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Abstract 

This research pretends to evaluate the significance of the insolvency risk, referred by Altman's Z-

Score, in the explanation of the historical return of the 7 most liquid mining companies listed in the 

Lima Stock Exchange based on a Market Return Model (MRM) under a cross-sectional approach. In 

this sense, daily data was collected from the S&P/BVL Peru Select index and the Peruvian 10-year 

Sovereign Bond between 2008-2018, approximated quarterly by the geometric average to 

homogenize them with the frequency of the Z. Thus, two central results were obtained: 1) The Z-

Score, as an estimator of insolvency risk, is not valid to explain the behavior of the historical return 

of the shares, and 2) The Market Premium is statistically significant within the yield analysis. Also, 

contrary to the common literature, the results suggest the validity of Sharpe's conventional CAPM. 

Keywords: Financial distress, insolvency risk, Z-Score, historical stock performance, emerging 

markets, mining sector. 
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1.  Introduction 

At present, it is common to find in the literature the indiscriminate use of the concepts "financial 

stress" and "insolvency". These represent two different situations by which an entity could cross, 

which are correlated through a unidirectional attainment link, which does not necessarily imply 

sequentiality. In principle, firms that are able to face their obligations in the long term, that is, in a 

sustained manner, are considered solvent (Altman, 2000). On the contrary, they are understood as 

insolvent to entities on bankruptcy proceedings or declared bankrupt (Punanandam, 2007). However, 

there are nuances between both extreme poles, which depend on the financial position. In case this is 

precarious, the organization goes through a period of stress; in the opposite scenario, it is concluded 

that it is healthy. In this line, according to that, top management will make decisions, mostly linked 

to two key indicators: 1) Profitability, and 2) Market Share (Steinker, Pesch and Hoberg, 2016). 

In addition, knowledge of the probability of failure is not only useful for agents inside a firm; it is 

also useful for external stakeholders, who are gradually affected by the firm's activities. To this, every 

investor creditor of an aliquot could estimate the level of return he would expect for the acquisition 

of said assets, given the degree of risk assumed. Naturally, to the extent that a financing reflects 

adverse possibilities in greater proportion, the expectations of return will be higher and vice versa 

(Sharpe, 1964). In addition, there are "insured" return investments, which have no risk of non-

payment or reinvestment. In this regard, the difference between a return perceived as unequivocal and 

one with risk is called the Market Premium (Equity Premium). 

In this context, Altman (2000) proposed a regressive model that manages to estimate the degree of 

solvency of a company, which he called Z-Score. This is widely disseminated and maintains a wide 

range of studies that corroborate its statistical significance (Jung and Han, 2017; Legowik-Swiacik, 

2017; Behera, 2016; Badea and Matei, 2016; Lizarzaburu, 2014; Al-Kassar and Soileau, 2014; 

Kumari, 2013; Hayes, Hodge and Hughes, 2010). For the time being, it was corroborated that the Z 

does not demonstrate validity in companies belonging to the financial system (Bannigidadmath and 

Narayan, 2016). In addition, as far as it was possible to explore, the most of the works are applied to 

entities located in economies of the first world, where the stock market is very developed and there 

are no sampling limitations. The main problems detected in extrapolation to emerging economies are 

reduced trading volume, low asset liquidity and sampling restrictions (Karolyi and Wu, 2014). This 

means that, in spite of finding companies with adequate stock market ratios, the number of these 

would not necessarily be suitable to form a representative subset of the sector. Thus, as a contribution 

to the little related literature available, this study will seek to apply Z-Score to seven Peruvian 

companies in the mining sector, using quarterly information in the period 2008-2018. The aim will 

be to demonstrate the significance of the impact of insolvency risk on the profitability of the shares 

of the sampled firms within the framework of a market performance model that includes Premium 

Equity. Additionally, in order to overcome information sufficiency obstacles, commonly related to 

the trading frequency of local market assets, only entities included in the S&P/BVL Peru Select Index 

will be taken. Finally, it is expected to provide incentives to broaden the range of indicators used in 

asset performance analysis and to complement the interpretation of financial health. 

 



2. Theoretical framework 

A company suffers financial stress when the generation of cash flows from the core business is 

insufficient to address the financial and commercial obligations that this demand (Behera, 2016). 

Empirically, Altman (2000) demonstrated that stress can be caused by four factors: profitability, 

working capital position, financial risk and liquidity, which he diluted and added in a formula, called 

Z-Score. The Z model is the distillation into a single measure of a series of deliberately chosen, 

weighted and integrated financial ratios (Lizarzaburu, 2014). If the result derived from the Z is within 

a certain defined range, the firm will be considered healthy, in need of optimization or a potential 

failure (Hayes, Hodges and Hughes, 2010). In conclusion, the more the stress worsens, the greater 

the probability of collapse or insolvency. At present, the risk of insolvency has been corroborated as 

a statistically significant benchmark in the analysis of the performance of stock assets, typically 

equities (Hahn and Yoon, 2016; Thomas and Chuan-Yang, 2010). Although the possibility of 

bankruptcy is not estimated with Z in all cases, there is a wide literature that considers it highly 

accurate and consistent (Jung and Han, 2017; Legowik-Swiacik, 2017; Badea and Matei, 2016; Al-

Kassar and Soileau, 2014; Kumari, 2013). However, within the collected works, it is verified that the 

graduation of the impact of the level of financial stress in the performance of shares of Latin American 

firms has not been deep enough. Moreover, no econometric models were found to explain this effect 

and refer to the Peruvian market. The financial behavior of the entities and the commercial context 

have gone through significant changes since that time, causing a discordance in the real effect of each 

ratio reflected by the coefficients (Grice and Ingram, 2001). Also, given that the regression was 

constructed from a sample of non-financial manufacturing companies from diverse productive 

sectors, the accuracy of the predictability of their results is judged, as it is clear that each industry 

tends to report different levels of the same financial ratios (Smith and Liou, 2007). 

Similarly, barriers have been identified for the extrapolation of Z emerging economies. In the first 

place, since it has been estimated with U.S. firms, its international applicability could not be expected 

due to differences related to the economic environment, legislation, culture, financial markets and 

accounting practices (Ooghe and Balcaen, 2007). Along these lines, Karolyi and Wu (2014) believe 

that the complexity of making stock market assessments for emerging economies falls under three 

central constraints: low trading volume, low trading frequency and sampling restrictions. That is, 

even if liquid-emitting firms exist, the number of liquid-emitting firms is small enough not to be 

considered a representative subset of the population. In summary, it is argued that there are innate 

conceptual factors of Z that inhibit its ability to be extrapolated to other contexts, because they affect 

the gap between healthy and insolvent companies (Ríos & Pérez, 2013). 

Altman, Iwanicz-Drozdowska, Laitinen and Suvas (2017) demonstrated an extremely solid 

significance for Z coefficients over time. However, they failed to disprove the formula's 

predisposition to the US market; because by adding the country risk effect to the coefficients, clearly 

better results were obtained. Likewise, this conclusion is repeated in the evaluation of productive 

sectors; by incorporating the inherent risk of the item and the trend of the financial structure, the 

projections are strengthened. 

