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ABSTRACT  

ON THE HETEROGENEOUS TRADE AND 

WELFARE EFFECTS OF GATT/WTO 

MEMBERSHIP  

Gabriel Felbermayr, Mario Larch, Erdal Yalcin and Yoto V. Yotov 

We build on the latest developments in the structural gravity literature to quantify 

the partial and general equilibrium effects of GATT/WTO membership on trade and 

welfare. Using an extensive database covering manufacturing trade for 186 countries 

over the period 1980-2016, we find that the average impact of GATT/WTO membership 

on trade among member counties is large, positive, and significant. We contribute to 

the literature by estimating country-specific estimates and find them to vary widely 

across the countries in our sample with poorer members benefitting more. Using these 

estimates, we simulate the general equilibrium effects of GATT/WTO on welfare, which 

are sizable and heterogeneous across members, and relatively small for non-member 

countries. We show that countries not experiencing positive trade effects from joining 

GATT/WTO can still gain in terms of welfare, due to beneficial terms-of-trade effects. 
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✶ ■♥tr♦❞✉❝t✐♦♥

❚❤❡ ❲♦r❧❞ ❚r❛❞❡ ❖r❣❛♥✐s❛t✐♦♥ ✭❲❚❖✮✖t❤❡ ❝❡♥tr❛❧ ✐♥t❡r❣♦✈❡r♥♠❡♥t❛❧ ♦r❣❛♥✐③❛t✐♦♥ ♦✈❡r✲

s❡❡✐♥❣ ❛♥❞ ❛❞♠✐♥✐st❡r✐♥❣ t❤❡ ♠✉❧t✐❧❛t❡r❛❧ tr❛❞✐♥❣ s②st❡♠✖❝❡❧❡❜r❛t❡s ✐ts ✷✺t❤ ❛♥♥✐✈❡rs❛r② ✐♥

✷✵✷✵✳ ❈r❡❛t❡❞ ✐♥ ✶✾✾✺✱ ✐t ♣r♦✈✐❞❡s t❤❡ ✐♥st✐t✉t✐♦♥❛❧ ❢r❛♠❡✇♦r❦ ❢♦r t❤❡ ●❡♥❡r❛❧ ❆❣r❡❡♠❡♥t

♦♥ ❚❛r✐✛s ❛♥❞ ❚r❛❞❡ ✭●❆❚❚✮✱ ✇❤✐❝❤ ❡♥t❡r❡❞ ✐♥t♦ ❢♦r❝❡ ✐♥ ✶✾✹✽✱ t❤❡ ●❡♥❡r❛❧ ❆❣r❡❡♠❡♥t ♦♥

❚r❛❞❡ ✐♥ ❙❡r✈✐❝❡s ✭●❆❚❙✮✱ ❛♥❞ t❤❡ ❚r❡❛t② ♦♥ ❚r❛❞❡ ❘❡❧❛t❡❞ ❆s♣❡❝ts ♦♥ ■♥t❡❧❧❡❝t✉❛❧ Pr♦♣❡rt②

❘✐❣❤ts ✭❚❘■P❙✮✳ ❙✐♥❝❡ ✶✾✹✽✱ ♠❡♠❜❡r ❝♦✉♥tr✐❡s ♦❢ t❤❡ ●❆❚❚✴❲❚❖ ❤❛✈❡ ❝♦♥t✐♥✉♦✉s❧② r❡✲

❞✉❝❡❞ ❝✉st♦♠s ❞✉t✐❡s✱ ♥♦♥✲t❛r✐✛ ❜❛rr✐❡rs✱ ❛♥❞ ❡①♣♦rt s✉❜s✐❞✐❡s ✇✐t❤ t❤❡ ♦❜❥❡❝t✐✈❡ t♦ ✐♠♣r♦✈❡

♠❛r❦❡t ❛❝❝❡ss ❛❝r♦ss ❝♦✉♥tr✐❡s✳✶ ❚❤❡ ❲❚❖ ❤❛s t❤r❡❡ ✐♠♣♦rt❛♥t ❢✉♥❝t✐♦♥s ✇❤✐❝❤ r❡♣r❡s❡♥t

t❤❡ ❜❛❝❦❜♦♥❡ ♦❢ t❤❡ ♠✉❧t✐❧❛t❡r❛❧ s②st❡♠✿ ✐✮ ❤❡❧♣ ♥❡❣♦t✐❛t❡ ♠✉❧t✐❧❛t❡r❛❧ tr❛❞❡ ❞❡❛❧s✱ ✐✐✮ s❡tt❧❡

❝r♦ss✲❜♦r❞❡r ❝♦♠♠❡r❝✐❛❧ ❞✐s♣✉t❡s✱ ❛♥❞ ✐✐✐✮ s❡r✈❡ ❛s ❛ r❡♣♦s✐t♦r② ❢♦r ♠❡♠❜❡rs✬ tr❛❞❡ ♣♦❧✐❝✐❡s✳

●❆❚❚ ❛♥❞ ❲❚❖ ❤❛✈❡ ❜❡❡♥ ❝r❡❛t❡❞ ✇✐t❤ t❤❡ ♦❜❥❡❝t✐✈❡ t♦ ♣r♦♠♦t❡ ❝r♦ss✲❜♦r❞❡r tr❛❞❡✱

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

❝r❡❛s❡❞✱ ❛♥❞ t❤❡ ✉s❡❢✉❧♥❡ss ♦❢ t❤❡ ❛r❝❤✐t❡❝t✉r❡ ♦❢ ❲❚❖ ❤❛s ❜❡❡♥ q✉❡st✐♦♥❡❞✳ ❉✐st✉r❜✐♥❣❧②✱

❛❝❛❞❡♠✐❝ ❛tt❡♠♣ts t♦ ❡st❛❜❧✐s❤ ❡♠♣✐r✐❝❛❧ ❡✈✐❞❡♥❝❡ ❢♦r t❤❡ ❡①♣❡❝t❡❞ tr❛❞❡ s✉♣♣♦rt✐♥❣ ❡✛❡❝ts

♦❢ t❤❡ ●❆❚❚ ❛♥❞ t❤❡ ❲❚❖ ❤❛✈❡ t✉r♥❡❞ ♦✉t t♦ ❜❡ ❞✐✣❝✉❧t✳ ❙t❛rt✐♥❣ ❢r♦♠ ❆♥❞r❡✇ ❘♦s❡✬s ❝♦♥✲

tr♦✈❡rs✐❛❧ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s ✭❘♦s❡✱ ✷✵✵✹✮✱ ❛❝❝♦r❞✐♥❣ t♦ ✇❤✐❝❤ ♠❡♠❜❡r st❛t❡s ♦❢ ●❆❚❚✴❲❚❖

❞✐❞ ♥♦t ❡①♣❡r✐❡♥❝❡ s✐❣♥✐✜❝❛♥t❧② ❞✐✛❡r❡♥t tr❛❞❡ ♣❛tt❡r♥s t❤❛♥ ♥♦♥✲♠❡♠❜❡rs✱ ✉♥t✐❧ t♦❞❛②✱ t❤❡

s✉❝❝❡❡❞✐♥❣ r❡❧❛t❡❞ ❧✐t❡r❛t✉r❡ ❤❛s ❤❛❞ ❞✐✣❝✉❧t✐❡s t♦ ❡st❛❜❧✐s❤ ❛ ❝❛✉s❛❧ ♣♦s✐t✐✈❡ ●❆❚❚✴❲❚❖

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

r❡❣✐♦♥❛❧ tr❛❞❡ ❛❣r❡❡♠❡♥ts ♦r ❝✉rr❡♥❝② ✉♥✐♦♥s✱ ♠❡♠❜❡rs❤✐♣ ✐♥ t❤❡ ●❆❚❚ ♦r t❤❡ ❲❚❖ ❤❛s

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

t❤❛t ❛ ●❆❚❚ ♦r ❲❚❖ ❛❝❝❡ss✐♦♥ ❧❡❛❞s t♦ ❛ r✐s❡ ✐♥ ❡①♣♦rts ❢♦r ♠♦st ♦❢ t❤❡ ♠❡♠❜❡r st❛t❡s✳✷

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

✶■♥ t❤❡ ❡❛r❧② ②❡❛rs✱ t❤❡ ●❆❚❚ r❡♣r❡s❡♥t❡❞ ♣r✐♠❛r✐❧② ❛ ❝❧✉❜ ♦❢ ♠♦st❧② ✐♥❞✉str✐❛❧✐③❡❞ ❝♦✉♥tr✐❡s✳ ❖✈❡r
t❤❡ ②❡❛rs✱ ♠❡♠❜❡rs❤✐♣ ❤❛s ✐♥❝r❡❛s✐♥❣❧② ❝♦✈❡r❡❞ t❤❡ ❡♥t✐r❡ ✇♦r❧❞❀ ✐♥ ✶✾✾✺ t❤❡ ❢r❡s❤❧② ❝r❡❛t❡❞ ❲❚❖ ❤❛❞ ✶✷✼
♠❡♠❜❡rs❀ t♦❞❛② ✐t ❝♦✉♥ts ✶✻✹ ♠❡♠❜❡r st❛t❡s✳

✷❲❡ r❡❢❡r t♦ ❊st❡✈❡✲Pér❡③ ❡t ❛❧✳ ✭✷✵✷✵✮ ❢♦r ❛ r❡❝❡♥t ❝♦♠♣r❡❤❡♥s✐✈❡ ♦✈❡r✈✐❡✇ ♦❢ r❡❧❛t❡❞ ♣✉❜❧✐❝❛t✐♦♥s✳

✶



t✉r❛❧ ❣r❛✈✐t② ❧✐t❡r❛t✉r❡✳ ❖♥❡ ❦❡② ✐♥♥♦✈❛t✐♦♥ r❡❧❛t✐✈❡ t♦ t❤❡ ❧✐t❡r❛t✉r❡ ✐s t❤❡ tr❡❛t♠❡♥t ♦❢

✐♥tr❛♥❛t✐♦♥❛❧✴❞♦♠❡st✐❝ tr❛❞❡ ✢♦✇s✳ ❲✐t❤ t❤❡ ❡①❝❡♣t✐♦♥ ♦❢ ▲❛r❝❤ ❡t ❛❧✳ ✭✷✵✶✾✮✱ ❡❛r❧✐❡r ♣❛♣❡rs

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

❞❛t❛s❡t t❤❛t ❝♦✈❡rs ✐♥tr❛✲ ❛♥❞ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡ ✐♥ ♠❛♥✉❢❛❝t✉r✐♥❣ ❣♦♦❞s ❢♦r ✶✽✻ ❝♦✉♥tr✐❡s

♦✈❡r t❤❡ ♣❡r✐♦❞ ✶✾✽✵✲✷✵✶✻✳ ❲❡ s❤♦✇ t❤❛t ✐♥❝❧✉❞✐♥❣ ✐♥tr❛♥❛t✐♦♥❛❧ ✢♦✇s ✐s ❝r✉❝✐❛❧ t♦ ♦❜t❛✐♥

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

❢♦r ❡❝♦♥♦♠❡tr✐❝ ✐❞❡♥t✐✜❝❛t✐♦♥✳ ❲✐t❤ ❲❚❖ ♠❡♠❜❡rs❤✐♣ ❛❧♠♦st ✉♥✐✈❡rs❛❧✱ ✐♥ r❡❝❡♥t ②❡❛rs t❤❡

❝♦♥tr♦❧ ❣r♦✉♣ ♦❢ ♥♦♥✲♠❡♠❜❡rs ❤❛s ❜❡❝♦♠❡ ✈❡r② s♠❛❧❧✳

▼♦r❡♦✈❡r✱ t❤❡ ♣r❡s❡♥❝❡ ♦❢ ✐♥tr❛✲♥❛t✐♦♥❛❧ ✢♦✇s ✐s ❝r✉❝✐❛❧ t♦ ❡st✐♠❛t❡ t❤❡♦r②✲❝♦♥s✐st❡♥t

❝♦✉♥tr②✲s♣❡❝✐✜❝ tr❛❞❡ ❡✛❡❝ts✳ ■♥ ❞♦✐♥❣ s♦✱ ✇❡ ♣r♦✈✐❞❡ ❛ s❡❝♦♥❞ ✐♠♣♦rt❛♥t ❝♦♥tr✐❜✉t✐♦♥✳ ■t

t✉r♥s ♦✉t t❤❛t ❤❡t❡r♦❣❡♥❡✐t② ❛❝r♦ss ●❆❚❚✴❲❚❖ ♠❡♠❜❡rs ✐s str♦♥❣ ❛♥❞✱ t❤❡r❡❢♦r❡✱ ✐♠♣♦s✐♥❣

❤♦♠♦❣❡♥❡✐t② ❛❝r♦ss t❤❡ ●❆❚❚✴❲❚❖ ❡✛❡❝ts ❛❝r♦ss ♠❡♠❜❡r ❝♦✉♥tr✐❡s ♠❛② ❜❡ ♠✐s❧❡❛❞✐♥❣✳

❲❡ ✜♥❞ t❤❛t ❛ ❢❡✇ ❝♦✉♥tr✐❡s✬ tr❛❞❡ ✢♦✇s ❛r❡ ❡✈❡♥ ❤✉rt✳

❋✐♥❛❧❧②✱ ✇❡ ❛❧s♦ ❝♦♥tr✐❜✉t❡ t♦ t❤❡ ❧✐t❡r❛t✉r❡ ❜② ✉s✐♥❣ t❤❡ tr❛❞❡ ❝♦st ❡✛❡❝ts ♦❢ ●❆❚❚✴❲❚❖

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

✐♥ ❛ ❣❡♥❡r❛❧ ❡q✉✐❧✐❜r✐✉♠ ♠♦❞❡❧ ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ❡♠♣✐r✐❝❛❧ ❣r❛✈✐t② ♠♦❞❡❧✳✸ ❲❡ r❡✈❡❛❧

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

❢♦r t❤❡ ♠✉❧t✐❧❛t❡r❛❧ s②st❡♠✳ ■♥t❡r❡st✐♥❣❧②✱ ✉♥❞❡r ❣❡♥❡r❛❧ ❡q✉✐❧✐❜r✐✉♠✱ ✐♥ s♦♠❡ ❝♦✉♥tr✐❡s✱

♥❡❣❛t✐✈❡ ♣❛rt✐❛❧ ●❆❚❚✴❲❚❖ ❡st✐♠❛t❡s ✭✐♠♣❧②✐♥❣ ♣♦s✐t✐✈❡ ❡st✐♠❛t❡❞ tr❛❞❡ ❝♦st ❡✛❡❝ts ❢r♦♠

●❆❚❚✴❲❚❖ ♠❡♠❜❡rs❤✐♣✮ ❛r❡ ♦✈❡rt✉r♥❡❞ ❜② ❜❡♥❡✜❝✐❛❧ ♣r✐❝❡ ❛♥❞ ✐♥❝♦♠❡ ❡✛❡❝ts s♦ t❤❛t

✇❡❧❢❛r❡ ❣♦❡s ✉♣✳

❖✉r ♣❛rt✐❛❧ ❡q✉✐❧✐❜r✐✉♠ ❡st✐♠❛t❡s s✉❣❣❡st t❤❛t ●❆❚❚✴❲❚❖ ♠❡♠❜❡rs❤✐♣ ✐♥❝r❡❛s❡s ❡①✲

♣♦rts ♦❢ ●❆❚❚✴❲❚❖ ♠❡♠❜❡r ❝♦✉♥tr✐❡s t♦ t❤❡✐r ❢❡❧❧♦✇ ●❆❚❚✴❲❚❖ ♠❡♠❜❡rs ✐♥ ❛ ✈❛st

♠❛❥♦r✐t② ♦❢ t❤❡ ♠❡♠❜❡rs ✐♥ ♦✉r s❛♠♣❧❡✳ ❙♣❡❝✐✜❝❛❧❧②✱ ♦✉r ❡st✐♠❛t❡s ✐♠♣❧② t❤❛t✱ ✐♥ t❡r♠s ♦❢

✈♦❧✉♠❡ ❡✛❡❝ts✱ t❤❡ ❛✈❡r❛❣❡ ✐♠♣❛❝t ♦❢ ●❆❚❚✴❲❚❖ ♦♥ ♠❡♠❜❡rs✬ tr❛❞❡ ✐s ❜❡t✇❡❡♥ ✸✽✪ ❛♥❞

✶✵✶✪✳ ❲❡ ❞❡♠♦♥str❛t❡ t❤❛t✱ t♦ ❛ s✐❣♥✐✜❝❛♥t ❞❡❣r❡❡✱ t❤✐s r❡s✉❧t ✐s ❞r✐✈❡♥ ❜② t❤❡ t❤❡♦r②✲

✸❲❤✐❧❡ t❤❡ ♠❡t❤♦❞s t♦ ♦❜t❛✐♥ t❤❡ ❣❡♥❡r❛❧ ❡q✉✐❧✐❜r✐✉♠ ❡st✐♠❛t❡s ❛r❡ st❛♥❞❛r❞✱ ✇❡ ❛r❡ ♥♦t ❛✇❛r❡ ♦❢ ❛♥②
st✉❞② t❤❛t ❛♥❛❧②③❡s t❤❡ ✇❡❧❢❛r❡ ❡✛❡❝ts ♦❢ ●❆❚❚✴❲❚❖✳

✷



❝♦♥s✐st❡♥t ✐♥tr♦❞✉❝t✐♦♥ ♦❢ ❞♦♠❡st✐❝ tr❛❞❡ ✢♦✇s ✐♥ ♦✉r str✉❝t✉r❛❧ ❣r❛✈✐t② ❡st✐♠❛t✐♦♥s✳ ❚❤❡

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

❛r❡ ❛❜❧❡ t♦ ♦❜t❛✐♥ ●❆❚❚✴❲❚❖ ❡st✐♠❛t❡s ❢♦r ❞✐✛❡r❡♥t ❣r♦✉♣s ♦❢ ❝♦✉♥tr✐❡s✱ ♦✉r ♠❡t❤♦❞s

❡♥❛❜❧❡ ✉s t♦ ♦❜t❛✐♥ ❛ ✇❤♦❧❡ ❞✐str✐❜✉t✐♦♥ ♦❢ ❝♦✉♥tr②✲s♣❡❝✐✜❝ ●❆❚❚✴❲❚❖ ❡✛❡❝ts✱ ✇❤✐❝❤ ❝❛♥

❜❡ ❛♥❛❧②③❡❞ ❛❝r♦ss ❞✐✛❡r❡♥t ❞✐♠❡♥s✐♦♥s✳ ❖✉r ❡st✐♠❛t❡s r❡✈❡❛❧ t❤❛t t❤❡ ♠❛❥♦r✐t② ♦❢ ❝♦✉♥tr✐❡s

❡♥❥♦②❡❞ ✐♥❝r❡❛s❡❞ ❡①♣♦rts ❛❢t❡r ❥♦✐♥✐♥❣ ●❆❚❚✴❲❚❖✱ ❜✉t ✇❡ ❛❧s♦ ♦❜t❛✐♥ ♥❡❣❛t✐✈❡ ❡st✐♠❛t❡s

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

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

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

✇❡❧❢❛r❡ ❡✛❡❝ts ♦❢ ●❆❚❚✴❲❚❖ ❢♦r ❛❧❧ ❝♦✉♥tr✐❡s ✐♥ ♦✉r ❞❛t❛✳ ❲❡ ✜♥❞ t❤❛t ♠❡♠❜❡r ❝♦✉♥tr✐❡s

❣❛✐♥❡❞ ✐♥ t❡r♠s ♦❢ ✇❡❧❢❛r❡ ♦♥ ❛✈❡r❛❣❡ 4.37 ♣❡r❝❡♥t✱ ✇✐t❤ ❛ ❤✉❣❡ ✈❛r✐❛t✐♦♥ ❢r♦♠ −4.24 ♣❡r❝❡♥t

t♦ 28.58 ♣❡r❝❡♥t✳ ❲❡❧❢❛r❡ ❢❛❧❧s ♦♥ ❛✈❡r❛❣❡ ❜② −0.44 ♣❡r❝❡♥t ❢♦r ♥♦♥✲●❆❚❚✴❲❚❖ ♠❡♠✲

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

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

❡st✐♠❛t❡❞ ❡①♣♦rt❡r✲s♣❡❝✐✜❝ ●❆❚❚✴❲❚❖ ❡✛❡❝ts ❤❛✈❡ ♣♦s✐t✐✈❡ ✇❡❧❢❛r❡ ❡✛❡❝ts ❢r♦♠ tr❛❞✐♥❣

✇✐t❤ ●❆❚❚✴❲❚❖ ♠❡♠❜❡rs✱ ❡♠♣❤❛s✐③✐♥❣ t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ t❛❦✐♥❣ ✐♥t♦ ❛❝❝♦✉♥t ❣❡♥❡r❛❧

❡q✉✐❧✐❜r✐✉♠ ❡✛❡❝ts✳

❖✉r ✇♦r❦ ✐s r❡❧❛t❡❞ t♦ ❛ s✉❜st❛♥t✐❛❧ ❜♦❞② ♦❢ ❡♠♣✐r✐❝❛❧ ✇♦r❦ ♦♥ t❤❡ ❡✛❡❝ts ♦❢ ●❆❚❚✴❲❚❖

♠❡♠❜❡rs❤✐♣ ♦♥ tr❛❞❡✳ ❚❤❡ ❧✐t❡r❛t✉r❡ st❛rt❡❞ ✇✐t❤ t❤❡ s❡♠✐♥❛❧ ♣❛♣❡r ❜② ❘♦s❡ ✭✷✵✵✹✮ ✇❤♦

❢♦✉♥❞ t❤❛t✱ ✐♥ ❝♦♥tr❛st t♦ r❡❣✐♦♥❛❧ tr❛❞❡ ❛❣r❡❡♠❡♥ts ❛♥❞ ❝✉rr❡♥❝② ✉♥✐♦♥s✱ ❛ ●❆❚❚✴❲❚❖

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

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

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

❋❡❧❜❡r♠❛②r ❛♥❞ ❑♦❤❧❡r ✭✷✵✵✻✮ ❛r❣✉❡ t❤❛t ❛❝❝♦✉♥t✐♥❣ ❢♦r t❤❡ ❡①t❡♥s✐✈❡ ♠❛r❣✐♥ ♦❢ tr❛❞❡ ✐s

❝r✉❝✐❛❧✳ ❙✉❜r❛♠❛♥✐❛♥ ❛♥❞ ❲❡✐ ✭✷✵✵✼✮ ❛♥❞ ❊✐❝❤❡r ❛♥❞ ❍❡♥♥ ✭✷✵✶✶✮ ✜♥❞ t❤❛t ✐t ✐s ❦❡② t♦ ❛❧✲

❧♦✇ ❢♦r tr❡❛t♠❡♥t ❤❡t❡r♦❣❡♥❡✐t② ❛♥❞ t❤❛t ✏t❤❡ ❲❚❖ ♣r♦♠♦t❡s tr❛❞❡✱ str♦♥❣❧② ❜✉t ✉♥❡✈❡♥❧②✑✳

❚♦♠③ ❡t ❛❧✳ ✭✷✵✵✼✮ ❛r❣✉❡ t❤❛t ✐s ✐♠♣♦rt❛♥t t♦ ❝❧❛ss✐❢② ❝♦✉♥tr✐❡s ❛❝❝♦r❞✐♥❣ t♦ t❤❡✐r ♣❛rt✐❝✐✲
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♣❛t✐♦♥ st❛t✉s ✐♥ t❤❡ ●❆❚❚✴❲❚❖ ✭✐♥st❡❛❞ ♦❢ ❢♦r♠❛❧ ♠❡♠❜❡rs❤✐♣✮✳ ❈❤❛♥❣ ❛♥❞ ▲❡❡ ✭✷✵✶✶✮

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

❡✈❡♥ str♦♥❣❡r ♣♦s✐t✐✈❡ ❡✛❡❝ts ❢♦r s♣❡❝✐✜❝ ❝♦✉♥tr② ❣r♦✉♣s✳ ❚❤❡ ♠♦st r❡❝❡♥t r❡❧❛t❡❞ ♣❛♣❡r

❜② ❊st❡✈❡✲Pér❡③ ❡t ❛❧✳ ✭✷✵✷✵✮ s❡❡♠s t♦ ❝♦♥✜r♠ t❤❡ ❡❛r❧✐❡r ✜♥❞✐♥❣ ❜② ❘♦s❡ ✭✷✵✵✹✮✳ ❘❡s✉❧ts

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

❝♦✉♥tr② ❣r♦✉♣s✱ ❛♥❞ t♦ ❝❤❛♥❣❡s ✐♥ t❤❡ ♣❡r✐♦❞✐❝✐t② ♦❢ t❤❡ ❞❛t❛✳

❚❤❡ r❡st ♦❢ t❤❡ ♣❛♣❡r ✐s ♦r❣❛♥✐③❡❞ ❛s ❢♦❧❧♦✇s✳ ❙❡❝t✐♦♥ ✷ ♦✛❡rs s♦♠❡ ❞❡s❝r✐♣t✐✈❡ ♠♦t✐✈❛✲

t✐♦♥❛❧ ❡✈✐❞❡♥❝❡ ♦♥ t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ ❲❚❖ ✐♥ s❤❛♣✐♥❣ t❤❡ ♠♦❞❡r♥ ✇♦r❧❞ tr❛❞✐♥❣ s②st❡♠✳

❙❡❝t✐♦♥ ✸ r❡✈✐❡✇s t❤❡ str✉❝t✉r❛❧ ❣r❛✈✐t② t❤❡♦r② ❛♥❞ s♣❡❝✐✜❡s ♦✉r ❡❝♦♥♦♠❡tr✐❝ ♠♦❞❡❧✳ ❙❡❝t✐♦♥

✹ ♣r❡s❡♥ts ❛♥❞ ❞✐s❝✉ss❡s ♦✉r ♣❛rt✐❛❧ ❡q✉✐❧✐❜r✐✉♠ ❡st✐♠❛t❡s ♦❢ t❤❡ ✐♠♣❛❝t ♦❢ ●❆❚❚✴❲❚❖

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

❙❡❝t✐♦♥ ✻ ❝♦♥❝❧✉❞❡s✳

✷ ■❧❧✉str❛t✐✈❡ ❉❡s❝r✐♣t✐✈❡ ❊✈✐❞❡♥❝❡

❚❤❡ ●❆❚❚ ❡♥t❡r❡❞ ✐♥t♦ ❢♦r❝❡ ✐♥ ✶✾✹✽ ✇✐t❤ ✷✸ ♠❡♠❜❡r st❛t❡s ♣r✐♠❛r✐❧② ❝♦♥❝❡r♥❡❞ ✇✐t❤ r❡✲

❞✉❝✐♥❣ t❛r✐✛s✳ ❚♦❞❛②✱ ✐ts s✉❝❝❡ss♦r ✐♥st✐t✉t✐♦♥✱ t❤❡ ❲❚❖✱ ❝♦✉♥ts ✶✻✹ ♠❡♠❜❡r ♥❛t✐♦♥s✳ ■t

❝♦✈❡rs ❛ ✇✐❞❡ ❛rr❛② ♦❢ ❛s♣❡❝ts r❡❧❛t❡❞ t♦ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡✱ ✐♥❝❧✉❞✐♥❣ tr❛❞❡ ✐♥ ❣♦♦❞s ❛♥❞

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

♠❛r❦s ❛♥❞ ❝♦♣②r✐❣❤ts✳✹ ●❆❚❚✴❲❚❖ ♠❡♠❜❡r st❛t❡s ❝♦♥t✐♥✉♦✉s❧② r❡❞✉❝❡❞ tr❛❞❡ ❜❛rr✐❡rs

♦✈❡r t❤❡ ②❡❛rs✳ ❙✉❝❝❡ss✐✈❡ r♦✉♥❞s ♦❢ ♥❡❣♦t✐❛t✐♦♥s ✐♥ t❤❡ ●❆❚❚✴❲❚❖ ❤❛✈❡ ❝✉t t❛r✐✛s ♦♥

tr❛❞❡ ✐♥ ♠❛♥✉❢❛❝t✉r❡❞ ❣♦♦❞s ❢r♦♠ ❛♥ ❛✈❡r❛❣❡ ❧❡✈❡❧ ♦❢ ✹✵ ♣❡r❝❡♥t ✐♥ ✶✾✹✼ t♦ ❛r♦✉♥❞ ✼ ♣❡r❝❡♥t

