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❛♥❞ (❤❡✐0 ♣❛((❡0♥* ❤❛✈❡ ♦♥ ♦✉(♣✉( ✈✐❛ (❤❡ *✉♣♣❧② *✐❞❡❄ ❚❤❡ ♠♦❞❡❧ ❢♦❝✉*❡* ♦♥ ❜❛♥❦ ❝0❡❞✐( ❛*

(❤❡ ❝❤❛♥♥❡❧ (❤❛( (0❛♥*♠✐(* *❤♦❝❦* ♦♥ *(♦❝❦ ♣0✐❝❡* (♦ (❤❡ 0❡❛❧ ❡❝♦♥♦♠②✳ ❚❤✐* ❢♦❝✉* ♦♥ ❜❛♥❦

❝0❡❞✐( ✐* ❜❛*❡❞ ♦♥ (✇♦ ♦❜*❡0✈❛(✐♦♥*✿ ✜0♠* ✜♥❛♥❝❡ ❛ *✐❣♥✐✜❝❛♥( ♣❛0( ♦❢ (❤❡✐0 ❜✉*✐♥❡** ❜② 0❡❧②✐♥❣

♦♥ ❡①(❡0♥❛❧ *♦✉0❝❡* ♦❢ ❢✉♥❞* ❛♥❞✱ ❛❧(❤♦✉❣❤ ✜♥❛♥❝✐❛❧ *②*(❡♠* ❞✐✛❡0 ❛0♦✉♥❞ (❤❡ ✇♦0❧❞✱ ❝0❡❞✐( ✐*

❛♥ ✐♠♣♦0(❛♥( ❡①(❡0♥❛❧ *♦✉0❝❡ ♦❢ ❢✉♥❞*✳

❙(♦❝❦ ♣0✐❝❡* ❛0❡ ♣❛0( ♦❢ (❤❡ ✜♥❛♥❝✐❛❧ ♠❛0❦❡(✳ ◆❡✈❡0(❤❡❧❡**✱ (❤❡② ❛0❡ ❧✐❦❡❧② (♦ ❛✛❡❝( 0❡❛❧ ♠❛0❦❡(

❛❝(✐✈✐(②✳ ❚❤❡✐0 ✐♠♣❛❝( ♠✐❣❤( ❜❡ *♦ *❡✈❡0❡ (❤❛( (❤❡② ❝❛✉*❡ ✜♥❛♥❝✐❛❧ ♠❛0❦❡( ❜0❡❛❦❞♦✇♥* ❛♥❞

0❡❝❡**✐♦♥* ✭▼✐♥*❦②✱ ✶✾✼✵✮✳ ✏❚❤❡0❡ ❛0❡ ❢♦✉0 ❝❤❛♥♥❡❧* (❤0♦✉❣❤ ✇❤✐❝❤ *(♦❝❦ ♣0✐❝❡* ❝❛♥ ❜❡ ❝♦♥✲

*✐❞❡0❡❞ (♦ ❛✛❡❝( ❬0❡❛❧❪ ❛❝(✐✈✐(②✿ ✭✶✮ (❤❡ ✇❡❛❧(❤ ❡✛❡❝( ♦♥ ❝♦♥*✉♠♣(✐♦♥✱ ✭✷✮ (❤❡ ❚♦❜✐♥✬* ◗ ❡✛❡❝(

♦♥ ✐♥✈❡*(♠❡♥(✱ ✭✸✮ (❤❡ ❜❛❧❛♥❝❡ *❤❡❡( ❡✛❡❝( ♦♥ ♣0✐✈❛(❡ *♣❡♥❞✐♥❣ ✭✈✐❛ (❤❡ ❝0❡❞✐( ❝❤❛♥♥❡❧✮ ❛♥❞
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2. The Model
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♣❡.(♦♥❛❧❧②✳ ❈.❡❞✐* ✜♥❛♥❝✐♥❣ ❛♥❞ ❧❡✈❡.❛❣❡ ❡①♣♦(❡( *❤❡ ✜.♠ *♦ ✜♥❛♥❝✐❛❧ ❢.❛❣✐❧✐*②✳ ❚❤❡.❡❢♦.❡✱

*❤❡② *❛❦❡ ♣♦((✐❜❧❡ ❜❛♥❦.✉♣*❝② ❝♦(*( ✐♥*♦ ❝♦♥(✐❞❡.❛*✐♦♥ ✇❤❡♥ *❤❡② ✉(❡ ❜❛♥❦ ❧♦❛♥( ❢♦. ✜♥❛♥❝✐♥❣
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❞❡"✐$❡❞ ♣$♦❞✉❝)✐♦♥✳ ❚❤❡ ✉"❡ ♦❢ ❝$❡❞✐) ❞$✐✈❡" )❤❡ ❡❝♦♥♦♠② ❛♥❞ ❤❛" ❛♥ ❛♠❜✐✈❛❧❡♥) ✐♠♣❛❝) ✇❤✐❝❤

✐♥❞✉❝❡" ✢✉❝)✉❛)✐♦♥"✿ ❛ ❤✐❣❤❡$ ❛♠♦✉♥) ♦❢ ❝$❡❞✐) ✐♥❝$❡❛"❡" ❧❡✈❡$❛❣❡ ✇❤✐❝❤ ♣♦""✐❜❧② ✐♥❞✉❝❡" ❤✐❣❤❡$

♣$♦✜)" ❜✉) ❛) )❤❡ "❛♠❡ )✐♠❡ ❛❧"♦ ✐♥❝$❡❛"❡" ✜♥❛♥❝✐❛❧ ❢$❛❣✐❧✐)②✳

❇❛♥❦$✉♣)❝② ✐" ❝♦")❧② ❢♦$ )❤❡ ♠❛♥❛❣❡♠❡♥) ✜$") ♦❢ ❛❧❧ ❞✉❡ )♦ )❤❡ ❧♦"" ♦❢ "❛❧❛$② ❜✉) ❛❧"♦ )❤❡ ❧♦""

♦❢ $❡♣✉)❛)✐♦♥ ❛♥❞ ❢✉$)❤❡$ $❡❡♠♣❧♦②♠❡♥) ♠✐❣❤) ❜❡❝♦♠❡ ♠♦$❡ ❞✐✣❝✉❧)✳ ❆ ❢✉$)❤❡$ ❛""✉♠♣)✐♦♥

✐" )❤❛) )❤❡ ❝♦")" ♦❢ ❜❛♥❦$✉♣)❝② ✐♥❝$❡❛"❡ ✐♥ ✜$♠ "✐③❡ ❜❡❝❛✉"❡ ✉"✉❛❧❧② )❤❡$❡ ❛$❡ ♠♦$❡ ♠❛♥❛❣❡$"

✐♥✈♦❧✈❡❞ ✐♥ ❧❛$❣❡ ❝♦♠♣❛♥✐❡" ✭●$❡❡♥✇❛❧❞ ❛♥❞ ❙)✐❣❧✐)③✱ ✶✾✾✵✱ ♣✳ ✶✼✮✳ ●$❡❡♥✇❛❧❞ ❛♥❞ ❙)✐❣❧✐)③

❛❧"♦ ♣♦✐♥) ♦✉) )❤❛) ✜♥❛♥❝✐❛❧ ❞✐")$❡"" ❝❛♥ ♦❝❝✉$ ✐♥ ❞✐✛❡$❡♥) ✇❛②" ❛♥❞ ❞♦❡" ♥♦) ❛❧✇❛②" ❧❡❛❞

)♦ ❜❛♥❦$✉♣)❝② ✭●$❡❡♥✇❛❧❞ ❛♥❞ ❙)✐❣❧✐)③✱ ✶✾✾✵✱ ♣✳ ✶✼✱ ❢♦♦)♥♦)❡ ✺✮✳ ❲❤✐❧❡ ❢♦$ )❤❡ ❝♦♠♣❛♥②

✜♥❛♥❝✐❛❧ ❞✐")$❡"" ❞♦❡" ♥♦) ❛✉)♦♠❛)✐❝❛❧❧② ♠❡❛♥ )❤❡ ❡♥❞ ♦❢ )❤❡ ✜$♠✱ ✉"✉❛❧❧② ♦♥❡ ♦❢ )❤❡ ✜$")

♠❡❛"✉$❡" ✉♥❞❡$)❛❦❡♥ ✐♥ "✉❝❤ "✐)✉❛)✐♦♥" ✐" )♦ $❡♣❧❛❝❡ ♠❛♥❛❣❡♠❡♥)✳ ❚❤❡$❡❢♦$❡✱ ❛" "♦♦♥ ❛" )❤❡$❡

✐" ✜♥❛♥❝✐❛❧ ❞✐")$❡""✱ ♠❛♥❛❣❡$" ♠♦") ♣$♦❜❛❜❧② "✉✛❡$ ❢$♦♠ ❛ ♠♦♥❡)❛$② ❧♦"" ✇❤✐❝❤ ✐" ❛) ❧❡❛")

❢♦$❡❣♦♥❡ "❛❧❛$②✳ ❚❤❡ ✐""✉❡ ♦❢ ✜♥❛♥❝✐❛❧ ❞✐")$❡"" ❛♥❞ ❜❛♥❦$✉♣)❝② ✐" ✐♥❝♦$♣♦$❛)❡❞ ✐♥ )❤❡ ♠♦❞❡❧ ❜②

❉❡❧❧✐ ●❛))✐ ❡) ❛❧✳ ✭✷✵✵✺✮ ✐♥ )❤❡ "✐♠♣❧❡ ✇❛② )❤❛) ✜♥❛♥❝✐❛❧ ❞✐")$❡"" ❛✉)♦♠❛)✐❝❛❧❧② ❧❡❛❞" )♦ )❤❡

❧✐M✉✐❞❛)✐♦♥ ♦❢ )❤❡ ✜$♠✳

2.1. baseline setup

❲❡ ✜$") $❡❝❛❧❧ )❤❡ ♠♦❞❡❧ ✐♥)$♦❞✉❝❡❞ ❜② ❉❡❧❧✐ ●❛))✐ ❡) ❛❧✳ ✭✷✵✵✺✮✳ ❲❡ ❛❞❞ ❡M✉✐)② ❛♥❞ ")♦❝❦

♣$✐❝❡" ✐♥ "❡❝)✐♦♥ ✷✳✷✳ ❖)❤❡$ ❡①)❡♥"✐♦♥" ❛$❡ ♣$❡"❡♥)❡❞ ✐♥ )❤❡ ❢♦❧❧♦✇✐♥❣ "❡❝)✐♦♥"✳ ◆❡) ✇♦$)❤ ♦❢ ❛

✜$♠ i ❛) )✐♠❡ t✱ )❤❛) ✐" ✐♥ ❣❡♥❡$❛❧ ❛""❡)" ♠✐♥✉" ❧✐❛❜✐❧✐)✐❡" ❞✉❡ ✐♥ t✱ ✐" ❞❡♥♦)❡❞ Ait ✳ ❚❤✐" ♥♦)❛)✐♦♥

$❡❢❡$" )♦ )❤❡ ♥❡) ✇♦$)❤ ❛! !❤❡ ❡♥❞ ♦❢ ♣❡$✐♦❞ t✳ ■) ❝♦♥"✐")" ♦❢ )❤❡ ♥❡) ✇♦$)❤ ❛) )❤❡ ❡♥❞ ♦❢ )❤❡

♣$✐♦$ ♣❡$✐♦❞ ♣❧✉" ♥❡! ♣$♦✜)" ❢$♦♠ )❤❡ ❝✉$$❡♥) ♣❡$✐♦❞✳ ❖❢)❡♥✱ )❤✐" ♥❡) ✇♦$)❤ ✐" ❛❧"♦ $❡❢❡$$❡❞ )♦

❛" ✧❡M✉✐)②✧✳ ■❢ )❤❡ ✜$♠ ❤❛" ♥♦) ✐""✉❡❞ ❛♥② "❤❛$❡"✱ ♥❡) ✇♦$)❤ ✐" )❤❡ "❛♠❡ ❛" )❤❡ "✉♠ ♦❢ ❛❧❧

$❡)❛✐♥❡❞ ♣$♦✜)" ✉♣ )♦ )❤❡ ❡♥❞ ♦❢ ♣❡)✐♦❞ t✳

Ait = Ait−1 +πit (1)

❆""✉♠❡ )❤❛) )❤❡ ✜$♠" )$❛♥"❢♦$♠ ✜♥❛♥❝✐❛❧ ♠❡❛♥" ✐♥)♦ ♣$♦❞✉❝)✐✈❡ ❝❛♣✐)❛❧ ✇✐)❤♦✉) ❛♥② ❝♦")"✳

S$♦❞✉❝)✐✈❡ ❝❛♣✐)❛❧ Kit ✐" )❤❡♥ )❤❡ "✉♠ ♦❢ ♥❡) ✇♦$)❤ )❛❦❡♥ ♦✈❡$ ❢$♦♠ )❤❡ ♣$✐♦$ ♣❡$✐♦❞ Ait−1 ❛♥❞

❝$❡❞✐) )❛❦❡♥ ✐♥ )❤❡ ❝✉$$❡♥) ♣❡$✐♦❞✱ Lit ✿

Kit = Ait−1 +Lit (2)

❖✉)♣✉) Yit ✐" ♣$♦❞✉❝❡❞ ❜② ❛♣♣❧②✐♥❣ ❝♦♥")❛♥) $❡)✉$♥" )♦ "❝❛❧❡ φ )♦ ♣$♦❞✉❝)✐✈❡ ❝❛♣✐)❛❧✿

Yit = φKit (3)

S$♦✜) ❞❡♣❡♥❞" ♦♥ )❤❡ ♣$✐❝❡ uit )❤❛) ❛♣♣❧✐❡" )♦ )❤❡ ♦✉)♣✉) ❛♥❞ )❤❡ ❝♦")" ❢♦$ "❡))✐♥❣ ✉♣ ❝❛♣✐)❛❧

✇❤✐❝❤ ❝♦♥"✐")" ♦❢ $❡)♦♦❧✐♥❣ ❝♦")" g > 0 ❛♥❞ $❡♥)❛❧ ❝♦")" ❢♦$ ❝❛♣✐)❛❧ rit ✳ ❆""✉♠❡ )❤❛) )❤❡ ❝♦")"

❢♦$ ❝$❡❞✐) ❛♥❞ )❤❡ $❡❛❧ $❡)✉$♥ )♦ ❝❛♣✐)❛❧ ❛$❡ )❤❡ "❛♠❡ ❛♥❞ ❛♣♣❧② ❤❡♥❝❡ )♦ )❤❡ ❡♥)✐$❡ ")♦❝❦ ♦❢
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♣!♦❞✉❝&✐✈❡ ❝❛♣✐&❛❧✿

πit = uitφKit−gritKit (4)

✇✐&❤ uit ❜❡✐♥❣ !❛♥❞♦♠ ❛♥❞ ✉♥✐❢♦!♠❧② ❞✐5&!✐❜✉&❡❞ ✇✐&❤ 5✉♣♣♦!& ❜❡&✇❡❡♥ ③❡!♦ ❛♥❞ &✇♦✳ ❚❤❡!❡❢♦!❡✱

E[πit ] = (φ −grit)Kit ✳ ❆ ✜!♠ ✐5 ❜❛♥❦!✉♣& ✇❤❡♥ ✐&5 ❛55❡&5 ❛!❡ ✐♥5✉✣❝✐❡♥& &♦ !❡♣❛② &❤❡ ❞❡❜& ❛&

&❤❡ ❡♥❞ ♦❢ ❛ ♣❡!✐♦❞✿

Ait < 0 (5)

❚❤✐5 ❝♦♥❞✐&✐♦♥ 5&❛&❡5 &❤❛& ❛ ✜!♠ ✇❤♦5❡ ❡>✉✐&② ✭♥❡& ✇♦!&❤✮ ✐5 ❜❡❧♦✇ ③❡!♦ ✇✐❧❧ ❜❡ ❞✐55♦❧✈❡❞ ❛♥❞

❧❡❛✈❡5 &❤❡ ❡❝♦♥♦♠②✳ ■& ✐5 ❛55✉♠❡❞ &❤❛& ✜!♠5 ❝❛♥ 5❡❧❧ &❤❡✐! ♣!♦❞✉❝&5 ❛& ❛ ♠❛!❦❡& ✐5♦❧❛&❡❞ ❢!♦♠

❛❧❧ ♦&❤❡!5 ✭✧✐5❧❛♥❞5✧✮ ❛♥❞ &❤❛& &❤❡② ❝❛♥ 5❡❧❧ &❤❡✐! ❡♥&✐!❡ ♣!♦❞✉❝&✐♦♥✳ ◆❡✈❡!&❤❡❧❡55✱ &❤❡② ❢❛❝❡

✉♥❝❡!&❛✐♥&② ✐♥ &❤❡ ♣!✐❝❡ uit ✇❤✐❝❤ ✐5 ✉♥✐>✉❡ ♦♥ ❡❛❝❤ ✐5❧❛♥❞ ❛♥❞ ♣❡!✐♦❞✳ ❚❤✐5 ❛♣♣!♦❛❝❤ ✐5 ✐♥

❧✐♥❡ ✇✐&❤ &❤❡ ❢❛❝& &❤❛& ❛ ❧♦& ♦❢ ✜♥❛♥❝✐❛❧ ❞✐5&!❡55 5&❡♠5 ❢!♦♠ ❞❡❢❛✉❧&✐♥❣ ❝✉5&♦♠❡!5 ✭❘❡✐❝❤❧✐♥❣ ❡&

❛❧✳ ✭✷✵✵✼✮✱ ♣✳✷✷✸✮✳ ❚❤❡!❡❢♦!❡✱ &❤❡ !❛♥❞♦♠ ♣!✐❝❡ ✇❤✐❝❤ ②✐❡❧❞5 ❛ !❛♥❞♦♠ !❡✈❡♥✉❡ ❝❛♥ ❛❧5♦ ❜❡

✐♥&❡!♣!❡&❡❞ ❛5 &❤❡ 5❤❛!❡ ♦❢ 5❛❧❡5 &❤❛& ✐5 ❛❝&✉❛❧❧② ♣❛✐❞ ❢♦!✳ ❚❛❦✐♥❣ ✐♥&♦ ❛❝❝♦✉♥& &❤❡ ❜❛♥❦!✉♣&❝②

❝♦♥❞✐&✐♦♥ ❛♥❞ ❡>✉❛&✐♦♥5 ✭✶✮ ❛♥❞ ✭✹✮✱ &❤❡ ♣!✐❝❡ &❤❛& ❥✉5& 5✉5&❛✐♥5 ❛ ✜!♠ ✐5

uit =
grit

φ
− Ait−1

Kitφ
(6)

❆55✉♠❡ &❤❛& &❤❡ ❝♦5&5 ♦❢ ❜❛♥❦!✉♣&❝② ❞❡♣❡♥❞ ♦♥ &❤❡ 5✐③❡ ♦❢ &❤❡ ❡♥&❡!♣!✐5❡ ✐♥ &❤❡ ❢♦!♠ c f = cY 2

✇✐&❤ c > 0 ❜❡✐♥❣ ❛ ❝♦♥5&❛♥&✳ ❆55✉♠❡ ❢✉!&❤❡! &❤❛& ♠❛♥❛❣❡!5 &❛❦❡ ✐♥&♦ ❛❝❝♦✉♥& &❤❡5❡ ❝♦5&5

♦❢ ❜❛♥❦!✉♣&❝② ✇❤❡♥ ❞❡❝✐❞✐♥❣ ❛❜♦✉& &❤❡ ❞❡♠❛♥❞ ❢♦! ❝❛♣✐&❛❧ ✐♥ ❡❛❝❤ ♣❡!✐♦❞✳ ❚❤❡② ❜❛5❡ &❤❡✐!

❞❡❝✐5✐♦♥ ♦♥ &❤❡ ❡①♣❡❝&❡❞ ♣!♦✜&

Γit = (φ −grit)Kit−E(c f ) (7)

✇❤✐❧❡ &❤❡ ❡①♣❡❝&❡❞ ❝♦5&5 ♦❢ ❜❛♥❦!✉♣&❝② E(c f ) ❛!❡ ❞❡&❡!♠✐♥❡❞ ❜② &❤❡ ♣!♦❜❛❜✐❧✐&② ♦❢ ❜❛♥❦!✉♣&❝②

M!♦❜(BR) = M!♦❜(uit < uit) = uit/2 ❢♦! u ∼ ❯♥✐❢♦!♠[0,2]✳ ❉❡♠❛♥❞ ❢♦! ❝❛♣✐&❛❧ ✐5 &❤❡ !❡5✉❧&

♦❢ &❤❡ ♠❛①✐♠✐③❛&✐♦♥ ♦❢ ❡①♣❡❝&❡❞ ♣!♦✜&✳ ❯5✐♥❣ &❤❡ ✜!5& ♦!❞❡! ❝♦♥❞✐&✐♦♥ ❛♥❞ 5♦❧✈✐♥❣ ❢♦! ❝❛♣✐&❛❧

②✐❡❧❞5 Kd
it =

φ−grit

cφgrit
+ Ait−1

2grit
✳ ❈!❡❞✐& ❞❡♠❛♥❞ ✐5 &❤❡ ❞✐✛❡!❡♥❝❡ ❜❡&✇❡❡♥ ❞❡♠❛♥❞ ❢♦! ❝❛♣✐&❛❧ ❛♥❞

!❡&❛✐♥❡❞ ♣!♦✜&5 Ld
it = Kd

it −Ait−1✱ ②✐❡❧❞✐♥❣

Ld
it =

1

cφgrit

(
cφ

2
Ait−1(1−2grit)+φ −grit

)

(8)

❚❤❡ ❜❛♥❦5✬ ♣!♦✜& (πB
t ) ❞❡♣❡♥❞5 ♦♥ &❤❡ !❡✈❡♥✉❡ ❢!♦♠ ❧♦❛♥5 ❣!❛♥&❡❞ ♠✐♥✉5 &❤❡ ❝♦5&5 ♦❢ !❛✐5✐♥❣

&❤♦5❡ ❢✉♥❞5 ❢!♦♠ ❡>✉✐&② EB
t ❛♥❞ ❞❡♣♦5✐&5 Dt ✿

πB
t = ∑

i∈Nt

ritL
s
it− rt [(1−ω)Dt−1 +EB

t−1] (9)

❍❡!❡✱ ω ❞❡5❝!✐❜❡5 &❤❡ ❞❡❣!❡❡ ♦❢ ❝♦♠♣❡&✐&✐♦♥ ✇✐&❤✐♥ &❤❡ ❜❛♥❦✐♥❣ 5❡❝&♦! ❛♥❞ ✐5 ❛ ♠❡❛5✉!❡ ❢♦!

