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1 Simulation experiment

We use a small simulation experiment to asses the model selection properties of our proce-
dure and compare the performance to the structural break tests of Bai and Perron(1998,
2003). As a base case we have a model without structural breaks,

Y, =1+0.49y, 1 —0.64y,_ 1 +&;, 02 =05, T =270. (DGP 1) (1)

This model has complex roots with a modulus of 1.25 and a period of 5 and the uncondi-
tional expectation of y; is F (y;) = 0.87. For the remaining DGPs we introduce structural
breaks at ¢ = 75 and ¢ = 190. The first regime thus contains 75 observations (although
some of these will be lost due to lags), the second regime contains 115 observations and
the last regime 80 observations. In each case the outer regimes are the same as the base
case and we modify the inner regime.

In the first set of structural break DGPs only the constant changes and the dynamics
are unaffected by the break. We consider 5y = 1.5, 1.75 and 2.0 corresponding to un-
conditional expectations for the inner regime of £ (y;) = 1.31, 1.56 and 1.75. We refer to
these as DGPs 2a, 2b and 2c.

The second set of structural break DGPs consider changing dynamics. We first con-
sider a relatively small change where the modulus of the inner regime is 5 (smaller am-
plitude) and the period is unchanged at 5. In addition we consider changes to dynamics
where the roots are real in the inner regime with a dominant root of —1.25 and the second
root set to roughly match the unconditional expectations in the first set of DGPs. We
thus have four settings for the inner regime:

Y =1+0.12y; 1 — 0.04y, o+ &, 02 =0.5, 75 <t <190, E(y;) = 1.09 (DGP 3a) (2)
Y =1—0.22y, 1 +0.46y, 1 +e;, 02 =0.5, 75 <t <190, E (y;) = 1.32 (DGP 3b)
ye =1 — 0.16y,_1 +0.52y, 1 + &, 02 =0.5, 75 <t <190, E (y;) = 1.56 (DGP 3c)
Y =1 —0.10y;_; + 0.56y,_1 + &, 02 = 0.5, 75 <t <190, E (y;) = 1.85. (DGP 3d)

The third set of structural break DGPs changes both the constant and the dynamics
but keep the unconditional expectation constant at F (y;) = 1 across regimes. For the
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outer regimes with the dynamics in we thus set the constant to Gy = 1.15. For the
inner regime we use the same set of dynamics as in the second set of DGPs and set the
constant to Gy = 0.92, 0.76, 0.64 and 0.54, respectively. We will refer to these as DGPs
4a, 4b, 4c and 4d.

For each DGP we generate 100 time series and calculate the exact model probabilities
for all combinations of number of breaks 0 < r < 3 and lag lengths 0 < p < 4. Throughout
we use the priors of section 2.1 with Gy = 0, My = I, Sy = 6 and vy = 8. The choice
of Sy and vy corresponds to a prior mean and variance of 1.25 and 0.44 for the precision
and 1 and 0.5 for the variance of €. The minimum length of a regime is set to d = 27 for
comparability with the Bai-Perron test. We use exact calculations rather than estimated
model probabilities from algorithm 1 to reduce the influence of simulation noise. In
addition to choosing the combination of number of breaks with the highest posterior
probability out of the 4 x 5 = 20 specifications (the MaxP procedure) we also consider
four sequential procedures. The first two are simple procedures similar to frequentist
sequential testing, first selecting the number of breaks in a model with zero lags and
then selecting lags conditional on the number of breaks (the PBL procedure) or first
selecting lags in a model with no breaks and then selecting breaks conditional on the
lags (the PLB procedure). The last two are more sophisticated and takes account of the
joint posterior distribution of lags and breaks by choosing breaks based on the marginal
posterior distribution over the number of breaks and then selecting lags conditional on
the breaks (the mPBL procedure) or first selecting lags based on the marginal posterior
and then selecting breaks conditional on the lags (the mPLB procedure). The first of
these corresponds to our favoured procedure when the number of lags is allowed to differ
between regimes.

