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Abstract. An agent-based model of an artificial economic system that includes
government has been developed, and the influences of public policies on GDP
and the related emergent behavior of macroeconomic phenomena were ana-
lyzed. It was revealed that GDP increases with an increase in the ratio of effi-
cient expenditure policy, such as that pertaining to market purchasing. Average
price increases (decreases) as GDP increases (decreases), and the influence of
tax rate on GDP, depends on the nature of public spending. Most estimation re-
sults are found to be quite consistent with real data, if it is assumed that public
spending includes inefficiency exceeding 10%.
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1 Introduction

Agent-based modeling (ABM) is widely used in social simulations, because it is a
class of modeling method used to explain or understand social phenomena via a bot-
tom-up approach [1,2]. The application of ABM in macroeconomic systems consti-
tutes an important research field, because macroeconomic systems are very complex
and relate to many social phenomena. ABM is expected to offer a new way of under-
standing the mechanisms behind the behavior of a complex macro-level economy. In
principle—and as suggested in the literature [3]—it might even be possible to utilize
ABM to understand or evaluate the effectiveness of economic policies such as those
pertaining to tax reductions and public spending. Prior studies on ABM and macroe-
conomic systems are considered to be one of two types: research that mainly focuses
on the emergence of macroeconomic phenomena and its mechanisms [4, 5], and that
mainly focuses on the development of the models of a multiple-market economy as a
whole, while taking into account the structure of a real economy in as much detail as
possible [6,7].

Although considerable research has focused on various aspects, not much research
has focused on the role of government and the influence of public policies on GDP. In
a previous study [8], the authors constructed a simple artificial economic model com-
prising consumers, three types of producers, and a bank, and found that this simple



model reproduces fundamental economic behavior such as a loose equilibrium in
price, a business cycle caused by capital investment, the influence of money supply
on GDP, and the like. In the present study, an agent-based model of an artificial eco-
nomic system that includes government was developed, based on the authors’ previ-
ous model. Using that model, the influences of public policies on GDP and the related
emergent behavior of macroeconomic phenomena have been analyzed. The findings
are compared with those of a real system, to determine whether the model reproduces
real-life phenomena.

2 Simulation Model

The agent-based model of an artificial economic system in the present study compris-
es consumers, producers, a bank, and government as autonomous decision-making
agents, as shown in Equation (1) and Figure 1. It is assumed that producers are divid-
ed into three types of agents: retailers who produce final products for consumers,
wholesalers who produce and supply raw materials for retailers, and an equipment-
maker who supplies equipment for the production of other types of producers. Con-
sumers, meanwhile, are divided into private employees who work for a private com-
pany and public employees who work for the government.

Agent ={C,P,B,G},P ={R.W E} (1)
C : Consumer, P : Producer, B : Bank, G : Gavernment

R: Retailer W : Wholesaler . E : Equipment - maker

Each agent has its own set of attributes and rules of action, and interacts with the
others during the simulation. A set of attributes includes state variables such as
amounts of deposit, cash, etc., and parameters values such as the withdrawal ratio of
deposits, utilities for each class of products, etc. Owing to the interactions among
agents during the simulation, macro-level factors such as GDP, average market price,
Gini coefficient, distribution of consumers’ assets, etc., emerge as a result of calcula-
tions. The state variables of each agent—which are related to cash and deposits at the
beginning of each fiscal period— are given in Equation (2).
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P A

Fig. 1. Outline of the model
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The set of actions of each agent comprises period-based units, where one period is
assumed to correspond to one month in the real system. During each period, some of
the state variables of the agents will change in value, due to interactions among
agents. At the end of each fiscal period, each agent settles its accounts through a dou-
ble-entry bookkeeping method. By summing up the calculated data of all agents, an
input—output table with respect to the artificial system is defined and a GDP value is
obtained for each fiscal period. The rules of action for each type of agent are assumed
as shown below.

