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ABSTRACT OF DISSERTATION

ADYNAMIC FRAMEWORK FOR EVALUATING TAX POLICIES IN TAIWAN:
AN APPLICATION OF OPTIMAL CONTROL THEORY

In order to eliminate or alleviate the problem of “double taxation” on dividends,
the government in Taiwan introduced in 1998 a new tax system with the intent to
integrate corporate and personal income taxes. However, some problems, such as the
impacts on tax revenues, capital accumulation, and income distribution, may still emerge
in this new tax system in the future.

in the presence of heterogeneous income groups with different rates of time
preference, industries of different degrees of incorporation with adjustment costs, and
government deficits, this study builds a dynamic general equilibrium model to provide a
more comprehensive framework capable of capturing a realistic dynamic environment in
Taiwan, based on the optimal control theory. This study also displays the concept of net
cash flows in accounting, applies it to the model, and sets the objective of industries to
pursue the maximization of their net cash flows in the dynamic general equilibrium tax
model.

By applying transversality conditions to each sector, this study derives the
solution for the theoretical model to ensure that all the equilibrium conditions are

satisfied. Then, this study designs several tax policy scenarios, focusing on the corporate
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income tax integration plans, to theoretically explore how to apply simulation schemes to
the model, to attempt to theoretically investigate the possible effects of these policies on
the structure of the model and equilibrium values, and further to check if simulation
results are consistent with equilibrium conditions.

In this theoretical model, what we can obtain are the aggregated results for each
sector, not the disaggregated ones which can only be done by an empirical study.
Therefore, it would be expected that the framework of this study can be used as a
blueprint to examine the performance of the new tax system after 1998 if more
disaggregated information becomes available in the future, and further evaluate whether

the objectives of tax integration are accomplished.

San-Li Lin

Department of Economics
Colorado State University
Fort Collins, CO 80523
Fall 2006
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CHAPTER ONE

INTRODUCTION

1.1 Problem Statement

It has long been well known that the problem of “double taxation” on dividends
stems from the tax system in which both corporate and personal income taxes are
separately implemented at the same time. Furthermore, under such a tax system, two
types of distortions would be introduced. First, from the perspective of corporate income
tax, only the interest payments due to the outstanding private bonds, but not the dividends
distributed to the shareholders, can be treated as costs and thus be deductible from the
corporate income tax base. Accordingly, corporations tend to prefer debt financing to
equity financing, which distorts corporate financial rules and leads to high debt/equity
ratios and hence high risk of bankruptcy. Second, from the perspective of personal
income tax, corporations have incentives to make use of retained earnings to avoid
personal income tax for their stockholders, which leads to the so called “lock-in” effect
(Fullerton, King, Shoven, and Whalley, 1981; Shoven and Whalley, 1992). The low
dividend/retention ratios will impair the efficiency of capital market and block the

optimal allocation of resources.

To alleviate these two problems, the government in Taiwan introduced in 1998 a

new tax system with the intent to integrate corporate and personal income taxes. In
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addition to adopting the full imputation system, this new tax system also levies an
additional 10% surtax of corporate income tax on retained earnings.

By “the full imputation system”, the individual tax liabilities on dividend earnings
which have been paid by the corporation on behalf of the individual stockholders should
be fully credited against the individual’s personal tax liabilities when filing personal
income tax (Ministry of Finance, Taiwan, 1998). The Ministry of Finance claims that
among the feasible schemes, the full imputation system is most suitable for Taiwan to
implement and has been adopted by most of the countries which have implemented
corporate income tax integration. One important reason is that all the distortions induced
by the separately operated corporate and personal income taxes can be completely
eliminated under the scheme of the full imputation system, even though this scheme may
generate relatively larger revenue loss than others (Ministry of Finance, Taiwan, 1998).

Under this new system, the previous corporate and personal income tax rates
remain unchanged, with the highest marginal rates at 25% and 40%, respectively.
Because there is a difference up to 15% between these two top rates, corporations still
have an incentive to avoid tax liabilities via retained earnings for their shareholders.
Therefore, the authority imposes an additional 10% surtax of corporate income tax on
retained earnings to minimize that difference. Another reason for this additional 10%
surtax of corporate income tax on retained earnings is to make up for the revenue loss
associated with the full imputation system.

However, some problems which the government has to deal with in the future
may still emerge in this new tax system. Among them, the effects on tax revenues and

income distribution can be easily grasped from the following illustrations.
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The Effects of Integration on Tax Revenues

Since the implementation of corporate income tax integration in Taiwan in 1998,
the corporate income tax revenues have not shown a decreasing tendency. Instead, they
vary with the changes in the economic growth rate. On the other hand, because of the
time lag when shareholders receive dividends from corporate earnings, the actual impact
of corporate income tax integration on the personal income tax revenues will be only
effective in 2000. Therefore, from the fact that the average annual rate of increase in the
personal income tax revenues for the period 2000 — 2002 is —3.85%, it would be
expected that the implementation of corporate income tax integration has brought about a
decrease in the personal income tax revenues, and the integration has further contributed
to a decrease in the ratio of the personal income tax revenues to the national tax revenues.
Nevertheless, because the ratio of the corporate income tax revenues to the national tax
revenues has increased year by year, the sum of corporate and personal income tax
revenues remained relatively stable, at around 32% of the nation’s total tax revenues.

Several figures can be used to further illustrate the finance of Taiwan government.
First, the national tax liability rate (National Tax Revenue / GDP) gradually falls from
20.6% in 1990 to 16.2% in 1998, and to 13.6% in 2004 (Ministry of Finance, Taiwan,
2005). This decreasing trend of national tax liability rate mainly is attributed to the
seriously eroded tax base. Second, tax revenues have become less than current
expenditure since 1995. Third, government savings turn out to be negative since 1999,
indicative of the deteriorating trend in the finance of Taiwan government. Finally, the

government can not help but significantly increase the issuance of public bonds to
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finance its various public investments with the annual rate of increase in the value of
outstanding government bonds at 10% in 1999 and 25.61% in 2001.

In sum, the implementation of corporate income tax integration in 1998 has
adversely affected the personal income tax revenues, with an apparent reduction in the
national tax liability rate. Eventually, the government finance falls into deficits and has to

rely on financial funds.

The Effects of Integration on Income Distribution

First, the annual rate of increase in the average disposable income per household
has been lower than the economic growth rate since 1994, and has never exceeded 2%
since 1998. Furthermore, it becomes less than 1% in 2000, and turns into negative in
2001. Therefore, we can speculate that even with the possibility of an increase in the
average disposable income per household after integration, it might be very limited.

The average disposable income per household appears to increase at a decreasing
rate for all income groups before 1998. Since 1998, disposable income of some middle
and low income groups actually decreased and has not gone back to its pre-corporate
income tax integration level. In particular, it appears that the lower the level of the
household’s average disposable income, the larger the difference between its current and
previous levels. In contrast, the average disposable income per household of the highest
income group has not decreased in the same period. Therefore, the implementation of
corporate income tax integration definitely makes the lower income groups worse off. In
fact, income tends to concentrate on the highest income group under corporate income

tax integration.
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We can also investigate the income inequality indexes to capture the income
distribution in more detail. One index is the ratio of income share of the highest 20% to
that of lowest 20%, which is less than 5.5 before 1998 and exceeds 6.0 for some periods
after 1998. The other is Gini’s concentration coefficient, whose highest value is 0.320
prior to 1998 and has gradually increased up to 0.343 in 2003 under corporate income tax
integration. Hence, both indexes show that the implementation of corporate tax
integration has apparently enlarged the magnitude of income inequality in Taiwan.

This adverse effect of corporate income tax integration on income distribution
reflects a shortcoming of corporate tax integration in that it only focuses on the
improvement of taxation on dividends. In turn, it makes the high income households
better off, because they hold most of the dividends distributed. This is why some
researchers argue that corporate income tax integration genuinely benefits neither the low

income households nor those who do not invest in stock market (Chuang and Sang, 1998).

The Functions of the Additional 10% Surtax

Because the difference between corporate and personal income tax rates can not
be completely eliminated under the 1998 tax reform, there still exists the incentive for
shareholders to avoid tax liabilities through retained earnings. An official study by the
Finance Reform Committee, Executive Yuan (2002) reported that after the

implementation of corporate income tax integration, the government has lost tax revenues

by 14.9 and 38.5 billion N.T. dollars in 2000 and 2001, respectively.
Therefore, it appears that the additional 10% surtax on retained earnings can not

achieve its intended objectives. Instead, it may cause corporations to distribute more
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dividends to shareholders in order to avoid this additional 10% surtax, and thereby lower
the accumulation of corporate capital and the ability to undertake risk. Hence, abolishing
the additional 10% surtax on retained earnings has been the most interesting issue being

debated since the implementation of corporate income tax integration.

1.2 The Importance of the Study

Thus far among the studies on corporate income tax integration in Taiwan using
general equilibrium models, most of them are of comparative static analyses in nature,
therefore, can not capture the effects of tax integration in a true dynamic sense. This
study is one of the few studies that employ a dynamic general equilibrium approach to
examine the impacts of corporate income tax integration on income distribution and
economic performance in Taiwan economy.

Among the few studies using a dynamic general equilibrium model for tax policy
evaluation in Taiwan, some do not analyze the effects of corporate income tax integration
on different industries in the production sector, while others do not estimate the effects on
different income groups in the household sector. Further, most of the studies adopt the
concept of balanced budget incidence in the government sector, which do not allow the
government to run deficits and thus can not examine the effects of government deficits
induced by corporate income tax integration. Nevertheless, this study attempts to
simultaneously simulate all of these three types of effects.

This study encompasses household, production, and government sectors. The
household sector consists of m heterogeneous income groups classified by income, with

each group possibly responding differently to the corporate income tax integration. The
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production sector, considering the adjustment costs, is composed of J+1 industry
subsectors classified by the degree of incorporation. Furthermore, it allows for the
presence of government deficits. Therefore, this study will help policy makers evaluate
whether the degree of inequality across income groups is improved and how large the
financial crowding-out effects of the new tax system might be, and thereby take

appropriate actions to revise or improve upon this new system.

1.3 The Objectives of the Study

The purposes of the tax reform implemented in 1998 in Taiwan are to stimulate
investment by eliminating double taxation on dividends, to alleviate the distortionary
effects of taxation on corporate financial rules, and to promote the efficiency of resource
allocation by reducing corporate incentives which make use of retained earnings to avoid
personal income tax for their stockholders (Ministry of Finance, Taiwan, 1998). However,
the following problems may arise. First, the total government tax revenues may decrease.
Second, the distortion of dividend policy may still persist as long as corporate and
personal income tax rates are not equal to each other. Third, the additional 10% surtax of
corporate income tax levied on retained earnings may impair the accumulation of
corporate capital and hence prevent the stock market from developing.

This study will investigate the impacts of corporate income tax integration on
income distribution and economic performance by applying a dynamic general
equilibrium model in the presence of heterogeneous income groups with different rates of
time preferences, industries of different degrees of incorporation with adjustment costs of

investment, and government deficits. This study is expected to contribute in the following
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areas: first, this study will provide a more comprehensive framework capturing a realistic
dynamic environment for policy makers to grasp the effects of integrating corporate and
personal income taxes. Second, the framework of this study can be used to examine the
performance of the new tax system after 1998 if more disaggregated information
becomes available in the future, and further evaluate whether the objectives of tax
integration are accomplished. Third, this study can be used to inspect the desirability of

imposing the additional 10% surtax of corporate income tax on retained earnings.

1.4 Data Source for Empirical Studies
For empirical studies, the data used to calibrate the benchmark model and conduct
the simulation analysis can be obtained mainly from the following sources:

a. Report on the Survey of Family Income and Expenditure in Taiwan Area of the
Republic of China, 2003, Directorate-General of Budget, Accounting and
Statistics, Executive Yuan, the Republic of China, October, 2004.

b. National Income in Taiwan Area of the Republic of China, 2004, Directorate-
General of Budget, Accounting and Statistics, Executive Yuan, the Republic of
China, December, 2004.

c. Monthly Statistics of Finance, Taiwan Area, the Republic of China, June, 2005,
Department of Statistics, Ministry of Finance, Executive Yuan, the Republic of

China, July, 2005.

d. Business and Industrial Key Financial Ratios, 2004 Edition, Joint Credit
Information Center, October, 2004.

e. TEJ Database, Taiwan Economic Journal Co. Ltd.
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f.  The Report on 2001 Input-Output Tables, The Republic of China, Directorate-

General of Budget, Accounting and Statistics, Executive Yuan, the Republic of

China, January, 2005.

The major financial and economic indicators of Taiwan economy, the relative
data on household income and expenditures, and government revenues and expenditures
come from the first three sources described above. The last three sources provide the
information on industry sectors. Both sources d and e offer corporate financial data in
operation, while the remainder affords input and output data in production. One thing that
should be noted is that since data for individual companies are difficult to obtain,
especially the details of taxation such as the marginal tax rate levied on individual
shareholders and the structure of shareholding, we may have to use proxies, or to set
these variables as exogenously given. Therefore, the attempt to examine the impacts of
corporate income tax integration on corporate financial decisions may be restricted. It
should also be noted that considering the incompleteness of data, we may be constrained

to using the data only of listed companies in the stock market.

1.5 The Organization of the Study

After the introduction, chapter two is a critical review of the literature. It reviews
both the empirical and theoretical studies on corporate income tax integration, focusing
on the effects on income distribution and resource allocation. Most of the empirical

studies on corporate income tax integration in Taiwan investigate only the resource
allocation effects, while only a few studies concentrate on evaluating the impacts of this

new tax system on income distribution. Furthermore, among the empirical studies on the
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effects of integration on income distribution in Taiwan and other countries, most adopt
static general equilibrium models. Studies using dynamic general equilibrium models to
simulate both income distribution and resource allocation effects are even scarce. The
most significant result of these studies is that the size of dynamic efficiency effects of tax
integration would differ from that of static ones.

Chapter three first presents the specification of the behavior of each type of agents.
In this study, households are heterogeneous in terms of their time preferences. Industries
with different degrees of incorporation are considered in the production sector. The
adjustment costs of investment are taken into account as well. As to the behavior of the
government, it is allowed to run deficits in this study. This chapter will provide specific
functional forms to characterize the behavior of each type of agents. Furthermore, this
chapter will also identify the equilibrium conditions for each sector and for the closed
Taiwan economy as a whole. With respect to the methodology adopted in this study, the
temporary Walrasian equilibrium will be used in the scenario for the equilibrium at each
period of time. The concept of net cash flows from the perspective of accounting will
also be introduced into this study. Most importantly, the optimal control theory will be
applied to capture the nature of the optimal dynamic equilibrium.

Chapter four attempts to apply the optimal control theory to the more
comprehensive tax model. Then, this chapter derives equilibrium conditions and
identifies the solutions for each sector and each market and the whole model by applying
transversality conditions to each sector.

Chapter five will explore theoretically how to apply simulation schemes to the

model. Then, this chapter will attempt to investigate and compare the difference in the

10
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effects of alternative tax policies, focusing on the corporate income tax integration plans,
on the model structure and equilibrium values. In the process of simulation analysis, the
results derived from alternative corporate income tax integration plans, which are
presented as counterfactual cases, will be compared to the solutions derived from the
model described in the previous two chapters, which is treated as the benchmark case.
Finally, chapter six will first summarize the simulation results and then offer
several conclusions based on the simulation results in this study. The basic contributions
of this study will be highlighted. Furthermore, policy implications will be drawn as
references for policy makers in pursuing future taxation improvement and reform. This

chapter will conclude with some suggestions for future research.

11
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CHAPTER TWO

LITERATURE REVIEW

Among the empirical studies, some adopt a general equilibrium model to estimate
the effects of corporate income tax integration on income distribution and economic
efficiency. Others, without using a general equilibrium model, focus on specific issues in

economic efficiency for the production sector, but not on income distribution.

2.1 Studies Using a General Equilibrium Model
2.1.1 Empirical Studies on the United States

It has long been argued that corporate income tax implemented separately from
personal income tax may induce adverse effects on the economy. Following the seminal
work on tax incidence by Arnold Harberger (1962), Fullerton, King, Shoven, and
Whalley (FKSW) (1981) apply a general equilibrium model, composed of 19 industries,
16 consumer goods, and 12 consumer groups classified by income range, to evaluate the
effects of corporate and personal income tax integration on income distribution and
resource allocation. They use 1973 data to estimate the static and the dynamic resource
allocation effects respectively for four alternative schemes of corporate income tax
integration under the assumption of the government’s balanced budget in the United

States. Further, it is assumed that the U.S. economy lies on a balanced growth path in

12
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terms of the 1973 data, only in which savings decisions based on myopic expectations on
the rate of return to capital in each period would be correct.

Plan 1 of these four alternatives is a full integration scheme which merges
corporate and personal income taxes. In fact, corporate income tax is repealed, and the
personal income tax is imposed on the entire corporate earnings including dividends and
retained earnings. Other plans are partial integration schemes. Plan 2 is dividend
deduction from corporate income tax base with dividends being taxed at the personal
level, leaving the corporate income tax on retained earnings only. Therefore, the double
taxation of dividends is eliminated. Plan 3 is dividend deduction from personal income
tax base, and taxed at the corporate level so as to remove double taxation. FKSW also
argue that both of these two dividend deduction plans will give corporations an incentive
to pay out more dividends. Plan 4 is dividend “gross up”, which gives shareholders a tax
credit of 15% of corporate income tax paid by corporations. Compared to dividend
deduction plans, Plan 4 only partially reduces the double taxation of dividends, so that
there is still partial distortion due to double taxation remaining.

In order to show the impacts of changes in dividend policies in their model,
FKSW take into account the extreme behavior assumption that corporations might
distribute their entire profits to shareholders, contrast to the other assumption for
dividend deduction plans that corporations might keep the existing dividend policies.
They set a parameter for each type of capital income to represent the proportion of that

type of capital income to be taxed under the personal income tax. They further specify a
fraction for each of industries to show the proportion of that industry’s capital income to

be taxed under the personal income tax. Through the specifications of these parameters

13
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and a set of effective tax rates for each integration plan, this study can capture the
changes in net of tax return of capital and simulate the impacts of various corporate
income tax integration schemes on the economic structure.

Their simulation results show that under the assumption of the government’s
balanced budget, full integration will produce an annual static efficiency gain of around
$6 billion in 1973 prices, while the amount of this efficiency gain derived from partial
integration schemes will be lower. With respect to dynamic efficiency, full integration
will yield gains around $500 billion in terms of the present value, or “about 1.0 % of the
discounted present value of the GNP stream in the U.S. economy after correction for
population growth” (FKSW, 1981). Therefore, it appears that corporate income tax
integration will bring about significant positive welfare effects to the United States. As to
economic efficiency, every income group becomes better off under full integration which
makes full integration a Pareto improvement. Finally, the impacts of corporate income
tax integration on income distribution vary with integration plans, depending on the
choice of replacement taxes used to preserve government revenue neutrality. According
to the FKSW study, dividend deduction from personal income tax base will have a slight
benefit to higher income groups, while dividend deduction from corporate income tax
base will apparently favor the lower income groups relative to their higher income group
counterpart.

FKSW adopt the concept of balanced budget incidence and assume that the U.S.
economy is located on a balanced growth path, so that the simulation analysis does not
examine the impacts of corporate income tax integration on the government revenues and

economic growth rate. Furthermore, since FKSW’ model does not allow the presence of

14
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government deficits, it does not take into account the adverse crowding-out effects of
government deficits on private investment (Pereira, 1993). In addition, capital is set to be
completely mobile among industries with instantaneous and costless adjustment. Pereira
argues that both postulations are unreasonable, and as a consequence, the FKSW model
will result in overestimating the benefits expected from corporate income tax integration.

Ballard, Fullerton, Shoven, and Whalley’s (BFSW) (1985) model duplicates
FKSW? (1981) basic assumptions and parameters, and the four corporate income tax
integration schemes except adding the VAT scaling as the fourth tax replacement to
preserve government revenue neutrality. Their model includes 12 consumer groups
classified by income range, 15 consumer goods, and 19 industries among which 8
industries are chosen to investigate the impacts of corporate income tax integration on the
magnitude of changes in capital stock through reduction in capital tax rates. These 8
industries are divided by the differences in the degree of incorporation, four of these
industries with low rates of capital tax under the 1973 law, the other four with high ones.
They also adopt a dynamic general equilibrium approach to evaluate the effects of
corporate income tax integration on industry structure, economic efficiency, and income
distribution. To solve for a competitive equilibrium in which profits are zero and supply
equals demand for each good and factor in each period, they invoke the Merrill (1972)
variant of Scarf’s (1973) algorithm (Shoven and Whalley, 1992).

The static effects of corporate income tax integration come mainly from capital
stock being more efficiently allocated among the industrial sectors. The effective tax
rates on capital become lower after integration. When the corporate income tax is

eliminated under full integration, capital tax rates in industries previously more heavily

15

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



taxed are significantly reduced so that capital used by these industries becomes cheaper,
and these industries will gain the most benefits from full integration and tend to employ
more capital relative to the rest of industries. With respect to the dynamic effects of
corporate income tax integration, since the after-tax rate of return to capital as a whole
goes up as caused by the lower capital tax rate under integration, the relative price of
capital rises from 1 to 1.208 in the first equilibrium period under full integration.
Thereafter, the relative price of capital falls because there are more savings induced by
the higher after-tax rate of return to capital, but the size of reduction in the relative price
of capital tends to diminish, down to 1.107 by the final period.

In BFSW’ model, full integration generally yields more annual static efficiency
gains than partial integration, even though the overall difference in annual static
efficiency gains derived from various plans of integration is small. On the other hand,
dynamic gains are much larger than static ones. Under full integration, the lump-sum
replacement might yield dynamic gains as large as $695 billion in 1973 dollars, or about
1.4% of the present discounted value of welfare (consumption plus leisure) in the base
sequence, while dynamic gains with the multiplicative and additive replacements are only
about 0.62% and 0.84% respectively. Hence, dynamic welfare effects of corporate
income tax integration are sensitive to the choice of replacement taxes used to preserve
government revenue neutrality, while static ones are relatively stable. Furthermore, for

both dividend deduction plans, the static and dynamic gains under the extreme-behavior
assumption that corporations distribute their entire profits to shareholders, are greater

than those under the assumption of fixed dividend- retention policies.
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As to the distributional effect, corporate income tax integration makes every
income group better off, with a U-shaped pattern of gains across income groups. That is,
corporate income tax integration will lead to a Pareto improvement according to BFSW’
(1985) simulation results. However, the effects of dividend deduction from corporate
income tax base appear to be more progressive than that of dividend deduction from
personal income tax base.

Several conclusions can be derived from the empirical simulation results of
FKSW (1981) and BFSW (1985) together. First, dynamic gains are much larger than
static ones. Second, partial integration plans yield less welfare gains than the full
integration plan, except dividend deduction from corporate income tax base with extreme
behavior assumption in FKSW (1981). Third, among all forms of tax replacements, the
lump-sum scaling is shown to always have the largest welfare gains, because of its
nondistortionary nature. Fourth, under full integration which completely eliminates the
corporate income tax, industries with higher degree of incorporation will gain more. Fifth,
for dividend deduction plans, the static and dynamic gains under the extreme-behavior
assumption are greater than those under the assumption of fixed dividend- retention
policies. Sixth, full integration will make every income group better off, or achieve
Pareto improvement. Seventh, the impacts of corporate income tax integration on income
distribution vary with integration plans, depending on the choice of replacement taxes
used to preserve government revenue neutrality. Finally, the effects of dividend
deduction from corporate income tax base appear to be more progressive than those of

dividend deduction from personal income tax base.

17

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Pereira (1993) constructs a dynamic general equilibrium model of the U.S.
economy to investigate the impacts of corporate income tax integration on the
intertemporal and intersectoral efficiency and the distribution of wealth and capital. His
focuses are on optimal intertemporal investment decisions, optimal intersectoral
allocation of investment, optimal intertemporal household consumption/savings and
labor/leisure decisions, government deficits, and financial crowding-out effects. The
taxation system in his model represents mainly the situation in the United States before
the Tax Reform Act of 1986. There are two integration methods simulated in his model:
the full integration achieved by repealing the corporate income tax and the partial
integration by dividend deduction from the corporate income tax base.

Pereira’s study differs from FKSW and BFSW in several respects. First, it allows
for government deficits which are optimally determined. Second, it assumes that
investment decisions are forward-looking, and are optimally determined in the presence
of adjustment costs and imperfect capital mobility. Third, it contains an endogenous
sequential equilibrium structure, based on dynamic economic behavior, and in which the
link between adjacent periods is provided by the recursive transitions of the stock
variables in the economy.

Pereira’s model consists of 4 industry sectors classified by the degree of
incorporation, 3 consumer groups divided by income range, and the government. Each of

these three types of agents faces a dynamic environment in a finite horizon framework.

