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❆❜str❛❝t

❚❤✐s st✉❞② ✐♥✈❡st✐❣❛t❡s t❤❡ r♦❧❡ ♦❢ ✐♥t❡r♥❛t✐♦♥❛❧ s♣✐❧❧♦✈❡rs ✐♥ ❣❡♥❡r❛t✐♥❣

♣r♦❞✉❝t✐✈✐t② ❣❛✐♥s ❢♦r ❛ ♣❛♥❡❧ ♦❢ ✷✹ ❖❊❈❉ ❝♦✉♥tr✐❡s ❞✉r✐♥❣ t❤❡ ♣❡r✐♦❞ ❜❡✲

t✇❡❡♥ ✶✾✼✶✲✷✵✵✹✳ ❲❡ ✉s❡ r❡❝❡♥t t❡❝❤♥✐q✉❡s ❞❡✈❡❧♦♣❡❞ ✐♥ ❛ ❝♦♠♠♦♥ ❢❛❝t♦r

❢r❛♠❡✇♦r❦ t♦ ❝❤❛r❛❝t❡r✐③❡ t❤❡ ❣❧♦❜❛❧ ✐♥t❡r❞❡♣❡♥❞❡♥❝❡ ✐♠♣❧✐❡❞ ❜② ✐♥t❡r♥❛t✐♦♥❛❧

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

st✉❞✐❡s ✐♥ t❤✐s ✜❡❧❞✱ t❤❡ ❡✈✐❞❡♥❝❡ s✉❣❣❡sts t❤❛t t❤❡r❡ ❛r❡ s✉❜st❛♥t✐❛❧ ❝r♦ss✲

❝♦✉♥tr② s♣✐❧❧♦✈❡rs ♠❛✐♥❧② r❡❧❛t❡❞ t♦ ❘✫❉ ❛♥❞ ❤✉♠❛♥ ❝❛♣✐t❛❧ ✈❛r✐❛❜❧❡s✱ ✇❤✐❝❤
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■♥ s♣✐t❡ ♦❢ t❤❡ ❢❛❝t t❤❛t ✐♥t❡r♥❛t✐♦♥❛❧ s♣✐❧❧♦✈❡rs ❤❛✈❡ ❜❡❡♥ r❡❝♦❣♥✐③❡❞✱ t❤❡ s❡❛r❝❤
❢♦r ✐♥t❡r♥❛t✐♦♥❛❧ s♣✐❧❧♦✈❡rs ❛❝r♦ss ❝♦✉♥tr✐❡s r❡❝❡✐✈❡❞ ♠♦r❡ ❛tt❡♥t✐♦♥ ✇✐t❤ t❤❡ ❞❡✈❡❧✲
♦♣♠❡♥t ♦❢ ♥❡✇ ❣r♦✇t❤ ♠♦❞❡❧s ✐♥ ❛♥ ♦♣❡♥ ❡❝♦♥♦♠②✳ ■♥❞❡❡❞✱ ❛❧❧ t❤❡s❡ ♠♦❞❡❧s ❡♠✲
♣❤❛s✐③❡ t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ ✐♥t❡r♥❛t✐♦♥❛❧ s♣✐❧❧♦✈❡rs ❛s ❛ ♠❛❥♦r ❞r✐✈❡ ❢♦r t❡❝❤♥♦❧♦❣✐❝❛❧
♣r♦❣r❡ss✳ ❖♥❡ ♦❢ t❤❡ ♠♦st ✐♠♣♦rt❛♥t ❝♦♥tr✐❜✉t✐♦♥ ✐♥ t❤✐s ✜❡❧❞ ❤❛s ❜❡❡♥ ❞❡✈❡❧♦♣❡❞
❜② ●r♦ss♠❛♥ ❛♥❞ ❍❡❧♣♠❛♥ ✭✶✾✾✶✮ ✇✐t❤ t❤❡ ❛✐❞ ♦❢ t✇♦ ❝❛♥♦♥✐❝❛❧ ♠♦❞❡❧s✿ t❤❡ ❧♦✈❡
♦❢ ✈❛r✐❡t② ❛♣♣r♦❛❝❤ ❞✉❡ t♦ ❘♦♠❡r ✭✶✾✾✵✮ ❛♥❞ t❤❡ q✉❛❧✐t② ❧❛❞❞❡rs ❛♣♣r♦❛❝❤ ❞✉❡ t♦
●r♦ss♠❛♥ ❛♥❞ ❍❡❧♣♠❛♥ ✭✶✾✾✶✮ ❛♥❞ ❆❣❤✐♦♥ ❛♥❞ ❍♦✇✐tt ✭✶✾✾✷✮✳ ■♥ t❤❡s❡ t✇♦ t❤❡✲
♦r❡t✐❝❛❧ ❢r❛♠❡✇♦r❦s✱ ✐♥t❡r♥❛t✐♦♥❛❧ s♣✐❧❧♦✈❡rs r❡s✉❧t ❢r♦♠ ❢♦r❡✐❣♥ ❦♥♦✇❧❡❞❣❡ t❤r♦✉❣❤
t❤❡ ❝❤❛♥♥❡❧ ♦❢ tr❛❞❡ ✢♦✇s✳ ❆♥♦t❤❡r ✐♠♣♦rt❛♥t ❝♦♥tr✐❜✉t✐♦♥ ❤❛s ❜❡❡♥ ❞❡✈❡❧♦♣♣❡❞
❜② ▲✉❝❛s ✭✶✾✽✽✱ ✶✾✾✸✮ ✇❤♦ ❛ss✉♠❡s t❤❛t ✐♥t❡r♥❛t✐♦♥❛❧ s♣✐❧❧♦✈❡rs ❝♦♠❡ ❢r♦♠ ❤✉♠❛♥
❝❛♣✐t❛❧ ❡①t❡r♥❛❧✐t✐❡s✳ ❋r♦♠ ❛♥ ❡❝♦♥♦♠❡tr✐❝ ♣♦✐♥t ♦❢ ✈✐❡✇✱ ✐♥ ❛♥ ✐♥✢✉❡♥t✐❛❧ ♣❛♣❡r✱
❈♦❡ ❛♥❞ ❍❡❧♣♠❛♥ ✭✶✾✾✺✮ ✇❤♦ ❢♦❝✉s ♦♥ t❤❡ ❡st✐♠❛t✐♦♥ ♦❢ ✐♥t❡r♥❛t✐♦♥❛❧ s♣✐❧❧♦✈❡rs
t❤❛t ❝♦♠❡ ❢r♦♠ ❦♥♦✇❧❡❞❣❡✱ ❤❛✈❡ t❡st❡❞ ❛♥❞ ❝♦♥✜r♠❡❞ t❤❡ r❡s✉❧ts ♦❢ t❤❡s❡ ♠♦❞❡❧s
❜② ✉s✐♥❣ s✐♠♣❧❡ ❡❝♦♥♦♠❡tr✐❝ t❡❝❤♥✐q✉❡s✳ ■♥ t❤❡ ❧❛st ❢❡✇ ②❡❛rs✱ ❛ ♥✉♠❡r♦✉s st✉❞✐❡s
❡①t❡♥❞❡❞ t❤✐s ✇♦r❦ ❜② ❛♥❛❧②③✐♥❣ t❤❡ ❧♦♥❣ t❡r♠❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ t♦t❛❧ ❢❛❝t♦r
♣r♦❞✉❝t✐✈✐t② ❛♥❞ r❡s❡❛r❝❤ ❛♥❞ ❞❡✈❡❧♦♣♣♠❡♥t ✭❤❡♥❝❡❢♦rt❤ ❘✫❉✮ ❛♥❞ ❤✉♠❛♥ ❝❛♣✐t❛❧
♦♥ t❤❡ ❜❛s✐s ♦❢ ❛❞✈❛♥❝❡❞ ❡❝♦♥♦♠❡tr✐❝ t♦♦❧s ✐♥ ♣❛♥❡❧ ❝♦✐♥t❡❣r❛t✐♦♥ t❡sts ✭❈♦❡ ❡t ❛❧✳
✭✷✵✵✾✮✱ ▼✉s♦❧❡s✐ ✭✷✵✵✼✮✱ ▲ó♣❡③✲P✉❡②♦ ❡t ❛❧✳ ✭✷✵✵✽✮✮✳

