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Abstract
This paper uses Japanese prefecture level data to investigate the role of government
capital in explaining the cross-sectional pattern in output per worker. We document some
facts that suggest the overall role of government capital on output per worker might be
negative. We then develop a model with private and public production that relates
variations in the share of prefecture government capital in total capital to prefecture labor
productivity. Anempirical assessment of the model shows that the model predicts seven
out of ten of the prefectures with the highest labor productivity and seven out of ten of
the prefectures with the lowest labor productivity.
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I ntroduction

Since 1990 Japan has experienced its worst recession in over 40 years. One
cornerstone of the government’s policy to revive the economy in the 1990's has been to
increase government investment. Between 1990 and 1997 the share of public investment
in total investment has risen from 21% to 29%. Japan has borrowed heavily to finance
these investments accumulating a massive amount of government debt’. Two reasons are
given for government investment. The first reason is that government investment
provides jobs in sectors that have seen the largest job losses e.g. the construction
industry. A second rationale given for this policy is that government investment is good
for the private sector. It boosts private sector output and can reduce inequality.

This second rationale appears to be supported by standard economic theory (see
e.g. Barro (1990)). Consider an aggregate production technology whose arguments are
labor input, private capital and government capital. Under standard assumptions an
increase in government capital will raise output and the marginal products of both private
capital and labor. Moreover, if government investment is focused in areas with low
incomes, it will also reduce inequality.

The point of this paper isto argue that this reasoning misses some important
negative effects of government investment and that these effects may be particularly
important in Japan.

Our analysis proceeds in two stages. Inthe first stage we conduct a statistical
analysis that is designed to uncover the effects of government capital on the private sector
using historical prefecture-level Japanese data. Following Prescott and Parente (1983),

Quah (19964) and Kawagoe (1999) we treat individual realizations of prefecture



performance as outcomes from a Markov chain. Markov chains provide an attractive way
to document facts about the dynamics of a distribution such as speed of convergence and
the properties of the long-run or ergodic distribution. Markov chains are estimated for the
marginal distributions of relative prefecture private capital per worker, total capital per
worker, per capitaincome and output per worker. Tokyo Prefecture, the leading
prefecture throughout our sample, is chosen to be the numeraire.

The results from this analysis provide some interesting insights into the dynamics
of the private sector and how these dynamics have been influenced by government
capital. We find strong evidence of convergence of private capital per worker.
Prefectures that had relatively high private capital per worker ratios in 1955 have seen
thisratio steadily decline. Prefecturesthat had relatively low private capital per worker
have seen thisratio steadily rise. The rate of convergence of private capital is estimated to
lie between 4 and 6 percent per year.

A merit of the Markov chain approach isthat it offers a characterization of the
long-run ergodic distribution. The mean of the ergodic distribution of capital per worker
is centered at about the level of Tokyo.

To get at the role of government capital we then investigate the distribution of
total capital per worker, which consists of private capital plus government capital. The
distribution of total capital per worker also shows strong evidence of both o- and B-
convergence. The mean of the distribution of total capital per worker is centered at the
level of Tokyo and the ergodic variance of total capital per worker is smaller than the

ergodic variance of private capital per worker. These findings suggest that the

It isestimated that by the end of fiscal 1999 Japan will overtake Italy in terms of its debt to GDP ratio.



government has played an active role in equalizing capital per worker among Japan’s
Prefectures.

How have these government actions been reflected in measures of prefecture
income and labor productivity? Our findings for per capita Income and GDP per worker
suggest that the overall impact of these actions may be negative. Neither the distribution
of per capita Income nor the distribution of GDP per worker shows much evidence of
convergence since 1978. The most noteworthy features of these two distributions are
summarized in our fifth fact. There is no evidence of either awidening or narrowing of
the distributions of per capita Income and GDP per worker since 1978 and the means of
the ergodic distributions of both per capitaincome and GDP per worker are well below
the level of Tokyo.

In the second stage of our analysis we focus on the levels facts: relative private
and total capital converge to about 1 while relative per capitaincome and output per
worker converge to levels that are well less than 1. The Solow model predictsthe
equalization of capital per worker that we find coming through so strongly in Japanese
data. However, it predicts that income and labor productivity should convergeto 1 as
well.

Augmenting the production technology of the Solow model with government
capital along the lines described above only makes the puzzle worse. Government
investment in Japan has been large and directed towards low income prefectures as
evidenced by our results on relative total capital per worker and a strong negative
correlation between per capitaincome and the public share of capital in our daté’.

However, our data shows no evidence of a reduction of inequality as measured by a



narrowing in the dispersion of per capitaincome. Another counter-factual feature of this
model isthat it continues to predict that relative output per worker should converge to
one.

These facts lead us to question the conventional reasoning relating to the effects
of government capital on the private sector. Barro (1990) has previously pointed out that
neglecting public production is an innocuous assumption as long as the private and public
sectors have access to the same technology. Inthe second stage of our analysis, we relax
this later assumption and assume instead that the total factor productivity in the public
sector is lower than in the private sector.

We posit amodel in which output is produced by private and public production.
The only difference between these two technologies is that public production has lower
total factor productivity, reflecting a difference in management capability. We then
derive the equilibrium implications of this model and demonstrate that the model is
gualitatively consistent with the levels facts outlined above.

