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A B S T R A C T   

Business managers strive to attain the optimal capital structure (OCS), which allows them to raise capital at a 
minimal cost, thereby maximising their returns. Balancing risk and reward is crucial in determining the target 
capital structure. Therefore, understanding the optimal leverage ratio and the Speed at which leverage adjust-
ments are made is vital to managers. This study examines the optimal leverage ratio, the speed of adjustment, 
and the factors contributing to achieving the target capital structure for select 208 steel firms, particularly in an 
emerging economy like the Indian steel industry. A partial adjustment model is utilised, employing the Gener-
alised Method of Moments (GMM) technique. Additionally, the Altman Z-score is employed to evaluate the 
financial distress of these steel firms. Very few studies have specifically focused on determining the Speed of 
adjustment (SOA) using GMM of emerging economies like the Indian steel industry. The findings indicate that 
steel firms take approximately 2.13 years to reach their target leverage, supporting the existence of the dynamic 
trade-off theory. The results also highlight the relationship of selected variables (Profitability, Growth, Size, 
Tangibility, NDTS, Liquidity, and Financial Distress) with the Speed of leverage adjustment and the weak 
financial position of these businesses.   

1. Introduction 

Leverage decisions are one of the widely discussed topics in corpo-
rate finance. To enhance the value of shareholders of a company, an 
efficient Capital Structure (CS) decision is indispensable for the business. 
A poor decision on the debt-to-equity ratio could lead to the firm’s 
financial distress and eventual insolvency. Managers toil to attain the 
target CS, which helps them raise capital at a minimal cost and earn the 
best possible return. Pandey (2005) also states that to attain the target 
CS, the company must establish an equilibrium between risk and 
reward. Thus, getting an ideal CS has been a crucial and significant 
concern for business managers for a long time and is even relevant in 
recent years. 

Ever since Modigliani and Miller (1958) introduced their ground-
breaking proposition on the irrelevance of capital structure, numerous 

theories have emerged to assist in making financial decisions. MM 
(1958) paved the way for other scholars to think and invest more time in 
solving the conundrum of CS decision theories. But MM (1958) has some 
impractical assumptions, such as static theories based on a single time 
period and a perfect market condition or absence of the tax. However, 
running a business is a continuous process, and a firm changes its CS 
continuously throughout its life. To explain the reported financing 
behaviour, various explanations have been put forth. Among the notable 
theories, we find the Trade-off theory, formulated by Robichek and 
Myers in 1966, the Pecking Order theory, advanced by Myers in 1984, 
and the Market Timing theory, as put forth by Baker and Wurgler 
(2002). The dynamic Trade-off model asserts that firms adjust their 
capital structure in response to various internal and external factors 
(Fischer et al., 1989). 

In contrast, a company’s leverage ratio is only the historical outcome 
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of financing decisions due to the Pecking order or Market timing, 
influenced by the timing of capital markets and minimising unfav-
ourable selection costs. The Trade-off argument would therefore be 
supported above the other two theories if there were evidence that 
businesses actively change their leverage ratio. Testing for leverage- 
targeted behaviour is a widely employed tactic in the literature (Flan-
nery and Rangan, 2006). Researchers from both developed and devel-
oping nations have supported the idea that businesses usually have a 
planned OCS that they want to obtain by modifying their current level of 
debt as per dynamic’Trade-off theory (Aybar-Arias et al., 2011; Abdel-
jawad et al., 2013). 

Firms are predicted to gradually return to the target if they stray from 
it as a result of micro or macro leverage shocks. The Trade-off theory 
receives clear empirical support from pertinent empirical research that 
examines the so-called CS Speed of Adjustment (SOA). Businesses 
actively work toward a target CS but are limited by adjustment expenses 
(Ozkan, 2001; Frank and Shen, 2013; Gaud et al., 2005; Flannery and 
Rangan, 2006). These findings provide strong evidence in favour of a 
dynamic Trade-off theory, where businesses adjust to a target CS, with 
the SOA, a measure of how soon they reach the target, being controlled 
by the relative costs of adjustment and deviation to the target CS. There 
could be an argument that established capital structure determinants in 
a developing country like India could also be applicable there, negating 
the need for reinvention. However, while addressing this debate, Del-
coure (2007) can be referred to which explores whether CS factors found 
in emerging European nations can be extrapolated to neighbouring 
Western economies & the study suggests that such application is not 
feasible, demonstrating that the factors influencing capital structure are 
indeed unique to each country. 

