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Introduction

I. Change point detection in panel data — location model

o
detekci
zmeén v
panelo-

vych
datech

The considered model:

Marie
Huskova

Xie =pi+0il{t >t} +eis, 1<i<N1ILSELST, (1) I

autori

Introduction

€j,¢ — error terms with Ee; ; = 0 for all i and t plus additional properties
to = | TOo], 00 € [0,1) — the time of change, unknown

pj and 6; = §; y — might be non-random or random

i changes to p; + 0; v in panel  at time tg

no parameter of factor loading in i-th panel

Typically, both T and N are assumed to be large.

At first we consider both T and N large but then N large and T fixed or moderate.
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Introduction

(i) The null hypothesis et
Ho: 6;=0 forall1<i<N. zmén v

panelo-

(ii)If Ho rejected change point tg should be estimated S

. . . . .. Marie

Motivation: financial econometrics (influence of crisis, influence of change of rules,...) Huskova
a spolu-

autori

Tests — Chan, Horvath, Huskova (2013)

N 2 )
1 T 1 k k(T — k) Introduction
VN’T(k)Nl/z 71((_,__/() izgl |:a"2 (5,(k)— 75,(7—)) —4_,_ :| ’

K
Si(k) = ZXi,j

j=1
maxy |V, 7 (k)| — test statistic

For large values the null hypothesis is rejected
Approximation of critical values based on limit distribution (max(T < N) — oo)

limit distribution under Hp - supremum of Gaussian process
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Introduction

Estimators @
detfk:l

Model: ::1::;;
Xip =pi+0i{t >to} +vint +ee, 1<i<NILStELST S

Marie

~ine — common factor —they common factors is negligible, it is dominating represents Huskova

a spolu-
autori

dependence among panels (unknown)-it can influence the limit behavior of the estimator

The estimator /t\N;,— for to is defined as a maximizers of the sum of the CUSUM
processes across the panels:

Introduction

N

N k
tn,T = argmaxj<e 7l Z (Si(t) - ?S,-(T))|
i=1

Limit behavior of the estimator studied under several setups ( the influence of common
factor is negligible or it is dominating or both errors and common factors influence)

Bai (2010), Horvath et al (2017)
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N large, T fixed or moderate

Detection of a change in panel data when N is large and T is fixed

o
detekci

Model: pe‘a’;:Lo—
datech
Yie=x](Bi+0il{t>to})+ e, 1<i<N and 1<t<T,

Marie
Huskova
where x; ¢+ = (xj ¢(1), ... ,x,-,t(d))T random or nonrandom a spolu-

autori
B; € RY an unknown regression vector in the jith

The regressor in the ith panel changes from 3; to B; + §; at time to, where tg is

unknown.

panel

Possible motivation: Test for breaks in coefficients for the US mutual fund return data
around the sub-prime crisis — January 2006 to February 2010 this corresponds with
other studies (e.g. Dick-Nielsen, Feldhtter, and Lando, 2012). The Fama-French three
factor model is used .

the used estimators:

Bie= X! Xie) "X, Yie, tn<t<T,

-
Yie=i1,Yi2 - Yit)

-
Xie = (Xi1,Xi2,- -5 Xit)

T
zi,t = Xiytxi,tv
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N large, T fixed or moderate ~ Tests and estimators

Tests and estimators

detekci
zmeén v

Our interest to test the null hypothesis there is no change, i.e. panelo-
vych

N datech
Ho: Y ll&il =0, Ui
i=1

Huskova

a spolu-
autori

where || - || denotes the Euclidean norm in RY
and to estimate the change point tp.

e Assumptions on the error terms e ;:

-
et =€t +v; Mt

e =(gi1,..--,€i,7), i=1...,N,—independent zero mean random vectors and fimators
var(gi ) = O"-z, Eejeit, =0foralliand 1 <t; <t < T plus some higher moments
finite.

