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Abstract
In this paper we examine the Environmental Kuznets Curve (EKC) hypothesis using the Ecological Footprint (EF), a

more comprehensive indicator of environmental degradation, through a time-series analysis for seven Latin American

countries covering the 1961-2007 period. We first test the EKC hypothesis from traditional linear and quadratic

functions, with standard and logarithmic specifications. The EKC hypothesis is not supported for Latin American

countries, suggesting that there is no improvement of environmental degradation when income increases. We find that

most of the countries exhibit a positive linear relationship between the EF and GDP. Finally, we study the long-term

relationship between the EF and GDP. The results show evidence of long-term relationship between income and EF

for Brazil and Uruguay with quadratic and linear relationship, respectively, which improves the quality of the

regressions.

Citation: Marie-Sophie Hervieux and Olivier Darné, (2015) ''Environmental Kuznets Curve and ecological footprint: A time series analysis.'',

Economics Bulletin, Volume 35, Issue 1, pages 814-826

Contact: Marie-Sophie Hervieux - marie-sophie.hervieux@univ-nantes.fr, Olivier Darné - Olivier.darne@univ-nantes.fr.

Submitted: October 07, 2014.   Published: March 30, 2015.

 

   



✶✳ ■♥tr♦❞✉❝t✐♦♥

❊♥✈✐r♦♥♠❡♥t❛❧ ✐ss✉❡s ❛r❡ ❜❡❝♦♠✐♥❣ ❛ ♣r✐♦r✐t②✱ ❡✈❡♥ ✐♥ ♣♦❧✐t✐❝❛❧ ❛♥❞ ❡❝♦♥♦♠✐❝❛❧ ✜❡❧❞s✳
❆✉t❤♦r✐t✐❡s ❤❛✈❡ t♦ ❝♦♥tr♦❧ ❛❝t✐♦♥s ✇❤✐❝❤ ❤❛✈❡ ❛♥ ✐♠♣❛❝t ♦♥ ♦✉r ❡❝♦s②st❡♠s✱ ♥♦t❛❜❧② ❞✉❡
t♦ t❤❡ ❝✉rr❡♥t t❤r❡❛ts r❡❣❛r❞✐♥❣ ❝❧✐♠❛t❡ ❝❤❛♥❣❡ ♦r ♥❛t✉r❛❧ ❞✐s❛st❡rs✳ ❚❤❡② ♥❡❡❞ t♦ ❦♥♦✇
❤♦✇ t♦ ❛❝t✱ ❛♥❞ ♠♦r❡ ♣r❡❝✐s❡❧② ✐❢ ❡❝♦♥♦♠✐❝ ❣r♦✇t❤ ❛❧❧♦✇s ✐♠♣r♦✈❡♠❡♥t t♦ t❤❡ ❡♥✈✐r♦♥♠❡♥t
♦r ❞❛♠❛❣❡s ✐t✳ ■t ✐s t❤✉s ✉s❡❢✉❧ t♦ ❛♥❛❧②③❡ t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❡❝♦♥♦♠✐❝ ❞❡✈❡❧♦♣♠❡♥t
❛♥❞ ❡♥✈✐r♦♥♠❡♥t❛❧ q✉❛❧✐t② ✈✐❛ t❤❡ ❊♥✈✐r♦♥♠❡♥t❛❧ ❑✉③♥❡ts ❈✉r✈❡ ✭❊❑❈✮ ❤②♣♦t❤❡s✐s✳

❚❤❡ ❊❑❈ ❤②♣♦t❤❡s✐s ✐♥❞✐❝❛t❡s t❤❛t ❡❝♦♥♦♠✐❝ ❞❡✈❡❧♦♣♠❡♥t ✐♥✐t✐❛❧❧② ❞❛♠❛❣❡s ❡♥✈✐r♦♥✲
♠❡♥t❛❧ q✉❛❧✐t②✱ ❜✉t ✇✐t❤ ❢✉rt❤❡r ❞❡✈❡❧♦♣♠❡♥t t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❛♣♣❡❛rs t♦ r❡✈❡rs❡ ❛♥❞
❡♥✈✐r♦♥♠❡♥t❛❧ ❞❡❣r❛❞❛t✐♦♥ st❛rts t♦ r❡❞✉❝❡✳ ❚❤✐s r❡❧❛t✐♦♥s❤✐♣ ♣r♦❞✉❝❡s ❛♥ ✐♥✈❡rt❡❞ ❯✲
s❤❛♣❡❞ ❝✉r✈❡✶✱ ✇❤❡r❡ ❡♥✈✐r♦♥♠❡♥t❛❧ ❞❡❣r❛❞❛t✐♦♥ ✜rst r✐s❡s ❛♥❞ t❤❡♥ ❢❛❧❧s ✇✐t❤ ✐♥❝r❡❛s✐♥❣
❡❝♦♥♦♠✐❝ ❞❡✈❡❧♦♣♠❡♥t✳✷ ■❢ t❤✐s ❤②♣♦t❤❡s✐s ✐s t❛❦❡♥ t♦ ❜❡ tr✉❡✱ t❤❡♥ t❤❡ ❢✉t✉r❡ ❡♥✈✐r♦♥✲
♠❡♥t ♠❛② ❜❡ ❛ss✉♠❡❞ t♦ ❜❡ ♣♦❧❧✉t✐♦♥✲❢r❡❡ ✇❤✐❧st ❛❧s♦ ♣♦ss❡ss✐♥❣ ❤✐❣❤❡r ❧✐✈✐♥❣ st❛♥❞❛r❞s✳

▼♦st st✉❞✐❡s ♦❢ t❤❡ ❊❑❈ ❤②♣♦t❤❡s✐s ✉s❡ ❡✐t❤❡r ❛ s♣❡❝✐✜❝ ♣♦❧❧✉t✐♦♥ ♠❡❛s✉r❡♠❡♥t✱ s✉❝❤
❛s ❙✉❧❢✉r ❞✐♦①✐❞❡ ♦r ♥✐tr♦❣❡♥ ♦①✐❞❡s✱ ♦r ❛ ❣❧♦❜❛❧ ♣♦❧❧✉t✐♦♥ ♠❡❛s✉r❡♠❡♥t✱ s✉❝❤ ❛s ❝❛r❜♦♥
❞✐♦①✐❞❡ ✭❈❖2✮✱ ❛s ❛♥ ❡♥✈✐r♦♥♠❡♥t❛❧ ♣r❡ss✉r❡ ✐♥❞✐❝❛t♦r✳✸ ❚❤❡s❡ ♣❛rt✐❝✉❧❛r ♣♦❧❧✉t❛♥ts ❛r❡
♦♥❧② ❛ s♠❛❧❧ ♣❛rt ♦❢ ❡♥✈✐r♦♥♠❡♥t❛❧ ❝♦♥❝❡r♥s ♦♥ ❛ ❣❧♦❜❛❧ ❧❡✈❡❧✳ ❈♦♥s❡q✉❡♥t❧②✱ t❤❡ ❛♥❛❧②s✐s
♣❡r❢♦r♠❡❞ ✐♥ t❤✐s ♣❛♣❡r t❡sts t❤❡ ✈❛❧✐❞✐t② ♦❢ t❤❡ ❊❑❈ ✉s✐♥❣ ❛ ♠✉❝❤ ♠♦r❡ ❝♦♠♣r❡❤❡♥s✐✈❡
♠❡❛s✉r❡♠❡♥t ♦❢ ❡♥✈✐r♦♥♠❡♥t❛❧ ❞❡❣r❛❞❛t✐♦♥✱ t❤❡ ❊❝♦❧♦❣✐❝❛❧ ❋♦♦t♣r✐♥t ✭❊❋✮✳ ❚❤❡ ❝❤♦✐❝❡
♦❢ t❤❡ ❊❋ ❛s ❛♥ ❛❣❣r❡❣❛t❡ ♠❡❛s✉r❡♠❡♥t ♦❢ ❡♥✈✐r♦♥♠❡♥t❛❧ q✉❛❧✐t② ❝❛♥ ❜❡ ❡①♣❧❛✐♥❡❞ ❜②
t❤❡ ❢❛❝t t❤❛t✿ ✭✐✮ ✐t ✐s ❛ ✇✐❞❡❧② r❡❢❡r❡♥❝❡❞ ♠❡❛s✉r❡♠❡♥t ♦❢ s✉st❛✐♥❛❜✐❧✐t② ✭◆✐❥❦❛♠♣ ❡t ❛❧✳✱
✷✵✵✹❀ ❍❛❜❡r❧ ❡t ❛❧✳✱ ✷✵✵✶✮❀ ✭✐✐✮ ✐t ❤❛s ❜❡❡♥ ❛❞♦♣t❡❞ ❜② ❛ ❣r♦✇✐♥❣ ♥✉♠❜❡r ♦❢ ❣♦✈❡r♥♠❡♥t
❛✉t❤♦r✐t✐❡s✱ ❛❣❡♥❝✐❡s✱ ❛♥❞ ♣♦❧✐❝② ♠❛❦❡rs ❛s ❛ ♠❡❛s✉r❡♠❡♥t ♦❢ ❡❝♦❧♦❣✐❝❛❧ ♣❡r❢♦r♠❛♥❝❡
✭❲✐❡❞♠❛♥♥ ❡t ❛❧✳✱ ✷✵✵✻✮❀ ❛♥❞ ✭✐✐✐✮ ✐ts ❧✐♠✐t❛t✐♦♥s ❛r❡ ✇❡❧❧✲❦♥♦✇♥✳

❚♦ t❤❡ ❜❡st ♦❢ ♦✉r ❦♥♦✇❧❡❞❣❡✱ t❤❡ ❡①✐st✐♥❣ ❧✐t❡r❛t✉r❡ ♦♥ ❊❑❈ ❤②♣♦t❤❡s✐s ✇✐t❤ t❤❡
❊❋ ❛s ❛♥ ❡♥✈✐r♦♥♠❡♥t❛❧ ♣r❡ss✉r❡ ✐♥❞✐❝❛t♦r ❝♦♥t❛✐♥s ♦♥❧② ❛ ❢❡✇ ❡♠♣✐r✐❝❛❧ st✉❞✐❡s✳ ❘♦t❤✲
♠❛♥ ✭✶✾✾✽✮✱ ❇❛❣❧✐❛♥✐✱ ❇r❛✈♦ ❛♥❞ ❉❛❧♠❛③③♦♥❡ ✭✷✵✵✽✮✱ ❨♦r❦✱ ❘♦s❛ ❛♥❞ ❉✐❡t③ ✭✷✵✵✹✮✱ ❛♥❞
❇♦✉t❛✉❞✱ ●♦♥❞r❛♥ ❛♥❞ ❇r♦❞❤❛❣ ✭✷✵✵✻✮ ✉s❡ ❝r♦ss✲s❡❝t✐♦♥❛❧ ❞❛t❛ ✇❤❡r❡❛s ❈❛✈✐❣❧✐❛✲❍❛rr✐s✱
❈❤❛♠❜❡rs ❛♥❞ ❑❛❤♥ ✭✷✵✵✾✮ ♣r♦✈✐❞❡ ❛ ♣❛♥❡❧ ❞❛t❛ ❛♥❛❧②s✐s✳ ❍♦✇❡✈❡r✱ ✇❤❡♥ st✉❞✐❡s ✉s❡
♣❛♥❡❧ ❞❛t❛ t❡❝❤♥✐q✉❡s✱ ♣❛rt✐❝✉❧❛r ❛tt❡♥t✐♦♥ ♠✉st ❜❡ ♣❛✐❞ t♦ ❤❡t❡r♦❣❡♥❡✐t② ❜❡t✇❡❡♥ ❝♦✉♥✲
tr✐❡s ❜❡❝❛✉s❡ ❞✐✛❡r❡♥t ❝♦✉♥tr✐❡s ❝♦✉❧❞ ❡①❤✐❜✐t ❞✐✛❡r❡♥t t✉r♥✐♥❣ ♣♦✐♥ts ✭✐❢ ♣r❡s❡♥t✮ ♦❢ t❤❡
r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❡♥✈✐r♦♥♠❡♥t❛❧ q✉❛❧✐t② ❛♥❞ ✐♥❝♦♠❡ ✭▲✐st ❛♥❞ ●❛❧❧❡t✱ ✶✾✾✾✮✳ ❆s ❙t❡r♥
✭✶✾✾✻✮ s✉❣❣❡st❡❞✱ ❛ ✈❛❧✐❞ ❛♣♣r♦❛❝❤ t♦ ♦✈❡r❝♦♠❡ t❤❡ ❤❡t❡r♦❣❡♥❡✐t② ✐ss✉❡ ❜❡t✇❡❡♥ ❝♦✉♥tr✐❡s
✐s t♦ st✉❞② t❤❡ ❊❑❈ ❤②♣♦t❤❡s✐s ♦❢ ✐♥❞✐✈✐❞✉❛❧ ❝♦✉♥tr✐❡s✳ ❚❤✐s ❛♣♣r♦❛❝❤ ❛❧❧♦✇s r❡s❡❛r❝❤❡rs
t♦ ♠♦❞❡❧ t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❛ ♠❡❛s✉r❡♠❡♥t ♦❢ ❡♥✈✐r♦♥♠❡♥t❛❧ ❞❡❣r❛❞❛t✐♦♥ ❛♥❞ ✐♥✲
❝♦♠❡ t❛❦✐♥❣ ✐♥t♦ ❛❝❝♦✉♥t t❤❡ s♣❡❝✐✜❝ ❤✐st♦r✐❝❛❧ ❡①♣❡r✐❡♥❝❡s ♦❢ ❡❛❝❤ ❝♦✉♥tr②✳ ■♥ t❤✐s ♣❛♣❡r✱
✇❡ ❛♥❛❧②③❡ t❤❡ ❊❑❈ ❤②♣♦t❤❡s✐s ✐♥ ❛ t✐♠❡✲s❡r✐❡s ❞✐♠❡♥s✐♦♥ ❢♦r s❡✈❡♥ ▲❛t✐♥ ❆♠❡r✐❝❛♥ ❝♦✉♥✲

✶❚❤❡ ✐❞❡❛ ♦❢ ❊❑❈ ❝❛♠❡ t♦ t❤❡ ❢♦r❡ ✐♥ ✶✾✾✶ ✇✐t❤ t❤❡ ●r♦ss♠❛♥ ❛♥❞ ❑r✉❡❣❡r✬s st✉❞② ♦❢ t❤❡ ◆♦rt❤
❆♠❡r✐❝❛♥ ❋r❡❡ ❚r❛❞❡ ❆❣r❡❡♠❡♥t ✭◆❆❋❚❆✮ ✭●r♦ss♠❛♥ ❛♥❞ ❑r✉❡❣❡r✱ ✶✾✾✶❀ ❙t❡r♥✱ ✷✵✵✹✮✳ P❛♥❛②♦t♦✉
✭✶✾✾✸✮ ✜rst ❝♦✐♥❡❞ t❤❡ t❡r♠ ❊❑❈ ✭s❡❡✱❛❧s♦✱ ❙❡❧❞❡♥ ❛♥❞ ❙♦♥❣✱ ✶✾✾✹✮✳ ❍♦✇❡✈❡r✱ t❤❡ ❊❑❈ ❤②♣♦t❤❡s✐s
❜❡❝❛♠❡ ✈❡r② ✐♠♣♦rt❛♥t ❛❢t❡r ✶✾✾✶ ❢♦r ✐ts ♣♦t❡♥t✐❛❧ ❛♥❞ ♣r♦♠✐s❡ ♦❢ ✜♥❞✐♥❣ ❛ ✜♥❛❧ s♦❧✉t✐♦♥ t♦ ❡♥✈✐r♦♥♠❡♥t❛❧
❞❡❣r❛❞❛t✐♦♥✳