Steel Industry is among India’s most prominent core industries and 
produced over 118.20 million tonnes of steel, ranking second only to 
China. It has witnessed a transition in its production for the past 10–12 
years. Moreover, the government policy allowing 100% FDI has boosted 
the investment of almost $ 17.20 Billion in India in the last 20 years. 
Furthermore, the Indian government has also allocated $ 8.6 million 
towards the steel industry in its budget (IBEF 2023). To the best of the 
authors’ knowledge, very few studies have been conducted focusing on 
finding the Speed of adjustment and the bankruptcy position of the steel- 
producing industry. The key rationale for considering India as a base for 
studying dynamic capital structure theory is that India is one of the most 
important emerging markets in the world by the year 2030. The Indian 
steel industry is contributing significantly to its economic growth, cap-
ital formation, and employment generation and is considered important 
in the international steel circle. According to the Joint Plant Committee 
(JPC), Steel production in India has shown a growth of 3.6% over CY 
2020 and produced 118.1 million tonnes (World Steel Association, 
2023). Moreover, there is an anticipation that steel production will 
reach 42 million tonnes by the end of 2026–27, and the steel exports will 
reach approximately 5.5 million tonnes, compared to the current 1.7 
million tonnes, generating foreign exchange earnings of around 33,000 
crore rupees. Consequently, steel companies are now compelled to 
reevaluate their debt-equity ratios in order to mitigate costs. 

Due to its cyclical nature, high capital intensity, and sensitivity to 
raw material costs, the steel industry’s leverage decisions set it apart 
from other industries. The industry deals with global competition, reg-
ulatory difficulties, and large infrastructure investments. Environmental 
issues and technological advancements influence leverage decisions, 
especially in emerging countries like India. However, establishing good 
leverage decisions in the steel business requires a special understanding 
of these aspects and a long-term perspective. Despite being the second 
largest producer of steel, Indian steel companies tend to depend on 
external capital as they are not financially self-sufficient. Therefore, it 
becomes crucial to assess their capital structure decisions thoroughly. 
With the rapid expansion of sectors like construction, housing, 

transportation, and power generation, domestic demand for steel and 
exports has grown substantially over the years (Dutta & Mukherjee, 
2010). The industrial sector has made significant progress thanks to the 
steel industry, which has played a leading role (Balakrishnan, 2016), 
even though it is one of the most energy-intensive industries in most 
developed economies (Lutz et al., 2005). Being capital and 
technology-intensive, the steel industry also holds a critical role in a 
nation’s defence and economy, and its performance tends to fluctuate in 
sync with macroeconomic conditions over time (Yeh et al., 2011). 

Steel is a critical component for the progress of any modern economy 
in today’s world (Takeh and Navaprabha, 2015). It is often seen as the 
foundation of the manufacturing industry (Preeti) and a fundamental 
driver of the development of contemporary society and the global 
economy (Balakrishnan, 2016). A country’s per capita steel consump-
tion is considered a crucial factor influencing socio-economic develop-
ment and the living standards of its population (Takeh and Navaprabha, 
2015). With the rapid expansion of sectors like construction, housing, 
transportation, and power generation, domestic demand for steel and 
exports has grown substantially over the years (Dutta & Mukherjee, 
2010). The industrial sector has made significant progress thanks to the 
steel industry, which has played a leading role (Balakrishnan, 2016), 
even though it is one of the most energy-intensive industries in most 
developed economies (Lutz et al., 2005). 

Leading metal producers in the country are expected to opt for in-
ternal accruals instead of relying on debt-based funding to finance their 
capital expenditure (capex) in FY24, and the primary driver behind this 
decision, as cited by top executives, is the increased capital costs; and 
this reluctance to take on debt is influenced by two key factors: 
favourable raw material prices and an unfavourable interest rate envi-
ronment (Moneycontrol, 2023). 

In FY24, India’s foremost metal producers, including Hindalco In-
dustries, JSW Steel, Steel Authority of India, Tata Steel, and Hindustan 
Zinc, have collectively allocated approximately Rs 63,400 crore for 
capex. Among these companies, three have signalled their intent to 
utilise internal accruals to finance their capex for the year, while the 
remaining two are optimistic about reducing their debt burden despite 
engaging in capex activities. 