&❤❡ ♠❛!❦ ✉♣ &❤❡ ❜❛♥❦ ❝❛♥ ❝❤❛!❣❡ ♦♥ ✐♥&❡!❡5& ❛❜♦✈❡ ❞❡♣♦5✐&5✳ ❚❤❡ ✐♥&❡!❡5& ♣❛✐❞ ♦♥ ❞❡♣♦5✐& ✐5

rt(1−ω) ✇❤❡!❡ rt ✐5 ❛55✉♠❡❞ &♦ ❜❡ &❤❡ ✇❡✐❣❤&❡❞ ❛✈❡!❛❣❡ ❧❡♥❞✐♥❣ ✐♥&❡!❡5& !❛&❡✳ ❲❤❡♥ ❛ ✜!♠

❣♦❡5 ❜❛♥❦!✉♣& ❛! !❤❡ ❡♥❞ ♦❢ ❛ ♣❡)✐♦❞✱ &❤❡ ❜❛♥❦✐♥❣ 5❡❝&♦! ❛5 ❛ ✇❤♦❧❡ 5✉✛❡!5 ❛ ❧♦55 ❡>✉❛❧ &♦ &❤❡
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❞✐✛❡$❡♥❝❡ ❜❡(✇❡❡♥ (❤❡ ❛♠♦✉♥( ♦❢ ❝$❡❞✐( 0✉♣♣❧✐❡❞ ✐♥ ♣❡$✐♦❞ t ❛♥❞ (❤❡ $❡❧❛(✐✈❡ ♠♦$(❣❛❣❡ ✭✈❛❧✉❡ ♦❢

❛00❡(0✮✱ ✇❤✐❝❤ ✐0 (❤❡ 0❛♠❡ ❛0 (❤❡ ✭♥❡❣❛(✐✈❡✮ ❛♠♦✉♥( ♦❢ ♥❡( ✇♦$(❤✿ Bit = Lit−(Kit +πit) =−Ait ✳

❚❤❡ ❜❛♥❦✐♥❣ 0❡❝(♦$✬0 ❡=✉✐(② ❜❛0❡ ❡✈♦❧✈❡0 ❛❝❝♦$❞✐♥❣ (♦ (❤❡ ❧❛✇ ♦❢ ♠♦(✐♦♥✿

EB
t = πB

t +EB
t−1− ∑

i∈ Ωt

Bit (10)

❍❡$❡✱ Ωt ✐0 (❤❡ 0❡( ♦❢ ❛❧❧ ❜❛♥❦$✉♣( ✜$♠0 ✐♥ ♣❡$✐♦❞ t✳ ❚❤❡ ❜❛♥❦ ❧❡♥❞0 ❛ ♠✉❧(✐♣❧❡ ♦❢ ✐(0 ♣$✐♦$

❡=✉✐(② ❜❛0❡ ❛❝❝♦$❞✐♥❣ (♦ 0♦♠❡ ♠✉❧(✐♣❧✐❡$ Ls
t =

1
ν EB

t−1 ✇❤✐❝❤ ✐0 ❜❛0❡❞ ♦♥ $❡❣✉❧❛(♦$② ❝♦♥0($❛✐♥(0✳

❈$❡❞✐( 0✉♣♣❧② ❡♠❡$❣❡0 ❢$♦♠ (❤❡ ❜❛♥❦0 ❡=✉✐(② ❜❛0❡ EB
t ❛♥❞ ❞❡♣♦0✐(0 Dt ✐♥ (❤❡ ❢♦$♠ Ls

t = EB
t +Dt

✇❤✐❧❡ ❞❡♣♦0✐(0 ❛$❡ ($❡❛(❡❞ ❛0 ❛ $❡0✐❞✉❛❧✳ ❲$✐(❡ αit = Ait/∑i Ait ❛♥❞ κit = Kit/∑i Kit ✳ ❈$❡❞✐(

0✉♣♣❧② ✐0 (❤❡♥

Ls
it = Ls

t [λκit−1 +(1−λ )αit−1] (11)

❚❤❡ ✐♥(❡$❡0( $❛(❡ rit ❢♦$ ❡❛❝❤ ✜$♠ ✐0 ❞❡(❡$♠✐♥❡❞ ❜② (❤❡ ❡=✉✐❧✐❜$✐✉♠ 0✐(✉❛(✐♦♥ ✇❤❡$❡ ❝$❡❞✐(

❞❡♠❛♥❞ ♠❛(❝❤❡0 ❝$❡❞✐( 0✉♣♣❧②✳ ❋$♦♠ (❤❛( ❝♦♥❞✐(✐♦♥ (❤✐0 $❛(❡ ✐0

rit =
1

2cgLs
it + 2gc( 1

φc
+Ait−1)

(2+Ait−1) (12)

❊♥($② ❞❡♣❡♥❞0 ♦♥ (❤❡ ❛✈❡$❛❣❡ ✐♥(❡$❡0( $❛(❡ rt ✇❤✐❝❤ ❞❡(❡$♠✐♥❡0 (❤❡ ♥✉♠❜❡$ ♦❢ ♣♦00✐❜❧❡ ❡♥($❛♥(0

❛♥❞ (❤❡ ❢❡❛(✉$❡0 ♦❢ (❤❡ ❡♥($❛♥( ✐0 ❞❡(❡$♠✐♥❡❞ ❜② ❛ $❛♥❞♦♠ ❞$❛✇✳ ❚❤❡ (❡$♠ ✐0✿

N
entry
t = NProb(entry) =

N

1+ ed(rt−1− f )
(13)

✇❤❡$❡ N > 1✱ d✱ ❛♥❞ f ❛$❡ ❝♦♥0(❛♥(0✳ ❚❤✐0 ❛00✉$❡0 (❤❛( (❤❡ ♣$♦❜❛❜✐❧✐(② ♦❢ ♥✉♠❜❡$ ♦❢ ❡♥($❛♥(0 ✐0

❧♦✇ ✐❢ (❤❡ ♦✈❡$❛❧❧ ✐♥(❡$❡0( $❛(❡ ✐0 ❤✐❣❤✳ ❚❤❡ (❡$♠ ✐0 (❤❡♥ $♦✉♥❞❡❞ (♦ ❛♥ ✐♥(❡❣❡$✳

✶

◆❡✇ ✜$♠0 ❛$❡

❡♥❞♦✇❡❞ ✇✐(❤ ❝❛♣✐(❛❧ ❛♥❞ ♥❡( ✇♦$(❤ $❛♥❞♦♠❧②✳ ❚❤❡ ❞$❛✇ ❢♦$ ❛♥ ❡♥($❛♥(✬0 ❝❛♣✐(❛❧ ❡♥❞♦✇♠❡♥(

✐0 ❢$♦♠ ❛ ✉♥✐❢♦$♠ ❞✐0($✐❜✉(✐♦♥ ✇✐(❤ ❛ ❝❡♥(❡$ ❛( (❤❡ ♠♦❞❡ ♦❢ ✐♥❝✉♠❜❡♥(0✬ ❝❛♣✐(❛❧✳ ❚❤❡♥✱ (❤❡

❡=✉✐(② $❛(✐♦ αit = Ait/∑i Ait ✐0 ❞❡(❡$♠✐♥❡❞ ❜② (❤❡ ♠♦❞❡ ♦❢ ❛❧❧ ✐♥❝✉♠❜❡♥(0✬ ❡=✉✐(② ❜❛0❡ Ait ❛♥❞

(❤❡ ❝❛♣✐(❛❧ $❛(✐♦ ✐0 κit = Kit/∑i Kit ✳ ❚❤♦0❡ $❛(✐♦0 ❛$❡ ♥❡❡❞❡❞ ❜② (❤❡ ❜❛♥❦ ✐♥ ♦$❞❡$ (♦ ❞❡(❡$♠✐♥❡

(❤❡ ❝$❡❞✐( 0✉♣♣❧② ❢♦$ ❡❛❝❤ ♥❡✇ ✜$♠✳

2.2. stock price

❲❡ ♥♦✇ ✐♥❝❧✉❞❡ ❡=✉✐(② ❛♥❞ 0(♦❝❦ ♣$✐❝❡0 ✐♥ (❤❡ ♠♦❞❡❧✳ ■❢ ✜$♠0 ❤❛✈❡ ❛❧0♦ ❛❝❝❡00 (♦ ❡=✉✐(②

♠❛$❦❡(0✱ (❤❡② ❝❛♥ $❛✐0❡ ❝❛♣✐(❛❧ ❜② ✐00✉✐♥❣ 0❤❛$❡0✳ ■❢ (❤♦0❡ ❛$❡ ($❛❞❡❞ ❛( ❛ 0(♦❝❦ ❡①❝❤❛♥❣❡ (❤❡✐$

♣$✐❝❡ ❝❛♥ ❜❡ (❤♦✉❣❤( ♦❢ (♦ ❝♦♥0✐0( ♦❢ ❛ ✏❢❛✐$✑ ❝♦♠♣♦♥❡♥(✱ (❤❛( ✐0 (❤❡ ❢✉♥❞❛♠❡♥(❛❧ ✈❛❧✉❡ Fit ✱

❛♥❞ ❛ ❞❡✈✐❛(✐♦♥ θit ❢$♦♠ (❤❛(✳

Pit = Fit +θit (14)

1In the original paper, the number of initial firms is 100, N = 180, d = 100 and f = 0.1. with 1000 iterations.
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❚❤❡ ❢❛✐& '(♦❝❦ ♠❛&❦❡( ✈❛❧✉❡ ❞❡♣❡♥❞' ♦♥ ♥❡( ✇♦&(❤ ❛♥❞ ♦♥ (❤❡ ♦✈❡&❛❧❧ ❡4✉✐(② (❤❛( ❛ ✜&♠ ❤❛'

FitEit ≡ Eit +Πit = Ait (15)

❍❡&❡ Πit &❡❢❡&' (♦ &❡(❛✐♥❡❞ ♣&♦✜(' ✉♣ (♦ ♣❡&✐♦❞ t✳ ◆♦(❡ (❤❛( (♦(❛❧ ❡4✉✐(② ♦❢ ❛ ✜&♠ ✇✐❧❧ ❝♦♥'✐'(

♦❢ (❤❡ ❡4✉✐(② &❛✐'❡❞ (❤&♦✉❣❤ ✐''✉❡❞ '❤❛&❡' Eit ❛♥❞ ♥❡( ✇♦&(❤ ✇❤✐❝❤ ✐' ❛❝❝✉♠✉❧❛(❡❞ ♣&♦✜(' Πit ✳

❚❤❡ ❛❜♦✈❡ '♣❡❝✐✜❝❛(✐♦♥ ✐' ❜❛'❡❞ ♦♥ (❤❡ ❛''✉♠♣(✐♦♥ (❤❛( ❡❛❝❤ '❤❛&❡ ❤❛' ❛ ♥♦♠✐♥❛❧ ✈❛❧✉❡ ♦❢

✶ ✉♥✐( ♦❢ ❝✉&&❡♥❝②✱ (❤❡&❡❢♦&❡ (❤❡ ♥✉♠❜❡& ♦❢ '❤❛&❡' ❡4✉❛❧' (❤❡ ♥♦♠✐♥❛❧ ✈❛❧✉❡ ♦❢ '❤❛&❡❤♦❧❞❡&'✬

❡4✉✐(②✱ ❜♦(❤ ❞❡♥♦(❡❞ ❜② Eit ✳ ❍❡♥❝❡ (❤❡&❡ ✐' ❡①❛❝(❧② ♦♥❡ '❤❛&❡ ♦❢ ♥♦♠✐♥❛❧ ✈❛❧✉❡ ✶ ❢♦& ❡❛❝❤ ✜&♠✳

❋✉&(❤❡&♠♦&❡✱ (❤❡ ❢❛✐& '❤❛&❡ ♣&✐❝❡ ✐' ❥✉'( (❤❡ ♥❡( ✈❛❧✉❡ ♦✈❡& (❤❡ ♥✉♠❜❡& ♦❢ '❤❛&❡' ✐''✉❡❞✳ ■♥

(❤❡ &❡♠❛✐♥❞❡& ♦❢ (❤❡ ♣❛♣❡& ✇❡ ✇✐❧❧ ❛''✉♠❡ (❤❛( Eit = 1 ❢♦& ❛❧❧ i, t✱ ✐♠♣❧②✐♥❣ (❤❛( Ait = Fit ❛♥❞

Pit = Ait +θit ✳

❚❤❡ ❛❝(✉❛❧ '(♦❝❦ ♣&✐❝❡ Pit ❝♦✉❧❞ ❞❡✈✐❛(❡ ❢&♦♠ (❤❡ ✏❢❛✐&✑ ♣&✐❝❡ ❜❡❝❛✉'❡ ♦❢ (❤❡ ❡①♣❡❝(❛(✐♦♥' ♦❢

✐♥✈❡'(♦&'✿

✶✳ (❤❡ ❢✉(✉&❡ ✐♥✢♦✇ ♦❢ ❝❛'❤ ✐' '✉♣♣♦'❡❞ (♦ ❜❡ '✐❣♥✐✜❝❛♥(❧② ❧❛&❣❡ ♦& '♠❛❧❧❀

✷✳ '♣❡❝✉❧❛(♦&' ♣❛② ♣&❡♠✐✉♠' ✭'❡❧❧ ❛( ❞✐'❝♦✉♥('✮ ✐♥ ♦&❞❡& (♦ ❜❡♥❡✜( ❢&♦♠ ❡①♣❡❝(❡❞ ❡✈❡♥ ❧❛&❣❡&

✭❧♦✇❡&✮ ♣&✐❝❡' ✐♥ (❤❡ ❢✉(✉&❡✳

✷

❚❤✐' '♣❡❝✐✜❝❛(✐♦♥ ❢♦❧❧♦✇' (❤❡ ✐❞❡❛ (❤❛( ♠❛&❦❡( ✈❛❧✉❛(✐♦♥ ♦♥ ❛✈❡&❛❣❡ &❡♣&❡'❡♥(' (❤❡ ❞✐'❝♦✉♥(❡❞

'✉♠ ♦❢ ❛❧❧ ❡①♣❡❝(❡❞ ❝❛'❤ ✢♦✇✱ &❡♣&❡'❡♥(❡❞ ❜② ♣&♦✜(' ✐♥ (❤✐' '❡(✉♣✳ ■❢ (❤❡'❡ ❡①♣❡❝(❛(✐♦♥' ❛&❡ ✈❡&②

♦♣(✐♠✐'(✐❝✱ (❤❡&❡ ❝❛♥ ❜❡ ❛ ♠❛&❦ ✉♣ ✇❤✐❝❤ ✐' ♥♦( ❥✉'(✐✜❡❞ ❛❧♦♥❡ ❜② ❥✉'( (❤❡ ❛❝(✉❛❧❧② ♦❜'❡&✈❛❜❧❡

♣&♦✜(✳ ❚❤❡ &❡❧❛(✐♦♥ ❜❡(✇❡❡♥ (❤❡ ♠❛&❦ ✉♣ ♦♥ ✜&♠ ✈❛❧✉❡ ❛♥❞ (❤❡ ❡&&♦& ✐♥ ♣&♦✜( ❡'(✐♠❛(✐♦♥ ✐'

θit = |πit |εit .

❚❤✐' ❡①♣&❡''❡' (❤❛( (❤❡ ♠❛&❦✉♣ ♦♥ ✜&♠ ✈❛❧✉❡ ✭▲❍❙✮ ✐' ❥✉'( (❤❡ ♠❛&❦✉♣ ♦♥ ❡①♣❡❝(❡❞ ❝❛'❤ ✢♦✇✱

❤❡&❡ (♦❞❛②✬' ♣&♦✜( ✭❘❍❙✮✳

❚❤✐' ♠❛&❦✉♣ ♦♥ ✭❢❛✐&✮ ♠❛&❦❡+ ✈❛❧✉❡ ✐' ❛''✉♠❡❞ (♦ ❜❡ ❛ ❢✉♥❝(✐♦♥ ♦❢ ♣&♦✜(' ❛♥❞ ❛ &❛♥❞♦♠

❝♦♠♣♦♥❡♥(✳ ❚❤❡ ♦✈❡&❛❧❧ ♠❛&❦❡( ✈❛❧✉❡ ♦❢ ❝❛0❤ ✢♦✇ ❜❛'❡❞ ♦♥ ♣&♦✜(' ❛♥❞ (❤❡ ❡&&♦& ✐' '✉♣♣♦'❡❞

(♦ ❜❡ ❣✐✈❡♥ ❜② πit + |πit |εit = ρ(πit ,εit)✳ ❚❤✐' ♠❡❛♥' (❤❛( ❛ ♣♦'✐(✐✈❡ ❡&&♦& ❛❧✇❛②' ❧❡❛❞' (♦ ❛

♠♦&❡ ❢❛✈♦&❛❜❧❡ ♣&♦✜( ❡'(✐♠❛(✐♦♥✱ ❛❧'♦ ❢♦& ♥❡❣❛(✐✈❡ ♣&♦✜('✳ ❚❤❡ '✐❣♥ ♦❢ (❤❡ ❡&&♦& ✐' ♣&❡'❡&✈❡❞

✐♥ (❤✐' ✇❛②✳ ❚❤❡ ❡&&♦& ♠✐❣❤( ♦❝❝✉& ❢♦& '♦♠❡ (✐♠❡ '♣❛♥✳ ❚❤❡ ♣❡&'✐'(❡♥❝❡ ✐♥ (❤✐' ❡&&♦& ❝❛♥ ❜❡

✐♥❞✉❝❡❞ ✐❢ (❤❡ ❡&&♦& ✐' ♠♦❞❡❧❡❞ ❛' ❛ &❛♥❞♦♠ ✇❛❧❦✳

✸

εit = εit−1 +ηitση (16)

✇❤❡&❡ η ∼N (0,1) ❛♥❞ 0 < ση < 1✳ ❍❡♥❝❡✱ E(εit) = εit−1✳

❚❤❡ ❝♦♠♣❧❡(❡ ❡①♣&❡''✐♦♥ ❢♦& (❤❡ '(♦❝❦ ♣&✐❝❡ ✐' ❤❡♥❝❡

Pit = Ait + |πit | (εit−1 +ηitση) .

2Note that 1. affects the fair value of shares while 2. may occur due to speculation (exogenous to the firm) .
3If there is also a drift in the random walk, then this would represent general phases of optimism or pessimism.
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3. The Role of the Stock Market Value in Credit Decisions

❚❤❡ #$♦❝❦ ♠❛*❦❡$ ✈❛❧✉❡ ♦❢ ❛ ✜*♠ ❝❛**✐❡# ✐♥❢♦*♠❛$✐♦♥ $❤❛$ ✐# ✈❛❧✉❛❜❧❡ ❢♦* ❛ ❜❛♥❦ ❢♦* $✇♦ *❡❛#♦♥#✳

❋✐*#$✱ $❤❡ ✈❛❧✉❛$✐♦♥ ♦♥ $❤❡ #$♦❝❦ ♠❛*❦❡$ ♠✐❣❤$ *❡✈❡❛❧ #♦♠❡ ✐♥❢♦*♠❛$✐♦♥ ❛❜♦✉$ ❛ ✜*♠✬# ❛❜✐❧✐$②

$♦ *❛✐#❡ ❢✉♥❞# ❢*♦♠ $❤❡ ❛##❡$ ♠❛*❦❡$✳ ❙❡❝♦♥❞✱ ✐$ *❡✈❡❛❧# ✐♥❢♦*♠❛$✐♦♥ ❛❜♦✉$ $❤❡ ♠❛*❦❡$✬#

❡#$✐♠❛$✐♦♥ ♦❢ $❤❡ *❡❧❛$✐✈❡ ♣*♦#♣❡❝$ ♦❢ $❤❡ ✜*♠✳ ❚❤❡ #$♦❝❦ ♠❛*❦❡$ ✉#✉❛❧❧② ✐♥❞✐❝❛$❡# ❝❤❛♥❣❡#

♦❢ ✜*♠✬# ♣*♦#♣❡❝$# ❡❛*❧✐❡* $❤❛♥ $❤❡ ✐♥❝♦♠❡ #$❛$❡♠❡♥$ ♦* $❤❡ ❜❛❧❛♥❝❡ #❤❡❡$✳

✹

❚❤❡*❡❢♦*❡✱ $❤❡

#$♦❝❦ ♠❛*❦❡$ ✈❛❧✉❡ ✐# ❛ ♣✐❡❝❡ ♦❢ ❢♦*✇❛*❞ ❧♦♦❦✐♥❣ ✐♥❢♦*♠❛$✐♦♥ *❛$❤❡* $❤❛♥ $❤❡ ❜❛❝❦✇❛*❞ ❧♦♦❦✐♥❣

❜❛❧❛♥❝❡ #❤❡❡$ ❛♥❛❧②#✐#✳ ❋✉*$❤❡*♠♦*❡✱ ✏❬#❪$♦❝❦ ♠❛*❦❡$ ❜❛#❡❞ ✐♥❢♦*♠❛$✐♦♥ ✳✳✳ ❤❛# *❡#♣♦♥❞❡❞ ♠♦*❡

@✉✐❝❦❧② $♦ ❝❤❛♥❣✐♥❣ ✜♥❛♥❝✐❛❧ ❝♦♥❞✐$✐♦♥# $❤❛♥ *❛$✐♥❣# ♦❢ ❝*❡❞✐$ *✐#❦ ❛❣❡♥❝✐❡#✳✑ ✭❇♦♥❣✐♥✐ ❡$ ❛❧✳

✭✷✵✵✷✮✱ ♣✳ ✶✵✶✶✳✮ ❚❤✐# ✐# ❛♥ ✐♥❝❡♥$✐✈❡ $♦ ❢*❡❡✲*✐❞❡ ♦♥ ❡①$❡*♥❛❧ ✐♥❢♦*♠❛$✐♦♥ #✐♥❝❡ ❛##❡##✐♥❣

❝*❡❞✐$✇♦*$❤✐♥❡## ✐# ❝♦#$❧②✱ ❛# ✐# ♠♦♥✐$♦*✐♥❣✳

■♥ ♦*❞❡* $♦ *❡♣*❡#❡♥$ $❤❡ ✐♠♣❛❝$ ♦❢ $❤❡ #$♦❝❦ ♣*✐❝❡ ♦♥ ❝*❡❞✐$ #✉♣♣❧② ✇❡ #❤❛❧❧ ❛##✉♠❡ ✐♥ $❤✐#

#❡$$✐♥❣ $❤❛$ ❝*❡❞✐$ #✉♣♣❧② ✐# ❞❡$❡*♠✐♥❡❞ ❛❝❝♦*❞✐♥❣ $♦✿

Ls
it = Ls

t

[

(1−µ)λ
Kit−1

Kt−1
+(1−µ)(1−λ )

Ait−1

At−1
+ µ

PE
it Eit

∑i PE
it Eit

]

(11a)

✇❤❡*❡ 0 < λ < 1 *❡♣*❡#❡♥$# $❤❡ ✇❡✐❣❤$ ♣✉$ ♦♥ *❡❧❛$✐✈❡ ✜*♠ #✐③❡ ❛♥❞ 0 < µ < 1 #$❛♥❞# ❢♦* $❤❡

✇❡✐❣❤$ ♣✉$ ♦♥ $❤❡ *❡❧❛$✐✈❡ #$♦❝❦ ♠❛*❦❡$ ✈❛❧✉❡✳ ❚❤❡ $❤✐*❞ ♣✐❡❝❡ ♦❢ ✐♥❢♦*♠❛$✐♦♥ ✉#❡❞ ❢♦* $❤❡

❞❡❝✐#✐♦♥ ✐# $❤❡ *❡❧❛$✐✈❡ ♥❡$ ✈❛❧✉❡✳ ❲❡ *✉♥ #✐♠✉❧❛$✐♦♥# ❢♦* ✐♥❝*❡❛#✐♥❣ ✈❛❧✉❡# ♦❢ µ ✇❤✐❧❡ ❢♦* ❡❛❝❤

✈❛❧✉❡ $❤❡*❡ ❛*❡ ❛ ♥✉♠❜❡* ♦❢ *❡♣❡$✐$✐♦♥#✳ ❘❡#✉❧$# ❛*❡ $❛❦❡♥ ❢*♦♠ ❛♥ ✐♥$❡*✈❛❧ ♦✈❡* ✺✶ ♣❡*✐♦❞#✱

❜❡$✇❡❡♥ t = 1000 ❛♥❞ t = 1050✳ ❚❤❡ ❛✈❡*❛❣❡ ✐# ❝♦♠♣✉$❡❞✳ ❚❤✐# ✐# ❞♦♥❡ ❢♦* ❡❛❝❤ ♦❢ ✶✵✵

*❡♣❡$✐$✐♦♥# ❢♦* ❛♥② ♣❛*❛♠❡$❡* ✈❛❧✉❡ ❛♥❞ ❢♦* $❤♦#❡ ✶✵✵ *❡#✉❧$# ❢*♦♠ ❡❛❝❤ ♣❛*❛♠❡$❡* ✈❛❧✉❡ ❛❧#♦

$❤❡ ❛✈❡*❛❣❡ ✐# $❛❦❡♥✳ ◆♦$❡ $❤❛$ $❤❡ #✐♠✉❧❛$✐♦♥# ❢♦* µ = 0 ❛❧#♦ *❡♣*❡#❡♥$ $❤❡ ❜❡♥❝❤♠❛*❦ ❝❛#❡

✇❤✐❝❤ ♠❛$❝❤❡# $❤❡ ❉❡❧❧✐ ●❛$$✐ ❡$ ❛❧✳ ✭✷✵✵✺✮ ♠♦❞❡❧✳ ❚❤❡ *❡#✉❧$# ✐♥ ♦✉* ❜❛#❡❧✐♥❡ ❝❛#❡ ❛*❡ ✐♥ ❧✐♥❡

✇✐$❤ $❤❡ ✜♥❞✐♥❣# ♦❢ ❉❡❧❧✐ ●❛$$✐ ❡$ ❛❧✳ ✭✷✵✵✺✮✳ ❲❤✐❧❡ $❤❡② ❢♦❝✉# ♦♥ $❤❡ ❞✐#$*✐❜✉$✐♦♥ ♦❢ ✜*♠

#✐③❡# ❛♥❞ $❤❡✐* ❣*♦✇$❤ *❛$❡# ✇❡ ✇✐❧❧ ♣✉$ ❡♠♣❤❛#✐③❡ ♦♥ $♦$❛❧ ♦✉$♣✉$ ❛♥❞ $❤❡ ❛✈❡*❛❣❡ ✐♥$❡*❡#$

*❛$❡ ✐♥ ♦✉* ❛♥❛❧②#✐#✳

(a) output over time baseline case
(b) output over time µ = 1

(c) output

Figure 1: Impact of µ on output

4For a more detailed discussion, see Atiya (2001), p. 930-932 or Altman (1968).
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❆! ❛ ✜$♠! !&♦❝❦ ♣$✐❝❡ ✲ ❢♦$ ❣✐✈❡♥ ♥♦♠✐♥❛❧ ❡3✉✐&② ✲ $✐!❡! ✐♥ &♦&❛❧ ❡3✉✐&②✱ ❛ ✜$♠ &❤❛& ♣♦!!❡!!❡!

