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1 Asymptotic local power for OLS-based tests

In this section we provide additional simulation results for asymptotic local power functions of
OLS-based tests by using teh same notation as in the main text (see Figures 5 and 6 in the main
text). Additional notation is used for break date estimators for ADF-OLS()), where A is a generic
break fraction: AP is the break fraction estimator proposed by Harvey and Leybourne (2013) and
A is the break fraction estimator based on first difference regression proposed by Harris ef al.

(2009).

*E-mail: antonskrobotov@gmail.com
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Figure 1. AcumnTotnueckas JloKajbHasi MOIHOCTb, ¢ = 20
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Figure 2. AcumnroTHueckas jokasnbHasi MOUHOCTb, ¢ = 30
ADF-OLS(A\Pm): —— ADF-OLS™>:— — MDF-OLS : ——, MDF-OLS,:- - -,

ADF-OLS(A) : — - —



2 Finite sample size (for Zivot-Andrews M DF-OLS test)
and finite sample power (for robust test for a break)

In this section we provide finite sample size of Zivot-Andrews M DF-OLS test for various x. We
also provide the finite sample size and power of robust tests for break, ¢y and ¢t py, proposed by
Perron and Yabu (2009) and Harvey ef al. (2009), respectively. The DGP is

Y = M_{_ﬁt_{_,)/TDE(AO)_Futat:la)Ta (1)
Uy = pTut—1+5t7t:27"'7T7 (2)

where 47 = kT~'/2 and the error term ¢, is generated according to either an 4.i.d sequence or the
AR(1) and MA(1) processes according to &; ~ i.i.d.N(0, 1) for the case of i.i.d., ey = ¢4 +
e, for the case of AR(1), and e, = e, — ¢e;_1 for the case of MA(1), where e, ~ i.i.d.N(0, 1).
The sample size ' € {100,200}, the break magnitude ~ € {0,2,...,40}, the parameter ¢ €
{-0.8,-0.5,-0.2,0,0.2,0.5,0.8}, the number of replications is 10,000.

Table 1. Finite sample size (for Zivot-Andrews test) and finite sample power (for robust test for a
break), AR(1) case, T'= 100, A = 0.15

K $=-08 é=-05 ¢ =—0.2 $=0 =02 $=05 $=08

ZA tgrrtpy ZA turrtpy ZA tgrprtpy ZA tgrritpy ZA tprrtpy ZA tprrtpy ZA tgrrtpy

0 0.04 0.11 0.14 004 0.12 0.15 007 0.15 0.11 0.05 0.17 008 0.02 0.18 0.13 0.04 024 0.13 0.06 0.44
2 0.04 0.14 024 004 0.18 020 0.07 0.19 0.13 0.05 0.20 0.11 0.02 020 0.15 0.04 024 0.13 0.07 0.44
4 0.04 028 054 004 036 039 0.06 033 0.20 0.05 029 0.18 0.02 028 021 0.03 027 0.15 0.07 045
6 0.06 059 086 0.05 066 0.68 0.06 0.55 0.37 0.06 0.47 034 0.03 041 035 0.04 033 0.19 0.07 047
8 0.13 087 098 0.07 090 090 0.06 0.79 0.60 0.06 0.67 0.55 0.04 0.57 0.51 0.04 0.40 0.23 0.07 048
10 025 098 1.00 0.11 0.98 0.98 0.08 093 082 0.09 084 0.77 0.06 0.74 0.68 0.04 049 031 0.07 0.50
12038 1.00 1.00 0.18 1.00 1.00 0.11 0.99 0.95 0.12 094 091 0.09 088 0.83 0.04 059 039 0.07 0.52
14 047 1.00 100 0.26 100 1.00 0.18 1.00 0.99 0.19 099 097 013 095 092 0.04 0.70 049 0.07 0.56
16 043 100 100 032 1.00 1.00 0.26 1.00 1.00 0.29 1.00 099 0.19 098 097 0.04 079 059 0.07 0.58
18 034 100 1.00 035 1.00 1.00 0.37 1.00 1.00 039 1.00 1.00 024 1.00 099 004 086 068 0.07 0.6l
20 0.22 1.00 1.00 0.32 1.00 1.00 049 1.00 1.00 050 1.00 1.00 0.28 1.00 1.00 0.04 092 0.77 0.08 0.66
22 0.14 1.00 1.00 0.30 1.00 1.00 0.58 1.00 1.00 0.56 1.00 1.00 029 1.00 1.00 0.04 096 0.85 0.07 0.69
24 0.07 1.00 1.00 0.24 1.00 1.00 065 1.00 1.00 061 1.00 1.00 029 100 1.00 0.04 098 090 0.08 0.72
26 0.04 1.00 1.00 0.19 1.00 1.00 0.67 1.00 1.00 062 1.00 100 028 100 1.00 004 099 094 0.08 0.76
28 0.02 1.00 1.00 0.15 1.00 1.00 0.68 1.00 1.00 0.57 1.00 1.00 025 100 1.00 004 100 096 0.08 0.79
30 0.0 1.00 1.00 0.12 1.00 1.00 0.66 1.00 1.00 053 1.00 1.00 022 100 1.00 004 100 098 0.08 0.83
32 0.0 1.00 1.00 0.09 1.00 1.00 0.62 1.00 1.00 046 1.00 1.00 0.18 1.00 1.00 0.04 1.00 0.99 0.08 0.86
34 000 1.00 1.00 0.09 1.00 1.00 0.59 1.00 1.00 039 1.00 1.00 0.14 1.00 1.00 0.04 1.00 0.99 0.08 0.89
36 0.0 1.00 1.00 0.08 1.00 1.00 0.53 1.00 1.00 032 1.00 100 0.10 1.00 1.00 0.04 1.00 1.00 0.09 0.91
38 002 100 1.00 0.07 1.00 100 045 1.00 1.00 026 1.00 1.00 0.08 1.00 1.00 0.04 1.00 1.00 0.08 0.93
40 0.02 1.00 1.00 0.07 1.00 1.00 0.39 1.00 1.00 020 1.00 1.00 006 100 1.00 0.04 100 100 0.09 0.94