After documenting the qualitative properties of the model, we investigate its
guantitative implications. In this part of the analysis the model is asked to explain the
prefecture data on GDP per worker using shares of government capital in total prefecture
capital asthe only input. The model does surprisingly well. It predicts 7 out of 10 of the
winners as measured by output per worker and 7 out of ten of the losers. To address
issues of simultaneity, we also ask the model to predict future relative performance using
current shares of government capital. The model also does quite well according to this
metric, predicting once again a majority of the winners and the losers. Finally, we

measure the fraction of the cross-sectional variation in prefecture output per worker that

2 For instance, in 1993 the correlation between per capitaincome and the share of public capital was -.76.



can be attributed to variation in government capital. The model explains between 7% and
40% of the variance in measured GDP per worker as the relative total factor productivity
of the government sector to the private sector is varied from 0.9 to 0.5.

Our work integrates research from several different areas. Barro and Sala-i-
Martin (1992) and Shioji (1996) have used prefecture level datato document
convergence of incomes and investigate the extent to which migration patterns have
reacted to differences in prefecture income. Their research has found that convergence of
prefecture incomes has been slow relative to the predictions of neoclassical theory. And
their effortsto explain the slow speed of convergence have met with only limited success.

A distinct line of research has focused on the role of government capital in
improving private productivity in U.S. State level or Japanese Prefecture level
production functions. For the U.S,, the general conclusion of this literature is that the
effect of government capital on productivity is negligible (see e.g. Balmaseda (1996) or
GarciaMilaet. a (1995)).

In Japan the government capital share istypically estimated to be smaller than the
private capital share and is often close to zero or even negative. Asako et. a. (1994)
estimate a Cobb-Douglas production function using pooled panel data for Japan’'s
prefectures from 1975 through 1988 and find that the magnitude of the estimated
coefficient for government capital per worker is half the size of the coefficient for private
capital. Asako et. a. (1994) and Ohkawara (1996) report results also using a Cobb-
Douglas production technology in which the share parameter for public capital is smaller
and even negative in some cases. Doi (1998) estimates a trans-log quadratic production

function on pooled Japanese data from 1966 through 1993, and finds that the estimated



coefficients for both the linear and quadratic term on government capital are significantly
negative.

These results have led Shioji (1999) to pose aweaker question: |'s government
capital productive? He finds that the answer to this question is yes provided that
prefecture fixed effects are modeled. Shioji’ s results do not allow one to infer the relative
productivity of private versus public capital.

Our work is most closely related to research by Schmitz (1998). Schmitz (1998)
develops a two-sector model and in which government enterprises may operate in either
the consumption or investment goods sector. He shows that if government enterprises are
highly concentrated in the investment goods sector his model can explain as much as
30% of the difference in national labor productivity between Egypt and the United States.

The remainder of the paper isdivided into 3 sections. Section 2 reports the main
empirical results. Section 3 describes the model and analyzes its performance and Section
4 concludes. The paper also contains two appendices. The datais described in Appendix

A and a brief review of Markov chainsis provided in Appendix B.

Growth Facts

In this section we summarize the principal growth facts that emerge from
considering changes in the distribution of relative prefecture ranks. We will focus our
attention on the marginal distributions of relative private capital per worker, relative tota
capital per worker, relative GDP per worker and relative per capitaincome. The reader is
referred to Appendix A for adescription of the data used in this analysis. Appendix B

contains a brief review of the tools of Markov Chains that we use to summarize the data.



Prefecturerelative private capital per worker

Our first fact isthat private capital per worker has converged rapidly in Japan
since 1955. Figure 1 reports the performance of the top 5 and bottom 5 prefectures
capital per worker ratios relative to Tokyo. From this figure we see that capital per
worker of the five lowest prefectures was about one-third of the level of Tokyo in 1955.
By 1987 private capital per worker for the five poorest prefectures had risen to about
two-thirds of the level of Tokyo. An examination of the top five prefectures shows
relative capital per worker levels declining from three-halves the value of Tokyo in 1955
to about the level of Tokyo in 1993. It is clear from this figure that the range has
narrowed considerably over this period. Using the terminology of Barro and Sala-i-
Martin (1992), thisisreferred to as o -convergence or a narrowing of the variance of the
distribution over time. It should be noted that Canova and Marcet (1998), Quah (1996),
and Den Haan (1995), have pointed out that this is not compelling evidence of
convergence. Instead this narrowing of the range may reflect different realizations of the
long-run stationary distribution or even realizations from a divergent distribution.

In Figure 1 we also see some visual evidence of what Sala-i-Martin and Barro
(1992) refer to as 3-convergence. That is, the prefectures with low private capital per
worker are growing more quickly. Quah (1996) argues at length that [3-convergence may
at times be misleading.

More formal evidence on convergence of relative private capital per worker ratios
isgiven in Table 1 which reportsthe results from fitting an eight state first order Markov

chain to data for 46 of Japan’s Prefectures (Okinawa is left out for reasons of data



availability). The eight states are based on an equally spaced grid. The midpoints of each
cell inthe grid are reported in Table 1.

Consider first the transition probabilities. Observe that the two lowest states,
states 1 and 2, and the highest state, state 8, are transient. This offers formal confirmation
of the narrowing of the distribution that we documented in Figure 1. The remaining
states, sates 3-7, are ergodic. Mogt of the mass of the ergodic distribution is centered
between .69 and 1.15 relative to Tokyo. The mean of the ergodic distribution is 0.90 with
a standard deviation of 0.17. This last piece of evidence suggests that private capital per
worker ratios may be converging to alevel slightly below that of Tokyo. Still, aformal
test of the hypothesis that the ergodic mean is one cannot be rejected at conventional
significance levels.

Given estimates of the transition probabilities it is straightforward to calculate the
mean transition time from each of the transient statesto the ergodic set. For sate 1 the
mean transition time to the ergodic set is 10.8 years. For sate 2 the mean transition time
is5.9 years and for state 8 the transition time is 7 years.

