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Structural Changes in Regional Business Cycles in
Japanese Power Supply Areas
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Abstract

Hayashida and Hewings (2009) have identified the turning points of regional business cycles in Japan by applying
Markov switching model to the regional business indexes for the nine power supply areas. In their study, they have pointed
out the possibility that the structural changes have existed in the process of regional business cycles. On the other hand,
Watanabe (2009) has reported that there have been two structural breaks (Jul 1991 and Jul 2008) in Japanese nation-wide
business cycles to apply the extended Markov switching model to the composite index which is constructed by the Cabinet
offce.

This paper has identified the unknown structural change points in regional business cycles in Japan, applying the
extended Markov switching model suggested by Watanabe (2009) to the regional business indexes (Jan 1982 to Jul 2011) by
power supply area, which are uniquely constructed from three economic indicators of each region. It is found from our
empirical results that (i) the timing of structural change points differs by region - Hokkaido, Kansai and Kyushu have two or
three change points which are dated from 1991 to 1992 and in 2008, Tohoku, Kanto and Hokuriku have three change points
which are dated around 1998 and 2004, in 2008 and in 2011, and Chubu, Chugoku and Shikoku have one change point which
is dated in 2008, (ii) the amplitude of regional business cycles, which is measured by the difference of the average growth

rate between the expansion and contraction phases, has enlarged as the structural changes have occurred.

(Socio-economic Research Center, Rep.No.Y11026)
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Figure 1: Electric power supply areas
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Figure 2: Index of industrial production (Year 2005=100, Seasonally adjusted)
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Table 2: Log marginal likelihood

ooooooo
0 1 2 3
00 -346.48  -319.70  -316.78 -314.43
(0.01)  (001)  (0.16)  (0.03)
000 | -336.56  -335.26 -333.64  -338.73
(0.05)  (0.11)  (0.06)  (0.08)
oo -303.90  -276.38  -277.20 -273.57
(0.01)  (0.02) (0.07) (0.07)
oo -346.94  -319.93  -316.23 -314.29
(0.01) (002  (0.02)  (0.03)
00 -395.39  -393.77  -391.62 -390.30
(0.01)  (0.07) (004  (0.11)
oo -338.99  -329.68 -328.00  -328.72
(0.02) (002  (007)  (0.04)
oo -378.58  -376.57  -376.74 -374.89
(0.00)  (0.55)  (0.26)  (0.46)
oo -364.94 -360.68  -361.35  -360.88
(0.01)  (0.12) (035  (0.07)
0o -387.67  -386.59 -384.74  -385.36
(0.01)  (0.26) (0.19)  (0.08)
00 -347.47  -340.90  -337.22 -336.52
(0.05)  (0.01)  (0.10)  (0.04)
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Table 3: Estimation results for Japanese MS model

oooo

oo oooo 9%5% 0000 CD
¢ -0.330 0.057 -0.440 -0.218 -0.61
o’ 0.253 0.021  0.217  0.297 -0.25
™Moo 1.062 1.787 -0.391 5975 0.63
mio | -1.201 1.735 -6.044 0.182 0.41
mo1 | 0.443 0.159 0.206  0.757 -0.96
ma1 | -0.015 0.516 -0.462  0.229 -0.81
moz2 | 0.173 0.043 0.082  0.249 -0.49
miz | -0.399 0.082 -0.589 -0.276 -0.72
moz | 0.357 0.077  0.208  0.510 -0.35
mi3 | -2.458 0.219 -2.874 -2.021 -0.13
Poo 0.958 0.016 0921  0.983 1.24
P11 0.921 0.031 0.849 0.968 1.37
qoo 0.938 0.063  0.764  0.998 -0.02
q11 0.988 0.012  0.957 1.000 1.65
q22 0.995 0.006  0.981 1.000 -0.50
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Table 4: Estimation results for Tohoku MS model

