
   

 

Appendix and Supplemental material not intended for publication-Round 1

 

 

 

 

Submission Number:EB-18-00264

 

 

This study was not funded and the authors declare that they have no conflict of interest. We thank Guido

Candela, Lorenzo Zirulia, and Roberto Zanola for their comments on an early version of this note.

Submitted: Mar 26 2018.  Revised: December 03, 2018.

       



❆♣♣❡♥❞✐①

❆ Pr♦♦❢ ♦❢ ▲❡♠♠❛t❛

❆✳✶ Pr♦♦❢ ♦❢ ▲❡♠♠❛ ✶

❲❡ ❛r❡ ❣♦✐♥❣ t♦ ❞❡♠♦♥str❛t❡ ❤❡r❡ t❤❛t✱ ✇❤❛t❡✈❡r t❤❡ ♣r✐❝❡ t❤❡ ❣❛❧❧❡r② ♣❛✐❞ t♦ ❜✉② t❤❡
❛rt✇♦r❦✱ ✐t ✇✐❧❧ ❜❡ s♦❧❞ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡ ✐❢ ❛♥❞ ♦♥❧② ✐❢ ✭✶✻✮ ❤♦❧❞s✱ ✇❤✐❧❡ ✐t ✇✐❧❧ ❜❡ s♦❧❞
t♦ t❤❡ ♦✉ts✐❞❡r ✐❢ ❛♥❞ ♦♥❧② ✐❢ ✭✶✼✮ ❤♦❧❞s✳
❚❤❡ ♣r♦♦❢ ✐s ❞✐✈✐❞❡❞ ✐♥ t✇♦ ♣❛rts✳
Pr♦♦❢✳ ❆ss✉♠❡ t❤❡ ❣❛❧❧❡r② ❜♦✉❣❤t t❤❡ ❛rt✇♦r❦ ❢r♦♠ t❤❡ ✐♥s✐❞❡r✱ ✇❤♦ t❤♦✉❣❤t t♦ ❜❡ ✐♥
t❤❡ aigo ♣❛t❤✳ ■❢ t❤❡ ❛rt✇♦r❦ ✐s s♦❧❞ t♦ t❤❡ ♦✉ts✐❞❡r✱ t❤❡ s❡❧❧✐♥❣ ♣r✐❝❡ ✇✐❧❧ ❜❡ ❡q✉❛❧ t♦ ✭✸✮✳
■❢ t❤❡ ❛rt✇♦r❦ ✇✐❧❧ ❜❡ s♦❧❞ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡✱ ❞❡✈✐❛t✐♥❣ ❢r♦♠ t❤❡ ❝❤❛♥♥❡❧ t❤❡ ✐♥s✐❞❡r
❝♦♥s✐❞❡r❡❞ ✇❤❡♥ ❤❡ ❜❛r❣❛✐♥❡❞ t❤❡ ♣r✐❝❡ ✇✐t❤ t❤❡ ❣❛❧❧❡r②✱ t❤❡ ♣r✐❝❡ ✇✐❧❧ ❜❡✿
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aigo ✐♥❞✐❝❛t❡s t❤❛t t❤❡ ❣❛❧❧❡r② s❡❧❧s t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡ ❛❧s♦ ✐❢

✐t ❤❛s ❜❡❡♥ ❜♦✉❣❤t ❢r♦♠ t❤❡ ✐♥s✐❞❡r ❛s ✐❢ ❤❡ t❤♦✉❣❤t ✐t ✇✐❧❧ ❜❡ s♦❧❞ t♦ t❤❡ ♦✉ts✐❞❡r✳ ❯s✐♥❣
❡q✉✐❧✐❜r✐✉♠ ♣r✐❝❡s✱ t❤✐s ♣r✐❝❡ ❝❛♥ ❜❡ r❡✇r✐tt❡♥ ❛s✿
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1− ρai(1− ρig)− ρig(1− ρgo)
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❙❡❧❧✐♥❣ t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡ ✐♥st❡❛❞ ♦❢ s❡❧❧✐♥❣ ✐t t♦ t❤❡ ♦✉ts✐❞❡r✱ t❤❛t ✐s
aigh ≻ aigo✱ ✐s t❤❡ ♣r❡❢❡rr❡❞ ❝❤♦✐❝❡ ✐❢ P gh

aigh|P
ig
aigo > P

go
aigo✳ ❚❤✐s ✐s s♦❧✈❡❞ ❢♦r ρgh > ρgo✱

✇❤✐❝❤ ✐s ✭✶✻✮✳
❚❤❡ ✏♦♥❧② ✐❢✑ ♣❛rt ♦❢ t❤❡ r❡❧❛t✐♦♥ ✐s ❡❛s② t♦ ♣r♦✈❡✱ s✐♥❝❡ P

gh
aigh|P

ig
aigo > P

go
aigo ❛♥❞ ρgh > ρgo

❛r❡ ❡q✉✐✈❛❧❡♥t✱ ❛♥❞ aigh ≻ aigo ✐♠♣❧✐❡s t❤❛t t❤❡ ♣r✐❝❡ ♦❜t❛✐♥❡❞ ✐♥ t❤❡ aigh ❝❤❛♥♥❡❧
t❤❛♥❦s t♦ t❤❡ ❞❡✈✐❛t✐♦♥ ✐s ❤✐❣❤❡r t❤❛♥ t❤❡ ♦♥❡ ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ aigo ❝❤❛♥♥❡❧✳

