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Catastrophe theory (CT) is a relatively new mathematical theory that 

comprehensively describes a system exhibiting discontinuous behavior when 

subjected to continuous stimuli. This study tests the theory using capital-market 

data. 

The data is a time series of stock returns on firms that filed for Chapter 11 

reorganization during 1980-1985. The CT model used is based on a corporate 

failure model suggested by Francis, Hastings and Fabozzi (1983). The model 

predicts 1) as the filing date approaches, there will be a structural shift in the 

underlying stock-return generating process of the filing firm, and 2) firms with 

lower operating risk will have a smaller jump than firms with higher operating risk, 

corresponding to their relative positions within the bifurcation set of the 

catastrophe cusp. 

The regression model is a linear, 2-parameter industry adjusted model, 

estimated for 100 days on each side of a to-be-defined jump date. This is similar 

to standard event study methodology, except the residuals may be heteroscedastic 

and the "event date" (jump date) is unknown. 

To solve the unknown date problem, a recursive procedure is used, estimating 

regressions with the break ("event date") initially set 900 days before the filing 

date. On each iteration, the "event date" is moved forward one day, and the 

procedure is repeated. 



Heteroscedasticity is addressed by applying Zellner's Seemingly Unrelated 

Regressions with a diagonal covariance matrix. Finally, an F-test is applied both 

jointly and individually to the parameters. 

This test found strong evidence of parameter shifts. Heteroscedasticity is 

present in more than half of the shifts, implying that OLS, which implicitly assumes 

homoscedasticity, may bias results of previous work. Evidence of a relationship 

between operating risk and magnitude of the parameter shifts was mixed and 

statistically not significant. 

The existence of parameter shifts and heteroscedasticity are consistent with CT 

regardless of what the independent variables may be. Therefore, further search for 

the correct splitting variable seems warranted. 
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CHAPTER I 

INTRODUCTION 

Catastrophe theory is a relatively new mathematical theory which attempts to 

comprehensively describe a system which exhibits discontinuous behavior under 

continuous stimuli. The purpose of this study is to explain catastrophe theory, 

review the related literature, discuss some possible applications in finance, and 

offer the first empirical test of the theory. 

This test consists of constructing a time series of stock returns on companies 

which have filed for Chapter 11. There is a model of catastrophe theory (CT) 

which would expect that as the date of filing is approached, there should be a 

structural shift in the stock returns on this firm. The nature of this test is to 

determine whether that shift does occur, and if so, whether it occurs in a way that 

is consistent with the CT prediction. 

This dissertation is organized as follows: In Chapter II, an overview of 

catastrophe theory is given, including the historical development of the theory, an 

intuitive discussion to provide an overall feel for the mathematics, and a synopsis 

to familiarize readers with the mathematical theory. Although some minimal math 

background on the part of the reader is necessary, no attempt is made here to 

present a rigorous mathematical development of the theory. Chapter III discusses 

five published financial applications, and some related nonfinancial applications. 

One of those applications is the model tested in this study. Chapter IV discusses 

critiques and tests which have appeared in the literature. Chapter V presents the 



hypothesis for this paper and discusses the methodology. This study uses a 

simplified SUR technique to avoid assuming homoscedasticity. Chapter VI 

presents the results of this study and discusses those results. Also discussed are 

some implications for future research. 



CHAPTER II 

THE EVOLUTION OF CATASTROPHE THEORY 

Development of Catastrophe Theory 

Despite common perception, the natural sciences rarely have exact answers that 

can be given by a mathematical equation. About the only cases where this does 

occur are in gravitation and classical electromagnetism. In most other instances, 

one must resort to some sort of approximation procedure (5, p. 314). 

For example, consider a system, V, that behaves in a way described by the 

differential equation: 

dx/dt = f(x, y,z) (2.1) 

where: 

x = x(t,y,z) is the variable of interest 

y,z = parameters of the system 

t = time 

To get an exact solution, one must know how the global behavior of the system 

would be affected by a slight perturbation of the right hand side of the equation 

(i.e., a small change in x or y). This perturbation could be of the form of the 

effect of the moon's pull during physics experiments conducted during different 

times of the month. If a solution is to have practical value, the effect of the 

moon's pull must, somehow, be either eliminated or ignored. This variation in the 

system introduces difficulties in finding a solution. In 1881 the French 



mathematician Henri Poincare tried a radically new approach, qualitative 

dynamics, to overcome such difficulties (5, p. 315). His approach was to develop a 

global approximation of the system, and then, rather than looking for exact 

solutions, examine the asymptotic behavior of any given solution. The result was 

an answer to a question such as "Will the bridge stay up or collapse?" rather than 

"When will the bridge collapse?" 

In 1935 the Soviet mathematicians Andronov and Pontrjagin conceived the 

structurally stable dynamic system. Notice that in equation (2.1) time is not 

explicitly a variable of the function, although as parameters y and z change through 

time, so will x and therefore the function / . This is the notion of a dynamic system. 

A dynamic system is said to be structurally stable if, for a slight perturbation of the 

system, the perturbed system is isomorphic (similar in form)1 to the unperturbed 

system (5, p. 315). 

The next logical step is that of singularity theory. In 1955, Hassler Whitney 

wrote a paper on singularities of mappings into a plane. Consider the surface 

graphed in Figure 1. Suppose a transformation T maps every point of the surface 

onto the plane below it. Also consider the inverse of this transformation, T 1 

(although strictly speaking it doesn't exist), which maps points of the plane back 

onto the surface. There are some points of the plane that map to only one point of 

the surface, some that map to three points (those in the shaded region), and some 

that map to two (those on the border of the shaded region). The singularity of the 

mapping is the border of the region (the projection of the points where the surface 

folds over). It is not difficult to see that there exist many surfaces similar to Figure 

1 that have the same singularity. 
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Figure 1 ~ Illustration of How Continuous Movement Through the 
Bifurcation Set Causes Discrete Movement on the Catastrophe Surface. 



The French mathematician, Rene Thorn, extended Whitney's work. Thorn 

published a paper in 1969 describing discontinuous behavior in a continuous 

system (5). Consider the curve in Figure 2 for y = x̂  - x. As x changes, y changes 

smoothly. Suppose, instead, y is changed, to see how that affects x. Starting at 

point A, increase y slowly up to point B. To maintain a continuous function, y can 

only decrease from B. If, however, y continues to increase smoothly, the solutions 

of x jump (discontinuously) from B to C. This, especially in three or more 

dimensions, is the idea behind catastrophe theory. That is, a continuous change in 

one or more independent variables causes a discontinuous change in the 

dependent variable. 

Thorn introduced this idea of catastrophes in his 1969 paper. In 1972, he more 

fully develops the theory in his book, Stabilite structurelle et morphogenese. 

subsequently translated into English as Structural Stability and Morphogenesis (6). 

Thom identified seven basic classifications into which he says most curves will 

fall. The crux of the classification theorem is that given any surface, it is necessary 

only to identify its singularity, and then where the surface fits in the seven classes 

follows immediately. From this classification, much is known about that surface 

without actually testing or experimenting with the surface itself. 

It was around 1972 that the English mathematician, E. C. Zeeman, became 

involved with CT. While Thorn's works applied catastrophe theory specifically to 

Biology, Zeeman explored other areas. In 1976, Zeeman published a Scientific 

American (10) paper that introduced the topic to researchers in fields other than 

mathematics and suggested several applications. In this article, Zeeman 

conceptually described several applications upon which he had been working. 



Figure 2 ~ The Simplest Form of Catastrophe Surface 



Overview of the Theory 

To apply catastrophe theory one must first identify variables or factors that are 

important in determining the behavior of the system of interest. For the "cusp" 

model, which is the most frequently used, all important variables must be collapsed 

into two independent variables and one dependent variable. One of the 

independents is a "normal" variable (called N in Figure 1) and the other is called a 

"splitting" variable (S above). The dependent variable (X) is our "answer," which is 

frequently referred to in the social sciences as the behavior surface. 

For small values of the splitting variable S (S near 0), the surface M will be 

smooth and continuous for all values of the normal variable N (refer to Figure 1). 

For large values of S, there will be some values of N for which the surface M will 

have multiple solutions of the dependent variable X. Not all of these solutions will 

be possible, hence the names attractor and repellor in Figure 1. This means that a 

solution will occur only on an attractor part of M, not on the shaded repellor 

portion. 

If this surface is mapped onto a plane below it, one can see more clearly what is 

happening. The cross-hatched area is called the bifurcation set, and is the region 

where there are multiple solutions of X for a given S and N value. Starting with a 

small value of S and increasing, the point where this bifurcation set begins (the 

point of the spike) is called the cusp point. 

Assuming the variables can be correctly defined, consider a particle P on the 

surface M at point A (see Figure 1). If the normal variable N is increased, holding 

the splitting variable S constant, P will move along path T1 into the bifurcation set 



(cross-hatched). Initially, particle P will remain on the lower part of surface M 

(called the lower sheet), but as it crosses the far boundary of the bifurcation set, it 

will jump (catastrophically) to the upper sheet of M. A similar process takes place 

when starting at point B, and moving along path T2; P will remain on the upper 

sheet until it crosses the boundary near point A. The trick, it would seem, is to 

know the exact boundaries of the bifurcation set. Zeeman observed that the 

boundary is probably a band rather than a sharply defined curve (9). 

At this point, added precision is appropriate. The system in question is a set of 

fourth degree, three- dimensional equations, all of which have the same singularity. 

The points of interest are those that result in equilibrium for the system. To find 

those points, take the first derivative of one of the equations, set it equal to 0; the 

resulting third degree equation describes the surface. Then, the surface is the set 

of equilibrium points of the system. Examination of the second derivative shows 

that some of these equilibrium point are unstable (the part of the surface called 

"repellor" in Figure 1) and the rest are stable (parts of the surface called "attractor" 

in Figure 1). 

The only area of real interest in the cusp model is the bifurcation set, where 

there exist more than one possible equilibrium solution. Therefore, only those 

variables that give rise to the bifurcation set need be included. This is how a 

system with conceivably very many variables could be reduced to only three 

variables for the purpose of catastrophe theory. For example, consider a physics 

experiment involving a friction test. While many variables (such as the pull of 

lunar gravity) could be present in the system, only the coefficient of friction 
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between the materials used determines what force will be required to overcome 

the friction in the system. 

Thom says that all systems with less than five variables can be classified into 

only seven categories. Further, and even more important, virtually all systems can 

be reduced in the manner described above into less than five variables.2 

Table 1 summarizes the seven possible catastrophe classifications. The first 

four~the fold, the cusp, the swallowtail, and the butterfly-make up a group called 

"cuspoids." They are characterized by having one behavior surface (dependent 

variable), and as many as four control variables (independent variables). The "cusp" 

is the classification most commonly used in social science applications. 

The second group is called the "umbilics." These are the hyperbolic, the 

elliptic, and the parabolic. These sets have two behavior surfaces (dependent 

variables) and either three or four control dimensions (independent variables). 