✷❚❤❡ ♠❛✐♥ ❡①♣❧❛♥❛t✐♦♥ ♦❢ t❤✐s r❡❧❛t✐♦♥s❤✐♣ ✇♦✉❧❞ ❜❡ t❤❡ r❡s✉❧t ♦❢ t❤r❡❡ ❞✐✛❡r❡♥t ❡✛❡❝ts✿ s❝❛❧❡ ❡✛❡❝t✱
t❡❝❤♥♦❧♦❣✐❝❛❧ ❡✛❡❝t✱ ❛♥❞ ❝♦♠♣♦s✐t✐♦♥ ❡✛❡❝t ✭●r♦ss♠❛♥ ❛♥❞ ❑r✉❡❣❡r✱ ✶✾✾✶❀ P❛♥❛②♦t♦✉✱ ✶✾✾✼❀ ❉❡ ❇r✉②♥ ❡t
❛❧✳✱ ✶✾✾✽❀ ✐♥t❡r ❛❧✐❛✮✳ ❚❤❡r❡ ✐s ❛♥♦t❤❡r ♠❛✐♥ ❡①♣❧❛♥❛t✐♦♥ ❝♦rr❡s♣♦♥❞✐♥❣ t♦ t❤❡ ❞❡♠❛♥❞ ❢♦r ❡♥✈✐r♦♥♠❡♥t❛❧
q✉❛❧✐t② ✭❇❛rr❡tt ❛♥❞ ●r❛❞❞②✱ ✷✵✵✵✮✳

✸❙❡❡ ▲✐❡❜ ✭✷✵✵✹✮✱ ❙t❡r♥ ✭✷✵✵✹✮✱ ❲✐♥s❧♦✇ ✭✷✵✵✺✮✱ ❛♥❞ ▼✐❛❤ ❡t ❛❧✳ ✭✷✵✶✵✮✱ ❢♦r ❛ s✉r✈❡② ♦♥ t❤❡ ❞✐✛❡r❡♥t
st✉❞✐❡s ♦❢ t❤❡ ❊❑❈ ❢r♦♠ ✈❛r✐♦✉s ♣♦❧❧✉t❛♥ts✳



tr✐❡s ❝♦✈❡r✐♥❣ t❤❡ ✶✾✻✶✲✷✵✵✼ ♣❡r✐♦❞✳ ▲❛t✐♥ ❆♠❡r✐❝❛ ✐s ❤✐❣❤❧② ❝♦♥❝❡r♥❡❞ ❜② ❡♥✈✐r♦♥♠❡♥t❛❧
✐ss✉❡s✿ ❡♥✈✐r♦♥♠❡♥t❛❧ r❡s♦✉r❝❡s ✭r❡♥❡✇❛❜❧❡ ♦r ♥♦t✮ ❛r❡ ✉s❡❞ ✐♥ t❤❡ ❡❝♦♥♦♠✐❝ ♣r♦❞✉❝t✐♦♥
str✉❝t✉r❡ ♦❢ t❤❡s❡ ❝♦✉♥tr✐❡s✳ ▼♦r❡♦✈❡r✱ t❤❡② ❛r❡ ❞❡✈❡❧♦♣✐♥❣ ❝♦✉♥tr✐❡s t❤❛t ❛r❡ ❜❡❝♦♠✐♥❣
♠♦r❡ ❛♥❞ ♠♦r❡ ✐♠♣♦rt❛♥t ♦♥ t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ ❛r❡♥❛✳ ❖t❤❡r✇✐s❡✱ t❤❡② ❡①♣❡r✐❡♥❝❡❞ ❡❛r❧②
❞❡✐♥❞✉str✐❛❧✐③❛t✐♦♥ ✇❤✐❝❤ ♠❛② ❤❛✈❡ ❛♥ ✐♠♣❛❝t ♦♥ t❤❡✐r ❡♥✈✐r♦♥♠❡♥t✳ ❙✐♥❝❡ t❤❡r❡ ✐s ♥♦
❝♦♥s❡♥s✉s ♦♥ t❤❡ ❢✉♥❝t✐♦♥❛❧ ❢♦r♠s ♦❢ t❤❡ ❊❑❈ ❛♥❞ t❤❡ tr❛♥s❢♦r♠❛t✐♦♥ ♦❢ ❞❛t❛✱ ✇❡ ❡①❛♠✲
✐♥❡ t❤❡ ❊❑❈ ❤②♣♦t❤❡s✐s ❢r♦♠ ❧✐♥❡❛r ❛♥❞ q✉❛❞r❛t✐❝ ❢♦r♠s ❛s ✇❡❧❧ ❛s ✇✐t❤ ❞❛t❛ ✐♥ st❛♥❞❛r❞
❛♥❞ ❧♦❣❛r✐t❤♠ ❢♦r♠s✳

❋✉rt❤❡r♠♦r❡✱ ♣r❡✈✐♦✉s st✉❞✐❡s ✉s✐♥❣ t✐♠❡ s❡r✐❡s ❞❛t❛ ❧❛❝❦ ❛ ❞✐❛❣♥♦st✐❝ ❛♥❛❧②s✐s ♦❢ t❤❡
♦r❞❡r ♦❢ ✐♥t❡❣r❛t✐♦♥ ♦❢ t❤❡ ✈❛r✐❛❜❧❡ ❡♥t❡r✐♥❣ t❤❡ ❧♦♥❣✲t❡r♠ r❡❧❛t✐♦♥s❤✐♣ ❛s ✐♠♣❧✐❡❞ ❜② t❤❡
❊❑❈✱ ✇❤✐❝❤ ❝♦✉❧❞ ❧❡❛❞ t♦ s♣✉r✐♦✉s r❡❣r❡ss✐♦♥s ✭●r❛♥❣❡r ❛♥❞ ◆❡✇❜♦❧❞✱ ✶✾✼✹✮✳ ■❢ t❤❡r❡ ✐s
♥♦ ❝♦✐♥t❡❣r❛t✐♦♥ ✐♥ ❛ r❡❣r❡ss✐♦♥ ❛♠♦♥❣ ♥♦♥✲st❛t✐♦♥❛r② ✈❛r✐❛❜❧❡s✱ ✐♥t❡r♣r❡t✐♥❣ t❤❡ r❡s✉❧ts
✐♥ t❤❡ st❛♥❞❛r❞ ✇❛② ✐s ✐♥✈❛❧✐❞✳ ❈♦✐♥t❡❣r❛t✐♦♥ t❡st✐♥❣ ✐s ❛ ♣♦✇❡r❢✉❧ t❡st ♦❢ ♠✐ss♣❡❝✐✜❝❛t✐♦♥
✭P❡r♠❛♥ ❛♥❞ ❙t❡r♥✱ ✷✵✵✸✮✳ ❙♣❡❝✐✜❝❛❧❧②✱ st✉❞✐❡s ✐♥ ❛ t✐♠❡✲s❡r✐❡s ❞✐♠❡♥s✐♦♥ ❤❛✈❡ ♠❛✐♥❧②
❡st✐♠❛t❡❞ t❤❡ ❊❑❈ r❡❧❛t✐♦♥s❤✐♣ ✉s✐♥❣ ❡rr♦r✲❝♦rr❡❝t✐♦♥ ♠♦❞❡❧s ✭❊❈▼✮✱ ❜✉t ♦♥❧② ✇✐t❤ CO2

❛s ❛ ♣r♦①② ♦❢ ❡♥✈✐r♦♥♠❡♥t❛❧ ❞❡❣r❛❞❛t✐♦♥ ✭❡✳❣✳✱ ❏❛❧✐❧ ❛♥❞ ▼❛❤♠✉❞✱ ✷✵✵✾❀ ■✇❛t❛ ❡t ❛❧✳✱ ✷✵✶✵❀
❋♦❞❤❛ ❛♥❞ ❩❛❣❤❞♦✉❞✱ ✷✵✶✵✮✳ ■♥ t❤✐s ♣❛♣❡r✱ ✇❡ ✉s❡ t❤❡ ❝♦✐♥t❡❣r❛t✐♦♥ t❡sts ♦❢ ❏♦❤❛♥s❡♥
✭✶✾✽✽✱ ✶✾✾✶✮ t♦ ❡①❛♠✐♥❡ t❤❡ ♣♦ss✐❜❧❡ ❧♦♥❣✲t❡r♠ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ t❤❡ ❊❋ ❛♥❞ ●❉P✳

❖✉r r❡s✉❧ts s✉♣♣♦rt t❤❡ ❊❑❈ ❤②♣♦t❤❡s✐s ♦♥❧② ❢♦r ❈❤✐❧❡ ❛♥❞ ❯r✉❣✉❛② ✇✐t❤ t❤❡ q✉❛❞r❛t✐❝
❢✉♥❝t✐♦♥❛❧ ❢♦r♠✳ ❲❡ ❛❧s♦ ✜♥❞ t❤❛t ♠♦st ♦❢ t❤❡ ❝♦✉♥tr✐❡s ❡①❤✐❜✐t ❛ ♣♦s✐t✐✈❡ ❧✐♥❡❛r r❡❧❛t✐♦♥✲
s❤✐♣ ❜❡t✇❡❡♥ t❤❡ ❊❋ ❛♥❞ ●❉P✳ ❖t❤❡r✇✐s❡ r❡s✉❧ts s❤♦✇ ❡✈✐❞❡♥❝❡ ♦❢ ❧♦♥❣✲t❡r♠ r❡❧❛t✐♦♥s❤✐♣
❜❡t✇❡❡♥ ✐♥❝♦♠❡ ❛♥❞ t❤❡ ❊❋ ❢♦r ❇r❛③✐❧✱ ❈❤✐❧❡✱ ❛♥❞ ❯r✉❣✉❛②✳

❚❤✐s ❛rt✐❝❧❡ ✐s ♦r❣❛♥✐③❡❞ ❛s ❢♦❧❧♦✇✿ ❙❡❝t✐♦♥ ✷ ♣r❡s❡♥ts t❤❡ ❊❝♦❧♦❣✐❝❛❧ ❋♦♦t♣r✐♥t ❛s
❡♥✈✐r♦♥♠❡♥t❛❧ ♣r❡ss✉r❡ ✐♥❞✐❝❛t♦r✳ ❙❡❝t✐♦♥ ✸ ❞❡s❝r✐❜❡s t❤❡ ❊❑❈ ♠♦❞❡❧ ❛♥❞ ❙❡❝t✐♦♥ ✹
❜r✐❡✢② ♣r❡s❡♥ts t❤❡ ♠❡t❤♦❞♦❧♦❣②✳ ❙❡❝t✐♦♥ ✺ ❣✐✈❡s t❤❡ ❡♠♣✐r✐❝❛❧ r❡s✉❧ts✳ ❋✐♥❛❧❧②✱ ❙❡❝t✐♦♥
✻ ❝♦♥❝❧✉❞❡s✳

✷✳ ❚❤❡ ❊❝♦❧♦❣✐❝❛❧ ❋♦♦t♣r✐♥t ❛s ❛♥ ❡♥✈✐r♦♥♠❡♥t❛❧ ♣r❡ss✉r❡ ✐♥❞✐❝❛t♦r

❚❤❡ ❊❝♦❧♦❣✐❝❛❧ ❋♦♦t♣r✐♥t ✭❊❋✮ ✇❛s ✐♥tr♦❞✉❝❡❞ ❜② ❘❡❡s ✭✶✾✾✷✮ ❛♥❞ ❢✉rt❤❡r ❞❡✈❡❧♦♣❡❞
✐♥ ❲❛❝❦❡r♥❛❣❡❧ ❛♥❞ ❘❡❡s ✭✶✾✾✻✮ t♦ ❞❡t❡r♠✐♥❡ ❤♦✇ t❤❡ ❡♥✈✐r♦♥♠❡♥t❛❧ ❞❛♠❛❣❡ ❛ss♦❝✐✲
❛t❡❞ t♦ ❤✉♠❛♥ ❝♦♥s✉♠♣t✐♦♥ ❝♦♠♣❛r❡s t♦ t❤❡ ❜✐♦s♣❤❡r❡✬s r❡❣❡♥❡r❛t✐✈❡ ❝❛♣❛❝✐t②✳✹ ❚❤❡
❊❋ ❡st✐♠❛t❡s t❤❡ ❛♠♦✉♥t ♦❢ ♥❛t✉r❛❧ ❝❛♣✐t❛❧ ✭♠❡❛s✉r❡❞ ✐♥ ❛ ❜✐♦❧♦❣✐❝❛❧❧② ♣r♦❞✉❝t✐✈❡ s✉r✲
❢❛❝❡ ❛r❡❛✮ ♥❡❡❞❡❞ t♦ s✉♣♣♦rt t❤❡ r❡s♦✉r❝❡ ❞❡♠❛♥❞ ❛♥❞ ✇❛st❡ ❛❜s♦r♣t✐♦♥ r❡q✉✐r❡♠❡♥ts
♦❢ ❛ ♣♦♣✉❧❛t✐♦♥ ❛♥❞ ✐s ❡①♣r❡ss❡❞ ✐♥ ❣❧♦❜❛❧ ❤❡❝t❛r❡s ♦r ❤❡❝t❛r❡s ♦❢ ❣❧♦❜❛❧❧② st❛♥❞❛r❞✐③❡❞
❜✐♦♣r♦❞✉❝t✐✈✐t② ✭❲❛❝❦❡r♥❛❣❡❧ ❡t ❛❧✳✱ ✷✵✵✹❛✱ ✷✵✵✹❜✮✳ ■♥ t❤❡ ❜❛s✐❝ ❝❛❧❝✉❧❛t✐♦♥ ♦❢ t❤❡ ❊❋✱
❝♦♥s✉♠♣t✐♦♥ ✭❝❛t❡❣♦r✐③❡❞ ❜② ❢♦♦❞✱ s❡r✈✐❝❡s✱ tr❛♥s♣♦rt❛t✐♦♥✱ ❝♦♥s✉♠❡r ❣♦♦❞s✱ ❛♥❞ ❤♦✉s✲
✐♥❣✮ ✐s ❞✐✈✐❞❡❞ ❜② t❤❡ ♣r❡❞❡t❡r♠✐♥❡❞ ②✐❡❧❞ ✭❜✐♦❧♦❣✐❝❛❧ ♣r♦❞✉❝t✐✈✐t②✮ ❜② ❧❛♥❞ t②♣❡ ✐♥❝❧✉❞✐♥❣
❝r♦♣❧❛♥❞✱ ♣❛st✉r❡✱ ❢♦r❡st✱ ❜✉✐❧t✲✉♣ ❧❛♥❞✱ ✜s❤❡r✐❡s✱ ❛♥❞ ❡♥❡r❣② ❧❛♥❞✳ ❚❤❡ ❛❜✐❧✐t② ♦❢ t❤❡s❡
❛r❡❛s t♦ s✉♣♣❧② ❡❝♦❧♦❣✐❝❛❧ ❣♦♦❞s ❛♥❞ s❡r✈✐❝❡s ✭✐✳❡✳ t❤❡ ♣r❡❞❡t❡r♠✐♥❡❞ ②✐❡❧❞✮ ❞❡♣❡♥❞s ♦♥
t❤❡ ❜✐♦♣❤②s✐❝❛❧ ❝❤❛r❛❝t❡r✐st✐❝s ♦❢ t❤❡ ❧❛♥❞ ✭s✉❝❤ ❛s s♦✐❧ t②♣❡✱ s❧♦♣❡✱ ❛♥❞ ❝❧✐♠❛t❡✮ ✐♥ ❛❞❞✐✲
t✐♦♥ t♦ s♦❝✐♦✲❡❝♦♥♦♠✐❝ ❝❤♦✐❝❡s ✭s✉❝❤ ❛s ♠❛♥❛❣❡♠❡♥t ❞❡❝✐s✐♦♥s ❛♥❞ t❡❝❤♥♦❧♦❣✐❝❛❧ ✐♥♣✉ts✮✳
❚❤✐s ✐♥❞✐❝❛t♦r ❤❛❞ ❜❡❡♥ ❝r❡❛t❡❞ ✐♥ t❡r♠s ♦❢ s✉r❢❛❝❡ ❛r❡❛✱ ❛♥❞ t❤✉s ✐s ❡①♣r❡ss❡❞ ❛s ❛ s✐♥❣❧❡
✉♥✐t✿ ❣❧♦❜❛❧ ❤❡❝t❛r❡s ✭❣❤❛✮✳ ❆ ❣❧♦❜❛❧ ❤❡❝t❛r❡ ✐s ❛♥ ❤❡❝t❛r❡ ✇❤✐❝❤ ❤❛s ❛ ②✐❡❧❞ ❡q✉❛❧ t♦ t❤❡

