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ABSTRACT: Investment is the primary engine of growth in capitalist economic systems. Investment in plant  and equipment leads to growth in output and employment, which results in a higher level of income that is respent by consumers, further boosting demand. The propensity to invest is determined by the expected profit generating potential of an investment, which depends on anticipated future revenues, so that profits, investment, and output form a cumulative loop that feeds on expectations and their fulfillment.  
Firms rely on external sources of financing, and consequently investment is affected not only by their own financial condition, but also by that of the banking system and financial markets. Since investment is the foundation supporting every other component of the monetary economy, understanding the cumulative nature of the finance–investment cycle is crucial to correcting the underlying weakness of capitalist economies– the periodic inadequacy of aggregate demand to generate sufficient employment and income to meet basic needs. 
The empirical model presented here demonstrates the intimate connection between conditions in financial markets and investment behavior in the postwar U.S. economy. The policy implications that follow from this are clear: to be effective, policy must address risk and uncertainty in capital markets, and attempt to reduce price volatility. The events of 2008 have demonstrated that it is no longer adequate to rely entirely on regulation of financial institutions. Effective policy must do everything possible to reduce or mitigate systemic risk.
Keynes suggested that the best way to mitigate systemic risk is through a tax on transactions in financial markets. The tax could be graduated to match the level of risk of the instrument, and the revenues can be recycled to enhance the capacity to monitor and supervise financial markets, institutions, and instruments. Another useful policy would be procyclical modification of capital requirements- that is, capital requirements could be increased during economic booms to protect the financial system against incremental risk-taking, and reduced during downturns to make credit more widely available when it is needed most. 
An Empirical Model of the Investment–Finance Link
By David Carrier, Ph.D., University of Notre Dame
Investment is the primary engine of growth in capitalist economic systems.  Investments in plant and equipment lead to growth in output and employment, which results in a higher level of income that is respent by consumers, further boosting demand.  The propensity to invest is determined by the expected profit generating potential of an investment, which depends on anticipated future revenues, so that profits, investment, and output form a cumulative loop that feeds on expectations and their fulfillment.  

When firms rely on external sources of financing, investment is affected not only by their own financial condition, but also by that of the banking system and financial markets.  Since investment is the foundation supporting every other component of the monetary economy, understanding the cumulative nature of the finance–investment cycle is crucial to correcting the underlying weakness of capitalist economies– the periodic inadequacy of aggregate demand to generate sufficient employment and income to meet basic needs. 

There are substantial differences among theories concerned with the determinants of investment behavior, even between those rooted in Keynesian theory.  Mainstream and post Keynesian models of investment behavior rely on capital costs and exogenous constraints in a flexible accelerator framework.  Recent experience suggests there could be other important factors: despite the lowest capital costs and most stimulative monetary policy since the 1960's, the rate of investment in the early 1990’s and again in 2007-08 was the lowest ever experienced during the postwar period.  

Hyman Minsky's contribution to the understanding of monetary and production cycles has been to provide an explicit theory of the mechanism of interaction between finance and investment (Minsky, 1975; 1982; 1986; 1993).  His view is that investment is more responsive to capital flows  than costs.  The mode of investment behavior that rules at any time depends upon "institutional relations, the structure of financial linkages, and the history of the economy"  (Minsky 1982, p.92, emphasis in original).  
Minsky suggests that studies of the relationship between investment and finance include an analysis of the cash flows of firms, financial markets, and the banking system in addition to income production for the entire economy.  

Minsky's investment theory

Minsky distinguishes two types of changes in financial institutions that can lead to investment fluctuations: legislated and evolutionary.  The former occur because of the perceived necessity of reform, often in response to adverse evolutionary institutional change.  Evolutionary change involves the financing practices of firms and the banking system, and occurs because of profit opportunities that arise during business cycle expansions, when intense economic activity and credit demand lead to an expansion of the supply and the cost of money.  

There are three primary influences on the rate of investment: profits; the borrowing practices of government, individuals, and firms, and the lending practices of the banking system; and the valuation of debt and capital assets.  These correspond to three primary methods of financing the expansion of fixed capital; internal funds, short and long term debt, and equity.  The structure and sequencing of financing patterns depends on both the internal and external condition of firms and banks and profit expectations at any moment.  