The optimal intertemporal decisions of the different agents are derived from an
intertemporal specification of the agents’ objectives and constraints. The objective of the

producer is to determine endogenously optimal supplies and demands for the different
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production inputs through maximizing the present value of the intertemporal net cash
flows subject to a value added linear homogeneous Cobb-Douglas production technology,
a quadratic adjustment costs technology, the equation of motion for the capital stocks, the
nonnegativity constraints on the decision variables, and future price expectations (Pereira,
1988, 1993). The optimal government behavior can be derived from the maximization of
an intertemporal social welfare function, which is given by a loglinear Cobb-Douglas
function (Pereira, 1988), subject to a recursive sequence of budget constraints. The
objective of the household is to make the optimal consumption/savings and labor/leisure
decisions through maximizing the present value of his utility function characterized by a
two-level nested structure with a linearly homogeneous Cobb-Douglas structure,
constrained by a recursive sequence of budget constraints, terminal state constraints, and
a sequence of future price expectations (Pereira, 1988). The data set and parameter
specification in his model are consistent with those reported in BFSW (1985), and are
enlarged to cover additional issues not considered in BFSW.

In order to capture both the incomplete and sequential nature of the U.S. economy
and the limitations of foresight into the future, Pereira adopts the temporary Walrasian
equilibrium in his model. That is, all markets are assumed to clear; equilibrium in the
short run is parametric on the expectations of future prices held by the different agents as
well as future taxation parameters; and the optimal transitions of the stock variables
between adjacent equilibria are determined endogenously, given the equilibrium prices

and net demands (Pereira, 1993). In terms of simulation design, Pereira further applies
the concept of equal yield to policy evaluation implemented by comparirig the differences

between equilibria of both the base case that reflects the 1973 U.S. economy before
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integration and several counterfactual cases that reflect different policy scenarios. The
“equal yield” means that “the size of the government is kept constant” in terms of “the
same level of social welfare in both the base case and the revised cases” (Pereira, 1993).
Three equal-yield alternatives are used in Pereira’s model to finance the optimal level of
public expenditures necessary to keep the level of social welfare in the counterfactual
cases the same as that in the base case. These three schemes differ in the marginal
crowding-out effects they induce (Pereira, 1988). Tax-financed equal yield blocks
marginal financial crowding-out effects by changing tax revenues with constant base case
deficits. Bond-financed equal yield maximizes marginal financial crowding-out effects
by changing deficits with constant base case tax revenues. Mixed-financed equal yield
generates an intermediate between the former two schemes by changing a mix of deficits
and tax revenues (Pereira, 1988, 1993). Pereira further notes that when we are to analyze
the efficiency effects of integration with different equal-yield alternatives we require the
computation of the changes in other tax rates necessary to neutralize the tax changes
under consideration. Accordingly, he uses increased personal income tax rates as the
replacement mechanism.

Pereira obtains several simulation results which are not all the same as those in
FKSW (1981) and/or BFSW (1985).

First, the elimination of corporate income tax and its replacement by increased
personal income tax rates, i.e., the full integration in his study, will yield very modest and
often negative long-run efficiency gains at best at 0.17% of the present value of future
consumption and leisure, well below the estimates in FKSW and BFSW. Pereira points

out two reasons for this difference in efficiency gains. One reason is the presence of
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adjustment costs, which introduce the rigidities of investment decisions in his model.
Therefore, capital is not fully mobile across industries, and adjusting capital towards its
optimal level is costly in both time and money. The other reason is that the endogenously
recursive nature of equilibrium in his model can better capture the intertemporal
distortions caused by higher marginal income tax rates.

Second, the average long-run gains are more than twice as large as the average
short-run gains, which implies a sharply increasing intertemporal efficiency pattern. In
addition to the same reasons as described in the first result, Pereira reasons that it takes
time for the investment efficiency effects of integration to occur.

Third, the efficiency gains from full integration are negatively correlated to the
size of change in the personal income tax rates. Numerically, a 1% increase in the tax
replacement leads to about 1% decrease in the efficiency gains.

Fourth, even though government deficits generated by both bond-financed and
mixed-financed schemes of equal yield under full integration are slightly lower by
0.024% and 0.005% respectively than those generated by tax-financed equal yield,
efficiency gains with tax-financed equal yield are always higher than those with the other
two schemes of equal yield. There appears to be no significant effects of full integration
on the changes in government deficits. Pereira notes that this is because the corporate
income tax revenues foregone due to integration are actually shifted to be collected in the
form of personal income tax revenues. He further notes that because there is no
significant marginal crowding-out effects from integration in the U.S. economy, the

comparisons of different scenarios in FKSW and BFSW, in which balanced budget is

21

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



assumed so that financial crowding-out effects are not considered, may not be seriously
biased.

Fifth, partial integration, in the form of dividend deduction from the corporate
income tax base, generates systematically negative efficiency effects. Furthermore, long-
run losses are greater than short-run losses. Intuitively, this result shows that the
elimination of double taxation on dividend income under partial integration can not
directly yield efficiency gains, which is different from those in FKSW and BFSW.
Pereira presents two reasons for this difference. Though FKSW and BFSW also take into
account intertemporal consumption and labot/leisure decisions in their models, the
endogenously recursive nature of equilibrium in Pereira’s model can better capture the
distortions induced by higher marginal income tax rates. The other reason for this
difference can be attributed to the different types of replacement tax used in their models.
That is, FKSW and BFSW use increased corporate tax rates, not the increased personal
income tax rates used by Pereira, as a replacement mechanism. On the other hand, with
dividend deduction from corporate income tax base, dividends are treated as interest
payments, which theoretically can eliminate the distortion due to corporate tax preference
toward debt financing, and then encourage corporations to issue more equity to finance
their investment and distributing more dividends. In turn, partial integration should make
debt/equity ratios lower, dividend/retention ratios higher, and investment financing more

efficient. Hence, Pereira argues that since the effects of integration on corporate financial

decisions are not considered in his study and in FKSW and BFSW, the simulation results

in all these studies tend to be biased downwards.
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Sixth, unlike the result simulated in FKSW and BFSW, full integration in
Pereira’s study is shown not to be a Pareto improvement in terms of changes in
intertemporal utility. Numerically, high-income group benefits the most, more than 11%
in terms of utility gain; while the low-income group suffers a utility loss of about 6.5%.

Finally, under full integration, the industries in the sector with highest degree of
incorporation gain the most in terms of capital accumulation, which is the same as the
result in BFSW. However, changes in capital accumulation are less than 1% under full
integration, which are relatively small compared with the result in BFSW. Pereira points
out that this difference between the sizes of changes in capital accumulation obtained
from both models is generated by the presence of adjustment costs in his model.
Accordingly, capital is not perfectly mobile among industries, and it takes time for capital
to adjust to its optimal levels.

Theoretically, the integration of corporate and personal income taxes should be
expected to affect the optimal household portfolio decisions and the optimal corporate
financial rules and dividend/retention policies. That is, from the household perspective,
the rates of return on financial assets will vary with integration. From the corporate
perspective, the tax preference favoring bonds financing against equity financing and
favoring retained earnings against dividends will disappear or diminish after integration.
Accordingly, under integration, the corporate debt/equity ratios and dividend/retention
ratios will tend to fall and rise, respectively. However, since financial decisions are set to
be exogenously given in Pereira’s model, the effects of integration on the financial

decisions by households and corporations are ignored. Therefore, it is not allowed for
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households and corporations to adjust their financial decisions to the optimal level after

integration, so that the efficiency effects of integration may be underestimated.

2.1.2 Empirical Studies on Taiwan

Even though there are so many empirical studies related to the issues of corporate
income tax integration in Taiwan, few of them focus on investigating the impacts of this
new tax system on income distribution. Further, among these studies even fewer apply

dynamic general equilibrium models.

2.1.2.1 Static Studies

Su (1986) uses a comparative static analysis approach, originally developed by
Fullerton et al. (1979), to evaluate the economic effects of corporate income tax
integration in Taiwan. He also adopts the fixed-point computation algorithm developed
by Scarf (1973) to build his empirical computable general equilibrium (CGE) model
based on 1981 data. In his analysis of simulations, there are four alternative schemes of
corporate income tax integration: the partnership method, the dividend-paid deduction
method, the dividend-received exemption method, and the partial imputation method
with 15% tax credit. Only the partnership method is of full integration, others are of
partial integrations. Among the three partial integration methods, the dividend-paid
deduction method is integration at corporate level, while the other two are integration
schemes at personal (shareholder) level.

Su’s model consists of 15 production sectors and 10 consumer groups. On the

production side, the production technology for every sector is characterized by constant
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returns to scale (CRTS) Leontief production function. On the demand side, the utility
function of households is assumed to be characterized by constant elasticity of
substitution (CES). With regard to the capital side, it is assumed that production sector’s
demand for capital input is composed of all households’ capital supply and government’s
capital endowment. As to the income tax structure, it is designed to be a progressive one.
Further, the tax the individuals have to pay on their capital income is withheld in advance
when corporations pay their corporate income tax. Su’s model illustrates the process by
which this withholding mechanism affects the household sector.

Su obtains the following results from his study. First, the old tax system prior to
corporate income tax integration induces significant distortions to corporate investment
decisions. Second, both the partnership method and the dividend-paid deduction method
will not only considerably raise the real net national production (NNP), but also slightly
lower the magnitude of inequality in income distribution. Third, those alternative
schemes of corporate income tax integration at the personal level (especially the
dividend-received exemption method) will accentuate the degree of distortions in
economic efficiency and inequality in income distribution. Finally, under all of these four
alternatives, both the corporate income tax revenues and the total government revenues
will decrease. Therefore, Su suggests that the government should avoid choosing the
dividend-received exemption method as the corporate income tax integration scheme.

Although Su’s model includes progressive personal income tax which is
consistent with the reality in Taiwan, data set is confined to only one period of time over

1981 so that his model can only be used to conduct the comparative static analysis of
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corporate income tax integration, but not to simulate the impacts on prices, capital
accumulation, and economic growth.

Ma (2003) simulates the 1996 economy in Taiwan assuming that the new tax
system with corporate income tax integration were already implemented. Besides, based
on both the input-output table and taxation data in 1996, she formulates a Social
Accounting Matrix (SAM) to be used as data base of her CGE model. She further
investigates the impacts of corporate income tax integration on households’ disposable
income, the production value of industries, and economic growth through changes in tax
system affecting rate of returns to individual capital, from the short-run and the long-run
perspectives. In the short run, capital stock, investment, and the real wage rate are set to
be fixed, the impacts of corporate income tax integration are mainly associated with
changes in labor. In the long run, the inputs of labor and land are set to be constant, the
effects of corporate income tax integration are mainly derived from changes in capital.
Hence, Ma’s CGE model is static in nature.

Ma builds her empirical single-country CGE model based on the ORANI-G
model originally intended for the study of economic efficiency in Australia. Her model
includes 39 production sectors and 5 consumer groups classified by average disposable
income per household. In order that her study can simulate the impacts of corporate
income tax integration on income distribution, she introduces income-expenditure
equations into the ORANI-G model. On the other hand, since the tax burdens of various
sources of capital could differ with corporate income tax integration, her model also
includes the specification of capital structure in the production sector, namely, returns to

capital and depreciation. Returns to capital are divided into interest, corporate business
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profits and non-corporate business profits. Further, corporate profits are composed of
dividends and retained earnings.

The relevant assumptions and system design of corporate income tax integration
in Ma’s model are as follows. First, under the new tax system, corporations distribute
dividends with tax credit designated to their shareholders so that households’ tax
payments can be reduced. Since the data of tax credit received by households is hard to
obtain, Ma treats this tax credit as transfer payments from corporations to households
accompanied by the dividends distributed. Second, since the tax treatments are different
between profits of non-corporate business, corporate dividends, and corporate retained
earnings, Ma sets respective tax rates for individual capital in her model so that the
effects of corporate income tax integration can be captured through policies influencing
these tax rates. Third, both of corporate financial and dividend policies are set to be
determined endogenously, and are explained by a CES function. Fourth, the procedure of
policy shocks caused by the new tax system is set to include: the removal of the business
income taxes on profits of non-corporate business and corporate dividends, and
increasing the business income tax on corporate retained earnings. Finally, she sets
different substitution elasticities for both dividends with respect to retained earnings and
interest with respect to profits. She argues that the magnitude of these two kinds of
substitution elasticities is an important factor in deciding the degree of changes in after-
tax returns to capital among industries.

The simulation results obtained from Ma’s study are as follows. In the long run,
corporate income tax integration leads to reduction in aggregate price level, significant

increase in real GDP, improvement in competitiveness in foreign trade, and rising
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investment. With regard to income distribution, when the structural adjustment of the
economy is complete in the long run, corporate income tax integration will lower the
degree of inequality across income groups, with the effects positively related to the size
of substitution elasticity. In the short run, however, corporate income tax integration
would worsen macroeconomic performance than what is expected: economic resources
can not be allocated efficiently, because of the rigidity in capital, investment, and wage
rate. Furthermore, in the short run, income distribution becomes worse as substitution
elasticity becomes greater.

Although Ma attempts to investigate the impacts of corporate income tax
integration on households’ disposable income, industries’ production value, and
economic growth by introducing the long-run and short-run settings in her model, it still
is a static CGE model in nature. On the other hand, since the rate of returns to investment
is assumed to be identical for all households in her model, the difference of effects on
income distribution can not be captured.

From the long-run setting in Ma’s (2003) study along with Su’s 1986 simulation
results from integration at the corporate level, economic growth and improvement in
inequality of income distribution can be achieved by corporate income tax integration.
However, the results from integration at the personal level in Su’s and from the short-run
setting in Ma’s show that the degree of inequality in income distribution is heightened.
Furthermore, Su argues that integration at the personal level will worsen economic

efficiency.
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2.1.2.2 Dynamic Studies

Shea (1989) sets up a dynamic general equilibrium model for Taiwan to simulate
the impacts of three alternative schemes of corporate income tax integration on
investment, GNP, economic growth, prices, corporate savings, tax revenues, and other
economic variables over the period 1985 — 1991. His dynamic general equilibrium model
contains an input-output submodel comprised of equilibria between demand and supply
of 8 industrial sectors, a macro submodel including labor marker, capital market,
determinant equation of exchange rate and other equations of definitions, and several
dynamic equations. The three alternative schemes of corporate income tax integration in
his dynamic general equilibrium model are: full dividend-received credit method, partial
dividend-received credit method, and partial dividend-paid credit method. Shea also
adopts the concept of absolute tax incidence in his model. However, it should be noted
that unlike others he does not divide households into several income groups, thus limiting
the possibility to simulate the effects of corporate income tax integration on the degree of
inequality in his study.

Shea attempts to investigate the impacts of corporate income tax integration on
the economy mainly through the exogenous adjustment of income tax. The simulation
procedures in his study are as follows. First, the values of all the exogenous variables are
set over the period 1986 — 1991, at 1986 constant prices. Second, the simulation values of
all the endogenous variables under the old tax system prior to corporate income tax
integration over the same period are obtained. Third, the simulation values of all the
endogenous variables under the corporate income tax integration over the same period

are obtained through the modification of the tax system according to the three alternatives
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of the new system. Finally, in order to illustrate the impacts of corporate income tax
integration on the economy, the simulation values derived under the old tax system are
compared with those derived under the new one. |

The following simulation results are expected from Shea’s dynamic general
equilibrium model: the implementation of corporate income tax integration in the future
will significantly raise real disposable income, while it will also induce apparent rise to
market interest rate and dramatic fall in corporate savings. On the other hand, the new tax
system will not only have negligible impacts on real household consumption, prices, and
exchange rate, but also slightly lower the total government current revenues, particularly
the total direct tax revenues, among which corporate income tax revenues decrease while
personal income tax revenues increase. Most importantly, it appears that corporate
income tax integration will not effectively stimulate investment and promote economic
growth.

According to his simulation results, Shea indicates that the worry of significant
losses of government revenues by the opponents of corporate income tax integration is
not warranted. Besides, the argument of increase in investment and economic growth by
the advocators of integration is not supported empirically. Therefore, Shea concludes that
“the benefits of income tax integration...are...mainly in rationalizing income tax system,
reducing business income tax evasion, raising firms’ equity financing ratio, and lowering
personal income tax evasion by reducing corporate retained earnings.” Furthermore, he
suggests that “when an income tax integration system is implemented, the government

should adopt an expansionary monetary policy to prevent the rising of interest rate caused
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by corporate-saving reductions and government-budget deficit, so that investment can be
really stimulated.”

Although Shea applies his dynamic general equilibrium model to the open
economy (with monetary sector) to investigate the impacts of corporate income tax
integration on prices, capital accumulation, and economic growth, his study does not
examine the potential impacts of corporate income tax integration on income distribution
because the household sector is not divided into several income groups. In addition, he
employs a flat average income tax rate instead of a progressive marginal rate structure,
which is more in line with the reality in Taiwan.

Jiang (2002) applies a dynamic general equilibrium model characterized by an
endogenous formation of income distribution to examine the impacts of corporate income
tax integration on income distribution and economic efficiency in Taiwan. She agrees
with Sarte (1997) in that households with different income will differ in their rates of
time preference and thereby adapt their behaviors variously to the implementation of
corporate income tax integration. Therefore, under the progressive income tax structure,
households’ capital accumulations will vary with their income leading to the formation of
a new income distribution.

Jiang’s model includes household, production, and government sectors. The
household sector consists of 5 income groups divided by average household disposable
income. Suppose that the utility functions are identical for each household and for every
period, and are characterized by CES. Households’ savings can be used to purchase

bonds and equity. The former let households earn interest income, while the latter

generates dividends or capital gains. Further, assume that the tax rate on interest income
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and dividends is the same as that on labor income. As a result of arbitrage conducted by
households, the after-tax rate of returns of various financial assets will be identical in
equilibrium, so that households view these financial assets as completely substitutable to
each other. Therefore, the after-tax capital income of households will not vary with their
asset structures in equilibrium.

As to the production sector, it is assumed that the aggregate production function
form of the whole society is time-invariant for every period and characterized by CRTS
in the form of Cobb-Douglas. The production sector can finance its investment by issuing
additional bonds, issuing new equity, and employing retained earnings. Among these
sources of funds, interest payments to bond holders can be deducted from corporate
income tax base to reduce tax liabilities. Besides, the marginal tax rate on corporate
income 1is assumed to be constant, and the ratio of each source of funds to the total funds
is exogenously given in the model.

With regard to government revenues, households’ labor income, interest, and
dividends are put together to be taxed, while capital gains are taxed separately. Assume
that the asset structures for all households are identical, so that government can collect
personal income tax, capital gains tax, and corporate income tax from private sectors for
every period, according to the ratios of bonds and equity to households’ assets and the
ratios of dividends and retained earnings to households’ assets. Further, suppose that the
marginal tax rate on personal income which applies to all households is formulated by the
government according to the equal sacrifice principle. That is, among households, the

difference between utilities obtained from before and after-tax personal income is
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constant, and thereby the marginal tax rate derived from equal sacrifice principle is a
progressive one (Young, 1990).

In Jiang’s study, there are two alternative schemes of corporate income tax
integration. One is full integration which is divided into two cases: basic model and case
with low ratio of earnings retained. The other is partial integration characterized by
dividend-paid deduction (or credit) method, which is also divided into two cases: case
with an additional 10% surtax of corporate income tax imposed on retained earnings and
case without surtax on retained earnings. Full integration is designed to abolish corporate
income tax completely by switching the tax liabilities due to corporate earnings onto all
shareholders, so that the distortions caused by corporate income tax can be completely
eliminated. As a result, government income tax revenues are derived exclusively from
personal incomev tax. Therefore, the cost of capital used by corporations becomes equal to
interest rate because there is no more corporate income tax under full integration. Besides,
since retained earnings are merged into households’ income and are taxed as personal
income tax under full integration, in case when the effective personal income tax rate is
greater than that of corporate income tax, the tax liabilities of retained earnings will be
exaggerated, which discourages capital accumulation by households.

On the other hand, partial integration keeps corporate income tax, while allowing
dividends to be entirely deducted from corporate earnings. That is, under the dividend-
paid deduction type of partial integration, the corporate income tax base will only
includes retained earnings. Thus, Jiang points out that the dividend-paid deduction
method will lower the cost of capital used by corporations, which in turn encourages

corporations to raise their demand for capital and thereby affects households’
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intertemporal decisions. Hence, the households with low rate of time preference will tend
to hold more capital goods, while households with high rate of time preference will tend
to reduce their debts, so that government revenues will also be affected. In case there is a
great difference between personal and corporate income tax rates, corporations will have
incentives to increase retained earnings to avoid tax liabilities for their shareholders.
Therefore, most countries attempting to integrate corporate and personal income taxes
will take relevant actions to reduce this kind of distortions (Jiang, 2002). For example,
the implementation of corporate income tax in Taiwan is accompanied by an additional
10% surtax of corporate income tax on retained earnings.

As to the simulation analysis, Jiang first sets the given values of all the exogenous
variables in her model according to past studies and the secondary data over the period
1987 — 1996 in Taiwan. Second, she obtains the simulation values of all the endogenous
variables in the stationary equilibrium under the old tax system prior to corporate income
tax integration for 1997. Third, she finds the simulation values of all the endogenous
variables under various corporate income tax integration schemes for the same period.
Fourth, in order to illustrate the impacts of corporate income tax integration on the
economy, all the simulation values derived under the old tax system are compared with
those derived under the new one. Finally, sensitivity analysis and dynamic analysis are
conducted.

The main simulation results from Jiang’s study are as follows. Pareto
improvement can be reached in the long run under partial integration, while the economic
efficiency caused by the implementation of full integration depends upon both the ratio of

corporate earnings retained and the difference between corporate and personal income tax
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rates. With regard to income distribution, corporate income tax integration can effectively
lower the degree of inequality across income groups, and the effects vary positively with
the size of integration. In addition, the 10% surtax of corporate income tax on retained
earnings will prevent the integration schemes from improving economic efficiency and
equalizing income distribution.

Jiang’ study is one of the few that apply a dynamic general equilibrium model to
investigate the impacts of corporate income tax integration on both income distribution
and economic efficiency in Taiwan. However, her study ignores the impacts of corporate
income tax integration on the choice of corporate sources of funds (i.e., bonds-equity
policy) and the dividends payout policy (i.e., dividend-retention policy) by setting
financing decision exogenously. Theoretically, with the distortion of double taxation on
dividends, corporations tend to not only raise debt/equity ratio, but also retain more
earnings. Once corporate income tax integration has been implemented, corporations
should lower their debt/equity ratios and the ratios of earnings retained. Further, her study
only emphasizes on the analysis of income distribution for households, but does not take
the change of industry structure into account. Finally, her model, for a closed economy,
does not include the foreign trade sector.

In sum, Shea (1989) predicts that corporate income tax integration will have no
apparent influence on government revenues, the economic growth, and investment. On

the other hand, Jiang’s (2002) simulation results indicate that partial integration could

attain Pareto improvement and equalize income distribution, while the additional 10%

surtax of corporate income tax on retained earnings will generate the opposite results.
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2.2 Studies without Using a General Equilibrium Model in Taiwan
2.2.1 Effects of Integration on Corporate Dividend Policies

The change in dividend payout ratio can be used to examine whether corporate
dividend policies are significantly affected by corporate income tax integration. Wang
(2003) points out that since the objective of the dividend policies set by corporations is to
minimize the total tax liabilities of corporations themselves and their shareholders and to
maximize shareholders’ after-tax returns, corporations usually will take into account the
corporate income tax, shareholders’ dividend income tax, capital gains tax, and tax on
retained earnings when they are setting dividend policies.

Kuo (2000) finds from his empirical study the fact that the additional 10% surtax
of corporate income tax on retained earnings significantly influences the listed
companies’ inclination to induce more dividends against retained earnings. At the same
time, Lu (2000) further suggests that with corporate income tax integration corporations
tend to raise their cash dividend payout ratio, but decrease stock dividends. On the other
hand, he points out that there is significantly positive relationship between the imputation
tax credit ratio and the dividend/retention ratio. That is, the higher the imputation tax
credit ratio, the higher is the dividend/retention ratio. Chang (2002) also attempts to
investigate whether corporations will raise dividend payout ratio to avoid or reduce the
additional 10% surtax imposed on retained earnings. Her empirical result shows that the
higher the imputation tax credit ratio, the higher the cash dividend payout ratio would be.
This finding demonstrates that corporations will make use of dividends to lower retained
earnings, thereby to avoid the additional 10% surtax of corporate income tax imposed on

retained earnings.
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Like Lu (2000), Wang (2003), reaches the same result that there is a significantly
positive relationship between the imputation tax credit ratio and the dividend payout ratio.
However, one of his study results is opposed to Lu’s (2000), displaying that under
corporate income tax integration there is no apparent increase in cash dividend payout
ratio, and corporations significantly prefer stock dividends to cash dividends. Wang and
Chen (2003) in investigating the effects of the new tax system implemented in 1998 on
corporate shareholder structures, suggest that corporations tend to increase dividend
payout ratio under this new tax system, causing individual shareholders to pay more
income tax. They further point out that in order to reduce the tax burdens, individual
shareholders may shift their stocks to some holding companies to make dividend income
inaccessible for government tax under the new income tax system. Furthermore, Wang
and Chen point out the following; first, the percentages of corporate shareholders of
listed companies become higher after 1998; second, the higher the corporations’
imputation tax credit ratios under the new tax system, the lower the percentages of their
corporate shareholders; third, the percentages of overseas shareholders become smaller
after 1998.