{Ae, t=1,..., T} and {g;, i =1,..., N} are independent

~; — loading factors and Ay — common factors (random vectors)
— they make problem neither of these factors are known
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N large, T fixed or moderate ~ Tests and estimators

e Assumptions on xj; — uniformly bounded and there exit the inverse matrices of degk:i
Z}:l X,'JX,-:,’-— zZmeén v
panelo-
e C;; for all i, t are symmetric non-negative definite and uniformly bounded d:};::h
Marie
Possible test statistics 1 < t < T, T — finite: :h:p:i“
autori
N . ~ T ~ ~
=> (ﬁi,: - r@i,T> Ci,r(ﬂ‘,t - ﬂi,T)
i=1

Bir—-LSEof B; , basedon Y, j=1,...,t

With particular choices of C;; we get, e.g.,

Una(t) = XN: (3;,r - Ei,t) TCi,t,l (Bi,t - Bi,t):
,;11 )
UN Z(t Z(ZXI,J(YJ ,_, i T))

i=1

t
X CLnZ(ZXi,j(Vi,j —-x/; i,T))
j=1
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N large, T fixed or moderate ~ Tests and estimators

Test based on et
max |Un(t) — Eng Un(t)] zmen v

t panelo-

. - ych
Notice that under Hp and negligibility of common factors datech

En Un(t) = 02tr{C; o(Z}} — Z;7 1)}

t
o T
Zie =Y xijx};
Jj=1

2 acti ~2
o estimated by o7}

Under null hypothesis, some assumptions and "small"common factors, i.e.

. 1 5 fimators
N"_T)o WH"HH =0

then

(Un(t) — Epg UN(t))m has asymptotically N(0,1) as N — oo

Marie Huskova a spoluautori ( Charles Unive O detekci zmeén v panelovych datech ROBUST 2018, Rybni 11 / 35



N large, T fixed or moderate ~ Tests and estimators

Test statistics: de&ci
1 zmeén v

_ _ 2 . -1_ z-1 par’|e|o—

Uy = max 7m|UN(f) oitr{Ci.e(Z;; — Z; 7))} d:};::h

o 1 ~2 -1 —1
Un = max ﬁWN(t) —o;tr{Ci(Z;; — Z; 1)}

For large values the null hypothesis is rejected, critical values needed.

Approximation of critical values obtained through wild bootstrap:
~ ~ - ~ ~
die = (Bie —Bi1) Cit(Bie—BiT)

and es-
timators

_ _ 1 M
d’?,t zgi(¢i,t_¢t)7 ¢t = NZ@',(’
i=1

&, ..., & —i.i.d. r.v. with zero mean and unit variance independent on Y ;
1N
~k *
Uy = max —| Pie
¢ N ; "

By simulations this is working reasonably well .
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N large, T fixed or moderate ~ Tests and estimators

Alternatives @

detekei

zmeén v

lo-

Choose Pi;:ho

Ci:+=2i:G;1Z;+ where G; T is semi-definite il
and if

1 —_ > > —
W pCH (Zi,toz,-}zi,toGiTZi,toZ,-}zi,to)‘si — 00
i

then the test is consistent.

and es-
timators
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N large, T fixed or moderate ~ Tests and estimators

Simulations @
detekei

zmeén v

. panelo-
Linear model vych

datech

Vie=xT(Bi+8il{t>to}) + e, 1<i<Nandl<t<T,

with d =2,8 = (1,2)7
Cit=Zi+Zj;.
xi+ — N(1,1) independent

e; = (ei1,-.-,e,71)7,i=1,...,N —independent random vector s normal distributions
with zero mean and various dependence structures

and es-
timators
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N large, T fixed or moderate ~ Tests and estimators

A. Empirical versus theoretical significance level d f’k .
letekcl
TABLE 1.1. Simulation Result for H, zmen v
panelo-
2 2 ot 22 7
o7 known o} estimated by 6; datech

T\N N100 N200 N500 N1000 N100 N200 N500 N1000

T50 0.045 0.049  0.051 0.055| 0.037  0.040  0.052 0.048
IID T100 0.049 0.044 0.044 0.051| 0.044 0.045 0.041 0.033
T200 0.056 0.045 0.047 0.043 | 0.039  0.049 0.049 0.043

T50 0.042  0.041  0.039 0.047| 0.032 0.036 0.032 0.043
Unt,iqual T100 0.039 0.028 0.046 0.045| 0.039 0.041 0.030 0.040
Variance T200 0.040 0.041 0.039 0.033 | 0.037 0.035 0.051 0.039

T50 0045 0037 0056  0.048] 002 0036 0027 0029
GARCH(1,1) T100 0038 0048 0051  0042| 0.031 0025 0037  0.045
T200 0040 0044 0040  0.037| 0054 0047 0049  0.040

and es-
timators
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N large, T fixed or moderate ~ Tests and estimators