This information can be used to assess speed of convergence. For instance, the
rate of convergence from state 1 to state 3 is about 6% per year. The rate of convergence
from state 2 to state 3 is about 5% per year and the rate of convergence from state 8 to
state 7 is about 4% per year. Taken together, these results indicate that the rate of
convergence of prefectures that are further from the stationary distribution isin fact more
rapid.

Another feature of the distribution of relative private capital to worker is that

there is lots of mobility. The prefectures that have experienced the most upward mobility



include; Oita, which has increased its relative rank by 26 positions; Fukui, which
increased itsrelative rank by 19 positions and; Miyagi, which increased its relative rank
by 16 positions. The prefectures that have experienced the most downward mobility
include; Saitama; which is fallen by 32 positions;, Hokkaido, which has fallen by 24
positions and Nara; which has fallen by 23 positions.

To summarize this discussion the most interesting features of the distribution of
private capital per worker are:
Fact 1 Thereis strong evidence of convergence of private capital per worker.
Fact 2 The ergodic distribution of private capital per worker is centered at about the

level of Tokyo.

Relative total capital per worker

A question that has received considerable attention in both Japan and the United
Statesis the role of government capital in improving labor productivity. Aswe noted in
the introduction, most production function analyses have found that the productivity of
government capital is small or even negative. An dternative strategy for investigating the
role of government capital isto compare the distribution of private capital per worker
with that of total capital per worker. Table 2 reports estimates of fitting a first order
Markov chain to relative total capital per worker for the 1965-1993 sub-period. Thisis
the period for which data on both private and public capital is available.

A comparison of the estimates reported here with those in Table 1 reveals some
interesting differences. On the one hand, relative total capital per worker is nearly in its

ergodic distribution. State one is the only transient state and the persistence of state oneis
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only 0.5. Relative private capital per worker, on the other hand, is further from its ergodic
distribution. The distribution has a larger initial variance and the transient states are more
persistent. Another useful comparison is the ergodic means and standard devations of the
two distributions. The ergodic mean of relative private capital per worker a 0.90 is
dlightly lower than the ergodic mean of relative total capital per worker, which is 1.03.
The standard deviation of total capital per worker is also quite a bit smaller- 0.12 versus
0.17 for private capital per worker.

To examine the robustness of these findings to the choice of grid and the sample
period we re-estimated both datasets using the same grid and sample period. The results
which are reported in Table 3 are about the same. The ergodic mean of private capital per
worker risesto 1.08 with a standard deviation of 0.20 and the ergodic mean of total
capital per worker remains at 1.03 with a standard deviation of 0.15.

Taken together, these results suggest that government capital has increased the
pace of convergence and produced atighter long-run distribution of relative capital per
worker that is centered at the level of Tokyo. We summarize these points in the following
two facts:

Fact 3 The mean of the ergodic distribution of relative total capital per worker is
centered at the level of Tokyo.

Fact 4 The variance of the ergodic distribution of relative total capital per worker is
more tightly distributed around the level of Tokyo than the distribution of relative private

capital per worker.
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Relative per capitaincome
Our next step isto try and relate these facts regarding the distribution of inputs to

measures of prefecture output and labor productivity. The most suitable measure of
prefecture output for our purposes is GDP. However, most previous research has instead
focused on various aspects of the distribution of personal income. Part of the reason for
thisisthat there is better and longer time-series data available for prefecture Income. We
will start, by first reporting results for the distribution of per capita Income and then turn
to report results on the distribution of labor productivity using properly aligned inputs
and outputs.

Figure 2 reports the performance of the top 5 and bottom 5 prefectures expressed
in terms of per capitaincome relative to Tokyo. Comparing this figure with Figure 1
suggests that the rate of convergence of per capitaincome is considerably slower than
that of private capital per worker. Thetop 5 prefectures are steady at a level of about
80% of Tokyo while the bottom five prefectures gradually rise from a level of about 40%
of Tokyo in 1955 to a level of about 58% of Tokyo in 1994. Mos of this rise though
occurs in the period beforel978. Finally, Figure 2 also shows only limited evidence of
either 3-convergence or o-convergence. These results are similar to those reported in
Kawagoe (1999) who fits 4, 5 and 6 state Markov chains to the distribution of Japanese
Prefecture relative incomes.

Table 4 reports results from fitting an 8 state Markov chain to relative per capita
income for the 1955-1994 period. Notice first that there are no transient states.
According to these estimates, there is no statistical evidence that relative prefecture

incomes are converging toward Tokyo. The weak visual evidence of (3-convergence and

o-convergence in Figure 2 instead reflects different realizations of the long-run
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distribution of per capita Income. The mean of the ergodic distribution is 0.62. and the
variance is 0.014. It isclear from these two statistics that the distribution of prefecture
per capitalncome is centered well below the level of Tokyo.

Perhaps the most gtriking of these results is the finding that there appearsto be
something special about Tokyo. Tokyo has maintained its lead throughout the whole
sample and there is no evidence that the distribution of other prefecturesis catching up
with Tokyo. Quah (1996a) and Canova and Marcet (1998) report evidence of
convergence clubs using European country and regional data. According our estimates
Japan has two convergence clubs: Tokyo and the rest of the Japan.

Although the overall distribution is stable there is considerable mobility in the
distribution of per capita Income. The most successful prefectures include; Y amanashi,
which improved its rank by 25 positions and; Chiba and Tochigi, which both experienced
gains of 19 positionsin relative rank. At the other end of the spectrum Wakayama was
the biggest net loser falling 29 positions. It was followed by; Nara, with a loss of 25

positions and; Hyogo, with a loss of 20 positions.