2.1 Consumer Agent

Consumer agents work at one of the producers—or at the government, in the case of
public consumers—whereupon they receive wages, pay tax in line with their income,
and buy products supplied by retailers according to their utility functions and with the
limited cash at hand. “Cash at hand” is defined as the sum of the Keynesian consump-
tion function and the money withdrawn from the consumer agent’s bank accounts
according to the withdrawal ratio as shown in Equation (2). When there are goods of
the same class available in the market at different prices, the consumer is assumed to
select and purchase the cheapest one among them; the utility of each class of product
is given in Equation (3), where a weight is randomly assigned to each consumer with
a uniform distribution.

utility = weightx u(&) 3)
u($)=0,1,12,1.25,1.25,--- if £=0,,234-- weight: weightof utility

2.2  Producer Agent

Producers hire consumers as employees, pay wages, make production plans, produce
products of several types, supply and sell those products in the market, pay tax in line



with their profits and deposit and withdraw money from the bank at every fiscal peri-
od. Wages comprise a fixed salary that is randomly assigned to each employee be-
tween a lower and an upper limit, and a bonus is given when the profit of the producer
is positive. The amount of bonus is defined as the bonus ratio times the producer’s
surplus money, and it is uniformly assigned to each of the employees.

2.2.1 Retailer and Wholesaler

The retailers and wholesalers decide both the amount and price of each class of prod-
uct, where the price is increased or decreased depending on the amount of goods in
stock at the end of the previous period. The amount of production is decided, such
that the probability of the occurrence of being out of stock is less than 5%; this is
estimated based on the total sales during the most recent 10 periods. When the esti-
mated price is lower than the running cost per product, the minimum price is set to be
the running cost. On the other hand, when the estimated amount of production is less
than 70% of the production capacity, the minimum amount of production is set to be
that amount. The production capacity Y is defined by a Cobb—Douglas type function
as shown in Equation (4), where K is the number of pieces of equipment for produc-
tion, L is the number of employees, and a is 0.25.

Y = AK <L @

Retailers and wholesalers each initially have one unit of equipment; they increase
that number during the simulation by buying equipment from the equipment -maker
when the production at maximum capacity continues for longer than a certain critical
length of time. All of the necessary amount of money for investment is financed by
the bank, and it is constantly repaid each period, for a constant number of consecutive
repayment periods. Additional investment during the repayment periods is assumed to
not be allowed.

Retailers and wholesalers also have a bankruptcy rule. When a period of no sales
with respect to a certain class of products continues for more than a certain critical
time, the producer ceases production of that class of product. The producer goes bank-
rupt when he ceases the production of all classes of products.

In addition, retailers require one unit of raw material for the production of one unit
of product, and they buy the necessary amounts of material in the market according to
their production plans. When the amount of material available in the market is less
than the required number, the amount of products to be produced is limited to that
amount.

Retailers also have a layoff rule. When the period of negative profit continues for
more than a certain critical time, one of the employees is laid off and assigned to the
producer whose amount of accumulated profit is the largest among the producers.

2.2.2 Equipment-Maker

The equipment-maker produces equipment in line with the requirements of the retail-
ers and wholesalers, within its production-capacity limit. In the present study, the
price of the equipment is assumed to be constant.



2.3 Bank Agent

The bank keeps the surplus money of other agents in their respective bank accounts,
and lends money as long-term loans to producers, in line with their demands for in-
vestment, charging a 3% interest rate. The bank also pays wages to its employees and
pays tax to the government, in line with its interest income. The bank also lends mon-
ey as short-term loans to producers, in line with their requirements when they become
short of working capital. In the present study, the initial amount of funds in the bank
is set to be very large, so that there is no limitation on lending money to meet the
demand of producers, except the additional requirement that arises when long-term
loans are not fulfilled during the repayment stage.

2.4 Government Agent

The government collects tax from producers and consumers in the form of corpora-
tion tax and income tax, respectively; it also pays wages to public employees and
spends money on public spending, according to the expenditure policy of each fiscal
period. Corporation tax is only collected when the profit of the producer is positive,
and the tax rate is assumed to be constant. Income tax is collected in line with con-
sumer’s income, and that tax rate is also assumed to be constant. The wages of public
employees are determined in each fiscal period, so that it equals the average value of
private employees’ wages, including fixed wages and bonuses.

As expenditure policies, market purchasing, firm subsidy, and the combination of
these two are tested, while assuming extreme cases of efficiency in public spending.

Market purchasing is an expenditure policy where the government directly pur-
chases goods in the market, at the market price. When there are goods of the same
class available in the market at different prices, the government selects and purchases
the cheapest one among them. This policy corresponds to the extreme case of efficient
government spending, where the government places job orders with firms in a com-
pletely competitive situation, at a price level identical to that expected in the market

Firm subsidy is an expenditure policy where the government evenly distributes
funds to producers, without imposing any limitation to their use. This policy corre-
sponds to the extreme case of inefficient spending, where the government places job
orders with firms at a much higher price level than that expected in the market, or
pays money for jobs that have no public meaning in the society.

