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Abstract 
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represent those of the IMF or EQF policy. Working Papers describe research in progress by the 
authotis‘l and are uublished to elicit comments and to further debate. 

Economic theory suggests that financial health of the corporate sector can trigger or worsen 
an economy-wide recession. This paper proposes a measure of corporate vulnerability, the 
Corporate Vulnerability Index (CVI), and analyzes whether it can explain the probability and 
severity of recessions. The CVI is constructed as the default probability for the aggregate 
corporate sector, using the model of corporate debt by Anderson, Sundaresan, and Tychon 
(1996). The CVI is shown to be a significant predictor of the probability of a recession 4 to 
6 quarters ahead, even controlling for other leading indicators. An increase in the CVI is also 
associated with an increase in the probability of a more severe and lengthy recession 3 to 
6 quarters ahead. 
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1. INTRODUCTION 

“ 
.  .  .  moderate leverage undoubtedly boosts the capital 

stock and the level of output... the greater the degree of 
leverage in any economy, the greater its vulnerability to 
unexpected shortfalls in demand and mistakes.” 

Greenspan (2002) 

The rapid accumulation of corporate debt in the United States during the 1990s raised 
concerns that the corporate sector had become more vulnerable to sudden economic shocks, 
such as demand fluctuations and interest rate hikes, and that the high level of corporate debt 
might prolong the downturn and hinder the ensuing recovery. This paper presents empirical 
evidence that corporate indebtedness alone does not explain the likelihood or severity of 
economic downturns. Rather, it is a combination of corporate leverage, future growth 
prospects, and current macroeconomic conditions that determines whether the economy is 
susceptible to a slowdown, and whether the slowdown will be severe. The Corporate 
Vulnerability Index, constructed in this paper as a combination of all these factors, correctly 
predicts U.S. economic slowdowns, including the 200 1 recession, and indicates their 
severity. 

The concerns about the rise in corporate debt are not new. Economists have long recognized 
that financial conditions of the private sector exert a powerful effect on the macroeconomy. 
For example, the structural theory of corporate debt directly links increases in leverage with 
higher corporate risk and thus higher costs of external financing.2 Higher funding costs, in 
turn, tend to reduce investment, depress future cash flows and output, and thus may trigger a 
slowdown.3 Empirical studies corroborate this conjecture by finding that leverage, among 
other balance sheet indicators, has a major influence on investment spending, inventories, 
and employment.4 Moreover, financial accelerator theory as in Bemanke and Gertler (1990) 
and Bemanke, Gertler, and Girchrist (1996) suggests that high corporate leverage can make 
slowdowns more severe by amplifying and propagating initial adverse shocks and by 
increasing the effects of monetary policy on the real economy (Bemanke and Gertler, 1995). 
Finally, high debt payments may inhibit an economic recovery by creating liquidity problems 

* See, for example, Merton, 1974). There are a number of other theories modeling the costs of external 
financing as a function of the firm’s balance sheet. See, for example, Kiyotaki and Moore (1997). 

3 In addition, high leverage may lead to credit rationing that limits sources of funding for corporations, thus 
depressing investment and output. However, with the development of alternative sources of funding for 
corporations, full-blown credit rationing has become less of an issue, at least for the corporate sector as a whole. 

4 See, for example, Hoshi, Kashyap, and Scharfstein (1991); Gilchrist and Himmelberg (1995); Hubbard, 
Kashyar, and Whited (1995); Kashyap, Lamont, and Stein (1994); and Sharpe (1994). Bemanke and Gertler 
(1986, 1990) also argued that the strength of balance sheets determined the quality of investment projects 
undertaken. 
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that, combined with weak profits, may crowd out productive investments, push up default 
rates, and erode production capacity. 

Financial data illustrate the connection between higher leverage and higher corporate risk. 
Firms with higher leverage are typically perceived as more risky and pay higher premiums 
for the market funds they borrow. Indeed, corporate spreads have been increasing in tandem 
with debt levels and debt burdens since the mid- 1990s despite a continuing strength in 
equity prices and optimistic expectations about future earnings growth (Figures 1 and 2). An 
increase in corporate leverage was also accompanied by rising corporate defaults in both 
investment grade and high-yield sectors, as well as declining recovery rates.5 The data 
indicate that total corporate leverage-defined as a sum of the balance sheet leverage and the 
debt burden-tends to be higher during recessions (Figure 3). 

But how much leverage is too much? According to the structural theory of corporate debt, the 
cost of external funds is not very sensitive to an increase in leverage if the value of corporate 
assets is well above the default barrier (a firm defaults if its value falls below this threshold) 
which in turn depends on the condition of balance sheets, market structure, and 
macroeconomic variables. Moreover, an increase in leverage may not raise the probability of 
a corporation going bankrupt if it is offset by improved growth expectations, more favorable 
debt contract terms, and more accommodative monetary policy. This suggests that the 
vulnerability of the corporate sector to economic shocks, and thus the probability of 
recessions, should be related to a combination of variables, rather than corporate leverage 
alone. Indeed, the probit analysis performed in this paper indicates that, when other leading 
indicators are controlled for, the corporate leverage looses its forecasting power in predicting 
the probability of U.S. recessions. 

Therefore, in this paper we construct a Corporate Vulnerability Index as a combination of the 
total corporate leverage, future growth prospects, volatility of the firm value, and current 
macroeconomic conditions-factors that should affect the corporate default probability and 
hence the vulnerability of corporate sector according to the structural theory of corporate 
debt. In particular, this paper uses the model by Anderson, Sundaresan, and Tychon (1996) to 
choose the combination of factors and factor loadings that govern corporate default 
probability. To infer how the factors might be combined, the model is fitted to the aggregate 
corporate bond yield data. The Corporate Vulnerability Index (CVI) is then constructed as 
the probability of default for the entire corporate sector.6 

’ In 2001, the recovery rate fell to a twenty-year low of 21 percent, two times as low as an average for the same 
period. See Moody’s (2002). 

