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This paper develops an empirical model of corporate capital structure, optimal debt, and overleverag- 

ing, covering approximately two decades since 20 0 0 across six leading industries: technology, financial, 

pharmaceutical, auto, airline, and energy. Estimated for each firm (total of 89), the model allows to infer 

an industry-specific default risk, measuring overleveraging as the difference between actual and optimal 

debt. The calculated corporate excess debt has largely been moving up, spiking around the global finan- 

cial crisis and continuing into recovery more recently. The trend is consistent with an increase in the 

actual debt, with varying average excess debt ratios by sector. These results are informative for more 

applied ongoing and future outlook studies assessing a range of macroeconomic scenarios. The results 

also seem to conform to the general Kaleckian–Minskyan analytical framework, suggesting a possibility 

of endogenously rising speculative borrowing cycles. 
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. Introduction 

Following the 2008 Global Financial Crisis (GFC), there has been 

 rise in academic and policy research on the problems of corpo- 

ate debt sustainability. The COVID-19 pandemic has reignited the 

rgency of the topic. While more solid empirical assessments are 

et to come, this paper asks a question if the trends in the U.S. 

orporate debt should raise a concern about a possible speculative 

orrowing cycle. The paper contributes to recent literature on cor- 

orate overleveraging, balance sheets, and the effects of macroe- 

onomic instability shocks on asset prices. Those shocks can be 

estabilizing, feeding back into the real economy cycles rather than 

ean-reverting. 

Over the past two decades, debt stocks and excessive capital 

orrowing (leveraging) have grown significantly for both financial 

nd non-financial corporations globally, and specifically in the U.S. 

n the period after the GFC and before the COVID-19 pandemic, 
∗ Corresponding author. 
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he increase in corporate debt may be partially attributed to the 

ower borrowing costs prompted by the post-2008 GFC accom- 

odative monetary policy. Such an expansionary policy stance in 

tself may have led to an asset price inflation, thereby stimulating 

mprovement in corporate financial rankings and, ultimately, lead- 

ng to an even greater borrowing capacity by non-financial entities 

e.g., Stein, 2010 , 2012b ; Brunnermeier and Sannikov, 2012; Gross 

t al. , 2017 ). However, learning from the GFC also suggests a tan-

ible risk of prolongation of a scenario of continuously increasing 

ebt obligations, which heightens financial volatility even in ex- 

ansionary period with a potential for a full-blown debt crisis. The 

atter sequence of events is well articulated in the contributions in 

he post-Keynesian literature as discussed later in this paper. The 

ituation is further complicated with the multiple impacts from 

he pandemic-induced economic downturn and financial pressures 

hat are yet to be fully absorbed. 

Adapting a post-GFC theoretical model of firm capital structure 

dvanced by Stein (2010) , this paper illustrates empirically that 

rm’s optimal debt is the debt capacity above which borrowing 

ecomes risky. In this model, the optimal capital structure reflects 

he threshold beyond which firms’ net worth declines. The estima- 

ion results surpass the traditional leverage calculation, i.e., debt- 
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o-equity ratio, a norm thus far, by adding major elements such as 

isk and return. 

Importantly, the model of corporate capital structure developed 

n this paper focuses on optimal debt analysis, exploring a possibil- 

ty of excess leverage leading to instability through adverse shocks 

n asset prices in a sector-specific analysis. The discussion centers 

n the adverse effects of excessive leverage with subsequent vul- 

erabilities and credit contractions, i.e., excess debt in Stein (2010) . 

e originally derived an optimal debt ratio for households and 

dentified excess debt as the deviation of this ratio from an ac- 

ual debt ratio. He built on it to identify an early warning signal 

f a debt crisis, which is again defined as “excess debt.” This paper 

xtends the original model to a corporate optimal and excess debt 

nalysis at a sector-specific level. 

At a macro level, this study also raises questions about spec- 

lative debt build-up reminiscent of Kalecki’s (1937) principle 

f increasing risk (PIR) and the Minskyan financial instability 

ypothesis (FIH) and speculative cycles ( Minsky, 1986 ). Work- 

ng with data on Latin American countries, Gonzalez and Perez- 

aldentey (2018) found that FIH held and intensified during ex- 

ansions as larger numbers of firms were acquiring new debt in 

ontrast to those already engaged in ongoing investment projects. 

hese findings lead our paper to raise a question about macroeco- 

omic stability given the most recent debt build up in the U.S. cor- 

orate sector and possible relevance for the speculative economic 

ycles. Related to the recent debt dynamic, Brunnermeier and Kr- 

shnamurthy (2020) offer an initial glimpse into the growing liter- 

ture on the COVID-19 pandemic’s impact on corporate debt and 

ts significance for the broader economy. 

This paper adds to the literature by constructing and examin- 

ng a new dataset comprised of 89 corporations from six indus- 

ries: technology, financial, pharmaceutical, auto, airline, and en- 

rgy, with core annual data covering the period from 20 0 0 to 2018.

stimates for the optimal debt ratios are based on data on capital 

ain/loss, market interest rates, and the productivity of capital. Us- 

ng these variables, the risk and return components of the model 

re then calculated, allowing us to estimate the optimal and actual 

ebt ratios. As the excess debt level rises, the probability of a debt 

risis increases, which was the case of the 2008 crisis. 

As such, the contributions of this paper are manifold, engag- 

ng both with applied industry leveraging analysis common across 

nancial markets and literature on economic cycles as well as 

onnecting with the contributions and ongoing debates in post- 

eynesian economics. The rest of the paper is structured as fol- 

ows. Section 2 starts with a brief reference to the works of Hyman 

insky and Michal Kalecki and presents a literature survey in re- 

ation to the paper’s methodological approach. A theoretical model 

f optimal leveraging is developed in Section 3 . Section 4 presents 

mpirical estimation results with some initial interpretations. The 

iscussion continues in Section 5 , connecting with the works of 

alecki and Minsky and the broader picture. The paper also in- 

ludes a theoretical and technical Appendix. 

. Literature Review 

In his Stabilizing an Unstable Economy , Hyman 

insky (1986) outlines the macro framework of modern financial 

conomy: the self-induced volatility of financial markets. This 

nherent financial instability, emanating primarily from speculative 

unding behavior and adaptations of new financial instruments 

i.e., securitization of debt), compounded by what today is known 

s “asymmetric information” on risk and unregulated competitive 

ehavior, leads to far-reaching conclusions as far as the functioning 

f today’s economy. A critical element of the post-GFC analysis is 

he observation that lending booms often precede banking system 

nstability as banks and non-financial corporations add more debt 
479 
n good times with limited foresight into future destabilizing 

isks. 

And while an expansionary period of a cycle may be interpreted 

s indicating stable economic growth, in Minsky, one reads that 

stability is destabilizing.” It is also important to remind that either 

ndogenous or exogenous (e.g., policy-driven) lending booms may 

mply an increasing appetite for risk-taking in a financial market 

rone to turmoil if the economy is hit by an adverse shock as was, 

o some extent, the case of the GFC. 

In his “Principle of Increasing Risk,” Michał Kalecki (1937) dis- 

usses a capitalist firm’s increasing tendency to add on new debt 

espite the rising cost of debt service (expressed by the sum of re- 

uired returns and profit) at the expansionary side of the economic 

ycle. Thus, the system is characterized by the principle of increas- 

ng risk (PIR) as it is framed by the rising probability of emerg- 

ng crisis due to overleveraging. Shared here in shorthand, these 

wo conceptual reference points seem to be too important to omit 

rom the analysis. But how relevant are either the PIR or FIH to the 

n–the-ground situation in the U.S. corporate sector? Could these 

nalytical frameworks offer any guidance into the future outlook of 

orporate (industry-wide) and, more generally, the macroeconomic 

ustainability of debt? 

Before we can answer the above questions, we summarize some 

f the foundational work on the topic. The literature on corporate 

ebt dynamics is quite broad. Monnin et al. (2010) define insta- 

ility as the probability of the banking sector becoming insolvent 

ithin the next quarter. They state that if at the end of the quar- 

er the market value of the assets owned by all the banks of a cer-

ain country is not sufficient to repay its total debt, then the entire 

anking sector is considered insolvent. Moreover, the distance-to- 

efault is defined as the distance between the banking sector and 

ts default point (in this case, assets are equal to liabilities). The 

uthors argue that there are strong links across banks. Therefore, 

hrough distance-to-default, banks may be vulnerable due to the 

ountry-specific time-varying covariance matrix. Thus, the entire 

anking sector of a specific country is considered insolvent (con- 

agion effect). A range of studies have investigated issues related 

o the asset price channel through which the banking system’s in- 

tability is triggered. 

Brunnermeier and Sannikov (2012) focus specifically on the 

anking sector. The authors state that a shock to asset prices cre- 

tes a vicious cycle through banks’ balance sheets. Risk-taking and 

xcessive borrowing occur when asset prices are volatile. The au- 

hors define a “volatility paradox” as the shock to asset prices 

hat negatively affects banks’ balance sheets and subsequently dis- 

upts the real sector. Thus, when the prices of banks’ assets de- 

rease, lowering banks’ equity value and net worth, the mar- 

in loan requirements increase. For financial intermediaries to re- 

ain liquid, haircuts and deleveraging would be required. Con- 

equently, a fire sale of assets begins, decreasing the asset price 

urther, and the net worth declines again, triggering an endoge- 

ous jump in volatility and a risk for all. A downward spiral is 

enerated. 