Relative GDP per worker

Before presenting the results on relative GDP per worker we want to point that
reporting conventions for GDP were changed during our sample period. Starting in the
early seventies Japan began estimating Prefecture GDP using the UN’s reporting

conventions. The exact date of the change varies by prefecture but appears to have been

13



completed by 1975. In Figure 3 reports plots of the top 5 and bottom 5 prefectures for the
entire 1965-1994 period.

The most notable feature of Figure 3 is that the gap between the top 5 prefectures
and Tokyo is considerably smaller than in Figure 2. While the top 5 prefectures have on
net lost ground relative to Tokyo since 1977, the gap has diminished in recent years.
Notice also that there does appear to be a steady narrowing of the range of the
distribution prior to 1978. From 1978 on the range of the distribution appearsto be
reasonably stable.

Table 5 reports results from estimating a Markov chain on GDP per worker for
the 1965-1994 sample. As in the case of income per worker, we find no transient states.
The mean of the distribution of relative capital per worker is 0.74 which is 0.12 higher
than the mean of relative per capitaincome. The standard deviation of the distribution is
0.15. It isalso interesting to see how the Markov chain reproduces what appears to be
visual evidence of convergence. This is accomplished by an asymmetry in the
probabilities of transiting in and out of the lowest states. Notice that the probability of
migrating out of the lowest statesin Table 4 is an order of magnitude higher than the
probability of migrating into them.

There have also been large changes in relative position between 1965 and 1994.
Ibaragi experienced the largest change in relative position improving its rank by 22
positions. Gunma came in second with an increase in rank of 20 positions and Oita and
Y amanashi came in third with increases of 18 positions. The two biggest declinesin
relative position were Wakayama, which fell by 24 positions and Hokkaido, which fell by

17 positions.
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The most important facts of our analysis of per capita lncome and GDP per
worker can be summarized in the following two facts.
Fact 5 There is no evidence of a gtatistically significant widening or narrowing of the
distribution of either Prefecture per capita Income or GDP per worker.
Fact 6 The ergodic distributions of per capita Income and GDP per worker are both

centered at a level well below that of Tokyo.

Discussion and analysis

The results presented in this section suggest that government capital has had a big
impact on the relative distribution of total capital per worker. It has increased the speed of
convergence, and tightened the distribution more narrowly around the level of Tokyo.
The patterns of prefecture Per capitaincome and GDP per capitareveal adifferent
picture. Although there is some evidence of convergence in the first part of our sample,
the distributions of both of these variables seem to have gotten stuck around 1978.
Moreover, these distributions are both centered at alevel well below that of Tokyo.

It is useful to relate these findings to some current theories of growth. Consider
first the Solow growth model with capital and labor are free to flow to the location where
their marginal products are highest. For the moment, assume further that thereisno
distinction between private and public capital. Under these assumptions the Solow model
predicts that total capital per worker in each prefecture should converge to one and that
the variance of prefecture capital per worker should be zero. The dataon capital per

worker is indeed settling into a stationary distribution that is centered at one. However,
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the variance of this distribution is not zero. This dispersion does not strike us as being to
too troubling. The measured dispersion and mobility in relative positions could
conceivably be explained by a combination of prefecture specific technology shocks plus
some of therigidities that Boldrin, Christiano and Fischer(1998) find are needed to
produce a plausible risk premium. If it is costly to quickly reallocate labor across
prefectures, investment is irreversible, and capital takes time to build, then we would
expect to see at least short-term variations in capital per worker across the prefectures.

A more troubling feature of the Solow model isthat it aso predicts convergence
of relative incomes and relative output per worker to one. Thisisnot occurring in the
data.

Consider next a generalization of the Solow model in which government capital
appears as a separate argument. This generalization of the Solow model continuesto
predict that relative total capital per worker will be one for each prefecture. Government
capital can produce along run dispersion in output. However, output will vary across
prefecturesin away that is positively related to the share of government capital in total
capital. Thisimplication is at odds with our data. In our data the correlation between per
capitaincome and the share of public capital in total capital is negative. In 1983, for
instance, this correlation was —0.66 and the average share of public capital was 0.41. The
negative correlation might be due to issues of simultaneity. Still, given the size of public
capital, one would expect to see some reduction in dispersion of prefecture incomes over
the subsequent ten years. This does not occur in our data.

The implications of this model for output per worker are also a odds with the

data. This model predicts that relative output per worker will be one in each prefecture.
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However, as we have seen, output per worker in the data is converging to avalue that is
well less than one.

Including government capital as an input in the aggregate production function is a
shorthand. More generally, we can think of the government as producing services using
its own production technology. If there are differences in the productivity of public and
private production, this shorthand is not innocuous. There is considerable evidence that
public production is less productive than private production (see e.g. Schmitz (1996) and
the references cited therein). At an intuitive level it is not surprising that differencesin
the share of public production across prefectures could produce long-run differencesin
average productivity. This is because average labor productivity in a model with public
and private production is a weighted average of public and private sector labor
productivity. Moreover, this type of specification can also reproduce the negative cross-
sectional correlation between output and the share of public capital found in the data.
The next section of the paper presents a model that formalizes these arguments and
assesses the extent to which such a model can quantitatively account for the level facts.
The model

Consider a collection of identical households who solve the following
optimization problem:

t

e, tzo Bu(c)

st. (1)
G +k1+1_(1_6)k1 =Wn +rtk[
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where ¢; isconsumption in period t, k; is capital that the household entersthe
period with and n; is labor supplied by the household. In making its plans each household
takes as given the sequence of wage rates and rental rates {w, r}. Since households don't
value leisure, they will inelastically supply the one unit of labor that they are endowed
with each period. The other first order condition for the problem described above is given
by:
u'(c) = Bu(c.,)(r., +1-9) @)