❢♦r ♠♦st ♦❢ t❤❡ ✐♥❞✉str✐❛❧✐③❡❞ ♠❡♠❜❡r ❝♦✉♥tr✐❡s✳✺

❋✐❣✉r❡ ✶ ♣r❡s❡♥ts ❛ ❝♦♠♣❛r✐s♦♥ ♦❢ ❝r♦ss✲❜♦r❞❡r tr❛❞❡ ❜❡t✇❡❡♥ ●❆❚❚✴❲❚❖✲♠❡♠❜❡rs

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

✹❚❤❡ ✷✸ ❢♦✉♥❞✐♥❣ ♠❡♠❜❡rs ✇❡r❡✿ ❆✉str❛❧✐❛✱ ❇❡❧❣✐✉♠✱ ❇r❛③✐❧✱ ❇✉r♠❛✱ ❈❛♥❛❞❛✱ ❈❡②❧♦♥✱ ❈❤✐❧❡✱ ❈❤✐♥❛✱
❈✉❜❛✱ ❈③❡❝❤♦s❧♦✈❛❦✐❛✱ ❋r❛♥❝❡✱ ■♥❞✐❛✱ ▲❡❜❛♥♦♥✱ ▲✉①❡♠❜♦✉r❣✱ ◆❡t❤❡r❧❛♥❞s✱ ◆❡✇ ❩❡❛❧❛♥❞✱ ◆♦r✇❛②✱ P❛❦✐st❛♥✱
❙♦✉t❤❡r♥ ❘❤♦❞❡s✐❛✱ ❙②r✐❛✱ ❙♦✉t❤ ❆❢r✐❝❛✱ ❯♥✐t❡❞ ❑✐♥❣❞♦♠ ❛♥❞ t❤❡ ❯♥✐t❡❞ ❙t❛t❡s✳

✺❆ ❝♦♠♣r❡❤❡♥s✐✈❡ ♦✈❡r✈✐❡✇ ♦❢ ❛♣♣❧✐❡❞ t❛r✐✛ ❧❡✈❡❧s ✐s ❛✈❛✐❧❛❜❧❡ ✐♥ t❤❡ ❲♦r❧❞ ■♥t❡❣r❛t❡❞ ❚r❛❞❡ ❙♦❧✉t✐♦♥
✭❲■❚❙✮ ❞❛t❛❜❛s❡✳

✹



■♥ ✶✾✹✽✱ ✇❤❡♥ t❤❡ ●❆❚❚ ✇❛s ✐♥✐t✐❛t❡❞✱ ♠❡♠❜❡r st❛t❡s ❛❧r❡❛❞② ♠❛❞❡ ✉♣ ❛r♦✉♥❞ ✼✵ ♣❡r❝❡♥t

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

t❤❡ r✐s❡ ♦❢ ♠❡♠❜❡rs❤✐♣ ✐♥ t❤❡ ●❆❚❚✴❲❚❖✳ ❚♦❞❛②✱ ❛❧♠♦st ✾✺ ♣❡r❝❡♥t ♦❢ ❣❧♦❜❛❧ ♠❡r❝❤❛♥❞✐s❡

tr❛❞❡ ✭❛♣♣r♦①✐♠❛t❡❧② ✶✾✳✺ tr✐❧❧✐♦♥ ❯❙✲❉♦❧❧❛r ❛s ♦❢ ✷✵✶✽✮ ✐s t❛❦✐♥❣ ♣❧❛❝❡ ✉♥❞❡r t❤❡ ✉♠❜r❡❧❧❛ ♦❢

❲❚❖ r✉❧❡s✳ ❍❡♥❝❡✱ t♦❞❛②✱ t❤❡ ♠❛❥♦r✐t② ♦❢ ❣❧♦❜❛❧ tr❛❞❡ ✐s ♦r❣❛♥✐③❡❞ ✇✐t❤✐♥ t❤❡ ♠✉❧t✐❧❛t❡r❛❧

tr❛❞✐♥❣ s②st❡♠✳

❋✐❣✉r❡ ✷ ✐❧❧✉str❛t❡s t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ tr❛❞❡ ✐♥ ❡❛❝❤ ●❆❚❚✴❲❚❖✲❝♦✉♥tr② ❢♦r ✽ ②❡❛rs ♣r✐♦r

t♦ ❛♥❞ ✽ ②❡❛rs ♣♦st ❛❝❝❡ss✐♦♥ t♦ t❤❡ ♠✉❧t✐❧❛t❡r❛❧ tr❛❞✐♥❣ s②st❡♠✱ ✇❤❡r❡ t❤❡ ❞❛t❛ ❛❧❧♦✇s

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

❛♥❞ ♣♦st✲❛❝❝❡ss✐♦♥ ♣❡r✐♦❞ r❡❧❛t✐✈❡ t♦ t❤❡ ❝♦✉♥tr②✲s♣❡❝✐✜❝ ❛❝❝❡ss✐♦♥ ②❡❛r✳ ❚❤❡r❡❢♦r❡✱ ✐♥ t❤❡

❛❝❝❡ss✐♦♥ ②❡❛r ✭t❂✵✮✱ t❤❡ ♦❜s❡r✈❡❞ ❝❤❛♥❣❡ ✐♥ ❡❛❝❤ ❝♦✉♥tr② ✐s ❡q✉❛❧ t♦ ③❡r♦ ✐♥❞✐❝❛t❡❞ ❜② ❛♥

✐♥❞❡① ✈❛❧✉❡ ✶✳ ▲❛r❣❡r ✐♥❞❡① ✈❛❧✉❡s ✐♥❞✐❝❛t❡ ❛ r❡❧❛t✐✈❡ ❤✐❣❤❡r tr❛❞❡ ✐♥ t❤❡ s♣❡❝✐✜❝ ②❡❛r r❡❧❛t✐✈❡

t♦ ❛ ❝♦✉♥tr②✬s ❛❝❝❡ss✐♦♥ ②❡❛r ❛♠♦✉♥t✐♥❣ t♦ t❤❡ r❡s♣❡❝t✐✈❡ ✐♥❞❡① ✈❛❧✉❡✱ ✇❤✐❧❡ s♠❛❧❧❡r ♥✉♠❜❡rs

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

❆❝❝♦r❞✐♥❣ t♦ ❋✐❣✉r❡ ✷ ❢♦r t❤❡ ♠❛❥♦r✐t② ♦❢ ●❆❚❚✴❲❚❖♠❡♠❜❡r st❛t❡s t♦t❛❧ tr❛❞❡ ✇✐t❤ t❤❡

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

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

♦✈❡r t❤❡ ②❡❛rs ❛❢t❡r ●❆❚❚✴❲❚❖✲♠❡♠❜❡rs❤✐♣ ✭❜❧❛❝❦ ❞♦tt❡❞ ❧✐♥❡✮✳ ■♥ ❝❛s❡ ♦❢ ❈❤✐♥❛✱ ❢♦r

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

t❤❛♥ ✐♥ ♠♦st ♦t❤❡r ♠❡♠❜❡r st❛t❡s✳ ❏✉st ✇✐t❤✐♥ t❤r❡❡ ②❡❛rs ❛❢t❡r ✐ts ❲❚❖✲♠❡♠❜❡rs❤✐♣✱ ❈❤✐♥❛

❡①♣❡r✐❡♥❝❡❞ ❛ ❞♦✉❜❧✐♥❣ ♦❢ t♦t❛❧ tr❛❞❡✳ ❏❛♣❛♥ ❛♥❞ ●❡r♠❛♥② ❛❧s♦ ❡①♣❡r✐❡♥❝❡❞ ❛ r❡❧❛t✐✈❡ str♦♥❣

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

❈❤✐♥❛✳ ❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ t❤❡ ❝❛s❡ ♦❢ ❘✉ss✐❛ ✐❧❧✉str❛t❡s t❤❛t ❝♦✉♥tr✐❡s ❝❛♥ ❡①♣❡r✐❡♥❝❡ ❛ ❞r♦♣

✐♥ t♦t❛❧ tr❛❞❡ ❛❢t❡r ❜❡❝♦♠✐♥❣ ❛ ●❆❚❚✴❲❚❖ ♠❡♠❜❡r✳ ❋✐✈❡ ②❡❛rs ❛❢t❡r ❲❚❖ ♠❡♠❜❡rs❤✐♣

❘✉ss✐❛ ✇❛s st✐❧❧ tr❛❞✐♥❣ ❧❡ss ✇✐t❤ t❤❡ ✇♦r❧❞ ❝♦♠♣❛r❡❞ t♦ ✐ts ❛❝❝❡ss✐♦♥ ②❡❛r✳

❖✈❡r❛❧❧✱ t❤❡s❡ ❞❡s❝r✐♣t✐✈❡ st❛t✐st✐❝s s✉❣❣❡st ❛♥ ❛✈❡r❛❣❡ tr❛❞❡ ❜♦♦st✐♥❣ ❡✛❡❝t ♦♥❝❡ ❛ ❝♦✉♥tr②

✺



❜❡❝♦♠❡s ❛ ♠❡♠❜❡r ✐♥ t❤❡ ●❆❚❚✴❲❚❖✳✻ ❆t t❤❡ s❛♠❡ t✐♠❡ tr❛❞❡ ♣r♦♠♦t✐♥❣ ❡✛❡❝ts ♦❢ t❤❡

●❆❚❚✴❲❚❖ ❛♣♣❡❛r t♦ ❜❡ ❤✐❣❤❧② ❤❡t❡r♦❣❡♥❡♦✉s ❛❝r♦ss ❝♦✉♥tr✐❡s✳ ❇❡s✐❞❡s ✈❛r②✐♥❣ ♣♦s✐t✐✈❡

❣r♦✇t❤ r❛t❡s ✐♥ tr❛❞❡ ❛❢t❡r ●❆❚❚✴❲❚❖ ♠❡♠❜❡rs❤✐♣✱ t❤❡r❡ ❛r❡ ❛❧s♦ ❝♦✉♥tr✐❡s ❡①♣❡r✐❡♥❝✐♥❣

❛ s✐❣♥✐✜❝❛♥t ❞❡❝❧✐♥❡ ✐♥ ❝r♦ss✲❜♦r❞❡r tr❛❞❡✳

✸ ◗✉❛♥t✐❢②✐♥❣ t❤❡ ❲❚❖ ❊✛❡❝ts✿ ❆ ❙tr✉❝t✉r❛❧ ●r❛✈✐t② ❆♣♣r♦❛❝❤

❚❤❡ ❣r❛✈✐t② ♠♦❞❡❧ ♦❢ tr❛❞❡ ❤❛s ❛❧✇❛②s ❜❡❡♥ t❤❡ ✇♦r❦❤♦rs❡ t♦ ❡st✐♠❛t❡ t❤❡ ♣❛rt✐❛❧ ❡q✉✐❧✐❜r✐✉♠

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

●❆❚❚✴❲❚❖✳ ❍♦✇❡✈❡r✱ ♥♦♥❡ ♦❢ t❤❡ ❡✈❛❧✉❛t✐♦♥s ♦❢ ●❆❚❚✴❲❚❖ ❤❛✈❡ ♣r♦❝❡❡❞❡❞ t♦ ♦❜t❛✐♥

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

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

✭●❊✮ ❛♥❛❧②s✐s ♦❢ t❤❡ ❡✛❡❝ts ♦❢ ●❆❚❚✴❲❚❖✳ ❙✐♥❝❡ ✇❡ r❡❧② ♦♥ t❤❡ st❛♥❞❛r❞ ✈❡rs✐♦♥ ♦❢ t❤❡

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

❙❡❝t✐♦♥ ✸✳✶✳ ❚❤❡♥✱ ✐♥ ❙❡❝t✐♦♥ ✸✳✷✱ ✇❡ r❡✈✐❡✇ ❛♥❞ ❡①t❡♥❞ t❤❡ ❧❛t❡st ❞❡✈❡❧♦♣♠❡♥ts ✐♥ t❤❡

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

❛ s❡r✐❡s ♦❢ ❤❡t❡r♦❣❡♥❡♦✉s ●❆❚❚✴❲❚❖ ❡st✐♠❛t❡s✱ ✇❤✐❝❤ ✇✐❧❧ ❜❡ tr❛♥s❧❛t❡❞ ✐♥t♦ ●❊ ✇❡❧❢❛r❡

❡✛❡❝ts ✐♥ ❙❡❝t✐♦♥ ✺✳

✸✳✶ ❆ ❇r✐❡❢ ❘❡✈✐❡✇ ♦❢ t❤❡ ❙tr✉❝t✉r❛❧ ●r❛✈✐t② ▼♦❞❡❧

❚❤❡ ❢♦❧❧♦✇✐♥❣ s②st❡♠ ♦❢ ❡q✉❛t✐♦♥s ✐s ✇❡❧❧✲❦♥♦✇♥ ✐♥ t❤❡ ❧✐t❡r❛t✉r❡ ❛s t❤❡ str✉❝t✉r❛❧ ❣r❛✈✐t②

♠♦❞❡❧ ♦❢ tr❛❞❡✳ ❆s ❢❛♠♦✉s❧② ❞❡♠♦♥str❛t❡❞ ❜② ❆r❦♦❧❛❦✐s ❡t ❛❧✳ ✭✷✵✶✷✮✱ t❤❡ str✉❝t✉r❛❧ ❣r❛✈✐t②

✻❲❡ ✈✐❡✇ t❤✐s ♦♥❧② ❛s s✉❣❣❡st✐✈❡ ❡✈✐❞❡♥❝❡ ❛s t❤❡ ✐♥❝r❡❛s❡ ♦❢ tr❛❞❡ ❝♦✉❧❞ ❜❡ ❞✉❡ t♦ ♦t❤❡r r❡❛s♦♥s t❤❛♥ t❤❡
●❆❚❚✴❲❚❖ ♠❡♠❜❡rs❤✐♣✳ ❚❤❡ ✜❣✉r❡ ♠❛② ❛❧s♦ ♠❡r❡❧② ❝❛♣t✉r❡s ❝♦✉♥tr②✲s♣❡❝✐✜❝ tr❡♥❞s ✐♥ tr❛❞❡ ❣r♦✇t❤✳ ❚♦
❝♦♥tr♦❧ ❢♦r ♦t❤❡r ✐♥✢✉❡♥❝❡s ❛♥❞ ❝♦✉♥tr②✲s♣❡❝✐✜❝ tr❡♥❞s✱ ✇❡ ✇✐❧❧ ♣❡r❢♦r♠ ❛ r✐❣♦r♦✉s ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s ❧❛t❡r
♦♥✳

✻



♠♦❞❡❧ ✐s r❡♣r❡s❡♥t❛t✐✈❡ ♦❢ ❛ ✈❡r② ✇✐❞❡ ❝❧❛ss ♦❢ ✉♥❞❡r❧②✐♥❣ ♠✐❝r♦❢♦✉♥❞❛t✐♦♥s✿✼

Xij,t =
Yi,tEj,t

Yt

(

tij,t
Pj,tΠi,t

)1−σ

, ✭✶✮

Π1−σ
i,t =

∑

j

(

tij,t
Pj,t

)1−σ
Ej,t

Yt

, ✭✷✮

P 1−σ
j,t =

∑

i

(

tij,t
Πi,t

)1−σ
Yi,t

Yt

, ✭✸✮

❊q✉❛t✐♦♥ ✭✶✮✱ ❦♥♦✇♥ ❛s t❤❡ str✉❝t✉r❛❧ ❣r❛✈✐t② ❡q✉❛t✐♦♥ t❤❛t ❣♦✈❡r♥s ❜✐❧❛t❡r❛❧ tr❛❞❡ ✢♦✇s✱

❝❛♥ ❜❡ ❝♦♥✈❡♥✐❡♥t❧② ❞❡❝♦♠♣♦s❡❞ ✐♥t♦ t✇♦ t❡r♠s✿ ❛ s✐③❡ t❡r♠✱
Yi,tEj,t

Yt
✱ ❛♥❞ ❛ tr❛❞❡ ❝♦st t❡r♠✱

(

tij,t
Pj,tΠi,t

)1−σ

✳ ❚❤❡ ✜rst✱ s✐③❡ t❡r♠ ❝♦♥s✐sts ♦❢ t❤❡ ♥♦♠✐♥❛❧ ✐♥❝♦♠❡ ✐♥ ❝♦✉♥tr② i ✐♥ ②❡❛r t✱ Yi,t✱

❝♦✉♥tr② j✬s ❛❣❣r❡❣❛t❡ ❡①♣❡♥❞✐t✉r❡ ✐♥ ②❡❛r t✱ Ej,t✱ ❛♥❞ ✇♦r❧❞ ♦✉t♣✉t ✐♥ ②❡❛r t✱ Yt✱ ✇❤✐❝❤ ✐s

t❤❡ s✉♠ ♦✈❡r i ♦❢ Yi,t ✭❛♥❞ ❞✉❡ t♦ ✇♦r❧❞ tr❛❞❡ ❜❛❧❛♥❝❡✱ ❛❧s♦ t❤❡ s✉♠ ♦✈❡r j ♦❢ Ej,t✮✳ ❚❤❡

✐♥t✉✐t✐✈❡ ✐♥t❡r♣r❡t❛t✐♦♥ ♦❢ t❤❡ s✐③❡ t❡r♠✱
Yi,tEj,t

Yt
✱ ✐s ❛s t❤❡ ❤②♣♦t❤❡t✐❝❛❧ ❧❡✈❡❧ ♦❢ ❢r✐❝t✐♦♥❧❡ss

tr❛❞❡ ❜❡t✇❡❡♥ ♣❛rt♥❡rs i ❛♥❞ j ✐❢ t❤❡r❡ ✇❡r❡ ♥♦ tr❛❞❡ ❝♦sts✳ ❚❤❡ s✐③❡ t❡r♠ ✐♠♣❧✐❡s t❤❛t ❧❛r❣❡

♣r♦❞✉❝❡rs ✇✐❧❧ ❡①♣♦rt ♠♦r❡ t♦ ❛❧❧ ❞❡st✐♥❛t✐♦♥s❀ ❜✐❣✴r✐❝❤ ♠❛r❦❡ts ✇✐❧❧ ✐♠♣♦rt ♠♦r❡ ❢r♦♠ ❛❧❧

s♦✉r❝❡s❀ ❛♥❞ tr❛❞❡ ✢♦✇s ❜❡t✇❡❡♥ ❝♦✉♥tr✐❡s ✐ ❛♥❞ ❥ ✇✐❧❧ ❜❡ ❧❛r❣❡r t❤❡ ♠♦r❡ s✐♠✐❧❛r ✐♥ s✐③❡

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

●❆❚❚✴❲❚❖ ✐s t❤❛t ✐❢ ❝♦✉♥tr✐❡s ✐♥❞❡❡❞ ❣❛✐♥ ❜② ❥♦✐♥✐♥❣ ●❆❚❚✴❲❚❖ t❤❡♥ t❤❡② ✇✐❧❧ ❜❡❝♦♠❡

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

●❆❚❚✴❲❚❖ ♠❡♠❜❡rs ❜✉t ❛❧s♦ ✇✐t❤ t❤❡ ❝♦✉♥tr✐❡s t❤❛t ❛r❡ ♦✉ts✐❞❡ ●❆❚❚✴❲❚❖✳

❚❤❡ ♥❛t✉r❛❧ ✐♥t❡r♣r❡t❛t✐♦♥ ♦❢ t❤❡ s❡❝♦♥❞✱ tr❛❞❡ ❝♦st t❡r♠ ✐♥ ❡q✉❛t✐♦♥ ✭✶✮✱
(

tij,t
Pj,tΠi,t

)1−σ

✱

✼❋♦❧❧♦✇✐♥❣ t❤❡ ✜rst t❤❡♦r❡t✐❝❛❧ ❢♦✉♥❞❛t✐♦♥ ♦❢ ❣r❛✈✐t② ✐♥ ❡❝♦♥♦♠✐❝s ❜② ❆♥❞❡rs♦♥ ✭✶✾✼✾✮✱ ❛ s❡r✐❡s ♦❢ ♣r♦♠✐✲
♥❡♥t ♣❛♣❡rs ❞❡r✐✈❡ t❤❡ str✉❝t✉r❛❧ ❣r❛✈✐t② ♠♦❞❡❧ ❢r♦♠ ❛❧t❡r♥❛t✐✈❡ ♠✐❝r♦✲❢♦✉♥❞❛t✐♦♥s✱ ❡✳❣✳✱ ❆♥❞❡rs♦♥ ❛♥❞ ✈❛♥
❲✐♥❝♦♦♣ ✭✷✵✵✸✮ ❛♥❞ ❊❛t♦♥ ❛♥❞ ❑♦rt✉♠ ✭✷✵✵✷✮✮✳ ❚❤❡ ❣r❛✈✐t② ♠♦❞❡❧ ❤❛s ❛❧s♦ ❜❡❡♥ ❞❡r✐✈❡❞ ❛t t❤❡ s❡❝t♦r❛❧
❧❡✈❡❧✱ ♦♥ t❤❡ ❞❡♠❛♥❞ s✐❞❡✱ ❡✳❣✳✱ ❆♥❞❡rs♦♥ ❛♥❞ ✈❛♥ ❲✐♥❝♦♦♣ ✭✷✵✵✹✮ ❛♥❞ ♦♥ t❤❡ s✉♣♣❧② s✐❞❡✱ ❡✳❣✳✱ ❈♦st✐♥♦t ❡t
❛❧✳ ✭✷✵✶✷✮✱ ❛♥❞ ✇✐t❤ ✐♥t❡r♠❡❞✐❛t❡ ❣♦♦❞s✱ ❡✳❣✳✱ ❈❛❧✐❡♥❞♦ ❛♥❞ P❛rr♦ ✭✷✵✶✺✮✳ ●✐✈❡♥ t❤❡ ♣✉r♣♦s❡ ♦❢ ♦✉r st✉❞②
t♦ ♦❜t❛✐♥ ❜❡♥❝❤♠❛r❦ ●❊ ✇❡❧❢❛r❡ ❡✛❡❝ts ♦❢ ●❆❚❚✴❲❚❖✱ ✇❡ ❡♠♣❧♦② t❤❡ ♠♦st s✐♠♣❧❡ ❛♥❞ tr❛♥s♣❛r❡♥t tr❛❞✐✲
t✐♦♥❛❧ ✈❡rs✐♦♥ ♦❢ t❤❡ str✉❝t✉r❛❧ ❣r❛✈✐t② ♠♦❞❡❧ ✇✐t❤ ♦♥❡ s❡❝t♦r ❛♥❞ ✇✐t❤♦✉t t❛❦✐♥❣ ✐♥t♦ ❛❝❝♦✉♥t ✐♥t❡r♠❡❞✐❛t❡s
❛♥❞ ❛ss❡t ❛❝❝✉♠✉❧❛t✐♦♥✳ ❲❡ r❡❝♦❣♥✐③❡ t❤❛t s✉❝❤ ❡①t❡♥s✐♦♥s ❛r❡ ❢❡❛s✐❜❧❡ ❛♥❞ ♠❛② ❜❡ ✐♥t❡r❡st✐♥❣ ❢r♦♠ ❛ ♣♦❧✐❝②
♣❡rs♣❡❝t✐✈❡✱ ❜✉t t❤❡② ❛r❡ ❜❡②♦♥❞ t❤❡ s❝♦♣❡ ♦❢ t❤✐s st✉❞②✳ ❆r❦♦❧❛❦✐s ❡t ❛❧✳ ✭✷✵✶✷✮ ❞❡♠♦♥str❛t❡ t❤❡ ❣❡♥❡r❛❧✐t②
♦❢ t❤❡ str✉❝t✉r❛❧ ❣r❛✈✐t② ♠♦❞❡❧✳ ❲❡ r❡❢❡r t❤❡ r❡❛❞❡r t♦ ❆♥❞❡rs♦♥ ✭✷✵✶✶✮✱ ❈♦st✐♥♦t ❛♥❞ ❘♦❞rí❣✉❡③✲❈❧❛r❡
✭✷✵✶✹✮✱ ❍❡❛❞ ❛♥❞ ▼❛②❡r ✭✷✵✶✹✮✱ ❛♥❞ ❨♦t♦✈ ❡t ❛❧✳ ✭✷✵✶✻✮ ❢♦r s✉r✈❡②s ♦❢ t❤❡ t❤❡♦r❡t✐❝❛❧ ❣r❛✈✐t② ❧✐t❡r❛t✉r❡✳

✼



❝♦rr❡s♣♦♥❞s t♦ t❤❡ t♦t❛❧ ❡✛❡❝ts ♦❢ tr❛❞❡ ❝♦sts t❤❛t ❞r✐✈❡ ❛ ✇❡❞❣❡ ❜❡t✇❡❡♥ r❡❛❧✐③❡❞ ❛♥❞

❢r✐❝t✐♦♥❧❡ss tr❛❞❡✳ ❚❤❡ tr❛❞❡ ❝♦st t❡r♠ ❝♦♥s✐sts ♦❢ t❤r❡❡ ❝♦♠♣♦♥❡♥ts✳ ✭✐✮ ❚❤❡ ✈❡❝t♦r tij,t

❞❡♥♦t❡s t❤❡ ❞✐r❡❝t ❜✐❧❛t❡r❛❧ tr❛❞❡ ❝♦sts ❜❡t✇❡❡♥ ♣❛rt♥❡rs i ❛♥❞ j ✐♥ ②❡❛r t✳ ❚❤✐s ✈❡❝t♦r

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

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

t❤❡ ✐♥✐t✐❛❧✴❞✐r❡❝t ♣❛rt✐❛❧ ❡q✉✐❧✐❜r✐✉♠ ❡st✐♠❛t❡s ♦❢ t❤❡ ❡✛❡❝ts ♦❢ ●❆❚❚✴❲❚❖✳ ❲❡ ♠♦❞❡❧ ❛♥❞

❡❧❛❜♦r❛t❡ ♦♥ t❤❡ ❞❡✜♥✐t✐♦♥ ♦❢ t❤❡ ❞✐r❡❝t ❜✐❧❛t❡r❛❧ tr❛❞❡ ❝♦sts ✈❡❝t♦r ✐♥ t❤❡ ♥❡①t s❡❝t✐♦♥✳

✭✐✐✮ ❚❤❡ str✉❝t✉r❛❧ t❡r♠ Pj,t✱ ❝♦✐♥❡❞ ❜② ❆♥❞❡rs♦♥ ❛♥❞ ✈❛♥ ❲✐♥❝♦♦♣ ✭✷✵✵✸✮ ❛s ✐♥✇❛r❞

♠✉❧t✐❧❛t❡r❛❧ r❡s✐st❛♥❝❡ ❤❛s ❛ ❞✉❡❧ ✐♥t❡r♣r❡t❛t✐♦♥ ✐♥ t❤❡ str✉❝t✉r❛❧ ❣r❛✈✐t② ♠♦❞❡❧✳ ❖♥ t❤❡

♦♥❡ ❤❛♥❞✱ ✐t ✐s ❛ ●❊ tr❛❞❡ ❝♦st t❡r♠ t❤❛t ❝❛♣t✉r❡s t❤❡ ✐♥❝✐❞❡♥❝❡ ♦❢ tr❛❞❡ ❝♦sts ♦♥ t❤❡

❝♦♥s✉♠❡rs ✐♥ ❝♦✉♥tr② j✱ ❛s ✐❢ t❤❡② ✐♠♣♦rt❡❞ ❢r♦♠ ❛ s✐♥❣❧❡ ✇♦r❧❞ ♠❛r❦❡t✳ ❚❤✉s✱ t❤❡ ✐♥✇❛r❞

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

t❤❡ ❣r❛✈✐t② ♠♦❞❡❧✱ ❡✈❡♥ ❢♦r ❣✐✈❡♥ ❝♦✉♥tr② s✐③❡s✳ ❚❤❡ s❡❝♦♥❞ t❤❡♦r②✲❝♦♥s✐st❡♥t ✐♥t❡r♣r❡t❛t✐♦♥

♦❢ Pj,t ✐s ❛s ❛♥ ✐❞❡❛❧ ❝♦♥s✉♠❡r ♣r✐❝❡ ✐♥❞❡①✱ ❝✳❢✳✱ ❆♥❞❡rs♦♥ ❛♥❞ ❨♦t♦✈ ✭✷✵✶✵✮✳ ❚❤✉s✱ ✐♥

❝♦♠❜✐♥❛t✐♦♥ ✇✐t❤ t❤❡ ♥♦♠✐♥❛❧ ✈❛❧✉❡s ❢♦r ♦✉t♣✉t✱ Yi,t✱ ❛♥❞ ❡①♣❡♥❞✐t✉r❡✱ Ei,t✱ t❤❡ ✐♥✇❛r❞

♠✉❧t✐❧❛t❡r❛❧ r❡s✐st❛♥❝❡ ❝❛♥ ❜❡ ✉s❡❞ t♦ ❞❡❧✐✈❡r ❝♦rr❡s♣♦♥❞✐♥❣ r❡❛❧ ✐♥❞❡①❡s✱ ✐✳❡✳✱ r❡❛❧ ●❉P✱