L. ®
B. Empirical power et
TABLE 2.1. Simulation Result for H, with § = 0.1 zmen v
panelo-

vych
change in intercept & = (0.1,0)" change in slope § = (0,0.1)" datech

number of panels number of panels
N100 N200 N500 N1000 N100 N200 N500 N1000

o? known

T50 0.047 0.086 0.175 0.37 0.151  0.377  0.834 0.987
T100 0.112 0.26  0.648 0.934 0.59  0.933 1 1
T200 0403 0.792 0.994 1 0.99 1 1 1

11D o? estimated by 67
T50 0.042 0.071 0.172 0.35 0.139 0.35 0.765 0.981
T100 0.113 0.264 0.625 0.904 0.569  0.914  0.999 1
T200 0408 0.791 0.998 1 0.986 1 1 1

o? known
T50 0.043  0.068 0.161 0.339 0.123  0.308 0.787 0.972
T100 0097 0235 0598  0901| 0559 0.903 1 1 and es-

T200 0402 0.736  0.993 1 0.983 1 1 1

Unt%qutzl o? estimated by 67
Variance T50 0.036  0.046 0.149  0.284 0.13  0.307  0.765 0.976
T100 0.088 021 0576  0.888 0.522  0.885  0.999 1
T200 0376 0.754 0997 1 0.987 1 1 1

o? known

T50 0.041  0.06 0.123  0.295 0.098  0.251  0.693 0.96
T100 0.076  0.219 0.55 0.884 0.525  0.895  0.999 1
T200 0423 0.759 0994 1 0.983 1 1 1

GARCH(1,1) o? estimated by 67
T50 0.027 0.043 0.124 0.269 0.104 0277 0.666 0.96
T100 0.085 0.19  0.541 0.892 0.504  0.878 1 1
T200 0.38  0.785 0.99 1 0.988 1 1 1
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N large, T fixed or moderate ~ Tests and estimators

C. Changes in some panels ©
g P detekei
TABLE 3.1. Simulation Result for H4 with § = 0.25 and v = 0.5 ::1::;;
change in intercept § = (0.25,0) change in slope & = (0,0.25)" vych

number of panels number of panels datech
N100 N200 N500 N1000  N100 N200 N500 N1000

sigmasq known

T50 0251 0.535 0.942 1 0.884  0.998 1 1
T100 0.789  0.985 1 1 1 1 1 1
T200  0.999 1 1 1 1 1 1 1
o sigmasq unknown
T50 0227 052 0.939 1 0.895 1 1 1
T100 0.778  0.986 1 1 1 1 1 1
T200 1 1 1 1 1 1 1 1
sigmasq known
T50 0.24 0518 0928  0.999 0.876 1 1 1
T100 0.751  0.985 1 1 1 1 1 1
T200 1 1 1 1 1 1 1 1
nequal Variance sigmasq unknown
T50 0.18 0467 0.924  0.999 0.839  0.999 1 1 glers
T100 0735 0977 1 1 0. 1 1 1
T200 0.997 1 1 1 1 1 1 1
sigmasq known
T50 0164 044 0.9  0.99 0.831  0.991 1 1
T100 0.736  0.973 1 1 0.999 1 1 1
T200 1 0.999 1 1 1 1 1 1
GARCH(1,1) sigmasq unknown
T50 043 0378 0879 0.995 0.81  0.988 1 1
T100 0.712 0972 1 1 1 1 1 1
T200 0.998 1 1 1 1 1 1 1
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N large, T fixed or moderate ~ Tests and estimators

Influential common factors

o
detekei
. zmeén v
Assumptions: panelo-

vych
datech

— Z l7;lI> = O(1) with some numerical sequence ry/N*/? — cc. Marie

Huskova
a spolu-
autor

N—oo ry

Q(s,v,z) = lim Z’y iX; ( Z:.1r> Ci. (Z:zl -Z; '1r) X ‘,'y, ,
i=
1 <s,v<z<T, exists and there are sp, vo and zp such that 1 <sp,vo <z < T,
and at least one element of Q(so, vo, 20) is different from 0.