✹❇✐♦s♣❤❡r❡✬s r❡❣❡♥❡r❛t✐✈❡ ❝❛♣❛❝✐t② ✐s ❝❛❧❧❡❞ ❇✐♦❝❛♣❛❝✐t② ✭❇❈✮✳ ■❢ ❊❋ ✐s ❣r❡❛t❡r t❤❛♥ ❇❈✱ ✇❡ ❢❛❝❡ ❛♥
❡❝♦❧♦❣✐❝❛❧ ❞❡✜❝✐t s✐t✉❛t✐♦♥✳ ❈♦♥✈❡rs❡❧②✱ ✐❢ ❊❋ ✐s ❧❡ss t❤❛♥ ❇❈✱ ✇❡ ❤❛✈❡ ❛♥ ❡❝♦❧♦❣✐❝❛❧ r❡s❡r✈❡✳ ■♥ ♦✉r
s❛♠♣❧❡✱ ❛❧❧ ❝♦✉♥tr✐❡s ❤❛✈❡ ❛♥ ❡❝♦❧♦❣✐❝❛❧ r❡s❡r✈❡ ❜✉t t❤❡ ❊❋ ❝❛♥ ❜❡ st✐❧❧ ✈✐❡✇ ❛s ❛♥ ❡♥✈✐r♦♥♠❡♥t❛❧ ♣r❡ss✉r❡
✐♥❞✐❝❛t♦r✳



❛✈❡r❛❣❡ ②✐❡❧❞ ♦❢ t❤❡ ✇♦r❧❞✳✺

▼♦r❡ ♣r❡❝✐s❡❧② ❝❛❧❝✉❧❛t✐♦♥ ❢♦❧❧♦✇s ✸ st❡♣s✿
❋✐rst✱ t❤❡ ❛♠♦✉♥t ♦❢ ❝♦♥s✉♠❡❞ r❡s♦✉r❝❡s ❤❛s t♦ ❜❡ ✐❞❡♥t✐✜❡❞✳ ❊❋ t❛❦❡s ✐♥t♦ ❛❝❝♦✉♥t ✿ ✭✐✮
❢❛r♠ ❣♦♦❞s✱ ✭✐✐✮ ✜❜❡rs✱ ✭✐✐✐✮ ✇♦♦❞✱ ✭✐✈✮ ✐♥❢r❛str✉❝t✉r❡s✱ ❛♥❞ ✭✈✮ ❡♥❡r❣② ♣♦✇❡r ❡①♣r❡ss❡❞ ✐♥
♣❤②s✐❝❛❧ ✉♥✐t✳
❆♠♦✉♥ts ♦❢ ❡❛❝❤ ❦✐♥❞ ♦❢ r❡s♦✉r❝❡ t❤❡♥ ❛r❡ ❞✐✈✐❞❡❞ ❜② t❤❡ ❛✈❡r❛❣❡ ②✐❡❧❞ ♦❢ ❧❛♥❞ ❛♥❞ ✇❛t❡r
❛r❡❛ ❛❧❧♦✇✐♥❣ t♦ ♣r♦❞✉❝❡ t❤❡♠ ✐♥ ♦r❞❡r t♦ ❝♦♥✈❡rt t❤✐s ❞❛t❛ ♦♥ ❛r❡❛✳

Considered areas =
Amount of used resources

National average yield of surface type X
✭✶✮

❚❤❡s❡ ❤❡❝t❛r❡s t❤❡♥ ❤❛✈❡ t♦ ❜❡❡♥ st❛♥❞❛r❞✐③❡ ❜② t❤❡ ✉s❡ ♦❢ ❛ ②✐❡❧❞ ❢❛❝t♦r ❛♥❞ ❛♥ ❡q✉✐✈✲
❛❧❡♥❝❡ ❢❛❝t♦r✳ ❨✐❡❧❞ ❢❛❝t♦r ✐s ♥❡❡❞❡❞ ❜❡❝❛✉s❡ ❡♥✈✐r♦♥♠❡♥t ❡♥❞♦✇♠❡♥ts ✭❝❧✐♠❛t❡✱ r❡❧✐❡❢✱
t②♣❡ ♦❢ s♦✐❧✱ ❡t❝✳✮ ❛r❡ ♥♦t t❤❡ s❛♠❡ ✐♥ ❛❧❧ ❝♦✉♥tr✐❡s✱ s♦ ❧❛♥❞✬s ♣r♦❞✉❝t✐✈✐t② ❞✐✛❡rs✳ ❇② ✐♥✲
st❛♥❝❡✱ ❛ t♦♥♥❡ ♦❢ ✇❤❡❛t ❞♦❡s✬♥t ♥❡❡❞ t❤❡ s❛♠❡ ❛♠♦✉♥t ♦❢ ❛r❡❛ t♦ ❜❡ ♣r♦❞✉❝❡❞ ✐♥ ❝♦✉♥tr②
❆ t❤❛♥ ✐♥ ❝♦✉♥tr② ❇✳ ❙♦ ✐t✬s ❡ss❡♥t✐❛❧ t♦ t❤❡ ❝♦♠♣❛r✐s♦♥ ❜❡t✇❡❡♥ ❝♦✉♥tr✐❡s✳

Y ield factor =
National average yield of surface type X

World average yield of surface type X
✭✷✮

■♥ ❛❞❞✐t✐♦♥✱ t❤❡ ❡q✉✐✈❛❧❡♥❝❡ ❢❛❝t♦r ❝♦♥✈❡rt✐♥❣ t❤❡ s✉r❢❛❝❡s ✐♥ ❣❧♦❜❛❧ ❤❡❝t❛r❡ ✐s ✉s❡❢✉❧ ❛♥❞
❛❧❧♦✇s ✉s t♦ ❝♦♠♣❛r❡ ❢❛r♠❧❛♥❞ t♦ ✜s❤✐♥❣ ❛r❡❛s ❜② ❣✐✈✐♥❣ t❤❡♠ ❛♥ ❡q✉❛❧ ②✐❡❧❞ ✈❛❧✉❡✳ ❚❤✐s
❢❛❝t♦r ❛❧s♦ ❤❡❧♣s t♦ ❡①♣r❡ss ❜✐♦❝❛♣❛❝✐t② ✇✐t❤ ❛ s✉r❢❛❝❡ ✇❤✐❝❤ ♣r❡s❡♥ts ❛ ②✐❡❧❞ s✐♠✐❧❛r t♦
t❤❡ ♦♥❡s ✉s✉❛❧❧② ♦❜s❡r✈❡❞✳ ■♥❞❡❡❞✱ ❛ ✇❛t❡r ❛r❡❛ ✇✐❧❧ ♥♦t ❜❡ ❛s ❡✣❝✐❡♥t ❛s ❛ ❢❛r♠❧❛♥❞ ❜②
✐♥st❛♥❝❡✳

Equivalence factor =
World average yield of surface type X

World average yield of all types of surface
✭✸✮

❋♦✉rt❤✱ ✇❡ ❝❛♥ ❛❞❞ t❤❡s❡ s✉r❢❛❝❡s✱ ♥♦✇ ❡①♣r❡ss❡❞ ✐♥ ❛ s❛♠❡ ✉♥✐t ✐♥ ♦r❞❡r t♦ ❣❡t t❤❡
❡❝♦❧♦❣✐❝❛❧ ❢♦♦t♣r✐♥t ✈❛❧✉❡✳

❍♦✇❡✈❡r✱ t❤❡ ♠❡❛s✉r❡♠❡♥t ✐s ♥♦t ❛❧❧ ✐♥❝❧✉s✐✈❡ ❛s ✐t ♥❡❣❧❡❝ts ❛t♠♦s♣❤❡r✐❝ ♦③♦♥❡ ❧❡✈❡❧s✱
❛♥❞ ❞♦❡s ♥♦t ❛❝❝♦✉♥t ❢♦r ♣♦❧❧✉t❛♥ts t❤❛t ❛r❡ ❞✐✣❝✉❧t t♦ ❝♦♥✈❡rt t♦ ❧❛♥❞ ♦r ✇❛t❡r ❡❝♦s②st❡♠
❡q✉✐✈❛❧❡♥ts✱ s✉❝❤ ❛s ♠❡t❤❛♥❡ ❛♥❞ s✉❧❢✉r ✭❘❡❡s✱ ✷✵✵✵✮✳ ❚❤❡ ❊❋ ✐s ❛♥ ✐♥❞✐❝❛t♦r ❝❡♥t❡r❡❞
♦♥❧② ♦♥ t❤❡ ✉s❡ ♦❢ r❡♥❡✇❛❜❧❡ r❡s♦✉r❝❡s✳ ❚❤❡ ❛ss✉♠♣t✐♦♥s t❤❛t ❛r❡ ♠❛❞❡ t♦ ❝♦♥✈❡rt t❤✐s
❡♥❝♦♠♣❛ss✐♥❣ ♠❡❛s✉r❡♠❡♥t ✐♥t♦ ❛ s✐♥❣❧❡ ✉♥✐t ❤❛✈❡ ❧❡❛❞ t♦ ♠✉❝❤ ♦❢ ✐ts ❝r✐t✐❝✐s♠✳

❉❡s♣✐t❡ t❤❡s❡ s❤♦rt❝♦♠✐♥❣s✱ t❤❡ ❊❋ r❡♣r❡s❡♥ts ❛ ♣♦✇❡r❢✉❧ ✐♥❞✐❝❛t♦r ♦❢ t❤❡ ❞②♥❛♠✐❝s
♦❢ r❡♥❡✇❛❜❧❡ r❡s♦✉r❝❡ ✉s❡✱ ❝❛♣t✉r✐♥❣ ❛ s✐❣♥✐✜❝❛♥t s❤❛r❡ ♦❢ ❡♥✈✐r♦♥♠❡♥t❛❧ ♣r❡ss✉r❡ ❜♦t❤
♦♥ t❤❡ ✐♥♣✉t s✐❞❡ ❛♥❞ ♦✉t♣✉t s✐❞❡✳ ❚❤✐s ❝♦♠♣r❡❤❡♥s✐✈❡ ✈✐❡✇ ✐s ♣❛rt✐❝✉❧❛r❧② ✐♠♣♦rt❛♥t
✐♥ st✉❞②✐♥❣ t❤❡ ❊❑❈ ✇❤♦s❡ ❛✐♠ ✐s ❞❡s❝r✐❜✐♥❣ ❛ ❣❡♥❡r❛❧ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❡❝♦♥♦♠②
❛♥❞ t❤❡ ❡♥✈✐r♦♥♠❡♥t ✭❇❛❣❧✐❛♥✐ ❡t ❛❧✳✱ ✷✵✵✽✮✳ ❚❤❡ ❊❋ ✐s ❛ ✇✐❞❡❧② r❡❢❡r❡♥❝❡❞ ♠❡❛s✉r❡♠❡♥t
♦❢ s✉st❛✐♥❛❜✐❧✐t② ✭◆✐❥❦❛♠♣ ❡t ❛❧✳✱ ✷✵✵✹❀ ❍❛❜❡r❧ ❡t ❛❧✳✱ ✷✵✵✶✮✱ ❛♥❞ ❤❛s ❜❡❡♥ ❛❞♦♣t❡❞ ❜② ❛
❣r♦✇✐♥❣ ♥✉♠❜❡r ♦❢ ❣♦✈❡r♥♠❡♥t ❛✉t❤♦r✐t✐❡s✱ ❛❣❡♥❝✐❡s✱ ❛♥❞ ♣♦❧✐❝② ♠❛❦❡rs ❛s ❛ ♠❡❛s✉r❡ ♦❢
❡❝♦❧♦❣✐❝❛❧ ♣❡r❢♦r♠❛♥❝❡ ✭❲✐❡❞♠❛♥♥ ❡t ❛❧✳✱ ✷✵✵✻✮✳

✺❙✐♥❝❡ ✷✵✵✸✱ t❤❡ ❊❋ ❝❛❧❝✉❧❛t✐♦♥s ❛r❡ ♠❛❞❡ ❜② t❤❡ ●❧♦❜❛❧ ❋♦♦t♣r✐♥t ◆❡t✇♦r❦ ✭●❋◆✮✱ ❛ ♥♦♥ ❣♦✈❡r♥✲
♠❡♥t❛❧ ♦r❣❛♥✐③❛t✐♦♥ ❝r❡❛t❡❞ ❜② ❲❛❝❦❡r♥❛❣❡❧ ❛♥❞ ❇✉r♥s✳ ❉❛t❛ ✐s ❛✈❛✐❧❛❜❧❡ ✐♥ t❤❡ ▲✐✈✐♥❣ P❧❛♥❡t ❘❡♣♦rts✱
♣✉❜❧✐s❤❡❞ ❜② t❤❡ ❲♦r❧❞ ❲✐❧❞❧✐❢❡ ❋✉♥❞ ✭❲❲❋✮✳ ◆♦t❡ t❤❛t t❤❡ ❊❋ ✐s ❛ ❝♦♥s✉♠♣t✐♦♥✲❜❛s❡❞ ✐♥❞✐❝❛t♦r✳



✸✳ ❊❑❈ ♠♦❞❡❧

❋♦❧❧♦✇✐♥❣ st❛♥❞❛r❞ ♣r❛❝t✐❝❡✱ t❤❡ ❊❑❈ ❡q✉❛t✐♦♥s ❝❛♥ ❜❡ s♣❡❝✐✜❡❞ ✐♥ tr❛❞✐t✐♦♥❛❧ ❧✐♥❡❛r
♦r q✉❛❞r❛t✐❝ ❢♦r♠✳ ❲❡ ♣r❡s❡♥t ❤❡r❡ t❤❡ q✉❛❞r❛t✐❝ ❢♦r♠✱ ❣✐✈❡♥ ❜②✿

EFt = b0 + b1 GDPt + b2 GDP 2
t + ǫt ✭✹✮

✇❤❡r❡ EFt st❛♥❞s ❢♦r t❤❡ ♣❡r ❝❛♣✐t❛ ❊❋ ✭❣ ❤❛✮ ❞✉r✐♥❣ ♣❡r✐♦❞ t✱ GDPt ❢♦r t❤❡ ♣❡r ❝❛♣✐t❛
●❉P ♣❡r ♣❡r✐♦❞✱ b0 ❞❡♥♦t❡s ❛ ❝♦♥st❛♥t t❡r♠✱ ❛♥❞ ǫt ✐s t❤❡ ♥♦r♠❛❧❧② ❞✐str✐❜✉t❡❞ ❡rr♦r
t❡r♠✳

■❢ ✇❡ ❝♦♥s✐❞❡r ♦♥❧② t❤❡ ❧✐♥❡❛r ❢✉♥❝t✐♦♥❛❧ ❢♦r♠✿ ✐❢ b1 > 0✱ t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ●❉P
❛♥❞ ❊❋ ✐s ❧✐♥❡❛r❧② ✐♥❝r❡❛s✐♥❣✳ ❆♥② ✐♥❝r❡❛s❡ ✐♥ ✐♥❝♦♠❡ r❡s✉❧ts ✐♥ ❛ ♣r♦♣♦rt✐♦♥❛❧ ✐♥❝r❡❛s❡
✐♥ ❊❋✿ t❤❡ ❊❋ ♠❛② ✇♦rs❡♥ ❛s ♣❡r ❝❛♣✐t❛ ✐♥❝♦♠❡ ✐♥❝r❡❛s❡s✳ ❚❤❡ r❡❧❛t✐♦♥s❤✐♣ ✇♦✉❧❞ ❜❡
♠♦♥♦t♦♥✐❝❛❧❧② ❞❡❝r❡❛s✐♥❣ ✐❢ b1 < 0✳ ■♥ ❜♦t❤ ❝❛s❡s✱ t❤❡ ❧✐♥❦ ❜❡t✇❡❡♥ ❡♥✈✐r♦♥♠❡♥t ❛♥❞
✐♥❝♦♠❡ ♦♥❧② ❡①✐sts ✐❢ b1 ✐s s✐❣♥✐✜❝❛♥t✳

