
×ðåçìåðíàÿ ðåàêöèÿ ïðè ìåíÿþùèõñÿ âî âðåìåíè ïàðàìåòðàõ



×ðåçìåðíàÿ ðåàêöèÿ

Ïóñòü Ft,T � ïðîãíîç (öåíà ôüþ÷åðñà), ST � ðåàëèçàöèÿ. Coibion�Gorodnichenko

ñâÿçûâàþò îøèáêó ïðîãíîçà ñ åãî ïåðåñìîòðîì è óðîâíåì:

ST − Ft,T︸ ︷︷ ︸
forecast error

= α+ β1 (Ft,T − Ft−k,T )︸ ︷︷ ︸
forecast revision

+β2 Ft−k,T + εt,h.

• β1 > 0 � underreaction (information rigidity: ïðîãíîç íåäîñòàòî÷íî äâèãàåòñÿ íà

íîâîñòè);

• β1 < 0 � overreaction (ïðîãíîç äâèãàåòñÿ ñëèøêîì ñèëüíî è çàòåì ðàçâîðà÷èâàåòñÿ).

Çíà÷èìîñòü β1 îçíà÷àåò, ÷òî îøèáêà ïðåäñêàçóåìà, òî åñòü ïðîãíîç ðûíêà Ft,T ìîæíî

óëó÷øèòü.
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Extended CG (2015) regression: WTI Crude Oil

Horizon in days h = 30 h = 60 h = 180 h = 360

Constant 6.303*** 15.978*** 37.364*** 48.855***
(2.121) (4.229) (6.209) (4.797)

β1: forecast revision 0.166* 0.130 -0.383* -0.719***
(0.091) (0.132) (0.219) (0.186)

β2: lagged forecast -0.092*** -0.229*** -0.524*** -0.672***
(0.031) (0.063) (0.090) (0.067)

Observations 233 233 233 233

Note: Robust standard errors (HC1). *** p < 0.01, ** p < 0.05, * p < 0.10.
Sample period: January 2006 � September 2025. Each month we observe the spot price St+h on the contract's
expiration day t + h.
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Forecasting performance

Íàøåé öåëüþ ÿâëÿåòñÿ ïîïðîáîâàòü èñïîëüçîâàòü ìîäåëü äëÿ ïðîãíîçèðîâàíèÿ è

ïîñòðîåíèÿ òîðãîâûõ ñòðàòåãèé. Äëÿ íà÷àëà ïîïðîáóåì îöåíèòü êîýôôèöèåíòû íà

ñêîëüçÿùåì îêíå è ïîñìîòðèì íà êà÷åñòâî ïðîãíîçîâ ìîäåëè

Äàííûå. Ìåñÿ÷íûå ôüþ÷åðñíûå êîíòðàêòû íà íåôòü WTI, äíåâíàÿ ÷àñòîòà äàííûõ,

ïåðèîä ñ 1980-õ ïî íàñòîÿùåå âðåìÿ.

Îöåíêà. Ðåãðåññèþ îöåíèâàåì íà ñêîëüçÿùåì îêíå øèðèíîé ≈ 8 ëåò, îòäåëüíî äëÿ

êàæäîãî ãîðèçîíòà h.
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Äàííûå: hair graph
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Èñïîëüçóåìàÿ Ðåãðåññèÿ

Îáîçíà÷èâ ft = log Ft,T è ST = FT ,T :

fT − ft = α+ β1(ft − ft−k) + β2ft−k + ε,

∆ft = α+ β1∆ft−1 + β2ft−1 + ε,

fT = α+ (1+ β1)ft + (β2 − β1)ft−1 + ε.
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Ïðîãíîçû íà ñêîëüçÿùåì îêíå
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×òî ñëîìàëîñü

• Íàñ èíòåðåñóåò β1 (overreaction).