In sum, all these studies share a common result that the 1998 tax reform
significantly affects corporate dividend policies and induces corporations to raise

dividend payout ratio.

2.2.2 Effects of Integration on Corporate Capital Accumulation
Some researchers have argued that the corporate income tax integration would

improve the accumulation of corporate capital. This is because corporate retained
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earnings are accumulated for their genuine needs, not for the purpose of avoiding tax
liabilities. On the other hand, the Ministry of Finance (1998) further notes that under the
new tax system, by means of distributing their current earnings in the form of stock
dividends, corporations can acquire their internal funds without being levied an
additional 10% surtax. Furthermore, the corporate income taxes on stock dividends, paid
at the corporate level, can be credited against personal income tax. Therefore, the
Ministry of Finance concludes that the corporate income tax integration with an
additional 10% surtax of corporate income tax on retained earnings will not induce
unfavorable impact on the formation of corporate internal funds.

However, Huang’s (2001) empirical study examines the impacts of corporate
income tax integration on corporate capital structure, and obtains different results from
the official arguments. She points out that the additional 10% surtax of corporate income
tax on retained earnings will result in the reduction in corporate internal funds, the
increase in corporate capital cost, discouraging corporations from capital accumulation,
and impairing their financial decisions.

With regard to the formation of corporate external funds, the Ministry of Finance
(1998) argues that the corporate income tax integration will bring positive effects. The
reason is that under the full imputation system the top tax rate that shareholders have to
pay for their investment decreases from 55% to 40%, which will encourage investors to
purchase corporate stocks and thereby be conducive to corporation’s equity financing.

Nevertheless, Chang (2002) indicates that those industries which enjoy the tax
relief and are relatively capital intensive usually accumulate their funds through retained

earnings before 1998. But, the corporate income tax integration with an additional 10%
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surtax on retained earnings discourages these industries from accumulating funds by this
method. Liang (2003) also presents the same argument as Chang, arguing that imposing
an additional 10% surtax of corporate income tax on retained earnings, which are
intended to support future operation and investment, will have unfavorable impacts on
corporate capital accumulation and reinvestment. Imposing 10% surtax on retained
earnings will also aggravate corporate tax liabilities and raise costs of corporate internal
funds, contrast to the intent of corporate income tax integration to cut tax. If, as a
consequence, corporations shift to external financing, they might encounter higher
financial risks in the future. Therefore, Liang suggests that the government should
seriously consider abolishing the “additional 10% surtax on retained earnings.”

Even though the theoretical argument presented by some researchers and the
government authority suggests positive effects of the new tax system on corporate capital
accumulation in Taiwan, there is no empirical evidence to support this argument. Rather,
most of the empirical results show that the additional 10% surtax of corporate income tax

on retained earnings impairs corporate capital accumulation.
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CHAPTER THREE

METHODOLOGY AND MODEL SPECIFICATION

The literature on corporate income tax integration shows that since it takes time
for capital to adjust to the optimal level, the dynamic effects are significantly divergent
from the static ones; that the effects of partial integration plans are always different from
those of full integration ones; and that integration plans at the personal level benefit
mainly the higher income households, thus, less progressive than those at the corporate
level. Therefore, it is expected that empirical results vary by research objectives, data
sources, analytical approaches, and model specifications including assumptions of
variables and functions, choices of parameters, integration alternatives, and simulation
schemes used in the study.

This chapter will first present the specification of the behavior of three types of
agents: households, producers, and the government. Then, the equilibrium conditions for
each sector and for the economy as a whole will be identified. The structure of the model
and the behavioral assumptions of producers and the government are essentially adopted
from those presented in Pereira (1988), and partly from Romer (2001), while some
behavioral assumptions of the household are derived from Sarte (1997) and Jiang (2002).
Some modifications will be made according to the objectives of this study to fit the

realistic economic situation.
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3.1 Summary of Behaviors of Agents
3.1.1 Households

One of the objectives of this study is to evaluate the effects of tax reform on
income distribution. In order to reach this objective, it is necessary to divide households
into several groups.

In this study, there are m income groups classified by income. Adopted from the
setting in Sarte (1997) and Jiang (2002), the rates of time preferences are assumed to be
invariant in terms of time but different across income groups to show their various
behavioral responses to the change in tax policies, so that discount factors may vary with
income groups over the model horizon. Further, since the higher income groups have
lower rates of time preference than the lower income groups (Jiang, 2002), the former has
higher discount factor which inversely varies with rate of time preference.

Following the work of Pereira (1993), the income of each income group at every
period consists of labor income, transfer income from the government, and wealth-
generated income (i.e., capital income). The wealth-generated income is further divided
into dividend income, capital gains, and interest income from public and private bonds.

Based on the principle of equity, personal income tax, a linear progressive income
tax scheme with time-invariant marginal tax rate for each income group, is imposed in
this study on the income from dividends and interest, as well as on labor income, but not
on capital gains.

Income is either saved in the form of the increment in wealth or used for the
purchase of consumption goods which is subject to an ad valorem sales tax. Savings are

defined as the difference between disposable income and consumption, and can be
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referred to as intertemporal transfers of wealth to finance future consumption in this
study (Pereira, 1993). Further, savings can be used to invest in financial assets: public
and private bonds as well as equity. Bonds will yield interest income to households,
while equity will generate dividends and capital gains which will be imposed on an ad
valorem tax.

Since at equilibrium, different financial assets will yield the same after-tax rate of
returns, households will treat them as perfect substitutes. Therefore, the structure of asset
portfolio in equilibrium will not make any difference for households in terms of the after-
tax rate of returns. For the sake of simplicity, it is assumed in this study that the actual
structure of the asset portfolio held by households will be determined by the market
equilibrium conditions. That is, all income groups will have the same structure of asset
portfolio as that in the market as a whole. Consequently, each income group will own a
share of the market portfolio identical to its share of total wealth in the economy (Pereira,
1993). It should be noted that since different marginal tax rates are applied to different
income groups, the after-tax rates of returns from the same financial assets will be
different across income groups.

Each household’s utility function, defined over consumption goods and leisure, is
well-behaved and time-invariant for all income groups, and is characterized by a two-
level nested structure, as in Pereira (1988). Households will make their
consumption/leisure decisions at the top level of utility function, while “their pattern of
disaggregated consumption” will be chosen at the lower level (Pereira, 1988).
Households pursue the objective to maximize the present value of intertemporal utility,

subject to an intertemporal budget constraint and some other conditions. The
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intertemporal budget constraint implies that the sum of the present value of the current
and the future incomes has to be equal to the present value of the expenditures (Pereira,
1993). The optimal household consumption/savings and labor/leisure decisions can be

derived from the intertemporal optimization process.

3.1.2 Producers

The impacts of corporate income tax integration on resource allocation are also
examined in this study. With respect to the production sector, this study will focus on
investigating the different allocation effects of integration on industries with different
degrees of incorporation.

When discussing the production dynamics, industry subsectors with different
degrees of incorporation, as identified by the different corporate income tax rates, will be
included in this study. Furthermore, since it takes time for capital to build, install, and
adjust to its optimal level and capital is not completely mobile across industries,
adjustment costs of investment exist in reality and there are different rates of returns to
capital to different industries (Johnson, 1989; Pereira, 1988; Romer, 2001). Hence,
adjustment costs will be taken into account in this study and are presumed to affect
industries’ investment expenditures and thereby investment behavior of producers.

The behavioral assumptions of producers in this study follow those of Pereira’s
(1988). The revenues of producers come from sales of outputs, while their expenditures
consist of labor costs, intermediate input costs, interest payments on outstanding bonds,
and investment expenditures. For completeness, the investment tax credit and the taxes

on the use of labor services will be included as well. Therefore, the actual investment
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expenditures in this study encompass three factors: acquisition costs, adjustment costs,
and investment tax credit.

Theoretically, there are two types of adjustment costs: internal and external. The
former varies with capital stock, while the latter is associated with the change in‘price of
investment goods. For simplicity, only internal adjustment costs are considered in this
study.

From the perspective of accounting, profits are not identical to cash (Hand, Issaks,
and Sanderson, 2005) and cash flows indicate a corporation’s financial health and are
“likely to be correlated with future profitability” (Romer, 2001). Further, those
corporations without enough cash to support their operations are most likely to fail.
Hence, Hand, Issaks, and Sanderson (2005) point out that “many firms have failed, not
through the absence of profits, but simply from their inability to pay wages and creditors
on time.” Accordingly, the key factor for the development and even the survival of a
corporation is cash flows, not profits. Therefore, the producer’s dynamic behavior in this
study is to maximize his intertemporal net cash flows, rather than his intertemporal
profits. Hereafter this study will employ the concepts used in a corporation’s income
statement and cash flow statement to illustrate the structure of producers’ revenues and
expenditures.

In an income statement (Diamond, Stice, and Stice, 2000; Pyle and Larson, 1981),
the gross profits of producers are obtained by subtracting sales costs, represented by the
use costs of intermediate inputs, from the sales revenues. Then, the operating income is
equal to gross profits minus operating expenses which would include depreciation

allowances and the use costs of labor services in this study. An ad valorem labor tax is
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imposed on the use of labor services. Such a labor tax reflects the fraction that producers
pay for their employees including pension program, unemployment insurance, and
compensation. By subtracting other expenses such as the interest expenses from
operating income, we can further obtain earnings before taxes. Finally, an ad valorem
corporate income tax is applied to earnings before taxes, and thereby from which we can
derive earnings (also called net income) which can be either distributed as dividends or
retained. Hence, both interest payments and depreciation allowances can be deducted
from the corporate income tax base.

On the other hand, in a cash flow statement (Atrill and McLaney, 1997; Diamond,
Stice, and Stice, 2000; Vickman, 1995), cash flows are generated from three sources:
operating activities, investing activities, and financing activities. Since depreciation
allowances, already treated as one of the operating expenses in the income statement, is
not a real cash expense, it is added up with net income to obtain the net cash provided by
operating activities. The net cash used in investing activities in this study is represented
by actual investment expenditures. The net cash provided by financing activities
increases by issuing new bonds and additional equity, and decreases when dividends are
paid to shareholders. Thus, producers’ net cash flows during period t are composed of
changes in cash flows from operating activities, investing activities, and financing
activities.

With respect to the functions associated with the production sector, the value-
added production function, defined over the space of capital and labor and assumed to be
time-invariant for all producers, is “twice continuously differentiable, strictly increasing

in every input, and concave”(Pereira, 1988) ; the adjustment costs are assumed to be a
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convex function of the gross investment, and to be “twice continuously differentiable,
nonnegative, and strictly increasing” (Johnson, 1989; Pereira, 1993); and the evolution of
capital stock can be represented by an equation of motion obtained by subtracting the
depreciation of capital from the gross investment.

As to the demand of funds, producers’ expenditures on operating activities and
investing activities can be financed by retained earnings and issuance of new bonds and
additional equity. The issuance of new bonds and additional equity is equivalent to an
increment in producers’ financial liabilities. As in Pereira (1988) and Jiang (2002), for
simplicity, the industry-specific dividend/retention ratio and debt/equity ratio are
exogenously given in this study, even though both postulations are inconsistent with the
reality. Furthermore, capital markets are assumed to be perfect.

The objective of each producer is to maximize the present value of intertemporal
net cash flows, subject to a value-added production function, an adjustment costs
function, the equation of motion for capital stock, and some boundary conditions.
Following the optimal behavior of producers, the optimal production and investment
decisions can be derived. That is, producers can determine their optimal plans for output

supply and demand for labor, intermediate inputs, investment, and (external) funds.

3.1.3 The Government

Even a perfectly competitive market can not solve all agents’ economic problems
so that the government has a legitimate role to enhance the performance of the market
economy (Tresch, 2002). The government participates in four types of economic

activities: collecting taxes, making transfer payments to households, providing public
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goods and services, and selling public bonds as means of government deficit financing
(Pereira, 1988, 1993).

By incorporating the tax systems set in Pereira (1988), government revenues in
this study are drawn from six different sources: a progressive personal income tax on
households’ labor income, interest income, and dividend income; an ad valorem sales tax
on household consumption goods; an ad valorem capital gains tax on households and
industries; an ad valorem labor tax on labor services used by industries and the
government; an ad valorem investment tax credit, which actually is a subsidy from the
government to industry’s acquisition costs; and an ad valorem corporate income tax on
industries’ earnings before taxes.

Following the work of Pereira (1988), in this study, the government imposes a
labor tax on itself for the use of labor services. Therefore, with the disappeared income
effect, the price effect of this labor tax on the government can be interpreted as the
opportunity cost of the use of labor services by the government (Pereira, 1988). To show
that the government provides better pension programs for its employees, the labor tax
rate on the government is set to be higher than that on industries.

On the expenditure side, government revenues can be used to make lump-sum
transfer payments and interest payments on outstanding public bonds, and to finance the
provision of public goods. The costs of the provision of public goods include investment
expenditures, the costs of using labor services, and expenditures on consumption goods.

For simplicity, adjustment costs will be ignored in the government sector.
The government is allowed to run deficits in this study so that in each period the

sum of government expenditures may exceed total government revenues. Then, following
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the work of Shea (1989), the induced government deficits are assumed to be financed by
selling public bonds in the bond market, with the size of bonds issued equal to the
increment in government liabilities.

With respect to the functions related to the government sector, public goods are
assumed to be provided by using consumption goods, labor and capital as inputs through
a well-behaved, time-invariant, and additively separable provision function. Following
the assumption in Pereira (1988), the public good, with a shadow price to reflect its social
value, is not subject to market pricing. It does not enter the set of household budget
constraints, thus is not a control variable in households’ maximization problems. The
evolution of government liabilities can be expressed by an equation of motion derived by
subtracting government revenues from the sum of transfer payments, expenditures on the
provision of public goods, and interest payments on outstanding public bonds.

The optimal government behavior can be obtained from the similar maximization
process as that used in the household sector. That is, the objective of the government can
be achieved by maximizing the present value of the intertemporal provision of public
goods, subject to an intertemporal budget constraint and some other conditions. The
intertemporal budget constraint implies that the total present value of current and future
government revenues has to be equal to the total present value of current and future
government expenditures. In turn, the government can determine the optimal quantities of

demand for consumption goods, labor, investment goods and funds.
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3.2 The Dynamic General Equilibrium Model of the Taiwan Economy
3.2.1 Households

Households receive their income from labor services and wealth, and from
government transfers. Income is spent on consumption and savings. Savings can be
invested in bonds and equity. Households maximize their intertemporal utilities
represented by an additively time-separable and semi-log linear function, discounted by a
time-invariant factor varying with income groups. Households are subject to a recursive
sequence of intertemporal budget constraints and some boundary conditions.

The household’s utility is a function of consumption and leisure, expressed as:
(1) Un( Ynje, L) = X0t b Yajer (1= Yj0hi ) br( Lo — L), h=1,...,m; j=1,.,7,
where Uy(¢) is the utility of household h, with U;(*) and U,(*) denoting the utilities of the
lowest and the highest income groups, respectively; Yy is the quantity of consumption
good j demanded by household h at period t; ( Lh*tht) represents the leisure taken by
household h, with L, and Ly, being the total available time and labor supply of household
h, respectively; and o, is the expenditure share of household h on consumption good j.
Here one thing has to be kept in mind, i.e., in order to be able to solve households’ and
hence the whole model’s maximization problems, the number of consumption goods, J,
must be no less than that of income groups, m, which is for mathematic reasoning, rather
than economic logic.

The household’s gross income can be written as:
(2) Glue=wiLnet (1~2iei) re Whe + Yi€it[ DIVie/ (PEie1 Eit) ] Wi

+ 2 ( Prit— Prit1 ) Enit + TRy, i=1,...,11
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where Gl is the gross income of household h, Wy, is household h’s wealth at the
beginning of period t, DIV is dividends distributed by industry i, E;; is the quantity of
equity of industry i at the beginning of period t, Ey; is the quantity of equity of industry i
owned by household h, TRy, is the transfers received by household h, Pg;j; and Pg;.; are
prices of equity of industry i at period t and t-1 respectively, w;is the wage rate, 1, is the
interest rate, e; is the share of equity of industry i in household h’s wealth (i.e., Pgit.; Eni¢ /
Whe), and ( 1 — )i e ) is the share of public and private bonds in household h’s wealth. “I”
represents the investment sector.

Hence, w; Ly, represents household h’s labor income. Wealth-generated income of
household h includes: dividend income ) ; e[ DIV} / ( Pgit1 Eit) ] Whe, capital gains
i (Peit— Pgit-1) Enit, and interest income ( 1 — Y €;) re Wiy,

The household’s disposable income can be written as:
(3) DIy=ap+(1—pity) {WeLnt (1-2ei) 1 Wi+ Yiei[ DIVie/ ( Pgit-1 Eit) ] Whe }

+ (1 —cgtn) i (Prit— Prit1 ) Enie + TRy

where DIy is the disposable income of household h, aj, is set to be negative to make sure
that marginal tax rates would be greater than average tax rates, pity, is the marginal
income tax rate for household h, and cgty is the capital gains tax rate. In this case of
linear progressive income tax schedule, the marginal income tax rate for higher income
groups is set to be greater than that for lower income groups.

The household’s after-tax expenditures can be written as:

(4) ATEp=2;(1+sti) Pji Y
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where ATE}, is the after-tax expenditures of household h, stj; is the ad valorem sales tax
rate on consumption good j, Pj is the price of consumption good j. Hence, Pj; Yt is the
pretax expenditures of household h on consumption good j.
The household’s savings can be written as:
(5) SAVy =DIy— ATEy
=ap+ (1 -pity) (WLt (1= Yieir) 1t Wpet Yi€ic[ DIVi/ ( Peiee1 Eit) ] Whe }
+ (1 —cgtn) 2 ( Pric— Prit-1) Enie + TRue— 25 ( 1+ stie) Pje Yt
where SAVy, is the savings of household h, defined by the difference between disposable
income and the after-tax consumption expenditures. On the other hand, since savings are
conceived as intertemporal transfers of wealth to finance future consumption, it can also
be written as:
(6) SAVp =Wy — Wy
where Wy is household h’s wealth at the beginning of period t+1, i.e., “wealth at the
end of period t to be transferred into period t+1 after all expenditures have been incurred”
(Pereira, 1988). That is, savings at period t are equivalent to the increment in wealth
(Whes1 — Wyy) and “represent the new funds” supplied by household h at period t to “the
rest of the economy” (Pereira, 1988). Furthermore, Savings can be invested in public and
private bonds and equity. Therefore, savings can be further written as:
(7) SAVy=FDy
(8) SAVy =2 ( Bhit+1 — Bnit ) + ( Bhgt+1 — Bngt ) + i Prit ( Enit+1— Enit )
where FDy, is the new funds supplied by household h at period t, By;; and By;+| are bonds
of industry i owned by household h at the beginning of period t and t+1 respectively, Bpg

and Byg+1 are government bonds owned by household h at the beginning of period t and
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t+1, respectively, Ep; and Epiiy) are the quantities of equity of industry 1 owned by
household h at the beginning of period t and t+1, respectively. Further, (Bhit+1 — Bnic) is the
increment in industry i’s bonds owned by household h, (Bhgt+1 — Brg) is the increment in
government bonds owned by household h, and (Epi+; — Epit) is the increment in quantity
of industry i’s equity owned by household h.

Hence, the savings of household h at period t can be represented by three
components: the changes in period t of all private bonds, government bonds, and values
of all equity owned by the household.

On the other hand, it is assumed in this study that all households have the same
asset portfolio structure as that in the market. Therefore, each household will own a share
of the market portfolio equivalent to his share of total wealth in the economy.
Accordingly, each household’s wealth can be written as:

(9) W= XiBnit + Bugt + i Peit-1 Enit

(10) Bt = &n Bt

(11) Brgt = & By

(12) Enit = & Eit

where &y, represented by Wy, / Y Wiy, is household h’s share of the market portfolio at
the beginning of period t. B;; and By are outstanding bonds of industry i and the
government at the beginning of period t, respectively. Equation (9) represents household
h’s wealth at the beginning of period t, consisting of private and public bonds and equity
owned by the household. Equations (10) — (12) represent the specific asset owned by

household h as a share of the corresponding market asset.
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The optimal behavior of household h is to maximize the present value of the
utility subject to a recursive sequence of budget constraints and some boundary
conditions (Leonard and Long, 1992). Formally, the objective of household h is to find
( Yajt » Lne; Whe) that maximizes
(13) 20 <t <t 66 Un(Yijt, Le) = ¥ 0 <t < On' [ Ty 0y n Yo+ (1= %08 ) (Lo —Lue) ]
subject to the following constraints for each period t
(14) Wit — Wit = Y ( Bhit+1 = Bhit ) + ( Brger1 — Bhgt ) T 25 Prit ( Enit+1 — Enic )

=ap+ (1 —pity ) {w;Lpet (1 =€) 1 Wit Y€t [ DIVie/ ( Pgit1 Eit) ] Whe }

+ (1 —cgtne) i (Pric— Prit-1 ) Enit + TRue— X ( 1+ 8tjt) Py Yt

with
(15) Yt =0,and 0 <Ly, <L;,", forall 1 <j <J, 1 <h <m
(16) Wio=Wp =YiBy + Bug + i Prioi Eni-
(17) Wir+1=0; Bur+1=0; Bregr+1=0; Prir Epir+1=0
where 0y, is the household-specific discount factor for household h with 0 < 6, <6, <... <
On <...<0m<1, Wh*, Bhi*, and Bhg* are respectively initial values of wealth of household
h, bonds of industry i owned by household h, and government bonds owned by household
h. Pgi.) is the price of equity of industry i at the period -1 (i.e., one period before the
initial period); Ey; " is the initial quantity of equity of industry i owned by household h;
thus, Pg;i .| Ehi* is the initial value of equity of industry i owned by household h. Wyr+ =0,
Bhit+1 = 0, Bpgr+1 = 0,and Pg;r Enir+1 = 0 all are terminal values. Equation (14) denotes the
budget constraint, and (15) — (17) are boundary conditions. Specifically, Wyr+; =0
implies that the present value of current and future disposable income of household h has

to be equal to the present value of his after-tax expenditures (Pereira, 1988).
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Hereafter this study will apply the maximum principle, the central result of
optimal control theory originally developed by Pontryagin et al., to the dynamic general
equilibrium model to find the optimal household consumption/savings and labor/leisure
decisions.

The maximization problem in discrete time for the behavior of household h in this
study can be restated in terms of the optimal control problem. Since the terminal
condition of the state variable in the household sector is given in the finite horizon model
(i.e., both Wy and T are fixed), this kind of optimal control problem is attributed to the
case of fixed terminal point with the transversality condition replaced by the terminal
condition (Chiang, 1992).

First, the Hamiltonian at period t of this problem can be written as:

(18) Hue (Ytits L, W M ) = 80" [ 0t i Yo+ (1= Tyt ) 62 ( Loy —Li) 1+ A {2n

+ (1 —pity ) [WeLnet (1 - 2ieit) e Wit i€ [ DIVie/ ( Prie-1 Eit) ] Wie |

+ (1 —cgtn) i ( Peic— Prit1 ) Enie + TRue— 25 ( 1+ stje) Pje Yie}
where Hp ( * ) is the Hamiltonian function of household h at period t. In this optimal
control problem, Yy;: and Ly are the control variables which “can be controlled freely”,
Wi is the state variable “whose value at any time is determined by past decision”, and Ay
is the costate variable which is “the shadow value of the state variable” (Romer, 2001).
The Hamiltonian function is similar to the Lagrangian function. Thus, the dynamic

shadow price, Ay, is akin to a Lagrangian multiplier and can be interpreted as the
marginal utility of household h’s wealth at period t.
According to the maximum principle, the necessary conditions are set as follows:

(19) 8 Hy /0 Y =0, t=0,1,...,T
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(20) OHy /0Ly =0, t=0,1,...,T

(21) OHw/ 0 Wi =—(Mt—Mper), t=1,2,..,T

(22) O Hpt/ O Aot = Wher1 —~ Wi, t=0,1,...,T

with

(23) Wir+1=0

Equations (21) and (22) are the equations of motion, respectively for the costate variable,

Ant, and the state variable, Wy (Chiang, 1992). Equation (23) is the terminal condition for

the state variable, and is also the transversality condition of this optimal control problem.

Then, from the derivatives of the Hamiltonian with respect to Ynjt, Ln;, W, and

Ant, We can obtain the following first-order conditions for the optimization problem of

household h at period t.

