❝❧✉❞❡ ❚r❡❛s✉r② ❜✐❧❧s ✭❇❖❚✮✱
③❡r♦✲❝♦✉♣♦♥ ❝❡rt✐✜❝❛t❡s ✭❈❚❩✮✱ ✢♦❛t✐♥❣ r❛t❡ ♥♦t❡s ✭❈❈❚✮✱ ❛♥❞ ❜♦♥❞s ✇✐t❤ ♦t❤❡r ♠❛t✉r✐t✐❡s✳
❚❤❡ ❛✈❡r❛❣❡ s♣r❡❛❞ ❜❡t✇❡❡♥ ■t❛❧✐❛♥ ❛♥❞ ●❡r♠❛♥ ❜♦♥❞s ❝❛♥ ❜❡ ❞❡✜♥❡❞ ❡♥❞♦❣❡♥♦✉s❧② ❛s ❛
❢✉♥❝t✐♦♥ ♦❢ t❤❡ ♠❛r❦❡t ♣r✐❝❡ ♦❢ ■t❛❧✐❛♥ ❜♦♥❞s ❛♥❞ ♦t❤❡r ✐♥st✐t✉t✐♦♥❛❧ ❢❛❝t♦rs✳ ❍♦✇❡✈❡r✱ ✐t ✐s
tr❡❛t❡❞ ❛s ❛♥ ❡①♦❣❡♥♦✉s ✈❛r✐❛❜❧❡ ❜② ❊❙❙❋❈✳

✷✸ ❆s ✉s✉❛❧✱ t❤❡ r❡❛❞❡r ✐s r❡❢❡rr❡❞ t♦ ❆♣♣❡♥❞✐① ❇✱ ❙❡❝t✐♦♥ ■■■✱ ❛t ❤tt♣✿✴✴♠♦❞❡❧s✳s❢❝✲
♠♦❞❡❧s✳♥❡t✴✱ ❢♦r t❤❡ ✇❤♦❧❡ s❡t ♦❢ ❣♦✈❡r♥♠❡♥t ❡q✉❛t✐♦♥s✳

✶✼



❚❤❡ ❝❤❛♥❣❡ ✐♥ t❤❡ r❡❛❧ s✉♣♣❧② ♦❢ ❣♦✈❡r♥♠❡♥t ❜♦♥❞s ✭bG ♦r BTP ✮ ✐s ❞❡t❡r♠✐♥❡❞
❜② ❜♦t❤ ❣♦✈❡r♥♠❡♥t ❜♦rr♦✇✐♥❣ ♥❡❡❞s ❛♥❞ ♥❡✇❧② ✐ss✉❡❞ ❚r❡❛s✉r② ❜✐❧❧s ✭BOT ✮✿✷✹

bG = bG,−1 −
−NLG
pB,−1

+
BOT−1

pB,−1

✭✺✵✮

✇❤❡r❡ pB ✐s t❤❡ ✭❛✈❡r❛❣❡✮ ✉♥✐t ♣r✐❝❡ ♦❢ ■t❛❧✐❛♥ ❚r❡❛s✉r② ❜♦♥❞s ❛♥❞ BOT ✐s t❤❡
q✉❛♥t✐t② ♦❢ ❚r❡❛s✉r② ❜✐❧❧s ✐ss✉❡❞ ❜② t❤❡ ❣♦✈❡r♥♠❡♥t ✐♥ ❝✉rr❡♥t ♣❡r✐♦❞✳

❙♦✱ t❤❡ ♠❛r❦❡t ♣r✐❝❡ ♦❢ ■t❛❧✐❛♥ ❣♦✈❡r♥♠❡♥t ❜♦♥❞s ✐s✿

pB =
BG

bG
✭✺✶✮

❚❤❡ s✉♣♣❧② ♦❢ ❚r❡❛s✉r② ❜✐❧❧s ✐s✿

BOT = pB,−1 ·∆bG −

(

BG − BG,−1 ·
pB
pB,−1

)

✭✺✷✮

■♥ ♦t❤❡r ✇♦r❞s✱ t❤❡ ■t❛❧✐❛♥ ❣♦✈❡r♥♠❡♥t ✐s ❛ss✉♠❡❞ t♦ ✐ss✉❡ ❜✐❧❧s ✭❇❖❚✮ t♦ ❞❡❛❧
✇✐t❤ t❡♠♣♦r❛r② ❝❛s❤ ✐♠❜❛❧❛♥❝❡s✳

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

NWG = NWG,−1 +NLG + CGG ✭✺✸✮

❆❝❝♦r❞✐♥❣❧②✱ ❣♦✈❡r♥♠❡♥t ❞❡✜❝✐t✲ ❛♥❞ ❞❡❜t✲t♦✲●❉P r❛t✐♦s ❛r❡ ❞❡✜♥❡❞✱ r❡✲
s♣❡❝t✐✈❡❧②✱ ❛s✿

DEFG =
−NLG
GDP

DEBG =
−NWG

GDP

◆♦t✐❝❡ t❤❛t✱ ✇❤✐❧❡ ■t❛❧②✬s ❣♦✈❡r♥♠❡♥t ❞❡❜t t♦ ●❉P r❛t✐♦ ✐s ♦♥❡ ♦❢ t❤❡ ❤✐❣❤❡st
✐♥ t❤❡ ❊❯✱ ✐ts ❣♦✈❡r♥♠❡♥t ❞❡✜❝✐t t♦ ●❉P r❛t✐♦ ❤❛s ❜❡❡♥ ♦♥❡ ♦❢ t❤❡ ❧♦✇❡st s✐♥❝❡
t❤❡ ❡❛r❧② ✶✾✾✵s✳ ❚❤❡ ■t❛❧✐❛♥ ❣♦✈❡r♥♠❡♥t ❤❛s ❜❡❡♥ r✉♥♥✐♥❣ ♣r✐♠❛r② s✉r♣❧✉s❡s
❡✈❡r s✐♥❝❡ ✭❡①❝❡♣t ❢♦r ✷✵✵✾✮✳ ❍♦✇❡✈❡r✱ t❤❡ ❞❡❜t t♦ ●❉P r❛t✐♦ ❤❛s r❡s✉♠❡❞
❣r♦✇✐♥❣ ❛❢t❡r t❤❡ ❯❙ ✜♥❛♥❝✐❛❧ ❝r✐s✐s✳ ❚❤❡ r❡❛❝t✐♦♥ ♦❢ t❤❡ r❛t✐♦s ❛❜♦✈❡ ❢♦❧❧♦✇✐♥❣
❡①♦❣❡♥♦✉s s❤♦❝❦s t♦ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ✐s ♦♥❡ ♦❢ t❤❡ t♦♣✐❝s ❛♥❛❧②s❡❞ ✐♥
❙❡❝t✐♦♥ ✹✳✷✳

✷✹ ❋♦r t❤❡ s❛❦❡ ♦❢ s✐♠♣❧✐❝✐t②✱ ❣♦✈❡r♥♠❡♥t s❡❝✉r✐t✐❡s ♦t❤❡r t❤❛♥ ❚r❡❛s✉r② ❜♦♥❞s ❛♥❞ ❜✐❧❧s
❛r❡ ♥❡❣❧❡❝t❡❞✳

✶✽



✸✳✶✳✺ ❇❛♥❦s ❛♥❞ ♦t❤❡r ✜♥❛♥❝✐❛❧ ✐♥st✐t✉t✐♦♥s

■t❛❧②✬s ✜♥❛♥❝✐❛❧ s❡❝t♦r ✐s ❞♦♠✐♥❛t❡❞ ❜② ❛ ❢❡✇ ❧❛r❣❡ ❜❛♥❦s ✭♥♦t❛❜❧② ❯♥✐❝r❡❞✐t
❛♥❞ ■♥t❡s❛ ❙❛♥♣❛♦❧♦✮✳ ❈♦♥s❡q✉❡♥t❧②✱ ❝♦♠♠❡r❝✐❛❧ ❜❛♥❦s ❛♥❞ ♥♦♥✲❜❛♥❦ ✜♥❛♥❝✐❛❧
✐♥st✐t✉t✐♦♥s ❝❛♥ ❜❡ ✐♥❝❧✉❞❡❞ ✐♥ t❤❡ s❛♠❡ s❡❝t♦r ✇✐t❤♦✉t ❧♦ss ♦❢ r❡❛❧✐s♠✳ ❆s
✉s✉❛❧✱ t❤❡ ●❉P t♦ ❜❡ ❛ttr✐❜✉t❡❞ t♦ ✜♥❛♥❝✐❛❧ ✐♥st✐t✉t✐♦♥s ❛s ❛ ✇❤♦❧❡ ✐s ❞❡✜♥❡❞
❛s ❛ ♣❡r❝❡♥t❛❣❡✱ βB✱ ♦❢ t♦t❛❧ ●❉P✿

GDPB = βB ·GDP ✭✺✹✮

❋✐♥❛♥❝✐❛❧ s❡❝t♦r✬s ●❉P ✐s ❧❛r❣❡❧② ❣✐✈❡♥ ❜② t❤❡ s♣r❡❛❞ ❜❡t✇❡❡♥ t❤❡ ✐♥t❡r❡st r❛t❡
t❤❛t ✜♥❛♥❝✐❛❧ ✐♥st✐t✉t✐♦♥s r❡❝❡✐✈❡ ♦♥ ✜♥❛♥❝✐❛❧ ❛ss❡ts ❛♥❞ t❤❡ ♦♥❡ t❤❡② ♣❛② ♦♥
✜♥❛♥❝✐❛❧ ❧✐❛❜✐❧✐t✐❡s✳✷✺

Pr♦✜ts ♠❛❞❡ ❜② ✜♥❛♥❝✐❛❧ ✐♥st✐t✉t✐♦♥s ❛r❡ ❝❛❧❝✉❧❛t❡❞ ❛s t❤❡ s✉♠♠❛t✐♦♥ ♦❢
✜♥❛♥❝✐❛❧ s❡❝t♦r✬s ●❉P✱ ♥❡t ❞✐✈✐❞❡♥❞s✱ ♥❡t ✐♥t❡r❡st ♣❛②♠❡♥ts ❛♥❞ ❝❤❛♥❣❡ ✐♥
❢✉♥❞s✱ ♠✐♥✉s ✇❛❣❡s ♣❛✐❞ ❛♥❞ t❛①❡s ♥❡t ♦❢ tr❛♥s❢❡rs✿

ΠB = GDPB −WBB − τB + TB +DIVB+

+ PROPB + INTB +NFUNDSB
✭✺✺✮

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

NLB = ΠB −DIVB − INVB ✭✺✻✮

❚♦t❛❧ t❛①❡s ♦♥ ✜♥❛♥❝✐❛❧ s❡❝t♦r ♣r♦✜ts ❛r❡ ❞❡✜♥❡❞ ❛s✿

τB = θB · ΠB,−1 ✭✺✼✮

❚❤❡ ✈❛❧✉❡ ♦❢ t♦t❛❧ tr❛♥s❢❡rs r❡❝❡✐✈❡❞ ❜② ✜♥❛♥❝✐❛❧ ✐♥st✐t✉t✐♦♥s ✐s ❞❡t❡r♠✐♥❡❞
✐♥ ❛ s✐♠✐❧❛r ✇❛②✳ ❋✐♥❛♥❝✐❛❧ s❡❝t♦r ♥❡t ❡❛r♥✐♥❣ ❢r♦♠ ❧❡♥❞✐♥❣ ✐s ❞❡✜♥❡❞ ❛s ♥❡t
✐♥t❡r❡sts ♣❛✐❞ ❜② ❤♦✉s❡❤♦❧❞s ♣❧✉s ♥❡t ✐♥t❡r❡sts ♣❛✐❞ ❜② ◆❋❈s ♣❧✉s ❛♥ ❛❞❞✐t✐♦♥❛❧
❝♦♠♣♦♥❡♥t ❞❡✜♥❡❞ ❜② t❤❡ ♣❡r❝❡♥t❛❣❡ δRESINT,B ❛♥❞ ❛❝❝♦✉♥t✐♥❣ ❢♦r ♦t❤❡r ✐♥t❡r❡st
♣❛②♠❡♥ts✿

INTB = (INT PAIDH + INTF ) · (1 + δRESINT,B) ✭✺✽✮

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

❋✐♥❛♥❝✐❛❧ s❡❝t♦r ♥❡t ✇❡❛❧t❤ ✐s✿

NWB = NWB,−1 +ΠB − INVB + CGB ✭✺✾✮

❚❤❡ ♥❡t st♦❝❦ ♦❢ ❜❛♥❦ ❧♦❛♥s ✐s t❤❡ s✉♠♠❛t✐♦♥ ♦❢ ♠♦rt❣❛❣❡s t♦ ❤♦✉s❡❤♦❧❞s ❛♥❞
❧♦❛♥s ❣r❛♥t❡❞ t♦ ♦t❤❡r ❞♦♠❡st✐❝ s❡❝t♦rs✱ ♥❡t ♦❢ ❢♦r❡✐❣♥ ❧♦❛♥s✿

LB = LH + LF + LG − LRoW ✭✻✵✮

✷✺ ❚❤❡ ❙◆❆ r❡q✉✐r❡s t♦ ✉s❡ t❤✐s s♣r❡❛❞ ❛s ❛ ♠❡❛s✉r❡ ♦❢ s❡r✈✐❝❡s ♣r♦✈✐❞❡❞ ❜② t❤❡ ✜♥❛♥❝✐❛❧
s❡❝t♦r t♦ t❤❡ ❡❝♦♥♦♠②✱ ❜② ❛❝t✐♥❣ ❛s ❛♥ ❵✐♥t❡r♠❡❞✐❛r②✬✳

✶✾



❙✐♠✐❧❛r❧②✱ t❤❡ st♦❝❦ ♦❢ ❜❛♥❦ ❞❡♣♦s✐ts ✐s✿

DB = DH +DF +DG +DRoW ✭✻✶✮

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

NFWB = NWB −HOUSEB ✭✻✷✮

✇❤❡r❡ HOUSEB ✐s t❤❡ ❛♠♦✉♥t ♦❢ ❵♣r♦❞✉❝❡❞ ♥♦♥✲✜♥❛♥❝✐❛❧ ❛ss❡ts✬ ❤❡❧❞ ❜② ✜✲
♥❛♥❝✐❛❧ ✐♥st✐t✉t✐♦♥s✳ ■t ✐s s✐♠♣❧② ❞❡✜♥❡❞ ❛s ❛ ♣❡r❝❡♥t❛❣❡ ✭νH,B✮ ♦❢ ✜♥❛♥❝✐❛❧
s❡❝t♦r✬s ♥❡t ✇❡❛❧t❤✿

HOUSEB = νH,B ·NWB ✭✻✸✮

❆♣❛rt ❢r♦♠ ❧♦❛♥s✱ ■t❛❧✐❛♥ ❜❛♥❦s ❛♥❞ ✜♥❛♥❝✐❛❧ ✐♥st✐t✉t✐♦♥s✬ ✜♥❛♥❝✐❛❧ ❛ss❡ts ❛r❡
♠❛❞❡ ✉♣ ♦❢ ❡q✉✐t② ✫ s❤❛r❡s✱ s❡❝✉r✐t✐❡s✱ ❛♥❞ ♦t❤❡r ✐♥str✉♠❡♥ts✳ ❚❤❡ r❛t✐♦ ♦❢
✜♥❛♥❝✐❛❧ ✐♥st✐t✉t✐♦♥s✬ ❡q✉✐t② ✫ s❤❛r❡s ❤♦❧❞✐♥❣s t♦ ♥❡t ✜♥❛♥❝✐❛❧ ✇❡❛❧t❤ ✐s✿

V PUR
B

E(NFWB)
= λB1,0 + λB1,1 · E(rV ) + λB1,2 · ΠB + λB1,3 · E(rBA) ✭✻✹✮

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

BB

E(NFWB)
= λB2,0 + λB2,1 · E(rV ) + λB2,2 · ΠB + λB2,3 · E(rBA) ✭✻✺✮

❚❤❡ r❛t✐♦ ♦❢ ♦t❤❡r ♥❡t ✜♥❛♥❝✐❛❧ ❛ss❡ts ✭♦r ❧✐❛❜✐❧✐t✐❡s✮ ❤❡❧❞ ❜② ✜♥❛♥❝✐❛❧ ✐♥st✐t✉✲
t✐♦♥s t♦ t❤❡✐r ♥❡t ✜♥❛♥❝✐❛❧ ✇❡❛❧t❤ ✐s✿

OFINB

E(NFWB)
= λB3,0 + λB3,1 · E(rV ) + λB3,2 · ΠB + λB3,3 · E(rBA)

■♥ t❤❡ ♣♦rt❢♦❧✐♦ ❡q✉❛t✐♦♥s ❛❜♦✈❡✱ t❤❡ ♣r♦✜t ❧❡✈❡❧ ♣❡r❢♦r♠s t❤❡ s❛♠❡ ❢✉♥❝t✐♦♥
t❤❛t ❞✐s♣♦s❛❜❧❡ ✐♥❝♦♠❡ ♣❡r❢♦r♠s ❢♦r t❤❡ ❤♦✉s❡❤♦❧❞s s❡❝t♦r✱ ❞❡✜♥✐♥❣ ✜♥❛♥❝✐❛❧
✐♥st✐t✉t✐♦♥s✬ ❧✐q✉✐❞✐t② ♥❡❡❞s ❢♦r tr❛♥s❛❝t✐♦♥s✳ ◆♦t✐❝❡ t❤❛t λBi,j ❝♦❡✣❝✐❡♥ts ✭❢♦r
i = 1, 2 ❛♥❞ j = 0, 1, 2, 3✮ ❛r❡ ❡♠♣✐r✐❝❛❧❧② ❡st✐♠❛t❡❞ ♣❛r❛♠❡t❡rs✱ ✇❤❡r❡❛s λB3,j
❝♦❡✣❝✐❡♥ts ✭❢♦r j = 0, 1, 2, 3✮ ❛r❡ ❞❡✜♥❡❞ ✐♥ s✉❝❤ ❛ ✇❛② t♦ ♠❡❡t t❤❡ ♣♦rt❢♦❧✐♦
❛❞❞✐♥❣✲✉♣ ❝♦♥str❛✐♥ts✳ ■♥ ♦t❤❡r ✇♦r❞s✱ OFINB ✐s t❤❡ r❡s✐❞✉❛❧ ♣♦rt✐♦♥ ♦❢ ✜♥❛♥✲
❝✐❛❧ ✐♥st✐t✉t✐♦♥s✬ ♥❡t ✜♥❛♥❝✐❛❧ ✇❡❛❧t❤✳ ❆s s✉❝❤✱ ✐t ❝❛♥ ❜❡ ❛❧s♦ s✐♠♣❧② ❞❡✜♥❡❞
❛s✿

OFINB = DB + VB − LB +BB −NWB +HOUSEB ✭✻✻✮

❋✐♥❛❧❧②✱ ♥♦t✐❝❡ t❤❛t ❛ ❵♠✐♥✐♠❛❧✐st✬ ✇❛② t♦ ♠♦❞❡❧ ❝♦♠♠❡r❝✐❛❧ ❜❛♥❦s✬ ❛♥❞ ♦t❤❡r
✜♥❛♥❝✐❛❧ ✐♥st✐t✉t✐♦♥s✬ ❜❡❤❛✈✐♦✉r ❤❛s ❜❡❡♥ ❝❤♦s❡♥ ❤❡r❡✳ ❍♦✇❡✈❡r✱ ❛ ♠♦r❡ r❡✜♥❡❞
r❡♥❞✐t✐♦♥ ✐s ♣♦ss✐❜❧❡ ✭s❡❡✱ ❢♦r ✐♥st❛♥❝❡✱ ▲❡ ❍❡r♦♥ ❛♥❞ ▼♦✉❛❦✐❧ ✷✵✵✽❬✼❪✮✳

✷✵



✸✳✶✳✻ ❋♦r❡✐❣♥ s❡❝t♦r

▼♦st ❢♦r❡✐❣♥ s❡❝t♦r✬s ❛❝❝♦✉♥t✐♥❣ ✐❞❡♥t✐t✐❡s ❝❛♥ ❜❡ ❞❡r✐✈❡❞ ❢r♦♠ ♦t❤❡r s❡❝t♦rs
✐♥ ❛ r❡s✐❞✉❛❧ ❢❛s❤✐♦♥✳ ❚❤❡ ♠♦st s✐❣♥✐✜❝❛♥t ♦♥❡ ✐s ♥❡t ❧❡♥❞✐♥❣ ❜② t❤❡ r❡st ♦❢ t❤❡
✇♦r❧❞✱ ✇❤✐❝❤ ♠✉st ♠❛t❝❤ ❞♦♠❡st✐❝ ♥❡t ❜♦rr♦✇✐♥❣✿

NLRoW = −(NLH +NLF +NLG +NLB) ✭✻✼✮

❚❤❡ ❧❛tt❡r ✐s ♥♦t❤✐♥❣ ❜✉t t❤❡ ✢✐♣ s✐❞❡ ♦❢ t❤❡ ■t❛❧✐❛♥ ❡❝♦♥♦♠②✬s ❝✉rr❡♥t ❛❝❝♦✉♥t✳
❆ ♣♦s✐t✐✈❡ ✭♥❡❣❛t✐✈❡✮ ✈❛❧✉❡ ♦❢ NLRoW s❤♦✇s ❛ ❞❡✜❝✐t ✭s✉r♣❧✉s✮ ♦❢ ■t❛❧② t♦✇❛r❞s
t❤❡ r❡st ♦❢ t❤❡ ✇♦r❧❞✳

❚❤❡r❡ ❛r❡ st✐❧❧ ❛ ❢❡✇ st♦❝❤❛st✐❝ ✈❛r✐❛❜❧❡s t♦ ❜❡ ❞❡✜♥❡❞✳ ▲♦❛♥s t♦ ✭♦r ❢r♦♠✮
t❤❡ r❡st ♦❢ t❤❡ ✇♦r❧❞ ❛r❡ ♠♦❞❡❧❧❡❞ ❛s ❛ ❧✐♥❡❛r ❢✉♥❝t✐♦♥ ♦❢ ♠❛♥② ❢❛❝t♦rs✱ ♥♦✲
t❛❜❧②✱ ♣❛st ❧♦❛♥s✱ ❊❈❇ t❛r❣❡t ✐♥t❡r❡st r❛t❡✱ ●❉P ❛ttr✐❜✉t❡❞ t♦ t❤❡ r❡st ♦❢ t❤❡
✇♦r❧❞✱ ✭♥♦♠✐♥❛❧✮ ❡①❝❤❛♥❣❡ r❛t❡✱ t♦t❛❧ tr❛❞❡ ✈♦❧✉♠❡✱ ❛♥❞ ■t❛❧✐❛♥ tr❛❞❡ ❜❛❧❛♥❝❡✳
❉♦♠❡st✐❝ ❞❡♣♦s✐ts ❤❡❧❞ ❜② ❢♦r❡✐❣♥ ✐♥✈❡st♦rs ❛r❡ ❞❡t❡r♠✐♥❡❞ ✐♥ ❛ s✐♠✐❧❛r ✇❛②✳
❊①♣♦rt ✐s ❞❡✜♥❡❞ ❛s ❛ ❧✐♥❡❛r ❢✉♥❝t✐♦♥ ♦❢ ❝❤❛♥❣❡s ✐♥ ❧❛❜♦✉r ♣r♦❞✉❝t✐✈✐t②✱ ✐♠♣♦rt
❛♥❞ t❤❡ ❡①❝❤❛♥❣❡ r❛t❡✳✷✻ ❚♦t❛❧ ♥❡t s❡❝✉r✐t✐❡s ❤❡❧❞ ❜② t❤❡ r❡st ♦❢ t❤❡ ✇♦r❧❞ ❛r❡
❞❡t❡r♠✐♥❡❞ ❜② ❡①♣❡❝t❡❞ r❡t✉r♥ r❛t❡s ♦♥ ❜♦♥❞s ❛♥❞ ♦t❤❡r ✜♥❛♥❝✐❛❧ ❛ss❡ts✱ ❛♥❞
t❤❡ ❡①❝❤❛♥❣❡ r❛t❡✳ ❚♦ s✉♠ ✉♣✱ r❡st ♦❢ t❤❡ ✇♦r❧❞✬s ✈❛r✐❛❜❧❡s ❛r❡ ✉s✉❛❧❧② ❞❡✜♥❡❞
✐♥ r❡s✐❞✉❛❧ t❡r♠s ✭❡①❝❡♣t ❢♦r ♣♦rt❢♦❧✐♦ ❞❡❝✐s✐♦♥s✱ ❢♦r❡✐❣♥ ❧♦❛♥s ❛♥❞ ❡①♣♦rt✮✳✷✼

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

✸✳✶✳✼ ❈r♦ss✲s❡❝t♦r ❤♦❧❞✐♥❣s ❛♥❞ ♣❛②♠❡♥ts

❚♦ ❝♦♠♣❧❡t❡ t❤❡ ♠♦❞❡❧✱ ❝r♦ss✲s❡❝t♦r ❛ss❡ts ✫ ❧✐❛❜✐❧✐t✐❡s ❤♦❧❞✐♥❣s ❛♥❞ ♣❛②♠❡♥ts
♠✉st ❜❡ ❞❡✜♥❡❞✳ ❲❤❡♥ ♥♦ ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t ❵✇❤♦ ♣❛②s ✇❤♦♠✬ ✐s ❛✈❛✐❧❛❜❧❡✱
s♦♠❡ s✐♠♣❧✐❢②✐♥❣ ❤②♣♦t❤❡s❡s ❝❛♥ ❤❡❧♣✳ ❆r❣✉❛❜❧②✱ t❤❡ ❡❛s✐❡st ✇❛② t♦ ♣r♦❝❡❡❞ ✐s
t♦ t❛❦❡ ❛ ❧♦♦❦ ❛t ❛✈❛✐❧❛❜❧❡ ❞❛t❛✳ ❙✉♣♣♦s❡ t❤❛t t❤❡ ■t❛❧✐❛♥ s❡❝✉r✐t② ♠❛r❦❡t ✐s
❞♦♠✐♥❛t❡❞ ✭❛s ✐t ✐s✮ ❜② ❣♦✈❡r♥♠❡♥t ✐ss✉❡s✱ s♦ t❤❛t ❣♦✈❡r♥♠❡♥t ❜♦♥❞s ❛❝❝♦✉♥t
❢♦r ♥✐♥❡t② ♣❡r❝❡♥t ♦❢ t♦t❛❧ s❡❝✉r✐t✐❡s✳ ■t ❝❛♥ ❜❡ ❛ss✉♠❡❞ t❤❛t✱ ✇❤✐❧❡ s❡❝t♦r❛❧
♣♦rt❢♦❧✐♦s ❛r❡ ❞✐✛❡r❡♥t ✐♥ t❡r♠s ♦❢ ❛ss❡t t②♣❡s✬ ❝♦♠♣♦s✐t✐♦♥ ✭s❤❛r❡s✱ s❡❝✉r✐t✐❡s✱
❞❡♣♦s✐ts✮✱ ❡❛❝❤ s❡❝t♦r ❤♦❧❞s t❤❡ s❛♠❡ ♣r♦♣♦rt✐♦♥ ♦❢ ❣♦✈❡r♥♠❡♥t ❜♦♥❞s t♦ t♦t❛❧
s❡❝✉r✐t✐❡s ✭t❤❛t ✐s✱ ♥✐♥❡t② ♣❡r❝❡♥t✮✳ ❚❤✐s ✐s ❝♦❤❡r❡♥t ✇✐t❤ t❤❡ ❤②♣♦t❤❡s✐s t❤❛t
s❡❝✉r✐t✐❡s ✭❜❡ t❤❡② ◆❋❈ s❡❝✉r✐t✐❡s ♦r ❣♦✈❡r♥♠❡♥t ❜♦♥❞s✮ ❝❛rr② ❛❧❧ t❤❡ s❛♠❡
❛✈❡r❛❣❡ r❡t✉r♥ r❛t❡✳ ❚❤❡ s❛♠❡ ♠❡t❤♦❞ ❝❛♥ ❜❡ ❛♣♣❧✐❡❞ t♦ ♦t❤❡r ✜♥❛♥❝✐❛❧ ❛ss❡ts✳