6 Although most of the models of corporate debt are developed for an individual firm, Anderson and Sundaresan 
(2000) showed that they can be successfully fitted to the aggregate data, yielding reasonable parameter 
estimates. Although the model-derived corporate default probabilities were above historical levels for short 
horizons and below historical levels for long horizons, overall they were comparable in magnitude to historical 
default rates for the aggregate corporate sector. 
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Probit estimation results indicate that the CVI correctly predicts recessions four to six 
quarters ahead. The CVI remains significant in predicting recessions even when other leading 
indicators, widely used to predict the probability of recessions, are included in the regression. 
The probit model using the CVI also predicts the probability of recession more successfully 
than other forecasting models. In particular, it predicted a high probability of a recession 
four quarters in advance of the 1990-91 recession, which other widely used leading 
indicators failed to predict.7 Moreover, adding the CVI to the probit model with other leading 
indicators significantly improves the model’s accuracy. For example, the model using the 
CVI correctly predicted the timing of the recent slowdown four quarters in advance, while 
the model without the CVI failed to do so. 

To test the hypothesis that a vulnerable corporate sector may increase the severity of 
slowdowns, a variable that ranks recessions with respect to their severity-the Severity of 
Recession Index (SRI) is constructed-since there has been no such variable in the existing 
literature. The SRI ranks recessions with respect to the cumulative output loss and length. 
The SRI is then used as a dependent variable in the ordered probit model. The estimation 
results indicate that an increase in the CVI is shown to be associated with an increase in the 
probability of having a more severe recession three to six quarters ahead, regardless of how 
the severity index is constructed. Moreover, an increase in the CVI also increases the 
probability of having a longer recession. 

The rest of the paper is organized as follows. Section II describes in detail the construction of 
the CVI. First, it reviews structural models of corporate debt and describes the model used to 
construct the CVI. After describing the data and the estimation technique used to estimate 
unknown parameters of the model, it presents the CVI construction. Section III presents the 
estimation results of the probit model predicting U.S. recessions using the CVI as an 
explanatory variable. Section IV describes the construction of the Severity of Recession 
Index and presents the results of the ordered probit estimation using the CVI as an 
explanatory variable to predict the severity of recessions. Section V concludes. 

II. CONSTRUCTINGTHECORPORATEVULNERABILITYINDEX 

A. Theoretical Model 

Motivation and a Review of Literature 

The set of factors that comprise a measure of corporate vulnerability and the way they are 
combined is guided by the model of corporate debt by Anderson, Sundaresan, and Tychon 
(1996) (AST), applied to a perpetual bond. The choice to work with the AST model, applied 
to a corporate perpetuity, is guided by several considerations. First, as all other structural 

’ This fact is well-documented in the literature. See, for example, Estrella and Mishkin (1997), Dotsey (1998), 
and Stock and Watson (2000). 
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models of risky debt, it links the valuation of corporate financial claims to economic 
variables. Second, the AST model explicitly allows for strategic debt service by shareholders. 
The point at which a firm defaults-the default barrier-is not given exogenously but is 
derived as a result of the strategic interaction between creditors and shareholders. In addition, 
as in many other models, it models bond market features in a realistic fashion, as it allows for 
costly bankruptcy and deviations from absolute claim priority. Third, modeling aggregate 
corporate debt as a perpetuity with time-varying coupon payments seems to be the most 
natural, given that individual firms continuously roll over their existing debts or issue new 
ones. Finally, the model fits aggregate corporate bond data better than other structural models 
(see Anderson and Sundaresan, 2000). 

The AST model belongs to a class of structural models that are rooted in the approach of 
Merton (1974) who showed that a firm’s debt can be valued as a contingent claim on the 
market value of a firm’s assets and priced within the option-pricing framework of Black and 
Scholes (1973). In these models, equity has characteristics similar to a call option written on 
the firm’s assets, while the debt claim possesses features of a portfolio consisting of a 
discount bond and a short call option on the firm’s assets. In both cases, the strike price of the 
option equals the face value of a debt claim. Structural modeling, therefore, links the 
valuation of corporate financial claims to firm-specific fundamentals, such as growth 
prospects (expressed in terms of current and future value of its assets) and riskiness (such as 
leverage and asset volatility), and economy-wide fundamentals such as the short interest rate 
and common factors driving stock prices.* This feature of structural models is supported by 
empirical studies showing that spreads between corporate and government bond yields are 
related to indicators of firm profitability and financial health (Fisher, 1959), business cycle 
indicators (Duffee, 1998), and economy-wide factors governing equity returns (Elton et al., 
2001). 

Despite its intuitive appeal, the Merton model fits the data poorly, typically underestimating 
actual corporate spreads (see Jones, Mason and Rosenfeld, 1984; Franks and Torous, 1989; 
and Eom, Helwege, and Jing-zhi, 2002). Much of the empirical mismatch comes from the 
model’s simplifying assumptions: corporate debt structure is represented by one noncallable 
bond; default can occur only at maturity and when a firm exhausts its assets; the firm’s asset 
value is independent of the short interest rate; and strict absolute priority of claims is 
assumed.’ A number of extensions to the original model tried to rectify these shortcomings. 

‘A number of authors took another approach, called a reduced-form approach, which infers prices of corporate 
bonds from market benchmarks, modeling default as some random process. See, for example, Litter-man and 
Iben (199 1); Jarrow and Turnbull (1995); Jarrow, Lando, and Tumbull(l997); and Duffie and Singleton (1996). 
Since this approach does not shed light on the relationship between economic factors and corporate default, we 
chose to work with structural models. 

9 Jones, Mason, and Rosenfeld (1984), and Franks and Torous (1989) show that assuming that default can 
occur only when a firm exhausts its assets implied credit spreads smaller than actual credit spreads. 
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For example, Geske (1977) models a more complex debt structure; Black and Cox (1976) 
allow default to occur before the firm exhausts its assets and before maturity; Logstaff and 
Schwartz (1995) and Ericsson and Reneby (1998) allow for deviation from the strict priority 
of claims and explicitly incorporate interest rate risk.” 