Mathematically, these seven sets are nested. That is, the fold is contained in the 

cusp, the cusp is contained in the swallowtail, the swallowtail is contained in the 

butterfly, etc. Thorn's Classification Theorem says given any surface M, M either 

has a simple minimum at 0, or M can be reduced to one of these seven sets (1, p. 

86). 

To describe all of the above concepts, Zeeman (9) invented a machine which is 

sketched in Figure 3. Several useful points can be made by thinking about what 

would happen as a result of experimentation with this machine. 

The machine consists of a board on which a rotating disc is mounted, and at 

one point (Q) two identical rubber bands have been fixed. The other end of one 
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c <1* 

Figure 3 - Illustration of a Catastrophe Machine 
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of the bands is fixed to the board (at point R). The free end of the remaining 

band is attached to a pencil (point P) and allowed to move about the board. 

Upon experimentation, when P is moved to various positions, some interesting 

characteristics will be noted. Sometimes, with small movements of P, the disc will 

rotate smoothly; other times it will jump suddenly from one position to another. 

When P is anywhere in the diamond, two positions of the disc are possible (Figure 

3). This is the bifurcation set. Outside of the diamond, only one position is 

possible. Further, if P starts from point X and moves through the diamond toward 

point Z, the disc will not jump until P has traveled through the diamond and 

begins to exit the far side (Figure 4). Likewise, with P now at Z and moving back 

toward X, the disc will rotate smoothly as P enters and moves through the 

bifurcation set until it reaches the side near X, when it will jump. 

The system described here is the potential energy of the rubber bands. In 

equilibrium, potential energy is minimized. The potential energy is given by 

v<0)= 1/2 k [ ( s - 1 )2 + ( t - l ) 2 ] (2.2) 

where k is the modulus of elasticity in the bands, s and t are the stretched lengths 

of the bands, and e is the angle of displacement of the disc. It can be shown that 

through a Taylor expansion and some algebraic manipulation this becomes at 

equilibrium 

V(e) = 1/2 k [ae + al ne + a2 ee2 + a3 ne3 + a4 e4 ] (2.3) 

With appropriate substitutions, 
4 9 

V(x) = x + ux + vx (2.4) 
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Figure 4 ~ Illustration of Catastrophic Movement on a Catastrophe Machine 
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To find the minimum, 

dV/dx = 0 = 4x3 + 2ux + v (2.5) 

We know from Descartes that this equation has either one or three real roots. 

This corresponds to the cusp surface in Figure 1. 

Summary 

Although the theory is fairly technical and mathematical, an intuitive feel for 

catastrophe theory can be obtained by the nonmathematician researcher. This 

chapter has developed that intuition. The next step is to investigate the various 

ways that CT has been applied, to get an idea as to how the theory can be applied 

in future work. 



FOOTNOTES 

1. For a topological sense of isomorphism, the following definition is from Moser 
(2, p. 412): 

"A continuously differentiate mapping of a smooth and compact 
manifold M onto itself is called structurally stable, if any mapping g 
which in the C'-topology is sufficiently close to f is equivalent to / . 
That means that there exists a homeomorphism u of M such that 
g = u" o / o u holds." 

2. Zeeman summarized Thorn's catastrophe theorem in Sinha (4) as follows: 

"Let p be a 2-dimensional control (or parameter) space, let Y be a 
1-dimensional behaviour (or state) space, and let / be a smooth 
generic function on X parameterized by C. Let Y be the set of 
stationary values of / (given by d//dx = 0, where x is a coordinate for 
X). Then M is a smooth surface in C X Y and the only singularities 
of the projection of M onto C are foldcurves and cusp catastrophes." 

15 
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CHAPTER III 

APPLICATIONS IN FINANCE 

Although there are a number of catastrophe theory CT articles in other areas, 

only five finance - oriented papers have been published. Four of them are about 

failures-bank failure, city government failure, and corporate failure. The fifth is 

about the stock exchange. 

Ho and Saunders 

Thomas Ho and Anthony Saunders, in "A Catastrophe Model of Bank Failure" 

(10) developed a model with which they attempted to show that a bank's path to 

failure is not always continuous. Using the cusp model, they chose the risk-class of 

the bank (r) as the splitting variable, the negative of required reserves (k) as the 

normal variable, and the probability of bank failure (F) as the dependent variable. 

They show that these are the only essential variables by forming a probability of 

failure function, F, which is a function of a depositor effect, a bank effect, and a 

regulatory effect. The depositor effect is a function of r and F; the bank effect is a 

function of r and k; the regulatory effect is a function of r and F. The authors then 

show that the equilibrium of the system is a cubic equation, therefore the cusp 

surface is appropriate. 

They conclude that 

1) a bank may experience a discontinuous iump in the probability of 
failure even if the Federal Reserve is continuously willing to loan 
them funds, 
2) the most important determinant of catastrophe is the rate of 
regulatory intervention relative to rate of withdrawals, and 

17 
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3) large banks are more likely to experience a catastrophic jump in 
failure probability than small banks. 

The authors suggest that the addition of more parameters to the catastrophe 

theory model will make analysis more difficult, though more accurate. They also 

suggest using CT to research optimal capital structure and dividend policy. 

Scapens, Ryan and Fletcher 

In "Explaining Corporate Failure: A Catastrophe Theory Approach," Robert 

Scapens, Robert Ryan and Leslie Fletcher (15) use CT to model bankruptcy in 

corporations. 

Scapens et al. (SRF) begin, as is usual for papers in this literature, with an 

explanation of the catastrophe theory. In the appendix, they give a fairly good, 

though not rigorous, mathematical introduction to the theory. Unlike some 

authors, however, they point out how crucial and difficult correctly identifying the 

variables in the model can be. 

SRF briefly describe some of the previous work done using accounting ratios to 

predict corporate failure, but find that most of this work either lacked theoretical 

basis or ignored the behavioral aspect of failure. Their model attempts to show 

the relationship between accounting data and the behavioral response of creditors. 

Some points they make include: 

1) The model is explanatory rather than predictive, 
2) it assumes creditors will extend credit to successful companies, 
and withdraw credit from potential failures, and 
3) the economic validity of the accounting ratio used is not 
important; rather it is the creditor's perception of the ratio's 
predictive value that matters (note that perceptions may change). 
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Figure 5 — Illustration of the Corporate Failure Model Suggested by Scapens 
Ryan and Fletcher (15). 
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SRF's state variable is the credit policy. The normal variable is measured 

return, and the splitting variable is operating risk. They do not suggest a specific 

method of measurement. 

After developing the model and discussing its general behavior, SRF make 

some observations about the empirical implications. First, it should be noted that 

movement across fold lines is not failure, but only a reclassification of credit policy. 

However, such a reclassification is likely to be an important factor in the potential 

of bankruptcy. Second, a company on the lower sheet (having a low credit status 

which implies a high bankruptcy potential) will have two possible paths to the 

upper sheet. They can either take the slow route of decreasing risk while 

increasing return, or they can take the faster route of maintaining risk, but 

increasing return. Note that the latter choice is inherently riskier, and therefore 

the company may fail before the upper sheet is reached. The third observation 

SRF make is that using accounting data it will be difficult to distinguish failures 

from successes for companies that are in the bifurcation set. They suggest this may 

explain the differences in observations of previous studies, which researchers have 

usually regarded as statistical errors. 

SRF extend the model to the more complex butterfly model, finding that more 

control variables may have more explanatory power. 
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Francis, Hastings and Fabozzi 

In "Bankruptcy as a Mathematical Catastrophe," Jack Clark Francis, Harold 

Hastings and Frank Fabozzi (9) also develop a model of corporate bankruptcy. 

They list as features of their model: 

1) Predictions depend on current financial condition and past 
financial performance. 
2) The model acknowledges the tradeoff between liquidity and 
income. 
3) Market imperfections are allowed. 
4) Economic stability is explicitly included. 
5) Failure of a liquid firm with inadequate earnings depends on 
erosion of liquidity, flow of information, and/or economic 
fluctuations. 
6) The model is structurally stable. 
7) The model combines continuous business parameters with the 
discontinuous transition to bankruptcy 

In their explanation of catastrophe theory, Francis et al. (FHF) use as an 

example a ball in a misshapen trough. This would be familiar to readers of CT, 

and (like the Zeeman catastrophe machine) provides a good intuition into the 

discontinuous behavior. In the mathematical explanation, there are misprints in 

the equation for the bifurcation set, which could be confusing to the reader (it 

appears four times, three of which are incorrect). The correct equation is 

+ 21271/2 * h3/2 

~ Z / Z / b (3.1) 

They discuss discriminant analysis (which has previously been used to model 

bankruptcy), but they attempt to find a more general model in CT. In their model, 

the state variable is the potential of bankruptcy. The normal variable is the firm's 

earning power, and the splitting variable is the firm's liquidity. 
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Figure 6 - niustration of Corporate Failure Model Suggested bv Francis 
Hastings and Fabozzi (9). 
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Liquidity is measured as 

b = -ln(current assets /current liabilities) (3 2) 

which implies that when current assets = current liabilities, liquidity = 0, which is 

intuitively consistent. 

Earning power is measured as 

a = q ( economic income / equity ) (3 3) 

such that q(0) = 0, and q' = 0. 

Unlike most other authors, FHF explicitly discuss the effect of exogenous 

forces on the model. For instance, flow of information and general business level 

affect the liquidity, and are therefore implicitly incorporated into the model. 

Other forces (not necessarily named) are discussed with respect to the stability of 

the model. They take advantage here of one of the characteristics of catastrophe 

theory - many forces can be acting on the system, but only a few affect the nature 

of the cusp. The majority of the forces acting on the system do not affect the 

qualitative nature of the model, but may cause movement from one equilibrium 

position to another. Specific examples of such forces mentioned are loss of 

confidence (as a function of flow of information) and stochastic noise. 

FHF offer some alternative models that basically involve using different 

independent variables. The two examples given are total assets and total debts, 

and separate financial and physical assets. 
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Newbould 

In "A Catastrophe Theory Analysis : City Government Finances," Gerald 

Newbould (13) attempts to model the probability that a city will fail financially. 

He finds that New York and Cleveland were in financial situations similar to most 

large cities. 

In his model, Newbould uses marginal expenditures as the state variable, net 

borrowing as the splitting variable, and uncontrollable expenditures as the normal 

variable. There are many problems with his model. As has been previously stated, 

the choice of the variables, particularly the independent, is critical. Newbould 

justifies his choices in the following ways: 

1) Previous authors (using other techniques) have used them. 
2) Newbould says "In general terms, there are several factors which 
can cause financial problems. Some examples are: poor financial 
management, poor cash management, corruption, and a build-up of 
uses of funds in excess of sources of funds." Newbould then 
discusses why the first three are not likely reasons in large cities. He 
then concludes that his fourth reason must be "the probable cause of 
financial problems in city finances." This conclusion implies that his 
list of factors was comprehensive, for which he gave no justification. 
3) He states that the fact that both increasing uncontrollable 
expenditures and increasing net borrowing lead to financial problems 
is sufficient to deduce the cusp manifold. Again, there is no 
justification. 
4) He argues (reasonably) that for political and regulatory reasons, 
cities will tend to move toward the bifurcation set. This tendency 
implies that equilibrium is in his bifurcation set. This is not 
consistent with catastrophe theory. Further, it implies that he simply 
has chosen the wrong variables for a CT model. 