♠♦$❡ ❡3✉✐&② ❤❛! ❛♥ ✐♥❝$❡❛!✐♥❣ ❛❞✈❛♥&❛❣❡ ✐❢ &❤❡ ❜❛♥❦✐♥❣ !❡❝&♦$ $❡❢❡$! ♠♦$❡ &♦ &❤❡ !&♦❝❦ ♣$✐❝❡✳

❚❤❡ ✐♠♣❛❝& ♦❢ $❡❧❛&✐✈❡ ❝❛♣✐&❛❧ ❛♥❞ &❤✉! ♦✉&♣✉& ✐! ❞❡❝$❡❛!✐♥❣ ✐♥ µ ✳ ❚❤❡$❡❢♦$❡✱ ❡3✉✐&② ❤❛!

$❡❧❛&✐✈❡❧② ♠♦$❡ ✇❡✐❣❤&✳ ❚❤❛& ✐!✱ ❧❡!! ❢$❛❣✐❧❡ ✜$♠! ❣❡& $❡❧❛&✐✈❡❧② ♠♦$❡ ❝$❡❞✐& ♦✛❡$❡❞ ❜❡❝❛✉!❡

&❤❡ &♦&❛❧ ❛!!❡&! Kit ❛$❡ ✇✐&❤♦✉& ❡✛❡❝& ❢♦$ ❧❛$❣❡ µ ✳ ❚❤✐! ♠❡❛♥! &❤❛& ♦♥❧② ✜$♠! ✇✐&❤ $❡❧❛&✐✈❡❧②

❧♦✇ ❧❡✈❡$❛❣❡ ❣❡& ❛❝❝❡!! &♦ ❝$❡❞✐&✳ ❚❤❡ &♦&❛❧ ♦✉&♣✉& ✐♥ &❤❡ ❡❝♦♥♦♠② ❤♦✇❡✈❡$✱ ✐! ❧♦✇❡$ ❜❡❝❛✉!❡

✜$♠! &❤❛& ♦&❤❡$✇✐!❡ ♣$♦❞✉❝❡ ❛& &❤❡ ❜$✐♥❦ ♦❢ ❜❛♥❦$✉♣&❝② ❤❛✈❡ ❧❡!! ❛❝❝❡!! &♦ ❝$❡❞✐&✳ ❋✐$♠! &❤❛&

❛$❡ ❧❡!! ❢$❛❣✐❧❡ ❣❡& ❢✉♥❞❡❞ ♦✈❡$ ♣$♦♣♦$&✐♦♥❛❧❧② ❝♦♠♣❛$❡❞ &♦ &❤❡ ❝❛!❡ ✇❤❡$❡ µ = 0 ❜✉& ♦♥❧②

♦✛❡$ ❛ $❡❛❧❧② ❧♦✇ ✐♥&❡$❡!& $❛&❡ ❢♦$ &❤❛&✳ ❚❤✐! ❞❛♠♣❡♥! &❤❡ ❡✈♦❧✉&✐♦♥ ♦❢ ❝$❡❞✐& !✉♣♣❧② ❛♥❞ &❤✉!

&♦&❛❧ ♦✉&♣✉&✳ ❚❤✐! ❧♦✇ ✐♥&❡$❡!& $❛&❡ ✐! &❤❡ ❦❡② ❢♦$ &❤❡✐$ ❛❞✈❛♥&❛❣❡ ✐♥ ❣$♦✇&❤ ✇❤✐❝❤ ✐! ✈✐!✐❜❧❡ ✐♥

&❤❡ ❍❡$✜♥❞❛❤❧ ✐♥❞❡① ✭✜❣✉$❡ ✷❝✮✳ ❈♦♠♣❛$✐♥❣ $❡♣$❡!❡♥&❛&✐✈❡ $✉♥! !❤♦✇! &❤❛& ✉♥❞❡$ &❤❡ !&♦❝❦

♠❛$❦❡& $❡❧❡✈❛♥❝❡ $❡❣✐♠❡ ✭µ = 1✮ &❤❡$❡ ✐! ❛ ❢❛!& ♠♦✈❡♠❡♥& &♦ &❤❡ ❞♦♠✐♥❛♥❝❡ ♦❢ ❛ ♠♦♥♦♣♦❧✐!&

✭✜❣✉$❡ ✷❜✮✳ ❋✉$&❤❡$♠♦$❡✱ ✐❢ ❝$❡❞✐& ✐! ♦✛❡$❡❞ ❧❡!! !&$✐❝&❧②✱ ❝♦♠♣❛$❛&✐✈❡❧② ♠❛♥② ✜$♠! !✉$✈✐✈❡

✭✜❣✉$❡ ✸✮ ✳ ❚❤✐! ✐! ❛❧!♦ ❛ $❡❛!♦♥ ✇❤② &♦&❛❧ ♦✉&♣✉& ✐! ❧♦✇❡$ ✐♥ &❤✐! $❡❣✐♠❡✿ ♠♦$❡ ✜$♠! ❧❡❛✈❡ &❤❡

✐♥❞✉!&$② ❛♥❞ &❤❡$❡ ❛$❡ ❧❡!! ♣❡$✐♦❞! ✇❤❡$❡ &❤❡$❡ ✐! ♥♦ ❝❛♣✐&❛❧ ❧♦!& ❞✉❡ &♦ ❜❛♥❦$✉♣&❝②✳ ❉✐✛❡$❡♥❝❡!

(a) Market Power baseline case (b) Market Power with µ = 1

(c) Market Power

Figure 2: Impact of µ on market concentration

✐♥ ✜$♠ !✐③❡ ❛$❡ ❧❡!! ❞❡❝✐!✐✈❡ ❢♦$ ❝$❡❞✐& ❞✉❡ &♦ µ ❜❡❝❛✉!❡ &❤❡$❡ ✐! ❛❞❞✐&✐♦♥❛❧ ♥♦✐!❡✳ ◆❡✈❡$&❤❡❧❡!!✱

✇❡ ♦❜!❡$✈❡ &❤❛& ♠❛$❦❡& ♣♦✇❡$ ✐♥❝$❡❛!❡! ✐♥ µ ✭✜❣✉$❡ ✷❝✮✳ ❈♦♥❝❡♥&$❛&✐♦♥ &❤❡$❡❢♦$❡ !&❡♠! ❢$♦♠

❡①✐#✐♥❣ ✜'♠)✳

(a) numberof firms baseline case (b) number of firms µ = 1

(c) no. of exits

Figure 3: Impact of µ on the no. of firms
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❊❝♦♥♦♠✐❝❛❧❧②✱ ✐❢ +♦♠❡ ✜.♠ ❢❛❝❡+ ❛ ♠❛.❦❞♦✇♥ εit < 0✱ ✐2 ✇✐❧❧ ❜❡ ♦✛❡.❡❞ ❧❡++ ❝.❡❞✐2 ✐♥ 2❤❡

❢♦❧❧♦✇✐♥❣ ♣❡.✐♦❞✳ ◆❡✈❡.2❤❡❧❡++✱ ❛+ ✐2+ ❡;✉✐2② Ait ✐+ 2❤❡ +❛♠❡✱ ✐2 +2✐❧❧ ❞❡♠❛♥❞+ 2❤❡ +❛♠❡ ❛♠♦✉♥2

♦❢ ❝❛♣✐2❛❧✳ ❚❤✐+ ❧❡❛❞+ 2♦ ❛ ❤✐❣❤❡. ❡;✉✐❧✐❜.✐✉♠ ✐♥2❡.❡+2 .❛2❡ ❢♦. 2❤❛2 ✜.♠ ✐♥ 2❤❡ ✉♣❝♦♠✐♥❣ ♣❡.✐♦❞

❛♥❞ ❧❡++ ❧❡✈❡.❛❣❡ ✇❤✐❝❤ ✇✐❧❧ ❧❡❛❞ 2♦ ❧♦✇❡. ♣.♦✜2+✳ ❚❤✐+ ♠❡❛♥+✱ 2❤❛2 2❤❡ ♠❛.❦❞♦✇♥ ❛❧+♦ ❧❡❛❞+

2♦ ❧♦✇❡. ❝.❡❞✐2 +✉♣♣❧② ✐♥ 2❤❡ ❢♦❧❧♦✇✐♥❣ ♣❡)✐♦❞✳ ❚❤✐+ ❡✛❡❝2 ✐+ ❡✈❡♥ ♠♦.❡ +❡✈❡.❡ +✐♥❝❡ 2❤❡.❡ ✐+

♣❡.+✐+2❡♥❝❡ ✐♥ 2❤❡ ♠❛.❦✉♣✴♠❛.❦❞♦✇♥✳ ❊✈❡♥ ❢♦. ❛ ♦♥❡ 2✐♠❡ ♠❛.❦❞♦✇♥✱ 2❤❡.❡ ✐+ ❛ ❧♦♥❣ 2❡.♠

❡✛❡❝2 ✐♥ ❞✐♠✐♥✐+❤❡❞ ❝.❡❞✐2 +✉♣♣❧② ❛♥❞ ❤❡♥❝❡ ❤✐♥❞❡.❡❞ ✜.♠ ❣.♦✇2❤✳

■❢ +♦♠❡ ✜.♠ ❢❛❝❡+ ❛ ♠❛.❦ ✉♣ ✭ε > 0✮ ✐2 ✐+ ♦✛❡.❡❞ ♠♦.❡ ❝.❡❞✐2 ❛♥❞ 2❤✉+ ❡①♣❡.✐❡♥❝❡+ ❤✐❣❤❡.

❣.♦✇2❤ ❛♥❞ ❧♦✇❡. ✐♥2❡.❡+2 .❛2❡+ ✐♥ 2❤❡ ❢♦❧❧♦✇✐♥❣ ♣❡.✐♦❞✳ ■2 ✐+ ♠♦.❡ ❧❡✈❡.❛❣❡❞ ❛♥❞ ✇✐❧❧ ❣.♦✇

❢❛+2❡.✳ ❚❤❡ ❣.♦✇2❤ ❛❞✈❛♥2❛❣❡ ✐+ ❤♦✇❡✈❡.✱ ❧❡++ ♣.♦♥♦✉♥❝❡❞ ✐❢ 2❤❡ ❜❛♥❦ ♣.❡❞♦♠✐♥❛♥2❧② ♣✉2+

✇❡✐❣❤2 ♦♥ 2❤❡ +2♦❝❦ ♣.✐❝❡✳ ❚❤❡♥ 2❤❡ ❛❞✈❛♥2❛❣❡ ❢.♦♠ ❛ ♠❛.❦✉♣ ♦♥ ♣.♦✜2 ✐+ ❧❡++ 2❤❛♥ ❛♥

❛❞✈❛♥2❛❣❡ ❢.♦♠ +✐③❡ ❞✉❡ 2♦ 2❤❡ ♠❛❣♥✐2✉❞❡ ♦❢ 2❤❡ ✉♥❞❡.❧②✐♥❣ ✈❛❧✉❡✳

❚❤❡ ❛❞❞✐2✐♦♥❛❧ ♥♦✐+❡ ❞✐+2✉.❜+ 2❤❡ +❡❧❡❝2✐♦♥ ♣.♦❝❡++ ✐♥ 2❤❛2 +♦♠❡ ❢.❛❣✐❧❡ ✜.♠+ ❛.❡ ♦✛❡.❡❞ ♠♦.❡

❝.❡❞✐2 ❛♥❞ +♦♠❡ .♦❜✉+2 ✜.♠+ ❛.❡ ❝♦♥+2.❛✐♥❡❞ ❢♦. .❡❛+♦♥+ ♦2❤❡. 2❤❛♥ 2❤❡✐. ✜♥❛♥❝✐❛❧ +✐2✉❛2✐♦♥✳

■❢ ✇❡ ❝♦♥+✐❞❡. ♦♥❧② 2❤❡ ❜❛❧❛♥❝❡✲+❤❡❡2 +✐2✉❛2✐♦♥ ❛+ ❛ ❜❡♥❝❤♠❛.❦✱ +2♦❝❦ ♠❛.❦❡2 ❡①♣❡❝2❛2✐♦♥+ ❛.❡

❡①♦❣❡♥♦✉+✳ ❲❡ ❝❛♥♥♦2 ✈❡.✐❢② ✇❤❡2❤❡. 2❤❡.❡ ✇♦✉❧❞ ❛❝2✉❛❧❧② ❜❡ .❡❛+♦♥ 2♦ ❣.❛♥2 ♠♦.❡ ❝.❡❞✐2 ❞✉❡

2♦ +♦♠❡ ♣♦+✐2✐✈❡ ♦✉2❧♦♦❦✳ ❚❤❡ ♦♥❧② ✐♥❢♦.♠❛2✐♦♥ ❢.♦♠ 2❤❡ ♠♦❞❡❧ ✐+ 2❤❡ ✜♥❛♥❝✐❛❧ +✐2✉❛2✐♦♥✳ ❆

+❡❧❡❝2✐♦♥ ♣.♦❝❡++ ❜❛+❡❞ ♦♥ 2❤✐+ ✐♥❢♦.♠❛2✐♦♥ ✐+ ❞✐+2✉.❜❡❞ ❜② 2❤❡ ❛❞❞✐2✐♦♥❛❧ ♥♦✐+❡ ✇❤✐❝❤ ❤✉.2+

2♦2❛❧ ♦✉2♣✉2 ✐♥ 2❤❡ ❧♦♥❣ .✉♥ ❝♦♠♣❛.❡❞ 2♦ ❛ +✐2✉❛2✐♦♥ ✇❤❡.❡ ♦♥❧② ♠♦❞❡❧ ✐♥2❡.♥❛❧ ✐♥❢♦.♠❛2✐♦♥ ✐+

✉+❡❞✳

4. Firm Distress and Restructuring

■♥ 2❤✐+ +❡❝2✐♦♥ ✇❡ ❞✐+2✐♥❣✉✐+❤ ❜❡2✇❡❡♥ ✐♥+♦❧✈❡♥❝② ❛♥❞ ❜❛♥❦.✉♣2❝② ✐♥ ♦.❞❡. 2♦ 2❛❝❦❧❡ 2❤❡ ;✉❡+✲

2✐♦♥ ❤♦✇ 2❤❡ +2♦❝❦ ♣.✐❝❡ ❝❛♥ ✐♥✢✉❡♥❝❡ 2❤❡ ❢❛2❡ ♦❢ ❛ ✜♥❛♥❝✐❛❧❧② ❞✐+2.❡++❡❞ ✜.♠ ✐♥ ❛ ❜❛♥❦.✉♣2❝②

♥❡❣♦2✐❛2✐♦♥✳ ❚❤❡ ✐♠♣❛❝2 ♠❛② ❤❛✈❡ ✐♠♣❧✐❝❛2✐♦♥+ ❢♦. ❞❡+✐❣♥✐♥❣ ❛ ❢❛✈♦✉.❛❜❧❡ ✐♥+2✐2✉2✐♦♥❛❧ ❢.❛♠❡✲

✇♦.❦✳ ▼❡.❡ ✜♥❛♥❝✐❛❧ ❞✐+2.❡++ ♠❛② ❤✉.2 ❜✉+✐♥❡++✱ ❜✉2 ❞♦❡+ ♥♦2 ♠❡❛♥ 2❤❛2 ❛ ✜.♠ ✇✐❧❧ ❝❡❛+❡ 2♦

❡①✐+2✳ ❲❤❡2❤❡. ✐2 ❝❛♥ .❡+♦❧✈❡ ✜♥❛♥❝✐❛❧ ❞✐+2.❡++ ❛♥❞ +✉+2❛✐♥ ❛+ ❛ ❣♦✐♥❣ ❝♦♥❝❡.♥ ❞❡♣❡♥❞+ ✈❡.②

♠✉❝❤ ♦♥ 2❤❡ ❡①♣❡❝2❛2✐♦♥+ ♦❢ ✐2+ ❝.❡❞✐2♦.+ ❛♥❞ +❤❛.❡❤♦❧❞❡.+ ✲ ❛❧♦♥❣ ✇✐2❤ ✐2+ ❝❛♣✐2❛❧ +2.✉❝2✉.❡

❛♥❞ 2❤❡ ❧❡❣❛❧ ❢.❛♠❡✇♦.❦ ✐♥ ❡❛❝❤ ♣❛.2✐❝✉❧❛. ❝♦✉♥2.②✳

❈♦♥+✐❞❡. 2❤❛2 2❤❡ +2♦❝❦ ♠❛)❦❡. ✈❛❧✉❡ ✐♥+2❡❛❞ ♦❢ ♥❡2 ✇♦.2❤ ❞❡2❡.♠✐♥❡+ ❜❛♥❦.✉♣2❝② ♦❢ ❛ ✜.♠✳

▼♦+2 ♦❢ 2❤❡ ❧❛.❣❡ ✜.♠+ ❛.❡ ♣✉❜❧✐❝❧② ❧✐+2❡❞ ✜.♠+ ✇❤♦+❡ ♠❛.❦❡2 ✈❛❧✉❡ ✐+ ❞❡2❡.♠✐♥❡❞ ❛2 2❤❡ +2♦❝❦

❡①❝❤❛♥❣❡+✳ ❊♠♣✐.✐❝❛❧ ❡✈✐❞❡♥❝❡ +❤♦✇+ 2❤❛2 ✇❤❡♥ ❛ ❜❛♥❦.✉♣2❝② ❝❛+❡ ✐+ ✜❧❡❞ ❝♦✉.2+ ❞♦ 2❛❦❡ 2❤❡

+2♦❝❦ ♠❛.❦❡2 ✈❛❧✉❡ ✐♥2♦ ❛❝❝♦✉♥2 ❢♦. 2❤❡✐. .✉❧✐♥❣ ❛❜♦✉2 ❜❛♥❦.✉♣2❝②✳ ❯+✉❛❧❧②✱ 2❤❡ +2♦❝❦ ♠❛.❦❡2

♣.✐❝❡ +❡.✈❡+ ❛+ +♦✉.❝❡ ♦❢ ✐♥❢♦.♠❛2✐♦♥ ❝♦♠♣❧❡♠❡♥2❛.② 2♦ 2❤❡ ❛❜✐❧✐2② 2♦ ✐++✉❡ ❜♦♥❞+ ❛♥❞ ❝.❡❞✐2

.❛2✐♥❣+ ❜❛+❡❞ ♦♥ ❝❛+❤ ✢♦✇ ♣.♦❥❡❝2✐♦♥+✳ ❖❝❝❛+✐♦♥❛❧❧② ❤♦✇❡✈❡.✱ 2❤❡ +2♦❝❦ ♠❛.❦❡2 ♣.✐❝❡ ✐+ 2❤❡

♠❛❥♦. ❞❡2❡.♠✐♥❛♥2 ♦❢ ❜❛♥❦.✉♣2❝② .✉❧✐♥❣ ✭❙❛❜.② ❛♥❞ ❍.②❝❛②✱ ✷✵✶✹✮✳

◆♦2❡ 2❤❛2 ♠❡.❡ ✐♥+♦❧✈❡♥❝② ❛❧.❡❛❞② ♦❝❝✉.+ ✇❤❡♥ ♥❡2 ✇♦.2❤ ✐+ ♥❡❣❛2✐✈❡✿ Ait < 0✳ ❙✐♥❝❡ .❡+2.✉❝✲

2✉.✐♥❣ ❝♦✉❧❞ 2❛❦❡ ♣❧❛❝❡✱ ✐♥+♦❧✈❡♥❝② ❞♦❡+ ♥♦2 ❛✉2♦♠❛2✐❝❛❧❧② ♠❡❛♥ 2❤❛2 ❛ ✜.♠ ❝❛♥♥♦2 ❝♦♥2✐♥✉❡

2♦ ❡①✐+2✳ ❋♦. ✐♥+2❛♥❝❡✱ ✐❢ ❛ ✜.♠ ❤❛+ ❛ ♥❡❣❛2✐✈❡ ❝❛+❤ ❛♠♦✉♥2 ❜✉2 2❤❡ ❡✈❛❧✉❛2✐♦♥ ♦❢ ✐2+ ❢✉2✉.❡
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❝❛"❤ ✢♦✇ ✐" "(✐❧❧ ♦♣(✐♠✐"(✐❝ ✐( ❝❛♥ "✉.✈✐✈❡✳ ❚❤❡ ✐♥✐(✐❛❧ ♣✉❜❧✐❝ ♦✛❡.✐♥❣ ❬■8❖❪ ♦❢ ✬❘♦❝❦❡( ■♥(❡.♥❡(✬

✇❤✐❝❤ (♦♦❦ ♣❧❛❝❡ ♦♥ ❖❝(✳ ✷✱ ✷✵✶✹ ♠❛② "❡.✈❡ ❛" ❡①❛♠♣❧❡✳ ❚❤❡ ■8❖ ❝♦❧❧❡❝(❡❞ ✶✳✺ ❜♥ ❊✉.♦"

✇❤✐❝❤ ❧❡❢( (❤❡ ✐♥(❡.♥❡( ❝♦♠♣❛♥② ✇✐(❤ ❛ (♦(❛❧ ♠❛.❦❡( ✈❛❧✉❡ ♦❢ ✺✳✺ ❜♥ ❊✉.♦"✱ ❛❜♦✉( (❤❡ "❛♠❡

✈❛❧✉❡ ❛" ▲✉❢(❤❛♥"❛✳ ❚❤✐" ✐" .❡♠❛.❦❛❜❧❡ "✐♥❝❡ ✬❘♦❝❦❡( ■♥(❡.♥❡(✬ ❤❛" ❧♦✇ .❡✈❡♥✉❡" ❛♥❞ ❤✉❣❡

❧♦""❡"✳ ❚❤❡.❡❢♦.❡✱ (❤❡ ♠❛.❦❡( ✈❛❧✉❡ ✐" ✧♣.❡❞♦♠✐♥❛♥(❧② ❜❛"❡❞ ♦♥ (❤❡ ❤♦♣❡ ♦❢ ❛ ❣❧♦.✐♦✉" ❢✉(✉.❡✧

✭❋❆❩✱ ✷✵✶✹✮✳ ❚❤✐" ✐" ❛❧"♦ ✈✐"✐❜❧❡ ✐♥ (❤❡ ❢❛❝( (❤❛( (❤❡ "❤❛.❡" "♦❧❞ ❛( (❤❡ (♦♣ ❡♥❞ ♦❢ (❤❡ ♣.✐❝❡

.❛♥❣❡ ❜✉( ❧♦"( ♠♦.❡ (❤❛♥ ✷✵✪ ♦❢ (❤❡✐. ✈❛❧✉❡ ✇✐(❤✐♥ (❤❡ ✜."( ❞❛②" ♦❢ (.❛❞✐♥❣✳ ❆❝❝♦.❞✐♥❣❧②✱

✐♥ (❤❡ ♠♦❞❡❧ "❡(✉♣✱ ❛ "(♦❝❦ ♣.✐❝❡ ♠❛.❦✲✉♣ θit ✇♦✉❧❞ ❜❡ ❤✐❣❤ ❜❡❝❛✉"❡ ✐♥✈❡"(♦." (❤✐♥❦ (❤❛( ✐♥

"❤❡ ❧♦♥❣ (✉♥ (❤❡ ✜.♠ ✇✐❧❧ .❡❝♦✈❡. ❛♥❞ ❜❡ ❛❜❧❡ (♦ .❡♣❛② ❛❧❧ ♦❢ ✐(" ❝✉..❡♥( ❞❡❜(✳ ❆ ❜❛♥❦.✉♣(❝②

❝♦♥❞✐(✐♦♥ ❜❛"❡❞ ♦♥ ♠❛.❦❡( ✈❛❧✉❡ ❤❡♥❝❡ (❛❦❡" (❤❡ ❡①♣❡❝(❛(✐♦♥" ✐♥(♦ ❛❝❝♦✉♥(✿

Ait−1 +ρ(πit ,εit) ≡ Fit +θit
︸ ︷︷ ︸

 !♦❝❦ ♠❛'❦❡! ✈❛❧✉❡

< 0.