Despite this, strong evidence was obtained to corroborate the good performance of Z in an 

international context, but the possibility was reiterated of extracting more efficient models per country 

for the majority of European and non-European nations without ceasing to use the same ratios 



considered by Altman (2000). This would reasonably help the accuracy of the ranking and hence 

predictability of financial instability (Xu and Zhang, 2009).  In this way, the statistical and conceptual 

validity for its application to emerging markets is corroborated. On the other hand, as of December 

2014, the Lima Stock Exchange (BVL) entered into force with S&P Dow Jones for the calculation, 

licensing, marketing and distribution of the S&P/BVL indices, among them the Peru Select Index, 

denominated premium referent of the stock exchange for grouping the most relevant and liquid 

companies of the local market. This would address the limitations listed by Karolyi and Wu (2014). 

Finally, although the necessary information to modify the coefficients of the original model is not 

available, it is intended to continue with the position of Xu and Zhang (2009); the sample will be 

homogenized by compiling firms from the majority industry concerned in Peru Select: Mining. In 

this way, it is intended to cover the central conditioning factors that prevent a priori the conceptual 

support of the application in Peru. 

In this context, information will be extracted from the following companies: Sociedad Minera Cerro 

Verde, Southern Copper Corporation, Compañía de Minas Buenaventura, Nexa Resources Peru (ex 

Compañía Minera Milpo), Minsur, Volcan Compañía Minera and Nexa Resources Atacocha (ex 

Compañía Minera Atacocha). Also, as a financial position estimator, Z-Score will be taken. This will 

be calculated on a quarterly basis from the available Financial Statements published by the stock 

market company (SMV). In this sense, a stock performance analysis based on market performance 

models will be proposed for each firm under a cross-sectional approach with 10-year data from the 

2008-2018 period. 

a. Risk of insolvency 

It is important to distinguish two key concepts: 1) Financial Stress, and 2) Insolvency. There are 

intermediate shades between solvency and bankruptcy through which a firm passes prior to the 

absolute imbalance. These statements are called financial stress, and are defined as periods of low 

cash flow in which the entity incurs losses without bankruptcy (Purnanandam, 2007). Stress originates 

from factors internal and external to the organization. Internally, management errors, excessive 

leverage, mismanagement of production costs or even uncontrolled growth are considered. 

Externally, economic and political-legal factors are prioritized: unfavorable sectoral structure, 

government deregulatory activities, interest rate hike, increased level of competition and industrial 

overcapacity (Altman and Hotchkiss, 2006).  

In this sense, Opler and Titman (1994) synthesize the consequences of financial stress in three central 

points. First, a financially stressed firm is susceptible to losing talented employees, invaluable 

suppliers and customers, which results in a decline in market share vis-à-vis its healthier rivals. 

Second, the entity becomes voluble in transgressing its debt covenants and defaults on coupons or 

principal. This leads to increased "deadweight" losses, such as penalties for non-payment, accelerated 

debt repayment, and budget inflexibility. Third, the company would have to "let go" profitable 

investment projects given the cost of external financing (Halteh, Kumar & Gepp, 2018).  

To be specific, financial stress does not necessarily lead to corporate bankruptcy; however, in the 

event a firm transgresses the nuances of stress, it would be faced with insolvency (Habib, Bhuiyan 

and Islam, 2013). Since the evolution of the value of a firm's stock market assets is based on a 

stochastic process, the firm will find itself stressed whenever this value falls below a certain defined 

threshold throughout its life (Ferguson, Clinch & Kean, 2011). In this state, the company will face 



commercial, financial and investment disadvantages, which will make it prone to fail to demonstrate 

its true potential even when industry conditions improve. In short, it can be said that insolvency occurs 

when the value of the firm falls below the nominal value of its debt and, consequently, creditors gain 

control over it (Purnanandam, 2007). 

b. Model Z Altman 

Originally published by Altman (1968), the Z was constructed in order to integrate different 

classifications of financial ratios into a single index capable of predicting the risk of insolvency or 

bankruptcy susceptibility of a company. The model was based on data from 66 corporations during 

1946-1965: 33 contained in Chapter X of the U.S. National Bankruptcy Act, and 33 of similar 

characteristics that remained in the market. The choice of financial indicators was made according to 

three categories: 1) Popularity within the literature, 2) Potential relevance for the study, and 3) 

Innovative form of some ratios in the analysis (Llizarzaburu, 2014). The purpose of its application is 

the evaluation of the financial health of an organization3 (Altman, 2000). 

For Altman (1968), there were five factors whose combination effectively discriminated against those 

firms that had a potential probability of bankruptcy from those that did not. Likewise, the original 

sample is the same one used for the later modifications of the model; however, the information to be 

used was distinguished from the projected field of application. While the model below was 

established for public firms, it was then adapted to fit private firms4. Next, the original Z is presented: 

Z = 0.012(X1) + 0.014(X2) + 0.033(X3) + 0.006(X4) + 0.999(X5) 

Understand the variables indicated according to the descriptions below: 

a) X1: Net Working Capital over Total Assets. It includes a liquidity indicator, showing which 

portion of the assets is used as a frequent investment for the development of the company's 

operations. 

b) X2: Retained earnings over total assets. It acts as a measure of accumulated profitability, 

presenting what portion of the value of the assets represents the reinvestment of the shareholders. 

c) X3: Earnings before Interest and Taxes on Total Assets. A measure of a company's 

productivity that manifests a more accurate result as a result of the core business, regardless of 

financial expenses, taxes, or leverage factors. It is seen as a measure of profitability. 

d) X4: Market Value of Equity over Book Value of Total Liabilities. Presents the financing 

structure of the company, considering how much the level of own resources employed represents 

against the resources of third parties. It should be noted that the company's own resources are 

quantified according to their commercial value for the market. 

                                                             
3 While Altman proposed an indicator that estimates the financial position of an organization, several 

publications consider Z directly as a benchmark for insolvency risk. This is not a mistake, but an interpretative 

adjustment of the model to the research needs of each exponent. 
4 In Anglo-Saxon literature, public firms are those organizations that are open to the stock market, while private 

firms are those that are closed to the stock market. This differs from what is commonly treated in Peru, where 

a private entity only refers to a non-state organization, but does not necessarily indicate whether it is closed or 

open. In the end, this paper will take as a public entity those organizations linked to the state and private those 

that are not. 



e) X5: Ventas sobre Activo Total. Manifiesta la eficiencia de la empresa en la utilización de sus 

activos para la obtención de ingresos. Considerada como medida de rentabilidad. 

The Z rates the results according to two benchmarks outlined in Figure 1. If the result is below 1.80 

(distress zone), it will be concluded that the company is susceptible If, on the other hand, it is between 

1.80 and 2.99 (grey zone), it will be considered a probability of bankruptcy. Finally, if the indicator 

is greater than 2.99 (safe zone), the possibility of the firm continuing to operate will be high. 