(24) OHu/ 3 Yuje =6 [ 0/ Yoje] + A [—(1+st) Px]=0

(25) OHpe/OLu =80 [~ (1~Zj01) / (Ln~Lie) I+ A [ (1= pit ) W] =0

(26) OHpt/ O Wi =M (1 —pity ) { (1 =€) re+ i€ [ DIVie/ (PEir1 Eit) ] }
=—(Ant— A1)

(27) OHn/OMe=an+ (1 —pity ) { WeLne+ (1 =€) rp Wi
+ €[ DIVie/ (Prie1 Bit) ] Wie } + (1~ cgtne) Xi ( Prie— Prit-1) Enit
+ TRue— 2 ( 1+ stjt) Py Yt

= Wher1 — Wit

3.2.2 Producers
Producers maximize the present value of their net cash flows subject to the

production technology, an adjustment costs function, the equation of motion for capital
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stock, and boundary conditions. Net cash flows show that in addition to retained earnings,
producers’ actual investment expenditures at period t can also be financed by net income
and external funds (i.e., issuing new bonds and additional equity) during period t.

The production technology of an industry is represented by a time-invariant
Leontief structure expressed as:

(28) Yii=Min{ F;(Ki, Lit); Yiie/ cit, Yioe/ Cizy -+, Yije/ Cijpooos Y/ Ciy 3, 1=1,...0,1,
where Yj; is the output of industry i; F; ( Ki;, Ly ) is value-added production function of
industry i, characterized by Cobb-Douglas structure, defined over the domain of capital
Ki: and labor Ly, Yj; is the output of industry j used as intermediate input by industry i,
for j = 1,...,J. The Leontief parameter (i.e., input coefficient) for industry i, c;;, represents
the amount of intermediate input j needed to produce one unit of output i.

The time-invariant Cobb-Douglas production function can be expressed as:

(29) Fi(Ki, L) = Y= K L™, i=1..0]

where 3 is the capital share in industry i, and 1-8;is the labor share.
The evolution of capital stock can be written as:

(30) Kitr1 — Kje = Lt~ @i K
where Kji+; and K¢ are industry i’s capital stocks at the beginning of period t + 1 and t,
respectively; I is gross investment in industry i; and ®;; is the industry-specific
depreciation rate of capital stock in industry i. Hence, ( Kj+; — Kj;) represents industry i’s
net investment at period t, and ®;; Kj; represents the depreciation in industry i.

The gross profits and the operating income can be written as:
(31) GPy =Py Fi(Ki, Lit) - 215 < (cPjt) Yie

=[Py~ Y1 < (ciPi) 1K Ly ™
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(32) OLi;=GPy—[ ( 1+1t;) w Lig+ @’ Ky’ |
=[Pi— Y15 < (ciPit) K L " — [ (14 1t) w Ly + @’ Ki” ) ]

where GP;; and Ol are industry i’s gross profits and operating income, respectively. The
price of intermediate input j is represented by Pj.. The labor tax rate, lt;, is assumed to be
constant across producers, It w, L;; represents the labor tax paid by industry i, and ( 1+ 1t;)
w; L;; represents the total use costs of labor services. ®;’ is the depreciation rate for tax
purpose, K;’ is the capital stock that is subject to tax, and ®;’ K;;’ represents the
depreciation allowances in industry i at period t.

The interest payments due to outstanding bonds can be written as:
(33) INT;¢=r¢Bit
where INTj; is the interest payments by industry i. Since interest payments can be
deducted from corporate income tax base, the actual interest payments can be represented
by ( 1- citj; ) r; Bir. The industry-specific corporate income tax rate on industry i, cit;,
reflects the different degrees of incorporation across industry (Pereira, 1988). The higher
the degree of incorporation is, the higher the corporate income tax rate will be applied to.

The earnings before taxes and the earnings (i.e., net income) can be expressed as:
(34) EBTj; = Ol — INT;,

=[Pi—Y1g < (ciPi) 1K Ly " — [ (1+1t;) w, Lig+ ®i Ki’ ] — 1 By
(35) NIii=(1-city) EBTj
= (1-city){ [ Pi— Y1 = (cP) 1 K Li " = [ (1+1t,) wi L+ &3’ Kif’ ]
—1:Bit }

(36) NI;=RE; + DIVj
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where EBTj; and NIj; are industry i’s earnings before taxes and net income, respectively.
RE; is industry i’s retained earnings.

The adjustment costs function is set to be of a quadratic form in this study and
expressed as:
(37) ADC;(I;)=0.5b; ;>
where ADC; (¢) is the adjustment costs function, and b; (which is positive) is the industry-
specific and time-invariant adjustment costs parameter.

The investment tax credit subsidized by the government can be written as:
(38) ITC; = itci Py I
where ITC; is the industry-specific investment tax credit which industry i benefits from
the purchase of investment goods. itc; is the ad valorem investment tax credit rate on the
acquisition costs. Py [i; represents the acquisition costs, and Py is the price of investment
goods.

The actual investment expenditures can be written as:
(39) AIE; =Py I+ ADC;(I;;) - ITC;;= Py I + 0.5 b; I;; > — itcy, Py I

= ( 1—itcy ) Py Lit + 0.5 b; I 2

where AIE; is the actual investment expenditures in industry i.

The net cash flows can be written as:
(40) NCFj = [NIj + ®i’ Ki’] — AIEy+ [ Pgit ( Eitr1 — Eit ) + ( Bjs1 — Bit ) — DIV ]

= (1—city) {[Pi— Y15 < (cjPj) I K" Lie "™ — [ (1+1t;) we Lyt
+ @i’ Ky’ ) ] -1 Bie }+ @’ Ki” — [ ( 1—iteie) Py L+ 0.5 b; L 2]
+ [ Peit ( Eitr1— Eit ) + ( Bier1 — Byt ) — DIVi¢]

= (1-city) {[ P~ Y1g = (ciiPit) ] Ki® Ly ™ — (14 1t,) we Ly }
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— (1= city) r, By + citie &3’ Ky’ — [ ( 1—itcy) Py L + 0.5 b; I; ? ]

+ [ Peit ( Eitr1 — Eit ) + ( Bite1 — Bt ) — DIV ]
where NCF; is industry i’s net cash flows at period t, [N + ®;;’ Kj;’] is the net cash
provided by operating activities, AIE; represents the net cash used in investing activities,
and [ Pgit ( Eir1 — Eit ) + ( Biw1 — Bit ) — DIV} ] is the net cash provided by financing
activities. Since both interest payments and depreciation allowances can be deducted
from the corporate income tax base, the actual interest payments on outstanding bonds
are ( 1- cit;t) r¢ Bi;, and the depreciation allowances benefit industry i’s cash flows by
citiy ®;’ Ky¢'.

Since producers’ expenditures in operating activities and investing activities can
be financed by retained earnings and by issuing new bonds and additional equity, the new
funds demanded by industry i can be expressed as:

(41) FD; = [AIE;c+ (1 - cgtit) ( Pgit— Prit1 ) Eie + DIVy ] = [ NIjg + @4 Ky’ ]

=[ (1~itci) Py L+ 0.5 by > ]+ (1 - cgtir) ( Pric— Pgirt ) Eie + DIV — [ RE +

DIV + @i’ Ky’ ]

= [ (1= itci) P Ly + 0.5 bi I * ] + (1 - cgti) (Peit— Peie1) Bic — REik— ®i'Kif
(42) FDji = Prit ( Eitr1— Eit ) + ( Bier1 — Byt)
where FDj; is the external funds demanded by industry i at period t, and cgt;; is the capital
gains tax rate on industry i. Equation (42) shows that external funds FD; come from
issuing additional equity and new bonds.

In expressions (40) and (41), a new attempt is made in presenting an alternative
and more appropriate concept of net cash flows (than what is used in Pereira (1988)),

especially the cash flows from financing activities.
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The issuance of new bonds and additional equity can be conceived as the
increment in producers’ financial liabilities which have to be liquidated by the end of the
model horizon (Pereira, 1993). Thus, we have:

(43) FDy = FLj; — FLj

(44) FLir+1 =0

where FL; and FL;+ are industry i’s financial liabilities at the beginning of period t and
t+1, respectively, and FLir+; = O represents the terminal value of financial liabilities.

Since the industry-specific dividend/retention ratio and the debt/equity ratio are
exogenously given in this study, the net income NIj; in (35) and (36) and the external
funds FDj; in (42) can be rewritten as follows:

(45) NI = ( 1-city;) EBT; = ¢; NI;; + ( 1- ¢; ) NI;;= RE; + DIV,

(46) FDj; = Pgit ( Eir1 — Eit ) + ( Biwr1 — Bit ) = wi FDy + (1— ;) FDy

where ¢; is the dividend/retention parameter representing the fraction of corporate net
income (i.e., earnings) retained by industry i at period t, and v; is the debt/equity
parameter representing the fraction of external funds financed by issuing additional
equity by industry i. Thus, ¢; NI and (1— ¢;) NI;; are industry i’s retained earnings and
dividends, respectively; the additional equity and the new bonds issued by industry i are
represented respectively by y; FDj and (1- ;) FDj; . Specifically, they can be restated as:
(47) RE; =¢; ( 1-city ) EBTy

(48) DIVy=(1-¢;) ( 1-city) EBT;

(49) wi FDit= Pgit ( Eitv1 — Eit )

(50) (1-w;) FDjt = (Biw1 — Bit)

with
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(51) P Eio=Pgi1 Ei’

(52) PgirEir=0

(53) Bp=B{

(54) Bit+1=0

where E;” is the initial quantity of equity of industry i; B;" is the initial outstanding bonds
of industry i. Expressions (52) and (54) both are terminal values.

It should be noted that even though the corporate dividend policies and financial
rules are exogenously given to industries, they are endogenously determined by the
model in this study.

Under the assumption of perfect capital market, the price of equity of industry i is
the present value of the expected per share future stream of dividends, i.e.,

(55) Pro=Yi<t<«v [ o < <c(1+ 1) 7 ] DIV, / By

where Pgj is the initial price of equity of industry i, DIV is the expected dividends
distributed by industry i at period t, and E;° is the expected quantity of equity of industry
i at the beginning of period t. Thus, DIV / E;° is the expected per share dividends
distributed by industry i at period t.

The objective of each producer is to maximize the present value of intertemporal
net cash flows, subject to a Cobb-Douglas production function, a quadratic adjustment
costs function, the equation of motion for capital stock, and some boundary conditions.

Accordingly, producers can determine the optimal output supply, and the optimal demand

for labor, intermediate inputs, investment, and external funds. Formally, the problem of
producer i is to find ( Yy, Lic, Li; Ki¢) that maximizes

(56) Yost<r[Mo< <t (1+1) ' ] NCFy =
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Yos<r[Mos <1 ™ ] { (1=citi) [ (Pi—Tig = ¢ Pi) K Lie ™
— (1+ 1ty) we Lig ] — (1— city ) 1y Byg + citye 3" Kie” — [ ( 1—-itci) Py Lie + 0.5 b; Li’]
+ [ Peit ( Eit+1 — Eit ) + ( Bitr1 — Bit ) - DIVt ] }
subject to the following constraints for each period t
(57) Kitr1 — Kt = Lit— Pie Kyt
with
(58) Yj; =0, Ly =0, L; =0, Kj; =0, foralll <j <J,i=1,...,],1
(59) Ki=Ki"
(60) Kir+; =0
where K;' is the initial value of capital stock of industry i. Equation (57) is the same as
(30) and denotes the evolution of capital stock. Expressions (58) — (60) are boundary
conditions.

By applying the optimal control theory to the producer’s dynamic behavior, the
optimal production and investment decisions can be derived. Since the terminal value of
the state variable in the production sector is free to vary, only subject to Kir+; =0 in the
finite horizon model (i.e., T is fixed and Kir+, is free but non-negative), this kind of
optimal control problem is attributed to the case of a truncated vertical terminal line
(Chiang, 1992).

First, the producer’s maximization problem can be expressed in terms of the
Hamiltonian function as:

(61) Hie( Lig, Tis Kig Mie )= [0 < <c(1+ 1) ' ] { (1=citi) [ (Pic— Y1 = c5Pje) *
Ki® Lie ™ — ( 1+ 1ty) wi Ly ] — ( 1= citi) 1 By + cityy &y Kie® — [ ( 1-itcye) Pre I

+0.5b; ;i > ]+ [ Pri ( Eir1— Eit ) + ( Bier1 — Bit ) = DIVt ] 3+ A [ Lie— @4 K]
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where H;; ( * ) is the Hamiltonian function of industry i at period t. In this producer’s
optimal control problem, L; and I; are the control variables, Kj; is the state variable, and
Ait 1s the costate variable. In the production sector, the dynamic shadow price, A, can be
interpreted as the marginal net cash flows of capital at period t to be installed at period
t+1 (Pereira, 1988).

According to the maximum principle, the necessary conditions can be expressed

as follows:

(62) 0Hy/0Ly =0, t=0,1,..,T

(63) 0Hy /0L =0, t=0,1,...,T

(64) OHi/ 0Kit=—(hit—Ni1), t=1,2,..,T

(65) 0 Hii/ 0 it = Kier1 — K s t=0,1,...,T

with

(66) Air =0, Kir+1 20, and AirKir+1=0

The expressions (64) and (65) are equations of motion respectively for A; and for capital.
Equation (66) is the transversality condition for the case of truncated vertical terminal
line in the optimal control problem.

Then, from the derivatives of the Hamiltonian with respect to Ly, I;; , Kit , and Ay,
we can obtain the following first-order conditions for the optimization problem of
industry i at period t.

(67) OHit/ Ly =[ Mo < (1+1) ™ ] (1-citi) [ (Pi— L1 = Pie) *
(1-B) K L ® = (1+1t) wi ] =0
(68) OHy /0Ly = [Moss <c(1+1) ] {=[(1=itci) P+ bi L] }+ A =0

(69) 0Hit/ 0Kit= [Moss <t (1+15) ™ ] (1=city) [ (P~ Y1 <1 G Pit) *
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B K T Lt ")+ M [~ B =~ (Rie— Nt )
(70) 0 Hi/ 0 hit = Lit— @it Kie= Kierr — Ky
Here, one would note that even though the NCF;; set in equation (40) is different

from that in Pereira (1988), the first-order conditions are not affected.

3.2.3 The Government

The government raises revenues from six different taxes: a progressive personal
income tax, an ad valorem sales tax, an ad valorem capital gains tax, an ad valorem labor
tax, an ad valorem investment tax credit (i.e., a subsidy to producers), and an ad valorem
corporate income tax. Government deficits occur when the sum of its various
expenditures and payments exceeds its total tax revenues, and can be financed by selling
public bonds. In this study, the optimal behavior of the government is assumed to
maximize the present value of the provision of public goods, discounted by a time-
invariant factor, subject to a recursive sequence of intertemporal budget constraints, and
some other conditions.

The provision of public goods can be represented by a time-invariant and semi-
log linear function, expressed as:
(71) Fg(Kg, Lat, Ygjt) = Yok MKt + Yer Lot + Y Ve 1 Ygit, =10,
where Fg() is the provision function of the government, Ky is the government’s capital
stock at the beginning of period t, Ly is the labor used by the government, and Y ;. is the
quantity of good j used by the government as input to provide public goods. The

coefficients yg, .1, and v are the contributing shares of capital, labor, and good j,
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respectively, in the provision function. Further, the sum of these coefficients is equal to
one.
The evolution of capital stock can be written as:
(72) Kgv1 —Kgi = Ig— P Kyt
where Kg+ is the government’s capital stock at the beginning of period t+1, I is the
gross investment in the government sector, and ®, is the depreciation rate of capital
stock in the government sector. Hence, ( Kgi+1 — K¢t ) represents the government’s net
investment at period t, and ®4 K, represents the depreciation in the government sector at
period t.
The personal income tax revenues can be written as:
(73) PIT =Y n{—an+ pitn [ Wi Lne+ (1 = Yiei) 1t Wit D€ [ DIVie/ ( Prie1 Eit) ] Whe] }
where PIT; is the personal income tax revenues raised from all income groups at period t.
The sales tax revenues can be written as:
(74) STi=2n (2 stjtPjt Yuit )
where ST, is the sales tax revenues generated from the purchase of all consumption goods
by all households at period t.
The capital gains tax revenues can be written as:
(75) CGT¢=2n [ cgtue 2i ( Prit— Prit-1) Enit ] + Xi cgtic ( Prit— Prit.1 ) Eit
where CGT, is the capital gains tax revenues generated from the rising prices of equity of
all industries owned by all households and all industries.
The labor tax revenues can be written as:

(76) LTt = Zi ltt thit + ltgt WtLgt
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where LT, is the labor tax revenues raised from the use of labor services by all industries
and the government. The labor tax rate on the government, It , is set to be higher than
that on industries, It;.
The investment tax credit can be written as:
(77) ITCi= ;i ITCy = ) itcyt Py it
where ITC; is the investment tax credit subsidized by the government to all industries
with the purchases of property, plant and equipment (i.e., the acquisition of investment
good). Thus, it is a negative tax revenues for the government.
The corporate income tax revenues can be written as:
(78) CIT, = Yiciti { [ Pi— Y15 < (¢ Pje) T Ki® Li ™ — [ ( 1+ 1t,) wy Lic+ &3’ K’ ]
-1 By }
where CIT; is the corporate income tax revenues generated from all industries.
Therefore, the total government tax revenues can be represented by:
(79) TGT;=PIT,+ ST+ CGT,+ LT, - ITC, + CIT;
where TGT, is the total government tax revenues collected at period t which is the sum of
the six different tax revenues described above.
The investment expenditures can be written as:
(80) IEg =Py I
where IE; is government’s investment expenditures, Py I represents the acquisition
costs.
The sum of government’s various expenditures and payments can be expressed as:
(81) TGE:=[2;Pji Ygju+ ( 1+ 1tg) wiLge+ IEg ] + TR + 1y GLy

= [ ZJ Pjthit+( 1+ ltgt) WtLgt+ P[t Igt] -+ TRgt+rt GL:[
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(82) TRy =n TRy
where TGE; is the total government expenditures at period t, TRy is government’s
transfer payments to households, and GL; is government liabilities at the beginning of
period t. Hence, 3 Pjt Ygji, ( 1+ ltg ) wi Ly, and Py, I are government’s expenditures in j
goods , labor, and investment good, respectively; r, GL; represents government’s interest
payments on outstanding public bonds. Equation (82) denotes that government’s transfer
payments are equivalent to the sum of transfers received by individual households.

Government deficits can be financed by issuing public bonds which represent
government’s demand for funds and the increment in government liabilities. Further,
government liabilities have to be liquidated by the end of the model horizon. Thus, we
have:
(83) GLu1 - GL, = TGE, - TGT;

=[ X Pjt Yeju + ( 1+ Ity ) w Lo+ Py I + TR + 1y GLi ] — TGT,

(84) FDgt = GL1+1 - GLt = Bgﬁ-] - Bgt

with
(85) GLo=GL’
(86) GL1s =0

where GLy+; is government liabilities at the beginning of period t+1, GL" is the initial
value of government liabilities, FDy; is the funds demanded by the government at period t,
and By and By are outstanding public bonds at the beginning of period t+1 and t,
respectively. Further, (GLw+; — GLt) and (Bg+ — Byy) represent the increment in

government liabilities and public bonds at period t. Therefore, equation (83) denotes that
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government deficits at period t are the increment in government liabilities at the same
time, and equation (86) is the terminal value for government liabilities.

The optimal behavior of the government is assumed to maximize the present
value of the provision of public goods in this study, subject to a recursive sequence of
intertemporal budget constraints, the equation of motion for capital stock, and boundary
conditions. Accordingly, the optimal government expenditure decisions can be derived
from the maximization process. Formally, the problem of the government is to find ( Yg;t,
Lgs, Igr; GL;, Kyt ) that maximizes
(B7) Xo=t<r 6gt Fo(Kgt, Lyt, Yeit) =2 0 <t <1 ‘Sgt [Yex fn Kot + Yol Lot + 3 i fn Yit ]
subject to the following constraints for each period t
(88) GLt+1 — GL; =[ 2 Pji Ygju + ( 1+ 1ty ) wiLgt+ Py Iy + TRy + 1y GL: ] - TGT,

(89) Kgtr1 — Kgt = Iot— P ot Kyt

with

(90) Ygjt 20, Ly 20, Iyt 20, Ky 20, forall 1 5j <J

(91) GLy=GL"

(92) GL1+1 =0

(93) Keo= Ky’

(94) Kgrv 20

where 8, is the time-invariant discount factor for the government, and K, is the initial

value of government’s capital stock. Equation (88) is the same as (83), and denotes the

budget constraint. Equation (89) is the same as (72), and denotes the evolution of capital
stock in the government sector. The expressions (90) — (94) are boundary conditions,

among which equation (92) implies that the present value of current and future
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government revenues has to be equal to the present value of current and future
government expenditures on inputs, interest payments on outstanding public bonds, and
transfer payments.

By applying the maximum principle to government’s dynamic behavior, the
optimal government expenditure decisions can be derived. Since there are two state
variables in the government sector, we have to take into account two transversality
conditions respectively corresponding to the state variables in this optimal control
problem.

First, the Hamiltonian at period t of this problem can be written as:

(95) Hg( Ygt, L, Lt; GL, Kgs XgGLt, }\gkt )= 5gt [Yek Kyt YoLln Lot Zj Vg Y]

+ hgore { 2 Pjt Ygje + ( 1+ 1ty ) wi Lot + P Iyt + TRy + 1 GL— TGT, }

+hgt [ It~ Pt Kt ]
where Hg ( ¢ ) is the Hamiltonian function of the government at period t. In this optimal
control problem, Y, Lgi, and Iy are the control variables, GL; and K are the state
variables, and Ayg1¢ and Ay are the costate variables. In the government sector, the
Hamiltonian function represents the total provision of public goods at period t, and the
implicit provision of both liabilities and capital stock transferred to next period. The
dynamic shadow prices, Aggr: and A, can be interpreted as the marginal provision at
period t of government liabilities and capital, respectively.

According to the maximum principle, the necessary conditions can be set as

follows:
(96) O Hg /0 Ygit =0, t=0,1,...,T
(97) OHg/0Lg=0, t=0,1,...,T
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(98) O Hy /01y =0, t=0,1,...,T
(99) 9 Hg /0 GL=— (Ao —Agorer),  t=1,2,..,T

(100) 5Hgt/8th=—(7»gkt—7»gkt_1), t=1, 2,...,T

(101) 3 Hg /0 Agors = GLet1 — GL, t=0,1,...,T
(102) 6Hgt/6kgkt=th+1 "“th, t=0, 1, . T
with

(103) GLt+1 =0
(104) Ager 20, Kgrei 20, and Ager Kgrer = 0
Expressions (99) — (102) are equations of motion respectively for the costate variables,
AgcrLe and Agy, and for the state variables, GL; and K. Equations (103) and (104) are the
transversality conditions in this optimal control problem.

Then, from the derivatives of the Hamiltonian with respect to Y, Lgt, Ig, GLy, Kgt,
AgGLt, and Agy, We can obtain the following first-order conditions for the optimization
problem of the government at period t.
(105) O Hgt/ 0 Yejt= 08¢ [Vg/ Yeit] + AegrLe Pit = 0
(106) 0 Hgt/ 0 Lo = 85" [YerL/ Lat] + Agare [ (14 Itg) W= ltgw 1=0
(107) OHg /0 1gt=hgGe [Pt ]+ Agt =0
(108) O Hgt/ 0 GL; = Aggrs It = — (Agort — AgGLi1)
(109) O Hg/ 0 Kgr=085" [ Yex/ Kat] + Agke [~ Per] = — (Agkt = Agket)
(110) 0 Hg/ 8 hgore= { X Pjt Ygjt + ( 1+ Ityr) Wi Lyt + Pyt Ie + TRy + 1 GL— TGT, }

= GLw1 — GL

(1 1 1) 6 Hgt / 8 )\'gkt =Igt_ q’gtth = th+l '—th
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3.2.4 Equilibrium Conditions

Following the work of Pereira (1988), temporary Walrasian equilibrium will also
be introduced into this study. A temporary Walrasian equilibrium implies that “all current
markets are assumed to clear”; “equilibrium in the short run is parametric on the
expectations of future prices held by agents as well as the future taxation parameters”;
therefore, “the intertemporal equilibrium path is conceived as a sequence of short-run,
temporary equilibria parametric on future price expectations” (Pereira, 1988). Further, in
each sector, the link between two such consecutive equilibria can be accomplished by the
optimal transitions of the state variables in terms of the optimal control theory.

From the first-order conditions described above for agents’ dynamic optimization
problem, we can derive the closed-form solutions to all control variables, state variables,
and costate variables at every period t. Nevertheless, Pereira (1988) suggests that by the
definition of temporary Walrasian equilibrium, only the initial values of these solutions
matter.

Now, we will roughly list the equilibrium conditions for all markets, including
consumption goods markets, the labor market, the investment good market, as well as the
financial market.

