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Abstract 

 

This paper examines the influence of market valuations on prediction models of credit ratings, addressing a 

dispute between academic theory and institutional practice.  I show that market leverage provides more 

accurate predictions of rating than book leverage.  Using a decomposition method for market-to-book ratios 

developed by Rhodes-Kropf, Robinson, and Viswanathan (2005), I examine the impact of growth options on 

ratings.  I show that firms with large growth options, relative to assets-in-place have ratings better estimated 

by historical cost accounting measures, while ratings are better predicted with market measures when growth 

options are smaller relative to assets.   
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 Capital structure and asset allocation decisions play an integral role in credit rating assignments.  For 

the corporate manager, understanding the factors that affect ratings can be helpful when balancing credit 

needs and financial flexibility.  Graham and Harvey (2001) report that financial flexibility is the most 

important factor for CFOs in their capital structure decisions, followed closely by credit ratings.  Though 

many studies focusing on capital structure and credit risk modeling use market leverage measures, they can be 

criticized because rating agencies openly state a preference for historical cost accounting, or book value, when 

assigning ratings.  The agencies assert that book value more accurately identifies a firm‘s true debt capacity.  

Moreover, agencies view market values skeptically because market volatility and investors‘ focus on a short 

time horizon can lead to periods of misvaluation and over- or under- estimates of debt capacity (Pettit 2004).  

The criticism continues by suggesting that if the agencies don‘t utilize market valuations, then results driven 

by these measures are biased at best and flatly wrong at worst.  This creates a problem for the corporate 

manager who must decide how to set and evaluate his capital decisions.  The finance textbooks and literature 

suggest that market values are more informative than book values about a firm‘s future prospects, while 

rating agencies claim to discount market valuations‘ usefulness.  This paper examines the informational 

differences between market and book leverage captured in credit rating models.  These results indicate that 

corporate managers can use market leverage tools when evaluating debt capacity, predicting credit ratings, and 

setting debt policy. 

 Recent capital structure literature suggests that firms target credit ratings when setting optimal debt 

policy.  The Graham and Harvey (2001) survey indicates significant concern about credit ratings among their 

sample, perhaps because they proxy for distress costs.  Kisgen (2006) demonstrates that firms adjust their 

capital structure in response to credit ratings, showing that firms near ratings upgrades or downgrades are less 

likely to issue debt relative to equity than firms not near a ratings change.  Perhaps due to clientele effects, 

credit rating levels affect the capital structure consistent with a given rating.  This implies that firms might 

strategically direct investment allocations towards new growth opportunities or assets-in-place to affect both 

their ratings and, by extension, their investor clientele.  This paper shows that market measures provide 
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superior information about firms‘ growth options and their relationship to assets-in-place, in the context of 

credit ratings. 

 The capital structure literature ties credit spreads and default risk to firm decisions about leverage 

policy.  Consistent with theory, these papers suggest that capital structure policy should include a firm‘s 

fundamental value of assets-in-place, future returns on those assets, and future growth opportunities.  

Barclay, Smith, and Watts (1995) explicitly ignore book leverage in their empirical analysis of corporate debt 

policy, but acknowledge that book leverage can serve as an important guide of collateral availability by 

excluding intangible assets.  This argument reinforces Myers‘ (1984) assertion of the potentially high costs of 

underinvestment associated with financing growth options with debt.  Nonetheless, book values are not 

perfect measures of the real value of collateral.  ―[I]ntangible assets – the kind that characterize the growing 

service sector – may increasingly provide stable cash flow streams that can support more debt financing‖ 

(Barclay, Smith, and Watts 1995:19).  I examine how growth options can affect credit ratings and how their 

presence may affect management decisions about capital structure.  I show that growth options can be 

economically important to a firm‘s credit rating.  More specifically, certain kinds of firms are better able to 

convert growth options into better ratings.  My results imply that a firm whose market value is driven 

significantly by the value of its growth options is less likely to have a rating predicted by market values.  

Conversely, a firm heavy with assets-in-place can recognize ratings gains from adding growth options.  In 

aggregate, models using market leverage modestly outperform book leverage, precisely because there are few 

firms whose growth options are large relative to assets-in-place.  Moreover, the firms for which growth 

options are large are not themselves large firms, and therefore do not have substantial impact on aggregate 

results.   

 The focus of this paper is credit ratings, which are not exactly synonymous with debt capacity, 

though my results offer interesting implications for corporate assessments of debt capacity.  Johnson (2003) 

confirms that growth options negatively affect leverage.  Yet growth options can serve a useful function as a 

safety net against default, presumably by decreasing the chance of default relative to the firm that did not 

have an option.  My results suggest that firms with growth options can recognize their safety net effect 
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through better ratings, even if firms cannot borrow against them (Barclay, Smith, and Morellec 2006).  

Though this paper suggests that corporate managers can effectively use market valuations in their debt policy, 

this paper also addresses a paradox facing financial researchers.  If rating agencies don‘t use market 

information, why should academics who investigate credit patterns?  In practice, does it matter if researchers 

use market or book leverage when discussing credit ratings?  In examining the impact of market valuations on 

prediction models of credit ratings, I show that the inclusion of market leverage provides small, aggregate 

improvement over pure book models, suggesting informational deficiencies in book-only models.  I illustrate 

that the distribution of asset allocation between assets-in-place and growth options affects the difference in 

market and book models of credit ratings.  As most firms have large assets-in-place relative to growth 

options, market leverage models demonstrate small superiority in prediction overall. 

 The remainder of this paper is organized as follows.  Section 1 examines the relevant literature 

between book and market leverage and ratings and further develops the motivation.  Section 2 describes the 

data.  Section 3 establishes basic performance comparisons of book and market leverage probit models.  

Section 4 details the market-to-book ratio decomposition regression methodology and advanced probit 

models.  Section 5 presents the findings and a discussion of the results.  Section 6 concludes. 

 

1. Literature Review 

 

This paper bridges a gap between a mature literature on credit rating determinants and more recent 

research in credit risk and capital structure.  The rating agencies typically favor book leverage in their 

evaluations of default risk.  In particular, this paper examines the usefulness of book leverage, relative to 

market leverage, in predicting credit ratings.  Specifically, book leverage places substantial importance on the 

historical cost of assets-in-place, while market leverage also includes these historical costs, it also incorporates 

a forward cash flow valuation of assets-in-place and growth options.  These additions tie market-based 

information closer to academic models of default risk, debt capacity, and credit spreads.  Moreover, recent 
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capital structure research examines the influence of credit ratings on corporate debt policy decisions.  This 

paper provides a link between practitioners‘ and researchers‘ methodologies. 

If market models predict ratings at least as well as book models, do they provide additional insights 

about how firms can use market information to target credit ratings when setting optimal debt policy? 

Finance theory suggests that an analysis of a firm‘s default probability should include all long-term value 

contributors, including profitable business operations and growth options.  While it may be difficult for firms 

to liquidate growth options through an asset sale, growth opportunities may offer positive operational cash 

flow going forward, possibly providing a safety net in a time of cash flow deficiency.  Moreover, a firm with 

valuable growth options could issue new equity on the expected value of these future cash flows and pay 

down debt.  These value contributors and assets-in-place are major components of the market value of 

equity.   

One method of evaluating the usefulness of market or book values is to build a model of ratings and 

substitute book and market values as the primary determinants of ratings.  If book leverage outperforms 

market in predicting ratings, we may conclude that historical cost accounting is the preferred method.  The 

early academic research followed the practitioner approach, using accounting variables in models of ratings.  

Hawkins, Brown, and Campbell (1983) and Belkaoui (1983) discuss the process, methodology, and analysis 

used by the rating agencies, complete with exhibits of financial ratios.  ―As the ability of most companies to 

raise equity on the right terms and at the right time has historically been sporadic, S&P seldom factors in 

equity as an alternative in the near term‖ (77).  To this end, rating agencies do not consider a firm‘s market 

valuation, calculate a firm‘s market leverage, or lend much weight to equity markets as a source of capital 

(Hawkins, Brown, and Campbell 1983). 

While the inclusion of accounting determinants – book value of assets-in-place, operational cash 

flow, earnings stability – should help assign and predict ratings, they are naturally backwards looking.  These 

variables contain information about the firm‘s past performance, stability, and financial health.  On the other 

hand, the assessment of a firm‘s future likelihood of default is, by definition, a forward-looking question.  The 

agencies, like other market participants, use basic, publicly available information as the primary resource for 
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quantitative determinants of default.  Concurrent with agency evaluations, investors set a valuation of the 

firm, as residual rights holders, which would include their related assessment of a firm‘s default probability 

(Kliger and Sarig 2000).  This does not necessarily imply that the rating agencies use market pricing 

information in their forward looking assessment; it is possible that the agencies independently assess a firm‘s 

prospects and can verify their assessments by comparing them to market valuations.   

