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 אטרקטיביות של מסחר בתשואה: אטרקטיביות של מסחר בתשואה: אטרקטיביות של מסחר בתשואה: אטרקטיביות של מסחר בתשואה: 

 משתנה בזמןמשתנה בזמןמשתנה בזמןמשתנה בזמן    ייייגישת פרמיית סיכון מטבעגישת פרמיית סיכון מטבעגישת פרמיית סיכון מטבעגישת פרמיית סיכון מטבע
   

 תקצירתקצירתקצירתקציר

) בשוק המט"ח הישראלי בתקופה Carry Tradeאת האטרקטיביות של אסטרטגיות מסחר בתשואה ( בוחנת עבודה זו

) ומציעים Carry To Risk. אנו בוחנים מספר מדדים פופולריים של תשואה לסיכון (2014לדצמבר  2003שבין ינואר 

מדדי תשואה לסיכון  את יכולת הניבוי של בנוסף, אנו מעריכיםמשתנה בזמן.  ימדד חדש המבוסס על פרמיית סיכון מטבע

מאגר נתונים קנייני. כדי לאמוד את פרמיית סיכון בידי משקיעים זרים תוך שימוש ב אחזקות של אג"ח ממשלתיותל ביחס

-). אנו מוצאים כי הUIP) ופער הריביות הלא מכוסה (CIPפער הריביות המכוסה ( שקלויות בוחנים גם אתהמטבע, אנו 

CIP ה ואילו ,במחצית השנייה של תקופת המדגם םלא התקיי-UIP לאורך כלל תקופת המדגם באופק של  םלא התקיי

מדד התשואה  כי מתודולוגיות שונות, באמצעות ,עשר חודשים. אנו מוצאים-באופק של שנים םחודש אחד, אך התקיי

יותר ) Robustהמדגם השני. ניבוי זה היה איתן (- לסיכון שהצענו ניבא פוזיציות של זרים באג"ח ממשלתיות בתקופת תת

  יחסית למדדים פופולריים אחרים של תשואה לסיכון.  ,ולמשך זמן ארוך יותר
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❞♦♠❡1(✐❝ ❛♥❞ ❢♦#❡✐❣♥ #✐1❦✲❢#❡❡ ✐♥(❡#❡1( #❛(❡1✱ #❡1♣❡❝(✐✈❡❧②

✻

✳ ❚❤❡ ❧❛((❡# ❛#❡ ✉1✉❛❧❧② ❞❡#✐✈❡❞

❜② ❛ ✜♥❛♥❝✐❛❧ ✐♥1(✐(✉(✐♦♥ ❢♦# ❛ ♣❛#(✐❝✉❧❛# ❝✉1(♦♠❡# ❜❛1❡❞ ♦♥ ❤✐1 ❧❡♥❞✐♥❣ ❝♦♥❞✐(✐♦♥1 ❛♥❞ ❛#❡

♦❢(❡♥ ❤✐❣❤❡# (❤❛♥ (❤❡ #✐1❦✲❢#❡❡ 1❤♦#(✲(❡#♠ ✐♥(❡#❡1( #❛(❡1 1❡( ❜② (❤❡ ❝❡♥(#❛❧ ❜❛♥❦✳ ❚❤✐1 ♣❛#✐(②

❛♣♣❛#❡♥(❧② ❤♦❧❞1 ✐♥ (❤❡ ❋❳ ♠❛#❦❡( ❛( ❧❡❛1( ❢♦# ❧♦♥❣❡# ♣❡#✐♦❞1✳ ❉❡✈✐❛(✐♦♥1 ❢#♦♠ (❤✐1 ❡D✉❛❧✐(②

❝❛♥ ✐♥❞✐❝❛(❡ ❛ ❧❛❝❦ ♦❢ ❧✐D✉✐❞✐(②✱ ❝#❡❞✐( #✐1❦✱ ♦# ♦(❤❡# ❢#✐❝(✐♦♥1 ✐♥ (❤❡ ♠❛#❦❡(1 ✭1❡❡ ❇❛❜❛ ❛♥❞

3❛❝❦❡# ✭✷✵✵✾✮ ❛♥❞ ❋♦♥❣ ❡( ❛❧✳ ✭✷✵✶✵✮✮✳

✷✳✶✳✸ ❯♥❝♦✈❡%❡❞ ■♥4❡%❡54 %❛4❡ )❛%✐4② ✭❯■)✮

❋♦❧❧♦✇✐♥❣ (❤❡ ❛❜♦✈❡ ❡①♣❧❛♥❛(✐♦♥✱ (❤✐1 ♣❛#✐(② 1(❛(❡1 (❤❛( (❤❡ ❢♦#✇❛#❞ #❛(❡ ✐1 ❛♥ ✉♥❜✐❛1❡❞

♣#❡❞✐❝(♦# ♦❢ (❤❡ ❢✉(✉#❡ #❡❛❧✐③❡❞ 1♣♦( #❛(❡1✱ ❛♥❞ ✐❢ (❤❡ ❈■3 ❤♦❧❞1✱ (❤❡ ■❘❉ ✐1 ❛❧1♦ ❛♥ ✉♥❜✐❛1❡❞

♣#❡❞✐❝(♦# ♦❢ ❢✉(✉#❡ 1♣♦( #❛(❡ ❝❤❛♥❣❡1✳ ❚❤❡ ❞✐✛❡#❡♥❝❡ ❜❡(✇❡❡♥ ❯■3 ❛♥❞ ❈■3 ✐1 (❤❛( (❤❡

❢♦#♠❡# ✐1 ❛ (❤❡♦#❡(✐❝❛❧ ❤②♣♦(❤❡1✐1 ✇❤✐❝❤ ✐1 ❜❛1❡❞ ♦♥ 1❡✈❡#❛❧ ✉♥❞❡#❧②✐♥❣ ❛11✉♠♣(✐♦♥1 ✭❡✣❝✐❡♥(

♠❛#❦❡(1✱ #✐1❦ ♥❡✉(#❛❧✐(②✱ ❛♥❞ ❢#❡❡ ✢♦✇1✮ ✇❤✐❧❡ (❤❡ ❧❛((❡# ✐1 (❤❡ #❡1✉❧( ♦❢ (❤❡ ✬♥♦ ❛#❜✐(#❛❣❡

♦♣♣♦#(✉♥✐(✐❡1✬ ❛#❣✉♠❡♥( ♦♥❧②✳ ▲❛(❡# ✇❡ ❡①❛♠✐♥❡ ✇❤❡(❤❡# (❤❡ ❢♦#✇❛#❞ ♣#❡♠✐✉♠ ✐1 ✐♥❞❡❡❞

❛♥ ✉♥❜✐❛1❡❞ ❝♦♥❞✐(✐♦♥❛❧ ♣#❡❞✐❝(♦# ♦❢ ❢✉(✉#❡ ❡①❝❤❛♥❣❡ #❛(❡ ❝❤❛♥❣❡1 ✐♥ ■1#❛❡❧

✼

✳ ❲❡ (❡1( (❤✐1

❤②♣♦(❤❡1✐1 ❜② #❡❣#❡11✐♥❣ (❤❡ ❢♦#✇❛#❞ ♣#❡♠✐✉♠ ♦♥ (❤❡ ❢✉(✉#❡ ❝❤❛♥❣❡1 ♦❢ (❤❡ 1♣♦( #❛(❡✱ ❛1

❢♦❧❧♦✇1✿

∆st+1 = st+1 − st = α + β(ft − st) + ut+1 ✭✶✮
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❚❤❡ ❡①❛❝& &❡'♠ ✐*✿ FPt =
Ft

St

− 1 =
1 + it

1 + i∗t
− 1 =

it − i∗t
1 + i∗t

.
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❊❘ ❝❛♥ ❜❡ ✉(❡❞ ❛( ❛ ♠❡❛(✉$❡ ♦❢ ♣$♦✜&❛❜✐❧✐&② ✐♥ &❤❡ ❈❚ ❧✐&❡$❛&✉$❡✱ ❛♥❞ ✐( ❞❡✜♥❡❞ ❛( ❢♦❧❧♦✇(✿

ERt+1 ≡ IRDt −∆st+1 = ft − st+1 ✭✷✮

❚❤❡ ❞❡✈✐❛&✐♦♥ ❢$♦♠ &❤❡ ❯■? ✐✳❡✳✱ ft − st+1 6= 0 ❝❛♥ ❜❡ ❡①♣❧♦✐&❡❞ ❜② ❝❛$$② &$❛❞❡$( ✐♥ ❜♦&❤

❞✐$❡❝&✐♦♥(✳

✷✳✶✳✺ ❈✉,,❡♥❝② ❘✐(❦ 5,❡♠✐✉♠ ✭5✮

❆( ❊❘ ✐( ❢♦✉♥❞ &♦ ❜❡✱ ♦♥ ❛✈❡$❛❣❡✱ ♥♦♥✲③❡$♦ ✐♥ ♠❛♥② (&✉❞✐❡( ✭(❡❡ ❢♦$ ❡①❛♠♣❧❡✱ ❈✉$❝✉$✉

❡& ❛❧✳ ✭✷✵✶✵✮✮✱ ❛ &✐♠❡✲✈❛$②✐♥❣ ❝✉$$❡♥❝② $✐(❦ ♣$❡♠✐✉♠ ✭?✮ ✐( ♣❡$❝❡✐✈❡❞ ❛( ❛ ♣♦((✐❜❧❡ ❡①♣❧❛♥❛&✐♦♥

&♦ &❤❡ ❢♦$✇❛$❞ ♣$❡♠✐✉♠ ♣✉③③❧❡ ✭❊♥❣❡❧ ✭✶✾✾✻✮✮✳ ❇② ❛❞❞✐♥❣ ❛♥❞ (✉❜&$❛❝&✐♥❣ Et(st+1) &♦ ERt+1

✐♥ ✭✷✮ ✇❤❡$❡ E(.) ✐( &❤❡ ❡①♣❡❝&❛&✐♦♥ ❢✉♥❝&✐♦♥✱ P ✐( ❞❡✜♥❡❞ ❛( &❤❡ ❡①♣❡❝&❡❞ ♣❛$& ♦❢ ER✱ ❛(

❢♦❧❧♦✇(✿

ERt+1 = (ft − Et(st+1)) + (Et(st+1)− st+1) ✭✸✮

❚❤❡ ❡①❝❡(( $❡&✉$♥ ✐♥ &❤❡ ❡@✉❛&✐♦♥ ✐( ❞❡❝♦♠♣♦(❡❞ ✐♥&♦ &✇♦ ♣❛$&(✿ ❛♥ ❡①♣❡❝&❡❞ ❝♦♠♣♦♥❡♥&

❛♥❞ ❛♥ ✉♥❡①♣❡❝&❡❞ ❝♦♠♣♦♥❡♥&✳ ❚❤❡ ❡①♣❡❝&❡❞ ❝♦♠♣♦♥❡♥& ✐( ❝❛❧❧❡❞ $✐(❦ ♣$❡♠✐✉♠ ✭P =
ft −Et(st+1)✮ ❛♥❞ ✐& ❝❛♥ ❜❡ ♣❡$❝❡✐✈❡❞ ❛( &❤❡ ❝♦♠♣❡♥(❛&✐♦♥ ❛♥ ✐♥✈❡(&♦$ ❞❡♠❛♥❞( ❢♦$ &❤❡ $✐(❦

❤❡ ✐♥❝✉$( ❜② ❤♦❧❞✐♥❣ ❛ (♣❡❝✐✜❝ ❝✉$$❡♥❝②✳ ❚❤❛& $✐(❦ ✐( &❤❡ ❡①♣♦(✉$❡ &♦ ✉♥❛♥&✐❝✐♣❛&❡❞ ❝❤❛♥❣❡(

✐♥ &❤❡ ❡①❝❤❛♥❣❡ $❛&❡( ❛& ✇❤✐❝❤ ❛ ❝✉$$❡♥❝② &$❛❞❡( ❛❣❛✐♥(& ❛♥♦&❤❡$ ❝✉$$❡♥❝②✳ ❯♥❞❡$ &❤❡ ❯■?

❤②♣♦&❤❡(✐(✱ P (❤♦✉❧❞ ❜❡ ③❡$♦✳ ❍♦✇❡✈❡$✱ ✐❢ ❢♦$ ❡①❛♠♣❧❡ Pt ✐( &❡♠♣♦$❛$✐❧② ♥❡❣❛&✐✈❡✱ ✐& ♠❡❛♥(

&❤❛& &❤❡ ♠❛$❦❡& ❞❡♠❛♥❞( ❛ ❧♦✇❡$ ♣$❡♠✐✉♠ &❤❛♥ &❤❡ ♦♥❡ ✐♠♣❧✐❡❞ ❜② &❤❡ ❯■? ❤②♣♦&❤❡(✐(

✭ft = Et(st+1)✮✳ ❚❤✐( ❝❛♥ ❜❡ ❛ $❡(✉❧& ♦❢ ❧❡(( ✬$✐(❦ ❛✈❡$(✐♦♥✬✱ ♠♦$❡ ❛(②♠♠❡&$✐❝❛❧ ✐♥❢♦$♠❛&✐♦♥✱

♦$ ♠♦$❡ ♠❛$❦❡& ❢$✐❝&✐♦♥(✳ ❚❤❡ (❡❝♦♥❞ ❝♦♠♣♦♥❡♥& ✐( &❤❡ ✉♥❡①♣❡❝&❡❞ ❞❡♣$❡❝✐❛&✐♦♥✴❛♣♣$❡❝✐❛&✐♦♥

♦❢ &❤❡ ❞♦♠❡(&✐❝ ❝✉$$❡♥❝② ✇❤✐❝❤✱ ✉♥❞❡$ &❤❡ ❛((✉♠♣&✐♦♥ ♦❢ $❛&✐♦♥❛❧ ❡①♣❡❝&❛&✐♦♥✱ (❤♦✉❧❞ ❡@✉❛❧

③❡$♦✱ ♦♥ ❛✈❡$❛❣❡✳ ❚❤❡ ❧❛&&❡$ ✐( ❡①♣❡❝&❡❞ &♦ ❜❡ ✬✇❤✐&❡ ♥♦✐(❡✬ ❛♥❞ ✐& ❛♣♣❡❛$( ✐♥ t + 1 ♦♥❧②✱

❝♦♠♣❛$❡❞ &♦ &❤❡ ❢♦$♠❡$✳

❆( $✐(❦ ♣$❡♠✐✉♠ ✐( ❛♥ ✉♥♦❜(❡$✈❛❜❧❡ ❝♦♠♣♦♥❡♥&✱ ❛ ♥❛&✉$❛❧ ❛♣♣$♦❛❝❤ ❢♦$ &❤❡ ♠♦❞❡❧✐♥❣ ♦❢

$✐(❦ ♣$❡♠✐✉♠ ✐( ❜② (&❛&❡✲(♣❛❝❡ ♠♦❞❡❧(✳ ❆( ✐♥ ❲♦❧✛ ✭✶✾✽✼✮ ❛♥❞ ❈❤❡♥❣ ✭✶✾✾✸✮✱ ❛ $❡❛(♦♥❛❜❧❡

(&❛&❡✲(♣❛❝❡ ♠♦❞❡❧ ✐(

ft − st+1 = Pt + ǫt+1 ✭✹✮

Pt+1 = φPt + ut ✭✺✮

✇❤❡$❡ ǫt+1 = Et(st+1) − st+1 ✐( &❤❡ ❡①♣❡❝&❛&✐♦♥ ❡$$♦$✱ ✇❤✐❝❤ ✐( i.i.d ✉♥❞❡$ &❤❡ ❛((✉♠♣&✐♦♥

♦❢ $❛&✐♦♥❛❧ ❡①♣❡❝&❛&✐♦♥(✱ ❛♥❞ ✇❡ ❢✉$&❤❡$ ❛((✉♠❡ &❤❛& ǫt+1 ∼ N(0, σ2) ❛♥❞ ut ∼ N(0, σ2
u)✳

❚❤❡ ❡(&✐♠❛&✐♦♥ ♦❢ &❤❡ ✉♥❦♥♦✇♥ ♣❛$❛♠❡&❡$(✱ ✐✳❡✱ φ, σ2, σ2
u✱ ❛♥❞ ♦❢ &❤❡ $✐(❦ ♣$❡♠✐✉♠ Pt ✐(

❝♦♥(&$✉❝&❡❞ ✐♥ &❤✐( (&✉❞② ❜② ♠❡❛♥( ♦❢ ❑❛❧♠❛♥ ✜❧&❡$ ❛♥❞ ●✐❜❜( (❛♠♣❧✐♥❣ ❛( ❞❡(❝$✐❜❡❞ ✐♥ ❑✐♠

❛♥❞ ◆❡❧(♦♥ ✭✶✾✾✾✮✳ ❚❤❡ ●✐❜❜( (❛♠♣❧✐♥❣ ❤❛( &✇♦ ♠❛✐♥ (&❛❣❡(✳ ❈♦♥❞✐&✐♦♥❛❧ ✉♣♦♥ &❤❡ (&❛&❡

✈❛$✐❛❜❧❡ Pt✱ ✇❡ (❛♠♣❧❡ ❢$♦♠ &❤❡ ♣♦(&❡$✐♦$ ❞✐(&$✐❜✉&✐♦♥ ♦❢ &❤❡ ✉♥❦♥♦✇♥ ♣❛$❛♠❡&❡$( φ, σ2, σ2
u

✻
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&❤❡ 0&❛&❡ ✈❛.✐❛❜❧❡✳ ❚❤❡ ❛❧❣♦.✐&❤♠ ✐0 ❞❡0❝.✐❜❡❞ ✐♥ ♠♦.❡ ❞❡&❛✐❧ ✐♥ ❆♣♣❡♥❞✐① ❇✳

✷✳✶✳✻ ❈❛&&② ❚♦ ❘✐,❦ ✭❈❚❘✮

❆0 ♠❡♥&✐♦♥❡❞ ❛❜♦✈❡✱ ❛ 0✐❣♥✐✜❝❛♥& ❈❚ ♣.♦✜&❛❜✐❧✐&② ❝❛♥ ❜❡ ♣.♦❜❧❡♠❛&✐❝ &♦ ♣♦❧✐❝② ♠❛❦❡.0✱

❡0♣❡❝✐❛❧❧② ✐♥ 0♠❛❧❧ ♦♣❡♥ ❡❝♦♥♦♠✐❡0✱ ❛0 ✐& ♠❛② ❞✐0&✉.❜ &❤❡ ❝♦♥❞✉❝& ♦❢ ♠♦♥❡&❛.② ❛♥❞ ❡①❝❤❛♥❣❡

.❛&❡ ♣♦❧✐❝✐❡0 ❛0 ✇❡❧❧ ❛0 ♠❛.❦❡& 0&❛❜✐❧✐&②✳ ❖♥❡ ✇❛② &♦ ♠❡❛0✉.❡ &❤❡ ❛&&.❛❝&✐✈❡♥❡00 ♦❢ ❈❚ 0&.❛&❡✲

❣✐❡0 ✐0 ❝❛❧❧❡❞ ❈❚❘✳ ❚❤❡ ❈❚❘ .❛&✐♦ ❛✐♠0 &♦ ♠❡❛0✉.❡ &❤❡ ❡①✲❛♥&❡✱ .✐0❦✲❛❞❥✉0&❡❞ ♣.♦✜&❛❜✐❧✐&② ♦❢

❛ ❈❚ ♣♦0✐&✐♦♥ ❛♥❞ ✐0 ❜❛0❡❞ ♦♥ &❤❡ ■❘❉ ❜❡&✇❡❡♥ &✇♦ ❡❝♦♥♦♠✐❡0✱ ❛❞❥✉0&❡❞ ❢♦. ❛ ❞❡♣.❡❝✐❛&✐♦♥