The equilibrium conditions for consumption goods markets can be represented by:
(112) ths (Pe; Pt*; 9j) =1 <h <m thtD (P Pt*;‘ )+ << Ytth (Pg; Pt*; Or)

+ Yy (P; P )+ Y (P P 0,) j=1,...0
where ths ('*) is the quantity of consumption good j supplied by industry j, Piis a
sequence of price vectors represented by (Pyy,..., Py; Py wi; 1p), Pt* is a sequence of point

expectations about future prices represented by (Pn*,. P Jt*; Ph*; wt*; rt*), and 0; is
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industry j’s financing rules. thtD (*) is the quantity of consumption good j demanded by
household h, and 6, is household h’s preference parameters. YmD (*) is the quantity of
consumption good j demanded as intermediate inputs by industry f, and 6¢ is technology
parameters of industry f. YIth (*) is the quantity of consumption good j demanded by the
investment sector, and 0y is technology parameters of the investment sector. Ygi” (+ ) is
the quantity of consumption good j demanded by the government, and 6, is technology
parameters of the government sector and current and expected tax policy rules.

The equilibrium conditions for the labor market can be represented by:
(113) Y1 <t <m Ln® (Pes P; 00) =31 5 < Li® (Pe; P 6;) + Li® (Pg; Py 6))

+ Ly (Pe; P 6,)

where Ly () is the quantity of labor supplied by household h, and thD( *), Ly°(*), and
LgtD( * ) are the quantities of labor demanded by industry j, the investment sector, and the
government, respectively.

The equilibrium conditions for the investment good market can be represented by:
(114) L° (P; P53 61) =1 5 < L° (P; P 65) + 1> (Pe; P 6) +1g° (Py; P 6,)
where I° ( * ) is the quantity of investment good supplied by the investment sector, and
Ith( ), L2 (e ), and IgtD ('*) are the quantities of investment good demanded by
industry j, the investment sector, and the government, respectively.

The equilibrium conditions for the financial market can be represented by:
(115) Y1 <o < FDue® (Pe; Pys 1) =1 5 < FDi® (Pr; Py 6;) + FD° (Py; Py 6))

+FDg" (P;; P(; 6,)
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where FDp> () is the new funds supplied by household h, and FDJ-tD( °), FDItD( *), and
FDgtD( * ) are the new funds demanded by industry j, the investment sector, and the
government, respectively.

The precise equilibrium conditions will be reported after the closed-form
solutions to all the control, state, and costate variables in this study are derived in next

chapter.
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CHAPTER FOUR

DERIVATION OF THE SOLUTION FOR THE GENERAL
EQUILIBRIUM MODEL

According to first-order conditions, discussed in section 3.2, for the optimization
problems of household h, industry i, and the government at period t, we can directly
obtain the quasi closed-form solutions for the control variables for each sector which are
functions of the unknown initial value(s) of costate variable(s). Further, by expressing the
initial value of costate variable as being parametric on the initial value of a predetermined
specific state variable, we can indirectly derive the closed-form solution for the control
variables. Nevertheless, in the context of temporary Walrasian equilibrium, only the
initial values matter for the definition of equilibrium (Pereira, 1988). In turn, we still have
to check whether all the solutions in each sector satisfy all the equilibrium conditions

described in section 3.2.4.

4.1 Solution for Households
Since the terminal condition of the state variable in the household sector is given

in the finite horizon model (i.e., both Wyt and T are fixed), this kind of optimal control
problem is attributed to the case of fixed terminal point with the transversality condition

replaced by terminal condition (23) Wyr+; = 0.
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4.1.1 The Quasi Closed-Form Solution for Control Variables, Ypj and Ly,
From the first-order conditions (24) and (25) for the control variables in the
optimization problem of household h at period t, we have
(S1) Yje=(6n' 0ty / [ M ( 1+ st) Pyi]
(S2) Lue=Ln — [ &' (1—Yj085) 1/ [Aa (1 - pitn) wi]
Then, from expression (26), the equation of motion for the costate variable, we
can obtain
(S3) M= By At t=1,...,T
(S A= (T 1 «BsD M = / (I 1< «By)
where A, =y is unknown in this stage, and B= 1+ ( 1 — pith) { (1 =2 eis) 15
+ Yieis[ DIVis/ ( Pgis-1 Eis) ] }.
Therefore, Ynj; and Ly can be expressed as a function of /TS
(S5) Yrje=(8n' o) (IT 1< «Bs) /[ M (1+st) Pyt]

(S6) Lin = Lo — [ 81" (1 =0t ) ] (1T 1< «Bs) /[ M (1 =ity ) Wi ]

4.1.2 The Closed-Form Solution for Control Variables, Yy and Ly;
From expression (27), the equation of motion for the state variable, we can obtain
(S7) Wierr=[ an+ (1 —pity ) Wi Lie+ ( 1 —cgtne) i ( Prit— Pit-1 ) Enit + TR
=2 (1+st;) Pjt Yt ]
{1+ (1-pita) [ (1 -Diei) e+ €[ DIVi/ (Pri1 Eit) 1] } Wit
= A¢+ By Wy, t=0,1,...,T
(S8) Wii=Act + Yoss 2 [ As (M gr15r 1B ) 1+ Wi (o <1 Bs )

=Yoss <1 [As (M gri<r «1B7 ) 1+ Wi (oo <1 Bs ), t=2,3,...,T,
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where Wy, =Wy is predetermined in this study,
Ai=an+ (1 -pity ) W Lnet (1 —cgtne) Oi ( Prit— Prit-1) Enit 7 TRue— 255 ( 1+ stjt) Py Yo,
and B;= 1+ (1 —pity ) { (1 =Yiep) re+ e[ DIV / ( Peie1 Eie) ] }.

At the terminal period (t = T+1), Wy, becomes
(S9) Wirs1=Ar+ Lot <1 [ At (1415 <7Bs ) 1+ Wi (I o <1 By)

=Yost <t [ Ac(IT v <rBs ) 1+ Wi (I o=t <rBy)

Then, by applying the terminal condition (23) Wyr+ = 0, which is also the
transversality condition of household h’s optimization problem, to equation (S9), we
obtain
(S10) Wi'=— (o= <rB:) ™ Yos <r [ Ac(I i <1Bs ) ]

=—os<t<r [ At (Il o< <«Bs )_1]

By setting C;=an+ ( 1 — cgtnt) 2'i ( Prit— Prit-1 ) Enit + TRy, thereby A;=C; + (1 -
pith ) Wi Lne— 2 ( 1+ stjr) Pyt Y, then Wi can be further expressed as function of Y
and Lp:

(S11) Wy, == Yo <1 { [ Ci+ (1 —pity ) Wi Lpe— Y5 ( 1+ 8t;) Pjt Yuje 1/ (M os <« Bs) }

Subsequently, by substituting expressions (S5) and (S6) into (S11), A4 can be
solved as:

(S12) A =(Tot <r0n') /[ Bo { Wy + Yozt <r [ D/ (o< «Bs) 131
where D= C, + ( 1 — pity ) w; Lh*
=ap+ (1 - cgtu) Xi (Peie— Peie1 ) Enit + TRy + (1= pity ) we Ly

Finally, the closed-form solution for control variables can be derived by

substituting (S12) into (S5) and (S6):

(S13) Yhje= (8 oty) (IT 1< «Bs) Bo { Wi + Yo <r [ D/ (o< «Bs) 1}
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/1 Zost < 8n') (1+ st;) Pyc]
= { (&' aty) (Moss «Bs) Wh'+ (8 0ty) (ITos «Bs) Yo <1 [ Dy
/(Moss « Bs) 1}/ [( Tost <t 8n') (1+st) Py]
= { (8 o) (Mo<s «Bs) Wa'+ (81’ oty) { Teiss <v [Ds/ (M1 <5 By) ]
+ Yo al Ds(M s« Br) 1} 3/ [( Zos < 8n') (1+stie) Py
(S14) Lue=Lo'= [ &' (1 - 04i) ] (IT 1< «Bs) Bo { Wn'+ Yo <1 [ D
/(Mo Bs) ]}/ [( Tost <r8n') (1= pitn ) wi]
=Ly — {[ 80 (1-%j08) ] (Moss «Bs) Wy
+ 80 (1-%j08)] (Mo «Bs)* Yost<r [Di/ (Moss s Bs) 1)
I T( o<t <rdn') (1 —pitn) wi]
=Ln— {[8n' (1-Xj0) ] (Moss «Bs) Wa' + [ 81 (1-Xj08)]
{Twiser [Ds/ (Mg < B) ]+ Yos [ Ds(Ms1o < Br) 1} }

/(o< <v0n') (1 —pity ) wy ]

4.1.3 The Initial Values of Variables Related to Household h

First of all, the initial value of wealth (i.e., the state variable), Wh* , 18
predetermined. While the initial value of costate variable, Ay, shown as equation (S12), is
actually a function of D, and B; over the whole model horizon. Therefore, the value of Xh*
could not be obtained simply from the household sector itself.

According to equations (S1) and (S2), the demand for consumption good j (thtD )

and the labor supply (Ly") at the initial period can be expressed as:
(S15) Yrjo”=aty/ [ " ( 1+ stio) Pjo], i=1,..

(S16) Lug® =Ln— (1 =Y ) / [ A (1 —pitn ) Wo]
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According to equations (5)-(7), supply of new funds and the equation of motion
for wealth (FDhtS = Wher1 — Why) at the initial period can be expressed as:
(S17) FDpo® = Wiy — Wy

=ap+ (1 —pitn) {woLno® + (1= Yieio) 1o Wy + Yieio[ DIVio/ (Pri-t Ei') ] Wi }

+(1—cgtwo) i (Prio— Prir1 ) B + TRuo— X ( 1+ stjo) Pio Yajo"

where thoD and Lyo® can be obtained from expressions (S15) and (S16), respectively.

Hence, the value of wealth at the beginning of period 1 can be represented by:
(S18) Wi =Wy +ay+ (1 —pitn) {woLno® + (1 - Yieio) 1o Wy

+Yieio[ DIVig/ (Pt BT ) 1Wh' 3+ (1 —cgtno) X (Prio— Prio1) Eni'
+ TRno— Y ( 1 +stjp) Pjo thoD

which is the same as the result from directly setting t=0 into equation (S7).

On the other hand, since the wealth of household h can be invested in bonds and
equity, the value of wealth at the beginning of period t can be represented by :
(S19) Wy =i Bhit + Bhgt + i Prit-1 Enit
which is the same as equation (9).

The components of wealth can be written as:
(520) Bhit = & Bt
(S21) Bpg = &nt By
(S22) Epit = &n Eit
where &y, represented by Wy / >’ Wiy, is household h’s share of the market portfolio at
the beginning of period t. Expressions (S20)-(S22) are the same as (10)-(12), respectively.

Thus, the initial value of wealth can be written as:

(S23) Wy," = YiBy" + Byg' + 3 Priq1 Eni'
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which is the same as equation (16). And the composition of wealth at period 1 can be
represented by:
(S24) Whi = 2iBuit + Bngt + 2i Prio Enit
(S25) Bhit = & B
(S26) Bhgi = &n1 Byl
(527) Epit = & Eu

In sum, even though only the initial values matter in solving the optimization
problem in the context of temporary Walrasian equilibrium, we can not independently
obtain the values of all variables related to the household sector without considering the
effects of other sectors. That is, only if A" is solved can we obtain the initial values of all
the control variables and hence the supply of new funds, and the values of the
composition of wealth at the beginning of period 1. Therefore, we have to depend on the
equilibrium conditions for all markets to deal with the solution for lh*. This will be

discussed in detail later in section 4.4.2.

4.2 Solution for Producers

The optimal control problem of the production sector is attributed to the case of a
truncated vertical terminal line (i.e., T is fixed, and Kj1+; is free but non-negative) with
transversality conditions in equation (66) Air =0, Kirs; 20, and Air Kir+; = 0, which are
also called the Kuhn-Tucker conditions. Because of the complexity of computation in
solving this kind of problem, this study will follow the suggestion introduced by Chiang
(1992) to deal with this problem. That is, in reality we can always try the it =0

condition first, and check whether the resulting value of Kir+ satisfies the terminal
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restriction Kir+; =0. Then, if it does, the problem is solved. Otherwise, we have to set
Kir+1 = 0, and treat the problem as the case of a fixed terminal point whose solving

process is similar to the one used in the household sector.

4.2.1 The Solution for Control Variables, L;; and I;

From the first-order conditions (67) and (68) for the control variables in the
optimization problem of industry i at period t, we have
(828) (Lit/ Kit) = { (Pu-X15 = ¢ Py) (1-6) /[ (1+1t) wi]} P
(829) Liu=Kic { (P —Tig 0 iPie) (1-B) /[ (1+ 1) wi] } '
(S30) Le=[ 1/bi] [Aie [T o < <t (1+ 15) — ( 1—itcit) Py ]
where L is expressed as a function of Ky, and I;; is a function of ;.

From expression (70), the equation of motion for the state variable, we can obtain
(S31) Kjer1 = L+ (1- ®5 ) Ky, t=0,...,T
(832) Kit = Lt + Toss 2 I [ M svr s 1( 1= @37 ) 1+ Ki Moy <1 (1 - is )

=Yoss st s [Msizr <t 1- B ) 1+ Ki Moo et (1= i ), t=0,...T

where Kj; can be expressed as a function of I;; and the predetermined Ki*.

Then, the terminal value of capital stock, K;r+;, can be represented by:
(833) Kirr1 = Yozt st e [ Mesr <o <1 (1~ s ) [+ Ki Tose <t (1 - Pic )

Further, by substituting equation (S29) into (29) F; (Kj, Li¢) = Yy = Kitﬂi Lit 16 ,
Y can be expressed as a function of Kj;:
(S34) Yie= Kif® { K { (Pu—Y15 5 c5Pi) (1-B) /[ (1+ L) we] } VA 318

=Kit { (P15 = i Pie) (1-8) /[ (1+1t) w] } CV/8
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Then, by substituting equation (S34) into (28)Y;= Min{ F; ( Ki, Lit); Yiic/ i,
Yiz/ Ci2,. .., Yijt/ Cijy..., Yie/ iy }, Yijr can be also expressed as a function of Kj:
(S35) Yije= cij Yie=¢; Kit { (Pic—Y1 < i Pit) (1- 8) /[ (1+1t) wy] } /4

Subsequently, from expression (69), the equation of motion for the costate
variable, we can obtain
(S36) hix = (1= ®it) ™" { Mi-t — [Moss se(1+19) ' T[ (1= citie) (Pie— X1 < € Pj) *

(BiK L)1}, t=1,..., T.

By substituting equation (S28) into (S36), A;; can be expressed as a function of Ai

(837) hir= (1= @) ™ { A1 — [ Moxs < (1+ 1) 7 T (1= citie) (Pic— Y1 < ¢ Pie) *
Bie {(Pu-Xig = ¢P) (1-61) /[ (1+1t) wi ]} 773
=(1-®i) ™" ki1 — (1- @) " E,

(S38) hie=Ai I s« (1-®is ) '~ T [Es 5 (1= ®ir) ']
where A;" =\Aiis unknown in this stage, and E; = [ [T g<s <t (11 15) -1 ] (1-city ) ( Py —
Tisi=CiPi) ¢ Bie { (Pu-Tig < ciPi) (1-6) /[ (1+1t) we]} 72,

At the terminal period (t = T), Ay becomes

(S39) hir= A I 1< <0 (1-®5) ' =i <r [Eedl < <r( 1= P35 ) ']

Case 1: Setting AT = 0 as the Transversality Condition

Then, by applying the transversality condition, set here as Air = 0, to equation
(S39), we obtain
(S40) %" = Tis<r [EcIl 1 s 1 (1= i) ]

*, . .
where A; is parametric on exogenous variables and other parameters.
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Therefore, A;" is solved by equation (S40), under the given transversality condition
AT =0. Consequentiy, we can obtain the solution for all control variables, state variable,
costate variable, and thereby the relative variables, such as supply of good i and demand
for intermediate input j.
By substituting equation (S40) into (S38), Ai; can be solved as:
(SAD A =T 1« «(1-®is ) { iz <r [ETT 1 <1 (1-®is) 1}
~Siss [BTs o« (1-%;) 7]
=2 iss <t BEs 197 <51 (1= @57 ) ]
Then, I;; can be solved by substituting equation (S41) into (S30) as:
(S42) Li=[1/bi] { [ Mo <s <t(1+15) ] X tr1xs <[ Es I 1 <7 <1 ( 1= @i ) ] — ( 1—iitcie) P }
By substituting equation (S42) into (S32), with the predetermined K;", we can
solve Kj;, which can further be used to solve Ly, Yi;, and Y. The expressions
representing the solution for Ky, L, Yi, and Yj; are very complicated and are omitted

here.

Case 2: Setting Ki1+; = 0 as the Transversality Condition
Then, by applying the transversality condition, set here as Kir+; = 0, to equation
(833), we obtain
(S40) Ki' =~ Moz <r(1- %) "] { Toz<r e[ Mz <1 (1- @i ) ]}
=~ {Zom <l Mo < x(1- i )7 ] )=~ Yoz <r na
where a; =1l g<s (1 — P;s ) and Ki* is a function of ;.
By substituting equation (S38) into (S30), I can be expressed as a function of A

(S41) L=[ 1/ bi] { o ce(1+1) {AT1csa(1-®i )"
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~Yissa [Bs s ora(1- %)™ ] 3= (1-itei) P}
=b [ A c(1-®i ) a ~fia—(1~iter ) Py]
where b=1/b;, ;=TI ¢ <5 <t (1+ 1), and ;=Y 1< <« [ Es s < < (1- ®3;) 7' 1.
By substituting equation (S41°) into (S40’), we can obtain
(S42)N = {-K{ +bYoa v { [ ficet (1 —itci ) Prla }}
/[ {b(1=Pip ) Do <r{ [Cta—t_l ] a’’ 3
={~K+b Yo <[ fica' + (1—itci ) Prac']}
/[b(1-®io ) Yot <r(crac”)]
where A;"is parametric on the predetermined K;", exogenous variables and other
parameters.

Therefore, ;" is solved by equation (S42’), under the given transversality
condition K+ = 0. Consequently, we can obtain the solution for all control variables,
state variable, costate variable, and thereby the relative variables, such as supply of good
i and demand for intermediate input j.

By substituting equation (S42°) into (S38) and (S41°), we can solve A; and I, and
with the predetermined K;, they can further be used to solve K;.. Then, by substituting
the solved Kj;into expressions ($29), (S34), and (S35), we can solve Ly, Yi, and Y,
respectively. The expressions representing the solution for Ky, Ly, Yi, and Y are very

complicated and are omitted here.

In sum, according to the boundary condition (58), Y, Li, L, and K;; are non-
negative. Then, K; in equation (S40°) is likely to be negative, which is inconsistent with

the boundary condition. Therefore, Case 2 seems to be infeasible. On the other hand, in
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Case 1, as long as both ( Py =1 5 <y ;i Pjt ) in equation (S29) and [ Ai IT ¢ <5 <t (14 15) —
( 1-itci ) Py ] in equation (S30) are non-negative, so are Yij, Ly, Ii;, and Kj;. Thus, Case 1

is much more likely to work.

4.2.2 The Initial Values of Variables Related to Industry i

First of all, the initial value of capital (i.e., the state variable), K", is
predetermined. On the other hand, the initial value of costate variable, Xi*, is shown as
equation (S40) and is parametric on exogenous variables and other parameters under the
setting Air = 0. Therefore, the value of A;" can be directly determined inside the production
sector.

According to equation (S30), demand for investment good by industry i (I;”) at
the initial period can be expressed as:
($43) To” =[ 1/bi] [ T o < <0 (1+ 1) = ( 1- itcio ) Pro]

=[V/bi][A" (1+ 10) = (1-itcio ) Po]

According to equation (S29), the labor demanded by industry i (Li") at the initial
period can be expressed as:
(S44) Lio” = Ki" { (Pio Y1 = cjPjo) (1-8) /[ (1+1tg) wo] }

From expressions (S34) and (S35), the supply of good i (Y’°) and the demand for
intermediate input j by industry i (Yith) at the initial period can be expressed as:
(845) Yio = Ki"{ (Pio~X15 =1 ¢ Pjo) (1-Bi) / [ (1+1to) wo] } 077

(846) Yijo® = ¢ Ki' { (Pio—Y1< < CiiPio ) (1-8i) /[ (1+1tg) wo] } 470/ 4
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From expressions (48) and (34), we have
(S47) DIVi = (1-¢i) (1-city) { (Pix—2 15 < G Pje )Yie — [ ( 1+ 1t) wy Lig+ @4 Ki']
—1¢Bj; }
Therefore, the dividends distributed from industry i to households (DIV;) at the
initial period can be expressed as:
(S48) DIVio = ( 1- ¢ ) ( 1-citio) { (Pio—Y15 < i Pjo )Yio® — [ ( 1+ Ito) wo Lig”
+ &0’ Kio’]-10B; }
where Yio® and Lio® are from expressions (S45) and (S44), respectively.
From expressions (47) and (34), we have
(S49) RE;; = ¢i (1—citit) { (Pi—>15 < € Pt )Y — [ ( 1+ 1te) we Ly + @4 Ki’] — ¢ Bic }
Therefore, the earnings retained by industry i (RE;) at the initial period can be
expressed as:
(S50) REj = ¢ ( 1—citio) { (Pio—Y15 < € Pjo ) Yio® — [ ( 1+ 1Itg) wo Lio® + ®i0” Kio’]
~10B;" }
From equation (41), the demand for external funds by industry i (FD;") at the
initial period can be expressed as:
(S51) FDy° = (1—itcip) Py Tio® + 0.5 b; (Lo ) >+ ( 1 —cgtio) ( Prio— Priq1) B — REjg
- ®ip’ Kio’,
where Ei*= Ej is predetermined. IioD and RE;q are from expressions (S43) and (S50).
From equation (S31), the capital stock of industry i (K;) at the beginning of
period 1 can be expressed as:
(852) Kiy = TP+ (1 - & )K"

From (49) and (50), we have
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(853) Prit Eit+1 — Prit Eit = wi FDje
(S54) Biyr1— Bic = ( 1- ;) FDy

Therefore, the initial evolution of equity can be shown as:
(855) Pgio Eit — Prio Ei = y; FD", or
(S56) Peio Eit = Prio B + v FDig”
and the initial evolution of bonds can be expressed as:

(S57) Bii— Bi" = (1- ;) FDy®, or
(S58) Biy=B;" + ( 1- y; ) FD°
where Bi*= Bjpis predetermined. F D,,° is from equation (S51).

From expressions (42) and (43), we have
(S859) FDit = ( Pgit Eit+1 + Bitt1) — ( PEit Eie + Bit ) = FLit1 — FLi¢

Thus, financial liabilities at the beginning of period t+1 can be represented by:
(S60) FLjt+1 = Pgit Eier1 + Bieni

Further, we can obtain
(S61) FLi; = Pgjo Ei1 + By
where Pgjo Eij and B;; can be obtained from (S56) and (S58), respectively.

In sum, by setting A;r = 0 as the transversality condition in the optimization
problem of industry i in the context of temporary Walrasian equilibrium, we can obtain
the initial values of costate variable, control variables and hence the relative variables,
such as supply of good i, demand for intermediate input j, demand for external funds, the
distribution of industry i’s net income. On the other hand, we can also obtain the values
of capital stock, equity, bonds, and financial liabilities at the beginning of period 1.

Therefore, we can independently find the solution for all the control variables, state
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variable, the costate variable, and other relative variables inside the production sector

over the model horizon.

4.3 Solution for the Government

Since there are two state variables in the government sector, we have to take into
account two transversality conditions respectively corresponding to the state variables,
represented by equation (103) GL1+; = 0 which is similar to (23) Wyr+; = 0 in the
household sector, and equation (104) Agr =0, Kgr+1 20, and Ager Kgr+1 = 0 which is akin
to equation (66) Air =0, Kir+; =0, and Air Kir+; = 0 in the production sector. Therefore,
the process to derive the solution for control variables, state variables, and costate
variables in the government sector is basically the same as that used in the other two
sectors.

For simplicity, Agt = 0 can be directly substituted for the Kuhn-Tucker conditions
Mgkt 20, Kot =0, and Agir Kgr+1 = 0 as one of transversality conditions in the
government sector, and check if the resulting value of K,r+; satisfies the terminal

restriction Kty 20.