If market leverage outperforms book models, we might surmise that there are subtle, but useful, 

information differences between book information and market valuations.  Specifically, we might be able to 

distinguish whether a firm‘s rating is related to the value of growth options and sale value of assets-in-place 

and thus determine their usefulness as corporate tools in fighting default.  Another distinguishing 

characteristic of the rating process is the agencies‘ private information from firm management, which 

provides the agencies with an opportunity to reconcile differences between reported book- and ‗true‘- 

estimates of debt capacity.  Specifically, when evaluating default probability, agencies might receive private, 

accurate estimates of the value of a firm‘s growth options and assets-in-place.  This suggests that the agencies 

depend on their independent analysis, as well as critical discussion with management regarding the firm‘s 

future prospects, to evaluate forward-looking credit risks.  ―[M]anagement‘s financial projections are a 

valuable tool in the rating process, because they indicate management‘s plans, how management assesses the 

company‘s challenges, and how it intends to deal with problems.  Projections also depict the company‘s 

financial strategy in terms of anticipated reliance on internal cash flow or outside funds, and they help 

articulate management‘s financial objectives and policies‖ (Standard & Poor's 2006:16). In addition to the 

public accounting information, the agencies utilize financial projections unavailable to academics, though the 

management projections also require additional evaluation of management credibility and their projections.  

Within the constraint of publicly available information, it is impossible for an academic study to determine if 

a rating agency used private information, or was sophisticated in assessing credit risks.  This paper shows that 

in combination with using other common determinants of ratings – net income, firm size, cash flow stability 

– market leverage provides a slight improvement to book leverage at the aggregate level.  Researchers, unable 
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to observe or quantify this private information, may nonetheless resort to using market assessments to gain 

some forward-looking predictions.   

A rating agency‘s evaluation of credit risk hinges on two basic questions: what is the probability of a 

firm‘s default and what is the bondholders‘ loss, given default.  In addressing these questions, agencies 

produce two different types of ratings—one focused on specific bond issues and another related more 

broadly to the firm itself.  These ratings are highly correlated, but need not be the same.1  For example, 

Standard & Poor‘s explicitly differentiates these two rating types as by- issue or by- issuer, saying that the by-

issue rating considers both probability of default and the loss given default, but the by- issuer rating only 

considers the firm‘s probability of default.  This study focuses exclusively on the by issuer, i.e., default-only, 

ratings. 

There is an extensive literature examining the determinants of ratings.  The traditional focus narrows 

to a select group of accounting variables measuring size, profitability, debt ratio, and stability to predict 

ratings.  Horrigan(1966) utilizes a six-variable model (subordination, total assets, working capital/sales, net 

worth/total debt, sales/net worth, and net operating profit/sales) to predict 58% of Moody‘s ratings and 52% 

of S&P‘s ratings correctly.  Pogue and Soldofsky (1969) use five variables (debt/total capital, net income/total 

assets, coefficient of variation of net income/total assets, net total assets and net income plus 

interest/interest) to identify whether bonds should be rated high (Aaa) or low (Baa).  Ederington and 

Yawitz(1986) survey the research of informational content of credit ratings and show that two thirds of new 

issue ratings can be predicted using publicly available information, though they also concentrate on book, not 

market, value.   

 In fact, rating agencies occasionally state that they use market valuations as one component of the 

assessment methodology, though it appears discreetly among a list of capital structure financial ratios.  

―Knowing the true values to assign a company‘s assets is key to the analysis.  Leverage as reported in the 

financial statements is meaningless if the assets‘ book values are materially undervalued or overvalued relative 

                                                           
1 This difference might typically show up when a firm issues debt of differing seniority.  For instance, a junior 
bond is more likely to default than a senior bond, and may have a lower credit rating than the overall firm, 
likely because of the junior bonds greater relative loss given default.   
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to economic value.  Market values of a company‘s assets or independent asset appraisals can offer additional 

insights.  However, there are shortcomings in these methods of valuation (just as there are with historical cost 

accounting) that prevent reliance on any single measure.  Similarly, ratios using the market value of a 

company‘s equity in calculations of leverage are given limited weight as analytical tools.  The stock market 

emphasizes growth prospects and has a short time horizon; it is influenced by changes in alternative 

investment opportunities and can be very volatile.  A company‘s ability to service its debt is not affected by 

such factors‖ (Standard & Poor's 2006:28).  While this statement indicates the agency‘s awareness of a firm‘s 

market value, it also suggests that this valuation method is not substantially used.  Moreover, it implicitly 

acknowledges the importance of fundamental valuation and expected returns.  If market information has less 

informational advantage to book value, then market leverage based prediction models should have lower 

predictive power than models using book leverage.  This would be evidenced by lower pseudo-R2 and lower 

accuracy for in-sample prediction.2   

However, market value may also include mispricing, which might mask the true value of the firm‘s 

assets-in-place and growth options.  Accurately estimating a firm‘s default probability requires that the rating 

agency supplement publicly available accounting information with private information from management 

(Ederington and Yawitz 1986).  This private information may enable the rating agencies to distinguish true 

value from market mispricing.  As a result, if the agencies use market valuations at all, they may be able to 

identify and exclude short-term mispricing in their ratings models, as the mispricing provides no long-term 

value.  I expect that a model of ratings that distinguishes between market mispricing and growth options will 

yield more accurate predictions than a model without, for both book-leverage and market-leverage. 

It would be unsurprising to learn that the agencies might use market valuation of assets as 

confirmation of their independent analysis of book assets, expected returns, and growth options.  Consistent 

with academic research using market value of equity in ratings models ((Kaplan and Urwitz 1979),(West 

1970),(West 1973)), I find measures for market leverage negatively affect ratings, but these models do not 

                                                           
2 Inoue and Kilian (2005) illustrate that in-sample tests of predictability are typically more credible and no 
more susceptible to data mining than out-of-sample tests.  Rapach and Wohar (2006) confirm this finding 
with stock return data . 
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substantially improve on prediction models that utilize book value alone.  Altman and Rijken (2004) 

investigate the reasons for credit rating stability by developing a credit scoring model using market equity 

value, but decline to extend their analysis into an exploration of an optimal set of model variables.   

Several papers, including Johnson (2003), use market-to-book ratio as a proxy for growth options.  

However, market value could include mispricing.  Following a decomposition of market-to-book 

methodology (Rhodes-Kropf, Robinson, and Viswanathan 2005), I isolate components related to growth 

options from misvaluation.  The technique, developed by Rhodes-Kropf and Viswanathan (2004), 

distinguishes between different sources of valuation errors and long-run value to book.  This methodology 

has been used to study merger waves (Rhodes-Kropf, Robinson, and Viswanathan 2005), seasoned equity 

offerings (SEOs)(Hertzel and Li 2008), analyst coverage (Doukas, Kim, and Pantzalis 2005), and bankruptcy 

prediction (Lyandres and Zhdanov 2007).  More explicitly, the Rhodes-Kropf, Robinson, Viswanathan (2005) 

(RKRV) methodology also separates the valuation errors into firm-specific and industry-specific errors as two 

sources of market mispricing.  However, examining the sources of misvaluation and their individual 

contribution to the rating process is outside the scope of this paper, as I look specifically at the role of growth 

options on rating.  As a consequence, I consider the misvaluation as a single factor, a combination of the two 

RKRV-methodological variables and independent of growth options.  I expect that probit models that 

distinguish between variables for market misvaluation and growth options will have greater explanatory 

power and more accurate predictions of ratings. 

 

2. Data 

 

The sample includes firms with six consecutive years of data in Standard & Poor‘s Compustat 

database from 1981-2006 that have non-missing values for common shares outstanding; net income; fiscal 

year end share price; and earnings before interest, taxes, depreciation, and amortization (EBITDA).  I exclude 

observations with a negative value for total assets or common equity.  Following the Rhodes-Kropf, 

Robinson, Viswanathan (2005) methodology discussed in Section 4, firms are also excluded if their book-to-
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market ratio exceeds 100 or if the market value of equity is below $10 million, eliminating small market cap 

firms.  EBITDA stability is measured over a five-year period prior to the year in which the rating is measured, 

so the firm must have six years of consecutive, non-missing EBITDA data to be included in the sample.  