Then under Hp and the above assumptions
tlmators

1 _ _
{ - (Un(e) —AD@®), to<t<T—%) B (¥ g <t<T—%),

where

t
STAQGs, v, A, t<t<T-T.

s,v=1

Marie Huskova a spoluautori ( Charles Unive O detekci zmeén v panelovych datech ROBUST 2018, Rybni



N large, T fixed or moderate ~ Tests and estimators

Estimators of ¢, ® .
detfk:l

Possible estimator of to for C; ; = Z; G 7Z;; where G; T is semi-definite: :?:e’]o‘f
vych

datech

argmax{|Un(t) — EoUn(t)|}

under some additional assumptions

If 1
— > " |lill> = 0p(1)
W

for some ry /N — oo and

1 15 = _
o207 (2102172100 Gir ZieoZi 1 2k ) 1 = 00 i)
i

then the estimator is consistent, e.i. P(ty = to) — 1

Marie Huskova a spoluautori ( Charles Unive O detekci zmeén v panelovych datech ROBUST 2018, Rybni 19 / 35



N large, T fixed or moderate ~ Tests and estimators

o
detfk:i
L T 13 R o
N Zéi (zl',tozi,TzivfGTzi;tzi,Tz",fo>5iv t > to, :392111
i atec

—Zé (ZI toZ %—Zi,tGTZi,tz,-_,;-zi,to)aiv t < to.

The upper terms for t < tg are nondecreasing and for for t > tp are nonincreasing. So
that we still need for consistency that the term for t = tg is the larger one.

tlmators
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N large, T fixed or moderate  Application

Application — The capital asset pricing model(CAPM)

o
detekci
zmeén v

Test for breaks in coefficients for the US mutual fund return data around the sub-prime [RS¥
crisis — January 2006 to February 2010 this corresponds with other studies (e.g. a:.z::h
Dick-Nielsen, Feldhiitter, and Lando, 2012).

The Fama-French three factor model augmented with the Carhart (1997) momentum ST
factor is defined as a spolu-

autori

Ri ¢ — R{ =i+ (R:V’ - Rtf)ﬂm + R:IMLB'HML

3 it
SMB SMB |, pMOM aMOM
+RETTBYYT A RO B i,

1<t<T,1<i<N
Ri.+ — Rf — the excess return on the mutual fund
RM — Rf — the market risk premium

R{"ML — the return difference between portfolios with the highest decile of stocks and Application
lowest decile of stocks across in terms of the ratio of book equity-to-market equity

(HML);

RSMEB _ the return difference between portfolios with the smallest decile of stocks and

the largest decile of stocks in terms of size (SMB);

RMOM is the momentum factor calculated as the return difference between portfolios
with the highest decile of stocks and lowest decile of stocks in terms of recent return
(i.e., momentum, or MOM);

ej ¢+ are the random errors.

Marie Huskova a spoluautori ( Charles Unive O detekci zmeén v panelovych datech ROBUST 2018, Rybni 21/ 38



N large, T fixed or moderate  Application

Data — selected the mutual funds that have no missing returns for the period of the degk:i
subprime crisis (January 2006 to February 2010). zmén v
panelo-

e vych
Categories: dutech
Large Blend, Large Growth, Large Value, HMTC'
Middle Blend, Middle Growth, Middle Value, a:“PtZI,Li"

Small Blend, Small Growth and Small Value.

The developed test procedure applied — test statistics, critical values, change point
estimators, some illustrative graphs

N o N\T ~ .
Un(t) = Z (ﬁi,t - ﬁi,T) Cit (3i,r - 5;,T>

i=1

Application

-
- VN

Vy = max Vn(t)

Vin(t) [Un(t) — Eno Un(t)

Marie Huskova a spoluautori ( Charles Unive O detekci zmeén v panelovych datech ROBUST 2018, Rybni 22 / 38



N large, T fixed or moderate  Application

10.4. Result of the First Interested Period: January 2006 to February 2010. '"
Table 10.1 shows the test result of the first interested period.

TABLE 10.1. Test Result
Category Vw 10%CV 5%CV 1%CV ¢ T N

Large Blend ~ 47120.28 18360.55 21964.06 28961.44 32 50 639
Large Growth 1496238 36993.04 43448.65 56891.96 39 50 748
Large Value  48210.06 9137.873 10575.63 1323853 38 50 528
Middle Blend ~ 81238.26 38006.6 ~ 44298.88 56424.48 39 50 145
Middle Growth 151827.1 23034.25 26999.37 34195.55 39 50 329
Middle Value ~ 36235.31 14909.84 17268.74 21878.15 34 50 173
Small Blend ~ 37067.02 1489347 17363.72 22394.08 39 50 279
Small Growth 6700426 14741.61 16944.26 2157451 33 50 313
Small Value 405825 355035  41432.85 5251034 - 50 135
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N large, T fixed or moderate  Application

. o
Vn(t) and critical values detekei

for aggressive mutual funds(upper) and large blend mutual funds(lower) zmen v
panelo-
vych
datech