.✐0❦✳ ❚❤✉0✱ ♠❛♥② ❈❚❘ ♠❡❛0✉.❡0 ✐♥❝❧✉❞❡ ❜♦&❤ ■❘❉ ❛♥❞ &❤❡ ✐♥❤❡.❡♥& .✐0❦ ♦❢ ❈❚ 0&.❛&❡❣✐❡0✱

♥❛♠❡❧② ❛ 0❤❛.♣ ❞❡♣.❡❝✐❛&✐♦♥ ♦❢ &❤❡ &❛.❣❡& ❝✉..❡♥❝② ❛❣❛✐♥0& &❤❡ ❢✉♥❞✐♥❣ ❝✉..❡♥❝②✳ ▼♦.❡♦✈❡.✱

❛♥ ❛0②♠♠❡&.✐❝ ❞✐0&.✐❜✉&✐♦♥ ♦❢ &❤❡ ❝✉..❡♥❝✐❡0 ✐♥✈♦❧✈❡❞ ✐♥ &❤❡ ❈❚ 0&.❛&❡❣② ❛.❡ ✐♥❝❧✉❞❡❞ ✐♥

0❡✈❡.❛❧ ❈❚❘ ♠❡❛0✉.❡0✳ ❋♦❧❧♦✇✐♥❣ ●②♥&❡❧❜❡.❣ ❛♥❞ ❘❡♠♦❧♦♥❛ ✭✷✵✵✼✮✱ ❉♦❜.②♥0❦❛②❛ ✭✷✵✶✹✮✱

❛♥❞ ❙❛♥&❡❛❧❧❛ ❡& ❛❧✳ ✭✷✵✶✺✮✱ ✇❡ ❝❛❧❝✉❧❛&❡ 0❡✈❡.❛❧ ❈❚❘ ♠❡❛0✉.❡0✱ ❛0 ❢♦❧❧♦✇0✳ ❚❤❡ ✜.0& .✐0❦

♠❡❛0✉.❡ ✐0 ❜❛0❡❞ ♦♥ &❤❡ ❤✐0&♦.✐❝❛❧ ✈♦❧❛&✐❧✐&②✿

CTR1t =
IRDt

Std(∆s)
✭✻✮

✇❤❡.❡ ∆st = st−st−1 ❛♥❞ Std ✐0 &❤❡ 0&❛♥❞❛.❞ ❞❡✈✐❛&✐♦♥ ♦❢ ❡①❝❤❛♥❣❡ .❛&❡ ❝❤❛♥❣❡0 ❢♦. &❤❡ ❧❛0&

n ♣❡.✐♦❞0 ✭n = 24 ♠♦♥&❤0 ✐♥ ♦✉. ❜❛0✐❝ 0❝❡♥❛.✐♦✮✳ ❚❤✐0 ♠❡❛0✉.❡ ❛00✉♠❡0 &❤❛& ❈❚ ✐♥✈❡0&♦.0

❛.❡ ❡①♣♦0❡❞ &♦ ❛ 0②♠♠❡&.✐❝❛❧ ✈❛.✐❛❜✐❧✐&② ♦❢ &❤❡ ❡①❝❤❛♥❣❡ .❛&❡ ❝❤❛♥❣❡0 ❛♥❞ &❤❡ ❤✐0&♦.✐❝❛❧

✈❛.✐❛❜✐❧✐&② ✇✐❧❧ ❜❡ &❤❡ 0❛♠❡ ✐♥ &❤❡ ❢✉&✉.❡✳

❚❤❡ 0❡❝♦♥❞ .✐0❦ ♠❡❛0✉.❡ &❛❦❡0 ✐♥&♦ ❛❝❝♦✉♥& &❤❡ ❡①♣❡❝&❡❞ ❢✉&✉.❡ ✈♦❧❛&✐❧✐&②✿

CTR2t =
IRDt

IVt

✭✼✮

✇❤❡.❡ ■❱ ✭✐♠♣❧✐❡❞ ✈♦❧❛&✐❧✐&②✮ ✐0 ❛♥ ❡①✲❛♥%❡ ♠❡❛0✉.❡ ♦❢ ❢✉&✉.❡ ❡①❝❤❛♥❣❡ .❛&❡ ✈❛.✐❛❜✐❧✐&②✳ ■❱ ✐0

❞❡.✐✈❡❞ ❢.♦♠ ♦♣&✐♦♥0 ✇.✐&&❡♥ ♦♥ &❤❡ ❡①❝❤❛♥❣❡ .❛&❡ ✭■▲❙✴❯❙❉✮ ✇✐&❤ ✬&✐♠❡ &♦ ❡①♣✐.❛&✐♦♥✬ ♦❢

♦♥❡ ♠♦♥&❤

✽

✳ ❚❤✐0 ♠❡❛0✉.❡ ✐0 ❛♥ ✐♠♣.♦✈❡♠❡♥& &♦ &❤❡ ✜.0& ♦♥❡ ❛0 ✐& ❧♦♦❦0 ❛❤❡❛❞ ❢♦. ✈❛.✐❛❜✐❧✐&②

.❛&❤❡. &❤❛♥ ❧♦♦❦✐♥❣ ❜❛❝❦ &♦ ❤✐0&♦.✐❝❛❧ ✈❛.✐❛❜✐❧✐&②✳

❚❤❡ &❤✐.❞ .✐0❦ ♠❡❛0✉.❡ &❛❦❡0 ✐♥&♦ ❝♦♥0✐❞❡.❛&✐♦♥ &❤❡ ❝✉..❡♥❝② .✐0❦ ♣.❡♠✐✉♠ ✉0✐♥❣ &❤❡ ❑❛❧♠❛♥

✜❧&❡. ❛♥❞ ●✐❜❜0 0❛♠♣❧✐♥❣✱ ❛0 ❢♦❧❧♦✇0✿

CTR3t =
1

n

∑n
j=0

Pt−j

IVt

✭✽✮

✇❤❡.❡ P ✐0 &❤❡ &✐♠❡ ✈❛.②✐♥❣ ❝✉..❡♥❝② .✐0❦ ♣.❡♠✐✉♠ ❞❡✜♥❡❞ ❛❜♦✈❡✱ n ✐0 &❤❡ ♥✉♠❜❡. ♦❢

♣❡.✐♦❞0 ✭✷✹ ♠♦♥&❤0 ❢♦. &❤❡ ❜❛0✐❝ 0❝❡♥❛.✐♦ ❛♥❞ ✷ &♦ ✻ ♠♦♥&❤0 ❢♦. &❤❡ .♦❜✉0&♥❡00 ❝❤❡❝❦0 ✲

❤❡.❡✐♥❛❢&❡.✮ ❛♥❞ ■❱ ✐0 &❤❡ ✐♠♣❧✐❡❞ ✈♦❧❛&✐❧✐&② ❞❡✜♥❡❞ ✐♥ ❈❚❘✷✳

✾

❚❤✐0 ♣.♦♣♦0❡❞ ❈❚❘✱ ✇❤✐❝❤

✽

❲❡ ✉#❡ $❤&❡❡✲♠♦♥$❤ ■▲❙✴❯❙❉ ♦♣$✐♦♥# ❢♦& $❤❡ ❧♦♥❣ ♣❡&✐♦❞ ♦❢ $✇❡❧✈❡✲♠♦♥$❤ ❛# $❤❡&❡ ❛&❡ ♥♦ ♦$❤❡& ❧✐:✉✐❞

♦♣$✐♦♥# ❛✈❛✐❧❛❜❧❡✳

✾

❲❡ ❛❧#♦ ❡①❛♠✐♥❡❞ ❛ ❈❚❘ $❤❛$ $❛❦❡# ✐♥$♦ ❛❝❝♦✉♥$ $❤❡ ❞♦✇♥#✐❞❡ &✐#❦ ✭#❡❡ ❉♦❜&②♥#❦❛②❛ ✭✷✵✶✹✮✮✳ ❆#

$❤❡ &❡#✉❧$# ✇❡&❡ :✉✐$❡ ❞✐#❛♣♣♦✐♥$✐♥❣ ✇❡ ❞❡❝✐❞❡❞ $♦ ❡①❝❧✉❞❡ $❤❛$ ♣♦♣✉❧❛& ❈❚❘✳

✼



✐! ❤✐❣❤❧② ❝♦((❡❧❛+❡❞ ✇✐+❤ +❤❡ ❊❘ ✭!❡❡ ❆♣♣❡♥❞✐① ❇✮✱ ✐! ❜❛!❡❞ ♦♥ +❤❡ ❛!!✉♠♣+✐♦♥ +❤❛+ ♦♥❡✲

!✐❞❡❞ ❣(❛❞✉❛❧ ❞❡✈✐❛+✐♦♥! ❢(♦♠ +❤❡ ❯■@ ♠❛② !✐❣♥❛❧ ❛♥ ✐♥❝(❡❛!✐♥❣ ❝❛((② +(❛❞✐♥❣ ❛++(❛❝+✐✈♥❡!!✳

❋♦( ❡①❛♠♣❧❡✱ ✐❢ +❤❡ ❛✈❡(❛❣❡ ❡①❝❡!! (❡+✉(♥ ❢♦( +❤❡ ❧❛!+ n ♣❡(✐♦❞! ✭ERn
✮ ✐! ♣♦!✐+✐✈❡✱ ERn

t =
1

n
Σn

i=1ERt+1−i =
1

n

∑n
i=1
(IRDt−i−∆st+1−i) =

1

n

∑n
i=1

IRDt−i−
1

n
(st−st−n+1) > 0✱ ✇❡ ♠✐❣❤+

!❡❡ ♠♦(❡ ❛♥❞ ♠♦(❡ ❝❛((② +(❛❞❡(! ❥✉♠♣✐♥❣ ✐♥ ❛♥❞ +❛❦✐♥❣ ❛❞✈❛♥+❛❣❡ ♦❢ !✉❝❤ ❛ !✐+✉❛+✐♦♥ ❥✉!+

❧✐❦❡ ♠♦♠❡♥+✉♠ +(❛❞❡(!✳ ❍♦✇❡✈❡(✱ ✇❡ ✉!❡ CTR3t +♦ !✉♠ ✉♣ ♦♥❧② +❤❡ ❡①♣❡❝+❡❞ ❝♦♠♣♦♥❡♥+

♦❢ +❤❡ ❊❘ !♦ +❤❛+ ✐♥ +❤❡ ❛❜♦✈❡ ❝❛!❡ +❤❡ ❛✈❡(❛❣❡ ♣(❡♠✐✉♠ ♦❢ +❤❡ ❧❛!+ n ♣❡(✐♦❞! ✐! P n
t =

1

n
Σn

i=1ERt+1−i −
1

n
Σn

i=1vt+1−i✱ ✇❤✐❧❡ +❤❡ ❧❛++❡( +❡(♠ !❤♦✉❧❞ ❡F✉❛❧ ③❡(♦ ♦✈❡( ❛ ❧♦♥❣ ♣❡(✐♦❞ ✭✷✹

♠♦♥+❤!✮✳ ❚❤✉!✱ ✐♥ ❝♦♠♣❛(✐!♦♥ ✇✐+❤ ❊❘✱ CTR3t ✐! ❛♥ ❡①✲❛♥%❡ ♠❡❛!✉(❡✱ +❤❡ !✐❣♥❛❧ ✇✐+❤♦✉+

+❤❡ ♥♦✐!❡✱ ❛♥❞ ✐+ ❤❛! ❛♥ ❡❝♦♥♦♠✐❝ ♠❡❛♥✐♥❣✳ CTR3t ✐! ❝♦♥!✐!+❡♥+ ✇✐+❤ ▲❡✇✐! ✭✶✾✽✾✮ ❛♥❞ ✇✐+❤

❈❤❛❦(❛❜♦(+② ❛♥❞ ❊✈❛♥! ✭✷✵✵✽✮✱ ✇❤♦ ❡①♣❧❛✐♥ ❞❡✈✐❛+✐♦♥! ❢(♦♠ +❤❡ ❯■@ ❤②♣♦+❤❡!✐! ✭ER 6= 0✮
❜② ♠♦❞❡❧! ♦❢ ❧❡❛(♥✐♥❣ ❡✈❡♥ ✉♥❞❡( ❜♦+❤ (✐!❦ ♥❡✉+(❛❧✐+② ❛♥❞ (❛+✐♦♥❛❧ ❡①♣❡❝+❛+✐♦♥ ❛!!✉♠♣+✐♦♥!✳

■+ ✐! ❛❧!♦ ✐♥ ❧✐♥❡ ✇✐+❤ ❍❛((✐! ❛♥❞ ❨✐❧♠❛③ ✭✷✵✵✾✮✱ ✇❤♦ !❤♦✇ +❤❛+ ♠♦♠❡♥+✉♠ +(❛❞✐♥❣ ❜❛!❡❞ ♦♥

+❤❡ ❧♦✇ ❢(❡F✉❡♥❝② ❝♦♠♣♦♥❡♥+ ♦❢ +❤❡ ❡①❝❤❛♥❣❡ (❛+❡ ❝❛♥ ❜❡ ✈❡(② ♣(♦✜+❛❜❧❡✳

✶✵

❨❡+✱ +❤❡ ♦♣+✐♠❛❧

♥✉♠❜❡( ♦❢ ♣❡(✐♦❞!✱ n✱ ✐! ❛♥ ❡♠♣✐(✐❝❛❧ F✉❡!+✐♦♥✱ ❛! ♦♥ +❤❡ ♦♥❡ ❤❛♥❞ +❤❡(❡ ✐! ♠✉❝❤ ♥♦✐!❡ ✐♥

❋❳ ♠❛(❦❡+! ✇❤✐❧❡ ♦♥ +❤❡ ♦+❤❡( ❤❛♥❞ ❤❡!✐+❛+✐♥❣ ❝❛♥ ❝❛✉!❡ ❛ ❧♦!! ♦❢ ♣(♦✜+❛❜❧❡ ♦♣♣♦(+✉♥✐+✐❡!✳

■♥ +❤✐! (❡!♣❡❝+✱ +❤❡ ❞②♥❛♠✐❝! ♦❢ +❤❡ ❜❡❤❛✈✐♦( ♦❢ ❝❛((② +(❛❞❡(! ✐! F✉✐+❡ !✐♠✐❧❛(✖❛ ❣(❛❞✉❛❧

❛♥❞ ❝♦♥+✐♥✉♦✉! ❜✉✐❧❞ ✉♣ ♦❢ ♣♦!✐+✐♦♥! ✐♥ +❤❡ ❋❳ ♠❛(❦❡+ ❛♥❞ ❛ !✉❞❞❡♥ ❞♦✇♥!✐❞❡ ♦( ❝(❛!❤ ✭!❡❡

❇(✉♥♥❡(♠❡✐❡( ❡+ ❛❧✳ ✭✷✵✵✽✮✮✳

✷✳✷ ❚❤❡ ❡♠♣✐(✐❝❛❧ ❡✈✐❞❡♥❝❡

❚❤❡ ❡✈✐❞❡♥❝❡ (❡❣❛(❞✐♥❣ ❈❚✬! ♣(♦✜+❛❜✐❧✐+② ❛♥❞ (✐!❦ ❤❛! ❜❡❡♥ ❣(♦✇✐♥❣ ✐♥ +❤❡ ❧❛!+ ❢❡✇

②❡❛(!✳ ❚❤❡ ❝(❛!❤ ✐♥ +❤❡ ❣❧♦❜❛❧ +❛(❣❡+ ❝✉((❡♥❝✐❡! !✉❝❤ ❛! +❤❡ ◆❡✇ ❩❡❛❧❛♥❞ ❉♦❧❧❛( ✭◆❩❉✮ ❛♥❞

+❤❡ ❆✉!+(❛❧✐❛♥ ❉♦❧❧❛( ✭❆❯❉✮ ❞✉(✐♥❣ +❤❡ !✉❜✲♣(✐♠❡ ❝(✐!✐! ❛♥❞ +❤❡ ♠✐((♦( ♣❤❡♥♦♠❡♥❛ ✐♥ +❤❡

❣❧♦❜❛❧ ❢✉♥❞✐♥❣ ❝✉((❡♥❝✐❡!✖+❤❡ ❏❛♣❛♥❡!❡ ❨❡♥ ✭❨✮ ❛♥❞ +❤❡ ❙✇✐!! ❋(❛♥❝ ✭❙❋❈✮✱ (❛✐!❡❞ ✐♥+❡(❡!+

✐♥ +❤✐! +♦♣✐❝ ❛♠♦♥❣ ♣♦❧✐❝② ♠❛❦❡(!✱ (❡!❡❛(❝❤❡(!✱ ❛♥❞ ✐♥✈❡!+♦(!✳ ❚❤❡ ❧❛++❡( +✇♦ ❡①❛♠✐♥❡ +❤❡

♦✉+!+❛♥❞✐♥❣ ②✐❡❧❞! !✉❝❤ !+(❛+❡❣✐❡! ❛❝❤✐❡✈❡❞ ❝♦♠♣❛(❡❞ +♦ ❛❧+❡(♥❛+✐✈❡ ✐♥✈❡!+♠❡♥+!✱ ❛♥❞ +❤❡

✐♥❝♦♥!✐!+❡♥❝② ✇✐+❤ +❤❡ ❯■@ ❤②♣♦+❤❡!✐! ✭!❡❡✿ ❇(✉♥♥❡(♠❡✐❡( ❡+ ❛❧✳ ✭✷✵✵✽✮❀ ●②♥+❡❧❜❡(❣ ❛♥❞ ❘❡✲

♠♦❧♦♥❛ ✭✷✵✵✼✮❀ ▲✉!+✐❣ ❡+ ❛❧✳ ✭✷✵✶✸✮❀ ❉♦❜(②♥!❦❛②❛ ✭✷✵✶✹✮❀ ❉♦!❦♦✈ ❛♥❞ ❙✇✐♥❦❡❧! ✭✷✵✶✺✮✮✳ ❆!