Recoveries begin with investment expenditures increasing more rapidly than the flow of internal funds, because of the relatively sound financial condition of firms, rising profit expectations, assured cash flows, and the perception of a large margin of safety fostered by a growing economy.  Confident firms increase their use of external sources of financing.  The banking system complies in the stable financial environment by developing new financial instruments and finding new uses for old instruments to meet the growing demand for funds, effectively increasing the supply of money and money velocity.  This permits a growth rate of investment that accelerates beyond the growth rate of the overall economy.  Minsky supports Keynes' position that money, broadly defined to include short-term financing, is endogenously determined.

Contractions are initiated by reduced expectations about the continued ability of firms to make payments on existing debt, which leads to a reduction of outstanding loans.  In this case businesses and bankers do not believe that future profit potential will cover the cash commitments that would be created by new debt.  Banks cut back on lending or even risk failure when loan payments are not made, when assets they sell to raise funds have fallen in value, or when they cannot easily sell their existing liabilities.

A basic distinguishing characteristic of a capitalist economy is the existence of two markets and two sets of prices for capital assets.  One is for the valuation of assets in terms of current output; this is current fixed investment.  The other is the valuation of fixed assets in capital markets, in which the expected future cash flows to be generated by those assets is more important.  Both types of assets are expected to yield cash flows into the future: the question of how much determines the relative prices in the two markets, and the direction and magnitude of financial flows between firms and credit markets. 

Rather than the supply and demand for money affecting the price level of current output, Keynes argues that it affects the price level of capital assets (Keynes, 1937a, 1964).  Minsky describes the mechanism (Minsky, 1982, ch. 10).  All money and assets are in some portfolio, and since the value of money and the supply of assets are relatively fixed, any increase in the quantity of money will translate into increased demand for assets and higher asset prices for the current level of the capital stock and output.  Also, the greater the amount of money in portfolios, the lower the likelihood that assets will have to be sold to raise cash, depressing their price.  If assets must be sold, the larger quantity of money in existence means it will be easier to sell them at a higher price.  Endogenous monetary growth and rising velocity in early expansions therefore leads to inflation in the value of assets and the prices of common stock, which increases the demand for new investment.  

Conversely, when there is an intense demand for cash, it will be far easier to liquidate capital assets such as stocks, than fixed assets such as plant and equipment, so their price will be more volatile.  In late expansions, as more cash is required to meet payment obligations, stock prices will tend to fall.  Whereas the cash flows of fixed assets depend on the state of the economy, their price on asset markets depends on liquidity, or how easily the asset can be converted into money.

We can therefore expect changes in the stock market price index to precede changes in investment growth rates.  Since real capital cannot be easily transferred, transactions in investment goods take place indirectly through purchases and sales of shares in corporations or subsidiaries.  This explains why the stock market is often thought of as a rough index of the value of the capital stock of U.S. corporations.  Rising stock prices result in positive flows of capital gains, and of the value of collateral used to secure additional debt.  Stock prices tend to increase faster than debt during early expansions, and this sustains continuing favorable terms for the financing of new investment.  

For the same reason that asset prices and debt are mutually reinforcing during good times, they cumulatively precipitate a credit crunch or financial crisis as the expansion phase of the business cycle comes to an end.  Minsky distinguishes three types of debt structures used to finance asset positions.  Cash flows are adequate to meet payments on current debt commitments for "hedge" units, and their continued solvency depends only on the normal functioning of product and factor markets.  But the rising value of assets in expansions encourages "speculative" finance, defined by Minsky whenever the cash flow of current operations is insufficient to meet payment commitments, but the present value of expected future profits exceeds the present value of payment commitments at current interest rates.  Speculative units have generally depleted their sources of internal funds, but are able to meet their payment commitments by raising funds in credit markets to refinance their debt.  Finally, a "Ponzi" finance unit has a negative cash flow and must increase its outstanding debt in order to meet its payment commitments.

When financial structures are stable, the contract terms (income and costs) of assets and liabilities will be roughly equal, and so will be their price in financial markets.  The yield curve is likely to be positive, making short term financing relatively cheaper and more accessible, substituting for long-term debt or equity issues.  But a reduced rate of monetary growth signals to indebted units that they will have a harder time refinancing or finding new financing in the future, and short-term financing becomes more scarce and costly.  At the same time, the ratio of short-term to long term debt rises because of the need to refinance maturing debt, capitalize interest costs, and delay issuing new long term debt until interest rates have declined.  