However, most of these models treat the default boundary as exogenous, which seems to be 
an implausible assumption for analyzing the aggregate corporate sector riskiness given the 
dynamics of the composition of corporate financing. During the latter half of 1990s U.S. 
corporations increased the magnitude of equity buybacks-amounting to net $3.65 trillion by 
2000-which were largely financed through issuing debt (see Figure 4). This has helped 
boost equity prices while also increasing firms’ leverage and thus riskiness. It has been 
argued that these developments are to a some extent connected to a shift in managerial 
incentives, resulting in favoring higher returns on equity even at the expense of the firm’s 
riskiness. ‘* These developments also suggest that corporations, aware of the trade-off 
between higher returns on equity and higher corporate risk, increasingly chose in favor of the 
former. It is therefore possible that the market value of a firm’s assets, leverage and thus the 
default barrier are not exogenous, but instead products of strategic decisions made by firm 
shareholders and managers. 

In this respect, structural models that determine the default boundary endogenously are 
especially useful for the analysis of the aggregate corporate sector. In these models, the 
default barrier is either determined in a game-theoretic framework of the bankruptcy process 
as in Anderson and Sundaresan (1996) and Anderson, Sundaresan, and Tychon (1996) or 
derived using variations of the real options theory of investment that treats liquidation 
decision as an option as in Mella-Barral and Perraudin (1997). 

Model Description 

The AST model develops the price of corporate debt in the following way. Consider a firm, 
whose assets value, Vt, follows a geometric Brownian motion: 

dV = (p - /?)Vdt + oVdW , (1) 

where ,u is the rate of return on firm’s assets, p is the cash flow rate, ais volatility of the 
asset value, and dW is a standard Wiener process. A firm’s debt is modeled as a perpetual 
bond with the face value F and a coupon c. To accommodate the fact that the indebtedness 
and debt burden of the U.S. corporate sector vary over time, we allow for time-varying debt 
level, Pt. One of the key assumptions of the model is that the bankruptcy regime allows for 

lo A number of studies show that the strict priority of claims is rarely observed in bankruptcy proceedings. See, 
for example, Franks and Torous (1989, 1994); Eberhart, Moore, and Roenfeldt (1990); and Weiss (1990). 

l1 See Cookson (200 1). 
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default that does not necessarily lead to liquidation, implying that the flow of debt service is 
state-dependent, St = S(Y,c)dt. The recovery rate given default, 8, is not restricted to equal 
one. In the event of liquidation, bondholders receive the assets of the firm net of nonzero 
liquidation costs, which are assumed to be a linear function K, + (1 - 6,)V,, where K1 is the 
bankruptcy cost and et is a debt recovery rate. This implies that the value of debt at 
liquidation is given by: 

B: = max[Q,V, - K, ,O] , 

In the case of perpetual bonds and under a simplifying assumption that 

Prc if V, 2 V,* 
S(K, c) = 

B,L if V, < V, * 

the price of a perpetual bond can be expressed analytically: 

B, = %(I - P,” ) + P,” max[B,V,* - K, ,0] , 

(3) 

(4) 

where Ptd is a probability of default and Vt* is a default barrier. l2 The default barrier in the 
AST model is endogenously derived from the game-theoretic framework of strategic 
decisions by shareholders on whether to service debt obligations. Since liquidation involves a 
dead-weight loss for creditors (i.e., costly liquidation), shareholders might chose to 
under-perform their debt obligations even though they have enough cash at their disposal. By 
underperforming debt obligations, shareholders can increase the value of equity at the 
expense of the bond value. However, if shareholders push the debt value too low, debtholders 
may force a firm into liquidation. 

Equation (4) is quite typical for asset pricing theory in general and structural models in 
particular, as it presents a price of a risky corporate bond as an expected value of a contract 

function. The value of a risky bond equals the value of a riskless (perpetual) bond, 3, 

times the probability of no default, plus the recovery value of debt at liquidation, Bf , times 
the probability of default. l3 In the AST model the probability of default is defined as follows: 

l2 Note that V(* is called a default barrier not a liquidation barrier meaning that default may or may not lead to 
the liquidation. 

l3 This is a risk-neutral probability of default and thus is not directly comparable to the historical default rates. 
See Delianedis and Geske (1988) for a discussion. 
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where yt = 0.5 - (rt~~‘-~[((rt~~‘-0.5)1 +$] <O if rt>p 

Although the original AST model assumes fixed bankruptcy cost and a unity recovery ratio, 
we assume that bankruptcy cost as a percent of the value of assets is constant over time, and 
allow the recovery ratio be less than unity. Thus, for the case of a perpetual bond, the default 
barrier is defined as: 

(6) 

It is worth noting that the liquidation barrier is increasing in the dead-weight cost of 
bankruptcy, K,, and declining in the recovery rate, 6. Economically, this means that the 
costlier the liquidation, the greater is the ability of shareholders to extract concessions from 
creditors. Knowing this, bondholders will demand a greater premium on corporate debt even 
for corporations far from default, implying higher cost of financing for corporations and 
resulting, according to (5), in higher default probability. The liquidation barrier is also 
decreasing in the risk-free interest rate, which suggests that if interest rates are high, 
shareholders are able to extract greater value at the expense of creditors. 

From (5) and (6), the default probability can be expressed as follows: 

Cp,Iv, 

r&3,(1-l/y,)+ (7) 

This is the main equation that will be used to construct the measure of corporate vulnerability 
in the next section. There are several noteworthy characteristics of this equation. First, the 
probability of default is increasing in balance sheet leverage, Pt/ V, and a coupon rate, c, 
indicating that both high levels of balance sheet debt and higher debt burden increase the 
riskiness of the company and thus should be taken into consideration when measuring total 
corporate leverage. Second, the probability of default is increasing in the risk-free interest 
rate, rf, if rt > Ethe condition that holds for the most of the sample period analyzed in this 
paper-indicating that the riskiness of the corporate sector is sensitive to macroeconomic 
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conditions. Finally, it is increasing in the volatility of the firm’s asset value above a certain 
level of volatility, and is nonmonotonic below this level. Thus, three factors-total leverage, 
interest rate, and volatility-should explain changes in the corporate vulnerability over time. 