❆ss✉♠❡ ♥♦✇ t❤❛t t❤❡ ❣❛❧❧❡r② ❜♦✉❣❤t t❤❡ ❛rt✇♦r❦ ❢r♦♠ t❤❡ ✐♥s✐❞❡r✱ ✇❤♦ t❤♦✉❣❤t t♦ ❜❡
✐♥ t❤❡ aigh ♣❛t❤✳ ■❢ t❤❡ ❣❛❧❧❡r② s❡❧❧s t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡✱ ❛s ❡①♣❡❝t❡❞ ❜②
t❤❡ ✐♥s✐❞❡r✱ t❤❡ s❡❧❧✐♥❣ ♣r✐❝❡ ✇✐❧❧ ❜❡ ✭✻✮✳ ■❢✱ ✐♥st❡❛❞✱ t❤❡ ❣❛❧❧❡r② ❞❡✈✐❛t❡s ❢r♦♠ ✇❤❛t t❤❡
✐♥s✐❞❡r ❡①♣❡❝t❡❞✱ t❤❡ ♣r✐❝❡ t❤❛t t❤❡ ♦✉ts✐❞❡r ♣❛②s ✇✐❧❧ ❜❡✿
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❆ss✉♠❡ t❤❛t t❤❡ ❣❛❧❧❡r② ❜♦✉❣❤t t❤❡ ❛rt✇♦r❦ ❢r♦♠ t❤❡ ❛rt✐st✱ ✇❤♦ t❤♦✉❣❤ t♦ ❜❡ ✐♥ t❤❡
ago ♣❛t❤✳ ■❢ t❤❡ ❣❛❧❧❡r② s❡❧❧s t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ♦✉ts✐❞❡r✱ t❤❡ s❡❧❧✐♥❣ ♣r✐❝❡ ✇✐❧❧ ❜❡ ❡q✉❛❧ t♦
✭✾✮✳ ■❢✱ ✐♥st❡❛❞✱ t❤❡ ❣❛❧❧❡r② s❡❧❧s ✐t t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡✱ ❞❡✈✐❛t✐♥❣ ❢r♦♠ ✇❤❛t t❤❡ ❛rt✐st
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❚❤❡ ✏♦♥❧② ✐❢✑ ♣❛rt ♦❢ t❤❡ r❡❧❛t✐♦♥ ✐s str❛✐❣❤t❢♦r✇❛r❞ t♦ ♣r♦✈❡✱ s✐♥❝❡ ρgh > ρgo ✐s ❡q✉✐✈❛❧❡♥t
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ago✱ ❛♥❞ t❤❡ ❢♦r♠❡r ❡①♣r❡ss✐♦♥ ✐s tr✉❡ ✐❢ agh ≻ ago✳
❆ss✉♠❡ t❤❛t t❤❡ ❣❛❧❧❡r② ❜♦✉❣❤t t❤❡ ❛rt✇♦r❦ ❢r♦♠ t❤❡ ❛rt✐st✱ ✇❤♦ t❤♦✉❣❤ t♦ ❜❡ ✐♥ t❤❡

agh ♣❛t❤✳ ■❢ t❤❡ ❣❛❧❧❡r② ✇✐❧❧ s❡❧❧ t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡✱ t❤❡ s❡❧❧✐♥❣ ♣r✐❝❡ ✇✐❧❧
❜❡ ❡q✉❛❧ t♦ ✭✶✶✮✳ ■❢✱ ✐♥st❡❛❞✱ t❤❡ ❣❛❧❧❡r② s❡❧❧s t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ♦✉ts✐❞❡r✱ t❤❡ ♣r✐❝❡ ✇✐❧❧
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❚❤❡ ✏♦♥❧② ✐❢✑ ♣❛rt ♦❢ t❤❡ r❡❧❛t✐♦♥ ✐s str❛✐❣❤t❢♦r✇❛r❞ t♦ ♣r♦✈❡✱ s✐♥❝❡ ✭✶✻✮ ✐s ❡q✉✐✈❛❧❡♥t t♦
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❚❤✐s ❝♦♠♣❧❡t❡s t❤❡ ✜rst ♣❛rt ♦❢ t❤❡ ♣r♦♦❢✳

❆ss✉♠❡ t❤❡ ❣❛❧❧❡r② ❜♦✉❣❤t t❤❡ ❛rt✇♦r❦ ❢r♦♠ t❤❡ ✐♥s✐❞❡r✱ ✇❤♦ t❤♦✉❣❤ t♦ ❜❡ ✐♥ t❤❡
aigo ♣❛t❤✳ ■❢ t❤❡ ❣❛❧❧❡r② s❡❧❧s ✐t t♦ t❤❡ ♦✉ts✐❞❡r✱ t❤❡ s❡❧❧✐♥❣ ♣r✐❝❡ ✇✐❧❧ ❜❡ ✭✸✮✱ ✇❤✐❧❡ ✐❢ ✐t
s❡❧❧s t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡✱ t❤❡ s❡❧❧✐♥❣ ♣r✐❝❡ ✇✐❧❧ ❜❡ t❤❡ ♦♥❡ ✐♥ ✭❆✳✷✮✳ ❙❡❧❧✐♥❣
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❆ss✉♠❡ ♥♦✇ t❤❛t t❤❡ ❣❛❧❧❡r② ❜♦✉❣❤t t❤❡ ❛rt✇♦r❦ ❢r♦♠ t❤❡ ✐♥s✐❞❡r✱ ✇❤♦ t❤♦✉❣❤ t♦ ❜❡
✐♥ t❤❡ aigh ♣❛t❤✳ ■❢ t❤❡ ❣❛❧❧❡r② s❡❧❧s t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡✱ t❤❡ s❡❧❧✐♥❣ ♣r✐❝❡
✇✐❧❧ ❜❡ ✭✻✮✱ ✇❤✐❧❡ ✐❢ ✐t ❞❡✈✐❛t❡s ❛♥❞ s❡❧❧s ✐t t♦ t❤❡ ♦✉ts✐❞❡r✱ t❤❡ ♣r✐❝❡ ✇✐❧❧ ❜❡ ✭❆✳✹✮✳ ❋♦r
t❤❡ ❣❛❧❧❡r②✱ aigo ≻ aigh ✐s ❡q✉✐✈❛❧❡♥t t♦ P

