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ABSTRACT

This paper critically examines the application of Altman’s Z-Score Model as a bankruptcy prediction tool
within the Indian corporate landscape. Originally developed for U.S. manufacturing firms, the model
synthesizes key financial ratios to assess the likelihood of financial distress. While the Z-Score demonstrates
significant predictive utility for large, publicly listed Indian companies with standardized financial
disclosures, its effectiveness is constrained by structural differences, inconsistent accounting practices, and
economic volatility unique to India. The model’s limitations are particularly pronounced when applied to
small and medium enterprises, startups, and family-owned businesses, which dominate the Indian economy
but often lack transparent and uniform financial reporting. This study highlights opportunities for improving
the model’s relevance through recalibration based on Indian data, integration of qualitative factors, and
leveraging advanced data analytics. The paper concludes that, with appropriate adaptations, Altman’s Z-Score
can become a valuable tool for risk assessment and financial decision-making in India, contributing to
enhanced corporate governance and financial stability.
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I. INTRODUCTION

Bankruptcy prediction has long been a crucial aspect of financial analysis, serving as an early warning system
to identify firms at risk of financial distress or insolvency. For investors, creditors, and management alike, the
ability to anticipate financial failure allows for proactive decision-making, risk management, and strategic
planning. Among the various models developed for this purpose, Altman’s Z-Score Model stands out as one
of the most widely recognized and applied quantitative tools in the domain of bankruptcy prediction.

Developed in 1968 by Edward I. Altman, a professor at New York University’s Stern School of Business, the
Z-Score Model was designed to provide a statistical method to assess a company’s likelihood of bankruptcy
within a two-year timeframe. Altman’s approach combined multiple financial ratios into a single composite
score, reflecting different dimensions of a firm's financial health. The model integrates profitability, leverage,
liquidity, solvency, and operational efficiency indicators, offering a holistic view of the company’s financial
condition.
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The original Z-Score formula utilizes five key financial ratios: working capital to total assets, retained
earnings to total assets, earnings before interest and taxes (EBIT) to total assets, market value of equity to
book value of total liabilities, and sales to total assets. These ratios were selected based on their statistical
significance in discriminating between bankrupt and non-bankrupt firms in Altman’s initial study sample,
which included publicly traded manufacturing companies. By applying specific weights to each ratio, Altman
created a scoring system where lower scores indicated higher bankruptcy risk, while higher scores suggested
financial stability.

One of the defining features of the Z-Score Model is its relative simplicity and practical applicability. Unlike
more complex models that require extensive qualitative judgments or obscure data, Altman’s Z-Score relies
primarily on publicly available financial statement data, making it accessible to analysts and stakeholders.
Over the decades, this model has gained widespread acceptance in academic research, financial institutions,
and corporate risk management practices worldwide. Moreover, it has inspired several variations adapted for
private firms, non-manufacturing sectors, and emerging markets.

Despite its success, the Altman Z-Score Model is not without its limitations. The model was originally
calibrated using data from U.S. manufacturing firms in the 1960s, and its assumptions may not hold
universally across different industries, economic environments, or accounting standards. Furthermore,
changes in the business landscape, regulatory frameworks, and financial reporting practices have prompted
ongoing research to refine or complement the model. Nevertheless, Altman’s Z-Score remains a foundational
tool in bankruptcy prediction, offering valuable insights into financial distress risk that can guide stakeholders
in making informed decisions.

Il. FINANCIAL LANDSCAPE OF INDIAN COMPANIES

The financial landscape of Indian companies is a complex and dynamic environment shaped by a diverse
array of business entities, regulatory frameworks, and economic conditions. India’s corporate sector
comprises a broad spectrum of firms ranging from large multinational corporations and publicly traded
companies to small and medium-sized enterprises (SMEs) and a burgeoning number of startups. This diversity
presents both unique opportunities and challenges when assessing the financial health and risks faced by
Indian companies.

At the top of the spectrum are India’s large corporations, many of which are listed on stock exchanges such
as the Bombay Stock Exchange (BSE) and the National Stock Exchange (NSE). These companies often have
robust financial reporting systems and greater access to capital markets, enabling them to raise funds through
equity and debt instruments. Large firms in sectors like information technology, pharmaceuticals,
manufacturing, and infrastructure typically maintain more standardized accounting practices in line with
Indian Accounting Standards (Ind AS) and International Financial Reporting Standards (IFRS). However,
even within this group, the financial health of firms can vary widely, influenced by factors such as global
competition, regulatory changes, and macroeconomic fluctuations.