❆♥♦t❤❡r ♣r♦❜❧❡♠ ♠✐❣❤t ❛r✐s❡ ❢r♦♠ t❤❡ ❢❛❝t t❤❛t s❡❧❞♦♠ ❞✐✈✐❞❡♥❞s r❡❝❡✐✈❡❞
❜② ❡❛❝❤ s❡❝t♦r ♠✐rr♦r t❤❡ r❡❧❛t❡❞ ❡q✉✐t② ✫ s❤❛r❡s✬ ❤♦❧❞✐♥❣s✳ ❚❤✐s ✐ss✉❡ ✐s ❧✐❦❡❧②
t♦ ❜❡ ❞✉❡ t♦ t❤❡ ❤✐❣❤ ❛❣❣r❡❣❛t✐♦♥ ❧❡✈❡❧ ❛♥❞ ♦t❤❡r s✐♠♣❧✐❢②✐♥❣ ❛ss✉♠♣t✐♦♥s✳ ■t ✐s
t❛❝❦❧❡❞ ✐♥ t✇♦ st❡♣s ❤❡r❡✿ ❛✮ t♦t❛❧ ❞✐✈✐❞❡♥❞s r❡❝❡✐✈❡❞ ❜② ❡❛❝❤ ❵r❡❝✐♣✐❡♥t✬ s❡❝t♦r
i ❤❛✈❡ ❜❡❡♥ ❝♦rr❡❝t❡❞ t♦ ✜t ❡♠♣✐r✐❝❛❧ ❡✈✐❞❡♥❝❡ ✭DIVi = ǫi ·DIVTOT · Vi/VTOT ✱
✇❤❡r❡ ǫi ✐s t❤❡ ❝♦rr❡❝t✐♦♥ ❝♦❡✣❝✐❡♥t✮❀ ❜✮ ❡❛❝❤ ❵✐ss✉✐♥❣✬ s❡❝t♦r j ❤❛s ❜❡❡♥

✷✻ ❚❤❡ ♣r✐❝❡ ✭♦r ✇❛❣❡✮ ❧❡✈❡❧ ♦r t❤❡ ✐♥✢❛t✐♦♥ r❛t❡ ❝❛♥ ❛❧s♦ ❜❡ ❛❞❞❡❞ t♦ ❡①♣♦rt ❡q✉❛t✐♦♥ t♦
❛❝❝♦✉♥t ❢♦r ♣r✐❝❡ ❝♦♠♣❡t✐t✐✈❡♥❡ss✳ ■♥ ❛❞❞✐t✐♦♥✱ ❡①♣♦rt str♦♥❣❧② ❞❡♣❡♥❞s ♦♥ ✐♥❝♦♠❡ ♦❢ tr❛❞✐♥❣
♣❛rt♥❡rs✳ ❚❤✐s ❛s♣❡❝t s❤♦✉❧❞ ❜❡ ❝♦♥s✐❞❡r❡❞ ✐♥ ❛ ♠♦r❡ ❛❞✈❛♥❝❡❞ ✈❡rs✐♦♥ ♦❢ t❤❡ ♠♦❞❡❧✳

✷✼ ❙❡❡ ❆♣♣❡♥❞✐① ❇✱ ❙❡❝t✐♦♥ ❱✱ ❛t ❤tt♣✿✴✴♠♦❞❡❧s✳s❢❝✲♠♦❞❡❧s✳♥❡t✴✳

✷✶



❛ss✉♠❡❞ t♦ ♣❛② t❤❡ s❛♠❡ ♣r♦♣♦rt✐♦♥ ✭δj = DIVj/DIVTOT ✮ ♦❢ t♦t❛❧ ❞✐✈✐✲
❞❡♥❞s t♦ ❡✈❡r② ♦t❤❡r s❡❝t♦r ✭s♦ t❤❛t ❞✐✈✐❞❡♥❞s ♣❛✐❞ ❜② j t♦ i ❛r❡ ❞❡✜♥❡❞ ❛s✿
DIVj,i = δj ·DIVi✮✳ ■♥t❡r❡st ♣❛②♠❡♥ts ❤❛✈❡ ❜❡❡♥ ♠♦❞❡❧❧❡❞ ✐♥ ❛ s✐♠✐❧❛r ✇❛②✳✷✽

✸✳✶✳✽ ❈❡♥tr❛❧ ❜❛♥❦ st❛♥❝❡ ❛♥❞ ✐♥t❡r❡st r❛t❡s

❙✐♥❝❡ ■t❛❧② ✐s ❛ ♠❡♠❜❡r ♦❢ t❤❡ ❊✉r♦ ❆r❡❛✱ t❤❡ ❦❡② ♣♦❧✐❝② ✐♥t❡r❡st r❛t❡ ✭rECB✮
✐s s❡t ❛✉t♦♥♦♠♦✉s❧② ❜② t❤❡ ❊❈❇✳ ❙✐♠✐❧❛r❧②✱ t❤❡ ❡①❝❤❛♥❣❡ r❛t❡ ✭NER✮ ✐s ❛♥
❡①♦❣❡♥♦✉s ✈❛r✐❛❜❧❡✳ ■t ✐s ❤❡r❡ ❞❡✜♥❡❞ ❛s t❤❡ ❡✛❡❝t✐✈❡ ♥♦♠✐♥❛❧ ❡①❝❤❛♥❣❡ r❛t❡
✇✐t❤ ✹✷ tr❛❞✐♥❣ ♣❛rt♥❡rs✳✷✾ ❚❤❡ r✐s❦✲❢r❡❡ ✐♥t❡r❡st r❛t❡ ✭rZ✮ ✐s t❤❡ r❡t✉r♥ r❛t❡
♦♥ ✶✵✲②❡❛r ●❡r♠❛♥ ❜♦♥❞s✱ ✇❤✐❝❤ ✐s ❛❧s♦ ❛♥ ❡①♦❣❡♥♦✉s ✈❛r✐❛❜❧❡ ❢♦r ■t❛❧②✳ ■♥
♣r✐♥❝✐♣❧❡✱ t❤❡ ♠❛r❦✲✉♣ ◆❋❈s ❛r❡ ❝❤❛r❣❡❞ ❜② ❝♦♠♠❡r❝✐❛❧ ❜❛♥❦s ✭µL,F = rL,F −

rECB✮ ❝❛♥ ❜❡ ❞❡✜♥❡❞ ❡♥❞♦❣❡♥♦✉s❧②✱ ❛s ❛ ❢✉♥❝t✐♦♥ ♦❢ t❤❡ ❧❡✈❡r❛❣❡ r❛t✐♦ ♦❢ ✜r♠s
❛♥❞ ♦t❤❡r ✈❛r✐❛❜❧❡s ♦❢ t❤❡ ♠♦❞❡❧✳ ❍♦✇❡✈❡r✱ ❊❙❙❋❈ tr❡❛ts ✐t ❛s ❛♥ ❡①♦❣❡♥♦✉s
✇❤❡♥ s✐♠✉❧❛t✐♦♥s ❛r❡ r✉♥ ♦♥ ❤✐st♦r✐❝❛❧ ✈❛❧✉❡s✳ ❋♦r t❤❡ s❛❦❡ ♦❢ s✐♠♣❧✐❝✐t②✱ t❤❡
❛✈❡r❛❣❡ ②✐❡❧❞ ♦♥ s❡❝✉r✐t✐❡s ✐s ❛❧s♦ ❞❡✜♥❡❞ ❜② ❛❞❞✐♥❣ ❛♥ ❡①♦❣❡♥♦✉s ❵s♣r❡❛❞✬ t♦
✶✵✲②❡❛r ●❡r♠❛♥ ❜♦♥❞s✬ ②✐❡❧❞✳✸✵ ❆s ♠❡♥t✐♦♥❡❞✱ t❤❡ r❡t✉r♥ r❛t❡ ♦♥ ❜❛♥❦ ❞❡♣♦s✐ts
✭❛♥❞ ❝❛s❤✮ ✐s s❡t t♦ ③❡r♦ ✐♥st❡❛❞✳ ❚❤❡ ♠♦❞❡❧ ✐s ♥♦✇ ❝♦♠♣❧❡t❡✱ ♠❡❛♥✐♥❣ t❤❛t
❡♥tr✐❡s ♦❢ ❋✐❣✉r❡ ✸ ❛♥❞ ❋✐❣✉r❡ ✹ ❤❛✈❡ ❜❡❡♥ ❛❧❧ ❞❡✜♥❡❞✳ ◆❡①t s❡❝t✐♦♥ ❞❡❛❧s ✇✐t❤
♣❛r❛♠❡t❡r ✈❛❧✉❡ ❡st✐♠❛t✐♦♥ ❛♥❞ ♠♦❞❡❧ ❝❛❧✐❜r❛t✐♦♥✳

✸✳✷ ❉❛t❛✱ ❡st✐♠❛t✐♦♥ ❛♥❞ ❝❛❧✐❜r❛t✐♦♥

❖♥❝❡ t❤❡ t❤❡♦r❡t✐❝❛❧ ♠♦❞❡❧ ✐s ❝♦♠♣❧❡t❡✱ ✐t ✐s ♥❡❝❡ss❛r② t♦ ❞❡✜♥❡ t❤❡ ✈❛❧✉❡ ♦❢
♣❛r❛♠❡t❡rs ✫ ❡①♦❣❡♥♦✉s ✈❛r✐❛❜❧❡s✱ ❛♥❞ s♦♠❡ ✐♥✐t✐❛❧ st♦❝❦s ✫ ❧❛❣❣❡❞ ✈❛r✐❛❜❧❡s✳
❚❤❡ ❧❛tt❡r ❛r❡ s✐♠♣❧② s❡t ❛t t❤❡✐r ♦✇♥ ❤✐st♦r✐❝❛❧ ✈❛❧✉❡ ❛t t❤❡ ❜❡❣✐♥♥✐♥❣ ♦❢
t❤❡ s✐♠✉❧❛t✐♦♥ ♣❡r✐♦❞✳ ■♥ ♣r✐♥❝✐♣❧❡✱ t❤❡r❡ ❛r❡ s❡✈❡r❛❧ ✇❛②s t♦ s❡❧❡❝t ✉♥❦♥♦✇♥
❝♦❡✣❝✐❡♥ts ✐♥ st♦❝❤❛st✐❝ ❡q✉❛t✐♦♥s✿ ❛✮ ♠♦❞❡❧ ❝♦❡✣❝✐❡♥ts ❝❛♥ ❜❡ ❡st✐♠❛t❡❞
t❤r♦✉❣❤ st❛♥❞❛r❞ ❡❝♦♥♦♠❡tr✐❝ t❡❝❤♥✐q✉❡s❀ ❜✮ ❝♦❡✣❝✐❡♥ts ❝❛♥ ❜❡ ❝❛❧✐❜r❛t❡❞
❜❛s❡❞ ♦♥ ❞❛t❛ ♦❜s❡r✈❛t✐♦♥❀ ❝✮ ❝♦❡✣❝✐❡♥ts ❝❛♥ ❜❡ ❝❛❧✐❜r❛t❡❞ ❜❛s❡❞ ♦♥ ♠❛✐♥
✜♥❞✐♥❣s ✐♥ t❤❡ ❧✐t❡r❛t✉r❡❀ ❞✮ ❝♦❡✣❝✐❡♥ts ❝❛♥ ❜❡ ❛❧s♦ ✜♥❡✲t✉♥❡❞ t♦ ❛❧❧♦✇ t❤❡
♠♦❞❡❧ t♦ ♠❛t❝❤ ❛❝t✉❛❧ ❞❛t❛ ♦r t♦ ❝r❡❛t❡ ❛ st❡❛❞② ✭♦r st❛t✐♦♥❛r②✮ st❛t❡ ❜❛s❡❧✐♥❡✳
❲❤✐❧❡ t❤❡♦r❡t✐❝❛❧ ❙❋❈▼s ❛r❡ ✉s✉❛❧❧② s❡t ✉♣ t❤r♦✉❣❤ ♠❡t❤♦❞s ✭❝✮ ❛♥❞ ✭❞✮✱
❊❙❙❋❈✬s ❝♦❡✣❝✐❡♥ts ❛r❡ ❞❡✜♥❡❞ ❡♠♣✐r✐❝❛❧❧②✱ t❤❛t ✐s✱ ✉s✐♥❣ ♠❡t❤♦❞s ✭❛✮ ❛♥❞ ✭❜✮✳
❚❤❡r❡ ❛r❡ ❛ ❢❡✇ ❡①❝❡♣t✐♦♥s✱ ♥♦t❛❜❧② t❤❡ r❡t✉r♥ r❛t❡ ♦♥ ❜❛♥❦ ❞❡♣♦s✐ts ✭✇❤✐❝❤
✐s ❛ss✉♠❡❞ t♦ ❜❡ ♥✉❧❧✮✱ t❤❡ ♣❡r❝❡♥t❛❣❡ ♦❢ ♥♦♥✲♣❡r❢♦r♠✐♥❣ ❜❛♥❦ ❧♦❛♥s t❤❛t ❛r❡
✇r✐tt❡♥ ♦✛✱ t❤❡ ♣❡r❝❡♥t❛❣❡ ♦❢ ✐♥✈❡st♠❡♥t ❢✉♥❞❡❞ ❜② ♥❡✇ s❤❛r❡s✱ ❛♥❞ t❤❡ ✇❡✐❣❤ts
♦♥ ♣❛st ❡rr♦rs ✐♥ ❛❣❡♥ts✬ ❡①♣❡❝t❛t✐♦♥s✳ ❚❤❡✐r ✈❛❧✉❡s ❛r❡ ❞✐s♣❧❛②❡❞ ❜② ❚❛❜❧❡ ✶
❛t ❤tt♣✿✴✴♠♦❞❡❧s✳s❢❝✲♠♦❞❡❧s✳♥❡t✴✳ ❆❧❧ t❤❡ r❡♠❛✐♥✐♥❣ ✉♥❦♥♦✇♥ ❝♦❡✣❝✐❡♥ts ❤❛✈❡
❜❡❡♥ ❡st✐♠❛t❡❞ ❜❛s❡❞ ♦♥ ❊✉r♦st❛t ❞❛t❛✳

▼♦r❡ ♣r❡❝✐s❡❧②✱ t❤❡ ❞❛t❛s❡t ✉s❡❞ ❝♦✈❡rs t❤❡ ♣❡r✐♦❞ ❢r♦♠ ✶✾✾✻ t♦ ✷✵✶✻ ♦♥
❛♥ ❛♥♥✉❛❧ ❜❛s✐s ❛t t❤❡ s❡❝t♦r❛❧ ❧❡✈❡❧✳ ❙t♦❝❦✲ ❛♥❞ ✢♦✇✲✈❛r✐❛❜❧❡s ❛r❡ t❛❦❡♥ ❛t

✷✽ ❙❡❡ ❆♣♣❡♥❞✐① ❇✱ ❙❡❝t✐♦♥ ❱■✱ ❛t ❤tt♣✿✴✴♠♦❞❡❧s✳s❢❝✲♠♦❞❡❧s✳♥❡t✴✱ ❢♦r t❤❡ ❝♦♠♣❧❡t❡ ❧✐st ♦❢
❡q✉❛t✐♦♥s✳

✷✾ ❊✉r♦st❛t ♣r♦✈✐❞❡s ❛ ✈❛r✐❡t② ♦❢ ❡①❝❤❛♥❣❡ r❛t❡ ✐♥❞❡①❡s✳ ❙♦✱ ♦t❤❡r ♦♣t✐♦♥s ❛r❡ ❛✈❛✐❧❛❜❧❡✳
✸✵ ❙❡❡ ❆♣♣❡♥❞✐① ❇✱ s❡❝t✐♦♥ ❱■■✱ ❛t ❤tt♣✿✴✴♠♦❞❡❧s✳s❢❝✲♠♦❞❡❧s✳♥❡t✴✳

✷✷



❝♦♥st❛♥t ♣r✐❝❡s ✭♠✐❧❧✐♦♥s ♦❢ ♥❛t✐♦♥❛❧ ❝✉rr❡♥❝② ❛t ✷✵✶✵✮✳ Pr✐❝❡s ♦❢ ♦✉t♣✉t✱ ❝❛♣✲
✐t❛❧ ❛♥❞ ❛ ♥✉♠❜❡r ♦❢ ✜♥❛♥❝✐❛❧ ❛ss❡ts ❛r❡ ❞❡t❡r♠✐♥❡❞ ❡♥❞♦❣❡♥♦✉s❧②✳✸✶ ❲❤✐❧❡
❛ ❤✐❣❤❡r ❢r❡q✉❡♥❝② ✭♦r ❛ ❧♦♥❣❡r ♣❡r✐♦❞✮ ✇♦✉❧❞ ❤❛✈❡ ❛❧❧♦✇❡❞ ❢♦r ❛ ♠♦r❡ ❛❝❝✉✲
r❛t❡ ❡st✐♠❛t✐♦♥✱ t❤❡ ❝❤♦✐❝❡ ♦❢ ❛♥♥✉❛❧ ❞❛t❛ ✇❛s ❞✉❡ t♦ ❞❛t❛ ❛✈❛✐❧❛❜✐❧✐t② ❛♥❞
✉♥✐❢♦r♠✐t② r❡❛s♦♥s✳ ❯♥❢♦rt✉♥❛t❡❧②✱ t❤✐s ♠❡❛♥s t❤❛t t❤❡ ♥✉♠❜❡r ♦❢ ❛✈❛✐❧❛❜❧❡
♦❜s❡r✈❛t✐♦♥s✱ ✷✶✱ ✐s q✉✐t❡ ❧♦✇✳ ❚❤❡ ♣r❡s❡♥❝❡ ♦❢ s❡✈❡r❛❧ ❣❛♣s ✐♥ ♣r❡✲✶✾✾✻ ❞❛t❛
❞♦❡s ♥♦t ❛❧❧♦✇ t♦ ❡①t❡♥❞ ❢✉rt❤❡r t❤❡ s❛♠♣❧❡✳ ❚❤✐s ❝❛♥ ❛✛❡❝t ❡st✐♠❛t✐♦♥s✱ ❡s✲
♣❡❝✐❛❧❧② ✇❤❡♥ ❢♦❝✉s✐♥❣ ♦♥ ❛ s✐♥❣❧❡ ❝♦✉♥tr②✳ ❍♦✇❡✈❡r✱ t❤✐s ♣r♦❜❧❡♠ ✐s ❣♦✐♥❣ t♦
❜❡❝♦♠❡ ❧❡ss ❛♥❞ ❧❡ss r❡❧❡✈❛♥t ❛s ♥❡✇ ♦❜s❡r✈❛t✐♦♥s ❛r❡ r❡❧❡❛s❡❞ ❜② ❊✉r♦st❛t✳✸✷

❋♦r t❤❡ s❛❦❡ ♦❢ s✐♠♣❧✐❝✐t②✱ ✉♥❦♥♦✇♥ ❝♦❡✣❝✐❡♥ts ♦❢ ❦❡② st♦❝❤❛st✐❝ ❡q✉❛t✐♦♥s
❤❛✈❡ ❜❡❡♥ ❡st✐♠❛t❡❞ ♦♥❡ ❛t t✐♠❡ ❜② s✐♠♣❧❡ ❡q✉❛t✐♦♥ ❖▲❙✳✸✸ ❆s ✐s ❦♥♦✇♥✱ t❤✐s
❛♣♣r♦❛❝❤ ✐s ♥♦t t♦t❛❧❧② r❡❧✐❛❜❧❡✱ ❛s ❡♥❞♦❣❡♥❡✐t② ❛♥❞ s♣✉r✐♦✉s ❝♦rr❡❧❛t✐♦♥ ✐ss✉❡s
♠❛② ✇❡❧❧ ❛r✐s❡✳ ❆ ♣♦ss✐❜❧❡ ✇❛② t♦ t❛❝❦❧❡ t❤❡ ✜rst ✐ss✉❡ ✐s t♦ ✉s❡ ✐♥str✉♠❡♥t❛❧
✈❛r✐❛❜❧❡s ♦r s②st❡♠ ❡st✐♠❛t✐♦♥ ♠❡t❤♦❞s✳ ❈♦✐♥t❡❣r❛t✐♦♥ t❡❝❤♥✐q✉❡s ❝❛♥ ❜❡ ❛❧s♦
❡♠♣❧♦②❡❞ t♦ ❞❡❛❧ ✇✐t❤ t❤❡ s❡❝♦♥❞ ✐ss✉❡✳ ❍♦✇❡✈❡r✱ ✉s✐♥❣ ❖▲❙ ❡st✐♠❛t❡s ❛❧❧♦✇
s✐♠♣❧✐❢②✐♥❣ t❤❡ ❝♦❞✐♥❣ ✇♦r❦ ❛♥❞ ♠❛❦✐♥❣ ❛ q✉✐❝❦ ♣r❡❧✐♠✐♥❛r② t❡st ♦❢ ♠♦❞❡❧✬s
♦♣❡r❛t✐♦♥✳ ❙♦✱ ✐t ❝❛♥ ❜❡ r❡❣❛r❞❡❞ ❛s ❛♥ ✐♥t❡r♠❡❞✐❛t❡ st❡♣ ✐♥ t❤❡ ❞❡✈❡❧♦♣♠❡♥t
♦❢ ❛ ♠♦r❡ ❛❝❝✉r❛t❡ ❡♠♣✐r✐❝❛❧ ♠♦❞❡❧✳ ❋✐♥❛❧❧②✱ ❦❡② ❡①♦❣❡♥♦✉s r❛t✐♦s ✐♥ ❵s✉♣♣❧❡✲
♠❡♥t❛r②✬ ❡q✉❛t✐♦♥s ✭❡✳❣✳ ❵❜❡t❛✬ ♣❛r❛♠❡t❡rs✱ t❤❡ r❛t✐♦ ♦❢ ✇❛❣❡s ♣❛✐❞ ❜② ◆❈❋s
t♦ t♦t❛❧ ✇❛❣❡s✱ t❤❡ r❛t✐♦ ♦❢ ❣♦✈❡r♥♠❡♥t s❡❝✉r✐t✐❡s t♦ t♦t❛❧ s❡❝✉r✐t✐❡s✱ ❡t❝✳✮ ❝❛♥
❜❡ ❝❛❧❝✉❧❛t❡❞ ❛s ♠♦✈✐♥❣ ❛✈❡r❛❣❡s✳ ■♥ ♣r❛❝t✐❝❡✱ t❤♦s❡ r❛t✐♦s ❛r❡ ✉s✉❛❧❧② t❛❦❡♥
❛t t❤❡✐r ❛❝t✉❛❧ ✈❛❧✉❡s ✭✐✳❡✳ ✶✲②❡❛r ❛✈❡r❛❣❡✮ ❜② ❊❙❙❋❈✱ t♦ ❛✈♦✐❞ s❤♦rt❡♥✐♥❣ t✐♠❡
s❡r✐❡s✳

✸✳✸ ❙♦❢t✇❛r❡ t❡❝❤♥✐❝❛❧✐t✐❡s

❙❋❈▼s ❝❛♥ ❜❡ s❡t ✉♣ ❛♥❞ s✐♠✉❧❛t❡❞ ✉s✐♥❣ ❛ ✈❛r✐❡t② ♦❢ st❛t✐st✐❝❛❧ ♣❛❝❦❛❣❡s ✭❡✳❣✳
❊①❝❡❧✱ ❊❱✐❡✇s✱ ❘✮ ❡♥❣✐♥❡❡r✐♥❣ s♦❢t✇❛r❡ ✭❡✳❣✳ ▼❛t❧❛❜✮✱ ❛♥❞ ❛❧s♦ ♣r♦❣r❛♠♠✐♥❣
❧❛♥❣✉❛❣❡s ✭❡✳❣✳ P②t❤♦♥✮✳✸✹ ❙✐♥❝❡ ❙❋❈▼s ❛r❡ ✉s✉❛❧❧② ♠❡❞✐✉♠✲ t♦ ❧❛r❣❡✲s❝❛❧❡
♠♦❞❡❧s✱ ♥✉♠❡r✐❝❛❧ ✜♥❞✐♥❣s✱ r❛t❤❡r t❤❛♥ ❛♥❛❧②t✐❝❛❧ s♦❧✉t✐♦♥s✱ ❛r❡ ✉s✉❛❧❧② ❝❛❧✲
❝✉❧❛t❡❞✳ ❚❤✐s ✐s ❛❧s♦ t❤❡ ♠❡t❤♦❞ ✉s❡❞ t♦ s♦❧✈❡ ❊❙❙❋❈✬s s②st❡♠ ♦❢ ❞✐✛❡r❡♥❝❡
❡q✉❛t✐♦♥s✳ ❆s ❢♦r t❤❡ ❞❛t❛ s♦✉r❝❡✱ ❛❧❧ s❡r✐❡s ❤❛✈❡ ❜❡❡♥ ❞♦✇♥❧♦❛❞❡❞ ❜② ❘ ✜❧❡s
t❤r♦✉❣❤ t❤❡ ❵♣❞❢❡t❝❤✬ ♣❛❝❦❛❣❡✳ ❊❛❝❤ ✜❧❡ ❢❡t❝❤❡s tr❛♥s❛❝t✐♦♥s✲✢♦✇ ♠❛tr✐❝❡s✬
❡♥tr✐❡s ❛t ❛ s❡❝t♦r❛❧ ❧❡✈❡❧ s✐♥❝❡ ✶✾✾✻✳ ❇❛❧❛♥❝❡ s❤❡❡ts✬ ❞❛t❛ ❛r❡ ❝♦❧❧❡❝t❡❞ ❜②

✸✶ ■♥ ♣r✐♥❝✐♣❧❡✱ ❛ ♣r♦♣❡r tr❡❛t♠❡♥t ♦❢ ♣r✐❝❡ ❞❡✢❛t♦rs ✐s ♦❢ ❢✉♥❞❛♠❡♥t❛❧ ✐♠♣♦rt❛♥❝❡✱ ❜❡❝❛✉s❡
❡✈❡♥ s♠❛❧❧ ❝❤❛♥❣❡s ✐♥ t❤❡ ✐♥✢❛t✐♦♥ r❛t❡ ✭r❡❧❛t✐✈❡ t♦ ♦t❤❡r ❝♦✉♥tr✐❡s✮ ❝❛♥ ❛✛❡❝t t❤❡ ❡❝♦♥♦♠②✳
❍♦✇❡✈❡r✱ t❤✐s ❛s♣❡❝t ✐s ❧❡❢t ❢♦r ❢✉t✉r❡ r❡s❡❛r❝❤✳

✸✷ ❖♥❡ ❝♦✉❧❞ ✇♦♥❞❡r ✇❤❡t❤❡r t❤❡ ❧❛✉♥❝❤ ♦❢ t❤❡ ❊✉r♦ s❤♦✉❧❞ ❜❡ r❡❣❛r❞❡❞ ❛s ❛ str✉❝t✉r❛❧
❜r❡❛❦ ❢♦r t❤❡ ♠❡♠❜❡r✲st❛t❡s✳ ■t ✐s s❛❢❡ t♦ ❛ss✉♠❡ t❤❛t t❤✐s ✇❛s ♥♦t t❤❡ ❝❛s❡ ❢♦r ■t❛❧②✱ ❜❡❝❛✉s❡
t❤❡ ■t❛❧✐❛♥ ▲✐r❛ ✭r❡✮ ❥♦✐♥❡❞ t❤❡ ❊✉r♦♣❡❛♥ ▼♦♥❡t❛r② ▼❡❝❤❛♥✐s♠ ✭❊❘▼✮ ✐♥ ◆♦✈❡♠❜❡r ✶✾✾✻✳
■♥ ❢❛❝t✱ ❛ s♦❢t ♣❡❣ ✇✐t❤ t❤❡ ❉❡✉ts❝❤❡ ▼❛r❦ ✇❛s ♦♣❡r❛t✐♥❣ ❜❡t✇❡❡♥ ✶✾✾✻ ❛♥❞ ✶✾✾✽✳ ■t❛❧②
♦✣❝✐❛❧❧② ❛❞♦♣t❡❞ t❤❡ ❊✉r♦ ✐♥ ❏❛♥✉❛r② ✶✾✾✾✳