Yi,t/Pi,t✱ ❛♥❞ r❡❛❧ ❡①♣❡♥❞✐t✉r❡✱ Ei,t/Pi,t✱ ❛s t❤❡ ♠❡❛s✉r❡s ♦❢ ✇❡❧❢❛r❡ t❤❛t ✇❡ ✇✐❧❧ ❝♦♥str✉❝t

❛♥❞ ❡♠♣❧♦② ✐♥ ❙❡❝t✐♦♥ ✺✳ ✭✐✐✐✮ ❋✐♥❛❧❧②✱ t❤❡ str✉❝t✉r❛❧ t❡r♠Πj,t✱ ❞❡✜♥❡❞ ❛s ♦✉t✇❛r❞ ♠✉❧t✐❧❛t❡r❛❧

r❡s✐st❛♥❝❡ ❜② ❆♥❞❡rs♦♥ ❛♥❞ ✈❛♥ ❲✐♥❝♦♦♣ ✭✷✵✵✸✮ ❝❛♣t✉r❡s t❤❡ ●❊ ✐♥❝✐❞❡♥❝❡ ♦❢ tr❛❞❡ ❝♦sts ♦♥

t❤❡ ♣r♦❞✉❝❡rs ✐♥ ❡❛❝❤ ❝♦✉♥tr②✳ ❚❤❡ ♣r❛❝t✐❝❛❧ ❛❞✈❛♥t❛❣❡ ♦❢ t❤❡ ♦✉t✇❛r❞ ♠✉❧t✐❧❛t❡r❛❧ r❡s✐st❛♥❝❡

✐s t❤❛t✱ t❤r♦✉❣❤ t❤❡ ♠❛r❦❡t ❝❧❡❛r✐♥❣ ❝♦♥❞✐t✐♦♥✱ ✐t ❝❛♥ ❜❡ ❧✐♥❦❡❞ ❞✐r❡❝t❧② t♦ t❤❡ ❢❛❝t♦r②✲❣❛t❡

♣r✐❝❡s✱ pj,t✱ ✐♥ t❤❡ ❣r❛✈✐t② ♠♦❞❡❧ ❛s ❢♦❧❧♦✇s✿✽

pj,t =
(Yj,t/Yt)

1

1−σ

γjΠj,t

. ✭✹✮

✽■♥ ❛❞❞✐t✐♦♥ t♦ ❜❡✐♥❣ t❤❡ ❧✐♥❦ ✭t❤r♦✉❣❤ t❤❡ ♦✉t✇❛r❞ ♠✉❧t✐❧❛t❡r❛❧ r❡s✐st❛♥❝❡✱ Πj,t✮✱ ❜❡t✇❡❡♥ t❤❡ ❞✐✲
r❡❝t✴♣❛rt✐❛❧ ❡q✉✐❧✐❜r✐✉♠ ❡st✐♠❛t❡s ♦❢ ❜✐❧❛t❡r❛❧ tr❛❞❡ ❝♦sts ❛♥❞ t❤❡ ✜rst✲♦r❞❡r ●❊ ❡✛❡❝ts ♦❢ tr❛❞❡ ❝♦sts ❝❤❛♥❣❡s
♦♥ ❝♦✉♥tr② s✐③❡✱ ❡q✉❛t✐♦♥ ✭✹✮ ✐s ❛❧s♦ ✐♠♣♦rt❛♥t ❢r♦♠ ❛♥ ❡♠♣✐r✐❝❛❧ ♣❡rs♣❡❝t✐✈❡ ❜❡❝❛✉s❡ ✐t ✐s ❛ r❡st❛t❡♠❡♥t ♦❢
t❤❡ ♠❛r❦❡t ❝❧❡❛r✐♥❣ ❝♦♥❞✐t✐♦♥ Yi =

∑

i Xij ✱ ✇❤✐❝❤ ❛❧✇❛②s ✐♥❝❧✉❞❡s ❞♦♠❡st✐❝ tr❛❞❡ ✢♦✇s✳ ❆s s✉❝❤✱ ❡q✉❛t✐♦♥
✭✹✮ ✉♥❞❡rs❝♦r❡s t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ ❞♦♠❡st✐❝ tr❛❞❡ ✢♦✇s✱ ✇❤✐❝❤✱ ❛s ❡♠♣❤❛s✐③❡❞ ✐♥ t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s✱ ✇✐❧❧
❜❡ ❝r✉❝✐❛❧ ❢♦r ♦✉r str❛t❡❣② t♦ ✐❞❡♥t✐❢② t❤❡ ❡✛❡❝ts ♦❢ ●❆❚❚✴❲❚❖✳

✽



❍❡r❡ t❤❡ ♣❛r❛♠❡t❡r γj ❝❛♥ ❤❛✈❡ ❛❧t❡r♥❛t✐✈❡ ✐♥t❡r♣r❡t❛t✐♦♥s✱ ❡✳❣✳✱ ❛s ❛ ♣r❡❢❡r❡♥❝❡ ♦r ❛ t❡❝❤♥♦❧✲

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

❛r❡ ❞❡✜♥❡❞ ❛❜♦✈❡✳ ❊q✉❛t✐♦♥ ✭✹✮ ❡st❛❜❧✐s❤❡s ❛♥ ✐♥t✉✐t✐✈❡ ✐♥✈❡rs❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❢❛❝t♦r②✲

❣❛t❡ ♣r✐❝❡s pj,t ❛♥❞ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ♦✉t✇❛r❞ ♠✉❧t✐❧❛t❡r❛❧ r❡s✐st❛♥❝❡s✿ t❤❡ ❧❛r❣❡r t❤❡ ●❊

✐♥❝✐❞❡♥❝❡ ♦❢ tr❛❞❡ ❝♦sts ♦♥ t❤❡ ♣r♦❞✉❝❡rs✱ t❤❡ ❧♦✇❡r t❤❡ ♣r✐❝❡ t❤❛t t❤❡② ❝❛♥ r❡❝❡✐✈❡ ❢♦r t❤❡✐r

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

tr❛❞❡ ❝♦sts✱ ❡✳❣✳✱ ❥♦✐♥✐♥❣ t❤❡ ●❆❚❚✴❲❚❖✱ ✇✐❧❧ ❜❡ tr❛♥s❧❛t❡❞ ✐♥t♦ ❝❤❛♥❣❡s ✐♥t♦ t❤❡ ❢❛❝t♦r②

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

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

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

●❆❚❚✴❲❚❖ t♦ ❝♦✉♥tr②✲s♣❡❝✐✜❝ ❡✛❡❝ts ♦♥ ❝♦♥s✉♠❡r ❛♥❞ ♣r♦❞✉❝❡r ♣r✐❝❡s✳ ❚❤❡ ❞✐r❡❝t ❡✛❡❝ts

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

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

❜② tr❛❞❡ ❝♦st ❝❤❛♥❣❡s✳

✸✳✷ ❊st✐♠❛t✐♥❣ t❤❡ ■♠♣❛❝t ♦❢ ❲❚❖ ✇✐t❤ ❙tr✉❝t✉r❛❧ ●r❛✈✐t②

❚♦ ♦❜t❛✐♥ ♦✉r ❡st✐♠❛t❡s ♦❢ t❤❡ ❞✐r❡❝t ●❆❚❚✴❲❚❖ ❡✛❡❝ts ♦♥ tr❛❞❡ ❜❡t✇❡❡♥ ♠❡♠❜❡r ❝♦✉♥✲

tr✐❡s✱ ✇❡ tr❛♥s❧❛t❡ t❤❡ str✉❝t✉r❛❧ ❣r❛✈✐t② ❡q✉❛t✐♦♥ ✭✶✮ ✐♥t♦ t❤❡ ❢♦❧❧♦✇✐♥❣ ❡❝♦♥♦♠❡tr✐❝ ♠♦❞❡❧✿

Xij,t = exp[πi,t + χj,t + µij +GRAVij,tγ + INTLij,tδ +GATTWTOij,tβ] + ǫij,t. ✭✺✮

✾



❚❤❡ ✈❛r✐❛❜❧❡ Xij,t ❞❡♥♦t❡s ♥♦♠✐♥❛❧ tr❛❞❡ ✢♦✇s ✐♥ ❧❡✈❡❧s✱ ✇❤✐❝❤ ✐♥❝❧✉❞❡ ✐♥t❡r♥❛t✐♦♥❛❧ ❛♥❞

✐♥tr❛✲♥❛t✐♦♥❛❧✴❞♦♠❡st✐❝ tr❛❞❡✱ ❢♦r ❝♦♥s❡❝✉t✐✈❡ ②❡❛r t✳✾ ❈♦♥s✐st❡♥t ✇✐t❤ t❤❡♦r②✱ ✐♥tr❛✲♥❛t✐♦♥❛❧

tr❛❞❡ ✢♦✇s ❛r❡ ❞♦♠❡st✐❝ s❛❧❡s t❤❛t ❛r❡ ♥❡❡❞❡❞ t♦ ❝❧♦s❡ t❤❡ ♠❛r❦❡t✲❝❧❡❛r❛♥❝❡ ❝♦♥❞✐t✐♦♥s ❢♦r

❡❛❝❤ ❝♦✉♥tr②✳ ❆s ❞❡♠♦♥str❛t❡❞ ❜❡❧♦✇✱ t❤❡ ✐♥❝❧✉s✐♦♥ ♦❢ ❞♦♠❡st✐❝ tr❛❞❡ ✇✐❧❧ ♣❧❛② ❛ ❝r✉❝✐❛❧

r♦❧❡ ❢♦r t❤❡ ❡st✐♠❛t✐♦♥ ♦❢ t❤❡ ✐♠♣❛❝t ♦❢ ●❆❚❚✴❲❚❖✱ ♥♦t ♦♥❧② ❜❡❝❛✉s❡ ✐t ✇✐❧❧ ❛✛❡❝t t❤❡

❛✈❡r❛❣❡✴❝♦♠♠♦♥ ●❆❚❚✴❲❚❖ ❡st✐♠❛t❡ ❜✉t ❛❧s♦ ❜❡❝❛✉s❡ ✐t ✇✐❧❧ ❡♥❛❜❧❡ ✉s t♦ ♦❜t❛✐♥ ❝♦✉♥tr②✲

s♣❡❝✐✜❝ ●❆❚❚✴❲❚❖✱ ✇❤✐❝❤ ❞♦ ♥♦t ❡①✐st ✐♥ t❤❡ ❧✐t❡r❛t✉r❡✳✶✵ ❚❤❡ ❞❛t❛ t❤❛t ✇❡ ❡♠♣❧♦② t♦

♣❡r❢♦r♠ t❤❡ ❛♥❛❧②s✐s ❝♦✈❡rs ❛❣❣r❡❣❛t❡ ♠❛♥✉❢❛❝t✉r✐♥❣ ❢♦r t❤❡ ♣❡r✐♦❞ ✶✾✽✵✲✷✵✶✻ ❛♥❞ ✐♥❝❧✉❞❡

✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡ ✢♦✇s ❛♥❞ ❞♦♠❡st✐❝ s❛❧❡s ❢♦r ✶✽✻ ❝♦✉♥tr✐❡s✳ ❲❡ r❡❢❡r t❤❡ r❡❛❞❡r t♦ ▲❛r❝❤

❡t ❛❧✳ ✭✷✵✶✾✮ ❢♦r ❢✉rt❤❡r ❞❡t❛✐❧s ♦♥ t❤❡ ❞❛t❛s❡t✳✶✶

❖✉r ♠♦st ♣r❡❢❡rr❡❞ s♣❡❝✐✜❝❛t✐♦♥ ✐♥❝❧✉❞❡s t❤r❡❡ s❡ts ♦❢ ✜①❡❞ ❡✛❡❝ts✳ ❚❤❡ t❡r♠ πi,t ❞❡♥♦t❡s

t❤❡ s❡t ♦❢ t✐♠❡✲✈❛r②✐♥❣ s♦✉r❝❡✲❝♦✉♥tr② ❞✉♠♠✐❡s✱ ✇❤✐❝❤ ❝♦♥tr♦❧ ❢♦r t❤❡ ♦✉t✇❛r❞ ♠✉❧t✐❧❛t❡r❛❧

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

❡①♣♦rt❡r✲s♣❡❝✐✜❝ ❢❛❝t♦rs t❤❛t ♠❛② ✐♥✢✉❡♥❝❡ ❜✐❧❛t❡r❛❧ tr❛❞❡✳ ❚❤❡ t❡r♠ χj,t ❡♥❝♦♠♣❛ss❡s t❤❡ s❡t

♦❢ t✐♠❡✲✈❛r②✐♥❣ ❞❡st✐♥❛t✐♦♥✲❝♦✉♥tr② ❞✉♠♠② ✈❛r✐❛❜❧❡s t❤❛t ❛❝❝♦✉♥t ❢♦r t❤❡ ✐♥✇❛r❞ ♠✉❧t✐❧❛t❡r❛❧

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

❝❤❛r❛❝t❡r✐st✐❝s t❤❛t ♠❛② ✐♥✢✉❡♥❝❡ tr❛❞❡✳ ❚❤❡ t❡r♠ µij ❞❡♥♦t❡s t❤❡ s❡t ♦❢ ❝♦✉♥tr②✲♣❛✐r ✜①❡❞

❡✛❡❝ts✱ ✇❤✐❝❤ s❡r✈❡ t✇♦ ♠❛✐♥ ♣✉r♣♦s❡s✳ ❋✐rst✱ t❤❡ ♣❛✐r ✜①❡❞ ❡✛❡❝ts ❛r❡ t❤❡ ♠♦st ✢❡①✐❜❧❡

✾❈❤❡♥❣ ❛♥❞ ❲❛❧❧ ✭✷✵✵✺✮ ♥♦t❡ t❤❛t ❡❝♦♥♦♠❡tr✐❝ s♣❡❝✐✜❝❛t✐♦♥s ✇✐t❤ ✜①❡❞ ❡✛❡❝ts✱ s✉❝❤ ❛s t❤❡ ❣r❛✈✐t② ♠♦❞❡❧
❡♠♣❧♦②❡❞ ❤❡r❡✱ ❛r❡ ✏s♦♠❡t✐♠❡s ❝r✐t✐❝✐③❡❞ ✇❤❡♥ ❛♣♣❧✐❡❞ t♦ ❞❛t❛ ♣♦♦❧❡❞ ♦✈❡r ❝♦♥s❡❝✉t✐✈❡ ②❡❛rs ♦♥ t❤❡ ❣r♦✉♥❞s

t❤❛t ❞❡♣❡♥❞❡♥t ❛♥❞ ✐♥❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡s ❝❛♥♥♦t ❢✉❧❧② ❛❞❥✉st ✐♥ ❛ s✐♥❣❧❡ ②❡❛r✬s t✐♠❡✳✑ ✭❋♦♦t♥♦t❡ ✽✱ ♣✳ ✺✷✱
❈❤❡♥❣ ❛♥❞ ❲❛❧❧✱ ✷✵✵✺✮✳ ❚❤❡r❡❢♦r❡✱ t❤❡② r❡❝♦♠♠❡♥❞ t❤❡ ✉s❡ ♦❢ ✐♥t❡r✈❛❧ ❞❛t❛ ✐♥st❡❛❞ ♦❢ ❞❛t❛ ♦✈❡r ❝♦♥s❡❝✉t✐✈❡
②❡❛rs ❢♦r ❣r❛✈✐t② ❡st✐♠❛t✐♦♥s✳ ▼❛♥② ♣❛♣❡rs ❢♦❧❧♦✇ t❤✐s r❡❝♦♠♠❡♥❞❛t✐♦♥ ❛♥❞✱ t♦ ❛✈♦✐❞ t❤❡ ❈❤❡♥❣✲❛♥❞✲❲❛❧❧
❝r✐t✐q✉❡✱ t❤❡② ❡st✐♠❛t❡ ❣r❛✈✐t② ✇✐t❤ ✐♥t❡r✈❛❧ ❞❛t❛✳ ❋♦r ❡①❛♠♣❧❡✱ ❚r❡✢❡r ✭✷✵✵✹✮ ❛❧s♦ ❝r✐t✐❝✐③❡s tr❛❞❡ ❡st✐♠❛t✐♦♥s
✇✐t❤ s❛♠♣❧❡s t❤❛t ❛r❡ ♣♦♦❧❡❞ ♦✈❡r ❝♦♥s❡❝✉t✐✈❡ ②❡❛rs ❛♥❞ ❤❡ ✉s❡s ✸✲②❡❛r ✐♥t❡r✈❛❧s✳ ❈❤❡♥❣ ❛♥❞ ❲❛❧❧ ✭✷✵✵✺✮ ❛♥❞
❇❛✐❡r ❛♥❞ ❇❡r❣str❛♥❞ ✭✷✵✵✼✮ ✉s❡ ✺✲②❡❛r ✐♥t❡r✈❛❧s✱ ✇❤✐❧❡ ❖❧✐✈❡r♦ ❛♥❞ ❨♦t♦✈ ✭✷✵✶✷✮ ❡①♣❡r✐♠❡♥t ✇✐t❤ ✸✲ ❛♥❞ ✺✲
②❡❛r ✐♥t❡r✈❛❧ ❞❛t❛✳ ▼♦r❡ r❡❝❡♥t❧②✱ ❤♦✇❡✈❡r✱ ❊❣❣❡r ❡t ❛❧✳ ✭✷✵✷✵✮ ❛r❣✉❡ t❤❛t ✐♥ ❛❞❞✐t✐♦♥ t♦ ✐♠♣r♦✈✐♥❣ ❡st✐♠❛t✐♦♥
❡✣❝✐❡♥❝② ❛♥❞ ❛✈♦✐❞✐♥❣ ❛r❜✐tr❛r② ❞r♦♣♣✐♥❣ ♦❢ ♦❜s❡r✈❛t✐♦♥s✱ t❤❡ ✉s❡ ♦❢ ♣♦♦❧❡❞✴❝♦♥s❡❝✉t✐✈❡✲②❡❛r ❞❛t❛ ✐♥ ❢❛❝t
✐♠♣r♦✈❡s ♦✉r ❛❜✐❧✐t② t♦ ❝❛♣t✉r❡ t❤❡ ❛❞❥✉st♠❡♥t ♦❢ tr❛❞❡ ✢♦✇s ✐♥ r❡s♣♦♥s❡ t♦ tr❛❞❡ ♣♦❧✐❝② ❝❤❛♥❣❡s✳

✶✵❙♦♠❡ ♣❛♣❡rs ❛❧r❡❛❞② ❡♠♣❤❛s✐③❡❞ t❤❡ ❜❡♥❡✜ts ♦❢ ✉s✐♥❣ ✐♥tr❛✲♥❛t✐♦♥❛❧ tr❛❞❡ ✢♦✇s✳ ❋♦r ❡①❛♠♣❧❡ ❆♥❞❡rs♦♥
❛♥❞ ✈❛♥ ❲✐♥❝♦♦♣ ✭✷✵✵✸✮ ❛♥❞ ❞❡ ❙♦✉s❛ ❡t ❛❧✳ ✭✷✵✶✷✮ ✉s❡ ✐♥tr❛✲♥❛t✐♦♥❛❧ tr❛❞❡ ❞❛t❛ t♦ ❡st✐♠❛t❡ ❜♦r❞❡r ❡✛❡❝ts✱
❨♦t♦✈ ✭✷✵✶✷✮ ✉s❡s ✐♥tr❛✲♥❛t✐♦♥❛❧ tr❛❞❡ ✢♦✇s t♦ r❡s♦❧✈❡ ❵t❤❡ ❞✐st❛♥❝❡ ♣✉③③❧❡✬✱ ❇❡r❣str❛♥❞ ❡t ❛❧✳ ✭✷✵✶✺✮ ✉s❡
✐♥tr❛✲♥❛t✐♦♥❛❧ tr❛❞❡ ✢♦✇s t♦ ✐❞❡♥t✐❢② ❣❧♦❜❛❧✐③❛t✐♦♥ ❡✛❡❝ts ❛♥❞ t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ ✐♥t❡r♥❛t✐♦♥❛❧ ❜♦r❞❡rs ♦✈❡r t✐♠❡✱
✇❤✐❧❡ ❍❡✐❞ ❡t ❛❧✳ ✭✷✵✷✵✮ ❞❡♠♦♥str❛t❡ t❤❛t ✇✐t❤ ✐♥tr❛✲♥❛t✐♦♥❛❧ tr❛❞❡ ✢♦✇s ✉♥✐❧❛t❡r❛❧ ❛♥❞ ♥♦♥✲❞✐s❝r✐♠✐♥❛t♦r②
tr❛❞❡ ♣♦❧✐❝✐❡s ❝❛♥ ❜❡ ✐❞❡♥t✐✜❡❞✳

✶✶❆ ❧✐st ♦❢ t❤❡ ✶✽✻ ❝♦✉♥tr✐❡s ✐♥ ♦✉r s❛♠♣❧❡ ❛♣♣❡❛rs ✐♥ ❚❛❜❧❡ ✷✳

✶✵



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

t✐♠❡✲✐♥✈❛r✐❛♥t ❣r❛✈✐t② ❝♦✈❛r✐❛t❡s ❛❧♦♥❣ ✇✐t❤ ❛♥② ♦t❤❡r t✐♠❡✲✐♥✈❛r✐❛♥t ❜✐❧❛t❡r❛❧ ❞❡t❡r♠✐♥❛♥ts

♦❢ tr❛❞❡ ❝♦sts t❤❛t ❛r❡ ♥♦t ♦❜s❡r✈❛❜❧❡ ❜② t❤❡ r❡s❡❛r❝❤❡r ❛♥❞✴♦r t❤❡ ♣♦❧✐❝② ♠❛❦❡r✱ ❝✳❢✳✱ ❊❣❣❡r

❛♥❞ ◆✐❣❛✐ ✭✷✵✶✺✮ ❛♥❞ ❆❣♥♦st❡✈❛ ❡t ❛❧✳ ✭✷✵✶✾✮✳ ■♥ ♦✉r ♠❛✐♥ ❛♥❛❧②s✐s ✇❡ ✇✐❧❧ ❡♠♣❧♦② ❞✐r❡❝✲

t✐♦♥❛❧ ❝♦✉♥tr②✲♣❛✐r ✜①❡❞ ❡✛❡❝ts✱ ✇❤✐❝❤ ✇✐❧❧ ❝♦♥tr♦❧ ❢♦r ❛♥② ❛s②♠♠❡tr✐❡s ✐♥ t❤❡ t✐♠❡✲✐♥✈❛r✐❛♥t

❜✐❧❛t❡r❛❧ tr❛❞❡ ❝♦sts✳ ❙❡❝♦♥❞✱ ♦♥ ❛ r❡❧❛t❡❞ ♥♦t❡✱ t❤❡ ♣❛✐r ✜①❡❞ ❡✛❡❝ts ✇✐❧❧ ❛❜s♦r❜ ♠♦st ♦❢ t❤❡

❧✐♥❦❛❣❡s ❜❡t✇❡❡♥ t❤❡ ❡♥❞♦❣❡♥♦✉s tr❛❞❡ ♣♦❧✐❝② ✈❛r✐❛❜❧❡s ❛♥❞ t❤❡ r❡♠❛✐♥❞❡r ❡rr♦r t❡r♠ ǫij,t ✐♥

♦r❞❡r t♦ ❝♦♥tr♦❧ ❢♦r ♣♦t❡♥t✐❛❧ ❡♥❞♦❣❡♥❡✐t② ♦❢ t❤❡ ❢♦r♠❡r✱ ❝✳❢✳✱ ❇❛✐❡r ❛♥❞ ❇❡r❣str❛♥❞ ✭✷✵✵✼✮✳ ■♥

♣r✐♥❝✐♣❧❡✱ t❤❡ ❡rr♦r t❡r♠ ✐♥ ❣r❛✈✐t② ❡q✉❛t✐♦♥s ♠❛② ❝❛rr② s♦♠❡ s②st❡♠❛t✐❝ ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t

tr❛❞❡ ❝♦sts✳ ❍♦✇❡✈❡r✱ ❞✉❡ t♦ t❤❡ r✐❝❤ ✜①❡❞ ❡✛❡❝ts str✉❝t✉r❡ ✐♥ ❡q✉❛t✐♦♥ ✭✺✮✱ ✇❡ ✐♥t❡r♣r❡t

ǫij,t ❛s ❛ tr✉❡ ♠❡❛s✉r❡♠❡♥t ❡rr♦r✳ ❋✐♥❛❧❧②✱ ✇❡ ♥♦t❡ t❤❛t ✐t ❞♦❡s ♥♦t ♠❛tt❡r ✇❤❡t❤❡r t❤❡ ❡rr♦r

t❡r♠ ǫij,t ✐♥ ❡q✉❛t✐♦♥ ✭✺✮ ♠❛② ❜❡ ✐♥tr♦❞✉❝❡❞ ❛❞❞✐t✐✈❡❧② ♦r ♠✉❧t✐♣❧✐❝❛t✐✈❡❧②✱ ❝✳❢✳✱ ❙❛♥t♦s ❙✐❧✈❛

❛♥❞ ❚❡♥r❡②r♦ ✭✷✵✵✻✮✳

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

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

❛ ❝♦❧♦♥✐❛❧ ❤✐st♦r②✱ ❛s ✇❡❧❧ ❛s ❛♥② t✐♠❡✲✈❛r②✐♥❣ ❜✐❧❛t❡r❛❧ ❞❡t❡r♠✐♥❛♥ts ♦❢ tr❛❞❡ ✢♦✇s✱ s✉❝❤

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

❛♥❛❧②s✐s ✇✐t❤♦✉t ✉s✐♥❣ t❤❡ ❝♦✉♥tr②✲♣❛✐r ✜①❡❞ ❡✛❡❝ts✱ ✇❤✐❝❤ ✇♦✉❧❞ ❛❜s♦r❜ ❛❧❧ t✐♠❡✲✐♥✈❛r✐❛♥t

❜✐❧❛t❡r❛❧ ❣r❛✈✐t② ✈❛r✐❛❜❧❡s✱ ❡✳❣✳✱ ❞✐st❛♥❝❡✳ ❙✐♥❝❡ ✇❡ ✐♥❝❧✉❞❡ ♥♦t ♦♥❧② ✐♥t❡r♥❛t✐♦♥❛❧ ❜✉t ❛❧s♦

✐♥tr❛✲♥❛t✐♦♥❛❧ tr❛❞❡ ✢♦✇s✱ ✇❡ ❛❧s♦ ❝♦♥tr♦❧ ❢♦r ❝r♦ss✐♥❣ t❤❡ ♥❛t✐♦♥❛❧ ❜♦r❞❡rs ❜② ✐♥❝❧✉❞✐♥❣ t❤❡

t❡r♠s INTLij,tδ✱ ✇❤✐❝❤ ❛r❡ ❛❧s♦ ❛❧❧♦✇❡❞ t♦ ❜❡ t✐♠❡✲✈❛r②✐♥❣✳ ❚❤❡ ✐♥❝❧✉s✐♦♥ ♦❢ t✐♠❡✲✈❛r②✐♥❣

✐♥t❡r♥❛t✐♦♥❛❧ ❜♦r❞❡r ✈❛r✐❛❜❧❡s ✐s ✐♠♣♦rt❛♥t ❢♦r t❤❡ ✐❞❡♥t✐✜❝❛t✐♦♥ ♦❢ t❤❡ ●❆❚❚✴❲❚❖ ❜❡❝❛✉s❡

t❤❡ ❡st✐♠❛t❡s ♦♥ t❤❡s❡ ❞✉♠♠✐❡s ✇✐❧❧ ❝❛♣t✉r❡ ❝♦♠♠♦♥ ❣❧♦❜❛❧✐③❛t✐♦♥ ❡✛❡❝ts✳ ❇❡r❣str❛♥❞ ❡t

❛❧✳ ✭✷✵✶✺✮ ❞❡♠♦♥str❛t❡ t❤❡ t❤❛t ♣r♦♣❡r ❝♦♥tr♦❧ ❢♦r ❣❧♦❜❛❧✐③❛t✐♦♥ ❡✛❡❝ts ✐♥ str✉❝t✉r❛❧ ❣r❛✈✐t②

♠♦❞❡❧s ❧❡❛❞s t♦ s♠❛❧❧❡r ❡st✐♠❛t❡s ♦❢ t❤❡ ❡✛❡❝ts ♦❢ ❋❚❆s✳ ❇❡❧♦✇✱ ✇❡ ✇✐❧❧ ❞❡♠♦♥str❛t❡ t❤❛t

t❤✐s ✐s ❛❧s♦ t❤❡ ❝❛s❡ ✇✐t❤ t❤❡ ❝♦✉♥tr②✲s♣❡❝✐✜❝ ❡st✐♠❛t❡s ♦❢ t❤❡ ✐♠♣❛❝t ♦❢ ●❆❚❚ ❛♥❞ ❲❚❖