The SME sector forms the backbone of India’s economy, contributing significantly to employment and GDP.
SMEs operate across manufacturing, trading, and services, often with limited resources and less formalized
financial management systems. Unlike large firms, many SMEs struggle with inadequate access to formal
credit, leading them to rely heavily on informal financing sources. Financial reporting in this sector is
frequently inconsistent, and accounting standards may not be strictly adhered to, which complicates the
accurate assessment of their financial health. Furthermore, SMEs are more vulnerable to market shocks,
liquidity crises, and regulatory compliance costs, making bankruptcy prediction particularly challenging.

In recent years, the startup ecosystem in India has witnessed rapid growth, driven by technological innovation
and government initiatives like “Startup India.” Startups typically prioritize growth and market penetration
over profitability in their early stages, often operating with negative earnings and high cash burn rates. This
characteristic makes traditional financial metrics less effective in evaluating their long-term viability. The
financial landscape for startups is further complicated by diverse funding sources including venture capital,
private equity, and angel investors, each with different expectations and risk assessments.

Several economic and regulatory factors uniquely influence the financial condition of Indian companies. The

implementation of the Goods and Services Tax (GST) has streamlined indirect taxation but also posed

compliance challenges for many businesses, especially SMEs. Non-performing assets (NPAs) remain a
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concern in the banking sector, reflecting credit risks associated with lending to stressed companies.
Additionally, family-owned and closely held businesses dominate a significant portion of India’s corporate
sector, where governance practices and financial transparency can vary widely, affecting the reliability of
financial data. Moreover, India’s evolving regulatory framework, including the Insolvency and Bankruptcy
Code (IBC) enacted in 2016, has transformed the approach to resolving corporate insolvency. The IBC aims
to improve the recovery process and bring more discipline into credit markets, but its effectiveness depends
on timely implementation and the capacity of the judicial and insolvency professional ecosystem.

I1l. APPLICATION OF ALTMAN’S Z-SCORE IN INDIA

Altman’s Z-Score Model, initially developed for assessing bankruptcy risk in U.S. manufacturing firms, has
found growing relevance in India’s corporate and financial sectors as a tool for early warning and risk
assessment. Its application in the Indian context has attracted considerable interest from academics, financial
analysts, and practitioners seeking to gauge the financial health of companies and predict potential insolvency.

In India, the model has been primarily applied to publicly listed companies, particularly in sectors with stable
financial reporting practices such as manufacturing, banking, and large-scale infrastructure. Researchers and
credit rating agencies use the Z-Score to identify firms that exhibit early signs of financial distress, helping
investors and lenders make informed decisions. The model’s reliance on financial ratios derived from audited
balance sheets and profit and loss statements aligns well with the data availability for large companies, which
are mandated to follow Indian Accounting Standards (Ind AS) and disclose financials transparently.

Several empirical studies have examined the performance of Altman’s Z-Score on Indian firms, often finding
that the model has moderate to strong predictive power in distinguishing between financially stable companies
and those at risk of bankruptcy. For example, analyses of companies listed on the Bombay Stock Exchange
(BSE) and the National Stock Exchange (NSE) have demonstrated that firms with lower Z-Scores are
significantly more likely to face financial difficulties within a two to three-year horizon. These findings
support the model’s utility in risk management, credit appraisal, and portfolio monitoring in the Indian
financial markets.

However, the application of Altman’s Z-Score in India is not without challenges. One significant issue is the
model’s original calibration, which was based on U.S. firms operating in a different economic, regulatory,
and cultural environment. Indian companies often have different capital structures, ownership patterns, and
financial behaviours, which can affect the accuracy of the Z-Score predictions. For instance, many Indian
firms are family-owned with complex intra-group transactions and varying degrees of financial transparency,
potentially distorting financial ratios.

To address these contextual differences, researchers have proposed adaptations and recalibrations of the Z-
Score formula tailored for Indian companies. Modified versions may adjust the weighting of financial ratios
or incorporate additional variables relevant to the Indian market, such as debt restructuring practices or sector-
specific risks. Some studies have also explored combining the Z-Score with qualitative factors, such as
corporate governance indicators and macroeconomic variables, to enhance predictive accuracy.