Consistent with earlier finance literature, I exclude financial firms (SIC codes 6000-6999) and utilities (SIC 

codes 4800-4949) from the sample because their capital structures are likely to be influenced by factors that 

differ from other industrial firms, such as capital adequacy requirements or utility regulation.  This sample is 

51,893 firm-years, but does not contain ratings information.  The Compustat ratings data is substantially less 

complete than other firm-level data and many firm-year observations are lost when ratings data is merged, 

reducing the sample to 18,004 firm-years.  I chose to develop valuation metrics within the RKRV 

methodology using the broadest sample of 51,893 firm-year observations, rather than with a restricted, 

ratings-only sample.   

Panel A of Table 1 contains summary statistics of firm characteristics for the initial sample, used in 

the market-to-book decomposition regressions.  The size measures reported in this table are raw figures, and 

vary greatly across the sample, so I use the natural log of book or market equity to attenuate the effects of 

large values.  Market value is defined as market equity (fiscal year end share price times shares outstanding) 

plus the book value of assets minus deferred taxes and the book value of equity.  I winsorize the performance 

measures at the 1st and 99th percentiles to eliminate extreme values (e.g. values exceeding the 99th percentile 

are set equal to the 99th percentile).  Return on assets (ROA) and return on equity (ROE) are defined as net 

income in year t divided by book assets (BA) or book equity in year t-1, respectively.  EBITDA stability (ES) 

is defined as the co-efficient of variation (CV) of earnings before interest, taxes, depreciation, and 

amortization (EBITDA) over book assets over the preceding five years.3  Firms with low variation in cash 

flow (more stable cash flow) have high earnings stability figures.  I report two measures of leverage: book 

                                                           
3 Earnings stability is calculated for each firm, i, for each year t with five preceding years of EBITDA data.   
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leverage (1 – book equity/total book assets) and market leverage (1 – market equity/market value).  Panel B 

of Table 1 presents the summary statistics of firms after restricting the sample to firms with long-term ratings. 

Firms in both samples are sorted into the Fama-French 12 industry categories(French 2008).  Panel 

A of Table 2 presents summary statistics of firm characteristics by industry.  As mentioned above, industries 7 

(Telephone/Television), 8 (Utilities), and 11 (Finance) are excluded, yielding nine industries in the sample. 

The data in this table suggests that firms vary widely both across and within industries.  Panel B of Table 2 

presents summary statistics of firm characteristics by industry after restricting the sample to firms with long-

term ratings.  Panel C presents summary statistics of firm characteristics by rating.  Though presented 

separately in this table, AAA-rated firms are grouped with AA-rated firms for probit model estimations 

discussed below.  Examining the mean summary statistics by rating yields few surprises—higher rated firms 

are monotonically larger than lower rated firms.  Performance measures are also monotonically better for 

higher rated firms.   

Following the initial regression estimation, I further restrict the sample to include only firms with 

Compustat S&P long-term ratings, reducing the sample to 18,004 firm-years.  There are few firms rated AAA, 

so I group these observations with AA-rated firms.  Similarly, I combine CCC firms with B-rated firms.  The 

S&P ratings documentation indicates that firms with ratings less than CCC face grave risk of default.  In 

addition, there are very few firms of lower rating that survive.  I chose to eliminate these firms to focus the 

analysis on firms with more substantial viability.   

In Section 3, I describe the basic ordered probit specifications I use and establish that market 

leverage has higher explanatory power than book leverage.  In Section 4, I decompose the market-to-book 

ratio to distinguish between growth options and market mispricing.  This requires ordinary least squares 

regressions to establish firm- and industry- valuation measures.  These regressions are conducted using the 

initial dataset of 51,893 firm-year observations.  I chose to restrict the sample after these first-stage 

regressions to establish broad industry valuation multiples with observations that would be lost because 

Compustat does not have complete rating information.  For the ordered probit specifications in Section 4, I 
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require the rating information and use the restricted ratings dataset, reducing the observations to 18,004 firm-

years. 

 

3. Initial Probit Models 

 

Prior academic literature suggests that several pieces of accounting data are used in ratings 

assignments: firm size, profitability, profit stability, interest coverage, and leverage.  Earlier research shows 

that default risk is negatively correlated with these features (e.g., more stable cash flow reduces the likelihood 

of default), and safer firms receive stronger ratings.  These accounting figures are historical, or backwards 

looking, and while the data may cast light on the probability of a future default, the rating agencies should 

also look forward to estimate the likelihood of a default.  In addition to the accounting figures, the rating 

agencies also receive private, internal information directly from firm management about the firm‘s existing 

and future business operations.  This information is not directly available from the firm‘s public disclosures or 

accounting information, so perfect predictions of ratings are impossible.  However, some of this information 

may be impounded in current market prices.4   

Modeling the probability of a particular credit rating given a vector of determinants is not easily 

accomplished with a linear regression.  An ordinary least squares regression is inappropriate to model the 

probability of a bond‘s rating, as the dependent variable is discrete.  The model may yield estimates greater 

than 100% or less than 0%.  Instead, I use a probit model, which is designed to limit the estimation between 

0 and 1 and provide intuitive estimates for probabilities of ratings.  Moreover, the ordered probit takes 

advantage of the ordinal sequencing of bond ratings, the dependent variable.  The dependent variable, rating 

(y), is sorted in descending order, from AAA/AA (1) to B/CCC-rated (5). 

I construct two ordered probit models of bond ratings using traditional determinants.  As 

hypothesized earlier, if book value is more informative about rating, I expect that this model earns a higher 

                                                           
4 It is possible that Regulation FD may affect the rating agencies‘ informational impact on market prices.  
Future research will test the impact of the Regulation FD on this analysis. 
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pseudo-R2, as well as performs better at in-sample prediction.  Expressing rating as a probit model of the 

traditional accounting variables yields cumulative and marginal probabilities of a firm receiving a specific 

rating given its accounting data and multiples decomposed from the market-to-book ratio.   

Greene (2003) offers a textbook description of the ordered probit model, which starts with a latent 

regression of the form:  

  

where y* is unobserved and x is a vector of traditional rating determinants, market misvaluation 

estimates, and growth option values.  Instead, I observe that  

  

  

  

  

  

The αs are unknown parameters and estimated with β.  As this estimation is an ordered probit, I 

implicitly assume that ε is normally distributed, with a mean of zero and a variance of one.  The probit model 

yields the following probabilities: 

Prob(y = 1|x) = Φ(-x‘β), 

Prob(y = 2|x) = Φ(α1 - x‘β) - Φ(-x‘β), 

Prob(y = 3|x) = Φ(α2 - x‘β) - Φ(α1 - x‘β), 

Prob(y = 4|x) = Φ(α3 - x‘β) - Φ(α2 - x‘β), 

Prob(y = 5|x) = 1 - Φ(α4 - x‘β). 

Using these probabilities, I estimate the likelihood that a firm, i, receives a rating given traditional 

accounting determinants, the market valuation errors and the value of growth options I estimated in the 

previous section.  As outlined in Section 2, I restrict the sample to firms with Compustat ratings data, 

reducing the sample to 18,004 firm-year observations.  These results are outlined in Panel A of Table 3.  
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Greene (2003) notes that the marginal effects of the regressors, x, on the probabilities are not equal to the 

coefficients.  The sign of the coefficients indicate the direction of shift in the probabilities—a positive 

(negative) coefficient unequivocally implies a lower (higher) rating5.  However, interpreting the magnitudes of 

the probit model coefficient requires additional calculations as the shifts in probabilities are not linear.  I will 

explore the marginal effects in greater detail in Section 5. 

Unsurprisingly, leverage, both book and market, have negative impact on ratings (low rating number 

indicates better rating, so positive coefficients indicate negative influence, i.e. a worse rating, and negative 

coefficients indicate positive influence, i.e. a better rating).  The other determinants are also properly signed, 

indicating better cash flow stability and higher operational income and size improve rating.  Interestingly, the 

book leverage model has similar, but lower pseudo-R2 than the market leverage model, suggesting that market 

valuation offers useful information about ratings.   

One limitation of the pseudo-R2 is that is that while the statistic describes the degree of fit, similar to 

an ordinary least squares R2, the prediction quality of the model can be measured on at least two dimensions 

– accuracy (the frequency of correct predictions) and precision (how close the predictions are to the observed 

results).  Simple comparison of pseudo-R2 is a little unsatisfying, so I examine the accuracy of the models‘ 

predictions in Panel B of Table 3.  I use the firm-year observation data and probit model coefficient estimates 

to predict the rating value, y.  For example, the Model 1 prediction for a firm-year observation of rating is 

calculated as: 

, + ( )× ( ) , , 

where i and t represent each firm and year, respectively.  The value of y is compared against the partition 

parameters, α1 through α4.  For example, to predict the 1993 Maytag Corporation rating using Model 1, I 

calculate: 

 

                                                           
5 The dependent variable, rating, is sorted in descending order, from AAA/AA (1) to B/CCC, so a lower 
number indicates a better rating. 
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, 

which indicates that Model 1 predicts a rating of 3, or BBB.  In fact, Maytag Corporation did have a BBB 

rating in 1993; the model correctly predicts the rating. 