The main cause for banking sector instability, according to 

ittnik and Semmler (2011 , 2018 ) is the unconstrained growth of 

apital assets through excessive borrowing facilitated by the lack 

f financial regulations. Large payouts, with no “skin in the game,”

ffect banks’ risk-taking behaviors through further equity develop- 

ent and deeper leveraging. The higher the payout the more lever- 

ged the bank becomes, which increases the aggregate risk and 

isk premia for all. In summary, the increased risk spreads and risk 

remia, as defaults begin, expose banks to vulnerabilities and fi- 

ancial stress triggered by securities price movements. 

Stein (2010 , 2012a ) argues that the destabilizing mechanism in 

nancial markets also results from a link between asset prices and 

orrowing patterns. He specifies that overleveraging begins when 
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ssets held by banks become overvalued. Above average returns, 

ue to housing prices that increase the owners’ equity, induce a 

reater demand by banks for mortgages and funds; thus, banks 

njoy capital gains above the normal returns. At this point, banks 

tart to become overleveraged as opposed to optimally leveraged. 

tein’s analysis is based on the assumption that the mean interest 

ate exceeds long-term capital gains, a constraint that he referred 

o as “no free lunch.”

For overleveraging to occur, a violation of the “no free lunch”

onstraint is required as was the case during the GFC. The capi- 

al gain should be larger than the financing cost in order to pro- 

ide banks with excess returns on capital and a high net worth. On 

he other hand, if capital gains decrease, then the credit spread in- 

reases, actual leveraging significantly deviates from optimal lever- 

ging, a rapid deterioration of the balance sheets of banks occurs, 

nd amplified downward effects are triggered. Stein suggested us- 

ng the trends/drifts in capital gains and interest rates to better 

easure optimal debt. He also defines “excess debt” as the differ- 

nce between the actual and optimal debt. 

He and Krishnamurthy (2008) look at the role of financial inter- 

ediaries in determining asset prices. Through their dynamic gen- 

ral equilibrium framework, the authors find that the need for in- 

ermediation arises endogenously. They state that during crises and 

eriods of asset swings, the capacity of risk bearing of the marginal 

nvestors, who are the financial intermediaries in their case, is re- 

uced. 

Schleer et al. (2014) expand beyond the focus on the U.S. bank- 

ng sector’s overleveraged exposure to the real estate market in 

he GFC to study the spillover effect of leveraging on the broader 

on-financial sector. The authors start from the theoretical liter- 

ture assumptions that an overleveraged banking sector leads to 

onstraints in credit supply and delayed recovery. They find that 

n the few years preceding the GFC, actual and optimal debt devi- 

ted from each other and the banking sector began to suffer from 

verleveraging. 

Similarly, Mittnik and Semmler (2011) work in the DSGE tradi- 

ion to determine the amplifying effect of the financial sector on 

eal economic activity. Empirically, this is often shown in a one- 

egime VAR (e.g., Gilchrist et al., 2009, 2010; Christensen and Dib, 

008; Del Negro et al. , 2010), but the authors employ a multi–

egime vector autoregression (MRVAR) approach. They explore 

he consequences of instabilities arising from regime-dependent 

hocks by employing data on industrial production and the IMF Fi- 

ancial Stress Index for eight economies (U.S., Canada, Japan, the 

K, Germany, France, Italy, and Spain). The authors find a nonlin- 

ar positive relationship between the real sector and the financial 

ector stress, but the individual risk drivers affect economic activ- 

ty differently across stress regimes and across countries. 

Gevorkyan and Semmler (2016) develop a theoretical model and 

mpirically analyze the U.S. shale energy sector, consistent with 

tein’s optimal debt argument. The authors explore the boom trend 

n borrowing leading to overleveraging and risks of insolvency. Re- 

ying on nonlinear model predictive control (NMPC), the authors 

dvance two mutually exclusive scenarios: oligopoly or extensive 

ompetition. The empirical analysis of actual and optimal debt 

ased on a vector error correction model (VECM) suggests that 

rms with larger market capitalization in the industry are more 

esilient to oil price volatility than medium and small-sized firms. 

or the latter, a common trend, following the collapse of the oil 

rice and drying out of revenues to sustain interest on debt, was 

o be merged with the large firms. 

While multi-regime models give a unique approach to the effect 

f leveraging on the macroeconomy, some one-regime VAR models 

ive significant results and explanations. For instance, Christensen 

nd Dib (2008) use U.S. data post-1979 and estimate two DSGE 

odels, one with and one without a financial accelerator, to ana- 
480 
yze the effect of the latter on strengthening of the macroeconomic 

nstability. 

The authors’ results suggest that a financial accelerator has a 

ignificant role in amplifying the effects of demand shocks on 

nvestment, reducing those of supply shocks while not affecting 

uch the output fluctuations. Gilchrist et al . (2009) also estimate 

 DSGE model with a financial accelerator to study the link be- 

ween agents’ financial health and the amount of borrowing. They 

rovide empirical evidence that financial frictions have played a 

rucial role in U.S. cyclical fluctuations. 

Singh et al. (2005) discuss the impact of corporate debt on long- 

erm investment and firm performance. The authors take a sample 

f large U.S. manufacturing firms and examine the effect of lever- 

ge on R&D expenditure, using corporate performance drivers as 

ntermediate variables. The authors find a strong negative correla- 

ion between the degree of financial leverage and the level of R&D 

xpenditure undertaken by the firms. In other words, higher lever- 

ge leads to lower R&D expenditure and eventually limits future 

rowth opportunities. In the next section, we spell out our theo- 

etical model. 

Elsewhere, Nyambuu and Bernard (2015) employ the 

tein (2006) model to calculate optimal debt for developing 

ountries. In contrast to our paper, which calculates the opti- 

al debt at the micro-level, the authors apply the model at a 

acro-level. In both cases, the optimal debt ratios may be used to 

efine the distance-from-default indicator variable: in this paper 

t is corporate default and in Nyambuu and Bernard (2015) it 

s sovereign default. Both models solve the stochastic dynamic 

ecision problem, which maximizes the expected present value 

f the utility of consumption in order to calculate optimal debt. 

hile both papers calculate optimal debt, each methodology 

pplies different metrics. For instance, our paper uses data on 

apital gain/loss, market interest rates, and the productivity of 

apital, whereas Nyambuu and Bernard (2015) use GDP ratio, 

urrent account, and actual historical ratios. 

Nyambuu and Bernard (2015) show that rising ratios of exter- 

al debt can make a country vulnerable to shocks and increases 

he risk of default. Similarly, this paper shows that an increase in 

xcess debt of a certain corporation will increase its risk to de- 

ault on its debt. In both models, a sudden drop in consumption 

ill result in a drop in the optimal or sustainable debt level. In 

ther words, both models are consistent with Stein (2006) who 

otes that a debt crisis can occur “if the attempt to service the 

ebt requires a drastic decline in consumption.”

. Theoretical Model 

A conventional view held that the 2008 GFC in the U.S. was 

aused by the excessive financial obligations of households, specif- 

cally real estate mortgages. Stein (2012b) starts his discussion 

bout the boom (or even a bubble) in the mortgage market, which 

e defines as the unsustainable debt-to-income ratios. Stein stated 

hat in contrast to the 2008 crisis, the financial crisis of 1980s re- 

ated to the business sector, where the financial sector suffered due 

o the instability of the nation’s savings and loan industry, which 

ed to a dramatic rise in inflation and interest rates. So, while debt 

roblems may have originated in either the public or private sec- 

ors across different nations, the result was still declining asset 

alues. The mechanisms at work resulted in a contagion effect ei- 

her from the U.S. to Europe and/or from one European nation to 

nother depending on the debtor-to-creditor relationship. In each 

cenario, Stein made it clear that the primary source of the prob- 

em was not the presence of debt but excess debt within the coun- 

ry or group of countries under analysis. 

Stein’s early warning signal of a debt crisis is based on the ex- 

ess debt of households as a difference between the actual debt- 
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1 We are thankful to Reviewer 2 for motivating us to develop the discussion in 

the remainder of this section. 
o-asset ratio and the optimal debt ratio. Consequently, as the ex- 

ess debt ratio rises, the probability of a debt crisis increases. This 

attern is consistent with the rising house prices since the late 

990s, which has led to above-average capital gains for households 

nd, therefore, increased owner equity. As the supply of mortgages 

ncreased, financial obligations as a percentage share of dispos- 

ble income increased for private households as well. At the same 

ime, the quality of loans declined (i.e., proliferation of subprime 

ortgages). As the GFC has shown, the trend was not sustainable. 

s capital gains (initially driven mainly from the cycle of rising 

ousing prices) dropped below the interest payments on debt, the 

ebtors could no longer service their debts and foreclosures led 

o a collapse in the value of financial derivatives. Applied to indi- 

idual firms, it may be said that this scenario is well captured in 

alecki’s PIR framework. 

In what follows, we introduce a model of optimal leverage that 

elps us define overleveraging. The model is a low-dimensional 

tochastic variant of a model of banking leveraging. Stochastic 

odeling forecasts the probability of various outcomes—here, net 

orth and risk—specifically under different debt conditions. 