0.19
0.19
0.20
0.20
0.21
0.22
0.24
0.26
0.28
0.30
0.33
0.35
0.38
0.43
0.45
0.49
0.53
0.58
0.61
0.65
0.69




Table 2. Finite sample size (for Zivot-Andrews test) and finite sample power (for robust test for a
break), MA(1) case, T'= 100, A = 0.15

* b=-08 $¢=-05 =02 6=0 $=02 6=05 $=08

ZA turritpy ZA tprrtpy ZA tprrtpy ZA tprritpy ZA tprrtpy ZA turripy ZA  tmrr tpy
0 044 008 059 0.13 0.10 042 0.09 0.14 0.12 005 0.17 0.08 0.02 0.18 0.12 0.02 0.19 0.12 0.01 0.19 0.17
2 031 0.18 081 0.12 0.16 044 0.09 0.19 0.14 005 020 0.11 002 022 0.16 0.02 020 0.14 0.01 020 0.18
4 023 054 096 0.09 040 054 0.08 033 0.19 0.05 029 0.18 0.02 033 027 0.02 024 0.16 0.0l 023 021
6 023 095 099 0.08 0.78 0.73 0.07 0.57 036 006 047 0.34 002 052 046 0.02 033 022 0.01 029 025
8 0.25 1.00 1.00 0.08 0.97 091 0.07 0.81 059 006 067 0.55 0.02 072 0.67 0.02 043 029 0.01 0.36 0.31
10 029 1.00 1.00 0.11 1.00 0.98 0.09 094 082 0.09 084 0.77 0.03 087 0.84 0.02 0.57 040 0.01 046 0.38
12 032 1.00 1.00 0.15 1.00 1.00 0.11 0.99 095 0.12 094 091 0.03 096 094 0.02 0.71 052 0.01 057 0.47
14 037 1.00 1.00 022 100 1.00 0.19 1.00 099 0.19 099 097 004 099 098 0.03 083 0.65 0.01 0.69 0.58
16 043 1.00 1.00 030 1.00 1.00 0.28 1.00 1.00 029 1.00 099 0.04 1.00 1.00 0.03 091 0.76 0.01 0.80 0.66
18 050 1.00 1.00 039 1.00 1.00 040 1.00 1.00 0.39 1.00 1.00 0.05 1.00 1.00 0.03 095 0.85 0.01 0.87 0.75
20 057 1.00 1.00 044 1.00 1.00 053 1.00 1.00 0.50 1.00 1.00 0.03 1.00 1.00 0.03 098 0.92 0.0l 093 0.83
22 061 1.00 1.00 049 1.00 1.00 063 1.00 1.00 056 1.00 1.00 0.03 1.00 1.00 003 099 096 0.01 097 0.89
24 064 1.00 100 052 100 1.00 071 1.00 1.00 0.61 100 1.00 002 1.00 1.00 0.02 1.00 098 0.0l 098 0.93
26 065 1.00 1.00 052 1.00 1.00 0.74 1.00 1.00 0.62 1.00 1.00 0.02 1.00 1.00 0.02 1.00 0.99 0.01 099 0.96
28 062 1.00 1.00 053 1.00 1.00 0.75 1.00 1.00 0.57 1.00 1.00 0.01 1.00 1.00 0.03 1.00 1.00 0.01 1.00 0.98
30 059 1.00 1.00 052 1.00 1.00 0.73 1.00 1.00 0.53 1.00 1.00 0.01 1.00 1.00 0.02 1.00 1.00 0.02 1.00 0.99
32 055 1.00 1.00 052 1.00 1.00 070 1.00 1.00 046 1.00 1.00 001 1.00 1.00 003 1.00 1.00 0.02 1.00 0.99
34 052 1.00 1.00 052 1.00 1.00 0.67 100 1.00 0.39 1.00 1.00 001 1.00 1.00 003 1.00 1.00 0.02 1.00 1.00
36 049 1.00 1.00 054 100 1.00 060 1.00 1.00 0.32 100 1.00 001 1.00 1.00 0.03 1.00 1.00 0.02 1.00 1.00
38 048 1.00 1.00 0.3 100 1.00 053 1.00 1.00 0.26 100 1.00 001 1.00 1.00 0.02 1.00 1.00 0.02 1.00 1.00
40 048 1.00 1.00 052 1.00 1.00 046 1.00 1.00 020 1.00 1.00 001 1.00 1.00 0.03 1.00 1.00 0.02 1.00 1.00