3 Simulation Conditions

A simulation program was constructed using C++, with object-oriented programming,.
The numbers of agents were 100, 20, 3, 1, 1, and 1, for consumers, retailers, whole-
salers, an equipment-maker, a bank and a government respectively. The influence of
the government’s expenditure policies, the tax rate, and the consumption function of
consumers on the macroeconomic behavior of the system—e.g., GDP, average price,
etc.—are analyzed and compared to those of the nongovernment condition.

The simulation conditions are given in Table 1; they are divided into three subta-



Table 1. Simulation conditions.
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bles; the fixed parameters whose values are constant, the initial conditions whose
values may change during each simulation run, and the simulation parameters which
are constant but change for each simulation run to clarify their influence on macroe-
conomic behavior in the present artificial economic system. As shown in Table 1(a),
each simulation run includes 360 periods, and the producers’ repayment period is
assumed to be 120 periods. The government’s expenditure policies and the tax rate
change with the experimental conditions, as shown in Table 1(c), and their influence
on GDP or other economic factors are investigated. Among these values, the number
of agents, the bonus rate, and the initial capital of agents are determined, so that they
are almost minimal under a condition of stable fund circulation.

4 Simulation Results

4.1 Emergent Properties in the Present Artificial Economic Systems

Before analyzing the influence of public expenditure and tax rate on GDP, the emer-
gent behavior of macroeconomic phenomena such as the distributions of various fac-
tors are analyzed. Figure 2 shows the chronological change in GDP and the Gini coef-
ficient of consumers under the nongovernment condition. It is noted that GDP shows
cyclical up-and-down movements over time, representing business cycles.

The period of a long-term business cycle almost coincides with the repayment peri-
od. The primary cause of these business cycles is discussed in the authors’ previous-
work [8] and is considered a result of the finance and repayment of funds by produc-
ers for capital investment. Capital investment occurs as a result of emergent behavior
stemming from interaction among agents via the market. Although the initial assets of
consumers—denoted in Table 1 as “Consumer’s deposit” is given as a uniform ran-
dom number between 30,000 and 50,000, inequality in terms of consumers’ assets
emerges, and the Gini coefficient varies from 0.2 to 0.6 during the simulation (Figure
2(b), lower graph). It is also noted that the Gini coefficient’s peak values occur when
the GDP reaches the local maximum, although their behaviors are not very similar.
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Fig. 2. (a)Cyclical changes in GDP(upper graph) and (b)Gini coefficient (lower graph) under
the nongovernment condition.

4.2  Influence of Government Expenditure Policies on the Macroeconomic
Behavior of the Artificial Economic System

Under the condition of a constant tax rate, the influences of two types of government
expenditure policies on GDP are analyzed and calculated; the GDP level under this
condition is compared to that under a nongovernment condition. Two types of ex-
penditure policies are market purchasing and firm subsidy, which are defined as ex-
treme cases of efficient and inefficient public spending, respectively.

Figure 3 shows the change in GDP over time and the average price of products in
the market, where these factors subject to the expenditure policy of market purchasing
and firm subsidy are compared to those under a nongovernment condition. It is noted
in Figure 3(a) that during the whole periods, the level of GDP is larger in the case of
market purchasing and smaller in the case of firm subsidy than is the case in the non-
government condition. The average price of products shows behavior similar to that
of GDP. 1t is also noted in Figure 3(b) that there is a tendency for the price to increase
(decrease) as the GDP increases (decreases); thus, the present model suggests that
inflation (deflation) occurs when the GDP is increasing (decreasing).
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Fig. 3. Influence of government expenditure policies on (a) GDP (upper graph) and (b) average
price of retailer products (lower graph)



4.3 Influence of Tax Rate on GDP

The influence of the income tax rate and the corporation tax rate on GDP is analyzed
for various ratios of market purchasing, since the influence of a tax rate is dependent
on public spending. Here, the “ratio of market purchasing” is defined as the amount of
expenditure for market purchasing, divided by the sum of the amount of expenditure
for market purchasing and firm subsidy. The marginal propensity to consume is as-
sumed to be 0.7, and the GDP averaged over 360 periods is used as the GDP value.

The influence of tax rate on GDP is shown in Figure 4, for various ratios of market
purchasing. In the case of a 100% ratio of market purchasing, the GDP increases with
an increase in the income tax rate, as shown in Figure 4(a). This tendency is thought
to occur because the money that is to be transferred to the consumers’ bank accounts
in the form of deposits is collected by the government and consumed in buying prod-
ucts in the market, thus increasing market demand.