Figure 1: Estimated solvency level for public enterprises according to index Z 

 

Sources: Source Own elaboration based on the design of Lizarzaburu (2014) 

Although in the first instance Altman's method (1968) was limited to pubic firms, the popularity of 

his equation, the rise of the empirical characterization of the insolvency risk and the constant 

publication of criticisms and suggestions to his study, encouraged the periodic diffusion of adjusted 

Zetas: 1) For public firms adjusted to the book value of the Patrimony, and 2) For public firms or 

private industrial manufacturing or nonmanufacturing firms. The first is shown: 

Z’ = 0.717(X1) + 0.847(X2) + 3.107(X3) + 0.420(X4) + 0.998(X5) 

In contrast to the original model, it has the advantage of being applicable to emerging markets. It also 

gives users the chance to extract the value of assets directly from the Financial Statements: 

a) X1: Net Working Capital over Total Assets 

b) X2: Retained earnings over total assets 

c) X3: Earnings Before Interest and Taxes on Total Assets 

d) X4: Book Value of Equity over Total Liabilities. It presents the financing structure of the 

company, considering how much the level of own resources employed represents against the 

resources of third parties. It should be noted that the company's own resources are quantified 

according to their book value. 

e) X5: Sales over Total Assets. 

 

 

The Z rates the results according to two benchmarks outlined in Figure 2.  

The Z rates the results according to two benchmarks outlined in Figure 2. If the result is below 1.23 

(distress zone), it will be concluded that the company is susceptible to bankruptcy. If it is between 

1.23 and 2.90 (grey zone),  it will be considered a possibility of bankruptcy. Finally, if the indicator 

is greater than 2.90 (safe zone), the possibility of the firm continuing to operate will be high. 



Figure 2: Estimated solvency level for private companies according to index Z 

 

 

 

 

 

Source: Source Own elaboration based on the design of Lizarzaburu (2014) 

On the other hand, there is an adjustment to the original equation to estimate the risk of insolvency in 

those non-manufacturing companies in the industrial sector that, in turn, belong to emerging markets. 

This update was made with the objective that Z could be identified as a new global predictor index, 

independently of the segment of firms or their condition of public firm or private firm. The main 

advantage is its applicability to emerging economies. 

Z’’ = 3.25 + 6.560(X1) + 3.260(X2) + 6.720(X3) + 1.050(X4) 

In this variation, there is an independent term and four Xi variables, where the fifth is different from 

previous models. Next, the indicators: 

a) X1: Net Working Capital over Total Assets 

b) X2: Retained earnings over total assets 

c) X3: Earnings Before Interest and Taxes on Total Assets 

d) X4: Book Value of Equity over Total Liabilities 

This model adjustment groups the results in a similar way to the two methods shown above, as shown 

in Figure 3. If the result is below 1.10 (distress zone), it will be concluded that the company is prone 

to go bankrupt. If, on the other hand, it is between 1.10 and 2.60 (grey zone), it will be considered a 

probability of bankruptcy. Finally, if the indicator is greater than 2.60 (safe zone), the firm will be 

very likely to continue operating 

Figure 3: Estimated solvency level for companies in emerging markets according to Z 

 

 

Source: Elaborated by the author from the design of Lizarzaburu 

(2014) 

In that way, having described the difference between the Zs built by 

Altman, it is necessary to mention that the present work will take the Z' for the development of the 

pilot test. Although it was developed in the first instance as a response to problems in the valuation 

of private firms, it has a wide applicability to public firms and, above all, it has the empirical 



sufficiency of Altman et al. (2017) for use in emerging markets and open organizations, independently 

of their productive sector. Finally, table 1 summarizes the points covered in this variable: 

Table 1: Topics to be developed regarding the Risk of Insolvency 

Variable Section Contents 

Insolvency Risk 

N° 1 
Financial stress and insolvency: distinguishing 

concepts, causes and consequences. 

N° 2 
The Altman Z model: original regression, adaptations 

made and application of each formula. 

N° 3 
Selection of the model to be used in the pilot test: 

theoretical and empirical support 

 

Sources: Own elaboration  

c. Return of shares 

For Szymanska (2017), profitability can be understood as the extent of a positive financial result from 

the economic activity inherent in the business model; moreover, on a macroeconomic scale, it is the 

engine for the growth of an entire productive sector. On the other hand, Khan, Qadeer and Ghafor 

(2017) consider that this represents the main objective established by senior management, and is 

particularly observed by their interest groups. Accordingly, it expresses the degree to which the 

capital invested generates added value for creditors. Finally, Polok et al. (2016), the contemporary 

global context, turbulent and unpredictable as it is, encourages organizations to deepen their 

knowledge of factors that influence profitability in order to maintain their level of competitiveness in 

the market. 

So, once a company chooses to carry out an IPO5, the ownership of it would be divided into titles that 

will eventually be offered in the primary market. In this sense, the price of these assets will derive 

from the perception of return and risk that investors possess. In this way, this situation segments the 

yield alternatives in profit for dividends and capital gains (Brealey et al., 2011). While the payment 

of dividends is related to the generation of accounting profit and corporate policies, the increase in 

share price is not entirely within the scope of the firm. For Karolyi and Wu (2014), this event will 

depend primarily on the individual performance of the company plus a contribution by the collective 

variation of all assets, in other words, the market, sectoral and economic level. 

At the individual level, Bodie et al. (2014) denote that the following areas are essential for measuring 

a firm's performance: 1) Level of leverage, 2) Efficiency in the use of assets, 3) Liquidity 

management, 4) Return on investment. On the other hand, at the collective level, Obrimah, Alabi and 

Ugo-Harry (2015) propose that the market is influenced by microeconomic variables that specifically 

                                                             
5 The Initial Public Offering (IPO) represents the first time that a closed company chooses to "raise" capital by 

marketing a proportion of its shareholding from the stock market. 



affect the productive sector in question, as well as macroeconomic variables that alter asset prices 

throughout the economy. These can be political-legal, technological, social, environmental or 

economic per se. 

d. Determinants of return 

There are two approaches by which estimates of shareholder profitability may be proposed: 1) 

Longitudinal or Time Series and 2) Transversal Cut. As explained by Gow, Ormazabal and Taylor 

(2010), the study of time series considers that the value of a variable is a product of past values of the 

same, called lags. In this case, the variable Xt would be explained by one or more Xt-k lags, where 

"k" indicates the number of periods prior to the moment "t". On the other hand, from a cross-sectional 

perspective, the variable (Xt) is manifested as a result of the movement of others (Yt, Zt, etc.) in the 

same period. 

According to it, it is warned that, given a greater availability and diffusion of literature and empirical 

studies on the basis of cross-sectional regressions, in the present investigation said perspective of 

analysis will be considered for the construction of the regression. In the specific case, a market yield 

model will be established which, thanks to the inclusion of the Market Premium, can sincerely reflect 

the effect of the risk of insolvency on the yield of the share. 

e. Capital Model - CAPM 

Within the cross-sectional approach, the CAPM became such a popular method that in current 

literature it is considered a formula rather than a regressive model; that is,the presence of statistical 

error is ignored to facilitate its calculation and interpretation. Obrimah, Alabi and Ugo-Harry (2015) 

indicate that the original model, or "conventional", was proposed by Sharpe (1964) with the objective 

of explaining the expectations of profitability of an asset (Ri: Expected Return) from a linear equation 

of two elements: 1) The rate of the risk-free asset (Rf: Risk Free Rate), 2) The Market Premium 

(Equity Risk Premium), which would be composed by the difference between the Return of the 

Market (Rm: Market Return) and the Risk Free Rate. By the way the equation was presented; this 

construction scheme was popularized as market performance models. 