go
aigo|P

ig
aigh > P

gh
aigh✱ ✇❤✐❝❤ ✐s s♦❧✈❡❞ ❢♦r ✭✶✼✮✳

❆ss✉♠❡✱ ✜♥❛❧❧②✱ t❤❛t t❤❡ ❣❛❧❧❡r② ❜♦✉❣❤t t❤❡ ❛rt✇♦r❦ ❢r♦♠ t❤❡ ❛rt✐st✱ ✇❤♦ t❤♦✉❣❤t
t♦ ❜❡ ✐♥ t❤❡ ago ♣❛t❤✳ ■❢ t❤❡ ❣❛❧❧❡r② s❡❧❧s t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ♦✉ts✐❞❡r✱ t❤❡ s❡❧❧✐♥❣ ♣r✐❝❡
✇✐❧❧ ❜❡ ✭✾✮✱ ✇❤✐❧❡ ✐❢ ✐t s❡❧❧s t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡✱ t❤❡ s❡❧❧✐♥❣ ♣r✐❝❡ ✇✐❧❧ ❜❡
✭❆✳✻✮✳ ❚❤❡ ❣❛❧❧❡r② ✇✐❧❧ s❡❧❧ t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ♦✉ts✐❞❡r ✐❢ ago ≻ agh✱ t❤❛t ✐s ❡q✉✐✈❛❧❡♥t
t♦ P go

ago > P
gh
agh|P

ag
ago✱ ✇❤✐❝❤ ✐s s♦❧✈❡❞ ❢♦r ✭✶✼✮✳



❆ss✉♠❡ ♥♦✇ t❤❛t t❤❡ ❣❛❧❧❡r② ❜♦✉❣❤t t❤❡ ❛rt✇♦r❦ ❢r♦♠ t❤❡ ❛rt✐st✱ ✇❤♦ t❤♦✉❣❤t t♦ ❜❡ ✐♥
t❤❡ agh ♣❛t❤✳ ■❢ t❤❡ ❣❛❧❧❡r② ❛❝t✉❛❧❧② s❡❧❧s t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡✱ t❤❡ ♣r✐❝❡ ✇✐❧❧
❜❡ ✭✶✶✮✱ ✇❤✐❧❡ ✐❢ ✐t ❞❡✈✐❛t❡s ❛♥❞ s❡❧❧s ✐t t♦ t❤❡ ♦✉ts✐❞❡r✱ t❤❡ ♣r✐❝❡ ✇✐❧❧ ❜❡ ✭❆✳✽✮✳ ❚❤❡ ❣❛❧❧❡r②
✇✐❧❧ ♣r❡❢❡r s❡❧❧✐♥❣ t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ♦✉ts✐❞❡r ✐❢ ago ≻ agh✱ t❤❛t ✐s✱ ✐❢ P go

ago|P
ag
agh > P

gh
agh✱

✇❤✐❝❤ ✐s s♦❧✈❡❞ ❢♦r ✭✶✼✮✳
❚❤✐s ❝♦♠♣❧❡t❡s t❤❡ ♣r♦♦❢✳

❆✳✷ Pr♦♦❢ ♦❢ ▲❡♠♠❛ ✷

❲❡ ♥♦✇ ❞❡♠♦♥str❛t❡ t❤❛t✱ ✐♥❞❡♣❡♥❞❡♥t❧② ♦♥ ✇❤❛t ✐s t❤❡ ♣r✐❝❡ ♣❛✐❞ ❜② t❤❡ ✐♥s✐❞❡r✱ ❤❡ ✇✐❧❧
s❡❧❧ t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡ ✇❤❡♥ ✭✶✽✮ ❤♦❧❞s✱ ❛♥❞ ❤❡ ✇✐❧❧ s❡❧❧ t❤❡ ❛rt✇♦r❦ t♦ t❤❡
❣❛❧❧❡r② ✇❤❡♥ ✭✶✾✮ ❤♦❧❞s✳
❚❤❡ ♣r♦♦❢ ✐s ♠❛❞❡ ✉♣ ♦❢ ❢♦✉r ♣❛rts✳
Pr♦♦❢✳ ❆ss✉♠❡ t❤❡ ✐♥s✐❞❡r ❜♦✉❣❤t t❤❡ ❛rt✇♦r❦ ❢r♦♠ t❤❡ ❛rt✐st✱ ✇❤♦ t❤♦✉❣❤t t♦ ❜❡ ✐♥ t❤❡
aih ♣❛t❤✳ ■❢ t❤❡ ✐♥s✐❞❡r s❡❧❧s t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡✱ t❤❡ s❡❧❧✐♥❣ ♣r✐❝❡ ✇✐❧❧ ❜❡
❡q✉❛❧ t♦ ✭✶✸✮✳ ■❢✱ ✐♥st❡❛❞✱ t❤❡ ✐♥s✐❞❡r s❡❧❧s t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❣❛❧❧❡r②✱ ❦♥♦✇✐♥❣ t❤❛t t❤❡
❣❛❧❧❡r② ✇✐❧❧ s❡❧❧ ✐t t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡ ❛❢t❡r✇❛r❞s ✭❛ss✉♠✐♥❣ t❤❛t ✭✶✻✮ ❤♦❧❞s✮✱ t❤❡ s❡❧❧✐♥❣
♣r✐❝❡ ✇✐❧❧ ❜❡ ❡q✉❛❧ t♦✿

P
ig
aigh|P

ai
aih = (1− ρig)P

ai
aih + ρigP

gh
aigh|P

ai
aih ✭❆✳✾✮

✇❤❡r❡ P
gh
aigh|P

ai
aih = (1− ρgh)P

ig
aigh|P

ai
aih + ρghP

o
R✳ ❯s✐♥❣ ❡q✉✐❧✐❜r✐✉♠ ♣r✐❝❡s✱ ✇❡ ❝❛♥ r❡✇r✐t❡

✭❆✳✾✮ ❛s✿

P
ig
aigh|P

ai
aih =

(1− ρig)(1− ρai)P
a
R + ρaiρih(1− ρig)P

o
R

[1− ρig(1− ρgh)] [1− ρai(1− ρih)]
+

ρigρghP
o
R

1− ρig(1− ρgh)
✭❆✳✶✵✮

❚❤❡ ✐♥s✐❞❡r ✇✐❧❧ ♣r❡❢❡r t♦ s❡❧❧ t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡ ✭aih ≻ aigh✮ ✇❤❡♥ ✭✶✸✮
✐s ❣r❡❛t❡r t❤❛♥ ✭❆✳✶✵✮✳ ❚❤✐s ✐s ❡q✉✐✈❛❧❡♥t t♦ ρih >

