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Abstract
Introduction
The emergence of the subprime loan problem triggered turmoil in the world's financial markets, leading to the worldwide economic crisis. The current crisis suggests the importance of understanding the link between financial market and real sector. How do asset, financial and goods markets interact with one another? What changes in regulations on monetary and banking operations are necessary to avoid future financial disruptions? To address these questions we construct an artificial macro-economy consisting of a large number of firms and households, a central bank, and commercial banks, and.
Our primary interest in this paper is to construct an agent-based macroeconomic model that reproduces business cycle when myopic agents follow some heuristic behavioral rules in markets with slow price adjustment. Our approach forms a stark contrast to main stream macroeconomics in which neoclassical choice-theoretic microfoundations are maintained within a Walrasian general equilibrium framework; firms and consumers continuously maximize their profits and utility subject to the constraints that they face; Agents can predict future prices and wage rates perfectly or at least in an unbiased way; Price and wage moves quickly enough to ensure that markets clear. 
Our model has the following features: (1) individual firms and households, taking the macro-level demand constraint and other aggregate variables as exogenously given, decide how much to invest and how many workers to employ, which in turn collectively determine the aggregate demand in the next period;  (2) the expansion and contraction of credit are determined endogenously through banking system in response to investment and consumption activities by the firms and consumers; (3) unlike prefect foresight or rational expectation models, firms, households and banks heuristically forecast future economic trends based on observed economic data.  
The first feature is the heart of Keynesian economics. An agent-based approach can introduce this constraint into a model in a natural way. In neoclassical macroeconomics, a single firm typically represents the entire production sector. This assumption would allow the firm to relax the aggregate demand constraint by unilaterally increasing investment and employment. (Yoshikawa [2003] shows the demand constraint is important even in the long run.) The similar assertion would hold for a symmetric equilibrium with many monopolistic competitors. Thus, for a compelling business cycle model, a large number of heterogeneous firms will need to be modeled. Mathematical model seems incapable for this task whereas the multi-agent approach is effective and promising.
In a standard real business cycle (RBC) model, factor prices are adjusted so that the demand for production factors can match their exogenous amounts of endowment. (Thus, economic agents need only information on prices to make their decisions.) This ensures income not consumed by a household is automatically added to an existing quantity of capital stock. However, in recession period of economy, households would increase saving in the form of liquid assets while firms, confronting insufficient aggregate demand, would decrease investment despite low interest rates. They would rather increase liquidity to avoid getting into the shortage of cash flow which leads to bankruptcy.  
The need for the second feature of the model follows from this line of thinking:  the demand constraint presupposes nominal money. (Ono [2001] shows that deflationary equilibrium can persist if the marginal utility of liquidity does vanish.) The standard macroeconomics literature extensively studies the effects of exogenous change in money supply. However, 90% of money supply is demand deposits created by banks and other financial institutions. Without a central bank’s intervention, the change in money supply is always accompanied by activities in real sectors such as business fixed investment and residential construction. Thus a consistent business cycle model must incorporate commercial banks that create and destroy credit. 
The third feature is related to the margin of safety which is extensively discussed by Minsky (Minsky [1982], [1986]). The agents in our model do not forecast perfectly or in systematically unbiased way. Instead, they heuristically forecast the future course of economy based on macroeconomic conditions and individual performances. This predicted market conditions are used in determining whether to invest in capital stock by a firm, or whether to provide loans by a bank. This margin of safety tends to create positive feedback in the level of economic activity. For example, during a recession period, a bank increases allowance for bad debt, which reduces loanable funds, thereby contracting the supply of liquidity available for firms.

Our artificial macro-economy appears to reproduce business cycle with the following features that are consistent with observed facts: earnings, money supply, Solow residuals, real wage rates all move procyclically. The model also appears to trace the mechanism of business cycles. In boom periods, active investment increases the profits of firms, the income and consumption of households, which in turn provides favourable market and financial conditions, inducing further investment spending. However, as investment continues to grow, the interest rates and the investment good prices rise and the firms’ production capacities expand. This gradually undermines the favourable market environment that finally can trigger a recession. In declining economic periods, the above process is exactly reversed. 
Next, we turn our focus on how to stabilize an unstable economy by using this business cycle model.  Specifically, we address a question on the criterion on loan loss reserve of banking sector. According to the current accounting rule, the bank must increase their loss reserve when the economy becomes slow. This together with their damaged capital will reduce the supply of liquidity. This can force some financial vulnerable firms to go bankrupt, further aggravating the economy.  Eugene A. Ludwig (former Comptroller of the Currency) suggests that the regulating authority should consider “dynamic provisioning.” (Mann and Michael (2002) discuss the pros and cons of dynamic provisioning.) Our artificial experiment shows that the proposed dynamic provisioning tends to stabilize the economy.
The model