(❡✢❡❝+❡❞ ❜② +❤❡ ✈❛(✐♦✉! ❈❚❘! ♣(❡!❡♥+❡❞ ❛❜♦✈❡ ❛♥❞ ❜② +❤❡ ❡✈✐❞❡♥❝❡✱ ❈❚ ♣(♦✜+❛❜✐❧✐+② ✐! ♣♦!✐✲

+✐✈❡❧② ✐♥✢✉❡♥❝❡❞ ❜② ✐♥+❡(❡!+ (❛+❡ ❞✐✛❡(❡♥+✐❛❧! ✇❤✐❧❡ ♥❡❣❛+✐✈❡❧② ✐♥✢✉❡♥❝❡❞ ❜② +❤❡ ❡①✲❛♥%❡ (✐!❦

✭❈❧❛(✐❞❛ ❡+ ❛❧✳ ✭✷✵✵✾✮✮✳ ❍♦✇❡✈❡( ♥❡✐+❤❡( +❤❡ ❈■@ ♥♦( +❤❡ ❯■@ ❤②♣♦+❤❡!❡! ❡①♣❧✐❝✐+❧② ✐♥❝❧✉❞❡

(✐!❦ ♠❡❛!✉(❡!✱ ✇❤✐❧❡ ♠♦!+ !+✉❞✐❡! +❤❛+ ❡①❛♠✐♥❡ +❤❡ ❞❡✈✐❛+✐♦♥! ❢(♦♠ ❜♦+❤ +❤❡ ❈■@ ❛♥❞ +❤❡

❯■@ ❤②♣♦+❤❡!❡! ✭✐✳❡✳✱ ❛(❜✐+(❛❣❡ ♦♣♣♦(+✉♥✐+✐❡! ❛♥❞ +❤❡ ❢♦(✇❛(❞ ♣(❡♠✐✉♠ ♣✉③③❧❡✱ (❡!♣❡❝+✐✈❡❧②✮

✉!✉❛❧❧② ❢♦❝✉! ♦♥ (✐!❦! ❡♠❜❡❞❞❡❞ ✐♥ ❈❚ ❛❝+✐✈✐+②✳

■+ ✐! ✇✐❞❡❧② ❛❝❝❡♣+❡❞ +❤❛+ ✐♥ ❡✣❝✐❡♥+ ♠❛(❦❡+! +❤❡(❡ ❛(❡ ♥♦ ✬❛(❜✐+(❛❣❡ ♦♣♣♦(+✉♥✐+✐❡!✬ ❛+ ❧❡❛!+

❢♦( ❧♦♥❣❡( ❤♦(✐③♦♥! ✭!❡❡ ❆❦(❛♠ ❡+ ❛❧✳ ✭✷✵✵✽✮✮✳ ❚❤✉!✱ ❈■@ !❤♦✉❧❞ ♣(❡✈❛✐❧ ✉♣ +♦ +❤❡ ❜✐❞✲❛!❦

!♣(❡❛❞!✱ (❡❣❛(❞❧❡!! ♦❢ ✐♥✈❡!+♦(!✬ ♣(❡❢❡(❡♥❝❡!✳ ❍♦✇❡✈❡(✱ ❆❦(❛♠ ❡+ ❛❧✳ ✭✷✵✵✽✮✱ ❇❛❜❛ ❛♥❞ @❛❝❦❡(

✭✷✵✵✾✮✱ ❋♦♥❣ ❡+ ❛❧✳ ✭✷✵✶✵✮✱ ❛♥❞ ❙❛♥+❡❛❧❧❛ ❡+ ❛❧✳ ✭✷✵✶✺✮ ✜♥❞ +❡♠♣♦(❛(✐❧② ❧❛(❣❡ ❞❡✈✐❛+✐♦♥! ❛! ❛

(❡!✉❧+ ♦❢✱ ✐♥%❡' ❛❧✐❛✱ ❧✐F✉✐❞✐+② (✐!❦✱ ❝(❡❞✐+ (✐!❦✱ ♦( (❡❣✉❧❛+♦(② ✐♥+❡(✈❡♥+✐♦♥!✳ ❚❤❡!❡ !❤♦(+✲❧✐✈❡❞

❛(❜✐+(❛❣❡ ♦♣♣♦(+✉♥✐+✐❡! ❛(❡ ✐♥❝♦♥!✐!+❡♥+ ✇✐+❤ +❤❡ ❈■@ ❝♦♥❞✐+✐♦♥✳ ▼♦(❡♦✈❡(✱ +❤❡ !✐③❡ ♦❢ ❈■@

❛(❜✐+(❛❣❡ ♦♣♣♦(+✉♥✐+✐❡! ❝❛♥ ❜❡ ❡❝♦♥♦♠✐❝❛❧❧② !✐❣♥✐✜❝❛♥+✳

✶✵

❯!✐♥❣ ❛♥ ❍' ✜❧*❡, !✉✐*❛❜❧❡ ❢♦, ♠♦♥*❤❧② ❞❛*❛ ②✐❡❧❞! !✐♠✐❧❛, ,❡!✉❧*!✳

✽



❆♥♦#❤❡&✱ ❛♥❞ ❡✈❡♥ ♠♦&❡ ✐♠♣♦&#❛♥#✱ .♦✉&❝❡ ♦❢ ♣&♦✜#❛❜✐❧✐#② &❡❧❛#❡❞ #♦ #❤❡ ❈❚ ❛❝#✐✈✐#② ✐. #❤❡

❞❡✈✐❛#✐♦♥ ❢&♦♠ #❤❡ ❯■: ❤②♣♦#❤❡.✐.✳ ❋♦❧❧♦✇✐♥❣ #❤❡ .❡♠✐♥❛❧ ♣❛♣❡& ♦❢ ❋❛♠❛ ✭✶✾✽✹✮✱ ❋&♦♦# ❛♥❞

❚❤❛❧❡& ✭✶✾✾✵✮✱ ❛♠♦♥❣ ♦#❤❡&.✱ &❡♣♦&# ♦♥ ❛ ❢❡✇ .#✉❞✐❡. ✇❤❡&❡ β̂ ♦❢ ❡F✉❛#✐♦♥ ✭✶✮ ✇❛. ❢♦✉♥❞ #♦

❜❡ ♣♦.✐#✐✈❡✱ ❛♥❞ ❡✈❡♥ ✐♥ #❤❡.❡ ❢❡✇ ✐♥.#❛♥❝❡. ✐# ✇❛. ❧❡.. #❤❛♥ #❤❡ ❯■: ❤②♣♦#❤❡.✐.✱ ✐✳❡✳✱ β̂ = 1✳
❚❤❡ ❛✈❡&❛❣❡ β̂ ♦❢ #❤❡ .#✉❞✐❡. ❋&♦♦# ❛♥❞ ❚❤❛❧❡& ✭✶✾✾✵✮ .✉&✈❡②❡❞ ✇❛. ✲✵✳✽✽✳ ❨❡#✱ ❇❛✐❧❧✐❡ ✭✷✵✶✶✮✱

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

#❤❛# ❢♦& ❞❡✈❡❧♦♣❡❞ ❝♦✉♥#&✐❡. β̂ ❁ ✵ .✐❣♥✐✜❝❛♥#❧②✱ ❢♦& ❡♠❡&❣✐♥❣ ♠❛&❦❡#. ✵ ❁ β̂ ❁ ✶✱ ❜✉# ❢♦& ❛❧❧

❝♦✉♥#&✐❡. #❤❡ ❡①♣❧❛♥❛#♦&② ♣♦✇❡& ♦❢ #❤❡ ❯■:✬. ❖▲❙ &❡❣&❡..✐♦♥. ✐. ✈❡&② ♣♦♦&✱ ✐✳❡✳✱ Adj.R2 ≈ 0✱
❛♥❞ #❤❡ &❡.✐❞✉❛❧. ❛&❡ ✉.✉❛❧❧② ♥♦# ❛ ✬✇❤✐#❡ ♥♦✐.❡✬ .❡&✐❡. ✭.❡❡ ❋&❛♥❦❡❧ ❛♥❞ :♦♦♥❛✇❛❧❛ ✷✵✶✵✮✳

❚❤✉.✱ #❤❡ ❯■: ❤②♣♦#❤❡.✐. ❤♦❧❞. &❡❧❛#✐✈❡❧② ♠♦&❡ ✐♥ ❡♠❡&❣✐♥❣ ♠❛&❦❡#. ❛♥❞ ❢♦& ❧♦♥❣❡& ❤♦&✐③♦♥.✳

✭❙❡❡ ❆❧♣❡& ❡# ❛❧✳ ✭✷✵✵✾✮ ❢♦& ❛ .✉&✈❡② ♦♥ #❤❡ ❯■: ❤②♣♦#❤❡.✐. ✐♥ ❡♠❡&❣✐♥❣ ♠❛&❦❡#.✮

■♥ ♦&❞❡& #♦ ❡①♣❧❛✐♥ #❤❡ ✬❢♦&✇❛&❞ ♣&❡♠✐✉♠ ♣✉③③❧❡✬✱ .❡✈❡&❛❧ .#✉❞✐❡. ❛❞❞ ❛ #✐♠❡✲✈❛&②✐♥❣ &✐.❦

♣&❡♠✐✉♠ #♦ #❤❡ .#❛♥❞❛&❞ ❖▲❙ &❡❣&❡..✐♦♥ ✭.❡❡ ❛ .✉&✈❡② ✐♥ ❊♥❣❡❧ ✭✶✾✾✻✮✮✳ ❚❤❡ ❞❡✈✐❛#✐♦♥ ❢&♦♠

#❤❡ ❯■: ❤②♣♦#❤❡.✐. ✐. ❡①♣❧❛✐♥❡❞ ❜② &❡❧❛①✐♥❣ #❤❡ ❛..✉♠♣#✐♦♥. ♦❢✿ ✭✶✮ ✬&✐.❦ ♥❡✉#&❛❧✐#②✬ ♦❢ #❤❡

✐♥✈❡.#♦&. ❛♥❞ ✬&❛#✐♦♥❛❧ ❡①♣❡❝#❛#✐♦♥.✬✱ ✭✷✮ ✬❡✣❝✐❡♥# ♠❛&❦❡#.✬ ✇❤❡&❡ #❤❡&❡ ❛&❡ ♥♦ ✬❛&❜✐#&❛❣❡

♦♣♣♦&#✉♥✐#✐❡.✬✱ ♥♦ #&❛♥.❛❝#✐♦♥ ❝♦.#.✱ ❛♥❞ ❧✐F✉✐❞ ♠❛&❦❡#.✱ ✭✸✮ .②♠♠❡#&✐❝❛❧ ✐♥❢♦&♠❛#✐♦♥ ❛♥❞

♥♦ ✬❧❡❛&♥✐♥❣ ♣&♦❝❡..✬✱ ✭✹✮ ❋&❡❡ ❝❛♣✐#❛❧ ✢♦✇. ❛♥❞ ❛ ❝❡♥#&❛❧ ❜❛♥❦ #❤❛# ❞♦❡. ♥♦# ✐♥#❡&✈❡♥❡ ✐♥

#❤❡ ♠❛&❦❡#. ❡✐#❤❡& ❞✐&❡❝#❧② ♦& ✐♥❞✐&❡❝#❧② #❤&♦✉❣❤ ✐#. ♠♦♥❡#❛&② ♣♦❧✐❝②✱ ❛♥❞ ✭✺✮ #❤❡ ❧✐♥❡❛&✐#②

♦& #❤❡ .②♠♠❡#&② ♦❢ #❤❡ ❊❘✳ ❚❤✐. ♣❤❡♥♦♠❡♥♦♥ ✐. .♦♠❡#✐♠❡. ❝❛❧❧❡❞ ✬❞♦✇♥.✐❞❡ &✐.❦✬ ♦& ✬❝&❛.❤

&✐.❦✬ ❛♥❞ ✐# ♠✐❣❤# ❜❡ ❛ &❡.✉❧# ♦❢ #❤❡ :❡.♦ ♣&♦❜❧❡♠

✶✶

✳ ❚❤❡ &❡❧❛①❛#✐♦♥ ♦❢ ❛♥② ♦♥❡ ♦❢ #❤❡.❡

❛..✉♠♣#✐♦♥. ❧✐♠✐#. #❤❡ ♣♦#❡♥#✐❛❧ ♦❢ ♣&♦✜#❛❜❧❡ ❈❚ .#&❛#❡❣✐❡.✳ ❚❤✐. ✐. ❢♦✉♥❞ ❜② ❉♦❜&②♥.❦❛②❛

✭✷✵✶✹✮ #♦ ❜❡ ❛ .✐❣♥✐✜❝❛♥# ❡①♣❧❛♥❛#♦&② ✈❛&✐❛❜❧❡ ✐♥ ❡①♣❧❛✐♥✐♥❣ ❜♦#❤ ❤✐❣❤ ♣&♦✜#❛❜✐❧✐#② ❢♦& ❝❛&&②

#&❛❞❡ ✐♥ ❞❡✈❡❧♦♣❡❞ ❝♦✉♥#&✐❡. ❛♥❞ #❤❡ .#♦❝❦ ♠❛&❦❡# ♣&♦✜#❛❜✐❧✐#②✳ ■♥ ❝♦♥#&❛.#✱ ❏✉&❡❦ ✭✷✵✶✹✮

❡.#✐♠❛#❡. #❤❡ ❝&❛.❤ &✐.❦ ❛. ❜❡✐♥❣ ❛. ❧♦✇ ❛. ♦♥❡✲#❤✐&❞ ♦❢ #❤❡ #♦#❛❧ ❈❚ &❡#✉&♥.✳ ■♥ ❛♥② ❝❛.❡ #❤❡

✐♥#❡&♣&❡#❛#✐♦♥ ♦❢ #❤❡ &✐.❦ ♣&❡♠✐✉♠ ❛♥❞ ✐#. ❝❛♣❛❜✐❧✐#② #♦ ♣&❡❞✐❝# ❈❚ ❛❝#✐✈✐#✐❡. ❛&❡ ♥♦# .✐♠♣❧❡

✭.❡❡ ❉♦.❦♦✈ ❛♥❞ ❙✇✐♥❦❡❧. ✭✷✵✶✺✮✮✳

■♥ #❤✐. &❡❣❛&❞✱ ❑✉♠❛& ❛♥❞ ❚&^❝❦ ✭✷✵✶✹✮ ❛♥❞ ■♥❝✐ ❛♥❞ ▲✉ ✭✷✵✵✼✮ ✜♥❞ #❤❛# #❤&❡❡✲♠♦♥#❤ ❋:.

❝♦♥✈❡② ♠♦&❡ ✐♥❢♦&♠❛#✐♦♥ &❡❣❛&❞✐♥❣ ❢✉#✉&❡ .♣♦# &❛#❡. #❤❛♥ ♦♥❡✲♠♦♥#❤ ❋:. ❞✉❡ #♦ #❤❡ &❡❧❛#✐✈❡

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

✐♥ .❤♦&#✲#❡&♠ ❋:.✳ ❆. ❛ &❡.✉❧#✱ .❤♦&#✲#❡&♠ ❋:. ❛&❡ ❝♦♥.✐.#❡♥# ✇✐#❤ #❤❡ ❯■: ❤②♣♦#❤❡.✐. ✇❤✐❧❡

#❤❡ ❢♦&♠❡& ❛&❡ ♥♦#✳

❚❤❡ ❡①♣❧❛♥❛#✐♦♥. ♦❢ ❑✉♠❛& ❛♥❞ ❚&^❝❦ ✭✷✵✶✹✮ ❛♥❞ ■♥❝✐ ❛♥❞ ▲✉ ✭✷✵✵✼✮ ❢♦& #❤❡ ♥❡❣❧✐❣✐❜❧❡ ✐♥✢✉✲

❡♥❝❡ ♦❢ #❤❡ #✐♠❡✲✈❛&②✐♥❣ &✐.❦ ♣&❡♠✐✉♠ ♦♥ .❤♦&#✲#❡&♠ ❋:. ✈❡&.✉. ✐#. .✉❜.#❛♥#✐❛❧ ✐♥✢✉❡♥❝❡ ♦♥

❧♦♥❣✲#❡&♠ ❋:. ❛&❡✿ ✭✶✮ ❍❡❞❣❡&. ✇❤♦ ❤❛✈❡ ❧♦♥❣✲#❡&♠ ❡①♣♦.✉&❡ ✐♥ #❤❡ .♣♦# ♠❛&❦❡# ✭❢♦& ❡①❛♠✲

♣❧❡✱ ❡①♣♦&#❡&.✴✐♠♣♦&#❡&.✮ #❛❦❡ ❛♥ ♦♣♣♦.✐#❡ ❡①♣♦.✉&❡ ✐♥ #❤❡ ❢♦&✇❛&❞ ♠❛&❦❡#✳ ■♥ ❛❞❞✐#✐♦♥✱ #❤❡

❧♦♥❣❡& #❤❡ ♠❛#✉&✐#② ♦❢ #❤❡ ❢♦&✇❛&❞ ❝♦♥#&❛❝# #❤❡ ❧❡.. &♦❧❧✲♦✈❡& ❝♦.#. ♠❛② ❜❡ ✉♥#✐❧ #❤❡ ❡♥❞ ♦❢ #❤❡

❡①♣♦.✉&❡ ♣❡&✐♦❞✳ ■♥ ❝♦♥#&❛.#✱ .♣❡❝✉❧❛#♦&. ✇❤✐❝❤ ❛&❡ ✉.✉❛❧❧② ♥♦# ❡①♣♦.❡❞ ✐♥ #❤❡ .♣♦# ♠❛&❦❡#

♣&❡❢❡& .❤♦&#✲#❡&♠ ❢♦&✇❛&❞ ❝♦♥#&❛❝#.✳ ✭✷✮ ❙❤♦&#✲#❡&♠ ✐♥#❡&❡.# &❛#❡.✱ ✇❤✐❝❤ ❛&❡ .✉♣♣♦.❡❞ #♦

❡F✉❛❧ #❤❡ ❋: ❛❝❝♦&❞✐♥❣ #♦ #❤❡ ❈■: ❤②♣♦#❤❡.✐.✱ ❛&❡ ♠♦.#❧② ✐♥✢✉❡♥❝❡❞ ❜② #❤❡ ❝❡♥#&❛❧ ❜❛♥❦✱

❛♥❞ ❛&❡ #❤✉. ❧❡.. ❛✛❡❝#❡❞ ❜② &✐.❦ ♣&❡♠✐✉♠.✳ ❚❤✐. ♠❡❛♥. #❤❛# #❤❡ ❯■: ❤②♣♦#❤❡.✐. ✐. ❧✐❦❡❧② #♦

❤♦❧❞ ❢♦& .❤♦&#✲#❡&♠ ❝♦♥#&❛❝#. ❜✉# ✉♥❧✐❦❡❧② #♦ ❤♦❧❞ ❢♦& ❧♦♥❣❡&✲#❡&♠ ❝♦♥#&❛❝#.✳ ❋✉&#❤❡&♠♦&❡✱

✇❤❡♥ #❤❡&❡ ❛&❡ ♠❛♥② ❤❡❞❣❡&. ❝♦♠♣❛&❡❞ #♦ .♣❡❝✉❧❛#♦&. ✐♥ #❤❡ ♠❛&❦❡#✱ #❤❡ &✐.❦ ♣&❡♠✐✉♠ ✐.