Due to the severity of these problems, Newbould's conclusions are not 

reviewed. 
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Zeeman 

Before his now famous 1976 article, Zeeman wrote "On the Unstable Behavior 

of Stock Exchanges" in 1974 (19). Zeeman first selected an index (I), such as the 

Dow-Jones, took the first derivative with respect to time, dl/dt, and called this J. 

Note that: 

J = 0 implies a static market 

J > 0 implies a bull market 

J < 0 implies a bear market 

Also note that J is a dependent variable, depending on the rate of buying and 

selling of investors, and J influences those buy/sell decisions, (i.e., a dynamic 

relationship) 

Zeeman's main hypothesis is that all investors can be divided into chartists 

(those investors who base current decisions on past stock behavior) and 

fundamentalists (those investors who base decisions on external factors to try to 

predict market behavior). He further notes that speculators tend to be chartists, so 

he measures stock speculation in terms of the chartists. Their activities are 

represented as: 

C = proportion of market held by chartists (3.4) 

F = excess demand for stock of fundamentalists (3.5) 

where C is the splitting factor and F is the normal factor. 

Suppose the fundamentalists begin investing in the stock market, leading to a 

rise in the Index (I). First, the chartists are attracted by the rising index 
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(dl/dt=J > 0). Eventually, when the proportion of the market held by chartists (C) 

becomes too large, the fundamentalists begin to sell. If enough fundamentalists 

sell, a bear market will occur. Further, the larger C, the greater the extent of the 

recession. 

Applications in Areas Other than Finance 

A number of articles have appeared in areas other than finance. This review 

will only list a few of the related papers. 

A fairly mathematical and very short piece by McCain (12) does an interesting 

job of quantifying the demand for works of art. Chidley (6) specifically models 

consumer attitudes. 

Modeling of economies has been done by Yannacopoulos (18), Brown (5), who 

wrote a dissertation on economic applications of catastrophe theory in 1977 (4), 

and Redmond (14). Of these, Redmond seems the most informed about CT, 

modeling output of an underdeveloped country compared to a developed country. 

In entirely different areas, Guastello (7) discovers that drug addiction affects 

work performance, and Isnard and Zeeman (11) plot two military policies. Isnard 

and Zeeman consider perceived threat and cost of war as the variables. This paper 

would be a good model for almost any set of opposing social policies. 

There are more papers dealing with CT in the field of management than any 

other area of the Social Sciences. There have been several papers on employee 

turnover (16; 1; 8), product development (2), organizations (3), and decision 

making (17). 
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Summary 

By far, the bulk of research using catastrophe theory has been done in areas 

other than finance. The few in finance deal primarily with failure. The majority of 

the papers, including some in finance, have done very little to justify the use of 

catastrophe theory for whatever was being modeled. This has drawn some 

criticism, discussed in Chapter IV. 
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CHAPTER IV 

CRITIQUES AND TESTING 

Critiques 

Catastrophe theory is not without its unbelievers. A few authors have been 

especially critical of the use of CT in the social sciences. For example, E. Roy 

Weintraub's 1983 article "Critique and Comment: Zeeman's Unstable Stock 

Exchange" focuses on the previously reviewed Zeeman (11) stock exchange article. 

Weintraub examined the mathematics, but did not appear to make any 

significant criticisms. He reviewed only the first three hypotheses, attacking each, 

but in each case concluded that it could be considered true. He seemed to be 

attacking Zeeman's lack of use of standard economics rather than the conclusions. 

Zeeman's unconventional economics are not surprising; Zeeman is a 

mathematician. 

Steven Smale (8) reviews the Zeeman Selected Papers, but rather than 

specifically addressing a particular paper, discusses catastrophe theory itself and 

especially the way Thorn and Zeeman have presented it. Smale particularly objects 

to the application of a mathematical model before analyzing the natural 

phenomenon. Smale said, "Mathematical awareness or even sophistication is 

useful when working to model economic phenomena, for example, but a successful 

model depends much more on a penetrating study and understanding of the 

economics." 

30 
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Hector Sussmann and Raphael Zahler (9) in "A Critique of Applied 

Catastrophe Theory in the Behavioral Sciences" take their crack at CT, and 

although tending to go overboard, make some strong points. The thrust of their 

argument is that the assumptions behind the use of catastrophe theory in the 

behavioral sciences are erroneous, rather than the CT model itself. They make a 

comparison between a social science phenomenon that exhibits discontinuity, and a 

mathematical model that is also discontinuous. They then say "the fact that in both 

cases there is a discontinuity is not sufficient" to conclude that the mathematical 

model accounts for the social phenomenon. Neither Zeeman nor Thom have 

claimed this as evidence for catastrophe theory. 

Oliva and Capdevielle (6) "Critique and Comment: Sussmann and Zahler: 

Throwing the Baby Out with the Bath Water" in a critique of Sussmann and 

Zahler, conceded that S&Z have accurate criticisms, but "Sussmann and Zahler 

seem to have gone beyond the constructive role of Devil's advocate to the 

destructive role of inquisitor." According to Oliva and Capdevielle, the strongest 

claims S&Z make are: 

If Z is the class of surfaces that appear in Thorn's theorem, 

-1) surface can be approximated arbitrarily closely by a surface 
in Z (which implies that one cannot test whether a given surface is 
in Z). ° 
2) 'The surfaces in Z are nonrigid in the following sense: If S is in Z 
and if U and V are disjoint regions in space, and T is an arbitrary 
surface in V then there are surfaces S* in Z that are arbitrarily close 
to I in V, while coinciding with S on U." (This implies that knowing 
something about a particular surface in one region gives no 
information about a surface in some other region). 

^ a ny finite set of points whatsoever, then there is a surface 
in Z that passes through all the points in F." (This implies that any 
arbitrary set of observations can be shown to be consistent with some 
surface in Z) (6, p. 229). 
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While these points appear to be very damaging, Oliva and Capdevielle point 

out that any mathematical model used in the behavioral sciences will have 

problems, but the mere existence of problems does not mean the model should be 

thrown out. They cite the Heisenberg uncertainty principle (which says that 

merely observing an experiment will affect the data). The behavioral scientist must 

live with an imperfect experimental model, not talk about it. Almost any 

mathematical model, including statistical techniques, will be subject to the S&Z 

criticisms. Their conclusion is that a technique should not simply be discarded 

because of weaknesses. Instead, recognize the weaknesses and apply the technique 

carefully. 

Testing 

The next step is to test catastrophe theory. Cobb (2) suggests using better 

techniques to determine the parameters of the model. Unfortunately, his 

suggested parameter estimation technique "does not lend itself well to formal 

hypothesis testing" (2, p. 78), but he does mention the chi-square approximation as 

a testable method. 

The only works published to date are Zeeman et al. (12) on prison 

disturbances, and Oliva, Peters and Murthy (7) on collective bargaining. The 

Zeeman work was the first, and did not reach any firm conclusions. He simply 

stated there is a lot more work to be done. Oliva et al. probably came from 

dissertations by Capdevielle and Murthy. In 1978, Murthy (5) wrote a dissertation 

on simulation bargaining, which Oliva chaired. Then in 1979 Capdevielle (1) wrote 
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one, also chaired by Oliva, on collective bargaining. This paper, like the 

dissertations, dealt with a simulated game using a small number of students. As 

such, it has little or no external validity, and is not a rigorous enough test to 

determine whether catastrophe theory will yield meaningful answers in the "real 

world." 
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CHAPTER V 

A TEST OF THE THEORY 

There have been several models using catastrophe theory in various disciplines, 

including finance, but as yet there has been no test of the theory. The next step is 

to test one of these models, to see if catastrophe theory appears to warrant further 

exploration. This paper tests a model based on two of the previously discussed 

finance models. 

Note, however, that caution must be exercised in any attempt to attach 

significance to pleasing results of a test. The mathematical evolution of 

catastrophe theory is not such that it can be proven with an empirical test; the 

proof must be left for future mathematicians. A test of a model based on the 

current theory can only show whether the results are consistent with the theory, 

suggesting more work is appropriate. 

The Hypothesis 

The Francis et al. (8) and the Scapens et al. (12) models are very similar in that 

each has a dependent variable related to the riskiness of the firm, the normal 

variable is related to the performance of the firm, and the splitting variable is 

related to the operating risk of the firm. Without loss of generality, these models 

can be synthesized into a model where the dependent variable is the probability of 

failure, P(f), the normal variable is earning power, measured with the negative of 

FHF s economic income/equity, (-E), and the splitting variable is operating risk, 

36 
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measured with FHF's [-In ( current assets / current liabilities )], Q. Comparing this 

model to the previous cusp models, at a low Q (i.e., low operating risk) as a 

company decreases net income (increases -E), the P(f) will smoothly increase. For 

some high Q (high operating risk), as net income drops, the P(f) will at first only 

gradually increase, but at some point (near or at the boundary of the bifurcation 

set) it will suddenly increase as it jumps to the upper sheet. Note that this scenario 

is not inconsistent with intuition. This is modeled in Figure 7. 

P(F) cannot be measured directly, but if the markets are at least semi-strong 

efficient, as a firm's P(F) increases investors will require a higher expected rate of 

return, E(R). With all other things remaining constant, if E(R) increases, the stock 

price, P, must decrease. When P decreases, the daily returns, R, observed in the 

market will also decrease. Therefore, in this model, P(F) can be replaced with the 

negative of daily returns, (- R). This is modeled in Figure 8. 

To test this model, the preferred procedure would be to form the model of all 

possible conditions of a firm, given the previously mentioned variables, 

V = 1/4 (-R)4 + 1/2 (-E)(-R)2 + Q(-R) (5.1) 

and then find all the equilibrium points, dV/d(-R) = 0, 

dV/d(-R) = 0 = (-R)3 + (-E)(-R) + Q (5.2) 

Then, test the model 

0 = a (-R)3 + p (-E)(-R) + 7 Q + e (5.3) 

to determine that the parameters adequately explain the variance. The problem 

with this procedure, however intuitive, is that the independent variables are not 

continuous, as required by catastrophe theory. At best, accounting information is 
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Figure 7 — Catastrophe Model of Bankruptcy, Similar to Francis, Hastings and 
Fabozzi (8), Using Probability of Failure as the Dependent Variable. 
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Figure 8 - Catastrophe Model of Bankruptcy, Similar to Figure 7, Using 
Negative of Returns as the Dependent Variable - the Model Used in this Study. 