There is no government or foreign sector. The economy consists of a large number of firms, workers and share holders. It also has commercial banks and a single central bank. There are investment goods (accumulated to capital stock), consumer goods, cash, demand deposit, and saving accounts. 
 
There are two industries in the economy: the industry of consumer goods and investment goods. The investment goods industry consists of numerous competitive firms. The firm in consumer goods sector decides how much to invest in capital goods once a year (M months) and how many employees to hire and how much earnings to distribute to share holders every month. Each household decides how much to spend on consumer goods. The banks determine how much to lend. Shares of firms are distributed among households possibly unevenly. All payments are settled through bank accounts. 

Firms
(1) Investment Goods Sector

Think of a firm in the investment good industry (fI) as a construction company. Receiving an order of a building from a consumer goods firm, the company hires construction workers (NI) and starts producing investment goods. The construction company produces only one unit of investment goods every month and it takes them one year to complete the construction of a building: the accumulated M units of investment goods transform into one unit of capital stock. It requires some fixed amounts of construction workers (kI) to produce one unit of investment goods. Therefore, M kI  workers are employed in order to construct one unit of building (K).  

(2) Consumer Goods Sector

A firm in consumer goods industry (fC) has a Cobb-Douglass production function which is homogeneous of degree one.  


qC = F(K, NC)

It can make its investment decision once a year and the quantity of building is restricted to either one or zero. It attempts to invest if the demand for its product is strong enough, and net benefit of investment is expected without causing financial difficulties. Roughly speaking, the firm has to check whether the product demand is strong enough relative to its production capacity in addition to the standard condition for the marginal value product of capital. The ratio of the product demand to production capacity is interpreted as reflecting the utilization ratio of capital stock and the degree of work intensity. The firm adjusts factors of production only when these ratios exceed or fall short of threshold levels. 

The firm first uses its internal funds to finance the investment. If they fall short of its cost, then it will apply for loan from a bank. In applying for the fund, the firm must ensure its cash flow will be ample enough to cover the interest payment. If the loan application is approved, the firm builds capital stock. 
There are two types of employees in each firm: the workers directly related to the production of consumer goods (production workers) and overhead and management employees (indirect workers) working in advertising, sales, and marketing departments. Even though they receive wages and salaries, “their income here is taken as an allocation of profits.” (Minsky (1986). P. 154) As for the production workers, the firm can adjust their employment level every month in a similar fashion as for capital stock. It can increase employment if the conditions for product demand and the net cash flow are met, and the marginal value product of labor exceeds the wage rate; the firm can also dismiss production workers in response to the shortage of demand. It is assumed that the operation of the firm requires a fixed number of indirect workers, which gives downward rigidity in saving operational costs. The firm reduces the ratio of dividend payment in times of recession to avoid getting into financial difficulty. The transaction related to the  current account are settled using its checking account. Facing the shortage of operating capital, the firm applies for loan to its bank, which may or may not be approved.   
(3) Bankruptcy 
There are a fixed number of consumer good firms in the economy. If a firm overdraws checks and its bank would not provide loans, it goes bankrupt. Then, the bank uses loan loss reserves and writes off the remaining bad loan by reducing the bank’s capital. The stock price of the distressed firm becomes zero, decreasing net wealth of all the share holders in proportion to the number of  shares they possesses. Then, a new firm is given birth with the initial capital replenished by the share holders.     
Households 
The construction workers and the direct workers (L) in consumer goods sector spend all the wage incomes they receive on consumer goods. This assumption can be relaxed without changing qualitative results that follow but maintained to guarantee the fundamental equality between investment and profits. (Minsky (1986), p. 146) 
The factors determining how much to consume (thus to save) for share holders and indirect workers are income, wealth, and consumer confidence. There are three sources of income: wage, dividend, and interest incomes. The wealth consists of cash, demand deposits, time deposits, and the current value of shares. Since shares are not transacted, we use imputed values of building possessed by the firms from the cost sides. The distribution of corporate shares among individual households, which is exogenously given, determines the income distribution.
Banks