Table 3. Finite sample size (for Zivot-Andrews test) and finite sample power (for robust test for a
break), AR(1) case, T'= 200, A = 0.15

* b=-08 $¢=-05 =02 6=0 $=02 6=05 $=08

ZA turritpy ZA tprrtpy ZA tprrtpy ZA tprritpy ZA tprrtpy ZA turripy ZA  tmrr tpy
0 0.03 0.08 0.09 0.04 0.08 0.08 0.06 0.10 0.09 0.04 0.12 0.06 0.02 0.13 0.09 0.04 0.18 0.08 0.05 0.42 0.12
2 0.04 0.10 0.18 0.04 0.13 0.14 0.04 0.14 0.12 004 0.14 0.09 0.02 0.15 0.11 0.04 0.19 0.09 0.05 042 0.12
4 0.04 022 050 0.04 031 034 004 028 021 004 024 0.17 002 022 0.16 0.04 022 0.10 0.05 043 0.12
6 0.08 054 086 0.05 0.64 068 0.04 052 040 004 042 033 002 034 026 0.04 027 0.14 0.05 044 0.13
8 0.15 088 098 0.09 090 092 0.06 0.78 0.66 006 0.65 0.56 0.03 051 042 0.05 036 0.19 0.05 046 0.14
10 022 099 1.00 0.15 099 099 0.09 094 086 0.09 084 0.77 0.04 069 059 0.04 046 028 0.05 048 0.15
12 0.19 1.00 1.00 0.19 1.00 1.00 0.13 0.99 096 0.13 095 091 0.05 083 0.74 0.04 0.56 0.36 0.05 050 0.16
14 012 1.00 1.00 0.19 1.00 1.00 0.17 1.00 099 0.17 099 097 006 093 0.87 0.04 067 045 0.05 0.53 0.18
16 006 1.00 1.00 0.13 1.00 1.00 0.20 1.00 1.00 0.22 1.00 1.00 0.07 098 095 0.04 0.77 056 0.05 056 0.19
18 0.02 1.00 1.00 0.08 1.00 1.00 0.22 1.00 1.00 026 1.00 1.00 0.09 099 098 0.04 086 0.67 0.05 0.60 0.22
20  0.02 1.00 1.00 0.05 1.00 1.00 020 100 1.00 026 1.00 1.00 0.09 1.00 099 004 091 0.77 0.05 063 0.24
22 001 1.00 1.00 0.02 1.00 1.00 0.15 1.00 1.00 0.22 1.00 1.00 0.10 1.00 1.00 004 096 0.85 0.05 067 0.28
24 00l 1.00 100 0.01 100 1.00 O.11 1.00 1.00 0.18 1.00 1.00 0.10 1.00 1.00 0.04 098 0.90 0.05 0.71 0.30
26 001 1.00 1.00 001 1.00 1.00 0.07 100 1.00 0.13 1.00 1.00 0.10 1.00 1.00 005 099 095 0.04 074 0.33
28 0.01 1.00 1.00 0.01 1.00 1.00 005 1.00 1.00 0.09 1.00 1.00 009 1.00 1.00 0.05 1.00 0.97 005 0.78 0.37
30 001 1.00 1.00 0.0l 1.00 1.00 0.03 1.00 1.00 0.06 1.00 1.00 0.08 1.00 1.00 0.05 1.00 0.99 0.05 081 0.40
32 001 1.00 1.00 0.0 1.00 1.00 0.02 100 1.00 0.04 1.00 1.00 0.07 1.00 1.00 005 1.00 0.99 0.05 085 0.45
34 001 1.00 1.00 0.0 1.00 1.00 0.02 100 1.00 0.03 1.00 1.00 006 1.00 1.00 0.05 1.00 1.00 0.05 0.87 0.49
36 00l 1.00 1.00 0.01 100 1.00 002 1.00 1.00 0.02 100 1.00 005 1.00 1.00 0.05 1.00 1.00 0.05 0.90 0.53
38 001 1.00 1.00 0.01 100 1.00 001 1.00 1.00 0.01 1.00 1.00 004 1.00 1.00 0.05 1.00 1.00 0.05 0.92 0.57
40 0.01 1.00 1.00 0.01 1.00 1.00 0.02 100 1.00 0.01 1.00 1.00 0.03 1.00 1.00 005 1.00 1.00 0.05 093 0.60




Table 4. Finite sample size (for Zivot-Andrews test) and finite sample power (for robust test for a
break), MA(1) case, T'= 200, A = 0.15