❈♦♥❝❡r♥✐♥❣ t❤❡ q✉❛❞r❛t✐❝ ❢♦r♠✱ ✐✳❡✳ t❤❡ tr❛❞✐t✐♦♥❛❧ ♦♥❡ ✐♥ ❊❑❈ st✉❞✐❡s✱ t❤❡ ❊❑❈
❤②♣♦t❤❡s✐s ❤♦❧❞s ✐❢ b1 > 0✱ b2 < 0✱ ❛♥❞ ❜♦t❤ ❛r❡ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✳ ❚❤❡r❡❢♦r❡✱ ❛
t✉r♥✐♥❣ ♣♦✐♥t ❛♥❞ ❛♥ ✐♥✈❡rs❡ ❯✲s❤❛♣❡❞ r❡❧❛t✐♦♥s❤✐♣ ❝♦✉❧❞ ❡①✐st✳ ❲✐t❤ t❤❡s❡ ❛ss✉♠♣t✐♦♥s✱
t❤❡r❡ ✐s ❛ ❞❡✲❧✐♥❦✐♥❣ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ●❉P ❛♥❞ ❊❋✳ ■♥ t❤✐s ❝❛s❡✱ ❡♥✈✐r♦♥♠❡♥t❛❧
♣r❡ss✉r❡ ✐♥❝r❡❛s❡s ❛t ✐♥✐t✐❛❧ ❣r♦✇t❤ st❛❣❡s ❜✉t ❛t ❛ ❞❡❝❡❧❡r❛t✐♥❣ r❛t❡✱ ✉♣ t♦ ❛ t❤r❡s❤♦❧❞✳
❍♦✇❡✈❡r ❛❢t❡r t❤✐s ♣❤❛s❡✱ ❣r♦✇t❤ ❛❧❧♦✇s ✐♠♣r♦✈❡♠❡♥ts ✐♥ t❤❡ ❡♥✈✐r♦♥♠❡♥t❛❧ st❛t❡✳ ■♥❞❡❡❞✱
t❤❡ t✇♦ ♦t❤❡r ❡✛❡❝ts ❛r❡ ✐♠♣♦rt❛♥t ❡♥♦✉❣❤ t♦ ♠♦r❡ t❤❛♥ ♦✛s❡t t❤❡ s❝❛❧❡ ❡✛❡❝t✳ ■❢ b1 < 0
❛♥❞ b2 > 0✱ ❛ ❯✲s❤❛♣❡❞ ♣❛tt❡r♥ ✐s ♦❜t❛✐♥❡❞✱ ✇❤✐❝❤ ✐s ♣❛rt✐❝✉❧❛r❧② ❜❛❞ ❢♦r s✉st❛✐♥❛❜❧❡
❞❡✈❡❧♦♣♠❡♥t ❛ss✉♠♣t✐♦♥s✳ ❲❡ ♥♦t❡ t❤❛t t❤❡② ♠❛② ♦♥❧② ❜❡ ❛♥ ✐♥✢❡①✐♦♥ ♣♦✐♥t ❛♥❞ ♥♦
t✉r♥✐♥❣ ♣♦✐♥t✱ s♦ t❤❛t✱ t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❝♦✉❧❞ ❜❡ ✐♥❝r❡❛s✐♥❣ ♦r ❞❡❝r❡❛s✐♥❣ ❛t ❞✐✛❡r❡♥t
r❛t❡s✳✻

✹✳ ▼❡t❤♦❞♦❧♦❣②

❲❡ ✜rst ♣❡r❢♦r♠ ✉♥✐t r♦♦t t❡sts t♦ st✉❞② t❤❡ st❛t✐♦♥❛r✐t② ♦❢ t❤❡ s❡r✐❡s✿ ✇❡ ❛♣♣❧② ❆❉❋
✭❉✐❝❦❡② ❛♥❞ ❋✉❧❧❡r✱ ✶✾✽✶✮ ❛♥❞ ❆❉❋✲●▲❙ ✭❊❧❧✐♦tt ❡t ❛❧✳✱ ✶✾✾✻✮✱ t❛❦✐♥❣ ✐♥t♦ ❛❝❝♦✉♥t ❡✐t❤❡r
❛ ❝♦♥st❛♥t ♦r ❛ ❝♦♥st❛♥t ❛♥❞ ❛ tr❡♥❞✳ ❚❤❡ r❡s✉❧ts s❤♦✇ t❤❛t ❢♦r ❡❛❝❤ ❝♦✉♥tr② ❜♦t❤ t✐♠❡
s❡r✐❡s ✭❊❋ ❛♥❞ ●❉P✮ ❛r❡ ✐♥t❡❣r❛t❡❞ ♦❢ ♦r❞❡r ♦♥❡✱ ■✭✶✮✱ ✐✳❡✳ ❛r❡ ♥♦♥✲st❛t✐♦♥❛r②✳✼ ❚♦ ❛✈♦✐❞
s♣✉r✐♦✉s r❡❣r❡ss✐♦♥s ♦♥❡ ♦❢ t❤❡ s♦❧✉t✐♦♥s ✐s t♦ ♠❛❦❡ t❤❡ s❡r✐❡s st❛t✐♦♥❛r②✳ ❍♦✇❡✈❡r✱ ❞✐✛❡r✲
❡♥❝✐♥❣ t❤❡ s❡r✐❡s ✇♦✉❧❞ ♣r❡✈❡♥t ❧♦♥❣✲r✉♥ ❛♥❛❧②s✐s✳ ■♥ ♦r❞❡r t♦ ❝✐r❝✉♠✈❡♥t t❤✐s ♣r♦❜❧❡♠✱
❛ ♥✉♠❜❡r ♦❢ t❡❝❤♥✐q✉❡s ❝❛♥ ❜❡ ❡♠♣❧♦②❡❞ t♦ t❡st ❢♦r t❤❡ ❡①✐st❡♥❝❡ ♦❢ t❤❡ ❧♦♥❣✲r✉♥ ❡q✉✐✲
❧✐❜r✐✉♠ r❡❧❛t✐♦♥s❤✐♣ ✭❝♦✐♥t❡❣r❛t✐♦♥✮ ❛♠♦♥❣ t❤❡ t✐♠❡ s❡r✐❡s ✈❛r✐❛❜❧❡s✳ ❲❡ t❤✉s ♣❡r❢♦r♠
❏♦❤❛♥s❡♥ t❡sts ✭✶✾✽✽✱ ✶✾✾✶✮ t♦ ❞❡t❡❝t t❤❡ ♥✉♠❜❡r ♦❢ ❧♦♥❣✲r✉♥ r❡❧❛t✐♦♥s❤✐♣s✳

■♥ ♦r❞❡r t♦ ❝♦♥❞✉❝t ❝♦✐♥t❡❣r❛t✐♦♥ t❡sts✱ ✇❡ ✜rst ❡st✐♠❛t❡ ❛ ✈❡❝t♦r✲❛✉t♦r❡❣r❡ss✐✈❡ ✭❱❆❘✮
♠♦❞❡❧✳ ❚❤❡ ❱❆❘✭p✮ ♠♦❞❡❧ ✐s ❞❡✜♥❡❞ ❛s

Yt = A1Yt−1 + · · ·+ ApYt−p + ǫt

✇❤❡r❡ Yt ✐s ❛ ✈❡❝t♦r ♦❢ ♥♦♥✲st❛t✐♦♥❛r② ✈❛r✐❛❜❧❡s✱ ❛♥❞ ǫt ✐s ✐♥♥♦✈❛t✐♦♥ ✈❡❝t♦r✳ ❚❤❡ ❧❛❣
❧❡♥❣t❤✱ ♥♦t❡❞ p✱ ♦❢ t❤❡ ❱❆❘✭p✮ ✐s ❞❡t❡r♠✐♥❡❞ ❢r♦♠ t❤❡ ❝r✐t❡r✐❛ ❞✐s❝✉ss❡❞ ✐♥ ▲üt❦❡♣♦❤❧

✻❆ ❝✉❜✐❝ ❢♦r♠ ❞❡s❝r✐❜❡s ❛ r❡❧❛t✐♦♥s❤✐♣ ✇✐t❤ t✇♦ ♣♦t❡♥t✐❛❧ t✉r♥✐♥❣ ♣♦✐♥ts✱ ✐✳❡✳ ❛♥ ◆✲s❤❛♣❡❞ ❢✉♥❝t✐♦♥✳
❆❢t❡r ❛♥ ✐♥✐t✐❛❧ ❊❑❈✲❧✐❦❡ ♣❤❛s❡✱ ❡♥✈✐r♦♥♠❡♥t❛❧ ♣r❡ss✉r❡ ❜❡❣✐♥s t♦ ✐♥❝r❡❛s❡ ❛❣❛✐♥ t❤❡r❡❛❢t❡r✳ ❲❡ ❛❧s♦
t❡st❡❞ ❢♦r ❛ ❝✉❜✐❝ ❢✉♥❝t✐♦♥❛❧ ❢♦r♠ ❜✉t r❡s✉❧ts ✇❡r❡ ♥♦t ♣❡rt✐♥❡♥t✳

✼❚❤❡ r❡s✉❧ts ❛r❡ ❛✈❛✐❧❛❜❧❡ ✉♣♦♥ r❡q✉❡st✳



✭✶✾✾✶✮ t♦ ❞❡t❡r♠✐♥❡ t❤❡ ❧❛❣ ❧❡♥❣t❤✳ ❚❤❡♥✱ ✇❡ ✐♠♣❧❡♠❡♥t t❤❡ ❏♦❤❛♥s❡♥ ♠❛①✐♠✉♠ ❧✐❦❡❧✐✲
❤♦♦❞ ♣r♦❝❡❞✉r❡ ✭❏♦❤❛♥s❡♥✱ ✶✾✽✽✱ ✶✾✾✶✮✳ ❚❤✐s ❛♣♣r♦❛❝❤ ❝♦♥s✐sts ✐♥ ❡st✐♠❛t✐♥❣ ❛ ❱❡❝t♦r
❊rr♦r ❈♦rr❡❝t✐♦♥ ▼♦❞❡❧ ✭❱❊❈▼✮ ❜② ♠❛①✐♠✉♠ ❧✐❦❡❧✐❤♦♦❞✱ ✉♥❞❡r ✈❛r✐♦✉s ❛ss✉♠♣t✐♦♥s
❛❜♦✉t t❤❡ tr❡♥❞ ♦r ✐♥t❡r❝❡♣t ♣❛r❛♠❡t❡rs ❛♥❞ t❤❡ ♥✉♠❜❡r r ♦❢ ❝♦✐♥t❡❣r❛t✐♥❣ ✈❡❝t♦rs✱ t❤❡♥
❝♦♥❞✉❝t✐♥❣ ❧✐❦❡❧✐❤♦♦❞ r❛t✐♦ t❡sts✳ ❲❡ r❡✲✇r✐t❡ ❛ p✲❞✐♠❡♥s✐♦♥❛❧ ❱❊❈▼ ❛s ❢♦❧❧♦✇s

∆Yt =

p−1∑

i=1

Γi∆Yt−i +ΠYt−1 + ǫt ✭✺✮

✇❤❡r❡ ∆ ✐s ❛ ❞✐✛❡r❡♥❝❡ ♦♣❡r❛t♦r✱ Π =
∑p

i=1 Ai − Im✱ t❤❡ ♠❛tr✐❝❡s Γi = −
∑p

j=i+1 Aj

❝♦♥t❛✐♥ ✐♥❢♦r♠❛t✐♦♥ ♦♥ t❤❡ s❤♦rt✲r✉♥ ❛❞❥✉st♠❡♥t ❝♦❡✣❝✐❡♥ts ♦❢ t❤❡ ❧❛❣❣❡❞ ❞✐✛❡r❡♥❝❡❞
✈❛r✐❛❜❧❡s✱ t❤❡ ❡①♣r❡ss✐♦♥ ΠYt−1 ✐♥❞✐❝❛t❡s t❤❡ ❡rr♦r ❝♦rr❡❝t✐♦♥ t❡r♠✱ ✐✳❡✳ ✐t ✐♥❝❧✉❞❡s t❤❡
❧♦♥❣✲r✉♥ r❡❧❛t✐♦♥s❤✐♣s ❜❡t✇❡❡♥ t❤❡ t✐♠❡ s❡r✐❡s✳

❏♦❤❛♥s❡♥ ✭✶✾✽✽✱ ✶✾✾✶✮ ♣r♦♣♦s❡s t♦ ✉s❡ t❤❡ tr❛❝❡ t❡st✽ ✇❤✐❝❤ ✐s ❜❛s❡❞ ♦♥ t❤❡ ❧♦❣✲
❧✐❦❡❧✐❤♦♦❞ r❛t✐♦

▲❘(r|k) = −T

k∑

i=r+1

❧♥(1− λi)

✇❤❡r❡ λi ✐s t❤❡ ❡✐❣❡♥✈❛❧✉❡ r❛♥❦❡❞ ❛t t❤❡ i ♦r❞❡r✱ k ✐s t❤❡ ♥✉♠❜❡r ♦❢ ❡♥❞♦❣❡♥♦✉s ✈❛r✐❛❜❧❡s✱
❛♥❞ r = k − 1, . . . , 1, 0✳ ❚❤✐s ▲❘ st❛t✐st✐❝ t❡sts t❤❡ ♥✉❧❧ ❤②♣♦t❤❡s✐s ♦❢ r ❝♦✐♥t❡❣r❛t✐♥❣
r❡❧❛t✐♦♥s ❛❣❛✐♥st t❤❡ ❛❧t❡r♥❛t✐✈❡ ♦❢ k ❝♦✐♥t❡❣r❛t✐♥❣ r❡❧❛t✐♦♥s✱ ✇❤❡r❡ k ✐s t❤❡ ♥✉♠❜❡r ♦❢
❡♥❞♦❣❡♥♦✉s ✈❛r✐❛❜❧❡s✱ ❢♦r r = 0, 1, . . . , k − 1✳

✺✳ ❊♠♣✐r✐❝❛❧ ❘❡s✉❧ts

❲❡ ❝♦♥s✐❞❡r ❛♥♥✉❛❧ t✐♠❡ s❡r✐❡s ❞❛t❛ ❢♦r ♣❡r ❝❛♣✐t❛ ❊❝♦❧♦❣✐❝❛❧ ❋♦♦t♣r✐♥t ✭❊❋✮ ❛♥❞ ♣❡r
❝❛♣✐t❛ ●r♦ss ❉♦♠❡st✐❝ Pr♦❞✉❝t ✭●❉P✮ ❢♦r s❡✈❡♥ ▲❛t✐♥ ❆♠❡r✐❝❛♥ ❝♦✉♥tr✐❡s ❝♦✈❡r✐♥❣ t❤❡
♣❡r✐♦❞ ✶✾✻✶✲✷✵✵✼✳ ❖✉r ❛♥❛❧②s✐s ❢♦❝✉s❡s ♦♥ ❆r❣❡♥t✐♥❛✱ ❇r❛③✐❧✱ ❈❤✐❧❡✱ ❈♦❧♦♠❜✐❛✱ P❛r❛❣✉❛②✱
P❡r✉ ❛♥❞ ❯r✉❣✉❛②✳ ❚❤❡ ❊❋ ❞❛t❛ ✭❝♦♥s✉♠♣t✐♦♥ s✐❞❡✮ ❝♦♠❡s ❢r♦♠ t❤❡ ●❧♦❜❛❧ ❋♦♦t♣r✐♥t
◆❡t✇♦r❦ ✭●❋◆✮✳✾ P❡r ❝❛♣✐t❛ ●❉P ❞❛t❛✱ ❡①♣r❡ss❡❞ ✐♥ ❝♦♥st❛♥t ❯❙✩ ♣r✐❝❡s ❢♦r t❤❡ ②❡❛r
✷✵✵✵✱ ❤❛s ❜❡❡♥ ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ❲♦r❧❞ ❇❛♥❦✳ ❚❛❜❧❡ ✶ ❞✐s♣❧❛②s t❤❡ s❤❛r❡s ✐♥ ♣❡r❝❡♥t❛❣❡
♦❢ ❊❋ ❝♦♠♣♦♥❡♥ts ✭✐♥ ♠❡❛♥✮✳

❉❡s❝r✐♣t✐✈❡ st❛t✐st✐❝s ❛r❡ ❣✐✈❡♥ ✐♥ ❚❛❜❧❡ ✷✳ ❋♦r t❤❡ ♣❡r ❝❛♣✐t❛ ❊❋✱ P❡r✉ ❡①❤✐❜✐ts t❤❡
❧♦✇❡r ♠❡❛♥ ✭✶✳✾✶✮ ✇❤✐❧❡ ❯r✉❣✉❛② ❞✐s♣❧❛②s t❤❡ ❤✐❣❤❡r ❧❡✈❡❧ ✭✺✳✾✵✮✱ s✉❣❣❡st✐♥❣ ❛♥ ✐♠♣♦rt❛♥t
❞❡❣r❛❞❛t✐♦♥ ♦❢ ❡♥✈✐r♦♥♠❡♥t ❝♦♠♣❛r❡❞ t♦ t❤❡ ♦t❤❡rs ▲❛t✐♥ ❆♠❡r✐❝❛♥ ❝♦✉♥tr✐❡s✳ ❈♦♥❝✉r✲
r❡♥t❧②✱ ♣❡r ❝❛♣✐t❛ ●❉P ❜❡❧♦♥❣s ♦♥ ❛✈❡r❛❣❡ t♦ t❤❡ ✐♥t❡r✈❛❧ ✶✶✻✻✳✷✻ ✭P❛r❛❣✉❛②✮ ❛♥❞ ✻✽✷✻✳✷✷
✭❆r❣❡♥t✐♥❛✮✳