Ri = Rf + (β) (Rm – Rf) + Ɛ 

According to Harvey and Siddique (2000), the logic behind the development of Sharpe (1964) is to 

add a return premium for the additional risk assumed which, in turn, is consistent with the correlation 

between asset and market volatility (β). Thus, in a first scenario, a risk-averse investor might opt for 

a safe return, such as that offered by Treasury Bonds, but, in order to generate better performance in 

the same period of time, the same individual might decide to assume a risk premium. Under the 

"conventional" CAPM, the rate at which the expectation of return per marginal unit of risk increases 

will depend on the assigned Beta coefficient (β). In Sharpe's opinion (1964) the latter is a measure of 

volatility, or systemic risk, of a specific asset compared to that of a diversified portfolio (the 

market).This is calculated using statistical modeling and represents the evolutionary trend of a stock's 

fluctuation in response to market fluctuations. Fernandez (2019), the market risk premium is one of 

the most important but elusive parameters in finance6. It is difficult to understand this term because 

                                                             
6 In Anglo-Saxon literature, the Market Premium is called Market Risk Premium, Equity Premium or only 

Risk Premium, although they all refer to the same concept (Fernández, 2019). 



it is commonly used to designate three different concepts: 1) Demanded (or Required) Market 

Premium, 2) Historical Market Premium, and 3) Expected Market Premium. The first is the 

incremental return of a diversified portfolio (the market) on a risk-free rate (treasury bonds) required 

by an investor7. The second is the historical market spread on treasury bonds. The third is the expected 

spread of the market return on treasury bonds. Thus, there are authors who assume equivalence 

between these three concepts, despite being wrong. 

Empirically, the CAPM has represented more failures than relevance. Dalgin, Gupta and Sraiheen 

(2012) tested it at the Istanbul Stock Exchange covering monthly information from 1989-2008, during 

which the Turkish stock market experienced moments of high volatility as well as a relatively more 

stable8 environment. It used the variation between the closing prices of the first and last round of the 

National 100 Index (Market Return) each month and the monthly interest rate of the bonds issued by 

the Central Bank of Turkey. In addition, based on the Fama-Macbeth assessment methodology (Fama 

and Macbeth, 1973), they segmented the analysis periods according to their volatility. In the end, the 

results showed that neither the beta statistic nor the market performance explained the returns of the 

armed portfolios. In view of this, the authors take into account two possible reasons: 1) the noise in 

the data due to high volatility makes it almost impossible to detect any risk-return relationship in a 

cross-sectional regression; 2) the CAPM lacks factors that better approximate the risk of the Istanbul 

Stock Exchange. 

 

Similarly, Obrimah, Alabi and Ugo-Harry (2015) the predictive capacity of the CAPM on the 

Nigerian Stock Exchange based on weekly data from a random9 selection of 26 shares from different 

productive10 sectors with relatively high trading frequencies in the course of 2006-2014. Finally, 

given the conventional specification of the CAPM, it was considered inappropriate for the evaluation 

of returns on the Nigerian Stock Exchange. However, it is necessary to mention that the exponents 

explicitly present which stock exchange index or risk-free rate they used for the estimation of the 

Market Premium, so a limitation is detected when not knowing under which criteria they were 

governed in the selection of both factors. 

The study of Miralles-Quirós, Miralles-Quirós and Goncalves (2017) obtained results in favour of the 

CAPM. These selected monthly data from 43 of the most liquid IBOVESPA companies between 

                                                             
7 This "type" of Market Premium is necessary for the calculation of the return required by the investment of 

own resources, normally treated as Cost of Equity. 
8 This period is especially important because it contains high and low fluctuations in the Turkish economy, 

ranging from an inflation of 73% between 1988 and 2001 to an average of 17% post-2001. 
9 Despite the term "random", Obrimah, Alabi and Ugo-Harry (2015) mention that the companies considered 

in the sampling pool were characterized as leaders in their respective industries. Therefore, they qualified 

their data collection style as "deliberate sampling". 
10 The sectors concerned are as follows: Food Products, Household Products, Conglomerates, Beverages, 

Pharmaceuticals, Petroleum Products, Construction and Real Estate, Construction Materials, Banking and 

Financial Services. 



2000 and 201611 from different industries12. Along these lines, the Market Premium was estimated as 

the difference between the monthly variations of the aforementioned index and the SELIC13 rate. In 

the end, the preliminary results indicated that the CAPM was valid for estimating the efficiency of 

the Brazilian market. In this way, based on the theoretical support and empirical evidence mentioned 

above, the statistical modeling of the return of shares of Peruvian companies will be considered based 

on a market performance model under a cross-sectional approach. The  estimate of the Market 

Premium will be done with daily information of the S&P/BVL Peru Select and the rate of the 

Sovereign Bonds in Suns to 10 years. Also, the selection of this reference of the BVL is given the 

containment of high frequency negotiation organizations, which, as already presented, is a common 

limitation in emerging markets. Thus, in line with Karolyi and Wu (2014), Altman's14 Z will be taken 

as an individual performance measure, in such a way that not only the sphere of influence of the 

market is covered, but also the risk perception of each entity. Thus, the contents proposed in this 

variable can be summarized in table 2: 

Table 2: Topics to be developed with respect to Income from Shares 
 
 Source: Own elaboration 
 

3. Background to the investigation 

As the most current empirical reference, is the study of Gao, Parsons and Shen (2018). They sought 

to explore the "anomaly of insolvency risk", which is based on the tendency of an action with high 

insolvency risk to obtain poor returns. To this end, the sample consisted of monthly information from 

44,930 companies in 38 countries over the period June 1992 to June 2013, totaling almost 4.3 million 

observations. The data collection covered the following regions: North America (United States and 

Canada), developed European markets, Japan, developed Asia-Pacific markets (excluding Japan) and 

                                                             
11 In order to avoid low trading frequencies, only those companies that were in the IBOVESPA index 
throughout the sampling horizon were considered. Thus, in case a company was included in the index for a 

period, but left and returned, it is not possible to take it into account in the test. 
12 The sectors concerned are as follows: Basic Materials, Consumer Goods, Consumer Services, Financial 

Services, Industrial, Oil and Gas, Technology and Government Entities. 
13 The Special System for Settlement and Custody (SELIC) is a monetary policy tool used by the Central 

Bank of Brazil for open market operations. 
14  Quarterly Zetas will be calculated with the exception of the last quarter of 2018, whose Financial 

Statements have not yet been published. 

Variable Sections Contents 

Profitability of 

Shares 

N° 1 Profitability: concept, performance alternatives and influencing factors 

N° 2 Determinants of cost-effectiveness: econometric modeling approaches 

N° 3 The CAPM: purpose, elements, critiques and empirical evidence 

N° 4 
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emerging15 markets. Observations were obtained from secondary sources: the CRSP/Compustat 

North America database for U.S. stocks, Compustat North America for Canadian stocks, Compustat 

Global for surplus region stocks, and MKMV for monthly observations of expected default 

frequencies (EDF). This way, 10 portfolios were formed based on the EDF-risk ranking within each 

country and between countries, according to the EDF-risk decile for each month collected16. In 

addition, the Market Premium was estimated as the difference between the overall index of the most 

representative stock exchange in each country and the U.S. Treasury Bond rate, while Book-to-

Market (B/M), Cash flow-to-Price (C/P), momentum and sales volume ratios were used as individual 

performance measures. Finally, insolvency anomalies were demonstrated mostly in North American 

firms and European developed markets. In addition, evidence was found that risk-based fluctuations 

are explained by individual interpretations; for example, the return of stressed firms depends highly 

on single return (Saden & Prihatiningtias, 2015). 