ρigρgh
1−ρig(1−ρgh)

✱ ✇❤✐❝❤ ✐s ✭✶✽✮ ✇❤❡♥ ✭✶✻✮

❤♦❧❞s✳
❆ss✉♠❡ ♥♦✇ t❤❛t t❤❡ ✐♥s✐❞❡r ❜♦✉❣❤t t❤❡ ❛rt✇♦r❦ ❢r♦♠ t❤❡ ❛rt✐st✱ ✇❤♦ t❤♦✉❣❤ t♦ ❜❡

✐♥ t❤❡ aigh ♣❛t❤✳ ■❢ t❤❡ ✐♥s✐❞❡r s❡❧❧s t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❣❛❧❧❡r② ❛s ❡①♣❡❝t❡❞ ❜② t❤❡ ❛rt✐st
✭❛♥❞✱ ❛❢t❡r✇❛r❞s✱ t❤❡ ❣❛❧❧❡r② ✇✐❧❧ s❡❧❧ t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡✱ ❛ss✉♠✐♥❣ t❤❛t
✭✶✻✮✮✱ t❤❡ s❡❧❧✐♥❣ ♣r✐❝❡ ✇✐❧❧ ❜❡ ✭✼✮✳ ❈♦♥✈❡rs❡❧②✱ ✐❢ t❤❡ ✐♥s✐❞❡r s❡❧❧s t❤❡ ❛rt✇♦r❦ t♦ t❤❡
❛✉❝t✐♦♥ ❤♦✉s❡✱ ❤❡ ✇✐❧❧ ❣❡t✿

P ih
aih|P

ai
aigh = ρihP

o
R +

(1− ρih)(1− ρai) [1− ρig(1− ρgh)]P
a
R + ρaiρigρgh(1− ρih)P

o
R

1− ρai(1− ρig)− ρig(1− ρgh)
✭❆✳✶✶✮

❚❤❡ ✐♥s✐❞❡r ✇✐❧❧ ♣r❡❢❡r t♦ s❡❧❧ t❤❡ ❛rt✇♦r❦ ❞✐r❡❝t❧② t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡ ✭aih ≻ aigh✮ ✇❤❡♥
✭❆✳✶✶✮ ✐s ❣r❡❛t❡r t❤❛♥ ✭✼✮❀ t❤✐s ✐s ❡q✉✐✈❛❧❡♥t t♦ ❤❛✈❡ ✭✶✽✮ t♦ ❤♦❧❞ ✇❤❡♥ ✭✶✻✮ ✐s ✈❡r✐✜❡❞✳
❚❤✐s ❝♦♠♣❧❡t❡s t❤❡ ✜rst ♣❛rt ♦❢ t❤❡ ♣r♦♦❢✳

❆ss✉♠❡ ♥♦✇ t❤❛t t❤❡ ✐♥s✐❞❡r ❜♦✉❣❤t t❤❡ ❛rt✇♦r❦ ❢r♦♠ t❤❡ ❛rt✐st✱ ✇❤♦ t❤♦✉❣❤ t♦
❜❡ ✐♥ t❤❡ aih ♣❛t❤✳ ■❢ ❤❡ s❡❧❧s t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡ ❛s ❡①♣❡❝t❡❞ ❜② t❤❡
❛rt✐st✱ ❤❡ ✇✐❧❧ ❣❡t ✭✶✸✮✱ ✇❤✐❧❡ ✐❢ ❤❡ s❡❧❧s t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❣❛❧❧❡r② ✭t❤❛t ✇✐❧❧ s❡❧❧ t❤❡
❛rt✇♦r❦ t♦ t❤❡ ♦✉ts✐❞❡r ❛❢t❡r✇❛r❞s✱ ❛ss✉♠✐♥❣ t❤❛t ✭✶✼✮ ❤♦❧❞s✮✱ t❤❡ s❡❧❧✐♥❣ ♣r✐❝❡ ✇✐❧❧ ❜❡
P

ig
aigo|P

ai
aih = (1 − ρig)P

ai
aih + ρigP

go
aigo|P

ai
aih✱ ✇❤❡r❡ P

go
aigo|P

ai
aih = (1 − ρgo)P

ig
aigo|P

ai
aih + ρgoP

o
R✱

t❤❛t ❝❛♥ ❜❡ r❡✇r✐tt❡♥ ❛s✿

P
ig
aigo|P

ai
aih =

(1− ρig)(1− ρai)P
a
R + ρaiρih(1− ρig)P

o
R

[1− ρig(1− ρgo)] [1− ρai(1− ρih)]
+

ρigρgoP
o
R

1− ρig(1− ρgo)
✭❆✳✶✷✮



❚❤❡ ✐♥s✐❞❡r ✇✐❧❧ ♣r❡❢❡r t♦ s❡❧❧ t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡ ✐♥st❡❛❞ ♦❢ t♦ t❤❡ ❣❛❧❧❡r②
✭aih ≻ aigo✮ ✇❤❡♥ t❤❡ ♣r✐❝❡ ✐♥ ✭✶✸✮ ✐s ❣r❡❛t❡r t❤❛♥ t❤❡ ♦♥❡ ✐♥ ✭❆✳✶✷✮✱ ❛♥❞ t❤✐s ✐s ❡q✉✐✈❛❧❡♥t
t♦ ❤❛✈❡ ✭✶✽✮ t♦ ❤♦❧❞ ✇❤❡♥ ✭✶✼✮ ✐s ✈❡r✐✜❡❞✳