❲❡ ❡st✐♠❛t❡ t✇♦ t②♣❡s ♦❢ ❊❑❈ ♠♦❞❡❧s ✲ ❧✐♥❡❛r ❛♥❞ q✉❛❞r❛t✐❝ ✐♥ st❛♥❞❛r❞ ♦r ❧♦❣❛r✐t❤♠
❢♦r♠ ✲ ❢r♦♠ ❖▲❙✿ ✭✶✮ ❜❛s❡❧✐♥❡ ❊❑❈ ♠♦❞❡❧s ♦♥ s❡r✐❡s ✐♥ ✜rst ❞✐✛❡r❡♥❝❡s ✭✐✳❡✳ ❛ s❤♦rt✲r✉♥
r❡❧❛t✐♦♥s❤✐♣✮❀ ❛♥❞ ✭✷✮ ❊❑❈ r❡❧❛t✐♦♥s❤✐♣ ✉s✐♥❣ ❡rr♦r✲❝♦rr❡❝t✐♦♥ ♠♦❞❡❧s ✭❊❈▼✮ ✭✐✳❡✳ s❤♦rt✲
r✉♥ ❛♥❞ ❧♦♥❣✲r✉♥ r❡❧❛t✐♦♥s❤✐♣s✮✱ ✐❢ ❛ ❧♦♥❣✲r✉♥ r❡❧❛t✐♦♥s❤✐♣ ❡①✐sts✳

❚❛❜❧❡ ✸ ❞✐s♣❧❛②s t❤❡ r❡s✉❧ts ♦❢ t❤❡ ❊❑❈ ❡st✐♠❛t✐♦♥s ❢♦r t❤❡ ❞❛t❛ ✐♥ ❧❡✈❡❧ ❢♦r♠✳ ❚❤❡
❊❑❈ ❤②♣♦t❤❡s✐s ✐s ♦♥❧② s✉♣♣♦rt❡❞ ❢♦r ❈❤✐❧❡ ❛♥❞ ❯r✉❣✉❛② ✇✐t❤ t❤❡ q✉❛❞r❛t✐❝ ❢✉♥❝t✐♦♥❛❧

✽❇❛s❡❞ ♦♥ s✐♠✉❧❛t✐♦♥ ❡①♣❡r✐❡♥❝❡s✱ ▲✉t❦❡♣♦❤❧ ❡t ❛❧✳ ✭✷✵✵✶✮ s❤♦✇ t❤❛t t❤❡ tr❛❝❡ t❡st ❞✐s♣❧❛②s ❜❡tt❡r
♣r♦♣❡rt✐❡s t❤❛♥ t❤❡ ♠❛①✐♠✉♠ ❡✐❣❡♥✈❛❧✉❡ t❡st✳

✾●❧♦❜❛❧ ❋♦♦t♣r✐♥t ◆❡t✇♦r❦✱ ✷✵✶✵✳ ◆❛t✐♦♥❛❧ ❋♦♦t♣r✐♥t ❆❝❝♦✉♥ts✱ ✷✵✶✵ ❊❞✐t✐♦♥✳ ❆✈❛✐❧❛❜❧❡ ♦♥❧✐♥❡ ❛t
❤tt♣✿✴✴✇✇✇✳❢♦♦t♣r✐♥t♥❡t✇♦r❦✳♦r❣✳



❢♦r♠✳ ❚❤❡ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ♥❡❣❛t✐✈❡ s✐❣♥ ♦❢ ●❉P2 ❝♦♥✜r♠s t❤❡ ❞❡❧✐♥❦✐♥❣ ♦❢ ❊❋
❛♥❞ ✐♥❝♦♠❡ ❛t ❤✐❣❤ ✐♥❝♦♠❡ ❧❡✈❡❧s✳ ❋♦r ❈❤✐❧❡✱ t❤❡ t✉r♥✐♥❣ ♣♦✐♥t ♦❢ ✐♥❝♦♠❡ t✉r♥s ♦✉t t♦
❜❡ ❯❙✩ ✻✶✾✾✳✸✵ ❝♦♠♣❛r❡❞ t♦ t❤❡ ❤✐❣❤❡st ✈❛❧✉❡ ✐♥ ♦✉r s❛♠♣❧❡ ♦❢ ❯❙✩ ✻✵✼✽✳✹✵✿ ✐t ❞♦❡s ♥♦t
❜❡❧♦♥❣ t♦ t❤❡ s❛♠♣❧❡✱ t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❝♦✉❧❞ ♠♦r❡ ❧✐❦❡❧② ❜❡ ❧✐♥❡❛r❧② ✐♥❝r❡❛s✐♥❣✳ ❍♦✇❡✈❡r✱
❢♦r ❯r✉❣✉❛②✱ t❤❡ t✉r♥✐♥❣ ♣♦✐♥t ✐s r❡❛❝❤❡❞ ❢♦r ❛♥ ✐♥❝♦♠❡ ❛r♦✉♥❞ ❯❙✩ ✻✻✼✻ ✇❤✐❝❤ ❜❡❧♦♥❣s
t♦ t❤❡ s❛♠♣❧❡✳ ❋✉rt❤❡r♠♦r❡✱ ✇❡ ✜♥❞ t❤❛t ♠♦st ♦❢ t❤❡ ❝♦✉♥tr✐❡s ❡①❤✐❜✐t ❛ ♣♦s✐t✐✈❡ ❧✐♥❡❛r
r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❊❋ ❛♥❞ ●❉P✱ ❡①❝❡♣t ❢♦r ❆r❣❡♥t✐♥❛ ❛♥❞ ❯r✉❣✉❛②✱ s❤♦✇✐♥❣ t❤❛t ❛♥②
✐♥❝r❡❛s❡ ✐♥ ✐♥❝♦♠❡ r❡s✉❧ts ✐♥ ❛♥ ✐♥❝r❡❛s❡ ✐♥ ❡♥✈✐r♦♥♠❡♥t❛❧ ❞❡❣r❛❞❛t✐♦♥✱ ✇✐t❤ ♥♦ ❤♦♣❡ ♦❢
❛ ❞❡❝r❡❛s✐♥❣ ♣❤❛s❡✳

❚❛❜❧❡ ✹ ❞✐s♣❧❛②s t❤❡ r❡s✉❧ts ♦❢ ❊❑❈ ❡st✐♠❛t✐♦♥s ❢♦r t❤❡ ❞❛t❛ ✐♥ ❧♦❣❛r✐t❤♠✐❝ ❢♦r♠✳
❲❡ ❞♦ ♥♦t ✜♥❞ ❛♥ ✐♥✈❡rt❡❞ ❯✲s❤❛♣❡❞ r❡❧❛t✐♦♥s❤✐♣✱ s❤♦✇✐♥❣ t❤❛t t❤❡ tr❛♥s❢♦r♠❛t✐♦♥ ♦❢
t❤❡ ❞❛t❛ ❝❛♥ ❜✐❛s t❤❡ r❡s✉❧ts✳ ❲❡ ✜♥❞ t❤❛t t❤❡ ❧✐♥❡❛r r❡❧❛t✐♦♥s❤✐♣ ✐s st❛t✐st✐❝❛❧❧② s✐❣♥✐❢✲
✐❝❛♥t ❛♥❞ ♣♦s✐t✐✈❡ ❢♦r ❛❧❧ t❤❡ ❝♦✉♥tr✐❡s✱ ❡①❝❡♣t ❢♦r ❆r❣❡♥t✐♥❛✳ ❚❤✐s r❡s✉❧t ❝♦♥✜r♠s t❤❡
❛ss✉♠♣t✐♦♥ ♦❢ ❛ ♠♦♥♦t♦♥❡ ❧✐♥❡❛r ✐♥❝r❡❛s✐♥❣ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ●❉P ❛♥❞ ❊❋✳ ❋✉rt❤❡r✲
♠♦r❡✱ ❇r❛③✐❧ ❞✐s♣❧❛②s ❛ q✉❛❞r❛t✐❝ r❡❧❛t✐♦♥s❤✐♣ ❜✉t ♥♦t ✇✐t❤ t❤❡ ❡①♣❡❝t❡❞ s✐❣♥s✱ ✐✳❡✳ ❛♥
❯✲s❤❛♣❡❞ r❡❧❛t✐♦♥s❤✐♣✱ ✐♠♣❧②✐♥❣ t❤❛t✱ ❡♥✈✐r♦♥♠❡♥t❛❧ ❞❡❣r❛❞❛t✐♦♥ ✜rst ❢❛❧❧s ❛♥❞ t❤❡♥ r✐s❡s
✇✐t❤ ✐♥❝r❡❛s✐♥❣ ❡❝♦♥♦♠✐❝ ❞❡✈❡❧♦♣♠❡♥t✳ ❚❤❡ t✉r♥✐♥❣ ♣♦✐♥t ✐s r❡❛❝❤❡❞ ❢♦r ❯❙✩ ✶✻✸✺✳✾✽

❝♦rr❡s♣♦♥❞✐♥❣ t♦ t❤❡ ♣❡r ❝❛♣✐t❛ ✐♥❝♦♠❡ ♦❢ ✶✾✻✼✲✶✾✻✽✳✶✵ ◆♦t❡ t❤❛t ❢♦r t❤✐s ❝♦✉♥tr② t❤❡ R
2

✐s ❤✐❣❤❡r t❤❛♥ ❢r♦♠ t❤❡ ❧✐♥❡❛r r❡❧❛t✐♦♥s❤✐♣✳
❖♥❝❡ ❛ ❧♦♥❣✲r✉♥ r❡❧❛t✐♦♥s❤✐♣ ❤❛s ❜❡❡♥ ❡st❛❜❧✐s❤❡❞ ❢r♦♠ t❤❡ ❏♦❤❛♥s❡♥✬s ❝♦✐♥t❡❣r❛t✐♦♥

t❡sts✱✶✶ ❛♥ ❡rr♦r✲❝♦rr❡❝t✐♦♥ ♠♦❞❡❧ ❝❛♥ ❜❡ ❡st✐♠❛t❡❞ ❢♦r t❤❡ ❊❑❈ ❤②♣♦t❤❡s✐s ❢r♦♠ t❤❡
❢♦❧❧♦✇✐♥❣ r❡❣r❡ss✐♦♥ ✭✇✐t❤ ❛ ❧✐♥❡❛r✱ q✉❛❞r❛t✐❝ ♦r ❝✉❜✐❝ ❢♦r♠✮✿

EFt = b0 + b1GDPt + b2GDP 2
t + b3ECt−1 + ǫt ✭✻✮

❚❤❡ r❡s✉❧ts ♦❢ t❤❡ ❊❈▼ t❤❡♥ ❛❧❧♦✇ ♠❡❛s✉r✐♥❣ t❤❡ ❛❞❥✉st♠❡♥t s♣❡❡❞ r❡q✉✐r❡❞ t♦ ❛❞❥✉st
t♦ ❧♦♥❣✲r✉♥ ✈❛❧✉❡s ❛❢t❡r ❛ s❤♦rt✲t❡r♠ s❤♦❝❦ ❢r♦♠ t❤❡ ❡rr♦r✲❝♦rr❡❝t✐♦♥ ✭EC✮ ❝♦❡✣❝✐❡♥t✳
❚❛❜❧❡ ✺ ❞✐s♣❧❛②s t❤❡ ❡st✐♠❛t✐♦♥ r❡s✉❧ts ♦❢ t❤❡ ❊❈▼s✱ ✇❤❡♥ ❛ ❝♦✐♥t❡❣r❛t✐♦♥ r❡❧❛t✐♦♥s❤✐♣
❤❛s ❜❡❡♥ ❞❡t❡❝t❡❞✱ ❢♦r ❜♦t❤ s❡r✐❡s ✐♥ ❧❡✈❡❧ ❛♥❞ ❧♦❣❛r✐t❤♠✐❝ ❢♦r♠s✳ ❚❤❡ r❡s✉❧ts ❞♦ ♥♦t
s✉♣♣♦rt t❤❡ ❊❑❈ ❤②♣♦t❤❡s✐s✱ ✐♠♣❧②✐♥❣ t❤❛t t❤❡r❡ ✐s ♥♦ ✐♠♣r♦✈❡♠❡♥t ♦❢ ❡♥✈✐r♦♥♠❡♥t❛❧
❞❡❣r❛❞❛t✐♦♥ ❢♦r ▲❛t✐♥ ❆♠❡r✐❝❛♥ ❝♦✉♥tr✐❡s ✇❤❡♥ ✐♥❝♦♠❡ ✐♥❝r❡❛s❡s✳ ❍♦✇❡✈❡r✱ ✇❡ ✜♥❞ ❧♦♥❣✲
r✉♥ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ●❉P ❛♥❞ ❊❋ ❢♦r ❇r❛③✐❧✱ ❈❤✐❧❡✶✷ ❛♥❞ ❯r✉❣✉❛② ❢r♦♠ ❞❛t❛ ✐♥ ❜♦t❤
❢♦r♠s✱ s✉❣❣❡st✐♥❣ t❤❡ ❡①✐st❡♥❝❡ ♦❢ ❛ ❧♦♥❣✲r✉♥ ❡q✉✐❧✐❜r✐✉♠ ❜❡t✇❡❡♥ ❊❋ ❛♥❞ ●❉P✿ t❤❡r❡ ✐s
❛♥ ❡rr♦r ❝♦rr❡❝t✐♦♥ ♠❡❝❤❛♥✐s♠✱ ✐✳❡✳✱ ✐♥ t❤❡ ❧♦♥❣ r✉♥✱ t❤❡ ❞✐✛❡r❡♥❝❡s ❜❡t✇❡❡♥ ❊❋ ❛♥❞ ●❉P
t❡♥❞ t♦ ❝♦♠♣❡♥s❛t❡✱ ✈❛r✐❛❜❧❡s ♠♦✈❡ ✐♥ ❛ s❛♠❡ ✇❛②✳ ❋♦r ❡①❛♠♣❧❡✱ t❤❡ ❡rr♦r✲❝♦rr❡❝t✐♦♥
❝♦❡✣❝✐❡♥t ♦❢ ✲✵✳✸✷ ❢♦r ❯r✉❣✉❛②✱ s✉❣❣❡sts t❤❛t ✸✷✪ ♠♦✈❡♠❡♥t ❜❛❝❦s t♦✇❛r❞s ❡q✉✐❧✐❜r✐✉♠
❢♦❧❧♦✇✐♥❣ ❛ s❤♦❝❦ t♦ t❤❡ ♠♦❞❡❧✱ ♦♥❡ t✐♠❡ ♣❡r✐♦❞ ❧❛t❡r✳ ❆❧❧ t❤❡ ❡rr♦r✲❝♦rr❡❝t✐♦♥ ❝♦❡✣❝✐❡♥ts
✭ECt−1✮ ❛r❡ s✐❣♥✐✜❝❛t✐✈❡❧② ♥❡❣❛t✐✈❡✳

◆♦t❡ t❤❛t ✐♥tr♦❞✉❝✐♥❣ t❤❡ ❡rr♦r ❝♦rr❡❝t✐♦♥ t❡r♠ ✐♠♣r♦✈❡s t❤❡ q✉❛❧✐t② ♦❢ t❤❡ r❡❣r❡ss✐♦♥

✇✐t❤ ❜❡tt❡r ✐♥✲s❛♠♣❧❡ ❝r✐t❡r✐❛ ✭R
2
✱ ▲♦❣✲▲✐❦❡❧✐❤♦♦❞ ✭▲▲✮✱ ❆❦❛✐❦❡ ■♥❢♦r♠❛t✐♦♥ ❈r✐t❡r✐♦♥