For the Bai-Perron tests we follow the recommended testing procedure in Bai and
Perron(2003, 2004) and first test the null of no structural breaks against the alternative
of at least one structural break with the UD max test. If the null is rejected the number
of breaks is determined using a sequence of F'(r + 1|r) tests. A significance level of 5%
is used throughout. In order to determine both the number of breaks and lag length
we employ two sequential procedures. The first procedure first test for the number of
breaks in a model with zero lags and then use BIC to choose lags given the number of
breaks (the BP-BIC procedure). The second procedure first finds the number of lags with
BIC in a model with no breaks and then tests for breaks given the number of lags (the
BIC-BP procedure). In the BP-BIC procedure we use the version of the Bai-Perron test
that allow for autocorrelation in the residuals and we allow for different error variances
and data distributions (moment matrices) across regimes in both procedures. Finally we
use a trimming constant ¢ = 0.1, corresponding to a minimum regime length of 27.

1.1 Results

When discussing the performance of the procedures we will not comment specifically on
the mPBL and mPLB procedures as the performance is virtually identical to that of the
MaxP procedure.

Results for the no break case (DGP 1) are given in Table [ Overall the procedures
perform very well. All procedures except the PBL and BIC-BP select zero breaks in 100%
of the replicates and select the correct lag length, 2, between 94 and 95% of the time and



select higher lag lengths in the remaining replicates. The BP-BIC procedure never rejects
the null hypothesis of zero breaks indicating that the UD max test is undersized when
the nonparametric correction for autocorrelation is used. The BIC-BP test selects zero
breaks in 94% of the replicates indicating that the UD max test has the right size when
a sufficient number of lags are included in the model.

Turning to the DGPs with a break in the constant term, the Bayesian procedures and
the BP-BIC procedure perform poorly with a small break (DGP 2a, Table [2|) selecting
the correct combination of breaks and lags in 28% or less of the replicates. The poor
performance is due to the procedures selecting zero breaks in the majority of the replicates.
The BIC-BP procedure performs much better selecting the correct combination of breaks
and lags in 59% of the replicates. The picture changes as the magnitude of the break
increases. With the intermediate break (DGP 2b, Table 3) all procedures except PLB
and BIC-BP selects the correct combination of breaks and lags in about 70% of the
replicates with to few breaks and to long lag lengths in the remaining replicates. The
PLB procedure selects the correct combination of lags and breaks in only 8% of the
replicates and BIC-BP in 18% of the replicates. While the PLB procedure fails both in
terms of lag and break selection the BIC-BP procedure selects two breaks in 92% of the
replicates but selects to long lag lengths. In the case of a large break in the constant term
(DGP 2c, Table {)) the MaxP and BP-BIC procedures do very well, selecting two breaks
and two lags 97% and 100% of the replicates. The BIC-BP procedure again selects two
breaks in 91% of the replicates, but selects to long lags (3 or 4) in 99% of the replicates.
The PBL selects two breaks in 74% of the replicates, three breaks in 26% of the replicates
and always selects two lags. The PLB procedure finally always selects to long lags, zero
breaks in 45% of the replicates and two breaks in 55% of the replicates.

The results for the DGPs with breaks in the dynamics are reported in Tables 5] [6]
and [§] In DGP 3a with a break from complex dynamics to complex dynamics the signal
is relatively week and the Bayesian procedures pick the correct combination of lags and
number of breaks in between 40% and 50% of the replicates with the MaxP procedure
doing best. The BIC-BP procedure does well, selecting the correct combination in 69% of
the replicates. As can be expected the BP-BIC procedure does not pick up the change in
dynamics and always selects zero breaks. The signal is stronger in the DGPs with a break
to real dynamics (DGP 3b, 3c and 3d) and the MaxP procedure picks the correction lag
lengths and number of breaks in 99% of the replicates. The PLB and BIC-BP procedures
never selects the correct combination of breaks and lags. Both selects the maximum lag
length in 97% or more of the replicates but selects the correct number of breaks in about
90% (BIC-BP) or 100% (PLB) of the replicates. The BP-BIC procedure does better for
the DGPs with a stronger signal but there is still a tendency to select to few breaks and
to many lags are selected to compensate for the missing breaks. The PBL on the other
hand tend to select to many breaks, in particular with the larger breaks and selects the
correct lag length in 98% of the replicates with DGP 3¢ and 3d.