* b=-08 $¢=-05 =02 6=0 $=02 6=05 $=08

ZA turritpy ZA tprrtpy ZA tprrtpy ZA tprritpy ZA tprrtpy ZA turripy ZA  tmrr tpy
0 0.19 0.15 0.73 0.07 0.07 023 0.06 0.10 0.10 004 0.12 0.06 0.02 0.12 0.09 0.03 0.13 0.09 0.01 0.13 0.11
2 0.11 0.19 082 006 0.11 025 0.05 0.13 0.12 0.04 0.14 0.09 0.02 0.14 0.11 0.02 0.14 0.10 0.01 0.14 0.11
4 0.10 049 093 0.06 035 041 005 028 021 004 024 0.17 002 022 0.18 0.03 0.19 0.14 0.01 0.18 0.14
6 0.14 098 1.00 0.06 0.78 073 0.05 0.54 039 004 042 033 002 036 0.30 0.02 027 0.19 0.01 023 0.18
8 0.22 1.00 1.00 0.10 098 095 0.06 0.80 0.65 006 0.65 0.56 0.04 056 048 0.03 040 029 0.01 032 025
10 025 1.00 1.00 0.16 1.00 1.00 0.10 0.95 0.86 0.09 0.84 0.77 0.05 0.74 0.67 0.03 0.55 041 0.01 043 0.34
12 022 1.00 1.00 022 1.00 1.00 0.14 099 096 0.13 095 091 0.06 0.88 0.82 0.03 0.68 054 0.01 054 0.43
14 0.16 1.00 1.00 024 100 1.00 0.19 1.00 099 0.17 099 097 008 095 092 0.03 081 0.67 0.01 0.66 053
16 0.12 1.00 1.00 020 1.00 1.00 0.24 1.00 1.00 0.22 1.00 1.00 0.10 099 0.98 0.03 091 0.79 0.01 0.78 0.64
18 0.09 100 1.00 0.14 1.00 1.00 0.26 1.00 1.00 026 1.00 1.00 0.12 1.00 099 0.04 096 0.88 0.01 0.87 0.75
20 0.09 1.00 1.00 0.09 1.00 1.00 025 100 1.00 026 1.00 1.00 0.12 1.00 1.00 004 099 094 0.02 093 0.83
22 009 1.00 1.00 0.05 1.00 1.00 0.19 1.00 1.00 0.22 1.00 1.00 0.13 1.00 1.00 004 1.00 098 0.0l 097 0.90
24 009 1.00 100 0.04 100 1.00 0.14 1.00 1.00 0.18 1.00 1.00 0.12 1.00 1.00 0.04 1.00 0.99 0.01 0.99 094
26 008 100 1.00 0.03 1.00 1.00 0.10 1.00 1.00 0.13 1.00 1.00 0.12 1.00 1.00 0.04 1.00 1.00 0.01 1.00 0.97
28 009 1.00 1.00 0.03 1.00 1.00 0.07 1.00 1.00 0.09 1.00 1.00 0.10 1.00 1.00 0.04 1.00 1.00 0.01 1.00 0.98
30 009 1.00 1.00 0.03 1.00 1.00 0.04 100 1.00 0.06 1.00 1.00 0.08 1.00 1.00 0.03 1.00 1.00 0.01 1.00 0.99
32 009 1.00 1.00 0.03 1.00 1.00 0.03 1.00 1.00 0.04 1.00 1.00 0.07 1.00 1.00 004 1.00 1.00 0.01 1.00 1.00
34 009 1.00 1.00 0.03 1.00 1.00 0.02 100 1.00 0.03 1.00 1.00 005 1.00 1.00 003 1.00 1.00 0.0 1.00 1.00
36 009 1.00 100 0.03 100 1.00 002 1.00 1.00 0.02 100 1.00 004 1.00 1.00 0.03 1.00 1.00 001 1.00 1.00
38 009 1.00 1.00 0.03 100 1.00 002 1.00 1.00 0.01 1.00 1.00 003 1.00 1.00 0.02 1.00 1.00 001 1.00 1.00
40 009 100 1.00 0.03 1.00 1.00 0.02 1.00 1.00 0.01 1.00 1.00 002 100 1.00 0.02 1.00 1.00 0.01 1.00 1.00




Table 5. Finite sample size (for Zivot-Andrews test) and finite sample power (for robust test for a
break), AR(1) case, T'= 100, A\ = 0.2

