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Research Questions for the 2nd Study

» Research questions

4 . . )
1. Are there any economic structural changes in Japan?

2. Is there business cycle indicator that is robust to economic
. structural changes? p

» To be specific about “Economic structural changes” and
“Business cycle”, I rely on

* PC-DFM (principal component estimation of dynamic factor model)

— “Economic structural changes” as changes on parameters of DFM.

— “Business cycle” as a cyclical composite indicator (CCI) within PC-DFM.



PC-DFM

(Technical notes on analytical framework)

- DFM is a statistical model, in which many (N)time series
variables are commonly driven by much less () unobserved

factors. v _ A g 4+ & (t=1-.7)
(Nx1) (NXT)(rx1)  (Nx1)

Xp= A F +¢&  (i=1--,N;t=1,-,T),

(1x7)(rx1)
F;: common factors, A;F;: common component,
A;: factor loadings, &;+- idiosyncratic component.

- PC analysis is a general statistical tool to reduce the dimensions
of information.

— DFM including large number of variables under realistic assumptions
(approximate DFM) are suitably estimated by PC analysis (Stock &
Watson 2002, Forni et al. 2000, 2005).




Specifications of the “Economic Structural
Changes” and the "Business Cycle”

» “Economic structural changes”

defined as changes on factor loadings in DFM.

(A F e (=1,
AP'F e (=T +1,,T)
» “Business Cycle”

defined as CCI within DFM.
— Two types of CCI:

Xit

1. Estimated common factor of single factor model (Stock & Watson
1989).

2. Estimated common component of canonical time series (Altissimo et al.
2001, 2010).

— If the number of factors is one, the former is included in the latter.



Statistical Methods on Research Question 1

Question 1
“Are there any economic structural changes in Japan?”

Tests for instability of individual series (Hy: Agl) = Agz))

Breitung & Eickmeier 2011 (BE test) Structural change is observationally equivalent to
inflated dimensions of factor space
Yamamoto & Tanaka 2015 (YT test) Coping with non-monotonic power of BE test

Tests for instability of all series (H,: AV = A(?)

Chen, Dolado, & Gonzalo 2014 (CDG test) | Structural change in terms of factor loading is

observationally equivalent to change in second

Han & Inoue 2015 (HI test) moments of factors

Estimation of break type and date

Cheng, Liao, & Schortheide 2016 For now just partly refer to the idea that the sum
of estimated # of factors for split subsamples is
minimized at break date




Theoretical Answer to Research Question 2

Question 2

“Is there a business cycle indicator that is robust to
economic structural changes?”

* From the literature of stability test with PC-DFM,

CCI based on components decomposition within PC-DFM is not
affected by “economic structural changes.”

Under mild (but unverifiable) conditions,

— if the magnitude of the change in A is small in a sense, PC

analysis can consistently estimate the DFM (Stock and Watson
2002, Bates et al. 2013);

— even if the change in A is not small, 1;F;and ¢;; are identified i
PC estimation (Breitung and Eickmeier 2011, Chen et al. 20




Empirical Questions and Summary of Results

« Do we observe:

1. Economic structural change in Japan?

2. Robust CCI for Japan?

 To this end, using Japanese macroeconomic data,

1. I will perform recently proposed tests for structural
change,

2. and compare CCIs based on full- and sub-samples.

« Summary of Results

1. gtrl'[uctural changes had happened; Not clear about the break
ate

2. Theory-consistent except Feb. 2009 and Mar. 2011.




Data

« Japanese monthly N=148 time series + quarterly GDP
» April 1983 — May 2017 (T=410)
 See annex for details.

Production 20
Labor & earnings 17
Commerecial sales 18
Household consumption 10
House construction 8
Inventory 5
Asset prices 10
Interest rates & spreads 9
Money & credit 17
Prices & wages 16
Others 18
Quarterly GDP 1




Estimated # of Factors r

Determine the number of factors by several ways
— 4 factors for CCI calculation

Accumu information criteria
# of antrib latiYe
factors u;;g;;)f C(Egﬁlffu ICp1 ICp2 ICp3 AH
factors
1 0.077 0.077 -0.040 -0.037 -0.049 1.239
2 0.063 0.140 -0.067 -0.061 -0.086 1.502
3 0.042 0.182 -0.073 -0.065 -0.102 1.078
4 0.039 0.220 -0.079]| -0.067 | -0.116 1.288
5 0.030 0.250 -0.075 -0.061 -0.122 1.138
6 0.026 0.277 -0.067 -0.050 -0.124 1.109
7 0.024 0.300 -0.058 -0.038 -0.123 1.190
8 0.020 0.320 -0.043 -0.021 -0.118 1.044
9 0.010 0.339 -0.020 -0.003 -0.113 1.089

Notes: ICp1, ICp2, and ICp3 are three mutually-alternative
information criteria of Bai and Ng (2002).
AH is the consecutive eigenvalue ratio of Ahn and Horenstein (2013).




Factor Space
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CCI (Compared with CAO-CI)

CCI: Common component of quarterly GDP in DFM of monthly 148 series

+ quarterly GDP.
CAO-CI: The coincident CI (monthly) released by ESRI-CAO (based on 9 series)
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» Mixed data handling: Stock & Watson 1998.
* CCl is growth cycle (excluding trend); CAO-CI is classical cycle (including tre




Empirical Analysis 1

Overview of Results on Structural Changes in DFM

Tests for instability of individual series (H,: Agl) = 7\1(2))

Breitung & Eickmeier 2011 (BE test) About 30% of 148 series shows economic
structural changes

Yamamoto & Tanaka 2015 (YT test) Non-monotonic power problem is not serious

Tests for instability of all series (Hy: AV = A(?)