B. Data and Variable Definitions 

We use data on aggregate bond index yields. The aggregate bond index consists of seasoned 
corporate bonds-those with remaining maturities of at least 20 years-with Baa credit 
rating, as calculated by Moody’s Investors Service. The Baa rating is chosen because an 
average rating of a company listed in S&P500 Composite index is Baa; and the median credit 
quality of all Moody’s-rated North American companies (these also include Canadian firms) 
is approximately Baa. Quarterly data from 1969Ql to 2001Q4 are used. The choice of 
frequency is guided by the availability of balance sheet data. A risk-free interest rate is 
approximated with an average yield on treasury bonds with effective maturities of 10 years or 
longer (see Data Appendix for a detailed description of the interest rate data). l4 

Total corporate leverage is constructed as a sum of the balance sheet leverage and the debt 
burden, Balance sheet leverage is constructed from the quarterly observations on aggregate 
balance sheet data of nonfinancial corporate business from the U.S. Flow of Funds Accounts, 
compiled by the Board of Governors of the Federal Reserve. l5 From the debt and equity data 
we construct the proxy for leverage: 

LEVERt = 
DEBT, 

DEBT, + EQUITYt ’ (8) 

where DEB& is market debt owed by the nonfinancial corporate business, stated at book 
value; and EQUITyt is a market value of outstanding equities. l6 Both are U.S. dollar amounts 
outstanding at the end of period. 

The balance-sheet-based measure of leverage reflects only one aspect of corporate 
indebtedness. Practitioners and policymakers also use a flow-based measure of leverage, debt 

l4 A 30-year treasury bond would have been the closest match to the corporate bond data we use. However, 
these data are available starting 1977 only (see Data Appendix). 

l5 Anderson and Sundaresan (2000) construct monthly series from the quarterly data from the Flow of Funds 
Accounts and the annual data from the National Income and Product Accounts (NIPA) using a set of 
assumptions. In contrast, raw data in the form available from the Flow of Funds and NIPA are used in this paper 
to make sure that the results are not driven by the way the data are constructed. 

I6 Strictly speaking, since equities are neither assets nor liabilities, their value is not reflected on corporate 
balance sheets. Equities represent corporate capital and are stated at market values as a Memo item in the Flow 
of Funds, However, the net equity issuance is recorded as an increase in liabilities. 
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burden-debt service payments as a share of corporate profits or cash flows-to assess the 
financial health of corporations. Moreover, considering both balance-sheet-based and flow- 
based measures of leverage is consistent with both stock-based and flow-based definitions of 
financial distress discussed in Wruck (1990) and Kim, Ramaswamy, and Sundaresan (1992). 
Accordingly, the debt burden measure is calculated in the following way: 

Bj-J,JJ = INTEREST t PROFIT, ’ (9) 

where INTEREST, is gross debt payments, calculated as a sum of constituents of aggregate 
corporate liabilities, multiplied by appropriate interest rates (see Data Appendix for a detailed 
description); and PROFIT, is corporate profits with inventory valuation and capital 
consumption adjustments of nonfinancial corporate sector.17 All figures are available 
quarterly, seasonally adjusted at an annual rate. 

In order to combine level-based balance sheet leverage with flow-based debt burden, we 
convert flows into levels at each time point t by calculating the present value of the future 
stream of debt payment flows. Debt payments are assumed to be constant from time t until 
the maturity of the bond, and are discounted with long corporate bond yield (see Data 
Appendix for details). l8 Thereafter, the total leverage is computed as a sum of the balance 
sheet leverage and the debt burden: I9 

LEY, = LEVER, + PV, (BURL),), (10) 

Table 1 presents descriptive statistics of sample corporate yields and measures of leverage 
(see also Figure 3). 

I7 Capital consumption adjustment converts depreciation and inventory valuation adjustment converts inventory 
withdrawal from historical to replacement costs, which is the mcasurc used in NIPA. 

’ * Another approach would be to rescale B URD, so that its mean/standard deviation ratio is comparable to that 
of LEVEZ?, and to combine these measures linearly: [XV ~_ AS, = ~,,EER I + K ln(ln( BUM t 1). Anderson and 
Sundaresan (2000) used this method. The results presented in this paper are not sensitive to the construction of 
the measure of total leverage. 

” To be sure, any traditional measure of debt derived from the balance sheet data understates the true amount of 
leverage in the economy due to increasing off-balance-sheet liabilities. Nevertheless, the traditional measures of 
leverage calculated from the officially reported balance sheet data have proved to be useful even when 
measuring performance of such major derivatives players as Enron and LTCM. As pointed out by Chairman 
Greenspan, problems of thcsc firms “were readily traceable to an old fashioned excess of debt, however 
acquired, as well as to opaque accounting of that leverage...” 
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The instantaneous volatility of the asset value, v2, is unknown. It is assumed to be time- 
varying, proportional to the volatility of equity returns: v t 2 = (‘aJ2, where A is a constant 
scaling parameter. The volatility of equity returns is estimated as the square of the rolling 
standard deviation of quarterly returns on the S&P500 Composite index, 1,, over a 12-quarter 
window.20 Returns are calculated as R, = In It - In It-l,. Parameter A is estimated when the 
AST model is fitted to the data. 

C. Estimation 

To construct a measure of corporate vulnerability, we first fit the theoretical bond yield- 
calculated as yt = cPr/Bt, where Bt is a price of corporate bond, defined in (4)-(7)-to the 
actual yields on the corporate bond index. Since the value of corporate assets, Vr, is unknown, 
we normalize the model with respect to Yt, and assume that the ratio of the bankruptcy cost to 
the asset value, K,N,, the recovery rate, 0, and the dividend rate, p, are constants. They are 
inferred from the data. 