The bank makes loans to business and household sectors, and accepts deposits from them. In approving a loan application, the bank checks whether an individual applicant’s financial position meets the banks minimum criteria. Specifically, they look at the applicant’s capital asset ratio. The strictness of the criteria is influenced by general economic conditions as well as the bank’s balance sheet. When a bank faces shortage (surplus) of funds, it can take (supply) short-term funds through the interbank market. The supply and demand of these funds determine the interbank interest rate. The deposit and loan interest rates move in parallel with inter-bank rate. The bank prepares loan loss reserve and distributes its surplus to its indirect workers and share holders.   
The Wages and Prices  
The construction workers are employed for one year and released upon the the completion of the building. The skills required for the two types of workers are different so that they are drawn from and put back to their own pools. The wage rates (WI  for production workers and WC for construction workers)and the price of consumer goods (P) adjust slowly reflecting the tightness of their respective labor markets and the excess demand in goods market. 

The Demand for Consumer Goods

The consumption expenditures of all the households are pooled and distributed roughly in proportion to the size of individual firms’ production capacities. Idiosyncratic demand shocks are added to determine the actual demands for the individual producers. This random shock follows first order autoregressive process.
Results
The results we obtained are highly tentative and need careful calibration. We tentatively conducted some experiments with ten consumer goods firms. 

(1) Business Cycles
The following figure shows that real wage rates in investment good sector moves roughly procyclically. (The wage rate moves with some lag due to wage rigidity.) The correlation coefficient computed from their rates of change from the previous month is 0.51.     
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The next figure shows the consumption and investment spending move in parallel fashion.    
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The equality between the firms’ earnings (Flow) and investment spending (UC for under construction) is shown in the next figure. Here the both trends are moving average with three periods. 
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The Solow residual and Real GDP are also strongly correlated. The correlation coefficient between the two sequences of the respective differences is 0.98. Unlike RBS model, there are no supply side shocks in the model. Even without idiosyncratic demand shocks, the result remains unchanged. The endogenous cyclical changes in aggregate demand in consumer good industry cause the proportional fluctuations in the output level. The firm increases (or decreases) the production level by raising (or lowering) the utilization ratio and the work intensity without changing existing the quantity of capital stocks and the number of workers. 
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(2) Financial Policies
Our model can be used for housing market. One can incorporate housing industry by interpreting some of the consumer goods firms as landlords of condominiums. Their output is housing services and the prices are rents. (We can interchange the consumer goods and the labor services. Now, fC and a shareholder represents a home owner. The production function gives the labor services in efficient terms (qC). The home owner buys house (K) and consumer goods or services (NC). The home owner faces random demand for their labor services. Perfectly competitive firms employ workers (the aggregate demand for qC). Their sales are the sum of investment goods (WINI) and consumer goods or services (WCNC). If these firms employ workers in proportion to their aggregate demand (WINI + WCNC), then the same model may be used to describe a housing market.)

In order to examine how BIS regulation on the bank capital affect the stability of the economy, we set two different scenario: the standard (the counter-cyclical) scenario allows the consolidated banks to have the total assets up to $30 (20) million during boom periods, $25 million in normal periods, and $20 (30) million in sluggish periods. The following figure shows that the counter-cyclical scenario tends to stabilize the economy.
GDP(V) and GDP(P) reflect the standard and the counter-cyclical scenarios respectively.

The figure suggests counter-cyclical regulation tends to stabilize the economy. 
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Finally, we examined the effect of dynamic loan loss reserve. The normal (counter-cyclical) scenario in the next figure requires the banks to set aside as loan loss reserves 10% (0%) of loans in sluggish periods, 5% in normal periods, and 0%(10%) in boom periods. The economy collapse around180th month under the normal scenario whereas the counter-cyclical scenario stabilizes the economy. This result suggests the efficacy of the proposed dynamic provisioning.   

 
[image: image6] 
Conclusion
We constructed an agent-based macroeconomic model in which numerous firms, households and banks are interacting with each other. In this economy, the aggregate demand plays an important role and the money supply is determined endogenously. Our small artificial economy reproduces business cycles and exhibits some features that are consistent with observed salient facts. Furthermore, our scenario analysis suggests the efficacy of the dynamic provisioning of loan loss reserve.
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