Chen, Dolado, & Gonzalo 2014 (CDG test) | There is structural break for the number of factors

more than 4

Han & Inoue 2015 (HI test)

Estimation of break type and date

Cheng, Liao, & Schorfheide 2016 Provides hint on break dates of Feb. 2009 and
March 2011




Empirical analysis 1-(1)

Results of BE Test (LM)
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Notes:

1. The fraction of rejected series in 148 variables by Breitung-Eickmeier LM test for each # of

factors with the significance level of 0.05.

2. The vertical line indicates Sep. 2008.

Black solid line:

.~ Base case

(outlier adjusted & variable variance)

. Black dashed line:

outlier not adjusted

Gray solid line:

"~ constant variance




Empirical analysis 1-(2)

Results of BE and YT Tests (sup-LM)
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BE(1): BE test with variable variance and outlier adjusted
BE(2): BE test with constant variance and outlier adjusted
BE(3): BE test with variable variance and outlier not adjusted
YT(1): YT test with outlier adjustment

YT(2): YT test without outlier adjustment




Empirical Analysis 1-(3)

Results of CDG Test (sup-LM)
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Notes:

— sup-LM test of CDG2014 for Japanese 148 variables DFM.
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— Regressions of the first factor on the others.
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Empirical analysis 1-(4)

Results of HI Test (sup-LM)
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Notes:
— sup-LM test of HI2015 for Japanese 148 variables DFM.

— Black line: outlier adjusted. Gray line: outlier unadjusted. Two horizontal dashed lines in
critical values for significance level of 0.05 (upper) and 0.10 (lower).



Empirical analysis 1-(5)

Hint for Break Dates

» The figure below shows the number of factors selected by Bai & Ng’s (2002)
ICp2 for the subsamples before and after each of the predicated break dates.

« Total number of factors of before and after subsample takes minimum at Feb.

2009 and Mar. 2011., suggesting the strong candidate of the break date. (i.e.
Cheng et al. 2016)

ﬂ K/_\ Black solid line:

Total

g‘: Gray solid line:

o o e 1 */ before-subsample

Ill‘,'*\ Black dashed line:

- VoL after-subsample
1996m1 199%m1 2006m1 200%m1 2010m1




Empirical analysis 2-(1)

CCls Based on Full- and Sub-samples

« For example, suppose that Jan. 2000 is suspected to be a break date.

«  Compare the CCI of full sample with CCIs of samples split at the suspected
date.

Estimated common component of de-
trended quarterly GDP growth (A;ppF;) CCI, = CCl;_q1 X exp(AgppF:)
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Empirical analysis 2-(2)

Correlation of Full- and Sub-Sample CCls

Result
— Persistently high correlation is theory-consistent for mid 1990s to 2008.

— Corr,ger declines dramatically at Feb.2009 and Mar.2011.

— -

Corrbefore =

Corr< A-ppEy of full sample, >
A-ppF: of before subsample

|
T~ B
. Corryfrer =
|
|
|

Corr <A A’Gepﬁt of full sample, )
AgppF;: of after subsample

T T T T T
1990m1 1995m1 2000m1 2005m1 2010m1

Note: Plots in neighborhood of end points suffer from inadequacy of sample peri



Summary for the 2nd Study

| Results of cursory application of tests for instability in DFM
show that structural breaks have occurred.

| The tool of Cheng et al. 2016 may provide clearer results.

 Theoretical implication of the effects of economic structural
change on CCI of PC-DFM is valid for the sample period except
Feb. 09 and Mar. 11.

Subjoinder (not shown in detail)
+ Diagnostics show low commonality of common factors;

Poor fitness of dynamic factor models to Japanese economy
may discourage the introduction of large-scale factor model
based economic monitoring.

» Long-term effect of structural change is neglected in station
DFM set up.



Conclusive Words

» Two studies presented a number of empirical analyses to
examine developments in the business cycle under economic
structural change.

The first study

— While in some areas such as hours worked and employment, changes in
business cycle patterns can be observed by examining individual
macroeconomic time series, in most other areas, no major changes can
be observed.

The second study

— Structural changes have happened. As for break date, quick applications
of sophisticated methods demonstrate the necessity for more advanced
empirical analyses.

— In addition, empirical results confirm the robustness of CCI based o
PC-DFM as suggested by previous theoretical works.



Annex — List of 148 series (1)
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Annex — List of 148 series (2)
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Annex — List of 148 series (3)
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Annex — List of 148 series (4)
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Annex —Test Detalls

 BE test;

(sup-)Wald, (sup-)LR, or (sup-)LM for Ho:y; = 0 in the regression,
Xie = BiF, +y{(1[t > [tT]] X ;) + error.

YT test;

Maximize Sup-W, sup-LR, or sup-LM for Ho:y; = 0 in the regression,
Xit = BiFje + yi(1[t > [TTJ]th) + error,

with respecttoj < 7.

CDG test;

(sup-)Wald, (sup-)LR, or (sup-)LM for Ho:56 = 0 in the regression,
Fie=B'Fj+ §'(1[t > |=T[] x I:"(_j)t) + error.

 HI test;

Test statistics T(C(z)V(z)~1C(7)")
|zT|

C(t) = vech (T_l FEl+(1-1)" z ﬁg)
t=1 t=|tT]+1
V(t) = HAC est.of VarC(1)