❚❤❡ "(♦❝❦ ♠❛.❦❡( ✈❛❧✉❡ ❝♦♥"✐"(" ♦❢ ✐♥❤❡.✐(❡❞ ♥❡( ✈❛❧✉❡ Ait−1 ❛♥❞ (❤❡ ♠❛(❦❡" ✈❛❧✉❛"✐♦♥ ♦❢

❝✉..❡♥( ♣.♦✜( ρ(πit ,εit) ✇❤✐❝❤ ✐" ❡T✉✐✈❛❧❡♥( (♦ (❤❡ ❡♥❞✲♦❢✲♣❡.✐♦❞ ♥❡( ✈❛❧✉❡ Fit ❛♥❞ ❛ ♠❛.❦✲✉♣

θit ✳

❲❤❡(❤❡. (❤❡② ❝❛♥ ❜❡ .❡"❝✉❡❞ ❛♥❞ ❣♦ ♦♥ ♣.♦✜(❛❜❧②✱ ❞❡♣❡♥❞" ♦♥ ❛❧❧ ♦❢ ✐(" "(❛❦❡❤♦❧❞❡."✳ ▼❛♥②

♣❛.(✐❡" ❛.❡ ❛❧❧♦✇❡❞ (♦ ✜❧❡ ❢♦. ❜❛♥❦.✉♣(❝②✿ ❝.❡❞✐(♦." ♠✐❣❤( (.② (♦ .❡❝♦✈❡. ♣❛.( ♦❢ (❤❡✐. ❧♦❛♥"

(♦ ❛ ✜.♠ ❛♥❞ "❡❡❦ ❢♦.❡❝❧♦"✉.❡ ✐♥ ♦.❞❡. (♦ .❡"❝✉❡ ❛" ♠✉❝❤ ❛""❡( ✈❛❧✉❡ ❛" ♣♦""✐❜❧❡✱ ♦✇♥❡."

✭"❤❛.❡❤♦❧❞❡."✮ ♠✐❣❤( ♥♦( ❜❡ ✇✐❧❧✐♥❣ (♦ ✐♥❥❡❝( ❢✉.(❤❡. ♠♦♥❡② ✐♥(♦ (❤❡ ✜.♠ ❛♥❞ ♠❛②❜❡ ❛❧"♦

(♦ ❧✐♠✐( ❧♦""❡" ❜② ❧✐T✉✐❞❛(✐♥❣ (❤❡ ✜.♠✱ ❛♥❞ ❛( ❧❛"(✱ (❤❡ ✜.♠ ✐("❡❧❢ ♠❛② ✜❧❡ ❢♦. ✐♥"♦❧✈❡♥❝②✳

❋♦❝✉"✐♥❣ ♦♥ (❤❡ ✐♥(❡.❡"( ♦❢ (❤❡ ♣.♦✈✐❞❡. ♦❢ ❢✉♥❞"✱ ❡❛❝❤ ❣.♦✉♣ ❤❛" "♦♠❡ ❜❛.❣❛✐♥✐♥❣ ♣♦✇❡. ✐♥

(❤❡ .❡"(.✉❝(✉.✐♥❣ ♥❡❣♦(✐❛(✐♦♥"✳ ❲❤✐❧❡ ❛ ❜❛♥❦ ✇♦✉❧❞ ❜❡ ✇✐❧❧✐♥❣ (♦ ✜❧❡ ❢♦. ❜❛♥❦.✉♣(❝②✱ ♦♣(✐♠✐"(✐❝

"❤❛.❡❤♦❧❞❡."✱ ✇❤♦ ❞♦ ♥♦( ✇❛♥( (♦ ❧♦"❡ (❤❡✐. ✐♥✈❡"(♠❡♥(✱ ❝♦✉❧❞ ❜❡ ❛❜❧❡ (♦ ❝♦♥✈✐♥❝❡ (❤❡ ❜❛♥❦

(♦ .♦❧❧ ♦✈❡. (❤❡ ❧♦❛♥ ♦♥❝❡ ❛❣❛✐♥✳ ❚❤❡② ❛.❡ ♠♦.❡ ❧✐❦❡❧② (♦ ❜❡ "✉❝❝❡""❢✉❧ ✐❢ (❤❡ "(♦❝❦ ♠❛.❦❡(

✈❛❧✉❡ ♦❢ ❛ ✜.♠ ✐" ❤✐❣❤✳ ❆""✉♠❡ (❤❡.❡ ✐" ❛ ♣❛.❛♠❡(❡. ns ∈ [0,1] .❡♣.❡"❡♥(✐♥❣ (❤❡ "❤❛.❡❤♦❧❞❡."✬

✐♥✢✉❡♥❝❡✱ (❤❡ ✜.♠ ✇♦✉❧❞ ❜❡ ❞✐""♦❧✈❡❞ ❛♥❞ ❧❡❛✈❡ (❤❡ ❡❝♦♥♦♠② ✐❢

Ait−1 +πit + nsθit < 0. (5b)

■❢ (❤❡ "❤❛.❡❤♦❧❞❡." ❤❛✈❡ ♥♦ ✐♥✢✉❡♥❝❡ ♦♥ (❤❡ ❜❛♥❦✬" ❞❡❝✐"✐♦♥✱ (❤❡ ❜❛♥❦.✉♣(❝② ❝♦♥❞✐(✐♦♥ ✐" ❛" ✐♥

❉❡❧❧✐ ●❛((✐ ✷✵✵✺ ❛♥❞ (❤❡ ♠❛.❦❡( ♠❛.❦✉♣ ❞♦❡" ♥♦( ♣❧❛② ❛♥② .♦❧❡✳ ■❢ (❤❡② ❤❛✈❡ ✐♥✢✉❡♥❝❡✱ ❛♥②

♠❛.❦✉♣ ♠❛❦❡" ❛❝(✉❛❧ ❜❛♥❦.✉♣(❝② ❧❡"" ❧✐❦❡❧②✳ ❊T✉❛(✐♦♥ ✭✺❜✮ ❝♦✈❡." (❤❡ ❞✐✛❡.❡♥( ✐♥(❡.❡"(" ♦❢

"(❛❦❡❤♦❧❞❡."✳ ❚❤❡ ❜❛♥❦ ✇♦✉❧❞ ✜❧❡ ❢♦. (❤❡ ✜.♠ (♦ ❣♦ ✐♥ ❢♦.♠❛❧ ❜❛♥❦.✉♣(❝② ✐❢ Ait−1 +πit ✐" ♥♦(

"✉✣❝✐❡♥(✳ ❚❤❡ "❤❛.❡❤♦❧❞❡." ❤❛✈❡ ❛ ❞❡✈✐❛(✐♥❣ ✐♥(❡.❡"( ✇❤✐❝❤ ✐" ❡①♣.❡""❡❞ ✐♥ θit ✳ ❚❤❡ ♣❛.❛♠❡(❡.

ns
❞❡(❡.♠✐♥❡" (♦ ✇❤❛( ❡①(❡♥( (❤✐" ❞❡✈✐❛(✐♦♥ ✐" ❝.✉❝✐❛❧✳ ■♥ ❝♦♥❥✉♥❝(✐♦♥ ✇✐(❤ θit ✱ nsθit "❤♦✇"

❤♦✇ ♠✉❝❤ (❤❡ ❤❛.❞ ❢❛❝(" ❛.❡ ✐♥✢✉❡♥❝❡❞ ❜② "(♦❝❦ ♠❛.❦❡( ❡①♣❡❝(❛(✐♦♥ ❛♥❞ ❝❛♥ ❜❡ ✉♥❞❡."(♦♦❞

❛" ♠❡❛"✉.❡ ❢♦. ❧❡❣❛❧ ❝✐.❝✉♠"(❛♥❝❡" ❛♥❞ ♣♦❧✐❝✐❡" ❛♣♣❧✐❡❞ ✐♥ ❛♥ ❡❝♦♥♦♠②✳

❊❛❝❤ ✜.♠✬" ❞❡♠❛♥❞ ❢♦. ❝❛♣✐(❛❧ ✐" ❛✛❡❝(❡❞ ❜② (❤❡ ♥❡✇ ❜❛♥❦.✉♣(❝② ❝♦♥❞✐(✐♦♥✳ ❘❡❝❛❧❧ (❤❛( ♣.♦✜(

✐" .❡✈❡♥✉❡ ♠✐♥✉" ❝❛♣✐(❛❧ ❝♦"("

πit = (uitφ −grit)Kit .

12



❚❤❡ ♥❡✇ ❜❛♥❦(✉♣+❝② ❝♦♥❞✐+✐♦♥ ✐1 ✐♥ ❞❡+❛✐❧

Ait−1 +(uitφ −grit)Kit + nsθit < 0.

❚❤✐# ❝❛♥ ❜❡ #♦❧✈❡❞ ❢♦.

uit =
1

Kitφ
[Kitgrit− (Ait−1 +θitn

s)] . (6b)

❉♦✐♥❣ 1❤❡ #❛♠❡ #1❡♣# ❛# ✐♥ 1❤❡ ❜❛#❡❧✐♥❡ ♠♦❞❡❧✱ 1❤✐# ❝.✉❝✐❛❧ ♣.✐❝❡ uit ✐# ✉#❡❞ ✐♥ 1❤❡ ♣.♦❜❛❜✐❧✐1②

♦❢ ❜❛♥❦.✉♣1❝②✳ ❋✐.♠# ❞♦ ♥♦1 ❦♥♦✇ 1❤❡ ♠❛.❦ ✉♣ ♦♥ ♣.♦✜1 ❛1 1❤❡ ❡♥❞ ♦❢ 1❤❡ ♣❡.✐♦❞ ❛♥❞ 1❤❡②

❢♦.♠ ♥❛✐✈❡ ❡①♣❡❝1❛1✐♦♥# ✐♥ 1❤❡ ❢♦.♠

E[θitn
s] = θit−1ns (17)

■1 ✐# ❛##✉♠❡❞ 1❤❛1 1❤❡ ✐♥✢✉❡♥❝❡ ♦❢ #1♦❝❦❤♦❧❞❡.# ns
✐# ❦♥♦✇♥ ❢♦. ❡①❛♠♣❧❡ ❞✉❡ 1♦ 1❤❡ ❧❡❣❛❧

✐♥#1✐1✉1✐♦♥# ❛♥❞ 1❤❛1 1❤❡ ♠❛♥❛❣❡♠❡♥1 ❞♦❡# ♥♦1 ❦♥♦✇ ❤♦✇ 1❤❡ #1♦❝❦ ♠❛.❦❡1 ❢♦.♠# ❡①♣❡❝1❛1✐♦♥

♦❢ ❢✉1✉.❡ ♣.♦✜1#✳ ❚❤❡.❡❢♦.❡✱ 1❤❡ ✜.♠# ❞♦ ♥♦1 ❦♥♦✇ ❤♦✇ 1❤❡ ♠❛.❦ ✉♣ θit ❛❝1✉❛❧❧② ❝♦♠❡# ✉♣✳

❚❤❡② ❦♥♦✇✱ ❤♦✇❡✈❡.✱ 1❤❡ ❞❡✈✐❛1✐♦♥ ♦❢ 1❤❡ ♣.✐♦. #1♦❝❦ ♣.✐❝❡ ❢.♦♠ 1❤❡ ♥❡1 ✈❛❧✉❡ ❛♥❞ ✐1 ✐# ❛##✉♠❡❞

1❤❛1 1❤❡② #✐♠♣❧② ❡①♣❡❝1 1❤✐# ❞❡✈✐❛1✐♦♥ 1♦ ♣❡.#✐#1✳ ❆❢1❡. ♠❛①✐♠✐③✐♥❣ ♣.♦✜1✱ ❝❛♣✐1❛❧ ❞❡♠❛♥❞ ✐#

❞❡1❡.♠✐♥❡❞ ❜②

Kd
it =

φ −grit

cφgrit

+
Ait−1 +θit−1ns

2grit

.

❚❤❡ ❜❛♥❦✐♥❣ #❡❝1♦. ❛❧#♦ .❡❛❝1# ♦♥ ❛ ❞✐#1.❡##❡❞ ✜.♠✳ ■1 ✇✐❧❧ ♥♦1 1❛❦❡ ✐♥1♦ ❛❝❝♦✉♥1 1❤❡ ✭♥❡❣❛1✐✈❡✮

♥❡1 ✇♦.1❤ ♦❢ ❞✐#1.❡##❡❞ ✜.♠#✳ ❙✐♥❝❡ 1❤❡ ❝❛♣✐1❛❧ .❛1✐♦ ♦❢ ❛ ❞✐#1.❡##❡❞ ✜.♠ ✐# ✈❡.② ❧♦✇✱ #✉❝❤ ❛

✜.♠ ✇✐❧❧ ❜❡ ♦✛❡.❡❞ ❧✐11❧❡ ❝.❡❞✐1 ✈✐❛ 1❤❡ ♠❛.❦❡1 #❤❛.❡ .✉❧❡✳ ❚❤❡ ❜❛♥❦✬# .✉❧❡ ✐# ♥♦✇

Ls
it =







Ls
t [λα̃it +(1−λ )κit ] ❢♦. Ait−1 > 0,

Ls
t [(1−λ )κit ] ❡❧#❡✳

(11b)

❍❡.❡ α̃it =
Ait−1

∑i∈∆t
Ait−1

❛♥❞ ∆t ✐# 1❤❡ #❡1 ♦❢ ❛❧❧ ✜.♠# 1❤❛1 ❛.❡ #♦❧✈❡♥1 ✐♥ ♣❡.✐♦❞ t✳ ❚❤✐# ❡♥#✉.❡#

1❤❛1 ❛❧❧ ✐♥❞✐✈✐❞✉❛❧ ❝.❡❞✐1 ♦✛❡.# #✉♠ ✉♣ 1♦ Ls
t ❛❣❛✐♥✳ ❈♦♠♣❛.❡❞ 1♦ ❛ #✐1✉❛1✐♦♥ ✇❤❡.❡ ✐♥#♦❧✈❡♥1

✜.♠# ❧❡❛✈❡ 1❤❡ ♣♦♦❧ ♦❢ ❛##❡##♠❡♥1 1❤❡.❡ ✐# ❧❡## ❝.❡❞✐1 #✉♣♣❧② ❢♦. 1❤❡ #♦❧✈❡♥1 ✜.♠#✳ ❚❤✉#✱

❜② ❝♦♥#1.✉❝1✐♦♥✱ ✐❢ 1❤❡.❡ ❡①✐#1 ✐♥#♦❧✈❡♥1 ❜✉1 ♥♦1 ②❡1 ❜❛♥❦.✉♣1 ✜.♠#✱ 1❤❡ #♦❧✈❡♥1 ♦♥❡# ❛.❡

❝♦♠♣❛.❛1✐✈❡❧② ✇♦.#❡ ♦✛ ❞✉❡ 1♦ ❛ 1♦✉❣❤❡. ❛##❡##♠❡♥1✳ ❚❤❡ ❡H✉✐❧✐❜.✐✉♠ ✐♥1❡.❡#1 .❛1❡ ✐#

rit =
2+(Ait−1 +θit−1ns)c

2gcφ (Ls
it +Ait−1 +

1
cφ )

(12b)

■1 ✐# ❡❛#② 1♦ #❡❡ 1❤❛1 ❝❛♣✐1❛❧ ❞❡♠❛♥❞ ❛♥❞ ❤❡♥❝❡ ❡H✉✐❧✐❜.✐✉♠ ✐♥1❡.❡#1 ✐♥❝.❡❛#❡# ✐♥ 1❤❡ ♠❛.❦✉♣ ♦♥

♣.♦✜1✳ ■❢ 1❤❡ #1♦❝❦ ♠❛.❦❡1 ✈❛❧✉❡# 1❤❡ ✜.♠ ❡①1.❡♠❡❧② ❤✐❣❤✱ ♠❛♥❛❣❡.# ❝❛♥ ❛✛♦.❞ 1♦ 1❛❦❡ ❤✐❣❤❡.

.✐#❦# ❛# 1❤❡ ✜.♠ ✇✐❧❧ ❜❡ ❧❡## ❧✐❦❡❧② 1♦ ❣♦ ❜❛♥❦.✉♣1✳

■1 ✐# ♣♦##✐❜❧❡✱ 1❤❛1 1❤❡ ❜❛♥❦ ❝.❡❞✐1 ♦✛❡. ❞♦❡# ♥♦1 #✉✣❝❡ 1♦ ♦✛#❡1 1❤❡ ♥❡❣❛1✐✈❡ ♥❡1 ✈❛❧✉❡ ❝❛..✐❡❞

♦✈❡. 1♦ 1❤❡ ♥❡①1 ♣❡.✐♦❞✳ ■♥ 1❤✐# ❝❛#❡✱ 1❤❡.❡ ✇♦✉❧❞ ❜❡ ♥❡❣❛1✐✈❡ ♣.♦❞✉❝1✐✈❡ ❝❛♣✐1❛❧✳ ❚❤✐# ✐#
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❡①❝❧✉❞❡❞ ✐♥ (❤❡ *✐♠✉❧❛(✐♦♥ ❛* (❤❡ ♣/♦❞✉❝(✐✈❡ ❝❛♣✐(❛❧ ♠✉*( ❜❡ ❛( ❧❡❛*( ③❡/♦✳ ❚❤❡/❡❢♦/❡✱

Kit =







Ait−1 +Lit , ❢♦/ Ait−1 +Lit > 0,

0, ❡❧*❡✳

(18)

❋✐❣✉/❡ ✹ *❤♦✇* (❤❛( (❤❡ ❝/❡❞✐( ❞❡♠❛♥❞ ❝✉/✈❡ ❝♦♥(✐♥❣❡♥( ♦♥ (❤❡ ✐♥(❡/❡*( /❛(❡ *❤✐❢(* ✉♣✇❛/❞* ✐♥

Figure 4: credit demand ns = 1
(black→ ε = 0, red→ ε > 0, green→ ε < 0)

θit ✳ ❚❤✐* *❤✐❢( ✐* ❧❛/❣❡/ ✐♥ (❤❡ ✐♥✢✉❡♥❝❡ ♣❛/❛♠❡(❡/ ♦❢ (❤❡ *❤❛/❡❤♦❧❞❡/* ns
✳ ■❢ (❤❡/❡ ✐* ❛ ♣♦*✐(✐✈❡

*(♦❝❦ ♠❛/❦❡( ✐♥✢✉❡♥❝❡ ❛♥ ❛❝(✉❛❧ ❜❛♥❦/✉♣(❝② ✐* ❧❡** ❧✐❦❡❧②✳ ❚❤❡/❡❢♦/❡✱ (❤❡ ❡①♣❡❝(❡❞ ❝♦*(* ♦❢

❜❛♥❦/✉♣(❝② ❛/❡ ❧♦✇❡/ ✇❤✐❝❤ ❜♦♦*(* ❝/❡❞✐( ❞❡♠❛♥❞ ❜② ✜/♠* ❛♥❞ ✈✐❝❡ ✈❡/*❛✳

4.1. no stock market mood swings

❆* (❤❡ ✜/♠* ✐♥ (❤❡ ♠♦❞❡❧ ♦♣❡/❛(❡ ♦♥ ✧✐*♦❧❛(❡❞ ✐*❧❛♥❞*✧ ✇❤✐❝❤ ♠❛❦❡* (❤❡✐/ ♣/♦❞✉❝( ♣/✐❝❡*

✐♥❞❡♣❡♥❞❡♥(✱ (❤❡ *❛♠❡ ✐* (/✉❡ ❢♦/ *(♦❝❦ ♣/✐❝❡* ✐♥ (❤✐* *❡❝(✐♦♥✳ ❚❤✐* ❛❞❞* *♦♠❡ ❢✉/(❤❡/ ♥♦✐*❡

(♦ (❤❡ ❡①♣❡❝(❡❞ ❝♦*(* ♦❢ ❜❛♥❦/✉♣(❝②✳ ❍♦✇❡✈❡/✱ (❤❡ ♥♦✐*❡ ✐* ❛✉(♦ ❝♦//❡❧❛(❡❞ ✐♥ (❤❡ *❤♦/( /✉♥✳

❚❤❡ C✉❡*(✐♦♥ ✐* ✇❤❡(❤❡/ (❤❡ ✜/♠* (❛❦❡ ♠♦/❡ ♦/ ❧❡** /✐*❦ ❝♦♠♣❛/❡❞ (♦ (❤❡ ✐♥✐(✐❛❧ ♠♦❞❡❧ ❛♥❞

✇❤❡(❤❡/ (❤✐* ✐♥✢✉❡♥❝❡* (❤❡ ♦✉(♣✉( ♣❛((❡/♥✳ ❚❤❡ ❝♦♠♣❛/❛(✐✈❡ ❛♥❛❧②*✐* ✐* ❞♦♥❡ ❢♦/ ❞✐✛❡/❡♥( ❧❡✈❡❧*

♦❢ ✐♥✢✉❡♥❝❡ ♦❢ *❤❛/❡❤♦❧❞❡/* ✐♥ /❡*(/✉❝(✉/✐♥❣ ♥❡❣♦(✐❛(✐♦♥* ns ∈ [0,1]✳ ❚❤❡/❡ ❛/❡ ✶✵✵ /❡♣❡❛(❡❞

*✐♠✉❧❛(✐♦♥* ❢♦/ ❡❛❝❤ ♣❛/❛♠❡(❡/ ✈❛❧✉❡ ✇❤✐❧❡ (❤❡ ✐♥(❡/✈❛❧ ✐* ❝♦✈❡/❡❞ ✐♥ ✶✵ ✐♥❝/❡♠❡♥(❛❧ *(❡♣*✳

❚❤❡ ✐♠♣❛❝( ♦❢ ♣♦*✐(✐✈❡ ♠❛/❦✉♣* ✐* (❤❛( ❞✐*(/❡**❡❞ ✜/♠* ❝❛♥ *✉/✈✐✈❡ ❜✉( (❤❛( ♠✐❣❤( ♦♥❧② ❤❛✈❡

❛ *❤♦/( ♣♦*(♣♦♥✐♥❣ ❡✛❡❝(✳ ❋✐❣✉/❡ ✺❜ *❤♦✇* (❤❛( (❤❡ ❜❛/❣❛✐♥✐♥❣ ♣♦✇❡/ ♦❢ *❤❛/❡❤♦❧❞❡/* ❞♦❡*

♥♦( ❤❛✈❡ ❛ *✐❣♥✐✜❝❛♥( ✐♠♣❛❝( ♦♥ (❤❡ ❡✈♦❧✉(✐♦♥ ♦❢ (❤❡ ❡❝♦♥♦♠②✳ ❚♦(❛❧ ♦✉(♣✉(✱ (❤❡ ✐♥(❡/❡*( /❛(❡

❛♥❞ ♠❛/❦❡( ♣♦✇❡/ ❞♦ ♥♦( ❝❤❛♥❣❡ ✐♥ (❤❡ ❜❛/❣❛✐♥✐♥❣ ♣♦✇❡/✳ ❚❤❡ /❡❛*♦♥ ✐* (❤❛( *♦♠❡ ✜/♠* ♣❛②

/❡❧❛(✐✈❡❧② ♠♦/❡ ✐♥(❡/❡*( ✐❢ (❤❡② ❢❛❝❡ ❛ ♠❛/❦✉♣ ❜✉( ♦(❤❡/* ♣❛② /❡❧❛(✐✈❡❧② ❧❡**✳ ❚❤❡ /❡♣/❡*❡♥(❛(✐✈❡

/✉♥ ✐♥ ✜❣✉/❡ ✻ /❡✈❡❛❧* (❤❛( (❤❡ ❞②♥❛♠✐❝* ♦✈❡/ (✐♠❡ ❛/❡ ❞✐*(✐♥❝(✳ ❊*♣❡❝✐❛❧❧② (❤❡ ✐♥(❡/❡*( /❛(❡

✢✉❝(✉❛(❡* *❡✈❡/❡❧② ✭✜❣✉/❡ ✻❝✮✳ ❚❤❡ ♦✉(♣✉( ❤❛* ❛ ♣❛((❡/♥ ♦❢ ❞✐*(✐♥❝( ❡❝♦♥♦♠✐❝ ❜♦♦♠* ❛♥❞

/❡❝❡**✐♦♥* ✭✜❣✉/❡ ✻❛✮ ✇❤✐❧❡ (❤❡ ✜/♠ ♥✉♠❜❡/ ❛❧*♦ ✐* *♦♠❡✇❤❛( ❝②❝❧✐❝❛❧ ✭✜❣✉/❡ ✻❜✮✳ ❚❤❡/❡

*❡❡♠* (♦ ❜❡ ❛ ❝❧❡❛/ (❡♥❞❡♥❝② (♦✇❛/❞ ♠❛/❦❡( ❝♦♥❝❡♥(/❛(✐♦♥ ✇❤✐❧❡ (❤✐* ✐* ❢/❡C✉❡♥(❧② ❞✐*(✉/❜❡❞

✭✜❣✉/❡ ✻❞✮✳ ❚❤✐* ✐♥❞✐❝❛(❡* (❤❛( ❛❧*♦ ❧❛/❣❡ ✜/♠* ❛/❡ ❧✐❦❡❧② (♦ ❣♦ ❜❛♥❦/✉♣(✳ ❚❤❡② ❝♦✉❧❞ ❜❡ ❤✐(
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(a) total output (log) (b) average interest rate (c) Market Power