* b=-08 $¢=-05 =02 6=0 $=02 6=05 $=08

ZA turritpy ZA tprrtpy ZA tprrtpy ZA tprritpy ZA tprrtpy ZA turripy ZA  tmrr tpy
0 0.04 0.11 0.14 0.04 0.12 0.15 0.07 0.15 0.11 005 0.17 0.08 0.02 0.18 0.13 0.04 024 0.13 0.06 0.44 0.19
2 0.04 0.17 030 0.04 022 024 007 022 0.15 005 022 0.12 002 022 0.16 0.04 025 0.13 0.06 0.44 0.19
4 0.03 040 070 0.03 049 053 006 042 0.27 005 037 026 002 033 027 0.04 029 0.17 0.06 046 0.20
6 0.03 0.76 095 0.03 082 084 005 0.70 0.53 0.04 059 049 0.02 052 046 0.03 038 023 0.07 048 0.21
8 0.04 096 1.00 0.03 097 097 005 090 0.79 004 080 0.74 0.02 071 0.67 0.03 048 0.31 0.06 0.50 0.23
10  0.05 1.00 1.00 0.03 1.00 1.00 0.05 0.98 095 0.05 094 090 0.03 0.87 0.83 0.03 059 042 0.06 053 0.25
12 004 1.00 1.00 0.03 1.00 1.00 0.05 1.00 099 0.05 098 098 0.03 095 093 0.03 0.71 054 0.06 055 0.27
14 003 1.00 1.00 003 100 1.00 0.07 1.00 1.00 0.07 1.00 1.00 0.04 099 098 0.03 081 066 006 0.60 0.31
16 0.02 100 1.00 0.03 1.00 1.00 0.09 1.00 1.00 0.09 1.00 1.00 0.04 1.00 1.00 0.03 089 0.77 0.06 0.64 0.34
18 0.02 100 1.00 0.03 1.00 1.00 0.11 1.00 1.00 0.10 1.00 1.00 0.04 1.00 1.00 0.03 093 0.84 0.06 0.67 0.38
20 0.02 1.00 1.00 0.02 1.00 1.00 0.11 1.00 1.00 0.09 1.00 1.00 0.03 1.00 1.00 0.03 097 091 0.06 072 0.42
22 001 1.00 1.00 0.02 1.00 1.00 0.10 1.00 1.00 0.08 1.00 1.00 0.03 1.00 1.00 0.03 099 095 0.06 076 0.47
24 002 1.00 100 0.02 100 1.00 008 1.00 1.00 0.06 100 1.00 002 1.00 1.00 0.02 1.00 098 0.06 0.79 0.50
26 001 1.00 1.00 0.02 1.00 1.00 0.07 100 1.00 0.05 1.00 1.00 0.01 1.00 1.00 002 1.00 099 0.06 083 0.55
28 001 1.00 1.00 0.02 1.00 1.00 0.05 1.00 1.00 0.03 1.00 1.00 001 1.00 1.00 0.03 1.00 1.00 0.06 0.86 0.60
30 0.0l 1.00 1.00 0.02 1.00 1.00 0.04 100 1.00 0.02 1.00 1.00 001 1.00 1.00 0.03 1.00 1.00 0.05 0.89 0.65
32 001 1.00 1.00 0.02 1.00 1.00 0.04 100 1.00 0.02 1.00 1.00 001 1.00 1.00 003 1.00 1.00 0.06 092 0.69
34 001 1.00 1.00 0.02 1.00 1.00 0.04 100 1.00 0.02 1.00 1.00 001 1.00 1.00 002 1.00 1.00 0.06 094 0.73
36 00l 1.00 1.00 0.02 100 1.00 004 1.00 1.00 0.02 100 1.00 001 1.00 1.00 0.03 1.00 1.00 006 095 0.77
38 001 1.00 1.00 0.02 100 1.00 003 1.00 1.00 0.02 1.00 1.00 001 1.00 1.00 0.03 1.00 1.00 0.05 0.97 0.81
40 001 1.00 1.00 0.02 1.00 1.00 0.04 1.00 1.00 0.02 1.00 1.00 001 1.00 1.00 0.03 1.00 1.00 0.06 0.97 0.84




Table 6. Finite sample size (for Zivot-Andrews test) and finite sample power (for robust test for a
break), MA(1) case, T'= 100, A = 0.2