✶✷❉❛t❛ ♦♥ ❜✐❧❛t❡r❛❧ ❞✐st❛♥❝❡✱ ❝♦♥t✐❣✉♦✉s ❜♦r❞❡rs✱ ❝♦❧♦♥✐❛❧ t✐❡s ❛♥❞ ❝♦♠♠♦♥ ❧❛♥❣✉❛❣❡ ✇❡r❡ t❛❦❡♥ ❢r♦♠
❈❊P■■✱ ❝✳❢✳✱ ▼❛②❡r ❛♥❞ ❩✐❣♥❛❣♦ ✭✷✵✶✶✮✳

✶✶



t❤❛t ✇❡ ✇✐❧❧ ♦❜t❛✐♥✳ ■♠♣♦rt❛♥t❧②✱ t♦ t❤❡ ❡①t❡♥t t❤❛t ●❆❚❚ ❛♥❞ ❲❚❖ ❤❛✈❡ ❤❛❞ ♠✉❧t✐❧❛t❡r❛❧

tr❛❞❡ ❧✐❜❡r❛❧✐③❛t✐♦♥ ❡✛❡❝ts✱ t❤❡ ✐♠♣❧✐❝❛t✐♦♥ ✐s t❤❛t ♦✉r ❜♦r❞❡r✴❣❧♦❜❛❧✐③❛t✐♦♥ ❡st✐♠❛t❡s ✇✐❧❧

❝❛♣t✉r❡ s♦♠❡ ♦❢ t❤❡ ♣♦ss✐❜❧❡ tr❛❞❡ ❧✐❜❡r❛❧✐③❛t✐♦♥ ❡✛❡❝ts ♦❢ ●❆❚❚ ❛♥❞ ❲❚❖✳ ❉❡❝♦✉♣❧✐♥❣

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

t❤❡ ✐♠♣❧✐❝❛t✐♦♥ ♦❢ ♦✉r ❝♦✉♥tr②✲s♣❡❝✐✜❝ ●❆❚❚✴❲❚❖ ❡st✐♠❛t❡s ✐s t❤❛t t❤❡② ❛r❡ ❝♦♥s❡r✈❛t✐✈❡✱

✐✳❡✳✱ ♣♦ss✐❜❧② ❜✐❛s❡❞ ❞♦✇♥✇❛r❞✳

GATTWTOij,tβ ✐s t❤❡ ♠♦st ✐♠♣♦rt❛♥t ✈❡❝t♦r ♦❢ ✈❛r✐❛❜❧❡s ❢♦r ♦✉r ♣✉r♣♦s❡s✳ ❋♦❧❧♦✇✐♥❣

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

●❆❚❚✴❲❚❖ ❡st✐♠❛t❡✳ ❖♥❡ ♦❢ t❤❡ ❦❡② ❞✐✛❡r❡♥❝❡s ♦❢ ♦✉r q✉❛♥t✐✜❝❛t✐♦♥ ♦❢ t❤❡ ✐♠♣❛❝t ♦❢

●❆❚❚✴❲❚❖ ♠❡♠❜❡rs❤✐♣ ❢r♦♠ ❛❧❧ ♦t❤❡r st✉❞✐❡s✱ ❡①❝❡♣t ❢♦r ▲❛r❝❤ ❡t ❛❧✳ ✭✷✵✶✾✮✱ ✐s t❤❛t t❤❡

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

❡✛❡❝ts ♦❢ ●❆❚❚✴❲❚❖ ♠❡♠❜❡rs ❢r♦♠ ❞♦♠❡st✐❝ s❛❧❡s✳ ❚❤✐s ❛❞❥✉st♠❡♥t ✐s ❝♦♥s✐st❡♥t ✇✐t❤

❣r❛✈✐t② t❤❡♦r②✱ ❛s ❞❡s❝r✐❜❡❞ ❛❜♦✈❡✱ ❛♥❞ ✇✐t❤ t❤❡ ♦❜❥❡❝t✐✈❡s ♦❢ ●❆❚❚ ❛♥❞ ❲❚❖✳ ❋✉rt❤❡r✱ ❛♥

✐♠♣♦rt❛♥t ♥♦✈❡❧t② ✐♥ ♦✉r ❡st✐♠❛t✐♦♥s ✐s t❤❛t ✇❡ ✇✐❧❧ ♦❜t❛✐♥ ❝♦✉♥tr②✲s♣❡❝✐✜❝ ●❆❚❚✴❲❚❖ ❡❢✲

❢❡❝ts ✇✐t❤✐♥ t❤❡ s❛♠❡ t❤❡♦r②✲❝♦♥s✐st❡♥t ❡st✐♠❛t✐♦♥ ❢r❛♠❡✇♦r❦✳ ❚♦ t❤❡ ❜❡st ♦❢ ♦✉r ❦♥♦✇❧❡❞❣❡✱

s✉❝❤ ❝♦✉♥tr②✲s♣❡❝✐✜❝ q✉❛♥t✐✜❝❛t✐♦♥ ❞♦❡s ♥♦t ❡①✐st s♦ ❢❛r ✐♥ t❤❡ r❡❧❛t❡❞ ❧✐t❡r❛t✉r❡✳

✹ ❖♥ t❤❡ P❛rt✐❛❧ ❊q✉✐❧✐❜r✐✉♠ ❊✛❡❝ts ♦❢ ●❆❚❚✴❲❚❖

❚❤✐s s❡❝t✐♦♥ ♣r❡s❡♥ts ♦✉r ♠❛✐♥ ✜♥❞✐♥❣s ♦♥ t❤❡ ❞✐r❡❝t✴♣❛rt✐❛❧ ❡q✉✐❧✐❜r✐✉♠ ✐♠♣❛❝t ♦❢ ●❆❚❚✴

❲❚❖ ♦♥ t❤❡ tr❛❞❡ ✢♦✇s ❛♠♦♥❣ ♠❡♠❜❡r ❝♦✉♥tr✐❡s✳ ❙❡❝t✐♦♥ ✹✳✶ ♦❜t❛✐♥s ❛♥❞ ❞✐s❝✉ss❡s t❤❡

❝♦♠♠♦♥ ❡st✐♠❛t❡ ♦❢ ●❆❚❚✴❲❚❖✱ ✇❤✐❝❤ ✐s t❤❡ st❛♥❞❛r❞ ❛♣♣r♦❛❝❤ ✐♥ t❤❡ ❧✐t❡r❛t✉r❡✳ ❚❤❡♥✱

❙❡❝t✐♦♥ ✹✳✷ ♣r❡s❡♥ts ♦✉r ♥♦✈❡❧ ❡st✐♠❛t❡s ♦❢ t❤❡ ❤❡t❡r♦❣❡♥❡♦✉s✱ ❝♦✉♥tr②✲s♣❡❝✐✜❝ ❡✛❡❝ts ♦❢

●❆❚❚✴❲❚❖✳

✶✷



✹✳✶ ❈♦♠♠♦♥ ❊st✐♠❛t❡s ♦❢ t❤❡ ■♠♣❛❝t ♦❢ ●❆❚❚✴❲❚❖

❚❛❜❧❡ ✶ ♣r❡s❡♥ts ❛ s❡r✐❡s ♦❢ str✉❝t✉r❛❧ ❣r❛✈✐t② ❡st✐♠❛t❡s✳ ■♥ ♦r❞❡r t♦ ❡♠♣❤❛s✐③❡ t❤❡ ✐♠♣♦r✲

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

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

✐♥ ❚❛❜❧❡ ✶✿ ✭✐✮ ❚❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✐s ❛❧✇❛②s ♥♦♠✐♥❛❧ ❜✐❧❛t❡r❛❧ tr❛❞❡ ✐♥ ❧❡✈❡❧s❀ ✭✐✐✮ ❚❤❡

❡st✐♠❛t♦r ✐s ❛❧✇❛②s PP▼▲❀ ✭✐✐✐✮ ❆❧❧ ❡st✐♠❛t❡s ❛r❡ ♦❜t❛✐♥❡❞ ✇✐t❤ ♣❛♥❡❧ ❞❛t❛❀ ✭✐✈✮ ■♥ ❡❛❝❤

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

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

♣♦rt❡r ♦r ♦♥ t❤❡ ❡①♣♦rt❡r s✐❞❡✱ ✇✐t❤ ❡①♣♦rt❡r✲t✐♠❡ ❛♥❞ ✐♠♣♦rt❡r✲t✐♠❡ ✜①❡❞ ❡✛❡❝ts❀ ✭✈✮ ❋✐♥❛❧❧②✱

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

t❤❡ ✜✈❡ ❝♦❧✉♠♥s ✐♥ ❚❛❜❧❡ ✶ ❛r❡ ❛❝r♦ss t❤r❡❡ ❞✐♠❡♥s✐♦♥s✿ ✭✐✮ ❲❤❡t❤❡r ✇❡ ✉s❡ st❛♥❞❛r❞ t✐♠❡✲

✐♥✈❛r✐❛♥t ❜✐❧❛t❡r❛❧ ❣r❛✈✐t② ✈❛r✐❛❜❧❡s ♦r ♣❛✐r ✜①❡❞ ❡✛❡❝ts❀ ✭✐✐✮ ❲❤❡t❤❡r ♦r ♥♦t ✐♥tr❛✲♥❛t✐♦♥❛❧

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

❣❧♦❜❛❧✐③❛t✐♦♥ tr❡♥❞s ✭✐✳❡✳✱ ✇❤❡t❤❡r ✇❡ ✉s❡ t✐♠❡✲✈❛r②✐♥❣ ❜♦r❞❡r ✈❛r✐❛❜❧❡s✮✳ ❖✉r r❡s✉❧ts ✐♥❞✐✲

❝❛t❡ t❤❛t ❛❧❧ ♦❢ t❤❡s❡ ❡st✐♠❛t✐♦♥ ♣r❛❝t✐❝❡s ♣❧❛② ✐♠♣♦rt❛♥t r♦❧❡s ❢♦r ♣r♦♣❡r q✉❛♥t✐✜❝❛t✐♦♥ ♦❢

t❤❡ ❡✛❡❝ts ♦❢ ●❆❚❚✴❲❚❖✳

❈♦❧✉♠♥ ✭✶✮ ♦❢ ❚❛❜❧❡ ✶ ❡st✐♠❛t❡s t❤❡ ❣r❛✈✐t② ♠♦❞❡❧ ✇✐t❤ t❤❡ s❡t ♦❢ st❛♥❞❛r❞ ❣r❛✈✐t②

✈❛r✐❛❜❧❡s ❛♥❞ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡ ✢♦✇s ♦♥❧② ✭✐✳❡✳✱ ✇✐t❤♦✉t ✐♥tr❛✲♥❛t✐♦♥❛❧ tr❛❞❡ ✢♦✇s✮✱ ❛s ✐s

st❛♥❞❛r❞ ✐♥ t❤❡ ❧✐t❡r❛t✉r❡ ❛♥❞ ❛s ❤❛s ❜❡❡♥ ❞♦♥❡ ✐♥ t❤❡ ✈❛st ♠❛❥♦r✐t② ♦❢ ♣❛♣❡rs t❤❛t ❡✈❛❧✉❛t❡

t❤❡ ✐♠♣❛❝t ♦❢ ●❆❚❚✴❲❚❖✳✶✸ ❲✐t❤♦✉t ❣♦✐♥❣ ✐♥t♦ ❞❡t❛✐❧s✱ ✇❡ ♥♦t❡ t❤❛t t❤❡ ❡st✐♠❛t❡s ♦❢ t❤❡

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

❡✳❣✳✱ ♦✉r ❡st✐♠❛t❡s ❛r❡ ❝❧♦s❡ t♦ t❤❡ ♠❡t❛✲❛♥❛❧②s✐s r❡s✉❧ts ♦❢ ❍❡❛❞ ❛♥❞ ▼❛②❡r ✭✷✵✶✹✮✱ t❤❛t

❛r❡ ❜❛s❡❞ ♦♥ ❛♥ ❡①t❡♥s✐✈❡ ❛♥❞ t❤♦r♦✉❣❤ ❝♦✈❡r❛❣❡ ♦❢ ❣r❛✈✐t② ♣❛♣❡r✳ ❚❤✐s ❡st❛❜❧✐s❤❡s t❤❡

r❡♣r❡s❡♥t❛t✐✈❡♥❡ss ♦❢ ♦✉r s❛♠♣❧❡✳

❚❤❡ ❡st✐♠❛t❡s ✐♥ ❝♦❧✉♠♥ ✭✷✮ ♦❢ ❚❛❜❧❡ ✶ ✐♥tr♦❞✉❝❡ ❝♦✉♥tr②✲♣❛✐r ✜①❡❞ ❡✛❡❝ts✳ ❆s ♥♦t❡❞

✶✸❆s ♥♦t❡❞ ❡❛r❧✐❡r ▲❛r❝❤ ❡t ❛❧✳ ✭✷✵✶✾✮ ✐s t❤❡ s✐♥❣❧❡ ❡①❝❡♣t✐♦♥✱ ♦❢ ✇❤✐❝❤ ✇❡ ❛r❡ ❛✇❛r❡ ♦❢✱ t❤❛t ❛❧s♦ ✉s❡s
❞♦♠❡st✐❝ tr❛❞❡ ✢♦✇s✳

✶✸



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

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

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

♦❢ t❤❡ t✐♠❡✲✐♥✈❛r✐❛♥t st❛♥❞❛r❞ ❣r❛✈✐t② ❝♦✈❛r✐❛t❡s✱ ✐✳❡✳✱ LN❴DIST ✱ CNTG✱ LANG✱ ❛♥❞

CLNY ✳ ■♥ ♦r❞❡r t♦ ❛❧❧♦✇ ❢♦r ❛s②♠♠❡tr✐❡s ✐♥ t❤❡ ✉♥❞❡r❧②✐♥❣ t✐♠❡✲✐♥✈❛r✐❛♥t tr❛❞❡ ❝♦sts✱

✇❡ ❡♠♣❧♦② ❞✐r❡❝t✐♦♥❛❧ ♣❛✐r ✜①❡❞ ❡✛❡❝ts✳ ❙❡❝♦♥❞✱ ♦♥ ❛ r❡❧❛t❡❞ ♥♦t❡✱ t❤❡ ✉s❡ ♦❢ t❤❡ ♣❛✐r

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

♦✉r s♣❡❝✐✜❝❛t✐♦♥✱ s♣❡❝✐✜❝❛❧❧② t❤❡ ❘❚❆s✱ ✇❤✐❝❤ ❛r❡ ✐♥❝❧✉❞❡❞ ✐♥ ❝♦❧✉♠♥ ✭✶✮✱ ❛♥❞ ❡s♣❡❝✐❛❧❧②

✐♠♣♦rt❛♥t ❢♦r ♦✉r ♣✉r♣♦s❡s✱ t❤❡ ●❆❚❚✴❲❚❖ ✈❛r✐❛❜❧❡s✱ ✇❤✐❝❤ ✇❡ ✐♥tr♦❞✉❝❡ ♥❡①t✳ ❚❤❡ ♠❛✐♥

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

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

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

❛♥❞ ❜❡❝♦♠❡s st❛t✐st✐❝❛❧❧② ✐♥s✐❣♥✐✜❝❛♥t✳

❚❤❡ r❡s✉❧ts ✐♥ ❝♦❧✉♠♥ ✭✸✮ ♦❢ ❚❛❜❧❡ ✶ r❡♣❧✐❝❛t❡ t❤❡ ❡st✐♠❛t❡s ❢r♦♠ ❝♦❧✉♠♥ ✭✷✮ ❜✉t ❛❧s♦ ✐♥tr♦✲

❞✉❝❡ t❤❡ ❦❡② ✈❛r✐❛❜❧❡ ♦❢ ✐♥t❡r❡st t♦ ♦✉r ❛♥❛❧②s✐s✱ ✐✳❡✳✱ t❤❡ ❜✐❧❛t❡r❛❧ ✐♥❞✐❝❛t♦r ❢♦r ●❆❚❚✴❲❚❖

♠❡♠❜❡rs❤✐♣ ✭●❆❚❚❲❚❖✮✳ ❚✇♦ ♠❛✐♥ r❡s✉❧ts st❛♥❞ ♦✉t ❢r♦♠ ❝♦❧✉♠♥ ✭✷✮✿ ✭✐✮ ❚❤❡ ❡st✐♠❛t❡

♦♥ t❤❡ ❘❚❆ ✈❛r✐❛❜❧❡ ✐s ♥♦t st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t❧② ❛✛❡❝t❡❞❀ ❛♥❞ ✭✐✐✮ ▼♦r❡ ✐♠♣♦rt❛♥t❧②✱

t❤❡ ❡st✐♠❛t❡ ♦❢ t❤❡ ✐♠♣❛❝t ♦❢ ●❆❚❚✴❲❚❖ ✐s ❛❝t✉❛❧❧② ♥❡❣❛t✐✈❡ ❛♥❞ ♠❛r❣✐♥❛❧❧② st❛t✐st✐❝❛❧❧②

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

●❆❚❚✴❲❚❖ ❤❛s ♥♦t ❜❡❡♥ s✉❝❝❡ss❢✉❧ ✐♥ ♣r♦♠♦t✐♥❣ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡ ❛♠♦♥❣ ♠❡♠❜❡rs✳

❚❤❡ r❡s✉❧ts ✐♥ ❝♦❧✉♠♥ ✭✹✮ ♦❢ ❚❛❜❧❡ ✶ r❡♣❧✐❝❛t❡ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ s♣❡❝✐✜❝❛t✐♦♥ ❢r♦♠ ❝♦❧✉♠♥

✭✸✮ ❜✉t ❛❢t❡r ✐♥tr♦❞✉❝✐♥❣ ✐♥t❡r♥❛❧ tr❛❞❡ ✢♦✇s t♦ t❤❡ ❡st✐♠❛t✐♥❣ s❛♠♣❧❡✳ ❲❤❡♥ t❤❡ ❣r❛✈✐t②

♠♦❞❡❧ ✐s ❡st✐♠❛t❡❞ ✇✐t❤ ✐♥tr❛✲♥❛t✐♦♥❛❧ tr❛❞❡ ✢♦✇s ❛♥❞ st❛♥❞❛r❞ ❣r❛✈✐t② ✈❛r✐❛❜❧❡s✱ ❛❧♦♥❣

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

❛♥ ❛❞❞✐t✐♦♥❛❧ ❝♦✈❛r✐❛t❡✱ INTL❴BRDR✱ ✇❤✐❝❤ ✐s ❛♥ ✐♥❞✐❝❛t♦r ❜♦r❞❡r ✈❛r✐❛❜❧❡ t❤❛t t❛❦❡s ❛

✈❛❧✉❡ ♦❢ ♦♥❡ ❢♦r ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡✱ ❛♥❞ ✐s ❡q✉❛❧ t♦ ③❡r♦ ♦t❤❡r✇✐s❡✳ ❚❤❡ ✐❞❡❛ ❜❡❤✐♥❞ t❤❡

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

✶✹



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

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

❞✉♠♠✐❡s ✐s ♥♦t ♥❡❝❡ss❛r② ✐♥ ♦✉r s♣❡❝✐✜❝❛t✐♦♥ ❜❡❝❛✉s❡ t❤❡ ♣❛✐r ✜①❡❞ ❡✛❡❝ts ❛❜s♦r❜ ❛❧❧ ❜♦r❞❡r

✈❛r✐❛❜❧❡s✳ ■♥ ❢❛❝t✱ t❤❡ ❞✐r❡❝t✐♦♥❛❧ ♣❛✐r ✜①❡❞ ❡✛❡❝ts ✐♥ ♦✉r s♣❡❝✐✜❝❛t✐♦♥ ❛❧❧♦✇ ❛♥❞ ❝♦♥tr♦❧ ❢♦r

❝♦✉♥tr②✲s♣❡❝✐✜❝ ❛♥❞ ❛s②♠♠❡tr✐❝ ❜♦r❞❡r ❡✛❡❝ts✳

❚✇♦ ♠❛✐♥ ✜♥❞✐♥❣s st❛♥❞ ♦✉t ❢r♦♠ t❤❡ r❡s✉❧ts ✐♥ ❝♦❧✉♠♥ ✭✹✮✳ ❋✐rst✱ ✇❡ ♥♦t❡ t❤❛t t❤❡

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

✇✐t❤ t❤❡ r❡s✉❧ts ❢r♦♠ ❉❛✐ ❡t ❛❧✳ ✭✷✵✶✹✮ ❛♥❞ ❇❡r❣str❛♥❞ ❡t ❛❧✳ ✭✷✵✶✺✮✱ ✇❤✐❝❤ ❛r❡ ♦❜t❛✐♥❡❞ ✇✐t❤

❛❧t❡r♥❛t✐✈❡ s❛♠♣❧❡s✳ ❙❡❝♦♥❞✱ ❛♥❞ ♠♦st ✐♠♣♦rt❛♥t ❢♦r ♦✉r ♣✉r♣♦s❡s✱ ✇❡ s❡❡ ✐♥ ❝♦❧✉♠♥ ✭✹✮ t❤❛t

t❤❡ ❡st✐♠❛t❡ ♦❢ t❤❡ ❦❡② ❝♦✈❛r✐❛t❡ ♦❢ ✐♥t❡r❡st ✐♥ ♦✉r ❛♥❛❧②s✐s✱ ●❆❚❚❲❚❖✱ ✐s ♥♦✇ ♣♦s✐t✐✈❡✱

❧❛r❣❡ ❛♥❞ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✳ ■♥ t❡r♠s ♦❢ ✈♦❧✉♠❡ ❡✛❡❝ts✱ t❤❡ ❡st✐♠❛t❡ ❢r♦♠ ❝♦❧✉♠♥ ✭✹✮

✐♠♣❧✐❡s t❤❛t✱ ❛❧❧ ❡❧s❡ ❡q✉❛❧✱ ●❆❚❚✴❲❚❖ ♠❡♠❜❡rs❤✐♣ ❤❛s ❧❡❛❞ t♦ ❛❜♦✉t ✶✵✶ ♣❡r❝❡♥t ✐♥❝r❡❛s❡

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

♦❢ ❨♦t♦✈ ❡t ❛❧✳ ✭✷✵✶✻✮ t❤❛t str✉❝t✉r❛❧ ❣r❛✈✐t② ❡st✐♠❛t✐♦♥s s❤♦✉❧❞ ❜❡ ♣❡r❢♦r♠❡❞ ✇✐t❤ s❛♠♣❧❡s

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

❛❧✳ ✭✷✵✶✾✮✳ ❚❤❡ ✐♥t✉✐t✐♦♥ ❢♦r t❤✐s r❡s✉❧t ✐s t❤❛t t❤❡ s♣❡❝✐✜❝❛t✐♦♥ ✇✐t❤ ✐♥tr❛✲♥❛t✐♦♥❛❧ tr❛❞❡

✢♦✇s ❡①♣❧✐❝✐t❧② ❛❧❧♦✇s ❢♦r ❛♥❞ ❛❝❝♦✉♥ts ❢♦r ❞✐✈❡rs✐♦♥ ❢r♦♠ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡ ✢♦✇s ❞✉❡ t♦

●❆❚❚✴❲❚❖ ♠❡♠❜❡rs❤✐♣✳ ❖✉r ❡st✐♠❛t❡s ❝♦♥✜r♠ t❤❛t t❤✐s ✐s ✐♥❞❡❡❞ t❤❡ ❝❛s❡✱ ❛♥❞ ✐♠♣❧②

t❤❛t t❤❡ ●❆❚❚✴❲❚❖ ❡st✐♠❛t❡s ❢r♦♠ st✉❞✐❡s t❤❛t ❞♦ ♥♦t ❛❧❧♦✇ ❢♦r ❞✐✈❡rs✐♦♥ ❢r♦♠ ❞♦♠❡st✐❝

s❛❧❡s ♠❛② ❜❡ ❜✐❛s❡❞ ❞♦✇♥✇❛r❞✳

❋✐♥❛❧❧②✱ t❤❡ ❡st✐♠❛t❡s ✐♥ t❤❡ ❧❛st ❝♦❧✉♠♥ ✭✺✮ ♦❢ ❚❛❜❧❡ ❚❛❜❧❡ ✶ r❡♣❧✐❝❛t❡ t❤❡ r❡s✉❧ts ❢r♦♠

❝♦❧✉♠♥ ✭✹✮ ❜✉t ❛❢t❡r ❛❧s♦ ✐♥tr♦❞✉❝✐♥❣ ❛ s❡r✐❡s ♦❢ t✐♠❡✲✈❛r②✐♥❣ ❜♦r❞❡r ✈❛r✐❛❜❧❡s ❢♦r ❡❛❝❤ ②❡❛r

✐♥ t❤❡ ❡st✐♠❛t✐♥❣ s❛♠♣❧❡✱ ✐✳❡✳✱ ✇❡ ✐♥tr♦❞✉❝❡ ✜①❡❞ ❡✛❡❝ts t❤❛t ❝♦rr❡s♣♦♥❞ t♦ t❤❡ ✐♥t❡r❛❝t✐♦♥

❜❡t✇❡❡♥ INTL❴BRDR ∗ Y EAR✱ ✇❤❡r❡ ❨❊❆❘ ❞❡♥♦t❡s t❤❡ ②❡❛rs ✐♥ ♦✉r s❛♠♣❧❡ ✭✶✾✽✵✲

✷✵✶✻✮✳ ❚❤✐s s♣❡❝✐✜❝❛t✐♦♥ ✐s ♠♦t✐✈❛t❡❞ ❜② ❇❡r❣str❛♥❞ ❡t ❛❧✳ ✭✷✵✶✺✮✱ ✇❤♦ ❞❡♠♦♥str❛t❡ t❤❛t ✭✐✮

t❤❡ ❡✛❡❝ts ♦❢ ❡❝♦♥♦♠✐❝ ✐♥t❡❣r❛t✐♦♥ ❛❣r❡❡♠❡♥ts ✭❊■❆s✮ ❛r❡ s✐❣♥✐✜❝❛♥t❧② ❧❛r❣❡r ✇❤❡♥ ❝♦♠♠♦♥

❣❧♦❜❛❧✐③❛t✐♦♥ ❢♦r❝❡s ❛r❡ ♥♦t ❛❝❝♦✉♥t❡❞ ❢♦r❀ ❛♥❞ ✭✐✐✮ t❤❛t t❤❡ ✐♠♣❛❝t ♦❢ ✐♥t❡r♥❛t✐♦♥❛❧ ❜♦r❞❡rs

✶✺



♦♥ tr❛❞❡ ❤❛s ❢❛❧❧❡♥ ♦✈❡r t✐♠❡✳ ●✐✈❡♥ t❤❡ ♣✉r♣♦s❡ ♦❢ ♦✉r st✉❞②✱ ❛♥❞ ❢♦r ❜r❡✈✐t②✱ ✇❡ ❞♦ ♥♦t

r❡♣♦rt t❤❡ ❡st✐♠❛t❡s ♦❢ t✐♠❡✲✈❛r②✐♥❣ ❜♦r❞❡r ✈❛r✐❛❜❧❡s✳ ❍♦✇❡✈❡r✱ ✇❡ ❞♦ ♥♦t❡ t❤❛t t❤❡② ❝❧❡❛r❧②

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

♣✉③③❧❡✑ ♦❢ ❈♦❡ ❡t ❛❧✳ ✭✷✵✵✷✮✱ ✇❤♦ ❛r❣✉❡ t❤❛t ❣❧♦❜❛❧✐③❛t✐♦♥ ✐s ❡✈❡r②✇❤❡r❡ ❜✉t ✐♥ ❡st✐♠❛t✐♥❣

❣r❛✈✐t② ♠♦❞❡❧s✳

❈♦♥s✐st❡♥t ✇✐t❤ t❤❡ ✜♥❞✐♥❣s ❛♥❞ ❝♦♥❝❧✉s✐♦♥s ♦❢ ❇❡r❣str❛♥❞ ❡t ❛❧✳ ✭✷✵✶✺✮✱ t❤❡ ❡st✐♠❛t❡s ✐♥

❝♦❧✉♠♥ ✭✺✮ r❡✈❡❛❧ t❤❛t ♦♥❝❡ ❣❧♦❜❛❧✐③❛t✐♦♥ ❢♦r❝❡s ❛r❡ ❛❝❝♦✉♥t❡❞ ❢♦r✱ t❤❡ ❡st✐♠❛t❡s ♦❢ t❤❡ ♣♦❧✐❝②