According to the reports, JSW Steel’s net debt increased to Rs 66,797 
crore from Rs 59,345 in the March quarter, driven by higher working 
capital, and the company is now working towards acquiring stakes (For 
example, securing a 20% ownership share in Tech Resources’ steel 
manufacturing coal division and completing the acquisition of NMDC 
Steel, as mentioned by Joint Managing Director & CEO) in order 
improve its debt structure (Bloomberg, 2023). 

According to another report, "Domestic primary steel manufacturers 
are likely to see their leverage, in terms of net debt to earnings before 
interest, tax, depreciation and amortisation (EBITDA) ratio, remain 
below 2.0 times this fiscal (compared to an estimated 1.6–1.7 times in 
fiscal 2023) despite undertaking capital expenditure to cater to growing 
demand," Crisil said (Bloomberg, 2023). 

These reports suggest that leverage does exist in firms’ capital 
structure, and firms must meticulously decide their debt-equity mix to 
avoid incurring losses. By studying their SOA and the impact of select 
variables with Speed of adjustment, steel firms can adjust their capital 
structure and make prudent decisions regarding the key factors to 
consider that impact the SOA. 

This research examines the leverage dynamics of India’s steel busi-
ness while considering the current corporate environment’s dynamism 
and volatility, considering fresh empirical aid for the Trade-off theory. 
This theory was supported by several authors (Drobetz et al., 2015; Vo 
et al., 2022; Alnori and Alqahtani, 2019; Kannadhasan et al., 2018; Zhou 
et al., 2016). 

M. Abdullah et al.                                                                                                                                                                                                                              



Journal of Open Innovation: Technology, Market, and Complexity 9 (2023) 100152

3

2. Literature review and hypotheses development 

2.1. Empirical evidence on SOA 

The Trade-off theory has evidence of empirical support from perti-
nent empirical studies examining the CS SOA. Numerous studies using 
domestic and multinational samples show an affirmative relationship 
with SOA, suggesting that businesses do return to goal leverage (Drobetz 
et al., 2015; Alnori and Alqahtani, 2019). In recent studies, several other 
authors also confirmed the results (Elsas and Florysiak, 2015; Haron 
et al., 2013; Kannadhasan et al., 2018; Öztekin and Flannery, 2012; Vo 
et al., 2022). Additionally, since firms frequently regulate their current 
debt levels to match the desired leverage ratio, as per the dynamic 
Trade-off theory, the issue of endurance in CS decisions has lately 
alluded researchers in advanced as well as emerging nations (Leary 
et al., 2005; Flannery and Hankins, 2011; Abdelj҃awad et al., 2013; 
Morais et al., 2022) are the recent studies that concentrated on European 
listed companies and used GMM to estimate their dynamic panel data 
models. 

Capital research is seen to advance gradually in emerging nations as 
well. The study was done from the perspective of developing economies 
(Mai et al., 2017; Hussain҃ et al., 2018; Memon, 2018; Ahsan et al., 2016; 
Haron, 2013; Haron, 2018). In India, most recent studies like Bajaj et al. 
(2020) employed System GMM (Blundell and Bond, 1998) to compare 
NSE-listed Indian firms and Chinese firms for the years2009–2018 and 
found that Indian companies reverted to goal at a comparatively higher 
rate than Chinese firms and mentions inflation rate, stock market 
development and bond market capitalisation as significant determinants 
for Indian firms. Moreover, a study by Kumar (2022) focused on energy 
and metal commodity prices within the Indian context. The study uti-
lised a price adjustment model based on the theory of storage to estimate 
the time-varying Systematic Originated Risk (SOA) of the commodity 
market. The results revealed that the SOA for energy commodity prices 
was approximately 41.8%, whereas for metal commodity prices, it was 
about 31.6%. 

Furthermore, Khan et al. (2022) conducted a study to find the SOA, 
optimal leverage ratio, and bankruptcy position of the Indian Telecom 
firms by tools like Altman Z-Score and partial adjustment model, GMM 
technique. However, empirical studies that concentrate on the dynamic 
characteristics of CS, estimate the SOA relative to the aim, and identify 
factors that influence the pace of adjustment are still lacking. Gulzar and 
Imamul Haque (2022) focused on manufacturing companies and 
confirmed that the role of CS varies across industries, and the desired 
target leverage is an important factor in elucidating the current debt 
levels and adjustment strategies employed by manufacturing com-
panies. Notably, there is not enough research done on India. 