40 

only reported once a month, and usually only once a quarter. Therefore, this 

model cannot be directly tested. It is possible, however, to construct a testable 

model which will be consistent with the one described above. 

In this paper, a time series is constructed of the stock returns of firms which 

have filed for Chapter 11 between January 1, 1980, and December 31, 1985. The 

behavior of this time series is examined to see if it is consistent with the 

catastrophe theory model. 

Assumptions of This Model 

1. The markets are at least semi-strong form efficient. 

2. On the date a firm files for Chapter 11, it has a high P(F), therefore is on the 

upper sheet of the model in Figure 8. This is labeled point C on Figure 8. 

3. Approximately four years prior to the filing (1000 trading days), the firm had 

a low P(F), therefore is on the lower sheet. This is labeled point A on Figure 8. 

Altman (2) has shown some evidence of ability to detect firms which will fail as 

much as three years before the failure. The four year period was chosen to begin 

before that, although there is no assurance that the firm was not on the upper 

sheet even at the time of Altaian's detection. 

4. If the catastrophe theory model described in Figure 8 is correct, and if Q is 

held fairly constant, then as the time series of returns goes from t = -1000 to t = 0 

(point A to C), there will be a sudden drop in returns (a jump in -R) 

corresponding to the jump from the lower to the upper sheet (at point B on Figure 

8). 
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5. If the model is correct, firms with low Q will have a smaller jump than firms 

with high Q, corresponding to their relative positions within the bifurcation set. 

This is shown in Figure 9. 

6. The variance of the residuals from the regressions are independent, but not 

necessarily homoscedastic. 

Research Hypotheses Tested 

1. If regressions are run on the two periods between points A and B, and 

between points B and C, there should be a significant shift in the parameters of the 

regressions. 

2. The parameter shifts of firms with a low Q should be smaller than the 

parameter shifts of firms with a high Q. 

The Methodology 

The Data 

The data consist of all firms that: 1) filed for Chapter 11 (and were reported in 

the Wall Street Journal) during the years 1980-1985, and 2) were continuously 

listed on the CRSP (Center for Research of Stock Prices) tapes for at least 10 

years before the filing, up to at least 5 days before the filing. The filing date is 

defined to be the day of the first report in the WSJ. 
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Q 

Figure 9 — The Catastrophe Bankruptcy Model Used in this Study, Showing 
Magnitude of Shifts Relative to Position Within the Bifurcation Set. 
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Form the Industry Portfolio 

To control for industry-wide shocks exogenous to this system, a control 

portfolio is formed for each firm in the sample. These portfolios consist of all the 

firms in the same industry (by SIC) that did not file for Chapter 11 during the 1980 

- 1985 period and that were listed on CRSP continuously for the 1000 trading day 

period prior to the filing date. What is eventually desired is an industry adjusted 

model described by 

R = Rj - R p = a * j + p * j R m + e * j . (5.4) 

To get to this model, start with the system of equations for all the firms in the 

industry, which can be described as 

Ri = = al + PI Rm + e 1 (5.5) 

R 2 = = al + P2 Rm + e 2 

R3 = •• o3 + P3 Rm + 63 

Rn = : an + Pn Rm + e n 

where: 

Ri is the return on the sample security j, 

R2 . . . Rn are the returns on the other firms in the industry, 

ai is the intercept term, 

Pi is the slope, 

Rm is the return on the market, and 



ei is the error term. 

Equation (5.5) can be rewritten 
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R i X
 

I-*
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1 

ri + e 1 

R2 

O
 

O
 (N 

X
 

0 T2 + £ 2 

R3 = 0 0 x 3 0 T3 + e 3 

Rn 0 0 0 • • • • Xn Tn + e n 

(5.6) 

where Xi is Tx2; the first column is all l's; the second column is the observed 

returns on the market, but since R m is the same for all firms, Xi = X2 = . . . = 

X n , and therefore, 

R i ri e 1 

R2 T2 e 2 

R3 = X T3 + e3 

Rn Tn e n 

(5.7) 

Since for each Tj, 

I j = (Xj 'Xj )-» (Xj 'Rj ), (5.8) 
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then, since the distributive law holds for matrices, 

HTj = (Xj -Xj )•' X j ' I Rj (5.9) 

then, 

i E j . - x m + (5.10) 
n-1 n-1 n T ' 

or 

RP - X r p + e p . (5.ii) 

Industry Adjusted Returns for Sample Firm j 

R p in equation (5.11) is the return function for the portfolio of all the other firms 

in the same industry as the sample firm, j. Now, include the sample firm, subject 

to the restriction, 

Rj - Rp = 0, (5.12) 

and the system of equations for the sample firms and the (control) portfolio is 

Rj = Xj rj + E j (5.13) 

Rp = Xp Tp + e p 

or, with the restriction, 
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Rj - Rp - (Xj Ij ) - (X rp ) + (e j - e p ) (5.14) 

As above, since 

rj = (Xj 'Xj y1 (Xj 'Rj) (5.15) 

rP = ( x p - x p y 1 ( x p -Rp) 

and since Xj = Xp, distributing across matrices, 

rj - rp = (X'X)"1 X' (Rj - R p ) (5.16) 

Equation (5.14) can be rewritten, 

R j " R P = X (rj - rp ) + (e j - e p ). (5.17) 

Now, defining R* = Rj - Rp , r* = Tj - rp , and e * = e j - e p 

then, equation (5.17) can be written more simply as 

R = X r + £ * (5.18) 

* 

where R is the excess return function for the sample firm j, adjusted for 

movements in the industry. 
* 

R as the dependent variable will capture most exogenous effects which affect 

the industry, including those which affect the entire economy, such as changes in 

interest rates, inflation, and tax laws. This regression will be run on each 100 day 

period on either side of a to-be-defined jump date, n. Period 1 runs from t = n-100 
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to t = n. Period 2 runs from t = n + l t o t = n+100. Then, the research hypotheses 

to be tested become: 

•\ * * 

1. a 1 = a 2, 

2- 0 * 1 = P* 2, 

3. p * i h - p * 2 h > p * i 1 - p * 2 1 , and 

• h * „h . • 1 * 1 a 1 - a 2 > a 1 - a 2 

where h and 1 indicate a firm with a high and low Q, respectively. 

Since the purpose of equation (5.18) is to detect sudden movements of firm j 

away from the industry, there needs to be a test to detect if the industry moves 

away from firm j. To control for this possibility, form the single index market 

model for the portfolio for the two periods, 

Rpi = Xpi Tpi + e pi (5.19) 

Rp2 = Xp2 r p 2 + E p2, 

or, more simply, 

Rp = Xp r p + ep (5.20). 

Then there are two more hypotheses, 

4. apl = ap2 , 

5. Ppl = pp2. 

This is very similar to standard event study methodology with two significant 

differences. First, the variance of the residuals may be heteroscedastic. This 

means that many of the usual procedures such as dummy variables and OLS would 

give biased estimates of p *. Secondly, the "event date," that is, the date of the 

jump, is unknown. 
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Finding the Break Point 

In this study, a recursive procedure is set up where for each firm (separately) 

the equations are formed : 

R* 1 = xi r* i + i (5.21) 

R* 2 = X2 r * 2 + e * 2 

These equations can be written in one equation as 

*
 '
 

*
 

Xi 0 r* i 
t 

* 

e 1 
* 

R 2 0 X2 C4 * 
*
 

* 

* 

e 2 

(5.22) 

or 

R = x r * + (5.23) 

where: 
* 

R i is the 100x1 matrix of adjusted returns during period i, 

r * i is the 2x1 matrix [ a * i , p * i ]' 

a * i , p * i are the intercept and slope, respectively, 

Xi is a 100x2 sub-matrix ; the first column is all l's; the second column is the 

observed returns on the market, 
e * i is the 100x1 sub-matrix of error terms, 

X is the block diagonal matrix of Xi's 

R and e * are the concatenated1 matrices as defined in equations (5.22) and 

(5.23) 

1 is the period from t = n-99 to t = n, 

2 is the period from t = n + l t o t = n +100, 
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n is initially -900, then is incremented by 1 on each pass of the procedure, up to 

n = -100. 

The Recursion Procedure 

On each pass of the recursion, equation (5.23) is set up, initially with the break 

(the "event date") at 900 days before the filing date. Then, on each iteration, the 

"event date" is moved over one day, and the procedure is done again. 

On each pass, there are four steps: 1) Using OLS, the variance-covariance 

matrix, Xe is estimated; just in case Xe has noise in the off-diagonal elements, the 

independent residuals equivalent of Xe , X, is formed. 2) X is used to get an 

estimate of the parameter vector, r* = [a * i , p * l , a* 2 , (3*2] ' , which 

does not assume homoscedasticity. 3) An F test is done both jointly and 

individually to test for parameter shift, a * i = a* 2 ,p* l = p * 2, and r * i 

= r * 2 . 4) Do steps 1 - 3 for the portfolio alone, using equation (5.20), to test 

for shifts in rp . 

When the recursion is complete, the maximum F-value will indicate the 

maximum standardized parameter shift. If the F-value is significant, this point 

should indicate where the jump in (-R) occurs, which implies the point where the 

P(f) jumps to the upper sheet. No significant F-value for the portfolio alone would 

indicate that a jump in (-R) for the sample firm was isolated from the industry. 

On each iteration of the procedure: 

Step 1 - estimating X. - OLS is used on equation (5.23) to estimate r * and the 

variance-covariance matrix, Xe . The equations are 

r * = ( X' X y 1 X' R* (5.24) 
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and 

X — ( e* 1 e* 2 ) 

* 1
 9 

e 1 
* 

6 2 (5.25) 

Since the residuals are assumed to be independent, all the off diagonals of Xe 

(the covariance terms) are set equal to 0. The diagonal elements of the resulting X 

are the variances, si and S2 associated with equation (5.21). 

step 2 - Estimate r . - This X is then used to get a better estimate of the 

parameters, using 

r * = (XXX"1 ® I) x y 1 x'(X_1 ® I) R (5.26) 

where: 

® is the Kroniker product2, 

I is a 100x100 identity matrix, and 

r * is Zellner's Seemingly Unrelated Regressions Estimator (16). 

Since X is a diagonal matrix, this simplifies to 

r* = r* i = * 

a 1 = (XI ' s11 Xi )*1 Xi' s11 R* 1 

(3* 1 

r* 2_ a* 2 ( X2 ' S 2 2 X2 )_1 X2 ' S 2 2 R 2 

2. 
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(XI' XI )_1 Xl ' R* 1 

( X2 ' X2 Y1 X2 ' R* 2 

where su is an element of X"1. 

Step 3 - test for parameter shift - For each firm, test a* i = a*2 and p*i = 

p * 2. To test the significance, use the statistic with a linear constraint (10, p. 326). 