■♥ t❤✐s ✇♦r❦✱ ✇❡ ✉s❡ ❛♥ ❛❧t❡r♥❛t✐✈❡ ❡❝♦♥♦♠❡tr✐❝ ❛♣♣r♦❛❝❤ ❜❛s❡❞ ♦♥ r❡❝❡♥t t❡❝❤✲
♥✐q✉❡s ❞❡✈❡❧♦♣❡❞ ✐♥ ❝♦♠♠♦♥ ❢❛❝t♦r ❢r❛♠❡✇♦r❦✱ ✇❤✐❝❤ ❧❡❛❞s t♦ ♣❛rs✐♠♦♥✐♦✉s ❡❝♦♥♦✲
♠❡tr✐❝ str✉❝t✉r❡ ❛♥❞ ✐s ✈❡r② s✉✐t❛❜❧❡ ✐♥ ♠♦❞❡❧✐♥❣ t❤❡s❡ ✐♥t❡r♥❛t✐♦♥❛❧ s♣✐❧❧♦✈❡rs ❡✛❡❝ts✳
■♥❞❡❡❞✱ ❜② s♣✐❧❧✐♥❣ ♦✈❡r ❢r♦♠ ♦♥❡ ❝♦✉♥tr② t♦ ❛♥♦t❤❡r✱ ❘✫❉ ❛♥❞ ❤✉♠❛♥ ❝❛♣✐t❛❧ ❝r❡✲
❛t❡ ❝♦✲♠♦✈❡♠❡♥t ✐♥ ❝♦✉♥tr✐❡s✬ ♣r♦❞✉❝t✐✈✐t② ✈❛r✐❛❜❧❡s✳ ■♥ s✉❝❤ ❛ ❝❛s❡✱ ♠♦st ♦❢ t❤❡
❝♦✲✈❛r✐❛t✐♦♥s ❛♠♦♥❣ t❤❡s❡ ❞❛t❛ s❡r✐❡s ❛r❡ ❡①♣❧❛✐♥❡❞ ❜② ❛ ❢❡✇ ✉♥❞❡r❧②✐♥❣ ❝♦♠♠♦♥
❢❛❝t♦rs✱ ✇❤✐❝❤ r❡✢❡❝t t❤❡ ❡✛❡❝ts ♦❢ ✐♥t❡r♥❛t✐♦♥❛❧ s♣✐❧❧♦✈❡rs✱ ❛♥❞ ♦t❤❡r tr❛♥s♠✐ss✐♦♥
♠❡❝❤❛♥✐s♠s ✐❢ ❛♥②✳ ❚❤❡ ✉♥❡①♣❧❛✐♥❡❞ ❝♦♠♣♦♥❡♥t ♦❢ s❡r✐❡s ♠♦✈❡♠❡♥ts ✐s ❞✉❡ t♦ t❤❡
❝♦✉♥tr②✬s ✐❞✐♦s②♥❝r❛t✐❝ ❢❛❝t♦rs✳

❚❤❡ ♣❛♣❡r ✐s ♦r❣❛♥✐③❡❞ ❛s ❢♦❧❧♦✇s✳ ❙❡❝t✐♦♥ ✷ ♣r❡s❡♥ts ♦✉r ❡❝♦♥♦♠❡tr✐❝ ❛♣♣r♦❛❝❤✳
❙❡❝t✐♦♥ ✸ ❞✐s❝✉ss❡s t❤❡ r❡s✉❧ts✳ ❋✐♥❛❧❧②✱ ❙❡❝t✐♦♥ ✹ ❝♦♥❝❧✉❞❡s✳