* b=-08 $¢=-05 =02 6=0 $=02 6=05 $=08

ZA turritpy ZA tprrtpy ZA tprrtpy ZA tprritpy ZA tprrtpy ZA turripy ZA  tmrr tpy
0 044 008 059 0.13 0.10 042 0.09 0.14 0.12 005 0.17 0.08 0.02 0.18 0.12 0.02 0.19 0.12 0.01 0.19 0.17
2 031 027 092 0.11 021 047 008 022 0.16 005 022 0.12 002 022 0.16 0.02 021 0.14 0.01 021 0.19
4 029 0.78 098 0.08 0.57 065 0.07 043 0.27 005 037 026 001 032 025 0.02 028 0.19 0.01 0.25 0.23
6 0.30 1.00 1.00 0.07 091 088 0.06 0.72 052 004 059 049 0.02 050 042 0.02 040 028 0.01 0.34 0.30
8 0.30 1.00 1.00 0.08 1.00 098 0.06 092 0.79 004 080 0.74 0.02 069 0.62 0.0 055 040 0.01 0.45 0.39
10 030 1.00 1.00 0.08 1.00 1.00 0.06 0.99 095 0.05 094 090 0.03 085 0.79 0.02 0.70 054 0.01 0.58 0.50
12 030 1.00 1.00 0.08 1.00 1.00 0.06 1.00 099 0.05 098 098 0.03 095 091 00l 083 070 0.01 071 0.61
14 030 1.00 1.00 009 100 1.00 0.08 1.00 1.00 0.07 1.00 1.00 0.03 098 097 0.01 092 082 001 082 0.72
16 029 100 1.00 0.09 1.00 1.00 0.10 1.00 1.00 0.09 1.00 1.00 0.03 1.00 0.99 0.01 097 091 0.01 090 0.82
18 029 100 1.00 0.10 1.00 1.00 0.13 1.00 1.00 0.10 1.00 1.00 0.03 1.00 1.00 0.0 099 096 0.01 0.95 0.89
20 029 1.00 1.00 0.11 1.00 1.00 0.14 1.00 1.00 0.09 1.00 1.00 0.02 1.00 1.00 001 1.00 098 0.01 098 0.94
22 028 1.00 1.00 0.11 1.00 1.00 0.13 1.00 1.00 0.08 1.00 1.00 0.02 1.00 1.00 0.01 1.00 1.00 0.01 099 0.97
24 026 1.00 100 0.10 100 1.00 0.10 1.00 1.00 0.06 1.00 1.00 001 1.00 1.00 0.01 1.00 1.00 0.01 1.00 0.98
26 026 1.00 1.00 0.09 1.00 1.00 0.08 1.00 1.00 0.05 1.00 1.00 0.01 1.00 1.00 001 1.00 1.00 0.01 1.00 0.99
28 025 1.00 1.00 0.08 1.00 1.00 0.07 1.00 1.00 0.03 1.00 1.00 0.01 1.00 1.00 001 1.00 1.00 0.01 1.00 1.00
30 025 1.00 1.00 0.08 1.00 1.00 0.06 1.00 1.00 0.02 1.00 1.00 001 1.00 1.00 0.02 1.00 1.00 0.01 1.00 1.00
32 024 1.00 1.00 0.08 1.00 1.00 0.05 100 1.00 0.02 1.00 1.00 001 1.00 1.00 0.02 1.00 1.00 0.01 1.00 1.00
34 023 1.00 1.00 0.07 1.00 1.00 0.05 100 1.00 0.02 1.00 1.00 001 1.00 1.00 001 1.00 1.00 0.01 1.00 1.00
36 022 1.00 1.00 0.08 100 1.00 005 1.00 1.00 0.02 100 1.00 001 1.00 1.00 0.02 1.00 1.00 001 1.00 1.00
38 022 1.00 1.00 0.08 100 1.00 005 1.00 1.00 0.02 1.00 1.00 001 1.00 1.00 0.02 1.00 1.00 001 1.00 1.00
40 022 100 1.00 0.07 1.00 1.00 0.05 1.00 1.00 0.02 1.00 1.00 001 1.00 1.00 0.02 1.00 1.00 0.01 1.00 1.00




Table 7. Finite sample size (for Zivot-Andrews test) and finite sample power (for robust test for a
break), AR(1) case, T'= 200, A = 0.2