L = ( r - C ^ V f C r x Y S ' ^ n x T 1 CT 1 Cr - Cr * ^ MT-K 
(R -xr*)' (x ®I) (R -xr*) q 

where : 

r is the constraint matrix [0 0 ]', 

C is the matrix of constraint coefficients 

M is the number of equations, 

T is the number of observations, 

K is the number of parameters, 

q is the number of rows in C. 

such that 

C r* = r 

or 

(5.27) 

(5.28) 

* 

a 1 

1 0 - 1 0 P * I = 

1 o 
« 

0 1 0-l_ CL* 2 o 
1 

P 2 

(5.29) 

(5.30) 

However, since X and x are diagonal matrices, this simplifies to 
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L = (l/q)( r - C r * ) ' {C s211 (Xi 'Xi )_1 0 
0 s 22 (X2 'X2) 

C J ' ^ r - C r * ) (5.31) 

where s2 a is an element of 2 (1;14). But, as described in Zellner (16), Theil (14), 

and Judge et al. (10), this is a joint test. To test the shift in a * and p* 

separately, this test merely needs to be done twice, with the appropriate constraints: 

Testing for a * i = a * 2 : 

C r* = r 

[ 1 0 - 1 0 ] 

* 
a 1 

p* i 

* 
a 2 

0 * 2 

= 0 

(5.32) 

(5.33) 

Testing for p * i = p * 2 

C r * = r 

[ 0 1 0 - 1 ] 

4s 
a 1 

p* i 

* 
a 2 

P* 2 

= 0 

(5.34) 

(5.35) 

Asymptotically, L is both chi-squared and F distributed (10, p. 326), but for 

small samples it is approximately F distributed.3 



FOOTNOTES 

1. Concatenation of matrices is a simple horizontal (or vertical) joining (or 
stacking) of matrices. 

2. The Kroniker product, frequently notated ® , of two matrices has each (scalar) 
element of the first matrix multiplied by the entire second matrix. For 
details see Judge et al. (10, pp. 317-319). 

3. The true small sample distribution is unknown, but in practice it is 
approximated with the F-distribution (1, p.731). 
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CHAPTER VI 

RESULTS OF THE TEST 

The two primary research hypotheses tested in this study, as stated in Chapter 

V, were "1. If regressions are run on the two periods between points A and B, and 

between points B and C, there should be a significant shift in the parameters of the 

regressions. 2. The parameter shifts of firms with a low Q should be smaller than 

the parameter shifts of firms with a high Q." Also explicitly stated was that 

homoscedasticity was not assumed. 

The statistical implication of these economic hypotheses are: 

1. al =0(2, 

2. pi = (32, 

3. al - a2 (for high Q) > ai - a2 (for low Q), and 

pi - P2 (for high Q) > pi - P2 (for low Q); 

for the portfolios they are: 

4. a l = a2 , 

5. pi = p2, 

where a i , a2 , etc., are defined as in Chapter V. 
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Results 

The results of this study are mixed. There were significant parameter shifts and 

significantly heteroscedastic residuals, as expected. Also, there was a positive 

relationship between alpha shift and Q which was not significant (p = 0.21). 

However, the relationship between the joint test of a shift in regression parameters 

and Q was not significant. The relationship between Beta shift and Q was 

significantly negative (11 percent level). 

Parameter Shifts 

Parameter shifts, which were expected, were tested by the statistical hypotheses 

1 and 2. Hypotheses 4 and 5 were used to verify that a shift in a firm's parameters 

was exclusive to the firm. The firm parameter shifts that coincided with a 

significant industry shift in the opposite direction are marked in Table X. This 

shows all the local maximum shifts that occurred during each firm's 1000 day 

period. Out of the 199 observed shifts, 23 were counter to an industry-wide shift 

(15 of the 23 were significant at the 1 percent level or less). 

Not only were the parameter shifts observed as companies approached 

bankruptcy, but the shifts were relatively frequent-both positive and negative. 

Surprisingly, beta shifted down more often than up (up-shifts being expected). 

Alpha usually shifted down, as would be expected (24 out of 33 alpha shifts were 

down). Since the "direction" of the joint test is a vector, it has no direct economic 

interpretation. Table IV summarizes the alpha and beta shifts. Table X gives a 

more complete list of the shifts, direction of shifts, significance level, and day of 

the shift. All of the 49 firms had at least one significant shift (5 percent level) 
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during the 1000 day interval. There were a total of 199 shifts at the 5 percent 

significance level; 86 were significant at the 1 percent level. 

Heteroscedastic Residuals 

Although not explicitly stated (in Chapter V) as a formal hypothesis, 

inter-period heteroscedasticity was anticipated. As ordinary least squares 

regression would provide misleading test statistics, the Zellner SUR technique was 

selected as the appropriate alternative. The residuals were found to be 

heteroscedastic between adjacent periods. In many instances the p(Si = S2) 

approached zero (e.g., p = 1.2* 10"12). Only those significant variance shifts that 

coincided with a parameter shift were recorded. There were, however, many 

instances where the variance did shift and the parameters did not. Of the 199 

parameter shifts, 122 had significantly (5 percent level) different variances between 

periods. Table X shows which of the parameter shifts were accompanied by 

variance shifts. 

An implication is that ordinary least squares and implicitly assumed 

homoscedasticity may have biased the results of previous work on failing 

companies. In the presence of heteroscedasticity, OLS estimators will not, in 

general, have unbiased variances. A priori, the direction of the bias is unknown. 

Relationship Between the Parameter Shifts and O 

The global maximum parameter shifts found with equation 5.23, 

R* = Xr* + e* (5.23) 

were tested for significance using equation 5.31, 
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L = (l/q)( r - C r * )' {C s2 11 (Xi 'Xi )_1 0 
0 sz 22 (X2 'X2) 

C J ' ^ r - C r * ) (5.31) 

With the appropriate constraints (as described in Chapter V) the shifts in alpha, 

beta, and alpha and beta jointly were tested. Throughout this chapter, the results 

of these three tests (for each firm) are called the F-values for alpha, beta, and 

joint. 

Following Francis, Hastings, and Fabozzi (1), Q [- ln(current ratio)] was used as 

a measure of operating risk. If the model specified in Chapter V is correct, as Q 

increases the firm represents a riskier investment. To determine if a relationship 

exists between the parameter shifts and Q, OLS regressions were estimated. Q 

(using the current ratio for the fiscal year in which the shift occurred) was the 

independent variable, and the log of the F-value of the parameter was the 

dependent variable, as follows: 

ln(F-value) = a + b Q, (6.1) 

where Q = [-ln(Current Ratio)]. (6.2) 

This (unique) F-value was determined by finding the global maximum F-value over 

the 800 values generated for each parameter shift. These global maximums are 

shown in Table XI. Table IX summarizes the results for the tests using equation 

6.1. 

Ratio data were incomplete; only those firms with available data were used. 

The data were further limited to those firms with industry portfolios of more than 

20 firms (there were 10 firms with less than 21 firms in the portfolio). Tables V 

through VIII list the firms used for each test, along with the applicable current 

ratio. The model as specified uses financial information for the independent 
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variables. Data on firms that filed Chapter 11 for non-financial reasons could 

confound the results of this study. To control for this, a second data set eliminated 

the strategic bankruptcies—Manville (MAN), A. H. Robbins (RAH), and UNR 

Industries (UNR). 

The slope parameter estimate of equation 6.1 (for all firms) using the 

ln(F-value) of the joint test as the dependent variable was + 0.0048 (p = 0.9705). 

For the non-strategic firms the parameter estimate was + 0.0242 (p = 0.8685). For 

all firms, the estimate of the slope parameter for alpha shifts was + 0.3501 

(p = 0.2101). Although the expected positive relationship was found, the statistical 

significance is below normally acceptable research thresholds. For the 

non-strategic bankruptcy firms, the alpha estimate was + 0.3494 (p = 0.2627). 

The results for the beta shifts were unanticipated. First, simply using all the 

maximum F-values most of the beta shifts are negative, which would not be 

expected as a result of an increase in risk. Using these (maximum) beta shifts the 

slope parameter estimate of equation 6.1 was + .0203 (p = .8764), which is not 

statistically significant. Excluding the strategic bankruptcy firms, the slope 

parameter estimate was + .00073 (p = .9960). A decrease in beta could be the 

result of something other than impending bankruptcy. All the local maximum 

positive beta shifts were found, and the regression in equation 6.1 was estimated 

on that set of data. This data is shown in Table VIII. 

The estimate of the slope parameter of equation 6.1 for the increasing-beta 

firms was -0.2924 (p = 0.1192). For the non- strategic firms only, the parameter 

estimate was -0.3799 (p = 0.1094). The sign on the coefficient may indicate that 
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the change in the ex ante return generating process (assuming the model is 

correctly specified) is contrary to the theory. 

Relationship Between Day of Shift and O 

There was no significant relationship between the time remaining to filing when 

the shift occurred and the current ratio. The smallest significance level was .28 for 

the upward shifting betas for the non-strategic firms (see Table IX). This can be 

interpreted to mean that the higher Q the earlier a shift occurred. Investors may 

adjust stock prices for risk earlier in firms with high operating risk. 

Summary and Discussion 

Parameter Shifts 

The significant parameter shifts (up and down), especially with so many shifts, 

suggests that some troubled firms are within the bifurcation set as early as 4 years 

before filing. The multiple shifts may be reflecting jumps between the upper and 

lower sheets of the catastrophe surface. As discussed in Chapter II, in the 

bifurcation set there are two equilibrium states, and exogeneous forces could 

"shock" the system, causing a jump from one sheet to the other. If this is the case, 

a linear regression based on stock returns may not correctly represent the true 

underlying return generating process, especially for relatively short periods of time. 

Referring to Table X, one can see that even those firms with several significant 

shifts usually went for long periods with no shifts. Event studies, which frequently 

use as little as 30 days before and after the event, could be studying behavior only 
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on one sheet. This could be misleading with regard to events occurring after the 

jump to the other sheet. 

It is also notable how early these shifts began. Twenty- seven out of the 49 

firms had at least one shift more than 750 days before filing. Many of the usual 

models, such as multiple discriminant analysis (MDA), would misprice a firm in 

the bifurcation set; such models only look for one equilibrium, where there may be 

two. 

Heteroscedastic Residuals 

The presence of the heteroscedasticity is consistent with the theory that the risk 

(probability of failure) of the firms was changing discreetly, since residual variance 

is interpreted as non-systematic risk. On one sheet (representing some level of 

risk) the residuals would be homoscedastic. On the other sheet, the residuals 

would also be homoscedastic, but the level of non-systematic risk is different from 

the first sheet. Therefore, the variance is also different from the first sheet. 

Relationship Between the Parameter Shifts and O 

The evidence does not support the theory that Q is the correct splitting variable 

for this catastrophe theory model. The relationship between the joint test F-values 

and Q was not statistically significant. Also, the relationship between Q and the 

alpha shifts was not statistically significant. 