Similarly, Hahn and Yoon (2016) looked to provide an empirical assessment of the determinants of 

stock performance under a cross-sectional approach applied to companies in Korea. For this purpose, 

the sample consisted of monthly information on shares listed on the Korean Stock Exchange during 

the period between May 1992 and April 2012, varying the number of organizations collected from 

502 in 1992 to 624 in 2012. Observations were obtained from a secondary source: WISEfn. So, 9 

portfolios were formed according to the sales volume of the firm as the first criterion and one of the 

other three ratios as the second criterion (B/M, E/P or Share Rotation). In addition, the Market 

Premium was estimated as the difference between the KOSPI index and the Monetary Stabilization 

Bond (MSB) rate, while the Equity Market Value, Book-to-Market (B/M), Earnings-to-Price (E/P), 

Share Rotation and leverage ratios were used as benchmarks for individual performance. Finally, it 

was demonstrated that the best estimators of insolvency risk are sales volume and share rotation 

(higher insolvency risk, lower returns, on average). Additionally, it was found that there is a noise-

induced bias in prices, which is substantial in the average returns of a portfolio with equal weights 

for each asset. The latter could totally change the statistical significance in the estimation of 

insolvency risk factors (Izan, 1984). 

For their part, Garlappi and Yan (2011) sought to determine the effect of financial stress on the equity 

performance of non-financial U.S. entities under a cross-sectional approach. For this purpose, the 

sample consisted of monthly information from more than 1.6 million companies during the period 

from February 1969 to November 2007. Observations were obtained from secondary sources: CRSP 

(Center for Research in Security Prices), MKMV (Moody's Kealhofer, McQuown and Vasicek) and 

Compustat databases. Thus, 10 portfolios were formed according to the B/M ratio and the probability 

of insolvency of each firm. In addition, for the calculation of the Market Premium they used the 

general index of the NYSE, AMEX and NASDAQ stock exchanges (as applicable), and the rate of 

the U.S. Treasury Bonds, while the B/M, leverage, sales volume and momentum ratios were used for 

the estimation of the insolvency risk. Finally, the following was concluded: 1) The presence of a 

potential recovery after a stage of stress generates that the expected returns of its shares improve their 

                                                             
15 They were considered to be emerging markets: Argentina, Brazil, Chile, China, India, Indonesia, Israel, Malaysia, 

Mexico, Pakistan, Philippines, Poland, South Africa, South Korea, Taiwan, Thailand and Turkey. 
16 In the author's words, this methodology is country-neutral; that is, it ensures that the results do not capture differences 
in average returns in developed and emerging markets, for example. 



average returns, 2) The reduction of the default risk debilitates the perception of risk assumed by 

investors and rewards them with higher returns (less stress, more returns). 

Finally, Chava and Purnanandam (2010) sought to contribute to the asset valuation literature by 

displaying three edges: 1) Significant changes in the risk-return balance depending on the share-return 

estimation approach, 2) The connection between default risk and share-return risk, and 3) The 

determinants of share-return. To this end, "the majority17" of open organizations that went bankrupt 

between 1963 and 2005 were sampled, that have officialized insolvency documentation and that have 

been listed on AMEX (American Stock Exchange), NYSE (New York Stock Exchange) or 

NASDAQ. Observations were obtained from secondary sources: CRSP and Compustat databases. In 

this way, 10 portfolios were formed according to the EDF-risk of each company. In addition, they did 

not consider the Market Premium in their model, but used the ratios of accounting profitability, 

leverage, sales volume, volatility of returns on shares and past returns on shares to estimate the risk 

of insolvency. Thus, it was discovered that, contrary to most studies, as the risk of insolvency 

increased, market agents received a greater return on shares given the risk assumed (the greater the 

stress, the greater the returns, on average) for the post-1980 period until 2005. This is complemented 

by the fact that two additional anomalies occurred in the United States at the time: 1) There tended to 

be a valid basis for all ex post research for ex ante projections, and 2) Unusual number of companies 

declared bankrupt. 

Table 3: Synthesis of empirical evidence and exponents considered 

Authors Research Objective and Main Result 

Gao, Parsons y Shen 

(2018) 

◾ Explore the trend of high risk insolvency stocks to perform poorly. 

◾ There is a strong negative relationship between the risk of insolvency and the return 

on shares in small-cap companies. 

Hahn y Yoon (2016) 

◾ To provide an empirical assessment of the determinants of stock performance in 

Korean companies. 

◾ Market return, sales volume and stock turnover are valid determinants for the stock 

performance of Korean firms. 

Garlappi y Yan (2011) 

◾ To study the consequences of a recovery after a stage of financial stress on stock 

performance. 

◾ Reducing the risk of insolvency leads to a reduction in the expected return on shares. 

◾ Contribute valuation literature on the determinants of the return of an action. 

                                                             
17 It is worth mentioning that the authors do not mention the number of sampled signatures or the total 
number of observations. 



Authors Research Objective and Main Result 

Chava y Purnanandam 

(2010) 
◾ In most cases, the risk of insolvency is negatively correlated with stock performance. 

 

Sources: Own elaboration 

a. Proposed model 

In normal situations, a negative correlation of a company's degree of stress or risk of insolvency on 

the performance of its shares has been documented; that is, the greater the probability of a firm's 

bankruptcy is estimated, the variations in its share prices tend to fall, on average (Gao, Parsons and 

Shen, 2017; Hahn and Yoon, 2016; Garlappi and Yan, 2011). This inverse association is generally 

attributed to the company's perception of individual performance (Steinker, Pesch and Hoberg, 2016). 

In other words, improvements in working capital management, asset management, and financing 

structuring consolidate the entity's financial position, making it more prone to meeting its obligations. 

In addition, this should be reflected in its ratios of profitability, liquidity, leverage and activity. In the 

opposite scenario, Chava and Purnanandam (2010) exposed a positive effect of insolvency risk on 

stock returns. However, they mentioned a limiting potential: there was a relatively large number of 

companies declared bankrupt during the selected analysis period and market. This becomes highly 

relevant when taking into account that, unlike the previous cases, the present exponents accepted 

having done their research in a "non-normal situation". Accordingly, it is worth highlighting the 

validity of momentum to explain returns (Garlappi and Yan, 2011). That is, a tendency for declining 

assets to maintain such condition and, even more so in a period of stress, the risk premium demanded 

by investors would inevitably be raised to levels outside the issuing company's range of financial 

possibilities. Finally, in accordance with the synthesis presented and the information described in the 

Literature Review, the first research hypothesis is then put forward: 

"H1: The risk of insolvency has a negative impact on the performance of the shares of Peruvian 

companies in the mining sector in the period 2008-2018. 