Based on Stein (2012a) , our model is very similar to those of 

ssa (2020) and Brunnermeier and Sannikov (2014). Both of those 

odels have leveraging and payouts as choice variables, and net 

orth as a state variable. The models are stochastic. Brunnermeier 

nd Sannikov (2014) focused on the banking sector in a macro set- 

ing. There are households that save and financial experts that in- 

est in capital assets owned by households and financial interme- 

iaries. Both have different discount rates. 

In our model, preferences in the objective function and Brow- 

ian motions are the state variables similar to both studies. The 

tein (2012a) model, assuming certain restrictions, uses log util- 

ty and allows the exact computation of excess leveraging. Capi- 

al return is stochastic due to capital gains as well as the interest 

ate (both assumptions applied to the model in this paper). This 

s in contrast with Brunnermeier and Sannikov (2014) where only 

he capital return is stochastic and the interest rate is a constant. 

oth Brunnermeier and Sannikov (2014) and Stein (2012a) employ 

 continuous time version. Adding to the literature, this paper for- 

ulates the problem in discrete time variant with a discounted in- 

tantaneous payout and an optimal leveraging function. 

Consequently, we develop a model with two stochastic vari- 

bles. A hypothetical investor selects an optimal-debt ratio f ∗(t) to 

aximize the expectation of a concave function of net worth X(t) , 

here t is the terminal date. The model assumes that the opti- 

al debt to net worth ratio significantly depends on the stochastic 

rocess concerning the capital gain variable. The expected growth 

f net worth is also maximal when the actual debt ratio is at the 

ptimal level. 

Optimal leverage is given by: 

f ∗( t ) = 

[ 

( r − i ) + β − αy ( t ) −
(

1 
2 

)(
o 2 p − σi σp ρ

)
o 2 

] 

(1) 

uch that 

isk = σ 2 = σi + σp −
(
2 ρip σi σp 

)
, (2) 

here r is the bank’s capital gain (or loss), i is the credit cost of

anks, β is the productivity of capital, y (t) is the deviation of cap- 

tal gain from its trend, αy (t) is the variance of β (the productivity 

f capital), σ 2 is the variance, and ρ represents the negative cor- 

elation coefficient between interest rate and capital gain. 

Stein’s model is followed to measure the excess leveraging of 

orporations. The focus is on the solution of the dynamic version 

f the model, which allows for using time-series data on corpora- 

ions. Deviating from Stein’s original model, we introduce a novelty 

n that each firm’s productivity of capital is not assumed to be de- 
481 
erministic or constant as in the Stein model. Instead, we calculate 

ndividual firm’s productivity of capital for the years of 20 0 0–2018 

anually. This paper develops and relies on an original theoretical 

odel of corporate capital structure that is not presented or dis- 

ussed in the Stein papers. Appendix A offers a detailed derivation 

nd explanation of the Stein (2006) model. 

There are some limitations to the original layout. First, the Stein 

odel does not look into the non-financial corporate sector. Sec- 

nd, Stein tracks only optimal leveraging, not the actual and excess 

everaging as measured in our paper. We argue that such omis- 

ion is likely to give rise to the actual vulnerability of the banking–

orporate macro system. In Stein’s model, the rise of actual lever- 

ge over and above the optimal leverage is caused by a shock se- 

uence of high capital gains and a shock sequence of low interest 

ates, both giving rise to excess leveraging. Finally, the Stein model 

an neatly make the distinction between optimal debt, actual debt 

nd, thus, excess debt. However, it does not specify the more spe- 

ific mechanisms that build up excess debt. We attempt to address 

hese limitations in our paper. 

As such, this paper presents a methodology that can be used to 

stimate optimal debt ratios in the broader corporate sector, out- 

ide of banking. The excess debt is determined by the difference 

etween the actual debt and the optimal debt. The optimal debt 

evel was calculated for the period from 20 0 0 until 2018. That then 

elped derive excess debt, which, as a reminder, is the measure of 

verleveraging in this paper. To calculate firms’ optimal debt ratios, 

ata on firms’ capital gain/loss, market interest rates, and the pro- 

uctivity of capital were collected. Using these variables, we then 

erived the risk and return components of the model. 

Our model computes an economic crisis probability measure or 

n early warning signal focusing on an excessive credit growth 

ndicator, namely, excessive leverage. 1 Although our theoretical 

odel abstracts from the effect of external shocks and other sec- 

ors’ returns and debt levels on a certain firm’s or sector’s lever- 

ging, these play a role—even if perhaps not a primary role—in 

etermining actual leveraging. Therefore, a number of implications 

merge from the above discussion that exploit the sources of sys- 

emic risk stemming from domestic macro financial disparities, i.e., 

ommodity prices, the interconnectedness (financial, operational, 

nd technological), and external shocks such as COVID-19 or wars. 

For instance, increases and decreases in oil prices do affect the 

anking sector, especially in economies that are highly dependent 

n oil and gas exports. Moreover, macro financial linkages can 

mplify the effects of oil price movements over the financial cy- 

le. More specifically, oil price swings, in addition to government 

pending policies, create feedback loops between asset prices and 

redit, which can increase the systemic risk in the overall financial 

ector of a certain economy. An IMF paper by Khandelwal et al . 

2016) analyzes the effects of oil prices on the banking sector in 

he Gulf Cooperation Council (GCC). The authors argue that an in- 

rease in oil prices leads to higher oil revenues and stronger fiscal 

nd external positions. 

In turn, this positively affects equity market returns because 

nvestors expect the impact of higher oil prices to be positive 

n the corporate sector and eventually expect more government 

pending. Consequently, banks and corporations become more liq- 

id and credit growth increases asset prices. Thus, this places 

rms’ and banks’ balance sheets in a much stronger position as 

sset prices appreciate. Another IMF paper by Eberhardt and Pres- 

itero (2018) states that banking crises are potentially driven by 

ommodity price changes. The authors employ a sample of 60 low- 

ncome countries for the years 1981–2015 and show that credit 
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rowth cannot be considered a main driving force of economic dis- 

ress or financial crisis, as most literature states, because it is me- 

iated through capital inflows, which are also fueled by a booming 

nancial market. 

Another externality that needs to be considered is the average 

everage level in the market. Suppose, for example, that the firm 

hooses f (t) to maximize its objective function that depends on 

f (t) and that the average leverage level f (t) in the market, taking 

f (t) as given, is an externality. However, with a single represen- 

ative firm, in equilibrium it must be the case that f ∗(t) = f (t) . 

owever, this equilibrium would not be “optimal” in the Pareto 

ense. Depending on whether inter-industry risks are positively or 

egatively correlated, and depending on the effect of systemic risk 

n a specific industry risk, the deviations between actual and opti- 

al leveraging, namely, excessive leveraging, may be more or less 

ronounced. 

Future research would need to address the risk factors am- 

lifying leverage and extend the understanding of systemic risks. 

his paper focuses on the solution of the dynamic version of the 

tein (2006) model that allows us to use time-series data on cor- 

orations and takes leveraging and payouts as choice variables, 

nd net worth as a state variable. In particular, this paper exploits 

tein’s insight that the optimal leverage decisions can be done 

ndependently over time if using the logarithmic utility function. 

till, Stein’s work can be extended to include major hazards such 

s: 1) sudden jumps in domestic stocks and domestic currency; 

) liquidity crunches; 3) news about oil or commodity prices; 4) 

anctions and/or trade wars; and 5) interconnectedness at the op- 

rational and technological levels. 

All these events lead to jumps in investment portfolios, which 

mpacts the debt levels. The magnitude of jumps is random but 

reater than the portfolio fluctuations right before the jumps. 

herefore, all the portfolio fluctuations should not be described 

ith one volatility number. A separate jump component should 

e added to the equation for dynamics of the investment portfolio 

rice. This must be done in addition to the volatility component, 

hich is already in Stein’s equation (e.g., see Semmler et al. , 2019 ).

With that, the model would present a fairly broad framework 

hat lends itself easily to capturing the mechanism between op- 

imal leverage and various commodity-, sector-, and regulation- 

elated events. Highly nonlinear shapes of the mechanism can hap- 

en. The jump term may seem like a theoretical extension at first. 

owever, it is hugely important where market changes often oc- 

ur in sudden jumps rather than in a diffusive manner due to the 

ross-correlations and covariances between different sectors. More- 

ver, economic shocks are rarely predictable and they arrive with 

 suddenness that often outpaces the capacity of bureaucracies to 

espond in a timely manner (for more on uncertainty and fiscal 

ustainability, see Gevorkyan et al ., 2012 ). 

This future extension to our model should focus on the capital 

tructure of a firm. At time t , the firm has total net worth of X(t) .

dditionally, the firm borrows f (t) ∗ X(t) , where f (t) is known at 

ime t . Thus, f (t) is the leverage ratio and equals debt over eq-

ity and f (t) ∗ X(t) are the liabilities, and ( 1 + f (t) ) ∗ X(t) are the 

ssets. 