Observed beta shifts were both positive and negative, with the majority of the 

maximum shifts being negative. The relationship between the beta shifts and the 

current ratio was not significant. The magnitude of the positive beta shifts was 

smaller for lower Q's. There are four possible explanations for this result. 
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1) If the model were correct as specified, this would indicate that investors view 

very liquid firms as risky. If investors are rational, they would view a very liquid as 

being at least as able as a fully-levered firm to meet debt obligations. These 

results may give some support to the irrelevance of debt issue. 

2) The beta for a firm headed towards failure may be an unreliable measure of 

risk. If this were the case, use of beta could lead to nonsense results. This would 

suggest that something other than CAPM or the single index market model is used 

to price troubled firms. 

3) There may or may not be anything significant about the current ratio in the 

pricing function. This study's results may be simply caused by observation of noise 

showing up in any firm. 

4) The greater the operating risk, the more that risk is gradually incorporated 

into the stock price. Across time there may be a large beta shift. It may, however, 

result from a series of small discrete shifts, or it may be continuously adjusted. 

Relationship Between the Parameter Shifts and Day of Shift 

There was no relationship expected between the day of the shift and the 

magnitude of the shift for two reasons. First, when a firm is within the bifurcation 

set, it could jump (perhaps permanently) to the upper sheet-making filing more 

likely. This study suggests that a firm may be in the bifurcation set very early. If 

so, prediction of a filing date may be impossible. Secondly, even if a firm jumped 

to the upper sheet only at the boundary of the bifurcation set (and the bifurcation 

set was known), there would not necessarily be a set number of days before the 

firm files for Chapter 11. 
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Implications for Future Research 

To check for the possibility that the results in this study were caused entirely by 

random noise, the same test should be estimated on a random sample of firms 

which did not fail. If similar results are obtained, it could be inferred that 

parameter shifts are present in all firms, and any study using time series data on 

stock returns should use similar techniques. 

To check whether the current ratio is the proper measure, other measures of 

operating risk should be tested. Ho and Saunders (2) suggest that bank creditors 

use the risk class of the bank as the splitting variable. Perhaps investors use the 

S&P, or similar, rating. 

To check for gradual rather than discrete shifts, the test in this study should be 

repeated, omitting some observations in between the regression periods. This 

would detect gradual parameter shifts or a series of small discrete shifts. 



CHAPTER VI BIBLIOGRAPHY 

1. Francis, J., H. Hastings, and F. Fabozzi, "Bankruptcy as a Mathematical 
Catastrophe," Research in Finance. 4, (1983), 63-89. 

2. Ho, T. and A. Saunders, "A Catastrophe Model of Bank Failure," Journal of 
Finance. 35, 5 (December, 1980), 1189-1207. 

65 



CHAPTER VII 

CONCLUSION 

The purpose of this study was to test a bankruptcy model similar to that 

suggested by Francis, Hastings and Fabozzi (1983). A time series of stock returns 

of 49 companies, that filed Chapter 11 during the years 1980-1985, was formed and 

adjusted for each firm's industry. A simplified SUR technique was used to check 

for parameter shifts while avoiding the assumption of homosedasticity. Regression 

periods were estimated on either side of an arbitrary day 900 days before the filing 

date, and then progressively rolled through 800 days, looking for parameter shifts. 

This catastrophe theory model predicted 1) there would be significant 

parameter shifts, and 2) as operating risk increased (measured as the negative of 

the natural log of the current ratio), the magnitude of the parameter shifts would 

also increase. This test found that there is strong evidence of parameter shifts. 

Heterocedasticity is present in more than half of the shifts. However, evidence of 

a relationship between operating risk and magnitude of the parameter shifts was 

mixed and not statistically significant. 

The existence of so many parameter shifts and heteroscedasticity are consistent 

with catastrophe theory—whatever the independent variables may actually be. 

Therefore, further search for the correct splitting variable seems warranted. 
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TABLE I 

The Seven Catastrophes 

Group Catastrophe Control 

Dimensions 

Behavior 

Dimensions 

Function 

Cuspoids 

Fold 

Cusp 

Swallowtail 

Butterfly 

1 

2 

3 

4 

x3-ax 

x4-ax-bx2 

x5-ax-bx2-cx3 

x6-ax-bx2-cx3-dx4 

Umbilics 

Hyperbolic 

Elliptic 

Parabolic 

3 

3 

4 

2 

2 

2 

x3+y3 + ax + by + cxy 

x3-xy2+ax + by + cx2 + cy2 

x2y+y4 + ax + by + cx2 + dy2 
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TABLE II 

Firms in the Sample with Abbreviations, SIC codes, and Filing Dates 

NAME Abbrev SIC('s) Date of Filing 

Anglo Energy Ltd AEL 2819,1381 11/7/83 
Altec Corp ALE 3651 9/26/83 
A M Intl Inc AM 3579, 5081 4/15/82 
A I C Photo APH 3861 3/21/85 
Arctic Enterprises Inc AEI 3799 2/23/81 
A T I Inc NY ATQ 2844 12/28/84 
Bobbie Brooks Inc BBK 2335 1/18/82 
Brody Seating Co BDY 2514 2/5/80 
Buttes Gas & Oil BGO 1311 11/18/85 
BekerInds BKI 2874 10/22/85 
Braniff Intl BNF 4511 5/14/82 
Cook Utd Inc CCF 5411, 5311 10/2/84 
Commodore Corp CCT 3792 6/10/85 
Combustion Equipment Assoc CE 3569 10/21/80 
Charter Co CHR 6162, 6146 4/23/84 
Evans Products EVY 2436 3/13/85 
Flanigans Enterprises FLE 5921 1175/85 
Garland Corp GRK 2253 4/29/80 
Hiller Aviation Inc HIL 7299 1/24/84 
Horn & Hardart Co HOR 5812 9/8/81 
H R T Inds Inc HRT 5699 11/24/82 
Itel I 7379, 5081 1/18/80 
K D T Inds Inc KDT 5311 8/6/82 
K Tel Intl Inc KTL 5099 10/8/84 
Lynnwear Corp LIN 2335, 2211 2/26/81 
Lazare Kaplan Intl Inc LKI 3915 10/12/83 
Manville Corp MAN 3292, 3296 8/27/82 
Mobile Homes Inds MH 5271 12/5/84 
J W Mays MJW 5311 1/26/82 
McLouth Steel MLX 3312 12/9/81 
Morton Shoe Co MOS 5661 1/5/82 
NexusInds NEX 5641,2363 4/4/85 
Poloron Products Inc POL 2451, 3949 4/14/81 
Phoenix Steel Corp PX 3312 8/11/83 
Robins A H Inc RAH 2834 8/22/85 
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TABLE II -- Continued 

70 

NAME Abbrev SIC('s) Date of Filing 

Robintech ROB 3351 7/22/83 
Ronco Teleproducts Inc RTI 5023 2/2/84 
Revere Copper & Brass RVB 3351 10/28/82 
Salant Corp SLT 2328 2/25/85 
Steelmet Inc SML 5093, 3398 2/18/83 
Standard Metals Corp SMM 1094 3/7/84 
Sambo's Restaurants Inc SRI 5812 11/30/81 
Storage Technology Corp STK 3573 11/1/84 
S P W Corp SWC 1711 5/7/85 
Saxon SXP 5111 4/16/82 
Tidwell Inds Inc TWI 2451 8/22/85 
U N R Inds Inc UNR 3551, 2452 7/30/82 
White Motor Corp WH 3711 9/5/80 
Wheeling Pittsburgh Steel Corp WHX 3312 4/17/85 



TABLE III 

Number of Firms in Each Industrial Portfolio 
Formed by Matching 2 Digit SIC Codes 

Company Number of firms in 
Abbreviation industrial portfolio 

AEL 194 
ALE 155 
AM 187 
APH 56 
AEI 85 
ATQ 115 
BBK 48 
BDY 12 
BGO 100 
BKI 112 
BNF 25 
CCF 61 
CCT 73 
CE 139 
CHR 22 
EVY 23 
FLE 20 
GRK 53 
HIL 7 
HOR 19 
HRT 14 
I 104 
KDT 39 
KTL 42 
LIN 97 
LKI 30 
MAN 45 
MH 5 
MJW 40 
MLX 68 
MOS 16 
NEX 55 
POL 61 
PX 63 
RAH 112 
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TABLE III — Continued 

Company Number of firms in 
Abbreviation industrial portfolio 

ROB 63 
RTI 46 
RVB 66 
SLT 44 
SML 112 
SMM 30 
SRI 19 
STK 141 
SWC 8 
SXP 20 
TWI 22 
UNR 165 
WH 84 
WHX 57 

* Number of firms includes both SIC's for the firms with 2 SIC codes. 



TABLE IV 

Summary of Total Parameter Shifts 

Firm + a -a +b -b 
AEI 0 1 2 1 
AEL 1 0 0 2 
ALE 0 0 1 2 
AM 1 1 0 3 
APH 0 0 3 2 
ATQ 0 0 2 2 
BBK 0 0 1 2 
BDL 0 0 1 2 
BDY 0 0 1 1 
BGO 0 0 1 2 
BKI 0 1 3 1 
BNF 0 0 0 2 
CCF 1 0 2 2 
CCT 0 0 1 1 
CE 0 1 3 3 
CHR 0 0 2 4 
EVY 0 1 2 1 
GRK 0 0 0 1 
HIL 0 0 1 3 
HOR 2 2 2 1 
HRT 1 1 0 2 
I 0 2 0 1 
KDT 0 0 2 2 
KTL 1 1 1 2 
LIN 0 0 2 2 
LKI 1 2 2 3 
MAN 0 1 2 1 
MH 0 1 2 1 
MJW 0 0 1 2 
MLX 0 0 1 1 
MOS 0 0 3 3 
NEX 0 0 1 1 
POL 0 0 2 0 
PX 0 0 2 2 
RAH 1 3 1 2 
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TABLE IV — Continued 
Summary of Total Parameter Shifts 

Firm + a -a +b -b 
ROB 0 0 2 3 
RTI 0 0 3 3 
RVB 0 0 1 1 
SLT 1 1 3 1 
SML 0 0 1 1 
SMM 0 0 2 1 
SRI 0 0 2 2 
STK 0 0 2 3 
SWC 0 0 3 3 
SXP 0 1 2 3 
TWI 0 1 1 2 
UNR 0 0 2 1 
WH 0 0 1 1 
WHX 0 2 2 1 



TABLE V 

Global Maximum F-values of Joint Shift Tests for each Firm, Including the 
Number of Days Between the Date of the Shift and the Filing Date, 

and Including the Current Ratio for the Fiscal Year 
in which the Shift Occurred. 