In order to explain the facts documented above, it is necessary to elaborate on the
details of how production occurs at the prefecture level. The structure that we posit here
isvery similar to the structure developed in Schmitz (1998). Assume that each prefecture
produces an identical good that can be either consumed or invested. Within each
prefecture the private sector produces this good using the following Cobb-Douglas

production technology:

pl—G

¥ = Z KNG, ©)
wherei ={1,...,1} indexes the prefecture. Notice that the private production
technologies in all prefectures have the same capital share parameter, 6, and the same
total factor productivity, Z;. We will assume that the government also operates in each

prefecture producing the same good as private firms using inputs of government capital

and labor:

[Z] -6
Ve = HgZkE N @
and assume that L is less than one. This assumption is meant to proxy for differencesin

management and organization between government and private production. Empirical
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evidence that government production is less efficient than private production can be
found in Schmitz (1998,1996) and the references the cited there.

Both private firms and the government are assumed to act competitively that is
they take prices as fixed when making their production plans. Given this assumption, it
IS necessary to impose a set of taxes on private firms and subsides on government
production to ensure that both types of enterprises operate. The specific details of the tax
and subsidy system we consider are described below. At this point thoughiit is
convenient to introduce the notation for the tax and subsidy into the problems of
respectively a private firm and the government.

A private firm’s problem in prefecturei is:

max(1- 1)y —WNS -1k’
NRKRT T v (5)
s.t. equation (3)
taking as given wi, I and ;. The first order conditions for this problem are
= (1_Ti,t)6yi’,)t /kiﬁ

(6)
W = (17, )1-6)y" / N§

The government’s production problem in prefecturei is.

rga%(l"' S )yig,t —-W Ni?t - rtkig,}lt
NZ K (7)
s.t. equation (4).

The government takes as given wages, the rental rate on capital and the level of

the subsidy, s i, when making its production decision. The first order conditions for this

problem are:
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= (1' S,t )q yi?t / kig,lt

w, =(1- s,)(1- q)yig,,t / Ni?t ®

Given these assumptions, prefecture output is 'y, =y, + 5, prefecture
employment is N, = N} + N%, and prefecture total capital is k;, =k +k9 .

To complete the description of the model we need to describe how the tax and
subsidy scheme isimplemented and how prefecture production is divided between
government and private production. In Japan both national and local taxes are set by the
central government. National taxes are the same across all prefectures and though local
taxes do vary somewhat, the amount of variation is very small. To capture this pattern of
taxation in the model we will assume that private firmsin all prefectures pay the same tax
rate. However, the level of the subsidy will vary by prefecture depending on the scale of
activity of the government in that prefecture. It will also be assumed that the government
budget constraint is balanced: total revenue from taxes equals total outlays for subsidies.
The government also chooses the scale of its activity in each prefecture by setting the
ratio of government capital to total prefecture capital and the ratio of government
employment to total prefecture employment to the same constant. These restrictions can

be summarized using the following equations:

o=t =t 1T (L) (9)
1-t)=QQ+s)m, (10)

| |
tavi=asy (12)
i = k& Tk = NS TN (12)
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Competitive Equilibrium

The next step isto define a competitive equilibrium for the economy we have
described above. At first blush it might appear that it is more tractable to limit attention to
steady-state equilibria. However, it turns out that the equilibrium implications we will use

to investigate the quantitative implications of the model apply off the steady-state as well.

Definition 1: Competitive Equilibrium

A competitive equilibrium is a vector of prices {w*,r*}, a vector of household
plans{c*, k.+1*,N*,} and avector of prefecture production plans

{k"* NS kS NS i =12, 1, avector of taxes and subsidies {7, ,,5,},i =12...,1
and a set of government production shares {A; },i =12....,1 that satisfy the household’s

budget constraint and first order condition (equations (1) and (2)), firms' first order
conditions (6) and (8), market clearing, the restrictions of government policy (9)-(12),
market clearing (zero profits) and feasibility.

The most important equilibrium restrictions relate to the evolution of the
distribution of capital per worker and output per worker. These restrictions are relatively
straightforward to derive. If firms maximize profits then they will choose their capital and
labor inputs according to equations (6) and (8). It follows from (8) that private firms will
choose their inputs in away that equalizes the capital per worker ratio across all private
firms. Moreover, taking the ratio of the wage to the interest rate in (8) and setting it equal
to the sameratio in (8) implies that the government capital-worker ratio will equal the
private capital-worker ratio in the same prefecture. With a little more work it can be
shown further that each firm’s capital per worker ratio will equal the aggregate capital to

worker ratio. These facts imply the following chain of equalities:

KP*INP* = kS *INS* =k FINg > =k * 1=k *. (13)
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It follows immediately from (13) that prefecture employment can be expressed as

N;, = k . */k * . These two facts provide a convenient way to express private and public

prefecture output:

yi’,)t* = Zki,t *6 (1_Ai)Ni,t *

14
yi,t*:ug*Zki,t*eAiNi,t* (44

Given (14) it is straightforward to derive average productivity in each prefecture
Yie! Nig = Zk ¥ (A Hg +(1-A,,)). (15)

In equilibrium prefecture average labor productivity will depend on the fraction of
government production in that prefecture. Prefectures with high shares of government
production will have lower average productivity than prefectures with low shares of
government production.