Interest rates rise in response to higher risk and the higher demand and reduced supply of funds, and the cash flow of units deteriorates or reverses as interest costs mount.  Hedge units become speculative and speculative become Ponzi units, raising doubts about firms' continued ability to meet their debt commitments.  This translates into lower prices of corporate bonds as yields of debt commitments increase.  Bond yields increase from mid-expansion to peak of every expansion except during the 1980s, and then fall from peak to mid-expansion as the economy recovers again.

Higher interest rates also reduce the demand and the value of assets.  Reduced cash flows mean lower dividends.  Stockholders capitalize the expected flow of dividends of securities they hold whenever they sell their shares, so lower expected dividends translates into lower asset prices and reduced capital gains.  Debt payment commitments are fixed, but the market value of assets is not, so a rise in interest rates leads to a much faster and greater devaluation of asset prices than of the payment commitments of liabilities.  

During normal periods when liability structures are predominantly hedge, monetary restraint tends to keep investment along a stable growth path.  During speculative periods, Minsky suggests monetary restraint is effective only as it brings financial innovation to a halt.  The pain or fear of financial failure must be sufficient to outweigh the hopeful expectations built up over the expansion.  This occurs when rising money velocity is offset by falling reserve growth, forcing a liquidity crisis.  

Units that were near the edge because of meager cash flows become ineligible for financing and must raise cash by selling assets, further collapsing their value.  A steep decline in asset values then intensifies market pressures to liquidate or fund positions and the downturn continues.  The collapse of asset values and net worth leads to a collapse of investment spending, as it becomes increasingly difficult to finance.  This leads to a further reduction of profit flows, making the fulfillment of debt obligations even more difficult.

A break in asset values could cause a debt deflation such as the Great Depression, but this has not occurred in the postwar period for two reasons, according to Minsky.  First, the sheer size of the Federal government substitutes for investment and insures a continued stream of profits even in deflationary times.  Government deficits enlarge the aggregate outstanding debt, effectively increasing the money supply even as it attenuates the forces of both downward instability and inflation.  This in turn inflates the value of existing assets.  Second, the Federal Reserve has acted as "lender of last resort", flooding the financial system with liquidity during periods of financial crisis.  

Otherwise, the banking system effectively blocks monetary restraint by increasing innovation until the economy is forced to a crisis.  This translates into an increase in money velocity in the short term, and as long as the immediate cash flows of economic agents are sufficient to support continued expansion, the institutional arrangements of banking and asset markets will expand to validate it.  

Summarizing the theory, accelerating investment and positions in the stock of real and financial assets are financed increasingly with debt during expansions.  The growth of credit raises money velocity and the effective money supply, and the monetary authorities usually validate the level of activity, fueling speculation in assets.  Interest rates rise in response to increased demand for credit, lowering the market value of outstanding debt, increasing payment commitments, and reducing liquidity.  Profits are reduced, internal funds evaporate, and dividends decline, lowering asset values.  The forced sale of assets to raise cash further reduces their price.  Paper losses become real losses, investment declines, and declining employment and output lead to further reductions of profits.  

Minsky frequently emphasizes the interdependence and feedback between investment and financial variables.  The cumulative nature of the process requires continued smooth functioning of financial markets, and any interruption of that process leads to endogenously generated financial difficulties.  Financial markets exist to insure that the money balances called for by profitable economic units to meet their expenditures can be raised in a timely and efficient manner.  Unfortunately, the role of finance in facilitating economic activity is the very quality that leads to its instability.

Linear vs. nonlinear estimation methods

Given the complexity of business cycle processes and investment behavior in particular, what type of model specification is appropriate to the analysis?  It must be able to quantify the important relationships while retaining the complexity of the actual behavior.  Each cycle is the consequence of unique historical and institutional circumstances, making it difficult to identify and include all the important influences.  However, the investment cycle is characterized by a sequence of events that recurs with enough regularity to make an empirical generalization about it.  

The need to accommodate complexity has initiated new approaches to econometric estimation in favor of semiparametric and nonparametric methods.  These methods do not require optimizing behavior or the usual simplifying assumptions, or even an a priori framework.  Instead, the starting point of nonparametric and semiparametric methods is the data itself, and models duplicate the patterns of behavior that are actually realized in economic processes.  