gooo

oo oooo 9%5% 0000 CD
o} -0.151 0.077 -0.301 -0.003 -0.64
o? 0.208 0.018 0.175  0.246  1.07
moo | 0.435 1.151  -0.519  3.950 -1.50
mio | -1.451 1.868 -6.390 0.159 -0.16
mo1 | 0.223 0.085 0.069 0.421 -0.03
ma1 | -0.278 0.567 -1.045 0.077 0.11
moz2 | 0.116 0.050  0.000  0.202 -0.90
miz | -0.757 0.185 -1.195 -0.473 -0.57
mo3 1.587 0.201 1.192 1.981 -1.34
mas | -5.479 0.706 -6.636 -3.994  0.48
Poo 0.964 0.016 0928 0.988 0.01
p11 0.892 0.047  0.779  0.960 -0.82
goo 0.947 0.064  0.770  0.999 -0.36
qi1 0.992 0.008  0.969  1.000 -0.87
q22 0.992 0.009  0.968  1.000 -0.28
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Table 5: Estimation results for Kanto MS model

oooad

oo oooon 95% 0000 CD
o} -0.283 0.060 -0.399 -0.164  0.42
o’ 0.255 0.021  0.218 0.298  0.36
moo | 0.188 1.244 -0.806  4.321  1.97
mio | -1.952 1.892 -6.578  0.081  1.56
mo1 | 0.209 0.040 0.135 0.288  0.13
mi1 | -0.344 0.086 -0.485 -0.200  0.59
moz2 | 0.089 0.059 -0.033  0.201 -0.45
miz | -0.902 0.111  -1.118 -0.688  0.60
mo3 | 1.451 0.209  1.042 1.862 -1.48
mi3 | -3.831 0.502 -4.973 -2.961 -1.07
Poo 0.970 0.013  0.940 0990 -2.31
P11 0.917 0.033 0.842 0.968 -1.85
goo 0.932 0.072  0.735 0.999 -0.69
qi1 0.996 0.004 0.984  1.000 -0.65
q22 0.987 0.013  0.953  1.000 -0.61
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Table 6: Estimation results for Hokuriku MS model

gooo

oo oooo 9%5% 0000 CD
1) -0.310 0.057 -0.421 -0.195 -0.32
o? 0.416 0.036  0.351  0.490 1.64
moo 1.121 1.479 -0.650  5.272  0.11
mio | -1.392 1.786 -5.636 1.786  1.16
mo1 0.313 0.526  0.055  1.595  0.58
ma1 | -0.330 0.949 -3.441  0.209  0.28
moz2 | 0.372 0.593 -0.015 2.201 -1.48
mi2 | -0.411 0.422 -1.275  0.091 -2.17
mo3 | 0.268 0.231 0.042 0481 0.93
miz | -1.669 0.506 -2.932 -0.855 1.53
Poo 0.951 0.034  0.857  0.989  2.70
P11 0.891 0.063 0.738 0984 1.84
Goo 0.916 0.082  0.697  0.998  0.09
q11 0.991 0.010  0.964 1.000 -0.22
q22 0.992 0.009 0967  1.000 -1.19
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Table 7: Estimation results for Chubu MS model

oooo

oo oooo 95% 0000 CD
¢ -0.370 0.055 -0.476 -0.262 -2.55
o? 0.289 0.024 0.246 0.339 -0.17
moo | 0.526 1.360 -0.444  4.873 048
mio | -1.517 1.887 -6.378 0.346  0.27
mo1 | 0.181 0.042  0.098 0.258 0.31
mi1 | -0.292 0.127 -0.474 -0.134 0.94
moz2 | 0.228 0.098  0.051  0.414 -0.12
mi2 | -1.656 0.289 -2.170 -1.132 -0.98
Poo 0.963 0.018 0.921 0988  0.67
p11 0.901 0.039  0.812  0.962  1.39
goo 0.939 0.068  0.752  0.999  0.39
q11 0.996 0.005 0.985  1.000 0.99
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Table 8: Estimation results for Kansai MS model