❆ss✉♠❡ ♥♦✇ t❤❛t t❤❡ ✐♥s✐❞❡r ❜♦✉❣❤t t❤❡ ❛rt✇♦r❦ ❢r♦♠ t❤❡ ❛rt✐st✱ ✇❤♦ t❤♦✉❣❤ t♦ t❤❡
✐♥ t❤❡ aigo ♣❛t❤✳ ■❢ ❤❡ s❡❧❧s t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❣❛❧❧❡r② ❛s ❡①♣❡❝t❡❞ ❜② t❤❡ ❛rt✐st✱ t❤❡
s❡❧❧✐♥❣ ♣r✐❝❡ ✇✐❧❧ ❜❡ ✭✹✮✳ ■❢ t❤❡ ✐♥s✐❞❡r s❡❧❧s t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡✱ ❞❡✈✐❛t✐♥❣
❢r♦♠ ✇❤❛t t❤❡ ❛rt✐st t❤♦✉❣❤t✱ ❤❡ ✇✐❧❧ ❣❡t P ih

aih|P
ai
aigo = (1 − ρih)P

ai
aigo + ρihP

o
R✱ ✇❤✐❝❤ ❝❛♥

❜❡ r❡✇r✐tt❡♥ ❛s✿

P ih
aih|P

ai
aigo = ρihP

o
R +

(1− ρih)(1− ρai) [1− ρig(1− ρgo)]P
a
R + ρaiρigρgo(1− ρih)P

o
R

1− ρai(1− ρig)− ρig(1− ρgo)
✭❆✳✶✸✮

❚❤❡ ✐♥s✐❞❡r ✇✐❧❧ ♣r❡❢❡r t♦ s❡❧❧ t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡ ✭aih ≻ aigo✮ ✇❤❡♥ ✭❆✳✶✸✮
✐s ❣r❡❛t❡r t❤❛♥ ✭✹✮✱ ✇❤✐❝❤ ✐s ❡q✉✐✈❛❧❡♥t t♦ ✭✶✽✮ ✇❤❡♥ ✭✶✼✮ ✐s ✈❡r✐✜❡❞✳
❚❤✐s ❝♦♠♣❧❡t❡s t❤❡ s❡❝♦♥❞ ♣❛rt ♦❢ t❤❡ ♣r♦♦❢✳

❆ss✉♠❡ t❤❛t t❤❡ ✐♥s✐❞❡r ❜♦✉❣❤t t❤❡ ❛rt✇♦r❦ ❢r♦♠ t❤❡ ❛rt✐st✱ ✇❤♦ t❤♦✉❣❤ t♦ ❜❡ ✐♥ t❤❡
aih ♣❛t❤✳ ■❢ ❤❡ s❡❧❧s t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡ ❛s ❡①♣❡❝t❡❞ ❜② t❤❡ ❛rt✐st✱ t❤❡ s❡❧❧✐♥❣
♣r✐❝❡ ✇✐❧❧ ❜❡ ❡q✉❛❧ t♦ ✭✶✸✮✳ ■❢ ❤❡ ✇✐❧❧ s❡❧❧ t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❣❛❧❧❡r②✱ t❤❡ s❡❧❧✐♥❣ ♣r✐❝❡ ✇✐❧❧
❜❡ ✭❆✳✶✵✮✳ ❚❤❡ ✐♥s✐❞❡r ✇✐❧❧ ♣r❡❢❡r t♦ s❡❧❧ t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❣❛❧❧❡r② ✭aigh ≻ aih✮ ✇❤❡♥
✭❆✳✶✵✮ ✐s ❣r❡❛t❡r t❤❛♥ ✭✶✸✮✱ ✇❤✐❝❤ ✐s ❡q✉✐✈❛❧❡♥t t♦ ❤❛✈❡ ✭✶✾✮ t♦ ❤♦❧❞ ✇❤❡♥ ✭✶✻✮ ✐s ✈❡r✐✜❡❞✳

❆ss✉♠❡ t❤❛t t❤❡ ✐♥s✐❞❡r ❜♦✉❣❤t t❤❡ ❛rt✇♦r❦ ♣❛②✐♥❣ ✭✽✮ t♦ t❤❡ ❛rt✐st✳ ■❢ ❤❡ s❡❧❧s t❤❡
❛rt✇♦r❦ t♦ t❤❡ ❣❛❧❧❡r②✱ t❤❡ s❡❧❧✐♥❣ ♣r✐❝❡ ✇✐❧❧ ❜❡ ❡q✉❛❧ t♦ ✭✼✮✱ ✇❤✐❧❡ ✐❢ ❤❡ s❡❧❧s ✐t t♦ t❤❡
❛✉❝t✐♦♥ ❤♦✉s❡✱ ❞❡✈✐❛t✐♥❣ ❢r♦♠ ✇❤❛t t❤❡ ❛rt✐sts ❡①♣❡❝ts✱ ❤❡ ✇✐❧❧ ♦❜t❛✐♥ ✭❆✳✶✶✮✳ ❍❡ ✇✐❧❧
♣r❡❢❡r t♦ s❡❧❧ t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❣❛❧❧❡r② ✭aigh ≻ aih✮ ✐❢ ✭✼✮ ✐s ❣r❡❛t❡r t❤❛♥ ✭❆✳✶✶✮✱ ✇❤✐❝❤
✐s ✈❡r✐✜❡❞ ✇❤❡♥ ✭✶✾✮ ❛♥❞ ✭✶✻✮ ❤♦❧❞✳
❚❤✐s ❝♦♠♣❧❡t❡s t❤❡ t❤✐r❞ ♣❛rt ♦❢ t❤❡ ♣r♦♦❢✳