✸✸ ❚❤✐s ♣❛♣❡r ❛✐♠s ❛t ♣r♦✈✐❞✐♥❣ ✐♥s✐❣❤ts ♦♥ ❤♦✇ t♦ ❞❡✈❡❧♦♣ ❛♥ ❡♠♣✐r✐❝❛❧ ❙❋❈ ♠♦❞❡❧✳ ■t
❞♦❡s ♥♦t ❛✐♠ ❛t ♣❡r❢♦r♠✐♥❣ ❛♥ ❛❝❝✉r❛t❡ ❛♥❛❧②s✐s ♦❢ t❤❡ ■t❛❧✐❛♥ ❡❝♦♥♦♠② ✐♥st❡❛❞✳ ❙♦✱ ♥♦
❞❡t❛✐❧❡❞ ❞❡s❝r✐♣t✐♦♥ ♦❢ t❤❡ st❛t✐st✐❝❛❧ ✐♥❢❡r❡♥❝❡ ♠❡t❤♦❞ ✉s❡❞ t♦ ❡st✐♠❛t❡ ♠♦❞❡❧ ♣❛r❛♠❡t❡rs
✐s ♣r♦✈✐❞❡❞ ❤❡r❡✳ ❍♦✇❡✈❡r✱ ❜♦t❤ t❤❡ ❊❱✐❡✇s ♠♦❞❡❧ ♣r♦❣r❛♠ ✜❧❡ ❛♥❞ t❤❡ r❡❧❛t❡❞ ✇♦r❦✜❧❡
❝❛♥ ❜❡ ♣r♦✈✐❞❡❞ ✉♣♦♥ r❡q✉❡st✳

✸✹ ❆ ✉s❡❢✉❧ r❡♣♦s✐t♦r② ❢♦r ❙❋❈▼s✬ ❝♦❞❡ ❝❛♥ ❜❡ ✜♥❞ ♦♥ t❤❡ ■♥t❡r♥❡t ❛t ❤tt♣✿✴✴♠♦❞❡❧s✳s❢❝✲
♠♦❞❡❧s✳♥❡t✴✳

✷✸



s❡♣❛r❛t❡ ✜❧❡s✳ ❆❧❧ ❘ ✜❧❡s✬ s❡❝t♦r❛❧ ❞❛t❛ ❛r❡ t❤❡♥ ❣r♦✉♣❡❞ t♦❣❡t❤❡r ✐♥ ❛ s✐♥❣❧❡
❛❝❝♦✉♥t✐♥❣ s❤❡❡t✱ ✉s✐♥❣ ❛ ❵✳①❧s✬ ✜❧❡ ❢♦r♠❛t ✭❜✉t ❛ ❵✳❝s✈✬ ✜❧❡ ❝❛♥ ❞♦ ❛s ✇❡❧❧✮✳
❚❤❡ ❧❛tt❡r ✐s t❤❡♥ ✐♠♣♦rt❡❞ ❜② ❛♥ ❊❱✐❡✇s ♣r♦❣r❛♠ t❤❛t ✉s❡s t❤❡ ❞❛t❛ t♦✿
❛✮ ❡st✐♠❛t❡ ♠♦❞❡❧ ♣❛r❛♠❡t❡rs❀ ❜✮ ❝r❡❛t❡✱ ❝❛❧✐❜r❛t❡ ❛♥❞ t❤❡♥ r✉♥ t❤❡ ♠♦❞❡❧
✉s✐♥❣ ❡st✐♠❛t❡❞ ❛♥❞ ✜♥❡✲t✉♥❡❞ ❝♦❡✣❝✐❡♥ts❀ ❝✮ ❝♦♠♣❛r❡ ❤✐st♦r✐❝❛❧ s❡r✐❡s ✇✐t❤
♠♦❞❡❧ ❢♦r❡❝❛st ✈❛❧✉❡s❀ ❞✮ ❛❞❥✉st ✐♥✲s❛♠♣❧❡ s✐♠✉❧❛t✐♦♥s t♦ s♠♦♦t❤ tr❛♥s✐t✐♦♥ t♦
♦✉t✲♦❢✲s❛♠♣❧❡ ❢♦r❡❝❛sts❀ ❡✮ ❝r❡❛t❡ ❛❧t❡r♥❛t✐✈❡ s❝❡♥❛r✐♦s ❢♦r r❡❧❡✈❛♥t s❡r✐❡s t♦ ❜❡
❝♦♠♣❛r❡❞ ✇✐t❤ t❤❡ ❜❛s❡❧✐♥❡✳

Pr♦❣r❛♠s✬ str✉❝t✉r❡ ✐s s❦❡t❝❤❡❞ ✐♥ ❋✐❣✉r❡ ✻✳ ❆♣♣❡♥❞✐① ❈ ❛t ❤tt♣✿✴✴♠♦❞❡❧s✳s❢❝✲
♠♦❞❡❧s✳♥❡t✴ s❤♦✇s t❤❡ ❜❛s✐❝ st❡♣s t♦ ❞❡✈❡❧♦♣ t❤❡ ❊❱✐❡✇s ♣r♦❣r❛♠ ✜❧❡✱ ♦♥❝❡
❞❛t❛ ❤❛✈❡ ❜❡❡♥ ❝♦❧❧❡❝t❡❞ ✐♥ ❢♦r♠ ♦❢ ❛♥ ❊①❝❡❧ ♦r ❛ ❝s✈ ✜❧❡✳✸✺ ❆♣♣❡♥❞✐① ❉ ❞✐s✲
♣❧❛②s t❤❡ ❘ ❝♦❞❡ ✉s❡❞ t♦ ❞♦✇♥❧♦❛❞ t✐♠❡s s❡r✐❡s ♦❢ ✢♦✇✲ ❛♥❞ st♦❝❦✲✈❛r✐❛❜❧❡s
❢r♦♠ t❤❡ ❊✉r♦st❛t ❞❛t❛❜❛s❡✳ ❚❤❡ ❝♦❞❡ ♣r♦✈✐❞❡❞ ❝❛♥ ❜❡ ❡❛s✐❧② ❛♠❡♥❞❡❞ t♦
❞♦✇♥❧♦❛❞ ❛♥❞ ♦r❣❛♥✐s❡ ♦t❤❡r ✈❛r✐❛❜❧❡s✳ ❘ ❝❛♥ ❜❡ ❛❧s♦ ✉s❡❞ t♦ ❝r❡❛t❡ s♥❛♣✲
s❤♦ts ♦❢ ❝♦♠♣❧❡t❡ tr❛♥s❛❝t✐♦♥s✲✢♦✇ ♠❛tr✐❝❡s ❛♥❞ ❜❛❧❛♥❝❡✲s❤❡❡ts ✐♥ ❛ ❝❡rt❛✐♥
♣❡r✐♦❞✳✸✻ ❚❤❡ ♠❛✐♥ ❛❞✈❛♥t❛❣❡ ♦❢ t❤✐s str✉❝t✉r❡ ✐s t❤❛t ✐t ❡♥❛❜❧❡s r❡s❡tt✐♥❣
t❤❡ ♠♦❞❡❧ ❜② ✉s✐♥❣ ❞✐✛❡r❡♥t ❞❛t❛s❡ts✳ ❚✐♠❡ s❡r✐❡s ❝❛♥ ❜❡ ✉♣❞❛t❡❞ ❥✉st r❡✲
r✉♥♥✐♥❣ t❤❡ ❘ ✜❧❡s ✭❢♦r ✐♥st❛♥❝❡✱ ❢♦❧❧♦✇✐♥❣ ♠♦st r❡❝❡♥t r❡❧❡❛s❡s ❢r♦♠ ❊✉r♦st❛t
♦r ✐♥❝❧✉❞✐♥❣ ♥❡✇ ✈❛r✐❛❜❧❡s✮✳ ■♥ ♣r✐♥❝✐♣❧❡✱ ♦t❤❡r ❝♦✉♥tr✐❡s✬ ❞❛t❛ ❝❛♥ ❜❡ ❛❧s♦
❡♠♣❧♦②❡❞ r✐❣❤t ❛✇❛②✳ ❚❤❡ ♠♦❞❡❧ ✇✐❧❧ ❡①❡❝✉t❡ ❛✉t♦♠❛t✐❝❛❧❧② ♣♦✐♥ts ✭❛✮ t♦ ✭❡✮✱
❛♥❞ ✐t ✇✐❧❧ ❞✐s♣❧❛② ♥❡✇ s♦❧✉t✐♦♥s✳ ❍♦✇❡✈❡r✱ ✐t ✐s r❡❝♦♠♠❡♥❞❡❞ t♦ ❝❤❡❝❦ ❛♥❞
♣♦ss✐❜❧② ❛♠❡♥❞ ♣♦rt❢♦❧✐♦ ❝❤♦✐❝❡s✬ ❛ss✉♠♣t✐♦♥s ❛♥❞ ✜♥❛♥❝✐❛❧ s❡❝t♦r✬s s❡tt✐♥❣s
t♦ ❛❝❝♦✉♥t ❢♦r ❝♦✉♥tr②✲s♣❡❝✐✜❝ ✐♥st✐t✉t✐♦♥❛❧ ❢❡❛t✉r❡s✳ ❖♥❝❡ t❤❡ ♠♦❞❡❧ ✐s s❡t
✉♣ ❛♥❞ r✉♥✱ ✐t ❛❧❧♦✇s ❛❝❝♦✉♥t✐♥❣ ❡①♣❧✐❝✐t❧② ❢♦r t❤❡ ✐♠♣❛❝t ♦❢ st♦❝❦s ♦♥ ✢♦✇s
❛♥❞ ✈✐❝❡ ✈❡rs❛✱ ❤✐❣❤❧✐❣❤t✐♥❣ t❤❡ r♦❧❡ ♦❢ ✜♥❛♥❝✐❛❧ ❛❣❡♥ts✱ ❛ss❡ts ❛♥❞ ❝r♦ss✲s❡❝t♦r
❜❛❧❛♥❝❡s✳ ❊❙❙❋❈✬s ♣r❡❧✐♠✐♥❛r② s✐♠✉❧❛t✐♦♥s ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ t❤❡ ♥❡①t s❡❝t✐♦♥✳

✹ ❘✉♥♥✐♥❣ t❤❡ s✐♠✉❧❛t✐♦♥s

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

❲❤✐❧❡ t❤❡ ♠❛✐♥ ❣♦❛❧ ♦❢ ❊❙❙❋❈ ✐s t♦ ❛❧❧♦✇ ♣❡r❢♦r♠✐♥❣ ❝♦♠♣❛r❛t✐✈❡ ❞②♥❛♠✲
✐❝s ❡①❡r❝✐s❡s ✭✐✳❡✳ t❡st✐♥❣ r❡❛❝t✐♦♥s t♦ s❤♦❝❦s ✉♥❞❡r ❞✐✛❡r❡♥t s❝❡♥❛r✐♦s✮ ✐♥ ❛
✜♥❛♥❝✐❛❧❧②✲s♦♣❤✐st✐❝❛t❡❞ ❡❝♦♥♦♠②✱ ✐t ❝❛♥ ❛❧s♦ ❜❡ ✉s❡❞ t♦ ✜t ♣❛st ✈❛❧✉❡s ✭✐♥✲
s❛♠♣❧❡ ❢♦r❡❝❛st✮ ❛♥❞ ♣r❡❞✐❝t ❢✉t✉r❡ ✈❛❧✉❡s ✭♦✉t✲♦❢✲s❛♠♣❧❡ ❢♦r❡❝❛st✮ ♦❢ r❡❧❡✈❛♥t
t✐♠❡ s❡r✐❡s✳ ❋✐❣✉r❡ ✼ s❤♦✇s t❤❡ ✐♥✲s❛♠♣❧❡ ❢♦r❡❝❛st ♣r♦❞✉❝❡❞ ❜② ❊❙❙❋❈✳ ▼♦r❡
♣r❡❝✐s❡❧②✱ ✐t ❞✐s♣❧❛②s ✜♥❛♥❝✐❛❧ ❜❛❧❛♥❝❡s ✭♥❡t ❧❡♥❞✐♥❣ r❛t✐♦s✮ ❢♦r ❡❛❝❤ ■t❛❧✐❛♥
♠❛❝r♦✲s❡❝t♦r ❛s ❛ ♣❡r❝❡♥t❛❣❡ ♦❢ ●❉P ❢r♦♠ ✶✾✾✻ t♦ ✷✵✶✻✳ ❈✐r❝❧❡s ❛r❡ ❛❝t✉❛❧ s❡✲
r✐❡s ✭❛s r❡❝♦r❞❡❞ ❜② ❊✉r♦st❛t✮✱ ✇❤❡r❡❛s ❝♦♥t✐♥✉♦✉s ❧✐♥❡s s❤♦✇ ❊❙❙❋❈ ❢♦r❡❝❛st
♦r s✐♠✉❧❛t❡❞ ✈❛❧✉❡s✳ ❙❤❛❞❡❞ ❛r❡❛s ❤✐❣❤❧✐❣❤t t❤❡ ❞♦t✲❝♦♠ ❝r✐s✐s ♦❢ ✷✵✵✵✲✷✵✵✷✱
t❤❡ ❯❙ ✜♥❛♥❝✐❛❧ ❝r✐s✐s ♦❢ ✷✵✵✼✲✷✵✵✽ ❛♥❞ t❤❡ ❊✉r♦♣❡❛♥ ❙♦✈❡r❡✐❣♥ ❉❡❜t ❈r✐s✐s✱
r❡s♣❡❝t✐✈❡❧②✳ ❉❡s♣✐t❡ t❤❡ s✐♠♣❧✐✜❡❞ ❡st✐♠❛t✐♦♥ ♦❢ ❝♦❡✣❝✐❡♥ts✱ t❤❡ ✜t ❧♦♦❦s ❛❝❝✉✲

✸✺ ❆s ♠❡♥t✐♦♥❡❞✱ t❤❡ ❝♦♠♣❧❡t❡ ❊❱✐❡✇s ♣r♦❣r❛♠ ✐s ❛✈❛✐❧❛❜❧❡ ✉♣♦♥ r❡q✉❡st✳
✸✻ ❚❤❡ r❡❧❛t❡❞ ❝♦❞❡ ❝❛♥ ❜❡ ♣r♦✈✐❞❡❞ ✉♣♦♥ r❡q✉❡st✳ ❍♦✇❡✈❡r✱ t❤✐s st❡♣ ✐s ♥♦t ♥❡❝❡ss❛r② t♦

❞❡✈❡❧♦♣ t❤❡ ♠♦❞❡❧✳

✷✹



r❛t❡ ❡♥♦✉❣❤✳ ❆s ♦♥❡ ✇♦✉❧❞ ❡①♣❡❝t✱ ❡❛❝❤ ❝r✐s✐s ❛✛❡❝ts ♥❡❣❛t✐✈❡❧② t❤❡ ♣r❡❞✐❝t✐♥❣
♣♦✇❡r ♦❢ t❤❡ ♠♦❞❡❧✳✸✼

❲❤❡♥ ✉s✐♥❣ ❛ ♠♦❞❡❧ ❢♦r ♦✉t✲♦❢✲s❛♠♣❧❡ ❢♦r❡❝❛sts✱ ✐t ✐s ✉s❡❢✉❧ t♦ r❡s❡t ❡♥❞♦❣❡✲
♥♦✉s ✈❛r✐❛❜❧❡s ♦❢ st♦❝❤❛st✐❝ ❡q✉❛t✐♦♥s ✐♥ s✉❝❤ ❛ ✇❛② t♦ ❡❧✐♠✐♥❛t❡ t❤❡ r❡s✐❞✉✲
❛❧s✳✸✽ ❙t❛♥❞❛r❞ st❛t✐st✐❝❛❧ ♣❛❝❦❛❣❡s ✉s✉❛❧❧② ❡♥❛❜❧❡ t♦ ❛❞❥✉st ❢♦r❡❝❛st r❡s✉❧ts
t♦ ❛❝❤✐❡✈❡ ❛ ♣❡r❢❡❝t ✜t✳ ❋♦r ❡①❛♠♣❧❡✱ ❊❱✐❡✇s ❛❧❧♦✇ ✉s t♦ ❝♦♠♣❡♥s❛t❡ ❢♦r ❛
♣♦♦r ✜t ♦❢ t❤❡ ✭❜❡❤❛✈✐♦✉r❛❧ ❡q✉❛t✐♦♥s ♦❢ t❤❡✮ ♠♦❞❡❧ t❤r♦✉❣❤ t❤❡ ❵❆❞❞ ❋❛❝t♦rs✬
❢✉♥❝t✐♦♥✳✸✾ ❚❤✐s ❢✉♥❝t✐♦♥ ❝♦♠♣✉t❡s t❤❡ r❡s✐❞✉❛❧s ❢♦r t❤❡ ✐♥✲s❛♠♣❧❡ ❞②♥❛♠✐❝
s✐♠✉❧❛t✐♦♥ ❛♥❞ ❛❞❞s t❤❡♠ t♦ ❢♦r❡❝❛st ✈❛❧✉❡s✳ ❆s ❛ r❡s✉❧t✱ ❞✐s❝r❡♣❛♥❝✐❡s ❢r♦♠
t❤❡ ❞②♥❛♠✐❝ s✐♠✉❧❛t✐♦♥ ♦✈❡r t❤❡ s❛♠♣❧❡ ❞♦ ♥♦t ❛✛❡❝t ♦✉t✲♦❢✲s❛♠♣❧❡ ❢♦r❡❝❛st
❛❝❝✉r❛❝②✳ ❋✐❣✉r❡ ✽ s❤♦✇s ✜♥❛♥❝✐❛❧ ❜❛❧❛♥❝❡s ♦❢ t❤❡ ■t❛❧✐❛♥ ❡❝♦♥♦♠② ✇❤❡♥ ♠♦❞❡❧
✐♥✲s❛♠♣❧❡ s✐♠✉❧❛t✐♦♥s ❛r❡ ❝♦rr❡❝t❡❞ t♦ ♠❛t❝❤ ❤✐st♦r✐❝❛❧ ✈❛❧✉❡s✳ ❖✉t✲♦❢✲s❛♠♣❧❡
❢♦r❡❝❛st ✈❛❧✉❡s ❛r❡ ❞✐s♣❧❛②❡❞ ❛❢t❡r ✷✵✶✻✱ s❤♦✇✐♥❣ t❤❡ ♣r❡❞✐❝t❡❞ tr❡♥❞ ✐♥ ♥❡t
❧❡♥❞✐♥❣ r❛t✐♦s ♦❢ ■t❛❧✐❛♥ s❡❝t♦rs✳ ◆♦t✐❝❡ t❤❛t ❛❧❧ ♠♦❞❡❧ ✈❛r✐❛❜❧❡s ❛r❡ ❧❡t r❡✲
✈❡rt t♦ t❤❡✐r ♠♦❞❡❧✲✐♠♣❧✐❡❞ ♣❛t❤s st❛rt✐♥❣ ❢r♦♠ t❤❡ ✜rst ♦✉t✲♦❢✲s❛♠♣❧❡ ♣❡r✐♦❞
✭✷✵✶✼✮✳ ❚❤✐s ❝❛♥ ❧❡❛❞ t♦ ❛ ❵❥✉♠♣✬ ♦r ❵❜r❡❛❦✬ ✐♥ t❤❡ s❡r✐❡s ✇❤❡♥ ♠♦❞❡❧ ✜t ✐s ♣♦♦r✳
▼❛♥② ♠❡❝❤❛♥✐s♠s ❝❛♥ ❜❡ ✉s❡❞ t♦ s♠♦♦t❤ t❤❡ tr❛♥s✐t✐♦♥ ❢r♦♠ ❤✐st♦r✐❝❛❧ ❞❛t❛
✐♥t♦ t❤❡ ❢♦r❡❝❛st ♣❡r✐♦❞✳ ❍♦✇❡✈❡r✱ t❤❡ s✐♠♣❧❡st ❝❤♦✐❝❡✱ ❛♥❞ ❛r❣✉❛❜❧② t❤❡ ♠♦st
tr❛♥s♣❛r❡♥t ♦♥❡✱ ✐s t♦ tr② t♦ ✐♠♣r♦✈❡ ❡st✐♠❛t✐♦♥s✱ t❤✉s r❡❞✉❝✐♥❣ t❤❡ r❡s✐❞✉❛❧s
♥❡❛r t❤❡ ❡♥❞ ♦❢ t❤❡ ❤✐st♦r✐❝❛❧ ✭♦r ❜❛❝❦✮ ❞❛t❛✳

✹✳✷ ❈r❡❛t✐♥❣ ❛❧t❡r♥❛t✐✈❡ s❝❡♥❛r✐♦s

❚❤❡ ♠♦❞❡❧ ✐s ❢✉❧❧② s❡t ✉♣✳ ■t ❝❛♥ ♥♦✇ ❜❡ ✉s❡❞ t♦ ❝r❡❛t❡ ❛❧t❡r♥❛t✐✈❡ s❝❡♥❛r✐♦s t♦
❜❡ ❝♦♠♣❛r❡❞ ✇✐t❤ t❤❡ st❛t✉s q✉♦✳ ■♥ ❢❛❝t✱ t❤❡ ♠❛✐♥ ❣♦❛❧ ♦❢ ❊❙❙❋❈ ✐s t♦ s✐♠✉✲
❧❛t❡ t❤❡ r❡❛❝t✐♦♥ ♦❢ ❡♥❞♦❣❡♥♦✉s ✈❛r✐❛❜❧❡s t♦ s❤♦❝❦s t♦ ❦❡② ♣❛r❛♠❡t❡rs✳ ▼♦❞❡❧✬s
❜❡❤❛✈✐♦✉r ✉♥❞❡r t❤❡ ♥❡✇ s❝❡♥❛r✐♦ ✐s t❤❡♥ ❝♦♠♣❛r❡❞ ✇✐t❤ t❤❡ ❜❛s❡❧✐♥❡ ✭✐✳❡✳ t❤❡
st❛t✉s q✉♦✮ ♦r ❛❧t❡r♥❛t✐✈❡ s❝❡♥❛r✐♦s✳ ❲❤❡♥ s❤♦❝❦s ❛r❡ ✐♠♣♦s❡❞ ❛t t❤❡ ❧❛st
❛✈❛✐❧❛❜❧❡ ♦❜s❡r✈❛t✐♦♥ ♣❡r✐♦❞✱ t❤❡ tr❡♥❞ ❞✐s♣❧❛②❡❞ ❜② t❤❡ ♠♦❞❡❧ ✇✐t❤ ♥♦ s❤♦❝❦
❝❛♥ ❜❡ ✉s❡❞ ❛s t❤❡ ❜❛s❡❧✐♥❡✳ ❙✐♥❝❡ t❤❡ ❋✐s❝❛❧ ❈♦♠♣❛❝t ❛♥❞ ♦t❤❡r ❊✉r♦♣❡❛♥
tr❡❛t✐❡s r❡q✉✐r❡ ■t❛❧✐❛♥ ♣♦❧✐❝②✲♠❛❦❡rs t♦ r❡❞✉❝❡ t❤❡ ❣♦✈❡r♥♠❡♥t ❞❡❜t t♦ ●❉P
r❛t✐♦ ✐♥ t❤❡ ♥❡①t ❢❡✇ ②❡❛rs✱ t❤❡ ✐♠♣❛❝t ♦❢ ❛ ❝❤❛♥❣❡ ✐♥ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣
✇❛s ✉s❡❞ t♦ t❡st t❤❡ ♠♦❞❡❧✳ ❈❤❛rts ❆ t♦ ❉ ✐♥ ❋✐❣✉r❡ ✾ ❝♦♥tr❛st ❣♦✈❡r♥♠❡♥t
❞❡❜t ❛♥❞ ❞❡✜❝✐t r❛t✐♦s ✉♥❞❡r t❤r❡❡ ❛❧t❡r♥❛t✐✈❡ s❝❡♥❛r✐♦s ❛❜♦✉t ❣♦✈❡r♥♠❡♥t ❝♦♥✲
s✉♠♣t✐♦♥✿ t❤❡ ❜❛s❡❧✐♥❡ s❝❡♥❛r✐♦✱ ✇❤❡r❡ ❣♦✈❡r♥♠❡♥t ❝♦♥s✉♠♣t✐♦♥ ✐s ❛ss✉♠❡❞
t♦ st✐❝❦ t♦ ✐ts ❤✐st♦r✐❝❛❧ tr❡♥❞ ✭❜❧❛❝❦ ❧✐♥❡✮❀ ❛♥ ❵❛✉st❡r✐t②✬ s❝❡♥❛r✐♦✱ ♠❛r❦❡❞ ❜②
❛ ♣❡r♠❛♥❡♥t ②❡❛r✲t♦✲②❡❛r ❝✉t ✐♥ ❣♦✈❡r♥♠❡♥t ❝♦♥s✉♠♣t✐♦♥ ✭✲✶✪ ♦❢ ●❉P✱ ❜❧✉❡

✸✼ ❚❤✐s ✐s ♥♦t ❛ ♠❡r❡ st❛t✐❝ s✐♠✉❧❛t✐♦♥ ✭✇❤❡r❡ ✈❛❧✉❡s ♦❢ ❡♥❞♦❣❡♥♦✉s ✈❛r✐❛❜❧❡s ✉♣ t♦ t❤❡
♣r❡✈✐♦✉s ♣❡r✐♦❞ ❛r❡ ✉s❡❞ ❡❛❝❤ t✐♠❡ t❤❡ ♠♦❞❡❧ ✐s s♦❧✈❡❞ ❢♦r t❤❡ ❝✉rr❡♥t ♣❡r✐♦❞✮✳ ■t ✐s ❛ ❞②✲
♥❛♠✐❝ s✐♠✉❧❛t✐♦♥✱ ❜❡❝❛✉s❡ ✈❛r✐❛❜❧❡s✬ ✈❛❧✉❡s ❛r❡ ❵♣r❡❞✐❝t❡❞✬ ❜❛s❡❞ ♦♥ t❤❡ ✐♥✐t✐❛❧ ❡st✐♠❛t✐♦♥ ♦❢
♣❛r❛♠❡t❡rs✳ ❍♦✇❡✈❡r✱ s❡✈❡r❛❧ ❦❡② ❡①♦❣❡♥♦✉s r❛t✐♦s ❤❛✈❡ ❜❡❡♥ ❞❡✜♥❡❞ ✉s✐♥❣ ♠♦✈✐♥❣ ❛✈❡r❛❣❡s
✭♦r ♣✉♥❝t✉❛❧ ✈❛❧✉❡s✮ ❢♦r t❤❡ ♣❡r✐♦❞ ❝♦♥s✐❞❡r❡❞✳ ❚❤✐s s✐♠♣❧✐✜❝❛t✐♦♥ ❛rt✐✜❝✐❛❧❧② ✐♠♣r♦✈❡s t❤❡
✐♥✲s❛♠♣❧❡ ✜t✱ ❜✉t ♠❛② ✇❡❧❧ ❛✛❡❝t ♦✉t✲♦❢✲s❛♠♣❧❡ ❢♦r❡❝❛sts✳ ❚♦ ❛❞❞r❡ss t❤✐s ✐ss✉❡✱ ❦❡② r❛t✐♦s
s❤♦✉❧❞ ❜❡ ♠♦❞❡❧❧❡❞ ❛s ❜❡❤❛✈✐♦✉r❛❧ ❡q✉❛t✐♦♥s✳