✈❛r✐❛❜❧❡s ✭❘❚❆ ❛♥❞ ●❆❚❚✴❲❚❖✮ ❛r❡ s♠❛❧❧❡r ✐♥ ♠❛❣♥✐t✉❞❡✳ ❙♣❡❝✐✜❝❛❧❧②✱ t❤❡ ●❆❚❚✴❲❚❖

✐s ♠♦r❡ t❤❛♥ t✇✐❝❡ s♠❛❧❧❡r ✭❞❡s♣✐t❡ t❤❡ ❞❡❝r❡❛s❡❞ ♠❛❣♥✐t✉❞❡✱ t❤❡ ✐♠♣❛❝t ♦❢ ●❆❚❚✴❲❚❖

✐s st✐❧❧ ♣♦s✐t✐✈❡ ❛♥❞ ❡❝♦♥♦♠✐❝❛❧❧② ❛♥❞ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✮✱ ✇❤✐❧❡ t❤❡ ❘❚❆ ❡✛❡❝ts ✐s ♠♦r❡

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

✐♥t✉✐t✐♦♥ ✐s t❤❛t t❤❡ ♣r❡✈✐♦✉s❧② ❧❛r❣❡r ❡✛❡❝ts ♦❢ ●❆❚❚✴❲❚❖ ❛♥❞ ❘❚❆ ❛❧s♦ ❝❛♣t✉r❡ ❣❡♥❡r❛❧

❣❧♦❜❛❧✐③❛t✐♦♥ ❢♦r❝❡s✳ ❆s ♥♦t❡❞ ❡❛r❧✐❡r✱ t❤✐s ✐s ♣♦t❡♥t✐❛❧❧② ✐♠♣♦rt❛♥t ❢♦r ♦✉r ●❆❚❚✴❲❚❖ ❡st✐✲

♠❛t❡s ❜❡❝❛✉s❡ ●❆❚❚✴❲❚❖ ❛r❣✉❛❜❧② ●❆❚❚ ❛♥❞ ❲❚❖ ❤❛✈❡ ❤❛❞ ♠✉❧t✐❧❛t❡r❛❧ ❣❧♦❜❛❧✐③❛t✐♦♥

❡✛❡❝ts t❤❛t ❛r❡ ♥♦✇ ❝❛♣t✉r❡❞ ❜② t❤❡ ❡st✐♠❛t❡s ♦❢ t❤❡ t✐♠❡✲✈❛r②✐♥❣ ❜♦r❞❡r ✈❛r✐❛❜❧❡s ✐♥ ♦✉r

s♣❡❝✐✜❝❛t✐♦♥✳ ❚❤❡ ✐♠♣❧✐❝❛t✐♦♥ ❢♦r t❤❡ ●❆❚❚✴❲❚❖ ❡st✐♠❛t❡ ✐♥ ❝♦❧✉♠♥ ✭✺✮ ✐s t❤❛t ✐t ♠❛② ❜❡

❜✐❛s❡❞ ❞♦✇♥✇❛r❞✳ ❚❤✉s✱ ✇❡ ✈✐❡✇ ✐t ❛s ❛ ❝♦♥s❡r✈❛t✐✈❡✴❧♦✇❡r ❜♦✉♥❞ ♦❢ t❤❡ tr✉❡ ●❆❚❚✴❲❚❖

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

t❛❜❧✐s❤ t❤❡ ❜♦✉♥❞s ♦❢ t❤❡ ❞✐r❡❝t✴♣❛rt✐❛❧ tr❛❞❡ ✈♦❧✉♠❡ ❡✛❡❝ts ♦❢ ●❆❚❚✴❲❚❖ ♦♥ tr❛❞❡ ❛♠♦♥❣

♠❡♠❜❡rs t♦ ❜❡ ❜❡t✇❡❡♥ ✸✽✪ ❛♥❞ ✶✵✶✪✱ ✇❤✐❝❤ ✐s ❝♦♠♣❛r❛❜❧❡ t♦ t❤❡ ❡st✐♠❛t❡s ♦❢ ❙✉❜r❛♠❛✲

♥✐❛♥ ❛♥❞ ❲❡✐ ✭✷✵✵✼✮ ♦❢ ✻✺✪ ❢♦r ❞❡✈❡❧♦♣❡❞ ❝♦✉♥tr✐❡s ❛♥❞ ✸✷✪ ❢♦r ❞❡✈❡❧♦♣✐♥❣ ❝♦✉♥tr✐❡s✳ ❚❤❡

❛♥❛❧②s✐s ✐♥ t❤❡ ♥❡①t s❡❝t✐♦♥ ✇♦✉❧❞ ❡♥❛❜❧❡ ✉s t♦ ❣♦ ❜❡②♦♥❞ t❤❡ ❞✐st✐♥❝t✐♦♥ ❜❡t✇❡❡♥ ❞❡✈❡❧♦♣❡❞

✈s✳ ❞❡✈❡❧♦♣✐♥❣ ❝♦✉♥tr✐❡s ❜② ♦❜t❛✐♥✐♥❣ ❝♦✉♥tr②✲s♣❡❝✐✜❝ ●❆❚❚✴❲❚❖ ❡✛❡❝ts✳

✹✳✷ ❖♥ t❤❡ ❍❡t❡r♦❣❡♥❡♦✉s ❊✛❡❝ts ♦❢ ●❆❚❚✴❲❚❖

■♥ t❤✐s s❡❝t✐♦♥✱ ✇❡ ❣♦ ❜❡②♦♥❞ ✇❤❛t ❤❛s ❜❡❡♥ ❞♦♥❡ ✐♥ t❤❡ ❡①✐st✐♥❣ ❧✐t❡r❛t✉r❡ ❜② ♦❜t❛✐♥✐♥❣

❝♦✉♥tr②✲s♣❡❝✐✜❝ ●❆❚❚✴❲❚❖ ❡✛❡❝ts ♦♥ t❤❡ ❡①♣♦rts ♦❢ ❡❛❝❤ ●❆❚❚✴❲❚❖ ♠❡♠❜❡r ❝♦✉♥tr②

✶✻



t♦ ✐ts ❢❡❧❧♦✇ ●❆❚❚✴❲❚❖ ♠❡♠❜❡rs✳ ❙♣❡❝✐✜❝❛❧❧②✱ ✇❡ ❡st✐♠❛t❡

Xij,t = exp[πi,t + χj,t + µij +GRAVij,tγ + INTLij,tδ +
∑

i

βiGATTWTOij,t] + ǫij,t, ✭✻✮

✇❤❡r❡ t❤❡ ❧❛st t❡r♠ ✐♥ t❤❡ sq✉❛r❡ ❜r❛❝❦❡ts ❝❛♣t✉r❡s t❤❡ ❢❛❝t t❤❛t ✇❡ ♦❜t❛✐♥ ❝♦✉♥tr②✲s♣❡❝✐✜❝

❡st✐♠❛t❡s ♦❢ t❤❡ ✐♠♣❛❝t ♦❢ ●❆❚❚✴❲❚❖✳ ◆♦t❡ t❤❛t ✇✐t❤♦✉t t❤❡ ✉s❡ ♦❢ ❞♦♠❡st✐❝ tr❛❞❡ ✢♦✇s✱

t❤❡ ❝♦✉♥tr②✲s♣❡❝✐✜❝ ●❆❚❚✴❲❚❖ ✈❛r✐❛❜❧❡s ✇♦✉❧❞ ❜❡ ♣❡r❢❡❝t❧② ❝♦❧❧✐♥❡❛r ✇✐t❤ t❤❡ ❡①♣♦rt❡r✲

t✐♠❡ ❛♥❞ t❤❡ ✐♠♣♦rt❡r✲t✐♠❡ ✜①❡❞ ❡✛❡❝ts ✐♥ ♦✉r ♠♦❞❡❧ ❛♥❞✱ t❤❡r❡❢♦r❡✱ ♦♥❡ ❝♦✉❧❞ ♥♦t ✐❞❡♥t✐❢②

t❤❡♠ ✐♥ ❛ ♣r♦♣❡r❧② s♣❡❝✐✜❡❞ ✭✇✐t❤ ❡①♣♦rt❡r✲t✐♠❡ ❛♥❞ ✐♠♣♦rt❡r✲t✐♠❡ ✜①❡❞ ❡✛❡❝ts✮ str✉❝t✉r❛❧

❣r❛✈✐t② ♠♦❞❡❧✳ ❲❡ ✈✐❡✇ t❤❡ ❝♦✉♥tr②✲s♣❡❝✐✜❝ ●❆❚❚✴❲❚❖ ❛s ♦♥❡ ♦❢ ♦✉r ♠❛✐♥ ❝♦♥tr✐❜✉t✐♦♥s

♦❢ t❤✐s ♣❛♣❡r✳

❙✐♥❝❡ s♣❡❝✐✜❝❛t✐♦♥ ✭✻✮ ❞❡❧✐✈❡rs ❛ ❧❛r❣❡ ♥✉♠❜❡r ♦❢ ❡st✐♠❛t❡s✱ ✇❡ ♣r❡s❡♥t ♦✉r ✜♥❞✐♥❣s

❣r❛♣❤✐❝❛❧❧②✳ ❲❡ st❛rt✱ ✐♥ ❋✐❣✉r❡ ✸✱ ✇✐t❤ ❛ ❣❡♥❡r❛❧ ❛♥❛❧②s✐s ♦❢ t❤❡ ✇❤♦❧❡ ❞✐str✐❜✉t✐♦♥ ♦❢

❡st✐♠❛t❡s✳ ❚❤❡♥✱ ✐♥ ❋✐❣✉r❡ ✹✱ ✇❡ ③♦♦♠ ✐♥ ♦♥ t❤❡ ❡✛❡❝ts ♦♥ s♣❡❝✐✜❝ ❝♦✉♥tr✐❡s✳ ❲❡ ❝♦♥❝❧✉❞❡

t❤❡ s❡❝t✐♦♥ ✇✐t❤ ❛ ✈✐s✉❛❧✐③❛t✐♦♥✱ ✐♥ ❋✐❣✉r❡ ✺✱ ♦❢ t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ t❤❡ ✐♥❝❧✉s✐♦♥ ♦❢ ❞♦♠❡st✐❝

tr❛❞❡ ✢♦✇s ❛♥❞ ❛❝❝♦✉♥t✐♥❣ ❢♦r ❣❧♦❜❛❧✐③❛t✐♦♥ ❡✛❡❝ts ❢♦r ♣r♦♣❡r q✉❛♥t✐✜❝❛t✐♦♥ ♦❢ t❤❡ ❡✛❡❝ts ♦❢

●❆❚❚✴❲❚❖✳

P❛♥❡❧ ❆ ♦❢ ❋✐❣✉r❡ ✸ r❡♣♦rts ❛❧❧ ❝♦✉♥tr②✲s♣❡❝✐✜❝ ❡st✐♠❛t❡s ♦❢ t❤❡ ❡✛❡❝ts ♦❢ ●❆❚❚✴❲❚❖

t❤❛t ✇❡ ♦❜t❛✐♥ s✐♠✉❧t❛♥❡♦✉s❧② ❢r♦♠ ❡q✉❛t✐♦♥ ✭✻✮✳ ❲❡ ❛r❡ ❛❜❧❡ t♦ ♦❜t❛✐♥ ✐♥❞✐✈✐❞✉❛❧ ●❆❚❚

✴❲❚❖ ❡st✐♠❛t❡s ❢♦r ❛ t♦t❛❧ ♦❢ ✶✹✸ ❝♦✉♥tr✐❡s✳ ❚❤❡ ❡st✐♠❛t❡s ❛r❡ ♦r❞❡r❡❞ ❢r♦♠ s♠❛❧❧❡st t♦

❧❛r❣❡st ❛♥❞✱ t♦ ❛✈♦✐❞ ❝❧✉tt❡r✱ t❤❡ ✜❣✉r❡ ❞♦❡s ♥♦t ✐♥❝❧✉❞❡ ❝♦✉♥tr② ♥❛♠❡s✳ ✭❋✐❣✉r❡ ✹ ❜❡❧♦✇

✐♥❝❧✉❞❡s ❝♦✉♥tr② ✐❞❡♥t✐✜❡rs✳✮ ❋♦✉r ♠❛✐♥ ✜♥❞✐♥❣s st❛♥❞ ♦✉t ❢r♦♠ P❛♥❡❧ ❆ ♦❢ ❋✐❣✉r❡ ✸✳ ❋✐rst✱

✇❡ ♦❜s❡r✈❡ ✈❡r② ✇✐❞❡ ❤❡t❡r♦❣❡♥❡✐t② ✐♥ t❤❡ ❡st✐♠❛t❡s ♦❢ t❤❡ ❡✛❡❝ts ♦❢ ●❆❚❚✴❲❚❖✳ ❙❡❝♦♥❞✱

✇❡ ♥♦t❡ t❤❛t ♠♦st ✭❛❜♦✉t t✇♦✲t❤✐r❞s✮ ♦❢ t❤❡ ●❆❚❚✴❲❚❖ ❡st✐♠❛t❡s t❤❛t ✇❡ ♦❜t❛✐♥ ❛r❡

♣♦s✐t✐✈❡ ❛♥❞ s✐③❛❜❧❡✳ ❚❤✐r❞✱ ✇❡ ❛❧s♦ ♦❜t❛✐♥ ❛ s✐❣♥✐✜❝❛♥t ♥✉♠❜❡r ✭❛❜♦✉t ♦♥❡✲t❤✐r❞✮ ♦❢ ♥❡❣❛t✐✈❡

●❆❚❚✴❲❚❖ ❡st✐♠❛t❡s✳ ❋✐♥❛❧❧②✱ ✇❡ s❡❡ t❤❡ ♣r❡s❡♥❝❡ ♦❢ s♦♠❡ ❝❧❡❛r ♦✉t❧✐❡rs ❛t ❡❛❝❤ ❡♥❞ ♦❢

t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ ❡st✐♠❛t❡s ✐♥ P❛♥❡❧ ❆ ❋✐❣✉r❡ ✸✳

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

✶✼



✇❡ ✈✐s✉❛❧✐③❡ t❤❡♠ ✐♥ t❤❡ ❧♦✇❡r ♣❛♥❡❧s ♦❢ ❋✐❣✉r❡ ✸✳ ❋♦r ❝❧❛r✐t②✱ ✇❡ ❤❛✈❡ ❞r♦♣♣❡❞ t❤❡ ❡①tr❡♠❡

❝❛s❡s ❛t ❡❛❝❤ ❡♥❞✳✶✹ P❛♥❡❧s ❇ ❛♥❞ ❈ ♦❢ ❋✐❣✉r❡ ✸ r❡✈❡❛❧ s♦♠❡ ❝❧❡❛r ❜r❡❛❦s ✐♥ t❤❡ ❡st✐♠❛t❡s

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

♥❡❣❛t✐✈❡ ♦✉t❧✐❡rs✱ t❤❡r❡ ✐s ❛ ❜r❡❛❦ ❜❡t✇❡❡♥ t❤❡ ❡st✐♠❛t❡s ✲✵✳✹ ❛♥❞ ✲✵✳✺✳ ❖♥ t❤❡ ♣♦s✐t✐✈❡

s✐❞❡✱ t❤❡r❡ ✐s ❛ ❜r❡❛❦ ❜❡t✇❡❡♥ t❤❡ ❡st✐♠❛t❡s ♦❢ ✶✳✶ ❛♥❞ ✶✳✷✸✳ ■♥s♣❡❝t✐♦♥ ♦❢ t❤❡ ♥✉♠❜❡r ♦❢

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

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

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

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

✐♥ s❡✈❡r❛❧ ❛❧t❡r♥❛t✐✈❡ ✇❛②s✳

■♥ ♦r❞❡r t♦ ✐♠♣r♦✈❡ ❡①♣♦s✐t✐♦♥ ❛♥❞ ✐♥t❡r♣r❡t❛t✐♦♥✱ t❤❡ t❤r❡❡ ♣❛♥❡❧s ♦❢ ❋✐❣✉r❡ ✹ ❛r❡ ❞❡✲

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

✇❤✐❝❤ t❤❡② ❛r❡ ♦❜t❛✐♥❡❞✳ ❆♥ ✐♠♣♦rt❛♥t ♣❛tt❡r♥ t❤❛t s❡❡ ✐♥ ❋✐❣✉r❡ ✹ ✐s t❤❛t t❤❡ ●❆❚❚✴❲❚❖

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

♣♦ss✐❜❧❡ ❡①♣❧❛♥❛t✐♦♥ ❢♦r t❤✐s r❡s✉❧t ✐s t❤❛t t❤❡s❡ ❝♦✉♥tr✐❡s ❥♦✐♥❡❞ ●❆❚❚✴❲❚❖ ♠♦r❡ r❡❝❡♥t❧②

❛♥❞ t❤✐s ♦♣❡♥❡❞ ❞♦♦rs ❢♦r ♠♦r❡ s❡❝✉r❡ tr❛❞❡ ✇✐t❤ t❤❡ ❧❛r❣❡ ●❆❚❚✴❲❚❖ ♠❡♠❜❡rs✳ ❙✐♠✐❧❛r❧②✱

❛ ♣♦ss✐❜❧❡ ❡①♣❧❛♥❛t✐♦♥ ❢♦r t❤❡ ❢❛❝t t❤❛t ♦✉r ❡st✐♠❛t❡s ♦❢ t❤❡ ❡✛❡❝t ♦❢ ❢ ●❆❚❚✴❲❚❖ ❢♦r t❤❡

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

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

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

❛❧s♦ ❥♦✐♥❡❞ ♣r✐♦r t♦ t❤❡ ♣❡r✐♦❞ t❤❛t ✐s ❝♦✈❡r❡❞ ✐♥ ♦✉r s❛♠♣❧❡✳ ■t ✐s ✐♠♣♦rt❛♥t t♦ ❡♠♣❤❛s✐③❡

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

✶✹❚❤✐s r❡s✉❧t❡❞ ✐♥ t❤❡ ❞r♦♣♣✐♥❣ ♦❢ ❛ t♦t❛❧ ♦❢ ✹✵ ❝♦✉♥tr✐❡s✱ ✇❤✐❝❤ ❛r❡ ✐♥❞✐❝❛t❡❞ ✇✐t❤ ❛♥ ❵✯✬ ✐♥ ❚❛❜❧❡ ✷✳ ❆s
❝❛♥ ❜❡ s❡❡♥ ❢r♦♠ ✷✱ t❤❡ ❞r♦♣♣❡❞ ❝♦✉♥tr✐❡s ❛r❡ ✉s✉❛❧❧② ✈❡r② s♠❛❧❧ ❡❝♦♥♦♠✐❡s ♦r ❢♦r♠❡r ❙♦✈✐❡t r❡♣✉❜❧✐❝s✳ ❚❤✉s✱
❋✐❣✉r❡ ✸ ♣r❡s❡♥ts ✶✵✼ ♦❢ t❤❡ ✶✹✸ ●❆❚❚✴❲❚❖ t❤❛t ✇❡ ♦❜t❛✐♥ ✐♥✐t✐❛❧❧②✳

✶✺❚❤✐s ✜♥❞✐♥❣ ✐s ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ r❡s✉❧ts ❢r♦♠ ❊✐❝❤❡r ❛♥❞ ❍❡♥♥ ✭✷✵✶✶✮✱ ✇❤♦ ✜♥❞ t❤❛t t❤❡ ❡✛❡❝t ♦❢
t❤❡ ❲❚❖ ♠❡♠❜❡rs❤✐♣ ♦♥ tr❛❞❡ ✐s ♦♥❧② ♣♦s✐t✐✈❡ ❜❡❢♦r❡ t❤❡ ❢♦r♠❛t✐♦♥ ♦❢ ❘❚❆s ❛♥❞ ❛♠♦♥❣ ♣r♦①✐♠❛t❡ ❞❡✲
✈❡❧♦♣✐♥❣ ❝♦✉♥tr✐❡s✳ ❍♦✇❡✈❡r✱ ✐t ✐s ❞✐✛❡r❡♥t ❢r♦♠ t❤❡ r❡s✉❧ts ✐♥ ❙✉❜r❛♠❛♥✐❛♥ ❛♥❞ ❲❡✐ ✭✷✵✵✼✮ ✇❤♦ ❛r❣✉❡
t❤❛t ●❆❚❚✴❲❚❖ ✐♥❝r❡❛s❡ tr❛❞❡ ♠♦r❡ ❢♦r ❞❡✈❡❧♦♣❡❞ ❝♦✉♥tr✐❡s✳ ■♥ ❛❞❞✐t✐♦♥ t♦ ❞✐✛❡r❡♥❝❡s ✐♥ t❤❡ ❡st✐♠❛t✐♥❣
s❛♠♣❧❡s✱ ✇❡ ❜❡❧✐❡✈❡ t❤❛t t❤❡ ❞✐✛❡r❡♥t ♠❡t❤♦❞♦❧♦❣② ✭♦❢ ✐♥❝❧✉❞✐♥❣ ❞♦♠❡st✐❝ tr❛❞❡ ✢♦✇s✮ ✐s ❛ t❤❡ ❞r✐✈✐♥❣ ❢♦r❝❡
❜❡❤✐♥❞ t❤❡ ❞✐✛❡r❡♥❝❡s ✇✐t❤ t❤❡s❡ st✉❞✐❡s✳

✶✽



●❆❚❚✴❲❚❖ ♠❡♠❜❡rs✱ ✐s ❞r✐✈❡♥ ❜② t❤❡✐r tr❛❞❡ ✇✐t❤ t❤❡ ♠❡♠❜❡rs t❤❛t ❥♦✐♥❡❞ ❞✉r✐♥❣ t❤❡

♣❡r✐♦❞ ♦❢ ✐♥✈❡st✐❣❛t✐♦♥✳ ❚❤❡ ❡✛❡❝ts ♦❢ ●❆❚❚✴❲❚❖ ♦♥ ❝♦✉♥tr✐❡s t❤❛t ❥♦✐♥❡❞ ❜❡❢♦r❡ ✶✾✽✵ ❛r❡

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

s❡♣❛r❛t❡❧② ❞✉❡ t♦ ❧❛❝❦ ♦❢ ❞❛t❛✳

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

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

♦❢ tr❛❞❡ ♣♦❧✐❝② ❡✛❡❝ts ✇✐t❤ t❤❡ str✉❝t✉r❛❧ ❣r❛✈✐t② ❡q✉❛t✐♦♥✳ ❙♣❡❝✐✜❝❛❧❧②✱ t❤❡s❡ ❛❞❥✉st♠❡♥ts

❛r❡✿ ✭✐✮ ✐♥❝❧✉❞✐♥❣ ✐♥t❡r♥❛❧ tr❛❞❡ ✢♦✇s❀ ❛♥❞ ✭✐✐✮ ❝♦♥tr♦❧❧✐♥❣ ❢♦r ❝♦♠♠♦♥ ❣❧♦❜❛❧✐③❛t✐♦♥ ❡✛❡❝ts✳

❚♦ ❢❛❝✐❧✐t❛t❡ t❤❡ ❞✐s❝✉ss✐♦♥ ✇❡ ✈✐s✉❛❧✐③❡ ♦✉r ✜♥❞✐♥❣s ✐♥ ❋✐❣✉r❡ ✺✳ ❚❤❡ ❜❧✉❡ ❡st✐♠❛t❡s ✐♥ t❤❡

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

✢♦✇s ❛♥❞ ❛❢t❡r ❛❝❝♦✉♥t✐♥❣ ❢♦r ❣❧♦❜❛❧✐③❛t✐♦♥✳ ❚❤❡ r❡❞ ❡st✐♠❛t❡s ✐♥ ❋✐❣✉r❡ ✺ ❛r❡ ♦❜t❛✐♥❡❞ ❢r♦♠

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

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

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

❛❧✳ ✭✷✵✶✻✮ ❛♥❞ t❤❡ ♠❛✐♥ r❡s✉❧t ❢r♦♠ ▲❛r❝❤ ❡t ❛❧✳ ✭✷✵✶✾✮✿ ❚❤❡ ✐♥❝❧✉s✐♦♥ ♦❢ ✐♥tr❛✲♥❛t✐♦♥❛❧ tr❛❞❡

✢♦✇s ✐s ✐♠♣♦rt❛♥t ❛♥❞ ✐t ❧❡❛❞s t♦ ❧❛r❣❡r ❡st✐♠❛t❡s ♦❢ t❤❡ ✐♠♣❛❝t ♦❢ ●❆❚❚✴❲❚❖ ♠❡♠❜❡rs❤✐♣✳

❋✐❣✉r❡ ✺ s❤♦✇s t❤❛t✱ ✇✐t❤ ✈❡r② ❢❡✇ ❡①❝❡♣t✐♦♥s✱ t❤❡ ●❆❚❚✴❲❚❖ ❡st✐♠❛t❡s ♦❜t❛✐♥❡❞ ✇✐t❤♦✉t

✐♥t❡r♥❛❧ tr❛❞❡ ✢♦✇s ❛r❡ ❛❧✇❛②s s♠❛❧❧❡r ❛s ❝♦♠♣❛r❡❞ t♦ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ❡✛❡❝ts t❤❛t ❛r❡

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

❚❤❡ ❣r❡❡♥ ❡st✐♠❛t❡s ✐♥ ❋✐❣✉r❡ ✺ ❛r❡ ♦❜t❛✐♥❡❞ ❢r♦♠ ❛♥ ❡❝♦♥♦♠❡tr✐❝ ♠♦❞❡❧ t❤❛t ✐s ✐❞❡♥✲

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

t✐♠❡✲✈❛r②✐♥❣ ❜♦r❞❡r ❞✉♠♠② ✈❛r✐❛❜❧❡s t❤❛t ❛r❡ ❞❡s✐❣♥❡❞ t♦ ❝♦♥tr♦❧ ❢♦r ❝♦♠♠♦♥ ❣❧♦❜❛❧✐③❛t✐♦♥

tr❡♥❞s✳ ❚✇♦ ♠❛✐♥ ✜♥❞✐♥❣s st❛♥❞ ♦✉t✳ ❋✐rst✱ ♠♦st ♦❢ t❤❡ ●❆❚❚✴❲❚❖ ❡st✐♠❛t❡s t❤❛t ❛r❡

♦❜t❛✐♥❡❞ ✇✐t❤♦✉t ❝♦♥tr♦❧❧✐♥❣ ❢♦r ❣❧♦❜❛❧✐③❛t✐♦♥ ❛r❡ ❧❛r❣❡r t❤❛♥ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ❡st✐♠❛t❡s

t❤❛t ❞♦ ❝♦♥tr♦❧ ❢♦r ❝♦♠♠♦♥ ❣❧♦❜❛❧✐③❛t✐♦♥ tr❡♥❞s✳ ❚❤✐s r❡s✉❧t ✐s ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ✜♥❞✐♥❣s

♦❢ ❇❡r❣str❛♥❞ ❡t ❛❧✳ ✭✷✵✶✺✮✳ ❙❡❝♦♥❞✱ ✇❡ s❡❡ t❤❛t t❤❡ ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ t❤❡ ❣r❡❡♥ ❛♥❞ t❤❡

❜❧✉❡ ❡st✐♠❛t❡s ✐♥ ❋✐❣✉r❡ ✺ ✐s ✈❡r② ❤❡t❡r♦❣❡♥❡♦✉s✳ ❚❤✉s✱ t❤❡ ♠❛✐♥ ✐♠♣❧✐❝❛t✐♦♥ ♦❢ t❤✐s ❛♥❛❧②s✐s
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✐s t❤❛t ✐t ✐s ✐♠♣♦rt❛♥t t♦ ❛❝❝♦✉♥t ❢♦r ❣❧♦❜❛❧✐③❛t✐♦♥ ❡✛❡❝ts ✐♥ t❤❡ str✉❝t✉r❛❧ ❣r❛✈✐t② ❡st✐♠❛✲

t✐♦♥s✳ ■♥ ❛❞❞✐t✐♦♥✱ t♦ t❤❡ ❡①t❡♥t t❤❛t ●❆❚❚ ❛♥❞ ❲❚❖ ♠❛② ❤❛✈❡ ❤❛❞ ♠✉❧t✐❧❛t❡r❛❧ tr❛❞❡

❧✐❜❡r❛❧✐③❛t✐♦♥ ❡✛❡❝ts ❢♦r ❣❧♦❜❛❧ tr❛❞❡✱ ❛♥ ❛❞❞✐t✐♦♥❛❧ ❛♥❞ s♣❡❝✐✜❝ ✐♠♣❧✐❝❛t✐♦♥ ♦❢ t❤✐s ❛♥❛❧②s✐s ✐s