Consistent with earlier research on ratings, these models correctly predict ratings in approximately 

60% of in-sample cases.  Counting the rate of correct predictions is just one measure of accuracy; I test the 

degree of over- and under-prediction bias, by assessing how often the prediction misses the observed rating 

and show that there is no consistent bias in direction.  In addition, I examine the precision, or degree of error, 

in the model, penalizing large misses in either direction by averaging the squared distance of error between 

the predicted and observed ratings.  This penalizes large misses greater than small errors while implying that 

the models with smaller total error offer closer misses.   

It is possible that a naïve grouping of all firms into a single model of rating insufficiently accounts for 

differences across industry.  Table 4 presents book and market leverage models with dummy variables for the 

nine remaining Fama-French industries.  Consistent with the earlier results, market leverage continues to have 

greater explanatory power, while the signs of the coefficients are properly signed.  Improvements in pseudo-

R2 and prediction accuracy are minimal, suggesting that major differences in rating assessment methodology 

across industries are small. I estimate separate probit models of rating for each industry.  To save space, the 

industry-specific coefficients of these probit models  are unreported, but Table 5 presents the prediction 

assessments for the book leverage (Model 1) an market leverage (Model 2) models.  The by-industry, market-

leverage model generates more correct predictions, as well as better precision, providing further evidence that 

market valuation yields significantly important information about ratings.  In light of this finding, I 

decompose the market-to-book ratio to identify the market information that is in fact useful for ratings 

predictions. 
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4. Advanced Probit Construction 

 

 While the firm‘s market valuation incorporates the market‘s belief of the value of the firm‘s growth 

options, an imperfect market may also include a misvaluation component that is related to the firm, industry, 

or market.  Investor sentiment regarding a particular firm, or sector may impact a firm‘s market valuation, 

masking the true value of growth options, as measured by market-to-book value.  To extract the value of the 

growth options, separate from any misvaluation, I follow the methodology of Rhodes-Kropf, Robinson, and 

Viswanathan (2005) referred to as RKRV, who explore how valuation components may influence merger 

activity.   

Existing capital structure theories suggest that, in the presence of asymmetric information, a firm‘s 

market value need not equal true value.  Myers and Majluf (1984) theorize that equity issuance implies that 

equity market value, M, is probably greater than its true value, V.  In an attempt to isolate and estimate a 

firm‘s true value, RKRV (2005) argues that a firm‘s market-to-book ratio can be separated into two 

components, market-to-true value, M/V, a measure of misvaluation, and true value-to-book, V/B, a measure 

of growth options, such that: 

   (1) 

They establish this decomposition as:  

  (2) 

where m is market value, b is book value, and v is a measure of fundamental, or true value, all expressed in 

logarithms.6  RKRV justify this decomposition by supposing a perfect measure of true value, v, exists and the 

market perfectly estimates future growth opportunities, discount rates, and cash flows.  Under this 

supposition, the market value is an accurate estimate of the firm‘s true value:  equals zero (i.e., no 

misvaluation). Therefore,  

   (3) 

                                                           
6 Following RKRV‘s convention, I denote values expressed in logs in lowercase letters.  My discussion of the 
decompo-sition closely mirrors theirs and Hertzel and Li (2008). 



 

16 

 

and  always equals .  However, if the market imperfectly estimates a firm‘s value, the market 

value will not equal the fundamental value: .  This implies that market errors due to misestimating 

discounted future cash flows or asymmetric information can be captured by a price-to-true value measure, 

.  When the firm is overvalued by the market,  is positive, and negative when the firm is 

undervalued. 

 RKRV calculate a market-to-book ratio that is a function of the firm‘s market value, the firm‘s 

contemporaneous accounting variables, and each firm‘s long-run industry valuations.  In motivating their 

decomposition of market-to-book, RKRV suggest that some of a firm‘s misvaluation can be attributed to a 

sector misvaluation, shared by all firms in an industry, while another piece is firm-specific.  This leads to 

separating  into three components:  

(1) the difference between observed price and a valuation measure that reflects time-t fundamentals 

(firm-specific error); (2) the difference between valuation conditional on time-t fundamentals and a 

firm-specific valuation that reflects long-run value (time-series sector error); and (3) the difference 

between valuation based on long-run value and book value (long-run value to book) (572). 

The first component measures the market valuation and the firm/time specific account valuation measure by 

comparing the firm‘s market price to an estimate of a firm‘s true value.  The second component compares a 

firm‘s true value from its industry‘s long-run value, while the third term compares the estimated true value 

and the firm‘s book value.  This expands Equation (2) into these three components: 

 m – b = [(m – firm accounting valuation measure) + (firm accounting valuation measure – 

industry valuation measure)] + (firm accounting valuation measure – book value),  (4) 

where the term in brackets represents a measure of market valuation to true value. 

Estimating the firm‘s true value, v, is critical in establishing whether a firm is over- or under-valued.  

More specifically, RKRV estimate v for each firm i in industry j at time t as a linear function of firm-specific 

accounting information (book value, net income, leverage) at a point in time, , and corresponding industry 

accounting multiples, .  They decompose firm i's market-to-book ratio at time t as: 
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    (5) 

The first term on the right side of the equation, , measures the difference between market 

value and fundamental value, conditional on firm iõs accounting data, , and the contemporaneous sector j 

accounting multiples, .  RKRV suggest that if the market or the firm‘s industry is misvalued at time t, it will 

be captured in the vector , so  represents all deviations common to a sector at time t.  

Therefore, misvaluation due to firm specific deviations from fundamental value is measured by 

, referring to this as firm-specific error.  The second term on the right side of the equation, 

, called time-series sector error, measures sector-specific deviations at time t from long-

run value.  The  term measures sector-specific valuation that does not vary over time, capturing 

long-term industry multiples.  This study does not investigate whether ratings are affected by the sources of 

market misvaluation, so these two terms, firm-specific error and time-series sector error, are added together 

in my analysis as total error.  The third term, referred to as long-run value-to-book, measures the 

difference between the long-run industry value and the firm‘s time t book value.  Hertzel and Li (2008) 

interpret this term as the firm‘s investment opportunities; a measure of the firm‘s growth options. 

 RKRV estimate  and  using three different methods, which differ in the set of 

accounting variables included in the accounting information vector, .  Following Hertzel and Li (2008), I 

focus on the third model, which includes log book value (b), log net income (ni), and market leverage ratio 

(LEV) in the accounting information vector.  Since net income can be negative, it is expressed as an absolute 

value (ni+) and with an interaction dummy, I(<0)=1, to indicate when net income is negative.  I sort each firm 

by the remaining nine Fama-French industry classifications and run annual, cross-sectional regressions (1986-

2006) to estimate accounting multiples for each year t and industry, .  I estimate a model of market values 

through these variables in a linear regression: 

   (5) 
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This yields 189 regressions (9 industries and 21 years).  Using the results from these regressions, I estimate the 

true value, , for each firm i and year t:  

 

  (6) 

I estimate values for long-run sector multiples, , by averaging  over all annual regressions for each of the 

k variables:   for all , where k = 0, 1, 2, 3, 4.   

I estimate values of  for each firm by fitting the values of : 

 

  (7) 

Table 6 presents the time-series averages of the coefficients for the regression equation for each Fama-French 

industry classification.  The average adjusted-R2 statistics for these regressions range from 89.03% to 94.12%, 

suggesting that the three accounting variables explain a significant portion of the cross-sectional variation in 

firm market values in a given year. The results are similar to those reported in Table 4 of RKRV (2005) and 

Table 2 of Hertzel and Li (2008).   

 Panel A of Table 7 presents the mean firm-level decomposition of the market-to-book ratio by 

industry and over the entire sample.  The results for sector-specific error are similar to those presented in 

Table 6 of RKRV (2005) and Table 3 of Hertzel and Li (2008), although the estimates of market-to-book, 

firm-specific error, and long-run value-to-book are greater than reported by the earlier studies.  Panel B of 

Table 7 presents the mean firm-level decomposition by rating, following the additional sample restrictions 

detailed at the end of Section 2. 

 

5. Results 

 

In Section 3, I outlined that market leverage models have higher explanatory power and greater 

prediction accuracy, as measured by frequency of correctly specified ratings and minimization of errors.  This 
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result should address the initial criticism of market leverage usage by showing that market valuation 

information offers prediction results that are at least as good book leverage models.  This implies that there is 

limited cost to academics using market leverage in papers evaluating credit patterns.  In fact, the market 

information may dovetail with the private information management provides to the rating agencies.  Using 

market leverage, therefore, appears to provide a reasonable link between the importance of book leverage and 

the supplementary private information, in line with the theoretical underpinning that market values are more 

informative about a firm‘s future financial situation than book values alone. 

