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Model

Uvažujeme lineárńı regresńı model

yi ,t = x
⊤

i ,t

(
βi + δi I{t ≥ t0}

)
+ ei ,t , var ei ,t = σ2

i (1)

1 ≤ i ≤ N, 1 ≤ t ≤ T , 1 ≤ t0 ≤ T fixed
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Model - poznámka
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Problémy k řešeńı

jak odhadnout neznámé parametry modelu

rozhodnout, zda namě̌rená data jsou
”
homogenńı“, tj. lze je popsat

modelem (1), nebo zda došlo v pr̊ubehu času ke změně

v př́ıpadě zaḿıtnut́ı hypotézy homogenity odhadnout, kdy ke změně
došlo

rozhodnout, zda neošlo př́ıpadně k v́ıce změnám
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Problémy k řešeńı

jak odhadnout neznámé parametry modelu

rozhodnout, zda namě̌rená data jsou
”
homogenńı“, tj. lze je popsat

modelem (1), nebo zda došlo v pr̊ubehu času ke změně

v př́ıpadě zaḿıtnut́ı hypotézy homogenity odhadnout, kdy ke změně
došlo

rozhodnout, zda neošlo př́ıpadně k v́ıce změnám

jaký vliv by mělo, kdyby došlo ke změně jenom v některých panelech

jaký vliv by mělo, kdyby došlo ke změně nikoliv ve stejné době t0

jaký je vliv vybraných skupin panel̊u, např. odvětv́ı pr̊umyslu

jak moc mohou být data závislá

atd.
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Testová statistika

∑N

i=1

(
β̂i ,t − β̂i ,T

)⊤
C i ,t

(
β̂i ,t − β̂i ,T

)
(2)

kde
C i ,t = Z i ,tZ

−1

i ,T
Z i ,t , Z i ,t =

∑t

i=1
x i ,tx

⊤

i ,t .

β̂i ,t je odhad MNČ založený na prvńıch t-pozorováńıch pro i -tý
panel

β̂i ,T je odhad MNČ založený na všech pozorováńıch pro i -tý panel

σ̂2

i =
1

T − d

T∑

t=1

(
yi ,t − x

⊤

i ,tβ̂i ,T

)2
. (3)

Poznámky: • Volba C i ,t velmi ovlivňuje chováńı testové statistiky, byt’

asymptotika je mnohem
”
velkoryseǰśı“.

• Nešlo by σ2

i
odhadovat lépe? Předevš́ım za př́ıpadné alternativy.
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Co uḿıme

naj́ıt rozděleńı našeho odhadu
(podḿınky regularity jsou na dvě hustě popsané strany A4)

máme
”
napoč́ıtanou“ představu o tom, které volby matice C i ,t

funguj́ı

máme napoč́ıtány śıly vybraných test̊u pro r̊uzné modely a r̊uzné
typy změn

máme představu o výpočetńı náročnosti

máme představu o tom, jaký bootstrap použ́ıt a co přináš́ı
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Vybrané p̌redpoklady

as-8 Assumption 1.7.

1

N1/2

N∑

i=1

‖γi‖
2 = o(1).

Define

a2
i,t,1 = σ2

i

(
t∑

s=1

x⊤i,s(Z
−1
i,t − Z−1

i,T )Ci,t(Z
−1
i,t − Z−1

i,T )xi,s +
T∑

s=t+1

x⊤i,sZ
−1
i,TCi,tZ

−1
i,Txi,s

)

= σ2
i

{
tr((Z−1

i,t − Z−1
i,T )Ci,t(Z

−1
i,t − Z−1

i,T )Zi,t) + tr(Z−1
i,TCi,tZ

−1
i,T Z̃i,T−t)

}

= σ2
i tr(Ci,t(Z

−1
i,t − Z−1

i,T )),

A
(1)
N (t) =

∑

1≤i≤N

a2
i,t,1,

Si,t(j) =
t∑

s=1

xi,sεi,s.

For the existence of the asymptotic variance of UN(t) we require

ass-gamma Assumption 1.8. the function

Γ(1)(t, t′) = lim
N→∞

1

N

N∑

i=1

[
E
{
(Z−1

i,t Si,t − Z−1
i,TSi,T )

⊤Ci,t(Z
−1
i,t Si,t − Z−1

i,TSi,T )

×(Z−1
i,t′Si,t′ − Z−1

i,TSi,T )
⊤Ci,t′(Z

−1
i,t′Si,t′ − Z−1

i,TSi,T )
}
− a2

i,t,1a
2
i,t′,1

]

exists for all t0 ≤ t, t′ ≤ T − t̄0, where t0 = max(d, t1, t2) and t̄0 = t3.