Given these assumptions, the structural model described in the previous section can be 
implemented in the following form: 

wherey, is the actual yield on the Moody’s long-term corporate bond index. The fimctionyc) 
is the corporate spread implied by the theoretical bond value, B(.), calculated using the model 

(4)-(7) and the formula: y, = c$-/$ The variable cP& is approximated as total leverage, 
t t 

described in the previous section. The additive constant, a: is included to capture corporate 
liquidity and tax premiums that are embedded in corporate yields, but are not captured by the 
AST model. Corporate bonds pay a liquidity premium over treasuries because corporate 
markets are less liquid than government ones. They also pay a tax premium since interest on 
treasuries is tax deductible while interest on corporate bonds is not. We assume that the sum 

” We also experimented with another measure of quarterly volatility-realized volatility4efined as a sum of 
squared daily returns, R f ‘, as in Schwert (1989). This measure is shown to be an unbiased estimator of true 
volatility in continuous time by Andersen et. al, (2002); and we performed Monte Carlo experiments showing 
that sampling at a daily frequency provides a reasonably good discrete approximation to the true process 
governing quadratic variation of quarterly stock returns. Moreover, using nonoverlapping samples to estimate 
the quarterly variance avoids introducing autocorrelation into estimation error, unlike using the rolling sample 
standard deviation. However, we chose to work with the sample rolling volatility correcting for moving average 
in errors due to ease of computation. While the model with realized volatility fitted bond yields slightly better, 
the results of the forecasting exercise predicting the probability and severity of recession were fairly robust to 
the choice of a volatility proxy. 
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of these premiums is constant over time.‘l Finally, the constant term absorbs any systematic 
biases in the model ofyc). 

We estimate the parameters a, Ktn/; A, 6 pby nonlinear least squares. Since the model is 
highly nonlinear, to ensure that the global maximum is found, optimization is performed in 
two steps. First, a generic, nonderivative, method is used to find initial values, which are then 
used to fit the model to the data by the modified Gauss-Newton method. The model is fitted 
to both nominal and real corporate bond yields. 

The model is estimated in real terms as a robustness check, since the denomination of 
variables is not a significant factor in the model as long as all variables are expressed in the 
same terms as a common numeraire-in this case, a price or a yield on a risk-free asset. 
However, in practice, in periods of high inflation firms tend to switch to different accounting 
methods; fixed assets tend to be understated and long-term debt levels overstated, which may 
affect estimation results. Since all balance sheet and flows data are estimated as ratios, only 
interest rates and bond yields are adjusted for inflation. Inflation data are derived using the 
implicit GDP deflator from the NIPA. Expected inflation rates are estimated by fitting an 
ARIMA(7,1,3) model to quarterly inflation data over the period from 1947Q2 to 2001Q4.22 

The model tits both nominal and real yields well (Figures 5 and 6) with squared errors being 
less than 10 percent for nominal yield, and less than 14 percent for real yields (Table 2). 
While the parameters of both nominal and real models are similar, the cost of bankruptcy 
and the recovery rate are somewhat higher when expressed in real terms (Table 3). 

Estimated parameters are then substituted into equation (7) to obtain a measure of corporate 
vulnerability, which we will call a Corporate Vulnerability Index (CVI) through the rest of 
the paper. Figure 7 shows that the CVI increased before each recession. The CVI is a 
nonlinear function, increasing in leverage and the risk-free interest rate, and nonmonotonic in 
asset volatility. The combination of these factors explained the dynamics of the CVl over the 
sample period. Since its dramatic peak in the early 1980s caused by high interest rates and 
leverage, the CVI has generally trended down during most of the 1990s driven by either 
declining leverage or lower interest rates, indicating the increased resilience of the corporate 
sector to adverse shocks. The CVI increased modestly at the end of the 1990s reflecting the 
rise in debt levels and the increase in asset volatility, which were partially offset by lower 

This simplifying assumption is mainly driven by a lack of models that explain the behavior of liquidity 
premium and tax differential. 

22 This model fits the data well. The residuals appear to be white noise according to both Ljung-Box test and 
Bartlett tests. Ljung-Box (Q) statistic is 26.02 (with p-value of 0.96) and does not reject the null that the first 
forty autocorrelations are zero. Bartlett (B) statistics which is 0.45, with p-value of 0.98 also does not reject the 
null that residuals are white noise. Mean absolute errors are about 20 percent of the mean inflation rate. 
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interest rates. In general, the CVI increased before every recession, and whether it can predict 
economic downturns is analyzed in the next section. 

III. PREDICTINGTHEPROBABILITYOFRECESSION 

As suggested by the literature reviewed in the introduction, financial conditions of the 
corporate sector affect the probability of recessions. To evaluate this hypothesis, we employ 
a probit model that uses the NBER recession index (R,) as a dependent variable, as in many 
previous empirical studies.23 The NBER index equals one if the economy is in a recession 
during the given quarter, and zero otherwise.24 To assess the marginal predictive power of the 
CVI, we include other leading indicators, proved to be good predictors of U. S. recessions by 
previous studies, such as average weekly hours worked (A VGHRS), Conference Board’s 
vendor performance index (VENDOR), housing starts (HOUSING), the slope of the treasury 
yield curve (TRY-STR), and stock returns (SPREE): 

Prob (Rt+k = IlL?J = F(CO + clCVI* + c2 AVGHRSt + c3 VENDOR, + 
+ c4 HOUSINGt + c5 TRY-STR, + c6 SPRETJ, (12) 

where F() is a cumulative normal distribution function and ~‘2~ is an information set at time t. 

The estimation results indicate that the CVI is significant in predicting the probability of 
recession four to six quarters ahead, even controlling for other leading indicators (Table 4). 
For example, a 10 percent increase in the CVI is associated with a 0.08 percentage point 
increase in the probability of recession four quarters ahead.25 The fact that the CVI is 
significant in signaling the probability of recession at longer horizons may indicate that as 
markets recognize an increase in corporate vulnerability, the cost of external funding rises, 
and corporations are forced to work on improving their balance sheet positions. By the time 
the economy slips into a recession, corporate balance sheets have typically begun to improve, 
thereby lowering the CVI. 

23 Literature that uses binary models to evaluate the probability of recessions is vast. To name a few, Estrella 
and Hardovelis (199 l), Stock and Watson (1993) Estrella and Mishkin (1997), Dueker (1997), and Dotsey 
(1998). 

24 NBER’s Business Cycle Dating Committee determines whether the economy is in the recession or expansion. 
A recession is defined as a significant decline in activity spread across the economy, lasting more than a few 
months, visible in industrial production, employment, real income, and wholesale-retail sales, Expansion is a 
period between a trough and a peak of economic activity. 