Firm F-value Days Current 
of the test Before Filing Ratio 

AEI 4.421 373 2.730 
AEL 3.829 487 1.362 
AM 3.215 846 2.080 
ATQ 4.540 172 0.941 
BGO 4.717 592 1.220 
BKI 5.960 331 1.210 
BNF 4.192 543 0.742 
CCF 3.430 753 2.110 
CCT 3.560 163 0.905 
CE 5.070 659 2.780 
CHR 3.570 774 1.450 
EVY 4.303 876 1.990 
GRK 2.301 462 2.823 
HRT 3.823 102 6.655 
KDT 6.800 320 1.910 
LIN 3.792 485 1.580 
LKI 6.304 483 1.280 
MAN 6.096 103 1.850 
MJW 2.974 213 1.300 
MLX 6.921 585 1.440 
NEX 5.233 899 1.520 
POL 5.042 617 1.130 
RAH 4.546 760 3.960 
ROB 3.897 476 1.110 
RTI 4.626 706 1.860 
RVB 4.420 633 2.539 
SLT 8.454 889 2.050 
SML 3.054 491 1.148 
SMM 5.309 371 0.849 
STK 4.889 753 1.782 
SXP 7.318 253 2.480 
WH 3.716 497 1.416 
WHX 4.753 569 2.570 
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TABLE VI 

Global Maximum F-values of Upward Alpha Shift Tests for each Firm, Including 
the Number of Days Between the Date of the Shift and the Filing Date, 

and Including the Current Ratio for the Fiscal Year 
in which the Shift Occurred. 

Firm F-value Days Current 
of test Before filing Ratio 

AEL 6.874 487 1.362 
AM 5.231 846 2.083 
BKI 5.633 404 1.188 
CE 4.688 721 2.776 
EVY 6.557 367 1.4 
HRT 4.737 101 6.655 
KTL 5.063 300 0.867 
LKI 13.95 483 1.279 
MAN 5.626 112 1.846 
RAH 6.927 150 1.656 
SLT 6.330 821 2.048 
STK 4.220 141 2.80 
SXP 4.283 589 1.884 
WHX 4.720 120 1.605 
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TABLE VII 

Global Maximum F-values of Beta Shift Tests for each Firm, Including the 
Number of Days Between the Date of the Shift and the Filing Date, 

and Including the Current Ratio for the Fiscal Year 
in which the Shift Occurred. 

Firm F-value Days Current 
of test before filing Ratio 

AEI 8.729 373 2.730 
AEL 6.472 164 2.750 
AM 4.700 774 2.080 
ATQ 9.080 172 0.941 
BGO 9.060 592 1.220 
BKI 9.440 331 1.210 
BNF 7.332 541 0.742 
CCF 6.850 753 2.110 
CCT 6.850 163 0.905 
CE 9.890 659 2.780 
CHR 6.910 774 1.450 
EVY 7.160 746 1.990 
GRK 4.464 388 2.823 
KDT 13.58 320 1.910 
KTL 6.356 387 0.867 
LIN 7.380 485 1.580 
LKI 13.242 278 1.280 
MAN 7.806 103 1.850 
MJW 5.906 213 1.300 
MLX 13.340 585 1.440 
NEX 8.990 891 1.520 
POL 9.986 617 1.130 
RAH 7.172 760 3.960 
ROB 7.413 476 1.110 
RTI 9.154 706 1.860 
RVB 8.056 523 2.320 
SLT 13.311 889 2.050 
SML 4.176 291 1.090 
SMM 10.607 371 0.849 
STK 8.965 405 2.420 
SXP 14.592 253 2.480 
WH 6.113 426 1.420 
WHX 9.474 569 2.570 
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TABLE VIII 

Global Maximum F-values of Positive Beta Shift Tests for each Firm, Including the 
Number of Days Between the Date of the Shift and the Filing Date, and Including 

the Current Ratio for the Fiscal Year in which the Shift Occurred. 

Firm F-value Days before Current 
of test filing date Ratio 

ALE 4.77 500 1.362 
KDT 13.58* 320 1.91 
LKI 8.42* 388 1.54 
MAN 7.81* 103 1.85 
MJW 5.91 213 1.30 
PX 4.99 105 1.09 
ROB 6.64* 116 1.38 
SML 4.12 191 1.09 
WH 5.71 497 1.42 
APH 6.67* 206 1.93 
ATQ 4.32 264 0.98 
BKI 5.85 495 1.19 
BDY 7.41* 866 2.64 
BGO 9.06* 592 1.22 
CHR 4.60 868 1.45 
CE 6.77* 553 2.78 
CCT 6.85* 163 0.91 
CCF 5.74 248 1.39 
EVY 6.98* 743 1.99 
BDL 15.22* 690 1.20 
HIL 10.02* 645 1.53 
HOR 4.27 218 1.76 
LIN 4.15 677 1.58 
MH 5.87 522 1.02 
POL 9.99* 617 1.13 
RAH 7.17* 760 3.96 
RTI 9.15* 706 1.86 
SWC 6.33* 411 1.27 
SLT 13.31* 889 2.05 
SRI 8.14* 624 0.39 
SMM 7.25* 499 1.31 
STK 5.86 754 1.78 
WHX 6.16* 670 2.57 

Significant at the 1% level, all others are significant at the 5% level. 
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TABLE IX 

Estimation of Slope Parameter of Regressions 
ln(F-value) = a + b * [-ln(Current Ratio)] 

ln(F-value) = a + b * Day 

All Firms Non-Strategic Firms 

Variable ln(ratio) day ln(ratio) day 

ln(F-[joint shift]) 
significance 

+ .00481 
.9705 

+ .000078 
.7381 

+ .0242 
.8685 

+ .000206 
.4288 

ln(F-[alpha shift]) 
significance 

+ .3501 
.2101 

+ .00015 
.6881 

+ .3494 
.2627 

+ .000235 
.6187 

ln(F-[beta shift]) 
up-ward shifts 
significance 

-.2926 
.1192 

-.000243 
.3458 

-.3799 
.1094 

-.00031 
.2818 

ln(F-[beta shift]) 
all shifts 
significance 

+ .0203 
.8764 

+ .000161 
.5126 

+ .000732 
.9960 

+ .0002026 
.4605 
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TABLE X 

Significant, Local Maximums of 800 F-values over 1000 Day Interval 
for a and p Shift Tests 

a shifts P shifts 
Significance level of 
Variance Difference 

Company 
Abbrev 

Days before 
Filing Date 

Direction 
of shift 

Significance 
level 

Direction 
of shift 

Significance 
level 

S2 > Si Si > s2 

AEI 
891 
822 
516 
373 

- 5% 
+ 
+ 

5%* 

1% 
1%* 

0.1% 
5% 

AEL 
679 
487 
164 

- 1% 
- 1% 

1% 

ALE 
876 
637 
500 + 

1% 
5% 
5% 

0.1% 
1% 

5% 

AM 
846 
774 
720 
456 
261 

+ 

5% 

5% 
- 5% 

5% 
5% 

5% 

0.1% 
0.1% 

0.1% 

APH 
767 
669 
547 
447 
206 

+ 
+ 
+ 

5% 
5% 
5% 
1% 
1% 

0.1% 

1% 

1% 
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a shifts P shifts 
Significance level of 
Variance Difference 

Company 
Abbrev 

Days before 
Filing Date 

Direction 
of shift 

Significance 
level 

Direction 
of shift 

Significance 
level 

S2 > Si Si > S2 

ATQ 
447 
347 
264 
172 

+ 
+ 

5% 
5% 
5% 
1% 

1% 

5% 

0.1% 

BBK 
453 
353 
219 

+ 5% 
5% 
5% 

1% 
5% 

BDL 
690 
599 
453 

+ 0.1% 
5% 
1% 

0.1% 

0.1% 

BDY 
866 
208 

+ 1% 
1% 

5% 

BGO 
592 
312 
130 

+ 1% 
5% 
1% 

5% 
0.1% 

BKI 
749 
495 
404 
331 
231 

- 5% 

+ 

+ 

+ 

5% 
5% 

1% 
5% 

1% 

5% 
1% 

5% 

BNF 
541 
227 

- 1% 
5% 0.1% 
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a shifts P shifts 
Significance level of 
Variance Difference 

Company 
Abbrev 

CCF 

CCT 

CE 

CHR 

EVY 

GRK 

Days before 
Filing Date 

753 
653 
444 
405 
248 

637 
163 

721 
659 
553 
429 
273 
213 
116 

868 
774 
459 
322 
277 
176 

876 
743 
529 
367 

388 

Direction 
of shift 

+ 

Significance 
level 

5% 

5% 

1% 

Direction 
of shift 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

Significance 
level 

1% 
5% 

5% 
5% 

5% 
1% 

1% 
1% 
1% 
5% 
5%* 
5% 

5% 
1% 
5% 
5% 
5% 
1%** 

1% 
1% 
5% 

5% 

S2 > Si Si > S2 

0.1% 

1% 

5% 

5% 

1% 

0.1% 

0.1% 

1% 

5% 

0.1% 

0.1% 
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a shifts P shifts 
Significance level of 
Variance Difference 

Company 
Abbrev 

Days before 
Filing Date 

Direction 
of shift 

Significance 
level 

Direction 
of shift 

Significance 
level 

S2 > Si Si > S2 

HIL 
745 
645 
502 
240 

+ 
1% 
1% 
1% 
1% 

0.1% 
0.1% 

0.1% 

HOR 
481 
469 
364 
318 
218 
199 
99 

+ 

+ 

5% ** 
1% 

5% 
1% 

+ 

+ 

5% 

5% 
5% 

5% 

HRT 
776 
490 
288 
101 

+ 5% 
5% 

-

5% 
5% 

1% 
0.1% 

1% 

I 
581 
267 
167 

- 5% 
1% 

5% 0.1% 

5% 

KDT 
885 
468 
423 
320 

+ 

+ 

** 
5% 
1% 
1% 

0.1% 

1% 
0.1% 
5% 

KTL 
599 
506 
499 
387 
300 

+ 5% 

5% 

+ 

5% 

5% 
1% 

0.1% 
0.1% 

1% 
0.1% 
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a shifts p shifts 
Significance level of 
Variance Difference 

Company 
Abbrev 

Days before 
Filing Date 

Direction 
of shift 

Significance 
level 

Direction 
of shift 

Significance 
level 

S2 > Si Si > S2 

LIN 
893 
805 
677 
485 

+ 
+ 

5% 
1% 
5% 
1% 0.1% 

LKI 
893 
645 
483 
383 
333 
278 
208 
187 

+ 

0.1% 

1% 

5% 

+ 

+ 

5% 
5% 

1% 

0.1% 

1% 

0.1% 
0.1% 
0.1% 
1% 

5% 

0.1% 
0.1%** 

MAN 
624 
431 
112 
103 

_ 5% 
+ 
+ 

1% 
5% 

1% 
0.1% 
0.1% # # 

MH 
522 
447 
355 
348 

. 5% 

+ 

+ 

5% 
5% 

5% 5% 

1% 
0.1% 

MJW 
824 
451 
213 + 

5% 
5% 
5% 5% 

MLX 
585 
354 + 

0.1%* 
5%** 

5% 
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shifts 0 shifts 
Significance level of 
Variance Difference 