Although the risk of insolvency has been corroborated as a fundamental determinant in the 

explanation of a share's performance, it is still volatile to argue under which indicators it should be 

estimated; how to measure how stressed a company is. In that sense, Altman's Z-Score aims to 

evaluate the state of an entity's financial position in such a way that it can be catalogued as healthy, 

in need of optimization or a potential failure (Hayes, Hodges and Hughes, 2010). This equation has 

been widely popularized and applied in both developed and emerging economies, while being 

characterized as statistically effective (Jung and Han, 2017; Legowik-Swiacik, 2017; Behera, 2016; 

Badea and Matei, 2016; Al-Kassar and Soileau, 2014; Kumari, 2013; Hayes, Hodge and Hughes, 

2010). Finally, landing the predictive capacity of the Z model to the Peruvian context, Lizarzaburu 

(2014) is, within what could be explored, the only author who conducted empirical tests based on 

firms listed in the BVL, obtaining an accuracy of 78% and cataloguing it as "highly effective". Thus, 

the following is proposed: 



"H2: The Z-Score, as an estimator of the insolvency risk, is statistically significant for the 

explanation of the returns on the shares of Peruvian companies in the mining sector between 2008-

2018." 

On the other hand, although the price of a share depends on intrinsic factors of its issuer, it is also 

influenced by externalities beyond the control of the firm (Karolyi and Wu, 2014; Ang et al., 2006). 

Economic growth, variations in the regulatory framework and social elements can affect the 

operations of an entire productive sector both adversely and favourably (Obrimah, Alabi and Ugo-

Harry, 2015). That is, the performance of a company is within the sphere of influence of the market 

where it operates (Sharpe, 1964). Along these lines, the CAPM, classified as a market yield model, 

seeks to explain the returns of an asset as a function of the excessive returns of the market over 

those of a risk-free asset, usually collectors of treasury bonds. The difference between these rates is 

known as the Market Premium. 

Although the CAPM has been branded as "conventional" for only including one factor, its 

construction has not been an obstacle to its statistical validity in all markets. In Brazil, Miralles-

Quirós, Miralles-Quirós and Goncalvez (2017) obtained encouraging results applying it to the 

IBOVESPA index. Likewise, although other authors discard their ability to predict the yields of an 

asset, they do not reject that the Market Premium is a key determinant in its modeling (Obrimah, 

Alabi and Ugo-Harry, 2015; Dalgin, Gupta and Sraiheen, 2012). Thus, the third hypothesis is 

proposed: 

"H3: The Market Premium has a positive impact on the share performance of Peruvian mining 

companies between 2008-2018." 

Finally, the Market Premium will be measured by the difference between the return of the 

S&P/BVL Peru Select index and the rate of Peruvian Sovereign Bonds in soles. Figure 4 presents 

the graphical modeling of the variables included in this research with their respective estimators for 

the Peruvian market. 

Figure 4: Graphical model of the third hypothesis 

 

 

 

 

 

 

Source: Own elaboration 
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For the present work, a non-experimental design will be used, since the aim is to determine the impact 

of the risk of insolvency on the performance of the shares without this involving the intentional 

manipulation of any of the proposed variables or sub-variables. Likewise, the type of design will be 

longitudinal, since chronological and systematic data will be collected in order to be able to carry out 

a continuous evolutionary analysis of specific indices for each organization during a set period. 

Finally, the research will be explanatory in nature, given that it will seek to recognize the influence 

of one variable on the other. The selected companies will be Peruvians from the mining sector that, 

in turn, will be considered within the S&P/BVL Peru Select Index between 2008 and 201818. 

Likewise, a non-probability sampling will be carried out, due to the fact that each observation will be 

chosen according to the characteristics proposed by the researcher in a non-random way. In addition, 

the type of sampling to be used will be for convenience, because the financial information necessary 

for the study is published by the SMV and the BVL for free access and disposition. Also, the implicit 

reliability of this data is highlighted, given the audit requirement. The latter mitigates the risk of 

accounting manipulation, commonly known as "cooking". 

Table 4 shows the entities that make up the S&P/BVL Peru Select Index as of December 31, 2017. 

However, only 7 firms will be included for purposes of this study: 1) Compañía de Minas 

Buenaventura, 2) Nexa Resources Peru, 3) Sociedad Minera Cerro Verde, 4) Southern Copper 

Corporation, 5) Volcan Compañía Minera, 6) Minsur and 7) Nexa Resources Atacocha. 

Table 4: Constituent Organizations of the S&P/BVL Peru Select Index as of 12/31/2017 

Nº Issuing Company Mnemonic Stock Market Sector 

1 Alicorp S.A.A. ALICORC1 Consumo 

2 Cementos Pacasmayo S.A.A. CPACASC1 Materiales 

3 Compañía de Minas Buenaventura S.A.A. BVN Materiales 

4 Credicorp Ltd BAP Financiero 

5 Ferreycorp S.A.A. FERREYC1 Industrial 

6 Graña y Montero S.A.A. GRAM Industrial 

7 InRetail Perú Corp. INRETC1 Consumo 

8 Intercorp Financial Services Inc. IFS Financiero 

                                                             
18 It should be mentioned that one not necessarily the signatures selected for the sample should have been contained in 
the selective index since 2008. It is only necessary that as of December 31, 2017 they have been considered in this index 
and those they have information since 2008. Also, as described above, only the first, second and third quarters of 2018 
will be taken into account due to the lack of publication of the fourth quarter. 



Nº Issuing Company Mnemonic Stock Market Sector 

9 Compañía Minera Milpo S.A.A19. MILPOC1 Materiales 

10 Sociedad Minera Cerro Verde S.A.A. CVERDEC1 Materiales 

11 Southern Copper Corporation SCCO Materiales 

12 Trevali Mining Corporation TV Materiales 

13 
Unión Andina de Cementos S.A.A. – 

Unacem 
UNACEMC1 Materiales 

14 Volcan Compañía Minera S.A.A. VOLCABC1 Materiales 

15 BBVA Banco Continental CONTINC1 Financiero 

16 Minsur S.A.A. MINSURI1 Materiales 

17 Refinería La Pampilla S.A. – Relapasa RELAPAC1 Energía 

18 Compañía Minera Atacocha S.A.A20. ATACOBC1 Materiales 

 

Source Prepared by the authors based on data from the LSE 

The following are the reasons for the exclusion of the 11 additional firms in table 5: 1) Due to the 
composition of the Financial Statements of BBVA Banco Continental, Intercorp Financial Services 
and Credicorp, it is not possible to apply model Z to these organizations, 2) Trevali Mining does not 
present published Financial Statements, 3) Due to the money laundering investigation cases 
through which Graña and Montero transited, there is an external factor of high impact that adds a 
lot of volatility to the chronological evolution of the stock price. In this sense, due to the clear 
predominance of entities from the mining sector in the surplus range and the predisposition of Z 
to maintain homogeneous levels when applied to a certain item (Altman et al., 2017), the rest of 
the firms within the selective index (Alicorp, Ferreyros, Relapasa, Unacem, Cementos Pacasmayo 
and InRetail Peru) were discarded. In this way, the sampled firms can be appreciated with greater 
clarity as follows. 
 

Table 5: Companies sampled for the study 
 

                                                             
19 Today, Company Minera Milpo is named after Nexa Resources Peru and trades under the mnemonic 
NEXAPEC1. 
20  Today, Company Minera Atacocha has the name Nexa Resources Atacocha and maintains its mnemonic. 
However, as of December 31, 2018, it is no longer included in the selective index. 