✷ ❊❝♦♥♦♠❡tr✐❝ ❆♣♣r♦❛❝❤

✷✳✶ ❚❤❡ ♠♦❞❡❧

■♥ t❤❡ ❡❝♦♥♦♠❡tr✐❝ ♠♦❞❡❧✱ ✇❡ ❝♦♥s✐❞❡r t❤❛t t❤❡ t♦t❛❧ ❢❛❝t♦r ♣r♦❞✉❝t✐✈✐t② ✭❚❋P✮
✈❛r✐❛❜❧❡s ❛❞♠✐t ❛ ❝♦♠♠♦♥ ❢❛❝t♦r str✉❝t✉r❡✱ ✇✐t❤ r ❝♦♠♠♦♥ ❢❛❝t♦rs✳ ❯s✐♥❣ ❧♦❣❛r✐t❤♠
✇❡ ❤❛✈❡✿

lnTFPit = Ftλi + eit, ✭✶✮

✷



✇❤❡r❡ t = 1, . . ., T ❛♥❞ i = 1, . . ., N ✳ ❚❤❡ ✈❡❝t♦r ♦❢ t✐♠❡ s❡r✐❡s ♦❜s❡r✈❛t✐♦♥s lnTFPit

✐s ❛ ❧♦❣❛r✐t❤♠ ♦❢ t♦t❛❧ ❢❛❝t♦r ♣r♦❞✉❝t✐✈✐t② ❢♦r t❤❡ i✲t❤ ❝♦✉♥tr②✱ Ft ✐s ❛ (T × r) ♠❛✲
tr✐① r❡♣r❡s❡♥t✐♥❣ t❤❡ ❢❛❝t♦r ♣r♦❝❡ss✱ ✇❤✐❝❤ ❝❛♣t✉r❡s ✐♥t❡r♥❛t✐♦♥❛❧ s♣✐❧❧♦✈❡rs r❡❝❡✐✈❡❞
❢r♦♠ ❛❧❧ ♦t❤❡r ❝♦✉♥tr✐❡s✳ ❊❛❝❤ ❝♦✉♥tr② ❤❛s ❛ s♣❡❝✐✜❝ ❡❧❛st✐❝✐t② λi✱ ✇❤✐❝❤ ♠❡❛s✉r❡s ✐ts
r❡❧❛t✐✈❡ ✇❡✐❣❤t ✐♥ s♣✐❧❧♦✈❡r ❞✐✛✉s✐♦♥✱ t❤✉s λi ✐s ❛ (r × 1) ✈❡❝t♦r ♦❢ ♣❛r❛♠❡t❡rs✳ ❚❤❡
(T × 1) ✈❡❝t♦r eit r❡♣r❡s❡♥ts t❤❡ ✐❞✐♦s②♥❝r❛t✐❝ ❝♦♠♣♦♥❡♥t ♦❢ lnTFPit✳ ❚❤✐s ❢❛❝t♦r
♠♦❞❡❧ ✐s ❡st✐♠❛t❡❞ ✉s✐♥❣ t❤❡ ♣r✐♥❝✐♣❛❧ ❝♦♠♣♦♥❡♥ts ♠❡t❤♦❞ ✭❇❛✐ ❛♥❞ ◆❣ ✭✷✵✵✷✮✮✳ ■❢
✇❡ r❡❢❡r t♦ ❈♦❡ ❛♥❞ ❍❡❧♣♠❛♥ ✭✷✵✵✾✮ ✇❤♦ ❝♦♥s✐❞❡r t❤❡ t♦t❛❧ ❢❛❝t♦r ♣r♦❞✉❝t✐✈✐t② ❛s
❛ ❢✉♥❝t✐♦♥ ♦❢ ❘✫❉ st♦❝❦ ❛♥❞ ❤✉♠❛♥ ❝❛♣✐t❛❧✱ t❤✐s ✐❞✐♦s②♥❝r❛t✐❝ ❡rr♦r t❡r♠ ❝❛♥ ❜❡
❛ss✐♠✐❧❛t❡❞ t♦ t❤❡ ❝♦✉♥tr② i✬s ❘✫❉ st♦❝❦ ❛♥❞✴♦r ❤✉♠❛♥ ❝❛♣✐t❛❧ ✇✐t❤ ✈❡r② ❧✐♠✐t❡❞
s♣✐❧❧♦✈❡r ❡✛❡❝ts✳ ❚❤✐s ❡❝♦♥♦♠❡tr✐❝ ❛♣♣r♦❛❝❤ s✉❣❣❡sts t❤❛t ❝r♦ss✲s❡❝t✐♦♥❛❧ ❝♦rr❡❧❛✲
t✐♦♥s ✐♥ eit ❛r❡ ✈❡r② ✇❡❛❦ ❛♥❞ ✐♥ ❛❞❞✐t✐♦♥ t❤❡ ❝r♦ss✲❝♦✉♥tr② lnTFP ❝♦rr❡❧❛t✐♦♥s ❛r❡
♠♦st❧② r❡❧❛t❡❞ t♦ ❘✫❉ ❛♥❞✴♦r ❤✉♠❛♥ ❝❛♣✐t❛❧ s♣✐❧❧♦✈❡rs✳ ■♥ t❤❡ ♥❡①t s✉❜✲s❡❝t✐♦♥✱ ✇❡
♣r❡s❡♥t t❤❡ t❡st ✉s❡❞ ✐♥ t❤❡ ❡♠♣✐r✐❝❛❧ ♣❛rt t♦ ❛ss❡ss ❤♦✇ ✇❡❧❧ t❤❡ ❘✫❉ ❛♥❞ ❤✉♠❛♥
❝❛♣✐t❛❧ ✈❛r✐❛❜❧❡s ❛♣♣r♦①✐♠❛t❡ t❤❡ ❡st✐♠❛t❡❞ ❝♦♠♠♦♥ ❢❛❝t♦rs✳