• Íî íà äëèííûõ ãîðèçîíòàõ ïðîãíîç

îïðåäåëÿåò ïàðàìåòð ñ óðîâíåì β2ft−k :

|β2| ðàñò¼ò ñ h.

• Ê 2008 èç-çà ïðîäîëæèòåëüíîãî ðîñòà

β2 > 0 ⇒ ìîäåëü ïðîãíîçèðóåò

äàëüíåéøèé îãðîìíûé ðîñò.
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Variance-Bias tradeo�

MSE(β̂) = Bias(β̂)2 +Var(β̂).

variance�bias tradeo�: äîïóñòèâ íåìíîãî

ñìåùåíèÿ (bias), ìîæíî ñíèçèòü

äèñïåðñèþ è ñðåäíþþ êâàäðàòè÷íóþ

îøèáêó îöåíêè. Òà æå èäåÿ

ïðîñëåæèâàåòñÿ âî ìíîãèõ ìåòîäàõ:

• àíñàìáëè ìîäåëåé;

• ïðåäïî÷òåíèå ïðîñòûõ ìîäåëåé

ñëîæíûì;

• VAR vs Local Projections;

• Ïðîêëÿòèå ðàçìåðíîñòè.
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Ñèíòåòè÷åñêèå äàííûå

Ïðè âûïîëíåíèè óñëîâèÿ Ãàóññà-Ìàðêîâà: OLS � BLUE: ìèíèìàëüíàÿ äèñïåðñèÿ ñðåäè

ëèíåéíûõ íåñìåù¼ííûõ îöåíîê.

Íî ýòî íå îçíà÷àåò, ÷òî äèñïåðñèÿ áóäåò ìèíèìàëüíîé ñðåäè âñåõ estimators, âêëþ÷àÿ

ñìåùåííûå (biased).

Ïóñòü äàííûõ ìàëî è îöåíêà íåñòàáèëüíà. Äîáàâèì ê âûáîðêå T ïðèäóìàííûõ

íàáëþäåíèé

Ysyn = 0, Xsyn = 1.

×òî ïðîèçîéä¼ò ñ íåñìåù¼ííîñòüþ, ýôôåêòèâíîñòüþ, ñîñòîÿòåëüíîñòüþ?
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Ñèíòåòè÷åñêèå äàííûå

Îöåíêà ñòàíîâèòñÿ ñìåù¼ííîé (ñäâèã ê 0) è áîëåå ýôôåêòèâíîé (äèñïåðñèÿ íèæå);

ñîñòîÿòåëüíîñòü ñîõðàíÿåòñÿ � ñ ðîñòîì ðåàëüíîé âûáîðêè âåñ ñèíòåòèêè ñòðåìèòñÿ ê

íóëþ.

Îáùèé âèä: äîáàâëåíèå Xsyn =
√
λ I , Ysyn = 0 äà¼ò

β̂ = (X ′X + λI )−1X ′Y = argmin
β

∥Y − Xβ∥2 + λ∥β∥2 (Ridge).

Äîáàâëåíèå òàêèõ èñêóññâåííûõ äàííûõ àíàëîãè÷íî ðåãóëÿðèçàöèè ñ L2-øòðàôîì �

Ridge. λ � âåñ øòðàôà.
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Ïðîãíîçû ñ ðåãóëÿðèçàöèåé
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Ðàñøèðåíèå âûáîðêè

Ïðåäñòàâèì, ÷òî åñòü ïðåæíÿÿ âûáîðêà, íà

êîòîðîé ïðîâîäèëîñü ñòàðîå èññëåäîâàíèå.

Äîáàâëÿÿ ê íåé íîâûå íàáëþäåíèÿ, ìû

îáíîâëÿåì îöåíêó.