The last set of DGPs (Tables[9] [10} [11] and [12]) repeats the same breaks in the dynamics
but combines with an offsetting break in the constant term to keep the unconditional
expectation constant across regimes. The results are qualitatively similar the results
for DGP 3a-3d. The MaxP, PLB and BIC-BP procedures perform well in selecting the
number of breaks. With DGP 4a BIC-BP selects the correct number of breaks and lags in
56% of the replicas, MaxP in 30% and BIC-BP in 20% of the replicates. With DGP 3b-3d



MaxP selects the correct number of breaks and lags in all replicates whereas BIC-BP and
PLB selects the correct number of breaks in over 90% of the replicates but always selects
to long lags leading to zero correct combinations. The PBL and BP-BIC procedures,
finally, tend to underestimate the number of breaks and overestimates the lag length.

Summing up the results we see that the MaxP procedure consistently performs well.
It has the highest or second highest frequency of correct number of breaks and lag lengths
for all DGPs. MaxP is beaten by the BP-BIC or BIC-BP procedure for the DGPs with
small and difficult to detect breaks (DGP 2a, 3a and 4a). But the performance of these
procedures vary substantially across DGPs and prior knowledge about the nature of the
breaks is required in order to know which procedure to favour over the MaxP procedure. It
is also noteworthy that the mPBL procedure performs on par with the MaxP procedure, it
appears that nothing is lost by first selecting the number of breaks based on the marginal
distribution and then selecting lags conditional on the breaks.
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1.2 Prior sensitivity

In order to investigate the sensitivity to changes in the prior specifications we consider
variations on the priors for the number of breaks, r, the number of lags, p, and the
regression parameters (3;. For the number of breaks and lags we consider priors of the
form

7 (r) o (r+ 1)_5T
m(p) < (p+1)7"

with d,, 6, =0, 1 or 2. § = 0 corresponds to our uniform priors in section 2.1 and § > 0
favours fewer breaks and shorter lag lengths. Results for the alternative priors with DGP
1 are in Tables [I3] to 20} these should be compared with the results for the uniform prior
in Table [l There are no breaks in this DGP and increasing ¢, only affects the PBL
procedure, which selects the number of breaks first, causing it to select to many breaks
less frequently. Changing 4, has also a very small effect on the selection of lags and breaks,
the number of times the procedures select to long lags is reduced slightly and in no case
do they select to short lags. The second set of results in Tables |21] to |28 is for DGP 3a
with difficult to detect breaks with the results for the uniform prior in Table[5] The choice
of §, has a relatively small effect on the already quite good selection of lags. Increasing
0., on the other hand, has a non-trivial effect on the selection of breaks. The frequency
of selecting the correct number of breaks is reduced by 10% when ¢, is increased from 0
to 1 and again reduced by 10% when 0, is increased from 1 to 2.
Turning to the prior for the regression parameters,

ﬁz’gfapz ~ N (5070-1'21\/-[61) )

we keep the prior mean of zero and study the effect of changes to the prior variance.
In addition to our preferred setting My = I, we set My = cI with ¢ = 0.1 for a more
uninformative prior, ¢ = 10 for a tighter prior and My = cL, with ¢ = 0.1, 1, 10 and L
the diagonal matrix

0.1 0

0 p
for a Litterman-type prior which is tighter around the prior mean of zero for higher lags.
The results for DGP 1 are in Tables [29 to 33l Compared to the results for My = I in
Table |1} the more disperse priors with ¢ = 0.1 give similar results whereas the tighter prior
with ¢ = 10 leads to the selection of higher lag lengths while still selecting the number
of breaks correctly. The Litterman type prior with My = cL also leads to the selection
of higher lags lengths and thus to a lower frequency of correct break and lag selection.
The effect of the prior specification is larger with DGP 3a (see Tables [34] to . Setting
¢ = 0.1 leads to an increased selection of zero breaks instead of two breaks but has little
effect on the choice of lag length compared to Table Choosing ¢ = 10 increases the
selection of zero breaks even more and also increases the selection of larger lag lengths.
Increasing the tightness of the prior (using L instead of I) hardly affects the selection of

17



breaks and lags for ¢ = 0.1 and 1. With ¢ = 10 there is a trade off between high lags and
a larger number of breaks and the maximum lag is selected less frequently coupled with
more frequent selection of two breaks.
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