Figure 5: Impact of bargaining power

(a) GDP without drift (b) Firm number without drift (c) Average interest rate, no drift

(d) Market Power without drift (e) Bad Debt without drift

Figure 6: Time series for high bargaining power of shareholders

❜② ❛ #❡✈❡&❡ ♠❛&❦❞♦✇♥✳ ❖♥ ❛✈❡&❛❣❡ 0❤♦✉❣❤✱ ❛ ❝❧❡❛& ✐♠♣❛❝0 ♦❢ 0❤❡ ❜❛&❣❛✐♥✐♥❣ ♣♦✇❡& ❝❛♥♥♦0 ❜❡

❞✐#0✐♥❣✉✐#❤❡❞✳

❚❤❡ ❧❡❣❛❧ ❢&❛♠❡✇♦&❦ ❞♦❡# ♥♦0 #❡❡♠ 0♦ ❤❛✈❡ ♠✉❝❤ ♦❢ ❛♥ ✐♥✢✉❡♥❝❡ ✐❢ #0♦❝❦ ♣&✐❝❡# ❛&❡ ♥♦0

❝♦&&❡❧❛0❡❞✳

4.2. boom bust periods

❙0♦❝❦ ♠❛&❦❡0# ❡①❤✐❜✐0 ❝②❝❧❡# ✇❤✐❝❤ ❝❛♥ ❜❡ ❝❛✉#❡❞ ❜② ❢✉♥❞❛♠❡♥0❛❧ ❝❤❛♥❣❡# ❞✉❡ 0♦ &❡❛❧ ❡❝♦♥♦♠✐❝

❝②❝❧❡#✳ ❚❤❡② ❝❛♥ ❛❧#♦ #❤♦✇ ❜♦♦♠# ❛♥❞ ❜✉#0# ✇❤✐❝❤ ❛&❡ ❛&❡ ❝♦♥#✐❞❡&❡❞ 0♦ ❜❡ ♦✈❡&&❡❛❝0✐♦♥# ♥♦0

❥✉#0✐✜❡❞ ❜② ❢✉♥❞❛♠❡♥0❛❧ ❞❛0❛✳ ❚❤♦#❡ ❜♦♦♠# ❛♥❞ ❜✉#0# ❝❛♥ ❜❡ ❞&✐✈❡♥ ❜② ❤❡&❞ ❜❡❤❛✈✐♦✉&✱ ❢♦&

✐♥#0❛♥❝❡✳ ❚❤✐# ❦✐♥❞ ♦❢ #♣❡❝✉❧❛0✐♦♥ ✐# ✐♥0&♦❞✉❝❡❞ ❡①♦❣❡♥♦✉# 0♦ 0❤❡ ♠♦❞❡❧ ❜② ❛❞❞✐♥❣ ❛ ❞&✐❢0 0♦

0❤❡ &❛♥❞♦♠ ✇❛❧❦ ♦❢ εit ✿

εit = εit−1 +ηitση + sin
( t

40

)

.
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❚❤✐# ♠❡❛♥# (❤❛( (❤❡ ❡))♦)# ❛)❡ ❝♦))❡❧❛(❡❞ ❛♥❞ (❤❡ ❞)✐❢( ❧✐❢(# ❛❧❧ ❞❡✈✐❛(✐♦♥# ❡0✉❛❧❧② ♦) ❞✐♠✐♥✐#❤❡#

(❤❡♠ ❜② (❤❡ #❛♠❡ ❛♠♦✉♥(✳ ■❢ (❤❡)❡ ❛)❡ ♣❤❛#❡# ♦❢ ❜♦♦♠# ❛♥❞ ❜✉#(#✱ ❛# ❞❡#❝)✐❜❡❞ ❜② (❤❡ ❞)✐❢(

(a) GDP with drift (b) Firm number with drift (c) Average interest rate, drift

(d) Market Power with drift (e) Bad Debt with drift

Figure 7: Time Series for high bargaining power of shareholders with stock market drift

✐♥ (❤❡ )❛♥❞♦♠ ✇❛❧❦✱ (❤❡ )❡❛❧ ❡❝♦♥♦♠② )❡❛❝(# ❞✐#(✐♥❝(✐✈❡❧② ♦♥ #(♦❝❦ ♠❛)❦❡( ♠♦♦❞✳ ❋✐❣✉)❡# ✼❛

(♦ ✼❡ #❤♦✇ (❤❡ ❡①()❡♠❡ #✐(✉❛(✐♦♥ ✇❤❡)❡ #❤❛)❡❤♦❧❞❡)#✬ ❜❛)❣❛✐♥✐♥❣ ♣♦✇❡) ✐# ns = 1✳ ❚❤❡ ♠❛)❦❡(

❞)✐❢( ✐# ❛❧#♦ ❞❡♣✐❝(❡❞✱ ❜✉( ❢♦) ❣)❛♣❤✐❝❛❧ )❡❛#♦♥# ❛♠♣❧✐✜❡❞ ✐♥ (❤❡ ✐♠❛❣❡#✳

❚♦(❛❧ ♦✉(♣✉( ✭✜❣✉)❡ ✼❛✮✱ (❤❡ ♥✉♠❜❡) ♦❢ ✜)♠# ✭✼❜✮ ❛♥❞ (❤❡ ❛✈❡)❛❣❡ ✐♥(❡)❡#( )❛(❡ ✭✜❣✉)❡ ✼❝✮

)❡#♣♦♥❞ (♦ ❜♦♦♠✲❜✉#( ❝②❝❧❡# ♦❢ (❤❡ #(♦❝❦ ♠❛)❦❡(✳ ❋♦) ❤✐❣❤ ♠❛)❦ ✉♣# ♠❛♥② ✜)♠# ❣♦ ❜❛♥❦)✉♣(

✇❤✐❝❤ ❛❧#♦ ❝❛✉#❡# ❞❡❡♣ )❡❝❡##✐♦♥#✳ (❤❡ ❛✈❡)❛❣❡ ✐♥(❡)❡#( ✐# ❣❡♥❡)❛❧❧② ❤✐❣❤ ✐♥ #✉❝❤ ♣❤❛#❡# ✇❤✐❝❤

❝❛✉#❡# (❤❡ ❧❛)❣❡ ♥✉♠❜❡) ♦❢ ❜❛♥❦)✉♣(❝✐❡# ❛♥❞ (❤❡ ❞❡♣)❡##✐♦♥ (✐♠❡#✳ ▼❛)❦❡( ♣♦✇❡) ✈❛)✐❡# ❛ ❧♦(
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5. Stock-related Remuneration

■♥ "❤✐% %❡❝"✐♦♥ ✇❡ ❜❛%❡ "❤❡ ♠❛♥❛❣❡♠❡♥"%✬ ♣❛②♦✛ ♦♥ "❤❡ %"♦❝❦ ♣3✐❝❡ ❛" "❤❡ ❡♥❞ ♦❢ ❛ ♣❡3✐♦❞✳

❚✇♦ 8✉❡%"✐♦♥% ✇✐❧❧ ❜❡ ❛❞❞3❡%%❡❞✿ ✐❢ %♦♠❡ %❤❛3❡ ♦❢ "❤❡ ♠❛♥❛❣❡♠❡♥" ❝♦♠♣❡♥%❛"✐♦♥ ❝♦♥%✐%"% ♦❢

❣3❛♥"❡❞ %❤❛3❡%✱ ❤♦✇ ❞♦❡% "❤✐% ❛✛❡❝" "♦"❛❧ ♦✉"♣✉" ❛♥❞ "❤❡ ❛✈❡3❛❣❡ ✐♥"❡3❡%" 3❛"❡❄ ❆♥❞ ✇❤❛"

✐♠♣❛❝" ❞♦ ✈♦❧❛"✐❧✐"② ❝②❝❧❡% ❤❛✈❡ ✐♥ "❤✐% ❝♦♥"❡①"❄ ■♥ ♠❛❥♦3 ❝♦3♣♦3❛"✐♦♥% "❤❡ ♦✈❡3❛❧❧ ♣❛②♠❡♥" ♦❢

♠❛♥❛❣❡3% ❝♦♥%✐%"% ♦❢ ❛ ♣❛❝❦❛❣❡ "❤❛" ✐♥❝❧✉❞❡% ✜①❡❞ %❛❧❛3✐❡% ❛♥❞ ❛ ♣❡3❢♦3♠❛♥❝❡✲❜❛%❡❞ ♣❛②♦✉"✳

❚❤✐% ♣❡3❢♦3♠❛♥❝❡✲❜❛%❡❞ ♣❛②♦✉" ✐% ❧✐♥❦❡❞ "♦ "❤❡ %"♦❝❦ ♣3✐❝❡ ❜② ❣3❛♥"✐♥❣ %♦♠❡ %❤❛3❡% ♦3 ✐%%✉✐♥❣

%"♦❝❦ ♦♣"✐♦♥%✳ ❚❤✐% ♠❡❛♥% "❤❛" "❤❡ ❤✐❣❤❡3 "❤❡ %"♦❝❦ ♣3✐❝❡✱ ❣✐✈❡♥ ❛ ♣3✐♦3 ❜❡♥❝❤♠❛3❦✱ "❤❡ ❤✐❣❤❡3

"❤❡ ♠❛♥❛❣❡3%✬ %❛❧❛3②✳

✺

❲❡ ❝♦♥%✐❞❡3 ❛ ♠❛♥❛❣❡♠❡♥" "❤❛" ✐% ❝♦♥❝❡3♥❡❞ ❛❜♦✉" "❤❡ ❧✐❦❡❧② %"♦❝❦

♣3✐❝❡ ❛" "❤❡ ❡♥❞ ♦❢ ❛ ♣❡3✐♦❞ ♦♥❧②✳ ❚❤❡② ❞♦ ♥♦" ❝♦♥%✐❞❡3 ❛♥② ❢✉3"❤❡3 ♣3✐❝❡ ✐♥❝3❡❛%❡% ♦3 ❞❡❝3❡❛%❡%

%✐♥❝❡ ✇❡ ❛%%✉♠❡ "❤❛" "❤❡② ❝♦✉❧❞ %❡❧❧ "❤❡ %"♦❝❦ ✐♠♠❡❞✐❛"❡❧②✳

✻

❚❤❡ %"♦❝❦ ♣3✐❝❡ ❛" "❤❡ ♣❛3"✐❝✉❧❛3

♣♦✐♥" ✐♥ "✐♠❡ ✐% "❤❡♥ ✉♥❝❡3"❛✐♥ ❛❧%♦ ❞✉❡ "♦ "❤❡ ✈♦❧❛"✐❧✐"② "❤❛" 3❡✐❣♥% ✐♥ "❤❡ %"♦❝❦ ♠❛3❦❡"✳ ■" ✐% ❛

✇❡❧❧ ❡%"❛❜❧✐%❤❡❞ ❢❛❝" ♦❢ ✜♥❛♥❝✐❛❧ ♠❛3❦❡"% "❤❛" ✈♦❧❛"✐❧✐"② ✐% ♣❡3%✐%"❡♥" ✭❇♦❧❧❡3%❧❡✈ ❛♥❞ ❏✉❜✐♥%❦②✱

✶✾✾✾❀ ▲✉① ❛♥❞ ❑❛✐③♦❥✐✱ ✷✵✵✼✮ ❛♥❞ "❤❛" ✐" ✐% ❛❧%♦ ♣♦%✐"✐✈❡❧② ❝♦33❡❧❛"❡❞ ✇✐"❤ "3❛❞✐♥❣ ✈♦❧✉♠❡

✭❑❛3♣♦✛✱ ✶✾✽✼❀ ❇3♦❝❦ ❛♥❞ ▲❡❜❛3♦♥✱ ✶✾✾✻✮✳ ❚❤❡ ❝♦♥♥❡❝"✐♦♥ ❜❡"✇❡❡♥ %"♦❝❦ ♠❛3❦❡" ✈♦❧❛"✐❧✐"②

❛♥❞ ❜✉%✐♥❡%% ❝②❝❧❡% ✐% ❞✐%❝✉%%❡❞ ❜② ❋♦3♥❛3✐ ❛♥❞ ▼❡❧❡ ✭✷✵✶✵✮✳ ❚❤❡② ✜♥❞ "❤❛" ❛❣❣3❡❣❛"❡ %"♦❝❦

♠❛3❦❡" ✈♦❧❛"✐❧✐"② ❡①♣❧❛✐♥% ✉♣ "♦ ✺✺✪ ♦❢ 3❡❛❧ ❣3♦✇"❤✳ ❚❤❡♦3❡"✐❝❛❧ ♠♦❞❡❧% ♦❢ "❤✐% ❝♦♥♥❡❝"✐♦♥

❞✐✛❡3 ✐♥ "❤❡ "✐♠✐♥❣ ♦❢ "❤❡ ❝♦33❡❧❛"✐♦♥✳ ❚❤❡3❡ ❛3❡ ♠♦❞❡❧% "❤❛" ❡①♣❧❛✐♥ ❝♦✉♥"❡3❝②❝❧✐❝❛❧ ✐♥✢✉❡♥❝❡%

✭❈❛♠♣❜❡❧❧ ❛♥❞ ❈♦❝❤3❛♥❡✱ ✶✾✾✾✮ ✇❤✐❧❡ ♦"❤❡3% ❡①♣❧❛✐♥ ♣3♦❝②❝❧✐❝❛❧ ❝♦♥♥❡❝"✐♦♥% ✭❇❡3♥❛♥❦❡ ❡" ❛❧✳✱

✶✾✾✾✮✳ ❚❤❡ ❝♦✉♥"❡3❝②❝❧✐❝❛❧ ♠♦❞❡❧% ❛%%✉♠❡ ♥♦ ❢❡❡❞❜❛❝❦ ❢3♦♠ "❤❡ 3❡❛❧ ❡❝♦♥♦♠② "♦ ❛%%❡" ♣3✐❝❡%

✇❤✐❧❡ "❤❡ ✜♥❛♥❝✐❛❧ ❛❝❝❡❧❡3❛"♦3 ❛♣♣3♦❛❝❤ ♦❢ ❇❡3♥❛♥❦❡ ❡" ❛❧✳ ❞♦❡% ✭❙❡❡ ❋♦3♥❛3✐ ❛♥❞ ▼❡❧❡✱ ✷✵✶✵✮✳

❲❡ %"✐❝❦ "♦ "❤❡ ❧❛""❡3 ❝♦♥❝❡♣" ❛♥❞ ❜✉✐❧❞ ✐♥ ❡①♦❣❡♥♦✉% ❧❡✈❡❧% ♦❢ %"♦❝❦ ♠❛3❦❡" ✈♦❧❛"✐❧✐"② ♦♥ "♦♣

♦❢ "❤❡ 3❡❛❧ ❡❝♦♥♦♠② ❢❡❡❞❜❛❝❦✳ ❋✉3"❤❡3♠♦3❡✱ ✇❡ %"❛② ❛% ❝❧♦%❡ ❛% ♣♦%%✐❜❧❡ "♦ "❤❡ ♣3✐♦3 ❛♣♣3♦❛❝❤

❛♥❞ ♠♦❞❡❧ ✈♦❧❛"✐❧✐"② ❛% %❡♥%✐"✐✈✐"② "♦ ♣3♦✜"✱ "❤❛" ✐% "❤❡ ❧❡✈❡❧ ♦❢ ♣3♦✜" ❡①"3❛♣♦❧❛"✐♦♥✳

❚❤❡ ●3❡❡♥✇❛❧❞ ❛♥❞ ❙"✐❣❧✐"③ ❛♣♣3♦❛❝❤ ❛❝❦♥♦✇❧❡❞❣❡% "❤❛" "❤❡ ❧❡✈❡3❛❣❡ ❛ ✭♥♦♥✲✜♥❛♥❝✐❛❧✮ ✜3♠

♠❛♥❛❣❡3 ✐% ✇✐❧❧✐♥❣ "♦ "❛❦❡ ✐♥ ♦3❞❡3 "♦ ✜♥❛♥❝❡ ♣3♦❞✉❝"✐♦♥ ✐% ❜♦✉♥❞ ❜② "❤❡ ❝♦♥❞✐"✐♦♥❛❧ ♣3♦❜❛❜✐❧✐"②

♦❢ ❜❛♥❦3✉♣"❝②✳ ❚❤❡ 3❡❛%♦♥ ✐% "❤❛" "❤♦%❡ ♠❛♥❛❣❡3% ❞♦ ❜❡❛3 "❤❡ ❞♦✇♥%✐❞❡ 3✐%❦ ❜② ❧♦%% ✐♥

3❡♣✉"❛"✐♦♥ ✭✧❜❡✐♥❣ ❛ ❜❛❞ ♠❛♥❛❣❡3✧✮ ❛♥❞ ❧♦%% ✐♥ %❛❧❛3② ❞✉❡ "♦ ✉♥❡♠♣❧♦②♠❡♥" ✐❢ "❤❡ ✜3♠ ❣♦❡%

❜❛♥❦3✉♣"✳ ■❢ "❤❡ ✜3♠ ✐% ❛ ❝♦3♣♦3❛"✐♦♥ ✭✐✳❡✳ ❛ ♣✉❜❧✐❝❧② ❧✐%"❡❞ ❝♦♠♣❛♥②✮ "❤❡ ♠❛♥❛❣❡♠❡♥"

3❡♠✉♥❡3❛"✐♦♥ ✐% ❧✐❦❡❧② "♦ ❞❡♣❡♥❞ ❛❧%♦ ♦♥ "❤❡ %"♦❝❦ ♣❡3❢♦3♠❛♥❝❡✳ ■♥ "❤❛" ❝❛%❡ ❛ ♠❛♥❛❣❡3

✇♦✉❧❞ "❛❦❡ "❤❡ ❡①♣❡❝"❡❞ %"♦❝❦ ♣3✐❝❡ ✐♥"♦ ❛❝❝♦✉♥" ❢♦3 ❤✐% ♦3 ❤❡3 ❝❛♣✐"❛❧ ❞❡♠❛♥❞ ❞❡❝✐%✐♦♥✳ ■♥

"❤❡ ✉♥❞❡3❧②✐♥❣ ♠♦❞❡❧ "❤❡ %"♦❝❦ ♣3✐❝❡ ❛✛❡❝"% "❤❡ ♠❛♥❛❣❡3✬% ❞❡❝✐%✐♦♥ ♦❢ ❤♦✇ ♠✉❝❤ ❧❡✈❡3❛❣❡ "♦

❛❝❝❡♣"✳

❲✐"❤ "❤✐% ❝♦♥"❡①" "❤❡3❡ ♥❡❡❞% "♦ ❜❡ %♦♠❡ ❛❜%"3❛❝"✐♦♥ ❢3♦♠ "❤❡ ❢♦3♠❡3 ❛♣♣3♦❛❝❤✳ ❙✐♥❝❡ "❤❡3❡

✐% ♥♦ ❧❛❜♦✉3 ♠❛3❦❡" ✐♥ "❤❡ ♠♦❞❡❧✱ "❤❡3❡ ❛3❡ ❛❧%♦ ♥♦ ✇❛❣❡% ❢♦3 "❤❡ ♠❛♥❛❣❡♠❡♥" ♦3 ✇♦3❦❡3%✳ ■❢

5There are different sorts of stock-related compensations which have a contrary effect on risk taking. See Bryan, Hwang, and

Lilien (2000) for more details. As for bank managers, this type of compensation has been discussed as contribution to the

financial crisis due to subprime lending as banks could benefit from their earnings but their losses were borne by taxpayers

through bailouts. The managers had each incentive to take large risks in exchange for the chance of large earnings. See

Admati & Hellwig (2013), pp. 122,123 for some more detailed discussion. Since a payment in common stocks is possibly

one of the easiest way to look at, this is chosen for this approach.
6Usually, there are some minimum holding times before managers can sell the stock granted.

17



 ❤❡ #❡♠✉♥❡#❛ ✐♦♥ ✐*  ❛❝❦❧❡❞ ❛* ❝❤❛♥♥❡❧ ♦❢ ✐♥✢✉❡♥❝❡✱  ❤❡#❡ ♥❡❡❞*  ♦ ❜❡ ❛ ❞✐* ✐♥❝ ✐♦♥ ❜❡ ✇❡❡♥

 ❤❡ ❛❝ ✐♥❣ ♠❛♥❛❣❡#* ❛♥❞  ❤❡ ♦✇♥❡#* ♦❢  ❤❡ ✜#♠✳ ❚❤❡ ♠❛♥❛❣❡#*✬ ❞❡❝✐*✐♦♥ ♣#♦❜❧❡♠ ✉♥❞❡#

✐♥✈❡* ✐❣❛ ✐♦♥ ✐* ♥♦  ♦ ♠❛①✐♠✐③❡ ♠❡#❡ ❡①♣❡❝ ❡❞ ♣#♦✜ ❢♦#  ❤❡ ✜#♠ ❜✉  ♦ ♠❛①✐♠✐③❡  ❤❡✐# ♦✇♥

❡①♣❡❝ ❡❞ ♣❛②♦✛✳

❚❤❡ #❡♠✉♥❡#❛ ✐♦♥ ♣❛❝❦❛❣❡ ♦❢  ❤❡ ♠❛♥❛❣❡♠❡♥ ✐* ❛**✉♠❡❞  ♦ ❝♦♥*✐* ♦❢  ❤❡ ♥✉♠❜❡# ♦❢ ❝♦♠♣❛♥②

*❤❛#❡* ϕit ❣#❛♥ ❡❞ ❛* ✐♥❝❡♥ ✐✈❡ ❛♥❞ ❛ ✜①❡❞ *❛❧❛#② cM
it ✇❤✐❝❤ ❛❧*♦ ❞❡♣❡♥❞* ♦♥  ❤❡ ✜#♠ *✐③❡ ✐♥  ❤❡

❢♦#♠ cM
it = φKitc

m
✇❤❡#❡ cm

> 0 ✐* ❛ ❝♦♥* ❛♥ ✳ ❚❤❡ ✈❛❧✉❡ ♦❢  ❤❡ ❝♦♠♣❡♥*❛ ✐♦♥ πM
it ❞❡♣❡♥❞*

♦♥  ❤❡ * ♦❝❦ ♣#✐❝❡  ❤❛ ✐* #❡❛❧✐③❡❞ ❛! !❤❡ ❡♥❞ ♦❢  ❤❡ ♣❡#✐♦❞ ❛♥❞  ❤❡ *❤❛#❡ ♦❢ *❛❧❛#②  ❤❛ ✐*

♣❛✐❞ ✐♥ ❣#❛♥ ❡❞ *❤❛#❡* β ∈ [0,1]✿ πM
it = βϕitP

E
it +(1−β )cM

it . ◆♦ ❡  ❤❛  ❤❡ * ♦❝❦ ♣#✐❝❡ ✐ *❡❧❢

❞❡♣❡♥❞* ♣♦*✐ ✐✈❡❧② ♦♥ ♣#♦✜ ✳ ❆**✉♠✐♥❣  ❤❡ ❝♦* * ♦❢ ❜❛♥❦#✉♣ ❝② ❜♦#♥❡ ❜②  ❤❡ ♠❛♥❛❣❡♠❡♥ 

✐♥❝❧✉❞❡ ❧♦**❡* ❢#♦♠ ❢✉ ✉#❡ *❛❧❛#② ❛♥❞ #❡♣✉ ❛ ✐♦♥✱  ❤✐* ✐* ❝❛♣ ✉#❡❞ ❜② c
f
it ✳ ❚❤❡ ♠❛♥❛❣❡♠❡♥ 

❝❛♥ ♦♥❧② #❡❛♣  ❤❡ ❜❡♥❡✜ * ❢#♦♠ ❣#❛♥ ❡❞ * ♦❝❦* ✐❢  ❤❡ ✜#♠ ✐* ♥♦ ❜❛♥❦#✉♣ ✳ ■❢  ❤❡ ✜#♠ ❣♦❡*

❜❛♥❦#✉♣ ✱  ❤❡② *✉✛❡#  ❤❡ ❝♦* * c
f
it ✳ ❉❡♥♦ ❡  ❤❡ ♣#♦❜❛❜✐❧✐ ② ♦❢ ❜❛♥❦#✉♣ ❝② ❛* D#♦❜(BR) = Pit ✳

❚❤❡ ❡①♣❡❝ ❡❞ ♣❛②♦✛ ❢♦#  ❤❡ ♠❛♥❛❣❡♠❡♥ ✐*

E[πM
it ] = (1−Pit)βϕitE[Pit ]+ (1−β )cM

it +Pitc
f
it (19)

✇❤❡#❡ c
f
it < 0✱ β ∈ [0,1]✳ ❙ ♦❝❦* ❛#❡ ❛**✉♠❡❞  ♦ ❜❡  #❛❞❡❞ ❛  ❤❡ ❡♥❞ ♦❢ ❡❛❝❤ ♣❡#✐♦❞ ✇❤❡♥

✐♥✈❡* ♦#* ❦♥♦✇ ✇❤❡ ❤❡# ❛ ✜#♠ ✇✐❧❧ ❝♦♥ ✐♥✉❡ ❡①✐* ✐♥❣ ❛♥❞ ✉♥❞❡# ✇❤✐❝❤ ❝♦♥❞✐ ✐♦♥*✳ ❚❤❡#❡❢♦#❡✱

 ❤❡ * ♦❝❦ ♣#✐❝❡ ❛ ♣❡#✐♦❞ t ✐* ♥♦ ❦♥♦✇♥ ✇❤❡♥  ❤❡ ✐♥✈❡* ♠❡♥ ❞❡❝✐*✐♦♥ ♦❢  ❤❡ ♠❛♥❛❣❡♠❡♥ ✐*

❞✉❡✳ ■ ✐* ❛**✉♠❡❞  ❤❛  ❤❡ ♥✉♠❜❡# ♦❢ ❣#❛♥ ❡❞ *❤❛#❡* ✐* *♠❛❧❧❡# ❢♦# &✐♥❣❧❡ ♠❛♥❛❣❡#* ✐❢  ❤❡ *❤❛#❡

♣#✐❝❡ ✐* ❤✐❣❤ *♦  ❤❛  ❤❡ ✐♥❞✐✈✐❞✉❛❧ ♣❡#❢♦#♠❛♥❝❡ ❜❛*❡❞ #❡♠✉♥❡#❛ ✐♦♥ ♦♥ ❛✈❡#❛❣❡ ❞♦❡* ♥♦ ❣#♦✇

❥✉* ❜❡❝❛✉*❡  ❤❡ ✜#♠ ✐* ❧❛#❣❡✳ ❖♥ ✜#♠ ❧❡✈❡❧ ✇❡ ❛**✉♠❡ ❛ #❡❧❛ ✐♦♥ ϕit ≡ Eit

Ait
φKit ✳ ❋✉# ❤❡#♠♦#❡✱

✇❡ ❛❣❛✐♥ ❛**✉♠❡  ❤❛ Eit = E = 1 ❢♦# ❛❧❧ i, t✳ ❚❤❡ ♠❛♥❛❣❡#*✬ ❡①♣❡❝ ❡❞ ♣❛②♦✛ ✐* ✐♥ ❞❡ ❛✐❧

E[πM
it ] = (1−Pit)β

1

Ait

φKitE[Pit ]+ (1−β )φKitc
m +Pitcφ 2K2

it .