4.3.1 The Quasi Closed-Form Solution for Control Variables, Ygj, Ly and I,
From the first-order conditions (105), (106), and (111) for the control variables in
the optimization problem of the government at period t, we have
(S62) Ygit =— 8¢ Ygi/ (AgcLe Pjt)
(S63) Lgt=— 04 Yor./ ( Agore Wt)

(864) Igt= th+1 - ( 1- ¢gt) th
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In order to express I as a function of A4, we have to proceed with the following
steps. First, from the first-order condition (109), we have
(S65) Kt = 8 Vax/ [ Agke1~ (1~ Pg) Age ] fort =1, ..., T, and thus
(S65”) Keert = 857" Y/ [ Agke— (1 — Pgrer) Agkt |

Then, from the first-order conditions (108) and (107), we have
(S66) heare = (1 +10) ™ Aggrets t=1,...,T
(867) heki = — AgGrLe Pt O Agore = — Agia Pi '
(S67°) hgrert == ggrent Piert == [ (1+1e01) ™ hore ] P

=—(1+1w1) " [= Ak Pi '] Prer = Agia ( 1 + 1) 7' Py Py, and
(S67°°) hgkt-1 = — AgoLet Prer=—[ (1 +1¢) Aggrs ] Piet
=~ (1+1) [~ Aga P '] Ppeer= Agie (1 + 1) Py Preg

Further, by substituting expressions (S67°) and (S67°’), derived from the
connection between A and Ay, into expressions (S65°) and (S65) respectively, we can
transform Ky and K into functions of Ay, represented by:
(S68) Kyt = 84" Yar/ { [Aexe (1 +1) Py Pyy]— (1 — D) Agie }, and

=8¢ Yakhekt  { [ (1+1) Py Pra]— (1= D) 37, t=1,...,T
(868”) Kger1 = 8™ Yo/ { Agrt— (1= ®ge1) [ ke (1 +1es1) ™ Pr 'Pres] }
=8¢ Yahga " [ 1= (1= Dgern ) (1 +101) " Py 'Py] ™

Therefore, I can be expressed as a function of Ag:

(S69) Lyt =8¢ Yahga " [ 1= (1= @) (1 +1001) ' Poe Prea] ™
—(1-®g) 85 Yghaa ' [(1+1) Py P —( 1 —®g) T
= 8" Yghga " {[ 1= (1= @ge1) (1 + 1) " P Pt ™

—(1-®g) 8 [(1+1) Py Pra—(1-®g) ] ™"}
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where t =1, ..., T. It should be noted that when t = 0, Iyo (= Ky — (1 — Pgo) Kg*) should
be written as:
(869") Iyo= 8 Yex g [ 1—(1—®g)(1+1) Py Pyl ' — (1~ dg) Ky
where Ag = Agro, and K, = Koo
On the other hand, from the first-order condition (109), we have
(S70) Agia = (1= @) ™ [ Agie1 — 8’ (ve/ Kgt) 1.
By setting N = 85' ( Yex/ Kgt ), the solution for Ag and Ager can be derived as:
(ST hga =g T 1o (1= @) = s o [ Ne g < (1= D7) ™'
=gk 1o «(1-®g) "' —F,, t=1,...,T
(872) hger = Tz <1(1- @) ~Tizar [Nell e < (1= @) ']
=Agx Micar(1-®x)" —Fr
where F1=) 1<« [ Ns 15 < «(1-® gT)‘1 ] and Ag and Ager actually are functions of Kg
and their initial value (ng*) which is unknown in this stage.
If the terminal value of A, is set to be equal to zero (i.e., Agkr = 0) and as the
transversality condition, then from equation (S72), we have
(573) Ag = Trr <t [ NeIl 10 1 (1= Bgs) ]
= Yrssr { (g Y/ Keo) [T11 5 51 (1= 85) 1 }
where kgk* can be expressed as a function of K.
Therefore, by substituting equation (S73) into (S71), Ag can further be expressed
as:
(ST Agi =N w1 + X vz <1 [ Ns IT 41 <7 <61 (1= P ) ]
=Y triss <1 { Og Yex/ Kes) [T 111 < <51 (1= $r) ] }, t=1,..., T-1,

where gy can be expressed as a function of K.
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Consequently, from expressions (S67) and (S71), the solution for Aggr: and XgGL*
can be derived as:
(S75) AgoLe = — hgkt Pr '
=Py {Ag Hiss«(1-By) ' —F}, t=1,..,T
(S76) hgoL” =—hg Pro’
Eventually, the quasi closed-form solution for Ygj and Ly can be obtained by

substituting equation (S75) into (S62) and (S63), respectively, and expressed as functions

of Ak (and Kg):
(S77) Y= 0¢ 15 P ' Pu{ hg’ 1< (1= Bgs) ' —F( }7, t=1,..., T
=75 Pio " Pokg t=0
(S78) Lt =85 ve Wi " Pre { hgie Tl 15 (1= Bgs) ' =F ()7, t=1,...,T
= YeLWo ' Prodg t=0

In addition, the quasi closed-form solution for I can be obtained by substituting
equation (S71) into (S69), and expressed as functions of ng* (and K):
(879) Ter= 85" Yo { [ 1= (1= Pt ) (1 + 1) ™ Pu Prent] ™
—(1=®g) 8 [ (14 1) Py Pry—(1-®g) 17"}

g T < (1-@gs) ' —F o}, t=1,...,T

= 8gYakAgk [1—(1=®5)(1+1) " PPyl = (1-®g)K,, t=0

4.3.2 The Closed-Form Solution for Control Variables, Ygj¢, Ly and Ig
From expression (111), the equation of motion for the state variable K;, we can
obtain

(SSO) th+1= Igt+( 1 _q)gt)th; t=0,...,T
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(S81) Ko = Yo <t Is [ M st1r st 1(1=Bg) 1+ Ky Mos o1 (1 = D), t=2,..., T+,
where K can be expressed as a function of I and the predetermined K, .
Then, the terminal value of capital stock, Kgr+1, can be represented by:
(S82) Kot = Yozt «r Lot [ T s <1 (1= @) 1+ K Mg e (1 — By )
On the other hand, from the first-order condition (110), the equation of motion for
the other state variable GL;, we can obtain
(S83) GLy+1 = (1 + 1) GLy+ ( X Pyt Ygje + ( 1+ 1ty ) wi Lo+ Py Ige + TRy — TGTy)
=M+ (1+r)GL, t=0,1,...,T
(S84) GLi =M1+ Yoss 22 Ms [ M srigr <1 (1+1,) 1+ GL Mo 1 (1 +15)
=Yoot Ms[ Mgz« (141;,) ]+ GL Moy 1 (1 +15) t=2,3, ..., T+,
where GL is a function of Y, L, Iy, and the predetermined GL".
TGT;=PIT; + ST+ CGT; + LT, - ITC, + CIT,,
TGL;= TGT,; —ltg w; Ly = PIT; + ST+ CGT; + 3 Ity wiLi; — ITC, + CITy, and
M= 3 Pjt Ygii + ( 1+ 1ty ) Wi Lg + Py I + TRy — TGT,
=2 Pit Ygit + wi Lyt + Pr Is + TR — TGL,.
Then, from equation (S84), the terminal value of government liabilities, GLr+,
can be represented by:
(S85) GLr+1 = Yost st Mi[ i< <r(1+15) ]+ GL Mo <7 (1 +10)
Further, by combining with the transversality condition (103) GL1+; = 0, the
initial value of government liabilities, GL", can be written as:
(S86) GL'=— { ot s Mi[ Tenss <1 (1+ 1) 1}/ [Mose 1 (141 ) ]
=—2ost<r {Mi/[MMoss (1 +15)]}

=—Yoa st {Mi[Mog=(1+1)7" ]}
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=—Dost <t { [ 2 Pjt Ygjt + Wi Lgt + Pre Iyt + TRge— TGLt ]

TMoss«(1+15)7 ]}

where GL"is expressed as a function of Y, Lgt, and Ig.

Subsequently, by subsituting expressions (S77), (S78), and (S79) into (S86), ?»gk*
can be expressed as a function of the predetermined GL" and the unknown K, through
the following equation.

(S87) GL ==Y i< <1 { [ X Pjt Yajt + Wi Ly + Prelge 1 [ Moss (1 +15) 7' 1}
—[ 3 Pjo Ygo+ WoLgo+ Prolyo ] (1+10) ™"
~Yost <t { [ TRg—TGL ] [Toxs (1 +15) 7' 1}

= Yiasr {8 Puhg i a(1-®g) " =F] ' [Mosa(1+15)7" ]

(1 _ng) + 6g'ng {[1-(1 —q’gtﬂ)( 1+ 1141) - Plt_IPItH] -

—(1-®g) 05 ' [(1+1) Py Pra—(1-3¢)]17'} 1}
~he " Pro (1+10) " { (1 ~vg) + S ¥ex [ 1= (1~ Br)(1+11) " Py 'Pu] ™'}
P (1= @) (1+10) Kg = Yozt <1 { [ TRg=TCL] [Mossa(1+1)7 1}
where ¥ 7g+ Yo+ Yek = 1, Fe= Tiss ao [ Ns s < = (1= Br) 7' ]
Since we can not obtain the exact solution for A here, the closed-form solution

of control variables in the government sector can not be derived.

4.3.3 The Initial Values of Variables Related to the Government

First of all, the initial values of state variables (i.e., government liabilities and
capital sotck), GL" and Kg*, are predetermined. While the initial values of costate

variables, ng*, shown as equation (S87), and hence XgGL* are actually functions of TGL;
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(i.e., PIT; + ST+ CGT; + }; Ity wiLyy — ITC; + CITy) over the whole model horizon. In
addition, the values of variables associated with the household sector, such as PIT;, ST,
and CGT here, are unknown because the value of A, could not be obtained simply from
the household sector. Therefore, the values of kgk* and ) are to be solved by employing
equilibrium conditions in section 4.4,

According to expressions (S77), (§78), and (S79), the demand for consumption
good j (Ygi?), labor (L"), and investment good (Ix") at the initial period can be
respectively expressed as:

(S88) Yo" =Yg Pio ™' Prodek
(S89) Lgo® = Yo Wo ' Prodgi
(890) Ipo®= 8 Yok har [ 1= (1 =@ )(1+1) " Py Pl = (1-®g) K,
From equations (83) and (84), the demand for new funds (FDg D at the initial
period can be expressed as:
(S91) FDg® =GL, - GLy =GL; - GL’
=19 GL"+ ¥ Pjo Ygio” + Wo Lgo® + Py Io® + TR0 — TGL,
where Yyjo®, Lo, and I" can be obtained from expressions (S88), (S89), and (S90),
respectively.

From equation (S80), the evolution of capital stock at the initial period can be
represented by:

(892) Kg1 =Igo Pt (1- Py ) Kg*
or

(S93) Ky — K =Ip° — @K,
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From equation (83), the evolution of government liabilities at the initial period
can be represented by:
(S94) GL, — GL =19 GL*+ ¥ Pjo Yo" + Wo Lgo” + Pio Igo” + TR0 — TGLg
which is the same as (S91), or
(S95) GL; = ( 1+ 19 ) GL*+ ¥ Pjo Yyio° + Wo Lgo” + Pio Igo® + TR0 — TGL,g

From expressions (73)-(79), the personal income tax revenues (PIT), the sales tax
revenues (STy), the capital gains tax revenues (CGTY), the labor tax revenues (LT;), the
investment tax credit (ITC,), the corporate income tax revenues (CIT;), and the total
government tax revenues (TGT;) at the initial period can be respectively expressed as:
(S96) PITo = 3n{ — an+ pitn [ Wo Lo + (1= Yieio) 1o W

+Yieo[ DIVio/ (Pt B ) I Wi']}
(S97) STo =Y ( ¥ stio Pjo Yo ” )
(S98) CGTo =Y [ cgtuo Yi ( Prio— Pri.1) Eni' ]+ i cgtio ( Peio— Pgi.i ) Ei
(899) LTy = ¥ lto woLi” + ItggWoLg”
(S100) ITC, = ¥; ITCjo = ¥ itcio Pyo Iip
(S101) CITo = ¥ citio { [ Pio— Y15 <1 (¢ Pjo ) ] Yio® — [ ( 1+ It ) wo Lio® + @50’ Kio’
~1oB; }

(S102) TGTo =PITy + STo+ CGTy+ LTy ITC, + CITy

From equation (82), the government’s transfer payments to households (TRy) at
the initial period can be written as:
(S103) TRy = Y1 TRy

In sum, since we can not independently obtain the values of all variables related

to the government sector without considering the effects of other sectors, we may have to
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rely on the equilibrium conditions of all markets together to solve for ng*. That is, only if
Ay is solved, can we obtain the values of TGL; over the whole model horizon, and hence
find the value of GL which can further be used to solve other variables associated with

the government sector. This will be discussed in detail later.

4.4 Solution for Equilibrium Conditions

Thus far we derived the closed-form solutions for all control variables, state
variables, and costate variables at every period t for each sector, respectively. All these
solutions have to satisfy the equilibrium conditions of all markets described in section
3.2.4. Hence, by using the solutions derived above, we will separately find the precise
equilibrium conditions for each market, which can further be applied to obtain the initial
values of those variables previously unsolved in each sector, especially the costate

variables Ay, and Ag .

4.4.1 The Solution for All Markets
4.4.1.1 The Solution for Consumption Goods Markets
From equation (112), the equilibrium conditions for the market of consumption
good j at period t can be expressed in its simple form:
(S104) Yi® =1 < am Yii'" + 21 <r o Yii© + Y + Y, j=1,...J, t=0,..,T
From equation (S34), the quantity of consumption good j supplied by industry j

can be expressed as:

(S105) Y;® =Kyt { (P — Ti<r <GP ) (1-8;) /[ (1 +1t) wy] } 7B
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From equation (S1), the quantity of consumption good j demanded by individual
household h can be expressed as:
(S106) thtD = &y Ohi/ [ Ane ( 1+ stj) Pji ], and then the demand by the whole household
sector is
(S107) X1 <h <m Yhit" = 21 <h <m { 00 @i/ [ Ane ( 1+ stie) Pje] }

From equation (S34), the quantity of consumption good f supplied by industry f
can be expressed as:
(S108) Ye® =Ka { (Pa—Yig < cPy) (1-8e) /[ (1+1t) w] } 0/#

Accordingly, from equation (S35), the quantity of consumption good j demanded
as intermediate inputs by industry f'is
(8109) Ygi” = ¢ K { (Pa— Y1 < c5Pi) (1-8e) /[ (1+1t) we] } “P77# and the

intermediate demand, for consumption good j, by all producers of consumption goods is
(S110) ¥y <r < Ygie”
=1 <r < {eg Kn{(Pn=Tig = g Py) (1- Be) /[ (1+1t) we ] 0773

From equation (S34), the quantity of investment good supplied by industry I (i.e.,
the investment sector) can be expressed as:
(SUDI® =Ky { (Pr—Yig acyPie) (1-61) /[ (1+1t) w] } /4

Accordingly, from equation (S35), the quantity of consumption good j demanded
as intermediate inputs by industry I is
(S112) Y5® = ¢ K { (Pu— Y15 < s Pie) (1- B1) /[ (1+1t) w] } /A

From equations (S62) and (S67), the quantity of consumption good j demanded
by the government is

(Sl 13) ngtD = 5gt 'Ygi/ ( )VgGLt Pjt) = 5gt Yei Pjt‘l Py ngt—l
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Therefore, by substituting expressions (S105), (S107), (S110), (S112), and (S113)
into (S104), the equilibrium conditions for the market of consumption good j at period t
can be rewritten as:
(S114) Kj¢ { (Pj— Y1 < CiePa ) (1-85) /[ (1+1t) we] } /A
=21 <h=m {00 Oty/ [Ane (14 st;) Pyl }
+ ¥ st = {eg Ka{(Pa~=Tig < o5 Pi) (1- ) /[ (1+ 16) we] 01
+ o K { (Pru—Tig = ePy) (1-60) /[ (1+1) we] 3 P78
+ 8, Yg Pit' Prdge t=0,..T
Thus, the equilibrium conditions for the market of consumption good j at the
initial period can be written as:
(SUS)K;" {(Ppo-Tr<resciPr) (1-8) /[ (1+1tg) wo] } -8/
=Yt snsm { @/ [ M (1+5to) Pyol}
+ Y1 <r < {e5 Ke {(Po— Y1 cgPio) (1- Br) /[ (1+1tg) wo] } /A3
+ o Ki' { (P~ 15 < ciPio) (1-B1) /[ (1+1t0) wo] } 714

+7gPjo " Pohgx '

4.4.1.2 The Solution for the Labor Market
From equation (113), the equilibrium conditions for the labor market at period t
can be expressed in its simple form:
(S116) Y1<h <m Lnd® = Y1 5y < L + Ly + Lg®, j=1...0; t=0,..,T
From equation (S2), the quantity of labor supplied by household h can be

expressed as:
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(S117) L =Ly — [ &5 (1 - Yi< <1 04 ) ]/ [ Ane (1 —pity ) w], and then the labor supply
of the entire household sector is
(S118) Y1t sm Lo = Tisn s { Ln = [ 80 (1= L1 < 04 ) 1/ [ Mo ( 1= pit ) W] }

From equation (S29), the quantity of labor demanded by industry j is
(S119) Li®=Kj { (Pj~ Y1<r < 6P ) (1-8;) /[ (1+1t) we] }"#, and then the demand
for labor by all producers of consumption goods can be expressed as:
(8120) Tig < Li® = Tig = { Kie { (Pr— i< ePr) (1-6) /[ (1+ 1) wi] 17

From equation (S29), the quantity of labor demanded by the investment sector is
(S121) L® =Ky { (Pi— i < ¢ Pjt) (1-Br) /[ (1+1t) we] 3P

From equations (S63) and (S67), the quantity of labor demanded by the
government is
(S122) Lg®=— 8¢ ver/ ( hgore Wi ) = 8" YeL Wi Predga™

Therefore, by substituting expressions (S118), (S120), (S121), and (S122) into
(S116), the equilibrium conditions for the labor market at period t can be rewritten as:
(S123) Zrsn<on { Lo~ [ &' (1~ X152 04) 1/ [ M (1= pitn) W] }

= Y159 {Kie { (Pi=Tisr0 ePr) (1-8) /[ (1+1) w] VA

+ Ky { (Pu=Tiga¢Pe) (1-B0) /[ (1+1) w] 18
+ 8¢ YeL Wi P t=0,..,T

Thus, the equilibrium conditions for the labor market at the initial period can be
written as:
($124) Tisn<m {Ln—[ (1 =Zig o) 1/ [ M (1= pitn) wo] }

= Y15 (K { (Po-TiarwGiPo) (1-6)/[(1+1t) o]} }
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+Ki {(Po- Y15 = cPio) (1-B) /[ (1+1to) wo] }'P

-1 *_1
+ YL Wo  Protgk

4.4.1.3 The Solution for the Investment Good Market
From equation (114), the equilibrium conditions for the investment good market
at period t can be expressed in its simple form:
(S125) I° =Y < o Li® + Ii° + L, j=1,..,; t=0,..,T
From equation (S34), the quantity of investment good supplied by the investment
sector can be expressed as:
(8126) I® =K { (P~ T = & P) (1-B1) /[ (1+1t) we] } 78
which is the same as (S112).
From equation (S30), the quantity of investment good demanded by industry j is
(S127) Ith =[1/b;]1[ X T o < < (1+15) — ( 1-itcje ) Py ], and then the demand by all
producers of consumption goods can be represented by:
(S128) Y1 g Li® =1 5 < [ 1/b;] [ At T ¢ < < (1+ 1) — ( 1- itcjc ) Py ]
From equation (S30), the quantity of investment good demanded by the
investment sector is
(8129) It” =[ 1/ by ] [ M TT o 5 <e(1+ 1) — ( 1- iteye ) Pye]
From expressions (S69) and (S69°), the quantity of investment good demanded by
the government fort=1,...,T is
(S130) Ie® = 8 yghge ~ {[ 1= (1= ®gr1) (1 +101) " Py Ppsy] ™!

—(1-®g) 8 [(1+1) P Proi—(1-9g) 17"},
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while that for t = 0 (the initial period) should be
(S131) Io® =8, ya g [ 1=(1=®g)(1+1;) PPyl "= (1-40) K,
Therefore, by substituting expressions (S126), (S128), (S129), and (S130)/(S131)
into (S125), the equilibrium conditions for the investment good market for t=1,...,T and
for t = 0 can be respectively rewritten as
(S132) Kie { (P~ X5 = ey Pye) (1-B0) /[ (1+1t) w] 3 P78
=215 /by ][ AT o < <¢ (1 15) — (1-1itcy ) Py ]
F[Ubr] [ Al < <e(1+15)—( 1-1itey ) Py ]
05" aihgta ™ { [ 1= (1= ®@gur1) (1+101) ™ Py Prent] ™

—(1-®g) 8 ' [(1+1) Py Pry—(1-®g) 17"}, ¢

Il
P
o
3
!

(S133) K1 {(Po—-Yig<ciPo) (1-81) /[ (1+1tg) wo] } ® /A
=15 o Vb ][4 (1+10) - (1-itcjo) Pio]
+[ Vb ][ M (1+10) = (1-itcro ) Pro]

+ 8 Yakhgk [1=(1=®u)(1+1) P 'Pu] ' = (1-®g)K,, t=0.

4.4.1.4 The Solution for the Financial Market
From equation (115), the equilibrium conditions for the financial market at period
t can be expressed in its simple form:
(S134) ¥ < <m FDi® = Y1 < FD;° + FDy° + FD,°, j=1,..,; t=0,..,T
From expressions (5) and (7), the new funds supplied by household h is
(S135) FDy® = ap + (1 = pitn ) {wLn’+ (1 - Tieic) t Wi+ Yiei[ DIVic/ ( Pgie Eit) ]
« Wi } + (1= cgte) 3i ( Pric— Peit-1 ) Enie + TRy~ X ( 1+ 5t¢) Pje Yiies

and then the supply of all households can be represented by:
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(S136) 31 < <m FDp®

=Y 1<hem { @+ (1 =pitn) {WiLa+ (1 = Yi€ir) r We+ Yiew[ DIV / ( Priet Bie) ]

e Wi } + (1 = cgte) Ti ( Pric— Peiet ) Enic + TRue— ¥ ( 1+ st) Pt iy 3,
i=1,.,JL

From equation (41), the new funds demanded by industry j is

(S137) FD;P = (1- itcj ) Pr Li> + 0.5 by (™) + (1 — cgtyt) ( Pej— Prjet ) Eje
- RE;i— ®i’ Ky,
and then the demand by all producers of consumption goods can be represented by:
(S138) Y15 < FD° = Y1 5 < { (1—itcy) Py LD + 0.5 by (I;°)
+ (1 —cgtie) (Pgji— Prje1) By — REj— ®5¢” Kyl” }

From equation (41), the new funds demanded by the investment sector is

(S139) FD° = ( 1~ itey) Py Ix” + 0.5 by (I)* + ( 1 - cgtie) ( Per— Peie1) Ex
—REy - &’ Ky’

From expressions (83) and (84), the new funds demanded by the government is
(S140) FDP=[ 3 P;t Ygi® + ( 1+ Ity ) W Ly + Py Ie® + TRy + 1, GL ] — TGT,

Therefore, by substituting (S136), (S138), (S139), and (S140) into (S134), the
equilibrium conditions for the financial market at period t can be rewritten as:
(S141) Y1t <m { an + (1 = pity ) {Wi L™+ (1= Yieir) 1 W+ Y € [ DIV / ( Pei1 Eit) ]

* Wi } + (1~ cgtne) i ( Pric— Priet ) Enit + TRu— X ( 1+ sti) Py Yiy® )
= Y15 < { (1-itcy) Py L> + 0.5 b; (") + ( 1 - cgtye) ( Pgje— Pjer ) Byt
- RE;i— & K¢’ }
+ (1= itey) Py I + 0.5 by (Ig°)* + (1 - cgtur) (Peu—Peit ) En— REx — &1’ Ky’

+[ 3 Pit Yogi© + ( 1+ Itg) we L+ P Ig® + TRy + 1, GL ] - TGT,,  t=0,...,T
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Thus, the equilibrium conditions for the financial market at the initial period can
be written as:
(S142) Y1 <h <m { @n + (1 = pitn ) {WoLno*+ (1 —Yiei0) toWn + Yieio[ DIVio/ (Pt B ) ]
« Wi} + (1 —cgtro) ¥i ( Prio— Priv1) Eni + TRuo— 3 (1 + stio) Pjo Yiio" }
=Yig < { (1-itcjo) Poo L + 0.5 by (To°) + (1 - cgtio) ( Prjo— Pej1 ) By
—~REjo— ®j0’Kjo’ }
+( 1-ite) Ppo Iig” + 0.5 by (In°)* + (1 ~ ogtio) (Pero— Per-1) Er' — REjp — @10°Kio’

+[ T Pio Ygo© + ( 1+ ltg) wo Lgo” + Pio Igo® + TRy + 10 GL" ] - TG Ty

4.4.2 The Solution for A, and Ay

From the analysis discussed prior to this section, once the initial values of the
costate variables, Ay, and kgk*, are solved, we can obtain values of all the variables related
to the household sector for every period recursively, and with the solved values of all the
variables, the values of TGL; and hence GL; over the whole model horizon can be
obtained.