25 The coefficients from the binary model cannot be directly interpreted as a marginal effect on the dependent 
variable. The marginal effect of the CVI on the conditional probability of a recession is given by: 
aProb(R, = 11 CVI,,&,)lXVI, = (-dF(-CVI~&,)IdCVI~)&, , where F(.) is a cumulative distribution function. 
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The model incorporating the CVI more successfully predicts the probability of a recession 
than traditional models. A high probability of recession was predicted four quarters in 
advance of the 1990-9 1 recession. In contrast, other widely used leading indicators failed to 
predict this recession episode, as documented in Estrella and Mishkin (1997), Dotsey (1998), 
and Stock and Watson (2000). F or example, model (9) predicted an 86 percent probability 
that the economy would slip into recession in 1990, while the Estrella and Hardovelis (1991) 
model, which uses the treasury yield curve, implied only 20 percent probability and the 
Estrella and Mishkin (1997) model, which uses the treasury yield curve and stock prices, 
implied only a 25 percent probability. 

Adding the CVI to other leading indicators significantly improves the model’s forecasting 
accuracy. Model (9) correctly predicted the timing of the recent recession four quarters in 
advance, while the same model without the vulnerability index failed to do so (Figures 8 
and 9). The model with the CVI forecasted a recession with 53 percent probability in the 
first quarter of 200 1, while the model without the CVI placed only a 6 percent probability of 
a recession in the first quarter of 200 1. In addition, the model with the CVI did not produce 
false recession signals in the mid-1990s, when the economy was in the midst of an 
expansion, unlike the model without the CVI. Although the model with the CVI suggested a 
significant jump in the likelihood of a recession from virtually zero in the fourth quarter of 
1994 to almost 30 percent in the second quarter of 1995, the probability was still below 
50 percent. In contrast, the model without the CVI implied a 63 percent probability of a 
recession in the second quarter of 1995. 

IV. PREDICTINGTHESEVERITYOFRECESSION 

To assess whether the higher Corporate Vulnerability Index is associated with a more severe 
slowdown, as suggested by the theory outlined in the introduction, we first need to construct 
a variable that would rank recessions with respect to their severity. Since, to our knowledge, 
there is no such variable existing in the literature, we construct it in the following way. First, 
the magnitude of a cumulative decline of real GDP between the pre-recession quarter and the 
last quarter of the recession, normalized by the length of the recession, is calculated. Second, 
recessions are then ranked, with a higher rank representing a more severe recession or a 
group of more severe recessions (see Table 5 for a detailed description of ranking rules). The 
resulting variable is called a Severity of Recession Index (SRI). Several different rules were 
used for grouping the recessions according to their severity-to obtain different variations of 
the SRI-to check the robustness of the results. Another Severity of Recession Index was 
also constructed, in which recessions were ranked with respect to their length, with a higher 
rank representing a longer recession. Every modification of the SRI is set to zero during 
expansion periods. 

We then estimate a model similar to model (9) with different versions of the SRI as a 
dependent variable: 
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Prob (Rt+k = MIL?J = N (co + clCVIt + ~2 AVGHRSt + ~3 VENDORt + 
+ c4 HOUSINGt + c5 TRY-STR, + cg SPRET$, (13) 

where M is one of the several values, taken on by the ordinal dependent variable SRI. The 
model is estimated by the ordered probit. 

The estimation results indicate that an increase in the CVI is associated with an increase in 
the probability of a more severe recession three to six quarters ahead (Table 6). When 
recessions are ranked according to their length, the estimation results indicate that an increase 
in the CVI also raises the probability of having a longer recession (Table 6, bottom panel). 

V. CONCLUSIONS 

It has been long recognized that the financial conditions of the private sector may have 
significant influence on the macroeconomy. This paper shows that a combination of different 
factors-such as macroeconomic conditions, equity volatility, and structure of financial 
contracts, in addition to financial conditions-determines the health of the corporate sector, 
and has an impact on the entire economy. The Corporate Vulnerability Index (CVI) designed 
in this paper combines these factors-all of which are suggested by the structural theory of 
corporate debt. 

The CVI is shown to predict economic recessions four to six quarters ahead. The results of 
the probit estimations indicate that an increase in the CVI is associated with a higher 
probability of a recession. The results also indicate that the model incorporating the CVI 
predicts recessions more successfully than other models-in fact, the timing of the 1990-91 
recession was correctly predicted four quarters in advance, the recession episode that other 
models fail to predict. Moreover, the model with the CVI correctly predicted the timing of 
the current slowdown, which was missed by the model without the CVI. 

Ordered probit estimates using the Severity of Recession Index, constructed in the paper, also 
indicate that an increase in the CVI is associated with a higher probability of having a more 
severe recession, both with regard to the loss of output and the recession length. 

These results shed new light on the relationship between financial conditions of corporations 
and the macroeconomy, indicating that higher corporate vulnerability is indeed associated 
with a downturn. They also provide evidence in support of the structural theory of corporate 
debt, which suggested the combination of factors in explaining the vulnerability of the 
corporate sector. 
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DATA APPENDIX 

Calculation of corporate interest payments 

Gross interest: each subtype of corporate market debt (dealer-placed commercial paper, 
municipal debt, corporate bonds, bank loans n.e.c. plus other nonbank loans, mortgages) is 
multiplied by a respective interest rate (see description of interest rate data below). 

Net interest: gross interest after netting out receivables due to corporations. Annual data on 
net interest of nonfinancial corporations from the NIE’A are converted to quarterly data using 
a cubic spline with the last observation matched to the source data. The data for 2001 are 
calculated assuming a constant quarterly growth rate, equal to the average growth rate in 
2000. 

Interest rate data 

All data are from the Federal Reserve Board (FRB), their construction is described in detail 
on the FRB’s web-site. This appendix only describes changes to the time-series we needed to 
undertake due to data limitations. 

Corporate yields: Moody’s average (Baa-rated) bonds, with average maturity of 25 years. 
Moody’s attempts to construct averages derived from bonds whose remaining lifetime is such 
that newly issued bonds of comparable maturity would be priced off of the 30-year treasury 
benchmark. Even though callable bonds are included in the index, issues that are judged 
susceptible to early redemption are excluded. The construction of the average yields is 
described in the Moody’s Weekly Credit Survey, Corporate Yield Average Guidelines. 