❘❡♠❡♠❜❡#  ❤❛ Pit =
uit

2
✳ ▼❛♥❛❣❡#* ❛#❡ ❛**✉♠❡❞  ♦ ❤❛✈❡ *♦♠❡ ❦♥♦✇❧❡❞❣❡ ❛❜♦✉  ❤❡ ❝♦♠♣♦✲

*✐ ✐♦♥ ♦❢  ❤❡ * ♦❝❦ ♣#✐❝❡ ❛♥❞  ❤❡②  #②  ♦ ♠❛①✐♠✐③❡  ❤❡✐# ♣❛②♦✛ ❜② ✐♥✢✉❡♥❝✐♥❣  ❤❡ * ♦❝❦ ♣#✐❝❡✳

❚❤❡ ♠❛♥❛❣❡♠❡♥ ❦♥♦✇*  ❤❡ ♣#✐♦# ♣❡#✐♦❞ ❞❡✈✐❛ ✐♦♥ ♦❢  ❤❡ * ♦❝❦ ♣#✐❝❡ ❢#♦♠  ❤❡ ❢❛✐# ✈❛❧✉❡ ♦❢

 ❤❡ ❝♦♠♣❛♥②✳ ❚❤❡② ❛❧*♦ ❝❛♥ ✜❣✉#❡ ♦✉ ❤♦✇ ♠✉❝❤  ❤❡ ♠❛#❦❡ ♦✈❡#✲ ♦# ✉♥❞❡#✈❛❧✉❡❞  ❤❡ ♣#♦✜ ✳

❚❤❡#❡❢♦#❡✱  ❤❡② ❤❛✈❡ *♦♠❡ ❡①♣❡❝ ❛ ✐♦♥ ❛❜♦✉  ❤❡ ❞❡✈✐❛ ✐♦♥✳ ❆**✉♠❡  ❤❛ εit * ✐❧❧ ✐*  ❤❡ ♠❛#✲

❦❡ ❞❡✈✐❛ ✐♦♥ ❢#♦♠  ❤❡ ✈❛❧✉❡ ♦❢ ♣#♦✜ ✳ ❇✉ ❛**✉♠❡ ♥♦✇  ❤❛  ❤❡ ♠❛♥❛❣❡♠❡♥ ❞♦❡* *❡❡ ✐ ❛*

&❡♥&✐!✐✈✐!②  ♦ ♣#♦✜ ✳ ❚❤❡♥✱ εit ❛❧*♦ ❞❡ ❡#♠✐♥❡* ❛♥ ❛♠♣❧✐✜❝❛ ✐♦♥ ♦❢ ♥❡❣❛ ✐✈❡ ♣#♦✜ *✳ ❲❡ *♣❡❝✐❢②

Pit = Ait +πitεit (20)

❚❤❡  ❡#♠ εit ❝❛♥ ♥♦✇ ❜❡ ✉♥❞❡#* ♦♦❞ ❛* ♠❛#❦✉♣ ♦♥  ❤❡ ♠✉❧ ✐♣❧✐❡# ♦❢ ♣#♦✜ ✐❢ ✇❡ ❛**✉♠❡  ❤❛ 

 ❤❡ * ♦❝❦ ♣#✐❝❡ ✐* *✉♣♣♦*❡❞  ♦ ❜❡ ❛ ♠✉❧ ✐♣❧❡ ♦❢ ♣#♦✜ ♦# ❞✐✈✐❞❡♥❞✳ ❚❤✐* #❡❢❡#*  ♦  ❤❡ ❝♦♥❝❡♣ 

 ❤❛ *❤❛#❡ ♣#✐❝❡* *❤♦✉❧❞ #❡✢❡❝  ❤❡ ♣#❡*❡♥ ✈❛❧✉❡ ♦❢  ❤❡ ❡①♣❡❝ ❡❞ * #❡❛♠ ♦❢ ❞✐✈✐❞❡♥❞*✳

❚❤❡ ♠❛♥❛❣❡#*✬ ♣❛②♦✛ ❞❡♣❡♥❞* ♦♥  ❤❡ ❡①♣❡❝ ❡❞ ✈❛❧✉❛ ✐♦♥ ♦❢ ♥❡ ✇♦# ❤ ❛♥❞ ♦♥  ❤❡ ♣#♦❜❛❜✐❧✐ ②

 ❤❛  ❤❡ ✜#♠ ✐* ♥♦ ❜❛♥❦#✉♣ ❛  ❤❡ ❡♥❞ ♦❢  ❤❡ ♣❡#✐♦❞✳ ❚❤❡ * ♦❝❦ ♣#✐❝❡ ✐* ♣♦*✐ ✐✈❡ ♦♥❧② ✐❢  ❤❡
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✜!♠ ✐$ ♥♦' ❜❛♥❦!✉♣'✳ ❚❤❡ ❡①♣❡❝'❡❞ $'♦❝❦ ♣!✐❝❡ ✐$

E [Pit ] =

(
Ait−1

E
+(φ −grit)Kit +(φ −grit)Kit

E[εit ]

E

)

❚❤❡ ♠❛♥❛❣❡!$ ♦♣'✐♠✐③❡ '❤❡✐! ❡①♣❡❝'❡❞ ♣❛②♦✛ ❢!♦♠ ❡9✉❛'✐♦♥ ✭✷✵✮ ❜② ❝❤♦♦$✐♥❣ '❤❡ ❛♠♦✉♥' ♦❢

❝❛♣✐'❛❧ '♦ ❡♠♣❧♦② ❢♦! ♣!♦❞✉❝'✐♦♥✿

Kd
it =

Ait−1

2 [(E + εit−1 + 1)β (grit−φ )−βφ −E]+ (β −1)Eφcb

β (E + εit−1)
(
g2r2

it−3gritφ + 2φ 2
)
−Egritφ

❚❤❡♥✱ '❤❡ ❡9✉✐❧✐❜!✐✉♠ ✐♥'❡!❡$' !❛'❡ ❜❡❝♦♠❡$✿

r1/2 =
gφ

(

2cbEit + 6βEit + 6βεit

)
Ait−1gβ (1+Eit+εit )

Ls
it
+Ait−1

−4βφ2 (Eit + ε)

+

√
(

gφ
(
2cbEit + 6βEit + 6βεit

) Ait−1gβ (1+Eit+εit )

Ls
it
+Ait−1

)2

+ 8g2β (Eit + ε)−4g2β (Eit + ε) 1
Ls

it
+Ait−1

(Ait−1βφ (2+Eit + εit )+ cφEit (−2β + 2+Ait−1))

−4βφ2 (Eit + ε)

(12c)

❉❡'❛✐❧$ ❛❜♦✉' '❤❡ ❝♦♠♣✉'❛'✐♦♥ ❛!❡ ♣!♦✈✐❞❡❞ ✐♥ ❆♣♣❡♥❞✐① ❇✳

❙✐♥❝❡ '❤✐$ $❡''✐♥❣ ❞❡✈✐❛'❡$ $❧✐❣❤'❧② ❢!♦♠ '❤❡ ❜❛$❡❧✐♥❡ ❝❛$❡ ✇❡ $'❛!' ✇✐'❤ ❡①❛♠✐♥✐♥❣ '❤❡ ❝❛$❡
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Figure 8: uncorrelated stock prices (β low)
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Figure 9: interest sensitivity
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(a) total output (b) average interest rate (c) Market Power

(d) Credit Supply (e) Credit Concentration

Figure 10: Impact of β
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(a) GDP Scen. (3) (b) Firm number with Scen. (3) (c) Average interest rate, Scen. (3)

(d) Market Power Scen. (3) (e) Bad Debt Scen. (3)

Figure 11: uncorrelated stock prices (β high)
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(a) GDP Scen. (3) (b) Firm number with Scen. (3) (c) Average interest rate, Scen. (3)

(d) Market Power Scen. (3) (e) Bad Debt Scen. (3)

Figure 12: stock prices with persistent volatility
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Figure 13: credit demand for different ε

(black→ ε = 0, red→ ε > 0, green→ ε < 0)
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6. Conclusive Remarks

❚❤❡ ❝❡♥&-❛❧ ♣♦✐♥& ♦❢ &❤✐# ♣❛♣❡- ✇❛# &♦ ❛##❡## &❤❡ ✐♠♣❛❝& ♦❢ &❤-❡❡ ❦♥♦✇♥ &-❛♥#♠✐##✐♦♥ ❝❤❛♥♥❡❧#

♦❢ #&♦❝❦ ♣-✐❝❡# &♦ &❤❡ -❡❛❧ ❡❝♦♥♦♠②✳ ❋✉-&❤❡-♠♦-❡✱ ❛ ♠❛&&❡- ♦❢ ✐♥&❡-❡#& ✇❛# &❤❡ ✐♥✢✉❡♥❝❡ ♦❢

❝②❝❧✐❝❛❧ #&♦❝❦ ♣-✐❝❡ ♣❛&&❡-♥# ✐♥ #✉❝❤ &-❛♥#♠✐##✐♦♥#✳ ❲❡ ❞✐#❝✉## ❜♦♦♠✲❜✉#& ❝②❝❧❡# ❛♥❞ ♣❤❛#❡#

♦❢ ♣❡-#✐#&❡♥& ✈♦❧❛&✐❧✐&② ✉#✐♥❣ ❛ ♣❛-&✐❝✉❧❛- &-❛♥#♠✐##✐♦♥ ❡①❛♠♣❧❡✳

❚❤✐# ♣❛♣❡- ❛❜#&-❛❝&# ❢-♦♠ &❤❡ &②♣✐❝❛❧ #&♦-② ♦❢ #&♦❝❦ ♣-✐❝❡ ✐♥✢✉❡♥❝❡# ♦♥ &❤❡ -❡❛❧ #✐❞❡ ♦❢ &❤❡

24



❡❝♦♥♦♠②✳ ❯(✉❛❧❧②✱ -❤❡ ❢♦❝✉( ❧✐❡( ♦♥ -❤❡ ❞❡♠❛♥❞ (✐❞❡✿ ✐♥❝3❡❛(❡❞ ♦✉-♣✉- ❢♦❧❧♦✇( ✐♥❝3❡❛(❡❞ (-♦❝❦

♣3✐❝❡( ❜❡❝❛✉(❡ ❝♦♥(✉♠❡3( ♣♦((❡(( ❛ ❤✐❣❤❡3 ✇❡❛❧-❤ ❛♥❞ -❤✉( ❝♦♥(✉♠❡ ♠♦3❡✳ ■♥ -❤✐( ♣❛♣❡3✱ -❤❡

(✉♣♣❧② (✐❞❡ ✐( ❡①♣❧♦3❡❞ ❧♦♦❦✐♥❣ ❛- -❤3❡❡ ❝❤❛♥♥❡❧( -❤❛- ❛3❡ ❦♥♦✇♥ -♦ ❧✐♥❦ (-♦❝❦ ♣3✐❝❡( -♦ -❤❡

3❡❛❧ ❡❝♦♥♦♠②✳ ❆❧❧ -❤3❡❡ ❝❤❛♥♥❡❧( ❞❡❛❧ ✇✐-❤ -❤❡ ✐♥✢✉❡♥❝❡ -❤❛- (-♦❝❦ ♣3✐❝❡( ❤❛✈❡ ♦♥ ❝3❡❞✐- -❤❛-

✜3♠( 3❡❧② ♦♥ ✐♥ ♦3❞❡3 -♦ ✜♥❛♥❝❡ -❤❡✐3 ♣3♦❞✉❝-✐♦♥✿ ❜❛♥❦( ✉(❡ -❤❡ (-♦❝❦ ♣3✐❝❡ ❛( ♣3♦①② ❢♦3 ✜3♠(✬

♣3♦(♣❡❝-( ✇❤❡♥ ❡✈❛❧✉❛-✐♥❣ ❝3❡❞✐-✇♦3-❤✐♥❡((✱ ✜3♠( ✐♥ ✜♥❛♥❝✐❛❧ ❞✐(-3❡(( ♠✐❣❤- ❝♦♥-✐♥✉❡ -♦ ❡①✐(-

✐❢ -❤❡ ♠❛3❦❡- ❛((❡((♠❡♥- ✐( ❣♦♦❞✱ ❛♥❞ ❧❛(-✱ -♦♣ ♠❛♥❛❣❡3( ♦❢ ❧✐(-❡❞ ❝♦♠♣❛♥✐❡( ❛3❡ ♣❛✐❞ ❜② ❛

3❡♠✉♥❡3❛-✐♦♥ ♣❛❝❦❛❣❡ -❤❛- 3❡❧✐❡( ♦♥ (-♦❝❦(✳ ❘❡❧②✐♥❣ ♦♥ ❛♥ ❛❣❡♥-✲❜❛(❡❞ ♠♦❞❡❧ -❤❛- ❡♠♣❧♦②(

❝3❡❞✐- ❛♥❞ ✜♥❛♥❝✐❛❧ ❢3❛❣✐❧✐-② ❛( ❞3✐✈❡3 ♦❢ ♦✉-♣✉- ❛♥❞ ✜3♠(✬ ❣3♦✇-❤ ❞②♥❛♠✐❝( -❤❡ ✐♠♣❛❝- ♦❢ -❤❡

(-♦❝❦ ♠❛3❦❡- ✐( ✈✐(✐❜❧❡ ✐♥ ❛❧❧ -❤3❡❡ ❝❤❛♥♥❡❧(✳

❆ ❝❡♥-3❛❧ ♣♦✐♥- ♦❢ -❤❡ ❡①❛♠✐♥❛-✐♦♥ ✐( -❤❡ ♠✉-✉❛❧ ✐♥✢✉❡♥❝❡✱ -❤❡3❡❢♦3❡ ❛ ❝♦♠♣✉-❡3 (✐♠✉❧❛-✐♦♥

✐( ✉(❡❞ ✐♥ ❛♥ ❛❣❡♥-✲❜❛(❡❞ ♠♦❞❡❧✳ ❚❤❡ ❜❛(✐( ✐( ❛♥ ❡①✐(-✐♥❣ ♠♦❞❡❧ ❜② ❉❡❧❧✐ ●❛--✐ ❡- ❛❧✳ ✭✷✵✵✺✮

✇❤✐❝❤ ✐( ❛❜❧❡ -♦ 3❡♣3♦❞✉❝❡ ❜✉(✐♥❡(( ❝②❝❧❡( ❛♥❞ ❢✉3-❤❡3 (-②❧✐③❡❞ ❢❛❝-( ♦❢ ✜3♠ (✐③❡( ❡-❝✳ ❙✐♥❝❡

✐♥❞✐✈✐❞✉❛❧ ❛❝❝❡(( -♦ ❝3❡❞✐- ✐( ❦❡② ✐♥ -❤✐( ♠♦❞❡❧ ✐- ♣3♦✈✐❞❡❞ ❛ (♦✉♥❞ ❜❛(✐( ❢♦3 ✐♥-3♦❞✉❝✐♥❣ -❤❡

✐♥-❡♥❞❡❞ ❧✐♥❦( -♦ (-♦❝❦ ♣3✐❝❡( ❛♥❞ ❢♦3 ❝❛33②✐♥❣ ♦✉- ❛ ❝♦♠♣❛3❛-✐✈❡ ❛♥❛❧②(✐(✳

❚❤❡ (✐♠✉❧❛-✐♦♥ ❢♦3 ❛❧❧ -❤3❡❡ ❝❤❛♥♥❡❧( (❤♦✇( -❤❛- ❛❧❧ ♦❢ -❤❡♠ ❤❛✈❡ ❛ ♥♦♥✲♥❡❣❧✐❣✐❜❧❡ ✐♠♣❛❝-✿ ✜3(-✱

-❤❡ ❡✛❡❝- ♦❢ ❜❛♥❦(✬ 3❛-✐♥❣ ♣♦❧✐❝② ✇❤❡3❡ ✐- -❛❦❡( (-♦❝❦ ♣3✐❝❡( ✐♥-♦ ❛❝❝♦✉♥- ✐( ♥♦♥ ❜❡♥❡✜❝✐❛❧ ❛(

✐- 3❡❞✉❝❡( ♦✉-♣✉- ❛♥❞ ✐♥❝3❡❛(❡( ❝♦♥❝❡♥-3❛-✐♦♥✳ ❚❤❡ 3❡❛(♦♥ ✐( -❤❛- -❤❡ (❡❧❡❝-✐♦♥ ✐( ❡✈❡♥ ♠♦3❡

❝♦♥❝❡♥-3❛-❡❞ ❛( -❤❡ ✜3♠( (✐③❡ ♠❛--❡3( ❧❡(( -❤❛♥ ❡M✉✐-② ✇❤✐❝❤ ❝❛♥❝❡❧( ♦✉- -❤❡ ❛❞✈❛♥-❛❣❡ ♦❢

❧❡✈❡3❛❣❡✳ ▲❡✈❡3❛❣❡ ❤❛( ❛♥ ❡❝♦♥♦♠②✲✇✐❞❡ ❛❞✈❛♥-❛❣❡ ❛❧-❤♦✉❣❤ ❛ ❧❛3❣❡3 ♥✉♠❜❡3 ♦❢ ✐♥❞✐✈✐❞✉❛❧

✜3♠( ❣♦ ❜❛♥❦3✉♣- ❛❧♦♥❣ -❤❡ ✇❛②✳ ❚❤❡3❡ ❛3❡ ❢❡✇❡3 ♣♦((✐❜✐❧✐-✐❡( ❢♦3 ✜3♠( -♦ ❣3♦✇ ❜② ❛♣♣❧②✐♥❣

❧❡✈❡3❛❣❡✳ ❚❤❡ ✐♠♣♦3-❛♥❝❡ ♦❢ ❝3❡❞✐- ❞✐♠✐♥✐(❤❡( -♦ -❤❡ ❡①-❡♥- ✇✐-❤ ✇❤✐❝❤ -❤❡ ❜❛♥❦ -❛❦❡( -❤❡

(-♦❝❦ ♣3✐❝❡ ✐♥-♦ ❛❝❝♦✉♥-✳ ❆( ✜♥❛♥❝✐❛❧ ❤❡❛❧-❤ ❡①❡3-( ♠♦3❡ ✐♠♣❛❝- ✐♥ -❤✐( ❝❛(❡✱ (♦♠❡ ✜3♠( ❤❛✈❡

♠♦3❡ ♣❡3(✐(-❡♥- ❛❞✈❛♥-❛❣❡( ❛♥❞ ♠❛3❦❡- ❞♦♠✐♥❛♥❝❡ ❡♠❡3❣❡( ❡❛3❧✐❡3 ❛♥❞ ✐( ❛❧(♦ ♠♦3❡ ♣❡3(✐(-❡♥-✳

❚❤✐( 3❡(✉❧- 3❡❧✐❡(✱ ❤♦✇❡✈❡3✱ ♦♥ -❤❡ ❛((✉♠♣-✐♦♥ -❤❛- -❤❡ (-♦❝❦ ♣3✐❝❡ 3❡✢❡❝-( -♦ (♦♠❡ ❡①-❡♥- -❤❡

✜3♠✬( ❡M✉✐-②✳

❙❡❝♦♥❞❧②✱ ✐♥ ❝❛(❡( ♦❢ ✜♥❛♥❝✐❛❧ ❞✐(-3❡(( -❤❡ (-♦❝❦ ♠❛3❦❡- ❝❛♥ ❞❡-❡3♠✐♥❡ ✇❤❡-❤❡3 -❤❡ ✜3♠ ❝❛♥

(✉(-❛✐♥ ♦3 ✇❤❡-❤❡3 ✐- ✇✐❧❧ ❢❛❝❡ ❧❡❣❛❧❧② ❞❡❝❧❛3❡❞ ❜❛♥❦3✉♣-❝②✳ ❚❤❡ ❛♠♦✉♥- ♦❢ ❜❛3❣❛✐♥✐♥❣ ♣♦✇❡3

❞♦❡( ♥♦- ❤❛✈❡ ❛ (✐❣♥✐✜❝❛♥- ✐♠♣❛❝- ♦♥ -❤❡ ❧♦♥❣ 3✉♥ ❞❡✈❡❧♦♣♠❡♥- ♦❢ -❤❡ ❡❝♦♥♦♠② ✐❢ ✜3♠(

❢❛❝❡ ✐❞✐♦(②♥❝3❛-✐❝ ✐♠♣❛❝-( -❤❛- ❝❛♥❝❡❧ ♦✉- ♦♥ ❛✈❡3❛❣❡✳ ■❢ -❤❡ (-♦❝❦ ♣3✐❝❡( ❛3❡ ❝♦33❡❧❛-❡❞ -❤❡

❜❡❤❛✈✐♦✉3 ♦❢ ✜3♠( ❜❡❝♦♠❡(✱ -♦♦✳ ❚❤❡♥ ✐- ♠❛--❡3( ✐❢ -❤❡ (❤❛3❡❤♦❧❞❡3( ❤❛✈❡ ❛ ❤✐❣❤ ❜❛3❣❛✐♥✐♥❣

♣♦✇❡3✳ ❚❤❡ ❝②❝❧✐❝❛❧ (-♦❝❦ ♣3✐❝❡( 3❡(✉❧- ✐♥ ♣3♦♥♦✉♥❝❡❞ ❜✉(✐♥❡(( ❝②❝❧❡( ❜✉- ✇✐-❤♦✉- ❧♦♥❣ -❡3♠

❣3♦✇-❤✳ ❚❤❡3❡❢♦3❡✱ ✐❢ -❤❡3❡ ❛3❡ ❜♦♦♠ ❜✉(- ♣❡3✐♦❞( ♦♥ -❤❡ (-♦❝❦ ♠❛3❦❡-✱ ✐- ♠❛❦❡( (❡♥(❡ -♦

❝♦♥(✐❞❡3 3❡❧②✐♥❣ ❧❡(( ♦♥ (❤❛3❡❤♦❧❞❡3(✬ ♦♣✐♥✐♦♥ ✐♥ ❜❛♥❦3✉♣-❝② 3✉❧✐♥❣(✳

❚❤✐3❞✱ ✐❢ ♠❛♥❛❣❡3( ❛3❡ ♣❛✐❞ ❛❧(♦ ✐♥ (-♦❝❦(✱ -❤❡② ❛3❡ ♠♦3❡ ♣3✉❞❡♥- ✐❢ (-♦❝❦ ♣3✐❝❡( ❛3❡ ✈♦❧❛-✐❧❡