From this standpoint, it is also interesting to consider the type of information in market valuations 

that rating agencies find useful.  Using the Rhodes-Kropf, Robinson, and Viswanathan (2005) decomposition 

of market-to-book generated in the previous section, I test whether market misvaluation or growth 

opportunities have a significant impact on ratings.  A rating agency, with access to internal information, is 

positioned to establish whether a firm‘s existing assets and future growth opportunities are properly valued.  

The agencies could use this information when determining a firm‘s default probability and assigning a rating.  

Therefore, I am interested in modeling the probability a firm receives a particular rating, given its accounting 

variables, market valuation error, and growth options. 

Table 8 presents ordered probit results of book and market leverage models and standard ratings 

determinants, as well as variables for market valuation error (Total Pricing Error) and growth options (Long-

run Value-to-Book).  Signs for leverage, cash flow and size are appropriate and coefficient estimates are 

significant at the 1% level.  Signs for valuation error suggest that having valuation problems negatively affects 

rating, while growth opportunities are positively aligned with rating, supporting the hypothesis that growth 

opportunities might serve as a safety net for firms.  Interestingly, the signs for Total Pricing Error and Long 

run Value-to-Book switch when examining the market leverage model.  Long-run Value-to-Book is highly 

correlated with market leverage (-0.75) and I believe that the inclusion of these two variables together drives 

this result.  Again, pseudo-R2 for the market-leverage model dominates the book leverage model.  Moreover, 

these estimates of fit are better than their respective measures reported in Table 3, indicating more 

information about ratings from the components of market-to-book.  Unfortunately, a probit model does not 
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yield itself to standard ordinary least squares (OLS) evaluation tools, such as adjusted-R2, so it is difficult to 

determine the degree of additional, useful information in the context of a probit.  However, we can look to 

the model‘s in-sample performance and evaluate whether the model provides greater accuracy with more 

explanatory variables.  Panel B of Table 7 illustrates that the models including market-to-book components 

are more accurate and precise—there are more correctly predicted results and misses are closer, on average.   

Table 9 presents the marginal effects for each rating within the book or market leverage framework.  

More directly for this study, the Long-run Value-to-Book, or growth option metric, also indicates significant 

effect on rating and greater marginal effect than Ebitda stability.  This suggests that the level of growth 

options for a firm has an effect for credit rating.  Panel A in both tables establishes the mean levels and  

standard deviation for the independent variables used in the probit models and analysis.  The left side of 

Panel B illustrates the marginal probabilities for the mean firm.  The six columns to the right demonstrate 

how the marginal probabilities for each rating change with one standard deviation changes in the column 

variable.  Panel C summarizes the change in probabilities from the mean for each change specified in the 

previous panel.  At first glance, it would appear that Long-run Value-to-Book has a limited impact, just a 2% 

change in rating for a one standard deviation move in the growth option metric, while book assets has a more 

substantial change.  However, when we consider the size of growth options relative to assets, the relative 

impact on rating is much closer.  This finding illustrates that growth options can have a significant influence 

on credit rating.  It appears that the traditional determinants of rating have primary influence, as expected 

given the long line of research and focus on these factors, but growth options appear to have an impact on 

the ratings process as well.  While assets-in-place may well serve as collateral against default, having growth 

options also has a positive impact on credit rating.  This finding does not necessarily contradict the Johnson 

(2003) result that growth options do not add to debt capacity.  Perhaps rating agencies and firms distinguish 

between borrowings against collateral assets-in-place, though the true default probability also considers the 

inclusion of growth opportunities.  This implies a safety-net effect of growth options on credit default. 

I further examine how rating agencies might evaluate firms on a case-by-case basis.  I sort the firms 

in the sample into quintiles based on growth opportunities relative to book assets.  Earlier, I hypothesized 
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that firms, whose market value is driven primarily by assets-in-place, will see ratings predictions that are more 

accurate with market leverage, to account for the growth option safety net.  Meanwhile, firms whose value is 

primarily driven by growth options will be better predicted by book value, because the effects of the safety 

net do not outweigh the primary, negative effects of leverage on default risk.  Table 10 presents the probit 

regression results for each of the five growth opportunity-to-asset quintiles.  As expected, the firms that have 

large assets relative to growth opportunities (value firms), Quintile 1 show the greatest difference in pseudo-

R2 between the two models, with market leverage providing greater explanatory power.  At the other end of 

the spectrum, (growth) firms with smaller assets relative to growth opportunities in Quintile 5 exhibit better 

explanatory power in book leverage models.  These results indicate that for firms with large growth options, 

relative to assets-in-place, default risks can be predicted just as well with book leverage as market leverage.   

The combination of these results indicates three things of importance to corporate managers.  First, 

while credit rating agencies might traditionally shun market valuations when considering ratings, market 

leverage predicts ratings better than book leverage.  The degree of fit is better, and the predictions are more 

accurate and more precise.   To the extent that corporate managers use book leverage when establishing debt 

policy, market leverage may provide more accurate estimates of how a rating agency might actually assign a 

rating.  Second, while the traditional determinants of credit rating are of first-order concern, growth options 

can have a material impact on credit rating.  In particular, having growth options appears to improve credit 

rating for higher rated firms.  For a corporate manager considering how to improve ratings, the investment 

decision between assets-in-place and growth opportunities may depend on the relative size of each category.  

Third, the degree to which market valuation tools can provide additional information about ratings also 

depends on the ratio between assets-in-place and growth opportunities.  The larger existing assets are relative 

to growth options, market leverage models outperform book leverage models.  Again, this has implications 

for the corporate manager who can better assess whether to make investments that can be used for collateral 

or in projects that can provide long-term growth. 
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6. Conclusion 

 

This paper examines the impact of market valuations on prediction models of credit ratings.  I 

hypothesize that market leverage can provide subtle information to models of default risk and demonstrate 

that similar models replacing book leverage with market leverage are both more accurate and precise in 

predicting credit ratings.  These findings do not speak to whether rating agencies do, or should, use market 

information in their analysis of default, the results suggest that corporate managers and academic research can 

use market leverage as an approximation for the private information or sophisticated analysis conducted by 

rating agencies.   

Additionally, I examine whether firms with growth options are treated differently by rating agencies.  

I develop several hypotheses about the impact of growth options and market valuations on ratings 

assignments.  If growth options have long-term value for a firm, they should lower the default probability for 

the firm, either through the firm‘s ability to issue new equity on the options‘ value or through operational 

cash flow these options generate in the future.  This yields a prediction that a rating agency should award a 

higher rating to a firm with more growth options, given similar accounting valuations.  To distinguish growth 

options from market misvaluation, I employ a market-to-book ratio decomposition developed by Rhodes-

Kropf and Viswanathan (2004), isolating the value of growth options and quantifying the size of market 

misvaluation.  Along with these components, I apply traditional book determinants in an ordered probit 

ratings prediction model to test how rating agencies might use estimates of growth options in their analysis.  

The results indicate that rating agencies consider growth options, relative to the size of assets-in-place in 

assessing default risk. 

A more detailed look at the marginal results indicates the economic impact of a firm near a ratings 

change.  Kisgen (2006) exposes how credit rating changes drive management decisions to change firm 

leverage.  My results confirm that decreasing leverage has a first-order effect on ratings and should be the 

primary concern for managers trying to change rating.  At the same time, my results also indicate that low-

growth firms can adjust their allocation of assets-in-place and growth options to affect their rating at the 
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margin.  I demonstrate that the marginal effect of adding growth options is considerable, given their relative 

size to assets-in-place.  Finally, I break down the distribution of firms into low and high growth firms and 

show that market leverage has better predictive power for firms with low-growth, which further indicates that 

firms with large collateral assets relative to growth options may have ratings positively affected by the 

presence of additional growth options. 

There are additional areas of research considering the dynamics of ratings.  How ratings and the 

rating process changes across time and industries might yield alternative insights on how agencies adjust to 

changes in the business cycle over time and whether industries are evaluated on the same models.  In 

particular, the impact of rating agencies relative to the available market information changed with the 

adoption of Regulation FD.  A further examination of market leverage, market mispricing and their joint 

effect could yield additional explanations about rating prediction models.  This paper‘s analysis heavily utilizes 

the book value of debt, though managers should consider the market value of debt when making decisions 

about issuing debt.  Though bond-market TRACE data does not extend the length of my sample period, 

further analysis including market values of leverage could incorporate additional market information on 

default more directly.  Moreover, applying data about actual firm default could enable better predictions 

about credit rating. 