In the case of 0% market purchasing—which means 100% firm subsidy—the GDP
remarkably decreases with an increase in the income tax rate. This tendency is con-
sidered to occur because government funds obtained by collecting tax are transferred
to the firm’s bank account, almost without increasing consumers’ incomes or the
money supply in the market. It is noteworthy that this negative correlation between
GDP and the income tax rate is observed in Figure 4(a) when the ratio of market pur-
chasing is less than 90%. This result suggests that if the negative correlation between
GDP and the income tax rate is observed in the real system, it may mean that the gov-
emnment expenditure includes an inefficiency of public spending that exceeds 10%.

The influence of corporation tax is shown in Figure 4(b) for various ratios of mar-
ket purchasing. Unlike the influence of the income tax rate, GDP increases with an
increase in the corporation tax rate, regardless of the ratio of market purchasing. The
reason for this tendency as well as comparison of the present results with real data,
will be examined in the next section.
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Fig. 4. (a) Influence of income tax rate (left graph) and (b) influence of corporation tax rate
(right graph) on GDP, averaged over 360 periods
4.4 Influence of Marginal Propensity to Consume on GDP

The influence of the marginal propensity to consume on GDP is analyzed for various
ratios of market purchasing, where the income tax rate and the corporation tax rate are



both fixed at 20%. It was confirmed, as shown in Figure 5, that GDP increases with
an increase in the ratio of market purchasing; also, it decreases with a decrease in the
marginal propensity to consume, regardless of the ratio of market purchasing. The
GDP level exceeds that of the nongovernment condition when the ratio of market
purchasing exceeds either 70% or 80%, depending on the marginal propensity to con-
sume. It was also revealed that the effect of the multipliers of the reduction in the
income tax rate on GDP decreases with a decrease in marginal propensity to consume.
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Fig. 5. Influence of marginal propensity to consume on GDP, averaged over 360 periods.

5 Discussion

As shown in Figure 3, there is a tendency for the price to increase (decrease) as the
GDP increases (decreases). This tendency is compared with real data. Historical data
pertaining to the GDP and consumer prices of G7 countries for more than 10 years are
available from the International Monetary Fund world economic outlook database
[10]. Figure 6 shows the relationship between the GDP growth rates and increases in
the rates of consumer prices in every fiscal period in the simulation results (Figure
6(a)) and in real data in Japan during the 1980-2010 period (Figure 6(b)).

As shown in Figure 6, positive correlations between the GDP growth rate and the
rate of increase in consumer prices are observed both in the simulation results and in
real data from Japan. Similar positive relationships are observed in every G7 country,
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Fig. 6. Relationship between increasing rate of average price and GDP growth rate in (a) the
simulation system (left graph), and (b) a real system obtained via a macroeconometric model
(right graph)



although the slopes differ among countries [10]. Thus, it is concluded that the calcu-
lated relationship between the GDP growth rate and the rate of increase in consumer
prices agrees qualitatively well with real-life data.

The influence of the income tax rate and the corporation tax rate on GDP, as calcu-
lated in the present study, has been compared with observed tendencies in the real
economic system; results drawn from the “The ESRI Short-Run Macroeconometric
Model of the Japanese Economy” (here after referred to as “the ESRI model”) [11]
are used as real-life data. Tables 2 and 3 show the estimated multipliers of GDP when
the income tax rate or the corporation tax rate, respectively, is reduced for three years
by the amount corresponding to 1% of nominal GDP [11].

As shown in Table 2, a reduction in the income tax rate results in an increase in
GDP, in both the simulation results (Table 2(a)) and in Japan’s actual system (Table
2(b)). The multipliers of tax reduction for GDP range between 0.2 and 1.2 in the real
system; these values are close to the calculated values, assuming that government
expenditure in the real system has an inefficiency in public spending that exceeds
10%. From this view point, the present results on the influence of the income tax rate
on GDP agrees well with the tendency seen in the real data, if it is assumed that pub-
lic spending by the government includes some degree of inefficiency. This might be
feasible because, when the government places a job order with a firm, that firm may
have a strong incentive to create a contract that charges higher prices, while public
employees have, generally speaking, a comparatively weak incentive to reduce prices.