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

✸✾ ❙❡❡ ❆♣♣❡♥❞✐① ❉ ❛t ❤tt♣✿✴✴♠♦❞❡❧s✳s❢❝✲♠♦❞❡❧s✳♥❡t✴ ❢♦r t❤❡ ❞❡t❛✐❧s✳

✷✺



❧✐♥❡✮❀ ❛♥❞ ❛ ❵♣r♦✢✐❣❛❝②✬ s❝❡♥❛r✐♦✱ ❝❤❛r❛❝t❡r✐s❡❞ ❜② ❛♥ ✐♥❝r❡❛s❡ ✐♥ ❣♦✈❡r♥♠❡♥t
❝♦♥s✉♠♣t✐♦♥ ✭✰✶✪ ♦❢ ●❉P✱ r❡❞ ❧✐♥❡✮✳ ▼♦r❡ ♣r❡❝✐s❡❧②✱ ❝❤❛rts ❆ ❛♥❞ ❇ s❤♦✇
t❤❡ ✐♠♣❛❝t ♦♥ ❣♦✈❡r♥♠❡♥t ❛♥♥✉❛❧ ❞❡✜❝✐t ❛♥❞ st♦❝❦ ♦❢ ❞❡❜t✱ r❡s♣❡❝t✐✈❡❧②✱ ❜♦t❤
❡①♣r❡ss❡❞ ❛s ♣❡r❝❡♥t❛❣❡s ♦❢ ●❉P✳ ❈❤❛rts ❈ ❛♥❞ ❉ ❞✐s♣❧❛② t❤❡ s❛♠❡ ✈❛r✐❛❜❧❡s✱
❜✉t ❛s r❛t✐♦s t♦ t❤❡ ❜❛s❡❧✐♥❡✳ ❆❧❧ ✐♥ ❛❧❧✱ ✇❤✐❧❡ ❛✉st❡r✐t② r❡❞✉❝❡s t❤❡ ❞❡✜❝✐t t♦
●❉P r❛t✐♦✱ ✐t ❞♦❡s ♥♦t r❡❞✉❝❡ t❤❡ st♦❝❦ ♦❢ ❞❡❜t t♦ ●❉P r❛t✐♦✳ ❖♥ t❤❡ ❝♦♥tr❛r②✱
t❤❡ ❧❛tt❡r ✐♥❝r❡❛s❡s ✭❝♦♠♣❛r❡❞ t♦ t❤❡ ❜❛s❡❧✐♥❡✮ ✇❤❡♥ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ✐s
❝✉t✳ ❙✐♠✐❧❛r❧②✱ ❛ ❧♦♦s❡ ✜s❝❛❧ ♣♦❧✐❝② ✐♥❝r❡❛s❡s t❤❡ ❞❡✜❝✐t✱ ❜✉t r❡❞✉❝❡s t❤❡ ❞❡❜t
t♦ ●❉P r❛t✐♦✳ ❚❤❡ r❡❛s♦♥ ✐s t❤❛t ✜s❝❛❧ ♣♦❧✐❝✐❡s ❤❛✈❡ ❛ ✭❧♦♥❣✲❧❛st✐♥❣✮ ✐♠♣❛❝t ♦♥
t❤❡ ❞❡♥♦♠✐♥❛t♦r✱ ✐✳❡✳ ●❉P ❣r♦✇t❤✳ ❈❤❛rts ❆✱ ❇ ❛♥❞ ❈ ✐♥ ✜❣✉r❡ ✶✵ s❤♦✇ t❤❛t
❛✉st❡r✐t② ❛✛❡❝ts ●❉P ❣r♦✇t❤ ❜♦t❤ ✐♥ ♥♦♠✐♥❛❧ ❛♥❞ r❡❛❧ t❡r♠s✳✹✵ ◆♦t✐❝❡ t❤❛t
❛✉st❡r✐t② ✈s✳ ♣r♦✢✐❣❛❝② s❤♦❝❦s✬ ❡✛❡❝ts ❛r❡ ♣❡r❢❡❝t❧② s②♠♠❡tr✐❝❛❧✳ ❚❤✐s ❵✉♥r❡✲
❛❧✐st✐❝✬ ❢❡❛t✉r❡ ♦❢ t❤❡ ♠♦❞❡❧ ✐s ❞✉❡ t♦ ✐ts s✐♠♣❧✐✜❡❞ str✉❝t✉r❡✳ ■♥ ♣r✐♥❝✐♣❧❡✱ ✐t
❝❛♥ ❜❡ ❛♠❡♥❞❡❞ ❜②✿ ✐✮ ✐♥tr♦❞✉❝✐♥❣ ❛s②♠♠❡tr✐❡s ✐♥ ❜❡❤❛✈✐♦✉r❛❧ ❡q✉❛t✐♦♥s ❛♥❞
♥♦r♠s❀ ❛♥❞ ✐✐✮ ✉s✐♥❣ ♣♦t❡♥t✐❛❧ ♦✉t♣✉t ❛s ❛ ❝❡✐❧✐♥❣ ❢♦r ❝✉rr❡♥t ♦✉t♣✉t✳ ❍♦✇❡✈❡r✱
❤②♣♦t❤❡s✐s ✭✐✐✮ ✐s q✉✐t❡ ❝♦♥t❡♥t✐♦✉s✳ ■♥ ❢❛❝t✱ ✐t ✇♦✉❧❞ ❜❡ q✉❡st✐♦♥❡❞ ❜② s❡✈❡r❛❧
❑❡②♥❡s✐❛♥ ❛✉t❤♦rs✳ ❆❧t❡r♥❛t✐✈❡❧②✱ ♦♥❡ ❝❛♥ ❛ss✉♠❡ t❤❛t ♦✉t♣✉t ❣❛♣ ✐♠♣❛❝ts
♦♥ ♣r♦❞✉❝t✐♦♥ ❝♦sts ❛♥❞ ✐♥✢❛t✐♦♥ ✐♥ ❛ ♥♦♥✲❧✐♥❡❛r ✇❛②✳ ❋✐♥❛❧❧②✱ ❈❤❛rt ❉ ✐♥
❋✐❣✉r❡ ✶✵ s❤♦✇s t❤❛t ♥♦♥✲✜♥❛♥❝✐❛❧ ❝♦r♣♦r❛t✐♦♥s ✭❣r❡❡♥ ❧✐♥❡✮ ❛♥❞ ❤♦✉s❡❤♦❧❞s
✭♦r❛♥❣❡ ❧✐♥❡✮ ❢❛❝❡ ❛ r❡❞✉❝t✐♦♥ ✐♥ t❤❡✐r ♥❡t ❧❡♥❞✐♥❣ r❛t✐♦s ❛s ❣♦✈❡r♥♠❡♥t s♣❡♥❞✲
✐♥❣ r❡❞✉❝❡s✳ ❇② ❝♦♥tr❛st✱ ❜❛♥❦s ❛♥❞ ♦t❤❡r ✜♥❛♥❝✐❛❧ ✐♥st✐t✉t✐♦♥s ✭♣✉r♣❧❡ ❧✐♥❡✮
s❧✐❣❤t❧② ❜❡♥❡✜t ❢r♦♠ ❛✉st❡r✐t② ♠❡❛s✉r❡s✳ ❋♦r❡✐❣♥ s❡❝t♦r✬s ❞❡✜❝✐t ✇♦rs❡♥s ✭❜❧✉❡
❧✐♥❡✮✱ ♠❡❛♥✐♥❣ t❤❛t ♥❡t ❧❡♥❞✐♥❣ ❜② ■t❛❧② t♦ t❤❡ r❡st ♦❢ t❤❡ ✇♦r❧❞ ✐♥❝r❡❛s❡s ❝♦r✲
r❡s♣♦♥❞✐♥❣❧②✳ ❍♦✇❡✈❡r✱ t❤❡ ♦✈❡r❛❧❧ ✐♠♣❛❝t ♦♥ ■t❛❧✐❛♥ ♣r✐✈❛t❡ s❡❝t♦r ✐s ♥❡❣❛t✐✈❡✳
❲❤✐❧❡ t❤❡s❡ ❛r❡ ✇❡❧❧✲❦♥♦✇♥ ♣❤❡♥♦♠❡♥❛ ✐♥ t❤❡ ❡②❡s ♦❢ ♥♦♥✲♥❡♦❝❧❛ss✐❝❛❧ ♠❛❝r♦❡✲
❝♦♥♦♠✐❝s t❤❡♦r✐sts✱ ❊❙❙❋❈ ♠❛② ♣r♦✈✐❞❡ t❤❡♠ ✇✐t❤ ❛ ✢❡①✐❜❧❡ t♦♦❧ ❣✐✈✐♥❣ ❛ ♥❡✇
❢♦r♠❛❧✱ q✉❛♥t✐t❛t✐✈❡✱ ❣✉✐s❡ t♦ t❤❡ t❤❡♦r②✳

✹✳✸ ▲✐♠✐t❛t✐♦♥s ❛♥❞ ♣♦ss✐❜❧❡ ❞❡✈❡❧♦♣♠❡♥ts

❆❜♦✈❡ ✜♥❞✐♥❣s ❛r❡ ❥✉st ♣r❡❧✐♠✐♥❛r② ❡①❡r❝✐s❡s ♦r t❡sts✳ ■♥ ♥♦ ✇❛② t❤❡② s❤♦✉❧❞
❜❡ ✉s❡❞ t♦ ✐♥❢❡r ❝♦♥❝❧✉s✐♦♥s ❛❜♦✉t t❤❡ ■t❛❧✐❛♥ ❡❝♦♥♦♠②✱ ❧❡t ❛❧♦♥❡ ❢♦r ♣♦❧✐❝②
♣✉r♣♦s❡s✳ ❆♥ ❛❝❝✉r❛t❡ ❝❛❧✐❜r❛t✐♦♥ ✴ ❡st✐♠❛t✐♦♥ ♦❢ ♠♦❞❡❧ ❝♦❡✣❝✐❡♥ts ❛♥❞ ❛
❢✉❧❧ s♣❡❝✐✜❝❛t✐♦♥ ♦❢ ❤②♣♦t❤❡s❡s ❛❜♦✉t ❡①♦❣❡♥♦✉s ✈❛r✐❛❜❧❡s✬ ♦✉t✲♦❢✲s❛♠♣❧❡ ❜❡✲
❤❛✈✐♦✉rs ❛r❡ ♥❡❝❡ss❛r② t♦ ♦❜t❛✐♥ r♦❜✉st ✜♥❞✐♥❣s✳ ❖t❤❡r ♠❛✐♥ ❧✐♠✐t❛t✐♦♥s ♦❢
t❤❡ ♠♦❞❡❧ ❝❛♥ ❜❡ s✉♠♠❛r✐s❡❞ ❛s ❢♦❧❧♦✇s✿ ❛✮ ❛♥♥✉❛❧ ❞❛t❛ ❝❛♥ ❜❡ r❡♣❧❛❝❡❞ ✇✐t❤
q✉❛rt❡r❧② ❞❛t❛ t♦ ✐♥❝r❡❛s❡ ♦❜s❡r✈❛t✐♦♥s✬ ❢r❡q✉❡♥❝② ❛♥❞ ✐♠♣r♦✈❡ t❤❡ ♣r❡❞✐❝t✐✈❡
♣♦✇❡r ♦❢ t❤❡ ♠♦❞❡❧✹✶❀ ❜✮ ❝♦✐♥t❡❣r❛t✐♦♥ ♠❡t❤♦❞s ✭❡✳❣✳ ❡rr♦r ❝♦rr❡❝t✐♦♥ ♠♦❞❡❧s✮✱
✐♥str✉♠❡♥t❛❧ ✈❛r✐❛❜❧❡s ❛♥❞ ♦t❤❡r ❡❝♦♥♦♠❡tr✐❝ t❡❝❤♥✐q✉❡s s❤♦✉❧❞ ❜❡ ✉s❡❞ t♦
✐♠♣r♦✈❡ ❝♦❡✣❝✐❡♥ts✬ ❡st✐♠❛t✐♦♥❀ ❝✮ ♥❡t st♦❝❦s ❛♥❞ tr❛♥s❛❝t✐♦♥s s❤♦✉❧❞ ❜❡ ❛❧❧
r❡♣❧❛❝❡❞ ✇✐t❤ ❣r♦ss st♦❝❦s ❛♥❞ tr❛♥s❛❝t✐♦♥s❀ ❞✮ ✇❤❡r❡ ♣♦ss✐❜❧❡✱ t❤❡ ❛❣❣r❡❣❛t✐♦♥
❧❡✈❡❧ ♦❢ ✜♥❛♥❝✐❛❧ ❛ss❡ts ✭❧✐❛❜✐❧✐t✐❡s✮ s❤♦✉❧❞ ❜❡ ❢✉rt❤❡r r❡❞✉❝❡❞❀ ❡✮ t❤❡ ❡①❝❡ss✐✈❡

✹✵ ❚❤r❡❡ ♣♦✐♥ts ❛r❡ ✇♦rt❤ str❡ss✐♥❣ ❤❡r❡✿ ✐✮ ❊❙❙❋❈ ♣r❡❞✐❝ts ■t❛❧②✬s ✐♥✢❛t✐♦♥ r❛t❡ t♦ ❜❡
✈❡r② ❧♦✇ ✐♥ t❤❡ ♥❡①t ❢❡✇ ②❡❛rs❀ ✐✐✮ ❢♦r❡❝❛st ✐♥✢❛t✐♦♥ s❡❡♠s t♦ ❜❡ q✉✐t❡ ✐♥s❡♥s✐t✐✈❡ t♦ ❞✐✛❡r❡♥t
♣♦❧✐❝② st❛♥❝❡s ❛♥②✇❛②❀ ❛♥❞ ✐✐✐✮ ♠♦❞❡❧ ✜♥❞✐♥❣s ❤♦❧❞ ❡✈❡♥ ✇❤❡♥ ❛ ❧❡ss✲t❤❛♥✲✉♥✐t② ✈❛❧✉❡ ♦❢
❞❡❜t t♦ ●❉P r❛t✐♦ ✐s ❝♦♥s✐❞❡r❡❞✳

✹✶ ◆♦t✐❝❡ t❤❛t t❤✐s r❡q✉✐r❡s ❛❞❞r❡ss✐♥❣ s❡❛s♦♥❛❧✐t② ✐ss✉❡s✳

✷✻



✉s❡ ♦❢ ❦❡② r❛t✐♦s ❝❛❧❝✉❧❛t❡❞ ❛s ❵♠♦✈✐♥❣ ❛✈❡r❛❣❡s✬ ✭♦r ❵♣✉♥❝t✉❛❧ ✈❛❧✉❡s✬✮ s❤♦✉❧❞
❜❡ ❛✈♦✐❞❡❞✱ ❛♥❞ ❛❞❞✐t✐♦♥❛❧ ❜❡❤❛✈✐♦r❛❧ ❡q✉❛t✐♦♥s s❤♦✉❧❞ ❜❡ ✉s❡❞ ✐♥st❡❛❞✳ ❋✐✲
♥❛❧❧②✱ ♥♦t✐❝❡ t❤❛t t❤❡ ♠♦❞❡❧ ✐s ♣♦ss✐❜❧② s✉❜❥❡❝t t♦ t❤❡ ✇❡❧❧✲❦♥♦✇♥ ▲✉❝❛s ❝r✐t✐q✉❡
✇❤❡♥ ✐t ✐s ✉s❡❞ ❢♦r ♣♦❧✐❝② ♣✉r♣♦s❡s✳ ■♥ ♣r✐♥❝✐♣❧❡✱ s❡✈❡r❛❧ t②♣❡s ♦❢ ♠✐❝r♦❢♦✉♥✲
❞❛t✐♦♥s ❝❛♥ ❜❡ ❛❞❞❡❞ t♦ t❤❡ ❜❛s✐❝ str✉❝t✉r❡✳ ❋♦r ✐t t♦ ❜❡ ✐♥ ❧✐♥❡ ✇✐t❤ ❝✉rr❡♥t
♠❛✐♥str❡❛♠ ✐♥ ♠❛❝r♦❡❝♦♥♦♠✐❝s✱ ❛❞❞✐t✐♦♥❛❧ ❤②♣♦t❤❡s❡s ✇♦✉❧❞ ❜❡ ❛❧s♦ ♥❡❝❡ss❛r②
t♦ ❛♥❝❤♦r ✐ts ❞②♥❛♠✐❝s t♦ ❛ s♦♠❡✇❤❛t ❵♥❛t✉r❛❧✬ ❧♦♥❣✲r✉♥ ❡q✉✐❧✐❜r✐✉♠✳ ❍♦✇❡✈❡r✱
t❤✐s ✇♦✉❧❞ ❜❡ ❛t ♦❞❞s ✇✐t❤ t❤❡ ❵❞✐s❡q✉✐❧✐❜r✐✉♠✬ s♣✐r✐t ♦❢ ❙❋❈▼s✳ ❋✉rt❤❡r♠♦r❡✱
t❤❡ ✐❞❡❛ t❤❛t t❤❡ ▲✉❝❛s ❝r✐t✐q✉❡ ❝❛♥ ❜❡ ❛❞❞r❡ss❡❞ t❤r♦✉❣❤ t❤❡ ❡st✐♠❛t✐♦♥ ♦❢
✐♥✈❛r✐❛♥t ❞❡❡♣ ♣❛r❛♠❡t❡rs ♦❢ ❛ r❡♣r❡s❡♥t❛t✐✈❡ ❛❣❡♥t ✐s r❛t❤❡r ❝♦♥tr♦✈❡rs✐❛❧✳ ❆
❵❤❡t❡r♦❣❡♥❡♦✉s ✐♥t❡r❛❝t✐♥❣ ❛❣❡♥ts✬ t②♣❡ ♦❢ ♠✐❝r♦❢♦✉♥❞❛t✐♦♥s ✇♦✉❧❞ ❜❡ ♠♦r❡ ✐♥
❧✐♥❡ ✇✐t❤ t❤❡ str✉❝t✉r❡ ❛♥❞ t❤❡ ♣❤✐❧♦s♦♣❤② ♦❢ t❤❡ ♠♦❞❡❧✳ ❍♦✇❡✈❡r✱ t❤✐s ✇♦✉❧❞
✐♥❝r❡❛s❡ ❢✉rt❤❡r t❤❡ ❝♦♠♣❧❡①✐t② ♦❢ t❤❡ ❝♦❞❡✱ ❛✛❡❝t✐♥❣ ✐ts tr❛❝t❛❜✐❧✐t② ❛♥❞ t❤❡
r❡❛❞❛❜✐❧✐t② ♦❢ t❤❡ r❡s✉❧ts✳ ❉❡s♣✐t❡ t❤❡s❡ ❧✐♠✐t❛t✐♦♥s✱ ❊❙❙❋❈ ❝❛♥ ❜❡ ❡①t❡♥❞❡❞ t♦
✐♥❝❧✉❞❡ ❛ ✈❛r✐❡t② ♦❢ s✉❜✲s❡❝t♦rs✱ ✈❛r✐❛❜❧❡s✱ s❤♦❝❦s ❛♥❞ ❛❧t❡r♥❛t✐✈❡ s❝❡♥❛r✐♦s✳ ■♥
❛❞❞✐t✐♦♥✱ ✇✐t❤ r❡s♣❡❝t t♦ t❤❡♦r❡t✐❝❛❧ ♦r ♥✉♠❡r✐❝❛❧ ❙❋❈ ♠♦❞❡❧s✱ ✐t ❡♥❛❜❧❡s ❝♦✉✲
♣❧✐♥❣ q✉❛❧✐t❛t✐✈❡ ✜♥❞✐♥❣s ✇✐t❤ ❝❧❡❛r q✉❛♥t✐t❛t✐✈❡ ❞✐r❡❝t✐♦♥s✳ ▲✐❦❡ ♦t❤❡r ❙❋❈
♠♦❞❡❧s ❛♥❞ ✉♥❧✐❦❡ ❵♠❛✐♥str❡❛♠✬ ♠♦❞❡❧s✱✹✷ ❊❙❙❋❈ s❤❡❞s ❧✐❣❤t ♦♥ ♠❛❝r♦❡❝♦✲
♥♦♠✐❝ ♣❛r❛❞♦①❡s✱ ♣❛t❤✲❞❡♣❡♥❞❡♥❝② ❛♥❞ ♠✉❧t✐♣❧❡ ❡q✉✐❧✐❜r✐❛ ❝❤❛r❛❝t❡r✐s✐♥❣ r❡❛❧✲
✇♦r❧❞ ❡❝♦♥♦♠✐❡s✳ ❋✉rt❤❡r♠♦r❡✱ ✐t ❛❧❧♦✇s ♠♦♥✐t♦r✐♥❣ st♦❝❦✲✢♦✇ ♥♦r♠s✱ ✇❤✐❝❤
❝❛♥ ♣♦ss✐❜❧② ❤❡❧♣ ❞❡t❡❝t ❡❛r❧② s✐❣♥s ♦❢ ❡❝♦♥♦♠✐❝✲✜♥❛♥❝✐❛❧ ❢r❛❣✐❧✐t② ❛♥❞ ❝r✐s❡s✳

✺ ❋✐♥❛❧ r❡♠❛r❦s

❚❤✐s ♣❛♣❡r ❛✐♠s ❛t s❤♦✇✐♥❣ ❤♦✇ ❛ ♠❡❞✐✉♠✲s❝❛❧❡ ❡♠♣✐r✐❝❛❧ st♦❝❦✲✢♦✇ ❝♦♥s✐st❡♥t
♠❛❝r♦❡❝♦♥♦♠❡tr✐❝ ♠♦❞❡❧ ❝❛♥ ❜❡ ❞❡✈❡❧♦♣❡❞ ❢r♦♠ s❝r❛t❝❤✳ ❊✉r♦st❛t ❞❛t❛ ❢♦r
■t❛❧② ❛♥❞ ❝♦♥✈❡♥t✐♦♥❛❧ st❛t✐st✐❝❛❧ ♣❛❝❦❛❣❡s ✭♥♦t❛❜❧② ❊❱✐❡✇s✱ ❊①❝❡❧ ❛♥❞ ❘✮
❤❛✈❡ ❜❡❡♥ ✉s❡❞ t♦ ✐♠♣❧❡♠❡♥t ❛ t❤❡♦r②✲❝♦♥str❛✐♥❡❞ ❜✉t ❞❛t❛✲❞r✐✈❡♥ ♠♦❞❡❧❧✐♥❣
♠❡t❤♦❞✳ ❚❤❡ ❦❡② ❢❡❛t✉r❡s ♦❢ t❤❡ ♠♦❞❡❧✱ ♥❛♠❡❞ ❵❊❙❙❋❈✬✱ ❛r❡ ❛s ❢♦❧❧♦✇s✳ ❋✐rst✱
❊❙❙❋❈ ❜❡❧♦♥❣s t♦ t❤❡ ❝❧❛ss ♦❢ ❵st♦❝❦✲✢♦✇ ❝♦♥s✐st❡♥t✬ ♠♦❞❡❧s✱ ❛s ✐t ✐s ✐♥s♣✐r❡❞
❜② t❤❡ ♣✐♦♥❡❡r✐♥❣ t❤❡♦r❡t✐❝❛❧ ✇♦r❦ ❜② ●♦❞❧❡② ❛♥❞ ▲❛✈♦✐❡ ✭✷✵✵✼✮❬✺❪✳ ❙❡❝♦♥❞✱
❊❙❙❋❈ ✐s ❛♥ ❵❡♠♣✐r✐❝❛❧ ♠❛❝r♦❡❝♦♥♦♠❡tr✐❝✬ ♠♦❞❡❧✱ ❛s ✐ts str✉❝t✉r❡ ✐s ❞❡✈❡❧♦♣❡❞
❜✉✐❧❞✐♥❣ ✉♣♦♥ ♠❛❝r♦❡❝♦♥♦♠✐❝ ♣r✐♥❝✐♣❧❡s ❛♥❞ ❛✈❛✐❧❛❜❧❡ t✐♠❡ s❡r✐❡s ❢♦r ♠❛❝r♦
✈❛r✐❛❜❧❡s✱ r❛t❤❡r t❤❛♥ ♠✐❝r♦❡❝♦♥♦♠✐❝s✬ ✜rst ♣r✐♥❝✐♣❧❡s✳ ❊❙❙❋❈ ❤❛s ❜❡❡♥ s❤♦✇♥
t♦ ❛❝❝♦✉♥t ❝♦♥s✐st❡♥t❧② ❢♦r t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ ✜♥❛♥❝✐❛❧ st♦❝❦s ❛♥❞ ✢♦✇s ❛❝r♦ss
■t❛❧②✬s s❡❝t♦rs✳ ■♥ ❢❛❝t✱ ❞❡s♣✐t❡ s♦♠❡ ♦❜✈✐♦✉s ❧✐♠✐t❛t✐♦♥s✱ t❤❡ ♠❡t❤♦❞ ♣r♦♣♦s❡❞
❡♥❛❜❧❡s ❢♦r ❝♦♠♣❛r❛t✐✈❡ ❛♥❛❧②s❡s ❛♥❞ ❝♦♥❞✐t✐♦♥❛❧ ❢♦r❡❝❛sts ②❡t✳ ■♥ t❤✐s s❡♥s❡✱
❊❙❙❋❈ ❝❛♥ ❤♦♣❡❢✉❧❧② ❛❝t ❛s ❛ ✉s❡❢✉❧ ❜❡♥❝❤♠❛r❦ ❢♦r P❤❉ st✉❞❡♥ts✱ ❡❛r❧②✲❝❛r❡❡r
r❡s❡❛r❝❤❡rs✱ ♥♦♥✲♥❡♦❝❧❛ss✐❝❛❧ ♠❛❝r♦✲♠♦❞❡❧❧❡rs✱ ❛♥❞ t❤❡ ♣r❛❝t✐t✐♦♥❡rs ✇❤♦ ❛r❡
❡❛❣❡r t♦ ❡①♣❛♥❞ t❤❡✐r ♦✇♥ s❡t ♦❢ ❛♥❛❧②t✐❝❛❧ t♦♦❧s✳

✹✷ ▼❡❛♥✐♥❣ ❜♦t❤ ❉❙●❊ ♠♦❞❡❧s ❛♥❞ ❝♦♥✈❡♥t✐♦♥❛❧ ♠❛❝r♦❡❝♦♥♦♠❡tr✐❝ ♠♦❞❡❧s ❜❛s❡❞ ♦♥ ❛
♥❡♦❝❧❛ss✐❝❛❧ ♣r♦❞✉❝t✐♦♥ ❢✉♥❝t✐♦♥✳

✷✼



❘❡❢❡r❡♥❝❡s

❬✶❪ ❇r❛✐♥❛r❞✱ ❲✳❈✳ ❛♥❞ ❚♦❜✐♥✱ ❏✳✱ ✶✾✻✽✳ P✐t❢❛❧❧s ✐♥ ✜♥❛♥❝✐❛❧ ♠♦❞❡❧ ❜✉✐❧❞✐♥❣✳
❚❤❡ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇✱ ✺✽✱ ♣♣✳✾✾✲✶✷✷✳

❬✷❪ ❇✉r❣❡ss✱ ❙✳✱ ❇✉rr♦✇s✱ ❖✳✱ ●♦❞✐♥✱ ❆✳✱ ❑✐♥s❡❧❧❛✱ ❙✳ ❛♥❞ ▼✐❧❧❛r❞✱ ❙✳✱ ✷✵✶✻✳
❆ ❞②♥❛♠✐❝ ♠♦❞❡❧ ♦❢ ✜♥❛♥❝✐❛❧ ❜❛❧❛♥❝❡s ❢♦r t❤❡ ❯♥✐t❡❞ ❑✐♥❣❞♦♠✱ ❇❛♥❦ ♦❢
❊♥❣❧❛♥❞ ❲♦r❦✐♥❣ P❛♣❡rs✱ ◆♦✳ ✻✶✹✳

❬✸❪ ❉❛❢❡r♠♦s✱ ❨✳✱ ❛♥❞ ◆✐❦♦❧❛✐❞✐✱ ▼✳✱ ✷✵✶✼✳ P♦st✲❑❡②♥❡s✐❛♥ st♦❝❦✲✢♦✇ ❝♦♥s✐s✲
t❡♥t ♠♦❞❡❧❧✐♥❣✿ t❤❡♦r② ❛♥❞ ♠❡t❤♦❞♦❧♦❣②✱ ❤tt♣s✿✴✴②❛♥♥✐s❞❛❢❡r♠♦s❞♦t❝♦♠✳
✜❧❡s✳✇♦r❞♣r❡ss✳❝♦♠✳

❬✹❪ ●♦❞✐♥✱ ❆✳ ✷✵✶✻✳ ❙❋❈ ❧❡❝t✉r❡s✳ ❤tt♣s✿✴✴❣✐t❤✉❜✳❝♦♠✴❛♥t♦✐♥❡❣♦❞✐♥✳

❬✺❪ ●♦❞❧❡②✱ ❲✳ ❛♥❞ ▲❛✈♦✐❡✱ ▼✳✱ ✷✵✵✼✳ ▼♦♥❡t❛r② ❡❝♦♥♦♠✐❝s✿ ❛♥ ✐♥t❡❣r❛t❡❞
❛♣♣r♦❛❝❤ t♦ ❝r❡❞✐t✱ ♠♦♥❡②✱ ✐♥❝♦♠❡✱ ♣r♦❞✉❝t✐♦♥ ❛♥❞ ✇❡❛❧t❤✳ ❙♣r✐♥❣❡r✳

❬✻❪ ●r❛③✐❛♥✐✱ ❆✳✱ ✷✵✵✸✳ ❚❤❡ ♠♦♥❡t❛r② t❤❡♦r② ♦❢ ♣r♦❞✉❝t✐♦♥✳ ❈❛♠❜r✐❞❣❡ ❯♥✐✲
✈❡rs✐t② Pr❡ss✳

❬✼❪ ▲❡ ❍❡r♦♥✱ ❊✳ ❛♥❞ ▼♦✉❛❦✐❧✱ ❚✳✱ ✷✵✵✽✳ ❆ P♦st✲❑❡②♥❡s✐❛♥ st♦❝❦✲✢♦✇ ❝♦♥s✐s✲
t❡♥t ♠♦❞❡❧ ❢♦r t❤❡ ❞②♥❛♠✐❝ ❛♥❛❧②s✐s ♦❢ ♠♦♥❡t❛r② ♣♦❧✐❝② s❤♦❝❦s ♦♥ ❜❛♥❦✐♥❣
❜❡❤❛✈✐♦r✳ ▼❡tr♦❡❝♦♥♦♠✐❝❛✱ ✺✾✭✸✮✱ ♣♣✳✹✵✺✲✹✹✵✳