❧✐❦❡❧② #♦ ❜❡ ❛♥ ✐♠♣♦&#❛♥# ❢❛❝#♦& ♦❢ #❤❡ ❋:✱ ❛♥❞ #❤✉. #❤❡ ❯■: ✐. ✉♥❧✐❦❡❧② #♦ ❤♦❧❞✱ ✇❤✐❧❡ #❤❡

✶✶

❆ !✐#✉❛#✐♦♥ ✇❤❡♥ ❧♦✇ ❢-❡.✉❡♥❝② ❡①♣❡❝#❡❞ ❡✈❡♥#! ♠❛② ❧❡❛❞ #♦ ❧♦♥❣ ♣❡-✐♦❞! ♦❢ ❡①✲♣♦!# ❡①❝❡!! -❡#✉-♥!✳

✾



♦♣♣♦"✐$❡ ✐" $&✉❡ ✐❢ $❤❡&❡ ❛&❡ ♠❛♥② "♣❡❝✉❧❛$♦&" ✐♥ $❤❡ ♠❛&❦❡$ ✭❛❧❧ ♦$❤❡& $❤✐♥❣" ❜❡✐♥❣ ❡4✉❛❧✱

♣❛&$✐❝✉❧❛&❧② $✐♠❡ $♦ ♠❛$✉&✐$②✮✳

❋✐♥❛❧❧②✱ ✐♥ ❛ "✐♠✐❧❛& "$✉❞②✱ ❙❛♥$❡❛❧❧❛ ❡$ ❛❧✳ ✭✷✵✶✺✮ $&✐❡❞ $♦ ✜♥❞ &❡❧❛$✐♦♥"❤✐♣" ❜❡$✇❡❡♥ ❢♦&❡✐❣♥

✐♥✈❡"$♦&"✬ ✢♦✇" ❛♥❞ ❝❛&&② $&❛❞❡ ❛$$&❛❝$✐✈❡♥❡"" ♠❡❛"✉&❡" ✭♠❛✐♥❧② ❈❚❘✷✮ ✐♥ ▲❛$✐♥ ❆♠❡&✐❝❛♥

❝♦✉♥$&✐❡"✳ ❚❤❡② ✐♥❞❡❞ ❢♦✉♥❞ "$&♦♥❣ ❝♦♥$❡♠♣♦&❛♥❡♦✉" &❡❧❛$✐♦♥"❤✐♣" ❜❡$✇❡❡♥ ❈❚❘✷ ❛♥❞ ❢♦&✲

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

$❤❡ ❈■K $❤❛$ ✇❡&❡ ❡①♣❧♦✐$❡❞ ❜② ❢♦&❡✐❣♥❡&" ✐♥ "♦♠❡ ❝♦✉♥$&✐❡"✳

❆" $❤❡ $✐♠❡✲✈❛&②✐♥❣ &✐"❦ ♣&❡♠✐✉♠ ✐" ❛ ❧❛$❡♥$ ✈❛&✐❛❜❧❡✱ ✐$ ✐" ❡"$✐♠❛$❡❞ ✐♥ $❤❡ ❧✐$❡&❛$✉&❡ ✉"✐♥❣

✈❛&✐♦✉" ♠❡$❤♦❞♦❧♦❣✐❡" ✭"❡❡ ❊♥❣❡❧ ✭✶✾✾✻✮✮✳ ❲❡ ❢♦❧❧♦✇ ❈❤❡♥❣ ✭✶✾✾✸✮ ❛♥❞ ❲♦❧✛ ✭✶✾✽✼✮✱ ❛♥❞

❛""❡"" $❤❛$ ♣&❡♠✐✉♠ ✉"✐♥❣ $❤❡ ❑❛❧♠❛♥ ✜❧$❡& ❛♥❞ ●✐❜❜" "❛♠♣❧✐♥❣ ✭"❡❡ ❆♣♣❡♥❞✐① ❇✮✳ ❇②

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

$❡&❡"$ &❛$❡ ❞✐✛❡&❡♥$✐❛❧" ❛❞❥✉"$❡❞ ❢♦& ✈❛&✐♦✉" ♠❡❛"✉&❡" ♦❢ &✐"❦ ❛♥❞ $❤❡ ❡"$✐♠❛$✐♦♥ ♦❢ ❛ ✭❧❛$❡♥$✮

$✐♠❡✲✈❛&②✐♥❣ &✐"❦ ♣&❡♠✐✉♠✳

✸ ❉❛#❛ ❛♥❞ ❞❡'❝)✐♣#✐✈❡ '#❛#✐'#✐❝'

❖✉& ❞❛$❛ ❝♦♥"✐"$ ♦❢ ❞❛✐❧② ❞❛$❛ ♦❢ $❤❡ "❤❡❦❡❧✴❞♦❧❧❛& "♣♦$ &❛$❡ ✭$❤❡ ❵&❡♣&❡"❡♥$❛$✐✈❡ ❡①❝❤❛♥❣❡

&❛$❡❵ ❝❛❧❝✉❧❛$❡❞ ❛♥❞ &❡♣♦&$❡❞ ❜② $❤❡ ❇❛♥❦ ♦❢ ■"&❛❡❧✮✱ ♦♥❡✲ ❛♥❞ $✇❡❧✈❡✲♠♦♥$❤ ❢♦&✇❛&❞ &❛$❡"✱

❛♥❞ ♦♥❡✲ ❛♥❞ $✇❡❧✈❡✲♠♦♥$❤ ❧♦❝❛❧ ❛♥❞ ❣❧♦❜❛❧ ✐♥$❡&❡"$ &❛$❡" ✭$❤❡ ♠❛❦❛♠ ❛♥❞ $❤❡ ▲■❇❖❘✱

&❡"♣❡❝$✐✈❡❧②✮✳ ❚❤❡ ❢♦&✇❛&❞ &❛$❡" ❛&❡ $❤❡ ✐♥$❡&❜❛♥❦ 4✉♦$❡" &❡♣♦&$❡❞ ❜② ❇❧♦♦♠❜❡&❣ ✐♥❢♦&♠❛$✐♦♥

"②"$❡♠✳ ❚❤❡ ❞❛$❛ "❛♠♣❧❡ "♣❛♥" $❤❡ ♣❡&✐♦❞ ❢&♦♠ ❏❛♥✉❛&② ✶✱ ✷✵✵✸ $♦ ❉❡❝❡♠❜❡& ✸✶✱ ✷✵✶✹ ✳ ❋♦&

❡❛❝❤ ❞❛②✱ ✇❡ ❝❛&❡❢✉❧❧② ❛❞❥✉"$ $❤❡ ❛♣♣&♦♣&✐❛$❡ ✐♥$❡&❡"$ &❛$❡ ❛♥❞ $❤❡ ❢♦&✇❛&❞ ✬$✐♠❡ $♦ ❡①♣✐&❛$✐♦♥✬

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

✇❡ ❛❣❣&❡❣❛$❡ $❤❡ ❞❛✐❧② ❞❛$❛ ✐♥$♦ ♠♦♥$❤❧② ❛✈❡&❛❣❡" ❛" ❝♦♠♠♦♥ ❈❚ "$&❛$❡❣✐❡" ♠❛② ❧❛"$ "❡✈❡&❛❧

♠♦♥$❤"✳ ❋♦❧❧♦✇✐♥❣ ❈✉&❝✉&✉ ❡$ ❛❧✳ ✭✷✵✶✵✮✱ ✇❤♦ &❡♣♦&$ ♦♥ ❛ "❤❛&♣ ❞❡❝&❡❛"❡ ♦❢ ❈❚ ❛$$&❛❝$✐✈❡♥❡""

❛♥❞ ✉♥✇✐♥❞✐♥❣ ♦❢ ❈❚ ♣♦"✐$✐♦♥" ❢♦❧❧♦✇✐♥❣ $❤❡ "✉❜✲♣&✐♠❡ ❝&✐"✐" ✐♥ ✷✵✵✽✱ ✇❡ $❡"$ ❢♦& ❞✐✛❡&❡♥$

❜❡❤❛✈✐♦& ♦❢ $❤❡ ❈■K ❛♥❞ ❯■K ❤②♣♦$❤❡"❡" ✐♥ ✈❛&✐♦✉" "✉❜ ♣❡&✐♦❞"✳ ✭"❡❡ ❆❧♣❡& ❡$ ❛❧✳ ✭✷✵✵✾✮

&❡❝♦♠♠❡♥❞❛$✐♦♥" ❢♦& ❡♠❡&❣✐♥❣ ♠❛&❦❡$" ❛♥❞ ❇❛✐❧❧✐❡ ✭✷✵✶✶✮✳✮ ■♥ ♣❛&$✐❝✉❧❛&✱ ✇❡ ❝❛&&② ♦✉$ $❤❡

❇❛✐ ❛♥❞ K❡&&♦♥ ✭✶✾✾✽✮ ♣&♦❝❡❞✉&❡✱ ✇❤✐❝❤ $❡"$" ❢♦& ♣♦""✐❜❧❡ ❜&❡❛❦♣♦✐♥$" ✐♥ $❤❡ ❯■K &❡❣&❡""✐♦♥

♣❛&❛♠❡$❡&"✱ ❛♥❞ $❤❡♥ ❡"$✐♠❛$❡ "❡✈❡&❛❧ &❡❣&❡""✐♦♥ ♠♦❞❡❧" ❢♦& ❡❛❝❤ "✉❜✲♣❡&✐♦❞ ❛❝❝♦&❞✐♥❣❧②✳

❚❤❡ &❡"✉❧$" ❢&♦♠ $❤❡ ❇❛✐ ❛♥❞ K❡&&♦♥ $❡"$ ❛&❡ ❞❡♣✐❝$❡❞ ✐♥ ❋✐❣✉&❡ ✶✳ ❚❤❡ $❡"$ ✐❞❡♥$✐✜❡" $❤&❡❡

❜&❡❛❦♣♦✐♥$"✱ ❛❧❧ ❧♦❝❛$❡❞ ✐♥ $❤❡ ②❡❛&" ✷✵✵✽✲✷✵✵✾✳ ❚❤❡&❡❢♦&❡✱ ✇❡ ❞❡✜♥❡ $❤&❡❡ ♣❡&✐♦❞"✿ ✜&"$

✭✶✴✷✵✵✸✲✼✴✷✵✵✽✮✱ "❡❝♦♥❞ ✭✹✴✷✵✵✾✲✸✴✷✵✶✹✮✱ ❛♥❞ ❛❧❧ ✭✶✴✷✵✵✸✲✶✷✴✷✵✶✹✮✳ ❚❤❡ ❧❛$$❡& ✐" $❤❡ ❡♥$✐&❡

"❛♠♣❧❡ ✐♥❝❧✉❞✐♥❣ ❜♦$❤ $❤❡ "✉❜✲♣&✐♠❡ "✉❜ ♣❡&✐♦❞ ❛♥❞ $❤❡ "❤♦&$ ♣❡&✐♦❞ ✹✴✷✵✶✹✲✶✷✴✷✵✶✹ ✇❤❡&❡✱

❜② $❤❡ ❇❛✐ ❛♥❞ K❡&&♦♥ $❡"$✱ ❛ ♥❡✇ "✉❜ ♣❡&✐♦❞ "$❛&$❡❞✳

❆" ✐♥ ❋❛♠❛ ✭✶✾✽✹✮✱ ✇❡ ❝❛❧❝✉❧❛$❡ ❜❛"✐❝ "$❛$✐"$✐❝" ♦❢ ❡①❝❤❛♥❣❡ &❛$❡ ❝❤❛♥❣❡" ✭st+1− st✮✱ ❋K✭

ft − st✮✱ ❊❘✭ft − st+1✮✱ ❛♥❞ ■❘❉✭it − i∗t ✮✳ ❚❤❡ &❡"✉❧$" ❛&❡ ♣&❡"❡♥$❡❞ ✐♥ ❚❛❜❧❡ ■✳

❚❛❜❧❡ ■ ❝♦♥$❛✐♥" ♦♥❡✲♠♦♥$❤ "❤❡❦❡❧✲❞♦❧❧❛& ❡①❝❤❛♥❣❡ &❛$❡ ❝❤❛♥❣❡"✱ ❊❘✱ ❋K✱ ❛♥❞ ✐♥$❡&❡"$ &❛$❡

❞✐✛❡&❡♥$✐❛❧" ✭■❘❉✮ ❜❡$✇❡❡♥ ♦♥❡✲♠♦♥$❤ ♠❛❦❛♠ ❛♥❞ ▲■❇❖❘✳ ■$ ✐" ❞✐✈✐❞❡❞ ✐♥$♦ $❤&❡❡ ♣❡&✐♦❞"✿

❛❧❧ ✭✶✴✷✵✵✸✲✶✷✴✷✵✶✹✮✱ ✜&"$ ✭✶✴✷✵✵✸✲✼✴✷✵✵✽✮✱ ❛♥❞ "❡❝♦♥❞ ✭✹✴✷✵✵✾✲✸✴✷✵✶✹✮✳ ❚❤❡ "$❛♥❞❛&❞ ❞❡✲

✈✐❛$✐♦♥ ♦❢ $❤❡ ♦♥❡✲♠♦♥$❤ ❋K ✭ft − st✮ ✐" ♠✉❝❤ "♠❛❧❧❡& $❤❛♥ $❤❡ "$❛♥❞❛&❞ ❞❡✈✐❛$✐♦♥ ♦❢ $❤❡

♦$❤❡& ✈❛&✐❛❜❧❡"✱ ✇❤✐❝❤ ♠❛② ✐♥❞✐❝❛$❡ $❤❛$ $❤❡ ❋K ❝♦♥✈❡②" &❡❧❛$✐✈❡❧② ❧✐$$❧❡ ✐♥❢♦&♠❛$✐♦♥ &❡❣❛&❞✲

✐♥❣ ❢✉$✉&❡ &❡$✉&♥" ✭"❡❡ ■♥❝✐ ❛♥❞ ▲✉ ✭✷✵✵✼✮✮✳ ❚❤❡ ❛✉$♦❝♦&&❡❧❛$✐♦♥ ♦❢ ERt+1 ✐" ❧❛&❣❡& ✐♥ $❤❡

✜&"$ ❧❛❣ $❤❛♥ $❤❡ ❛✉$♦❝♦&&❡❧❛$✐♦♥ ♦❢ st+1 − st✱ ♣❡&❤❛♣" ✐♥❞✐❝❛$✐♥❣✱ ❛ ♠♦&❡ "✉❜"$❛♥$✐❛❧ ❛✉$♦✲
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✵✳✾✼✳ ■♥ ❛❞❞✐0✐♦♥✱ 0❤❡ $❡❝♦♥❞ ♣❡*✐♦❞ 0♦0❛❧ ❣♦♦❞♥❡$$ ♦❢ ✜0 ❢♦* ❛❧❧ ♠❛0✉*✐0✐❡$ ✐$ ❧❡$$ 0❤❛♥ ♦* ❡O✉❛❧

0♦ ✵✳✸ ✇❤✐❧❡ ✐♥ 0❤❡ ♦0❤❡* ♣❡*✐♦❞$ ✐$ ❤✐❣❤❡* ♦* ❡O✉❛❧ 0♦ ✵✳✼✸✳ ▼♦*❡♦✈❡*✱ 0❤❡ ❈■3 ❤②♣♦0❤❡$✐$

0❤❛0 β = 1 ✐$ *❡❥❡❝0❡❞ ❜② 0❤❡ ❲❛❧❞ 0❡$0 ✐♥ 0❤❡ $❡❝♦♥❞ ♣❡*✐♦❞ ❢♦* 0✇❡❧✈❡ ♠♦♥0❤$ ❜✉0 ♥♦0 ❢♦*

♦♥❡ ♠♦♥0❤✳ ❍♦✇❡✈❡*✱ 0❤❡ ♥✉❧❧ α = 0; β = 1 ✐$ *❡❥❡❝0❡❞ ❜② 0❤❡ ❲❛❧❞ 0❡$0 ❢♦* ❛❧❧ ❝❛$❡$ ✭❛0

0❤❡ ✶✵ ♣❡*❝❡♥0 $✐❣♥✐✜❝❛♥❝❡ ❧❡✈❡❧✮✳ ❚❤❡ *❡❣*❡$$✐♦♥ *❡$✉❧0$ ❝♦**♦❜♦*❛0❡ ❋✐❣✉*❡ ✷ *❡❣❛*❞✐♥❣ 0❤❡

♣❛*0✐❛❧ $✐♠✐❧❛*✐0② ❜❡0✇❡❡♥ 0❤❡ ❢♦*✇❛*❞ ♣*❡♠✐✉♠ ❛♥❞ 0❤❡ ■❘❉✱ ❡$♣❡❝✐❛❧❧② ❞✉*✐♥❣ 0❤❡ $❡❝♦♥❞

$✉❜✲♣❡*✐♦❞ ✇❤❡♥ 0❤❡ β ❝♦❡✣❝✐❡♥0 ✐$ ❛$ ❧♦✇ ❛$ ✵✳✽✾✾ ❢♦* ♦♥❡ ♠♦♥0❤ ❛♥❞ ✵✳✹✽✻ ❢♦* 0✇❡❧✈❡

♠♦♥0❤$✳ ❚❤❡ ❞❡✈✐❛0✐♦♥$ ❢*♦♠ 0❤❡ ❈■3✱ ❤♦✇❡✈❡*✱ ❛*❡ ✐♥❝♦♥$✐$0❡♥0 ✇✐0❤ 0❤❡ ❡✈✐❞❡♥❝❡ 0❤❛0

✐♥ ❡✣❝✐❡♥0 ♠❛*❦❡0$ 0❤❡ ❈■3 ❤♦❧❞$✖✐✳❡✳✱ 0❤❡*❡ ❛*❡ ♥♦ ❛*❜✐0*❛❣❡ ♦♣♣♦*0✉♥✐0✐❡$ ✭❆❦*❛♠ ❡0 ❛❧✳✱

✷✵✵✽✮✳ ❚❤✐$ $✉*♣*✐$✐♥❣ *❡$✉❧0 ❝❛♥ ❜❡ ♣❛*0✐❛❧❧② ❡①♣❧❛✐♥❡❞ ❜② 0❤❡ ♠❛$$✐✈❡ ❢♦*❡✐❣♥ ✐♥✈❡$0♠❡♥0$ ✐♥

■$*❛❡❧✐ $❤♦*0✲0❡*♠ ❜♦♥❞$ ✭♠❛✐♥❧② ♠❛❦❛♠✮ ❞✉*✐♥❣ 0❤❡ $❡❝♦♥❞ ❤❛❧❢ ♦❢ 0❤❡ $❛♠♣❧❡ ♣❡*✐♦❞ ✇❤✐❝❤

❛♣♣❛*❡♥0❧② ❝❛✉$❡❞ ❛ ❧✐O✉✐❞✐0② $❤♦*0❛❣❡ ❢♦* ❞♦♠❡$0✐❝ ✜♥❛♥❝✐❛❧ ❝♦♠♣❛♥✐❡$ ❛♥❞ ❞♦♠❡$0✐❝ ❜❛♥❦$✳

❙✉❝❤ ❛ $❤♦*0❛❣❡ ✇❛$ *❡✢❡❝0❡❞ ❜② ❧❛*❣❡ $✇❛♣ $♣*❡❛❞$ ♦✛❡*❡❞ ❜② ❞♦♠❡$0✐❝ ❜❛♥❦$ ❝♦♠♣❛*❡❞

0♦ ❢♦*❡✐❣♥ ❜❛♥❦$✳ ❚❤✐$ ✐$ ❛❧$♦ ❝♦♥$✐$0❡♥0 ✇✐0❤ ❋♦♥❣ ❡0 ❛❧✳ ✭✷✵✶✵✮✱ ✇❤♦ $0❛0❡ 0❤❛0 ❞❡✈✐❛0✐♦♥$

❢*♦♠ 0❤❡ ❈■3 ❝❛♥ *❡✢❡❝0 ❧✐O✉✐❞✐0② ❛♥❞ ❝*❡❞✐0 *✐$❦$ ❛♥❞ ✇✐0❤ ❇❛❜❛ ❛♥❞ 3❛❝❦❡* ✭✷✵✵✾✮ ✇❤♦

❞♦❝✉♠❡♥0 ❛ $✐♠✐❧❛* $❤♦*0❛❣❡ 0♦ ❊✉*♦♣❡❛♥ ❜❛♥❦$ ♦❢ ❯❙ ❞♦❧❧❛*$ ❞✉*✐♥❣ 0❤❡ $✉❜✲♣*✐♠❡ ❝*✐$✐$✳

✶✷

❉❡>♣✐?❡ ?❤❡✐* ✈♦❧❛?✐❧❡ ❜❡❤❛✈✐♦*✱ ❋#> ♣❡*❝❡✐✈❡❞ ❛> ♠♦*❡ *❡❧✐❛❜❧❡ ?❤❛♥ ■❘❉> >♦✱ ♠❛♥② >?✉❞✐❡> ✉>❡ ❋#

*❛?❤❡* ?❤❛♥ ■❘❉ ❛> *❡❣*❡>>♦*> ✐♥ ?❤❡ ❯■# ❤②♣♦?❤❡>✐> ?❡>?> ✭>❡❡ ❑✐♠ ❛♥❞ ❙♦♥❣ ✭✷✵✶✹✮✮✳

✶✸
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❚❤❡ ❞❡✈✐❛'✐♦♥ ❢+♦♠ '❤❡ ❈■/ ❝❛❧❧2 ❢♦+ ❛ '❡2' ♦❢ '❤❡ ❯■/✱ ✇❤✐❝❤ ✐2 ❡✈❡♥ ♠♦+❡ +❡❧❡✈❛♥' '♦

'❤❡ ❈❚ 2'+❛'❡❣② '❤❛♥ '❤❡ ❈■/✳ ❆2 '❤❡ ❈■/ ❤❡❧❞ ♦♥❧② ♣❛+'✐❛❧❧② ❞✉+✐♥❣ '❤❡ 2❛♠♣❧❡ ♣❡+✐♦❞✱ ✇❡