Despite significant research efforts and numerous recent contribu-
tions that have enhanced our comprehension of the target leverage dy-
namics of firms, the SOA remains the most pertinent issue in CS research 
to date (Morais et al., 2022; Huang and Ritter, 2009). The statement is 
still valid because, of other things, presently, there is scant literature 
about SOA of steel companies along with finding the impact of various 
variables with SOA. The main aim of this research is to fill this gap. The 
research hypotheses tested in the paper’s empirical section are then 
developed. 

2.2. Debt adjustment to the target level 

According to empirical studies in different nations, companies alter 
their real debt concerning a target debt ratio. Kremp et al. (1999) 
discovered debt adjustments of 0.53 and 0.28 for listed businesses in 
Germany and France, respectively, for both countries. Shyam-Sunder 
and Myers (1999) found 0.59 for public limited American companies. 
The ratios for listed businesses in Spain were 0.79; in Britain, they were 
0.57; and in Switzerland, they ranged from 0.14 to 0.387, depending on 
how much debt they used, Miguel and Pindado (2001). Similarly, Haron 

(2013) and Khan et al. (2022) also confirm that firms occasionally adjust 
to their target debt. Accordingly, the following hypothesis is formulated: 

H1. : Firms adjust to their target debt level to achieve optimal debt 
ratio in the Indian Steel Industry. 

2.3. Profitability and speed of adjustment 

As per the Peckingorder theory, the majority of successful businesses 
are capable of financing business with their capital and hence turn less 
toward debt (Titman and Wessels, 1988; Hussain et al., 2018; Bayr-
akdaroglu, Ege and Yazıcı 2013; Mukherjee and Mahakud, 2010; and 
Sardo and Serrasqueiro, 2017). So, it can be inferred that there is an 
adverse relation between the company’s Profitability and the adjust-
ment rate. Since most authors predict negative relationships the 
following hypotheses are formulated: 

H2. There is a negative correlation between Profitability and SOA in 
Indian Steel Industry. 

2.4. Firm size and speed of adjustment 

According to several authors (De Jong et al., 2008; Deesomsak, 
Mitton, 2007), there is an affirmative relation between the Size of a firm 
and its debt level, according to the Trade-off theory. Due to the support 
provided by top-tier analysts, larger companies can access capital mar-
kets with remarkable ease (Trejo-Pech et al., 2021). Another study 
(Robiatun and Witiastuti, 2021; Chadha and Seth, 2021; Memon et al., 
2020) assessed the relationship between the two variables and claimed 
that smaller businesses experience higher adjustment costs than larger 
enterprises. As per the Pecking Order theory (Delcoure, 2007; Rajan and 
Zingales, 1995; Kouki and Ben Said, 2011), debt and business size are 
negatively related. Additionally, larger businesses are less likely to have 
information asymmetry, which results in cheaper funding and rapid 
adjustment. Hence, the formulated hypothesis is presented as follows: 

H3. There is a significant correlation between Size and SOA in the 
Indian Steel Industry. 

2.5. Growth and speed of adjustment 

Trejo-Pech et al. (2021), Moyo et al. (2013), Chadha and Seth 
(2021), Hergli and Teulon (2014), Irfan (2011), Hussain et al. (2018), 
among others, imply a positive association between Growth and 
leverage. However, considerable risks are inherent in these behaviours; 
authors examine the negative correlation of Growth with SOA, which 
aligns with the principles of the Trade-off theory (Rajan and Zingales, 
1995; Sardo and Serrasqueiro, 2017; Fama and French, 2002; Kim and 
Sorensen, 1986; Frank and Goyal, 2009). Investment prospects are more 
excellent for growth companies. However, as borrowing levels rise, the 
expenses associated with financial hardship rise, which causes the ideal 
ratio to decline. Consequently, the ability to borrow is reduced, which 
results in a negative relationship between the two. So, hypothesis is 
formulated as follows: 

H4. There is a negative correlation between Growth and SOA in the 
Indian Steel Industry. 

2.6. Tangibility and speed of adjustment 

Since they offer value as collateral, tangible assets make a more 
significant percentage of the claims for security made by creditors. As 
per trade-off theory, leverage and Tangibility have a positive relation-
ship. A corporation is less likely to file for bankruptcy if it has more 
tangible assets than it does when it relies more heavily on debt (Rajan & 
Zingles, 1995; Friend and Lang, 1988; Baker and Martin, 2011). The 
Pecking order theory, which is backed by Harris and Raviv (1991) and 
Moyo et al. (2013), Mukherjee and Mahakud (2010), Bayrakdaroglu 
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et al. (2013), Irfan (2011), predict a negative association between the 
two variables. 