Traditional estimation takes as its starting point what is assumed to be a correct model specification.  This includes an accurate representation of the theoretical structure as well as of the variables themselves, usually when neither exists in the data used for the estimation.  Ordinary least squares derives estimates based on the assumption of zero correlation of explanatory variables with the error term and all other influences held constant; this permits a literal interpretation of the coefficients as a measure of direct influence.  Estimates will be biased and inconsistent if important variables or lags are left out, while the inclusion of too many will reduce efficiency.  If reasonable estimates are not obtained or the requisite statistical properties of the estimator are out of line, the estimation procedure is usually questioned rather than the theoretical model itself.  

Semiparametric estimation still represents a theoretical structure in functional form, but does not specify a distribution for the error term.  Explanatory variables are expected to be interdependent and mutually reinforcing, in contrast to the usual assumptions.  Nonlinear functions can embody all pair-wise, three-way, and higher orders of interaction between variables, providing a level of complexity and interdependence such that included variables "pinch-hit" for missing variables and misspecification.  For example, the inclusion of a single lag of an explanatory variable is adequate in semiparametric estimation, where it might lead to specification error in linear OLS.  The risk in nonlinear estimation is its unpredictability; because the variables are mutually reinforcing and nothing is held constant, predicted values of the dependent variable can easily explode. 

Nonparametric methods such as neural networks go one step further and assume no pre-specified functional form.  The estimation procedure yields a prediction of values for the dependent variable and derivatives asymptotically but not the functional form itself.  In particular, "universal approximators" reproduce the data generating process to such an extent that one can obtain function values and derivative values that are "as close as you like" asymptotically to the population values.  This is due to the characteristic of nonlinear systems that any number of functional forms may be appropriate for describing the relationship between variables.  

The result of interest in nonlinear estimation is not to prove or disprove the validity of a specific functional form and to find its coefficient values.  Rather, the purpose is to estimate values of the dependent variable and learn about its response to changes in the explanatory variables.  Estimated coefficients are derivatives in the linear case because they have been defined that way.  They only have an economic meaning for that particular model specification and data, and cannot be interpreted as having a general significance.  The derivatives serve a different role in the nonlinear model, measuring the direct and indirect impact of changes in the explanatory variables throughout the system.  They are robust for a number of possible model specifications and data sets, and therefore have a generalizable economic interpretation.

Since the distribution of residuals is unspecified and observations include the entire population, measures of significance and hypothesis testing of coefficients is irrelevant.  It is assumed that models are not completely specified, so residual variation is understood as the portion of variation due to "random error" as in classical least squares estimation.  Residual variation is best understood as the variation remaining after model variation is accounted for.

The model 

The investment accelerator model first presented by Tinbergen (Tinbergen, 1937; 1939) has seen a lot of use and further development by investment theorists of all persuasions.  The accelerator coefficient determines the change in investment that will occur in response to a change in the growth rate of GDP.  The "flexible" aspect of the accelerator is usually the inclusion of floors and ceilings that impose upper and lower limits to the cycle.  The upper limit is usually determined by full capacity utilization, while the lower limit is often due to capital costs (interest rates) or financing constraints.  Changes in investment are understood to be the adjustment of actual to desired capital stock at the price in which the cost of capital equals the rate of return, within the exogenously given constraints.  The accelerator parameter is the "speed" of adjustment to desired capital stock, a misnomer that does not incorporate historical time.  

Minsky states that stock adjustment models overlook the importance of speculation in Keynesian investment, and he suggests modeling flows instead.  The approach taken here explicitly models adjustment to financial conditions in historical time, and variables represent growth rates rather than levels.  The flexible accelerator models investors' responses to changes in profit and financial flows, so changes in behavior are due to endogenous forces that represent inherent uncertainty regarding the future rather than externally imposed limits.  Turning points of cyclical variation capture the self-correcting behavior of investors at turning points in actual financial conditions.

Explanatory variables are chosen which correspond to Minsky's theory.  The accelerator effect is captured by using the difference in growth rates between two periods, so that a slowing of output growth will bring about a decline in new investment.  The logic of this is that investors anticipate declining sales and profits as demand contracts, and it would be unreasonable to undertake an expansion of capacity at this stage.  Conversely, investors would be inclined to invest in new plant and equipment when demand is expanding, and rising sales and profits would help finance this expansion. 