❜❡❝❛✉(❡ -❤❡② ❛3❡ ❛((✉♠❡❞ -♦ ❜❡ 3✐(❦ ❛✈❡3(❡✳ ❚❤❡✐3 ❜❡❤❛✈✐♦✉3 ✐♠♣❛❝-( -❤❡ ❡❝♦♥♦♠② ✐♥ ❛ ♠♦3❡

❝♦♠♣❧✐❝❛-❡❞ ✇❛②✳ ❚❤❡ ✐♠♣❛❝- -❤❛- ❛♥ ✐♥❝3❡❛(❡ ✐♥ -❤❡ ♣❡3❢♦3♠❛♥❝❡ ❜❛(❡❞ (❤❛3❡ ❤❛( ❞❡♣❡♥❞( ♦♥

25



 ❤❡ ❧❡✈❡❧ ♦❢  ❤❛ (❤❛)❡✳ ❖✈❡)❛❧❧✱  ❤❡ ❡❝♦♥♦♠② ❜❡♥❡✜ ( ❢)♦♠  ❤❡ ♠❛♥❛❣❡)( ❤❛✈✐♥❣ ( ❛❦❡( ✐♥  ❤❡

❝♦♠♣❛♥② ❜❡❝❛✉(❡  ❤❡② ❛❝ ✐♥ ❛ ♠♦)❡ (❡♥(✐ ✐✈❡ ♠❛♥♥❡)✳ ❊✈❡♥ ✇❤❡♥  ❤❡)❡ ❛)❡ ❜♦♦♠ ❜✉( ♣❡)✐♦❞(

❛  ❤❡ ( ♦❝❦ ♠❛)❦❡ ❛♥❞  ❤❡✐) ❝♦♠♣❡♥(❛ ✐♦♥ ❝♦♥(✐( ♦♥❧② ♦❢ ❣)❛♥ ❡❞ ( ♦❝❦  ❤❡② ❞♦ ♥♦  ❛❦❡

❡①❝❡((✐✈❡ )✐(❦✳ ❚❤❡)❡❢♦)❡✱ ✐ ✐( ♥♦ ♥❡❝❡((❛)②  ♦ ❧✐♠✐  ❤❡ (❤❛)❡ ♦❢ ❝♦♠♣❡♥(❛ ✐♦♥ ❜❛(❡❞ ♦♥ ♣❡)✲

❢♦)♠❛♥❝❡✳ ❚❤✐( ❤♦❧❞(  )✉❡ ❜❡❝❛✉(❡ ✐♥  ❤✐( ♠♦❞❡❧  ❤❡ ♠❛♥❛❣❡)( ❜❡❛) ❛ (✐❣♥✐✜❝❛♥ ❞♦✇♥(✐❞❡ )✐(❦✳

❆❧❧  ❤)❡❡ ❝❤❛♥♥❡❧( ❤❛✈❡ ❛ (✐❣♥✐✜❝❛♥ ✐♠♣❛❝ ♦♥  ❤❡ ❞②♥❛♠✐❝( ♦❢  ❤❡ ❡❝♦♥♦♠②✳ ■ ♠❛  ❡)(

♥♦ ♦♥❧②  ♦ ✇❤❛ ❡① ❡♥  ❤❡ ( ♦❝❦ ♣)✐❝❡ ❡♥ ❡)(  ❤❡ ❞❡❝✐(✐♦♥( ✐♥  ❤❡ )❡❛❧ ❡❝♦♥♦♠② ❜✉ ❛❧(♦  ♦

✇❤❛ (❝♦♣❡  ❤♦(❡ ❞❡❝✐(✐♦♥( ❝♦))❡❧❛ ❡✳ ■❢  ❤❡)❡ ❛)❡ ♣❤❛(❡( ♦❢ ♦♣ ✐♠✐(♠ ♦) ♣❡((✐♠✐(♠ ♦♥  ❤❡

( ♦❝❦ ♠❛)❦❡ (♦ ❛)❡  ❤❡)❡ ❝♦))❡❧❛ ✐♦♥ ✐♥ )❡❛❧ ❡❝♦♥♦♠② ❞②♥❛♠✐❝(✳ ❙♦♠❡ ✐♠❡(✱ ✐❢  ❤❡ ( ♦❝❦ ♣)✐❝❡

❞♦❡( ♥♦ ❤❛✈❡ ❛ (✐❣♥✐✜❝❛♥ ✐♠♣❛❝ ✐ (❡❧❢ ❢)♦♠ ❛♥ ❛❣❣)❡❣❛ ❡❞ ♣♦✐♥ ♦❢ ✈✐❡✇✱  ❤❡ ❝♦))❡❧❛ ✐♦♥

♥❡✈❡) ❤❡❧❡(( ♠❛② ❤❛✈❡✱ ❛( (❡❡♥ ✐♥  ❤❡ ❜❛♥❦)✉♣ ❝② (❝❡♥❛)✐♦✳

References

❬✶❪ ❆❞♠❛$✐✱ ❆♥❛$ ❛♥❞ ▼❛)$✐♥ ❍❡❧❧✇✐❣ ✭✷✵✶✸✮✿ ✏❚❤❡ ❇❛♥❦❡)(✬ ◆❡✇ ❈❧♦ ❤❡(✑✱ P)✐♥❝❡ ♦♥

❯♥✐✈❡)(✐ ② P)❡((✱ P)✐♥❝❡ ♦♥ ✭◆❏✮✳

❬✷❪ ❆❧❧❡♥✱ ❋)❛♥❦❧✐♥ ❛♥❞ ❆♥$❤♦♥② ▼ ❙❛♥$♦♠❡)♦ ✭✷✵✵✶✮✿ ✏❲❤❛ ❉♦ ❋✐♥❛♥❝✐❛❧ ■♥ ❡)♠❡❞✐✲

❛)✐❡( ❉♦❄✑✱ ❏♦✉#♥❛❧ ♦❢ ❇❛♥❦✐♥❣ ❛♥❞ ❋✐♥❛♥❝❡✱ ❱♦❧✳ ✷✺✱ ♣♣✳ ✷✼✶✲✷✾✹✳

❬✸❪ ❆❧$✐55✐♠♦✱ ❋✐❧✐♣♣♦✱ ❊✈❛❣❣❡❧✐❛ ●❡♦)❣✐♦✉✱ ❚❡)❡5❛ ❙❛5$)❡✱ ▼❛)✐❛ ❚❡)❡5❛ ❱❛❧❞❡)✲

)❛♠❛✱ ●❛❜)✐❡❧ ❙$❡)♥❡✱ ▼❛)❝ ❙$♦❝❦❡)✱ ▼❛)❦ ❲❡$❤✱ ❑❛)❧ ❲❤❡❧❛♥ ❛♥❞ ❆❧♣♦ ❲✐❧❧✲

♠❛♥ ✭✷✵✵✺✮✿ ✏❲❡❛❧ ❤ ❛♥❞ ❆((❡ P)✐❝❡ ❊✛❡❝ ( ♦♥ ❊❝♦♥♦♠✐❝ ❆❝ ✐✈✐ ②✑✱ ❊✉#♦♣❡❛♥ ❈❡♥3#❛❧

❇❛♥❦ ❖❝❝❛55✐♦♥❛❧ 6❛♣❡# ❙❡#✐❡5✱ ◆♦✳ ✷✾✳

❬✹❪ ❆❧$♠❛♥✱ ❊❞✇❛)❞ ■✳ ✭✶✾✻✽✮✿ ✏❋✐♥❛♥❝✐❛❧ ❘❛ ✐♦(✱ ❉✐(❝)✐♠✐♥❛♥ ❆♥❛❧②(✐( ❛♥❞  ❤❡ P)❡❞✐❝ ✐♦♥

♦❢ ❈♦)♣♦)❛ ❡ ❇❛♥❦)✉♣ ❝②✑✱ ❚❤❡ ❏♦✉#♥❛❧ ♦❢ ❋✐♥❛♥❝❡✱ ❱♦❧✳ ✷✸✱ ◆♦✳ ✹✱ ♣♣✳ ✺✽✾✲✻✵✾✳

❬✺❪ ❆❧$♠❛♥✱ ❊❞✇❛)❞ ■ ❛♥❞ ❆♥$❤♦♥② ❙❛✉♥❞❡)5 ✭✶✾✾✽✮✿ ✏❈)❡❞✐ )✐(❦ ♠❡❛(✉)❡♠❡♥ ✿ ❉❡✈❡❧✲

♦♣♠❡♥ ( ♦✈❡)  ❤❡ ❧❛( ✷✵ ②❡❛)(✑✱ ❏♦✉#♥❛❧ ♦❢ ❇❛♥❦✐♥❣ ✫ ❋✐♥❛♥❝❡✱ ❱♦❧✳ ✷✶✱ ♣♣✳ ✶✼✷✶✲✶✼✹✷✳

❬✻❪ ❆♦❦✐✱ ▼❛5❛♥❛♦ ❛♥❞ ❍✐)♦5❤✐ ❨♦5❤✐❦❛✇❛ ✭✷✵✵✷✮✿ ✧❉❡♠❛♥❞ (❛ ✉)❛ ✐♦♥✲❝)❡❛ ✐♦♥ ❛♥❞

❡❝♦♥♦♠✐❝ ❣)♦✇ ❤✧✱ ❏♦✉#♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝ ❇❡❤❛✈✐♦# ✫ ❖#❣❛♥✐③❛3✐♦♥✱ ❱♦❧✳ ✹✽✱ ♣♣✳ ✶✷✼✲✶✺✹✳

❬✼❪ ❆♦❦✐✱ ▼❛5❛♥❛♦ ❛♥❞ ❍✐)♦5❤✐ ❨♦5❤✐❦❛✇❛ ✭✷✵✵✼✮✿ ❘❡❝♦♥53✉❝3✐♥❣ ▼❛❝#♦❡❝♦♥♦♠✐❝5✱ ❈❛♠✲

❜)✐❣❞❡ ❯♥✐✈❡)(✐ ② P)❡((✱ ❈❛♠❜)✐❞❣❡✳

❬✽❪ ❆$✐②❛✱ ❆♠✐) ✭✷✵✵✶✮✿ ✏❇❛♥❦)✉♣ ❝② P)❡❞✐❝ ✐♦♥ ❢♦) ❈)❡❞✐ ❘✐(❦ ❯(✐♥❣ ◆❡✉)❛❧ ◆❡ ✇♦)❦(✿ ❆
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♦❢ ▼❛❝%♦❡❝♦♥♦♠✐❝,✱ ♣♣✳ ✶✸✹✶✲✶✸✾✸✳
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;❡❝0♦6;✑✱ ❏♦✉%♥❛❧ ♦❢ ❋✐♥❛♥❝✐❛❧ ❊❝♦♥♦♠✐❝,✱ ❱♦❧✳ ✶✵✹✱ ♣♣✳ ✺✸✺✲✺✺✾✳

❬✶✺❪ ❇♦♥❣✐♥✐✱ ?❛♦❧❛✱ ▲✉❝ ▲❛❡✈❡♥✱ ❛♥❞ ●✐♦✈❛♥♥✐ ▼❛❥♥♦♥✐ ✭✷✵✵✷✮✿ ✏❍♦✇ ●♦♦❞ ✐; 0❤❡
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❇❛♥❦✐♥❣ ❛♥❞ ❋✐♥❛♥❝❡✱ ❱♦❧✳ ✷✻✱ ♣♣✳ ✶✵✶✶✲✶✵✷✽✳
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✭✷✵✵✽✮✿ ✏❇❛♥❦1✉♣+❝② ❛♥❞ +❤❡ 1❡-♦❧✉+✐♦♥ ♦❢ ✜♥❛♥❝✐❛❧ ❞✐-+1❡--✑ ✐♥ ❊-♣❡♥ ❊❝❦❜♦ ✭❊❞✳✮✱ ❍❛♥❞✲

❜♦♦❦ ♦❢ ❊♠♣✐.✐❝❛❧ ❈♦.♣♦.❛-❡ ❋✐♥❛♥❝❡✱ ❱♦❧✳ ✷✱ ❊❧-❡✈✐❡1✱ ❆♠-+❡1❞❛♠✳

❬✹✼❪ ❏❛❝♦❜% ❏!✱ ▼✐❝❤❛❡❧✱ ❆❤♠❡6 ❑✳ ❑❛!❛❣♦③♦❣❧✉✱ ❛♥❞ ❉✐♥❛ ◆❛♣❧❡% ▲❛②✐%❤ ✭✷✵✶✷✮✿

✏❘❡-♦❧✉+✐♦♥ ♦❢ ❈♦1♣♦1❛+❡ ❋✐♥❛♥❝✐❛❧ ❉✐-+1❡--✿ ❆♥ ❊♠♣✐1✐❝❛❧ ❆♥❛❧②-✐- ♦❢ [1♦❝❡--❡- ❛♥❞ ❖✉+✲

❝♦♠❡-✑✱ ❚❤❡ ❏♦✉.♥❛❧ ♦❢ I♦.-❢♦❧✐♦ ▼❛♥❛❣❡♠❡♥-✱ ✶✶✼✲✶✸✺✳

❬✹✽❪ ❏✉%❡❧✐✉%✱ ❑❛6❛!✐♥❛ ❛♥❞ ▼❛%%✐♠♦ ❋!❛♥❝❤✐ ✭✷✵✵✼✮✿ ❚❛❦✐♥❣ ❛ ❉❙●❊ ♠♦❞❡❧ -♦ -❤❡ ❞❛-❛

♠❡❛♥✐♥❣❢✉❧❧②✱ ❊❝♦♥♦♠✐❝- ❊✲❥♦✉1♥❛❧ ❉✐-❝✉--✐♦♥ [❛♣❡1✱ ✷✵✵✼✲✻✳
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❬✹✾❪ ❑❛"♣♦✛✱ ❏♦♥❛)❤❛♥ ▼ ✭✶✾✽✼✮✿ ✧❚❤❡ .❡❧❛1✐♦♥ ❜❡1✇❡❡♥ ♣.✐❝❡ ❝❤❛♥❣❡: ❛♥❞ 1.❛❞✐♥❣ ✈♦❧✉♠❡✿

❆ :✉.✈❡②✧✱ ❏♦✉#♥❛❧ ♦❢ ❋✐♥❛♥❝✐❛❧ ❛♥❞ ◗✉❛♥-✐-❛-✐✈❡ ❆♥❛❧②2✐2✱ ❱♦❧✳ ✷✷✱ ◆♦✳ ✶✱ ♣♣✳ ✶✵✾✲✶✷✻✳

❬✺✵❪ ❑❡②♥❡.✱ ❏♦❤♥ ▼ ✭✶✾✷✶✮✿ ❆ ❚#❡❛-✐2❡ ♦♥ 4#♦❜❛❜✐❧✐-②✱ ▼❝▼✐❧❧❛♥✱ ▲♦♥❞♦♥✳

❬✺✶❪ ❑❡②♥❡.✱ ❏♦❤♥ ▼ ✭✶✾✸✻✮✿ ❚❤❡ ●❡♥❡#❛❧ ❚❤❡♦#② ♦❢ ❊♠♣❧♦②♠❡♥-✱ ■♥-❡#❡2- ❛♥❞ ▼♦♥❡② ✱

❍❛.❝♦✉.1✱ ❇.❛❝❡ ❛♥❞ ❲♦.❧❞✱ ◆❡✇ ❨♦.❦✳

❬✺✷❪ ❑✐♥❞❧❡❜❡"❣❡"✱ ❈❤❛"❧❡. 5 ❛♥❞ ❘♦❜❡") ❩ ❆❧✐❜❡"✭✷✵✵✺✮✿ ▼❛♥✐❛2✱ ♣❛♥✐❝2 ❛♥❞ ❝#❛2❤❡2✱

✺

th
❡❞✳✱ R❛❧❣.❛✈❡ ▼❛❝♠✐❧❧❛♥✱ ❇❡❛:✐♥❣:1♦❦❡✳

❬✺✸❪ ❑♥✐❣❤)✱ ❋"❛♥❦ ✭✶✾✷✶✮✿ ❘✐2❦✱ ❯♥❝❡#-❛✐♥-② ❛♥❞ 4#♦✜-✱ ❍♦✉❣❤1♦♥ ▼✐✤✐♥✱ ❇♦:1♦♥ ✭▼❆✮✳

❬✺✹❪ ▲❡❡✱ ❙❡✉♥❣✲❍②✉♥✱ ▼✐❦❡ ❲ 5❡♥❣ ❛♥❞ ❏❛② ❇ ❇❛"♥❡② ✭✷✵✵✼✮✿ ✏❇❛♥❦.✉♣1❝② ▲❛✇ ❡♥

❊♥1.❡♣.❡♥❡✉.:❤✐♣ ❉❡✈❡❧♦♣♠❡♥1✿ ❆ ❘❡❛❧ ❖♣1✐♦♥: R❡.:♣❡❝1✐✈❡✑✱ ❚❤❡ ❆❝❛❞❡♠② ♦❢ ▼❛♥❛❣❡✲

♠❡♥- ❘❡✈✐❡✇✱ ❱♦❧✳ ✸✷✱ ◆♦✳ ✶✱ ♣♣✳ ✷✺✼✲✷✼✷✳

❬✺✺❪ ▲✉①✱ ❚❤♦♠❛. ❛♥❞ ❑❛✐③♦❥✐ ❚❛✐.❡✐ ✭✷✵✵✼✮✿ ✧❋♦.❡❝❛:1✐♥❣ ✈♦❧❛1✐❧✐1② ❛♥❞ ✈♦❧✉♠❡ ✐♥ 1❤❡

❚♦❦②♦ :1♦❝❦ ♠❛.❦❡1✿ ▲♦♥❣ ♠❡♠♦.②✱ ❢.❛❝1❛❧✐1② ❛♥❞ .❡❣✐♠❡ :✇✐1❝❤✐♥❣✧✱ ❏♦✉#♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝

❉②♥❛♠✐❝2 ❛♥❞ ❈♦♥-#♦❧✱ ❱♦❧✳ ✸✶✱ ♣♣✳ ✶✽✵✽✲✶✽✹✸✳

❬✺✻❪ ▼❛②❡"✱ ❈♦❧✐♥ ✭✶✾✾✵✮✿ ✏❆:②♠♠❡1.✐❝ ■♥❢♦.♠❛1✐♦♥✱ ❈♦.♣♦.❛1❡ ❋✐♥❛♥❝❡✱ ❛♥❞ ■♥✈❡:1♠❡♥1✑ ✐♥

❘ ●❧❡♥♥ ❍✉❜❜❛.❞ ✭❊❞✳✮❋✐♥❛♥❝✐❛❧ ❙②2-❡♠2✱ ❈♦#♣♦#❛-❡ ❋✐♥❛♥❝❡✱ ❛♥❞ ❊❝♦♥♦♠✐❝ ❉❡✈❡❧♦♣♠❡♥- ✱

❯♥✐✈❡.:✐1② ♦❢ ❈❤✐❝❛❣♦ R.❡::✱ ❈❤✐❝❛❣♦✱ ♣♣✳ ✸✵✼✲✸✸✷✳

❬✺✼❪ ▼✐♥.❦②✱ ❍②♠❛♥ 5 ✭✶✾✼✵✮✿ ✏❋✐♥❛♥❝✐❛❧ ■♥:1❛❜✐❧✐1② ❘❡✈✐:✐1❡❞✿ ❚❤❡ ❊❝♦♥♦♠✐❝: ♦❢ ❉✐:❛:1❡.✑✱

✐♥ ❍②♠❛♥ R ▼✐♥:❦②✱ ❈❛♥ ✬■-✬ ❍❛♣♣❡♥ ❆❣❛✐♥❄ ❊22❛②2 ♦♥ ■♥2-❛❜✐❧✐-② ❛♥❞ ❋✐♥❛♥❝❡ ✱ ❆.♠♦♥❦

✭✶✾✽✷✮✳

❬✺✽❪ ▼✐♥.❦②✱ ❍②♠❛♥ 5 ✭✶✾✽✷✮✿ ✏❚❤❡ ✜♥❛♥❝✐❛❧ ✐♥:1❛❜✐❧✐1② ❤②♣♦1❤❡:✐:✿ ❈❛♣✐1❛❧✐:1 ♣.♦❝❡::❡:

❛♥❞ 1❤❡ ❜❡❤❛✈✐♦✉. ♦❢ 1❤❡ ❡❝♦♥♦♠②✑ ✐♥ ❈❤❛.❧❡: R ❑✐♥❞❧❡❜❡.❣❡. ❛♥❞ ❏❡❛♥✲R✐❡..❡ ▲❛✛❛.❣✉❡

✭❡❞:✳✮✱ ❋✐♥❛♥❝✐❛❧ ❈#✐2❡2✳ ❚❤❡♦#②✱❍✐2-♦#② ❛♥❞ 4♦❧✐❝②✱ ❈❛♠❜.✐❞❣❡ ❯♥✐✈❡.:✐1② R.❡::✱ ❈❛♠❜.✐❞❣❡✳

❬✺✾❪ ▼♦❞✐❣❧✐❛♥✐✱ ❋"❛♥❝♦ ❛♥❞ ▼❡")♦♥ ▼✐❧❧❡" ✭✶✾✺✽✮✱ ✏❚❤❡ ❈♦:1 ♦❢ ❈❛♣✐1❛❧✱ ❈♦.♣♦.❛1❡

❋✐♥❛♥❝❡ ❛♥❞ 1❤❡ ❚❤❡♦.② ♦❢ ■♥✈❡:1♠❡♥1✑✱ ❚❤❡ ❆♠❡#✐❝❛♥ ❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇✱ ✺✷✿ ✷✻✶✲✷✾✼✳

❬✻✵❪ ◆❡✇♠❛♥✱ ▼❛"❦ ❊❏ ✭✷✵✵✺✮✿ ✏R♦✇❡. ▲❛✇:✱ R❛.❡1♦ ❉✐:1.✐❜✉1✐♦♥: ❛♥❞ ❩✐♣❢✬: ▲❛✇✑✱ ❈♦♥✲

-❡♠♣♦#❛#② 4❤②2✐❝2✱ ❱♦❧✳ ✹✻✱ ◆♦✳ ✺✱ ♣♣✳ ✸✷✸✲✸✺✶✳

❬✻✶❪ ❖"♠❡"♦❞✱ 5❛✉❧ ✭✷✵✵✾✮✿ ❈♦♣✐♥❣ ✇✐-❤ -❤❡ ❈♦♠♣❧❡①✐-② ♦❢ ❊❝♦♥♦♠✐❝2✱ ❙♣.✐♥❣❡.✱ ▼✐❧❛♥✳

❬✻✷❪ ❘❡✐❝❤❧✐♥❣✱ 5❡)❡"✱ ❉❛♥✐❡❧❛ ❇✐❡)❤❡ ❛♥❞ ❆♥)❥❡ ❍❡♥♥❡ ✭✷✵✵✼✮✿ 4#❛①✐2❤❛♥❞❜✉❝❤ ❘✐2✐❦♦✲

♠❛♥❛❣❡♠❡♥- ✉♥❞ ❘❛-✐♥❣✱ ✷

nd
❡❞✳✱ ●❛❜❧❡.✱ ▼✉♥✐❝❤✳

❬✻✸❪ ❘♦✉❜✐♥✐✱ ◆♦✉"✐❡❧ ❛♥❞ ❙)❡♣❤❡♥ ▼✐♠❤ ✭✷✵✶✵✮✿ ❈#✐2✐2 ❊❝♦♥♦♠✐❝2✱ R.✐♥❝❡1♦♥ ❯♥✐✈❡.:✐1②

R.❡::✱ R.✐♥❝❡1♦♥ ✭◆❏✮✳

❬✻✹❪ ❙❛❜"②✱ ❋❛)❡♥ ❛♥❞ ❲✐❧❧✐❛♠ 5✳ ❍"②❝❛② ✭✷✵✶✹✮✿ ❆♥ ❊❝♦♥♦♠✐2-✬2 ❱✐❡✇ ♦❢ ▼❛#❦❡-

❊✈✐❞❡♥❝❡ ✐♥ ❱❛❧✉❛-✐♦♥ ❛♥❞ ❇❛♥❦#✉♣-❝② ▲✐-✐❣❛-✐♦♥✱ ◆❊❘❆ ❈♦♥:✉❧1✐♥❣✱ ❛✈❛✐❧❛❜❧❡ ✉♥❞❡.