The model has also been extended to assess the financial health of Indian banks and non-banking financial
companies (NBFCs). Given the critical role of the financial sector in India’s economy and the challenges
posed by rising non-performing assets (NPAs), Altman’s Z-Score serves as a useful tool for early detection
of stress in financial institutions. Regulators and credit rating agencies sometimes incorporate Z-Score
analysis as part of their comprehensive risk assessment frameworks.

Furthermore, efforts to apply the Z-Score model to Indian SMEs and startups are ongoing but face limitations
due to inconsistent financial data and the unique financial characteristics of these segments. SMEs often lack
detailed audited accounts, and startups prioritize growth metrics over traditional profitability ratios, limiting
the model’s applicability. In response, some researchers advocate for hybrid models that blend financial ratios
with business and market indicators to better evaluate these companies.

IV. EFFECTIVENESS OF ALTMAN’S Z-SCORE MODEL IN THE INDIAN CONTEXT

Altman’s Z-Score Model has been widely regarded as a pioneering and practical tool for predicting

bankruptcy risk, and its effectiveness in the Indian context has been the subject of extensive research and

debate. Overall, the model has shown considerable promise as a quantitative measure of financial distress,
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particularly for large and medium-sized companies in India’s organized corporate sector. However, its
effectiveness varies depending on the specific characteristics of Indian firms and the broader economic
environment.

One of the key strengths of the Altman Z-Score in India is its ability to synthesize multiple financial ratios
into a single, interpretable score that reflects the overall financial health of a company. Indian companies
listed on major stock exchanges, which comply with standardized accounting and reporting norms, typically
provide the consistent financial data required for reliable Z-Score calculation. Empirical studies focusing on
such companies have demonstrated that firms with low Z-Scores tend to face a higher probability of financial
distress or bankruptcy within the next two to three years. This predictive capability makes the model a useful
tool for investors, credit analysts, and regulators who need to assess default risks proactively.

Moreover, the Z-Score’s quantitative nature enables it to be used alongside other risk assessment tools,
offering a standardized benchmark to compare companies across different sectors and time periods. In the
Indian banking and financial sector, where non-performing assets (NPASs) pose significant challenges, the
model has been employed to flag vulnerable borrowers early, potentially reducing credit losses. The Z-Score
also aids corporate managers in monitoring financial stability and making strategic adjustments to avoid
insolvency.

Despite these advantages, the effectiveness of Altman’s Z-Score in India is constrained by several limitations.
The original model was developed using data from U.S. manufacturing firms in the 1960s and does not fully
capture the structural and operational differences in Indian companies. Indian firms often have different
capital structures, ownership patterns—such as the prevalence of family-owned businesses—and financial
practices, which can distort the financial ratios that form the basis of the Z-Score. For example, variations in
debt levels due to informal financing or regulatory factors can affect the leverage component of the score,
leading to inaccurate risk assessments.

Additionally, the Indian corporate environment is marked by diverse accounting standards and practices,
especially among unlisted companies and SMEs, where financial disclosures may be less transparent or
standardized. This inconsistency reduces the model’s predictive accuracy for these segments, as the quality
and reliability of input data are critical to the model’s success. Startups and new ventures, which often operate
with negative earnings or prioritize growth over profitability, also challenge the model’s applicability.

Furthermore, India’s rapidly evolving economic conditions—such as policy reforms, market volatility, and
changes in insolvency laws—impact the stability and relevance of financial ratios used in the model. The
introduction of the Insolvency and Bankruptcy Code (IBC) in 2016, for instance, has altered the dynamics of
bankruptcy resolution, which may affect historical patterns captured by the Z-Score.

To improve effectiveness, many researchers and practitioners advocate for recalibrating the model’s
coefficients based on Indian data or combining the Z-Score with additional qualitative factors such as
corporate governance metrics, macroeconomic indicators, and sector-specific risks. Hybrid models and
machine learning techniques are also being explored to enhance predictive power by incorporating a broader
range of variables.