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

❡✛❡❝ts ♦❢ ●❆❚❚ ❛♥❞ ❲❚❖ t❤❛t ❤❛✈❡ ❛✛❡❝t❡❞ tr❛❞❡ ❣❧♦❜❛❧❧②✳ ❉❡❝♦✉♣❧✐♥❣ t❤❡s❡ ❡✛❡❝ts ❢r♦♠

t❤❡ ✐♠♣❛❝t ♦❢ ❣❧♦❜❛❧✐③❛t✐♦♥ ✐s ❜❡②♦♥❞ t❤❡ s❝♦♣❡ ♦❢ t❤✐s st✉❞②✳ ❍♦✇❡✈❡r✱ t❤❡ ✐♠♣❧✐❝❛t✐♦♥ ❢♦r

♦✉r ❝♦✉♥tr②✲s♣❡❝✐✜❝ ●❆❚❚✴❲❚❖ ❡st✐♠❛t❡s ✐s t❤❛t t❤❡② ♠❛② ♣♦ss✐❜❧② ❜❡ ❜✐❛s❡❞ ❞♦✇♥✇❛r❞✳

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

❛♥❛❧②s✐s ✐♥ t❤✐s s❡❝t✐♦♥✳ ❋✐rst✱ ❛❧❧ ❡❧s❡ ❡q✉❛❧✱ t❤❡ ❛✈❡r❛❣❡ ✐♠♣❛❝t ♦❢ ●❆❚❚✴❲❚❖ ♦♥ ❛❣❣r❡❣❛t❡

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

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

✐♠♣❛❝t ♦❢ ●❆❚❚✴❲❚❖ ♦♥ ♠❡♠❜❡rs✬ tr❛❞❡ ✐s ❜❡t✇❡❡♥ ✸✽✪ ❛♥❞ ✶✵✶✪✳ ❙❡❝♦♥❞✱ ♦✉r ❝♦✉♥tr②✲

s♣❡❝✐✜❝ ❡st✐♠❛t❡s r❡✈❡❛❧ t❤❛t t❤❡ ❡✛❡❝ts ♦❢ ●❆❚❚✴❲❚❖ ❛r❡ ✇✐❞❡❧② ❤❡t❡r♦❣❡♥❡♦✉s ❛❝r♦ss

♠❡♠❜❡rs✳ ❚❤❡ ♠❛❥♦r✐t② ♦❢ ❝♦✉♥tr✐❡s ❡♥❥♦②❡❞ ✐♥❝r❡❛s❡❞ ❡①♣♦rts ❛❢t❡r ❥♦✐♥✐♥❣ ●❆❚❚✴❲❚❖✱

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

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

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

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

❣❧♦❜❛❧✐③❛t✐♦♥ ❡✛❡❝ts ✐♥ t❤❡ str✉❝t✉r❛❧ ❣r❛✈✐t② ♠♦❞❡❧✳

✺ ❖♥ t❤❡ ❲❡❧❢❛r❡ ❊✛❡❝ts ♦❢ ●❆❚❚✴❲❚❖

❈❛♣✐t❛❧✐③✐♥❣ ♦♥ t❤❡ ♣❛rt✐❛❧ ❡q✉✐❧✐❜r✐✉♠ ❡st✐♠❛t❡s✱ ✇❡ ♦✛❡r ❝♦✉♥tr②✲s♣❡❝✐✜❝ ✇❡❧❢❛r❡ ❡st✐♠❛t❡s

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

✇❡ ❤❛✈❡ t♦ ♣r❡♣❛r❡ ❛♣♣r♦♣r✐❛t❡ ❞❛t❛ ❛❝r♦ss t❤r❡❡ ❞✐♠❡♥s✐♦♥s✳

❋✐rst✱ ✇❡ ❤❛❞ t♦ ❝♦♥str✉❝t ❛ sq✉❛r❡✴❜❛❧❛♥❝❡❞ ❞❛t❛s❡t ♦❢ ❡①♣♦rt❡rs ❛♥❞ ✐♠♣♦rt❡rs ❢♦r ❛

❝r♦ss✲s❡❝t✐♦♥✳ ❚♦ ❡♥s✉r❡ ❛ ♠❛①✐♠✉♠ ♥✉♠❜❡r ♦❢ ♥♦♥✲♠✐ss✐♥❣ ♦❜s❡r✈❛t✐♦♥s✱ ✇❡ ✉s❡❞ ❞❛t❛

❢r♦♠ t❤❡ ❧❛st ✜✈❡ ②❡❛rs ✭✷✵✶✷✲✷✵✶✻✮ ❛♥❞ ✇❡ ❛✈❡r❛❣❡❞ tr❛❞❡ ✢♦✇s ❢♦r ❛❧❧ ❝♦✉♥tr② ♣❛✐rs ✐♥ ♦✉r
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❞❛t❛s❡t✳✶✻ ❋♦r ●❆❚❚✴❲❚❖ ♠❡♠❜❡rs❤✐♣✱ ✇❡ t♦♦❦ ❛s r❡❧❡✈❛♥t ②❡❛r t❤❡ ②❡❛r ✷✵✶✻✳ ■♥ t❤✐s

✇❛②✱ ✇❡ ❛r❡ ❛❜❧❡ t♦ ✉s❡ ❛❧❧ ✶✽✻ ❝♦✉♥tr✐❡s ❢♦r ♦✉r ❝♦✉♥t❡r❢❛❝t✉❛❧ ❛♥❛❧②s✐s✱ ✇❤✐❝❤ ❛r❡ ❧✐st❡❞ ✐♥

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

❆♥♦t❤❡r ❝r✉❝✐❛❧ ❢❡❛t✉r❡ ♦❢ t❤❡ ❞❛t❛ s❡t ✉s❡❞ ✐♥ t❤❡ ●❊ ❝♦✉♥t❡r❢❛❝t✉❛❧ ❛♥❛❧②s✐s ✐s t❤❛t ✐t

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

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

✐♥❝❧✉❞✐♥❣ ✉s✐♥❣ ●❚❆P ❞❛t❛✳ ❖✉r ❞❡❝✐s✐♦♥ ✇❛s t♦ r❡❧② ♦♥ ❛♥❞ ❡①t❡♥❞ t❤❡ ❞❛t❛s❡t t❤❛t ✇❛s

✉s❡❞ t♦ ♦❜t❛✐♥ t❤❡ ♣❛rt✐❛❧ ❡st✐♠❛t❡s✱ ✇❤✐❝❤ ✐♥❝❧✉❞❡❞ ✐♥t❡r♥❛❧ tr❛❞❡ ✢♦✇s ❢♦r ✶✺✹ ❝♦✉♥tr✐❡s✳

❖✉r str❛t❡❣② ✇❛s t♦ r❡♣❧❛❝❡ ♠✐ss✐♥❣ ✐♥tr❛✲♥❛t✐♦♥❛❧ tr❛❞❡ ✢♦✇s ❜② ✉s✐♥❣ t❤❡ ♠❡❞✐❛♥ ✈❛❧✉❡ ♦❢

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

✢♦✇s ❞❛t❛ ✭✇❤✐❝❤ ✐s 1.962 ✐♥ ♦✉r s❛♠♣❧❡✮✳

❚❤✐r❞✱ ✇❡ ❤❛❞ t♦ ❞❡❝✐❞❡ ❤♦✇ t♦ tr❡❛t t❤❡ ♦✉t❧✐❡r ♣❛rt✐❛❧ ●❆❚❚✴❲❚❖ ❡st✐♠❛t❡s✱ ✇❤✐❝❤

✇❡ ✐❞❡♥t✐✜❡❞ ✐♥ t❤❡ ❡st✐♠❛t✐♦♥ s❡❝t✐♦♥✱ ✐✳❡✳✱ ❡st✐♠❛t❡s ❜❡❧♦✇ −0.41 ❛♥❞ ❛❜♦✈❡ 1.2✳ ❚♦ t❤✐s

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

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

●❆❚❚✴❲❚❖ ❡st✐♠❛t❡s✱ ✐♥❝❧✉❞✐♥❣ t❤❡ ❡①tr❡♠❡ ♦✉t❧✐❡rs❀ ✭✐✐✮ ❆ s❡t✱ ✇❤❡r❡ ✇❡ ❤❛✈❡ r❡♣❧❛❝❡❞

t❤❡ ❡st✐♠❛t❡s ❢♦r t❤❡ ♦✉t❧✐❡rs ✇✐t❤ ③❡r♦❡s❀ ✭✐✐✐✮ ❆ s❡t✱ ✇❤❡r❡ ✇❡ s❡t t❤❡ ❡st✐♠❛t❡s ❢♦r t❤❡

♦✉t❧✐❡rs t♦ ❜❡ ❡q✉❛❧ t♦ t❤❡ ❛❣❣r❡❣❛t❡ ❡st✐♠❛t❡ ❢r♦♠ ❝♦❧✉♠♥ ✭✺✮ ♦❢ ❚❛❜❧❡ ✶ ✭0.32✮❀ ❛♥❞ ✭✐✈✮ ❆

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

✐s ❜❛s❡❞ ♦♥ t❤❡ ♥❛t✉r❛❧ ❜r❡❛❦ t❤❛t ✇❡ ✐❞❡♥t✐✜❡❞ ✐♥ ❋✐❣✉r❡ ✸✱ ✐✳❡✳✱ ✇❡ s❡t ❛❧❧ ♦✉t❧✐❡r ❡st✐♠❛t❡s

t♦ −0.4012✳ ❙✐♠✐❧❛r❧②✱ ✇❡ r❡♣❧❛❝❡ ❛❧❧ ♣♦s✐t✐✈❡ ♦✉t❧✐❡rs ✇✐t❤ 1.105✱ ✇❤✐❝❤ ✐s t❤❡ ❡st✐♠❛t❡ ❛t

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

❞✐s❝✉ss ❜❡❧♦✇✱ ✇✐t❤ ❛❧❧ ❢♦✉r s❡ts ♦❢ ♣❛rt✐❛❧ ❡q✉✐❧✐❜r✐✉♠ ❡st✐♠❛t❡s✳

❲✐t❤ t❤❡ r❡s✉❧t✐♥❣ sq✉❛r❡ ❞❛t❛s❡t ♦❢ 186 ❝♦✉♥tr✐❡s ❛t ❤❛♥❞✱ ✇❡ ✉s❡❞ t❤❡ st❛♥❞❛r❞ str✉❝✲

t✉r❛❧ ❣r❛✈✐t② ❢r❛♠❡✇♦r❦✱ ❛s ❢♦r ❡①❛♠♣❧❡ ❞❡s❝r✐❜❡❞ ✐♥ ❨♦t♦✈ ❡t ❛❧✳ ✭✷✵✶✻✮✱ t♦ ♣❡r❢♦r♠ ♦✉r ❣❡♥✲

✶✻❋♦r ❚❛✐✇❛♥ ✇❡ ✉s❡ ✷✵✵✻ ✈❛❧✉❡s✱ t❤❡ ♠♦st r❡❝❡♥t ②❡❛r ✇✐t❤ tr❛❞❡ ❞❛t❛ ❢♦r ❚❛✐✇❛♥ ✐♥ ♦✉r ❞❛t❛s❡t✳

✷✶



❡r❛❧ ❡q✉✐❧✐❜r✐✉♠ ❝♦✉♥t❡r❢❛❝t✉❛❧ ❛♥❛❧②s✐s✳✶✼ ❙♣❡❝✐✜❝❛❧❧②✱ ✇❡ ✐♥✈❡st✐❣❛t❡ t❤❡ ❡✛❡❝ts ♦❢ ●❆❚❚✴

❲❚❖ ♠❡♠❜❡rs❤✐♣ ❢♦r ❛❧❧ ❝♦✉♥tr✐❡s ✐♥ t❤❡ ❞❛t❛s❡t ❜② ❛ss✉♠✐♥❣ ③❡r♦ ❡✛❡❝t ✐♥ t❤❡ ❜❛s❡❧✐♥❡

❛♥❞ ✉s✐♥❣ ♦✉r ❡①♣♦rt❡r✲s♣❡❝✐✜❝ ♣❛rt✐❛❧ ❡st✐♠❛t❡s ❢♦r t❤❡ ●❆❚❚✴❲❚❖ ♠❡♠❜❡rs✱ ❢♦r ✇❤✐❝❤

t❤❡ tr❛❞❡ ❝♦st ❝♦✉♥t❡r❢❛❝t✉❛❧ ❝❤❛♥❣❡s ❛r❡ ❣✐✈❡♥ ❜② ((exp(●❆❚❚✴❲❚❖ ❡st✐♠❛t❡))1/(1−σ)
−

1) × 100✱ ✇❤❡r❡ ✇❡ s❡t σ ❡q✉❛❧ t♦ 5✱ ✇❤✐❝❤ ✐s ❛ st❛♥❞❛r❞ ✈❛❧✉❡ ✐♥ t❤❡ ❧✐t❡r❛t✉r❡✳ ❚❤❡s❡

❞❛t❛ ❛♥❞ ❡st✐♠❛t❡s✱ ❝♦♠❜✐♥❡❞ ✇✐t❤ t❤❡ ✉♥❞❡r❧②✐♥❣ t❤❡♦r② ♦❢ str✉❝t✉r❛❧ ❣r❛✈✐t②✱ ❞❡❧✐✈❡r t❤❡

✇❡❧❢❛r❡ ❡✛❡❝ts ♦❢ ●❆❚❚✴❲❚❖ ♠❡♠❜❡rs❤✐♣ t❤❛t ✇❡ r❡♣♦rt ✐♥ ❚❛❜❧❡ ✸✳ ❲❡❧❢❛r❡ ❝❤❛♥❣❡s ❛r❡

❝❛❧❝✉❧❛t❡❞ ❛s ❝❤❛♥❣❡ ✐♥ r❡❛❧ ♠❛♥✉❢❛❝t✉r✐♥❣ ●❉P✱ ❣✐✈❡♥ ✐♥ ♣❡r❝❡♥t✳

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

❢♦r s♦♠❡ s♠❛❧❧❡r ❝♦✉♥tr✐❡s✳ ❋♦r ❡①❛♠♣❧❡ ❉❡♠✳ ❘❡♣✳ ♦❢ ❈♦♥❣♦✱ ◆✐❣❡r✱ ●❛♠❜✐❛✱ ❆❢❣❤❛♥✐st❛♥✱

❇✉❧❣❛r✐❛✱ ❇♦ts✇❛♥❛✱ ❙t✳ ❱✐♥❝❡♥t ❛♥❞ t❤❡ ●r❡♥❛❞✐♥❡s✱ ❛♥❞ ❇❡♥✐♥ s❡❡ s✉❜st❛♥t✐❛❧ s♠❛❧❧❡r

❡✛❡❝ts ✇❤❡♥ ✇❡ r❡♣❧❛❝❡ ♦✉t❧✐❡rs ✇✐t❤ ③❡r♦s ✭❝♦❧✉♠♥ ✭✺✮✮✱ ✇✐t❤ t❤❡ ❛❣❣r❡❣❛t❡ ✈❛❧✉❡ ✭❝♦❧✉♠♥

✭✻✮✮✱ ♦r ✇✐t❤ ❜♦✉♥❞s ✭❝♦❧✉♠♥ ✭✼✮✮✳ ❚❤❡ r❡❛s♦♥ ✐s t❤❛t ❢♦r t❤❡s❡ ❝♦✉♥tr✐❡s t❤❡ ♣♦✐♥t ❡st✐♠❛t❡s

❛r❡ ♣♦s✐t✐✈❡ ❛♥❞ ❧❛r❣❡ ✭❧❛r❣❡r t❤❛♥ 1.2✮✳ ❋♦r ♦t❤❡r ❝♦✉♥tr✐❡s✱ s✉❝❤ ❛s ❙✉r✐♥❛♠❡✱ ❋✐❥✐✱ ❘✇❛♥❞❛✱

▼❛❞❛❣❛s❝❛r✱ ❇❡❧✐③❡✱ ▼②❛♥♠❛r✱ ▼♦③❛♠❜✐q✉❡✱ ❛♥❞ ▲✐❜❡r✐❛ ✇❡ s❡❡ ❧❛r❣❡r ❡✛❡❝ts✱ ❛s ✇❡ r❡♣❧❛❝❡

t❤❡ ❧❛r❣❡ ♥❡❣❛t✐✈❡ ♣♦✐♥t ❡st✐♠❛t❡s ✭s♠❛❧❧❡r t❤❛♥ −0.4✮✳ ❆s ❞✐s❝✉ss❡❞ ✐♥ t❤❡ ❡st✐♠❛t✐♦♥

✶✼❆ss✉♠✐♥❣ ❛♥ ❡♥❞♦✇♠❡♥t ❡❝♦♥♦♠② ✇✐t❤ ❈❊❙ ♣r❡❢❡r❡♥❝❡s✱ ✇❡ ❝❛♥ ✇r✐t❡ ♥♦♠✐♥❛❧ ♦✉t♣✉t ❛s Yi,t =
∑

j Xij,t =
∑

j(γipi,t)
1−σt1−σ

ij,t Ej,t/Pj,t✱ ✇❤❡r❡ ✇❡ r❡♣❧❛❝❡❞ Xij ✉s✐♥❣ t❤❡ s♦❧✉t✐♦♥ ❢♦r ❡①♣❡♥❞✐t✉r❡s ♦♥
❣♦♦❞s s❤✐♣♣❡❞ ❢r♦♠ ❝♦✉♥tr② i t♦ ❝♦✉♥tr② j ♦❢ t❤❡ ❝♦♥s✉♠❡r✬s ♦♣t✐♠✐③❛t✐♦♥ ♣r♦❜❧❡♠✳ ❲❡ ❢♦❧❧♦✇ ❉❡❦❧❡
❡t ❛❧✳ ✭✷✵✵✼❀ ✷✵✵✽✮ t♦ ❞❡✜♥❡ ❝♦✉♥tr② i✬s s❤❛r❡ ✐♥ ❝♦✉♥tr② j✬s s♣❡♥❞✐♥❣ ❛s πij,t = Xij,t/Ej,t✳ ❯s✲
✐♥❣ ❤❛ts t♦ ❞❡♥♦t❡ r❛t✐♦s ♦❢ ❝♦✉♥t❡r❢❛❝t✉❛❧ t♦ ❜❛s❡❧✐♥❡ ✈❛❧✉❡s✱ t❤❡ ❝❤❛♥❣❡ ♦❢ πij,t ❜❡t✇❡❡♥ t❤❡ ❜❛s❡✲
❧✐♥❡ ✭❞❡♥♦t❡❞ ✇✐t❤ s✉♣❡rs❝r✐♣t b✮ ❛♥❞ t❤❡ ❝♦✉♥t❡r❢❛❝t✉❛❧ ✭❞❡♥♦t❡❞ ✇✐t❤ s✉♣❡rs❝r✐♣t c✮ ❝❛♥ ❜❡ ✇r✐tt❡♥

❛s π̂ij,t = πc
ij,t/π

b
ij,t =

(

p̂i,tt̂ij,t
)1−σ

/
∑

l π
b
lj,t

(

p̂l,tt̂lj,t
)1−σ

✳ ❉✉❡ t♦ t❤❡ ❛ss✉♠♣t✐♦♥ ♦❢ ❛♥ ❡♥❞♦✇♠❡♥t
❡❝♦♥♦♠②✱ ✇❡ ❤❛✈❡ Ei,t = Yi,t + TIi,t = pi,tQi,t + TIi,t✱ ✇❤❡r❡ Qi,t ❛r❡ ✐♥✐t✐❛❧ ❡♥❞♦✇♠❡♥ts ✐♥ i ✐♥
②❡❛r t ❛♥❞ TIi,t ❞❡♥♦t❡ tr❛❞❡ ✐♠❜❛❧❛♥❝❡s✱ ✇❤✐❝❤ ❛r❡ ❤❡❧❞ ❝♦♥st❛♥t ❜❡t✇❡❡♥ ❜❛s❡❧✐♥❡ ❛♥❞ ❝♦✉♥t❡r❢❛❝✲

t✉❛❧✳ ❍❡♥❝❡✱ Ŷj,t = p̂j,t ❛♥❞ Êi,t = Ec
i,t/E

b
i,t = (Ŷi,tY

b
i,t + TIi,t)/E

b
i,t✱ ❛♥❞ Ŷi,t ❝❛♥ ❜❡ ❝❛❧❝✉❧❛t❡❞ ❛s

Y b
i,tŶi,t =

∑

j

πb
ij,t(Ŷi,t t̂ij,t)

1−σ

∑
l
πb
lj,t

(Ŷl,t t̂lj,t)1−σ
(Ŷj,tY

b
j,t + TIj,t)✳ ❲❡ ❝❛♥ s♦❧✈❡ t❤❡s❡ ❡q✉❛t✐♦♥s ✇✐t❤ tr❛❞❡ ✢♦✇s ❞❛t❛ ❛♥❞

❛ ✈❛❧✉❡ ❢♦r σ ♦♥❧②✱ ✉s✐♥❣ Yi,t =
∑

j Xij,t✱ Ej,t =
∑

i Xij,t✱ TIi,t = Ei,t − Yi,t✱ ❛♥❞ πij,t = Xij,t/Ej,t✳ ❲❡

✉s❡ pi,t ❢r♦♠ ●❡r♠❛♥② ❛s ♦✉r ♥✉♠ér❛✐r❡✳ ❚❤❡ ❝❤❛♥❣❡s ✐♥ tij,t✱ t̂ij,t✱ ❢♦r♠ t❤❡ ❜❛s✐s ♦❢ ♦✉r ❝♦✉♥t❡r❢❛❝t✉❛❧

❡①♣❡r✐♠❡♥t✳ ❲✐t❤ Ŷi,t✱ ✇❡ ❝❛♥ ❝❛❧❝✉❧❛t❡ t❤❡ r❡♠❛✐♥✐♥❣ ❝❤❛♥❣❡s✿ Êj,t = (Ŷj,tY
b
j,t + TIj,t)/E

b
j,t✱ p̂j,t = Ŷj,t✱

P̂j,t = (
∑

l π
b
lj,t(p̂l,tt̂lj,t)

1−σ)1/(1−σ)✱ ❛♥❞ π̂ij,t = (p̂i,tt̂ij,t)
1−σ/(

∑

l π
b
lj,t(p̂l,tt̂lj,t)

1−σ)✳ ❘❡❛❧ ●❉P ❝❤❛♥❣❡s ✭♦✉r

♠❡❛s✉r❡ ♦❢ ✇❡❧❢❛r❡✮ ❛r❡ ❣✐✈❡♥ ❜②✿ Wj,t = (π̂ii,t)
1/(1−σ)✳ ❲❡ r❡❢❡r t❤❡ r❡❛❞❡r t♦ ❨♦t♦✈ ❡t ❛❧✳ ✭✷✵✶✻✮ ❢♦r ❛

❞❡t❛✐❧❡❞ ❞✐s❝✉ss✐♦♥ ♦❢ t❤❡ ♠✉❧t✐❧❛t❡r❛❧ r❡s✐st❛♥❝❡s✱ t❤❡✐r ♣r♦♣❡rt✐❡s ❛♥❞ ❝♦♥str✉❝t✐♦♥✱ ❛s ✇❡❧❧ ❛s ♠♦r❡ ❞❡t❛✐❧❡❞
❞✐s❝✉ss✐♦♥ ❛❜♦✉t ♣❡r❢♦r♠✐♥❣ ❛ ❝♦✉♥t❡r❢❛❝t✉❛❧ ❛♥❛❧②s✐s✳ ■♥ ❛❞❞✐t✐♦♥✱ ❍❡❛❞ ❛♥❞ ▼❛②❡r ✭✷✵✶✹✮ ❛♥❞ ❈♦st✐♥♦t
❛♥❞ ❘♦❞rí❣✉❡③✲❈❧❛r❡ ✭✷✵✶✹✮ ♦✛❡r ✈❡r② ✐♥❢♦r♠❛t✐✈❡ ❛♥❞ ✐♥s✐❣❤t❢✉❧ r❡✈✐❡✇s ♦❢ t❤❡ ❝✉tt✐♥❣✲❡❞❣❡ ❛♣♣r♦❛❝❤❡s t♦
♣❡r❢♦r♠ ❣❡♥❡r❛❧ ❡q✉✐❧✐❜r✐✉♠ ❛♥❛❧②s✐s ✇✐t❤ t❤❡ str✉❝t✉r❛❧ ❣r❛✈✐t② ♠♦❞❡❧✳
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s❡❝t✐♦♥✱ ❢♦r t❤❡s❡ ❝♦✉♥tr✐❡s ✇❡ ✈✐❡✇ ♦✉r ♣♦✐♥t ❡st✐♠❛t❡s ❛s ♦✉t❧✐❡rs✳ ❍❡♥❝❡✱ t❤❡ ✇❡❧❢❛r❡

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

❝❧❡❛r❧② ❤✐❣❤❧✐❣❤t t❤✐s ❢❛❝t✳ ❊♥❝♦✉r❛❣✐♥❣❧②✱ ❛s t❤❡ ♦✉t❧✐❡rs ❛r❡ s♠❛❧❧❡r ❝♦✉♥tr✐❡s✱ ♦✉r ✇❡❧❢❛r❡

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

■♥ t❤❡ ❢♦❧❧♦✇✐♥❣✱ ✇❡ ✇✐❧❧ ❢♦❝✉s ♦♥ ♦✉r r❡s✉❧ts ❢r♦♠ ❝♦❧✉♠♥ ✭✼✮ ♦❢ ❚❛❜❧❡ ✸ ✇❤❡r❡ ✇❡ r❡♣❧❛❝❡

t❤❡ ♦✉t❧✐❡rs ✇✐t❤ ❜♦✉♥❞s✳

❚❤❡ ♠❛✐♥ r❡s✉❧ts ❢r♦♠ ❚❛❜❧❡ ✸ ❛r❡ ✐♥✲❧✐♥❡ ✇✐t❤ ❡①♣❡❝t❛t✐♦♥s✳ ❚♦t❛❧ ❡①♣♦rts ♦❢ ●❆❚❚

✴❲❚❖ ♠❡♠❜❡rs ✐♥❝r❡❛s❡ ✇❡❧❢❛r❡ ♦♥ ❛✈❡r❛❣❡ ❜② 3.88 ♣❡r❝❡♥t✱ ✇❤❡r❡❛s ✇❡❧❢❛r❡ ❢❛❧❧s ♦♥ ❛✈✲

❡r❛❣❡ ❜② −0.44 ♣❡r❝❡♥t ❢♦r ♥♦♥✲●❆❚❚✴❲❚❖ ♠❡♠❜❡rs✳ ❇❡❤✐♥❞ t❤❡s❡ ❛✈❡r❛❣❡ ❡✛❡❝ts ✐s ❛

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

−4.24 ♣❡r❝❡♥t ❢♦r ▲✐❜❡r✐❛ t♦ 28.58 ♣❡r❝❡♥t ❢♦r t❤❡ ●❛♠❜✐❛✳

❚♦ ❜❡tt❡r ✉♥❞❡rst❛♥❞ t❤❡s❡ ❤❡t❡r♦❣❡♥❡♦✉s ❡✛❡❝ts✱ ✐♥ ❋✐❣✉r❡ ✻✱ ✇❡ ♣❧♦t t❤❡ ✇❡❧❢❛r❡ ❡✛❡❝ts

❛❣❛✐♥st t❤❡ ❝❤❛♥❣❡ ✐♥ tr❛❞❡ ❝♦sts✳ ❚❤❡r❡ ✐s ❛ str♦♥❣ ♥❡❣❛t✐✈❡ ❝♦rr❡❧❛t✐♦♥ ♦❢ −0.819✱ ✇❤✐❝❤

s❤♦✇s t❤❛t ✐❢ t❤❡r❡ ✐s ❛ s✉❜st❛♥t✐❛❧ ❞r♦♣ ✐♥ tr❛❞❡ ❝♦sts ❞✉❡ t♦ ●❆❚❚✴❲❚❖✱ t❤❡ ✇❡❧❢❛r❡

❡✛❡❝ts ❛r❡ ❛❧s♦ ❧❛r❣❡r✳ ❚❤✐s ✈✐s✉❛❧✐③❡s t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ t❤❡ ❞✐r❡❝t✱ ♣❛rt✐❛❧ ❡✛❡❝t✳ ❍♦✇❡✈❡r✱

t❤❡ ❝♦rr❡❧❛t✐♦♥ ✐s ❢❛r ❢r♦♠ ♣❡r❢❡❝t✱ ✇❤✐❝❤ s❤♦✇s t❤❡ ❣❡♥❡r❛❧ ❡q✉✐❧✐❜r✐✉♠ ❝❤❛♥♥❡❧s ❛t ✇♦r❦✳ ❚❤❡