First of all, the value of kgk* can be obtained by solving equation (S133) as:

(S143) A =8g¥ax [ 1 - (1= Pg1) (1+11) " Py 'Py]
{Ki {(Po—Yig<ciPio) (1-Bi) /[ (1+1t) we] } W7

+(1-@0)Ke' ~ Ti g0 /b ][ % (1+10) = (1-itcjo) Pro]
~[ Vo] [ M (I+10) — (1-iten) Pl } !
where K;" and Kg* are predetermined, and Xj*and Al have already been solved by equation

(S40) with the transversality condition Air=0 fori=1,...,J, L
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Then, by substituting the solved ng* into equation (S115), the value of Kh* can be
obtained theoretically. However, there is a mathematical problem we have to deal with in
solving A+ in the empirical work. That is, in this study, there are J consumption goods
represented by j in equation (S115) and m income groups represented by h. In order to
obtain m values of A, in this problem, J has to be equal to or greater than m
mathematically.

In sum, by further employing equilibrium conditions, we can eventually solve all
the initial values of control, state, and costate variables and other relative variables. In

- addition, once all the initial values (equilibria) in this study, characterized by temporary
Walrasian equilibrium, are obtained, we can thereby recursively derive the equilibrium
values of all variables for every period t for the system as a whole. Nevertheless, in order
to be able to solve the whole model’s maximization problems, the number of
consumption goods, J, must be no less than that of income groups, m, which is for

mathematic reasoning, rather than based on economic logic.
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CHAPTER FIVE

SIMULATION DESIGN AND RESULTS

Generally, in a dynamic general equilibrium model characterized by a finite
horizon, the decision time frame is set at one hundred years. Therefore, this kind of
empirical model can be used to evaluate the short-run and long-run impacts of various
policy scenarios just by setting the desirable values of time period t into the model.
However, with respect to simulation analysis, this study focuses on theoretically
exploring how to apply simulation schemes to the model and further investigating the
possible effects of alternative price expectations, labor tax, investment tax credit, and
alternative corporate income tax integration plans on the model structure and equilibrium
values. Especially, this study will compare the difference in the effects of alternative
simulations of corporate income tax integration on the agents and on control variables,
state variables, and other financial variables, respectively. There are various corporate
income tax integration schemes. In order to evaluate the effects of different corporate
income tax integration schemes on the model structure and equilibrium values, this study

will compare three integration plans: one full and two partial integration plans.

5.1 Price Expectations
In a dynamic general equilibrium model, the formation of price expectations has

to be made and has significant impacts on simulation results. For simplicity, this study

104

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



will merely show three types of expectations in explaining the difference of these three
approaches in simulation design, i.e., myopic expectations, constant rate of growth, and
perfect foresight.

There are several types of prices in this model: prices of consumption goods and
investment good, wage rate, interest rate, and the price of equity. Myopic expectations
indicate that the initial values of prices are expected to prevail into the terminal period.
That is, P’ =Py for t = 1,..., T. On the other hand, “constant rate of growth” type of price
expectations refers to the one with that the growth rate of initial prices is expected to
prevail into the terminal period. That is, P,° = Py (Po/ P_) fort=1,...,T. Finally, “perfect
foresight” indicates that prices over the model horizon can be perfectly anticipated. That
is, P =P for t = 1,..., T. Therefore, externally, the theoretical model with the assumption
of perfect foresight is exactly identical to the one shown in this study.

Thus, in order to obtain the equilibrium value of one variable for a specific future
period t, we just have to substitute the expected price of the specific period for that in
equilibrium conditions shown in chapter three and four. For example, based on perfect
foresight, myopic expectations and constant rate of growth, the equilibrium value of the
total government expenditures at period t (TGE,) in equation (81) can be expressed as
(R1), (R2), and (R3) respectively:

(R1) TGE; = Pjt Ygjt + ( 1+ 1ty ) wi Lo+ Py Ige+ TRy + 1 GLi
(R2) TGE = Y Pjo Ygjt + ( 1+ Ity ) woLg+ Pro It + TRy + 1o GL4
(R3) TGE: =3 Pjo (Pjo/ Pj-1) ' Ygit + ( 14 1ty ) wo (Wo/ w.1) ' L+ Pro (Pro/ Pr1) ' Iy

+ TRy + 19 (19/ 1.1) ' GL,
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In addition, the model such as that specified in chapter three with myopic
expectations usually can be treated as the base case for the comparison with alternative

policy scenarios in an empirical study.

5.2 Labor Tax

Any difference in equilibria with and without labor tax will also be investigated in
this study. Labor tax affects the costs of labor services used by industries and the
government. Since labor tax is imposed only on industries and the government, there
seems no direct effect on variables attributed to the household sector in case labor tax is
abolished from the model.

For the production sector, abolishing labor tax at period t=0 (i.e., It;=0, and 1t,=0)
will influence industries’ expenditures and thus their operating income, earnings, demand
for external funds (FDioD), net cash flows (NCFjp), and the dividends (DIVjo) and retained
earnings (RE;o) based on the assumption of a constant dividend/retention ratio at the same
period in the model.

Among the first-order conditions for the optimization problem of industries, the
change in labor tax solely has something to do with 0 Hy; / 6 Ly in equation (67), i.e., the
derivative of the Hamiltonian with respect to labor. Nevertheless, from equations (S44)-
(S46) and (S40), abolishing labor tax at t=0 will directly raise the equilibrium values of
labor demand by industries (Lio"), intermediate input demanded by industries (Yij()D ),
supply of consumption goods and investment good (Yio® , i.e., ons and Ij;°), and the
marginal net cash flows of capital (A;") respectively at the same period. Through the

increased A;", this policy also raises the equilibrium value of investment good demanded
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by industries (Ij”) which further increases the value of capital stock at next period (Kj).
Consequently, the enlarged K;; will make the equilibrium values in period t+1 of labor
demand by industries (LﬂD), intermediate input demanded by industries (Yile), and
supply of consumption goods and investment good (les and I;,°) greater than their
original values.

In addition, even with the higher Lio® and Yios, we can not be sure about whether
the equilibrium values of earnings before taxes (EBTjo), net income (NIjo), DIV, and
REjpincrease or not simply from equations (34)-(36) in this theoretical model. But we can
almost presume that they would be greater under this policy. Furthermore, we can not
ensure the change in the values of NCFjy and F D;o” and hence the quantity of industries’
equity (E;;) and the outstanding bonds of industries (Bi;) from equations (40), (S51),
(S56), and (S58), respectively.

According to equation (S37), At will be continuously greater under this policy
than keeping the old labor tax rate. Then, from equations (S30), (S31), (S29), (S34), and
(835) in order, IitD , Kit+1, Lit+ 1D, th+1s, Imls, and Yijt+1D all are greater than their original
values in the same period.

On the other hand, the change in labor tax instantaneously affects the total
government expenditures (TGEy) and tax revenues (TGTy) focusing on labor tax
revenues (LTy) and corporate income tax revenues (CITy). Futhermore, this policy will
affect the funds demanded by the government (FDgoD) apparently through the deviation

between TGEg and TGT,.
Among the first-order conditions for the optimization problem of the government,

the change in labor tax has connections to 0 Hy / 0 Ly and 0 Hge / 0 Ag1¢ in equations
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(106) and (110), i.e., the derivatives of the Hamiltonian with respect to labor and the
marginal provision of government liabilities, respectively.

From equation (S143), abolishing labor tax also has an impact on the initial value
of marginal provision of government capital (ng*), but the exact impact can not be
identified in this study. Then, no matter how Ay is affected, the absolute value of AggL”
will vary positively with )»gk* (because AggL: is less than zero) by the connection between
them, while the equilibrium values of labor, consumption goods, and investment good
demanded by the government at the same period (LgoD, ngoD, and IgoD) and thereby the
capital stock at next period (K1) will vary with ng* in the opposite direction.
Subsequently, from equation (S70), the change in the equilibrium values of Ag and
hence AggL1 is uncertain and depends on the relative effects of K,; and ng* on Agj.
Furthermore, from equations (S113), (S122), and (S130), the equilibrium values of
consumption goods, labor, and investment good demanded by the government at period t
(ngtD, LgtD, and IgtD) will always be inversely affected by Ag.

On the other hand, even though there is no direct impact of abolishing labor tax

on the household sector, we can discuss it indirectly from equation (S115) from which

the initial marginal utility of household’s wealth (A,") can be derived as long as J 2 m,

but the effect of this policy on A is still ambiguous in this theoretical model. Anyway,
we still find the relationship between Ay and the initial equilibrium values of consumption
goods demanded and labor supplied by houscholds (Yhjo" and Lyo®) from equations (S15)
and (S16). That is, thOD varies negatively with Xh*, while Ly positively. Similarly,
equations (S1) and (S2) also show that the relationship between Ay and thtD and Ly are

the same as that at the initial period.
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As to the impact of abolishing labor tax at the initial period on government tax
revenues, the only one affected is the investment tax credit, the government’s subsidies
given to industries, which becomes greater due to the higher Iio°. Of course, the labor tax
revenues become zero.

In turn, no matter whether labor tax is eliminated or lowered at period t=0,
theoretically we can easily derive again all the equilibrium values of the control, state,
costate, and other financial variables for each sector over the whole model horizon, while
we can not be sure about its impacts on some variables even for the initial period (t=0) in
this theoretical simulation analysis. That is, we can not directly and completely explain
the effect of a change in labor tax on equilibrium values simply from this theoretical
model. Rather, through an empirical study, we can clearly explore the global influence of

such a policy on all variables for all agents at each period.

5.3 Investment Tax Credit

Here, this study attempts to show the effects of abolishing the investment tax
credit (ITC) on the model structure and equilibrium values. This indicates that the value
of the investment tax credit rate (itcy) has to be set at zero into the theoretical model.
Since ITC is only given to industries from the government, there seems no direct effect
on variables attributed to the household sector under this policy.

For the production sector, abolishing ITC at period t=0 will directly influence
industries’ actual investment expenditures (AIEj) and thus their NCFjy and FD;o® at the
same period in the model. Therefore, it will directly affect the equilibrium conditions for

the investment good market and the financial market.
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Among the first-order conditions for the optimization problem of industries, the
change in itcy; only affects 0 Hy; / 0 I; in equation (68), i.e., the derivative of the
Hamiltonian with respect to investment. Therefore, from equations (S38) and (S40),

i "and A;; have nothing to do with this policy. Consequently, equations (S30), (S42), and
(S43) apparently show that this policy will make equilibrium values of Ly and Ii° less
than those without this policy. On the other hand, equations (S44)-(S46) indicate that Lio®,
ons, IIOS, and YijOD all are not affected by this policy instantaneously, while equations
(S31), (S29), (S34), and (S35) show that I;” will make equilibrium values of K+ and
hence Liwt1°, Yjert®, Iier1®, and Yij: all less than their original values. In addition, from
equations (34)-(36), there is no change in equilibrium values of EBTjg, NIjp, DIV, and
RE;; due to LioD, ons, and IIOS remaining the same under this policy. But we can not
ensure the change in the values of FD;," and hence Ei1, Bi1, and NCFj from equations
(S51), (S56), (S58), and (40), respectively.

With respect to the government sector, the abolishment of ITC instantaneously
affects the total government tax revenues (TGT,) and further the funds demanded by the
government (FDgoD). Among the first-order conditions for the optimization problem of
the government, the change in ITC only affects 0 Hg / 0 Agg1; in equation (110), i.e., the
derivatives of the Hamiltonian with respect to the marginal provision of government
liabilities.

Eequation (S143) shows that abolishing ITC makes the initial value of marginal
provision of government capital (ng*) and hence the absolute value of KgGL* lower. Then,
from equations (S77)-(S80), the equilibrium values of consumption goods, labor, and

investment good demanded by the government at the same period (ngoD, LgoD, and IgoD)
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and thereby the capital stock at next period (K1) will vary with ng* in the opposite
direction. Therefore, from equation (81), the value of TGE, increases. Subsequently,
from equation (S70), the change in the equilibrium values of A and hence Aggr is
uncertain and depends on the relative effect of Kg; and Ag, on A simultaneously.
Furthermore, from equations (S113), (S122), and (S130), the equilibrium values of labor,
investment good, and consumption goods demanded by the government at period t (LgtD,
IgtD , and Yg,'tD ) will always be inversely affected by Agy:.

Even though there is no direct impact of abolishing ITC on the household sector,
we can discuss it from equation (S115) from which the initial marginal utility of
household’s wealth (A; ') can be derived, and this policy will indirectly raise the
equilibrium value of A, through ng*. Then, equations (S15) and (S16) show that the
abolishment of ITC lowers thOD and raises Lpg> through Xh*, respectively. Besides, the
lower thoD and the higher LhoS with the unchanged DIVjy, make the equilibrium values of
Dl and hence SAVy and households’ wealth (Wy;) greater through equations (3)-(6).
Since we can not be sure about the value of DIV, from equations (34) and (48), so can’t
be sure about the equilibrium value of Ay;. From equations (S1) and (S2), the relationship
between Ay and Lhts and thtD are the same as that at the initial period.

As to the impact of abolishing ITC on other individual tax revenues collected by
the government at the initial period, capital gains tax revenues (CGTy) and corporate
income tax revenues (CITy) remain the same; personal income tax revenues (PITy)
increase due to the higher Lhos; sales tax revenues (STy) decrease due to the lower thoD;
and labor tax revenues (LT,) increase due to the higher LgoD which simultaneously

induces the government to pay more for the labor. Therefore, we can not be sure about
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the change in the value of TGT( and hence GL, and FDgoD from equations (79), (83), and
(84), respectively.

In sum, the abolishment of ITC does not have any impact on Ai-and Ay at all.
Similarly, this policy has no instantaneous effect on the initial equilibrium values of Lio>,
Yo%, In®, and Yijo®, and hence EBTyo, NIj, DIV, and REj. Besides, the equilibrium
values of all the control variables and the state variable in the production sector are lower
than their original values. The inverse relationship between costate variables and control
variables in the government sector under this policy can be established as that under the
abolishment of labor tax. The difference is that the change in the initial values of costate
variables and hence control variables and the value of government capital at the
beginning of period 1 is able to be determined. Under the policy of abolishing ITC, we
have higher values of Xh*, Lio>, DIy, SAVy, and Wy, and lower thoD. The relationship

between Ay, thtD, and Ly,> is akin to that under the policy of abolishing labor tax.

5.4 Full Integration

In this study, full integration is designed to completely abolish the corporate
income tax (CIT) and then households would have to pay personal income taxes (PIT) on
income from both dividends (DIVjy) and retained earnings (REj). That is, the corporate
income tax rate (cit;;) is set to be zero and therefore industries’ earnings before and after
taxes are identical to each other (EBT;=NI ;) in this study. Besides, households’ tax
burdens intuitively become heavier due to the additional retained earnings which they do
not really receive at the time they report their personal income taxes. Of course, this will

certainly affect the total government tax revenues (TGT).
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For the production sector, abolishing CIT at period t=0 will directly eliminate
industries’ tax burdens on income, intuitively increase the values of NI o, DIVjy, and
RE, and thus affect their NCF;o and FD;," at the same period in the model. Therefore, it
will directly affect the equilibrium conditions for the financial market.

Among the first-order conditions for the optimization problem of industries, the
change in cit;; simultaneously affects 0 Hy; / 0 Li; and & H;; / 0 Kj; in equations (67) and
(69), i.e., the derivatives of the Hamiltonian with respect to labor and capital, respectively.
From equations (S44)-(S46), Li°, Y;0°, Iio’, and Y;j" all are not instantaneously affected
by this policy. Therefore, from equations (35), (36), (S48), and (S50), under full
integration, Nljo, DIV, and RE;, will have greater equilibrium values than before the
integration. But we can not ensure the change in the values of FD;," and hence Ei;, Bij,
and NCFjy from equations (S51), (S56), (S58), and (40), respectively.

However, from equations (S40)-(S43), the equilibrium values of A, Aig, Lio®, and
I;° become greater under this integration plan. Consequently, equations (S31), (S29),
(S34), and (S35) show that I;> will make the equilibrium values of Kji+;and hence Li+, >,
ijs, I]t+1s, and Yijt+1D all greater than their original values before this policy. However,
we can not be sure about the values of NIj; and hence DIV;; and RE;; from equations (35),
(47), and (48).
With respect to the government sector, full integration instantaneously affects the

total government tax revenues (TGT,) and further the funds demanded by the

government (F DgoD). Among the first-order conditions for the optimization problem of

the government, the change in cit;; only affects 0 Hy / 0 AggLe in equation (110).
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From equation (S143) and (S75), full integration makes the initial value of
marginal provision of government capital (ng*) and hence the absolute value of kgGL*
greater through the higher A;". Then, from equations (S77)-(S80), the equilibrium values
of consumption goods, labor, and investment good demanded by the government at the
same period (Yg,-oD , LgoD , and IgoD ) and thereby the capital stock at next period (Kg) will
vary with ng* in the opposite direction. Therefore, the value of TGE, in equation (81)
decreases. Subsequently, from equation (S70), the change in the equilibrium values of
Agk1 and hence Aggyi is uncertain and depends on the relative effect of Ky and Age on Agy
simultaneously. Furthermore, equations (S113), (S122), and (S130) show that the
equilibrium values of labor, investment good, and consumption goods demanded by the
government at period t (Lg", I,>, and Y;") will always be inversely affected by Agy.

As to the household sector, full integration will directly influence households’
disposable income (DI} and savings (SAVy). Among the first-order conditions for the
optimization problem of households, this policy simultaneously affects 0 Hy; / 0 Wi, and
0 Hit / 0 Ay in equations (26) and (27), i.e., the derivatives of the Hamiltonian with
respect to wealth and the marginal utility of households’ wealth, respectively. From
equation (S115), this policy will lower the equilibrium value of Ay, through the higher
ng*. Then, equations (S15) and (S16) show that full integration raises thoD and lowers
Ly’ through )y, respectively. Even though we have the higher DIV and REjo with the
lower LhoS and the higher thoD, we can not exactly ensure the change in the values of
DIy and hence SAVy from equations (3)- (5), so can’t be sure about the equilibrium

values of Ay and Wy, derived from equation (S3) and (6), respectively. Nevertheless, DIy,

114

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



SAVyy, and Wy tend to become smaller under full integration. From equations (S1) and
(52), the relationship between Ay and thtD and Lhts is the same as that at the initial period.

As to the impact of full integration on other individual tax revenues collected by
the government at the initial period, sales tax revenues (STy) increase due to the higher
thoD ; capital gains tax revenues (CGTy) remain the same; investment tax credit (ITCy)
increases due to the higher L,o°; and labor tax revenues (LTy) decrease due to the lower
LgoD which simultaneously induces the government to pay less for the labor. In particular,
even though in the literature it is often argued that full integration will make personal
income tax revenues (PIT) greater, we can not exactly point out whether PIT, becomes
greater or not due to the lower LhoS in this theoretical model. Therefore, we can not be
sure about the change in the values of TGT, and hence the government liabilities (GL)
and the funds demanded by the government (FDgoD) from equations (79), (83), and (84),
respectively.

In sum, full integration apparently raises all the equilibrium values of all control,
state, and costate variables in the production sector over the model horizon, except the
initial values of K; which is predetermined, and L, ons, IIOS, and Yij()D which are not
affected by this policy. Therefore, NIjy, DIV, and RE;y also increase under this policy. It
should be noted that compared to the policy of abolishing ITC, this policy has the
completely opposite impact on control, state, and costate variables in the production
sector. The inverse relationship between costate variables and control variables in the
government sector under full integration is the same as those described in section 5.2 and
5.3. The difference is that the initial values of costate variables increase and hence

control variables decrease and the value of government capital at the beginning of period
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1 also decrease. Under this policy, we have lower values of kh* and Lhos and higher thoD,
which is opposite to those in the policy of abolishing ITC. The relationship between Ay,

thtD, and Lhts is identical to that under the former two policies.

5.5 Partial Integration A: Dividends Deducted from the Corporate Income Tax Base

In this study, partial integration A is designed to partially eliminate the problem
of double taxation on dividends' by deducting dividends from the corporate income tax
base. Therefore, dividends (DIV;) are taxed only at the personal level, and the corporate
income tax on retained earnings (REj) remains at the corporate level. With respect to the
structure of the model, the main effect of this policy is on the production sector,
especially on net income (NI;); the government sector is affected only in its tax revenues
(TGTy) and liabilities (GL); there is almost no impact on the household sector.?

For the production sector, partial integration A at period t=0 will directly
influence industries’ NIj and thus their NCFo, FD;,"° , DIV}, and REjj in the model.
Therefore, it will directly affect the equilibrium conditions for the financial market.

All the first-order conditions for the optimization problem of industries stay the
same under partial integration A. Therefore, the equilibrium values of all control, state,
and costate variables in the production sector are completely not affected by this policy
over the whole model horizon. However, at each period t, partial integration A raises
equilibrium values of NI, DIVj;, RE;, and NCF;, but lowers the equilibrium value of

! Stockholders would actually be better off if corporate income taxes were partially
shifted forward to consumers or backward to other factors of production in the first place.
Therefore, the double taxation thesis is based on the assumption that corporations are

unable to shift their taxes.

2 Ibid.
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FD,” which further makes the equilibrium values of Ej;; and Bj¢+; smaller through
equations (49) and (50), respectively.

With respect to the government sector, partial integration A instantaneously
affects the total government tax revenues (TGTy) and the funds demanded by the
government (FDgoD ). Among the first-order conditions for the optimization problem of
the government, this policy only affects the value of TGT; in 0 Hy; / O Agg1s in equation
(110).

Nevertheless, the equilibrium values of all control and state variables and one of
costate variables, K, in the government sector are completely not affected by this policy
over the whole model horizon. Therefore, equation (81) indicates that the initial
equilibrium value of total government expenditures (TGE() will remain the same.

Even though there is no direct impact of partial integration A on the household
sector, the indirect impact still comes into effect. From equation (S115), this policy will
not affect the equilibrium value of A;" through the unchanged ng*. Therefore, equations
(S15) and (S16) show that partial integration also has no impact on the equilibrium value
of Yijo” and Lyo® through A,,". Besides, the unchanged Yy° and Lyo® with the greater
DIV;o make the equilibrium values of DIy, SAVyo, and Wy, greater through equations
(3)-(6). With the higher DIV;; and Wy, and the lower E;;, we still can not exactly ensure
the change in the value of Ay, since we are not sure about the change in the value of Bs in

equation (S3). Therefore, values of th‘lD and Ly,,® also can not be determined through
equations (S1) and (S2), respectively. For the similar reason, the change in values of DIy,

SAVyi, and Wy, can not be determined from equations (3)-(6).
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As to the impact of partial integration A on government tax revenues, the initial
sales tax revenues (STy) remain the same, while the values at following periods (ST) are
uncertain due to the uncertain thtD; the initial capital gains tax revenues (CGTy) remain
the same, while the values at following periods (CGT;) may tend to decrease mainly due
to the lower E;; ; both the labor tax revenues (LT, and LT,) and the investment tax credit
(ITCy and ITC,) are not affected by partial integration A; the initial corporate income tax
revenues (CITy) decrease due to the deducted dividends, and thus the values at following
periods (CIT,) may also tend to decrease; the initial personal income tax revenues (PITo)
increase due to the higher dividends. Since the magnitude of increase in PITyis
apparently less than that of decrease in CITy, the total government tax revenues (TGTy)
would inevitably decrease. In addition, from equations (83) and (84), with the unchanged
TGE and the lower TGT), FDgOD tends to increase, which would consequently raise the
government liabilities and the outstanding public bonds at the beginning of period 1 (GL,

and Bgl).

5.6 Partial Integration B: Dividends Deducted from the Personal Income Tax Base

In this study, partial integration B is designed to partially eliminate the problem of
double taxation on dividends by exempting dividends from the personal income tax.
Therefore, dividends (DIVy) are taxed only at the corporate level and there is no tax on
households’ dividend income (3 ;e[ DIVit/ ( Pgi-1 Eit) ] Whe ) at the personal level. That
is, the personal income tax revenues (PIT) merely consist of households’ labor income
(Wt Lit) and interest income ( ( 1 — Y j ey ) rr Wpe). With respect to the structure of the

model, the main effect of this policy is on the household sector, especially on disposable
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income (DIy) and hence savings (SAVy) and wealth (W) ; the government sector is
affected only on PIT, and hence total tax revenues (TGT,) and liabilities (GL¢+;); there is
almost no impact on the production sector.’

Intuitively, there is no direct impact of partial integration A on the production
sector. All the first-order conditions for the optimization problem of industries remain the
same under partial integration B. Therefore, the equilibrium values of all control, state,
and costate variables in the production sector are completely not affected by this policy
over the whole model horizon. Furthermore, at each period t, partial integration B
maintains all equilibrium values of NI;;, DIV, REjy, NCF;, FDitD, Eiw+1 and By at their
original levels.

With respect to the government sector, partial integration B instantaneously
affects PIT, and further TGT), and FDgoD . Among the first-order conditions for the
optimization problem of the government, this policy only affects the value of TGT;in &
Hgt / 0 Aggrs in equation (110). Nevertheless, the equilibrium values of all control and
state variables and one of costate variables, Kg, in the government sector are completely
not affected by this policy over the whole model horizon. Therefore, equation (81)
indicates that the initial equilibrium value of total government expenditures (TGE) will
remain the same.