* b=-08 $¢=-05 =02 6=0 $=02 6=05 $=08

ZA turritpy ZA tprrtpy ZA tprrtpy ZA tprritpy ZA tprrtpy ZA turripy ZA  tmrr tpy
0 0.03 0.08 0.09 0.04 0.08 0.08 0.06 0.10 0.09 0.04 0.12 0.06 0.02 0.13 0.09 0.04 0.18 0.08 0.05 0.42 0.12
2 0.03 0.12 024 0.04 0.15 0.17 0.04 0.16 0.13 004 0.16 0.10 0.02 0.16 0.12 0.04 0.19 0.09 0.05 042 0.12
4 0.03 033 068 0.03 044 050 0.04 037 030 004 031 024 002 026 021 0.04 025 0.12 0.05 043 0.13
6 0.03 0.74 096 0.03 080 085 0.03 0.67 0.58 003 055 048 0.02 044 0.37 0.04 032 0.18 0.05 045 0.14
8 0.04 097 1.00 0.03 097 098 0.03 090 084 004 080 0.75 0.02 065 0.58 0.04 044 027 0.05 047 0.15
10 0.04 1.00 1.00 0.04 1.00 1.00 0.04 098 096 0.04 093 092 0.02 082 0.77 0.04 056 039 0.05 051 0.18
12 002 1.00 1.00 0.04 1.00 1.00 0.04 1.00 1.00 0.05 099 098 0.02 093 090 0.03 0.68 050 0.05 054 0.20
14 002 1.00 1.00 0.02 1.00 1.00 0.04 1.00 1.00 0.06 1.00 1.00 0.02 098 096 0.03 079 063 0.04 0.57 022
16 0.0l 1.00 1.00 0.02 1.00 1.00 0.04 1.00 1.00 0.06 1.00 1.00 0.02 1.00 099 0.03 088 0.75 0.05 061 0.25
18 0.01 1.00 1.00 0.01 1.00 1.00 0.03 1.00 1.00 005 1.00 1.00 0.02 1.00 1.00 0.03 094 085 0.04 0.65 0.29
20 0.0l 1.00 1.00 0.02 1.00 1.00 0.03 1.00 1.00 0.04 1.00 1.00 0.02 1.00 1.00 0.03 097 091 0.04 069 0.32
22 001 1.00 1.00 0.0 1.00 1.00 0.02 1.00 1.00 0.03 1.00 1.00 001 1.00 1.00 002 099 096 0.04 074 0.38
24 00l 1.00 100 0.01 100 1.00 002 1.00 1.00 0.02 1.00 1.00 001 1.00 1.00 0.02 1.00 0.98 0.04 0.78 0.4l
26 001 100 1.00 0.02 1.00 1.00 0.02 1.00 1.00 0.02 1.00 1.00 001 1.00 1.00 0.02 1.00 0.99 0.04 0.82 0.46
28 001 1.00 1.00 0.02 100 1.00 002 1.00 1.00 0.02 1.00 1.00 001 1.00 1.00 0.02 1.00 1.00 0.04 0.85 0.52
30 001 1.00 1.00 0.0 1.00 1.00 0.02 1.00 1.00 0.01 1.00 1.00 0.01 1.00 1.00 0.02 1.00 1.00 0.04 087 0.56
32 001 1.00 1.00 0.02 1.00 1.00 0.02 1.00 1.00 0.01 1.00 1.00 0.01 1.00 1.00 0.03 1.00 1.00 0.04 090 0.61
34 001 1.00 1.00 0.0 1.00 1.00 0.02 100 1.00 0.02 1.00 1.00 001 1.00 1.00 002 1.00 1.00 0.04 093 0.66
36 00l 1.00 1.00 0.02 100 1.00 002 1.00 1.00 0.02 1.00 1.00 001 1.00 1.00 0.03 1.00 1.00 0.04 095 0.71
38 001 1.00 1.00 0.02 100 1.00 002 1.00 1.00 0.02 1.00 1.00 001 1.00 1.00 0.02 1.00 1.00 0.03 096 0.75
40 001 1.00 1.00 0.02 1.00 1.00 0.02 1.00 1.00 0.02 1.00 1.00 001 1.00 1.00 0.03 1.00 1.00 0.04 0.97 0.78
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Table 8. Finite sample size (for Zivot-Andrews test) and finite sample power (for robust test for a
break), MA(1) case, T'= 200, A = 0.2

* b=-08 $¢=-05 =02 6=0 $=02 6=05 $=08

ZA turritpy ZA tprrtpy ZA tprrtpy ZA tprritpy ZA tprrtpy ZA turripy ZA  tmrr tpy
0 0.19 0.15 0.73 0.07 0.07 023 0.06 0.10 0.10 0.04 0.12 0.06 0.02 0.13 0.08 0.03 0.13 0.09 0.01 0.13 0.11
2 0.11 026 087 0.06 0.15 028 0.05 0.15 0.14 004 0.16 0.10 0.02 0.16 0.11 0.03 0.15 0.11 0.01 0.14 0.12
4 0.10 0.74 098 0.04 0.51 055 0.04 037 029 004 031 024 002 027 021 0.02 023 0.17 0.01 020 0.16
6 0.11 1.00 1.00 0.04 092 090 0.04 0.68 0.56 003 055 048 0.02 045 0.37 0.02 034 026 0.01 0.28 0.23
8 0.12 1.00 1.00 0.04 1.00 1.00 0.04 092 084 004 080 0.75 0.02 067 058 0.02 051 040 0.01 041 0.34
10 0.12 1.00 1.00 0.056 1.00 1.00 0.04 0.99 096 0.04 093 092 0.02 084 0.78 0.02 0.68 058 0.01 055 0.47
12 011 1.00 1.00 0.05 1.00 1.00 0.05 1.00 1.00 0.05 099 098 0.02 094 091 0.02 082 072 0.01 068 0.59
14 011 1.00 1.00 0.04 100 1.00 0.05 1.00 1.00 0.06 1.00 1.00 0.02 098 0.97 0.0 092 084 0.01 0.80 0.71
16 0.12 1.00 1.00 0.04 1.00 1.00 0.05 1.00 1.00 0.06 1.00 1.00 0.02 1.00 0.99 0.02 097 093 0.01 0.89 0.82
18 0.11 1.00 1.00 0.04 1.00 1.00 0.04 1.00 1.00 005 1.00 1.00 0.02 1.00 1.00 0.02 099 097 0.01 0.95 0.90
20 0.11 1.00 1.00 0.04 1.00 1.00 0.04 100 1.00 0.04 1.00 1.00 0.02 1.00 1.00 001 1.00 0.99 0.00 098 0.95
22 0.10 1.00 1.00 0.04 1.00 1.00 0.03 100 1.00 0.03 1.00 1.00 001 1.00 1.00 0.01 1.00 1.00 0.00 0.99 0.97
24 0.10 1.00 1.00 0.04 100 1.00 003 1.00 1.00 0.02 100 1.00 001 1.00 1.00 0.01 1.00 1.00 001 1.00 0.99
26 0.10 1.00 1.00 0.04 1.00 1.00 0.03 1.00 1.00 0.02 1.00 1.00 001 100 1.00 0.01 1.00 1.00 0.00 1.00 1.00
28 0.10 1.00 1.00 0.04 1.00 1.00 0.03 1.00 1.00 0.02 1.00 1.00 001 1.00 1.00 0.01 1.00 1.00 0.01 1.00 1.00
30 0.10 1.00 1.00 0.04 1.00 1.00 0.03 1.00 1.00 0.01 1.00 1.00 0.01 1.00 1.00 0.01 1.00 1.00 0.01 1.00 1.00
32 0.10 1.00 1.00 0.04 1.00 1.00 0.03 1.00 1.00 0.01 1.00 1.00 0.01 1.00 1.00 0.02 1.00 1.00 0.01 1.00 1.00
34 009 1.00 1.00 004 1.00 1.00 0.03 100 1.00 0.02 1.00 1.00 001 1.00 1.00 001 1.00 1.00 0.01 1.00 1.00
36 0.10 1.00 1.00 0.04 100 1.00 003 1.00 1.00 0.02 100 1.00 001 1.00 1.00 0.01 1.00 1.00 001 1.00 1.00
38 009 1.00 1.00 0.04 100 1.00 003 1.00 1.00 0.02 1.00 1.00 001 1.00 1.00 0.01 1.00 1.00 0.01 1.00 1.00
40 009 100 1.00 0.04 1.00 1.00 0.03 1.00 1.00 0.02 1.00 1.00 001 1.00 1.00 0.01 1.00 1.00 0.01 1.00 1.00
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3 Further extensions