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

❚❤❡ t❡st ❝♦♥s✐❞❡r❡❞ ❤❡r❡ ✐s t❤❡ M(j) t❡st ✭❇❛✐ ❛♥❞ ◆❣ ✭✷✵✵✻✮✮ t❤❛t ❝❛♥ ❜❡ ✉s❡❞ t♦
t❡st ❢♦r ❧✐♥❦s ❜❡t✇❡❡♥ t❤❡ ❡st✐♠❛t❡❞ s♣✐❧❧♦✈❡r s♦✉r❝❡s ✭❡st✐♠❛t❡❞ ❝♦♠♠♦♥ ❢❛❝t♦rs✮
❛♥❞ ♦❜s❡r✈❡❞ s♦✉r❝❡s ✭♦❜s❡r✈❡❞ ❝♦♠♠♦♥ ❢❛❝t♦rs✮✳ ▲❡t F o

jt ❜❡ ❛♥ ❡❧❡♠❡♥t ♦❢ t❤❡
✈❡❝t♦r F o

t r❡♣r❡s❡♥t✐♥❣ t❤❡ ♦❜s❡r✈❡❞ ❝♦♠♠♦♥ ❢❛❝t♦rs✳ ❚❤❡ ❛✐♠ ✐s t♦ t❡st ✐❢ t❤❡r❡ ✐s
❛♥② δj s✉❝❤ t❤❛t F o

jt = δ
′

jFt ❢♦r ❛❧❧ t✳ ■t ♠❛② s❡❡♠ ✐♥t✉✐t✐✈❡ t♦ r❡❣r❡ss lnTFPit ♦♥
F o
jt ❛♥❞ t❤❡♥ t♦ ❛ss❡ss t❤❡ ❡①♣❧❛♥❛t♦r② ♣♦✇❡r ♦❢ F o

jt✳ ■❢ F
o
jt ✐s ❛♥ ❡①❛❝t ♣r♦①② ❢♦r Ft✱

t❤❡♥ F o
jt s❤♦✉❧❞ ❜❡ ❛❜❧❡ t♦ ❡①♣❧❛✐♥ lnTFPit✳ ❚❤❛t s❛✐❞✱ t❤✐s ♣r♦❝❡❞✉r❡ ✐s ♥♦t ❡♥t✐r❡❧②

s❛t✐s❢❛❝t♦r② ❜❡❝❛✉s❡✱ ❡✈❡♥ t❤♦✉❣❤ F o
t ✐s ❛ ♣r♦①② ❢♦r Ft✱ t❤❡ ❝♦rr❡❧❛t✐♦♥ ❜❡t✇❡❡♥ t❤❡♠

s❤♦✉❧❞ ❜❡ ✈❡r② ✇❡❛❦ ✐❢ t❤❡ ✈❛r✐❛♥❝❡ ♦❢ eit ✐s ❧❛r❣❡✳ ▲❡t γ̂j ❜❡ t❤❡ ❡st✐♠❛t❡❞ ✈❛❧✉❡ ♦❢

γj ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ❧❡❛st sq✉❛r❡s r❡❣r❡ss✐♦♥ F o
jt = γ

′

jF̂t + ηjt ✇❤❡r❡ ηjt ✐s ❛♥ ❡rr♦r

t❡r♠✳ ❇❛✐ ❛♥❞ ◆❣ ✭✷✵✵✻✮ ♣r♦♣♦s❡ t♦ ❞❡✜♥❡ F̂ o
jt = γ̂

′

jF̂t ❛♥❞ t❤❡♥ t♦ t❡st ❤♦✇ ❢❛r t❤❡
♦❜s❡r✈❡❞ ❢❛❝t♦rs ❛r❡ ❢r♦♠ t❤❡ ❡st✐♠❛t❡❞ ❢❛❝t♦rs✳ ❚❤❡ t❡st st❛t✐st✐❝ ✐s

M(j) = max1�t�T

∣

∣τt(j)
∣

∣ ✭✷✮

✇❤❡r❡

τt(j) =
(F̂ o

jt − F o
jt)

(

var(F̂ o
jt)

)1/2
. ✭✸✮

■❢ t❤❡ ✐❞✐♦s②♥❝r❛t✐❝ t❡r♠ ✐s ❝r♦ss✲s❡❝t✐♦♥❛❧❧② ✉♥❝♦rr❡❧❛t❡❞✱ t❤❡ ✈❛r✐❛♥❝❡ ♦❢ F̂ o
jt ✐s ❣✐✈❡♥

✶

❜② ˆvar(F̂ o
jt) =

1
N
γ̂

′

jV̂
−1Γ̂tV̂

−1γ̂j✱ ✇✐t❤ Γ̂t =
1
N

∑N
i=1 ê

2
itλ̂iλ̂

′

i✳ ■t ✐s t❤❡♥ ♣♦ss✐❜❧❡ t♦ ✉s❡

✶V ✐s ❛ r×r ❞✐❛❣♦♥❛❧ ♠❛tr✐① ❝♦♥s✐st✐♥❣ ♦❢ t❤❡ r ❧❛r❣❡st ❡✐❣❡♥✈❛❧✉❡s ♦❢ (lnTFP )
′

(lnTFP )/(NT )

✐♥ ❞❡❝r❡❛s✐♥❣ ♦r❞❡r✳ ❚❤❡ ❤❛t s✐❣♥ ♦✈❡r t❤❡ ❧❡tt❡r ✐♥❞✐❝❛t❡s ❛♥ ❡st✐♠❛t❡❞ ✈❛❧✉❡✳ êit✱ λ̂ ❛♥❞ V̂ ❛r❡
♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ♣r✐♥❝✐♣❛❧ ❝♦♠♣♦♥❡♥ts ♠❡t❤♦❞✱ ❛s ✇❡❧❧ ❛s F̂t✳