Nº Issuing Company Mnemonic Stock Market Sector 

1 Compañía de Minas Buenaventura S.A.A. BVN Materiales 

2 Compañía Minera Milpo S.A.A. MILPOC1 Materiales 

3 Sociedad Minera Cerro Verde S.A.A. CVERDEC1 Materiales 

4 Southern Copper Corporation SCCO Materiales 

5 Volcan Compañía Minera S.A.A. VOLCABC1 Materiales 

6 Minsur S.A.A. MINSURI1 Materiales 

7 Compañía Minera Atacocha S.A.A. ATACOBC1 Materiales 

 
Source Prepared by the authors based on data from the LSE 
 
 

For the determination of the sample size, the following criteria shall be taken into account: 1) 

Companies that belong to the S&P/BVL Peru Select Index, which is considered as a Premium 

reference of the BVL, 2) Those that belong to the financial system will be discriminated from the 

total, given the differentiation of the structuring of its accounting information would distort the 

analysis, 3) Those whose Financial Statements are published partially and discontinuously in the 

proposed evaluation period will be discriminated against, 4) Those who have taken part in events that 

condition their permanence in the market for reasons unrelated to their business performance will be 

discriminated against, for example, investigations on a possible case of money laundering, and 5) 

From the group obtained, the majority group belonging to the same productive sector or sectors as 

similar as possible will be taken, in such a way that the analysis is given in a standardized and 

equivalent manner for each firm. 

Secondary data will be used as a data collection tool. As explained above, the SMV requires any 

organization that chooses to obtain financing from the securities market to periodically present its 

Audited Financial Statements in such a way as to be transparent to potential investors. This implies 

that the accounting information is already processed, validated and audited, which facilitates the 

calculation of any indicator for the purposes of this study. 

5. Pilot test 

In line with the methodology of the studies presented in the empirical background, the stages prior to 

the construction of the individual statistical model will be presented to explain the performance of the 

actions of each selected firm. For this purpose, the information will be processed and the data will be 

interpreted according to a Normal distribution, given the Central Theorem of the Limit (Gao, Parsons 

and Shen, 2017; Hahn and Yoon, 2016; Garlappi and Yan, 2011; Chava and Purnanandam, 2010). 

Likewise, it is reiterated that the daily variations of the quotations of each company and of the market 

index were found, but the geometric average of the returns within the same quarter will be used as a 

representative figure (Dalgin, Gupta and Sraiheen; 2012). 



Accordingly, mixed frequencies will not be treated in the construction of the model. Then, the return 

of shares being the independent variable, this will be explained through the state of the financial 

position, estimated with the Z', and the Market Premium, calculated as the difference between the 

market yield and the rate of the Sovereign Bonds in 10-year Suns. Likewise, due to CVERDEC1, 

SCCO and BVN being quoted in dollars, their value in soles (PEN) was estimated as the product of 

their quotation and the bank exchange rate of the same day's sale prior to the calculation of daily 

yields, obtained from the SBS. In this way, the analysis of yields in the same currency is standardized. 

On the other hand, it will be considered a 95% confidence level (α = 5%) as it is the most accustomed 

within the literature in homogeneous evaluations (Gao, Parsons and Shen, 2017; Hahn and Yoon, 

2016; Garlappi and Yan, 2011; Chava and Purnanandam, 2010). Thus, the decision criterion for the 

evaluation of the significance of a variable within the regression will be the presence of a P-value less 

than alpha (if P-value< α, the variable is significant to explain the performance of the actions, and 

vice versa), which would imply the rejection of the null hypothesis (H0: the model (or the variable) 

is not significant). 

Finally, the results analysis scheme will follow the following order: 1) Presentation and interpretation 

of the Pearson linear correlation coefficients, 2) Presentation of the constructed regression, 3) 

Interpretation of the individual and global tests, 4) Presentation of the determination coefficients (R2) 

and standard deviation of the residues. Additionally, in case one of the variables is not significant, the 

regression established without them will be considered in the annexes. 

a. Pilot test results 

Following the scheme set out below, the correlation matrix of the variables considered is shown: 

Table 6: Pearson's correlation matrix between Zetas, Stocks and Market Premium 

 ZCVE ZSCC ZBVN ZNEX ZMIN ZVOL ZATA CVE SCC BVN NEX MIN VOL ATA MPR 

ZCVE 1.00               

ZSCC 0.36 1.00              

ZBVN 0.40 0.54 1.00             

ZNEX 0.40 0.05 -0.03 1.00            

ZMIN 0.58 -0.29 0.01 0.39 1.00           

ZVOL 0.74 0.01 0.17 0.69 0.80 1.00          

ZATA 0.05 -0.17 -0.12 0.51 0.13 0.26 1.00         

CVE 0.13 -0.27 0.02 0.11 0.33 0.21 0.02 1.00        

SCC 0.26 -0.19 -0.04 0.09 0.31 0.28 0.02 0.48 1.00       



BVN -0.28 -0.22 -0.16 -0.18 -0.08 -0.16 -0.28 0.23 0.23 1.00      

NEX -0.13 0.07 0.01 -0.15 -0.17 -0.16 -0.04 0.07 0.05 0.13 1.00     

MIN -0.20 -0.19 -0.10 -0.17 -0.08 -0.14 -0.27 0.31 0.10 0.85 0.22 1.00    

VOL -0.22 -0.17 -0.11 -0.20 -0.09 -0.16 -0.29 0.25 0.04 0.84 0.19 0.99 1.00   

ATA -0.22 -0.06 -0.06 -0.25 -0.19 -0.22 -0.19 0.20 0.02 0.70 0.52 0.86 0.85 1.00  

MPR 0.05 -0.31 -0.03 -0.08 0.20 0.07 -0.07 0.61 0.60 0.52 0.23 0.46 0.37 0.38 1.00 

Source Own elaboration based on information from SMV and Bloomberg. 

According to the correlation matrix shown in table 6, a priori it can be observed that the yields of 

CVERDEC1 and SCCO are the most sensitive to variations in the Market Premium; for example, an 

increase of one percentage point in the market quotation above the rate offered by 10-year soles 

sovereign bonds would generate a 60% increase in the quotation of SCCO. It should also be noted 

that all the shares presented a direct link with the Primad de Mercado, which gives a first indication 

of a positive impact of this variable against the proposed yields. On the other hand, with the exception 

of CVERDEC1, the rest of the shares presented an inverse correlation with the financial position (Z-

Score), being SCCO and ATACOBC1 the most sensitive to this; for example, an increase of SCCO's 

Z' by one percentage point would decrease its price by 19%. This is in line with what Chava and 

Purnanandam (2010) achieved at an efficiency level of 85% (6 out of 7 firms). However, no more 

meticulous analysis can be made with such data. Thus, the run of the model by signature is shown 

below. 

 On the other hand, table 7 presents the regression statistics for each firm, as well as the P-value of 

the global and individual test. The group of columns Statistics (ES) comprises the determination 

coefficient (R2), the standard deviation of the regression residues (σ) and the number of observations 

considered (N). The group of columns Global Test (PG) summarizes the analysis of variance of the 

model and includes the critical value of the test (F) and its respective P-value. Finally, the group of 

columns Individual Tests (PI) shows the estimated coefficients for each independent variable, the 

standard error of these (SE), the critical value of the tests (T) and their respective P-value. 