❆ss✉♠❡ t❤❡ ✐♥s✐❞❡r ❜♦✉❣❤t t❤❡ ❛rt✇♦r❦ ❢r♦♠ t❤❡ ❛rt✐st✱ ✇❤♦ t❤♦✉❣❤t t♦ ❜❡ ✐♥ t❤❡ aih
♣❛t❤✳ ■❢ ❤❡ s❡❧❧s t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡✱ t❤❡ s❡❧❧✐♥❣ ♣r✐❝❡ ✇✐❧❧ ❜❡ ✭✶✸✮✱ ✇❤✐❧❡
✐❢ ❤❡ s❡❧❧s ✐t t♦ t❤❡ ❣❛❧❧❡r② ❤❡ ✇✐❧❧ ❣❡t ✭❆✳✶✷✮✳ ❍❡ ✇✐❧❧ ♣r❡❢❡r t♦ s❡❧❧ t❤❡ ❛rt✇♦r❦ t♦ t❤❡
♦✉ts✐❞❡r ✭aigo ≻ aih✮ ✇❤❡♥ t❤❡ ♣r✐❝❡ ✐♥ ✭❆✳✶✷✮ ✐s ❤✐❣❤❡r t❤❛♥ t❤❡ ♦♥❡ ✐♥ ✭✶✸✮✱ ✇❤✐❝❤ ✐s
tr✉❡ ✇❤❡♥ ✭✶✾✮ ❤♦❧❞s ❛♥❞ ✭✶✼✮ ✐s ✈❡r✐✜❡❞✳

❆ss✉♠✐♥❣ t❤❛t t❤❡ ✐♥s✐❞❡r ❜♦✉❣❤t t❤❡ ❛rt✇♦r❦ ❢r♦♠ t❤❡ ❛rt✐st✱ ✇❤♦ t❤♦✉❣❤t t♦ ❜❡ ✐♥
t❤❡ aigo ♣❛t❤✳ ■❢ ❤❡ s❡❧❧s t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❣❛❧❧❡r②✱ t❤❡ s❡❧❧✐♥❣ ♣r✐❝❡ ✇✐❧❧ ❜❡ ✭✹✮✱ ✇❤✐❧❡ ✐❢
❤❡ ❞❡✈✐❛t❡s ❢r♦♠ ✇❤❛t t❤❡ ❛rt✐st t❤♦✉❣❤t ❛♥❞ s❡❧❧s t❤❡ ❛rt✇♦r❦ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡✱ t❤❡
s❡❧❧✐♥❣ ♣r✐❝❡ ✇✐❧❧ ❜❡ ✭❆✳✶✸✮✳ ❚❤❡ ✐♥s✐❞❡r ✇✐❧❧ ♣r❡❢❡r t❤❡ aigo ❝❤❛♥♥❡❧ t♦ t❤❡ aih ❝❤❛♥♥❡❧
✇❤❡♥ ✭✹✮ ✐s ❣r❡❛t❡r t❤❛♥ ✭❆✳✶✸✮✱ ✇❤✐❝❤ ✐s tr✉❡ ✇❤❡♥ ✭✶✾✮ ❤♦❧❞s ❛♥❞ ✭✶✼✮ ✐s ✈❡r✐✜❡❞✳
❚❤✐s ❝♦♠♣❧❡t❡s t❤❡ ♣r♦♦❢✳

❇ Pr♦♦❢ ♦❢ Pr♦♣♦s✐t✐♦♥ ✶

❲❡ ♥♦✇ ♣r♦✈❡ Pr♦♣♦s✐t✐♦♥ ✶✳ ❚❤❡ ♣r♦♦❢ ✐s ❞✐✈✐❞❡❞ ✐♥ t✇♦ ♣❛rts✳
Pr♦♦❢✳ ❚❤❡ ❛rt✐st ✇✐❧❧ ♣r❡❢❡r t♦ s❡❧❧ t♦ t❤❡ ✐♥s✐❞❡r t❤❛♥ t♦ s❡❧❧ t♦ t❤❡ ❣❛❧❧❡r② ♦r t♦ t❤❡
❛✉❝t✐♦♥ ❤♦✉s❡✱ ✇❤❡♥ ✭✶✻✮ ❛♥❞ ✭✶✽✮ ❤♦❧❞s✱ ✇❤❡♥ P ai

aih > max{P ag
agh, P

ah
ah }✳ ❚❤✐s ✐s ❡q✉✐✈❛❧❡♥t



t♦ t❤❡ ❢♦❧❧♦✇✐♥❣ s②st❡♠✿






















(1−ρai)P
a
R
+ρaiρihP

o
R

1−ρai(1−ρih)
>

(1−ρag)Pa
R
+ρagρghP

o
R

1−ρag(1−ρgh)
(1−ρai)P

a
R
+ρaiρihP

o
R

1−ρai(1−ρih)
> (1− ρah)P

a
R + ρahP

o
R

ρigρgh − ρih + ρihρig − ρihρigρgh < 0

ρgh > ρgo

✭❇✳✶✮

❚❤❡ s②st❡♠ ✐s s♦❧✈❡❞ ❢♦r t❤❡ ❝♦♥❞✐t✐♦♥s ✐♥ ✭✷✵✮✱ ✇❤❡♥ ✭✶✻✮ ❤♦❧❞s✳
❚❤❡ ❛rt✐st ✇✐❧❧ ♣r❡❢❡r t♦ s❡❧❧ t♦ t❤❡ ✐♥s✐❞❡r t❤❛♥ t♦ s❡❧❧ t♦ t❤❡ ❣❛❧❧❡r② ♦r t♦ t❤❡ ❛✉❝t✐♦♥

❤♦✉s❡✱ ✇❤❡♥ ✭✶✼✮ ❛♥❞ ✭✶✽✮ ❤♦❧❞s✱ ✇❤❡♥ P ai
aih > max{P ag

ago, P
ah
ah }✳ ❚❤✐s ✐s ❡q✉✐✈❛❧❡♥t t♦ t❤❡

❢♦❧❧♦✇✐♥❣ s②st❡♠✿






















(1−ρai)P
a
R
+ρaiρihP

o
R

1−ρai(1−ρih)
>

(1−ρag)Pa
R
+ρagρgoP

o
R

1−ρag(1−ρgo)
(1−ρai)P

a
R
+ρaiρihP

o
R

1−ρai(1−ρih)
> (1− ρah)P

a
R + ρahP

o
R

ρigρgo − ρih + ρihρig − ρihρigρgo < 0

ρgh < ρgo

✭❇✳✷✮

❚❤❡ s②st❡♠ ✐s s♦❧✈❡❞ ❢♦r t❤❡ ❝♦♥❞✐t✐♦♥s ✐♥ ✭✷✵✮✱ ✇❤❡♥ ✭✶✼✮ ❤♦❧❞s✳
❚❤❡ ❛rt✐st ✇✐❧❧ ♣r❡❢❡r t♦ s❡❧❧ t♦ t❤❡ ❣❛❧❧❡r② t❤❛♥ t♦ s❡❧❧ t♦ t❤❡ ✐♥s✐❞❡r ♦r t♦ t❤❡ ❛✉❝t✐♦♥