V. LIMITATIONS AND CHALLENGES

While Altman’s Z-Score Model is widely recognized as a pioneering and practical tool for predicting
bankruptcy, its application in the Indian corporate environment comes with several limitations and challenges.
These factors can affect the model’s accuracy, reliability, and overall usefulness in identifying financially
distressed companies in India.

One of the primary limitations stems from the origin and calibration of the model itself. The Z-Score was
originally developed in the 1960s using financial data from U.S.-based manufacturing firms operating under
a specific regulatory and economic context. Indian companies differ substantially in terms of capital
structures, ownership patterns, and business practices. For example, a significant number of Indian firms are
family-owned or part of business groups with complex inter-company transactions that may obscure true
financial health. The model’s fixed coefficients and financial ratios do not always reflect these structural
differences, leading to less accurate predictions when applied without adjustment.
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A major challenge in the Indian context is the variability in financial reporting quality and accounting
standards. While large, listed companies tend to follow Indian Accounting Standards (Ind AS) and provide
audited financial statements, many small and medium enterprises (SMEs) and unlisted firms do not maintain
consistent or transparent financial records. The lack of reliable, timely, and standardized financial data makes
it difficult to calculate accurate Z-Scores for a substantial portion of the corporate sector, limiting the model’s
reach and applicability.

Additionally, the model’s reliance on historical financial ratios can be problematic in India’s fast-changing
economic environment. Indian businesses frequently face sudden regulatory changes, market volatility, and
macroeconomic shifts, such as demonetization, GST implementation, or the effects of the COVID-19
pandemic. These events can drastically alter a company’s financial profile in ways that past data and ratios
may not fully capture, reducing the model’s forward-looking predictive power.

The model also tends to be less effective for startups and high-growth companies prevalent in India’s
burgeoning entrepreneurial ecosystem. These firms often have irregular earnings, negative or volatile profits,
and capital structures focused on growth rather than immediate profitability. As a result, traditional financial
ratios used in the Z-Score may not adequately reflect the risk profile of such firms, leading to misleading
conclusions.

Another limitation is the model’s inability to incorporate qualitative factors that are critical in the Indian
corporate context. Factors such as management quality, corporate governance, market reputation, and political
or economic influences often play a significant role in a company’s financial stability but are not accounted
for in the Z-Score’s purely quantitative framework. The absence of these variables means that the model may
overlook important early warning signs of distress or overestimate risk in some cases.

Furthermore, the application of the model requires access to detailed and up-to-date financial information.
For many Indian companies, especially smaller firms or those in informal sectors, such data may be
unavailable or unreliable, making it challenging to apply the Z-Score in practice.

Lastly, India’s legal and insolvency framework presents its own complexities. The Insolvency and Bankruptcy
Code (IBC), introduced in 2016, has transformed bankruptcy resolution but is still evolving in terms of
implementation efficiency and judicial capacity. The model’s predictive power may therefore be influenced
by these external factors, which are not directly reflected in the financial ratios.

In summary, while Altman’s Z-Score Model offers valuable insights into corporate financial health, its
limitations in the Indian context include differences in business structures, inconsistent financial reporting,
economic volatility, limited applicability to startups and SMEs, and exclusion of qualitative risk factors.
Overcoming these challenges requires model recalibration, integration with other analytical tools, and a
nuanced understanding of India’s unique corporate environment.

V1. OPPORTUNITIES FOR IMPROVEMENT AND ADAPTATION

Given the inherent limitations and contextual challenges of applying Altman’s Z-Score Model directly to
Indian companies, there are significant opportunities to improve and adapt the model to enhance its predictive
accuracy and practical relevance within India’s unique economic and corporate environment.

One major opportunity lies in recalibrating the original model’s coefficients and financial ratios based on
Indian corporate data. Since the model was initially designed using data from U.S. manufacturing firms, its
weightings may not adequately capture the financial realities of Indian companies, which often have different
capital structures, ownership models, and financial practices. By conducting extensive empirical research
using financial statements of Indian firms across various sectors, researchers can develop a modified Z-Score
formula better suited to the Indian market. Such recalibration can improve the sensitivity and specificity of
bankruptcy predictions, making the model more reliable for lenders, investors, and regulators.