Somewhere should be discussion when this is fulfilled. ??? Here probably one could take
into account assumptions in Baltagi et al (2016) First we consider the case when the effect
of the common factors is negligible i.e., A 1.5 is assumed.
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Vybraná tvrzeńı

Theorem 1.1. If H0 and Assumptions
as-1
1.1–

ass-gamma
1.8 hold, then we have

{
N−1/2

(
UN(t)− A

(1)
N (t)

)
, t0 ≤ t ≤ T − t̄0

}
D
→

{
ξ

(1)
t , t0 ≤ t ≤ T − t̄0

}
, (1.7)

where ξ
(1)
t , t0 ≤ t ≤ T − t̄0 is jointly normal with zero mean and covariance Γ(1)(t, t′) and

t0, t̄0 are defined in Assumption
ass-ga-1
??.

Next we consider the partial sums process VN(t) of the squares of the residuals, i.e. VN(t)
defined in (

V_N
1.6). Let

A
(2)
N (t) =

N∑

i=1

a2
i,t,2 with a2

i,t,2 = σ2
i

t∑

s=1

(

1− x⊤i,sZ
−1
i,Txi,s

)

.

It is easy to see that
a2

i,t,2 = σ2
i

(

t− tr(Zi,tZ
−1
i,T )

)

.

To get the limit distribution of VN(t) we need to replace Assumption
ass-ga-1
?? with

Assumption 1.9. the function

Γ(2)(t, t′) = lim
N→∞

1

N

N
∑

i=1

[

t
∑

s=1

t′
∑

s′=1

E
{

(εi,s − x⊤i,sZ
−1
i,TSi,T )(εi,s′ − x⊤i,s′Z

−1
i,TSi,T )

}2
− a2

i,t,2a
2
i,t′,2

]

exists for all 1 ≤ t, t′ ≤ T .

Theorem 1.2. If H0 and Assumptions
as-1
1.1,

as-0
1.3–

as-6
1.2,

as-8
1.7 and

ass-ga-2
1.9 hold, then we have that

{

N−1/2
(

VN(t)− A
(2)
N (t)

)

, 1 ≤ t ≤ T
}

D
→

{

ξ
(2)
t , 1 ≤ t ≤ T

}

, (1.8)

where ξ
(2)
t , 1 ≤ t ≤ T is jointly normal with zero mean and covariance Γ(2)(t, t′).

Here discussion about the related tests it means take max over t but it contains unknown
quantities, A

(j)
(t), j = 1, 2, depends only on σ2 we can use classical estimators than, e.g.,
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change in intercept with δ = (0.25, 0)⊤ change in slope with δ = (0, 0.25)⊤

number of panels number of panels

200 400 600 800 1000 200 400 600 800 1000

T = 50 0.074 0.154 0.214 0.292 0.370 0.320 0.678 0.868 0.946 0.988
T = 100 0.268 0.498 0.760 0.848 0.962 0.888 0.996 1 1 1
T = 150 0.504 0.892 0.972 0.996 1 0.996 1 1 1 1
T = 200 0.738 0.984 1 1 1 1 1 1 1 1

Tab. 7. Nominal rejection proportions; t0 = T/2; ϑ = 0.5; rejection rate at 5%.

change in intercept with δ = (0.25, 0)⊤ change in slope with δ = (0, 0.25)⊤

number of panels number of panels

200 400 600 800 1000 200 400 600 800 1000

T = 50 0.042 0.060 0.116 0.092 0.096 0.082 0.200 0.320 0.422 0.518
T = 100 0.090 0.164 0.238 0.342 0.366 0.360 0.652 0.894 0.964 0.984
T = 150 0.132 0.286 0.500 0.644 0.742 0.680 0.962 0.998 1 1
T = 200 0.282 0.494 0.736 0.860 0.930 0.890 0.994 1 1 1

Tab. 8. Nominal rejection proportions; t0 = T/2; ϑ = 0.25; rejection rate at 5%.
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Špatné zprávy

Funguje nám to pěkně na simulovaných datech, ale jakmile kolega
Hanousek přinese reálná ekonomická data, tak jsme . . .