❤♦✉s❡✱ ✇❤❡♥ ✭✶✻✮ ❛♥❞ ✭✶✽✮ ❤♦❧❞s✱ ✇❤❡♥ P
ag
agh > max{P ai

aih, P
ah
ah }✳ ❚❤✐s ✐s ❡q✉✐✈❛❧❡♥t t♦ t❤❡

❢♦❧❧♦✇✐♥❣ s②st❡♠✿






















(1−ρag)Pa
R
+ρagρghP

o
R

1−ρag(1−ρgh)
>

(1−ρai)P
a
R
+ρaiρihP

o
R

1−ρai(1−ρih)
(1−ρag)Pa

R
+ρagρghP

o
R

1−ρag(1−ρgh)
> (1− ρah)P

a
R + ρahP

o
R

ρigρgh − ρih + ρihρig − ρihρigρgh < 0

ρgh > ρgo

✭❇✳✸✮

❚❤❡ s②st❡♠ ✐s s♦❧✈❡❞ ❢♦r t❤❡ ❝♦♥❞✐t✐♦♥s ✐♥ ✭✷✶✮✱ ✇❤❡♥ ✭✶✻✮ ❤♦❧❞s✳
❚❤❡ ❛rt✐st ✇✐❧❧ ♣r❡❢❡r t♦ s❡❧❧ t♦ t❤❡ ❣❛❧❧❡r② t❤❛♥ t♦ s❡❧❧ t♦ t❤❡ ✐♥s✐❞❡r ♦r t♦ t❤❡ ❛✉❝t✐♦♥

❤♦✉s❡✱ ✇❤❡♥ ✭✶✼✮ ❛♥❞ ✭✶✽✮ ❤♦❧❞s✱ ✇❤❡♥ P ag
ago > max{P ai

aih, P
ah
ah }✳ ❚❤✐s ✐s ❡q✉✐✈❛❧❡♥t t♦ t❤❡

❢♦❧❧♦✇✐♥❣ s②st❡♠✿






















(1−ρag)Pa
R
+ρagρgoP

o
R

1−ρag(1−ρgo)
>

(1−ρai)P
a
R
+ρaiρihP

o
R

1−ρai(1−ρih)
(1−ρag)Pa

R
+ρagρgoP

o
R

1−ρag(1−ρgo)
> (1− ρah)P

a
R + ρahP

o
R

ρigρgo − ρih + ρihρig − ρihρigρgo < 0

ρgh < ρgo

✭❇✳✹✮

❚❤❡ s②st❡♠ ✐s s♦❧✈❡❞ ❢♦r t❤❡ ❝♦♥❞✐t✐♦♥s ✐♥ ✭✷✶✮✱ ✇❤❡♥ ✭✶✼✮ ❤♦❧❞s✳
❚❤❡ ❛rt✐st ✇✐❧❧ ♣r❡❢❡r t♦ s❡❧❧ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡ t❤❛♥ t♦ s❡❧❧ t♦ t❤❡ ✐♥s✐❞❡r ♦r t♦ t❤❡

❣❛❧❧❡r②✱ ✇❤❡♥ ✭✶✻✮ ❛♥❞ ✭✶✽✮ ❤♦❧❞s✱ ✇❤❡♥ P ah
ah > max{P ai

aih, P
ag
agh}✳ ❚❤✐s ✐s ❡q✉✐✈❛❧❡♥t t♦ t❤❡

❢♦❧❧♦✇✐♥❣ s②st❡♠✿






















(1− ρah)P
a
R + ρahP

o
R >

(1−ρai)P
a
R
+ρaiρihP

o
R

1−ρai(1−ρih)

(1− ρah)P
a
R + ρahP

o
R >

(1−ρag)Pa
R
+ρagρghP

o
R

1−ρag(1−ρgh)

ρigρgh − ρih + ρihρig − ρihρigρgh < 0

ρgh > ρgo

✭❇✳✺✮

❚❤❡ s②st❡♠ ❛❜♦✈❡ ✐s ❡q✉✐✈❛❧❡♥t t♦ t❤❡ ❝♦♥❞✐t✐♦♥s ✐♥ ✭✷✷✮✱ ✇❤❡♥ ✭✶✻✮ ❤♦❧❞s✳



❚❤❡ ❛rt✐st ✇✐❧❧ ♣r❡❢❡r t♦ s❡❧❧ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡ t❤❛♥ t♦ s❡❧❧ t♦ t❤❡ ✐♥s✐❞❡r ♦r t♦ t❤❡
❣❛❧❧❡r②✱ ✇❤❡♥ ✭✶✼✮ ❛♥❞ ✭✶✽✮ ❤♦❧❞s✱ ✇❤❡♥ P ah

ah > max{P ai
aih, P

ag
ago}✳ ❚❤✐s ✐s ❡q✉✐✈❛❧❡♥t t♦ t❤❡

❢♦❧❧♦✇✐♥❣ s②st❡♠✿























(1− ρah)P
a
R + ρahP

o
R >

(1−ρai)P
a
R
+ρaiρihP

o
R

1−ρai(1−ρih)

(1− ρah)P
a
R + ρahP

o
R >

(1−ρag)Pa
R
+ρagρgoP

o
R

1−ρag(1−ρgo)