How do these predictions of the model line up with the empirical facts outlined in
the previous section of this paper? The model predicts that both relative private capital
per worker and relative total capital per worker should convergeto 1 in all prefectures. In
the data we see this convergence towards 1. However, there is still some cross-sectional
dispersion in the data that the model, cannot account for. It is conceivable that a more
elaborate version of the model that imposes irreversibility conditions on investment and
limits labor mobility might explain these differences, but evaluating this conjectureis
beyond the scope of the current paper.

The model is also consistent with convergence of relative incomes and average
labor productivity to values that are less than one and long-run dispersion in these

variables. The relative mean of the cross-sectional distribution of these variables will
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depend on the exact pattern of government production. However, the model predicts that
the correlation between income and the share of government production will be negative.
This discussion, though suggestive, does not provide direct support for our
assertion that government capital is in fact an important determinant of cross-sectional
differences in output per worker. To do this we need to investigate the quantitative

properties of the model. We will do that in the next sub-section.

M odel Parameterization and Evaluation

In order to assess the quantitative properties of the model we need to first
parameterize the model. We set the capital share parameter 6 to be 0.25. Thisliesin the
middle of the range of values that have been estimated in previous analyses. The
depreciation parameter o is set to 0.025. There is less a priori information on the value of
Mg. We started by setting pg to 0.9 and experimented with alternative values. After
experimenting with different values we found that our basic results are the same for
values of g4 that range from about 0.5to 0.9.

The most important parameter is the share of government production in each
prefecture. Our model assumes that the government behaves competitively and produces
the same consumption good produced by private firms. Ideally what we would like is
prefecture data on either the government capital share or the employment share of just
those activities that are close substitutes for private goods. Unfortunately, such datais
very difficult to collect. Instead we assume that all government capital is used in
producing goods that these goods are perfect substitutes for private goods. Aside from the

issue of data availability, we think that it is difficult to produce examples of goods or
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services produced by the government that do not have close substitutes in the private
sector. Based on this reasoning, we measured A ; using data on the share of total
government capital in total prefecture capital.

Three criteria are used to assess the quantitative properties of the model. The first
criterion is the ability of the model to reproduce the winners and losers, as measured by
output per worker, in a particular period using current data on government sharesin
production. The second criterion is the ability of the model to predict future losers and
winners using historical data on the government shares in production. And the third
criterion is the ability of the model to reproduce the cross-sectional variation in the data.
Table 5aand b report the model’ s performance according to the first two criteria. The
first column reports the top ten and bottom ten prefectures in 1993 using GDP per
worker. The second column reports the model’ s predictions using the shares of
government production for 1993. Notice that the model predicts 7 out of 10 of the
winners and 7 out of 10 of the losers. The third column reports the models predicted
winners and losers using data on the government share of production from 1983. Notice
that the model predicts 7 out of 10 of the winners using data from 1983 and 7 out 10
losers. We find this performance surprisingly good given that government capital isthe
only source of variation in prefecture productivity in our model.

One noteworthy feature of the results is that the model predicts that Hokkaido
should be among the worst performing prefectures. In thisregard it is interesting to note
that government investment in Hokkaido is administered by a separate organization from
the rest of Japan. This adds support to our claim that the source of the difference in tota

factor productivity may be differences in managerial capabilities between the private and
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public sectors. Our results suggest that Hokkaido does a surprisingly good job of

administering investment and the production of government services.

Table5a

Performance of thetop 10 Japanese Prefectures: model and data

Top 10 Prefectures

GDP/worker, 1993

Model predicted Top 10 Model predicted Top 10

Prefectures using 1993 Prefecturesusing 1983

data data
Tokyo Aichi* Aichi*
Shiga Tokyo* Osaka*
Hyogo Osaka* Kanagawa*
Kanagawa Shizuoka Tochigi
Chiba Shiga* Fukuoka*
Kyoto Tochigi Tokyo*
Aichi Kanagawa* Kyoto*
Osaka Fukuoka* Shiga*
Okayama Gunma Toyama
Fukuoka Kyoto* Shizuoka
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Table5b

Performance of the bottom 10 Japanese prefectures. model and data.

Bottom 10 Model predicted Bottom 10 M odel predicted Bottom 10
Prefectures Prefectures using 1993 Prefectures using 1983
GDP/Worker 1993 data data

Tottori Kagoshima* Kochi*

Kumamoto Saga Kagoshima*

Y amagata Tokushima Y amanashi

Kagoshima Kochi* Akita*

Aomori Aomori* Shimane*

Akita Shimane* Niigata

Kochi Akita* Aomori*

Shimane Iwate* lwate*

Miyazaki Tottori* Hokkaido

Ilwate Hokkaido Tottori*

Evidence on the model’ s ability to predict the overall variation in the data is

reported in Table 6. In this table we report the model’ s predicted variability in 1993 using

alternative configurations of the model’s parameters.
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Table 6
Predicted relative dispersion: model

and data.
Hg 0.9 0.7 0.5 0.4
OOy .07 .22 .39 0.49

Thistable shows that the model requires large differences in the relative totd
factor productivity of private and public production technologies to explain even a third
of the variation in the data. Schmitz (1998) finds that more variation can be produced in
predicted average productivity if government activity is concentrated in the investment

goods sector.
Conclusion

In this paper we have documented a number of new growth facts about Japan’s
Prefectures and offered an explanation for these facts. We formalized our explanation
using a variant of the neoclassical growth model that allows for government production
but assumes that the total factor productivity of the government production technology is
less than that of the private sector’ s production technology. We argued informally that
this specification might be due to a difference in managerial capabilities between the
private and public sector. We found that the qualitative properties of the model line up
reasonably well with the facts and that the model replicates some of the main features of
the Japanese distribution of output per worker. Results from our calibration exercise also
provide new evidence supporting our claim that managerial capability differs between the
private and public sector. The performance of Hokkaido, which was surprisingly good
from the perspective of our model, has adistinct administrative structure for allocating

public capital from the rest of the country.
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We conclude with the following caveat. It isnot our attention to assert that all
forms of government capital could be more efficiently provided by the private sector.
Instead we interpret our findings as presenting evidence that the negative effects of poor
project selection and management have overwhelmed any potential benefits from public
production in Japan. And the way we have demonstrated this point is to show that a
model that focuses explicitly on the negative aspects of government production does a
better job of explaining the facts than models that assume that government capital

enhances private productivity.
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Appendix A: Data description