Treasury yields: 30-year constant maturity treasury bonds would have been the closest match 
for the corporate yield data used. However, these data are only available starting in 1977 (see 
table below). Therefore, average data on treasury bonds which are neither due nor callable in 
less than ten years (treasury composite, with maturity over ten years) are used. Since this 
series ends in June 2000, it is concatenated with observations calculated as an unweighted 
average of yields on 30-, 20-, and lo-year bonds. Unweighted averaging is used by the FRB 
in constructing the composite long-term bond. The constructed average series closely 
matches the Composite FRB index. For a construction of the constant maturity indexes, see 
FRB web page: http://www.federalreserve.gov/releases/hl5/data/m/tcm3Oy.txt 

Maturity 1 Availability, monthly data 

30-year 

20-year 

02: 1977 - present 

04:1953 - 12:1986 and lo:1993 -present 

1 O-year 

Composite (IO-year and longer) 

04: 1953 - present 

01:1925 - 06:2000 
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Mortgage rate: available only after January 197 1, thus is constructed as Moody’s AAA 
corporate bond yield plus 0.76-an average difference between two series after 1971. 

Municipal bond rates: constructed following the methodology described in Hall (2001). 

Corporate paper rate: for the sample Ql 1971-42 1997 historical data on three-month 
A2/P2 nonfinancial commercial paper rate is used. For the sample period 1969 41-1970 44 
data are constructed as a sum of the three-month treasury-bill yield and 0.78, an average 
paper-bill difference after 1971 Ql. 

Bank lending rate: primary bank lending rate. 

List of variables 

Variable name Description Source or Calculation 

ASSTANG Tangible assets* Table B. 102. Flow of Funds, Federal Reserve Board 
(FF, FW 

ASSTOT Total assets Table B. 102 (FF, FRB) 
ASSFIN Financial assets Table F. 102 (FF, FRB) 
LIABTOT Total liabilities Table F. 102 (FF, FRB) 
DEBT Liabilities: Credit market debt Table F. 102 (FF, FRB) 

(Debt) 
EQUITY Market value of equities (FF, F=9 

outstanding (Equity) 
PROFITS Profits with IVA and CCA NIPA 
LEVFIN Leverage Credit Market Debt/ Financial Assets 
DBTEQTY Balance sheet leverage Debt/(Debt+Equity). 

Book value of debt and market value of equity 
DBTASS Leverage Debt/Assets. Book value of debt and book value of 

assets 
DBTTANG Leverage Debt/Tangible Assets. Book value of debt and book 

value of assets 
DBTFIN Leverage Debt/ Financial Assets. Book value of debt and book 

value of assets 
GRSINTR 

NETINTR 

Estimated gross interest, flow 

Estimated net interest, flow 

Estimated as described above. Composition of 
liabilities: Flow of Funds, Federal Reserve Board 
Interest Rates: FRB data and estimation, following 
Hall (2001) (see above). 
Net interest of nonfinancial corporations, annual data, 
NIPA 
Converted to quarterly using cubic spline with last 
observation matched to the source data. The data for 
200 1 are calculated using assuming a constant 
quarterly growth rate, equal to average growth rate in 
2000. 
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GRSBDN 

NETBDN 

Estimated gross interest burden, Gross interest divided by profits of nonfinancial 
flow corporate sector inventory adjustment (IVA) and 

capital consumption adjustment (CCA), NIPA 
Estimated net interest burden, flow Net interest divided by profits with IVA and CCA, 

NIPA 
GRINTSTOCK Implied gross interest, stock Estimated as present value assuming constant 

quarterly flows, equal to estimated gross interest, 
during next 25 years to maturity. Discount rate set to 
the current average corporate bond yield. 

NETINTSTOCK Implied net interest burden stock Above procedure is applied to NETINTR 
PROFSTOCK Implied stock of profits Above procedure is applied to quarterly flows of 

profits of nonfinancial corporations. Profits with IVA 
and CCA, from NIPA. 

BRDGRS STK Stock gross interest burden Implied stock gross interest / implied stock profits 
BRDNETSTK Stock net interest burden Implied stock net interest / implied stock profits 
TRYLONG Estimated average yield on long Unweighted average of constant maturity 10,20, and 

treasury bonds 30 Treasury bonds, FRB 
TRYCOMP Average composite yield on FRB 

Treasury bonds with 10 or more 
years to maturitv 

Y-BAA 
STDDEVSP 

STDEVWIL 

AVRHRS 

VENDOR 

Yield on Moody’s Baa bonds 
Standard deviation of S&P 500 
return 
Standard deviation, Wilshire 5000 
(available from 197 1 only) 
Average weekly hours, 
manufacturing 
Vendor performance, slower 
deliveries diffusion index, percent 

FRB 
Rolling standard deviation, 12-quarter window. 
Haver Analytics 
Rolling standard deviation, 12-quarter window. 
Haver Analytics 
Haver Analytics 

Haver Analytics 

HOUSING New private housing unites 
authorized by local building 
permits (thousands, SAAR) 

TRY-STR 

SPRET 

Treasury yield curve: 1 O-year 
Treasury bond less Fed funds rates 
(percent) 
Stock price return: S&P 500 
Comnosite 

Haver Analytics 

Haver Analytics 1 

Estimated as R, = InIl - In I,-,, where I, is the value of 
S&P500 Composite stock index. Haver Analvtics 

* All data, except for interest rates, bond yields, and stock returns, are for nonfinancial corporate business. 
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Table 1. Sample Summary Statistics: Selected Variables I/ 

Mean Standard Deviation 

Balance sheet leverage 53.77 9.51 
Debt burden 108.76 46.30 
Total leverage 147.01 50.61 
Nominal corporate bond yield 10.03 2.38 
Real corporate bond yield 6.92 2.73 

I/ In percent. 