✸



ˆvar(F̂ o
jt) ❛♥❞ t♦ t❡st t❤❡ ❞✐st❛♥❝❡ ❜❡t✇❡❡♥ t❤❡ t✇♦ ❝✉r✈❡s F̂ o

jt ❛♥❞ F o
jt ✱ ♦♥ t❤❡ ❜❛s✐s

♦❢ t❤❡ M(j) st❛t✐st✐❝s✳

✸ ❉❛t❛ ❛♥❞ ❘❡s✉❧ts

❲❡ ✉s❡ ❛♥♥✉❛❧ ❞❛t❛ ❢♦r ✷✹ ❝♦✉♥tr✐❡s ❧✐st❡❞ ✐♥ ❈♦❡ ❡t ❛❧✳ ✭✷✵✵✾✮ ❢r♦♠ ✶✾✼✶ t♦ ✷✵✵✹✳
❚❤❡ ✈❛r✐❛❜❧❡s ✐♥❝❧✉❞❡ t♦t❛❧ ❢❛❝t♦r ♣r♦❞✉❝t✐✈✐t② ✭TFP ✮ ❛♥❞ ✐ts ♣r✐♥❝✐♣❛❧ ❡①♦❣❡♥♦✉s
✈❛r✐❛❜❧❡s✱ ✇❤✐❝❤ ❛r❡ ❘✫❉ ❝❛♣✐t❛❧ st♦❝❦ ❛♥❞ ❤✉♠❛♥ ❝❛♣✐t❛❧✳ ❚❤❡ ❘✫❉ ✭S✮ ❝♦rr❡✲
s♣♦♥❞s t♦ ❘✫❉ ❝❛♣✐t❛❧ st♦❝❦s ✐♥ t❤❡ ❜✉s✐♥❡ss s❡❝t♦r✳ ❆s ♣❡r ❈♦❡ ❡t ❛❧✳ ✭✶✾✾✼✱ ✷✵✵✾✮✱
t❤❡ ❤✉♠❛♥ ❝❛♣✐t❛❧ ✈❛r✐❛❜❧❡ ✭H✮ ✐s ✐♥❝❧✉❞❡❞ ❛s ❛♥ ❛❞❞✐t✐♦♥❛❧ ✈❛r✐❛❜❧❡✳ ❚❤❡ ❧❛tt❡r ✐s
❛ ♠❡❛s✉r❡ ♦❢ ❛✈❡r❛❣❡ ②❡❛rs ♦❢ s❝❤♦♦❧✐♥❣ ❢r♦♠ ❇❛rr♦ ❛♥❞ ▲❡❡ ✭✷✵✵✵✮✳✷

❚❤❡ ❧❛t❡♥t ❢❛❝t♦rs ♦❢ t❤❡ ✷✹ ❛♥♥✉❛❧ lnTFP s❡r✐❡s ❛r❡ ❡st✐♠❛t❡❞ ♦♥ t❤❡ ❜❛s✐s ♦❢
♣r✐♥❝✐♣❛❧ ❝♦♠♣♦♥❡♥ts ❛♥❛❧②s✐s✱ ❛♥❞ t❤❡ ♥✉♠❜❡r ♦❢ ❝♦♠♠♦♥ ❢❛❝t♦rs ❝❛♥ ❜❡ s❡❧❡❝t❡❞
❜② ✉s✐♥❣ t❤❡ BIC3 ❝r✐t❡r✐♦♥ ❞❡✜♥❡❞ ✐♥ ❇❛✐ ❛♥❞ ◆❣ ✭✷✵✵✷✮✳ ❚❤❡ lnTFP ❞❛t❛ ❛r❡
st❛♥❞❛r❞✐③❡❞ t♦ ❜❡ ♠❡❛♥ ③❡r♦ ✇✐t❤ ✉♥✐t ✈❛r✐❛♥❝❡s ♣r✐♦r t♦ ❡st✐♠❛t✐♦♥ ❜② t❤❡ ♠❡t❤♦❞
♦❢ ♣r✐♥❝✐♣❛❧ ❝♦♠♣♦♥❡♥ts✳ ❚❤❡ F o

jt ✈❛r✐❛❜❧❡s ❢♦r j = 1, 2✱ ❝♦rr❡s♣♦♥❞ t♦ t❤❡ ❝r♦ss✲
s❡❝t✐♦♥ ❛✈❡r❛❣❡s ♦❢ t❤❡ ✐♥❞✐✈✐❞✉❛❧ t✐♠❡ s❡r✐❡s Si,t ❛♥❞ Hi,t r❡s♣❡❝t✐✈❡❧② ❞❡♥♦t❡❞ ❜② S̄t

❛♥❞ H̄t✳ ❚❤❡② ❛r❡ ❧✐❦❡✇✐s❡ st❛♥❞❛r❞✐③❡❞ ♣r✐♦r t♦ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ t❤❡ M(j) t❡st✳
❚❤❡ ♣✉r♣♦s❡ ♦❢ t❤❡ ❢♦❧❧♦✇✐♥❣ ✐s t♦ ❞❡t❡r♠✐♥❡ ✐❢ t❤❡s❡ ✈❛r✐❛❜❧❡s ❣❡♥❡r❛t❡ s✐❣♥✐✜❝❛♥t
s♣✐❧❧♦✈❡rs ❛♥❞ ❝❛♥ ❜❡ ❝♦♥s✐❞❡r❡❞ str♦♥❣ ♣r♦①✐❡s ❢♦r ❝♦♠♠♦♥ ❢❛❝t♦rs ✉♥❞❡r❧②✐♥❣ ❝♦✲
♠♦✈❡♠❡♥ts ✐♥ lnTFP s❡r✐❡s✳

❚❛❜❧❡ ✶✿ ❘❡s✉❧ts ♦❢ t❤❡ M(j) ❚❡st

❖❜s❡r✈❡❞ ❢❛❝t♦rs

Domestic R&D Human capital
(S̄t) (H̄t)

M(j) st❛t✐st✐❝ ✷✳✸✽✺ ✸✳✶✶✵

❙✐❣♥✐✜❝❛♥❝❡ (−) (−)