❣❡♥❡r❛❧ ❡q✉✐❧✐❜r✐✉♠ ❡✛❡❝ts✱ ✇❤✐❝❤ ✇♦r❦ t❤r♦✉❣❤ ♣r✐❝❡ ❛♥❞ ✐♥❝♦♠❡ ❝❤❛♥❣❡s✱ ❛r❡ t❤❡ str♦♥❣❡st

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

❡①❛♠♣❧❡✱ ❢♦r ▲❛♦s✱ ●❛♠❜✐❛✱ ▼②❛♥♠❛r✱ ❛♥❞ ❘❡♣✳ ♦❢ ❈♦♥❣♦✱ ✇❤✐❝❤ ❛❧❧ ❤❛✈❡ ❛ ✈❡r② ❧♦✇ s❤❛r❡ ♦❢

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

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

❧✐❦❡ ❈❤✐♥❛✱ ❙②r✐❛✱ ❏❛♣❛♥✱ ❛♥❞ ■♥❞✐❛✱ ❢♦r ❡①❛♠♣❧❡✱ s❡❧❧ ❛ ❧♦t ❞♦♠❡st✐❝❛❧❧② ❛♥❞ ❛r❡ ❜❡❧♦✇ ♦✉r

❧✐♥❡❛r ❜❡st✲✜t ❧✐♥❡ ♣❧♦tt❡❞ ✐♥ r❡❞ ✐♥ ❋✐❣✉r❡ ✻✳

■♥ ❋✐❣✉r❡ ✻ ✇❡ ❛❧s♦ s❡❡ q✉✐t❡ s♦♠❡ ❝♦✉♥tr✐❡s ✇✐t❤ ♥❡❣❛t✐✈❡ ♣❛rt✐❛❧ ●❆❚❚✴❲❚❖ ❡st✐♠❛t❡s

✭♥♦t❡ t❤❛t ❛ ♣♦s✐t✐✈❡ ❝❤❛♥❣❡ ✐♥ tr❛❞❡ ❝♦st ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❛ ♥❡❣❛t✐✈❡ ♣♦✐♥t ❡st✐♠❛t❡ ♦❢

●❆❚❚✴❲❚❖♠❡♠❜❡rs❤✐♣✮✳ ❆s ❡①♣❡❝t❡❞✱ s♦♠❡ ♦❢ t❤❡s❡ ❝♦✉♥tr✐❡s s❡❡ ♥❡❣❛t✐✈❡ ✇❡❧❢❛r❡ ❡✛❡❝ts✳

❍♦✇❡✈❡r✱ s♦♠❡ ♦❢ t❤❡♠ st✐❧❧ s❡❡ ♣♦s✐t✐✈❡ ✇❡❧❢❛r❡ ❡✛❡❝ts ✭❛s✱ ❢♦r ❡①❛♠♣❧❡✱ ❆✉str❛❧✐❛✱ ❇✉r❦✐♥❛
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❋❛s♦✱ ❇♦❧✐✈✐❛✱ ❊❝✉❛❞♦r✱ ❙♣❛✐♥✱ ❋r❛♥❝❡✱ ❯♥✐t❡❞ ❑✐♥❣❞♦♠✱ ●✉✐♥❡❛✱ ●r❡❡❝❡✱ ●✉❛t❡♠❛❧❛✱ ❍♦♥❣

❑♦♥❣✱ ❈❤✐♥❛✱ ❍♦♥❞✉r❛s✱ ❑❡♥②❛✱ ❙r✐ ▲❛♥❦❛✱ ▼❛❝❛♦✱ ◆✐❣❡r✐❛✱ ◆✐❝❛r❛❣✉❛✱ ◆❡♣❛❧✱ P❛♥❛♠❛✱ P❡r✉✱

P❛r❛❣✉❛②✱ ❯❣❛♥❞❛✱ ❘❡♣✳ ❨❡♠❡♥✱ ❛♥❞ ❩❛♠❜✐❛✮✳ ❚❤❡ r❡❛s♦♥ ❢♦r t❤❡ ♣♦s✐t✐✈❡ ✇❡❧❢❛r❡ ❡✛❡❝ts

❞❡s♣✐t❡ t❤❡ ♥❡❣❛t✐✈❡ ♣❛rt✐❛❧ ❡✛❡❝ts ❛r❡ ❝❤❡❛♣❡r ✐♠♣♦rts ❢r♦♠ ●❆❚❚✴❲❚❖ tr❛❞✐♥❣ ♣❛rt♥❡rs

✇✐t❤ s✉❜st❛♥t✐❛❧ ❞r♦♣s ✐♥ t❤❡✐r tr❛❞❡ ❝♦sts✳ ❚❤✐s ✐♠♣❧✐❡s t❤❛t ●❆❚❚✴❲❚❖ ♠❡♠❜❡rs❤✐♣

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

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

✐♠♣♦rts✳ ❍❡♥❝❡✱ ❡✈❡♥ ❝♦✉♥tr✐❡s ✇✐t❤ ♥❡❣❛t✐✈❡❧② ❡st✐♠❛t❡❞ ❡①♣♦rt❡r✲s♣❡❝✐✜❝ ●❆❚❚✴❲❚❖

❡✛❡❝ts ♠❛② s❡❡ ♣♦s✐t✐✈❡ ✇❡❧❢❛r❡ ❡✛❡❝ts ❢r♦♠ tr❛❞✐♥❣ ✇✐t❤ ●❆❚❚✴❲❚❖ ♠❡♠❜❡rs✳

✻ ❈♦♥❝❧✉s✐♦♥

❉♦❡s t❤❡ ●❆❚❚✴❲❚❖ ❝r❡❛t❡ tr❛❞❡ ❛♥❞ ✐♥❝r❡❛s❡ ✇❡❧❢❛r❡ ♦❢ ✐ts ♠❡♠❜❡rs❄ ▼♦st tr❛❞❡ ♣♦❧✐❝②

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

✈✐❞❡❞ ❝♦♥✢✐❝t✐♥❣ ❡✈✐❞❡♥❝❡✳ ●✐✈❡♥ t❤❡ ❝✉rr❡♥t ❞❡❜❛t❡s ❛❜♦✉t t❤❡ ❢✉t✉r❡ ♦❢ t❤❡ ✇♦r❧❞ tr❛❞✐♥❣

s②st❡♠ ❛♥❞ t❤❡ ❜❡♥❡✜ts ❛♥❞ ❝♦sts ♦❢ ♠✉❧t✐❧❛t❡r❛❧✐s♠✱ ❛ ❝♦♥✈✐♥❝✐♥❣ ❛♥s✇❡r t♦ t❤❡ q✉❡st✐♦♥ ✐s

♦❢ ❡♠✐♥❡♥t ✐♠♣♦rt❛♥❝❡✳

❋♦rt✉♥❛t❡❧②✱ s✐♥❝❡ t❤❡ ✜rst ❡❝♦♥♦♠❡tr✐❝ ♣❛♣❡r ❜② ❘♦s❡ ✭✷✵✵✹✮✱ t❤❡ r❡s❡❛r❝❤ ❝♦♠♠✉♥✐t②

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

✇♦r❦❤♦rs❡ ♦❢ ❡♠♣✐r✐❝❛❧ tr❛❞❡ st✉❞✐❡s✱ ✐♥t♦ t❤❡♦r②✳ ❍♦✇❡✈❡r✱ s♦ ❢❛r✱ ♥♦t ❛❧❧ ♦❢ t❤❡ ✐♠♣r♦✈❡♠❡♥ts

❤❛✈❡ ❜❡❡♥ ❛♣♣❧✐❡❞ t♦ t❤❡ ❞❡❜❛t❡ ❛❜♦✉t t❤❡ ●❆❚❚✴❲❚❖✳ ❇✉✐❧❞✐♥❣ ♦♥ t❤✐s ♣r♦❣r❡ss✱ ✐♥ t❤✐s

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

t♦ ✐❞❡♥t✐❢② t❤❡ ❡✛❡❝t ♣r♦♣❡r❧②✱ ♦♥❡ ♥❡❡❞s t♦ ❛❝❝♦✉♥t ❢♦r ✐♥tr❛✲♥❛t✐♦♥❛❧ tr❛❞❡ ✢♦✇s✳ ◆♦t ♦♥❧②

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

✐❞❡♥t✐✜❝❛t✐♦♥✳

▼♦st ✐♠♣♦rt❛♥t❧②✱ t❤✐s str❛t❡❣② ❛❧❧♦✇s ✉s t♦ ♦❜t❛✐♥ ❝♦✉♥tr②✲s♣❡❝✐✜❝ ❡st✐♠❛t❡s ♦❢ t❤❡

✐♠♣❛❝t ♦❢ ●❆❚❚ ❛♥❞ ❲❚❖ ♦♥ t❤❡ ♠❛♥✉❢❛❝t✉r✐♥❣ ❡①♣♦rts ♦❢ ♠❡♠❜❡r ❝♦✉♥tr✐❡s✳ ❲❡ ✜♥❞

t❤❛t✱ ✇❤✐❧❡ ❤❡t❡r♦❣❡♥❡♦✉s✱ t❤❡ ♠❛❥♦r✐t② ♦❢ ♦✉r ❡st✐♠❛t❡s ❛r❡ ♣♦s✐t✐✈❡ ❛♥❞ s✐③❡❛❜❧❡✳ ❇❛s❡❞ ♦♥

✷✹



t❤❡s❡✱ ♦✉r ❝♦✉♥t❡r❢❛❝t✉❛❧ ❛♥❛❧②s✐s ✜♥❞s t❤❡ ❢♦❧❧♦✇✐♥❣ ✇❡❧❢❛r❡ ❡✛❡❝ts ❢♦r ❛ ●❆❚❚ ❛♥❞ ❲❚❖

♠❡♠❜❡rs❤✐♣✿ ❝♦✉♥tr✐❡s ❥♦✐♥✐♥❣ t❤❡ r✉❧❡s ❜❛s❡❞ tr❛❞✐♥❣ s②st❡♠ ❛❝❤✐❡✈❡❞ ✇❡❧❢❛r❡ ❣❛✐♥s ♦❢ 3.88

♣❡r❝❡♥t ♦♥ ❛✈❡r❛❣❡✳ ❲❚❖ ♠❡♠❜❡rs❤✐♣ ✐s ✇♦rt❤ ❛♥ ✐♥❝r❡❛s❡ ✐♥ ✇❡❧❢❛r❡ ♦❢ ✸✳✺ ♣❡r❝❡♥t ❢♦r

●❡r♠❛♥②✱ ✻✳✼ ♣❡r❝❡♥t ❢♦r ■sr❛❡❧✱ ❛♥❞ ✶✳✶ ♣❡r❝❡♥t ❢♦r t❤❡ ❯❙✳ ■♥ ❝♦♥tr❛st✱ ✇❡❧❢❛r❡ ✐s −0.44

♣❡r❝❡♥t ❧♦✇❡r ❢♦r t❤❡ ❛✈❡r❛❣❡ ❝♦✉♥tr② ♦✉ts✐❞❡ ●❆❚❚✴❲❚❖✳

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

r❡s✉❧t✐♥❣ ❢r♦♠ ❛ ●❆❚❚✲ ❛♥❞ ❲❚❖✲♠❡♠❜❡rs❤✐♣✳ ❖✉r ✜♥❞✐♥❣s s✉❣❣❡st t❤❛t t❤❡ r✉❧❡s✲❜❛s❡❞

✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡ s②st❡♠ ✇✐t❤ t❤❡ ❲❚❖ ❛s ✐ts ❝r✉❝✐❛❧ ♣✐❧❧❛r ❤❛s ♣❧❛②❡❞ ❛♥ ✐♠♣♦rt❛♥t r♦❧❡

❢♦r ❡❝♦♥♦♠✐❝ ♣r♦s♣❡r✐t② ♦✈❡r t❤❡ ♣❛st ❞❡❝❛❞❡s✳

✷✺



❘❡❢❡r❡♥❝❡s

❆❣♥♦st❡✈❛✱ ❉❡❧✐♥❛ ❊✳✱ ❏❛♠❡s ❊✳ ❆♥❞❡rs♦♥✱ ❛♥❞ ❨♦t♦ ❱✳ ❨♦t♦✈✱ ✏■♥tr❛✲♥❛t✐♦♥❛❧ ❚r❛❞❡
❈♦sts✿ ❆ss❛②✐♥❣ ❘❡❣✐♦♥❛❧ ❋r✐❝t✐♦♥s✱✑ ❊✉r♦♣❡❛♥ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇✱ ✷✵✶✾✱ ✶✶✷✱ ✸✷✕✺✵✳

❆♥❞❡rs♦♥✱ ❏❛♠❡s ❊✳✱ ✏❆ ❚❤❡♦r❡t✐❝❛❧ ❋♦✉♥❞❛t✐♦♥ ❢♦r t❤❡ ●r❛✈✐t② ❊q✉❛t✐♦♥✱✑ ❆♠❡r✐❝❛♥
❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇✱ ✶✾✼✾✱ ✻✾ ✭✶✮✱ ✶✵✻✕✶✶✻✳

✱ ✏❚❤❡ ●r❛✈✐t② ▼♦❞❡❧✱✑ ❆♥♥✉❛❧ ❘❡✈✐❡✇ ♦❢ ❊❝♦♥♦♠✐❝s✱ ✷✵✶✶✱ ✸✱ ✶✸✸✕✶✻✵✳

❛♥❞ ❊r✐❝ ✈❛♥ ❲✐♥❝♦♦♣✱ ✏●r❛✈✐t② ✇✐t❤ ●r❛✈✐t❛s✿ ❆ ❙♦❧✉t✐♦♥ t♦ t❤❡ ❇♦r❞❡r P✉③③❧❡✱✑
❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇✱ ✷✵✵✸✱ ✾✸ ✭✶✮✱ ✶✼✵✕✶✾✷✳

❛♥❞ ❊r✐❝ ✈❛♥ ❲✐♥❝♦♦♣✱ ✏❚r❛❞❡ ❈♦sts✱✑ ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝ ▲✐t❡r❛t✉r❡✱ ✷✵✵✹✱ ✹✷ ✭✸✮✱
✻✾✶✕✼✺✶✳

❛♥❞ ❨♦t♦ ❱✳ ❨♦t♦✈✱ ✏❚❤❡ ❈❤❛♥❣✐♥❣ ■♥❝✐❞❡♥❝❡ ♦❢ ●❡♦❣r❛♣❤②✱✑ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝
❘❡✈✐❡✇✱ ✷✵✶✵✱ ✶✵✵ ✭✺✮✱ ✷✶✺✼✕✷✶✽✻✳

❆r❦♦❧❛❦✐s✱ ❈♦st❛s✱ ❆r♥❛✉❞ ❈♦st✐♥♦t✱ ❛♥❞ ❆♥❞rés ❘♦❞rí❣✉❡③✲❈❧❛r❡✱ ✏◆❡✇ ❚r❛❞❡
▼♦❞❡❧s✱ ❙❛♠❡ ❖❧❞ ●❛✐♥s❄✱✑ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇✱ ✷✵✶✷✱ ✶✵✷ ✭✶✮✱ ✾✹✕✶✸✵✳

❇❛✐❡r✱ ❙❝♦tt ▲✳ ❛♥❞ ❏❡✛r❡② ❍✳ ❇❡r❣str❛♥❞✱ ✏❉♦ ❋r❡❡ ❚r❛❞❡ ❆❣r❡❡♠❡♥ts ❆❝t✉❛❧❧② ■♥✲
❝r❡❛s❡ ▼❡♠❜❡rs✬ ■♥t❡r♥❛t✐♦♥❛❧ ❚r❛❞❡❄✱✑ ❏♦✉r♥❛❧ ♦❢ ■♥t❡r♥❛t✐♦♥❛❧ ❊❝♦♥♦♠✐❝s✱ ✷✵✵✼✱ ✼✶ ✭✶✮✱
✼✷✕✾✺✳

❇❡r❣str❛♥❞✱ ❏❡✛r❡② ❍✳✱ ▼❛r✐♦ ▲❛r❝❤✱ ❛♥❞ ❨♦t♦ ❱✳ ❨♦t♦✈✱ ✏❊❝♦♥♦♠✐❝ ■♥t❡❣r❛t✐♦♥
❆❣r❡❡♠❡♥ts✱ ❇♦r❞❡r ❊✛❡❝ts✱ ❛♥❞ ❉✐st❛♥❝❡ ❊❧❛st✐❝✐t✐❡s ✐♥ t❤❡ ●r❛✈✐t② ❊q✉❛t✐♦♥✱✑ ❊✉r♦♣❡❛♥
❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇✱ ✷✵✶✺✱ ✼✽✱ ✸✵✼✕✸✷✼✳

❈❛❧✐❡♥❞♦✱ ▲♦r❡♥③♦ ❛♥❞ ❋❡r♥❛♥❞♦ P❛rr♦✱ ✏❊st✐♠❛t❡s ♦❢ t❤❡ ❚r❛❞❡ ❛♥❞ ❲❡❧❢❛r❡ ❊✛❡❝ts
♦❢ ◆❆❋❚❆✱✑ ❘❡✈✐❡✇ ♦❢ ❊❝♦♥♦♠✐❝ ❙t✉❞✐❡s✱ ✷✵✶✺✱ ✽✷ ✭✶✮✱ ✶✕✹✹✳

❈❤❛♥❣✱ P❛♦✲▲✐ ❛♥❞ ▼②♦✉♥❣✲❏❛❡ ▲❡❡✱ ✏❚❤❡ ❲❚❖ ❚r❛❞❡ ❊✛❡❝t✱✑ ❏♦✉r♥❛❧ ♦❢ ■♥t❡r♥❛t✐♦♥❛❧
❊❝♦♥♦♠✐❝s✱ ✷✵✶✶✱ ✽✺ ✭✶✮✱ ✺✸ ✕ ✼✶✳

❈❤❡♥❣✱ ■✲❍✉✐ ❛♥❞ ❍♦✇❛r❞ ❏✳ ❲❛❧❧✱ ✏❈♦♥tr♦❧❧✐♥❣ ❢♦r ❍❡t❡r♦❣❡♥❡✐t② ✐♥ ●r❛✈✐t② ▼♦❞❡❧s ♦❢
❚r❛❞❡ ❛♥❞ ■♥t❡❣r❛t✐♦♥✱✑ ❋❡❞❡r❛❧ ❘❡s❡r✈❡ ❇❛♥❦ ♦❢ ❙t✳ ▲♦✉✐s ❘❡✈✐❡✇✱ ✷✵✵✺✱ ✽✼ ✭✶✮✱ ✹✾✕✻✸✳

❈♦❡✱ ❉❛✈✐❞ ❚✳✱ ❆r✈✐♥❞ ❙✉❜r❛♠❛♥✐❛♥✱ ◆❛t❛❧✐❛ ❚✳ ❚❛♠✐r✐s❛✱ ❛♥❞ ❘✐❦❤✐❧ ❇❤❛✈♥❛♥✐✱
✏❚❤❡ ▼✐ss✐♥❣ ●❧♦❜❛❧✐③❛t✐♦♥ P✉③③❧❡✱✑ ■▼❋ ❲♦r❦✐♥❣ P❛♣❡r ◆♦✳ ✶✼✶✱ ✷✵✵✷✳

❈♦st✐♥♦t✱ ❆r♥❛✉❞ ❛♥❞ ❆♥❞rés ❘♦❞rí❣✉❡③✲❈❧❛r❡✱ ✏❚r❛❞❡ ❚❤❡♦r② ✇✐t❤ ◆✉♠❜❡rs✿ ◗✉❛♥✲
t✐❢②✐♥❣ t❤❡ ❈♦♥s❡q✉❡♥❝❡s ♦❢ ●❧♦❜❛❧✐③❛t✐♦♥✱✑ ❈❤❛♣t❡r ✹ ✐♥ t❤❡ ❍❛♥❞❜♦♦❦ ♦❢ ■♥t❡r♥❛t✐♦♥❛❧
❊❝♦♥♦♠✐❝s ❱♦❧✳ ✹✱ ❡❞s✳ ●✐t❛ ●♦♣✐♥❛t❤✱ ❊❧❤❛♥❛♥ ❍❡❧♣♠❛♥✱ ❛♥❞ ❑❡♥♥❡t❤ ❙✳ ❘♦❣♦✛✱ ❊❧s❡✈✐❡r
▲t❞✳✱ ❖①❢♦r❞✱ ✷✵✶✹✱ ♣♣✳ ✶✾✼✕✷✻✶✳

✱ ❉❛✈❡ ❉♦♥❛❧❞s♦♥✱ ❛♥❞ ■✈❛♥❛ ❑♦♠✉♥❥❡r✱ ✏❲❤❛t ●♦♦❞s ❉♦ ❈♦✉♥tr✐❡s ❚r❛❞❡❄ ❆
◗✉❛♥t✐t❛t✐✈❡ ❊①♣❧♦r❛t✐♦♥ ♦❢ ❘✐❝❛r❞♦✬s ■❞❡❛s✱✑ ❘❡✈✐❡✇ ♦❢ ❊❝♦♥♦♠✐❝ ❙t✉❞✐❡s✱ ✷✵✶✷✱ ✼✾ ✭✷✮✱
✺✽✶✕✻✵✽✳
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❉❛✐✱ ▼✐❛♥✱ ❨♦t♦ ❱✳ ❨♦t♦✈✱ ❛♥❞ ❚❤♦♠❛s ❩②❧❦✐♥✱ ✏❖♥ t❤❡ ❚r❛❞❡✲❉✐✈❡rs✐♦♥ ❊✛❡❝ts ♦❢
❋r❡❡ ❚r❛❞❡ ❆❣r❡❡♠❡♥ts✱✑ ❊❝♦♥♦♠✐❝s ▲❡tt❡rs✱ ✷✵✶✹✱ ✶✷✷ ✭✷✮✱ ✸✷✶✕✸✷✺✳
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❜② ❞❡♣✐❝t✐♥❣ t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ ❡❛❝❤ ❣r♦✉♣s✬ s❤❛r❡ ✐♥ t♦t❛❧ tr❛❞❡✳
❙♦✉r❝❡✿ ❉✐r❡❝t✐♦♥ ♦❢ ❚r❛❞❡ ❙t❛t✐st✐❝s ✭❉❖❚❙✮✱ ❲❚❖✳
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❋✐❣✉r❡ ✷✿ ❆✈❡r❛❣❡ ❆♥♥✉❛❧ ❈❤❛♥❣❡ ✐♥ ❚r❛❞❡ ❇❡❢♦r❡ ❛♥❞ ❆❢t❡r ●❆❚❚✴❲❚❖ ❆❝❝❡ss✐♦♥✱ ❜②
❝♦✉♥tr②

◆♦t❡✿ ❚❤✐s ✜❣✉r❡ ✐❧❧✉str❛t❡s t❤❡ ❡✈♦❧✉t✐♦♥ ♦❢ tr❛❞❡ ✐♥ ❡❛❝❤ ●❆❚❚✴❲❚❖ ♠❡♠❜❡r st❛t❡ ❢♦r ✽ ②❡❛rs
♣r✐♦r t♦ ❛♥❞ ✽ ②❡❛rs ❛❢t❡r ●❆❚❚✴❲❚❖✲♠❡♠❜❡rs❤✐♣✱ ✇❤❡r❡ t❤❡ ❞❛t❛ ❛❧❧♦✇s s✉❝❤ ❛♥ ❛♥❛❧②s✐s✳ ❚❤❡
✜❣✉r❡ q✉❛♥t✐✜❡s ❤♦✇ tr❛❞❡ ❝❤❛♥❣❡❞ ✐♥ t❤❡ ♣r❡✲ ❛♥❞ ♣♦st✲❛❝❝❡ss✐♦♥ ♣❡r✐♦❞ r❡❧❛t✐✈❡ t♦ t❤❡ ❝♦✉♥tr②✲
s♣❡❝✐✜❝ ❛❝❝❡ss✐♦♥ ②❡❛r✳ ❆❝❝♦r❞✐♥❣❧②✱ ✐♥ t❤❡ ❛❝❝❡ss✐♦♥ ②❡❛r ✭t❂✵✮✱ t❤❡ ♦❜s❡r✈❡❞ ❝❤❛♥❣❡ ✐♥ ❡❛❝❤ ❝♦✉♥tr②
✐s ❡q✉❛❧ t♦ ③❡r♦ ✐♥❞✐❝❛t❡❞ ❜② ❛♥ ✐♥❞❡① ✈❛❧✉❡ ✶✳ ▲❛r❣❡r ✐♥❞❡① ✈❛❧✉❡s ✐♥❞✐❝❛t❡ ❛ r❡❧❛t✐✈❡ ❤✐❣❤❡r tr❛❞❡
❣r♦✇t❤ ✐♥ t❤❡ s♣❡❝✐✜❝ ②❡❛r r❡❧❛t✐✈❡ t♦ ❛ ❝♦✉♥tr②✬s ❛❝❝❡ss✐♦♥ ②❡❛r✱ ✇❤✐❧❡ s♠❛❧❧❡r ♥✉♠❜❡rs ❛♣♣❡❛r ✐❢ tr❛❞❡
✐♥ ❛ s♣❡❝✐✜❝ ②❡❛r t✉r♥s ♦✉t t♦ ❜❡ s♠❛❧❧❡r t❤❛♥ ✐♥ t❤❡ ❛❝❝❡ss✐♦♥ ②❡❛r✳
❙♦✉r❝❡✿ ❉✐r❡❝t✐♦♥ ♦❢ ❚r❛❞❡ ❙t❛t✐st✐❝s ✭❉❖❚❙✮✱ ❲❚❖✳
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❚❛❜❧❡ ✶✿ ❊st✐♠❛t❡s ♦❢ t❤❡ ❊✛❡❝ts ♦❢ ●❆❚❚✴❲❚❖

✭✶✮ ✭✷✮ ✭✸✮ ✭✹✮ ✭✺✮
●❘❆❱ P❆■❘ ❲❚❖ ■◆❚❘❆ ●▲❇❩◆

❘❚❆ ✵✳✸✸✶ ✵✳✵✸✸ ✵✳✵✸✷ ✵✳✹✹✵ ✵✳✶✷✵
✭✵✳✵✹✼✮∗∗ ✭✵✳✵✹✺✮ ✭✵✳✵✹✺✮ ✭✵✳✵✻✹✮∗∗ ✭✵✳✵✹✷✮∗∗

▲◆❴❉■❙❚ ✲✵✳✼✾✼
✭✵✳✵✷✽✮∗∗

❈◆❚● ✵✳✹✶✷
✭✵✳✵✻✸✮∗∗

▲❆◆● ✵✳✶✼✹
✭✵✳✵✺✾✮∗∗

❈▲◆❨ ✵✳✵✷✽
✭✵✳✵✼✽✮

●❆❚❚❲❚❖ ✲✵✳✶✾✹ ✵✳✻✾✽ ✵✳✸✷✵
✭✵✳✵✼✻✮∗ ✭✵✳✵✼✽✮∗∗ ✭✵✳✵✻✹✮∗∗

N ✼✸✺✾✹✵ ✼✷✵✵✻✾ ✼✷✵✵✻✾ ✼✷✸✶✽✶ ✼✷✸✶✽✶

◆♦t❡s✿ ❚❤✐s t❛❜❧❡ r❡♣♦rts ❡st✐♠❛t❡s ♦❢ t❤❡ ♣❛rt✐❛❧ ❡q✉✐❧✐❜r✐✉♠ ❡✛❡❝ts ♦❢
●❆❚❚✴❲❚❖ ♦♥ ♠❡♠❜❡rs✬ tr❛❞❡✳ ❚❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✐s ❛❧✇❛②s ♥♦♠✐♥❛❧
❜✐❧❛t❡r❛❧ tr❛❞❡ ✐♥ ❧❡✈❡❧s✳ ❚❤❡ ❡st✐♠❛t♦r ✐s ❛❧✇❛②s PP▼▲✳ ❆❧❧ ❡st✐♠❛t❡s ❛r❡
♦❜t❛✐♥❡❞ ✇✐t❤ ♣❛♥❡❧ ❞❛t❛ ♦✈❡r ❝♦♥s❡❝✉t✐✈❡ ②❡❛rs✳ ❊❛❝❤ s♣❡❝✐✜❝❛t✐♦♥ ✐♥❝❧✉❞❡s
❡①♣♦rt❡r✲t✐♠❡ ❛♥❞ ✐♠♣♦rt❡r✲t✐♠❡ ✜①❡❞ ❡✛❡❝ts✱ ✇❤♦s❡ ❡st✐♠❛t❡s ❛r❡ ♦♠✐tt❡❞
❢♦r ❜r❡✈✐t②✳ ❚❤❡ ❡st✐♠❛t❡s ✐♥ ❝♦❧✉♠♥ ✭✶✮ ❛r❡ ♦❜t❛✐♥❡❞ ✇✐t❤ st❛♥❞❛r❞ ❣r❛✈✐t②
✈❛r✐❛❜❧❡s✳ ❈♦❧✉♠♥ ✭✷✮ ✐♥tr♦❞✉❝❡s ♣❛✐r ✜①❡❞ ❡✛❡❝ts✳ ❈♦❧✉♠♥ ✭✸✮ ❛❞❞s ❛
❞✉♠♠② ✈❛r✐❛❜❧❡ ❢♦r ●❆❚❚✴❲❚❖ ♠❡♠❜❡rs❤✐♣✳ ❚❤❡ ❡st✐♠❛t❡s ✐♥ ❈♦❧✉♠♥
✭✹✮ ❛r❡ ❜❛s❡❞ ♦♥ ❛ s❛♠♣❧❡ ✐♥❝❧✉❞✐♥❣ ✐♥tr❛✲♥❛t✐♦♥❛❧ tr❛❞❡ ✢♦✇s✱ ✐♥ ❛❞❞✐t✐♦♥
t♦ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡ ✢♦✇s t❤❛t ❛r❡ ✉s❡❞ ✐♥ ❝♦❧✉♠♥s ✭✶✮✲✭✸✮✳ ❋✐♥❛❧❧②✱
❝♦❧✉♠♥ ✭✺✮ ✐♥tr♦❞✉❝❡s t✐♠❡✲✈❛r②✐♥❣ ❜♦r❞❡r ❞✉♠♠② ✈❛r✐❛❜❧❡s t♦ ❛❝❝♦✉♥t ❢♦r
❝♦♠♠♦♥ ❣❧♦❜❛❧✐③❛t✐♦♥ tr❡♥❞s✳ ❙t❛♥❞❛r❞ ❡rr♦rs ❛r❡ ❝❧✉st❡r❡❞ ❜② ❝♦✉♥tr② ♣❛✐r✳
+ p < 0.10✱ ∗ p < .05✱ ∗∗ p < .01✳ ❙❡❡ t❡①t ❢♦r ❢✉rt❤❡r ❞❡t❛✐❧s✳