We use the following data for in our study: prefecture population, employment,
GDP, Income and prefecture private and public capital stock.

The source for prefecture GDP and prefecture Income data is the Annual Report
of Prefecture Accounts issued by the Economic Planning Agency. This accounting
system of the Japanese regional economy is based on the 1968 UN System of National
Accounts. All transformations to this system were completed in 1978. We use two
different measures of prefecture output Gross Domestic Product for the period from
1975 to 1994 and Net Domestic Product data in the period before that. This choiceis
driven by data-limitations for the pre 1975 period. Prefecture GDP is equivalent to
prefecture Gross Domestic Expenditure and is composed of prefecture production valued
at market prices. It is meant to capture domestic production that occurs in each particular
prefecture. Market price refersto producers costs in case of the production processes and
the purchasers' price at other stages.

Prefecture income is income of all residents residing in a prefecture. It can be
related to prefecture GDP in the following way. First, subtract off depletion of capital
from GDP to get Net GDP. Second, Subtract indirect taxes from Net GDP to get Net
GDP at factor cost. Third, subtract element income from other prefectures from Net GDP
at factor cos to get prefecture income.

Our data on private and public capital isfrom Doi T. (1998) . This data consists of
private capital from 1955-1993 and public capital from 1965-1993. Before discovering
Doi’s data we constructed our own measure of prefecture capital for the period 1975-

1994 using data on investment flows from the Prefectural Accounts. The investment
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flows were then converted to stocks using geometric depreciation and initial and terminal
conditions on aggregate capital stocks as reported in Historical Statistics of Japan. The
terminal condition was used to identify the depreciation rate and the initial capital stock
for each prefecture was backed out from the aggregate initial capital stock by using the
weights based in the initial share of investment in total investment. After encountering
Doi’s datawe compared of our measure of capital stocks with Doi’ s and found them to be
virtually the same. Since Doi has a longer time-series of data, we chose to use his data.
This measure of public capital is comprehensive and includes items that fall into the

following four general categories.

=

Agricultural, fishery and forestry infrastructure.

2. Industrial infrastructure (roads and highways, seaports and airports)

3. Transportation and communication infrastructure

4. Living infrastructure (city and town roads, parks, concert halls, community centers,

schools and hospitals)
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Appendix B: Markov chains

Markov chains defined

One of the principal methods we will use to summarize our datais as a markov
chain. A Markov chain is a sequence of random variables { X;,t=1,2,...} each of which
can take on mdistinct realizations. We will restrict attention to stationary or time-
homogenous Markov chains. In this case, the transition probabilities betweent and t+j
depend only on the number of periods betweent and t+]. Suppose that the (mxm)

transition matrix of one period ahead conditional probabilitiesis given by:

[T

P,y Py Py ML
[]

1

0 D

where,
P. = P(X,,; = jIX, =1)

i
Notice that P has two defining properties. each element of P is non-negative and the sum

of each row of P isone.

The | step ahead transition matrix can be recursively calculated using the formula:

P =P P. @)
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Estimating the transition matrix.
Given an initial state and atime-series of transitions the maximum likelihood estimates of

the transition matrix P can be estimated from the transition counts. Let n, equal the

number of times you count atransition from state i to sate 1 and n; denote the total
number of times that you observe statei. Then it can be shown that the maximum

likelihood estimates are given by the following formula

p=— i,j=123..m €)

Limiting Behavior of Markov chains

In our empirical work we will want to infer some of the long-run or steady-state
properties of the distribution of Japanese prefectures from estimates of the transition
matrix P. It is not difficult to seethat some states are not relevant for describing the
long-run properties of the distribution. Some states when once left my never be visited
again. In characterizing the limiting behavior of a Markov chain we will be interested in
the ergodic states. Ergodic states satisfy certain properties that we describe below.
Moreover, defining the ergodic states is important in describing the conditions under
which Markov chains are ergodic stochastic processes. Thisin turn is needed for the
application of many laws of large numbers®. To describe the ergodic states we need to
classify Markov chains into several categories. The states of a Markov can be classified

into two broad categories: transient and recurrent. A recurrent state has the property that

3 In econometrics applications you often want to appeal to laws of large numbers that apply to a situation
where you have only one realization of the stochastic process. If the stochastic processis ergodic you can
learn everything about the stochastic process from one long realization regardless of the initial condition.
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if it isstarted from it will almost surely revisited. Transient states are states that are not
recurrent. Recurrent states can be broken further into two categories depending on
whether the mean recurrence time is finite or infinite. If the mean recurrence time is finite
we refer to the state as positive recurrent and if it is infinite we refer to it as null
recurrent. For the reasons described above ergodic states are positive recurrent. A

second classification relates to the periodicity of the states. Ergodic states are also
aperiodic. That is, the greatest common integer divisor for which P" >0 is1. These

properties are summarized in the following definition:
Definition 2: ergodic states

Ergodic states are states that are positive recurrent and aperiodic.