◆♦t❡s✿ ❚❤❡ ❝r✐t✐❝❛❧ ✈❛❧✉❡s ❛t t❤❡ ✶✵✪✱ ✺✪ ❛♥❞ ✶✪ t❤r❡s❤♦❧❞s ❛r❡ r❡s♣❡❝t✐✈❡❧②
✸✳✵✼✻✱ ✸✳✷✽✸ ❛♥❞ ✸✳✼✼✺✳ ✭✰✮✱ ✭✰✰✮ ❛♥❞ ✭✰✰✰✮ ❞❡♥♦t❡ r❡❥❡❝t✐♦♥s ♦❢ t❤❡ ♥✉❧❧ ❤②✲
♣♦t❤❡s✐s✱ r❡s♣❡❝t✐✈❡❧② ❛t t❤❡ ✶✵✪✱ ✺✪ ❛♥❞ ✶✪ t❤r❡s❤♦❧❞s✳ ❚❤❡ s✐❣♥ (−) ✐♥❞✐❝❛✲
t❡s ❛❝❝❡♣t❛♥❝❡ ♦❢ t❤❡ ♥✉❧❧ ❤②♣♦t❤❡s✐s✳

❋♦❧❧♦✇✐♥❣ ▼♦♦♥ ❛♥❞ P❡rr♦♥ ✭✷✵✵✼✮✱ ❡st✐♠❛t✐♦♥s ❛r❡ r✉♥ ♦♥ ✜rst ❞✐✛❡r❡♥❝❡s t♦
t❛❦❡ ✐♥t♦ ❛❝❝♦✉♥t ❛ ♣♦ss✐❜❧❡ ♣r❡s❡♥❝❡ ♦❢ ❛ ✉♥✐t r♦♦t✳ ❯s✐♥❣ t❤❡ BIC3 s❡❧❡❝t✐♦♥
❝r✐t❡r✐♦♥✱ t❤❡ ♥✉♠❜❡r ♦❢ ❢❛❝t♦rs ✐♥ t❤❡ lnTFP ♣❛♥❡❧ ♦❢ ❞❛t❛ ✐s s❡t t♦ ✺✳ M(j) t❡st
r❡s✉❧ts ❛r❡ ❣✐✈❡♥ ✐♥ ❚❛❜❧❡ ✶✳

❚❤❡ t❡st r❡✈❡❛❧s t❤❛t ❘✫❉ ❝❛♣✐t❛❧ st♦❝❦ ♠❡❛s✉r❡❞ ❜② S ❝❛♥ ❜❡ ❝♦♥s✐❞❡r❡❞ ❡①❛❝t
♣r♦①✐❡s ❢♦r ❧❛t❡♥t ❝♦♠♠♦♥ ❢❛❝t♦rs✳ ■♥❞❡❡❞✱ t❤❡ ❝r✐t✐❝❛❧ ✈❛❧✉❡ ❛t ✺✪ s✐❣♥✐✜❝❛♥❝❡ ❧❡✈❡❧
♦❢ t❤❡ M(j) t❡st ✐s ✸✳✷✽✸ ❛♥❞ ❝❛♥♥♦t r❡❥❡❝t t❤❡ ♥✉❧❧ ❤②♣♦t❤❡s✐s t❤❛t t❤✐s ✈❛r✐❛❜❧❡
✐s ❛ ❝♦♠♠♦♥ ❢❛❝t♦r✳ ❆s str❡ss❡❞ ❜② ❛ ❧❛r❣❡ ❜♦❞② ♦❢ ❧✐t❡r❛t✉r❡ ✐♥ t❤✐s ✜❡❧❞ ✭●r✐✣t❤

✷❋♦r ♠♦r❡ ❞❡t❛✐❧s ❛❜♦✉t t❤❡ ❞❡✜♥✐t✐♦♥ ❛♥❞ ❝♦♥str✉❝t✐♦♥ ♦❢ ❧✐st❡❞ ✈❛r✐❛❜❧❡s✱ ♣❧❡❛s❡ s❡❡ ❈♦❡ ❡t ❛❧✳
✭✷✵✵✾✮✳

✹



❡t ❛❧✳ ✭✷✵✵✻✮ ❛t t❤❡ ✜r♠s ❧❡✈❡❧ ❛♥❞ ❈♦❡ ❛♥❞ ❍❡❧♣♠❛♥ ✭✶✾✾✺✮ ❛t t❤❡ ❝♦✉♥tr② ❧❡✈❡❧✱
❛♠♦♥❣ ♦t❤❡rs✮✱ t❤✐s ✐♠♣❧✐❡s t❤❛t ❘✫❉ ❛❝❝♦✉♥ts s✐❣♥✐✜❝❛♥t❧② ❢♦r t❤❡ ❞②♥❛♠✐❝ ♦❢ t♦t❛❧
❢❛❝t♦r ♣r♦❞✉❝t✐✈✐t②✳ ▼♦r❡♦✈❡r✱ t❤✐s ✜♥❞✐♥❣ ✐s ❛ str♦♥❣ ✐♥❞✐❝❛t✐♦♥ ♦❢ t❤❡ ♣r❡s❡♥❝❡ ♦❢
s♣✐❧❧♦✈❡rs ❝❧♦s❡❧② ❧✐♥❦❡❞ t♦ ❘✫❉ t❤r♦✉❣❤ ✇❤✐❝❤ t❤❡s❡ s♣✐❧❧♦✈❡rs ♦❝❝✉r✳