The firm has the following incoming and outgoing cashflows. 

irst, the firm invests its assets into portfolio P . The price of the

ortfolio fluctuates randomly and equals P (t) at time t . Second, 

he firm pays interest on liabilities, which is continuously com- 

ounded at a rate i (t) . The interest rate i (t) is generally treated

s a stochastic process. The interest rate is set at the beginning of 

he accrual period and the front end of the term structure is flat. In

ther words, at every moment of time t , interest rate i (t) applies

o interest paid over the interval [ t , t + dt ] for small values of dt .

hird, the firm spends a fraction of its net worth continuously at a 

ate C. The rate is fixed and deterministic. 
i

482 
The sum of the cashflows implies the following stochastic dif- 

erential equation (SDE) for X(t) : 

 [ X ( t ) ] = X ( t ) ∗
[
( 1 + f ( t ) ) ∗ d [ P ( t ) ] 

P ( t ) 
− f ( t ) ∗ i ( t ) ∗ dt − C ∗ dt 

]
(3) 

Let Z(t) = ( t , i (t ) , S(t ) , O (t ) , I(t ) , C(t ) ) be the state process, 

here t is time, S(t) is the level of S&P 500, O (t) is the price of

il or commodity, I(t) is an indicator of political stability in the 

egion, and C(t) is the cross-correlations and covariances between 

ectors. The value of Z(t) is completely known at time t . Some of 

ts components may be observed even earlier. In other words, P (t) 

epresents jump diffusion, where the amplitudes of jumps are ran- 

om; therefore, P (t) may jump due to revisions in the outlook for 

omestic markets, changes in interest rates, credit levels assumed 

n average by sectors, or by political events. 

Finally, the corporate world ceases to be efficient and corporate 

efault risk increases once the implications of jumps due to firm- 

pecific and non-firm-specific variables are taken into account. 

everage levels do not self-correct; corporations experience market 

ailures and can be a source of systemic risk that can affect an en- 

ire economy. As the government has not kept pace with advances 

n the financialization of corporations, it is ill-equipped to prevent 

 future crisis (see what happened in COVID-19). For brevity, we 

roceed with the core Stein model as laid out in Equations (1) and 

2) , leaving the extension opportunities for separate projects. 

. Estimation of the Optimal Debt 

.1. Dataset 

Relying on the foundations laid out above, the optimal and ac- 

ual debt ratios were calculated for a sample of 89 companies. The 

rimary sources for corporate balance sheets data were Bloomberg 

erminals and FactSet. We undertake our estimations using the 

ull sample which incorporates firm-specific variables on the lead- 

ng companies from six largest industries (as per S&P500 rank- 

ng). Each industry sub-sample includes up to top twenty publicly 

raded companies (depending on data availability) based on their 

arket capitalization and total assets compared to others in the 

espective industry. Table 1B of the Appendix B provides sectors, 

umber of companies, and the ticker symbols of the companies 

sed in the sample. 

.2. Estimation Methodology and Variables 

Due to space constraints, Table 1 below provides only a sample 

able for one company (National Grid). The full dataset for each 

ompany is provided in the online Appendix to this paper. 

The full calculations are presented in 89 tables with 18 columns 

ach. Column 1 (omitting the columns with the years) in Table 2 

eports capital gain (loss) that represents the return in percentage 

o the investors of the bank from capital appreciation or loss in a 

articular year. This capital gain (loss) is calculated by dividing the 

hange in each bank’s stock market capitalization by the beginning 

arket capitalization at each period. The market capitalization se- 

ies were Hodrick–Prescott (HP)-filtered to eliminate the effects of 

aily stock market swings. Column 2 represents the market inter- 

st rate. The 10-year treasury yield was used to represent the mar- 

et interest rate and, therefore, is presented in percentage terms. 

ote, the variables in the first two columns form the uncertainty 

f the model. The two variables are stochastic in the model and 

an move in different directions. 

In Column 3, beta ( β) represents the productivity of capital and 

s calculated as the firm’s annual gross revenue divided by the to- 
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Table 1 

Example of Optimal, Actual, and Excess Debt Calculations for National Grid (NGG), in millions USD. 

Year Market Cap 

Net Revenue, 

Adj 

Average 

Annual SE 

Ave Short 

Term Debt 

Average Long 

Term Debt 

Total 

Capital Beta (#3) 

10-year 

treasury Bills Total Assets Total Debts 

Capital 

Gains 

Actual Debt 

Ratio 

2000 13,495.16 5,602.39 4,927.04 1,389.57 4,522.00 7,882.83 0.71 0.03 14,177.76 5,956.07 0.32 

2001 9,262.11 6,304.70 4,486.88 1,300.82 9,969.99 10,122.29 0.62 0.02 24,735.31 12,037.50 (0.31) 0.40 

2002 22,787.22 14,614.18 1,759.26 1,645.46 19,336.09 12,250.04 1.19 0.02 39,364.51 22,886.23 1.46 0.49 

2003 22,213.97 15,130.54 2,229.31 1,600.77 21,212.46 13,635.93 1.11 0.02 43,000.18 24,347.84 (0.03) 0.49 

2004 29,408.52 13,664.30 3,988.95 34.01 20,874.41 14,443.16 0.95 0.03 52,077.38 27,036.40 0.32 0.40 

2005 26,475.47 15,765.62 6,039.70 5.20 17,843.32 14,963.97 1.05 0.02 44,966.47 22,772.91 (0.10) 0.40 

2006 39,207.46 15,770.06 8,090.57 11.77 28,804.39 22,498.65 0.70 0.02 57,693.11 30,826.54 0.48 0.50 

2007 42,324.34 22,997.93 10,645.05 1,136.85 34,027.99 28,227.47 0.81 0.03 75,069.86 41,743.46 0.08 0.45 

2008 23,880.17 26,590.17 5,690.40 1,122.31 33,741.06 23,122.09 1.15 0.04 63,736.77 38,403.75 (0.44) 0.53 

2009 26,982.35 22,350.73 6,369.46 227.53 33,854.18 23,410.32 0.95 0.03 66,065.55 38,110.60 0.13 0.51 

2010 30,267.81 22,364.90 14,522.73 799.87 32,453.33 31,149.33 0.72 0.04 77,050.60 37,185.23 0.12 0.42 

2011 34,576.84 22,201.74 14,761.61 52.73 32,806.60 31,191.27 0.71 0.05 78,812.21 36,788.20 0.14 0.42 

2012 41,574.02 22,690.09 15,532.22 700.01 37,425.24 34,594.84 0.66 0.04 86,364.88 42,660.86 0.20 0.43 

2013 48,684.73 23,643.75 19,857.42 445.13 37,409.18 38,784.57 0.61 0.04 90,319.52 43,262.54 0.17 0.41 

2014 53,794.24 24,473.67 17,757.59 2,007.04 33,968.33 35,745.28 0.68 0.04 85,648.23 38,463.39 0.11 0.40 

2015 51,730.50 19,899.12 19,482.60 5,113.91 35,548.74 39,813.93 0.50 0.04 88,572.17 40,738.83 (0.04) 0.40 

2016 44,158.14 19,586.21 25,469.17 6,789.94 28,937.91 43,333.10 0.45 0.05 87,448.97 35,810.39 (0.15) 0.33 

2017 39,963.32 20,208.63 26,417.53 3,124.04 31,111.30 43,535.20 0.46 0.05 82,466.41 37,349.55 (0.10) 0.38 

2018 33,078.50 19,597.57 25,212.71 3,171.62 31,609.39 42,603.22 0.46 0.07 82,043.94 37,436.63 (0.17) 0.39 

Source: authors’ calculations based on data from Bloomberg and FactSet 

Note: sample company table with optimal debt calculations. Section 4 offers additional details. 

4
8

3
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Table 2 

Example of Optimal, Actual, and Excess Debt Calculations for National Grid (NGG) continued, in millions USD 

Year 

Capital gains/ 

(losses), (r) 

Interest 

Rate (i) 

Beta 

(Productivity 

of Capital, β) 

Beta 

variance 

( αy(t)) 

Half Square 

of capital 

gain 

variance 

Correlation 

of interest 

& capital 

gain 

variables 

Interest 

rate 

variance 

Capital gain 

variance 

Correlation 

and 

variances of 

interest and 

capital gain 

Std. 

deviation of 

interest rate 

Std. 

deviation of 

capital gain 

2 x (correlation 

and variances 

of interest and 

capital gain) Risk 

Optimal 

debt 

ratio, ƒ∗(t) 

Normalized 

Optimal 

Debt ratio 

Actual Debt 

ratio 

Normalized 

Actual Debt Excess Debt 

2001 -0.31367142 0.0243 0.6228528 -0.1438935 0.04919488 -0.3550634 -0.0118 -0.4187023 -0.0017543 0.01343643 0.40365548 -0.0035085 0.42060043 0.898301 -1.5404871 0.40306723 -0.51561 1.02487713 

2002 1.460261232 0.0209 1.19299073 0.42624439 1.06618143 -0.3550634 -0.0152 1.35523037 0.00731413 0.01343643 0.40365548 0.01462826 0.40246365 2.8505438 1.73881853 0.49120617 1.11788418 -0.6209343 

2003 -0.02515664 0.0188 1.10960859 0.34286225 0.0 0 031643 -0.3550634 -0.0173 -0.1301875 -0.0 0 07997 0.01343643 0.40365548 -0.0015994 0.41869129 1.72364125 -0.1541109 0.49331096 1.15689268 1.31100362 

2004 0.323875021 0.0286 0.94607429 0.17932795 0.05244751 -0.3550634 -0.0075 0.21884416 0.0 0 058278 0.01343643 0.40365548 0.00116555 0.41592636 2.42869105 1.03020579 0.40083449 -0.5569899 -1.5871957 