In Minsky's analysis profit flows have three main functions: they indicate whether or not past investment decisions were appropriate, they provide the funds for fulfilling payment commitments, and they partly determine future investment and financing possibilities.  Since the majority of investment spending is financed from retained profits, gross profits also have a direct impact on investment behavior, beyond the role operating in financial markets.  

Change in the New York Stock Exchange index is included since revaluations of corporate stocks affect their creditworthiness and ability to raise external funds directly for new investment.  Expected future profit flows are also often proxied by their present value in stock prices.  Stock prices reflect the public's assessment of the strength of individual firms, the overall strength of the economy, prospects for interest rate and price movements that affect firms' costs, and the prospects for future growth in output and profits.  The NYSE index is the broadest measure of stock prices available, as it includes the stock issues of over 80% of U.S. corporations.

Bond prices reflect investors' assessment of the ability of firms to meet their debt payment commitments.  Changes in the present value of debt can be measured by the inverse of prices, or bond yields.  This incorporates the effect of rising costs, such as higher interest rates or raw material prices, on firms' financial performance, as well as information about firms' profitability.  
The Federal Reserve's measure of aggregate commercial bank lending extended to nonfinancial corporate borrowers in financial markets is the final explanatory variable. 

Together these four variables represent the source of most of the financial resources available to firms to fund expansions of fixed capital.  Changes in bond yields and credit tend to have a longer lead than the other indicators.  The lag with the greatest impact on investment is chosen to reduce the complexity of the regressions, to maintain high degrees of freedom, and to simplify interpretation of the coefficients.  Separate regressions were performed using raw and smoothed data.  Variables and sources are listed in table 1.  

Table 1: Variables and sources

	Y
	Gross domestic product, current dollars
	NIPA table 1.1

	I
	Gross private domestic investment
	NIPA table 1.1

	P
	Gross corporate profits before tax
	NIPA table 1.14

	S
	New York Stock Exchange composite index
	Federal Reserve Bulletin

	B
	High grade (BAA or better) corporate bonds average yield
	Moody's Bond Survey

	C
	Credit funds raised by nonfinancial corporate borrowers
	Business Conditions Indicators


All variables except the GDP accelerator are growth rates, defined as




The GDP accelerator variable is the difference in GDP growth rates from one quarter to the next, to capture the acceleration or deceleration of economic growth.  




 The basic functional form representing investment behavior is




A linear regression is performed first for purposes of comparison.  Financial flows are included one at a time and then as a group to determine their relative impact on investment.  The results presented in the last line of the table correspond to the equation

(eq. 1)
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Table 2: Linear regression results

unsmoothed data
coefficient value (ratio to standard error)
	constant
	GDP accel.
	Profits t-1
	Stocks t-1
	Credit t-2
	Bonds t-2
	Adjusted R2

	0.019 (4.6)
	2.23 (7.3)
	
	
	
	
	0.224

	0.011 (3.3)
	3.07 (11.9)
	0.481 (10.1)
	
	
	
	0.504

	0.014 (3.3)
	2.07 (6.9)
	
	0.271 (4.0)
	
	
	0.286

	0.017 (4.1)
	2.40 (7.9)
	
	
	0.061 (3.2)
	
	0.263

	0.021 (5.3)
	2.05 (6.7)
	
	
	
	 -.340 (-3.2)
	0.262

	0.009 (2.5)
	2.93 (11.3)
	0.453 (9.4)
	0.158 (2.8)
	
	
	0.523

	0.010 (2.9)
	3.18 (12.4)
	0.467 (9.9)
	
	0.045 (2.9)
	
	0.524

	0.012 (3.5)
	3.00 (11.1)
	0.467 (9.4)
	
	
	 -.095 (-1.0)
	0.504

	0.007 (2.1)
	3.03 (11.5)
	0.437 (9.0)
	0.151 (2.6)
	0.044 (2.9)
	 -.017 (-.18)
	0.540


smoothed data
coefficient value (ratio to standard error)
	constant
	GDP accel
	Profits t-1
	Stocks t-1
	Credit t-2
	Bonds t-2
	Adjusted R2

	0.019 (8.3)
	4.03 (7.0)
	
	
	
	
	0.210

	0.008 (5.5)
	3.10 (8.8)
	0.654 (17.8)
	
	
	
	0.716

	0.011 (4.4)
	3.82 (7.4)
	
	0.436 (6.8)
	