❋✉rt❤❡r♠♦r❡✱ t❤❡ ❡✈✐❞❡♥❝❡ s✉♣♣♦rts t❤❡ ❤✉♠❛♥ ❝❛♣✐t❛❧ ✈❛r✐❛❜❧❡ H ❛s ❛ ❣♦♦❞
♣r♦①②✳ ❍✉♠❛♥ ❝❛♣✐t❛❧ ✐s ❣❡♥❡r❛❧❧② ✈✐❡✇❡❞ ❛s ❛ ❦❡② ❞❡t❡r♠✐♥❛♥t ♦❢ t♦t❛❧ ❢❛❝t♦r
♣r♦❞✉❝t✐✈✐t②✱ ✇❤✐❝❤ ❝❛♥ ❛❧s♦ ❣❡♥❡r❛t❡ s♣✐❧❧♦✈❡rs ✭❊rt✉r ❛♥❞ ❑♦❝❤ ✭✷✵✵✼✮✮✳ ❊❜❡r❤❛r❞t
❡t ❛❧✳ ✭✷✵✶✵✮ ❛r❣✉❡ t❤❛t ❡✈❡♥ t❤♦✉❣❤ ❘✫❉ ✐s ❛♥ ✐♠♣♦rt❛♥t s♦✉r❝❡ ♦❢ s♣✐❧❧♦✈❡r✱
s✐❣♥✐✜❝❛♥t s♣✐❧❧♦✈❡rs ♠❛② ♥♦t ♦♥❧② r❡♣r❡s❡♥t ❦♥♦✇❧❡❞❣❡ ❡①t❡r♥❛❧✐t✐❡s ❜✉t ❛❧s♦ r❡✢❡❝t
❝r♦ss✲❝♦✉♥tr② ❞❡♣❡♥❞❡♥❝✐❡s ♠♦r❡ ❣❡♥❡r❛❧❧② ❞✉❡ t♦ ❛ ❤♦st ♦❢ ♦t❤❡r ❢❛❝t♦rs✱ ✇❤✐❝❤ ❝❛♥
❜❡ t❛❦❡♥ ✐♥t♦ ❛❝❝♦✉♥t ✐♥ ❛ ❝♦♠♠♦♥ ❢❛❝t♦r ♠♦❞❡❧✳

✹ ❈♦♥❝❧✉❞✐♥❣ r❡♠❛r❦s

❈♦♥s✐st❡♥t ✇✐t❤ t❤❡ ❡①✐st✐♥❣ ❡♠♣✐r✐❝❛❧ ❧✐t❡r❛t✉r❡ s✉❝❤ ❛s ❈♦❡ ❡t ❛❧✳ ✭✷✵✵✾✮✱ t❤❡
✉s❡ ♦❢ r❡❝❡♥t ❡❝♦♥♦♠❡tr✐❝ t❡❝❤♥✐q✉❡s ❞❡✈❡❧♦♣❡❞ ✐♥ ❛ ❝♦♠♠♦♥ ❢❛❝t♦r ❢r❛♠❡✇♦r❦ ✭❇❛✐
❛♥❞ ◆❣ ✷✵✵✻✱ ▲✐♥ ❡t ❛❧✳ ✷✵✶✷✮ ✐♥❞✐❝❛t❡s t❤❛t ✐♥t❡r♥❛t✐♦♥❛❧ s♣✐❧❧♦✈❡rs r❡s✉❧t✐♥❣ ❢r♦♠
❦♥♦✇❧❡❞❣❡ ❞✐✛✉s✐♦♥ t❤r♦✉❣❤ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ tr❛❞❡ ❝♦♥tr✐❜✉t❡ s✐❣♥✐✜❝❛♥t❧② t♦ t♦t❛❧
❢❛❝t♦r ♣r♦❞✉❝t✐✈✐t② ❣r♦✇t❤✳ ▼♦r❡♦✈❡r✱ ♦✉r r❡s✉❧ts s❤♦✇ t❤❛t ✐♥t❡r♥❛t✐♦♥❛❧ s♣✐❧❧♦✈❡rs
❛r❡ ❛❧s♦ str♦♥❣❧② r❡❧❛t❡❞ t♦ ❤✉♠❛♥ ❝❛♣✐t❛❧ ❡①t❡r♥❛❧✐t✐❡s✳

❘❡❢❡r❡♥❝❡s

❬✶❪ ❆❣❤✐♦♥ P✳✱ ❍♦✇✐tt P✳ ✭✶✾✾✷✮ ✧❆ ▼♦❞❡❧ ♦❢ ●r♦✇t❤ ❚❤r♦✉❣❤ ❈r❡❛t✐✈❡ ❉❡str✉❝✲
t✐♦♥✧✱ ❊❝♦♥♦♠❡tr✐❝❛ ✻✵✱ ✸✷✸✲✸✺✶✳

❬✷❪ ❇❛✐ ❏✳✱ ◆❣ ❙✳ ✭✷✵✵✷✮ ✧❉❡t❡r♠✐♥✐♥❣ t❤❡ ◆✉♠❜❡r ♦❢ ❋❛❝t♦rs ✐♥ ❆♣♣r♦①✐♠❛t❡ ❋❛❝t♦r
▼♦❞❡❧s✧✱ ❊❝♦♥♦♠❡tr✐❝❛ ✼✵✱ ✶✾✶✲✷✷✶✳

❬✸❪ ❇❛✐ ❏✳✱ ◆❣ ❙✳ ✭✷✵✵✻✮ ✧❊✈❛❧✉❛t✐♥❣ ▲❛t❡♥t ❛♥❞ ❖❜s❡r✈❡❞ ❋❛❝t♦rs ✐♥ ▼❛❝r♦❡❝♦✲
♥♦♠✐❝s ❛♥❞ ❋✐♥❛♥❝❡✧✱ ❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠❡tr✐❝s ✶✸✶✱ ✺✵✼✲✺✸✼✳

❬✹❪ ❇❛rr♦ ❘✳✱ ▲❡❡ ❏✳✲❲✳ ✭✷✵✵✵✮ ✧■♥t❡r♥❛t✐♦♥❛❧ ❉❛t❛ ♦♥ ❊❞✉❝❛t✐♦♥❛❧ ❆tt❛✐♥♠❡♥t✿
❯♣❞❛t❡s ❛♥❞ ■♠♣❧✐❝❛t✐♦♥s✧✱ ❈❡♥t❡r ❢♦r ■♥t❡r♥❛t✐♦♥❛❧ ❉❡✈❡❧♦♣♠❡♥t ❛t ❍❛r✈❛r❞✱
❯♥✐✈❡rs✐t② ❲♦r❦✐♥❣ P❛♣❡r ♥♦✳✹✷✳