❬✽❪ ◆✐❦✐❢♦r♦s✱ ▼✳ ❛♥❞ ❩❡③③❛✱ ●✳✱ ✷✵✶✼✳ ❙t♦❝❦✲✢♦✇ ❈♦♥s✐st❡♥t ▼❛❝r♦❡❝♦♥♦♠✐❝
▼♦❞❡❧s✿ ❆ ❙✉r✈❡②✳ ▲❡✈② ❊❝♦♥♦♠✐❝s ■♥st✐t✉t❡ P✉❜❧✐❝❛t✐♦♥s✱ ❲♦r❦✐♥❣ P❛♣❡r
◆♦✳ ✽✾✶✱ ▼❛② ✷✵✶✼✳

❬✾❪ P❛❣❛♥✱ ❆✳ ✷✵✵✸✳ ❘❡♣♦rt ♦♥ ♠♦❞❡❧❧✐♥❣ ❛♥❞ ❢♦r❡❝❛st✐♥❣ ❛t t❤❡ ❇❛♥❦ ♦❢
❊♥❣❧❛♥❞✳ ◗✉❛rt❡r❧② ❇✉❧❧❡t✐♥✱ ❇❛♥❦ ♦❢ ❊♥❣❧❛♥❞✱ ❙♣r✐♥❣✱ ♣♣✳ ✻✵✲✾✶✳

✷✽



❆ ❆♣♣❡♥❞✐❝❡s

❆♣♣❡♥❞✐① ❆ ✲ ❚❤❡ ❤♦✉s✐♥❣ ♠❛r❦❡t

❆r❣✉❛❜❧②✱ t❤❡ s✐♠♣❧❡st ✇❛② t♦ ❞❡❛❧ ✇✐t❤ t❤❡ ❤♦✉s✐♥❣ ♠❛r❦❡t ✐s t♦ ❝r❡❛t❡ ❛
❤♦✉s✐♥❣ ♣r✐❝❡ ✐♥❞❡① ❛s ❛ ❢✉♥❝t✐♦♥ ♦❢ ❤♦✉s❡❤♦❧❞s✬ ❞❡❜t t♦ ✐♥❝♦♠❡ r❛t✐♦ ✭mH =
LH/Y DH✮✱ t❤❡✐r ❡①♣❡❝t❡❞ ❞✐s♣♦s❛❜❧❡ ✐♥❝♦♠❡ ❛♥❞ t❤❡ st♦❝❦ ♦❢ ❤♦✉s✐♥❣✿

pH = h ·mH ·
E(Y DH)

HOUSEH
✭✻✽✮

✇❤❡r❡ t❤❡ ♣❡r❝❡♥t❛❣❡ h ✐s ❛♥ ❡♠♣✐r✐❝❛❧❧② ❡st✐♠❛t❡❞ ❝♦❡✣❝✐❡♥t ❞❡✜♥✐♥❣ t❤❡
s❡♥s✐t✐✈✐t② ♦❢ ❤♦✉s✐♥❣ ♣r✐❝❡s t♦ ❤♦✉s❡❤♦❧❞ ❧❡✈❡r❛❣❡✳✹✸

❈❛♣✐t❛❧ ❣❛✐♥s✴❧♦ss❡s ♦♥ ❤♦✉s✐♥❣ ❝❛♥ ❜❡ ❛❧s♦ ❝❛❧❝✉❧❛t❡❞✿

CGHOUSE = HOUSEH,−1 ·
d(pH)

pH,−1

❍♦✉s✐♥❣ ✐♥✈❡st♠❡♥t ❝❛♥ ❜❡ ♥♦✇ r❡✲❞❡✜♥❡❞ ❛s ❛ ❢✉♥❝t✐♦♥ ♦❢ t❤❡ ❤♦✉s✐♥❣ ♣r✐❝❡
✐♥❞❡① ✭✐♥ ❛❞❞✐t✐♦♥ t♦ ❤♦✉s❡❤♦❧❞s✬ ♠♦rt❣❛❣❡s ❛♥❞ ❛♥ ✐♥❡rt✐❛❧ ❝♦♠♣♦♥❡♥t✮✿

INVH = ϑ0 + ϑ1 · INVH,−1 + ϑ2 ·MORTH,−1 + ϑ3 · pH,−1 ✭✻✾✮

❙✐♠♣❧✐✜❡❞ t❤♦✉❣❤ ✐t ✐s✱ t❤❡ ❡q✉❛t✐♦♥ ❛❜♦✈❡ ❛❧❧♦✇s ❧✐♥❦✐♥❣ ❤♦✉s❡❤♦❧❞s✬ s♣❡♥❞✐♥❣
❞❡❝✐s✐♦♥s ✇✐t❤ ❝✉rr❡♥t ❝♦♥❞✐t✐♦♥s ♦❢ t❤❡ ❤♦✉s✐♥❣ ♠❛r❦❡t✳

✹✸ ❆❧t❡r♥❛t✐✈❡❧②✱ ♦♥❡ ❝❛♥ ❛ss✉♠❡ t❤❛t t❤❡ st♦❝❦ ♦❢ ❤♦✉s✐♥❣ ❣r♦✇s ❛t ❛♥ ❡①♦❣❡♥♦✉s r❛t❡✳
❚❤✐s ✐s t❤❡ s♦❧✉t✐♦♥ ❛❞♦♣t❡❞ ❜② ❇✉r❣❡ss ❡t ❛❧✳ ✭✷✵✶✻✮✳

✷✾



❆♣♣❡♥❞✐① ❇ ✲ ❚❤❡ ❝♦♠♣❧❡t❡ ♠♦❞❡❧

■✳ ❍♦✉s❡❤♦❧❞ s❡❝t♦r

Y D = GDPH +WB − τH + INTH + TH +ANNH ✭❆✶✮

ANNH = DIVH + PROPH ✭❆✷✮

GDPH = βH ·GDP ✭❆✸✮

WB = ωT ·GDP ✭❆✹✮

ωL =
INTH +ANNH +WB · (1− ωS)

GDP
✭❆✺✮

τH = θH ·WB
−1 ✭❆✻✮

INTH = INTRECV
H − INTPAID

H ✭❆✼✮

INTRECV
H = ιH1,0 + ιH1,1 · INTRECV

H,−1
+ ιH1,2 · rBA + ιH1,3 · rBA,−1 + ιH1,4 ·BH+

+ ιH1,5 ·BH,−1 + ιH1,6 ·BH · rBA + ιH1,7 ·BH,−1 · rBA,−1

✭❆✽✮

INTPAID
H = ιH2,0 + ιH2,1 · INTPAID

H,−1
+ ιH2,2 · rECB + ιH2,3 · rECB,−1 + ιH2,4 · LH+

+ ιH2,5 · LH,−1 + ιH2,6 · LH · rECB + ιH2,7 · LH,−1 · rECB,−1

✭❆✾✮

TH = αH,T ·WB
−1 ✭❆✶✵✮

PROPH = αH,P ·WB
−1 ✭❆✶✶✮

CH = c0 + c1 · E(Y D) + c2 ·NWH,−1 + c3 · CH,−1 ✭❆✶✷✮

NWH = NWH,−1 + Y DH − CONSH − INVH +NFUNDSH + CGH ✭❆✶✸✮

CGH = ∆pH ·

HOUSEH,−1

pH,−1

+∆pB ·

BH,−1

pB,−1

+∆pV ·

VH,−1

pV,−1

+ CGRES
H ✭❆✶✹✮

CGRES
H = CGH · (1 + σH

CG) ✭❆✶✺✮

NFWH = NWH −HOUSEH + LH ✭❆✶✻✮

HOUSEH = (1− δ1H) ·HOUSEH,−1 + (1− δ2H · INVH) ✭❆✶✼✮

rV = v1 · rV,−1 + v2 ·

∆pV

pV,−1

✭❆✶✽✮

VH

E(NFWH)
= λH1,0 + λH1,1 · E(rV ) + λH1,2 ·

E(Y DH)

E(NFWH)
+ λH1,3 · E(rBA) ✭❆✶✾✮

BH

E(NFWH)
= λH2,0 + λH2,1 · E(rV ) + λH2,2 ·

E(Y DH)

E(NFWH)
+ λH2,3 · E(rBA) ✭❆✷✵✮

DH

E(NFWH)
= λH3,0 + λH3,1 · E(rV ) + λH3,2 ·

E(Y DH)

E(NFWH)
+ λH3,3 · E(rBA) ✭❆✷✶✮

OFINH

E(NFWH)
= λH4,0 + λH4,1 · E(rV ) + λH4,2 ·

E(Y DH)

E(NFWH)
+ λH4,3 · E(rBA)

✸✵



OFINH = NFWH −DH − VH −BH ✭❆✷✷✮

LH = LH,−1 + φ1 · Y D
−1 + φ2 ·HOUSEH,−1 + φ3 · INVH,−1 ✭❆✷✸✮

INVH = ϑ1 · INVH,−1 + ϑ2 · LH,−1 + ϑ3 ·HOUSEH,−1+

+ ϑ4 · Y DH,−1 + ϑ5 · E(rH)
✭❆✷✹✮

rH =
∆PROPH

PROPH,−1

✭❆✷✺✮

NLH = Y D +NFUNDSH − CONSH − INVH ✭❆✷✻✮

NFUNDSH = αH,FU · Y DH,−1 ✭❆✷✼✮

■■✳ ◆♦♥✲✜♥❛♥❝✐❛❧ ❝♦r♣♦r❛t✐♦♥s

GDP = Y − CONSINT + τNET
P ✭❆✷✽✮

GDPF = βF ·GDP ✭❆✷✾✮

CONSINT = cINT · Y ✭❆✸✵✮

K = K
−1 · (1 + gK) ✭❆✸✶✮

INV = K
−1 · (gK + δK) ✭❆✸✷✮

gK = γY + γU · E

(

Y

K

)

+ γΠ · E

(

ΠF

K

)

− γZ · rZ − γR · rL,F ✭❆✸✸✮

INVF = δF · INV ✭❆✸✹✮

DF = (1 + ηF ) ·DF,−1 ·

GDP

GDP
−1

✭❆✸✺✮

YAD = CONSH + CONSG + INV + CONSINT+

+ EXP − IMP − τNET
T

✭❆✸✻✮

Y = YAD ✭❆✸✼✮

Yn = min(Y L
n , Y

K
n ) ✭❆✸✽✮

log(Y L
n ) = νL0 + νL1 · log(N) + νL2 · t

log(Y K
n ) = νK0 + νK1 · log(K) + νK2 · t

gn = d(log(Yn))

pY = πY
1 · pY,−1 + πY

2 · (Yn − Y ) + πY
3 ·

WB

GDP
+ πY

4 ·NER ✭❆✸✾✮

pK = πK
1 · pK,−1 + πK

2 ·

GDP

K
+ πK

3 ·

WB

GDP
+ πK

4 ·NER ✭❆✹✵✮

✸✶



gPROD = ρ1 + ρ2 · d
(

log(INVF )
)

+ ρ3 · d
(

log(EXP )
)

+

+ ρ4 · d
(

log(CONSG)
)

✭❆✹✶✮

PRODL = PRODL,−1 · (1 + gPROD) ✭❆✹✷✮

N =
Y

PROD
✭❆✹✸✮

IMP = IMP
−1 · exp

(

µ1 + µ2 · ln
( Y

Y
−1

)

+ µ3 · (NER−NER
−1)

)

✭❆✹✹✮

ΠF = GDPF − (WB −WBOTHER)− τF + TF+

+ INTF +NFUNDSF + PROPF

✭❆✹✺✮

Ω = 1− ωL ✭❆✹✻✮

INTF = rD,−1 ·DF,−1 − rL,F · LF,−1 − rBA · (BF,−1 −BG,F,−1)+

+ INTRES
F

✭❆✹✼✮

WBOTHER = ωO ·WB ✭❆✹✽✮

ΠFU = sF ·ΠF ✭❆✹✾✮

DIVF = (1− sF ) ·ΠF ✭❆✺✵✮

τF = θF ·

(

GDPF,−1 − (WB
−1 −WBOTHER,−1)− INTF,−1 −NFUNDSF,−1 − PROPF,−1

)

✭❆✺✶✮

NFUNDSF = αF,FU ·ΠF,−1 ✭❆✺✷✮

PROPF = αF,O ·ΠF,−1 ✭❆✺✸✮

vF = vF,−1 + ψ ·

INVF,−1

pV,−1

✭❆✺✹✮

pV =
VF

vF
✭❆✺✺✮

LF = LF,−1 −NLF −NPL− pV ·∆vF ✭❆✺✻✮

NPL = ξF · ξB · LF,−1 ✭❆✺✼✮

NLF = ΠFU − INVF ✭❆✺✽✮

Y DF = ΠFU −NFUNDSF ✭❆✺✾✮

NWF = NWF,−1 + Y DF − INVF +NFUNDSF + CGF ✭❆✻✵✮

CGF = σF
CG ·NWF,−1 ✭❆✻✶✮

NFWF = NWF −HOUSEF + LF + VF +BF −BG,F ✭❆✻✷✮

HOUSEF = νH,F ·NWF ✭❆✻✸✮

OFINF = DF + VF − LF +BF −BG,F −NWF +HOUSEF ✭❆✻✹✮

✸✷



■■■✳ ●♦✈❡r♥♠❡♥t s❡❝t♦r

NLG = GOVREV −GOVSP − INTG ✭❆✻✺✮

INTG = rBA,−1 ·BG,−1 + INTRES
G ✭❆✻✻✮

GOVSP = CONSG + INVG + TTOT +NFUNDSG ✭❆✻✼✮

GOVREV = GDPG −WBG + τTOT + PROPG +DIVG ✭❆✻✽✮

CONSG = αC
G ·GDP + ζG ✭❆✻✾✮

INVG = αI
G ·GDP ✭❆✼✵✮

WBG = ωG ·GDP ✭❆✼✶✮

VG = αV
G ·GDP ✭❆✼✷✮

τTOT = τH + τF + τB + τRoW ✭❆✼✸✮

TTOT = TH + TF + TB + TRoW ✭❆✼✹✮

GDPG = βG ·GDP ✭❆✼✺✮

PROPG = αP
G ·GDP ✭❆✼✻✮

NFUNDSG = αFU
G ·GDP ✭❆✼✼✮

bG = bG,−1 −

−NLG

pB,−1

+
BOT

−1

pB,−1

✭❆✼✽✮

pB =
BG

bG
✭❆✼✾✮

BOT = pB,−1 ·∆bG −

(

BG −BG,−1 ·

pB

pB,−1

)

✭❆✽✵✮

τNET
TOT = θTOT · Y ✭❆✽✶✮

LG = NWG · ηGL ✭❆✽✷✮

DG = NWG · ηGD ✭❆✽✸✮

NWG = NWG,−1 +NLG + CGG ✭❆✽✹✮

CGG = σG
CG ·NWG,−1 ✭❆✽✺✮

OFING = NWG −DG − VG + LG −BG ✭❆✽✻✮

DEBG =
−NWG

GDP

DEFG =
−NLG

GDP

✸✸



■❱✳ ❇❛♥❦s ❛♥❞ ✜♥❛♥❝✐❛❧ ✐♥t❡r♠❡❞✐❛r✐❡s

GDPB = βB ·GDP ✭❆✽✼✮

ΠB = GDPB −WBB − τB + TB +DIVB+

+ PROPB + INTB +NFUNDSB

✭❆✽✽✮

NLB = ΠB −DIVB − INVB ✭❆✽✾✮

WBB = ωB ·GDP ✭❆✾✵✮

τB = θB ·ΠB,−1 ✭❆✾✶✮

TB = αT
B ·ΠB,−1 ✭❆✾✷✮

PROPB = αP
B ·ΠB ✭❆✾✸✮

NFUNDSB = αFU
B ·ΠB ✭❆✾✹✮

INTB =
(

INTPAID
H + (−INTF )

)

+ INTRES
B ✭❆✾✺✮

INVB = αINV
B · INV ✭❆✾✻✮

NWB = NWB,−1 +ΠB − INVB + CGB ✭❆✾✼✮

CGB = σB
CG ·NWB,−1 ✭❆✾✽✮

LB = LH + LF + LG − LRoW ✭❆✾✾✮

DB = DH +DF +DG +DRoW ✭❆✶✵✵✮

NFWB = NWB −HOUSEB ✭❆✶✵✶✮

HOUSEB = νH,B ·NWB ✭❆✶✵✷✮

V PUR
B

E(NFWB)
= λB1,0 + λB1,1 · E(rV ) + λB1,2 ·ΠB + λB1,3 · E(rBA) ✭❆✶✵✸✮

BB

E(NFWB)
= λB2,0 + λB2,1 · E(rV ) + λB2,2 ·ΠB + λB2,3 · E(rBA) ✭❆✶✵✹✮

OFINB = DB + VB − LB +BB −NWB +HOUSEB ✭❆✶✵✺✮

❱✳ ❋♦r❡✐❣♥ s❡❝t♦r

GDPRoW = GDP − (GDPH +GDPF +GDPG +GDPB) ✭❆✶✵✻✮

NLRoW = −(NLH +NLF +NLG +NLB) ✭❆✶✵✼✮

LRoW = Φ1

L · LRoW,−1 +Φ2

L · rECB,−1 +Φ3

L ·GDPRoW,−1+

+Φ4

L ·NER+Φ5

L · (IMP
−1 + EXP

−1) + Φ6

L · (IMP
−1 − EXP

−1)
✭❆✶✵✽✮

✸✹



DRoW = Φ1

D · LRoW,−1 +Φ2

D ·GDPRoW,−1 +Φ3

D · (IMP
−1 + EXP

−1)+

+ Φ4

D · (IMP
−1 − EXP

−1) + Φ5

D · rBA,−1 +Φ6

D ·GDP
−1

✭❆✶✵✾✮

EXP = µX1 · EXP
−1 + µX2 · d(PRODL) + µX3 · d(IMP ) + µX4 · d(NER) ✭❆✶✶✵✮

BRoW = Φ1

RoW · rZ +Φ2

RoW · rECB +Φ3

RoW · rBA +Φ4

RoW ·NER+Φ5

RoW · rV ✭❆✶✶✶✮

VRoW = VH + VG − (VF + VB) ✭❆✶✶✷✮

INTRoW = INTH + INTB − (INTF + INTG) ✭❆✶✶✸✮

TRoW = αT
RoW ·GDP ✭❆✶✶✹✮

τRoW = θRoW ·GDP ✭❆✶✶✺✮

❱■✳ ❈r♦ss✲s❡❝t♦r ❤♦❧❞✐♥❣s ❛♥❞ ♣❛②♠❡♥ts

❱■✳✶ ❊q✉✐t② ✫ s❤❛r❡s ✐ss✉❡❞ ❜② ◆❋❈s

VF = VF,H + VF,G + VF,B ✭❆✶✶✻✮

VF,B = χF · V PUR
B ✭❆✶✶✼✮

VF,H = χF · VH ✭❆✶✶✽✮

VF,G = χF · VG ✭❆✶✶✾✮

◆♦t❡✿ χF = ✪ ♦❢ ◆❋❈ ❡q✉✐t② t♦ t♦t❛❧ ❡q✉✐t②✳

❱■✳✷ ❊q✉✐t② ✫ s❤❛r❡s ✐ss✉❡❞ ❜② ✜♥❛♥❝✐❛❧ s❡❝t♦r

VB = V PUR
B − V ISS

B ✭❆✶✷✵✮

V ISS
B = VB,H + VB,G ✭❆✶✷✶✮

VB,H = χB · VH ✭❆✶✷✷✮

VB,G = χB · VG ✭❆✶✷✸✮

◆♦t❡✿ χB = ✪ ♦❢ ✜♥❛♥❝✐❛❧ s❡❝t♦r✬s ❡q✉✐t② t♦ t♦t❛❧ ❡q✉✐t②✳

❱■✳✸ ❊q✉✐t② ✫ s❤❛r❡s ✐ss✉❡❞ ❜② ❢♦r❡✐❣♥ s❡❝t♦r

VROW,H = (1− χF − χB) · VH ✭❆✶✷✹✮

VROW,G = (1− χF − χB) · VG ✭❆✶✷✺✮

VROW,B = χB · VROW ✭❆✶✷✻✮

✸✺



❱■✳✹ ❚♦t❛❧ ❡q✉✐t② ✫ s❤❛r❡s ✐ss✉❡s

VTOT = VF + V ISS
B + VROW ✭❆✶✷✼✮

❱■✳✺ ❉✐✈✐❞❡♥❞s r❡❝❡✐✈❡❞ ❜② ❤♦✉s❡❤♦❧❞s

DIVH = DIVTOT −DIVF,G −DIVF,B −DIVF,ROW ✭❆✶✷✽✮

DIVTOT = DIVF + (−DIV PAID
B ) + (−DIV PAID

ROW ) ✭❆✶✷✾✮

DIVF,H = DIVF −DIVF,G −DIVF,B −DIVF,ROW ✭❆✶✸✵✮

DIVB,H = −DIV PAID
B −DIVB,ROW ✭❆✶✸✶✮

DIVROW,H = −δDIV
ROW ·DIVH ✭❆✶✸✷✮

◆♦t❡✿ δDIV
ROW = ✪ ♦❢ ♦❢ t♦t❛❧ ❞✐✈✐❞❡♥❞s ♣❛✐❞ ❜② ❢♦r❡✐❣♥ s❡❝t♦r✳

❱■✳✻ ❉✐✈✐❞❡♥❞s r❡❝❡✐✈❡❞ ❜② ❣♦✈❡r♥♠❡♥t

DIVG = ǫG ·

VG

VTOT

✭❆✶✸✸✮

DIVF,G = δDIV
F ·DIVG ✭❆✶✸✹✮

DIVROW,G = δDIV
ROW ·DIVG ✭❆✶✸✺✮

DIVB,G = δDIV
B ·DIVG ✭❆✶✸✻✮

◆♦t❡✿ δDIV
F = ✪ ♦❢ ♦❢ t♦t❛❧ ❞✐✈✐❞❡♥❞s ♣❛✐❞ ❜② ◆❋❈s❀ δDIV

B = ✪ ♣❛✐❞ ❜② ✜♥❛♥❝✐❛❧ s❡❝t♦r✳

❱■✳✼ ❉✐✈✐❞❡♥❞s r❡❝❡✐✈❡❞ ❜② ✜♥❛♥❝✐❛❧ s❡❝t♦r

DIV RECV
B = ǫB ·DIVTOT ·

V PUR
B

VTOT

✭❆✶✸✼✮

DIVF,B = δDIV
F ·DIV RECV

B ✭❆✶✸✽✮

DIVROW,B = δDIV
ROW ·DIV RECV

B ✭❆✶✸✾✮

DIV PAID
B = (1− sB) ·ΠB ✭❆✶✹✵✮

DIVB = DIV RECV
B +DIV PAID

B ✭❆✶✹✶✮

◆♦t❡✿ ǫB = ❝♦rr❡❝t✐♦♥ ❝♦❡✣❝✐❡♥t ❢♦r ❞✐✈✐❞❡♥❞s r❡❝❡✐✈❡❞ ❜② ✜♥❛♥❝✐❛❧ s❡❝t♦r✳

❱■✳✽ ❉✐✈✐❞❡♥❞s r❡❝❡✐✈❡❞ ❜② ❢♦r❡✐❣♥ s❡❝t♦r

DIV RECV
ROW = ǫROW ·DIVTOT ·

V PUR
ROW

VTOT
✭❆✶✹✷✮

V PUR
ROW = VROW for VROW > 0 ✭❆✶✹✸✮

DIVF,ROW = δDIV
F ·DIV RECV

ROW ✭❆✶✹✹✮

✸✻



DIVB,ROW = δDIV
B ·DIV RECV

ROW ✭❆✶✹✺✮

DIV PAID
ROW = DIVROW,H +DIVROW,G +DIVROW,B ✭❆✶✹✻✮

DIVROW = DIV PAID
ROW +DIV RECV

ROW ✭❆✶✹✼✮

◆♦t❡✿ ǫROW = ❝♦rr❡❝t✐♦♥ ❝♦❡✣❝✐❡♥t ❢♦r ❞✐✈✐❞❡♥❞s r❡❝❡✐✈❡❞ ❜② ❢♦r❡✐❣♥ s❡❝t♦r✳

❱■✳✾ ❙❡❝✉r✐t✐❡s ❞❡♠❛♥❞❡❞ ❜② ◆❋❈s

BF = BF,B +BF,H +BF,ROW ✭❆✶✹✽✮

BF,B = ρF ·BB ✭❆✶✹✾✮

BF,H = ρF ·BH ✭❆✶✺✵✮

BF,ROW = ρF ·BROW ✭❆✶✺✶✮

◆♦t❡✿ ρF = ♣❡r❝❡♥t❛❣❡ ♦❢ ◆❋❈ s❡❝✉r✐t✐❡s t♦ t♦t❛❧ s❡❝✉r✐t✐❡s✳

❱■✳✶✵ ❙❡❝✉r✐t✐❡s ✐ss✉❡❞ ❜② ❣♦✈❡r♥♠❡♥t s❡❝t♦r

BG = BG,H +BG,ROW +BG,B +BG,F ✭❆✶✺✷✮

BG,H = BH · (1− ρF ) ✭❆✶✺✸✮

BG,ROW = (1− ρF ) ·BROW ✭❆✶✺✹✮

BG,B = (1− ρF ) ·BB ✭❆✶✺✺✮

BG,F = ρGF ·BG ✭❆✶✺✻✮

◆♦t❡✿ ρFG = ♥❡t ♣❡r❝❡♥t❛❣❡ ♦❢ ❚✲❜♦♥❞s ♣✉r❝❤❛s❡❞ ❜② ◆❋❈s✳

❱■✳✶✶ ■♥t❡r❡sts ♣❛✐❞ ❜② ◆❋❈s

INTF,H = INTH · ιF ✭❆✶✺✼✮

INTF,B = INTB · ιF ✭❆✶✺✽✮

INTF,ROW = INTROW · ιF ✭❆✶✺✾✮

◆♦t❡✿ ιF = ♣❡r❝❡♥t❛❣❡ ♦❢ ✐♥t❡r❡st ♣❛②♠❡♥ts ♠❛❞❡ ❜② ◆❋❈s t♦ t♦t❛❧ ✐♥t❡r❡sts✳

❱■✳✶✷ ■♥t❡r❡sts ♣❛✐❞ ❜② ❣♦✈❡r♥♠❡♥t

INTG,B = INTB − INTF,B ✭❆✶✻✵✮

INTG,H = INTH − INTF,H ✭❆✶✻✶✮

INTG,ROW = INTROW − INTF,ROW ✭❆✶✻✷✮

✸✼



❱■■✳ ❈❡♥tr❛❧ ❜❛♥❦ st❛♥❝❡ ❛♥❞ ✐♥t❡r❡st r❛t❡s

rECB = r̄ECB

NER = ¯NER

rZ = r̄Z

rL,F = rECB + µL,F ✭❆✶✻✸✮

rBA = rZ · (1 + µA) ✭❆✶✻✹✮

µA =
SPREADA

rZ
✭❆✶✻✺✮

✸✽



❆♣♣❡♥❞✐① ❈ ✲ ▼♦❞❡❧❧✐♥❣ st❡♣s✿ ❊❱✐❡✇s ♣r♦❣r❛♠ ✜❧❡

✶✮ ❈r❡❛t❡ ✇♦r❦✜❧❡ ✭♥❛♠❡❞ ✬❊❙❙❋❈✬✮✱ ✉s✐♥❣ ❛♥♥✉❛❧ ❞❛t❛ ❢r♦♠ ✶✾✾✻ t♦ ✷✵✸✵✿

✇❢❝ r ❡❛ t❡ ✭✇❢ ❂ ❊❙❙❋❈✮ ❛ ✶✾✾✻ ✷✵✸✵

✷✮ ❯♣❧♦❛❞ ✴ ✐♠♣♦rt t✐♠❡ s❡r✐❡s ✭♠❛r❦❡❞ ❜② s✉❜s❝r✐♣t ❵ts✬✮ ❢r♦♠ ❊①❝❡❧ s❤❡❡t✿

r❡❛❞ ✭❜✷ ✱ s❂s✉❜❴s❤❡❡t❴♥❛♠❡ ✮ ✧❈ ✿ ❭ ✳ ✳ ✳ ❭ ❊①❝❡❧❴s❤❡❡t❴♥❛♠❡ ✳ ① ❧ s ✧ ②❞❴❤❴ts ❝♦♥s❴❤❴ts ♥✇❴❤❴ts
✳ ✳ ✳