This paper addresses a puzzling question – if practitioners and rating agencies don‘t use market 

information when evaluating default risks, why should academics who investigate credit patterns?  Much of 

the practitioner literature indicates that market valuations are too volatile and do not accurately identify a 

firm‘s true debt capacity, though many academic articles on corporate credit, both theoretical and empirical, 

predominantly use market leverage.  This paper suggests that market valuations can yield better predictive 

results about a firm‘s rating than book leverage.  I conclude that there are subtle, useful information 

differences between book accounting and market valuations regarding default.  
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Table 1.  Summary Statistics

Panel A.  Full Sample Panel B.  Ratings Subsample

Standard Standard

Variable Mean Deviation Min Max Variable Mean Deviation Min Max

Observations 51,893 Observations 18,004

Size Measures Size Measures

Market Value (assets) 4,564      23,197      10.3         1,825,103       Market Value (assets) 11,481 37,835 15.2 1,825,103

Book Value (assets) 2,751      14,116      0.9           750,507         Book Value (assets) 6,961 23,136 14.8 750,507

Market Equity 2,891      16,004      10.0         1,819,782       Market Equity 7,120 26,069 10.1 1,819,782

Book Equity 970         3,819        0.0           113,844         Book Equity 2,326 6,010 0.1 113,844

Net Income 120         806           -56,121.9 39,500           Net Income 309 1,232 -27,446.0 39,500

Performance Measures Performance Measures

Return on Assets 0.022 0.143 -0.694 0.309 Return on Assets 0.047 0.084 -0.694 0.309

Return on Equity 0.053 0.273 -1.191 0.753 Return on Equity 0.112 0.217 -1.191 0.753

Market to Book 3.152 30.082 0.014 5603.07 Market to Book 3.313 43.850 0.062 5,603.07

Ebitda Stability 5.104 5.666 -2.994 30.299 Ebitda Stability 6.954 6.135 -2.994 30.299

Leverage Measures Leverage Measures

Book Leverage 0.487 0.209 0.001 1.000 Book Leverage 0.595 0.166 0.042 1.000

Market Leverage 0.355 0.226 0.000 0.998 Market Leverage 0.427 0.214 0.003 0.998

Summary statistics for size, performance, and leverage taken from Compustat between 1980 and 2006.  Observations are required to have book-to-market ratios below 100 and market equity 

greater than $10 million.  Market value of assets is market value of equity + book assets - book equity - deferred taxes.  Leverage is debt to total assets: market leverage is 1 - market equity/market 

value; book leverage is 1 - book equity/book value.  Ebitda stability is (five-year mean of ebitda/book value)/(five year standard deviation of ebitda/book value).  Utilities (SIC codes 4800-4949; 

Fama-French industry codes 7 & 8) and financial firms (SIC codes 6000-6999; Fama-French industry code 11) are excluded from the sample.  Performance measures are winsorized at the 1st and 

99th percentiles.  Panel A has 51,893 firm-year observations.  Panel B is restricted to firms with S&P long-term ratings in the Compustat database, reducing the sample to 18,004 firm-year 

observations.
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Table 2.  Summary Statistics of firm characteristics by industry and rating.

Panel A.  Mean firm characteristics by industry

Fama French Industry Classifications

1 2 3 4 5 6 9 10 12

Consumer Consumer Computers,

Variable non-durables Durables Manufacturing Energy Chemicals Software, etc. Wholesale Medical Miscellaneous

Observations 51,893

Size Measures

Market Value (assets) 4,098 10,659 3,062 9,080 5,457 4,041 3,363 4,889 4,363

Book Value (assets) 2,140 9,368 2,202 6,085 3,171 1,839 1,847 1,607 3,127

Market Equity 2,804 3,358 1,727 6,117 3,560 3,051 2,229 4,092 2,330

Book Equity 736 1,906 800 2,605 1,136 823 673 766 930

Net Income (Loss) 142 183 80 403 179 64 84 137 103

Performance Measures

Return on Assets 0.06 0.05 0.04 0.03 0.04 0.00 0.05 -0.07 0.02

Return on Equity 0.12 0.10 0.08 0.07 0.11 0.01 0.09 -0.09 0.06

Market to Book 2.79 2.32 2.86 2.95 3.01 3.42 2.51 5.72 2.62

Ebitda Stability 6.97 5.46 5.45 3.97 7.41 3.33 7.33 3.11 5.02

Leverage Measures

Book Leverage 0.51 0.52 0.52 0.51 0.54 0.41 0.53 0.37 0.53

Market Leverage 0.37 0.41 0.41 0.36 0.37 0.26 0.42 0.19 0.42

Panel B. Mean firm characteristics for the ratings subsample.

Fama French Industry Classifications

1 2 3 4 5 6 9 10 12

Consumer Consumer Computers,

Variable non-durables Durables Manufacturing Energy Chemicals Software, etc. Wholesale Medical Miscellaneous

Observations 18,004

Size Measures

Market Value (assets) 9,448 26,147 6,755 16,526 9,226 15,108 7,916 17,471 10,374

Book Value (assets) 4,759 23,086 4,827 11,101 5,328 7,123 4,212 5,681 7,494

Market Equity 6,520 7,953 3,792 10,960 5,978 11,022 5,251 14,585 5,402

Book Equity 1,568 4,499 1,722 4,582 1,846 2,938 1,453 2,635 2,122

Net Income (Loss) 331 428 180 733 293 270 191 530 249

Performance Measures

Return on Assets 0.07 0.04 0.04 0.04 0.05 0.04 0.05 0.07 0.03

Return on Equity 0.17 0.11 0.10 0.10 0.14 0.08 0.12 0.14 0.09

Market to Book 4.00 2.59 3.69 2.83 3.26 3.20 3.29 4.74 2.43

Ebitda Stability 9.03 6.58 6.34 4.72 8.39 5.56 8.80 8.16 6.13

Leverage Measures

Book Leverage 0.61 0.64 0.60 0.60 0.62 0.53 0.59 0.50 0.64

Market Leverage 0.40 0.50 0.46 0.42 0.41 0.35 0.45 0.26 0.50

Panel C.  Mena firm characteristics by rating.

S&P Long-Term Ratings

Variable AAA/AA A BBB BB B/CCC

Observations 18,004

Size Measures

Market Value (assets) 50,034 17,802 9,002 3,213 1,425

Book Value (assets) 26,401 10,380 6,286 2,473 1,138

Market Equity 34,651 11,232 4,949 1,543 607

Book Equity 9,911 3,461 1,925 731 298

Net Income (Loss) 1,662 519 202 36 -22

Performance Measures

Return on Assets 0.09 0.07 0.05 0.04 0.00

Return on Equity 0.20 0.17 0.13 0.09 0.00

Market to Book 4.33 3.52 2.76 2.23 5.01

Ebitda Stability 11.55 9.61 7.09 5.16 3.90

Leverage Measures

Book Leverage 0.53 0.57 0.60 0.61 0.62

Market Leverage 0.27 0.35 0.42 0.49 0.52

Mean statistics for size, performance, and leverage taken from Compustat between 1980 and 2006.  Observations are required to have book-to-market ratios 

below 100 and market equity greater than $10 million.  Market value of assets is market value of equity + book assets - book equity - deferred taxes.  

Leverage is debt to total assets: market leverage is 1 - market equity/market value; book leverage is 1 - book equity/book value.  Ebitda stability is (five-year 

mean of ebitda/book value)/(five year standard deviation of ebitda/book value).  Utilities (SIC codes 4800-4949; Fama-French industry codes 7 & 8) and 

financial firms (SIC codes 6000-6999; Fama-French industry code 11) are excluded from the sample.  Performance measures are winsorized at the 1st and 

99th percentiles.  Panel A has 51,893 firm-year observations.  Panels B and C are restricted to firms with S&P long-term ratings in the Compustat database, 

reducing the sample to 18,004 firm-year observations.
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Table 3.  Ordered probit regressions

Panel A: Probit Coefficient Parameters

Model 1 Model 2

Book Leverage 1.775 ***

0.047

Market Leverage 2.182 ***

0.049

Ebitda Over Assets -3.435 *** -2.186 ***

0.117 0.123

Ebitda Stability -0.035 *** -0.033 ***

0.001 0.001

Ln(Assets) -0.589 *** -0.561 ***

0.007 0.006

1h -6.542 *** -6.366 ***

0.061 0.061

2h -5.305 *** -5.117 ***

0.056 0.056

3h -4.212 *** -3.996 ***

0.053 0.053

4h -3.098 *** -2.853 ***

0.050 0.050

Observations 18004 18004

Pseudo-R
2

0.2252 0.2356

Panel B: Prediction Accuracy and Precision

Percentage of Correctly Predicted Ratings 0.556 0.565

Percentage of High Error 0.223 0.219

Percentage of Low Error 0.221 0.216

Precision Estimate 0.397 0.303

Panel A presents probit model coefficient parameters.  Long-term debt rating as the dependent 

variable.  Firms rated AAA are categorized as AA and CCC as B for the probit model regressions.  