ρigρgo − ρih + ρihρig − ρihρigρgo < 0

ρgh < ρgo

✭❇✳✻✮

❚❤❡ s②st❡♠ ✐s s♦❧✈❡❞ ❢♦r t❤❡ ❝♦♥❞✐t✐♦♥ ✐♥ ✭✷✷✮✱ ✇❤❡♥ ✭✶✼✮ ❤♦❧❞s✳
❚❤✐s ❝♦♠♣❧❡t❡s t❤❡ ✜rst ♣❛rt❡ ♦❢ t❤❡ ♣r♦♦❢✳

❚❤❡ ❛rt✐st ✇✐❧❧ ♣r❡❢❡r t♦ s❡❧❧ t♦ t❤❡ ✐♥s✐❞❡r t❤❛♥ t♦ s❡❧❧ t♦ t❤❡ ❣❛❧❧❡r② ♦r t♦ t❤❡ ❛✉❝t✐♦♥
❤♦✉s❡✱ ✇❤❡♥ ✭✶✻✮ ❛♥❞ ✭✶✾✮ ❤♦❧❞s✱ ✇❤❡♥ P ai

aigh > max{P ag
agh, P

ah
ah }✳ ❚❤✐s ✐s ❡q✉✐✈❛❧❡♥t t♦ t❤❡

❢♦❧❧♦✇✐♥❣ s②st❡♠✿























(1−ρai)[1−ρig(1−ρgh)]P
a
R
+ρaiρigρghP

o
R

1−ρig(1−ρgh)−ρai(1−ρig)
>

(1−ρag)Pa
R
+ρagρghP

o
R

1−ρag(1−ρgh)
(1−ρai)[1−ρig(1−ρgh)]P

a
R
+ρaiρigρghP

o
R

1−ρig(1−ρgh)−ρai(1−ρig)
> (1− ρah)P

a
R + ρahP

o
R

ρigρgh − ρih + ρihρig − ρihρigρgh > 0

ρgh > ρgo
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aigo > max{P ag
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ah
ah }✳ ❚❤✐s ✐s ❡q✉✐✈❛❧❡♥t t♦ t❤❡

❢♦❧❧♦✇✐♥❣ s②st❡♠✿























(1−ρai)[1−ρig(1−ρgo)]Pa
R
+ρaiρigρgoP

o
R

1−ρig(1−ρgo)−ρai(1−ρig)
>

(1−ρag)Pa
R
+ρagρgoP

o
R

1−ρag(1−ρgo)
(1−ρai)[1−ρig(1−ρgo)]Pa

R
+ρaiρigρgoP

o
R

1−ρig(1−ρgo)−ρai(1−ρig)
> (1− ρah)P

a
R + ρahP

o
R

ρigρgo − ρih + ρihρig − ρihρigρgo > 0

ρgh < ρgo
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agh > max{P ai
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ah
ah }✳ ❚❤✐s ✐s ❡q✉✐✈❛❧❡♥t t♦ t❤❡

❢♦❧❧♦✇✐♥❣ s②st❡♠✿























(1−ρag)Pa
R
+ρagρghP

o
R

1−ρag(1−ρgh)
>

(1−ρai)[1−ρig(1−ρgh)]P
a
R
+ρaiρigρghP

o
R

1−ρig(1−ρgh)−ρai(1−ρig)
(1−ρag)Pa

R
+ρagρghP

o
R

1−ρag(1−ρgh)
> (1− ρah)P

a
R + ρahP

o
R

ρigρgh − ρih + ρihρig − ρihρigρgh > 0

ρgh > ρgo
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ago > max{P ai
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ah
ah }✳ ❚❤✐s ✐s ❡q✉✐✈❛❧❡♥t t♦ t❤❡
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(1−ρag)Pa
R
+ρagρgoP

o
R

1−ρag(1−ρgo)
>

(1−ρai)[1−ρig(1−ρgo)]Pa
R
+ρaiρigρgoP

o
R

1−ρig(1−ρgo)−ρai(1−ρig)
(1−ρag)Pa

R
+ρagρgoP

o
R

1−ρag(1−ρgo)
> (1− ρah)P

a
R + ρahP

o
R

ρigρgo − ρih + ρihρig − ρihρigρgo > 0

ρgh < ρgo
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(1− ρah)P
a
R + ρahP

o
R >

(1−ρai)[1−ρig(1−ρgh)]P
a
R
+ρaiρigρghP

o
R

1−ρig(1−ρgh)−ρai(1−ρig)

(1− ρah)P
a
R + ρahP

o
R >

(1−ρag)Pa
R
+ρagρghP

o
R

1−ρag(1−ρgh)

ρigρgh − ρih + ρihρig − ρihρigρgh > 0

ρgh > ρgo

✭❇✳✶✶✮

❚❤❡ s②st❡♠ ✐s s♦❧✈❡❞ ❢♦r t❤❡ ❝♦♥❞✐t✐♦♥s ✐♥ ✭✷✺✮✱ ✇❤❡♥ ✭✶✻✮ ❤♦❧❞s✳
❚❤❡ ❛rt✐st ✇✐❧❧ ♣r❡❢❡r t♦ s❡❧❧ t♦ t❤❡ ❛✉❝t✐♦♥ ❤♦✉s❡ t❤❛♥ t♦ s❡❧❧ t♦ t❤❡ ✐♥s✐❞❡r ♦r t♦ t❤❡

❣❛❧❧❡r②✱ ✇❤❡♥ ✭✶✼✮ ❛♥❞ ✭✶✾✮ ❤♦❧❞s✱ ✇❤❡♥ P ah
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t❤❡ ❢♦❧❧♦✇✐♥❣ s②st❡♠✿























(1− ρah)P
a
R + ρahP

o
R >

(1−ρai)[1−ρig(1−ρgo)]Pa
R
+ρaiρigρgoP

o
R

1−ρig(1−ρgo)−ρai(1−ρig)

(1− ρah)P
a
R + ρahP

o
R >

(1−ρag)Pa
R
+ρagρgoP

o
R

1−ρag(1−ρgo)

ρigρgo − ρih + ρihρig − ρihρigρgo > 0

ρgh < ρgo
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