Company 
Abbrev 

MOS 

NEX 

POL 

PX 

RAH 

ROB 

Days before 
Filing Date 

807 
707 
555 
413 
283 
181 

891 
420 

879 
617 

861 
387 
244 
105 

860 
760 
666 
454 
262 
150 
117 

800 
711 
476 
181 
116 

Direction 
of shift 

+ 

Significance 
level 

Direction 
of shift 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

5% 
5% 
1%* 

5% 

+ 

+ 

Significance 
level 

0.1% 
0.1% ** 
1% 
1% 

0.1% 
1% 

1% ** 
5% 

5% 
1% 

1% 
5%* 
5% 
5% 

5% 
1% 
5% 

5% 
5% • * 

1% 
5% 
1% 

S2 > Si Si > S2 

1% 

0.1% 

0.1% 

5% 
1% 

1% 

0.1% 

5% 
5% 

0.1% 

0.1% 

5% 

1% 

1% 

0.1% 
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a shifts P shifts 
Significani 
Variance I 

:e level of 
Difference 

Company 
Abbrev 

Days before 
Filing Date 

Direction 
of shift 

Significance 
level 

Direction 
of shift 

Significance 
level 

S2 > Si Si > S2 

RTI 
803 
706 
546 
465 
365 
250 

+ 

+ 

+ 

5% 
1% 
5% 
1% 
5% 
5% 

0.1% 

RVB 
633 
523 

+ 1% 
1% 

5%" 

SLT 
890 
889 
821 
656 
542 
175 

+ 5% 

1% 
+ 

+ 

+ 

0.1% 

1% 
5% 
1% 0.1% 

1% 

SML 
291 
191 + 

5% 
5% 

5% 

SMM 
897 
499 
371 

+ 
+ 

5% 
1% 

0.1% 
0.1% 

0.1% 

0.1% 

SRI 
763 
624 
523 
292 

+ 
+ 

5% 
1% 
1% 
5% 

0.1% 
5% 

0.1% 
0.1% 



TABLE X -- Continued 

87 

a shifts P shifts 
Significance level of 
Variance Difference 

Company 
Abbrev 

Days before 
Filing Date 

Direction 
of shift 

Significance 
level 

Direction 
of shift 

Significance 
level 

S2 > Si Si > S2 

STK 
853 
754 
464 
405 
156 

+ 

+ 

5% 
5% 
1% 
1% 
5% 

5% 

SWC 
857 
753 
530 
411 
309 
207 

+ 

+ 

+ 

1% 
5% 
5% 
1% 
1% 
5% 

5% 

0.1% 

0.1% 

0.1% 

SXP 
788 
626 
589 
341 
253 
151 

- 5% 
+ 
+ 

5% 
5% 

5% 
0.1% 
5% 

5% 

0.1% 

1% 

0.1% 

TWI 
889 
789 
528 
453 

- 5% 
+ 

0.1% 
5% 

1% 

5% 

UNR 
870 
594 
531 

+ 
+ 

1%" 
5% 
5% 

5% 
5% 

WH 
497 
426 

+ 

i_ 

5% 
1% 0.1% 
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TABLE X -- Continued 

Significance level of 
a shifts p shifts Variance Difference 

Company Days before Direction Significance Direction Significance S2 > Si Si > S2 

Abbrev Filing Date of shift level of shift level 

WHX 
670 + 1% .. 
569 ., - 1% .. 0.1% 
389 .. + 1% 
256 - 5% .. 1% 
120 - 5% 0.1% 

Note: 
* There was an opposite shift in the industry significant at the 5% level. 
* * There was an opposite shift in the industry significant at the 1% level. 



TABLE XI 

Global maximum of 800 F-values over the 1000 day interval 
for each of the a, p and joint shift tests 

a shift test P shift test Joint test 

NAME F-valuea'b 

(significance) 
days before filing 

F-valuea,b 

(significance) 
days before filing 

F-value 
(significance) 
days before filing 

AEI 
* * 

- 4.32 
(.039) 
822 

- 8.73** 
(.004) 
373 

4.421 
(.013) 
373 

AEL - 6.87 
(.009) 
487 

- 6.47 
(.002) 
164 

3.83 
(.023) 
487 

ALE + 1.12 
(.291) 
221 

- 8.35 
(.004) 
875 

4.26 
(.015) 
875 

AM - 5.23 
(.023) 
846 

- 4.70 
(.031) 
774 

3.22 
(.042) 
846 

APH - 3.63 
(.058) 
540 

- 7.85 
(.005) 
447 

4.36 
(.010) 
667 

ATQ - 2.28 
(.132) 
446 

- 9.08 
(.003) 
172 

4.54 
(.012) 
172 

BBK - 1.506 
(.221) 
574 

+ 6.04 
(.015) 
446 

3.17 
(.044) 
446 

BDY + 1.21 
(.271) 
208 

+ 7.40 
(.007) 
866 

3.72 
(.025) 
866 
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TABLE XI - Continued 

a shift test P shift test Joint test 

NAME F-valuea'b F-valuea'b F-value 
(significance) (significance) (significance) 
days before filing days before filing days before filing 

BGO - 3.33 + 9.06** 4.72 
(.069) (.003) (.010) 
392 592 592 

BKI - 5.63 - 4.72 5.% 
(.019) (.031) (.003) 
404 331 331 

BNF + 3.88 - 7.33 4.19 
(.050) (.007) (.016) 
635 541 543 

CCF + 4.23 - 6.85 3.43 
(.041) (.010) (.034) 
444 753 753 

CCT - 3.53 + 6.85 3.56 
(.062) (.010) (.030) 
513 163 163 

CE - 4.68 - 9.89 5.07 
(.032) (.002) (.007) 
721 659 659 

CHR - 3.18 - 6.91 3.57 
(.076) (.009) (.030) 
834 774 774 

EVY - 6.55 + 7.16** 4.30 
(.011) (.008) (.015) 
367 746 876 

FLE - 2.30 + 15.22 8.40 
(.131) (.0001) (.0003) 
640 690 718 
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a shift test P shift test Joint test 

NAME F-valuea'b F-valuea'b F-value 
(significance) (significance) (significance) 
days before filing days before filing days before filing 

GRK - 1.67 - 4.46* 2.30 
(.197) (.036) (.103) 
121 388 462 

HIL - 3.48** + 10.06 5.04 
(.064) (.002) (.007) 
725 647 647 

HOR - 9.97** + 5.85 6.92 
(.002) (.016) (.001) 
364 481 340 

HRT + 5.14 + 5.08 3.82 
(.025) (.025) (.024) 
288 676 102 

I - 6.95 - 4.42 4.72 
(.009) (.037) (.010) 
267 167 252 

KDT + 3.08 + 13.58 6.80 
(.081) (.0003) (.001) 
454 320 320 

KTL - 5.06 - 6.36 4.91 
(.026) (.013) (.008) 
300 387 503 

LIN - 2.21 - 7.38 3.79 
(.138) (.007) (.024) 
879 485 485 

LKI - 11.94 - 13.24* 6.30 
(.0007) (.0004) (.002) 
483 278 483 
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TABLE XI ~ Continued 

a shift test P shift test Joint test 

NAME F-valuea'b 

(significance) 
days before filing 

F-valuea'b 

(significance) 
days before filing 

F-value 
(significance) 
days before filing 

MAN - 5.63 
(.019) 
112 

+ 7.81 
(.006) 
103 

6.10 
(.003) 
103 

MH - 3.98 
(.047) 
355 

+ 7.67 
(.006) 
524 

3.85 
(.023) 
524 

MJW - 2.22 
(.138) 
164 

+ 5.91 
(.016) 
213 

2.97 
(.053) 
213 

MLX - 3.72 
(.055) 
667 

- 13.34** 
(.0003) 
585 

6.92 
(.001) 
585 

MOS + 3.39 
(.067) 
390 

+ 19.73 
(1.5E-5) 
807 

10.21 
(6.0E-5) 
807 

NEX - 2.52 
(.114) 
795 

- 8.99 
(.003) 
801 

5.23 
(.006) 
899 

POL - 1.89 
(.171) 
274 

+ 9.99 
(.002) 
617 

5.04 
(.007) 
617 

PX + 1.20 
(.274) 
421 

- 7.29 
(.008) 
861 

3.66 
(.027) 
861 

RAH - 6.93 
(.009) 
150 

+ 7.17 
(.008) 
760 

4.55 
(.012) 
760 
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TABLE XI -- Continued 

a shift test P shift test Joint test 

NAME F-valuea'b F-valuea'b F-value 
(significance) (significance) (significance) 
days before filing days before filing days before filing 

ROB + 3.06 
* * 

- 7.41 3.90 
(.082) (.007) (.022) 

838 476 475 

RTI - 3.42 + 9.15 4.63 
(.066) (.003) (.011) 
122 706 706 

VB - 3.42 - 8.06 4.42 
(.066) (.005) (.013) 
371 523 633 

SLT - 6.33 + 13.31 8.45 
(.013) (.0003) (.0003) 
821 889 889 

SML - 3.92 - 4.18 3.05 
(.049) (.042) (.049) 
491 291 491 

SMM - 4.63 - 10.61 5.31 
(.033) (.001) (.006) 
897 371 371 

SRI - 3.32 + 8.14 4.33 
(.070) (.005) (.014) 
102 624 624 

STK - 4.22 - 8.97 4.89 
(.041) (.003) (.008) 
759 405 753 

SWC - 2.58 - 7.40 3.91 
(.110) (.007) (.022) 
530 309 309 
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TABLE XI -- Continued 

a shift test P shift test Joint test 

NAME F-valuea'b 

(significance) 
days before filing 

F-valuea,b 

(significance) 
days before filing 

F-value 
(significance) 
days before filing 

SXP - 4.28 
(.040) 
589 

- 14.59 
(.0002) 
253 

7.32 
(.0009) 
253 

TWI - 4.78 
(.030) 
528 

- 10.43 
(.001) 
889 

5.68 
(.004) 
889 

UNR - 3.48 
(.064) 
631 

+ 6.49* 
(.012) 
870 

5.25 
(.006) 
872 

WH + 2.87 
(.092) 
601 

- 6.11 
(.014) 
426 

3.72 
(.026) 
497 

WHX - 5.01 
(.026) 
292 

* * 

- 9.47 
(.002) 
569 

4.75 
(.010) 
569 

a. A + or - before the F-value for the a and (3 indicates an increase or decrease from 
period 1 to period 2; + or - for the Joint shift is meaningless and therefore is not indicated. 

b. * indicates there was an opposite shift in the industry at the 5% level; ** indicates 
there was an opposite shift in the industry at the 1% level. 
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