✭❆■❈✮✱ ❛♥❞ ❇❛②❡s✐❛♥ ■♥❢♦r♠❛t✐♦♥ ❈r✐t❡r✐♦♥ ✭❇■❈✮✮ ❛♥❞ t❤✉s t❤❡ ✜t ♦❢ t❤❡ ♠♦❞❡❧✱ s❤♦✇✐♥❣
t❤❡ ✐♠♣♦rt❛♥❝❡ ♦❢ t❛❦✐♥❣ t❤✐s t②♣❡ ♦❢ ❧♦♥❣✲r✉♥ r❡❧❛t✐♦♥s❤✐♣ ✐♥t♦ ❛❝❝♦✉♥t✳ ❋♦r ❇r❛③✐❧✱ t❤❡

R
2
= 0.27 ❢r♦♠ t❤❡ q✉❛❞r❛t✐❝ r❡❧❛t✐♦♥s❤✐♣ ✭✐♥ ❧♦❣❛r✐t❤♠✐❝ ❢♦r♠✮ ✇❤❡r❡❛s R

2
= 0.45 ❢r♦♠

t❤❡ q✉❛❞r❛t✐❝ r❡❧❛t✐♦♥s❤✐♣ ❜② ❛❞❞✐♥❣ t❤❡ ❡rr♦r✲❝♦rr❡❝t✐♦♥ ❝♦❡✣❝✐❡♥t✳

✶✵❚✉r♥✐♥❣ ♣♦✐♥t ✐s ✈❡r② s♦♦♥ ✐♥ ♦✉r s❛♠♣❧❡✱ ✐♠♣❧②✐♥❣ t❤❛t r❡❧❛t✐♦♥s❤✐♣ s❡❡♠s t♦ ❜❡ ✐♥❝r❡❛s✐♥❣ t❤❡r❡❛❢t❡r✳
❙♦ r❡❧❛t✐♦♥s❤✐♣ ❧♦♦❦s ❧✐❦❡ ❛♥ ✐♥❝r❡❛s✐♥❣ ♦♥❡✳

✶✶❘❡s✉❧ts ❛r❡ ❛✈❛✐❧❛❜❧❡ ♦♥ r❡q✉❡st✳
✶✷❋♦r ❈❤✐❧❡✱ ✇❡ ❞♦ ♥♦t ✜♥❞ s❤♦rt✲t❡r♠ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ●❉P ❛♥❞ ❊❋✳



▼♦r❡ ✐♥t❡r❡st✐♥❣❧②✱ t❤❡ r❡s✉❧ts s❤♦✇ s❤♦rt✲ ❛♥❞ ❧♦♥❣✲r✉♥ r❡❧❛t✐♦♥s❤✐♣s ❢♦r s❡✈❡r❛❧ ❝♦✉♥✲
tr✐❡s✳ ❯r✉❣✉❛② ❡①❤✐❜✐ts ❛ ♣♦s✐t✐✈❡ ❧✐♥❡❛r r❡❧❛t✐♦♥s❤✐♣ ❢r♦♠ ❞❛t❛ ✐♥ ❜♦t❤ ❢♦r♠s✳ ❇r❛③✐❧
❞✐s♣❧❛②s ❛♥ ❯✲s❤❛♣❡❞ r❡❧❛t✐♦♥s❤✐♣ ❢r♦♠ ❞❛t❛ ✐♥ ❧♦❣❛r✐t❤♠✐❝ ❢♦r♠✱ ✇✐t❤ ❛ t✉r♥✐♥❣ ♣♦✐♥t
r❡❛❝❤❡❞ ❢♦r ❯❙✩ ✷✹✻✸ ✇❤✐❝❤ ✐s ❛♥ ✐♥❝♦♠❡ r❡❛❝❤❡❞ ✐♥ ✶✾✼✸ ✇✐t❤♦✉t ❛♥② ❞❡❝r❡❛s❡ ✐♥ ❊❋✳

✻✳ ❈♦♥❝❧✉s✐♦♥

■♥ t❤✐s ♣❛♣❡r ✇❡ ❡①❛♠✐♥❡❞ t❤❡ ❊♥✈✐r♦♥♠❡♥t❛❧ ❑✉③♥❡ts ❈✉r✈❡ ✭❊❑❈✮ ❤②♣♦t❤❡s✐s ✉s✐♥❣
t❤❡ ❊❝♦❧♦❣✐❝❛❧ ❋♦♦t♣r✐♥t ✭❊❋✮✱ ❛ ♠♦r❡ ❝♦♠♣r❡❤❡♥s✐✈❡ ✐♥❞✐❝❛t♦r ♦❢ ❡♥✈✐r♦♥♠❡♥t❛❧ ❞❡❣r❛❞❛✲
t✐♦♥✱ ✐♥ ❛ t✐♠❡✲s❡r✐❡s ❞✐♠❡♥s✐♦♥ ❢♦r s❡✈❡♥ ▲❛t✐♥ ❆♠❡r✐❝❛♥ ❝♦✉♥tr✐❡s ❝♦✈❡r✐♥❣ t❤❡ ✶✾✻✶✲✷✵✵✼
♣❡r✐♦❞✳ ❲❡ ✜rst t❡st❡❞ t❤❡ ❊❑❈ ❤②♣♦t❤❡s✐s ❢r♦♠ tr❛❞✐t✐♦♥❛❧ ❧✐♥❡❛r✱ q✉❛❞r❛t✐❝ ❛♥❞ ❝✉❜✐❝
❢✉♥❝t✐♦♥s✱ ✐♥ st❛♥❞❛r❞ ❛♥❞ ❧♦❣❛r✐t❤♠✐❝ s♣❡❝✐✜❝❛t✐♦♥s✳ ❚❤❡ ❊❑❈ ❤②♣♦t❤❡s✐s ✐s ♥♦t s✉♣✲
♣♦rt❡❞ ❢♦r ▲❛t✐♥ ❆♠❡r✐❝❛♥ ❝♦✉♥tr✐❡s✱ s✉❣❣❡st✐♥❣ t❤❛t t❤❡r❡ ✐s ♥♦ ✐♠♣r♦✈❡♠❡♥t ♦❢ ❡♥✈✐r♦♥✲
♠❡♥t❛❧ ❞❡❣r❛❞❛t✐♦♥ ✇❤❡♥ ✐♥❝♦♠❡ ✐♥❝r❡❛s❡s✳ ❲❡ ❢♦✉♥❞ t❤❛t ♠♦st ♦❢ t❤❡ ❝♦✉♥tr✐❡s ❡①❤✐❜✐t
❛ ♣♦s✐t✐✈❡ ❧✐♥❡❛r r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❊❋ ❛♥❞ ●❉P✳ ❋✐♥❛❧❧②✱ ✇❡ st✉❞✐❡❞ t❤❡ ❧♦♥❣✲r✉♥ r❡✲
❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❊❋ ❛♥❞ ●❉P✳ ❚❤❡ r❡s✉❧ts s❤♦✇❡❞ ❡✈✐❞❡♥❝❡ ♦❢ ❧♦♥❣✲r✉♥ r❡❧❛t✐♦♥s❤✐♣
❜❡t✇❡❡♥ ✐♥❝♦♠❡ ❛♥❞ ❊❋ ❢♦r ❇r❛③✐❧ ❛♥❞ ❯r✉❣✉❛② ✇✐t❤ q✉❛❞r❛t✐❝ ❛♥❞ ❧✐♥❡❛r r❡❧❛t✐♦♥s❤✐♣✱
r❡s♣❡❝t✐✈❡❧②✱ ✇❤✐❝❤ ✐♠♣r♦✈❡s t❤❡ q✉❛❧✐t② ♦❢ t❤❡ r❡❣r❡ss✐♦♥s✳ ●♦✈❡r♥♠❡♥ts ❝♦✉❧❞ ❡①♣❡❝t
❜❡♥❡✜ts ❢r♦♠ ❡♥✈✐r♦♥♠❡♥t❛❧ ♣♦❧✐❝✐❡s ✐♥ ❛ ❧♦♥❣ t❡r♠ ❤♦r✐③♦♥✳ ■♥❞❡❡❞✱ t❤❡r❡ ❝♦✉❧❞ ❜❡ ❧♦♥❣
r✉♥ ❡❝♦♥♦♠✐❝ ❛♥❞ ❡❝♦❧♦❣✐❝❛❧ ❤❡❛❧t❤ ❣❛✐♥s ✐❢ ❣r♦✇t❤ ✐s ♣❧❛♥♥❡❞ ♣r♦♣❡r❧②✳ ❉❡❣r❛❞❛t✐♦♥ ♠❛②
❜❡ ✐♠♠❡❞✐❛t❡ ❜✉t t❤❡ ❤❡❛❧t❤ ♦❢ t❤❡ ❡❝♦s②st❡♠ ✐s ❛ ❧♦♥❣ t❡r♠ ♣r♦❝❡ss✳✶✸

❚♦ ❝♦♥❝❧✉❞❡✱ ❡♥✈✐r♦♥♠❡♥t❛❧ ♣♦❧✐❝✐❡s ❛r❡ ❝❡♥tr❛❧✿ ❣r♦✇t❤ ✇♦✉❧❞ ❛♣♣❡❛r t♦ ❜❡ ♥♦t
❡♥♦✉❣❤ t♦ ✐♠♣r♦✈❡ ❡♥✈✐r♦♥♠❡♥t❛❧ ❝♦♥❞✐t✐♦♥ ❡✈❡♥ ✇❤❡♥ ❣r♦✇t❤ ❜❡❝♦♠❡s ❝❧❡❛♥❡r✳ ■♥✲
❞❡❡❞✱ ✇❡ ❤❛✈❡ ❝❤♦s❡♥ ❛ ❝♦♥s✉♠♣t✐♦♥✲❜❛s❡❞ ❛♣♣r♦❛❝❤ ✐♥ ♦r❞❡r t♦ ❝❛♣t✉r❡ t❤❡ ♣♦t❡♥t✐❛❧
❞❡❧♦❝❛❧✐③❛t✐♦♥ ❡✛❡❝ts✳ ❊✈❡♥ ✐❢ ❞❡✈❡❧♦♣❡❞ ❝♦✉♥tr✐❡s ♠❛✐♥❧② ♣r♦❞✉❝❡ s❡r✈✐❝❡s ✇❤✐❝❤ ❛r❡ ♥♦t
❛s ♣♦❧❧✉t✐♥❣ ❛s ✐♥❞✉str✐❛❧ ❣♦♦❞s✱ t❤❡ ❝♦♥s✉♠♣t✐♦♥ ❜❡❤❛✈✐♦r ♦❢ t❤❡✐r ✐♥❤❛❜✐t❛♥ts ❤❛✈❡♥✬t
❝❤❛♥❣❡❞✳ ❆s ❛ r❡s✉❧t✱ t❤❡ ❧❡✈❡❧ ♦❢ ❞❡♠❛♥❞ ♦❢ ❞❡✈❡❧♦♣❡❞ ❝♦✉♥tr✐❡s ❢♦r ♣♦❧❧✉t✐♥❣ ❣♦♦❞s ✐s
st✐❧❧ ✐♥❝r❡❛s✐♥❣✳ ■♥ t❤❡s❡ ❝♦♥❞✐t✐♦♥s✱ t❤❡r❡ ✐s ♥♦ ❤♦♣❡ ♦❢ ❛ t✉r♥✐♥❣ ♣♦✐♥t ❢♦r t❤❡ r❡❧❛t✐♦♥✲
s❤✐♣ ❜❡t✇❡❡♥ ❡❝♦♥♦♠✐❝ ❣r♦✇t❤ ❛♥❞ t❤❡ ❡❝♦❧♦❣✐❝❛❧ ❢♦♦t♣r✐♥t ✐♥ ▲❛t✐♥ ❆♠❡r✐❝❛♥ ❝♦✉♥tr✐❡s✳✶✹

◆❡✈❡rt❤❡❧❡ss✱ ✇❡ ✇✐❧❧ tr② ✐♥ ❛ ❢♦rt❤❝♦♠✐♥❣ ✇♦r❦ t♦ ❛❞❞ s❡✈❡r❛❧ ✈❛r✐❛❜❧❡s ✐♥ ♦r❞❡r t♦ ❛♥✲
❛❧②③❡ ♠♦r❡ ♣r❡❝✐s❡❧② t❤❡ ❊❋✲●❉P r❡❧❛t✐♦♥s❤✐♣ ❛♥❞ t♦ ✇♦r❦ ❜♦t❤ ♦♥ ❝♦♥s✉♠♣t✐♦♥ ❛♥❞
♣r♦❞✉❝t✐♦♥ s✐❞❡s✳

❘❡❢❡r❡♥❝❡s

❇❛❣❧✐❛♥✐✱ ▼✳✱ ❇r❛✈♦✱ ●✳✱ ❉❛❧♠❛③③♦♥❡✱ ❙✳ ✭✷✵✵✽✮ ✧❆ ❝♦♥s✉♠♣t✐♦♥✲❜❛s❡❞ ❛♣♣r♦❛❝❤ t♦ ❡♥✈✐✲
r♦♥♠❡♥t❛❧ ❑✉③♥❡ts ❝✉r✈❡s ✉s✐♥❣ t❤❡ ❡❝♦❧♦❣✐❝❛❧ ❢♦♦t♣r✐♥t ✐♥❞✐❝❛t♦r✧ ❊❝♦❧♦❣✐❝❛❧ ❊❝♦♥♦♠✐❝s

✻✺✱ ✻✺✵✲✻✺✶✳

❇❛rr❡tt✱ ❙✳✱ ●r❛❞❞②✱ ❑✳ ✭✷✵✵✵✮ ✧❋r❡❡❞♦♠✱ ❣r♦✇t❤✱ ❛♥❞ t❤❡ ❡♥✈✐r♦♥♠❡♥t✧ ❊♥✈✐r♦♥♠❡♥t

❛♥❞ ❉❡✈❡❧♦♣♠❡♥t ❊❝♦♥♦♠✐❝s ✺✱ ✹✸✸✲✹✺✻✳

❇♦✉t❛✉❞✱ ❆✳✱ ●♦♥❞r❛♥✱ ◆✳✱ ❇r♦❞❤❛❣✱ ❈✳ ✭✷✵✵✹✮ ✧▲♦❝❛❧ ❡♥✈✐r♦♥♠❡♥t❛❧ q✉❛❧✐t② ✈❡rs✉s
✭❣❧♦❜❛❧✮ ❡❝♦❧♦❣✐❝❛❧ ❝❛rr②✐♥❣ ❝❛♣❛❝✐t②✿ ✇❤❛t ♠✐❣❤t ❛❧t❡r♥❛t✐✈❡ ❛❣❣r❡❣❛t❡❞ ✐♥❞✐❝❛t♦rs ❜r✐♥❣

✶✸❚❤❡ ❛✉t❤♦rs t❤❛♥❦ t❤❡ ❛♥♦♥②♠♦✉s r❡❢❡r❡❡ ❢♦r t❤✐s ❝♦♠♠❡♥t✳
✶✹❲❡ ❤❛✈❡ t♦ ♣❛② ❛tt❡♥t✐♦♥ t♦ ♥♦t ❣❡♥❡r❛❧✐③❡ t❤❡s❡ s♣❡❝✐✜❝ r❡s✉❧ts✳ ■♥❞❡❡❞✱ ❛❝❝♦r❞✐♥❣ t♦ ♠❡t❛✲❛♥❛❧②s✐s❡s