Give this definition of the ergodic states of a Markov chain we now turn to a description
of how to calculate their probability. Before doing this we need to make one more
definition.

Definition 3: irreducible ergodic markov chain

A Markov chainisirreducibleif all of its states are ergodic.

The probability of the ergodic states of irreducible ergodic markov chains can be
calculated recursively from the following formula:

X =P'X, (4)
The ergodic or long-run probabilities X satisfy:

X_=P'X (%)

00 00
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One simple way to calculate the ergodic probabilitiesisto operate recursively on
eguation (4) from any initial X, that sumsto one. Alternatively, the ergodic probabilities

can also be found by solving a particular set of linear equations (see e.g. Bhat(1984)).
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Tablel

Private capital per worker relativeto Tokyo 1955-1993

8 state markov chain

Midpoints
0.3231  0.4166  0.5371  0.6924  0.8926 1.151 1.484 1.913
Transition Probabilities

0.8 0.2 0 0 0 0 0 0
0.01205  0.8072  0.1807 0 0 0 0 0
0 0 0.8544 0.1456 0 0 0 0

0 0 0.01053 0.92 0.06947 0 0 0

0 0 0 0.0364 0.9393 0.02426 0 0

0 0 0 0 0.05 0.9444 0.005556 0

0 0 0 0 0 0.2667 0.7333 0

0 0 0 0 0 0 0.1429 0.8571

Ergodic Probabilities
0.00 0.00 0.01863 0.2562 0.4861  0.2343 0.004875 0.00



Table?2

Total capital per worker relativeto Tokyo 1965-1993
8 state markov chain

Midpoints

0.5564 0.6341  0.7227  0.8237  0.9388 1.07 1.219 1.39

Transtion Probabilities

0.5 0.5 0 0 0 0 0 0
0 0.72 0.28 0 0 0 0 0
0 003093 07113 0.2577 0 0 0 0
0 0 00131 0.8384 0.1485 0 0 0
0 0 0 0.0199 09154 0.06468 0 0
0 0 0 0 0.06269 0.8925 0.04478 0
0 0 0 0 0 0.09934 0.894 0.006623
0 0 0 0 0 0 01429 0.8571

Ergodic Probabilities
0 0.000287 0.00259 0.05076 0.3773 0.3873  0.1738 0.008013



Table3

Relative private capital per worker and relativetotal capital per worker 1965-
1993, 8 state markov chain

Relative Private capital per woker

Midpoints

0.3255 0.4276 0.5618 0.7381 0.9696 1.274 1.674 2.199

Transition Probabilities

0.7857 0.2143 0 0 0 0 0 0
0.009615  0.8173 0.1731 0 0 0 0 0
0 00125  0.8583 0.1292 0 0 0 0

0 0 0.007177 0.9258  0.06699 0 0 0

0 0 0 0.01899 0.9335  0.04747 0 0

0 0 0 0 0.04118 0.9588 0 0

0 0 0 0 0 01429 0.8571 0

0 0 0 0 0 0 0.2 0.8

Ergodic Probabilities
2.16E-05 0.0004772 0.006544  0.1167 0.4081 0.4682 0 0
Relative total capital per worker
Midpoints
0.3255  0.4276 0.5618 0.7381 0.9696 1.274 1.674 2.199
Transition Probabilities

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 07105  0.2895 0 0 0 0

0 0 0.003891 0.8638 0.1323 0 0 0

0 0 0 0.009056 0.9677  0.02329 0 0

0 0 0 0  0.06849 0.9315 0 0

0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 0

Ergodic Probabilities

0 0 0.0006681  0.04918 0.7093 0.2408 0 0



Table4

Per capitaincomerelativeto Tokyo 1955-1994

8 state markov chain

Midpoints
0.3045  0.3568  0.4181 049 05741 0.6728 0.7884  0.9238
Transition Probabilities

0.7333  0.2667 0 0 0 0 0 0
0.08889  0.6667  0.2444 0 0 0 0 0
0 0.05521 0.7423  0.2025 0 0 0 0

0 0 0.08092 0.7659  0.1532 0 0 0

0 0 0 0.06586 0.8163  0.1179 0 0

0 0 0 0 0.1004 0.8514 0.04819 0

0 0 0 0 0 0.1641 0.8047 0.03125

0 0 0 0 0 0 0.06557  0.9344

Ergodic Probabilities
0.00402 0.01195 0.05236 0.1299  0.2999  0.3506  0.1026 0.04863



Table5

GDP per worker relative to Tokyo 1955-1994
8 state markov chain

Midpoints

0.3435 0.4118 0.4936 0.5917 0.7093 0.8503 1.019 1.222

Transition Probabilities

0.6364  0.3636 0 0 0 0 0 0
0.07292  0.6458  0.2813 0 0 0 0 0
0 0.05333 0.77  0.1767 0 0 0 0

0 0 0.05374 0.856 0.09021 0 0 0

0 0 0 0.04356 0.9072 0.04924 0 0

0 0 0 0 0.08333 0.8728 0.04386 0

0 0 0 0 0 0.131 0.8571  0.0119

0 0 0 0 0 0 0.06667  0.9333

Ergodic Probabilities

0.002276 0.01131 0.05942 0.1944  0.4007 0.2368 0.07988 0.01521



Figure 1
Private capital per worker relative to Tokyo: top and bottom
five prefectures
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Figure 2
Per capitaincome relative to Tokyo: top and bottom 5 prefectures.
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Figure 3
GDP per worker relative to Tokyo: top and bottom five prefectures
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