✸✮ ❈r❡❛t❡ ❛♥❞ ❧❛❜❡❧ ♠♦❞❡❧ s❡r✐❡s✿

s ❡ r ✐ ❡ s ❝♦♥s❴❤
❝♦♥s❴❤ ✳ ❧ ❛ ❜ ❡ ❧ ✭❞✮ ❍♦✉s❡❤♦❧❞ ❝♦♥s✉♠♣t✐♦♥
s ❡ r ✐ ❡ s ②❞❴❤
②❞❴❤ ✳ ❧ ❛ ❜ ❡ ❧ ✭❞ ✮ ❍♦✉s❡❤♦❧❞ ❞ ✐ s♣♦ s❛❜ ❧ ❡ ✐♥❝♦♠❡
s ❡ r ✐ ❡ s ♥✇❴❤
♥✇❴❤✳ ❧ ❛ ❜ ❡ ❧ ❍♦✉s❡❤♦❧❞s ♥❡t ✇❡❛❧t❤
✳ ✳ ✳

✹✮ ❙❡t s❛♠♣❧❡ s✐③❡ ✭❡♥t✐r❡ ✇♦r❦✜❧❡ r❛♥❣❡✮✿

s♠♣❧ ✶✾✾✻ ✷✵✸✵

✺✮ ❉❡✜♥❡ t❤❡ s❡t ♦❢ ♣❛r❛♠❡t❡rs t♦ ❜❡ ❡st✐♠❛t❡❞✱ ❡✳❣✳ ♣✭✶✮✱ ♣✭✷✮✱ ✳✳✳✱ ♣✭✹✵✵✮✿

❝ ♦ ❡ ❢ ✭✹✵✵✮ ♣

✸✾



✻✮ ❊st✐♠❛t❡ ♣❛r❛♠❡t❡r ✈❛❧✉❡s✿ s✐♠♣❧❡ ❖▲❙ ❡st✐♠❛t✐♦♥ ❡q✉❛t✐♦♥ ❜② ❡q✉❛t✐♦♥✿

❡q✉❛t ✐♦♥ ❡q✶ ✳ ❧ s ✭ ❝♦✈❂✇❤✐t❡ ✮ ❝♦♥s❴❤❴ts ❂ ♣✭✶✮∗②❞❴❤❴ts✭−✶✮ ✰ ♣✭✷✮∗♥✇❴❤❴ts✭−✶✮
✳ ✳ ✳

◆♦t❡✿ ❲❤✐t❡ st❛♥❞❛r❞ ❡rr♦rs ❛r❡ ✉s❡❞✳ ❱❛r✐❛❜❧❡s ❝❛♥ ❜❡ tr❛♥s❢♦r♠❡❞ ✐♥ t❤❡ ✉s✉❛❧ ✇❛② t♦ ❞❡❛❧ ✇✐t❤ ♥♦♥✲st❛t✐♦♥❛r✐t② ✐ss✉❡s ✭❡✳❣✳
❞✭❧♦❣✭❝♦♥s❴❤❴ts✮✮✮✱ ❡t❝✳

✼✮ ❙❡❧❡❝t st❛rt✐♥❣ ✈❛❧✉❡s ❢♦r st♦❝❦s ❛♥❞ ❧❛❣❣❡❞ ✭❡♥❞♦❣❡♥♦✉s✮ ✈❛r✐❛❜❧❡s✿

❧❴❤ ❂ ❧❴❤❴ts ✬ ▲♦❛♥s t♦ ❤♦✉s❡❤♦❧❞s
❞❡ ❧ t❛❴❢ ❂ ❅♠❡❛♥✭ ✭ ✐♥✈❴❢❴ts✴ ✐♥✈❴t♦t❴ts ✮ ✱ ✧✶✾✾✼ ✷✵✶✻✧✮ ✬ ❋✐r♠s ✐♥✈❡st♠❡♥t ❛s ✪ ♦ ❢ t ♦ t ❛ ❧ ✐♥✈❡st♠❡♥t
✳ ✳ ✳

◆♦t❡✿ t❤❡ r❛t✐♦ ♦❢ ✜r♠s✬ ✐♥✈❡st♠❡♥t t♦ t♦t❛❧ ✐♥✈❡st♠❡♥t ✐s ❞❡✜♥❡❞ ❛s t❤❡ ❛✈❡r❛❣❡ ✈❛❧✉❡ ❞✉r✐♥❣ ✶✾✾✼✲✷✵✶✻✱ ✇❤✐❧❡ t❤❡ ✐♥✐t✐❛❧ ✈❛❧✉❡ ♦❢
t❤❡ st♦❝❦ ♦❢ ❧♦❛♥s t♦ ❤♦✉s❡❤♦❧❞s ✐s s❡t ❛t ✐ts ❤✐st♦r✐❝❛❧ ❧❡✈❡❧✳

✽✮ ❉❡✜♥❡ ✜♥❡✲t✉♥❡❞ ♣❛r❛♠❡t❡rs ❛♥❞ ❡①♦❣❡♥♦✉s ✈❛r✐❛❜❧❡s✿

r❴❞ ❂ ✵ ✬ ✐ ♥ t ❡ r ❡ s t r ❛ t ❡ ♦♥ ❜❛♥❦ ❞❡♣♦ s ✐ t s ❛♥❞ ❝❛s❤
✳ ✳ ✳

✾✮ ❈r❡❛t❡ t❤❡ ♠♦❞❡❧ ✭♥❛♠❡❞ ✬❊❙❙❋❈✬✮✿

♠♦❞❡❧ ❊❙❙❋❈

✶✵✮ ❙❡t ✉♣ s②st❡♠ ♦❢ ❞✐✛❡r❡♥❝❡ ❡q✉❛t✐♦♥s✿

❊❙❙❋❈✳ ❛♣♣❡♥❞ ❝♦♥s❴❤ ❂ ♣✭✶✮∗②❞❴❤✭−✶✮ ✰ ♣✭✷✮∗♥✇❴❤✭−✶✮ ✬ ❍♦✉s❡❤♦❧❞ ❝♦♥s✉♠♣t✐♦♥ ✭ s t ♦ ❝ ❤ ❛ s t ✐ ❝
✬ ❡q✉❛t ✐♦♥ ✮

✹✵



❊❙❙❋❈✳ ❛♣♣❡♥❞ ❅✐❞❡♥t ✐ t② ②❞❴❤ ❂ ❣❞♣❴❤ ✰ ✇❜ − t❛✉❴❤ ✰ ✐♥t❴❤ ✰ t❴❤ ✰ ❛♥♥ ✬ ❍♦✉s❡❤♦❧❞ ❞ ✐ s♣♦ s❛❜ ❧ ❡
✬ ✐♥❝♦♠❡ ✭ ✐ ❞ ❡ ♥ t ✐ t ② ✮

✳ ✳ ✳

◆♦t❡✿ ✐♥ t❤❡ ❝♦♥s✉♠♣t✐♦♥ ❡q✉❛t✐♦♥✱ ♣✭✶✮ ❛♥❞ ♣✭✷✮ t❛❦❡ ❛✉t♦♠❛t✐❝❛❧❧② t❤❡ ✈❛❧✉❡s ❡st✐♠❛t❡❞ ❛t ♣♦✐♥t ✻✳

✶✵✳tr✐s✮ ❙♦♠❡ s❡r✐❡s ❝❛♥ ❜❡ ❞❡✜♥❡❞ ❛s ♠♦✈✐♥❣ ❛✈❡r❛❣❡s✿

❊❙❙❋❈✳ ❛♣♣❡♥❞ ♦♠❡❣❛ ❂ ❅r❡❝♦❞❡ ✭❅❞❛t❡❁❅❞❛t❡✈❛❧ ✭✧✷✵✶✼✧✮ ✱❅♠♦✈❛✈❝✭✇❜❴ts✴❣❞♣❴ts ✱ ✸ ✮ ✱ ❅♠❡❛♥✭✇❜❴ts✴❣❞♣❴ts ✱
✧✷✵✶✺ ✷✵✶✻✧✮✮ ✬ ❙❤❛r❡ ♦ ❢ ♥❡t ✇❛❣❡s t♦ ●❉P
✳ ✳ ✳

◆♦t❡✿ ✐♥ t❤❡ ❡①❛♠♣❧❡ ❛❜♦✈❡✱ t❤❡ s❤❛r❡ ♦❢ ♥❡t ✇❛❣❡s t♦ ●❉P ✐s ❝❛❧❝✉❧❛t❡❞ ❛s ❛ t❤r❡❡✲②❡❛r ♠♦✈✐♥❣ ❛✈❡r❛❣❡ ✉♣ ✉♥t✐❧ ✷✵✶✻✳ ❙t❛rt✐♥❣ ❢r♦♠
✷✵✶✼✱ t❤❡ ❛✈❡r❛❣❡ ✈❛❧✉❡ ❞✉r✐♥❣ ✷✵✶✺✲✷✵✶✻ ✐s t❛❦❡♥✳

✶✶✮ ❙❡❧❡❝t t❤❡ ❜❛s❡❧✐♥❡ ❙❝❡♥❛r✐♦✿

❊❙❙❋❈✳ s ❝ ❡♥❛ r ✐ ♦ ✧ ❜❛ s ❡ ❧ ✐ ♥ ❡ ✧

✶✷✮ ❉❡✜♥❡ t❤❡ s❛♠♣❧❡✿

s♠♣❧ ✶✾✾✽ ✷✵✸✵

◆♦t❡✿ t❤❡ s❛♠♣❧❡ ✐♥❝❧✉❞❡s ❢♦r❡❝❛st ✈❛❧✉❡s ❛❢t❡r ✷✵✶✻✳

✶✸✮ ❈r❡❛t❡ ✧❆❞❞ ❢❛❝t♦rs✧ t♦ ✐♠♣r♦✈❡ ✐♥✲s❛♠♣❧❡ ❢♦r❡❝❛st✿

❊❙❙❋❈✳ ❛❞❞❛ss ✐❣♥ ✭✈ ✮ ❅st♦❝❤❛s t ✐ ❝ ✬ ♦r ❅❛❧ ❧
❊❙❙❋❈✳ ❛❞❞ ✐♥ ✐ t ✭ ✈❂♥✮ ❅st♦❝❤❛s t ✐ ❝

✹✶



◆♦t❡✿ ❛❞❞❛ss✐❣♥✭✈✮ ❂ ❝r❡❛t❡ ❵❆❞❞ ❢❛❝t♦rs✬ ❛s ✈❛r✐❛❜❧❡ s❤✐❢t ✭❛s ♦♣♣♦s❡❞ t♦ ✐♥t❡r❝❡♣t s❤✐❢t✮❀ ❛❞❞✐♥✐t✭✈❂♥✮ ❂ ✐♥✐t✐❛❧✐s❡ ❵❆❞❞ ❢❛❝t♦rs✬ ✐♥
s✉❝❤ ❛ ✇❛② t❤❛t t❤❡r❡ ✐s ♥♦ r❡s✐❞✉❛❧ ❧❡❢t ✭s❡✈❡r❛❧ ♦♣t✐♦♥s ❛r❡ ❛✈❛✐❧❛❜❧❡✮✳

✶✹✮ ❙♦❧✈❡ t❤❡ ♠♦❞❡❧✿

❊❙❙❋❈✳ s ♦ ❧ ✈ ❡ ✭ ✐❂❛ ✱ s❂❞ ✱ ❞❂❞✮

◆♦t❡✿ ✐❂❛ s❡ts ✐♥✐t✐❛❧ s♦❧✉t✐♦♥ ✈❛❧✉❡s ❡q✉❛❧ t♦ ❛❝t✉❛❧ ✈❛❧✉❡s ✐♥ ♣❡r✐♦❞ ♣r✐♦r t♦ st❛rt ♦❢ s♦❧✉t✐♦♥ ♣❡r✐♦❞❀ s❂❞ ❞❡t❡r♠✐♥✐st✐❝ s♦❧✉t✐♦♥ ✭❛s
♦♣♣♦s❡❞ t♦ st♦❝❤❛st✐❝ s♦❧✉t✐♦♥✮❀ ❞❂❞ ♠❡❛♥s ❞②❛♠✐❝ s♦❧✉t✐♦♥ ✭❛s ♦♣♣♦s❡❞ t♦ st❛t✐❝✮✳

✶✺✮ ❆s ✉s✉❛❧ ❛❧t❡r♥❛t✐✈❡ s❝❡♥❛r✐♦s ✴ s❤♦❝❦s t♦ ♠♦❞❡❧ ❡①♦❣❡♥♦✉s ✈❛r✐❛❜❧❡s ❝❛♥ ❜❡ ❝r❡❛t❡❞✳ ❋♦r ✐♥st❛♥❝❡✱ ❛ ♣❡r♠❛♥❡♥t ❝✉t ✐♥ ❣♦✈❡r♥♠❡♥t
❝♦♥s✉♠♣t✐♦♥ ✭✲✶✪✮ ✐♥ ✷✵✶✼ ❝❛♥ ❜❡ ♦❜t❛✐♥❡❞ ✉s✐♥❣ t❤❡ ❝♦❞❡ ❜❡❧♦✇✿

❊❙❙❋❈✳ s ❝ ❡♥❛ r ✐ ♦ ✧ s ❝ ❡♥❛ r ✐ ♦ ✶✧
❊❙❙❋❈✳ ♦✈❡ r r ✐ ❞ ❡ ♣❛r❛❣
❝♦♣② ♣❛r❛❣ ♣❛r❛❣❴✶
s♠♣❧ ✷✵✶✼ ❅❧❛st
♣❛r❛❣❴✶ ❂ −❣❞♣ ∗✵ ✳✵✶
s♠♣❧ ✶✾✾✽ ✷✵✸✵
❊❙❙❋❈✳ s ♦ ❧ ✈ ❡

◆♦t❡✿ ❵♣❛r❛❣✬ ✐s ❛ ♣❛r❛♠❡t❡r ❞❡✜♥✐♥❣ ❣♦✈❡r♥♠❡♥t✬s ❛✉t♦♥♦♠♦✉s ❝♦♥s✉♠♣t✐♦♥✳

✹✷



❆♣♣❡♥❞✐① ❉ ✲ ❯s✐♥❣ ❘ ♣❛❝❦❛❣❡ ❵♣❞❢❡t❝❤✬ t♦ ❞♦✇♥❧♦❛❞ ❞❛t❛ ❢r♦♠ ❊✉r♦st❛t ❛♥❞ ❝r❡❛t❡ s❡r✐❡s

❆✮ ❋❧♦✇ ✈❛r✐❛❜❧❡s✿ ❝r❡❛t❡ ❤♦✉s❡❤♦❧❞ ❞✐s♣♦s❛❜❧❡ ✐♥❝♦♠❡ t✐♠❡ s❡r✐❡s

✶✮ ❉♦✇♥❧♦❛❞ ❛♥❞ ✐♥st❛❧❧ ♥❡❝❡ss❛r② ♣❛❝❦❛❣❡s✱ ❢♦r ✐♥st❛♥❝❡✿

❧ ✐ ❜ r ❛ r ② ✭ ♣ ❧ ♦ t r ✐ ① ✮
❧ ✐ ❜ r ❛ r ② ✭ ♣❞❢❡t❝❤ ✮
❧ ✐ ❜ r ❛ r ② ✭ ♥❡t✇♦r❦❉✸ ✮
❧ ✐ ❜ r ❛ r ② ✭ ❦♥ ✐ t r ✮

✷✮ ❙❡❧❡❝t t❤❡ ✢♦✇s t♦ ❝❛❧❝✉❧❛t❡ t❤❡ ❞✐s♣♦s❛❜❧❡ ✐♥❝♦♠❡ ♦❢ ❤♦✉s❡❤♦❧❞s✿

♥❛♠❡s❁−❝ ✭✧❉✷✶✧ ✱✧❉✸✶✧ ✱✧❉✶✧ ✱✧❉✷✧ ✱✧❉✸✧ ✱✧❉✹✷✧ ✱✧❉✹✶✧ ✱✧❉✹✸✧ ✱✧❉✹✹✧ ✱✧❉✹✺✧ ✱✧❉✺✧ ✱✧❉✻✧ ✱✧❉✻✶✧ ✱✧❉✻✷✧ ✱✧❉✼✧ ✱✧❉✽✧ ✱
✧❉✾✧ ✱✧P✶✧ ✱✧P✷✧✮

◆♦t❡✿ ❝♦❞❡s ❛❜♦✈❡ ❛r❡ t❤♦s❡ ✉s❡❞ ✐♥ ❊✉r♦st❛t ❝❧❛ss✐✜❝❛t✐♦♥✳ ❚❤❡② ❝❛♥ ❜❡ ❞❡r✐✈❡❞ ❢r♦♠ ❋✐❣✉r❡ ✶✳

✸✮ ❉♦✇♥❧♦❛❞ ❛♥❞ ♥❛♠❡ t❤❡ ❞❛t❛✿

❍❈♦♥s❴r❛✇ ❂ ♣❞❢❡t❝❤❴❊❯❘❖❙❚❆❚✭✧ ♥❛s❛❴✶✵❴♥❢❴tr ✧ ✱ ❯◆■❚❂✧❈P❴▼◆❆❈✧ ✱◆❆❴■❚❊▼❂♥❛♠❡s ✱
●❊❖❂✧■❚✧ ✱ ❙❊❈❚❖❘❂❝ ✭✧❙✶✹❴❙✶✺ ✧✮ ✮

◆♦t❡✿ ❵♥❛s❛❴✶✵❴♥❢❴tr✬ st❛♥❞s ❢♦r ♥♦♥✲✜♥❛♥❝✐❛❧ tr❛♥s❛❝t✐♦♥s❀ ❵❈P❴▼◆❆❈✬ ♠❡❛♥s t❤❛t t❤❡ ✉♥✐t ✉s❡❞ ✐s ♠✐❧❧✐♦♥s ♦❢ ♥❛t✐♦♥❛❧ ❝✉rr❡♥❝②✱
❝✉rr❡♥t ♣r✐❝❡s❀ ❵■❚✬ ♠❡❛♥s t❤❛t t❤❡ ❝♦✉♥tr② ❝❤♦s❡♥ ✐s ■t❛❧②❀ ❵❙✶✹❴❙✶✺✬ ❞❡✜♥❡s ❤♦✉s❡❤♦❧❞s ❛♥❞ ◆P■❙❍ s❡❝t♦rs✳

✹✮ ❚r❛♥s❢♦r♠ t❤❡ ❞❛t❛ ✐♥t♦ ❛ ❞❛t❛❢r❛♠❡ ♥❛♠❡❞ ❵❍■♥❝♦♠❡✬✿

✹✸



❍■♥❝♦♠❡❁−❛s ✳ ❞❛t❛ ✳ ❢r❛♠❡ ✭❍■♥❝♦♠❡❴r❛✇✮

✺✮ ❈r❡❛t❡ t❤❡ t✐♠❡ s❡r✐❡s ❢♦r ❞✐s♣♦s❛❜❧❡ ✐♥❝♦♠❡✿

❨❉❴❍❁−✭❍■♥❝♦♠❡❴r❛✇ ❬ ✱ ✧❆✳❈P❴▼◆❆❈✳❘❊❈❱✳❉✶ ✳ ❙✶✹❴❙✶✺ ✳ ■❚ ✧ ❪
−❍■♥❝♦♠❡❴r❛✇ ❬ ✱ ✧❆✳❈P❴▼◆❆❈✳P❆■❉✳❉✶ ✳ ❙✶✹❴❙✶✺ ✳ ■❚ ✧ ❪
−❍■♥❝♦♠❡❴r❛✇ ❬ ✱ ✧❆✳❈P❴▼◆❆❈✳P❆■❉✳❉✷ ✳ ❙✶✹❴❙✶✺ ✳ ■❚ ✧ ❪
✰❍■♥❝♦♠❡❴r❛✇ ❬ ✱ ✧❆✳❈P❴▼◆❆❈✳❘❊❈❱✳❉✸ ✳ ❙✶✹❴❙✶✺ ✳ ■❚ ✧ ❪
✰❍■♥❝♦♠❡❴r❛✇ ❬ ✱ ✧❆✳❈P❴▼◆❆❈✳❘❊❈❱✳❉✹✷ ✳ ❙✶✹❴❙✶✺ ✳ ■❚ ✧ ❪
✰❍■♥❝♦♠❡❴r❛✇ ❬ ✱ ✧❆✳❈P❴▼◆❆❈✳❘❊❈❱✳❉✹✶ ✳ ❙✶✹❴❙✶✺ ✳ ■❚ ✧ ❪
−❍■♥❝♦♠❡❴r❛✇ ❬ ✱ ✧❆✳❈P❴▼◆❆❈✳P❆■❉✳❉✹✶ ✳ ❙✶✹❴❙✶✺ ✳ ■❚ ✧ ❪
✰❍■♥❝♦♠❡❴r❛✇ ❬ ✱ ✧❆✳❈P❴▼◆❆❈✳❘❊❈❱✳❉✹✸ ✳ ❙✶✹❴❙✶✺ ✳ ■❚ ✧ ❪
−❍■♥❝♦♠❡❴r❛✇ ❬ ✱ ✧❆✳❈P❴▼◆❆❈✳P❆■❉✳❉✹✸ ✳ ❙✶✹❴❙✶✺ ✳ ■❚ ✧ ❪
✰❍■♥❝♦♠❡❴r❛✇ ❬ ✱ ✧❆✳❈P❴▼◆❆❈✳❘❊❈❱✳❉✹✹ ✳ ❙✶✹❴❙✶✺ ✳ ■❚ ✧ ❪
−❍■♥❝♦♠❡❴r❛✇ ❬ ✱ ✧❆✳❈P❴▼◆❆❈✳P❆■❉✳❉✹✹ ✳ ❙✶✹❴❙✶✺ ✳ ■❚ ✧ ❪
✰❍■♥❝♦♠❡❴r❛✇ ❬ ✱ ✧❆✳❈P❴▼◆❆❈✳❘❊❈❱✳❉✹✺ ✳ ❙✶✹❴❙✶✺ ✳ ■❚ ✧ ❪
−❍■♥❝♦♠❡❴r❛✇ ❬ ✱ ✧❆✳❈P❴▼◆❆❈✳P❆■❉✳❉✹✺ ✳ ❙✶✹❴❙✶✺ ✳ ■❚ ✧ ❪
−❍■♥❝♦♠❡❴r❛✇ ❬ ✱ ✧❆✳❈P❴▼◆❆❈✳P❆■❉✳❉✺ ✳ ❙✶✹❴❙✶✺ ✳ ■❚ ✧ ❪
✰❍■♥❝♦♠❡❴r❛✇ ❬ ✱ ✧❆✳❈P❴▼◆❆❈✳❘❊❈❱✳❉✻✶ ✳ ❙✶✹❴❙✶✺ ✳ ■❚ ✧ ❪
−❍■♥❝♦♠❡❴r❛✇ ❬ ✱ ✧❆✳❈P❴▼◆❆❈✳P❆■❉✳❉✻✶ ✳ ❙✶✹❴❙✶✺ ✳ ■❚ ✧ ❪
✰❍■♥❝♦♠❡❴r❛✇ ❬ ✱ ✧❆✳❈P❴▼◆❆❈✳❘❊❈❱✳❉✻✷ ✳ ❙✶✹❴❙✶✺ ✳ ■❚ ✧ ❪
−❍■♥❝♦♠❡❴r❛✇ ❬ ✱ ✧❆✳❈P❴▼◆❆❈✳P❆■❉✳❉✻✷ ✳ ❙✶✹❴❙✶✺ ✳ ■❚ ✧ ❪
−❍■♥❝♦♠❡❴r❛✇ ❬ ✱ ✧❆✳❈P❴▼◆❆❈✳P❆■❉✳❉✼ ✳ ❙✶✹❴❙✶✺ ✳ ■❚ ✧ ❪
✰❍■♥❝♦♠❡❴r❛✇ ❬ ✱ ✧❆✳❈P❴▼◆❆❈✳❘❊❈❱✳❉✼ ✳ ❙✶✹❴❙✶✺ ✳ ■❚ ✧ ❪
✰❍■♥❝♦♠❡❴r❛✇ ❬ ✱ ✧❆✳❈P❴▼◆❆❈✳❘❊❈❱✳P✶ ✳ ❙✶✹❴❙✶✺ ✳ ■❚ ✧ ❪
−❍■♥❝♦♠❡❴r❛✇ ❬ ✱ ✧❆✳❈P❴▼◆❆❈✳P❆■❉✳P✷ ✳ ❙✶✹❴❙✶✺ ✳ ■❚ ✧ ❪ ✮

◆♦t❡✿ t❤❡ ❝♦❞❡ ❛❜♦✈❡ s✉♠s ✉♣ ❞✐✛❡r❡♥t ❝♦♠♣♦♥❡♥ts ♦❢ ❤♦✉s❡❤♦❧❞ ❞✐s♣♦s❛❜❧❡ ✐♥❝♦♠❡✳ ❆❧t❡r♥❛t✐✈❡❧②✱ ❥✉st ❞♦✇♥❧♦❛❞ ❇✻●✳

✹✹



✻✮ ❈r❡❛t❡ ❛ ❵❝s✈✬ ✜❧❡ ✇✐t❤ ❤♦✉s❡❤♦❧❞ ❞✐s♣♦s❛❜❧❡ ✐♥❝♦♠❡ ❞❛t❛✿

✇r ✐ t ❡ ✳ ❝s✈ ✭❨❉❴❍✱ ❢ ✐ ❧ ❡ ❂ ✧❨❉❴❍✳ ❝s✈ ✧✮

❇✮ ❙t♦❝❦ ✈❛r✐❛❜❧❡s✿ ❝r❡❛t❡ ❤♦✉s❡❤♦❧❞ ♥❡t ✜♥❛♥❝✐❛❧ ❛ss❡ts t✐♠❡ s❡r✐❡s

✶✮ ❉♦✇♥❧♦❛❞ ❤♦✉s❡❤♦❧❞ ♥❡t ✜♥❛♥❝✐❛❧ ❛ss❡ts✿

❍◆❋❆❴r❛✇ ❂ ♣❞❢❡t❝❤❴❊❯❘❖❙❚❆❚✭✧♥❛s❛❴✶✵❴❢❴❜s ✧ ✱ ❯◆■❚❂✧▼■❖❴◆❆❈✧ ✱ ❈❖❴◆❈❖❂✧❈❖✧ ✱ ◆❆❴■❚❊▼❂✧❇❋✾✵✧ ✱
❙❊❈❚❖❘❂✧❙✶✹❴❙✶✺✧ ✱ ●❊❖❂✧■❚✧✮

◆♦t❡✿ ❵♥❛s❛❴✶✵❴❢❴❜s✬ st❛♥❞s ❢♦r ❵✜♥❛♥❝✐❛❧ ❜❛❧❛♥❝❡ s❤❡❡ts✬❀ ❵▼■❖❴◆❆❈✬ st❛♥❞s ❢♦r ♠✐❧❧✐♦♥s ♦❢ ♥❛t✐♦♥❛❧ ❝✉rr❡♥❝②❀ ❵❈❖✬ ♠❡❛♥s
❵❝♦♥s♦❧✐❞❛t❡❞✬❀ ❵❇❋✾✵✬ ✐s t❤❡ ✐t❡♠ ✇❡ ❛r❡ ❞♦✇♥❧♦❛❞✐♥❣✱ ✐✳❡✳ ❵✜♥❛♥❝✐❛❧ ♥❡t ✇♦rt❤✬✳

✷✮ ❯s❡ ❛♥❞ ♦r❣❛♥✐s❡ ❤♦✉s❡❤♦❧❞ ✜♥❛♥❝✐❛❧ ❛ss❡ts ❛s ❛ ❞❛t❛ ❢r❛♠❡ ♥❛♠❡❞ ❍◆❋❆✿

❍◆❋❆❁−❛s ✳ ❞❛t❛ ✳ ❢r❛♠❡ ✭❍◆❋❆❴r❛✇✮

✸✮ ❉♦✇♥❧♦❛❞ ❤♦✉s✐♥❣ ✐♥✈❡st♠❡♥t ✭❞✇❡❧❧✐♥❣s✮✿

❞✇❡❧❴r❛✇ ❂ ♣❞❢❡t❝❤❴❊❯❘❖❙❚❆❚✭✧♥❛♠❛❴✶✵❴♥❢❛❴❜s✧ ✱ ❯◆■❚❂✧❈P❴▼◆❆❈✧ ✱ ❙❊❈❚❖❘❂✧❙✶✹❴❙✶✺✧ ✱ ●❊❖❂✧■❚✧ ✱
❆❙❙❊❚✶✵❂❝ ✭✧◆✶✶✶◆✧ ✱✧◆✷◆✧✮ ✮