2005 -0.0997347 0.0191 1.05357236 0.28682602 0.00497351 -0.3550634 -0.017 -0.2047656 -0.001236 0.01343643 0.40365548 -0.002472 0.41956387 1.52945044 -0.4803055 0.39681389 -0.6315043 -0.1511988 

2006 0.480897601 0.0197 0.70093367 -0.0658127 0.11563125 -0.3550634 -0.0164 0.37586674 0.00218869 0.01343643 0.40365548 0.00437737 0.41271454 2.70041706 1.48664115 0.49926915 1.26731689 -0.2193243 

2007 0.079497116 0.0339 0.81473579 0.04798945 0.0031599 -0.3550634 -0.0022 -0.0255337 -1.995E-05 0.01343643 0.40365548 -3.989E-05 0.4171318 1.9398272 0.20903027 0.45328431 0.4150719 0.20604163 

2008 -0.43578163 0.0373 1.14999013 0.38324379 0.09495282 -0.3550634 0.0012 -0.5408125 0.0 0 023043 0.01343643 0.40365548 0.0 0 046085 0.41663106 0.47750237 -2.2473292 0.52938139 1.82539232 4.07272151 

2009 0.12990611 0.0252 0.95473832 0.18799198 0.0084378 -0.3550634 -0.0109 0.02487525 9.6272E-05 0.01343643 0.40365548 0.0 0 019254 0.41689937 2.07030999 0.42821046 0.51243318 1.51128819 1.08307773 

2010 0.121763301 0.0374 0.71798974 -0.0487566 0.00741315 -0.3550634 0.0013 0.01673244 -7.723E-06 0.01343643 0.40365548 -1.545E-05 0.41710736 2.0227137 0.34825996 0.42119503 -0.17964 4 4 -0.5279043 

2011 0.142363455 0.0476 0.71179333 -0.054953 0.01013368 -0.3550634 0.0115 0.0373326 -0.0 0 01524 0.01343643 0.40365548 -0.0 0 03049 0.41739679 2.03936328 0.37622732 0.41626291 -0.2710522 -0.6472795 

2012 0.202366092 0.0442 0.65588071 -0.1108656 0.02047602 -0.3550634 0.0081 0.09733524 -0.0 0 02799 0.01343643 0.40365548 -0.0 0 05599 0.41765179 2.1648572 0.58702739 0.43333864 0.04541532 -0.5416121 

2013 0.171037345 0.0422 0.60961736 -0.157129 0.01462689 -0.3550634 0.0061 0.06600649 -0.0 0 0143 0.01343643 0.40365548 -0.0 0 02859 0.41737784 2.11035124 0.49547029 0.4141871 -0.3095236 -0.8049939 

2014 0.104950977 0.0415 0.68466863 -0.0820777 0.00550735 -0.3550634 0.0054 -7.988E-05 1.5316E-07 0.01343643 0.40365548 3.0631E-07 0.4170916 1.97723979 0.27187456 0.39660283 -0.635416 -0.9072906 

2015 -0.03836359 0.0405 0.499803 -0.2669433 0.0 0 073588 -0.3550634 0.0044 -0.1433944 0.0 0 022402 0.01343643 0.40365548 0.0 0 044804 0.41664387 1.64978042 -0.2781796 0.40135338 -0.5473731 -0.2691935 

2016 -0.14638096 0.0504 0.45199193 -0.3147544 0.01071369 -0.3550634 0.0143 -0.2514118 0.00127652 0.01343643 0.40365548 0.00255304 0.41453887 1.35217286 -0.7780899 0.33091196 -1.8528763 -1.0747864 

2017 -0.0949954 0.0516 0.46419061 -0.3025557 0.00451206 -0.3550634 0.0155 -0.20 0 0263 0.0 0110 084 0.01343643 0.40365548 0.00220168 0.41489023 1.48651301 -0.5524302 0.37726027 -0.993895 -0.4414648 

2018 -0.17227848 0.0666 0.460 0 0212 -0.3067442 0.01483994 -0.3550634 0.0305 -0.2773093 0.0 030 031 0.01343643 0.40365548 0.0 060 0621 0.4110857 1.25528818 -0.9408332 0.38527392 -0.8453767 0.0954565 

Source: authors’ calculations based on data from Bloomberg and FactSet. 

Note: sample company table with optimal debt calculations. Section 4 offers additional details. 
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al capital. The total capital here is calculated as shareholder eq- 

ity plus half of both short-term and total long-term debt. 2 To de- 

ermine shareholder equity, we obtained the annual value of each 

ank’s shareholder equity from the balance sheet. Short-term debt 

omprises all of the firm’s current liabilities that are usually due 

ithin 12 months. Long-term debts, on the other hand, are calcu- 

ated as the combinations of long-term liabilities and other liabili- 

ies in firms’ balance sheets. These are basically all bank liabilities 

ue in more than one year’s time. Therefore, each firm’s productiv- 

ty of capital is calculated for the years 20 0 0–2018 (recall that this 

actor is taken as a constant in Stein, 2012a ). 

Columns 4–9 are the risk elements in the model. Column 4 

epresents the beta variance calculated as the difference between 

ach year’s beta from the mean beta for the years 20 0 0 and 2016,

epresenting the deviation of each period’s beta from the mean. 

olumn 5 presents a component of the risk element calculated as 

ne-half of the square of the capital gain variable. Column 6 is the 

tatistical correlation between interest rate and capital gain vari- 

bles over the period 20 0 0–2018 (the correlation is constant in 

he calculation). Columns 7 and 8 are the variance for the inter- 

st rate and capital gain variables, respectively. Each period’s vari- 

nce is calculated as the deviation of that period’s value from the 

ean. Therefore, interest rate variance is the difference between 

ach year’s 10-year treasury yield and the mean interest rate from 

0 0 0 to 2018. Similarly, capital gain variance is the difference be- 

ween each year’s capital gain/loss and the mean capital gain from 

0 0 0 to 2018. 

As an additional component of the risk element, the variable 

n column 9 is calculated as the product of the correlation factor 

f the stochastic variables (column 6), interest rate variance (col- 

mn 7), and capital gain variance (column 8). Note that the op- 

imal debt ratio is positive only if the net return is greater than 

he risk premium. Columns 10–12 are used to determine the risk 

nvestors bear when they decide to hold equity in the firm. This 

s a key issue for investors’ decision making. Columns 10 and 11 

epresent the standard deviations of the interest rate and capital 

ains, respectively. Therefore, column 10 is the standard deviation 

f values in column 2 while column 11 is the standard deviation 

f values in column 1. Here, standard deviations are constant over 

he periods, as in the Stein model. Column 12, on the other hand, 

s calculated as twice the value of the correlation and variances of 

nterest and capital gain . This is, therefore, calculated as 2 multi- 

lied by column 9. Column 13 is the risk of an investor holding the 

quity of the firm at each time period as in Equation (2) . The risk

s calculated by adding the standard deviations of the interest rate 

column 10) plus the standard deviation of capital gain (column 

1), minus the risk component in column 12. 

In our model, the optimal debt ratio maximizes the difference 

etween net return and risk term. Therefore, only if the net return 

xceeds the risk premium does the optimal debt ratio become pos- 

tive. The optimal debt ratio, therefore, is not a constant, as Stein 

oted (2012a), but rather varies directly with net return and risk. 

esigning an effective policy to make optimal debt a fixed ratio 

ased on the net worth of a financial corporation, is a regulatory 

hallenge. High risk implies high return; therefore, decreasing the 

ank’s risk by providing secured lending to corporations will be a 

hallenging task. 

In Column 14, we then calculated, using all the above- 

entioned variables, Stein’s optimal debt ratio f ∗(t) . Debt ratios 

ere normalized to remove the effects of seasonality. Therefore, 

ormalized f ∗(t) measures the deviation of the optimal debt ra- 

io away from the mean. Negative values in Column 14 repre- 
2 The reason that total capital is calculated this way is because capital invest- 

ents in a company comprise equity capital and debt financing; hence, a company 

as two types of stakeholders: equity and debt holders. 

2

t

i

a

485 
ent lower optimal debt ratios away from the mean ratio during 

he applicable periods. The components of the optimal debt ratio 

re, therefore, primarily the capital gains for equity holders of the 

rm’s stock, the market interest rate, and the risk term. The opti- 

al debt ratio maximizes the difference between mean return and 

isk term. 

The values in the first column are then added to the values 

n the third and ninth columns; the values in the second, fourth, 

nd fifth columns are subtracted out of the total. Finally, the to- 

al is divided by the thirteenth column. In other words, the risk is 

ubtracted out of net worth, which reiterates what has been men- 

ioned above that optimal debt ratio is positive only if the net re- 

urn is greater than the risk premium and this can intuitively be 

een. 

In column 15, we calculated normalized optimal debt ratios us- 

ng column 14 and the mean and standard deviation of the opti- 

al debt values (normalized such that each variable has a mean of 

ero). In addition to calculating the optimal debt ratio, we calcu- 

ated the firm’s actual debt ratio to calculate the excess debt ratio. 

he actual debt ratio of the firms was equal to long-term debt di- 

ided by total assets, which are given in firms’ annual reports as 

ell. 