2❤❛❧❧ ❡①❛♠✐♥❡ '❤❡ ❯■/ ✇✐'❤ ❜♦'❤ '❤❡ ❢♦+✇❛+❞ ♣+❡♠✐✉♠ ❛♥❞ '❤❡ ■❘❉ ❛2 +❡❣+❡22♦+2✳ ❚❤❡ ❯■/

✐2 ❜❛2✐❝❛❧❧② '❡2'❡❞ ❜② +❡❣+❡22✐♥❣ '❤❡ ❢✉'✉+❡ ❡①❝❤❛♥❣❡ +❛'❡ ❝❤❛♥❣❡2 ♦♥ '❤❡ ❢♦+✇❛+❞ ♣+❡♠✐✉♠

✭❊B✉❛'✐♦♥ ✶✮ ♦+ ❛❧'❡+♥❛'✐✈❡❧② ✭❛22✉♠✐♥❣ '❤❡ ❈■/✮ ♦♥ '❤❡ ■❘❉✱ ❛2 ❢♦❧❧♦✇2✿

∆st+1 = α + β(it − i∗t ) + ut+1 ✭✶✵✮

■♥ ❜♦'❤ ❝❛2❡2 ✐❢ '❤❡ ❯■/ ❤♦❧❞2 ✇❡ ❡①♣❡❝' '❤❛'✿ α = 0; β = 1✱ ❛♥❞ E(ut+1) = 0✳

❚❛❜❧❡ ■■■ ✿ ❖▲❙ $❡❣$❡''✐♦♥ $❡'✉❧-' ♦❢ -✇♦ ❛❧-❡$♥❛-✐✈❡ ❯■4 -❡'-'

∆st+1 FP✴IRD 4❡$✐♦❞ α β ❆❞❥✳R2
❲❛❧❞

✭β = 1✮

❲❛❧❞

✭α = 0;β = 1✮

✶♠ ■❘❉ ❛❧❧ ✲✵✳✵✽ ✲✵✳✵✹ ✵ ✵ ✵

✶♠ ■❘❉ ✜$'- ✲✵✳✹✸ ✲✵✳✵✶✼ ✵ ✵ ✵

✶♠ ■❘❉ '❡❝♦♥❞ ✲✶✳✸✼‡ ✵✳✻✽† ✵✳✶ ✵✳✷✾ ✵

✶♠ ❋4 ❛❧❧ ✲✵✳✸✸✻† ✵✳✶✼✼✯ ✵✳✵✹ ✵ ✵

✶♠ ❋4 ✜$'- ✲✵✳✺✼✶† ✵✳✵✻✾ ✵✳✵✶ ✵ ✵

✶♠ ❋4 '❡❝♦♥❞ ✲✵✳✻✶✸‡ ✵✳✻✷‡ ✵✳✷✷ ✵✳✵✶ ✵

✶✷♠ ■❘❉ ❛❧❧ ✲✸✳✼✽✸‡ ✶✳✷✽‡ ✵✳✵✽ ✵✳✺✻ ✵

✶✷♠ ■❘❉ ✜$'- ✲✹✳✾✽✾‡ ✶✳✶✻✷† ✵✳✵✾ ✵✳✼✸ ✵

✶✷♠ ■❘❉ '❡❝♦♥❞ ✲✺✳✶† ✸✳✺✾✹† ✵✳✶✹ ✵✳✵✻ ✵✳✵✻

✶✷♠ ❋4 ❛❧❧ ✲✸✳✶✶✷‡ ✶✳✵✺✽‡ ✵✳✵✻ ✵✳✽✽ ✵

✶✷♠ ❋4 ✜$'- ✲✹✳✼✾✷‡ ✶✳✷✶✾‡ ✵✳✶ ✵✳✻✷ ✵

✶✷♠ ❋4 '❡❝♦♥❞ ✲✶✳✼✼✻ ✶✳✼✽✷ ✵✳✵✹ ✵✳✺✻ ✵✳✷✺

‡✱ †✱ ❛♥❞ ✯ ❞❡♥♦'❡ ✵✳✵✶✱ ✵✳✵✺✱ ❛♥❞ ✵✳✶ ,✐❣♥✐✜❝❛♥❝❡ ❧❡✈❡❧✱ 3❡,♣❡❝'✐✈❡❧②✳ ❚❤❡ ❖▲❙ 3❡❣3❡,,✐♦♥, ❡♠♣❧♦②

'❤❡ ◆❡✇❡② ❛♥❞ ❲❡,' ✭✶✾✽✼✮ ❤❡'❡3♦,❦❡❞❛,'✐❝✐'② ❛♥❞ ❛✉'♦❝♦33❡❧❛'✐♦♥ ❝♦♥,✐,'❡♥' ,'❛♥❞❛3❞ ❡33♦3,✳

❚❤❡ +❡2✉❧'2✱ ✇❤✐❝❤ ❛+❡ ❞❡♣✐❝'❡❞ ✐♥ ❚❛❜❧❡ ■■■✱ ❣♦ ❤❛♥❞ ✐♥ ❤❛♥❞ ✇✐'❤ '❤❡ ❡✈✐❞❡♥❝❡ '❤❛' '❤❡

'♦'❛❧ ❣♦♦❞♥❡22 ♦❢ ✜' ✭Adj.R2
✮ ♦❢ '❤❡ ♠♦❞❡❧2 ✐2 B✉✐'❡ ♣♦♦+✳ ■♥ ❛❧❧ ❝❛2❡2 α < 0✱ ✇❤✐❝❤ ✐2 ❛❣❛✐♥2'

'❤❡ ❯■/ ❤②♣♦'❤❡2✐2✳ ●❡♥❡+❛❧❧②✱ '❤❡ ❝♦❡✣❝✐❡♥'2 ♦❢ ❋/ ❛♥❞ ■❘❉ ✭β ✐♥ ❊B✉❛'✐♦♥2 ✶ ❛♥❞ ✶✸✱

+❡2♣❡❝'✐✈❡❧②✮ ❜❡❝♦♠❡ ❧❛+❣❡ ❛♥❞ ♠♦+❡ 2✐❣♥✐✜❝❛♥'✱ ❛♥❞ '❤❡ ❯■/ ❤②♣♦'❤❡2✐2 ✐2 ❧❡22 +❡❥❡❝'❡❞ ❜②

'❤❡ ❲❛❧❞ '❡2'✱ ✇✐'❤ ♠❛'✉+✐'②✳ ❋♦+ ❡①❛♠♣❧❡✱ ❢♦+ '❤❡ ❧♦♥❣❡+ ♠❛'✉+✐'② ♦❢ '✇❡❧✈❡ ♠♦♥'❤2 β̂ > 1✱
'❤❡ ❯■/ ❤②♣♦'❤❡2✐2 '❤❛' β = 1 ❝❛♥♥♦' ❜❡ +❡❥❡❝'❡❞ ❜② ❛ ♦♥❡ ♣❡+❝❡♥' 2✐❣♥✐✜❝❛♥❝❡ ❧❡✈❡❧✱ ❛♥❞
'❤❡ ♥✉❧❧ ❤②♣♦'❤❡2✐2 '❤❛' β = 1 ♦+ ❛❧'❡+♥❛'✐✈❡❧② α = 0; β = 1 ❝❛♥♥♦' ❜❡ +❡❥❡❝'❡❞ ❜② '❤❡ ❲❛❧❞
'❡2'2 ❢♦+ '❤❡ 2❡❝♦♥❞ ♣❡+✐♦❞✳ ❚❤❡2❡ +❡2✉❧'2 ❛+❡ ✐♥❝♦♥2✐2'❡♥' ✇✐'❤ ❑✉♠❛+ ❛♥❞ ❚+O❝❦ ✭✷✵✶✹✮

❛♥❞ ■♥❝✐ ❛♥❞ ▲✉ ✭✷✵✵✼✮✱ ❡2♣❡❝✐❛❧❧② ❢♦+ '❤❡ ♦♥❡✲♠♦♥'❤ ❤♦+✐③♦♥✱ ❛2 '❤❡② ❝♦✉❧❞ ♥♦' +❡❥❡❝' '❤❡

♥✉❧❧ ❢♦+ ♦♥❡✲♠♦♥'❤ ❤♦+✐③♦♥ ❜✉' ❞✐❞ +❡❥❡❝' ✐' ❢♦+ '❤+❡❡✲♠♦♥'❤ ❤♦+✐③♦♥✳ ■♥ ❝♦♥'+❛2'✱ ♦✉+ +❡2✉❧'2

2❤♦✇ '❤❡ ♦♣♣♦2✐'❡✱ ♥❛♠❡❧② '❤❡ ❯■/ ❤②♣♦'❤❡2✐2 ✐2 +❡❥❡❝'❡❞ ❜② '❤❡ ♦♥❡✲♠♦♥'❤ ❤♦+✐③♦♥ ❜✉' ♥♦'

❜② '❤❡ '✇❡❧✈❡✲♠♦♥'❤ ❤♦+✐③♦♥✳

■♥ ❣❡♥❡+❛❧✱ ♦✉+ +❡2✉❧'2 +❡❣❛+❞✐♥❣ '❤❡ '✇❡❧✈❡✲♠♦♥'❤ ❤♦+✐③♦♥ ❛+❡ ❝♦♥2✐2'❡♥' ✇✐'❤ ❈❤✐♥♥ ❛♥❞

▼❡+❡❞✐'❤ ✭✷✵✵✺✮✱ ✇❤♦ ✜♥❞ '❤❛' '❤❡ ❯■/ ❤♦❧❞2 ✐♥ ❧♦♥❣❡+ '✐♠❡ ❤♦+✐③♦♥2 ✭❛' ❧❡❛2' B✉❛+'❡+❧②

❞❛'❛ ❛♥❞ ♠♦+❡ '❤❛♥ ❛ ②❡❛+✮✳

❚❤❡ +❡2✉❧'2 ♦❢ ❚❛❜❧❡ ■■■ ❛♥❞ '❤❡ ❇❛✐❧❧✐❡ ❛♥❞ ❈❤♦ ✭✷✵✶✹✮ ❛+❣✉♠❡♥' +❡❣❛+❞✐♥❣ '❤❡ β ✐♥2'❛❜✐❧✐'②

✶✹



❋✐❣✉$❡ ✸✳ ❚❤❡ ❯■%✬' β̂✿ ❖▲❙ ,♦❧❧✐♥❣ ,❡❣,❡''✐♦♥ ✈❡,'✉' ❚❱% ✭❚✐♠❡ ❱❛,②✐♥❣ %❛,❛♠❡9❡,✮

2004 2006 2008 2010 2012 2014

−3
−2

−1
0

1
2

3
4 Beta OLS

Beta TVP
upper bound OLS
lower bound OLS
upper bound TVP
lower bound tVP

❝❛❧❧ ❢♦% ❛ ♠♦❞❡❧ ♦❢ )❤❡ )✐♠❡ ✈❛%②✐♥❣ β✳ ❋✐❣✉%❡ ✸ ❞✐4♣❧❛②4 )❤❡ β̂ ❢%♦♠ ❛ %♦❧❧✐♥❣ ❖▲❙ %❡❣%❡44✐♦♥

✇✐)❤ ❛ ✷✹✲♠♦♥)❤ ✭❝❡♥)❡%❡❞✮ ✇✐♥❞♦✇ ✉4✐♥❣ ❊@✉❛)✐♦♥ ✶✳ ❋♦❧❧♦✇✐♥❣ ❇❛✐❧❧✐❡ ❛♥❞ ❈❤♦ ✭✷✵✶✹✮ ✇❡

❛❞❞✐)✐♦♥❛❧❧② ❞%❛✇ ❛ ❚✐♠❡ ❱❛%②✐♥❣ G❛%❛♠❡)❡% ✭❚❱G✮✱ ✇❤✐❝❤ ✐4 ❜❛4❡❞ ♦♥ ❛ ❦❡%♥❡❧ ❡4)✐♠❛)✐♦♥✳

✭❋♦% ❛ ❞❡4❝%✐♣)✐♦♥ ♦❢ )❤❡ ❚❱G ♠❡)❤♦❞ 4❡❡ ❆♣♣❡♥❞✐① ❈✳✮ ■♥ ❛❞❞✐)✐♦♥ ✇❡ ❞❡♣✐❝) ✉♣♣❡% ❛♥❞

❧♦✇❡% ❜♦✉♥❞4✱ ♦♥❡ ❢♦% )❤❡ ❖▲❙ β̂ ✭✺ ♣❡%❝❡♥) 4)❛♥❞❛%❞ ❡%%♦%4✮ ❛♥❞ )❤❡ ♦)❤❡% ❢♦% )❤❡ ❚❱G β̂✳

❆❝❝♦%❞✐♥❣ )♦ ❜♦)❤ ♠❡)❤♦❞4 )❤❡ β̂ 4❤♦✇4 ❛ 4✐❣♥✐✜❝❛♥) ❝❤❛♥❣❡ ♦✈❡% )✐♠❡✱ ✢✉❝)✉❛)✐♥❣ ❜❡)✇❡❡♥

✲✷ ❛♥❞ ✷✳ ❖❜✈✐♦✉4❧②✱ )❤❡ ❚❱G ✐4 4♠♦♦)❤❡% )❤❛♥ )❤❡ %♦❧❧✐♥❣ %❡❣%❡44✐♦♥ β̂ 4✐♥❝❡ )❤❡ ❚❱G ✐4 ❛

✇❡✐❣❤)❡❞ ❛✈❡%❛❣❡ ♦❢ ❛❧❧ ♦❜4❡%✈❛)✐♦♥4 )❤❛) ❛44✐❣♥4 ❞❡❝❛②✐♥❣ ✇❡✐❣❤)4 )♦ ❢❛% ♦❜4❡%✈❛)✐♦♥4 ✇❤✐❧❡

)❤❡ %♦❧❧✐♥❣ %❡❣%❡44✐♦♥ ❛44✐❣♥4 ❡@✉❛❧ ✇❡✐❣❤)4 )♦ ♦❜4❡%✈❛)✐♦♥4 ✇✐)❤✐♥ ❛ ♠♦✈✐♥❣ ✇✐♥❞♦✇✳ ❚❤✐4

❝❛✉4❡4 )♦ ❛ ❥✉♠♣ ✐♥ β̂ ✇❤❡♥❡✈❡% ❛ ❧❛%❣❡ ♦❜4❡%✈❛)✐♦♥ ❡♥)❡%4 ♦% ❡①✐)4 )❤❡ ♠♦✈✐♥❣ ✇✐♥❞♦✇✳ ■)

✐4 ❛❧4♦ ❡✈✐❞❡♥) )❤❛) )❤❡ ❜♦✉♥❞4 ♦❢ )❤❡ ❚❱G ❛%❡ ❜❡♥❡❛)❤ )❤♦4❡ ♦❢ )❤❡ %♦❧❧✐♥❣ %❡❣%❡44✐♦♥ ✐♥

)❤❡ ✜%4) ♣❡%✐♦❞ ✉♥)✐❧ ✷✵✶✷ ❛♥❞ ❛%❡ %❡❧❛)✐✈❡❧② ❝❧♦4❡ ✐♥ )❤❡ 4✉❜4❡@✉❡♥) ♣❡%✐♦❞✳ ❚❤❡ ✉♥4)❛❜❧❡

β ✐4 ❝♦♥4✐4)❡♥) ✇✐)❤ )❤❡ ❡♠♣✐%✐❝❛❧ ❡✈✐❞❡♥❝❡✱ ❛♥❞ ✐4 )❤❡ %❡4✉❧) ♦❢ ❡✐)❤❡% )❤❡ ❜%❡❛❦4 ❞✉%✐♥❣ )❤❡

4❛♠♣❧❡ ♣❡%✐♦❞ ♦% )❤❡ ♥♦♥✲♥♦%♠❛❧ ❞✐4)%✐❜✉)✐♦♥ ♦❢ )❤❡ ❊❘ ✭✐✳❡✳✱ ❞♦✇♥4✐❞❡ %✐4❦✮✳ ❚❤❡4❡ %✐4❦4

✉4✉❛❧❧② %❡✢❡❝) )❤❡ G❡4♦ ♣%♦❜❧❡♠ ✭4❡❡ ❋◆ ✶✶✮ ❛♥❞ )❤❡ ♣♦)❡♥)✐❛❧ ♦❢ 4✐❣♥✐✜❝❛♥) ♥❡❣❛)✐✈❡ %❡)✉%♥4✳

✹ ❊"#✐♠❛#✐♦♥ )❡"✉❧#"

❚❤✐4 4❡❝)✐♦♥ ❞❡4❝%✐❜❡4 ❡♣✐4♦❞❡4 ♦❢ ❝❛%%② )%❛❞❡ ❛❝)✐✈✐)② ✐♥ ■4%❛❡❧ ❛♥❞ ❝♦♠♣❛%❡4 )❤❡ ❝❛♣❛❜✐❧✲

✐)✐❡4 ♦❢ )❤❡ ❈❚❘4 ❞❡4❝%✐❜❡❞ ❛❜♦✈❡ )♦ ♣%❡❞✐❝) )❤❡ ♥♦♥%❡4✐❞❡♥)4✬ ♣♦4✐)✐♦♥ ✐♥ ❣♦✈❡%♥♠❡♥) ❜♦♥❞4

❛♥❞ ♠❛❦❛♠✳

✶✺



✹✳✶ ❈❛%%② '%❛❞❡ ❛❝'✐✈✐'② ✐♥ ■/%❛❡❧

❯!✉❛❧❧②✱ ❝❛((② )(❛❞❡ ❛❝)✐✈✐)② ✐! ♠♦(❡ ✐♥)❡♥!❡ ✐♥ ♣❡(✐♦❞! ♦❢ ❤✐❣❤ ■❘❉ ❛♥❞ ❧♦✇ ❡①❝❤❛♥❣❡

(❛)❡ ✈♦❧❛)✐❧✐)② ✭❈❧❛(✐❞❛ ❡) ❛❧✳ ✭✷✵✵✾✮✮✱ ❡!♣❡❝✐❛❧❧② ✇❤❡(❡ )❤❡ ❡①❝❤❛♥❣❡ (❛)❡ (❡❣✐♠❡ ✐! ♥♦) ❢(❡❡❧②

✢♦❛)✐♥❣✱ ❡✳❣✳✱ ♠❛♥❛❣❡❞ ✐♥ ❛ ❜❛♥❞ ❜② )❤❡ ❝❡♥)(❛❧ ❜❛♥❦ ♦( ❛♥② ♦)❤❡( (❡❣✉❧❛)♦(② ❜♦❞②✳ ❉❡!♣✐)❡

)❤❡ ❡①✐!)❡♥❝❡ ♦❢ ❛))(❛❝)✐✈❡ ❝♦♥❞✐)✐♦♥! ❢♦( ❝❛((② )(❛❞❡ ✐♥ )❤❡ ♣❛!) ✐♥ ■!(❛❡❧✱ !✉❜!)❛♥)✐❛❧ ❛❝)✐✈✐)②

❜❡❣❛♥ )♦ )❛❦❡ ♣❧❛❝❡ ♦♥❧② ✐♥ ✷✵✵✻✳ ❚❤✐! ✐! ♣❛()✐❛❧❧② ❡①♣❧❛✐♥❡❞ ❜② )❤❡ ♣(♦♠✐♥❡♥) ❛❝)✐✈✐)② ♦❢

❢♦(❡✐❣♥ ❜❛♥❦!✬ ✐♥ )❤❡ ❞♦♠❡!)✐❝ ♠❛(❦❡) !✐♥❝❡ )❤❛) )✐♠❡✳ ❚❤❡ ❈❚✬! ❛))(❛❝)✐✈❡♥❡!! ✐! ♠❡❛!✉(❡❞

✐♥ )❤✐! !)✉❞② ❜② )❤(❡❡ ♠❡❛!✉(❡! ✭❈❚❘!✮ ✐♥❝❧✉❞✐♥❣ )❤❡ ♣(♦♣♦!❡❞ )✐♠❡✲✈❛(②✐♥❣ (✐!❦ ♣(❡♠✐✉♠✳

■♥ ✇❤❛) ❢♦❧❧♦✇!✱ ✇❡ ❡①❛♠✐♥❡ )❤❡ (❡❧❛)✐♦♥!❤✐♣! ❜❡)✇❡❡♥ )❤❡ ✈❛(✐♦✉! ❈❚❘! ❛♥❞ ♥♦♥(❡!✐❞❡♥)!✬

♣♦!✐)✐♦♥ ✐♥ ❣♦✈❡(♥♠❡♥) ❜♦♥❞! ❛♥❞ ✐♥ ♠❛❦❛♠ ✉!✐♥❣ ❛ ♣(♦♣(✐❡)❛(② ❞❛)❛!❡) ♦❢ ❞❛)❛ (❡♣♦()❡❞

)♦ )❤❡ ❇❛♥❦ ♦❢ ■!(❛❡❧ ✭❇❖■✮✳ ❚❤✐! ❞❛)❛!❡) ❝♦♥!✐!)! ♦❢ ❛❧❧ ❢♦(❡✐❣♥ ✐♥✈❡!)♦(!✬ ❤♦❧❞✐♥❣! ✐♥ ❛♥②

■!(❛❡❧✐ ❜♦♥❞! ❢(♦♠ ❏❛♥✉❛(② ✷✵✵✸ )♦ ❉❡❝❡♠❜❡( ✷✵✶✹✳

✹✳✷ ❍✐/'♦%✐❝❛❧ ❡①❛♠✐♥❛'✐♦♥ ♦❢ ♥♦♥%❡/✐❞❡♥' ♣♦/✐'✐♦♥/ ❛♥❞ ❈❚❘/

❚❤❡ ❝❛((② )(❛❞❡ ♠❡❛!✉(❡! ✐♥)(♦❞✉❝❡❞ ❛❜♦✈❡ !✉♣♣♦!❡❞❧② ♠❡❛!✉(❡ )❤❡ ♣♦)❡♥)✐❛❧ ♣(♦✜)❛❜✐❧✲

✐)② ♦❢ ❝❛((② )(❛❞❡ ❛❝)✐✈✐)②✳ ❇② ♥♦ ♠❡❛♥! ❞♦ )❤❡!❡ ♠❡❛!✉(❡! !❡(✈❡ ❛! ❧❡❛❞✐♥❣ ✐♥❞✐❝❛)♦(! )♦

❝❛((② )(❛❞❡ ❛❝)✐✈✐)② ❜❛!❡❞ ♦♥ (✐❣♦(♦✉! ❢♦(❡❝❛!)✐♥❣ ♠♦❞❡❧!✳ ❍♦✇❡✈❡(✱ ❛!!✉♠✐♥❣ )❤❡!❡ ♠❡❛!✉(❡!