	
	0.372

	0.010 (5.2)
	4.11 (9.1)
	
	
	0.234 (10.6)
	
	0.514

	0.021 (8.6)
	3.64 (6.0)
	
	
	
	 -.189 (-1.9)
	0.221

	0.007 (4.3)
	3.11 (9.0)
	0.611 (15.0)
	0.109 (2.3)
	
	
	0.722

	0.006 (4.4)
	3.31 (10.3)
	0.533 (13.8)
	
	0.109 (6.1)
	
	0.764

	0.007 (4.4)
	3.32 (9.1)
	0.674 (17.8)
	
	
	0.123 (2.0)
	0.720

	0.0006 (.32)
	3.55 (11.0)
	0.522 (14.0)
	0.156 (3.6)
	0.128 (7.5)
	0.300 (5.0)
	0.795


The accelerator taken alone contains little explanatory power, but the regression R2 and ratio to standard error of the accelerator coefficient both increase markedly when profits are included, indicating a mutually reinforcing effect on investment.  When other financial factors are considered along with the accelerator, the ratio to standard error of the coefficient estimates is also reasonably high (with the exception of bonds), though not as high as with profits, and this is reflected in a lower R2 than was the case with profits.  The R2 takes another big jump in value when financial factors are considered in combination with profits.  The combination of the accelerator with profits and all financial variables produces the highest R2 and ratios to standard error of coefficient estimates.

Table 3 compares the results of this last regression with another that includes the most important interaction terms.  All possible two-way and three-way interactions were included initially, and terms whose coefficient estimates had a ratio to standard error less than two in value were eliminated one at a time, arriving finally at the regression with the listed interaction terms.  The inclusion of unimportant interactions reduces the efficiency of the other estimates.  The improvement in R2 between the restricted and unrestricted regressions indicates that the interaction terms do have an important impact on the explanation of investment.  In the unsmoothed data, the important interactions included the GDP accelerator, whereas in the smoothed data two of the three important interactions were with profits.  

Table 3: Linear regressions with interactions

	
	
	coefficient value
	(ratio to std. error)
	

	
	unsmoothed data
	
	smoothed data
	

	
	with interactions
	without interactions
	with interactions
	without interactions

	constant
	0.004 (1.1)
	0.007 (2.1)
	0.005 (0.30)
	0.0006 (0.32)

	GDP accel
	3.19 (12.6)
	3.03 (11.5)
	3.66 (11.5)
	3.55 (11.0)

	Profits t-1
	0.449 (9.8)
	0.437 (9.0)
	0.597 (12.9)
	0.522 (14.0)

	Stocks t-1
	0.134 (2.5)
	0.151 (2.6)
	0.191 (4.1)
	0.156 (3.6)

	Credit t-2
	0.041 (2.8)
	0.044 (2.9)
	0.132 (7.9)
	0.128 (7.5)

	Bonds t-2
	dropped
	 -.017 (-.18)
	0.284 (4.6)
	0.300 (5.0)

	GDPA*profits
	 -7.44 (-2.7)
	
	
	

	GDPA*credit
	 -2.50 (-1.9)
	
	
	

	Profits*stocks
	
	
	 -2.73 (-2.6)
	

	Profits*bonds
	
	
	 -5.16 (-2.8)
	

	Credit*bonds
	
	
	2.13 (3.1)
	

	Adjusted R2
	.5680
	.5400
	.8080
	.7950

	Residual SS
	.2916
	.3128
	.0406
	.0441

	Mean sq. residuals
	.0017
	.0018
	.0002
	.0003

	Root  MSR
	.041
	.042
	.014
	.017

	Residual df
	173
	174
	171
	174

	Durbin-Watson
	2.32
	2.36
	0.481
	0.426

	first order autocorr.
	-0.178
	-0.201
	0.690
	0.721


Despite the limitations of estimation by linear OLS, it can still be concluded from this analysis that each of the financial variables makes a substantial contribution to the explanation of historical investment patterns.  The regressions show that financial factors influence investment directly and through interactions with other financial flows, and their influence when taken together is greater than each of them alone.  Estimates predict both the magnitude and timing of changes in investment growth very accurately.  Most residuals were in the range of ± 10% for the unsmoothed data and 5% for the smoothed data, with an average of 4.1% and 1.4% for the unsmoothed and smoothed data, respectively.