Actual debt ratios are also normalized in the same way as opti- 

al debt ratios (see column 16). After optimal and actual debt ra- 

ios are calculated, excess debt is calculated in the last columns as 

he normalized actual minus the optimal debt. The graphs of the 

wo ratios, namely, actual and optimal debt ratios, are presented 

or the six industries in Figures 1a–1f in the next section that also 

ffers a summary of our empirical analysis. 

. Empirical Results 

Following the methodology from Section 3 , we estimate the op- 

imal leverage for our industry sample. The breakdown by sector 

s included in Table 1B in the Appendix A as discussed above. The 

nalysis was performed using the total long-term debts and total 

ssets. As noted, total long-term debt represents the company’s to- 

al debt with a maturity date more than one year from the balance 

heet date. 

The vertical axes of Figures 1a–1f represent the aggregate debt 

atios for each industry while the horizontal axes represent the 

ears. Figure 1 a shows the optimal debt against the actual debt 

atios for the airline industry. Figure 1 b shows the optimal debt 

gainst the actual debt ratios for the auto industry followed by en- 

rgy, financial, pharmaceutical, and technology, respectively, in the 

emaining figures. The debt ratios for each industry are weighted 

verages of the companies in our sample in each industry. 

The optimal and actual debt ratios for most of the firms ex- 

ibited similar trends. For several years preceding the 20 07–20 09 

nancial crisis, corporations had high optimal debt ratios. For most 

f the firms, about one or two years prior to 2007 the optimal debt 

atios began to drop and the decline was severe in all cases. The 

rend of actual debt exceeding the optimal debt reversed post-GFC 

or most industries in the sample. 

We also calculate each company’s actual debt ratio. Prior to the 

FC, the data points to a rising actual debt ratio in the years prior 

o the GFC. Notably, after 2009, the actual debt levels across the 

irline, auto, and energy industries remained stable while the trend 

n the financial, pharmaceutical, and technology industries contin- 

ed to rise, pushing up leveraging. 

For the airline industry, the actual debt level decreased after 

008 and remained at a low level since then even though the op- 

imal level revealed a higher possibility of borrowing. For the auto 

ndustry, the actual debt level remained stable after 2009 but with 

ctual debt always increasing beyond optimal debt. This suggests 
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Figure 1. Actual vs. optimal debt by industry estimation results. 
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hat the industry overall had excess debt, which increases the in- 

tability risk. 

The energy industry exhibited a slightly different behavior. The 

ompanies were not excessively leveraged as the graphs show. The 

ptimal debt level was much higher than the actual debt level until 

008. Afterwards, there were some ups and downs with a low debt 

evel between 2012 and 2014. 
486 
The financial industry exhibited a continuously increasing level 

f actual debt, but the levels were still close to the optimal debt 

evel as opposed to the decade before the GFC. The companies in 

he financial industry decreased excessive risk between 2010 and 

013 to engage in risky borrowing again afterwards. The optimal 

ebt ratio was high during the years prior to the GFC and then 

ecreased around 2006. 
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For example, Bank of America had a high optimal debt ratio 

rior to the crisis. However, the ratio began to drop and dropped 

ore dramatically in the years immediately preceding the financial 

risis. Between 2002 and early 2005, there were high optimal debt 

atios, but a decrease began in mid-2005. The decrease in Bank 

f America’s actual debt around 2002 can be explained by several 

ank-specific actions. 

First, in 2002, recovering from the “dotcom” bubble, the bank’s 

evenue increased by 68% and market stock price increased by 

7%. During this year, Bank of America purchased a 24.9% stake 

n Grupo Financiero Santander Serfin (GFSS), a subsidiary of San- 

ander Central Hispano in Mexico, for $1.6 billion. In 2008, there 

as a strong decline in the optimal debt of the bank. This is 

trongly correlated with the bank’s acquisitions of both Merrill 

ynch and Countrywide Financial in 2008. The bank’s financial 

tatements clearly show a strong effect of these acquisitions, which 

ontinued over the following several years. This was expected be- 

ause the acquired firms held significant amounts of risky mort- 

ages and mortgage-backed securities that significantly increased 

he bank’s debt. 

On the other hand, Wells Fargo improved significantly after the 

FS according to the bank’s optimal and actual debt ratios. Further, 

he optimal debt ratio decreased. More importantly, the actual debt 

atio remained very low and debt was well-managed compared to 

revious years as with other banks. Bank of America’s asset prices 

egan to rise at the end of 2010, thus improving the bank’s actual 

ebt ratio. Wells Fargo’s actual debt ratio declined, which could be 

elated to the constant swings in asset prices. 

Based on the obtained results, it may be argued that the finan- 

ial industry is the second most vulnerable industry. The financial 

ndustry in general is seen as the driving force behind the GFC ac- 

ual debt spike in 2008, but some had a smooth behavior after- 

ards. What we can see from individual banks is that the larger 

he bank the higher the excess debt. 

Our analysis also suggests that the pharmaceutical industry is 

he most vulnerable in our industry sample. In contrast to the fi- 

ancial industry, the pharmaceutical industry had low debt levels 

p until 2006. However, the leveraging has been steadily increas- 

ng with higher levels since 2014. Large firms such as Merck and 

fizer were vulnerable in 2008 due to their financial structure, and 

till seem to have excess debt levels. 

The technology industry shows the highest level of actual debt 

n 2018 and is continuously increasing its excess leverage. How- 

ver, this does not mean that the industry is vulnerable though 

ome companies are. The actual debt levels are close to the optimal 

evels except for the period 2013–2015. Technology firms, with the 

xception of a few firms, seem to be more stable and less lever- 

ged. Also, the largest technology firms are hoarding cash (e.g., 

aulkender et al ., 2019 ). 

Firms like Dell, HP, and IBM are more vulnerable than firms like 

pple, Amazon, Facebook, and Twitter. The former group’s leverage 

as been increasing exponentially and this could be due to the fact 

hat they needed capital to change their business model and inno- 

ate in order to include more services and less products. Facebook 

nd Twitter are the least leveraged, but Apple started to increase 

everage in 2012. 

. A bigger picture? Connecting with the work of Kalecki and 

insky: a brief comment 

The results from the above estimations suggest that estimated 

orporate excess debt has largely been moving up, spiking around 

he GFC and then declining only to resume the rise later ( Figure 2 ).

his trend is consistent with an increase in actual debt across 

ndustries though the average excess debt ratios vary by sector. 

everaging was much higher in some real sectors prior to the GFC 
487 
elative to the financial sector, e.g., airline and auto industries. Post 

risis, and especially since 2010, leverage jumps are observed in 

he technology and pharmaceutical sectors. 

At the same time, individual company idiosyncrasies aside, all 

ndustries seem to be following a common trend, which, in turn, 

ppears to be led by the energy industry, especially in the post- 

FC period. Figure 2 also reports that overleveraging has continued 

ong after the 2008 peak of the GFC. The financial sector in our 

ample consists mostly of advanced economies’ large banks. The 

FC and subsequent proactive central bank interventions, along 

ith restrained banking sector activity and broader technological 

hange, weakened the financial sector, transferring the default risk 

o the non-banking sector. 

That may partially explain declining leverage immediately af- 

er the GFC, as banks reduced risk-taking following the crisis. The 

ituation reversed in 2012 after market concerns about low prof- 

tability deprived banks of an important source of fresh capital, 

hich encouraged renewed risk-taking and leveraging by banks. 

ank lending to non-bank financial institutions rose after the cri- 

is, which again increased the vulnerability of the sector. It would 

e interesting to investigate large banks in emerging markets 

here, in contrast to advanced economies, bank lending expanded 

trongly post-GFC and onwards, raising sustainability concerns, es- 

ecially that the risk-taking is not supported by sufficient capital 

nd liquidity buffers. 

It is also important to keep in mind the dynamics of large 

rms within each industry. This point is also raised in the anal- 

sis of macroeconomic effects of debt by Brunnermeier and Krish- 

amurthy (2020) , and in a recent report from Vandevelde (2020) . 

uch would depend on the firm’s significance as far as market 

ower and share of financial obligation in relation to the com- 

etitors in the sector. Due to the changing nature of the relevant 

actors (e.g., market capitalization), we leave such estimation out 

f the purview of this paper but call attention to the large-firm 

ffect’s significance as the COVID-19 pandemic forced economic 

ownturn takes an unpredictable turn. 

Leverage varies across industries due to several reasons. First, 

he fact that some are more capital-intensive than others may be 

laying a role. For instance, the financial sector, by nature of the 

usiness and not necessarily by volatility indicators, has one of 

he highest excess debt ratios. The energy sector is also capital- 

ntensive by nature, requiring substantial financial resources for 

roduction. 

Second, the nature of the actual work may define the level 

f debt that a certain industry can manage. For example, the 

echnology sector has high productivity of capital, which provides 

pace for more leveraging. The assumption here, following from 

quation (1) in the theoretical part of this paper, is that the pro- 

uctivity of capital is positively correlated with the amount of debt 

sed. High profitability creates stability regardless of the economic 

onditions, which allows for higher risk. 