Ïðåæíèå äàííûå èìåþò ïîõîæèé ýôôåêò, ÷òî è

ñèíòåòè÷åñêèå: ñäâèãàþò ðåçóëüòàò ê ïðåæíåé

îöåíêå � òîëüêî äàííûå ðåàëüíû. Ïî ñóòè

êîýôôèöèåíòó çàäà¼òñÿ íà÷àëüíîå

ðàñïðåäåëåíèå äî îöåíêè.

y x1 x2

0.03 0.10 4.2

−0.01 −0.05 4.3

0.02 0.08 4.1

−0.04 0.15 4.6

0.01 −0.02 4.5

ñåðûå � ïðåæíèå äàííûå,

ñèíèå � íîâûå
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Áàåéñîâñêàÿ îöåíêà

Âñå âûøåïðèâåäåííûå ìåòîäû îöåíêè � ÷àñòíûå ñëó÷àè áàéåñîâñêîãî ïîäõîäà.

• Frequentist (×àñòîòíûé ïîäõîä):
• Èñòèííûé ïàðàìåòð β � ôèêñèðîâàííàÿ, íî íåèçâåñòíàÿ êîíñòàíòà.
• Îöåíêà β̂ � ñëó÷àéíàÿ âåëè÷èíà, åå ñâîéñòâà çàâèñÿò îò âûáîðêè è ñàìîãî ìåòîäà
îöåíêè.

• Bayes (Áàéåñîâñêèé ïîäõîä):
• Ïàðàìåòð β � ñëó÷àéíàÿ âåëè÷èíà (îïèñûâàåòñÿ ðàñïðåäåëåíèåì).
• Prior p(β) îòðàæàåò ïðåäñòàâëåíèÿ î ïàðàìåòðå äî îöåíêè.
• Posterior p(β | Y ) îáíîâëÿåò ýòè çíàíèÿ ðåàëüíûìè äàííûìè Y .

p(β | Y ) =
p(Y | β) p(β)

p(Y )
=

p(Y | β) p(β)∫
p(Y | β) p(β) dβ
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Áàéåñîâñêàÿ îöåíêà

Ïóñòü çàäàíû íîðìàëüíîå ïðàâäîïîäîáèå è íîðìàëüíîå àïðèîðíîå ðàñïðåäåëåíèå:

Y = Xβ + ε, ε ∼ N (0, σ2I ) è β ∼ N (β0,Σ0)

Òîãäà àïîñòåðèîðíîå ðàñïðåäåëåíèå òàêæå íîðìàëüíî: β | Y ∼ N (β1,Σ1).

Îöåíêà ïàðàìåòðîâ:

Σ−1
1 = Σ−1

0 + σ−2X ′X ⇐⇒ Σ−1
OLS = σ−2X ′X

β1 = Σ1

(
Σ−1
0 β0 + σ−2X ′Y

)
⇐⇒ βOLS = ΣOLS

(
σ−2X ′Y

)
Ñâÿçü ñ Ridge-ðåãðåññèåé

Åñëè ó íàñ íåò íà÷àëüíûõ çíàíèé (β0 = 0) è (Σ0 =
σ2

λ I ), òî àïîñòåðèîðíîå ñðåäíåå â

òî÷íîñòè ñîâïàäàåò ñ Ridge-îöåíêîé:

β1 = (X ′X + λI )−1X ′Y = β̂Ridge
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Ïîñëåäîâàòåëüíîå îáíîâëåíèå

Áàéåñîâñêèé ïîäõîä ïîçâîëÿåò ïîñëåäîâàòåëüíî îáíîâëÿòü îöåíêó β ïî ìåðå ïîñòóïëåíèÿ

íîâûõ äàííûõ.