As for the influence of the corporation tax rate on GDP, on the other hand, there
are large differences between the calculated and real-life results, as shown in Table 3.
Namely, a reduction in the corporation tax rate in the real system results in an in-
crease in GDP (Table 3(b)), while the calculated results show a completely opposite
tendency (Table 3(a)) where GDP decreases with a decrease in the corporation tax
rate.

In order to clarify the reason for the discrepancy between calculated and real-life
results on the influence of a corporation tax reduction on GDP, we examine the esti-
mated results of the ESRI model [11]. According to the ESRI model, it is found that a
corporation tax reduction results in a significant increase in private firms’ fixed capi-
tal formation, a decrease in the unemployment ratio, and an increase in household
income. This implies that a corporation tax reduction may stimulate firms to invest in
equipment and buy fixed capital, which would result in a reduced unemployment rate
and an increase in consumer income. However, the present model does not take into
account these factors. Namely, as explained in section 2.2.1, decision-making for the
retailer and wholesaler with respect to investments is subject to a limitation, i.e., addi-
tional investment during the repayment periods is assumed to be not allowed. It is also
noted that in the present model, the tax rate does not have any influence on invest-
ment decision-making. In addition, any fixed capital investment other than production
equipment, the existence of unemployed consumers, and foreign direct investment
[12] are also not taken into account in the present model.

Therefore, it is thought that, in real life, a reduction in the corporation tax rate re-
sults in an increase in GDP, because such a reduction may stimulate firms to invest in
equipment and buy fixed capital, and thus reduce the unemployment rate and increase



consumer income. To reproduce this positive influence of a corporation tax reduction
on GDP, it is considered important that the model take into account fixed capital in-
vestments, their dependence on the tax, rate and the existence of unemployed con-
sumers,

Table 2, Estimated multipliers of GDP and tax revenue when the income tax rate is reduced (a)
in the present model (left), and (b) in the real system (right).

(a) Simulation results () Data in the res! system obtained
by macroeconome tric model
Markat Multiplier due to Income tax N Wuftiplier due to income tax
raduction (1% of GDP) ear reduction (1% ofGDP)
purchasing rete GDP Tox revenua GDP Taxrevenue
0% 238 =322 005 0.24 =57
10% 2379 =329 00 035 -4 28
20% 35 =329 007 A7 -389
60% 35 —377 Average a5 =453
oX 07 -3 3¢
30% 0374 =396
90X 0.3 -404
100% -05?2 =412

Table 3. Estimated multipliers of GDP and tax revenue when the corporation tax rate is
reduced (a) in the present model (left ) and (b) in the real system (right).

(a) Simulation results () Dsta in the res! system obtained
by macro econome tric model
Market Multiplier due to corporation tax N Multiplier due to corporation tax
reduction (1% of GDF) ear reduction (1% of GDP)
purchesing rete GDP Tax revenue GDP Tax revenue
0% -046 -4.25 2005 045 =571
0% -056 -439 2006 0357 -433
20% -036 -4 44 2007 1.10 -456
60% -130 =496 Avarage 084 =508
70% ~-141 -4 98
80% -037 -4 83
90% =158 =523
100% -055 -5.18

6 Conclusion

An agent-based model of an artificial economic system that includes government has
been developed, based on the authors’ previous model. Using the model, the influ-
ences of public policies on GDP and the related emergent behavior of macro-
economic phenomena have been analyzed, and the three following key results were
obtained.

1) As a result of analyzing the influence of expenditure policies on GDP, it was
found that by employing market purchasing and firm subsidy as extreme cases of
efficiency in public spending, market purchasing has a positive influence on GDP and
firm subsidy has a negative influence. .

2) GDP increases with an increase in the ratio of market purchasing, and the GDP
level exceeds that of the nongovernment condition when the ratio of market purchas-
ing exceeds either 70% or 80%, depending on the marginal propensity to consume.



3) It was also found that GDP increases with a decrease in income tax rate when
the ratio of market purchasing is less than 90%, while GDP increases with an increase
in the corporation tax rate, and the average price increases (decreases) when GDP
increases (decreases).

These results were compared with real data, and it was found that the obtained re-
sults of the present study reproduce the features of the real economy as observed in
Japan, except for the influence of the corporation tax rate—if it is assumed that public
spending features an inefficiency in public spending that exceeds 10%. The calculated
influence of the corporation tax rate on GDP is not consistent with the real data, may-
be because the present model does not take into account fixed capital investments,
their dependence on the tax rate, and the existence of unemployed consumers.
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