More broadly, Figure 3 adds to our discussion with recent ob- 

ervations on the actual debt evolutions in the U.S. non-financial 

orporate sector. There are signs that overleveraging across indus- 

ries is likely on the rise again (e.g., Vandevelde, 2020 ). At first, it

ight be tempting to view the evidence in this paper as industry- 

pecific with relevance to the isolated debt risk assessments. In 

act, the identification of specific risk factors in each industry is in- 

ormative for more concrete regional policy decisions and macroe- 

onomic pressures. For example, the airline industry may have 

een affected by a sudden drop in business and leisure travel. The 

nancial sector is caught in the unpredictability of risk valuations 

nd future cash flows. Similar rationalizations may be advanced for 

ther industries. 

However, as has been mentioned, the COVID-19 pandemic de- 

ivered a structurally different impact, layering upon subdued en- 



S. Issa and A.V. Gevorkyan Structural Change and Economic Dynamics 62 (2022) 478–491 

Figure 2. Selected industries’ average excess debt 

Source: authors’ calculation. 

Figure 3. Actual debt evolution in the U.S. non-financial sector 

Source: FRED (2021). 
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ogenous fragilities. The challenge is in the wide-scale uncertainty 

f the global pandemic and the subsequent economic volatility. 

ere, Figure 3 seems to be revealing a broader trend, which is 

omewhat consistent with our reading of the Kaleckian–Minskyan 

ramework of macroeconomic cycles. There are two immediate 

oints that help analytically sum up the results of this paper in 

he context of a rapidly changing environment. 

First, it is important to differentiate between the nature of 

he external COVID-19 shock and the 2008 crisis. The former is a 

urely exogenous shock while the latter is a result of a vulnera- 

le state of the financial system. COVID-19 provides a shock that 

s not connected to business or financial cycles and, as such, be- 
488 
avior can be analyzed empirically with less concern for the usual 

ndogeneity issues. Second, despite the principal difference in the 

ature of the crisis, the new spike in indebtedness is building upon 

he fragilities of the past decade’s growth trend in corporate over- 

everaging. Importantly, the latter trends have been uniform across 

ll industries and business types (i.e., financial and non-financial 

orporations). 

These two factors can then be reviewed in the Kaleckian–

inskyan cycles. As mentioned earlier, González and Pérez- 

aldentey (2018) offer a substantive analysis of Minsky’s FIH in the 

atin American context, finding evidence supporting the hypothe- 

is. The authors also engage substantively with the post-Keynesian 
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iterature that argues that debt levels may be counter-cyclical (e.g., 

avoie and Seccareccia, 2001 ). Hence, we omit this part of the dis- 

ussion and defer the reader to the informative contribution of 

onzález and Pérez-Caldentey (2018) . 

An interpretation of Kalecki’s (1937) principle of increasing risk 

uggests that the larger a new investment project funded by a firm 

he greater the risk of lower returns in case of inability to generate 

ufficient required revenues. The volume of the latter is “required”

o cover the costs of borrowing and add to the profit pool with 

lans for future scale-expanding investment. One might argue that 

he accommodative monetary policy since the GFC and sustained 

hrough the COVID-19 pandemic has ensured the longest period of 

ow interest rates, effectively nullifying the interest rate risk. Yet, at 

he same time, and this is evident from Kalecki’s argument, such 

nvironment only emboldens a greater increase in firms’ liabilities; 

uch a rising trend is clear from our excess leverage analysis above. 

he observations from our estimation then offer additional support 

o the endogeneity of the speculative cyclical trends in the modern 

nancialized economy. 

Still, a counter-argument would be to sustain increased lever- 

ge as long as the interest service costs are low and liquidity is 

vailable. So, firms continue raising new external funds (on top of 

elf-funding) to invest in expanding productive activities. Kalecki’s 

ain intuition is the firm’s capitalist motive, i.e., growth and max- 

mization of profits, hence, the assumed efficient use of new funds. 

n other words, one might assume productive, business growth- 

riented use of both own and borrowed funds. As the firm grows 

nd contributes to its capital, the need for additional leveraging 

eclines, and with that the PIR fades. Firms with larger capital are 

ikely to be commanding a larger market share and grow in their 

bility to attract additional funds. The system remains dynamic un- 

il there is either a breakdown in the capital flows (endogenous as 

n the GFC or exogenous in the case of the pandemic) or the firm’s 

oses competitiveness and the ability to generate the required re- 

urn. Depending on the severity of the crisis, the cycle repeats, 

ith wide-spread social impacts on the macroeconomy and labor 

arkets. 3 

Minsky, in turn, advances a financial instability hypothesis, ar- 

uing famously that “stability is destabilizing” and stating insta- 

ility to be a fundamental feature of a contemporary economy 

 Minsky, 1986 ). Without delving too much into details already well 

ummarized elsewhere (e.g., Bernard et al ., 2013), the Minskyan 

ycle comprises three phases. The first is “hedging,” when bor- 

owers can meet their interest and principal debt liabilities out of 

evenues. Second is “speculative” financing, when the firm’s rev- 

nues are just sufficient to cover the interest payments but not the 

rincipal, requiring refinancing and adding on new debt. The third 

orm of financing in this system is the “Ponzi,” which indicates that 

he borrowing firm’s internal revenue flows are lacking to sustain 

nterest payments, locking the firm into a continuous debt cycle. 

s with the Kaleckian system, this continues until the firm is no 

onger able to raise sufficient funds externally (it is, in fact, irrele- 

ant whether that is done via the banking system or other proxy 

arkets at this stage), all ending with a bust cycle. This is the 

ssence of the FIH, which intensifies during the expansionary pe- 

iod of the economic cycle as risk perceptions fade and memories 

and lessons) of previous crises dissipate ( Minsky, 1992 ). 

Both PIR and FIH then suggest an endogenous cycle of repeat- 

ng instability. The only sensible benign remedy to such outcome 

s to curtail firms’ leveraging appetites. However, there is an ex- 

licit detrimental impact on competitiveness if firms are consider- 

bly limited by regulation in their borrowing and risk-taking ca- 
3 For a much more in-depth description of Kalecki’s first-hand analysis of capital- 

st cycles, see his work in Kalecki (1954 , 1970 ) and Mott (2009) . 

d

c

c

O

489 
acity. Still, lacking sensible balance between regulative and com- 

etitive factors, there remains a scenario of severe economic crisis, 

n response to preceding speculative (i.e., debt-driven) expansion 

e.g., Bernard et al ., 2014 ; Gevorkyan, 2015 ). 

It is the position of this paper, based on the evidence on ex- 

ess debt uncovered in the empirical exercises discussed above, 

hat the endogeneity of the speculative embedded uncertainties of 

he principle of increasing risk and financial instability hypothesis 

re found in contemporary leveraging trends. We raise these con- 

erns in connection with the discussion in Section 3 on the effects 

f systemic risk on corporate (industry-wide) debt sustainability at 

rst and, second, in connection with broader macroeconomic re- 

ilience in a financialized economy. 

As such, the problems of macroeconomic stability and corporate 

ebt management should be high on policymakers’ radars, and PIR 

nd FIH add to researchers’ analytical policy kits. This proposition 

s in contrast to a range of market clearing models that internalize 

ndividual bankruptcies as efficiency gaining episodes (e.g., for a 

ood summary of popular analytical models on corporate debt, see 

runnermeier and Krishnamurthy, 2020 ). 

As seen above, the excess leverage taken by the corporate sec- 

or poses serious threats. The unprecedented policy response to the 

OVID-19 pandemic has helped prevent a meltdown and maintain 

he flow of credit to the economy. However, the outlook remains 

ighly uncertain and vulnerabilities are rising, representing a po- 

ential early warning signal. 

While both the financial and real sectors increased their debt 

n the years preceding the GFC, the financial sector seems to have 

eleveraged after the GFC. Increased regulation has forced financial 

nstitutions to hold more capital and reduce their risk exposures, 

ontributing to lower leverage, but this is not the case with the 

eal sector. Policymakers and investors must remain aware about 

he risks that rising interest rates and increased market volatility 

ose to the overall macroeconomic stability, and their potential to 

rigger another large scale meltdown. 

. Conclusion 

The optimal debt ratio estimation presented in this paper is an 

mportant measure that can help corporations detect a sustainable 

ebt level above which it becomes risky to leverage. This is a key 

nancial metric in that it allows firms to avoid the risk of insol- 

ency when they take this metric seriously. 

This paper relied on estimated excess debt—the difference be- 

ween actual and optimal debt—as the measure of overleveraging. 

he estimated excess debt of each company was averaged at the 

ndustry level. While the excess debt ratios for most of the firms 

xhibited similar trends, the trends for some industries were more 

ronounced than for others. In most cases, when the optimal debt 

oves down, excess leverage increases for a given level of ac- 

ual leverage. Our results indicate that seeing rising excess debt 

ressures, operational medium-term stability instead of short-term 

igh profit should be the driving force for the corporations. Firms 

an take corrective measures by keeping cash flowing and increas- 

ng capital requirements, and banks can limit lending to high-risk 

orrowers. Here, too, firms’ vulnerability and exposure to insol- 

ency risk can become an important threat to macroeconomic sta- 

ility. 

The results of the paper lead to some policy implications help- 

ul to improving the performance of the modern financialized in- 

ustries. A possible approach may be setting a stricter requirement 

n the borrower’s collateral that keeps the balance between the 

efault risk and intended use of the funds. A nuanced collateral 

lause can be a powerful tool of stability despite the repossession 

osts for the borrowers significantly exposed to financial shocks. 

ur model’s empirical application suggests an opportunity to re- 
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uce overall risky debt by developing an optimal debt structure 

hat helps minimize financial instability and default within possi- 

le combinations of policy framework. 