Based on the properties of our proposed modifications described in the previous section, these
procedures can be expanded in several directions. Furthermore, we briefly consider the following
generalizations indicating the associated limitations: the presence of more than one structural
break, and the presence of a priori information about the location of the break.

3.1 Multiple structural breaks

The test procedures discussed above can be used in a case of multiple structural breaks, because
if the number of breaks is more than taken into account when constructing the test, the power
will drop to zero. For the unit root tests we can consider two types of tests based on OLS- or
GLS-detrending, respectively, similar to the previous section. The infimum test based on GLS-
detrending was proposed by HLT2013 in the context of a case of multiple breaks, and this test was
effective under small initial conditions. The extensions of the OLS-based tests are constructed in
a similar way.

However, the problem of the construction of the effective combination of OLS-based tests un-
der large initial conditions has arisen. The behavior of the M DF-OLS with multiple breaks is
not investigated under fixed break magnitudes and unclear how large the magnitudes of breaks
should be in order experience serious size distortions with M DF-OLS. 1i we find an effective
combination of OLS-based tests, it could be used in similar strategies to those described in Sec-
tion 4, with the Kejriwal and Perron (2010) and Sobreira and Nunes (2012) procedures used as
pre-tests to determine the number of breaks (see also Sobreira et al. (2014)). However, the power
“valleys” for these strategies can be much more severe and can increase with the number of tests.
One might ask whether it makes sense in the case of, for example, three breaks, to use a fairly
complex combination of tests, and the best solution is to use only one test (with the maximum
number of breaks). We have left all these questions open for future research. Currently, the test
based on (augmented) Dickey-Fuller regression with with break dates estimators according Har-
vey and Leybourne (2013) (the ADF—OLStb(XDm) in case ol multiple breaks) seems to be the
most robust.

3.2 A prioriinformation on the break date

One modification when testing with the allowance for one structural break was proposed in Har-
vey et al. (2014). Many unit root tests with a break use the fact that the break can occur in any
location, except for some values at the beginning and end of the series. However, the researcher
may know some a priori information about the location of the break without knowing its exact lo-
cation. This approach was first considered by Andrews (1993) when testing for general structural
instability by motivating it using two examples: a significant political event (economic reform,
war, etc.) can occur in a certain period of time, but it is unknown exactly when the effects begin;
the event may occur on a certain date, but the effect occurs with some delay.

A priori information about the date of the break implies that the true break fraction is Ay €
A (Timid, ), where A (7p4,0) is a window in which the break occurs. This window is defined as
A (Tonidy 0) = [Tmia — 0/2, Tmia + 0/2], where 6 > 0 denotes the width of the window containing all
permissible break fractions, and 7,,;4 denotes the mid-point of the window. 7,,;,4 — 6/2 > 0 and
Tmia + 0/2 < 1is a requirement.
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Therefore, all minimizations considered in this paper are performed not on the whole set A =
[AL, Au], but on the set A (7,4, 0). Itis clear that the power of the test increases when there is more
known a priori information about the location of the true break date, i.e. with a decreasing value
of 0. The location of the break within the selected window has a small effect on the asymptotic size
and power. However, the size and power will be seriously downward biased if the information about
the true break date location is wrong, and the distortion increases as the error of this information
increases. Thus, all procedures considered in this paper can be easily expanded to cases of partial
information about the break date location.! The ox-code for calculating the critical values and
scaling constants for different § and 7,,,;4 is available on the author’s web-page.

'Note, that the M DF-OLS test can be used for all » if the break is occurred in the second half of sample.
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