AAA/AA firms rating = 1, A = 2, …, B/CCC = 5.  Ebitda over Assets and Ebitda stability are 

winsorized at the 1st and 99th percentiles before the regressions.  *, **, and *** denote signficance at 

the 5%, 1% and 0.1% levels, respectively.  Robust standard errors are listed in italics below the 

coefficients.  Panel B presents metrics assessing the models' accuracy and precision.  Percentage of 

high error indicates the fraction of in-sample predictions given higher than observed ratings; low 

error indicates fraction of in-sample predictions given lower than observed ratings.  Precision 

estimate is the average of squared errors between predicted and observed ratings.
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Table 4.  Ordered Probit Regressions with Industry Dummies

Panel A: Probit Coefficient Parameters

Book Leverage & Market Leverage &

Industry Dummy Industry Dummy

Book Leverage 1.922 ***

0.048

Market Leverage 2.364 ***

0.051

Ebitda Over Assets -3.234 *** -1.951 ***

0.118 0.124

Ebitda Stability -0.033 *** -0.032 ***

0.001 0.001

Ln(Assets) -0.603 *** -0.573 ***

0.007 0.006

Consumer non-durables -0.379 *** -0.297 ***

0.033 0.033

Consumer durables -0.256 *** -0.317 ***

0.042 0.042

Manufacturing -0.246 *** -0.274 ***

0.026 0.027

Energy 0.060 0.088 *

0.035 0.035

Chemicals -2.781 *** -0.169 ***

0.039 0.040

Computers, Software, etc. 0.282 *** 0.341 ***

0.032 0.032

Wholesale 0.003 -0.028

0.029 0.029

Medical -0.192 *** -0.115 **

0.037 0.037

1h -6.680 *** -6.480 ***

0.064 0.065

2h -5.426 *** -5.218 ***

0.059 0.060

3h -4.310 *** -4.071 ***

0.056 0.057

4h -3.172 *** -2.900 ***

0.053 0.054

Obs 18,004 18,004

Pseudo-R2 0.2351 0.246

Panel B: Prediction Accuracy and Precision

Percentage of Correctly Predicted Ratings 0.564 0.575

Percentage of High Error 0.22 0.213

Percentage of Low Error 0.216 0.212

Precision Estimate 0.351 0.301

Panel A presents probit model coefficient parameters.  Long-term debt rating as the dependent 

variable.  Firms rated AAA are categorized as AA and CCC as B for the probit model 

regressions.  AAA/AA firms rating = 1, A = 2, …, B/CCC = 5.  Ebitda over Assets and Ebitda 

stability are winsorized at the 1st and 99th percentiles before the regressions.  *, **, and *** denote 

signficance at the 5%, 1% and 0.1% levels, respectively.  Robust standard errors are listed in italics 

below the coefficients.  Panel B presents metrics assessing the models' accuracy and precision.  

Percentage of high error indicates the fraction of in-sample predictions given higher than observed 

ratings; low error indicates fraction of in-sample predictions given lower than observed ratings.  

Precision estimate is the average of squared errors between predicted and observed ratings.  The 

9th industry category, Miscellaneous, is omitted.



 

30 

 

` 
  

Table 5.  Prediction Accuracy by Industry Probits.

Basic Model

Average Over Under Basic Market Leverage -

Correctly Predicted Prediction Prediction Basic Book Leverage

Industry Predicted Distance Rate Rate Correct Distance

1 0.569 0.461 0.214 0.217 0.016 -0.016

2 0.628 0.431 0.169 0.203 0.002 -0.002

3 0.525 0.522 0.239 0.237 0.021 -0.029

4 0.613 0.424 0.190 0.197 -0.012 0.001

5 0.641 0.386 0.178 0.180 0.008 -0.009

6 0.565 0.485 0.234 0.201 0.005 -0.007

7 0.553 0.495 0.233 0.213 0.018 -0.030

8 0.556 0.512 0.218 0.226 0.028 -0.032

9 0.537 0.516 0.235 0.229 0.011 -0.020

1 0.585 0.445 0.210 0.206

2 0.630 0.429 0.178 0.191

3 0.546 0.492 0.228 0.226

4 0.601 0.426 0.197 0.202

5 0.649 0.377 0.160 0.191

6 0.571 0.478 0.230 0.199

7 0.571 0.466 0.223 0.205

8 0.585 0.480 0.197 0.218

9 0.548 0.496 0.234 0.218
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Table presents percentage of firm ratings accurately predicted by industry-specific probit 

models, and average raw distance of incorrectly predicted firms. 
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Table 6.  Conditional Regression Multiples

Fama French Industry Classifications

1 2 3 4 5 6 9 10 12

Consumer Consumer Computers,

Parameter non-durables Durables Manufacturing Energy Chemicals Software, etc. Wholesale Medical Miscellaneous

Et(a0) 1.4457 1.4901 1.4052 1.5158 1.8072 1.7416 1.4857 2.1299 1.6525

Et(a1) 0.7220 0.7323 0.8041 0.7904 0.7027 0.7262 0.7859 0.6849 0.7501

Et(a2) 0.3725 0.3157 0.2368 0.2091 0.3418 0.3081 0.2701 0.3337 0.2687

Et(a3) -0.0816 -0.0504 -0.0302 -0.0294 -0.0298 -0.0868 -0.0845 -0.0788 -0.0696

Et(a4) -1.2709 -1.2763 -1.4336 -1.0864 -1.5576 -1.5283 -1.4885 -1.9002 -1.3587

Adjusted-R
2

0.9203 0.9412 0.9238 0.9279 0.9401 0.9153 0.9222 0.9052 0.8903

Model: mit = a0jt + a1jtbit + a2jtni+it + a3jtI(<0)(ni+)it + a4jtLevit + ei

Fama French 12 Industry classifications are reported across the top.  Output from valuation regressions are reported in each row.  Each model is estimated cross-sectionally 

at the industry-year level.  The subscripts j and t denote industry and year, respectively.    The variable Et(alpha-naught) is the time-series average of the constant term for 

each regression.  Et(alpha-k) is the time-series average muiltiple from the regression associated with the kth accounting variable.  Regressions are run annually for each 

industry from 1985 to 2006.  This regression uses natural logs of market (M) and book value (B), natural log of the absolute value of net income (NI), and an indicator 

interacted with log net income (NI+) to separately estimate net income for firms with negative net income and market leverage (Lev).  Natural logs are denoted with 

lowercase letters.
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Table 7.  Firm level decomposition of market-to-book ratios

Panel A: Firm decomposition (full sample)

Fama-French Industry Classifications

1 2 3 4 5 6 9 10 12

Consumer Consumer Computers,

non-durables durables Manufacturing Energy Chemicals software, etc. Wholesale Medical Miscellaneous

Ln(M/B) m it -b it 0.6281 0.5151 0.4708 0.6224 0.7882 0.8122 0.5074 1.1965 0.5439

Firm-specific m it-v(Ǧit; ǟit ) 0.0000 -0.0001 0.0000 0.0001 0.0000 0.0000 0.0000 0.0001 0.0000

Sector-specific v(Ǧit; ǟit)-v(Ǧit; ėǟt ) 0.0028 0.5277 0.0053 -0.0027 0.0473 0.0507 -0.0014 -0.0159 0.0132

Long-run value-to-book v(Ǧit; ėǟt )-b it 0.6281 0.5151 0.4707 0.6223 0.7881 0.8121 0.5074 1.1964 0.5439

Panel B: Firm decomposition (rating subsample)

Fama-French Industry Classifications

1 2 3 4 5 6 9 10 12

Consumer Consumer Computers,

non-durables durables Manufacturing Energy Chemicals software, etc. Wholesale Medical Miscellaneous

Ln(M/B) m it -b it 0.7537 0.6181 0.5649 0.7469 0.9458 0.9746 0.6089 1.4358 0.6527

Firm-specific m it-v(Ǧit; ǟit ) 0.0000 -0.0001 0.0000 0.0001 0.0000 0.0000 0.0000 0.0001 0.0000

Sector-specific v(Ǧit; ǟit)-v(Ǧit; ėǟt ) 0.0034 0.6332 0.0063 -0.0033 0.0567 0.0609 -0.0017 -0.0191 0.0159