1. Îïòèìàëüíîå îáúåäèíåíèå äâóõ ñèãíàëîâ

Åñëè åñòü äâà ñèãíàëà z1, z2 ñ îøèáêàìè σ2
1, σ

2
2, òî îïòèìàëüíî:

x̂ =
σ2
2

σ2
1 + σ2

2

z1 +
σ2
1

σ2
1 + σ2

2

z2 ⇐⇒ 1

σ2
x̂

=
1

σ2
1

+
1

σ2
2

2.Ïîñëåäîâàòåëüíî îáíîâëåíèå

Çàäà÷à îáíîâëåíèÿ ñâîäèòñÿ ê íàõîæäåíèþ kt :

β̂t = (1− kt) β̂t−1︸︷︷︸
èñòîðèÿ

+kt zt︸︷︷︸
ñèãíàë

, ãäå kt =
σ2
β,t−1

σ2
β,t−1 + σ2

ε
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Ôèëüòð Êàëìàíà

Ôèëüòð Êàëìàíà ïîçâîëÿåò íàõîäèòü ñêðûòûå ñîñòîÿíèÿ (íàïðèìåð β) èç ñèãíàëîâ.

1 Prediction (Ïðîãíîç): Ïåðåñ÷åò Prior. Ïàðàìåòð βt è íàøà íåîïðåäåëåííîñòü

îòíîñèòåëüíî ïàðàìåòðà P = Var(βt | Y1:t−1) ñìåùàþòñÿ âî âðåìåíè ñîãëàñíî

çàäàííîìó ìîäåëüþ ïðîöåññó.

2 Update (Îáíîâëåíèå): Ó÷åò íîâûõ äàííûõ ïðîèñõîäèò ñ ó÷åòîì øóìà ñèãíàëà

R = Var(εt).

Ñâÿçü ñ òåîðåìîé Áàéåñà

Øàã Update � ýòî ïåðåìíîæåíèå Prior è Likelihood:

p(βt | Y1:t)︸ ︷︷ ︸
Posterior

∝ N (yt | βt ,R)︸ ︷︷ ︸
Likelihood (Íîâûé ñèãíàë)

× N (βt | β̂t|t−1,P)︸ ︷︷ ︸
Prior (Ïðîãíîç ìîäåëè)

Ìàêñèìóì ýòîãî Posterior (åãî ñðåäíåå) äàåò òî÷íî òó æå ðåêóðñèþ ñ âåñîì kt =
P

P+R .
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Îáíîâëåíèå

Îáíîâë¼ííàÿ îöåíêà:

β̂t|t = β̂t|t−1 + Kt

(
yt − Xt β̂t|t−1

)
Kt = Pt|t−1X

T
t

(
XtPt|t−1X

T
t + R

)−1

Âåñ Kt (Kalman gain) áîëüøå, åñëè

àïðèîðíàÿ íåóâåðåííîñòü P âåëèêà èëè

ñèãíàë òî÷åí (ìàëûé R).
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Ôèëüòð Êàëìàíà

Ìîäåëü ïðîñòðàíñòâà ñîñòîÿíèé (State-Space)

yt = Ztαt + εt , εt ∼ N (0,H) (óðàâíåíèå íàáëþäåíèÿ)

αt = Ttαt−1 + Rtηt , ηt ∼ N (0,Q) (óðàâíåíèå ñîñòîÿíèÿ)

1. Øàã ïðîãíîçà (Prediction)

at|t−1 = Tt at−1|t−1

Pt|t−1 = TtPt−1|t−1T
T
t + RtQR

T
t

2. Øàã îáíîâëåíèÿ (Update)

Kt = Pt|t−1Z
T
t

(
ZtPt|t−1Z

T
t + H

)−1

at|t = at|t−1 + Kt

(
yt − Zt at|t−1

)
Pt|t = Pt|t−1 − KtZtPt|t−1
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Ôèëüòð Êàëìàíà: TVP-ðåãðåññèÿ

Ñïåöèàëèçàöèÿ: αt = βt , Zt = Xt , Tt = I, Rt = I, H = R .

yt = Xtβt + εt , εt ∼ N (0,R) (óðàâíåíèå íàáëþäåíèÿ)

βt = βt−1 + ηt , ηt ∼ N (0,Q) (óðàâíåíèå ñîñòîÿíèÿ)