H5. There will be a negative correlation between Tangibility and SOA 
in the Indian Steel Industry. 

2.7. Non-debt tax shield and speed of adjustment 

As per Tradeoff theory, a negative correlation exists between NDTS 
(Non-debt tax shields) and leverage, as companies with higher NDTS 
tend to have lower debt ratios. This notion is supported by several 
empirical research, including DeAngelo and Masulis (1980), Frydenberg 
(2004),Mukherjee and Mahakud (2010), and Titman and Wessels 
(1988). 

H6. : There is a negative correlation between NDTS and SOA in Indian 
Steel Industry. 

2.8. Liquidity and speed of adjustment 

According to the Trade-off theory, leverage and liquidity have an 
affirmative association. Strong liquidity signals comparatively more 
leverage because it can pay its short-tenure obligations with more sig-
nificant cash flows (Ross , 1977). Conversely, the Pecking order theory 
asserts a conflict between the two since it contends that liquid enter-
prises employ more retained earnings to finance their investment pro-
jects. The Pecking order theory has been supported by several studies 
such as Titman and Wessels (1988), Myers (1984), Rajan and Zingales 
(1995), Ozkan (2001), Cahyono and Chawla (2019), Nguyen et al. 
(2012). 

H7. : There is a negative correlation between Liquidity and SOA in 
Indian Steel Industry. 

2.9. Financial distress and speed of adjustment 

Altman’s Z score calculates the financial distress. Given that com-
panies with higher leverage typically face a greater risk of financial 
distress, the Z score is anticipated to be adversely correlated with the 
amount of debt (Correa et al., 2007, He et al., 2021, Antoniou et al., 
2008, Khan et al., 2022). 

H8. : There is a negative correlation between financial distress and 
SOA in the Indian Steel Industry. 

3. Methodology 

3.1. Data 

The study’s empirical research is primarily based on financial in-
formation from Indian steel businesses. There were 709 public limited 
companies in the CMIE Prowess database which belong to the steel 
sector. After data mapping and clipping, data for 208 companies were 
available for the past ten years, from 2013 to 2022. Firms with incom-
plete records of variables were omitted. The data was analysed using 
STATA (version 15) software for dynamic panel estimation, and only 
firm or company-specific variables were considered in this study. These 
six components act as the "core model of leverage." The leftover factors 
are the least reliable (Frank and Goyal, 2009). 

3.2. Variable description 

3.2.1. Dependent variable 
Leverage has been used to study the dependent variable. It is a 

measure of CS that can be computed in numerous ways (Titman and 
Wessels, 1988). Here, leverage is calculated by dividing total debt by the 
total assets (Rajan and Zingales, 1995; Fama and French, 2002; Booth 
et al., 2001; Pandey and Chotigeat, 2004). 

3.2.2. Independent variable 
Based on prior research, only firm-specific explanatory variables are 

considered. The selection of variables and their forms are influenced by 
both theoretical and empirical factors. Profitability, Tangibility, Non- 
debt tax shield (NDTS), Liquidity, firm Size, Growth potential, and 
financial distress (likelihood of bankruptcy) are the firm-level de-
terminants used in this study. 

Table 1 describes the variables used for the study. These are precisely 
firm-specific variables supported by various authors in previous studies. 

3.3. Model estimation 

We employ the partial-adjustment model to calculate how quickly a 
specific firm counteracts the deviation from the target, following Flan-
nery and Rangan (2006), Miguel and Pindado (2001), Lemmon et al. 
(2008), Kannadhasan et al. (2018), Oztekin and Flannery (2012), and 
Çolak et al. (2018)). The corporation can rapidly change its CS to a 
target in a free market economy. Because of this, the observed debt ratio 
for business’ i′ at a time ’t’ should match the desired debt ratio, Lev*It=

Levit. 

Table 1 
Variable Description.  