http://www.nera.com/67_8561.htm✱ ❛❝❝❡::❡❞ ❏✉♥❡ ✻✱ ✷✵✶✹✳
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❬✻✺❪ ❙❝❤✉♠♣❡'❡(✱ ❏♦,❡♣❤ ❆ ✭✶✾✹✷✮✿ ❈❛♣✐$❛❧✐&♠✱ ❙♦❝✐❛❧✐&♠ ❛♥❞ ❉❡♠♦❝0❛❝②✱ ❘♦✉/❧❡❞❣❡✱

▲♦♥❞♦♥✳

❬✻✻❪ ❙❡♠♠❧❡(✱ ❲✐❧❧✐ ✭✷✵✶✶✮✿ ❆&&❡$ 30✐❝❡&✱ ❇♦♦♠& ❛♥❞ ❘❡❝❡&&✐♦♥&✱ ✜♥❛♥❝✐❛❧ ❊❝♦♥♦♠✐❝& ❢0♦♠

❛ ❉②♥❛♠✐❝ 3❡0&♣❡❝$✐✈❡✱ ❙♣:✐♥❣❡:✱ ❇❡:❧✐♥✳

❬✻✼❪ ❙❡♥❜❡'✱ ▲❡♠♠❛ ❲✳ ❛♥❞ ❏❛♠❡, ❑✳ ❙❡✇❛(❞ ✭✶✾✾✺✮✿ ✏❋✐♥❛♥❝✐❛❧ ❉✐C/:❡CC✱ ❇❛♥❦:✉♣/❝②

❛♥❞ ❘❡♦:❣❛♥✐③❛/✐♦♥✑ ✐♥ ❘✳ ❏❛::♦✇ ❡/ ❛❧ ✭❊❞C✳✮✱ ❍❛♥❞❜♦♦❦ ✐♥ ❖♣❡0❛$✐♦♥❛❧ ❘❡&❡❛0❝❤ ✫ ▼❛♥✲

❛❣❡♠❡♥$ ❙❝✐❡♥❝❡✱ ❱♦❧✳ ✾✱ ❊❧C❡✈✐❡:✱ ❆♠C/❡:❞❛♠✳

❬✻✽❪ ❙❤❡,❦✐♥✱ ❉❛✈✐❞ ❏ ✭✷✵✶✶✮✿ ❍❛♥❞❜♦♦❦ ♦❢ ♣❛0❛♠❡$0✐❝ ❛♥❞ ♥♦♥♣❛0❛♠❡$0✐❝ &$❛$✐&$✐❝❛❧ ♣0♦✲

❝❡❞✉0❡&✱ ✺/❤ ❡❞✐/✐♦♥✱ ❈❘❈ R:❡CC✱ ❇♦❝❛ ❘❛/♦♥✳

❬✻✾❪ ❙'❛♥❞❛(❞ ❛♥❞ <♦♦(✬, ✭✷✵✶✶✮✿ ✏R:✐♥❝✐♣❧❡C ❖❢ ❈:❡❞✐/ ❘❛/✐♥❣C✑✱ ●❧♦❜❛❧ ❈0❡❞✐$ 3♦0✲
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com/spf/upload/Ratings_EMEA/PrinciplesOfCreditRatings.pdf✱ ❛❝✲
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/❤❡ ❜✉C✐♥❡CC ❝②❝❧❡✑✱ ❆♥♥❛❧& ♦❢ ❋✐♥❛♥❝❡✱ ◆♦✳ ✸✱ ♣♣✳ ✸✲✸✺✳

❬✼✶❪ ❲❤✐'❡✱ ▼✐❝❤❡❧❧❡ ❏ ✭✷✵✵✺✮✿ ✏❊❝♦♥♦♠✐❝ ❆♥❛❧②C✐C ♦❢ ❈♦:♣♦:❛/❡ ❛♥❞ R❡:C♦♥❛❧ ❇❛♥❦:✉♣/❝②

▲❛✇✑✱ ◆❇❊❘ ❲♦0❦✐♥❣ 3❛♣❡0 ❙❡0✐❡&✱ ◆♦✳ ✶✶✺✸✻✳
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❡✣❝✐❡♥❝②✑✱ ❏♦✉0♥❛❧ ♦❢ ❋✐♥❛♥❝✐❛❧ ❊❝♦♥♦♠✐❝&✱ ❱♦❧✳ ✷✼✱ ♣♣✳ ✹✶✾✲✹✹✹✳

A. Capital Demand for Stock Related Remuneration
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Kd
it =

Ait−1βεit−1φ + 2.Ait−1βφ +Ait−1cEitφ +Ait−1βEitφ −Ait−1βEitgrit −Ait−1βgritεit−1−Ait−1βgrit −2βcbEitφ + 2cbEitφ

−4βεit−1φ 2 + 2cEitgritφ −4βEitφ 2−2βEitg2r2
it + 6βEitgritφ −2βg2r2

itεit−1 + 6βgritεit−1φ

❉❡✜♥❡ ❢♦& '❤❡ ♥✉♠❡&❛'♦&✿

−Ait−1gritβ (1+Eit + εit) =: Ψ1

Ait−1βφ (2+Eit + εit) =: Ψ2

cφEit (−2β + 2+Ait−1) =: Ψ3

❆♥❞ ❢♦& '❤❡ ❞❡♥♦♠✐❛'♦&✿

gritφ
(

2cbEit + 6βEit + 6βεit

)

=: ϕA

−4βφ 2 (Eit + ε) =: ϕB

−2g2r2
itβ (Eit + ε) =: ϕC

❙✉❝❤ '❤❛'

Kd
it =

Ψ1 +Ψ2 +Ψ3

ϕA +ϕB +ϕC

.

❯3✐♥❣ Kit = Lit +Ait−1 ⇔ Lit = Kit −Ait−1 ❛♥❞ ✇✐'❤ '❤❡ ❡6✉✐❧✐❜&✐✉♠ ❝♦♥❞✐'✐♦♥ ❛♥❞ ❝❛♣✐'❛❧

❞❡♠❛♥❞

Ls
it =

Ψ1 +Ψ2 +Ψ3

ϕA +ϕB +ϕC

−Ait−1

'❤✐3 ❝❛♥ ❜❡ &❡❛&&❛♥❣❡❞ '♦

ϕA +ϕB +ϕC =
1

Ls
it +Ait−1

(Ψ1 +Ψ2 +Ψ3)

❧❡❛❞✐♥❣ '♦
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︸︷︷︸

r2
ita

+ϕA−
Ψ1

Ls
it +Ait−1

︸ ︷︷ ︸

ritb

+ϕB−
Ψ2 +Ψ3

Ls
it +Ait−1

︸ ︷︷ ︸

c

= 0.

❋♦& '❤✐3 ❡①♣&❡33✐♦♥ ✐3 ♦❢ '❤❡ ❢♦&♠ ar2
it + brit + c = 0 ❢♦&

a = −2g2β (Eit + ε)

b = gφ
(

2cbEit + 6βEit + 6βεit

)−Ait−1gβ (1+Eit + εit)

Ls
it +Ait−1

c =
1

Ls
it +Ait−1

(Ait−1βφ (2+Eit + εit)+ cφEit (−2β + 2+Ait−1))−4βφ 2 (Eit + ε)

'❤✐3 ❝❛♥ ❜❡ 3♦❧✈❡❞✱ ❡✳❣✳ ❜② ✉3✐♥❣ '❤❡ ♣✲6✲❢♦&♠ 3✉❝❤ '❤❛' '❤❡ ❦♥♦✇♥ 3♦❧✉'✐♦♥ ✐3
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−b±

√
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②✐❡❧❞✐♥❣

r1/2 =
gφ

(

2cbEit + 6βEit + 6βεit

)
Ait−1gβ (1+Eit+εit )

Ls
it
+Ait−1

−4βφ2 (Eit + ε)

±

√
(

gφ
(
2cbEit + 6βEit + 6βεit

) Ait−1gβ (1+Eit+εit )

Ls
it
+Ait−1

)2

+ 8g2β (Eit + ε)−4g2β (Eit + ε) 1
Ls

it
+Ait−1

(Ait−1βφ (2+Eit + εit )+ cφEit (−2β + 2+Ait−1))

−4βφ2 (Eit + ε)
.

❙✐♥❝❡ r1 > r2✱ r2 ✐* +❤❡ ✐♥+❡-❡*+ -❛+❡ +❤❛+ ✇✐❧❧ ❡♠❡-❣❡ ✐♥ ❡1✉✐❧✐❜-✐✉♠ *✐♥❝❡ ✜-♠* ②✐❡❧❞ +❤❡ ❣❧♦❜❛❧

♠❛①✐♠✉♠ ♣-♦✜+ ✇✐+❤ ✐+✳

B. Parameters and Variables

❈♦♥#$♦❧ &❛$❛♠❡#❡$*

*+♦❝❦ ♣-✐❝❡ ✇❡✐❣❤+ ✐♥ ❝-❡❞✐+ *✉♣♣❧② µ ❬✵✱✶❪

✐♥✢✉❡♥❝❡ ♦❢ *❤❛-❡❤♦❧❞❡-* ns
❬✵✱✶❪

*❤❛-❡ ♦❢ ♣❡-❢♦-♠❛♥❝❡ ❜❛*❡❞ -❡♠✉♥❡-❛+✐♦♥ β ❬✵✱✶❪

&❛$❛♠❡#❡$*

♣-♦❞✉❝+✐✈✐+② φ 0.1

-❡+♦♦❧✐♥❣ ❝♦*+* ❣ ✶✳✶

❜❛♥❦-✉♣+❝② ❝♦*+* ❝♦♠♣♦♥❡♥+ ❝ ✭❝

b
✮ ✶

✇❡✐❣❤✐♥❣ ♣❛-❛♠❡+❡- ❢♦- ❝-❡❞✐+ *✉♣♣❧② λ ✵✳✸

✐♥+❡-❡*+ *♣-❡❛❞ ❝♦❡✣❝✐❡♥+ ω ✵✳✵✵✷

-✐*❦ ❝♦❡✣❝✐❡♥+ ❜❛♥❦✐♥❣ *❡❝+♦- ν ✵✳✵✽

❡♥+-② ♣❛-❛♠❡+❡- N ✺

❡♥+-② ♣❛-❛♠❡+❡- d ✶✵✵

❡♥+-② ♣❛-❛♠❡+❡- f ✵✳✶

✐♥✐+✐❛❧ ♥✉♠❜❡- ♦❢ ✜-♠* ✶✵✵

&❛$❛♠❡#❡$ ❘❛♥❣❡* ❢♦$ ❘♦❜✉*#♥❡** ❈❤❡❝❦

♣-♦❞✉❝+✐✈✐+② φ [0.05,0.15]

❜❛♥❦-✉♣+❝② ❝♦*+* ❝♦♠♣♦♥❡♥+ ❝ [0.5,1.5]

✐♥+❡-❡*+ *♣-❡❛❞ ❝♦❡✣❝✐❡♥+ ω [0,0.004]

-✐*❦ ❝♦❡✣❝✐❡♥+ ❜❛♥❦✐♥❣ *❡❝+♦- ν [0.05,0.1]

C. Wilcoxon Signed Rank Test

■♥ ♦-❞❡- +♦ ❝❤❡❝❦ ✇❤❡+❤❡- +❤❡ -❡*✉❧+* ❛-❡ -♦❜✉*+✱ ❛ Wilcoxon Signed Rank +❡*+ ✐* ❝♦♥✲

❞✉❝+❡❞✳ ❚❤❡ ❲✐❧❝♦①♦♥ ❙✐❣♥❡❞ ❘❛♥❦ +❡*+ ✐* ♣❡-❢♦-♠❡❞ ❜❡❝❛✉*❡ ✐+ ❛❧❧♦✇* ❢♦- +❡*+✐♥❣ *❛♠♣❧❡*

✇❤❡-❡ ❛ ♥♦-♠❛❧ ❞✐*+-✐❜✉+✐♦♥ ❝❛♥♥♦+ ❜❡ ❛**✉♠❡❞ ❛♥❞ ✇❤❡-❡ +❤❡ ✈❛-✐❛♥❝❡ ✐* ✉♥❦♥♦✇♥✳ ■+ ✐* ❛

♥♦♥ ♣❛-❛♠❡+-✐❝ +❡*+✳ ❚❤❡ ❢♦❧❧♦✇✐♥❣ ♣-♦❝❡❞✉-❡ ✐* ❛* ❞❡*❝-✐❜❡❞ ❜② ❙❤❡*❦✐♥ ✭✷✵✶✶✮✳ ❇❛*✐❝❛❧❧②✱ +❤❡
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 ❡" ✐" ✇❤❡ ❤❡&  ❤❡ ♠❡❞✐❛♥" ♦❢  ✇♦ "❛♠♣❧❡ ♣♦♣✉❧❛ ✐♦♥" ✭❞❛ ❛ "❡ "✮ ❛&❡ ❧✐❦❡❧②  ♦ ❜❡  ❤❡ "❛♠❡ ❛ 

❛ ❝❡& ❛✐♥ ❧❡✈❡❧ ♦❢ "✐❣♥✐✜❝❛♥❝❡✳ ■❢ "♦✱  ❤❡  ✇♦ "❛♠♣❧❡ ♣♦♣✉❧❛ ✐♦♥" ❝❛♥ ❜❡ ❛""✉♠❡❞  ♦ ❜❡ ❞&❛✇♥

❢&♦♠  ❤❡ "❛♠❡ ❞✐" &✐❜✉ ✐♦♥✳ ❙♦♠❡ ❛""✉♠♣ ✐♦♥" ❛&❡ ❡""❡♥ ✐❛❧ ❢♦&  ❤❡  ❡" ✿

✶✳ ❚❤❡ ♦❜"❡&✈❡❞ ❞❛ ❛ ❡✐ ❤❡& ❝♦♥" ✐ ✉ ❡ ❛ &❛♥❞♦♠ "❛♠♣❧❡ ♦❢ N ✐♥❞❡♣❡♥❞❡♥ ♣❛✐&" ♦❢ ✐ ❡♠"✳

✷✳ ❚❤❡ ♦❜"❡&✈❡❞ ❞❛ ❛ ❛&❡ ♠❡❛"✉&❡❞ ❛ ❛ ❤✐❣❤❡& ❧❡✈❡❧  ❤❛♥  ❤❡ ♦&❞✐♥❛❧ "❝❛❧❡✳

✸✳ ❚❤❡ ❞✐" &✐❜✉ ✐♦♥ ♦❢  ❤❡ ♣♦♣✉❧❛ ✐♦♥ ♦❢ ❞✐✛❡&❡♥❝❡ "❝♦&❡" ❜❡ ✇❡❡♥ &❡♣❡❛ ❡❞ ♠❡❛"✉&❡♠❡♥ "

♦❢ ❜❡ ✇❡❡♥ ♠❛ ❝❤❡❞ ✐ ❡♠" ♦❢ ✐♥❞✐✈✐❞✉❛❧" ✐" ❛♣♣&♦①✐♠❛ ❡❧② "②♠♠❡ &✐❝✳

❚❤❡ ◆✉❧❧✲❤②♣♦ ❤❡"✐" ✐"  ❤❛  ❤❡  ✇♦ ♣♦♣✉❧❛ ✐♦♥" ✇❤✐❝❤  ❤❡ &❡"✉❧ " " ❡♠ ❢&♦♠ ❞♦ ♥♦ ❞✐✛❡& ✐♥

 ❤❡✐& ♠❡❞✐❛♥ ν ✿ H0 : ν1 = ν2 ✇❤✐❧❡  ❤❡ ❛❧ ❡&♥❛ ✐✈❡ ✐" ❢♦& ❛  ✇♦  ❛✐❧❡❞  ❡" Halt : ν1 6= ν2✳  ❤❛ ✐"✱

 ❤❡ ♠❡❞✐❛♥ ♦❢ ♣♦♣✉❧❛ ✐♦♥ ✷ ✐" ❡✐ ❤❡& ❜❡❧♦✇ ♦& ❛❜♦✈❡  ❤❡ ♠❡❞✐❛♥ ♦❢ ♣♦♣✉❧❛ ✐♦♥ ✶✳ ❚❤❡ &❡"✉❧ "

❛&❡ ❝❤❡❝❦❡❞ ❢♦& ❛ "✐❣♥✐✜❝❛♥❝❡ ❧❡✈❡❧ ♦❢ ✾✺✪✱  ❤❛ ✐" α = 0.05✳ ❊❛❝❤ ♣❛✐& ♦❢ ❞❛ ❛ ✐" ❝♦♠♣❛&❡❞

❛♥❞  ❤❡ ❞✐✛❡&❡♥❝❡  ❛❦❡♥ Wi = x1i−x2i ❢♦& ❛❧❧ i = 1, ...,N✳ ❩❡&♦ ❞✐✛❡&❡♥❝❡" Wi = 0 ❛&❡ ❞✐"❝❛&❞❡❞

❛♥❞  ❤❡ "❛♠♣❧❡ "✐③❡ ❧❡❢ ✐" n✳ ❙✐♥❝❡ ❛  ✇♦  ❛✐❧❡❞  ❡" ✐" ❝♦♥❞✉❝ ❡❞✱  ❤❡  ❡" " ❛ ✐" ✐❝" ✐"  ❤❡

♠✐♥✐♠✉♠ ♦❢  ❤❡ "✉♠" ♦❢ ♥❡❣❛ ✐✈❡ ❛♥❞ ♣♦"✐ ✐✈❡ ❞✐✛❡&❡♥❝❡" ✐♥  ❤❡ ♣❛✐&" ♦❢  ❤❡ "❛♠♣❧❡"✱

W := Min[|W−|,W+].

■❢  ❤❡  ❛♠♣❧❡  ✐③❡ ✐" "✉✣❝✐❡♥ ❧② ❧❛&❣❡✱ W ❝❛♥ ❜❡ ❛""✉♠❡❞  ♦ ❜❡ ♥♦&♠❛❧❧② ❞✐" &✐❜✉ ❡❞✳ ❚❤❡♥✱ ❛

z✲✈❛❧✉❡ ❝❛♥ ❜❡ ❝♦♠♣✉ ❡❞ ✉"✐♥❣  ❤❡ ♥✉♠❜❡& ♦❢ ♥♦♥③❡&♦ ❞✐✛❡&❡♥❝❡" n✳ ❚❤✐" ❝❛♥ ❛❧"♦ ❜❡ ❞♦♥❡ ❢♦&

 ❤❡ ❝♦♥ ✐♥✉❛ ✐♦♥ ♦❢ ❞❛ ❛ ✐♥ ♦&❞❡&  ♦ ❜❡  ❡& ❝♦♠♣❛&❡  ❤❡ ❝♦♥ ✐♥✉♦✉" ♥♦&♠❛❧ ❞✐" &✐❜✉ ✐♦♥ ✇✐ ❤

❞✐"❝&❡ ❡ ❞❛ ❛ ✐♥  ❤❡ ❢♦&♠

z =

∣
∣
∣W − n(n+1)

4

∣
∣
∣−0.5

√
n(n+1)(2n+1)

24

.

■♥  ❤✐"  ❡" ✱  ❤❡ H0 ❤②♣♦ ❤❡"✐" ❝❛♥ ❜❡ &❡❥❡❝ ❡❞ ✐❢ |z| ≥ zcrit
✇❤❡&❡ zcrit

✐"  ❤❡ ❝&✐ ✐❝❛❧ ✈❛❧✉❡ ❛ 

❛ "✐❣♥✐✜❝❛♥❝❡ ❧❡✈❡❧ ❝❤♦"❡♥ ❛❝❝♦&❞✐♥❣  ♦ ❛  ❛❜❧❡✳ ❋♦& ❛ "✐❣♥✐✜❝❛♥❝❡ ❧❡✈❡❧ α = 0.05  ❤❡ ❝&✐ ✐❝❛❧

✈❛❧✉❡ ✐" zcrit = 1.645✳

D. Robustness Check

❚❤❡ &♦❜✉" ♥❡"" ❝❤❡❝❦ ✐" ❛✐♠❡❞  ♦ "❡❡ ✇❤❡ ❤❡&  ❤❡ &❡"✉❧ " ❞♦ ❤♦❧❞ O✉❛❧✐ ❛ ✐✈❡❧② ❢♦& ❛ ✇✐❞❡&

&❛♥❣❡ ♦❢ ♣❛&❛♠❡ ❡&"✳ ❚❤❡&❡❢♦&❡✱

✶✳ ✐♥ ❡&✈❛❧" ❢♦& ♣❛&❛♠❡ ❡& ✈❛❧✉❡" ❛&❡ ❞❡ ❡&♠✐♥❡❞✱

✷✳ ❛ ♥✉♠❜❡& ♦❢ &❛♥❞♦♠ ♣&♦✜❧❡" ✐" ❣❡♥❡&❛ ❡❞ ✇✐ ❤✐♥  ❤❡ ♣❛&❛♠❡ ❡& &❛♥❣❡"✱

✸✳ "✐♠✉❧❛ ✐♦♥" ❛&❡ &✉♥ ❢♦& ❡❛❝❤ "❡  ✐♥❣ ♦❢  ❤❡ ❝♦♥ &♦❧ ♣❛&❛♠❡ ❡& ✉♥❞❡& ✐♥✈❡" ✐❣❛ ✐♦♥ ❢♦& ❛❧❧
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µ rit Her f indahl Out put

µ = 0 vs. µ = 0.5 > < >

µ = 0.5 vs. µ = 1 x < x

µ = 0 vs. µ = 1 > < >

Table 1: Impact of µ

β rit Her f indahl Out put

β = 0 vs. β = 0.5 < < <

β = 0.5 vs. β = 1 < < <

β = 0 vs. β = 1 < < <

Table 2: Impact of β

♦❢ "❤❡ %❛♥❞♦♠ ♣%♦✜❧❡-✳

✹✳ ❚❤❡♥✱ "❤❡ ❣❡♥❡%❛"❡❞ %❡-✉❧"- ❢♦% ❡❛❝❤ ❞✐✛❡%❡♥" ❝♦♥"%♦❧ ♣❛%❛♠❡"❡% -❡"✉♣ ❛%❡ ❝♦♠♣❛%❡❞

✉-✐♥❣ ❛ ❲✐❧❝♦①♦♥✲❙✐❣♥❡❞ ❘❛♥❦ "❡-"✳ ❚❤✐- "❡-" %❡✈❡❛❧- ✇❤❡"❤❡% "❤❡ ♦✉"♣✉" ❢♦% "❤❡ %❛♥❞♦♠

♣%♦✜❧❡- ✐- -✐❣♥✐✜❝❛♥"❧② ❞✐✛❡%❡♥" ✉♥❞❡% ❛ ❞✐✛❡%❡♥" ❝♦♥"%♦❧ ♣❛%❛♠❡"❡% ✈❛❧✉❡✳ ■❢ -♦✱ "❤❡

"❡-" ♣%♦✈✐❞❡- ❛❧-♦ ✇❤✐❝❤ ♦✉"♣✉" ❞✐-"%✐❜✉"✐♦♥ ❤❛- "❤❡ ❤✐❣❤❡% ♠❡❞✐❛♥ ❛♥❞ "❤✉- ♣%♦✈✐❞❡-

✐♥❢♦%♠❛"✐♦♥ ❢♦% "❤❡ ✐♠♣❛❝" ♦❢ "❤❡ %❡❧❡✈❛♥" ♣❛%❛♠❡"❡%✳

■♥ ♣❛%"✐❝✉❧❛%✱ "❤❡ ❝♦♥"%♦❧ ♣❛%❛♠❡"❡%- ❛%❡ µ ,ns
✱ ❛♥❞ β ✳ ❙✐♥❝❡ ns

❤❛- ♥♦ ✐♠♣❛❝"✱ ♦♥❧② %♦❜✉-"♥❡--

♦❢ µ ✇✐❧❧ ❜❡ "❡-"❡❞✳ ❚❤%❡❡ ❧❡✈❡❧- ♦❢ mu ❛♥❞ β ✇✐❧❧ ❜❡ ❝♦♠♣❛%❡❞✳ ❚❤❡ B✉❛❧✐"❛"✐✈❡ ❞✐✛❡%❡♥❝❡ ✇✐❧❧

"❤❡♥ ❜❡ ✐♥❞✐❝❛"❡❞ ✇✐"❤ ✧❃✧ ✐❢ "❤❡ ♠♦❞❡ ✐- ❧❛%❣❡% ❢♦% "❤❡ ✜%-" ❞✐-"%✐❜✉"✐♦♥ ❛♥❞ ✇✐"❤ ✧❁✧ ✈✐❝❡

✈❡%-❛✳ ■❢ "❤❡%❡ ✐- ♥♦ -✐❣♥✐✜❝❛♥" ❞✐✛❡%❡♥❝❡✱ "❤✐- ✇✐❧❧ ❜❡ ✐♥❞✐❝❛"❡❞ ❜② ✧①✧✳
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