♣✉❜❧✐s❤❡❞ ✐♥ ❊❑❈ ✜❡❧❞ ✭s❡❡ ❈❛✈❧♦✈✐❝ ❡t ❛❧✳✱ ✷✵✵✵❀ ❛♥❞ ❍✉✐ ❡t ❛❧✳✱ ✷✵✵✼✮ r❡s✉❧ts ❛r❡ ✈❡r② s❡♥s✐t✐✈❡ t♦ ❞❛t❛✱
♠❡t❤♦❞♦❧♦❣✐❡s✱ ❛♥❞ ❡♥✈✐r♦♥♠❡♥t❛❧ ♣r❡ss✉r❡ ✐♥❞✐❝❛t♦rs✳



t♦ t❤❡ ❞❡❜❛t❡s ❛❜♦✉t ❊♥✈✐r♦♥♠❡♥t❛❧ ❑✉♥③✐t❡s ❈✉r✈❡s ❛♥❞ s✉st❛✐♥❛❜❧❡ ❞❡✈❡❧♦♣♠❡♥t✧ ■♥✲

t❡r♥❛t✐♦♥❛❧ ❏♦✉r♥❛❧ ♦❢ ❙✉st❛✐♥❛❜❧❡ ❉❡✈❡❧♦♣♠❡♥t ✾✱ ✷✾✼✲✸✶✵✳

❈❛✈✐❣❧✐❛✲❍❛rr✐s✱ ❏✳✱ ❈❤❛♠❜❡rs✱ ❉✳✱ ❑❛❤♥✱ ❏✳ ✭✷✵✵✾✮ ✧❚❛❦✐♥❣ t❤❡ ✧❯✧ ♦✉t ♦❢ ❑✉③♥❡ts✳ ❆
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❘❡❡s✱ ❲✳❊✳ ✭✶✾✾✷✮ ✧❊❝♦❧♦❣✐❝❛❧ ❢♦♦t♣r✐♥ts ❛♥❞ ❛♣♣r♦♣r✐❛t❡❞ ❝❛rr②✐♥❣ ❝❛♣❛❝✐t②✿ ✇❤❛t ✉r❜❛♥
❡❝♦♥♦♠✐❝s ❧❡❛✈❡s ♦✉t✧ ❊♥✈✐r♦♥♠❡♥t ❛♥❞ ❯r❜❛♥✐s❛t✐♦♥ ✹✱ ✶✷✶✲✶✸✵✳

❘❡❡s✱ ❲✳❊✳ ✭✷✵✵✵✮ ✧❊❝♦✲❢♦♦t♣r✐♥t ❛♥❛❧②s✐s✿ ♠❡r✐t ❛♥❞ ❜r✐❝❦❜❛ts✧ ❊❝♦❧♦❣✐❝❛❧ ❊❝♦♥♦♠✐❝s

✸✷✱ ✸✼✶✲✸✼✹✳

❘♦t❤♠❛♥✱ ❉✳❙✳ ✭✶✾✾✽✮ ✧❊♥✈✐r♦♥♠❡♥t❛❧ ❑✉③♥❡ts ❈✉r✈❡s ✲ r❡❛❧ ♣r♦❣r❡ss ♦r ♣❛ss✐♥❣ t❤❡
❜✉❝❦❄ ❆ ❝❛s❡ ❢♦r ❝♦♥s✉♠♣t✐♦♥ ❛♣♣r♦❛❝❤❡s✧ ❊❝♦❧♦❣✐❝❛❧ ❊❝♦♥♦♠✐❝s ✷✺✱ ✶✼✼✲✶✾✹✳

❙❡❧❞❡♥✱ ❚✳▼✳✱ ❙♦♥❣✱ ❉✳ ✭✶✾✾✹✮ ✧❊♥✈✐r♦♥♠❡♥t❛❧ q✉❛❧✐t② ❛♥❞ ❞❡✈❡❧♦♣♠❡♥t✿ ■s t❤❡r❡ ❛
❑✉③♥❡ts ❈✉r✈❡ ❢♦r ❛✐r ♣♦❧❧✉t✐♦♥ ❡♠✐ss✐♦♥s❄✧ ❏♦✉r♥❛❧ ♦❢ ❊♥✈✐r♦♥♠❡♥t❛❧ ❊❝♦♥♦♠✐❝s ❛♥❞

▼❛♥❛❣❡♠❡♥t ✷✼✱ ✶✹✼✲✶✻✷✳

❙t❡r♥✱ ❉✳■✳ ✭✶✾✾✻✮ ✧Pr♦❣r❡ss ♦♥ t❤❡ ❊♥✈✐r♦♥♠❡♥t❛❧ ❑✉③♥❡ts ❈✉r✈❡❄ ❚❤❡ ❆✉str❛❧✐❛♥
♥❛t✐♦♥❛❧ ✉♥✐✈❡rs✐t②✱ ❝❡♥t❡r ❢♦r r❡s♦✉r❝❡ ❛♥❞ ❡♥✈✐r♦♥♠❡♥t❛❧ st✉❞✐❡s✧ ❊❝♦❧♦❣✐❝❛❧ ❊❝♦♥♦♠✐❝s
Pr♦❣r❛♠✱ ❲♦r❦✐♥❣ P❛♣❡rs ✐♥ ❊❝♦❧♦❣✐❝❛❧ ❊❝♦♥♦♠✐❝s✱ ◆✉♠❜❡r ✾✻✵✶ ❉❡❝❡♠❜❡r ✶✾✾✻✳

❙t❡r♥✱ ❉✳■✳ ✭✷✵✵✹✮ ✧❚❤❡ r✐s❡ ❛♥❞ ❢❛❧❧ ♦❢ t❤❡ ❊♥✈✐r♦♥♠❡♥t❛❧ ❑✉③♥❡ts ❈✉r✈❡✧ ❲♦r❧❞ ❉❡✈❡❧✲

♦♣♠❡♥t ✸✷✱ ✶✹✶✾✲✶✹✸✾✳

❚♦rr❛s✱ ▼✳✱ ❇♦②❝❡✱ ❏✳❑✳ ✭✶✾✾✽✮ ✧■♥❝♦♠❡✱ ✐♥❡q✉❛❧✐t②✱ ❛♥❞ ♣♦❧❧✉t✐♦♥✿ ❆ r❡❛ss❡ss♠❡♥t ♦❢ t❤❡
❊♥✈✐r♦♥♠❡♥t❛❧ ❑✉③♥❡ts ❈✉r✈❡✧ ❊❝♦❧♦❣✐❝❛❧ ❊❝♦♥♦♠✐❝s ✷✺✱ ✶✹✼✲✶✻✵✳

❲❛❝❦❡r♥❛❣❡❧✱ ▼✳✱ ❘❡❡s✱ ❲✳✱ ❚❡st❡♠❛❧❡✱ P✳ ✭✶✾✾✻✮ ✧❖✉r ❡❝♦❧♦❣✐❝❛❧ ❢♦♦t♣r✐♥t✿ ❘❡❞✉❝✐♥❣
❤✉♠❛♥ ✐♠♣❛❝t ♦♥ t❤❡ ❡❛rt❤✧✱ ❚❤❡ ◆❡✇ ❈❛t❛❧②st ❇✐♦r❡❣✐♦♥❛❧ ❙❡r✐❡s✳

❲❛❝❦❡r♥❛❣❡❧✱ ▼✳✱ ▼♦♥❢r❡❞❛✱ ❈✳✱ ❙❝❤✉❧③✱ ◆✳❇✳✱ ❊r❜✱ ❑✳ ❍✳✱ ❍❛❜❡r❧✱ ❍✳✱ ❑r❛✉s♠❛♥♥✱ ❋✳
✭✷✵✵✹❛✮ ✧❈❛❧❝✉❧❛t✐♥❣ ♥❛t✐♦♥❛❧ ❛♥❞ ❣❧♦❜❛❧ ❡❝♦❧♦❣✐❝❛❧ ❢♦♦t♣r✐♥t t✐♠❡ s❡r✐❡s✿ r❡s♦❧✈✐♥❣ ❝♦♥✲
❝❡♣t✉❛❧ ❝❤❛❧❧❡♥❣❡s✧ ▲❛♥❞ ✉s❡ ♣♦❧✐❝② ✷✶✱ ✷✼✶✲✷✼✽✳



❲❛❝❦❡r♥❛❣❡❧✱ ▼❛t❤✐s✱ ▼♦♥❢r❡❞❛✱ ❈❤❛❞✱ ❊r❜✱ ❑❛r❧✲❍❡✐♥③✱ ❍❛❜❡r❧✱ ❍❡❧♠✉t✱ ❙❝❤✉❧③✱ ◆✐❡❧s
❇✳ ✭✷✵✵✹❜✮ ✧❊❝♦❧♦❣✐❝❛❧ ❢♦♦t♣r✐♥t t✐♠❡ s❡r✐❡s ♦❢ ❆✉str✐❛✱ t❤❡ P❤✐❧✐♣♣✐♥❡s ❛♥❞ ❙♦✉t❤ ❑♦r❡❛
❢♦r ✶✾✻✶✲✶✾✾✾✿ ❝♦♠♣❛r✐♥❣ t❤❡ ❝♦♥✈❡♥t✐♦♥❛❧ ❛♣♣r♦❛❝❤ t♦ ❛♥ ✧❛❝t✉❛❧ ❧❛♥❞ ❛r❡❛✧ ❛♣♣r♦❛❝❤✧
▲❛♥❞ ❯s❡ P♦❧✐❝② ✷✶✱ ✷✻✶✲✷✻✾✳

❲✐❡❞♠❛♥♥✱ ❚✳✱ ▼✐♥①✱ ❏✳✱ ❇❛rr❡tt✱ ❏✳✱ ❲❛❝❦❡r♥❛❣❡❧✱ ▼✳ ✭✷✵✵✻✮ ✧❆❧❧♦❝❛t✐♥❣ ❡❝♦❧♦❣✐❝❛❧ ❢♦♦t✲
♣r✐♥ts t♦ ✜♥❛❧ ❝♦♥s✉♠♣t✐♦♥ ❝❛t❡❣♦r✐❡s ✇✐t❤ ✐♥♣✉t✲♦✉t♣✉t ❛♥❛❧②s✐s✧ ❊❝♦❧♦❣✐❝❛❧ ❊❝♦♥♦♠✐❝s

✺✻✱ ✷✽✲✹✽✳

❲✐♥s❧♦✇✱ ▼✳ ✭✷✵✵✺✮ ✧❚❤❡ ❊♥✈✐r♦♥♠❡♥t❛❧ ❑✉③♥❡ts ❈✉r✈❡ r❡✈✐s✐t❡❞ ♦♥❝❡ ❛❣❛✐♥✧ ❋♦r✉♠ ❢♦r

❙♦❝✐❛❧ ❊❝♦♥♦♠✐❝s ✸✺✱ ✶✲✶✽✳

❨♦r❦✱ ❘✳✱ ❘♦s❛✱ ❊✳❆✳✱ ❉✐❡t③✱ ❚✳ ✭✷✵✵✹✮ ✧❚❤❡ ❡❝♦❧♦❣✐❝❛❧ ❢♦♦t♣r✐♥t ✐♥t❡♥s✐t② ♦❢ ♥❛t✐♦♥❛❧
❡❝♦♥♦♠✐❡s✧ ❏♦✉r♥❛❧ ♦❢ ■♥❞✉str✐❛❧ ❊❝♦❧♦❣② ✽✱ ✶✸✾✲✶✺✹✳

❚❛❜❧❡ ✶✿ ❙❤❛r❡s ✐♥ ✪ ♦❢ ❊❋ ❝♦♠♣♦♥❡♥ts ✭♠❡❛♥s✮

❈♦✉♥tr② ❚♦t❛❧ ❊❋ ❈r♦♣❧❛♥❞ ●r❛③✐♥❣ ❧❛♥❞ ❋♦r❡st ❧❛♥❞ ❋✐s❤✐♥❣ ❣r♦✉♥❞ ❈❛r❜♦♥ ❇✉✐❧t ✉♣ ❧❛♥❞

❆r❣❡♥t✐♥❛ ✸✳✺✻ ✸✻✳✾✸ ✸✸✳✵✽ ✺✳✽✺ ✷✳✼✵ ✶✽✳✷✶ ✸✳✷✸
❇r❛③✐❧ ✷✳✽✺ ✷✽✳✻✼ ✸✻✳✸✹ ✷✵✳✽✷ ✶✳✾✺ ✾✳✸✸ ✷✳✽✽
❈❤✐❧❡ ✷✳✸✽ ✸✶✳✸✾ ✶✽✳✵✼ ✷✸✳✹✻ ✼✳✽✷ ✶✻✳✻✷ ✷✳✻✺
❈♦❧♦♠❜✐❛ ✷✳✶✹ ✷✷✳✷✵ ✹✼✳✽✻ ✽✳✺✶ ✷✳✵✵ ✶✺✳✶✾ ✹✳✷✹
P❛r❛❣✉❛② ✸✳✽✹ ✶✾✳✾✻ ✺✶✳✺✷ ✷✶✳✶✼ ✵✳✶✻ ✹✳✻✺ ✷✳✺✺
P❡r✉ ✶✳✾✶ ✸✷✳✺✻ ✸✺✳✺✻ ✶✵✳✸✸ ✺✳✽✾ ✶✵✳✽✹ ✹✳✽✷
❯r✉❣✉❛② ✺✳✾✵ ✶✵✳✺✽ ✼✵✳✽✺ ✽✳✺✺ ✶✳✽✻ ✻✳✽✷ ✶✳✸✹

❚❛❜❧❡ ✷✿ ❉❡s❝r✐♣t✐✈❡ ❙t❛t✐st✐❝s
❈♦✉♥tr② ❱❛r✐❛❜❧❡ ▼❡❛♥ ▼✐♥ ▼❛① ❙t❞✳ ❉❡✈ ❙❦❡✇♥❡ss ❊①❝❡ss ❑✉rt♦s✐s

❆r❣❡♥t✐♥❛
❊❋ ✸✳✺✺✻ ✷✳✸✻✶ ✺✳✶✸✸ ✵✳✽✸✽ ✵✳✶✺✹ ✲✶✳✹✹✷∗∗

●❉P ✻✽✷✻✳✷✷ ✹✾✺✻✳✷✷ ✾✸✽✽✳✻✾ ✾✵✷✳✾✼✻ ✵✳✸✵✷ ✵✳✸✸✻

❇r❛③✐❧
❊❋ ✷✳✽✹✺ ✷✳✺✽✹ ✸✳✶✹✺ ✵✳✶✸✼ ✲✵✳✷✺✷ ✲✵✳✺✾✵
●❉P ✸✵✷✹✳✻✽ ✶✺✹✽✳✶✸ ✹✷✾✼✳✼✹ ✽✶✽✳✹✹✽ ✲✵✳✼✻✶∗∗ ✲✵✳✼✻✸

❈❤✐❧❡
❊❋ ✷✳✸✽✶ ✶✳✺✼✸ ✸✳✸✷✺ ✵✳✹✺✾ ✵✳✷✼✻ ✲✵✳✾✺✵
●❉P ✸✶✻✹✳✻✸ ✶✽✻✼✳✻✶ ✻✵✼✽✳✹✵ ✶✸✶✺✳✶✽ ✵✳✽✸✵∗∗ ✲✵✳✽✶✹

❈♦❧♦♠❜✐❛
❊❋ ✷✳✶✹✷ ✶✳✽✸✹ ✷✳✸✺✻ ✵✳✶✺✵ ✲✵✳✻✶✷∗ ✲✵✳✻✷✹
●❉P ✷✵✺✵✳✽✵ ✶✷✶✹✳✷✵ ✸✵✽✸✳✶✸ ✺✶✺✳✻✽✺ ✲✵✳✵✻✽ ✲✶✳✵✻✻

P❛r❛❣✉❛②
❊❋ ✸✳✽✸✽ ✷✳✾✺✻ ✹✳✻✼✷ ✵✳✸✹✻ ✲✵✳✺✺✹ ✵✳✹✷✼
●❉P ✶✶✻✻✳✷✻ ✻✽✷✳✶✽✻ ✶✹✽✽✳✾✺ ✷✾✶✳✺✺✽ ✲✵✳✻✵✺∗ ✲✶✳✸✷✾∗

P❡r✉
❊❋ ✶✳✾✵✽ ✶✳✸✾✷ ✷✳✽✺✺ ✵✳✹✾✻ ✵✳✽✺✼∗∗ ✲✵✳✽✷✷
●❉P ✷✵✼✸✳✽✾ ✻✷✼✳✽✼ ✷✼✷✺✳✽✷ ✷✷✾✳✵✼✾ ✵✳✶✼✵ ✵✳✸✸✷

❯r✉❣✉❛②
❊❋ ✺✳✾✵✷ ✹✳✼✾✽ ✼✳✶✵✷ ✵✳✻✹✸ ✲✵✳✵✷✹ ✲✵✳✾✾✸
●❉P ✺✸✸✸✳✶✵ ✹✵✵✾✳✼✷ ✼✼✺✾✳✷✽ ✶✵✽✸✳✸✽ ✵✳✺✷✼ ✲✵✳✾✺✷