S. 
No 

Variable (Codes) Definition Sources 

1 Leverage (Lev) Total Debt / Total Assets Rajan and Zingales (1995),Booth et al. (2001), Pandey (2001),Mukherjee and Mahakud (2010), Chen 
(2004), Mat Nor et al. (2011), Abor (2005),Nguyen et al. (2012), Alipour et al. (2015), Sofat and Singh 
(2017), Touil and Mamoghli (2020), Vo et al (2021) 

2 Profitability(Prof) EBIT / Total Assets Titman and Wessels (1988),Booth et al. (2001), Pandey (2001), Abor (2005), Alipour et al. (2015), Sofat 
and Singh (2017), Nguyen et al. (2021) 

3 Size (Size) Natural Logarithm of Total 
Assets 

Titman and Wessels (1988),Booth et al. (2001), Chen (2004), Pandey (2001), Bolarinwa and Adegboye 
(2020), Handoo and Sharma (2014),Sardo and Serrasqueiro (2017), Nguyen et al. (2021), Vo et al., 2022, 
He (2021) 

4 Growth (Growth) Percentage Change in Total 
Assets 

Titman and Wessels (1988),Bhaduri (2002),Frank and Goyal (2009), Touil (2020) 

5 Tangibility (Tang) Fixed Assets / Total Assets Rajan and Zingales (1995),Booth et al. (2001), Pandey (2001), Memon et al. (2015), Khemiri and 
Noubbigh (2018), Vo et al. (2021), He (2021), Abdeljawad and Nor (2011), Kayo and Kimura (2011) 

6 Non Debt Tax Shied (NDTS) Depreciation and Amortization 
/ Total Assets 

Titman and Wessels (1988), Huang and Song (2006),Deesomsak et al. (2004), Touil (2020), Vo et al. 
(2021) 

7 Liquidity (Liq) Current Assets / Current 
Liabilities 

Ozkan (2001), Alipour et al. (2015), Handoo and Sharma (2014), Khémiri and Noubbigh (2018), Rani 
et al. (2020), Mat Nor et al. (2011),Nguyen et al. (2012) 

8 Financial Distress 
(Bankruptcy Probability) 

Altman Z-Score Model Correa et al. (2007), He (2021), Antoniou et al. (2008),Khan et al. (2022) 

Source: Authors Compilation 
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A corporation can decide against quickly changing the target if the 
market is unreliable. Indeed, businesses might not be able to fully adapt 
to the ideal debt ratio in different periods if there are enormous cost 
adjustments or the financial systems cannot supply their financial needs. 
Thus, the following formalisation of a partial adjustment model is 
possible, Gaud et al. (2005); Haron (2013); Khan et al. (2022). 

Levit − Levit− 1 = λit(Lev∗it − Levit− 1) (1) 

To calculate the desired leverage ratio, the equation presented below 
is employed. 

Lev∗it = βxit + εit (2) 

with i = 1., N (Number of firms) and t = 1., T (Time period). Levit is 
the real leverage ratio for firm i in the year t. Lev*it is the target leverage 
ratio for a firm ithin the year tth, λ is the Speed of adjustment (SOA), xit is a 
K x 1 vector of the explanatory variables, β is a K x 1 vector of the 
constants, and εit is an error term. Combining Eqs. (1) and (2) with Levit 
as the formula’s subject. The resulting equation is as follows: 

Levit = (1 − λ)Levit− 1 + λβxit + αt + γi + εit (3) 

The unobserved firm-specific effect, denoted as αt, is assumed to be 
constant over time "t, "γi is an unobserved time-specific effect considered 
constant over i, and εit is an error term. GMM (Hansen, 1982; Jagan-
nathan et al., 2002) impacts empirical financial research, particularly 
regarding issues with capital structure and finance in a broader 
perspective. Endogeneity is the relationship between variables and the 
error term. Ozkan (2001) suggested GMM addresses the endogeneity 
issue. In another study, GMM model is used to determine the Speed of 
adjustment, which is captured by a time constant as well as firm constant 
coefficients, and analyse how capital structure CS advances in relation to 
its optimal level. The partial adjustment model is estimated using the 
Generalized Method of Moments estimators. Arellano and Bond (1991) 
developed to deal with the endogeneity issue in a dynamic panel model. 
This approach helps to correct for endogeneity and obtain reliable 
parameter estimates. 

The model is built using the following methodology: 

LEVit = LEVit− 1 + β1PROFit + β2GROWTHit + β3SIZEit + β4TANGit

+ β5LIQit + β6NDTSit + β7Zscoreit +αt + γi + εit
(4) 

In the model, αt represents unobserved firm-specific effects that are 
assumed to remain constant over time "t." Similarly, γi represents un-
observed time-specific effects considered constant over "i." Additionally, 
εit denotes the error term. 