◆♦t❡✿ ❵♥❛♠❛❴✶✵❴♥❢❛❴❜s✬ st❛♥❞s ❢♦r ❵❜❛❧❛♥❝❡ s❤❡❡ts ❢♦r ♥♦♥✲✜♥❛♥❝✐❛❧ ❛ss❡ts✬✳

✹✮ ❯s❡ ❛♥❞ ♦r❣❛♥✐s❡ ❞✇❡❧❧✐♥❣s ❛s ❛ ❞❛t❛ ❢r❛♠❡ ♥❛♠❡❞ ❵❞✇❡❧✬✿

❞✇❡❧❁−❛s ✳ ❞❛t❛ ✳ ❢r❛♠❡ ✭❞✇❡❧❴r❛✇ ✮

✹✺



✺✮ ❈r❡❛t❡ t❤❡ t✐♠❡ s❡r✐❡s ❢♦r ❤♦✉s❡❤♦❧❞ ♥❡t ✇♦rt❤ ❜② s✉♠♠✐♥❣ ✉♣ ✐ts ❝♦♠♣♦♥❡♥ts✿

◆❲❴❍❁−✭❍◆❋❆❴r❛✇❬ ✱ ✧❆✳▼■❖❴◆❆❈✳❈❖✳ ❙✶✹❴❙✶✺ ✳▲■❆❇ ✳❇❋✾✵ ✳ ■❚ ✧ ❪
✰❞✇❡❧❴r❛✇ ❬ ✱ ✧❆✳❈P❴▼◆❆❈✳ ❙✶✹❴❙✶✺ ✳◆✶✶✶◆ ✳ ■❚ ✧ ❪ ✮

✻✮ ❈r❡❛t❡ ❛ ❵❝s✈✬ ✜❧❡ ✇✐t❤ ❤♦✉s❡❤♦❧❞ ♥❡t ✇❡❛❧t❤ ❞❛t❛✿

✇r ✐ t ❡ ✳ ❝s✈ ✭◆❲❴❍✱ ❢ ✐ ❧ ❡ ❂ ✧◆❲❴❍✳ ❝s✈ ✧✮
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❇ ❚❛❜❧❡s ❛♥❞ ✜❣✉r❡s

❚❛❜❧❡ ✶✿ ❋✐♥❡✲t✉♥❡❞ ♣❛r❛♠❡t❡rs

❉❡s❝r✐♣t✐♦♥ P❛r❛♠❡t❡r ✈❛❧✉❡s
❲❡✐❣❤t ♦♥ ♣❛st ❡rr♦rs ✐♥ ❡①♣❡❝t❛t✐♦♥s υ = 0.000
✪ ♦❢ ◆P❇▲ t✉r♥✐♥❣ ✐♥t♦ ◆❋❈ ❧♦❛♥s ✇r✐t❡✲♦✛s ξF = 0.700
✪ ♦❢ ✐♥✈❡st♠❡♥t ❢✉♥❞❡❞ ❜② ♥❡✇ s❤❛r❡s ψ = 0.010
■♥t❡r❡st r❛t❡ ♦♥ ❜❛♥❦ ❞❡♣♦s✐ts rD = 0.000
❯♥✐t ♣r✐❝❡ ♦❢ s❤❛r❡s ✭st❛rt✐♥❣ ✈❛❧✉❡✮ pV = 1.000
❯♥✐t ♣r✐❝❡ ♦❢ ❚✲❜♦♥❞s ✭st❛rt✐♥❣ ✈❛❧✉❡✮ pB = 1.000

❚❛❜❧❡ ✷✿ ❑❡② t♦ s②♠❜♦❧s

❙②♠❜♦❧ ❉❡s❝r✐♣t✐♦♥ ❚②♣❡

❍❖❯❙❊❍❖▲❉ ❙❊❈❚❖❘

ANNH ❍♦✉s❡❤♦❧❞ ♥❡t ✭r❡❝❡✐✈❡❞✮ ❛♥♥✉✐t✐❡s ❊♥
ANNH ❍♦✉s❡❤♦❧❞ ♥❡t ✭r❡❝❡✐✈❡❞✮ ♦t❤❡r ♣r♦♣❡rt② ✐♥❝♦♠❡ ❊♥
c0 ❆✉t♦♥♦♠♦✉s ♦r s❤♦❝❦ ❝♦♠♣♦♥❡♥t ♦❢ ❤♦✉s❡❤♦❧❞

❝♦♥s✉♠♣t✐♦♥ ❳
c1 ▼❛r❣✐♥❛❧ ♣r♦♣❡♥s✐t② t♦ ❝♦♥s✉♠❡ ♦✉t ♦❢ ✐♥❝♦♠❡ ❳
c2 ▼❛r❣✐♥❛❧ ♣r♦♣❡♥s✐t② t♦ ❝♦♥s✉♠❡ ♦✉t ♦❢ ✇❡❛❧t❤ ❳
c3 P❛r❛♠❡t❡r ❞❡✜♥✐♥❣ s♠♦♦t❤✐♥❣ ♦r ✐♥❡rt✐❛❧

❝♦♠♣♦♥❡♥t ♦❢ ❤♦✉s❡❤♦❧❞ ❝♦♥s✉♠♣t✐♦♥ ❳
CH ❍♦✉s❡❤♦❧❞ t♦t❛❧ ❝♦♥s✉♠♣t✐♦♥ ❊♥
CGH ❚♦t❛❧ ❝❛♣✐t❛❧ ❣❛✐♥s r❡❝♦r❞❡❞ ❜② ❤♦✉s❡❤♦❧❞s ❊♥
CGRES

H ❈❛♣✐t❛❧ ❣❛✐♥s r❡❝♦r❞❡❞ ❜② ❤♦✉s❡❤♦❧❞s ♦♥ ♦t❤❡r
✜♥❛♥❝✐❛❧ ❛ss❡ts ❊♥

GDPH ❍♦✉s❡❤♦❧❞ ●❉P ❊♥
NFUNDSH ❆❞❥✉st♠❡♥t ✐♥ ❤♦✉s❡❤♦❧❞ ❢✉♥❞s ❊♥
NLH ❍♦✉s❡❤♦❧❞ ♥❡t ❧❡♥❞✐♥❣ ❊♥
TH ❍♦✉s❡❤♦❧❞ ♥❡t ✭r❡❝❡✐✈❡❞✮ tr❛♥s❢❡rs ❊♥
WB ❍♦✉s❡❤♦❧❞ ♥❡t r❡❝❡✐✈❡❞ ✇❛❣❡s ❊♥
Y D ❍♦✉s❡❤♦❧❞ ❞✐s♣♦s❛❜❧❡ ✐♥❝♦♠❡ ❊♥
αH,FU ❆❞❥✉st♠❡♥t ✐♥ ❤♦✉s❡❤♦❧❞ ❢✉♥❞s t♦ ❞✐s♣♦s❛❜❧❡

✐♥❝♦♠❡ r❛t✐♦ ❳∗

αH,P ❖t❤❡r ♣r♦♣❡rt② ✐♥❝♦♠❡ r❡❝❡✐✈❡❞ ❜② ❤♦✉s❡❤♦❧❞s ❛s
❛ ✪ ♦❢ ✇❛❣❡s ❳∗

αH,T ❚r❛♥s❢❡rs r❡❝❡✐✈❡❞ ❜② ❤♦✉s❡❤♦❧❞s ❛s ❛ ✪ ♦❢ ✇❛❣❡s ❳∗

βH ❍♦✉s❡❤♦❧❞ ●❉P t♦ t♦t❛❧ ●❉P r❛t✐♦ ❳∗

ηi P❛r❛♠❡t❡rs ✐♥ ❤♦✉s✐♥❣ ✐♥✈❡st♠❡♥t ❢✉♥❝t✐♦♥
✭i = 1, 2, ..., 5 ✮ ❳

θH ❚❛①❡s ♣❛✐❞ ❜② ❤♦✉s❡❤♦❧❞s ❛s ❛ ✪ ♦❢ ✇❛❣❡s ❳∗

✹✼



ιH1,j P❛r❛♠❡t❡rs ✐♥ r❡❝❡✐✈❡❞ ✐♥t❡r❡st ❢✉♥❝t✐♦♥
✭j = 0, 1, ..., 7✮ ❳

ιH2,j P❛r❛♠❡t❡rs ✐♥ ✐♥t❡r❡st ♣❛②♠❡♥t ❢✉♥❝t✐♦♥
✭j = 0, 1, ..., 7✮ ❳

λHi,j P❛r❛♠❡t❡rs ✐♥ ❤♦✉s❡❤♦❧❞ ♣♦rt❢♦❧✐♦ ❡q✉❛t✐♦♥s
✭i = 1, 2, 3, 4 ❛♥❞ j = 0, 1, 2, 3✮ ❳

σ1
H ❍♦✉s✐♥❣ ❞❡♣r❡❝✐❛t✐♦♥ r❛t❡ ❳
σ2
H ✪ ♦❢ ❤♦✉s❡❤♦❧❞ ♥♦♥✲❤♦✉s✐♥❣ ✐♥✈❡st♠❡♥t ❳
σCGH P❡r❝❡♥t❛❣❡ ♦❢ ❝❛♣✐t❛❧ ❣❛✐♥s r❡❛❧✐s❡❞ ❜② ❤♦✉s❡❤♦❧❞s

♦♥ ♦t❤❡r ✜♥❛♥❝✐❛❧ ❛ss❡ts ❳∗

τH ❚❛①❡s ♣❛✐❞ ❜② ❤♦✉s❡❤♦❧❞s ❊♥
υi P❛r❛♠❡t❡rs ✐♥ r❡t✉r♥ r❛t❡ ♦♥ ❡q✉✐t② ✫ s❤❛r❡s

❢✉♥❝t✐♦♥ ✭i = 1, 2✮ ❳
φi P❛r❛♠❡t❡rs ✐♥ ❧♦❛♥s✲t♦✲❤♦✉s❡❤♦❧❞s ❢✉♥❝t✐♦♥

✭i = 1, 2, 3 ✮ ❳
ωH ❲❛❣❡ s❤❛r❡ t♦ ●❉P♦ ❳∗

ωS ❙❤❛r❡ ♦❢ ✇❛❣❡s ♣❛✐❞ ❜② ◆P■❙❍ t♦ t♦t❛❧ ✇❛❣❡s ❳∗

◆❖◆✲❋■◆❆◆❈■❆▲ ❈❖❘P❖❘❆❚■❖◆❙

cINT ■♥t❡r♠❡❞✐❛t❡ ❝♦♥s✉♠♣t✐♦♥ ❛s ❛ s❤❛r❡ ♦❢ t♦t❛❧ ♦✉t♣✉t ❳∗

CGF ❈❛♣✐t❛❧ ❣❛✐♥s r❡❝♦r❞❡❞ ❜② ◆❋❈s ❊♥
CONSINT ■♥t❡r♠❡❞✐❛t❡ ❝♦♥s✉♠♣t✐♦♥ ❊♥
GDP ❚♦t❛❧ ❣r♦ss ❞♦♠❡st✐❝ ♣r♦❞✉❝t ❊♥
GDPF ●❉P ❛ttr✐❜✉t❡❞ t♦ ◆❋❈s ❊♥
gK ●r♦✇t❤ r❛t❡ ♦❢ ❝❛♣✐t❛❧ st♦❝❦ ❊♥
gn P♦t❡♥t✐❛❧ ♦✉t♣✉t ❣r♦✇t❤ r❛t❡ ❊♥
gPROD ▲❛❜♦✉r ♣r♦❞✉❝t✐✈✐t② ❣r♦✇t❤ r❛t❡ ❊♥
INV ❚♦t❛❧ ✐♥✈❡st♠❡♥t ❊♥
N ◆✉♠❜❡r ♦❢ ❧❛❜♦✉r ✉♥✐ts ✭❡♠♣❧♦②♠❡♥t✮ ❊♥
NFUNDSF ❆❞❥✉st♠❡♥t ✐♥ ◆❋❈ ❢✉♥❞s ❊♥
NLF ◆❋❈ ♥❡t ❧❡♥❞✐♥❣ ❊♥
NPL ✪ ◆♦♥✲♣❡r❢♦r♠✐♥❣ ❧♦❛♥s ❊♥
PRODL Pr♦❞✉❝t ♣❡r ✉♥✐t ♦❢ ❧❛❜♦✉r ❊♥
PROPF ❖t❤❡r ♣r♦♣❡rt② ✐♥❝♦♠❡ r❡❝❡✐✈❡❞ ❜② ◆❋❈s ❊♥
sF ◆❋❈ ♣r♦✜t r❡t❡♥t✐♦♥ r❛t❡ ❳∗

TF ❚r❛♥s❢❡rs r❡❝❡✐✈❡❞ ❜② ◆❋❈s ❊♥
WBOTHER ❲❛❣❡ ♣❛✐❞ ❜② ♥♦♥✲♣r♦❞✉❝t✐✈❡ s❡❝t♦rs ❊♥
Y ❚♦t❛❧ ♦✉t♣✉t ❊♥
YAD ❆❣❣r❡❣❛t❡ ❞❡♠❛♥❞ ❊♥
Y DF ◆❋❈ ❞✐s♣♦s❛❜❧❡ ✐♥❝♦♠❡ ❊♥
Yn P♦t❡♥t✐❛❧ ♦✉t♣✉t ❊♥
Y K
n P♦t❡♥t✐❛❧ ♦✉t♣✉t ❛s ❛ ❢✉♥❝t✐♦♥ ♦❢ ❝❛♣✐t❛❧ ♦♥❧② ❊♥
Y L
n P♦t❡♥t✐❛❧ ♦✉t♣✉t ❛s ❛ ❢✉♥❝t✐♦♥ ♦❢ ❧❛❜♦✉r ♦♥❧② ❊♥
αF,FU ◆❋❈ ❝❤❛♥❣❡ ✐♥ ❢✉♥❞s t♦ ♣r♦✜t r❛t✐♦ ❳∗
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αF,O ◆❋❈ ♦t❤❡r ♣r♦♣❡rt② ✐♥❝♦♠❡ t♦ ♣r♦✜t r❛t✐♦ ❳∗

βF ◆❋❈ ●❉P s❤❛r❡ t♦ t♦t❛❧ ●❉P r❛t✐♦ ❳∗

γR ❙❡♥s✐t✐✈✐t② ♦❢ ❣r♦✇t❤ r❛t❡ t♦ ✐♥t❡r❡st r❛t❡ ♦♥ ❧♦❛♥s ❳
γU ❙❡♥s✐t✐✈✐t② ♦❢ ❣r♦✇t❤ r❛t❡ t♦ ✉t✐❧✐s❛t✐♦♥ r❛t❡ ❳
γY ❆✉t♦♥♦♠♦✉s ❝♦♠♣♦♥❡♥t ♦❢ ❝❛♣✐t❛❧ ❣r♦✇t❤ r❛t❡ ❳
γZ ❙❡♥s✐t✐✈✐t② ♦❢ ❣r♦✇t❤ r❛t❡ t♦ ❢r❡❡✲r✐s❦ ✐♥t❡r❡st r❛t❡ ❳
γΠ ❙❡♥s✐t✐✈✐t② ♦❢ ❣r♦✇t❤ r❛t❡ t♦ ♣r♦✜t r❛t❡ ❳
δF ✪ ♦❢ ✐♥✈❡st♠❡♥t ❛ttr✐❜✉t❡❞ t♦ ◆❋❈s ✭t♦ t♦t❛❧

✐♥✈❡st♠❡♥t✮ ❳∗

δK ❉❡♣r❡❝✐❛t✐♦♥ r❛t❡ ♦❢ ❝❛♣✐t❛❧ st♦❝❦ ❳∗

ηF ❊①tr❛✲❣r♦✇t❤ ♦❢ ◆❋❈ ❞❡♣♦s✐ts ❝♦♠♣❛r❡❞ ✇✐t❤ ●❉P ❳∗

θF ◆❋❈ t❛① r❛t❡ ❳∗

µi P❛r❛♠❡t❡rs ✐♥ ✐♠♣♦rt ❢✉♥❝t✐♦♥ ✭i = 1, 2, 3✮ ❳
µKi P❛r❛♠❡t❡rs ✐♥ ❝❛♣✐t❛❧ ❞❡✢❛t♦r

✭i = 1, 2, 3, 4✮ ❳
µYi P❛r❛♠❡t❡rs ✐♥ ♦✉t♣✉t ♣r✐❝❡ ❧❡✈❡❧

✭i = 1, 2, 3, 4✮ ❳
νH,F ◆❋❈ ♣r♦❞✉❝❡❞ ◆❋❆ ❛s ❛ ✪ ♦❢ ♥❡t ✇❡❛❧❤ ❳∗

ξB ✪ ♦❢ ♥♦♥✲♣❡r❢♦r♠✐♥❣ ❜❛♥❦ ❧♦❛♥s ❳∗

ξF ✪ ♦❢ ◆P❇▲ t✉r♥✐♥❣ ✐♥t♦ ◆❋❈ ❧♦❛♥s ✇r✐t❡✲♦✛s ❳
ΠF ◆❋❈ ♣r♦✜t ❊♥
ΠFU ◆❋❈ r❡t❛✐♥❡❞ ♣r♦✜t ❊♥
ρi P❛r❛♠❡t❡rs ✐♥ ❧❛❜♦✉r ♣r♦❞✉❝t✐✈✐t② ❣r♦✇t❤ r❛t❡

❢✉♥❝t✐♦♥ ✭i = 1, 2, 3, 4✮ ❳
σFCG ❈❛♣✐t❛❧ ❣❛✐♥s r❡❛❧✐s❡❞ ❜② ◆❋❈s ❛ ✪ ♦❢ ♥❡t ✇❡❛❧t❤ ❳∗

τF ❚❛①❡s ♣❛✐❞ ❜② ◆❋❈s ❊♥
τNETP ❚♦t❛❧ t❛①❡s ♦♥ ♣r♦❞✉❝ts ♥❡t ♦❢ s✉❜s✐❞✐❡s ❊♥
υKi ❈❛♣✐t❛❧ ♣❛r❛♠❡t❡rs ✐♥ ♣♦t❡♥t✐❛❧ ♦✉t♣✉t ❢✉♥❝t✐♦♥

✭i = 0, 1, 2✮ ❳
υLi ▲❛❜♦✉r ♣❛r❛♠❡t❡rs ✐♥ ♣♦t❡♥t✐❛❧ ♦✉t♣✉t ❢✉♥❝t✐♦♥

✭i = 0, 1, 2✮ ❳
ψ ✪ ♦❢ ✐♥✈❡st♠❡♥t ❢✉♥❞❡❞ ❜② ♥❡✇ s❤❛r❡s ❳∗

ωL ▲❛❜♦✉r ✐♥❝♦♠❡ s❤❛r❡ t♦ t♦t❛❧ ✐♥❝♦♠❡ ❳∗

ωO ❖t❤❡r ✇❛❣❡s t♦ t♦t❛❧ ✇❛❣❡s r❛t✐♦ ❳∗

Ω ◆♦♥✲❧❛❜♦✉r ✐♥❝♦♠❡ s❤❛r❡ t♦ t♦t❛❧ ✐♥❝♦♠❡ ❊♥

●❖❱❊❘◆▼❊◆❚ ❙❊❈❚❖❘

CGG ❈❛♣✐t❛❧ ❣❛✐♥s r❡❝♦r❞❡❞ ❜② ❣♦✈❡r♥♠❡♥t ❊♥
CONSG ●♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣✿ ✜♥❛❧ ❝♦♥s✉♠♣t✐♦♥ ❊♥
DEBG ●♦✈❡r♥♠❡♥t ❞❡❜t t♦ ●❉P r❛t✐♦ ❊♥
DEFG ●♦✈❡r♥♠❡♥t ❞❡✜❝✐t t♦ ●❉P r❛t✐♦ ❊♥
GDPG ●❉P ❛ttr✐❜✉t❡❞ t♦ ❣♦✈❡r♥♠❡♥t s❡❝t♦r ❊♥
GOVREV ●♦✈❡r♥♠❡♥t r❡✈❡♥✉❡s ❊♥
GOVSP ●♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ❊♥
INVG ●♦✈❡r♥♠❡♥t ✐♥✈❡st♠❡♥t ❊♥
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NLG ●♦✈❡r♥♠❡♥t ♥❡t ❧❡♥❞✐♥❣ ❊♥
NFUNDSG ●♦✈❡r♥♠❡♥t ❝❤❛♥❣❡ ✐♥ ❢✉♥❞s ❊♥
PROPG ●♦✈❡r♥♠❡♥t ♦t❤❡r ♣r♦♣❡rt② ✐♥❝♦♠❡ ❊♥
TTOT ❚♦t❛❧ tr❛♥s❢❡rs ❊♥
WBG ❲❛❣❡s ♣❛✐❞ ❜② ❣♦✈❡r♥♠❡♥t ❊♥
αCG ●♦✈❡r♥♠❡♥t ❝♦♥s✉♠♣t✐♦♥ ❛s ❛ ✪ t♦ ●❉P ❳∗

αFUG ●♦✈❡r♥♠❡♥t ❝❤❛♥❣❡ ✐♥ ❢✉♥❞s ❛s ❛
✪ t♦ ●❉P ❳∗

αPG ●♦✈❡r♥♠❡♥t ♦t❤❡r ♣r♦♣❡rt② ✐♥❝♦♠❡ ❛s ❛
✪ t♦ ●❉P ❳∗

αVG ●♦✈❡r♥♠❡♥t ❡q✉✐t② ✫ s❤❛r❡s ❤♦❧❞✐♥❣s ❛s ❛
✪ t♦ ●❉P ❳∗

βG ●♦✈❡r♥♠❡♥t ●❉P t♦ t♦t❛❧ ●❉P r❛t✐♦ ❳∗

ζG ❙❤♦❝❦ t♦ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ❳
ηGD ❉❡♣♦s✐ts ❢r♦♠✴t♦ ❣♦✈❡r♥♠❡♥t ❛s ❛ ✪ ♦❢ ♥❡t ✇❡❛❧t❤ ❳∗

ηGL ▲♦❛♥s ❢r♦♠✴t♦ ❣♦✈❡r♥♠❡♥t ❛s ❛ ✪ ♦❢ ♥❡t ✇❡❛❧t❤ ❳∗

θTOT ❚❚P◆❙ ❛s ❛ ✪ ♦❢ t♦t❛❧ ♦✉t♣✉t ❳∗

σGCG ❈❛♣✐t❛❧ ❣❛✐♥s r❡❛❧✐s❡❞ ❜② ❣♦✈❡r♥♠❡♥t ❛ ✪ ♦❢
♥❡t ✇❡❛❧t❤ ❳∗

τTOT ❚♦t❛❧ t❛① r❡✈❡♥✉❡ ❊♥
τNETTOT ❚♦t❛❧ t❛①❡s ♦♥ ♣r♦❞✉❝ts ♥❡t ♦❢ s✉❜s✐❞✐❡s ✭❚❚P◆❙✮ ❊♥
ωG ●♦✈❡r♥♠❡♥t ✇❛❣❡s ❛s ❛ ✪ t♦ ●❉P ❳∗

❇❆◆❑❙ ❆◆❉ ❋■◆❆◆❈■❆▲ ■◆❚❊❘▼❊❉■❆❘■❊❙

CGB ❈❛♣✐t❛❧ ❣❛✐♥s r❡❝♦r❞❡❞ ❜② ✜♥❛♥❝✐❛❧ s❡❝t♦r ❊♥
GDPB ●❉P ❛ttr✐❜✉t❡❞ t♦ ✜♥❛♥❝✐❛❧ s❡❝t♦r ❊♥
INVB Pr♦❞✉❝t✐✈❡ ✐♥✈❡st♠❡♥t ❛ttr✐❜✉t❡❞ t♦ ✜♥❛♥❝✐❛❧ s❡❝t♦r ❊♥
NFUNDSB ❋✐♥❛♥❝✐❛❧ s❡❝t♦r ❝❤❛♥❣❡ ✐♥ ❢✉♥❞s ❊♥
NLB ❋✐♥❛♥❝✐❛❧ s❡❝t♦r ♥❡t ❧❡♥❞✐♥❣ ❊♥
PROPB ❋✐♥❛♥❝✐❛❧ s❡❝t♦r ♦t❤❡r ♣r♦♣❡rt② ✐♥❝♦♠❡ ❊♥
sB ❋✐♥❛♥❝✐❛❧ s❡❝t♦r ♣r♦✜t r❡t❡♥t✐♦♥ r❛t❡ ❳∗

TB ❚r❛♥s❢❡rs r❡❝❡✐✈❡❞ ❜② ✜♥❛♥❝✐❛❧ s❡❝t♦r ❊♥
WBB ❲❛❣❡s ♣❛✐❞ ❜② ✜♥❛♥❝✐❛❧ s❡❝t♦r ❊♥
αFUB ❋✐♥❛♥❝✐❛❧ s❡❝t♦r ❝❤❛♥❣❡ ✐♥ ❢✉♥❞s ❛s ❛ ✪

♦❢ ♣r♦✜t ❳∗

αINVB ❋✐♥❛♥❝✐❛❧ s❡❝t♦r ✐♥✈❡st♠❡♥t t♦ t♦t❛❧ ✐♥✈❡st♠❡♥t ❳∗

αPB ❋✐♥❛♥❝✐❛❧ s❡❝t♦r ♣r♦♣❡rt② ✐♥❝♦♠❡ ❛s ❛ ✪
♦❢ ♣r♦✜t ❳∗

αTB ❋✐♥❛♥❝✐❛❧ s❡❝t♦r tr❛♥s❢❡rs ❛s ❛ ✪ ♦❢ ♣r♦✜t ❳∗

βB ❋✐♥❛♥❝✐❛❧ s❡❝t♦r ●❉P t♦ t♦t❛❧ ●❉P r❛t✐♦ ❊♥
θB ❚❛① r❛t❡ ♦♥ ✜♥❛♥❝✐❛❧ s❡❝t♦r ♣r♦✜t ❳∗

λBi,j P❛r❛♠❡t❡rs ✐♥ ✜♥❛♥❝✐❛❧ s❡❝t♦r ♣♦rt❢♦❧✐♦ ❡q✉❛t✐♦♥s
✭i = 1, 2 ❛♥❞ j = 0, 1, 2, 3✮ ❳

νH,B ❋✐♥❛♥❝✐❛❧ s❡❝t♦r ♣r♦❞✉❝❡❞ ◆❋❆ ❛s ❛ ✪ ♦❢
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♥❡t ✇❡❛❧t❤ ❳∗

ΠB ❋✐♥❛♥❝✐❛❧ s❡❝t♦r ♣r♦✜t ❊♥
σBCG ❈❛♣✐t❛❧ ❣❛✐♥s r❡❛❧✐s❡❞ ❜② ✜♥❛♥❝✐❛❧ s❡❝t♦r ❛s

❛ ✪ ♦❢ ♥❡t ✇❡❛❧t❤ ❳∗

τB ❚❛①❡s ♣❛✐❞ ❜② ✜♥❛♥❝✐❛❧ s❡❝t♦r ❊♥
ωB ❋✐♥❛♥❝✐❛❧ s❡❝t♦r ✇❛❣❡s ❛s ❛ ✪ ♦❢ ●❉P ❳∗

❋❖❘❊■●◆ ❙❊❈❚❖❘

EXP ❊①♣♦rt ✈❛❧✉❡ ❊♥
GDPRoW ❘❡s✐❞✉❛❧ ●❉P ❛ttr✐❜✉t❡❞ t♦ ❢♦r❡✐❣♥ s❡❝t♦r ❊♥
IMP ■♠♣♦rt ✈❛❧✉❡ ❊♥
NLRoW ❋♦r❡✐❣♥ s❡❝t♦r ♥❡t ❧❡♥❞✐♥❣ ❊♥
TRoW ❚r❛♥s❢❡rs ❛ttr✐❜✉t❡❞ t♦ ❢♦r❡✐❣♥ s❡❝t♦r ❊♥
αTRoW ❚r❛♥s❢❡rs ❛ttr✐❜✉t❡❞ t♦ ❢♦r❡✐❣♥ s❡❝t♦r ❛s ❛ ✪ ♦❢ ●❉P ❊♥
θRoW ❚❛①❡s ❛ttr✐❜✉t❡❞ t♦ ❢♦r❡✐❣♥ s❡❝t♦r ❛s ❛ ✪ ♦❢ ●❉P ❊♥
µi P❛r❛♠❡t❡rs ✐♥ ✐♠♣♦rt ❢✉♥❝t✐♦♥ ✭i = 1, 2, 3✮ ❳
µXi P❛r❛♠❡t❡rs ✐♥ ❡①♣♦rt ❢✉♥❝t✐♦♥ ✭i = 1, 2, ..., 4✮ ❳
τRoW ❚❛①❡s ❛ttr✐❜✉t❡❞ t♦ ❢♦r❡✐❣♥ s❡❝t♦r ❊♥
Φi
D P❛r❛♠❡t❡rs ✐♥ ❢♦r❡✐❣♥ s❡❝t♦r ❞❡♣♦s✐ts ❢✉♥❝t✐♦♥