✐♥❞❡❡❞ (❡✢❡❝) )❤❡ ♣♦)❡♥)✐❛❧ ♣(♦✜)❛❜✐❧✐)② ♦❢ )❤✐! )②♣❡ ♦❢ ❛❝)✐✈✐)②✱ ✇❡ ✇✐!❤ )♦ ❡①❛♠✐♥❡ ❤✐!)♦(✐✲

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

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

❛❝)✐✈✐)② ❜② )❤❡ ♥♦♥(❡!✐❞❡♥)!✬ ♣♦!✐)✐♦♥ ❛! ✐♥ ❙❛♥)❡❛❧❧❛ ❡) ❛❧✳ ✭✷✵✶✺✮✮✳ ❚❤❡ ♣♦!✐)✐♦♥ ♦❢ ❢♦(❡✐❣♥

✐♥✈❡!)♦(! ✐♥ ♠❛❦❛♠✱ ✐♥ ❣♦✈❡(♥♠❡♥) ❜♦♥❞!✱ ❛♥❞ )♦)❛❧ ♣♦!✐)✐♦♥ ✭✐♥ ❜♦)❤ ♠❛❦❛♠ ❛♥❞ ❜♦♥❞!✮ ✐!

❞❡♣✐❝)❡❞ ✐♥ ❋✐❣✉(❡ ✹✳

❋✐❣✉(❡ ✹ !❤♦✇! )❤❛) )❤❡ )♦)❛❧ ♣♦!✐)✐♦♥ ♦❢ ❢♦(❡✐❣♥ ✐♥✈❡!)♦(! ✐♥ )❤❡ ❧♦❝❛❧ ❜♦♥❞ ♠❛(❦❡) ♣❡❛❦❡❞

❛(♦✉♥❞ ✷✵✶✶ ❞✉❡ )♦ ❛ (❡❧❛)✐✈❡❧② ❧❛(❣❡ ✐♥❝(❡❛!❡ ✐♥ )❤❡✐( ❤♦❧❞✐♥❣! ♦❢ ♠❛❦❛♠✳ ❙✐♥❝❡ )❤❛) ♣❡❛❦✱

❛♥❞ ❛! ❛ (❡!✉❧) ♦❢ )❤❡ ❇❖■✬! ❝♦♠♣✉❧!♦(② (❡♣♦()✐♥❣ ❛♥❞ ❧✐T✉✐❞✐)② ❞❡♠❛♥❞!✱ ♥♦♥(❡!✐❞❡♥)!✬ ♣♦✲

!✐)✐♦♥ (❡✈❡()❡❞ ❜❛❝❦ )♦ )❤❡ ❧♦♥❣✲(✉♥ ❧❡✈❡❧!✳ ■♥ ❝♦♥)(❛!)✱ ♥♦♥(❡!✐❞❡♥)!✬ ♣♦!✐)✐♦♥ ✐♥ ❣♦✈❡(♥♠❡♥)

❜♦♥❞! ❛(❡ ❧❡!! ✈♦❧❛)✐❧❡ ❛♥❞ ❛(❡ ❝❤❛(❛❝)❡(✐③❡❞ ❜② ❛ ♣♦!✐)✐✈❡ )(❡♥❞✳ ❚❤✐! ✉♥✐T✉❡ ❡♣✐!♦❞❡✱ ✇❤✐❝❤

✐! ❧♦❝❛❧ (❛)❤❡( )❤❛♥ ❣❧♦❜❛❧✱ ❞❡♠♦♥!)(❛)❡! )❤❡ ♣♦)❡♥)✐❛❧ ✐♠♣❛❝) ♦❢ ♥♦♥(❡!✐❞❡♥)!✬ ❈❚ !)(❛)❡❣✐❡!

✭!❡❡ ❙❛♥)❡❛❧❧❛ ❡) ❛❧✳✱ ✷✵✶✺✮✳

■♥ ♦(❞❡( )♦ ❧❡❛(♥ ❛❜♦✉) )❤❡ (❡❧❛)✐♦♥!❤✐♣! ❜❡)✇❡❡♥ )❤❡ ✈❛(✐♦✉! ❈❚❘! ✭!❡❡ ❡T✉❛)✐♦♥! ✻✲✽ ❛❜♦✈❡✮

❛♥❞ ♥♦♥(❡!✐❞❡♥)!✬ ♣♦!✐)✐♦♥ ✐♥ ■!(❛❡❧✬! ❣♦✈❡(♥♠❡♥) ❜♦♥❞!✱ ✇❡ ❡①❛♠✐♥❡ )❤❡ ❝(♦!!✲❝♦((❡❧❛)✐♦♥

❢✉♥❝)✐♦♥! ✉♣ )♦ ✶✽ ♠♦♥)❤!✳ ❲❡ ❛(❡ ✐♥)❡(❡!)❡❞ ❡!♣❡❝✐❛❧❧② ✐♥ ❈❚❘! )❤❛) ♣(❡❝❡❞❡ ♦( ❝♦♥)❡♠✲

♣♦(❛♥❡♦✉!❧② ❝♦((❡❧❛)❡ ✇✐)❤ ♥♦♥(❡!✐❞❡♥)!✬ ♣♦!✐)✐♦♥! ❜② ✜♥❞✐♥❣ )❤❡ ❧❛(❣❡!) ❝(♦!!✲❝♦((❡❧❛)✐♦♥

❝♦❡✣❝✐❡♥) ✭❤❡(❡✐♥❛❢)❡( ❝❝❝✮ ❜❡)✇❡❡♥ ❡❛❝❤ ♦♥❡ ♦❢ )❤❡ )❤(❡❡ ❈❚❘! ❛♥❞ )❤❡ )❤(❡❡ ♣♦!✐)✐♦♥!

✭❜♦♥❞✱ ♠❛❦❛♠✱ ❛♥❞ )♦)❛❧✮✳ Y❛()✐❝✉❧❛(❧②✱ ✇❡ ❝❛❧❝✉❧❛)❡ )❤❡ ❝(♦!!✲❝♦((❡❧❛)✐♦♥ ❢✉♥❝)✐♦♥ ✭❤❡(❡✲

✐♥❛❢)❡( ❝❝❢✮ ❢♦( ❡❛❝❤ ❝♦♠❜✐♥❛)✐♦♥ ♦❢ ❈❚❘ ❛♥❞ ♣♦!✐)✐♦♥ ✭✸✯✸✮✳ ❚❤❡ ❝❝❢ ❞✐!♣❧❛❝❡! ♦♥❡ !❡(✐❡!

✈❡(!✉! )❤❡ !❡❝♦♥❞ ♦♥❡ ❛♥❞ ❝❛❧❝✉❧❛)❡! )❤❡ ❝♦♥)❡♠♣♦(❛♥❡♦✉! ❝♦((❡❧❛)✐♦♥ ❝♦❡✣❝✐❡♥) ❜❡)✇❡❡♥

)❤❡ )✇♦✳ ❲❡ ❛(❡ ❧♦♦❦✐♥❣ ❢♦( ❛❜♥♦(♠❛❧ ✭❧❛(❣❡( )❤❛♥ ✵✳✷ ✐♥ ❛❜!♦❧✉)❡ )❡(♠!✮ ✐♥❝(❡❛!✐♥❣ ❝(♦!!✲

❝♦((❡❧❛)✐♦♥ ❝♦❡✣❝✐❡♥)! ✐✳❡✳✱ !✐❣♥✐✜❝❛♥) !)❛)✐!)✐❝❛❧ ❝❛✉!❛)✐♦♥ ❢(♦♠ ❛♥② ❈❚❘ )♦ )❤❡ ♥♦♥(❡!✐✲

❞❡♥)!✬ ♣♦!✐)✐♦♥ ✐♥ ❜♦♥❞✱ ✐♥ ♠❛❦❛♠✱ ♦( ✐♥ )♦)❛❧ ❤♦❧❞✐♥❣!✳ ▼♦(❡♦✈❡(✱ )❤❡ ♠❛①✐♠❛❧ ❝❝❝ !❤♦✉❧❞

♦❝❝✉( ✐♠♠❡❞✐❛)❡❧② ❜❡❢♦(❡ ♦( ❛) ❧❛❣ ✵ ❛♥❞ !❤♦✉❧❞ ❞❡❝❛② ❛❢)❡(✇❛(❞!✳ ❈♦♥❝❡(♥✐♥❣ ♦✉( ♣(♦♣♦!❡❞

❈❚❘ ♠❡❛!✉(❡ ✭❈❚❘✸✮✱ (❡❝❛❧❧ )❤❛) Pt = ft − Et(st+1)✳ ❚❤✉!✱ ❛ ♣♦!✐)✐✈❡ P ♠❡❛♥! )❤❛) )❤❡

✶✻



❋✐❣✉$❡ ✹✳ ◆♦♥#❡%✐❞❡♥(%%✬ ♣♦%✐(✐♦♥ ✐♥ ♠❛❦❛♠ ❛♥❞ ❣♦✈❡#♠❡♥( ❜♦♥❞%

0
5

10
15

Foreign investors' position in Makam and Government bonds (USD Billions)

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Government bond

Makam

Total

 ✐"❦✲❛❞❥✉")❡❞ ♠❛ ❦❡) ❡①♣❡❝)❛)✐♦♥" ♦❢ )❤❡ ♠❛ ❦❡) ❢♦ ❛ ❣✐✈❡♥ ❞❡♣ ❡❝✐❛)✐♦♥ ❛ ❡ "♠❛❧❧❡ )❤❛♥

)❤❡  ❡❛❧✐③❡❞ ❋8✳ ■♥ ♦)❤❡ ✇♦ ❞"✱ ✬ ✐"❦ ❛✈❡ "❡✬ ✐♥✈❡")♦ " ♦ ❤❡❞❣❡ " ❛ ❡ ✇✐❧❧✐♥❣ )♦ ♣❛② ❤✐❣❤❡ 

❢♦ ✇❛ ❞  ❛)❡" ❝♦♠♣❛ ❡❞ )♦ ♠❛ ❦❡) ❡①♣❡❝)❛)✐♦♥" ✭❛❧❧ ♦)❤❡ )❤✐♥❣" ❜❡✐♥❣ ❡A✉❛❧✮✳ ❚❤❡ ❡❢♦ ❡✱

)❤❡ "✐❣♥ ♦❢ ❛ ♣❛ )✐❝✉❧❛ ❝❝❝ ✐" ✐♠♣♦ )❛♥)✱ ❛" "✐❣♥✐✜❝❛♥) ♣♦"✐)✐✈❡ ❝❝❝ ✐♠♠❡❞✐❛)❡❧② ❜❡❢♦ ❡ ❧❛❣❂✵

 ❡✢❡❝)" ❛ "✐)✉❛)✐♦♥ ✇❤❡♥ ❛ ♣♦"✐)✐✈❡ 8 ♣ ❡❞✐❝)" ♦ ")❛)✐")✐❝❛❧❧② ❝❛✉"❡" ❧❛ ❣❡ ♣♦"✐)✐♦♥" ✐♥ ❜♦♥❞"

♦ ♠❛❦❛♠ ❜② ❝❛  ② ) ❛❞❡ " ❛♥❞ ✈✐❝❡✲✈❡ "❛✳ ❚❤❡ 8◆▲ ♦❢ ❈❚ ✐" ♣♦"✐)✐✈❡❧② ✐♥✢✉❡♥❝❡❞ ❜② ■❘❉✱

✇❤✐❝❤ ✐" ❡A✉❛❧ )♦ )❤❡ ❋8 ❜② )❤❡ ❈■8 ❤②♣♦)❤❡"✐"✱ ❛♥❞ ♥❡❣❛)✐✈❡❧② ❛✛❡❝)❡❞ ❜② )❤❡  ❡❛❧✐③❡❞

❢✉)✉ ❡ ❡①❝❤❛♥❣❡  ❛)❡ ❞❡♣ ❡❝✐❛)✐♦♥✳ ■♥ ❝♦♥) ❛")✱ ❛ "✐❣♥✐✜❝❛♥) ♥❡❣❛)✐✈❡ ❝❝❝ ❜❡❢♦ ❡ ♦ ❛) ❧❛❣❂✵

✐" ❧❡"" ✐♥)✉✐)✐✈❡ ❢♦ ❈❚✱ ❛" ❧❛ ❣❡ ❋8 ♦ ■❘❉ ❝♦♠♣❛ ❡❞ )♦ )❤❡ ❡①♣❡❝)❡❞ ❞❡♣ ❡❝✐❛)✐♦♥ ")❛)✐")✐✲

❝❛❧❧② ❝❛✉"❡" "♠❛❧❧❡ ♣♦"✐)✐♦♥" ✐♥ ♠❛❦❛♠ ♦ ❜♦♥❞"✳ ❋✐♥❛❧❧②✱ ❛♥ ✐♥"✐❣♥✐✜❝❛♥) ❝❝❝ ❝❛♥  ❡✢❡❝) ❛

"✐)✉❛)✐♦♥ ✇❤❡ ❡ )❤❡  ✐"❦ ♣ ❡♠✐✉♠ ✐" ♥❡❣❧✐❣✐❜❧❡ ❝♦♠♣❛ ❡❞ )♦ ❋8 ♦ ■❘❉✳

❇❛"❡❞ ♦♥ )❤❡ ❡✈✐❞❡♥❝❡ ✇❡ ♣ ❡"❡♥) ✐♥ ❋✐❣✉ ❡" ✺✲✽✱ )❤❡ ✈❛ ✐♦✉" ❈❚❘" ✉"✐♥❣ ♦♥❡✲♠♦♥)❤ ❤♦ ✐③♦♥

❞✉ ✐♥❣ )❤❡ "❡❝♦♥❞ ♣❡ ✐♦❞✱ ✇❤❡♥ ♥♦♥ ❡"✐❞❡♥) ✐♥✈❡")♦ " ✇❡ ❡ ❛❝)✐✈❡ ✐♥ ❞♦♠❡")✐❝ ❜♦♥❞"✳

❚❤❡  ❡"✉❧)" ❞❡♣✐❝)❡❞ ✐♥ ❋✐❣✉ ❡" ✺✲✼ "❤♦✇ )❤❛) ❈❚❘✶✱ ❈❚❘✷✱ ❛♥❞ ❈❚❘✸ ❢✉❧✜❧❧ )❤❡  ❡✲

A✉✐ ❡♠❡♥)" ❢♦ ❛ ♣ ❡❝❡❞❡♥❝❡ ❈❚❘ ♥❛♠❡❧②✱ )❤❡② ♣♦"✐)✐✈❡❧② ♣❡❛❦ ❛ ♦✉♥❞ ❧❛❣❂✵ ❛♥❞ ❞❡❝❛②"

)❤❡ ❡❛❢)❡ ❢♦ ❢♦ ❡✐❣♥ ♣♦"✐)✐♦♥" ✐♥ ❣♦✈❡ ♥♠❡♥) ❜♦♥❞✱ ♦♥❧②✳ ❍♦✇❡✈❡ ✱ )❤❡ ❡ ✐" ❛ "✉❜")❛♥)✐❛❧

❞✐✛❡ ❡♥❝❡ ❛♠♦♥❣ )❤❡"❡ )❤ ❡❡ ❈❚❘"✿ )❤❡ ✜ ") )✇♦ ❈❚❘" ♣❡❛❦ "❡✈❡ ❛❧ ♠♦♥)❤" ❜❡❢♦ ❡ ❧❛❣❂✵

✇❤✐❧❡ ❈❚❘✸ ♣❡❛❦" ❛) )❤❛) ♣♦✐♥)✳

✶✸

■♥ ♦ ❞❡ )♦ ❢✉ )❤❡ ❡①❛♠✐♥❡ )❤❡ ❞✐✛❡ ❡♥❝❡" ❜❡)✇❡❡♥ )❤❡

✶✸

❋♦" #❤❡ &❛❦❡ ♦❢ ❜"❡✈✐#② ✇❡ ❞♦ ♥♦# ♣"❡&❡♥# #❤❡ ✜"&# ♣❡"✐♦❞✳ ❍♦✇❡✈❡"✱ #❤❡ ❡①❛♠✐♥❛#✐♦♥ ♦❢ #❤❡ #✇♦ &✉❜✲

♣❡"✐♦❞& &❤♦✇ ❛ ❞✐✛❡"❡♥# ❜❡❤❛✈✐♦" ♦❢ #❤❡ ❝❝❢✳ ❉✉"✐♥❣ #❤❡ ✜"&# ♣❡"✐♦❞ ❛❧❧ ❝❝❝✬& ♥❡❣❛#✐✈❡❧② ♣❡❛❦ ❜❡❢♦"❡ ❧❛❣❂✵

❛♥❞ ❞❡❝❛② ❛❢#❡"✇❛"❞&✳ ❚❤❡ ❝❝❢ ❞✐✛❡"❡♥❝❡& ❜❡#✇❡❡♥ #❤❡ ✜"&# ❛♥❞ #❤❡ &❡❝♦♥❞ ♣❡"✐♦❞& ❛"❡ ♣"♦❜❛❜❧② #❤❡ "❡&✉❧#