Accurate modeling of the financial instability hypothesis requires modification of the basic linear model, however.  As previously mentioned, Minsky suggests there would be substantial interdependence and feedback among explanatory variables.  Output growth affects profits, which influences the valuation of stocks and bonds, which determines the availability of credit, which in turn affects investment plans, and so on.  In reality they are not constant with respect to each other as in the standard linear regression, and these conditions are where nonlinear estimation methods are most useful.  

Nonlinear estimates

The linear model with interaction terms is at best a restricted form of the more inclusive nonlinear model.  Since they are not estimated on the basis of a specific functional form, each parameter incorporates the effect of all the variables, and it matters less which explanatory variables are kept and which are dropped.  Noting again that the limitations of using a single lag are overcome in nonlinear estimation, the one with the greatest impact is chosen for each of the explanatory variables.  The quasi-Newton method of estimation is used, and is described in an appendix.  The final regression equation incorporating all the financial variables is

(eq. 2)


Table 4: Nonlinear parameter estimates

	Unsmoothed  data
	

	u
	v
	a
	b
	c
	d
	RSS

	.027
	1.78
	5.80
	
	
	
	.510

	.024
	1.33
	5.78
	5.28
	
	
	.498

	.024
	1.33
	5.72
	5.21
	-.645
	
	.498

	.023
	1.29
	5.36
	5.61
	-1.65
	.418
	.496

	Root mean squared residuals:  .054
	Raw R2: .349

	Degrees of freedom:  174
	Adjusted R2: .290

	
	

	Smoothed  data
	

	u
	v
	a
	b
	c
	d
	RSS

	.0097
	.540
	64.8
	
	
	
	.080

	.0093
	.481
	64.6
	1.39
	
	
	.080

	.0094
	.525
	61.4
	2.50
	2.73
	
	.080

	.0091
	.537
	51.2
	.907
	4.28
	2.84
	.075

	Root mean squared residuals:  .020
	Raw R2: .738

	Degrees of freedom:  174
	Adjusted R2: .660


The variables are growth rates, so the parameter values are scaled and determine the weight that will be attached to the change in a particular indicator.  For the unsmoothed data, changes in profits and the stock index have the greatest influence.  With smoothed data, profit flows really overwhelm the influence of other variables.  The central role of profits is confirmed and the model demonstrates the behavior we would expect from Minsky's theory.
Change in an indicator will influence the rate of investment directly through the constant term, and indirectly by amplifying or dampening the accelerator coefficient.  If financial flows are all negative, there will be a reversal of the accelerator effect and investment will be negative. If the indicators are all positive, the rate of new investment will accelerate beyond the growth rate of output.  Mixed changes in the indicators will to some extent cancel each other out.

Each parameter combines the influence of all the variables in the equation system, so it is notable that relatively stable values were easily found, and that in the case of the accelerator, profits, and the stock index, they changed little with the addition of more variables.  When they do change, it is because an included variable was no longer pinch-hitting for an excluded variable.  Note that residual error hardly changed at all with the addition of variables, unlike in the linear case.  The additional variables are not really needed for accurate prediction of the dependent variable.  The reason they are included at all is to see how the dependent variable responds to changes in a particular explanatory variable.

Validation of a nonlinear model is accomplished in one of three ways.  One involves computing the mean absolute residuals, which measures the error of prediction with respect to actual values.  Another is the mean square residuals (MSR), which gives additional weight to outliers.  The measure used in this study is the square root of the MSR




In the case of these investment estimates, since the variables are growth rates in percent, the RMSR gives the mean value for the divergence of the estimate from its actual value in percentage terms.  The same measure is given in the regression output for the linear estimates, which allows for their comparison.  So, whereas the linear estimate's RMSE from table 5.8 was 4.1% for the unadjusted data, the nonlinear estimate was off by only slightly more, at 5.4%.  For the smoothed data, the figures were a very respectable 1.4% and 2.0% for the linear and nonlinear estimates, respectively.  The fit of nonlinear estimates for unsmoothed and smoothed data is displayed in figures 1 and 2.  

Measuring response of the dependent variable

If the meaning of nonlinear parameters is unclear because of their interactive nature, the situation is clarified by modifying the entire series of values of each individual indicator variable by a given degree, to see what the effect is on the dependent variable.  This was accomplished by doubling the values of the series for each explanatory variable, substituting these modified values in the estimated regression equation 2, and recalculating values of the dependent variable.  These recalculated vales are plotted against the original estimates of investment to see the impact of the particular explanatory variable.  