✭i = 1, 2, ..., 6✮ ❳
Φi
L P❛r❛♠❡t❡rs ✐♥ ❢♦r❡✐❣♥ s❡❝t♦r ❧♦❛♥s ❢✉♥❝t✐♦♥

✭i = 1, 2, ..., 6✮ ❳
Φi
RoW P❛r❛♠❡t❡rs ✐♥ ❢♦r❡✐❣♥ s❡❝t♦r s❡❝✉r✐t✐❡s ❢✉♥❝t✐♦♥

❆❙❙❊❚❙ ✫ ▲■❆❇■▲■❚■❊❙

BB ❙t♦❝❦ ♦❢ s❡❝✉r✐t✐❡s ❤❡❧❞ ❜② ✜♥❛♥❝✐❛❧ s❡❝t♦r ❊♥
BF ◆❡t st♦❝❦ ♦❢ s❡❝✉r✐t✐❡s ✐ss✉❡❞ ❜② ◆❋❈s ❊♥
BF,B ❙t♦❝❦ ♦❢ ◆❋❈ s❡❝✉r✐t✐❡s ❤❡❧❞ ❜② ✜♥❛♥❝✐❛❧ s❡❝t♦r ❊♥
BF,H ❙t♦❝❦ ♦❢ ◆❋❈ s❡❝✉r✐t✐❡s ❤❡❧❞ ❜② ❤♦✉s❡❤♦❧❞s ❊♥
BF,RoW ❙t♦❝❦ ♦❢ ◆❋❈ s❡❝✉r✐t✐❡s ❤❡❧❞ ❜② ❢♦r❡✐❣♥ s❡❝t♦r ❊♥
bG ❘❡❛❧ s✉♣♣❧② ♦❢ ❣♦✈❡r♥♠❡♥t ❜♦♥❞s ❊♥
BG ❚♦t❛❧ ✭❞❡♠❛♥❞❡❞✮ st♦❝❦ ♦❢ ❣♦✈❡r♥♠❡♥t ❜♦♥❞s ❊♥
BG,B ❙t♦❝❦ ♦❢ ❣♦✈❡r♥♠❡♥t ❜♦♥❞s ❤❡❧❞ ❜② ✜♥❛♥❝✐❛❧ s❡❝t♦r ❊♥
BG,F ❙t♦❝❦ ♦❢ ❣♦✈❡r♥♠❡♥t ❜♦♥❞s ❤❡❧❞ ❜② ◆❋❈s ❊♥
BG,H ❙t♦❝❦ ♦❢ ❣♦✈❡r♥♠❡♥t ❜♦♥❞s ❤❡❧❞ ❜② ❤♦✉s❡❤♦❧❞s ❊♥
BG,RoW ❙t♦❝❦ ♦❢ ❣♦✈❡r♥♠❡♥t ❜♦♥❞s ❤❡❧❞ ❜② ❢♦r❡✐❣♥ s❡❝t♦r ❊♥
BH ❙t♦❝❦ ♦❢ s❡❝✉r✐t✐❡s ❤❡❧❞ ❜② ❤♦✉s❡❤♦❧❞s ❊♥
BRoW ❙t♦❝❦ ♦❢ s❡❝✉r✐t✐❡s ❤❡❧❞ ❜② ❢♦r❡✐❣♥ s❡❝t♦r ❊♥
BOT ◆♦♠✐♥❛❧ s✉♣♣❧② ♦❢ ❣♦✈❡r♥♠❡♥t ❜✐❧❧s ✭❇❖❚✮ ❊♥
DB ❚♦t❛❧ st♦❝❦ ♦❢ ❜❛♥❦ ❞❡♣♦s✐ts ❊♥
DF ❙t♦❝❦ ♦❢ ❞❡♣♦s✐ts ✫ ❝❛s❤ ❤❡❧❞ ❜② ◆❋❈s ❊♥
DH ❙t♦❝❦ ♦❢ ❞❡♣♦s✐ts ✫ ❝❛s❤ ❤❡❧❞ ❜② ❤♦✉s❡❤♦❧❞s ❊♥
DG ◆❡t st♦❝❦ ♦❢ ❞❡♣♦s✐ts ✫ ❝❛s❤ ❤❡❧❞ ❜② ❣♦✈❡r♥♠❡♥t ❊♥
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DRoW ◆❡t st♦❝❦ ♦❢ ❞❡♣♦s✐ts ✫ ❝❛s❤ ❤❡❧❞ ❜② ❢♦r❡✐❣♥ s❡❝t♦r ❊♥
HOUSEB ❋✐♥❛♥❝✐❛❧ s❡❝t♦r ♣r♦❞✉❝❡❞ ♥♦♥✲✜♥❛♥❝✐❛❧ ❛ss❡ts ❊♥
HOUSEF ◆❋❈ ♣r♦❞✉❝❡❞ ♥♦♥✲✜♥❛♥❝✐❛❧ ❛ss❡ts ❊♥
HOUSEH ❍♦✉s✐♥❣ st♦❝❦ ✭❞✇❡❧❧✐♥❣s✮ ❊♥
K ❚♦t❛❧ st♦❝❦ ♦❢ ❝❛♣✐t❛❧ ❊♥
LB ❚♦t❛❧ st♦❝❦ ♦❢ ❜❛♥❦ ❧♦❛♥s ❊♥
LF ❇❛♥❦ ❧♦❛♥s ♦❜t❛✐♥❡❞ ❜② ◆❋❈s ❊♥
LH ❇❛♥❦ ❧♦❛♥s ✭♠♦rt❣❛❣❡s✮ t♦ ❤♦✉s❡❤♦❧❞s ❊♥
LG ◆❡t ❧♦❛♥s t♦✴❢r♦♠ ❣♦✈❡r♥♠❡♥t ❊♥
LRoW ◆❡t ❧♦❛♥s t♦✴❢r♦♠ ❢♦r❡✐❣♥ s❡❝t♦r ❊♥
NFWB ❋✐♥❛♥❝✐❛❧ s❡❝t♦r ♥❡t ✜♥❛♥❝✐❛❧ ✇❡❛❧t❤ ❊♥
NFWF ◆❋❈ ♥❡t ✜♥❛♥❝✐❛❧ ✇❡❛❧t❤ ❊♥
NFWH ❍♦✉s❡❤♦❧❞ ♥❡t ✜♥❛♥❝✐❛❧ ✇❡❛❧t❤ ❊♥
NWB ❋✐♥❛♥❝✐❛❧ s❡❝t♦r ♥❡t ✇❡❛❧t❤ ✭♦r ✇♦rt❤✮ ❊♥
NWF ◆❋❈ ♥❡t ✇❡❛❧t❤ ✭♦r ✇♦rt❤✮ ❊♥
NWH ❍♦✉s❡❤♦❧❞ ♥❡t ✇❡❛❧t❤ ✭♦r ✇♦rt❤✮ ❊♥
NWG ●♦✈❡r♥♠❡♥t ♥❡t ✇❡❛❧t❤ ✭♦r ✇♦rt❤✮ ❊♥
OFINB ◆❡t st♦❝❦ ♦❢ ♦t❤❡r ✜♥❛♥❝✐❛❧ ❛ss❡ts ❤❡❧❞ ❜② ✜♥❛♥❝✐❛❧

s❡❝t♦r ❊♥
OFINF ◆❡t st♦❝❦ ♦❢ ♦t❤❡r ✜♥❛♥❝✐❛❧ ❛ss❡ts ❤❡❧❞ ❜② ◆❋❈s ❊♥
OFINH ◆❡t st♦❝❦ ♦❢ ♦t❤❡r ✜♥❛♥❝✐❛❧ ❛ss❡ts ❤❡❧❞ ❜② ❤♦✉s❡❤♦❧❞s ❊♥
OFING ◆❡t st♦❝❦ ♦❢ ♦t❤❡r ✜♥❛♥❝✐❛❧ ❛ss❡ts ❤❡❧❞ ❜② ❣♦✈❡r♥♠❡♥t ❊♥
vF ❘❡❛❧ ✈♦❧✉♠❡ ♦❢ ◆❋❈ ❡q✉✐t② t♦ ❢✉♥❞ ✐♥✈❡st♠❡♥t ❊♥
VB ◆❡t t♦t❛❧ ❡q✉✐t② ✫ s❤❛r❡s ✐ss✉❡❞✴❤❡❧❞ ❜② ✜♥❛♥❝✐❛❧ s❡❝t♦r ❊♥
V PUR
B ●r♦ss ❡q✉✐t② ✫ s❤❛r❡s ♣✉r❝❤❛s❡❞ ❜② ✜♥❛♥❝✐❛❧ s❡❝t♦r ❊♥
V ISS
B ●r♦ss ❡q✉✐t② ✫ s❤❛r❡s ✐ss✉❡❞ ❜② ✜♥❛♥❝✐❛❧ s❡❝t♦r ❊♥
VB,G ❋✐♥❛♥❝✐❛❧ s❡❝t♦r ❡q✉✐t② ✫ s❤❛r❡s ❤❡❧❞ ❜② ❤♦✉s❡❤♦❧❞s ❊♥
VB,H ❋✐♥❛♥❝✐❛❧ s❡❝t♦r ❡q✉✐t② ✫ s❤❛r❡s ❤❡❧❞ ❜② ❣♦✈❡r♥♠❡♥t ❊♥
VF ❚♦t❛❧ ❡q✉✐t② ✫ s❤❛r❡s ✐ss✉❡❞ ❜② ◆❋❈s ❊♥
VF,B ◆❋❈ ❡q✉✐t② ❤❡❧❞ ❜② ✜♥❛♥❝✐❛❧ s❡❝t♦r ❊♥
VF,G ◆❋❈ ❡q✉✐t② ❤❡❧❞ ❜② ❣♦✈❡r♥♠❡♥t ❊♥
VF,H ◆❋❈ ❡q✉✐t② ❤❡❧❞ ❜② ❤♦✉s❡❤♦❧❞s ❊♥
VH ❙t♦❝❦ ♦❢ ❡q✉✐t② ✫ s❤❛r❡s ❤❡❧❞ ❜② ❤♦✉s❡❤♦❧❞s ❊♥
VG ❙t♦❝❦ ♦❢ ❡q✉✐t② ✫ s❤❛r❡s ❤❡❧❞ ❜② ❣♦✈❡r♥♠❡♥t ❊♥
VRoW ◆❡t st♦❝❦ ♦❢ ❡q✉✐t② ✫ s❤❛r❡s ✐ss✉❡❞ ❜② ❢♦r❡✐❣♥

s❡❝t♦r ❊♥
V PUR
RoW ●r♦ss st♦❝❦ ♦❢ ❡q✉✐t② ✫ s❤❛r❡s ♣✉r❝❤❛s❡❞ ❜② ❢♦r❡✐❣♥

s❡❝t♦r ❊♥
VRoW,B ❋♦r❡✐❣♥ s❡❝t♦r ❡q✉✐t② ✫ s❤❛r❡s ❤❡❧❞ ❜② ✜♥❛♥❝✐❛❧

s❡❝t♦r ❊♥
VRoW,G ❋♦r❡✐❣♥ s❡❝t♦r ❡q✉✐t② ✫ s❤❛r❡s ❤❡❧❞ ❜② ❤♦✉s❡❤♦❧❞s ❊♥
VRoW,H ❋♦r❡✐❣♥ s❡❝t♦r ❡q✉✐t② ✫ s❤❛r❡s ❤❡❧❞ ❜② ❣♦✈❡r♥♠❡♥t ❊♥
VTOT ❚♦t❛❧ st♦❝❦ ♦❢ ❡q✉✐t② ✫ s❤❛r❡s ❊♥

❉■❱■❉❊◆❉❙ ✫ ■◆❚❊❘❊❙❚ P❆❨▼❊◆❚❙
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DIVB ◆❡t ❞✐✈✐❞❡♥❞s r❡❝❡✐✈❡❞ ❜② ✜♥❛♥❝✐❛❧ s❡❝t♦r ❊♥
DIV PAID

B ●r♦ss ❞✐✈✐❞❡♥❞s ♣❛✐❞ ❜② ✜♥❛♥❝✐❛❧ s❡❝t♦r ❊♥
DIV RECV

B ●r♦ss ❞✐✈✐❞❡♥❞s r❡❝❡✐✈❡❞ ❜② ✜♥❛♥❝✐❛❧ s❡❝t♦r ❊♥
DIVB,G ❋✐♥❛♥❝✐❛❧ s❡❝t♦r ❞✐✈✐❞❡♥❞s ♣❛✐❞ t♦ ❣♦✈❡r♥♠❡♥t ❊♥
DIVB,H ❋✐♥❛♥❝✐❛❧ s❡❝t♦r ❞✐✈✐❞❡♥❞s ♣❛✐❞ t♦ ❤♦✉s❡❤♦❧❞s ❊♥
DIVB,RoW ❋✐♥❛♥❝✐❛❧ s❡❝t♦r ❞✐✈✐❞❡♥❞s ♣❛✐❞ t♦ ❢♦r❡✐❣♥ s❡❝t♦r ❊♥
DIVF ◆❡t ❞✐✈✐❞❡♥❞s ♣❛✐❞ ❜② ◆❋❈ ❊♥
DIVF,B ◆❋❈ ❞✐✈✐❞❡♥❞s ♣❛✐❞ ✜♥❛♥❝✐❛❧ s❡❝t♦r ❊♥
DIVF,G ◆❋❈ ❞✐✈✐❞❡♥❞s ♣❛✐❞ t♦ ❣♦✈❡r♥♠❡♥t ❊♥
DIVF,H ◆❋❈ ❞✐✈✐❞❡♥❞s ♣❛✐❞ t♦ ❤♦✉s❡❤♦❧❞s ❊♥
DIVF,RoW ◆❋❈ ❞✐✈✐❞❡♥❞s ♣❛✐❞ t♦ ❢♦r❡✐❣♥ s❡❝t♦r ❊♥
DIVG ◆❡t ❞✐✈✐❞❡♥❞s r❡❝❡✐✈❡❞ ❜② ❣♦✈❡r♥♠❡♥t ❊♥
DIVH ❍♦✉s❡❤♦❧❞ ♥❡t ✭r❡❝❡✐✈❡❞✮ ❞✐✈✐❞❡♥❞s ❊♥
DIV PAID

RoW ●r♦ss ❞✐✈✐❞❡♥❞s ♣❛✐❞ ❜② ❢♦r❡✐❣♥ s❡❝t♦r ❊♥
DIV RECV

RoW ●r♦ss ❞✐✈✐❞❡♥❞s ♣❛✐❞ ❜② ❢♦r❡✐❣♥ s❡❝t♦r ❊♥
DIVRoW,B ❋♦r❡✐❣♥ s❡❝t♦r ❞✐✈✐❞❡♥❞s ♣❛✐❞ t♦ ✜♥❛♥❝✐❛❧ s❡❝t♦r ❊♥
DIVRoW,G ❋♦r❡✐❣♥ s❡❝t♦r ❞✐✈✐❞❡♥❞s ♣❛✐❞ t♦ ❣♦✈❡r♥♠❡♥t ❊♥
DIVRoW,H ❋♦r❡✐❣♥ s❡❝t♦r ❞✐✈✐❞❡♥❞s ♣❛✐❞ t♦ ❤♦✉s❡❤♦❧❞s ❊♥
DIVTOT ❚♦t❛❧ ❞✐✈✐❞❡♥❞s ♣❛✐❞ ✐♥ t❤❡ ❡❝♦♥♦♠② ❊♥
INTB ◆❡t ✐♥t❡r❡sts r❡❝❡✐✈❡❞ ❜② ✜♥❛♥❝✐❛❧ s❡❝t♦r ❊♥
INTRESB ❘❡s✐❞✉❛❧ ❝♦♠♣♦♥❡♥t ✐♥ ✜♥❛♥❝✐❛❧ s❡❝t♦r ✐♥t❡r❡st

♣❛②♠❡♥ts ❳∗

INTF ◆❡t ✐♥t❡r❡st ♣❛②♠❡♥ts ♠❛❞❡ ❜② ◆❋❈s ❊♥
INTF,B ■♥t❡r❡sts ♣❛✐❞ ❜② ◆❋❈s t♦ ✜♥❛♥❝✐❛❧ s❡❝t♦r ❊♥
INTF,H ■♥t❡r❡sts ♣❛✐❞ ❜② ◆❋❈s t♦ ❤♦✉s❡❤♦❧❞s ❊♥
INTF,RoW ■♥t❡r❡sts ♣❛✐❞ ❜② ◆❋❈s t♦ ❢♦r❡✐❣♥ s❡❝t♦r ❊♥
INTRESF ❘❡s✐❞✉❛❧ ✐♥t❡r❡st ♣❛②♠❡♥ts ❛ttr✐❜✉t❡❞ t♦ ◆❋❈s ❊♥
INTG ◆❡t ✐♥t❡r❡st ♣❛②♠❡♥ts ♠❛❞❡ ❜② ❣♦✈❡r♥♠❡♥t ❊♥
INTG,B ■♥t❡r❡sts ♣❛✐❞ ❜② ❣♦✈❡r♥♠❡♥t t♦ ✜♥❛♥❝✐❛❧ s❡❝t♦r ❊♥
INTG,H ■♥t❡r❡sts ♣❛✐❞ ❜② ❣♦✈❡r♥♠❡♥t t♦ ❤♦✉s❡❤♦❧❞s ❊♥
INTG,RoW ■♥t❡r❡sts ♣❛✐❞ ❜② ❣♦✈❡r♥♠❡♥t t♦ ❢♦r❡✐❣♥ s❡❝t♦r ❊♥
INTRESG ❘❡s✐❞✉❛❧ ❝♦♠♣♦♥❡♥t ✐♥ ✐♥t❡r❡st ♣❛②♠❡♥ts ♠❛❞❡

❜② ❣♦✈❡r♥♠❡♥t ❳∗

INTH ❍♦✉s❡❤♦❧❞ ♥❡t ✭r❡❝❡✐✈❡❞✮ ✐♥t❡r❡sts ❊♥
INT PAIDH ■♥t❡r❡st ♣❛②♠❡♥ts ♠❛❞❡ ❜② ❤♦✉s❡❤♦❧❞s ❊♥
INTRECVH ■♥t❡r❡st ✐♥❝♦♠❡ r❡❝❡✐✈❡❞ ❜② ❤♦✉s❡❤♦❧❞s ❊♥
INTRoW ❋♦r❡✐❣♥ s❡❝t♦r ♥❡t ✐♥t❡r❡st ✐♥❝♦♠❡ ❊♥

❈❘❖❙❙✲❙❊❈❚❖❘ P❆❨▼❊◆❚ ❈❖❊❋❋■❈■❊◆❚❙

ǫB ✪ ♦❢ ❛❝❝♦✉♥t✐♥❣ ❞✐✈✐❞❡♥❞s r❡❝❡✐✈❡❞ ❜② ✜♥❛♥❝✐❛❧ s❡❝t♦r ❳∗

ǫG ✪ ♦❢ ❛❝❝♦✉♥t✐♥❣ ❞✐✈✐❞❡♥❞s r❡❝❡✐✈❡❞ ❜② ❣♦✈❡r♥♠❡♥t ❳∗

ǫRoW ✪ ♦❢ ❛❝❝♦✉♥t✐♥❣ ❞✐✈✐❞❡♥❞s r❡❝❡✐✈❡❞ ❜② ❢♦r❡✐❣♥ s❡❝t♦r ❳∗

ιF ✪ ♦❢ ◆❋❈ ✐♥t❡r❡st ♣❛②♠❡♥ts t♦ t♦t❛❧ ✐♥t❡r❡st ♣❛②♠❡♥ts ❳∗

δDIVB ✪ ♦❢ t♦t❛❧ ❞✐✈✐❞❡♥❞s ♣❛✐❞ ❜② ✜♥❛♥❝✐❛❧ s❡❝t♦r ❳∗

δDIVF ✪ ♦❢ t♦t❛❧ ❞✐✈✐❞❡♥❞s ♣❛✐❞ ❜② ◆❋❈s ❳∗
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δDIVRoW ✪ ♦❢ t♦t❛❧ ❞✐✈✐❞❡♥❞s ♣❛✐❞ ❜② ❢♦r❡✐❣♥ s❡❝t♦r ❳∗

ρF ✪ ♦❢ ◆❋❈ s❡❝✉r✐t✐❡s t♦ t♦t❛❧ s❡❝✉r✐t✐❡s ❳∗

ρGF ✪ ♦❢ ❣♦✈❡r♥♠❡♥t ❜♦♥❞s ❤❡❧❞ ❜② ◆❋❈s ❳∗

χB ✪ ♦❢ ✜♥❛♥❝✐❛❧ s❡❝t♦r ❡q✉✐t② t♦ t♦t❛❧ ❡q✉✐t② ❳∗

χF ✪ ♦❢ ◆❋❈ ❡q✉✐t② t♦ t♦t❛❧ ❡q✉✐t② ❳∗

❈❊◆❚❘❆▲ ❇❆◆❑ ❙❚❆◆❈❊ ❆◆❉ ■◆❚❊❘❊❙❚ ❘❆❚❊❙

NER ◆♦♠✐♥❛❧ ❡①❝❤❛♥❣❡ r❛t❡ ❳
rBA ❆✈❡r❛❣❡ r❡t✉r♥ r❛t❡ ♦♥ ✭❣♦✈❡r♥♠❡♥t✮ s❡❝✉r✐t✐❡s ❳
rD ■♥t❡r❡st r❛t❡ ♦♥ ❜❛♥❦ ❞❡♣♦s✐ts ❳
rECB P♦❧✐❝② r❛t❡ s❡t ❜② t❤❡ ❊❈❇ ❳
rH ❘❡t✉r♥ r❛t❡ ♦♥ ♦t❤❡r ♣r♦♣❡rt② ✐♥❝♦♠❡ ❊♥
rL,F ■♥t❡r❡st r❛t❡ ♦♥ ❜❛♥❦ ❧♦❛♥s t♦ ◆❋❈s ❊♥
rV ❘❡t✉r♥ r❛t❡ ♦♥ ❡q✉✐t② ✫ s❤❛r❡s ✭❡①❝❧✉❞✐♥❣ ❞✐✈✐❞❡♥❞s✮ ❊♥
rZ ❘✐s❦✲❢r❡❡ ✐♥t❡r❡st r❛t❡ ✭✶✵✲②❡❛r ●❡r♠❛♥ ❜♦♥❞s✮ ❳
SPREADA ❙♣r❡❛❞ ❜❡t✇❡❡♥ ■t❛❧✐❛♥ ❛♥❞ ●❡r♠❛♥ ❜♦♥❞ ②✐❡❧❞s ❳∗

µA ▼❛r❦✲✉♣ ♦❢ ■t❛❧✐❛♥ ❜♦♥❞ r❛t❡ ♦✈❡r ●❡r♠❛♥ ❜♦♥❞ r❛t❡ ❊♥

P❘■❈❊❙

pB ❯♥✐t ♣r✐❝❡ ♦❢ ❣♦✈❡r♥♠❡♥t ❜♦♥❞s ❊♥
pH ❯♥✐t ♣r✐❝❡ ♦❢ ❤♦✉s✐♥❣ ❊♥
pK ❈❛♣✐t❛❧ ❞❡✢❛t♦r ❊♥
pV ❊q✉✐t② ✫ s❤❛r❡s ♣r✐❝❡ ✐♥❞❡① ❊♥
pY ❖✉t♣✉t ♣r✐❝❡ ❧❡✈❡❧ ✭●❉P ❞❡✢❛t♦r✮ ❊♥

◆♦t❡✿ ❊♥ ❂ ❡♥❞♦❣❡♥♦✉s ✈❛r✐❛❜❧❡❀ ❳ ❂ ❡①♦❣❡♥♦✉s ✈❛r✐❛❜❧❡ ♦r ♣❛r❛♠❡t❡r❀ ∗ ❂ ❝❛❧❝✉❧❛t❡❞ ❛s ❛
♠♦✈✐♥❣ ❛✈❡r❛❣❡✳

✺✹



❋✐❣✉r❡ ✶✿ ❚❤❡ ❢✉❧❧ ❚❋▼ ✭■t❛❧②✱ ✷✵✶✺✱ ❝✉rr❡♥t ♣r✐❝❡s✱ ♠✐❧❧✐♦♥ ❡✉r♦✮ ✲ ❊①❝❡❧ s❤❡❡t

◆♦t❡✿ ∗ D43 +D44 +D45❀ ∗∗ ●♦✈❡r♥♠❡♥t = D61−D62✱ ❍♦✉s❡❤♦❧❞s = D61 +D62❀ ∗∗∗ ❘♦❲ = −S1.D21 + S2.D2✳

✺✺



❋✐❣✉r❡ ✷✿ ❚❤❡ s✐♠♣❧✐✜❡❞ ❚❋▼ ✭■t❛❧②✱ ✷✵✶✺✱ ❝✉rr❡♥t ♣r✐❝❡s✱ ♠✐❧❧✐♦♥ ❡✉r♦✮ ✲ ❊①❝❡❧ s❤❡❡t

✺✻



❋✐❣✉r❡ ✸✿ ❚❤❡ s✉♣❡r✲s✐♠♣❧✐✜❡❞ ❚❋▼ ✭■t❛❧②✱ ✷✵✶✺✱ ❝✉rr❡♥t ♣r✐❝❡s✱ ♠✐❧❧✐♦♥ ❡✉r♦✮ ✲ ❊①❝❡❧ s❤❡❡t

✺✼



❋✐❣✉r❡ ✹✿ ❙❡❝t♦r❛❧ ❜❛❧❛♥❝❡ s❤❡❡ts ✭■t❛❧②✱ ✷✵✶✺✱ ❝✉rr❡♥t ♣r✐❝❡s✱ ♠✐❧❧✐♦♥ ❡✉r♦✮ ✲ ❊①❝❡❧ s❤❡❡t

◆♦t❡✿ ❢♦r❡✐❣♥ s❡❝t♦r ♥♦t ✐♥❝❧✉❞❡❞✳

✺✽



❋✐❣✉r❡ ✺✿ ❊❙❙❋❈ ♣♦s✐t✐♦♥ ❛❧♦♥❣ P❛❣❛♥✬s ❵❜❡st ♣r❛❝t✐❝❡✬ ❢r♦♥t✐❡r ♦❢ ♠♦❞❡❧s

❋✐❣✉r❡ ✻✿ Pr♦❣r❛♠s✬ str✉❝t✉r❡

✺✾



❋✐❣✉r❡ ✼✿ ❈r♦ss✲s❡❝t♦r ✜♥❛♥❝✐❛❧ ❜❛❧❛♥❝❡s s✐♥❝❡ ✶✾✾✻✿ ✐♥✲s❛♠♣❧❡ ❢♦r❡❝❛st

❋✐❣✉r❡ ✽✿ ❈r♦ss✲s❡❝t♦r ✜♥❛♥❝✐❛❧ ❜❛❧❛♥❝❡s s✐♥❝❡ ✶✾✾✻✿ ♦✉t✲♦❢✲s❛♠♣❧❡ ❢♦r❡❝❛st

✻✵



❋✐❣✉r❡ ✾✿ ❊❙❙❋❈ r❡❛❝t✐♦♥ ❢♦❧❧♦✇✐♥❣ s❤♦❝❦s t♦ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣

✻✶



❋✐❣✉r❡ ✶✵✿ ❊❙❙❋❈ r❡❛❝t✐♦♥ ❢♦❧❧♦✇✐♥❣ s❤♦❝❦s t♦ ❣♦✈❡r♥♠❡♥t s♣❡♥❞✐♥❣ ✭❝♦♥t✬❞✮

✻✷
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