✸✶
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A. All country-specific GATT/WTO effects
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B. Lower-end country-specific GATT/WTO effects
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C. Upper-end country-specific GATT/WTO effects

◆♦t❡✿ ❚❤✐s ✜❣✉r❡ ✈✐s✉❛❧✐③❡s t❤❡ ❡st✐♠❛t❡s ♦❢ t❤❡ ❝♦✉♥tr②✲s♣❡❝✐✜❝
●❆❚❚✴❲❚❖ ❡✛❡❝ts t❤❛t ❛r❡ ♦❜t❛✐♥❡❞ ❢r♦♠ ❡q✉❛t✐♦♥ ✭✻✮✳ ❚❤❡ ❡s✲
t✐♠❛t❡s ✐♥ ❡❛❝❤ ♣❛♥❡❧ ❛r❡ ♦r❞❡r❡❞ ❢r♦♠ s♠❛❧❧❡st t♦ ❧❛r❣❡st✳ ❈♦✉♥tr②
❧❛❜❡❧s ❛r❡ ♦♠✐tt❡❞ t♦ ❛✈♦✐❞ ❝❧✉tt❡r✳ ❈♦✉♥tr② ♥❛♠❡s ❛r❡ ♣r❡s❡♥t❡❞ ✐♥
✹✳ ❋✐❣✉r❡ P❛♥❡❧ ❆ ♣❧♦ts ❛❧❧ ❡st✐♠❛t❡s✳ P❛♥❡❧ ❇ ♣r❡s❡♥ts ♦♥❧② t❤❡ ❡s✲
t✐♠❛t❡s ❢r♦♠ t❤❡ ❧♦✇❡r t❛✐❧ ♦❢ t❤❡ ❞✐str✐❜✉t✐♦♥✱ ❛❢t❡r ❡❧✐♠✐♥❛t✐♥❣ t❤❡
✶✾ ❡①tr❡♠❡❧② ❧❛r❣❡ ✭✐♥ ❛❜s♦❧✉t❡ ✈❛❧✉❡✮ ♥❡❣❛t✐✈❡ ❡st✐♠❛t❡s✳ P❛♥❡❧ ❈
♣r❡s❡♥ts ♦♥❧② t❤❡ ❡st✐♠❛t❡s ❢r♦♠ t❤❡ ✉♣♣❡r t❛✐❧ ♦❢ t❤❡ ❞✐str✐❜✉t✐♦♥✱
❛❢t❡r ❡❧✐♠✐♥❛t✐♥❣ t❤❡ ✻ ❡①tr❡♠❡❧② ❧❛r❣❡ ♣♦s✐t✐✈❡ ❡st✐♠❛t❡s✳ ❙❡❡ t❡①t ❢♦r
❢✉rt❤❡r ❞❡t❛✐❧s✳

✸✷
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◆♦t❡✿ ❚❤✐s ✜❣✉r❡ ✈✐s✉❛❧✐③❡s t❤❡ ❡st✐♠❛t❡s ♦❢ t❤❡ ❝♦✉♥tr②✲s♣❡❝✐✜❝
●❆❚❚✴❲❚❖ ❡✛❡❝ts t❤❛t ❛r❡ ♦❜t❛✐♥❡❞ ❢r♦♠ ❡q✉❛t✐♦♥ ✭✻✮✳ ❚❤❡ ❡s✲
t✐♠❛t❡s ❛r❡ ♦r❞❡r❡❞ ❢r♦♠ s♠❛❧❧❡st t♦ ❧❛r❣❡st✱ st❛rt✐♥❣ ❢r♦♠ t❤❡ t♦♣
❛♥❞ ♠♦✈✐♥❣ t♦ t❤❡ ❜♦tt♦♠ ♣❛♥❡❧ ♦❢ t❤❡ ✜❣✉r❡✳ ✸✲❧❡tt❡r ❝♦✉♥tr② ■❙❖
❝♦❞❡s ❛♣♣❡❛r ♦♥ t❤❡ ❨✲❛①✐s ❛♥❞ ❣r❛✈✐t② ❡st✐♠❛t❡s ♦❢ t❤❡ ❡✛❡❝ts ♦❢
●❆❚❚✴❲❚❖ ❜❛s❡❞ ♦♥ ❡q✉❛t✐♦♥ ✭✻✮ ❛r❡ ♦♥ t❤❡ ❳✲❛①✐s✳ ❋♦r ❝❧❛r✐t②✱
t❤❡ ✜❣✉r❡ ♦♠✐ts ❡st✐♠❛t❡s t❤❛t ❛r❡ s♠❛❧❧❡r t❤❛♥ ✲✵✳✸✹ ❛♥❞ ❧❛r❣❡r t❤❛♥
✶✳✵✽✳ ❙❡❡ t❡①t ❢♦r ❢✉rt❤❡r ❞❡t❛✐❧s✳
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◆♦t❡✿ ❚❤✐s ✜❣✉r❡ ♣r❡s❡♥ts ❡st✐♠❛t❡s t❤❛t ❡♥❛❜❧❡ ✉s t♦ ❣❛✉❣❡ t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ t✇♦ ❛❞✲
❥✉st♠❡♥ts ✭✐✳❡✳✱ ✭✐✮ ✐♥❝❧✉❞✐♥❣ ✐♥t❡r♥❛❧ tr❛❞❡ ✢♦✇s❀ ❛♥❞ ✭✐✐✮ ❝♦♥tr♦❧❧✐♥❣ ❢♦r ❝♦♠♠♦♥ ❣❧♦❜❛❧✲
✐③❛t✐♦♥ ❡✛❡❝ts✮ t♦ t❤❡ ❡❝♦♥♦♠❡tr✐❝ ❣r❛✈✐t② ♠♦❞❡❧ t❤❛t ❤❛✈❡ ♣♦t❡♥t✐❛❧❧② ✐♠♣♦rt❛♥t ✐♠♣❧✐❝❛✲
t✐♦♥s ❢♦r t❤❡ ❡st✐♠❛t✐♦♥s ♦❢ t❤❡ ●❆❚❚✴❲❚❖ ❡✛❡❝ts ✇✐t❤ t❤❡ str✉❝t✉r❛❧ ❣r❛✈✐t② ❡q✉❛t✐♦♥✳
❚❤❡ ❜❧✉❡ ❡st✐♠❛t❡s ✐♥ t❤❡ ✜❣✉r❡ r❡♣❧✐❝❛t❡ ♦✉r r❡s✉❧ts ❢r♦♠ ❋✐❣✉r❡ ✹✱ ✐✳❡✳ t❤❡② ❛r❡ ♦❜t❛✐♥❡❞
✇✐t❤ ✐♥tr❛✲♥❛t✐♦♥❛❧ tr❛❞❡ ✢♦✇s ❛♥❞ ❛❢t❡r ❛❝❝♦✉♥t✐♥❣ ❢♦r ❣❧♦❜❛❧✐③❛t✐♦♥✱ ❛♥❞✱ ❢♦r ❝❧❛r✐t②✱ t❤❡
♦✉t❧✐❡rs ❛r❡ ❞r♦♣♣❡❞✳ ❚❤❡ r❡❞ ❡st✐♠❛t❡s ❛r❡ ♦❜t❛✐♥❡❞ ❢r♦♠ ❛♥ ❡❝♦♥♦♠❡tr✐❝ ♠♦❞❡❧ t❤❛t ✐s
✐❞❡♥t✐❝❛❧ t♦ ♦✉r ♠❛✐♥ s♣❡❝✐✜❝❛t✐♦♥ ❜✉t ✇✐t❤♦✉t ❞♦♠❡st✐❝ tr❛❞❡ ✢♦✇s✳ ❋✐♥❛❧❧②✱ t❤❡ ❣r❡❡♥
❡st✐♠❛t❡s ❛r❡ ♦❜t❛✐♥❡❞ ❢r♦♠ ❛♥ ❡❝♦♥♦♠❡tr✐❝ ♠♦❞❡❧ t❤❛t ✐s ✐❞❡♥t✐❝❛❧ t♦ ♦✉r ♠❛✐♥ s♣❡❝✐✜✲
❝❛t✐♦♥ ❜✉t ✇✐t❤♦✉t t❤❡ t✐♠❡✲✈❛r②✐♥❣ ❜♦r❞❡r ❞✉♠♠② ✈❛r✐❛❜❧❡s t❤❛t ❝♦♥tr♦❧ ❢♦r ❝♦♠♠♦♥
❣❧♦❜❛❧✐③❛t✐♦♥ tr❡♥❞s✳ ❙❡❡ t❡①t ❢♦r ❢✉rt❤❡r ❞❡t❛✐❧s✳
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❆♣♣❡♥❞✐①

❚❛❜❧❡ ✷✿ ▲✐st ♦❢ ❝♦✉♥tr✐❡s ✐♥ t❤❡ ♠❛✐♥ ❡st✐♠❛t✐♥❣ s❛♠♣❧❡

■❙❖ ❈♦✉♥tr② ◆❛♠❡ ■❙❖ ❈♦✉♥tr② ◆❛♠❡ ■❙❖ ❈♦✉♥tr② ◆❛♠❡

❆❋●✯ ❆❢❣❤❛♥✐st❛♥ ●■❇ ●✐❜r❛❧t❛r ◆❘❯ ◆❛✉r✉
❆●❖ ❆♥❣♦❧❛ ●■◆ ●✉✐♥❡❛ ◆❩▲ ◆❡✇ ❩❡❛❧❛♥❞
❆▲❇ ❆❧❜❛♥✐❛ ●▼❇✯ ●❛♠❜✐❛ ❖▼◆ ✯ ❖♠❛♥
❆◆❉ ❆♥❞♦rr❛ ●◆❇✯ ●✉✐♥❡❛✲❇✐ss❛✉ P❆❑ P❛❦✐st❛♥
❆❘❊ ❯♥✐t❡❞ ❆r❛❜ ❊♠✐r❛t❡s ●◆◗ ❊q✉❛t♦r✐❛❧ ●✉✐♥❡❛ P❆◆ P❛♥❛♠❛
❆❘● ❆r❣❡♥t✐♥❛ ●❘❈ ●r❡❡❝❡ P❈◆ P✐t❝❛✐r♥
❆❚●✯ ❆♥t✐❣✉❛ ❛♥❞ ❇❛r❜✉❞❛ ●❘❉✯ ●r❡♥❛❞❛ P❊❘ P❡r✉
❆❯❙ ❆✉str❛❧✐❛ ●❘▲ ●r❡❡♥❧❛♥❞ P❍▲ P❤✐❧✐♣♣✐♥❡s
❆❯❚ ❆✉str✐❛ ●❚▼ ●✉❛t❡♠❛❧❛ P◆● P❛♣✉❛ ◆❡✇ ●✉✐♥❡❛
❇❉■✯ ❇✉r✉♥❞✐ ●❯❨ ●✉②❛♥❛ P❖▲ P♦❧❛♥❞
❇❊◆✯ ❇❡♥✐♥ ❍❑● ❍♦♥❣ ❑♦♥❣ P❘❑ ❑♦r❡❛
❇❋❆ ❇✉r❦✐♥❛ ❋❛s♦ ❍◆❉ ❍♦♥❞✉r❛s P❘❚ P♦rt✉❣❛❧
❇●❉✯ ❇❛♥❣❧❛❞❡s❤ ❍❚■ ❍❛✐t✐ P❘❨ P❛r❛❣✉❛②
❇●❘✯ ❇✉❧❣❛r✐❛ ❍❯◆ ❍✉♥❣❛r② P❙❊ ❖❝❝✉♣✐❡❞ P❛❧❡st✐♥✐❛♥ ❚❡rr✐t♦r②
❇❍❘ ❇❛❤r❛✐♥ ■❉◆ ■♥❞♦♥❡s✐❛ P❨❋ ❋r❡♥❝❤ P♦❧②♥❡s✐❛
❇❍❙ ❇❛❤❛♠❛s ■◆❉ ■♥❞✐❛ ◗❆❚ ◗❛t❛r
❇▲❳ ❇❡❧❣✐✉♠ ❛♥❞ ▲✉①❡♠❜♦✉r❣ ■❘▲ ■r❡❧❛♥❞ ❘❖▼ ❘♦♠❛♥✐❛
❇▲❩✯ ❇❡❧✐③❡ ■❘◆ ■r❛♥✱ ■s❧❛♠✐❝ ❘❡♣✉❜❧✐❝ ♦❢ ❘❲❆✯ ❘✇❛♥❞❛
❇▼❯ ❇❡r♠✉❞❛ ■❘◗ ■r❛q ❙❆❯ ❙❛✉❞✐ ❆r❛❜✐❛
❇❖▲ ❇♦❧✐✈✐❛ ■❙▲ ■❝❡❧❛♥❞ ❙❊◆ ❙❡♥❡❣❛❧
❇❘❆ ❇r❛③✐❧ ■❙❘ ■sr❛❡❧ ❙●P ❙✐♥❣❛♣♦r❡
❇❘❇ ❇❛r❜❛❞♦s ■❚❆ ■t❛❧② ❙❍◆ ❙❛✐♥t ❍❡❧❡♥❛
❇❘◆✯ ❇r✉♥❡✐ ❉❛r✉ss❛❧❛♠ ❏❆▼ ❏❛♠❛✐❝❛ ❙▲❇ ❙♦❧♦♠♦♥ ■s❧❛♥❞s
❇❚◆ ❇❤✉t❛♥ ❏❖❘ ❏♦r❞❛♥ ❙▲❊ ❙✐❡rr❛ ▲❡♦♥❡
❇❲❆ ✯ ❇♦ts✇❛♥❛ ❏P◆ ❏❛♣❛♥ ❙▲❱ ❊❧ ❙❛❧✈❛❞♦r
❈❆❋✯ ❈❡♥tr❛❧ ❆❢r✐❝❛♥ ❘❡♣✉❜❧✐❝ ❑❊◆✯ ❑❡♥②❛ ❙▼❘ ❙❛♥ ▼❛r✐♥♦
❈❆◆ ❈❛♥❛❞❛ ❑❍▼ ❈❛♠❜♦❞✐❛ ❙❖▼ ❙♦♠❛❧✐❛
❈❈❑ ❈♦❝♦s ■s❧❛♥❞s ❑■❘ ❑✐r✐❜❛t✐ ❙P▼ ❙❛✐♥t P✐❡rr❡ ❛♥❞ ▼✐q✉❡❧♦♥
❈❍❊ ❙✇✐t③❡r❧❛♥❞ ❑❖❘ ❘❡♣✉❜❧✐❝ ♦❢ ❑♦r❡❛ ❙❚P ❙❛♦ ❚♦♠❡ ❛♥❞ Pr✐♥❝✐♣❡
❈❍▲ ❈❤✐❧❡ ❑❲❚ ❑✉✇❛✐t ❙❯❘✯ ❙✉r✐♥❛♠❡
❈❍◆ ❈❤✐♥❛ ▲❆❖ ▲❛♦ P❡♦♣❧❡✬s ❉❡♠♦❝r❛t✐❝ ❘❡♣✉❜❧✐❝ ❙❲❊ ❙✇❡❞❡♥
❈■❱ ❈ôt❡ ❞✬■✈♦✐r❡ ▲❇◆ ▲❡❜❛♥♦♥ ❙❲❩✯ ❙✇❛③✐❧❛♥❞
❈▼❘ ❈❛♠❡r♦♦♥ ▲❇❘✯ ▲✐❜❡r✐❛ ❙❨❈ ❙❡②❝❤❡❧❧❡s
❈❖● ❈♦♥❣♦ ▲❇❨ ▲✐❜②❛♥ ❆r❛❜ ❏❛♠❛❤✐r✐②❛ ❙❨❘ ❙②r✐❛♥ ❆r❛❜ ❘❡♣✉❜❧✐❝
❈❖❑ ❈♦♦❦ ■s❧❛♥❞s ▲❈❆ ❙❛✐♥t ▲✉❝✐❛ ❚❈❆ ❚✉r❦s ❛♥❞ ❈❛✐❝♦s ■s❧❛♥❞s
❈❖▲ ❈♦❧♦♠❜✐❛ ▲❑❆ ❙r✐ ▲❛♥❦❛ ❚❈❉✯ ❈❤❛❞
❈❖▼ ❈♦♠♦r♦s ▲❙❖ ▲❡s♦t❤♦ ❚●❖ ❚♦❣♦
❈P❱ ❈❛♣❡ ❱❡r❞❡ ▼❆❈ ▼❛❝❛♦ ❚❍❆ ❚❤❛✐❧❛♥❞
❈❘■ ❈♦st❛ ❘✐❝❛ ▼❆❘ ▼♦r♦❝❝♦ ❚❑▲ ❚♦❦❡❧❛✉
❈❯❇ ❈✉❜❛ ▼❉●✯ ▼❛❞❛❣❛s❝❛r ❚▼P ❊❛st ❚✐♠♦r
❈❳❘ ❈❤r✐st♠❛s ■s❧❛♥❞ ▼❉❱✯ ▼❛❧❞✐✈❡s ❚❖◆✯ ❚♦♥❣❛
❈❨▼ ❈❛②♠❛♥ ■s❧❛♥❞s ▼❊❳ ▼❡①✐❝♦ ❚❚❖ ❚r✐♥✐❞❛❞ ❛♥❞ ❚♦❜❛❣♦
❈❨P ✯ ❈②♣r✉s ▼▲■ ▼❛❧✐ ❚❯◆ ❚✉♥✐s✐❛
❉❊❯ ●❡r♠❛♥② ▼▲❚ ▼❛❧t❛ ❚❯❘ ❚✉r❦❡②
❉❏■ ❉❥✐❜♦✉t✐ ▼▼❘✯ ▼②❛♥♠❛r ❚❯❱ ❚✉✈❛❧✉
❉▼❆ ❉♦♠✐♥✐❝❛ ▼◆● ▼♦♥❣♦❧✐❛ ❚❲◆ ❚❛✐✇❛♥
❉◆❑ ❉❡♥♠❛r❦ ▼❖❩✯ ▼♦③❛♠❜✐q✉❡ ❚❩❆ ❯♥✐t❡❞ ❘❡♣✉❜❧✐❝ ♦❢ ❚❛♥③❛♥✐❛
❉❖▼ ❉♦♠✐♥✐❝❛♥ ❘❡♣✉❜❧✐❝ ▼❘❚ ▼❛✉r✐t❛♥✐❛ ❯●❆ ❯❣❛♥❞❛
❉❩❆ ❆❧❣❡r✐❛ ▼❙❘ ▼♦♥ts❡rr❛t ❯❘❨ ❯r✉❣✉❛②
❊❈❯ ❊❝✉❛❞♦r ▼❯❙ ▼❛✉r✐t✐✉s ❯❙❆ ❯♥✐t❡❞ ❙t❛t❡s ♦❢ ❆♠❡r✐❝❛
❊●❨ ❊❣②♣t ▼❲■ ▼❛❧❛✇✐ ❱❈❚✯ ❙❛✐♥t ❱✐♥❝❡♥t ❛♥❞ t❤❡ ●r❡♥❛❞✐♥❡s
❊❙❍ ❲❡st❡r♥ ❙❛❤❛r❛ ▼❨❙ ▼❛❧❛②s✐❛ ❱❊◆ ❱❡♥❡③✉❡❧❛
❊❙P ❙♣❛✐♥ ◆❆▼✯ ◆❛♠✐❜✐❛ ❱●❇ ❇r✐t✐s❤ ❱✐r❣✐♥ ■s❧❛♥❞s
❊❚❍ ❊t❤✐♦♣✐❛ ◆❈▲ ◆❡✇ ❈❛❧❡❞♦♥✐❛ ❱◆▼ ❱✐❡t ◆❛♠
❋■◆ ❋✐♥❧❛♥❞ ◆❊❘ ✯ ◆✐❣❡r ❱❯❚✯ ❱❛♥✉❛t✉
❋❏■✯ ❋✐❥✐ ◆❋❑ ◆♦r❢♦❧❦ ■s❧❛♥❞ ❲▲❋ ❲❛❧❧✐s ❛♥❞ ❋✉t✉♥❛ ■s❧❛♥❞s
❋▲❑ ❋❛❧❦❧❛♥❞ ■s❧❛♥❞s ✭▼❛❧✈✐♥❛s✮ ◆●❆ ◆✐❣❡r✐❛ ❲❙▼✯ ❙❛♠♦❛
❋❘❆ ❋r❛♥❝❡ ◆■❈ ◆✐❝❛r❛❣✉❛ ❨❊▼✯ ❨❡♠❡♥
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◆♦t❡s✿ ❚❤✐s t❛❜❧❡ r❡♣♦rts r❡s✉❧ts ❢r♦♠ ♦✉r ❝♦✉♥t❡r❢❛❝t✉❛❧ ❛♥❛❧②s❡s✳ ❈♦❧✉♠♥ ✭✶✮ ❧✐sts t❤❡
❝♦✉♥tr② ♥❛♠❡s✳ ❈♦❧✉♠♥ ✭✷✮ ❣✐✈❡s t❤❡ ■❙❖ ❝♦✉♥tr② ❝♦❞❡s✱ ❛♥❞ ❝♦❧✉♠♥ ✭✸✮ ♣r♦✈✐❞❡s ✐♥❢♦r♠❛t✐♦♥
✇❤❡t❤❡r ❛ ❝♦✉♥tr② ✐s ❲❚❖ ♠❡♠❜❡r✳ ❈♦❧✉♠♥s ✭✹✮ t♦ ✭✼✮ r❡♣♦rt t❤❡ ✇❡❧❢❛r❡ r❡s✉❧ts ✭r❡❛❧ ●❉P
♣❡r❝❡♥t❛❣❡ ❝❤❛♥❣❡s✮ ❢r♦♠ ❛♥ ❡①✲♣♦st ❡✈❛❧✉❛t✐♦♥ ♦❢ t❤❡ ✐♠♣❛❝t ♦❢ ❲❚❖ ♠❡♠❜❡rs❤✐♣✳ ❈♦❧✉♠♥
✭✹✮ ♣r❡s❡♥ts t❤❡ r❡s✉❧ts ✉s✐♥❣ t❤❡ ❡st✐♠❛t❡s ✐♥❝❧✉❞✐♥❣ ♦✉t❧✐❡rs✳ ■♥ ❝♦❧✉♠♥ ✭✺✮ ✇❡ s❡t ❡st✐♠❛t❡s
❜❡❧♦✇ −0.41 ❛♥❞ ❛❜♦✈❡ 1.2 t♦ ③❡r♦✳ ❈♦❧✉♠♥ ✭✻✮ ❣✐✈❡s r❡❛❧ ●❉P ♣❡r❝❡♥t❛❣❡ ❝❤❛♥❣❡s ✇❤❡♥ ✇❡
r❡♣❧❛❝❡ ♦✉t❧✐❡rs ✭✈❛❧✉❡s ❜❡❧♦✇ −0.41 ❛♥❞ ❛❜♦✈❡ 1.2✮ ✇✐t❤ t❤❡ ❛❣❣r❡❣❛t❡ ❡st✐♠❛t❡ ❢r♦♠ ❝♦❧✉♠♥
✭✺✮ ♦❢ ❚❛❜❧❡ ✶ ✭0.32✮✳ ❈♦❧✉♠♥ ✭✼✮ ♣r♦✈✐❞❡s ✇❡❧❢❛r❡ r❡s✉❧ts ✇❤❡♥ s❡tt✐♥❣ ❛❧❧ ❡st✐♠❛t❡s ❜❡❧♦✇
−0.41 t♦ −0.4012✱ ❛♥❞ ❛❧❧ ❡st✐♠❛t❡s ❛❜♦✈❡ 1.2 t♦ 1.105✳ P❧❡❛s❡ s❡❡ ❢♦r ❢✉rt❤❡r ❞❡t❛✐❧s ❙❡❝t✐♦♥
✺✳
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❋✐❣✉r❡ ✻✿ P❧♦t ♦❢ ❲❡❧❢❛r❡ ❈❤❛♥❣❡s ❆❣❛✐♥st ❈❤❛♥❣❡ ✐♥ ❚r❛❞❡ ❈♦sts

AFG

AGO
ALB

ARE

ARG

AUS
AUT

BDI

BEN

BFA
BGD

BGR

BHR

BLX

BLZ

BOLBRA

BRB
BRN

BTN

BWA

CAF

CAN
CHE

CHL

CHN
CIV

CMR

COG

COL

COM

CPV

CRI

CUB
CYP

DEU

DJI

DMA

DNK

DOM

DZA ECU

EGY

ESHESPETHFIN

FJI

FRA

GAB

GBR

GHA

GIN

GMB

GNB

GNQ
GRC

GRD

GRL GTMGUY
HKG

HND
HTI

HUN

IDN

IND
IRL

IRN
IRQ ISL

ISR

ITA

JAM

JORJPN KEN
KHM

KOR

KWT

LAO

LBN

LBR
LBY

LKA
LSO

MAC
MAR

MDG

MEX

MLI

MLT

MMR

MNG

MOZ

MRT

MUS

MWI MYS

NAM

NER

NGANIC

NLD

NOR
NPL

NRU
NZL

OMN
PAKPANPER

PHL

PNG

POL

PRK

PRT PRY

PSE
QATROM

RWA
SAU

SEN

SGP

SLB
SLE

SLVSOM
SUR

SWE SWZ

SYC

SYRTCA
TCD

TGO

THA

TON
TTO

TUN

TUR

TUV

TWN

TZA

UGA

URY
USA

VEN

VNM

VUT
WSM
YEM

ZAF

ZAR

ZMB

ZWE

corr=-0.819
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◆♦t❡✿ ❚❤✐s ✜❣✉r❡ ♣❧♦ts t❤❡ ✇❡❧❢❛r❡ ❝❤❛♥❣❡s ✭r❡❛❧ ●❉P ♣❡r❝❡♥t❛❣❡ ❝❤❛♥❣❡s✮
❛❣❛✐♥st t❤❡ ❝❤❛♥❣❡ ✐♥ tr❛❞❡ ❝♦sts ❢r♦♠ t❤❡ r❡s✉❧ts ♦❜t❛✐♥❡❞ ✇❤❡♥ ✉s✐♥❣ ❜♦✉♥❞s
❢♦r ♦✉t❧✐❡rs✱ ✐✳❡✳✱ r❡s✉❧ts ❢r♦♠ ❝♦❧✉♠♥ ✭✼✮ ♦❢ ❚❛❜❧❡ ✸✳
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