Another area for adaptation involves expanding the set of variables incorporated into the model. Traditional
Z-Score calculations focus on a handful of financial ratios related to liquidity, profitability, leverage, and asset
turnover. However, Indian companies operate within a complex socio-economic environment influenced by
factors such as corporate governance standards, regulatory changes, macroeconomic indicators, and market
sentiment. Integrating qualitative and non-financial variables—such as management quality, governance
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scores, or industry-specific risk factors—into the predictive framework could significantly boost the model’s
effectiveness. Advanced data analytics, including machine learning techniques, can facilitate the combination
of these diverse data points to build hybrid models that outperform the traditional Z-Score.

The model’s applicability to different segments of the Indian economy, such as small and medium enterprises
(SME?s) and startups, also presents an important opportunity. These segments are critical to India’s economic
growth but often lack standardized financial reporting. Developing alternative versions of the Z-Score that
accommodate limited or unconventional financial data, or incorporating proxy indicators like cash flow
patterns, payment histories, or market reputation metrics, can broaden the model’s utility. Tailored models
can thus serve as early warning systems even for enterprises that do not fit the traditional corporate mold.

Technological advancements and the increasing availability of big data present another promising avenue for
improving the Z-Score model in India. Access to real-time financial data, credit bureau reports, and alternative
data sources such as social media sentiment or supplier-buyer relationships can enrich the predictive models.
These inputs can help capture emerging risks more dynamically and provide stakeholders with timely alerts
on potential financial distress.

Regulatory support and collaboration with financial institutions can further enhance the model’s practical
impact. Encouraging banks and credit rating agencies to integrate adapted Z-Score analyses into their credit
appraisal and monitoring processes would promote standardized risk assessment practices. Regulators can
also facilitate research by mandating greater transparency and consistency in corporate disclosures, which are
essential for reliable financial modeling.

Education and awareness efforts are equally important. Training financial analysts, auditors, and corporate
managers in the use and interpretation of bankruptcy prediction models will help embed these tools within
routine financial risk management frameworks. This can lead to earlier identification of distress signals and
more proactive measures to safeguard business continuity.

Lastly, periodic review and updating of the model are vital in a rapidly changing economic landscape like
India’s. Factors such as inflation, interest rate fluctuations, policy reforms, and market disruptions require
ongoing recalibration to ensure that the model remains relevant and accurate over time.

Overall, by recalibrating financial ratios, incorporating qualitative and alternative data, extending applicability
to diverse firm types, leveraging technology, fostering regulatory and institutional collaboration, and
emphasizing continuous learning, Altman’s Z-Score Model can be significantly enhanced for the Indian
context. These opportunities for improvement and adaptation promise to make bankruptcy prediction more
precise, timely, and actionable, ultimately contributing to healthier financial markets and stronger corporate
governance in India.

VII. CONCLUSION

Overall, Altman’s Z-Score Model remains a foundational tool for assessing the financial health and
bankruptcy risk of companies, offering a structured, quantitative approach to early warning signals of distress.
Its application in the Indian context, while promising, reveals a mixed picture of effectiveness influenced by
the country’s unique economic, regulatory, and corporate environment. The model performs well for large,
publicly listed companies where standardized and transparent financial reporting allows for reliable
computation of key financial ratios. However, its predictive accuracy diminishes when applied to small and
medium enterprises, family-owned businesses, startups, and firms operating in less regulated or informal
sectors due to inconsistent accounting practices and diverse capital structures.

The limitations and challenges identified highlight the need for localized adaptation, including recalibrating
the model’s coefficients based on Indian data and integrating qualitative and alternative variables reflective
of India’s dynamic business landscape. Moreover, leveraging advances in data analytics and technology can
further refine the model’s predictive power, enabling it to capture emerging risks and nuances more
effectively. Institutional support through regulatory reforms, improved financial disclosure norms, and
awareness initiatives is also critical to maximize the utility of such predictive tools.

Ultimately, while Altman’s Z-Score Model in its original form is not a one-size-fits-all solution for India, it
provides a valuable starting point for risk assessment. By embracing continuous improvement and contextual
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customization, the model can evolve to meet the complexities of the Indian corporate sector, thereby
enhancing financial stability, guiding credit decisions, and supporting sustainable business growth. This
underscores the broader imperative of combining quantitative rigor with contextual insight to navigate the
challenges and opportunities of bankruptcy prediction in India.
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