For the household sector, partial integration B at period t=0 will directly influence
households’ DIy and hence SAVyo and Wy in the model. Therefore, it will directly affect

the equilibrium conditions for the financial market.

3 Same assumption as footnote 1 applies.
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Among the first-order conditions for the optimization problem of households, this
policy simultaneously affects 0 Hy / & Wy and @ Hy / 0 Ay in equations (26) and (27),
respectively. From equation (S115), this policy will not affect the equilibrium value of
An through the unchanged ng*. Therefore, equations (S15) and (S16) show that partial
integration B also has no impact on the equilibrium values of thoD and Lyo® through Ay .
Besides, with the unchanged Y, Lyo® and DIVj, this policy raises the equilibrium
values of DIy, SAVy, and Wy, through equations (3)-(6). With the unchanged DIV;; and
E;; and the higher Wy, we still can not exactly ensure the change in the value of Ay, since
the change in the value of B in equation (S3) can not be determined. That is, with the
unchanged DIV;; and E;; and the higher Wy, the share of equity of industry i in
household h’s wealth (e;, i.€., Pgir.; Enit / Whe) decreases and thus the share of public and
private bonds in household h’s wealth (1 — Y ; e;;) increases. This makes the change in the
value of B, uncertain. Therefore, values of thlD and Lms also can not be determined
through equations (S1) and (S2), respectively. For the similar reason, the change in
values of DIy, SAVy,;, and Wiy can not be determined from equations (3)-(6).

As to the impact of partial integration B on government tax revenues, the initial
sales tax revenues (STo) remain the same, while the values at following periods (ST) are
uncertain due to the uncertain thtD; the initial capital gains tax revenues (CGTy) remain
the same, while the values at following periods (CGT,) are uncertain mainly due to the
uncertain Ep; ; all of the labor tax revenues (LT, and LT;), investment tax credit (ITCy
and ITC), and corporate income tax revenues (CIT, and CIT)) are not affected by partial
integration B; the initial personal income tax revenues (PIT,) decrease due to the

deducted dividends, and thus the values at following periods (PIT,) may also tend to
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decrease. Therefore, the total government tax revenues (TGTy) would inevitably decrease.
In addition, from equations (83) and (84), with the unchanged TGE and the lower TGT),

FDgoD will increase, which in turn raises GL; and B;.
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CHAPTER SIX

CONCLUSIONS AND POLICY IMPLICATIONS

In order to provide a more comprehensive framework capable of capturing a
realistic dynamic environment in Taiwan, this study builds a dynamic general
equilibrium model in the presence of heterogeneous income groups with different rates of
time preferences, industries of different degrees of incorporation with adjustment costs of
investment, and government deficits, based on the optimal control theory. Therefore, it
would be expected that this model can be used to investigate the impacts of corporate
income tax integration on income distribution and economic performance. This study
also derives the solution for the theoretical model to ensure that all the equilibrium
conditions are satisfied. Then, focusing on the corporate income tax integration plans,
several tax policy scenarios are designed to theoretically explore how to apply simulation
schemes to the model, to attempt to theoretically investigate the possible effects of these
policies on the structure of the model and equilibrium values, and further to check if

simulation results are consistent with equilibrium conditions.

_6.1 Summary of Simulation Results
In such a dynamic theoretical model, the simulation results can not completely
show the process of evolution of equilibrium values derived from changes in the tax

policy. Nevertheless, we still can obtain some important outcome by summarizing the
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simulation results for all tax policies from the perspective of equilibrium conditions. We
can explain the impacts of a specific tax policy on variables in equilibrium conditions
through the change in their equilibrium values. We can also approximate the extreme
short-run (with t=0) and various long-run (with different values of t) effects of this tax
policy on equilibrium values of these variables. Furthermore, comparison of simulation
results of different policies bears interesting implications. Even though some of the
changes in equilibrium values of variables are uncertain, they will not affect our
conclusions as long as other variables in the same market at the same period together do
not violate the equilibrium conditions. In other words, the study framework ensures that
equilibrium conditions remain consistent with different sets of relevant parameters and

variables.

6.2 Conclusions
According to the model we built, the corresponding solutions derived, and the

simulation results analyzed in this study, the following can be concluded:

The Model

1. The existence of solutions for the theoretical model can be established and all
the equilibrium conditions are satisfied under alternative tax policies.

2. Since there are interactions between variables inside a single sector and/or
intersectors simultaneously in such a dynamic general equilibrium model, the effects of

tax policies on equilibrium values can not be exactly identified from a single variable or a
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single sector as what would be obtained in a static model. Rather, the connections
between variables and sectors should be taken into account globally.

3. This study can not obtain any unambiguous result, except some at the initial
period, for the household sector from all simulation analyses on these policies. This is
because in this theoretical model household h’s share of the market portfolio (Ep, i.€., Wi
/ > n Whe) 1s undetermined. This will further affect the quantity of equity of industry i
owned by household h (Eyy, i.€., & Eit) and hence the share of equity of industry i in
household h’s wealth (e, i.e., Pgit.; Enit / Why).

4. Even for the initial period, only some of the changes in equilibrium values can
be identitied in this theoretical study, but not all of them.

5. In this theoretical model, what we can obtain are the aggregated results for each
sector, not the disaggregated ones which can only be done by an empirical study.
Therefore, this study can not derive any exact result on income distribution among
income groups and resource allocation among industries from the effects of these tax
policies on the change in equilibrium values.

6. Since the dividend/retention ratio (¢b;) and the debt/equity ratio (y;) are set to be
invariant in this study, the biased tax preference toward retained earnings and debts
financing can not be really eliminated or alleviated in this model.

7. Even if these two ratios (¢; and ;) are set to be free, they can not make the
simulation results more apparent. Instead, some results, which are originally
unambiguous with these invariant ratios, may become undetermined with the variant

ratios.
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8. Generally, there is a positive relationship between control variables and costate
variable in the production sector, while there is an inverse relationship between control
variables and absolute values of costate variables in the government sector. As to the
household sector, one of the control variables (demand for consumption goods) varies

inversely with the costate variable at each period t, while supply of labor varies positively.

Price Expectations

Prices keep unchanged over the finite model horizon under the assumption of
myopic expectations, while they are continuous to change at an invariant rate under the
assumption of constant rate of growth which makes prices either extremely large or
extremely small at the terminal period. This indicates that the result (and/or equilibrium
values) of an empirical study will be different depending on the different assumption of

price expectations.

Full Integration

In the long run, the full integration plan and the abolishment of labor tax will
induce the increment in the outputs supplied, inputs demanded, and capital accumulated
by industries, while the abolishment of investment tax credit will obtain the opposite

results.

125

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Partial Integration

1. Both partial integration plans will not affect the inputs demanded by the
government at all. Therefore, the public goods provided by the government will not be
influenced by both plans.

2. With both partial integration plans, government liabilities will be aggravated at
the initial period due to the reduction in total government revenues.

3. The partial integration plan with dividends deducted from the corporate income
tax base will only induce the reduction in the funds demanded by industries, but will not
affect the outputs supplied, inputs demanded, and capital accumulated by industries at all.

4. The partial integration plan with dividends deducted from the personal income
tax base will not affect the outputs supplied, inputs demanded, capital accumulated, and

even the funds demanded by industries at all.

6.3 Policy Implications
The Model

1. According to simulation analyses on all the corporate income tax integration
plans in this study, the results indicate that the problem of “double” taxation on dividends
actually can be eliminated from the theoretical model.

2. With the full integration and the partial integration with dividends deducted
from the corporate income tax base, dividends are treated as interest payment and thus
the tax preference toward debts should be eliminated from the theoretical model.

However, due to both the dividend/retention ratio and the debt/equity ratio are set to be
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constant in this study, corporations are not allowed to adjust their financial decisions to

the optimal level after corporate income tax integration.

Households
In the short run, partial integration plans may not affect households’ consumption

and leisure activities and hence their utilities, but may raise their savings and wealth.

Producers

1. The abolishment of labor tax and the full integration plan will promote
industries’ supply of outputs, demand for inputs, and capital accumulation, while the
abolishment of investment tax credit will discourage them.

2. The implementation of full integration, whose impact on industries is the same
as the abolishment of labor tax, will alleviate industries’ tax liabilities and encourage
their production activities.

3. Partial integration plans have no impact on the real production activities and
capital accumulation of industries. Between two partial integration plans, the only effect
on industries is derived from the one with dividends deducted from the corporate income

tax base and will make their liabilities lower.

The Government

1. The government may reduce the provision of public goods due to the reduction
in its demand for inputs resulted from the decrease in total tax revenues under the full

integration.
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2. Partial integration plans have no impact on government’s provision of public

goods, while may aggravate its deficits due to the reduction in total tax revenues.

6.4 Contributions

The main contributions of this study are as follows:

1. This study provides a more comprehensive framework capturing a realistic
dynamic environment in Taiwan. Therefore, it can be appropriately modified to be used
as the basic model in an empirical study.

2. This study applies the optimal control theory to a more comprehensive tax
model. Furthermore, it derives equilibrium conditions for each sector and for each market
in the theoretical model by means of applying transversality conditions to each sector. At
the same time, this study identifies the solutions in detail for the model.

3. The objective of maximizing industries’ profits is generally set in a traditional
general equilibrium model, while net cash flows are most likely to be associated with
industries’ future profitabilities, and are the base for their perpetuation. Therefore, this
study displays the concept of net cash flows in accounting, applies it to the model, and
sets the objective of industries to pursue the maximization of their net cash flows in the
dynamic general equilibrium tax model.

4. Results stemmed from simulation analyses in this theoretical study can be used
as references for future empirical studies.

5. The model built in this study is one of the few dynamic general equilibrium tax

models. It can be used for empirical studies to simultaneously evaluate the effects of
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corporate income tax integration on both income distribution among households and

economic performance among industries in Taiwan economy.

6.5 Future Research

Finally, this study suggests several possible directions for future research.

1. Even though this study encompasses the concept of net cash flows from the
perspective of accounting to make the tax model closer to the reality, we look forward to
engaging more studies applying concepts of accounting to economic analysis, especially
for the studies on tax policies.

2. This study implicitly assumes, as in other studies in the literature, that there are
interior solutions and then directly applies both the optimal control theory to the dynamic
general equilibrium model and the transversality conditions to derive solutions for the
model. Future studies may attempt to inspect first if there are interior solutions for the
model, then identify if we can directly apply the maximum principle and further
transversality conditions to solve the optimization problem for each sector.

3. This study focuses on investigating the effects of changing tax policies on the
model structure and solutions for the model. Future studies can further evaluate the
effects of directly changing the structure of the model on equilibrium values, such as
eliminating the adjustment costs of investment and depreciation of capital from the model.

4. The framework of this tax model can be extended to an open economy in which

international trade and finance can become one of the focal points of analysis.
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APPENDIX
The purpose of this appendix is to illustrate the simulation results, 1.e., to show
the impacts of tax policies on the model structure for each sector and equilibrium values

for each market.
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Table A2.1 Structure of Producers’ Revenues and Expenditures

a. Income Statement (Profit and Loss Statement)

Sales Revenues :

= Sales Costs :

PyYi:

Yis < (GiPi) Yit (Intermediate Input Costs)

Gross Profits

= Operating Expenses :

GPi =P Yii— Y15 < (cii Py ) Yit
( 1+ 1t) we Ly (Labor Costs)

¢’ Ki’ (Depreciation Allowances)

Operating Income :

= Other Expenses :

Ol =GPy — [ (1+1t;) we Ly + ®i’ Kit” ) ]

1 Bit (Interest Payments)

Earnings before Taxes :

= Taxes :

EBT;; = Ol;; —1; Byt

citiy EBTj (Corporate Income Tax)

Earnings (i.e., Net Income) :

NIit = ( 1- Citit) EBTit

= Dividends Paid to Shareholders : DIVy = ( 1—¢y; ) NI

Retained Earnings :

RE; = ¢ NI,
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Table A2.1 Structure of Producers’ Revenues and Expenditures (continue)

b. Cash Flow Statement

Cash Flow from Operating Activities

Earnings (Net Income) : NI
+ Non-Cash Adjustment : d,’ Ky’ (Depreciation Allowances)

s @ NI + &’ Kit’

Cash Flow from Investing Activities

Actual Investment Expenditure : Py I (Acquisition Costs)
+ 0.5 Iitz (Adjustment Costs)

— itcit Pr Iic (Investment Tax Credit)

(1-itcit) Py L + 0.5 b; L2

Cash Flow from Financing Activities

Issuance of Additional Equity : Pgi ( Ejtr1 — Eit )
+ Issuance of New Bonds : (Bit+1—Bit)

— Dividends Paid ; DIV

: Prit ( Eitr1 — Eit ) + ( Bier1 — Byt ) — DIV

as : NCFy
NCF;; = [Nl + &’ Kit’] — [ ( 1-itcit) Py It + 0.5 by Iitz]
+ [ Peit ( Eitr1 — Eit ) + ( Bit+1 — Bit ) — DIV ]
=(1-citi) { [ Pi— 215 < (iPie) ] Yie— (1+1t;) wi Ly }
— ( 1-city) 1 Byg + city @’ Ki’ — [ ( 1-iteie) Pre I + 0.5 b; I * ]
+ [ Peit ( Bitr1 — Eit ) + ( Bits1 — Byt ) — DIV ]
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Table A2.2 The Effects of Abolishing Labor Tax on the Structure of the Production

Sector

a, Income Statement (Profit and Loss Statement)

Sales Revenues : P Y
= Sales Costs : 2is < (ciPy) Yy (Intermediate Input Costs)
Gross Profits GPy=Pi Yii— D15 < (¢ Py ) Yie
- ' (Labor Costs)
P Ki (Depreciation Allowances)
= GP; — + @i’ Ky’ ) ]
1; Bt (Interest Payments)

(Corporate Income Tax)
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Table A2.2 The Effects of Abolishing Labor Tax on the Structure of the Production

Sector (continue)

b. Cash Flow Statement

Cash Flow from Operating Activities

+ Non-Cash Adjustment : d,’ K’ (Depreciation Allowances)

Cash Flow from Investing Activities

Actual Investment Expenditure : Py Ii; (Acquisition Costs)
+ 0.5b; Iitz (Adjustment Costs)

— ity Py Iy (Investment Tax Credit)

= Net Cash Used in Investing Activities : ( 1—itcy) Py Iig + 0.5 b; It 2

Cash Flow from Financing Activities

Issuance of Additional Equity : Pgj ( Eitr1— Ei )

+ Issuance of New Bonds : (Bit+1—Bit)

rease i.e., Net Cash Flows) : D
[NIi + @i Kie'1— [ (1-itci) Py Lie + 0.5 b I *]

+ [ Peit ( Bitr1 — Eit ) + ( Bir1 — Byt ) — D
=(1-city) {[Pi— 215 < (c;P;) ] Yie—
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Table A2.3 The Effects of Abolishing Investment Tax Credit on the Structure of

the Production Sector

a. Income Statement (Profit and Loss Statement)

Sales Revenues :

Sales Costs :

P Yi

Yis < (GjPi) Yit (Intermediate Input Costs)

Gross Profits :

Operating Expenses :

GPi=Pi Yii— D15 < (cijP;) Yy
( 1+ 1t) wi Ly (Labor Costs)

d,’ Ky (Depreciation Allowances)

Operating Income :

Other Expenses :

Ol = GPy — [ ( 1+ 1te) we Lie + @i’ Kt ) |
1 Bit (Interest Payments)

Earnings before Taxes :

Taxes :

EBT;; = OIj — r; By

city EBTy (Corporate Income Tax)

Earnings (i.e., Net Income) :

NIit = ( 1- Citit) EBTit

Dividends Paid to Sharecholders : DIV = ( 1-¢; ) NI

Retained Earnings :

RE; = ¢i NI
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Table A2.3 The Effects of Abolishing Investment Tax Credit on the Structure of the

Production Sector (continue)

b. Cash Flow Statement

Cash Flow from Operating Activities

Earnings (Net Income) : NI
+ Non-Cash Adjustment : $i Kif’ (Depreciation Allowances)

Net Cash Provided by Operating Activities : NI;; + @’ Ky’

Cash Flow from Investing Activities

o Py L (Acquisition Costs)

+ 0.5 Iitz (Adjustment Costs)

(Investment Tax Credit)

i+ 0.5b; I

Cash Flow from Financing Activities

Issuance of Additional Equity : Pgit ( Eitr1— Eit )
+ Issuance of New Bonds : ( Bitr1— Bit)

— Dividends Paid : DIV

+ Net Cash Provided by Financing Activities : Pgj ( Eiy+1 — Eit ) + ( Bjts1 — Bit ) — DIV

= [NI + &;  +0.5b; ;2]
+ [ PEit ( Eitr1 — Eit ) + ( Bijr1 — By ) — DIV ]
=(1-citi) { [Pi— 215 < (ciPi) ] Yie— (1+1t) weLit }
— (1=city ) 1y Byt + citie @3 Kie” — [ t+0.5b; L]

+ [ Peit ( Eitr1 — Eit ) + ( Bt — By ) — DIV ]
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Table A2.4 The Effects of Full Integration on the Structure of the Production Sector

a. Income Statement (Profit and Loss Statement)

Sales Revenues : Py Y
= Sales Costs : i < (¢ Pit) Yie (Intermediate Input Costs)
Gross Profits : GPi=Pit Yii— Y15 < (¢ Pjt) Yit
= Operating Expenses : ( 1+ Ity) wy Ly (Labor Costs)
$,’ Ky’ (Depreciation Allowances)
Operating Income : OLi=GPy—-[(1+1t;) wi Lig+ i’ Kit" ) ]
= Other Expenses : 1 Byt (Interest Payments)

Earnings before Taxes : EBTj; = Olj — r¢ Byt

0 (Corporate Income Tax)

 (i.e., Net Income)
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Table A2.4 The Effects of Full Integration on the Structure of the Production Sector

(continue)

b. Cash Flow Statement

Cash Flow from Operating Activities

+ Non-Cash Adjustment : $,’ Ky’ (Depreciation Allowances)

+ &y’ Ky’

Cash Flow from Investing Activities

Actual Investment Expenditure : Py I; (Acquisition Costs)
+ 0.5b;I;> (Adjustment Costs)

— itcyPr Iy (Investment Tax Credit)

= Net Cash Used in Investing Activities : (1-itci ) Py Lii + 0.5 b; I 2

Cash Flow from Financing Activities

Issuance of Additional Equity : Pgj ( Eit+1— Eit)

+ Issuanpe of New Bonds : »( Bitﬂ - Bit)

NIt + @i’ Ki'l - [ ( 1-itcic) Prc L+ 0.5 b; Ii* ]

+ [ Pei (i1~ Ei) + (Bienr— By ) .
= {[Pi—Yig = (cPi) ] Yim (14 16) wiLa} —5 By + 0

— [ (1-itcy) Py L + 0.5 b [ 2]

+ [ Peit ( Eitr1 — Eit ) + ( Bigr1 — Bie ) — DIVj( ]
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Table A2.5 The Effects of Partial Integration A on the Structure of the Production

Sector

a. Income Statement (Profit and Loss Statement)

Sales Revenues : P; Y
= Sales Costs : Yis < (GjPit) Yie (Intermediate Input Costs)
Gross Profits : GPit =P Yii— 215 < (¢ Pj) Yie
= Operating Expenses : ( 1+ 1) wi Lyt (Labor Costs)
$.’ Kit’ (Depreciation Allowances)
Operating Income : OLi=GPy—[ (1+1ty)) w Ly + D3’ Kit’ ) ]
= Other Expenses : 1: Byt (Interest Payments)

Earnings before Taxes : EBTj; = Oljt — r Byt
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Table A2.5 The Effects of Partial Integration A on the Structure of the Production

Sector (continue)

b. Cash Flow Statement

Cash Flow from Operating Activities

E at

+ Non-Cash Adjustment : d, Ky’ (Depreciation Allowances)

i+ P Ky

Cash Flow from Investing Activities

Actual Investment Expenditure : Py I (Acquisition Costs)
+ 0.5 Iitz (Adjustment Costs)

— ity Pr L (Investment Tax Credit)

= Net Cash Used in Investing Activities : (1—itcy) Pr L + 0.5 b; I

Cash Flow from Financing Activities

Issuance of Additional Equity : Pgj ( Ej+1— Ei)

+ Issuance of New Bonds : ( Bit+1— Bit)

2 Peit (Eir1— Eit ) + (Bier1 — Bir ) — DIN

=(1-citi) {[Pi— 215 < (cijPit) 1 Yie — (1+ 1) we Lt }

— (1-citit) . Bie + citie @i’ Ki¢ — [ ( 1-itcic) Pi Tie + 0.5 bi I’
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Personal Income Tax Sales Tax Capital Gains Tax Labor Tax Investment Tax Credit| Corporate Income Tax
PIT, ST, CGT, LT, ITC, CIT;
¢ Total Government Tax Revenues
f TGT,
Government Liabilities

GLﬁ»] - GL( = Bgﬁ-] - Bgt

A 4

Total Government Expenditures

Figure A3.1 Structure of the Government’s Revenues and Expenditures
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Ph 181
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Figure A3.2 The Effects of Abolishing Labor Tax on the Structure of the Government Sector
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TGE,
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. Interest Payments Lump-Sum Transfer Payments
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Figure A3.3 The Effects of Abolishing Investment Tax Credit on the Structure of the Government Sector
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Figure A3.4 The Effects of Full Integration on the Structure of the Government Sector
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Figure A3.5 The Effects of Partial Integration A on the Structure of the Government Sector
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Figure A3.6 The Effects of Partial Integration B on the Structure of the Government Sector




Table A4.1 The Effects of Abolishing Labor Tax on Equilibrium Values

1. Solution for Consumption Goods Markets

(S104)  Y;® =31 o <m Yuu® + Xt <r 0 Yo + Y5l + Yt j=1,...
t=0 t ? t t ?
t t ? t t ?

2. Solution for the Labor Market

(S116) Yi<h <mLn® = Y14 = Li® + Ly” + Lg°

3. Solution for the Investment Good Market
(S5125) =Y o P+ P+ L°

t=0 1 1 1 ?

4. Solution for the Financial Market

(S134) Zl <h <m FDhtS = Zl < < FDj(D + FDItD + FDgtD

t=0 ? ? ? ?
t ? ? ? ?
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Table A4.2 The Effects of Abolishing Investment Tax Credit on Equilibrium
Values

1. Solution for Consumption Goods Markets

(S104)  Yi® =1 <o =m V" + X1 <t v Yo + Yi® + Yyt j=1,..],
t=0 = ! - - 1
t 1 ? 1 1 ?

2. Solution for the Labor Market
(S116)  Xi<h <m Li’ = Qg thD +L "+ LgtD

t=0 1 - - t

3. Solution for the Investment Good Market
(8125) I=%igol’+L°+L°

t=0 - { + t

4. Solution for the Financial Market

(S134) Y1 < <m FDp = Yisg FDth +FDP + FDgtD

t=0 1) ? ? ?
t 2 2 2 2
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Table A4.3 The Effects of Full Integration on Equilibrium Values

1. Solution for Consumption Goods Markets

(S104)  Yi®=Y1 chram Yui" + 21 <t Yoo + Yy + Ygie i=1,..
t=0 = t - -
t ) ? ) 1) ?

2. Solution for the Labor Market
(Sl 16) Zl <h <m LhtS = lej <J thD + LItD + LgtD

t=0 l - - {

3. Solution for the Investment Good Market

(8125) I®=% oL’ +L°+1L°

4. Solution for the Financial Market

(3134) Zl <h <m FDmS = Z| 5 < FDth + FDItD + FDgtD

t=0 ? ? ? ?
t ? ? ? ?
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Table A4.4 The Effects of Partial Integration A on Equilibrium Values

1. Solution for Consumption Goods Markets

(S104)  Yi® = %1 b < Yiit> + X1 <r 0 Y& + Yii° + Yl i=1,...

t=0 = - - - -

2. Solution for the Labor Market

(S116) 21 <h <m LhtS =g thD + LnD + LgtD

3. Solution for the Investment Good Market

(8125)  IP=YigoaL’+L°+1"°

4. Solution for the Financial Market

(S134) Y1 < <n FDy’ =¥ < < FD° + FD° + FDy°

t=0 t { 4 t
t ? { + ?
158

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table A4.5 The Effects of Partial Integration B on Equilibrium Values
1. Solution for Consumption Goods Markets

(S104)  Yi® =31 <tz Yii" + 3t o9 Y& + Yy + Yy i=1..

2. Solution for the Labor Market

(S116) ¥ich<m Lo = Yig o Lit” + Li® + Lg?

3. Solution for the Investment Good Market

(S125) I’=Y1 4o liP+LP+1°

4. Solution for the Financial Market

(S134) Y1 < < FDu® =Y 5 < FD;° + FDy” + FD,”

t=0 t - - t
t ? - - ?
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