Figure 10.2 shows V() and critical values for the category of aggressive mutual funds

FIGURE 10.2. Viy(t) and Critical Values

Figure 10.3 shows

((t) and critical values for the category of large blend mutual funds.
Application

FIGURE 10.3. Vy(t) and Critical Values
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N large, T fixed or moderate

Application

Figure 10.4 shows Vy(#) and critical values for the category of large growth mutual funds

FIGURE 10.4. Vy(t) and Critical Values

Figure 10.5 shows Viy(t) and critical values for the category of large value mutual funds

Marie Huskova a spoluautori

FIGURE 10.5. Vy(t) and Critical Values

( Charles Unive
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N large, T fixed or moderate  Application

o
TABLE 11.1. Test on Selected Panels detekei
zmeén v
Smallest Largest Pa'.'°L°'
beta = 0.1 1-beta = 0.1 vye
_ _ datech
Category Vv 10%CV 5%CV 1%CV i T N Category Vv 10%CV 5%CV 1%CV i T N
Large Blend 6239 6280 7480 9814 32 50 66 Large Blend 108517 52249 62346 80453 32 50 66

Large Growth 15016 8517 9606 11926 34 50 75  Large Growth 243320 11077 131786 171330 39 50 75
Large Value 17068 9176 10289 12922 38 50 53  Large Value 89840 13956 16102 20585 39 50 53
Middle Blend 14583 10772 12807 16281 39 50 15  Middle Blend 212368 73717 86487 111756 39 50 15
Middle Growth 13542 7949 9016 11524 39 50 33  Middle Growth 220673 28754 33202 41498 39 50 33
Middle Value 10930 15216 18017 23595 39 50 18  Middle Value 76995 30573 787 46239 34 50 18
Small Blend 24807 10627 12556 16474 39 50 28  Small Blend 84757 24902 29248 37366 39 50 28
Small Growth 9870 9556 11200 14335 31 50 32 Small Growth 109139 24987 29106 37693 32 50 32
Small Value 16839 15461 18065 22683 39 50 14  Small Value 110660 93172 108716 144201 39 50 14

beta = 0.25 1-beta = 0.25

Large Blend 4896 4260 4952 6519 32 50 165 Large Blend 88610 34218 40323 53865
Large Growth 18225 8429 9631 12261 32 50 187  Large Growth 237686 71132 84844 112372
Large Value 13205 6385 7188 8726 38 50 132 Large Value 87720 12399 14246 2
Middle Blend 11826 10151 11796 14737 39 50 37 Middle Blend 159071 75943
Middle Growth 9716 6285 7133 8723 33 50 83 Middle Growth 227813
Middle Value 8273 10685 12647 16377 39 50 44 Middle Value 67462
Small Blend 20421 T444 8559 11018 39 50 70 Small Blend 82266
Small Growth 9186 6573 7701 9716 31 50 79  Small Growth 109459
Small Value 13796 10901 12570 15802 39 50 34 Small Value 88383

beta = 0.4 1-beta = 0.4

Large Blend 3807 3464 4025 5342 32 50 264 Large Blend 76061 27238 32496 42417 32 50 264
Large Growth 23203 T141 8292 10420 32 50 299  Large Growth 221431 57417 68238 89051 39 50 299
Large Value 10506 5336 5964 7302 38 50 211  Large Value 82159 11604 16714 38 50 211
Middle Blend 8304 8391 9670 12141 39 50 58 Middle Blend 132045 54321 64841 86547 39 50 58
Middle Growth 23953 6253 7154 8003 32 50 132 Middle Growth 216500 26496 30473 39857 39 50 132
Middle Value 6604 8442 9947 12998 34 50 69  Middle Value 60437 21284 24728 31868 34 50 69
Small Blend 16667 6311 7308 9364 39 50 112 Small Blend 72680 20515 23864 30195 39 50 112

31

39

32140

Application

39 50 70
32 50 78
97039 39 50 34

Small Growth 7951 5836 6714 8365 50 125  Small Growth 101291 19367 22299 28391 32 50 125
Small Value 11372 9000 10333 13161 50 54 Small Value 73969 52567 61312 79992 39 50 54
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N large, T fixed or moderate  Application

FIGURE 11.1. Large Blend detekei
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datech
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N large, T fixed or moderate  Application

o
FIGURE 11.3. Large Growth .
detekei
< All Panels €
g T zmeén v
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g datech
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