In the case of unadjusted data, changes in profit flows and the stock market index appear to have the greatest influence on the investment growth rate.  Credit has less influence and changing the values of bond yields has no discernable impact.  For the smoothed data, changes in profit flows have a major impact, followed by credit flows.  The other two variables have almost no influence.  

Policy Implications
The empirical model presented here demonstrates the intimate connection between conditions in financial markets and investment behavior in the postwar U.S. economy. Fluctuations in investment and output are an inescapable consequence of the methods by which business firms raise capital, and the attendant risk and volatility that comes with that. 
The policy implications that follow from this are clear: to be effective, policy must address risk and uncertainty in capital markets, and attempt to reduce price volatility. The events of 2008 have demonstrated that it is no longer adequate to rely entirely on regulation of financial institutions. Financial innovation will find ways to circumvent regulation and create financial instruments that may in some cases lead to systemic risk. Effective policy must do everything possible to reduce or mitigate systemic risk. The cost and human consequences of systemic failure are so much greater. 
Keynes suggested that the best way to mitigate systemic risk is through a tax on transactions in financial markets. The tax could be graduated to match the level of risk of the instrument, and the revenues can be recycled to enhance the capacity to monitor and supervise financial markets, institutions, and instruments. Currently, government regulation of financial markets is primarily paid for through income taxes, and this presents a moral hazard: the cost of regulation is borne by all taxpayers, yet it is primarily upper income individuals who reap the benefits of wealth creation in financial markets. 
Another useful policy would be procyclical modification of capital requirements- that is, capital requirements should be increased during economic booms to protect the financial system against incremental risk-taking, and reduced during downturns to make credit more widely available when it is needed most. 
Stricter standards and improved oversight of the banking industry are necessary to avoid financial crises and prevent recessions. However, government regulation should go further to address systemic risks and financial intermediation and require lenders to act in the best interest of borrowers. The costs of increased oversight should be borne by the primary beneficiaries of the financial system, rather than the average taxpayer.
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Figures 1 and 2: The vertical boxes in both figures indicate officially defined recessions. Each recession (with the exception of 1964-65) begins with a downturn in aggregate investment, which is in turn determined by conditions in financial markets. The model indicates that it is theoretically possible to avoid recessions through policies that stabilize financial markets and profit flows. 
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Figure 1: Investment growth rate and linear estimate, smoothed data
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Figure 2: Investment growth rate and nonlinear estimate, smoothed data


Appendix: The quasi-Newton procedure


The minimization of nonlinear functions often relies on various applications of the Newton-Raphson algorithm.  For our purposes of fitting an estimate of the dependent variable, we would like to minimize the nonlinear sum of squares of the estimated investment function.  The quasi-Newton method of estimating a nonlinear function is similar to the Newton-Raphson procedure except that it uses current approximations of the inverse Hessian matrix, rather than its initial numerical solution, at successive iterations.  This adaptation leads to a much faster convergence of the parameter estimates for reasons that are explained below.

First, we begin with the investment function, eq. 2





The nonlinear sum of squares of this function is





Perform a Taylor series expansion of this function around initial parameter values 

.  In matrix terms,





The derivative of this TSE with respect to 

 is set to 0 to establish a minimum, which point becomes the initial value of the next iteration. Upon rearranging, the next point is given by





The general representation for the i+1 iteration is





Where 

 is a vector of parameters, 

 is the gradient vector (first order partial derivatives) evaluated at 

, and 

 is the inverse Hessian matrix (second order partial derivatives), also evaluated at 

.  

The quasi-Newton (QN) method uses a current approximation of 

 rather than the actual Hessian of the original function.  The reason this improves convergence is that there is no guarantee that the true Hessian is positive definite.  For QN, we start with our own positive semi-definite matrix (the unit matrix), which assures that the next step takes us to a reduced function value.  The variables have been scaled because they represent growth rates, so in this case initial parameter values can be set equal to 1, establishing conformity across variables.  This also happens to be a great place to start in the context of the investment function, since it means that a particular weight has a neutral influence on investment.  As the parameters converge to their actual values, the updating formula for the Hessian approaches the true Hessian, and in the process we have conserved computational effort by substantially reducing the number of iterations.
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