goooD

oo gooo 9%5% 0000 CD
10) -0.292 0.062 -0.408 -0.166  0.88
a? 0.371 0.034  0.309 0.443 -0.75
moo | 0.777 1.546 -0.487 5415 -1.71
mio | -1.061 1.673 -5.808 0.210 1.65
mo1 | 0.642 0.733  0.044 3273 1.01
mi | -0.267 0.817 -2.864  0.227 -1.65
moz | 0.227 0.206  0.081  0.350 -1.22
mi2 | -0.404 0.266 -0.597 -0.163  1.11
mo3 | 0.194 0.237 -0.031  0.408 -1.65
maz | -1.339 0.430 -2.054 -0.591 -0.51
Poo 0.959 0.019 0913  0.987 -1.25
P11 0.934 0.028 0.869 0977 -0.37
qoo 0.951 0.059  0.784  0.999  2.06
q11 0.987 0.013 0.953  1.000 -1.40
q22 0.994 0.007  0.977  1.000 -1.93
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Table 9: Estimation results for Chugoku MS model

ooon

00 0000 9%%0000 CD
¢ -0.254 0.060 -0.369 -0.135 -2.18
o? 0.366 0.034 0.307 0.437 -1.29
moo | 0.192 0.124  0.081  0.377 0.44
mao | -0.374 0.729 -2.465 -0.010 2.57
mo1 | 0.169 0.116 -0.041 0.389 1.14
ma1 | -1.553 0.363 -2.281 -0.917  0.13
poo | 0.953 0.030  0.880 0.995 -2.44
P11 0.884 0.062 0.730 0.971 1.75
qoo 0.995 0.012 0.982 1.000 2.35
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Table 10: Estimation results for Kyushu MS model

oooo

oo oooo 95% 0000 CD
1) -0.349 0.055 -0.455 -0.238  0.18
o? 0.287 0.024 0.244 0.337  0.59
™Moo 1.215 1.793 -0.350 6.049 1.05
myo | -0.870 1.502 -5.340 0.361  1.03
mo1 | 0.530 0.191  0.120 0.874 -1.06
ma1 | -0.023 0.397 -0.412  0.209 -0.70
mo2 | 0.152 0.041  0.068  0.230 -1.50
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q22 0.995 0.005  0.981  1.000 -0.84
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Table 11: Estimation results for Hokkaido MS model
ogooo
oo oooo 95% 0000 CD
1) -0.340 0.055 -0.446 -0.230 1.86
o? 0.357 0.030 0.303 0.419 1.47
moo 0.689 1.430 -0.371 5.099 2.23
mio | -1.512 1.944 -6.479 0.531 2.08
mo1 0.386 0.942  -0.065 3.642 1.87
mi1 | -1.041 1.654 -5.790 0.180 1.46
1985 1990 1995 2000 2005 2010 mo2 0.357 0.960 -0.070  3.518 1.60
mi2 | -0.698 1.006 -4.012 0.169 0.84
4M$) Poo 0.960 0.064 0.759 0.999 -1.70
- SREHRERE
3p — BETHREER P11 0.912 0.083 0.694 0.999 1.69
2r qoo 0.953 0.064 0.765 0.999 -1.29
3 q11 0.991 0.011 0.960 1.000 -0.54
0
J1F ‘
2F 012 DoMSOODODOOOOOON =20
3F
4F Table 12: Estimation results for Shikoku MS model
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6F opooo
1985 1990 1995 2000 2005 2010 oo gooo 95% 0000 CD
CBSERRE ¢2 -0.330 0.054 -0.436 -0.224  0.37
o 0.430 0.036 0.364 0.506 -0.15
0.9 moo | 0.133 0.979 -1.523  3.091 -2.10
mio | -1.677 1.907 -6.531 0.149 0.54
0.7¢ mo1 0.127 0.136  -0.105 0.320 -1.18
mi1 | -1.091 1.293 -4.640 0.089 -2.19
0.5¢ mo2 0.191 0.173 -0.020 0.558 0.48
mis | -2.507 0.713 -4.218 -1.567 -1.83
0.3 Poo 0.972 0.026 0.901 0.997 3.27
P11 0.817 0.109 0.550 0.959 -1.86
0.1k qoo 0.951 0.070 0.744 1.000 1.49
. . . qi1 0.992 0.010 0.964 1.000 -2.65
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Table 13: Structural change points and average growth rates by phases in regional business cycles
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Figure 15: Change in average growth rates of business cycles by phases
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