1. Øàã ïðîãíîçà (Prediction)

β̂t|t−1 = β̂t−1|t−1

Pt|t−1 = Pt−1|t−1 + Q

2. Øàã îáíîâëåíèÿ (Update)

Kt = Pt|t−1X
T
t

(
XtPt|t−1X

T
t + R

)−1

β̂t|t = β̂t|t−1 + Kt

(
yt − Xt β̂t|t−1

)
Pt|t = Pt|t−1 − KtXtPt|t−1
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Îöåíêà β2: ôèëüòð Êàëìàíà è ñêîëüçÿùåå îêíî
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Ïðîãíîçû ôèëüòðà Êàëìàíà (Q = 10−4)
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Îò ïðîãíîçà ê òîðãîâëå

Ïðîãíîç ŷt,h ñàì ïî ñåáå íå ïîçèöèÿ. Åãî ïðåâðàùàþò â ñèãíàë è ïîçèöèþ ïðàâèëîì

qt = g(ŷt,h); äëÿ òîðãîâëè âàæíî íàïðàâëåíèå, à íå òî÷íîå çíà÷åíèå, ïîýòîìó ïðàâèëî

ìîæåò áûòü ïðîùå ìîäåëè. Íàïðèìåð, ïîðîãîâîå ïðàâèëî:

qt =


+1, ŷt,h > τ,

0, |ŷt,h| ≤ τ,

−1, ŷt,h < −τ.
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Êðèòåðèè îöåíêè ñòðàòåãèé: ýôôåêòèâíîñòü

Òîðãîâóþ ñòðàòåãèþ îöåíèâàþò êîìïëåêñíî ïî ìåòðèêàì äîõîäíîñòè, ðèñêà è

ñòàáèëüíîñòè ïðîãíîçà, à íå òîëüêî ïî íàêîïëåííîé ïðèáûëè:

Ñðåäíÿÿ äîõîäíîñòü: R̄ =
1

n

n∑
t=1

Rt

Êîýôôèöèåíò Øàðïà: SR =
√
m

R̄ − rf
σ̂R

(m � ôàêòîð ãîäîâîé ÷àñòîòû)

Äîëÿ ïîïàäàíèÿ: Hit-Rate =
1

n

n∑
t=1

1
{
sign(ŷt) = sign(rt+1)

}
• Sharpe Ratio íîðìèðóåò èçáûòî÷íóþ äîõîäíîñòü íà âîëàòèëüíîñòü ïîðòôåëÿ.

• Hit-Rate ïîêàçûâàåò êà÷åñòâî áèíàðíîãî ïðîãíîçà íàïðàâëåíèÿ çíàêà (up/down).
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Êðèòåðèè îöåíêè ñòðàòåãèé: ðèñê è èçäåðæêè

Äëÿ ïðàêòè÷åñêîãî ïðèìåíåíèÿ ñòðàòåãèè êðèòè÷åñêè âàæíî îöåíèòü óñòîé÷èâîñòü ê

ïðîñàäêàì, òðàíçàêöèîííûå èçäåðæêè è ðûíî÷íûé ðèñê:

Ìàêñ. ïðîñàäêà (MDD): MDD = max
t

maxs≤t Vs − Vt

maxs≤t Vs
(ãäå Vt � êàïèòàë)

Ñâÿçü ñ ðûíêîì (íàïðèìåð, S&P 500) îòäåëÿþò ðåãðåññèåé CAPM:

Rt − rf = α+ β (Rm
t − rf ) + εt

Öåëü ñòðàòåãèè: îáû÷íî âûñòóïàòü ýëåìåíòîì äèâåðñèôèöèðîâàííîãî ïîðòôåëÿ. Äëÿ

ýòîãî èùóò çíà÷èìóþ α (äîõîäíîñòü ñâåðõ ðûíêà) ïðè ìèíèìàëüíîé ðûíî÷íîé

ýêñïîçèöèè β.
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