◆♦t❡s✿
∗✱ ∗∗ ❛♥❞ ∗∗∗ ♠❡❛♥ s✐❣♥✐✜❝❛♥t ❛t ✶✵✪ ✱ ✺✪ ❛♥❞ ✶✪ ❧❡✈❡❧✱ r❡s♣❡❝t✐✈❡❧②✳



❚❛❜❧❡ ✸✿ ❘❡s✉❧ts ♦❢ ❖▲❙ ❡st✐♠❛t✐♦♥s ✭❞❛t❛ ✐♥ ❧❡✈❡❧ ❢♦r♠✮✳
❈♦✉♥tr② ❋✉♥❝t✐♦♥ ■♥t❡r❝❡♣t ●❉Pa ●❉P2

b ❘2
LL ❆■❈ ❇■❈ ❘❡s✉❧ts ❚✉r♥✐♥❣

♣♦✐♥t

❆r❣❡♥t✐♥❛
▲✐♥❡❛r −0.0618

(−1.226)
0.776
(0.624)

✵✳✵✶ ✲✶✸✱✽✶✸ ✸✶✳✻✸ ✸✺✳✷✽ ◆♦

◗✉❛❞r❛t✐❝ −0.063
(−1.234)

−1.662
(−0.174)

0.175
(0.258)

✵✳✵✶ ✲✶✸✳✼✼✽ ✸✸✳✺✻ ✸✾✳✵✹ ◆♦

❇r❛③✐❧
▲✐♥❡❛r −0.024

∗

(−1.695)
4.562

∗∗∗

(3.958)
✵✳✷✻ ✹✽✳✻✺✽ ✲✾✸✳✸✷ ✲✽✾✳✻✻ ■♥❝r❡❛s✐♥❣

◗✉❛❞r❛t✐❝ −0.023
(−1.553)

0.239
(0.047)

0.689
(0.864)

✵✳✷✼ ✹✾✳✵✺✹ ✲✾✷✳✶✶ ✲✽✻✳✻✷ ◆♦

❈❤✐❧❡
▲✐♥❡❛r −0.051

(−1.407)
7.979

∗∗∗

(3.586)
✵✳✷✸ ✾✳✹✵✵ ✲✶✹✳✽✵ ✲✶✶✳✶✹ ■♥❝r❡❛s✐♥❣

◗✉❛❞r❛t✐❝ −0.037
(−1.038)

17.995
∗∗∗

(3.335)
−1.45

∗∗

(−2.024)
✵✳✷✾ ✶✶✳✹✾✸ ✲✶✻✳✾✾ ✲✶✶✳✺✵ ■♥✈❡rt❡❞ ❯✲s❤❛♣❡❞ ✩✻✶✾✾✳✸✵

❈♦❧♦♠❜✐❛
▲✐♥❡❛r −0.037

∗∗∗

(−3.622)
6.443

∗∗∗

(4.050)
✵✳✷✼ ✼✵✳✾✷✺ ✲✶✸✼✳✽✺ ✲✶✸✹✳✶✾ ■♥❝r❡❛s✐♥❣

◗✉❛❞r❛t✐❝ −0.041
∗∗∗

(−3.817)
14.326

∗∗

(2.084)
−1.566
(−1.178)

✵✳✷✾ ✼✶✳✻✺✻ ✲✶✸✼✳✸✶ ✲✶✸✶✳✽✷ ◆♦

P❛r❛❣✉❛②
▲✐♥❡❛r −0.045

(−1.554)
14.217

∗∗

(2.344)
✵✳✶✶ ✶✸✳✻✶✺ ✲✷✸✳✷✸ ✲✶✾✳✺✼ ■♥❝r❡❛s✐♥❣

◗✉❛❞r❛t✐❝ −0.047
(−1.492)

22.655
(0.516)

−3.267
(−0.194)

✵✳✶✶ ✶✸✳✻✸✻ ✲✷✶✳✷✼ ✲✶✺✳✼✽ ◆♦

P❡r✉
▲✐♥❡❛r −0.031

(−1.548)
3.317

∗

(1.773)
✵✳✵✼ ✷✽✳✵✺✾ ✲✺✷✳✶✷ ✲✹✽✳✹✻ ■♥❝r❡❛s✐♥❣

◗✉❛❞r❛t✐❝ −0.030
(−1.484)

11.233
(0.642)

−1.871
(−0.455)

✵✳✵✼ ✷✽✳✶✼✵ ✲✺✵✳✸✹ ✲✹✹✳✽✺ ◆♦

❯r✉❣✉❛②
▲✐♥❡❛r −0.063

(−1.050)
3.621
(1.578)

✵✳✵✺ ✲✷✶✳✷✺✹ ✹✻✳✺✶ ✺✵✳✶✼ ◆♦

◗✉❛❞r❛t✐❝ −0.060
(−1.034)

31.340
∗∗

(2.3655)
−2.347

∗∗

(−2.122)
✵✳✶✹ ✲✶✽✳✾✻✹ ✹✸✳✾✸ ✹✾✳✹✶ ■♥✈❡rt❡❞ ❯✲s❤❛♣❡❞ ✩✻✻✼✺✳✼

◆♦t❡s✿
∗✱ ∗∗ ❛♥❞ ∗∗∗ ♠❡❛♥ s✐❣♥✐✜❝❛♥t ❛t ✶✵✪ ✱ ✺✪ ❛♥❞ ✶✪ ❧❡✈❡❧✱ r❡s♣❡❝t✐✈❡❧②✳ a ✈❛❧✉❡s ❛r❡ ♠✉❧t✐♣❧✐❡❞ ❜② ✶✵4✳ b ✈❛❧✉❡s ❛r❡ ♠✉❧t✐♣❧✐❡❞ ❜② ✶✵7✳ ❚❤❡ t✲st❛t ❛r❡ ❣✐✈❡♥ ✐♥ ♣❛r❡♥t❤❡s❡s✳

EFt = b0 + b1GDPt + b2GDP 2
t
+ ǫt✳ ✧◆♦✧ ♠❡❛♥s ♥♦ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ●❉P ❛♥❞ ❊❋✳ ▲▲ ♠❡❛♥s ❧♦❣✲❧✐❦❡❧✐❤♦♦❞✱ ❆■❈ ❛♥❞ ❇■❈ ❛r❡ ❆❦❛✐❦❡ ❛♥❞ ❙❝❤✇❛r③ ❝r✐t❡r✐♦♥ r❡s♣❡❝t✐✈❡❧②✳



❚❛❜❧❡ ✹✿ ❘❡s✉❧ts ♦❢ ❖▲❙ ❡st✐♠❛t✐♦♥s ✭❞❛t❛ ✐♥ ❧♦❣❛r✐t❤♠✐❝ ❢♦r♠✮✳
❈♦✉♥tr② ❋✉♥❝t✐♦♥ ■♥t❡r❝❡♣t ●❉P ●❉P2 ❘2

LL ❆■❈ ❇■❈ ❘❡s✉❧ts ❚✉r♥✐♥❣
■♥✢❡❝t✐♦♥ ♣♦✐♥t

❆r❣❡♥t✐♥❛
▲✐♥❡❛r −0.018

(−1.197)
0.247
(0.994)

✵✳✵✷ ✹✷✳✸✻✵ ✲✽✵✳✼✷ ✲✼✼✳✵✻ ◆♦

◗✉❛❞r❛t✐❝ −0.018
(−1.221)

−6.420
(−0.383)

0.379
(0.398)

✵✳✵✸ ✹✷✳✹✹✺ ✲✼✽✳✾✵ ✲✼✸✳✹✵ ◆♦

❇r❛③✐❧
▲✐♥❡❛r −0.008

(−1.471)
0.399

∗∗∗

(3.291)
✵✳✷✵ ✾✺✳✵✶✷ ✲✶✽✻✳✵✷ ✲✶✽✷✳✸✼ ■♥❝r❡❛s✐♥❣

◗✉❛❞r❛t✐❝ −0.007
(−1.394)

−5.920
∗

(−1.983)
0.400

∗∗

(2.118)
✵✳✷✼ ✾✼✳✷✾✺ ✲✶✽✽✳✺✽ ✲✶✽✸✳✶✵ ❯✲s❤❛♣❡❞ ✩✶✻✸✺✳✾✽

❈❤✐❧❡
▲✐♥❡❛r −0.022

(−1.499)
1.166

∗∗∗

(4.349)
✵✳✸✵ ✹✽✳✻✷✼ ✲✾✸✳✷✺ ✲✽✾✳✻✵ ■♥❝r❡❛s✐♥❣

◗✉❛❞r❛t✐❝ −0.017
(−1.056)

6.485
(0.976)

−0.339
(−0.801)

✵✳✸✶ ✹✽✳✾✻✽ ✲✾✶✳✾✹ ✲✽✻✳✹✺ ◆♦

❈♦❧♦♠❜✐❛
▲✐♥❡❛r −0.020

∗∗∗

(−3.909)
0.747

∗∗∗

(4.248)
✵✳✷✾ ✶✵✹✳✾✼✵ ✲✷✵✺✳✾✹ ✲✷✵✷✳✷✽ ■♥❝r❡❛s✐♥❣

◗✉❛❞r❛t✐❝ −0.020
∗∗∗

(−3.713)
−1.384
(−0.369)

0.139
(0.568)

✵✳✸✵ ✶✵✺✳✶✹✷ ✲✷✵✹✳✷✽ ✲✶✾✽✳✽✵ ◆♦

P❛r❛❣✉❛②
▲✐♥❡❛r −0.013

∗

(−1.696)
0.454

∗∗

(2.303)
✵✳✶✷ ✼✺✳✸✻✵ ✲✶✹✻✳✼✷ ✲✶✹✸✳✵✻ ■♥❝r❡❛s✐♥❣

◗✉❛❞r❛t✐❝ −0.014
(−1.641)

1.488
(0.230)

−0.073
(−0.160)

✵✳✶✶ ✼✺✳✸✼✹ ✲✶✹✹✳✼✺ ✲✶✸✾✳✷✻ ◆♦

P❡r✉
▲✐♥❡❛r −0.017

(−1.544)
0.385

∗

(1.970)
✵✳✵✽ ✺✾✳✼✼✹ ✲✶✶✺✳✺✺ ✲✶✶✶✳✽✾ ■♥❝r❡❛s✐♥❣

◗✉❛❞r❛t✐❝ −0.015
(−1.494)

4.313
(0.305)

−0.257
(−0.278)

✵✳✵✽ ✺✾✳✽✶✻ ✲✶✶✸✳✻✸ ✲✶✵✽✳✶✹ ◆♦

❯r✉❣✉❛②
▲✐♥❡❛r −0.011

(−1.142)
0.409

∗

(1.898)
✵✳✵✽ ✻✶✳✸✼✺ ✲✶✶✽✳✼✺ ✲✶✶✺✳✵✾ ■♥❝r❡❛s✐♥❣

◗✉❛❞r❛t✐❝ −0.010
(−1.049)

17.427
(1.660)

−0.988
(−1.621)

✵✳✶✸ ✻✷✳✼✸✾ ✲✶✶✾✳✹✽ ✲✶✶✸✳✾✾ ◆♦

◆♦t❡s✿
∗✱ ∗∗ ❛♥❞ ∗∗∗ ♠❡❛♥ s✐❣♥✐✜❝❛♥t ❛t ✶✵✪ ✱ ✺✪ ❛♥❞ ✶✪ ❧❡✈❡❧✱ r❡s♣❡❝t✐✈❡❧②✳ ❚❤❡ t✲st❛t ❛r❡ ❣✐✈❡♥ ✐♥ ♣❛r❡♥t❤❡s❡s✳ ln(EFt) = b0 + b1ln(GDPt) + b2ln(GDPt)2 + ǫt✳ ✧◆♦✧ ♠❡❛♥s ♥♦

r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ●❉P ❛♥❞ ❊❋✳ ▲▲ ♠❡❛♥s ❧♦❣✲❧✐❦❡❧✐❤♦♦❞✱ ❆■❈ ❛♥❞ ❇■❈ ❛r❡ ❆❦❛✐❦❡ ❛♥❞ ❙❝❤✇❛r③ ❝r✐t❡r✐♦♥ r❡s♣❡❝t✐✈❡❧②✳



❚❛❜❧❡ ✺✿ ❘❡s✉❧ts ♦❢ ❧♦♥❣ r✉♥ ❖▲❙ ❡st✐♠❛t✐♦♥s✳
❈♦✉♥tr② ❋✉♥❝t✐♦♥ ■♥t❡r❝❡♣t ●❉P ●❉P2 ❊❈t−1 ❘2

LL ❆■❈ ❇■❈ ❘❡s✉❧ts ❚✉r♥✐♥❣✴
■♥✢❡❝t✐♦♥ ♣♦✐♥t

❉❛t❛ ✐♥ ❧❡✈❡❧ ❢♦r♠

❇r❛③✐❧ ◗✉❛❞r❛t✐❝ −0.019
(−1.491)

−10.230
∗

(−1.963)
1.94

∗∗

(2.539)
−0.530

∗∗∗

(−3.880)
✵✳✹✼ ✺✻✳✵✾✾ ✲✶✵✹✳✷✵ ✲✾✻✳✽✽ ❯✲s❤❛♣❡❞ ✩✷✻✸✻✳✺✾✽

❯r✉❣✉❛② ▲✐♥❡❛r −0.029
(−0.532)

3.801
∗

(1.853)
−0.328

∗∗∗

(−3.480)
✵✳✷✻ ✲✷✶✳✷✺✹ ✸✼✳✵✾ ✹✷✳✺✽ ■♥❝r❡❛s✐♥❣

❉❛t❛ ✐♥ ❧♦❣ ❢♦r♠

❇r❛③✐❧ ◗✉❛❞r❛t✐❝ −0.007
(−1.605)

−8.730
∗∗∗

(−3.174)
0.559

∗∗∗

(3.236)
−0.483

∗∗∗

(−3.616)
✵✳✹✺ ✶✵✸✳✺✷✽ ✲✶✾✾✳✵✻ ✲✶✾✶✳✼✹ ❯✲s❤❛♣❡❞ ✩✷✹✻✷✳✻✼

❯r✉❣✉❛② ▲✐♥❡❛r −0.005
(−0.534)

0.416
∗∗

(2.158)
−0.312

∗∗∗

(−3.441)
✵✳✷✼ ✻✻✳✾✻✾ ✲✶✷✼✳✾✹ ✶✷✷✳✹✺ ■♥❝r❡❛s✐♥❣

◗✉❛❞r❛t✐❝ −0.005
(−0.572)

13.771
(1.452)

−0.776
(−1.411)

−0.328
∗∗∗

(−3.379)
✵✳✸✶ ✻✽✳✷✼✵ ✲✶✷✽✳✺✹ ✲✶✷✶✳✷✷ ◆♦

◆♦t❡s✿
∗✱ ∗∗ ❛♥❞ ∗∗∗ ♠❡❛♥ s✐❣♥✐✜❝❛♥t ❛t ✶✵✪ ✱ ✺✪ ❛♥❞ ✶✪ ❧❡✈❡❧✱ r❡s♣❡❝t✐✈❡❧②✱ ❢♦r t❤❡ ❞❛t❛ ✐♥ ❧❡✈❡❧ ❢♦r♠✳ ●❉P ❛♥❞ ●❉P2 ✈❛❧✉❡s ❛r❡ ♠✉❧t✐♣❧✐❡❞ ❜② ✶✵4 ❛♥❞ ✶✵7✱ r❡s♣❡❝t✐✈❡❧②✳ ❚❤❡ t✲st❛t ❛r❡

❣✐✈❡♥ ✐♥ ♣❛r❡♥t❤❡s❡s✳EFt = b0 + b1GDPt + b2GDP 2
t
+ b3ECt−1 + ǫt✱ ln(EFt) = b0 + b1ln(GDPt) + b2ln(GDPt)2 + b3ECt−1 + ǫt

✇❤❡r❡ ECt−1 ✐s ❛♥ ❡rr♦r✲❝♦rr❡❝t✐♦♥ t❡r♠ ❜❡t✇❡❡♥ ❊❋ ❛♥❞ ●❉P✳ ✧◆♦✧ ♠❡❛♥s ♥♦ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ●❉P ❛♥❞ ❊❋✳ ▲▲ ♠❡❛♥s ❧♦❣✲❧✐❦❡❧✐❤♦♦❞✱ ❆■❈ ❛♥❞ ❇■❈ ❛r❡ ❆❦❛✐❦❡ ❛♥❞ ❙❝❤✇❛r③ ❝r✐t❡r✐♦♥
r❡s♣❡❝t✐✈❡❧②✳
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