 

 

 

 

Table 7: Statistical Models: Explanation of Stock Performance 



    Statistics (ES)   Global Test (PG) Individual Tests (PI) 

  R2 σ N F Valor P Coeficientes SE T Valor P 

CVE 

CVERDEC1 0.387 3.320 43 12.645 0.000         

Intercept        -0.459 1.360 -0.337 0.738 

ZCVE        0.334 0.430 0.777 0.441 

MPR           3.017 0.613 4.925 0.000 

SCC 

SCCO 0.365 1.649 43 11.480 0.000         

Intercept        0.291 1.145 0.254 0.801 

ZSCC        -0.002 0.241 -0.008 0.994 

MPR           1.455 0.319 4.555 0.000 

BVN 

BVN 0.291 4.146 43 8.222 0.001         

Intercept        2.139 1.635 1.309 0.198 

ZBVN        -0.409 0.375 -1.092 0.281 

MPR           2.958 0.765 3.869 0.000 

NEX 

NEXAPEC1 0.071 2.316 43 1.528 0.229         

Intercept        1.713 1.140 1.503 0.141 

ZNEX        -0.549 0.611 -0.898 0.375 

MPR           0.611 0.428 1.427 0.161 

MIN 

MINSURI1 0.239 7.435 43 6.267 0.004         

Intercept        2.647 2.005 1.320 0.194 

ZMIN        -0.518 0.408 -1.268 0.212 

MPR           4.887 1.399 3.493 0.001 

VOL 

VOLCABC1 0.174 46.296 43 4.226 0.022         

Intercept        25.841 18.310 1.411 0.166 



 

Source Own elaboration based on information from SMV and Bloomberg. 

Thus, in general, it is observed that the inclusion of the statement of financial position referred to 

through the Z' of Altman (Zi) is not valid for any company; that is, the null hypothesis (P-value>α) is 

not rejected. On the contrary, with the exception of Nexa Resources Peru, the Market Premium (MPR) 

is significant in 85% of the entities. Additionally, with the exception of Nexa Resources Peru, the rest 

of the models pass the global test, rejecting the null hypothesis (P-value<α). 

In this line, the best determination coefficients (R2) are appreciated for CVERDEC1 and SCCO, 

being 38.7% and 36.5%, respectively. This indicates that, in the case of CVERDEC1, the regression 

explains 38.7% of the variability of the data. Likewise, at the bottom of the ranking, R2 only reaches 

7.1%. On the other hand, NEXAPEC1 and SCCO present the lowest standard deviations for residues 

(2.31 and 1.64, in that order) although there is a wide difference between determination coefficients. 

On the other hand, VOLCABC1 and ATACOBC1 whose differences are farther from their real return: 

46.3 and 16.7, respectively. 

6. Conclusiones 

El objetivo de este estudio es evaluar la importancia del riesgo de insolvencia a la hora de explicar la 

rentabilidad histórica de las acciones a través de un modelo de rendimiento del mercado con un 

enfoque transversal. Se analizaron datos trimestrales de una muestra de 7 empresas mineras peruanas 

pertenecientes al Índice S&P/BVL Peru Select durante el período 2008-2018, cubriendo 43 

observaciones por empresa. Además, dada la amplia aceptación del modelo Z-Score de Altman para 

la evaluación de la situación financiera, se consideró que se utilizaba para inferir tensiones financieras 

(Jung y Han, 2017; Legowik-Swiacik, 2017; Behera, 2016; Badea y Matei, 2016; Lizarzaburu, 2014; 

Al-Kassar y Soileau, 2014; Kumari, 2013; Hayes, Hodge y Hughes, 2010). Además, se tuvo en cuenta 

la prima de mercado, ya que las acciones se encuentran dentro del área de influencia del mercado 

(Sharpe, 1994). 

Despite the important range of studies mentioned above, no statistical significance of Altman's Z-

Score as an estimator of insolvency risk could be found in the explanation of stock returns, in any 

case. That is, the second hypothesis is rejected. Although Altman et al. (2017) found the index valid 

for Colombia, this could not necessarily be analogous in Peru; as Gao, Parsons and Shen (2018) state, 

there is high volatility in the results between countries when it comes to methodologies applied to 

emerging markets. In addition, it should be emphasized that the preliminary results are based on a 

ZVOL        -19.950 15.217 -1.311 0.197 

MPR           22.957 8.556 2.683 0.011 

ATA 

ATACOBC1 0.169 16.696 43 4.067 0.025         

Intercept        4.602 3.091 1.489 0.144 

ZATA        -5.236 4.677 -1.119 0.270 

MPR           7.840 3.085 2.542 0.015 



sample of mining only firms; therefore, the same conclusion could not be extrapolated a priori to 

other industries and, much less, to other countries. 

In that sense, with respect to the Market Premium, according to the results of Miralles-Quirós, 

Miralles-Quirós and Goncalvez (2017), Obrimah, Alabi and Ugo-Harry (2015) and Dalgin, Gupta 

and Sraiheen (2012), there is sufficient statistical evidence to affirm that the Market Premium is a 

significant variable within the performance analysis of a share and has a positive impact; in other 

words, the third hypothesis is not rejected. Except in the case of Nexa Resources Peru, which did not 

reject the null hypothesis in the global or individual test, all models considered the impact of the 

Market Premium on the performance of the assets relevant and direct. Also, according to the run of 

the models considering only the Market Premium in annex 2, the significance of this one is 

maintained, which would lead to think that, like Miralles-Quirós, Miralles-Quirós and Goncalvez 

(2017) in Brazil, the conventional CAPM valid and effective for the Peruvian mining sector.   

In this manner, contrary to what was predicted by Gao, Parsons and Shen (2018), Hahn and Yoon 

(2016), Garlappi and Yan (2011) and Chava and Purnanandam (2010), given the preliminary results 

obtained, there is sufficient statistical evidence to affirm that the risk of insolvency is not significant 

in the explanation of the performance of shares of Peruvian mining companies contained in the 

S&P/BVL Peru Select Index during 2008-2018; that is, the first hypothesis is rejected. However, it is 

emphasized that, within the review, no study presented an econometric model with the Z-Score as an 

estimate of the risk of insolvency in emerging markets; therefore, this could not necessarily be 

distinguished as the most representative reference. It is also stressed that the study of emerging 

markets is important not despite its emerging nature, but precisely because of it (Dalgin, Gupta and 

Sraiheen, 2012). 

Finally, it should be reiterated that Altman's Z' used in the present investigation is not the only 

indicator of the risk of insolvency found in the literature. In addition, it is recognized as a limitation 

the fact that this only captures the effect of the accumulated sales of a quarter, due to the fact that, 

due to the nature of the Financial Statements, the Statement of Financial Situation drags the balances 

of past periods, but the Statement of Results does not; that is to say, distortions are generated in the 

projection of the company's financial health status as it does not reflect the correct risk, especially in 

the ROA and Sales Rotation. Finally, it is worth noting that the risk of insolvency could maintain 

different results if estimated by variables other than Z' and, in turn, other Peruvian industries.                
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