♦❢ ❜♦#❤ #❤❡ ❤✐❣❤ ■❘❉ ❛♥❞ #❤❡ ❛❜&❡♥❝❡ ♦❢ ❢♦"❡✐❣♥ ✐♥✈❡&#♦"& ❢"♦♠ #❤❡ ❧♦❝❛❧ ♠❛"❦❡# ❞✉"✐♥❣ #❤❡ ✜"&# ♣❡"✐♦❞✳

✶✼



❋✐❣✉$❡ ✺✳ ❈!♦##✲❝♦!!❡❧❛)✐♦♥ ❜❡)✇❡❡♥ ♥♦♥!❡#✐❞❡♥)#✬ ♣♦#✐)✐♦♥# ❛♥❞ ❈❚❘✶

−15 −10 −5 0 5 10 15

−0
.4

0.
0

0.
4

A
C

F

Cross−Correlation: CTR1 => Bond [Second Period]

−15 −10 −5 0 5 10 15

−0
.5

0.
0

0.
5

A
C

F

Cross−Correlation: CTR1 => Makam [Second Period]

−15 −10 −5 0 5 10 15

−0
.4

0.
0

0.
4

0.
8

Lag

A
C

F

Cross−Correlation: CTR1 => Total [Second Period]

❋✐❣✉$❡ ✻✳ ❈!♦##✲❝♦!!❡❧❛)✐♦♥ ❜❡)✇❡❡♥ ♥♦♥!❡#✐❞❡♥)#✬ ♣♦#✐)✐♦♥# ❛♥❞ ❈❚❘✷

−15 −10 −5 0 5 10 15

−0
.4

0.
0

0.
4

A
C

F

Cross−Correlation: CTR2 => Bond [Second Period]

−15 −10 −5 0 5 10 15

−0
.5

0.
0

0.
5

A
C

F

Cross−Correlation: CTR2 => Makam [Second Period]

−15 −10 −5 0 5 10 15

−0
.4

0.
0

0.
4

0.
8

Lag

A
C

F

Cross−Correlation: CTR2 => Total [Second Period]

✶✽



❋✐❣✉$❡ ✼✳ ❈!♦##✲❝♦!!❡❧❛)✐♦♥ ❜❡)✇❡❡♥ ♥♦♥!❡#✐❞❡♥)#✬ ♣♦#✐)✐♦♥# ❛♥❞ ❛ ❝✉!!❡♥❝② !✐#❦ ♣!❡♠✐✉♠ ✭❈❚❘✸✮

−15 −10 −5 0 5 10 15

−0
.2

0.
2

0.
6

A
C

F

Cross−Correlation: CTR3 => Bond [Second Period]

−15 −10 −5 0 5 10 15

−0
.6

−0
.2

0.
2

A
C

F

Cross−Correlation: CTR3 => Makam [Second Period]
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Cross−Correlation: CTR3 => Total [Second Period]

✈❛"✐♦✉& ❈❚❘& ❛♥❞ ,❤❡✐" ❝❛♣❛❜✐❧✐,② ,♦ ♣"❡❞✐❝, ♥♦♥"❡&✐❞❡♥,&✬ ♣♦&✐,✐♦♥& ✇❡ "❡❣"❡&& ,❤❡ ❢♦"❡✐❣♥

✐♥✈❡&,♦"&✬ ♣♦&✐,✐♦♥ ✐♥ ❣♦✈❡"♥♠❡♥, ❜♦♥❞& ❛♥❞ ✐♥ ♠❛❦❛♠ ♦♥ ,❤❡ ❧❛❣& ♦❢ ,❤❡ ✈❛"✐♦✉& ❈❚❘&

❞✉"✐♥❣ ,❤❡ &❡❝♦♥❞ &✉❜✲♣❡"✐♦❞✱ ❛& ❢♦❧❧♦✇&✿

Posj,t = α + βCTRt−k + ut ✭✶✶✮

✇❤❡"❡ ❥ ∈ ✭❣♦✈❡"♥♠❡♥, ❜♦♥❞✱ ♠❛❦❛♠✱ ,♦,❛❧ ❤♦❧❞✐♥❣&✮✱ ❛♥❞ ❦ ∈ (0, ..., 6). ❚❤❡ "❡&✉❧,& ♦❢ ,❤❡

❖▲❙ "❡❣"❡&&✐♦♥& ❛"❡ ♣"❡&❡♥,❡❞ ✐♥ ❚❛❜❧❡ ■❱ ❛♥❞ ❝♦""♦❜♦"❛,❡ ,❤♦&❡ ♦❢ ,❤❡ ❝❝❢& ♦❢ ❋✐❣✉"❡& ✺✲

✼✳ ❋♦" ,❤❡ ♣♦&✐,✐♦♥& ✐♥ ♠❛❦❛♠ ♠♦&, β& ❛"❡ ✐♥&✐❣♥✐✜❝❛♥, ❛♥❞ ,❤❡ ❣♦♦❞♥❡&& ♦❢ ✜, ❡&,✐♠❛,❡&

✭Adj.R2
✮ ❛"❡ ♣♦♦"✳ ❚❤❡ ♠❛✐♥ ❞✐✛❡"❡♥❝❡ ❜❡,✇❡❡♥ ❜♦,❤ ❈❚❘✶ ❛♥❞ ❈❚❘✷ ✈❡"&✉& ❈❚❘✸ ✐& ,❤❡

"♦❜✉&,♥❡&& ♦❢ ,❤❡ ❧❛❣ ❝♦❡✣❝✐❡♥,&✳ ❋♦" ❡①❛♠♣❧❡✱ ❈❚❘✸✖♦✉" ♣"♦♣♦&❡❞ ♠❡❛&✉"❡✖✐& ♣♦&✐,✐✈❡❧②

&✐❣♥✐✜❝❛♥, ❢"♦♠ ❧❛❣❂✵ ,♦ ❧❛❣❂✻ ✇❤✐❧❡ ❈❚❘✶ ❛♥❞ ❈❚❘✷ ❛"❡ ♣♦&✐,✐✈❡❧② &✐❣♥✐✜❝❛♥, ❢"♦♠ ❧❛❣❂✸

♦♥❧②✳ ❆❞❞✐,✐♦♥❛❧❧②✱ ,❤❡ ❣♦♦❞♥❡&& ♦❢ ✜, ✭Adj.R2
✮ ♦❢ ❈❚❘✸ ✐& ❧❛"❣❡" ,❤❛♥ ,❤♦&❡ ♦❢ ❈❚❘✶ ❛♥❞

❈❚❘✷✳ ❚♦ ❛❝❝♦♠♣❧✐&❤ ,❤❡ ❡①❛♠✐♥❛,✐♦♥ ♦❢ ,❤❡ ❝"♦&&✲❝♦""❡❧❛,✐♦♥& ❜❡,✇❡❡♥ ,❤❡ ✈❛"✐♦✉& ❈❚❘&

❛♥❞ ,❤❡ ♥♦♥"❡&✐❞❡♥,&✬ ♣♦&✐,✐♦♥& ✇❡ ❡&,✐♠❛,❡ ●"❛♥❣❡"✬& ❝❛✉&❛❧✐,② ,❡&,& ✐♥ ❚❛❜❧❡ ❱✳ ❆ &,❛♥❞❛"❞

●"❛♥❣❡"✬& ❝❛✉&❛❧✐,② ,❡&, ❛❞❞"❡&&❡& ,❤❡ V✉❡&,✐♦♥ ✭✐♥ ,❤❡ ❝❛&❡ ♦❢ ,✇♦ ,✐♠❡✲&❡"✐❡& ✈❛"✐❛❜❧❡&✱ ❳

❛♥❞ ❨✮✱ ♦❢ ✇❡,❤❡" ❨ ❝❛♥ ❜❡ ❜❡,,❡" ♣"❡❞✐❝,❡❞ ✉&✐♥❣ ,❤❡ ❤✐&,♦"✐❡& ♦❢ ❜♦,❤ ❳ ❛♥❞ ❨ ,❤❛♥ ✐, ❝❛♥ ❜②

✉&✐♥❣ ,❤❡ ❤✐&,♦"② ♦❢ ❨ ❛❧♦♥❡✳ ■❢ ,❤❡ ❛♥&✇❡" ✐& ❛✣"♠❛,✐✈❡ ♦♥❡ ❝❛♥ &❛② ,❤❛,✱ ❳ ●"❛♥❣❡"✲❝❛✉&❡&

❨✳ ❚❤❡ ❢♦"♠❛❧ ,❡&, ✇✐,❤ ♣ ❧❛❣& ✐& ❣✐✈❡♥ ❜②✱

Yt = a0 + a1Yt−1 + ...+ apYt−p + b1Xt−1 + ...+ bpXt−p + ut ✭✶✷✮

Xt = c0 + c1Xt−1 + ...+ cpYt−p + d1Yt−1 + ...+ dpYt−p + vt ✭✶✸✮

✶✾
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#*❛♥❞❛'❞ ❡''♦'#✳

❚❤❡♥✱ ❛♥ ❋ '❡(' ✐( ❝♦♥❞✉❝'❡❞ '♦ '❡(' ✇❤❡'❤❡/ H0 : b1 = ... = bp = 0 ❛❣❛✐♥(' HA✿ ❛' ❧❡❛('

♦♥❡ ♦❢ bi 6= 0✳ ■❢ ♦♥❡ ❝❛♥♥♦' /❡❥❡❝' '❤❡ H0✱ ❳ ❞♦❡( ♥♦' ●/❛♥❣❡/✲❝❛✉(❡ ❨✳ ❙✐♠✐❧❛/❧②✱ '❡('✐♥❣

H0 : d1 = ... = dp = 0 ❛❣❛✐♥(' HA '❡('( ✇❡'❤❡/ ❨ ❞♦❡( ♥♦' ●/❛♥❣❡/✲❝❛✉(❡ ❳✳

❯(✐♥❣ ('❛♥❞❛/❞ ●/❛♥❣❡/✬( '❡('( ✐( ✐♥❛♣♣/♦♣/✐❛'❡ ✐♥ ♦✉/ ❝❛(❡✱ ❛( '❤❡ ✉♥❞❡/❧②✐♥❣ ❛((✉♠♣'✐♦♥ ♦❢

'❤❡ '❡(' ✐( ♥♦/♠❛❧ ❞✐('/✐❜✉'✐♦♥ ✭❜② ✉(✐♥❣ '❤❡ ❋ '❡('✮ ✇❤✐❧❡ ❛❧❧ ♦❢ '❤❡ ✉♥✐' /♦♦' '❡('( /❡❣❛/❞✐♥❣

'❤❡ ✈❛/✐♦✉( ❈❚❘( ❛♥❞ '❤❡ ♥♦♥/❡(✐❞❡♥'(✬ ♣♦(✐'✐♦♥( ✐♥❞✐❝❛'❡ ❛♥ ✐♥'❡❣/❛'✐♦♥ ❧❡✈❡❧ ♦❢ ❛' ❧❡❛('

♦♥❡ ✭■✭✶✮ ❛' '❤❡ ✜✈❡ ♣❡/❝❡♥' (✐❣♥✐✜❝❛♥❝❡ ❧❡✈❡❧✮✳ ❚❤✐( ❝❛♥ ❜❡ (❡❡♥ ✐♥ '❤❡ ❝♦❧✉♠♥( URCTR ❛♥❞

URPOS ♦❢ ❚❛❜❧❡ ❱✱ ✇❤❡/❡ '❤❡ ♥✉♠❜❡/ ♦❢ ❧❛❣( ❛/❡ ❛✉'♦♠❛'✐❝❛❧❧② (❡❧❡❝'❡❞ ❜② '❤❡ ❙❝❤✇❛/'③

■♥❢♦/♠❛'✐♦♥ ❈/✐'❡/✐❛ ✲ ❙■❈ ✭♥♦' (❤♦✇♥ ❞✉❡ '♦ (♣❛❝❡ ❝♦♥(✐❞❡/❛'✐♦♥✮✳ ❚❤❡(❡ /❡(✉❧'( ♠❡❛♥ '❤❛'

❛❧♠♦(' ❛❧❧ '❤❡ ❡①❛♠✐♥❡❞ (❡/✐❡( ❛/❡ ♥♦♥✲('❛'✐♦♥❛/②✳ ❲❡ ❛❧(♦ '❡(' ❢♦/ ❝♦✲✐♥'❡❣/❛'✐♦♥ ❜❡'✇❡❡♥

❡❛❝❤ ❈❚❘ ❛♥❞ ♥♦♥/❡(✐❞❡♥' ♣♦(✐'✐♦♥( ❜② /✉♥♥✐♥❣ '❤❡ ❏♦❤❛♥(❡♥ ❝♦✲✐♥'❡❣/❛'✐♦♥ '❡(' ✭♠❛①✐♠✉♠

❡✐❣❡♥✈❛❧✉❡✮ ✇✐'❤ ❝♦♥('❛♥' ❛♥❞ ♥♦ '/❡♥❞ ❛♥❞ ✇✐'❤ ❛ ♠❛①✐♠✉♠ ❧❛❣ ♦❢ '✇❡❧✈❡ ♠♦♥'❤(✳ ■♥

(✐① ♦✉' ♦❢ ✶✷ ❝♦♠❜✐♥❛'✐♦♥( '❤❡/❡ ❛/❡ ❝♦✲✐♥'❡❣/❛'✐♦♥ /❡❧❛'✐♦♥(❀ '❤/❡❡ ♦❢ '❤❡♠ ❛/❡ ❈❚❘✸ ✭/✐(❦
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'♦ ❞✐(❝♦✈❡/ ❤♦✇ '❤❡ ❡①❛♠✐♥❡❞ ❈❚❘( ♣/❡❞✐❝'❡❞ '❤❡ ♥♦♥/❡(✐❞❡♥'(✬ ♣♦(✐'✐♦♥(✳ ❆( ✇❡ ❡①❛♠✐♥❡
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❈❚❘✷ ♠❛❦ ✲✺ ✲✸ ✵ ✶ ✶ ✵✳✵✵✷ ✵✳✵✵✸ ✵✳✵✵✾

❈❚❘✷ '♦' ✲✺ ✲✹ ✵ ✶ ✹ ✵✳✹✻✷ ✵✳✶✷✺ ✵✳✵✵✼

❈❚❘✸ ❜♦♥❞ ✲✻ ✲✹ ✷ ✶ ✶ ✵✳✶✵✸ ✵✳✵✵✹ ✵✳✻✹✾
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■♥❢♦&♠❛!✐♦♥ ❈&✐!❡&✐♦♥ ✭❙■❈✮ ❛♥❞ ✐♥ ❛❧❧ ❝❛ ❡ ✐! ✐ ♣ ❂ ✶ ♠♦♥!❤ ✭!❤❡ ❝♦❧✉♠♥ selectlag)✳ ❚❤❡♥

❢♦& ❛ ②♠♣!♦!✐❝ ♣✉&♣♦ ❡ ✇❡ ❛❞❞ ♠♦&❡ ❛♥❞ ♠♦&❡ ❧❛❣ ❛ ❡①♦❣❡♥♦✉ ✈❛&✐❛❜❧❡ ✱ ✉♥!✐❧ ✇❡ ❤❛✈❡

♥♦ ♠♦&❡ ❛✉!♦✲❝♦&&❡❧❛!✐♦♥ ✐♥ !❤❡ &❡ ✐❞✉❛❧ ♦❢ !❤❡ ❱❆❘ ♠♦❞❡❧✳ ❚❤❡ ♠❛①✐♠✉♠ optimallag ✇❡

✜♥❞ ✐ ♠ ❂ ✹ ♠♦♥!❤ ✐✳❡✳✱ ♣ ✰ ♠ ❂ ✺ ✇❤✐❧❡ !❤❡ ♠✐♥✐♠✉♠ ✐ ♣ ✰ ♠ ❂ ✷✳ ❚❤❡ ♥❡①! ❝♦❧✉♠♥
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✈❛&✐❛❜❧❡ ♦& ❛ ♣♦ ✐!✐♦♥ ✈❛&✐❛❜❧❡✳ ❚❤❡ ❡ ❝♦❧✉♠♥ ❛&❡ &❡❧❛!❡❞ !♦ !❤❡ ✧❖♣!✐♠❛❧ ❧❛❣✧ ✐✳❡✳✱ ♣ ✰

♠ ❧❛❣ ✳ ❆  ♠❛❧❧ ✜❣✉&❡ ♦❢ !❤❡ ❲❛❧❞ !❡ ! ✭✵✳✵✶ ♦& ❧❡  ✮ ♠❡❛♥ ❛ &❡❥❡❝!✐♦♥ ♦❢ !❤❡ ●&❛♥❣❡&
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❡! ❛❧✳ ✭✷✵✶✵✮ ❞✐❞ ♥♦! ✜♥❞ ❝♦♥✈✐♥❝✐♥❣ ❡✈✐❞❡♥❝❡ ♦❢  ✉❝❤ &❡❧❛!✐♦♥ ❤✐♣ ✱ ❙❛♥!❡❛❧❧❛ ❡! ❛❧✳ ✭✷✵✶✺✮
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-❛$❡ R❛-✐$② ✭❯■R✮ ❤②♣♦$❤❡#❡# ✉#✐♥❣ ❛ ♣-♦♣-✐❡$❛-② ❞❛$❛#❡$✳ ❯#✐♥❣ $❤❡ ❇❛✐ ❛♥❞ R❡--♦♥ ✭✶✾✾✽✮

♣-♦❝❡❞✉-❡✱ ✇❤✐❝❤ $❡#$# ❢♦- ♣♦##✐❜❧❡ ❜-❡❛❦♣♦✐♥$# ✐♥ $❤❡ ❯■R -❡❣-❡##✐♦♥ ♣❛-❛♠❡$❡-#✱ ✇❡ ✜♥❞

$✇♦ ❞✐✛❡-❡♥$ #✉❜✲♣❡-✐♦❞#✳ ❲❡ ✜♥❞ $❤❛$ $❤❡ ❈■R ❤②♣♦$❤❡#✐# ❞♦❡# ♥♦$ ❤♦❧❞ ❞✉-✐♥❣ $❤❡ #❡❝♦♥❞

❤❛❧❢ ♦❢ $❤❡ #❛♠♣❧❡ ♣❡-✐♦❞ ✇❤✐❧❡ $❤❡ ❯■R ❤②♣♦$❤❡#✐# ❤♦❧❞# ❢♦- $❤❡ $✇❡❧✈❡✲♠♦♥$❤ ❤♦-✐③♦♥

♦♥❧②✳ ❆❧$❤♦✉❣❤ $❤❡ ❧❛$$❡- ✐# ✉#✉❛❧❧② ❝♦♥#✐#$❡♥$ ✇✐$❤ $❤❡ ❡♠♣✐-✐❝❛❧ ❡✈✐❞❡♥❝❡✱ $❤❡ ❢♦-♠❡-

✐# ❧❡## ❝♦♠♠♦♥ ❛♥❞ ✐# ❡①♣❧❛✐♥❡❞ ❜② ✉♥❝♦♠♠♦♥ ✐♥✈❡#$♠❡♥$# ♦❢ ♥♦♥-❡#✐❞❡♥$# ✐♥ ♠❛❦❛♠✖❛

♣❤❡♥♦♠❡♥♦♥ $❤❛$ ❝-❡❛$❡❞ ♠❛-❦❡$ ❢-✐❝$✐♦♥# #✉❝❤ ❛# ❛ #❤♦-$❛❣❡ ✐♥ ✜♥❛♥❝✐❛❧ ✐♥#$-✉♠❡♥$ #✉♣♣❧✐❡#