Long-run value-to-book v(Ǧit; ėǟt )-b it 0.7537 0.6182 0.5649 0.7468 0.9457 0.9746 0.6089 1.4357 0.6527

The data comprise 51,893 firm-level observations between 1986 and 2006. Regressions are run annually for each industry from 1986 to 2006. This regression uses natural logs of

market (M) and book value (B), natural log of the absolute value of net income (NI), and an indicator interacted with log net income (NI
+
) to separately estimate net income for firms with

negative net income and market leverage (Lev). Natural logs are denoted with lowercase letters. The table reports the mean fitted values from the coefficients generated in the annual

industry regressions. Full sample mean and standard deviations are reported on the left, segmented Fama-French industry classifications are reported on the right. Panel A reports the firm-

level mean decomposition of market-to-book ratios at the firm level for the entire sample. Panel B reports the firm-level decomposition for the rating subsample, restricted to firms with

S&P long-term rating data in Compustat from 1986 to 2006, comprising 18,004 firm-level observations.
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Table 8.  Ordered probit regressions

Panel A: Probit Coefficient Parameters

Model 3 Model 4

Book Leverage 1.635 ***

0.053

Market Leverage 2.642 ***

0.067

Ebitda Over Assets -2.752 *** -2.564 ***

0.128 0.129

Ebitda Stability -0.034 *** -0.034 ***

0.001 0.001

Ln(Assets) -0.578 *** -0.582 ***

0.007 0.007

Total Pricing Error -0.017 0.104 ***

0.013 0.012

Long-run Value-to-Book -0.226 *** 0.254 ***

0.019 0.025

1h -6.568 *** -6.310 ***

0.061 0.063

2h -5.322 *** -5.059 ***

0.057 0.058

3h -4.220 *** -3.933 ***

0.053 0.055

4h -3.102 *** -2.779 ***

0.050 0.052

Observations 18004 18004

Pseudo-R
2

0.2348 0.2434

Panel B: Prediction Accuracy and Precision

Percentage of Correctly Predicted Ratings 0.583 0.612

Percentage of High Error 0.210 0.197

Percentage of Low Error 0.206 0.193

Precision Estimate 0.281 0.230

Panel A presents probit model coefficient parameters.  Long-term debt rating as the dependent 

variable.  Firms rated AAA are categorized as AA and CCC as B for the probit model regressions.  

AAA/AA firms rating = 1, A = 2, …, B/CCC = 5.  Ebitda over Assets and Ebitda stability are 

winsorized at the 1st and 99th percentiles before the regressions.  *, **, and *** denote signficance at 

the 5%, 1% and 0.1% levels, respectively.  Robust standard errors are listed in italics below the 

coefficients.  Panel B presents metrics assessing the models' accuracy and precision.  Percentage of 

high error indicates the fraction of in-sample predictions given higher than observed ratings; low 

error indicates fraction of in-sample predictions given lower than observed ratings.  Precision 

estimate is the average of squared errors between predicted and observed ratings.
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Table 9.  Probit Model 3 marginal probabilities

Panel A.  Summary values used for marginal estimation.

Book Return on Ebitda Ln(book Total Pricing Long-run

Statistic leverage Assets Stability assets) Error Value-to-book

Mean 0.59 0.139 6.96 7.546 0.182 0.321

Standard Deviation 0.17 0.080 6.14 1.537 0.709 0.551

Panel B.  Marginal probabilities evaluated at mean and mean and 1 standard deviation increase in column variable.

Rating Marginal probability

Book Return on Ebitda Ln(book Total Pricing Long-run

Mean leverage Assets Stability assets) Error Value-to-book

AAA/AA 0.54% 0.22% 0.93% 1.22% 4.81% 0.67% 0.75%

A 9.28% 5.39% 12.72% 14.86% 29.47% 10.59% 11.23%

BBB 33.32% 26.33% 37.26% 39.01% 41.97% 35.01% 35.75%

BB 39.83% 42.49% 36.57% 34.42% 20.47% 38.63% 38.02%

B/CCC 17.02% 25.57% 12.54% 10.49% 3.29% 15.09% 14.25%

Panel C.  Change in marginal probabilities with 1 standard deviation increases

Change in marginal probability

Book Return on Ebitda Ln(book Total Pricing Long-run

Rating leverage Assets Stability assets) Error Value-to-book

AAA/AA -0.32% 0.39% 0.68% 4.27% 0.14% 0.21%

A -3.89% 3.43% 5.57% 20.18% 1.31% 1.95%

BBB -6.99% 3.93% 5.69% 8.65% 1.69% 2.43%

BB 2.65% -3.27% -5.42% -19.36% -1.20% -1.82%

B/CCC 8.55% -4.48% -6.53% -13.74% -1.94% -2.77%

   Panel A presents the mean, standard deviation, and 10% change in variable values used in the table.  Panel B presents the 

marginal probabilities for a rating given mean values for Model 3 independent variables.  The panel also reports marginal 

probabilities for ratings by increasing the column variable 1 standard deviation from the mean value, holding the remaining 

independent variables at their respective means.  Panel C presents the change in marginal probabilities associated with the 

changes in independent variables.  
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Table 10.  Ordered probit models by growth quintile

Quintile 1: Value Firms Quintile 2 Quintile 3 Quintile 4 Quintile 5: Growth Firms

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Book Leverage 0.304 ** 1.659 *** 1.904 *** 2.613 *** 2.308 ***

0.098 0.119 0.115 0.117 0.110

Market Leverage 2.092 *** 3.797 *** 3.237 *** 3.189 *** 2.363 ***

0.268 0.239 0.176 0.140 0.100

Ebitda Over Assets -2.117 *** -1.713 *** -3.734 *** -3.158 *** -4.358 *** -3.758 *** -4.157 *** -3.545 *** -3.376 *** -2.151 ***

0.199 0.205 0.320 0.325 0.332 0.337 0.364 0.367 0.393 0.400

Ebitda Stability -0.034 *** -0.034 *** -0.041 *** -0.039 *** -0.024 *** -0.023 *** -0.040 *** -0.037 -0.033 *** -0.031 ***

0.002 0.002 0.002 0.002 0.002 0.002 0.003 0.034 0.004 0.004

Ln(Assets) -0.674 *** -0.663 *** -0.599 *** -0.547 *** -0.515 *** -0.463 *** -0.606 *** -0.549 *** -0.593 *** -0.551 ***

0.016 0.016 0.016 0.016 0.014 0.014 0.014 0.014 0.014 0.014

1h -7.242 *** -7.051 *** -6.758 *** -6.381 *** -5.904 *** -5.533 *** -6.549 *** -6.208 *** -6.550 *** -6.195 ***

0.138 0.140 0.145 0.148 0.134 0.137 0.140 0.141 0.144 0.146

2h -5.971 *** -5.769 *** -5.406 *** -5.021 *** -4.654 *** -4.273 *** -5.295 *** -4.963 *** -5.381 *** -5.029 ***

0.125 0.128 0.134 0.138 0.126 0.130 0.128 0.131 0.128 0.131

3h -5.026 *** -4.814 *** -4.314 *** -3.917 *** -3.543 *** -3.147 *** -3.954 *** -3.611 *** -4.234 *** -3.841 ***

0.117 0.120 0.126 0.131 0.119 0.124 0.119 0.122 0.118 0.122

4h -4.053 *** -3.832 *** -3.156 *** -2.741 *** -2.451 *** -2.041 *** -2.807 *** -2.455 *** -2.911 *** -2.483 ***

0.110 0.114 0.120 0.126 0.113 0.119 0.113 0.117 0.110 0.115

Pseudo-R
2

0.253 0.275 0.234 0.236 0.198 0.197 0.244 0.248 0.243 0.241

Observations 3600 3600 3601 3601 3601 3601 3601 3601 3601 3601

Percentage of Correctly Predicted Ratings 0.471 0.493 0.481 0.477 0.460 0.452 0.489 0.494 0.526 0.519

Percentage of High Error 0.264 0.253 0.253 0.253 0.267 0.273 0.259 0.256 0.237 0.276

Percentage of Low Error 0.265 0.254 0.267 0.270 0.273 0.276 0.252 0.250 0.236 0.205

Precision Estimate 0.819 0.801 0.721 0.731 0.795 0.801 0.700 0.688 0.650 0.625

Firms are sorted into quintile by Long-run Value-to-Book/Ln(Assets).  Firms in Quintile 1 (value) have low growth options relative to assets.  Firms in Quintile 5 (growth) have high growth options relative to assets.  Standard errors are reported in italics.  *, **, and *** denote signficance 

at the 5%, 1% and 0.1% levels, respectively.  