Table 2. Model Fit to Corporate Yields l/ 

Mean Standard Deviation 

Corporate yields: 
Nominal actual 
Nominal fitted 

10.028 2.210 
10.031 2.384 

Real actual 
Real fitted 

Root Mean Squared Error (RMSE): 
Nominal, absolute value 

As percent of nominal actual mean 
Real, absolute value 

As a percent of real actual mean 

l/ In percent 

6.799 2.447 
6.924 2.726 

0.966 0.112 
9.636 
0.967 0.189 

13.959 

Table 3. Estimation Results of Fitting the Model to Corporate Yield Data l/ 
The model estimated is: y, = CONST + y,(LEVER, r,, A q&XXI: THETA, BBETA) + u,, where y, is a yield on a 
long-maturity Corporate Bond Index; y,(.) is a theoretical corporate bond yield, derived in Anderson, Sundaresan, 
and Tycon (1996); LEVER, is a measure of total leverage, r, is a yield on a long-maturity Treasury Composite 
Bond Index, and SIGMA, is equity volatility. CONST, a volatility scaling factor A, a bankruptcy cost BCOST, and 
a dividend rate BEETA are constant model parameters. u, is a residual. The model is estimated by non-linear least 
squares over the sample from 196941 to 2001Q4. 

Nominal Yields Real Yields 
Standard Standard 

Coefficient l/ Error Coefficient l/ Error 

CONST 14.352 0.204 
THETA 2.004 0.103 
BCOST 6.982 0.414 
A 0.099 0.000 
BBETA 27.599 0.018 

Adj. R-squared = 0.823 

l! Coefficient significant at a 1 percent level. 

10.944 0.188 
4.134 0.188 

10.699 0.568 
0.178 0.001 

20.044 0.037 

Adj. R-squared = 0.849 
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Table 6. Predicting the Severity of Recessions, Ordered Probit Estimations 

The model cstimatcd is: Prob (R ,+k = Mj = N (co t c,CVI, + c2 AVGHRS, +cj VENDOR, + cd I lOUSING, + + cs 

TRY-STRt f c6 SPRET,), 

where Rltk is the NBER recession index, A4 is one of the Severity of Recession Index (SRI) modilications from Table 5; the CVI, 

is the Corporate Vulnerability Index, AVGHRS, is average weekly hours worked, VENDOR, is the vendor performance index, 
HOUSING, is housing starts, TRYSTR, is the Treasury yield curve, and SPRET, is stock returns. N(.j is a cumulative normal 
distribution function. k is a forecasting horizon, in quarters. 

SRI, Kating: Individual 
k=3 k=4 k=6 

Coefficient Std. Error Coefficient Std Error Coefficient Std. Error 

Cl 1.248** 0.665 1.939+ 0.73 1 1.598* 0.696 
c2 0.122 0.223 0.160 0.255 0.170 0.293 
c3 0.015 0.014 0.022 0.017 0.000 0.016 
c4 -0.000 0.001 0.001** 0.00 1 0.003* 0.001 
C 5 -0.447* 0.098 -0.489* 0.098 -0.571* 0.09 1 
c6 -4.630 3.324 -2.359 2.715 3.595 3.523 

Pseudu R2 

SRI, Rating: Groupped # 1 

0.282 

CoeffLzient Std. Error 

0.271 

Coefficient Std. Error 

0.236 

Coefficient Std. Error 

Cl 1.323** 0.655 1.970* 0.728 1.798* 0.673 
C z 0.084 0.223 0.142 0.258 0.182 0.290 
c3 0.016 0.014 0.022 0.017 0.000 0.016 
c4 0.000 0.001 0.001* 0.001 0.003* 0.001 
C5 -0.440* 0.097 -0.482* 0.098 -0.566* 0.089 
c6 -4.485 3.278 -2.459 2.709 3.230 3.531 

Pseudo It2 0.286 0.271 0.237 

SRI, Rating: Groupped # 2 

C I 
CZ 
c3 

c4 

C5 
c6 

Coefficient Std. Error 

1.904* 0.774 
0.080 0.245 
0.016 0.014 
0.000 0.001 

-0.487* 0.105 
-4.686 3.401 

Coefficient Std. Error 

2.576* 0.833 
0.150 0.286 
0.026 0.015 

0.001” 0.001 
-0.536* 0.113 
-1.813 2.720 

Coefficient Std. Error 

2.223* 0.733 
0.157 0.313 
-0.002 0.017 
0.003* 0.001 
-0.605’ 0.108 
2.778 3.670 

Pseudo R2 0.365 0.374 0.295 

SRI, Rating: Recession Length 
Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error 

C 1 3.040* 0.932 4.516* 0.978 2.720* 1.017 
C2 0.245 0.295 0.691* 0.295 0.151 0.375 
C3 0.054’ 0.017 0.056* 0.020 -0.001 0.019 
c4 0.000 0.001 0.001 0.001 0.003* 0.001 
C5 -0.492* 0.125 -0.652* 0.152 -0.694* 0.145 
c6 -5.795 4.181 -2.702 3.520 3.612 3.767 

Pseudo R2 0.416 0.403 0.308 

* Coefficient slgnlfmnt at a 1 percent level, ** at a 5 percent Icvel, -** at a 10 percent lcvel 
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Figure 1. P/E Ratios of S&P 500 Composite Stock Index. 
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Figure 2. Corporate Sector: Total Leverage and Corporate Bond Spreads l/ 
(In percent) 
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Figure 3. Corporate Sector: Total Leverage l/ 
(In percent) 

Source: Board of Governors of the Federal Reserve, Flow of Funds Accounts of the United States, and author’s estimates. 
I/ The Total Leverage is defined as a sum of balance sheet leverage and a stock of gross debt burden. Shaded areas indicate recession 
periods. 

Figure 4. Nonfarm Nonfinancial Corporate Sector: Funds Raised, $ billions 
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Figure 6. Real Corporate Bond Yields: Actual and Fitted 
(In percent) 

16.0 

12 0 

10.0 

80 

60 

40 

20 

00 

Source: Moody’s Investors Service, author’s estimates 



- 27 - 

1 00 

0.90 

080 

0 70 

0 60 

0.50 

0.40 

0 30 

0 20 

0.10 

0 00 

/ 

Figure 7. Corporate Vulnerability Index 
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Figure 8. Probability of Recession, Predicted with the Corporate Vulnerability 
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Figure 9. Probability of Recession, Predicted without the Corporate Vulnerability 
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