❬✺❪ ❈♦❡ ❉✳✱ ❍❡❧♣♠❛♥ ❊✳ ✭✶✾✾✺✮ ✧■♥t❡r♥❛t✐♦♥❛❧ ❘✫❉ ❙♣✐❧❧♦✈❡rs✱ ❊✉r♦♣❡❛♥ ❊❝♦♥♦♠✐❝

❘❡✈✐❡✇ ✸✾✱ ✽✺✾✲✽✾✼✳

❬✻❪ ❈♦❡ ❉✳✱ ❍❡❧♣♠❛♥ ❊✳✱ ❍♦✛♠❛✐st❡r ❆✳ ✭✶✾✾✼✮ ✧◆♦rt❤✲❙♦✉t❤ ❘✫❉ ❙♣✐❧❧♦✈❡rs✧✱
❊❝♦♥♦♠✐❝ ❏♦✉r♥❛❧ ✶✵✼✱ ✶✸✹✲✶✹✾✳

❬✼❪ ❈♦❡ ❉✳✱ ❍❡❧♣♠❛♥ ❊✳✱ ❍♦✛♠❛✐st❡r ❆✳ ✭✷✵✵✾✮ ✧■♥t❡r♥❛t✐♦♥❛❧ ❘✫❉ ❙♣✐❧❧♦✈❡rs ❛♥❞
■♥st✐t✉t✐♦♥s✧✱ ❊✉r♦♣❡❛♥ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇ ✺✸✱ ✼✷✸✲✼✹✶✳

✺



❬✽❪ ❊❜❡r❤❛r❞t ▼✳✱ ❍❡❧♠❡rs ❈✳✱ ❙tr❛✉ss ❍✳ ✭✷✵✶✵✮ ✧❉♦ ❙♣✐❧❧♦✈❡rs ▼❛tt❡r ❲❤❡♥ ❊s✲
t✐♠❛t✐♥❣ t❤❡ Pr✐✈❛t❡ ❘❡t✉r♥s t♦ ❘✫❉ ❄✧✱ ❊✉r♦♣❡❛♥ ■♥✈❡st♠❡♥t ❇❛♥❦✱ ❊❝♦♥♦♠✐❝
❛♥❞ ❋✐♥❛♥❝✐❛❧ ❘❡♣♦rts ♥✉♠❜❡r ✷✵✶✵✴✶✳

❬✾❪ ❊rt✉r ❈✳✱ ❑♦❝❤ ❲✳ ✭✷✵✵✼✮ ✧●r♦✇t❤✱ ❚❡❝❤♥♦❧♦❣✐❝❛❧ ■♥t❡r❞❡♣❡♥❞❡♥❝❡ ❛♥❞ ❙♣❛t✐❛❧
❊①t❡r♥❛❧✐t✐❡s✿ ❚❤❡♦r② ❛♥❞ ❊✈✐❞❡♥❝❡✧✱ ❏♦✉r♥❛❧ ♦❢ ❆♣♣❧✐❡❞ ❊❝♦♥♦♠❡tr✐❝s ✷✷✱ ✶✵✸✸✲
✶✵✻✷✳

❬✶✵❪ ●r✐✣t❤ ❘✳✱ ❘✉♣♣❡rt ❍✳✱ ❱❛♥ ❘❡❡♥❡♥ ❏✳ ✭✷✵✵✻✮ ✧❍♦✇ ❙♣❡❝✐❛❧ ■s t❤❡ ❙♣❡❝✐❛❧
❘❡❧❛t✐♦♥s❤✐♣❄ ❯s✐♥❣ t❤❡ ■♠♣❛❝t ♦❢ ❯✳❙✳ ❘✫❉ ❙♣✐❧❧♦✈❡rs ♦♥ ❯✳❑✳ ❋✐r♠s ❛s ❛ ❚❡st
♦❢ ❚❡❝❤♥♦❧♦❣② ❙♦✉r❝✐♥❣✧✱ ❆♠❡r✐❝❛♥ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇ ✾✻✱ ✶✽✺✾✲✶✽✼✺✳

❬✶✶❪ ●r♦ss♠❛♥✱ P✳ ▼✳✱ ❍❡❧♣♠❛♥ ❊✳ ✭✶✾✾✶✮ ■♥♥♦✈❛t✐♦♥ ❛♥❞ ●r♦✇t❤ ✐♥ t❤❡ ●❧♦❜❛❧

❊❝♦♥♦♠②✱ ▼■❚ Pr❡ss✱ ❈❛♠❜r✐❞❣❡✱ ▼❆✳

❬✶✷❪ ▲✐♥ ❏✳✱ ❲❛♥❣ ▼✳✱ ❈❛✐ ▲✳ ✭✷✵✶✷✮ ✧❆r❡ t❤❡ ❋❛♠❛✲❋r❡♥❝❤ ❋❛❝t♦rs ●♦♦❞ Pr♦①✐❡s
❢♦r ▲❛t❡♥t ❘✐s❦ ❋❛❝t♦rs❄ ❊✈✐❞❡♥❝❡ ❢r♦♠ t❤❡ ❉❛t❛ ♦❢ ❙❍❙❊ ✐♥ ❈❤✐♥❛✧✱ ❊❝♦♥♦♠✐❝s

▲❡tt❡rs✱ ✐♥ ♣r❡ss✱ ❞♦✐✿ ✶✵✳✶✵✶✻✴❥✳❡❝♦♥❧❡t✳✷✵✶✷✳✵✷✳✵✷✻✳

❬✶✸❪ ▲ó♣❡③✲P✉❡②♦ ❈✳✱ ❇❛r❝❡♥✐❧❧❛✲❱✐sús ❙✳✱ ❙❛♥❛ú ❏✳ ✭✷✵✵✽✮ ✧■♥t❡r♥❛t✐♦♥❛❧ ❘✫❉
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