Overall, our results confirm the observations of the classical 

riters Michal Kalecki and Hyman Minsky about the endogeneity 

f the speculative cyclical transformations of the modern financial- 

zed economy. There are certainly regulatory and technical chal- 

enges in designing an effective policy of optimal debt estimated 

s a fixed ratio on the basis of net worth. In many ways, however,

ur empirical estimations have led us to and confirmed the con- 

erns and earlier policy variations advanced by Kalecki and Minsky. 

here is a clear benefit in reading the classics. 

Given our results for the optimal and excess debt component 

uilt into the Stein model, we could also spell out some further 

olicy implications with a further look at firm-specific behavior or 

egional debt accumulation. 

ppendix A 

Mathematical Derivation of Stein’s Optimal Debt Model 

Here, Stein (2012) shows how the optimal debt ratio is derived 

n the logarithm case. The stochastic differential equation is (1) : 

 X ( t ) = X ( t ) 

[
( 1 + f ( t ) ) 

(
d P ( t ) 

P ( t ) 
+ β( t ) d t 

)
− i ( t ) f ( t ) − cdt 

]
(1) 

here the Debt Ratio is f (t) = 

L (t) 
X(t) 

= 

Debt 
Net Worth 

; Capital Gain or 

oss is dP(t) 
P(t) 

; Productivity of Capital is β(t) = 

Income 
Assets 

; Interest 

ate is i (t) ; ( 1 + f (t) ) = 

Assets 
Net Worth 

; Ratio of Consumption is: c =
( Consumption or Di v id end s ) 

Net Worth 
and is taken as given. 

Let the price evolve as: 

 P ( t ) = P ( t ) ( α( t ) d t + o p d w p ( t ) ) (2b) 

here α(t) represents the asset’s drift component and the interest 

ate is represented by the sum of i and a Brownian Motion term as 

ollows: 

 ( t ) = id t + o i d w i ( t ) (1) 

Substitute (2) and (3) in (1) and derive (4) : 

X ( t ) = X ( t ) [ ( 1 + f ( t ) ) ( ( α( t ) d t + o p d w p ( t ) ) + β( t ) dt ) 

− i ( t ) f ( t ) d t − cd t ] 

X ( t ) = X ( t ) ( M f ( t ) ) dt + X ( t ) β f ( t ) (2) 

 f ( t ) = [ ( 1 + f ( t ) ) ( ( α( t ) dt ) + β( t ) dt ) − i ( t ) f ( t ) dt − cdt ] 

( t ) = [ ( 1 + f ( t ) ) o p d w p − o i f ( t ) d w i ( t ) ] 

2 f ( t ) = 

[(
1 + f ( t ) 

2 
)
o 2 p d t + f ( t ) 

2 o 2 i d t 

− 2 f ( t ) ( 1 + f ( t ) ) o i o p d w p d w i ] 

isk = R f ( t ) = 

(
1 

2 

)[(
1 + f ( t ) 

2 
)
o 2 p d t + f ( t ) 

2 o 2 i d t 

−2 f ( t ) ( 1 + f ( t ) ) o i o p ] 

 f (t) contains the deterministic terms and β(t) contains the 

tochastic terms. To solve for X(t) , consider the change in ln X(t) 

n (5). This is based on the Ito equation of the stochastic calculus. 

 great virtue of using the logarithm criterion is that one does not 

eed to use dynamic programming. The expectation of dlnX(t) is 

6): 

 lnX ( t ) = 

(
1 

X ( t ) 

)
d X t −

(
1 

2 

X ( t ) 
2 
)(

dx ( t ) 
2 
)

(3) 

 [ d ( lnX ( t ) ) ] = [ M f ( t ) ] − R [ f ( t ) ] dt (4) 
490 
The correlation ρd t = E( d w p d w i ) is negative, which increases 

isk: ( dt ) 2 = 0 , d wd t = 0 . 

The optimal debt ratio f ∗ maximizes the difference between the 

ean and risk: 

f ∗ = argma x f [ M ( f ( t ) ) − R ( f ( t ) ) ] = [ α( t ) + β( t ) − i ] −[(
(σ 2 

p − ρσi σp) 

σ 2 

)]
f ∗ = argma x f [ M ( f ( t ) ) − R ( f ( t ) ) ] 

= f ∗( t ) = 

{
( r − i ) + β − αy ( t ) −

(
1 / 2(σ 2 

p − ρip σi σp) 

σ 2 

)}
(5) 

.t. 

isk = σ 2 = σi 
2 + σp 

2 −
(
2 ρip σi σp 

)
Model I: 

Model I assumes that price P (t) has a trend rt and a deviation 

 (t) from it (8) . The deviation Y (t) follows an Ornstein–Uhlenbeck 

rgodic mean-reverting process (9) . Coefficient α is positive and 

nite. The interest rate is the same as in Model II: 

 ( t ) = P exp ( rt + y ( t ) ) (8) 

The deviation from the trend is demonstrated through: 

 ( t ) = ln P ( t ) − − ln P − − rt 

The mean-reversion aspect characterized by a convergence of 

is defined as: 

 y ( t ) = −α( t ) d t + o p d w p ( t ) (9) 

In this model, Stein defines E(dw) = 0; E (dw ) 2 = dt

imy ( t ) ∼ N 

(
0 , 

o 2 

2 α

)
Stein constrains the solution such that r ≤ i and calls this the 

No free lunch constraint.” Therefore, the stochastic calculus in 

odel I is the first term in (10): 

 P ( t ) = P ( t ) ( α( t ) d t + o p d w p ( t ) ) 

 P ( t ) /P ( t ) = ( r − αy ( t ) ) + 

1 

2 

o p 
2 
)

d t + o p d w p (10) 

here α(t) represents the asset’s drift component and the interest 

ate is represented by the sum of i and a Brownian Motion term as 

ollows: 

 ( t ) = id t + o i d w i ( t ) 

Substitute (10) in (7) and derive (11); the optimal debt ratio in 

odel I is as follows: 

f ∗( t ) = 

[ 

( r − i ) + β − αy ( t ) −
(

1 
2 

)(
o 2 p − o i o p ρ

)
o 2 

] 

(11) 

Consider β(t) as deterministic. 

Model II: 

In Model II, the price equation is (12) . The drift is α(t) dt = πdt

nd the diffusion is o p d w p : 

 P ( t ) /P ( t ) = πdt + o p d w p (12) 

The optimal debt ratio f ∗(t) is (13) . Consider β(t) as determin- 

stic: 

f ∗( t ) = 

[ 

( π + β( t ) − i ) −
(
o 2 p − o i o p ρ

)
o 2 

] 

(13) 

.t. 

2 = σi 
2 + σp 

2 −
(
2 ρip σi σp 

)
In terms of a maximization portfolio decision, we have: 

ax 
αt 

[
αt ( E ( R t+1 ) − R F, t+1 ) − k 

2 

α2 
t σ

2 
t 

]
(14) 
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Table 1B 

List of Companies Included in the Sample, by Industry (tick

Technology Industry Financial Industry 

1. Apple (AAPL) 1. Berkshire Hathaway (BRK/

2. Samsung (SSNLF) 2. Fannie Mae (FNMA 

3. Microsoft (MSFT) 3. BNP Paribas BNP 

4. Alphabet (GOOGL) 4. JP Morgan Chase (JPM 

5. Intel (INTC) 5. Société Générale GLE 

6. IBM(IBM) 6. HSBC(HSBC) 

7. Facebook (FB) 7. Bank of America BAC 

8. Tencent (TCEHY) 8. Bank of BACHF 

9. Oracle (ORCL) 9. Wells Fargo WFC 

10. Amazon (AMZN) 10. Citigroup C 

11. Twitter, Inc. (TWTR) 11. Freddie Mac FMCC 

12. Cisco (CSCO) 12. Goldman Sachs GS 

13. Sony (SNE) 13. Lloyds Banking Group LY

14. Nintendo (NTDOY) 14. Banco do Brasil BBAS3 

15. Ebay (EBAY) 15. Barclays (BCS) 

16. Alibaba (BABA) 16. Deutsche Bank (DB) 

17. Dell (DELL) 17. National Australia Bank (

18. Toshiba (TOSBF) 18. UBS (UBS) 

19. HP (HPQ) 19. Sumitomo Mitsui Financ

20. Adobe (ADBE) 20. Credit Suisse Group (CS)

Auto Industry Ener

1. Bayerische Motoren Werke AG - BMW (BMWYY) 1. D

2. Daimler AG (DMLRY) 2. E

3. Ford (F) 3. N

4. Fiat Chrysler Automobiles (FCAU) 4. N

5. Toyota JP (TM 7203 JP) 5. E

6. General Motors Co (GM) 6. E

7. Tesla Inc (TSLA) 7. D

8. Honda Motor Co Ltd (HMC) 8. Ib

9. Nissan Motor Co Ltd (NSANY) 9. S

10. Volkswagen AG (VWAGY) 10. 

Source: Bloomberg 

Note: Each industry sub-sample includes up to top tw

based on their market capitalization and total assets compar

details. 
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