❜② ❧♦❝❛❧ ❜❛♥❦#✳ ■♥ ❝-♦##✲❝♦--❡❧❛$✐♦♥ ❢✉♥❝$✐♦♥#✱ ❖▲❙ -❡❣-❡##✐♦♥# ✇✐$❤ ❧❛❣#✱ ❛♥❞ ❝❛✉#❛❧✐$② $❡#$#

♦❢ ♥♦♥✲#$❛$✐♦♥❛-② #❡-✐❡#✱ ✇❡ ✜♥❞ $❤❛$ ♦✉- ♣-♦♣♦#❡❞ ❈❚❘ ♣-❡❞✐❝$❡❞ ♥♦♥-❡#✐❞❡♥$#✬ ♣♦#✐$✐♦♥# ✐♥

❣♦✈❡-♥♠❡♥$ ❜♦♥❞# ❞✉-✐♥❣ $❤❡ #❡❝♦♥❞ #✉❜✲♣❡-✐♦❞ ❜✉$ ♥♦$ $❤❡ ♦$❤❡- ✇❛② ❛-♦✉♥❞✳ ❚❤✐# ✜♥❞✐♥❣

✐# ❜♦$❤ ♠♦-❡ -♦❜✉#$ ❛♥❞ ❧❛#$# ❢♦- ♠♦-❡ ♠♦♥$❤# $❤❛♥ $❤❡ ♦$❤❡- ❡①❛♠✐♥❡❞ ❈❚❘#✳

✷✻



❆♣♣❡♥❞✐① ❆ ❚❤❡ ▼❡❛♥✐♥❣ ♦❢ β̂ ✇❤✐❧❡ ❛00✉♠✐♥❣ ❛ 3✐0❦

♣3❡♠✐✉♠

❚❤❡ ❡#$✐♠❛$❡❞ ❝♦❡✣❝✐❡♥$ β̂ ✐# ❞❡✜♥❡❞ ❛#✱

β̂ =
cov(st+1 − st, ft − st)

var(ft − st)

❆❞❞✐♥❣ ❛♥❞ #✉❜$3❛❝$✐♥❣ Et(st+1)✱ ②✐❡❧❞#✿

β̂ =
cov(Et(st+1)− st, ft − st) + cov(st+1 − Et(st+1), ft − st)

var(ft − st)

■❢ ✇❡ ❢✉3$❤❡3 ✇3✐$❡ ❛❝❝♦3❞✐♥❣ $♦ ❊;✉❛$✐♦♥ ✭✷✮ Et(st+1 − st) = ft − st − Pt $❤❡♥✱ ✐$ ✐# ❡❛#② $♦

❝❤❡❝❦ $❤❛$✱

β̂ =
var(ft − st) + cov(Pt, ft − st)− cov(ft − st, Et(st+1)− st)

var(ft − st)

β̂ = 1 +
cov(Pt, ft − st)

var(ft − st)
−

cov(ft − st, Et(st+1)− st)

var(ft − st)

❚❤❡ ❛##✉♠♣$✐♦♥ ♦❢ 3❛$✐♦♥❛❧ ❡①♣❡❝$❛$✐♦♥ ♠❡❛♥# $❤❛$ $❤❡3❡ ❛3❡ ♥♦ #②#$❡♠❛$✐❝ ♣3❡❞✐❝$✐♦♥ ❡33♦3#

✐♥ $❤✐# ♠❛3❦❡$ ✐♠♣❧②✐♥❣ $❤❛$ cov(ft − st, Et(st+1)− st) = 0 ❛♥❞

β̂ = 1 +
cov(Pt, ft − st)

var(ft − st)

■$ ✐# ❝❧❡❛3 ♥♦✇ $❤❛$ β̂ = 1 ✇❤❡♥ cov(Pt, ft − st) = 0 ♣3♦❜❛❜❧② ✐♠♣❧②✐♥❣ $❤❛$ ft − st ❞♦❡# ♥♦$

✐♥❝❧✉❞❡ ❛ 3✐#❦ ♣3❡♠✐✉♠✳ ❆# ♠❡♥$✐♦♥❡❞ ❜❡❢♦3❡ ♠❛♥② #$✉❞✐❡# ✐♥❝❧✉❞✐♥❣ ❋❛♠❛ ✭✶✾✽✹✮ ✜♥❞ $❤❛$

β̂ < 0 ✐♥❞✐❝❛$✐♥❣ $❤❛$ cov(ft − st, Et(st+1)− st) < 0 #✐♥❝❡✱

0 > cov(ft − st, st+1 − st) = var(Et(st+1 − st)) + cov(Pt, Et(st+1 − st))

≥ cov(Pt, Et(st+1 − st))

❛♥❞ ✇❡ ❣❡$ $❤❛$✱

var(Pt) > var(Et(st+1)− st)

#✐♥❝❡✱

var(ft − st) = var(Et(st+1 − st)) + 2cov(Pt, Et(st+1 − st)) + var(Pt) > 0

❚❤✉#✱ $❤❡ ♠❡❛♥✐♥❣ $❤❛$ β̂ < 0 #❤♦✉❧❞ ❜❡ ❝♦♥#✐#$❡♥$ ✇✐$❤ $❤❡ ✜♥❞✐♥❣ $❤❛$ $❤❡ 3✐#❦ ♣3❡♠✐✉♠
❛❝❝♦✉♥$# ❢♦3 ♠♦3❡ ✈❛3✐❛❜✐❧✐$② ♦❢ ft − St+1 $❤❛♥ $❤❛$ ♦❢ $❤❡ ♣3❡❞✐❝$✐♦♥ ❡33♦3✳

✷✼



❆♣♣❡♥❞✐① ❇ ❚❤❡ ●✐❜❜, ,❛♠♣❧❡0 ❛❧❣♦0✐3❤♠

■♥ "❤✐% ❛♣♣❡♥❞✐① ✇❡ ❛%%✉♠❡ "❤❡ ❢♦❧❧♦✇✐♥❣ ❣❡♥❡2❛❧ %"❛"❡✲%♣❛❝❡ ♠♦❞❡❧✿

yt = βt + ǫt t = 1, . . . , T ✭❇✶✮

βt+1 = φβt + ut t = 1, . . . , T ✭❇✷✮

✇❤❡2❡ ǫt ∼ N(0, σ2) ❛♥❞ ut ∼ N(0, σ2
u)✳

❙"❛❣❡ ✵ ✭■♥✐"✐❛❧✐③❛"✐♦♥✮ ✲ ❘✉♥ "❤❡ ❑❛❧♠❛♥ ✜❧"❡2 ✇✐"❤ "❤❡ ♠❛①✐♠✉♠ ❧✐❦❡❧✐❤♦♦❞ ❡%"✐♠❛"❡% ♦❢ "❤❡

✉♥❦♥♦✇♥ ♣❛2❛♠❡"❡2% ❛♥❞ ❛""❛✐♥ "❤❡ ✉♣❞❛"❡❞ (β̂t/t) ❛♥❞ %♠♦♦"❤❡❞ (β̂t/T ) ❡%"✐♠❛"❡% ♦❢ %"❛"❡

✈❛2✐❛❜❧❡ βt ❛♥❞ ✐"% ❝♦✈❛2✐❛♥❝❡ ♠❛"2✐❝❡% Pt/t✳ ❊%"✐♠❛"❡ σ2(σ̂2) ❛♥❞ σ2
u(σ̂

2
u) ✇✐"❤ "❤❡ %❛♠♣❧❡

✈❛2✐❛♥❝❡ ♦❢ yt − β̂t/T ❛♥❞ ❜② 2❡❣2❡%%✐♥❣ β̂t+1/T ♦♥ β̂t/T ❛♥❞ 2❡"❛✐♥✐♥❣ "❤❡ ✈❛2✐❛♥❝❡ ♠❛①✐♠✉♠

❧✐❦❡❧✐❤♦♦❞ ❡%"✐♠❛"❡% ✱ 2❡%♣❡❝"✐✈❡❧②✳

❙"❛❣❡ ✶ ✭❑❛❧♠❛♥ ✜❧"❡2 %"❡♣✮ ✲ ❉2❛✇ ❢2♦♠ "❤❡ ◆♦2♠❛❧ ❞✐%"2✐❜✉"✐♦♥ ✇✐"❤ ♠❡❛♥ β̂T/T ❛♥❞ ✇✐"❤

✈❛2✐❛♥❝❡ (PT/T )✳ ❉❡♥♦"❡ "❤✐% ❞2❛✇ ❜② β̂T ✳ ❆" "✐♠❡% t = T −1, . . . , 1 ❞2❛✇ β̂t ❢2♦♠ "❤❡ ♥♦2♠❛❧

❞✐%"2✐❜✉"✐♦♥ ✇✐"❤ ♠❡❛♥ β̂t/t + Pt/tφ̂(φ̂2 + σ̂2
u)
−1(β̂t+1 − φ̂βt/t) ❛♥❞ ✈❛2✐❛♥❝❡ Pt/t − Pt/tφ̂(φ̂2 +

σ̂2
u)
−1φPt/t✳

❙"❛❣❡ ✷ ✭▲✐♥❡❛2 ❘❡❣2❡%%✐♦♥ ❙"❡♣✮ ✲ ❈♦♥❞✐"✐♦♥❛❧ ✉♣♦♥ σ̂2
u ❛♥❞ β̂1, . . . , β̂T ✇❡ ✜2%" %❛♠♣❧❡ φ̂ ❢2♦♠

❛ ♥♦2♠❛❧ ❞✐%"2✐❜✉"✐♦♥ ✇✐"❤ ♠❡❛♥ (1+ 1

σ2
u

β̂lag′ β̂lag)−1( 1

σ2
u

β̂lag′ β̂) ❛♥❞ ✈❛2✐❛♥❝❡ (1+ 1

σ2
u

β̂lag′ β̂lag)−1✳

❇② "❤✐% ✇❡ ❛%%✉♠❡ "❤❛" "❤❡ ♣2✐♦2 ❞✐%"2✐❜✉"✐♦♥ ♦❢ φ̂ ✐% N(0, 1)✳ ◆❡①"✱ ✇❡ %❛♠♣❧❡ σ2
u ❢2♦♠

Γ(1, T
2
, D1) ✇❤❡2❡ T ✐% "❤❡ ♥✉♠❜❡2 ♦❢ ♦❜%❡2✈❛"✐♦♥% ✐♥ "❤❡ %❛♠♣❧❡ ❛♥❞ D1 = 0.1+(y−β̂)′(y−β̂)

❛♥❞ σ2
u ❢2♦♠ Γ(1, T

2
, D2) ✇❤❡2❡ D2 = 0.1 + (β̂ − φ̂β̂lag)′(β̂ − φ̂β̂lag)✳

❲❡ ✐"❡2❛"❡ ♦♥ "❤❡%❡ "✇♦ %"❡♣% ✺✵✵ "✐♠❡%✱ ❜✉2♥ "❤❡ ✜2%" ✷✵✵ ❛♥❞ ❛✈❡2❛❣❡ ✉♣♦♥ ✸✵✵ %❛♠♣❧❡%

♦❢ %"❛"❡% ❛♥❞ ♣❛2❛♠❡"❡2%✳ ❚❤❡ ❡%"✐♠❛"✐♦♥ 2❡%✉❧"% ❛2❡ ❞✐%♣❧❛②❡❞ ✐♥ ❋✐❣✉2❡ ✶✻✳
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❋✐❣✉$❡ ✽✳ ❘✐"❦ ♣%❡♠✐✉♠ ❜❛"❡❞ ♦♥ ❑❛❧♠❛♥ ✜❧1❡% ✈❡%"✉" ❊①❝❡"" %❡1✉%♥

−
2

0
2

4
6

Excess return and Gibbs sampling risk premium (%):  12m

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Excess Return (ER)

Risk Premium (Gibbs)

−
2

0
2

4
6

Excess return and Gibbs sampling risk premium (%):  1m

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Excess Return (ER)

Risk Premium (Gibbs)
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❆♣♣❡♥❞✐① ❈ ❊)*✐♠❛*✐♦♥ ♦❢ ❛ *✐♠❡ ✈❛0②✐♥❣ ♣❛0❛♠❡*❡0

✭❚❱6✮ ✐♥ *❤❡ ❯■6 0❡❣0❡))✐♦♥

❚❤❡ β ❢$♦♠ '❤❡ ❯■* ❋❛♠❛ $❡❣$❡..✐♦♥ ✇❛. ❢♦✉♥❞ ✐♥ ♦✉$ .'✉❞② ❛. ✐♥ ♠❛♥② ♦'❤❡$ .'✉❞✐❡.

'♦ ❜❡ ✐♥.✐❣♥✐✜❝❛♥' ❣✐✈✐♥❣ $✐.❡ '♦ '❤❡ ✧❢♦$✇❛$❞ ♣$❡♠✐✉♠ ♣✉③③❧❡✧✳ ❚❤✐. ✜♥❞✐♥❣ ❛♥❞ ♦'❤❡$

'❡.'. $❡❥❡❝'✐♥❣ '❤❡ ❤②♣♦'❤❡.❡. ♦❢ ❛ .'❛❜❧❡ β ❣✐✈❡ $✐.❡ '♦ ❡.'✐♠❛'✐♦♥ ♦❢ ❛ '✐♠❡ ✈❛$②✐♥❣ β✳

❆ ✈❡$② ♥❛✐✈❡ ❛♣♣$♦❛❝❤ ♦❢ ❡.'✐♠❛'✐♦♥ ✐. ❜② ♠❡❛♥. ♦❢ ❛ $♦❧❧✐♥❣ $❡❣$❡..✐♦♥✳ ❚❤✐. ♠❡'❤♦❞ ♦❢

❡.'✐♠❛'✐♦♥ ②✐❡❧❞. ❛. ✐♥ ❇❛✐❧❧✐❡ ❛♥❞ ❈❤♦ ✭✷✵✶✹✮ ♥♦♥ .♠♦♦'❤ ❡.'✐♠❛'❡. ♦❢ '❤❡ .❧♦♣❡ ❝♦❡✣❝✐❡♥'

(βt) ❛♥❞ ❝♦$$❡.♣♦♥❞✐♥❣❧② ❧❛$❣❡ ❝♦♥✜❞❡♥❝❡ ✐♥'❡$✈❛❧.✳ ■♥ '❤✐. ♣❛♣❡$ ✇❡ ✉.❡ ❛♥ ❛❧'❡$♥❛'✐✈❡

♠❡'❤♦❞ .✉❣❣❡.'❡❞ ❜② ❇❛✐❧❧✐❡ ❛♥❞ ❈❤♦ ✭✷✵✶✹✮ ✇❤✐❝❤ ②✐❡❧❞. .♠♦♦'❤❡$ ❡.'✐♠❛'❡. ♦❢ '❤❡ .❧♦♣❡

❝♦❡✣❝✐❡♥' ❛♥❞ ❛❧.♦ $❡❧❛'✐✈❡❧② '✐❣❤'❡$ ❜♦✉♥❞.✳ ❚❤✐. ♠❡'❤♦❞ ✐. ❜❛.❡❞ ♦♥ ❛ ❦❡$♥❡❧ $❡❣$❡..✐♦♥

✇❤✐❝❤ ❛..✐❣♥. ❤✐❣❤❡$ ✇❡✐❣❤'. '♦ ❝❧♦.❡ ♦❜.❡$✈❛'✐♦♥. ❛♥❞ ❞❡❝❛②✐♥❣ ✇❡✐❣❤'. '♦ $❡♠♦'❡ ♦♥❡.✳ ❇②

'❤✐. ❛♣♣$♦❛❝❤ ✇❡ ❡.'✐♠❛'❡ '❤❡ .❧♦♣❡ ❝♦❡✣❝✐❡♥' ❜② '❤❡ ❢♦❧❧♦✇✐♥❣ ❦❡$♥❡❧ ❡.'✐♠❛'♦$✱

β̂t = (
T∑

k=1

wktxkx
′

k)
−1(

T∑

k=1

wktxkyk)

✇❤❡$❡ wkt = K( t−k
H
)✱ yt ✐! "❤❡ !♣♦" '❡"✉'♥ ❛" "✐♠❡ t ✐✳❡✳ st+1 − st ❛♥❞ x′t = [1, (ft − st)]

t = 1, . . . , T ✳ ❲❡ "❛❦❡ "❤❡ ●❛✉!✐❛♥ ❦❡'♥❡❧ ✇✐"❤ ✐♥✜♥✐"❡ !✉♣♣♦'" ❛♥❞ H = 6.5✳ ❚❤❡ ❡!"✐♠❛"♦'

♦❢ "❤❡ ✈❛'✐❛♥❝❡ ♦❢ "❤❡ ❚❱9 ✐! ❣✐✈❡♥ ❜②✱

V ar(β̂t) = σ̂2

u(
T∑

k=1

wktxkx
′

k)
−1(

T∑

k=1

w2

ktxkx
′

k)(
T∑

k=1

wktxkx
′

k)
−1

✇❤❡'❡ σ̂2
u =

1

T

∑T
t=1
(yt − x

′

tβ̂)
2
✳ ❆! ♠❡♥"✐♦♥❡❞ ❛❜♦✈❡✱ "❤❡ ❚❱9 ✐! !♠♦♦"❤❡' "❤❛♥ "❤❡ '♦❧❧✐♥❣

'❡❣'❡!!✐♦♥ β !✐♥❝❡ "❤❡ ❚❱9 ✐! ❛ ✇❡✐❣❤"❡❞ ❛✈❡'❛❣❡ ♦❢ ❛❧❧ ♦❜!❡'✈❛"✐♦♥! ✇❤✐❝❤ ❛!!✐❣♥! ❞❡❝❛②✐♥❣

✇❡✐❣❤"! "♦ '❡♠♦"❡ ♦❜!❡'✈❛"✐♦♥! ✇❤✐❧❡ "❤❡ '♦❧❧✐♥❣ '❡❣'❡!!✐♦♥ ❛!!✐❣♥! ❡?✉❛❧ ✇❡✐❣❤"! "♦ ♦❜!❡'✈❛✲

"✐♦♥! ✇✐"❤✐♥ ❛ ♠♦✈✐♥❣ ✇✐♥❞♦✇✳ ❚❤✐! ❝❛✉!❡! ❛ ❥✉♠♣ ✇❤❡♥❡✈❡' ❛ ❧❛'❣❡ ✜❣✉'❡ ❡♥"❡'! ♦' ❡①✐"!

"❤❡ ♠♦✈✐♥❣ ✇✐♥❞♦✇✳
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+❤❡ $❡)✐❞✉❛❧)✳ ■❢ ♥❡❡❞❡❞✱ ✐♥❝$❡❛)❡ ♣ ✉♥+✐❧ +❤❡$❡ ✐) ♥♦ )❡$✐❛❧ ❝♦$$❡❧❛+✐♦♥ ✐♥ +❤❡ $❡)✐❞✉❛❧)✳

✺✳ ❆❞❞ +♦ +❤❡ ♣$❡❢❡$$❡❞ ❱❆❘ ♠♦❞❡❧ ♠ ❛❞❞✐+✐♦♥❛❧ ❧❛❣) ♦❢ ❡❛❝❤ ♦❢ +❤❡ ✈❛$✐❛❜❧❡) ✐♥+♦ ❡❛❝❤ ♦❢

+❤❡ ❡Q✉❛+✐♦♥) )♦ +❤❛+ +❤❡ ♠♦❞❡❧ ✐♥❝❧✉❞❡) ♣ ✰ ♠ ❧❛❣)✳

✻✳ ❚❡)+ +❤❡ ❤②♣♦+❤❡)✐) +❤❛+ +❤❡ ❝♦❡✣❝✐❡♥+) ♦❢ ✭♦♥❧②✮ +❤❡ ✜$)+ ♣ ❧❛❣❣❡❞ ✈❛❧✉❡) ♦❢ ❳ ❛$❡ ③❡$♦ ✐♥
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