The tests conducted herein are akin to those outlined in the works of 
Gaud et al. (2005) and Ozkan (2001). Here the null hypothesis is 
assumed to be of no autocorrelation, which means AR (1) or technically 
1st order serial autocorrelation of residuals and AR (2) all follow a 
consistent distribution N. (0,1). According to Arellano and Bond (1991), 
estimates are only meaningful if the residuals do not exhibit 2nd order 
serial autocorrelation. 

The Instrumental variable (IV) estimation method is suggested by 
Gaud et al., (2005), Ozkan (2001), and Drobetz and Wanzenried (2006). 
This article employs the Arellano and Bond two-step GMM estimate 
approach (1991). 

3.4. Robustness check 

The GMM uses the instruments, and Sargan’s test, developed by 
Hansen in 1982, is used to determine the accuracy of the GMM model’s 
instruments. Arellano and Bond identify two special checks that address 
the consistency concern with the GMM estimator. The Sargan/Hansen 
test, AR (1), and AR (2) tests are also included by default. Verifying the 
tools’ resilience is a crucial diagnosis in the Dynamic panel data estimate 
process. 

The differenced residuals are examined by the Arellano-҃Bond test for 

autocorrelation as well. 1st order and 2nd order serial correlation are 
two of these tests’ frequently used iterations. These examinations aid in 
assessing the reliability of devices. 

3.5. Financial distress (Z Score Model) 

This section examines steel firms’ financial performance and eco-
nomic health. Z-Score’s financial tools have been applied to this pur-
pose. The cause of the companies’ declining performance has been 
identified using the Z-Score model by Altman. The Z-score approach 
identifies businesses in financial trouble and at risk of bankruptcy 
(Reddy and Reddy, 2013). Altman’s Z-score investigates the company’s 
profitability, solvency, liquidity, leverage, and efficiency to forecast its 
Profitability and determine whether it is likely to go bankrupt. Working 
capital, EBIT, retained earnings, total assets, the book value of equity, 
and total liabilities are some of the variables this model considers when 
calculating the Z-score for the companies. Therefore, the initial Z-score 
model was created especially for enterprises (Aasen, 2011). 

Altman’s original Z-score formula is: 

Z = 1.2y1+ 1.4y2+ 3.3y3+ 0.6y4+ 0.99y5 

Where: y1 = Working Capital/Total Assets. 
y2 = Retained Earnings/Total Assets 

y3 = Earnings Before Interest and Taxes/Total Assets 
y4 = Market value of Equity/Book value of Total Liabilities 

y5 = Sales/Total Assets 
Z Score = Overal l Index 
In 1990, MacKie-Mason made revisions to the original Z-score for-

mula by removing the component of the Market value of Equity divided 
by Book value of total liabilities. This modification was done to facilitate 
the analysis of the firm’s credit standing (CS) and to define the debt ratio 
as a separate variable within the equation. After the MacKie-Mason 
study, the updated Z-score was adopted by several researchers (for 
instance, Güner et al., 2008 and Graham et al., 1998). 

The modified version is, therefore: 

= 3.3(EBIT/TA)+ 1.0(Sales/TA)+ 1.2(WC/TA)+ 1.4(RE/TA)

Where EBIT is Earning Before Interest and Taxes, WC is Working 
Capital, RE is retained earnings, and TA is the Total of Assets. Because 
the leverage ratio is a primary variable in this investigation, the 
improved version of MacKie-Mason (1990) was employed (Lee et al., 
2011). 

An enterprise with a higher Z-score is financially healthier and less 
distressed than a lower Z-score. Table 2 below shows the various zones 
of the Z-score. 

4. Empirical results and interpretation 

4.1. Descriptive results 

Table 3 is related to descriptive statistics of the variables, which 
depict significant variation in the leverage values with 0 as the minimum 

Table 2 
Z Score.  

Z Score Zone Comments 

Below 1.8 Distress The likelihood that the company will have financial 
difficulty soon is considerable, and it may be forced to 
take drastic measures to stay in business. 

Between 1.8 
and 2.99 

Grey The company is in the grey category, which suggests 
there is a lower likelihood that it may soon experience 
financial trouble. 

Above 2.99 Safe The company demonstrates strong financial stability, 
minimizing the likelihood of encountering financial 
difficulties in the future. 

Source: Author’s Compilations from literature 
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and 4.247% as the maximum value, and a mean of 0.371. The mean 
value of leverage indicates that steel firm liabilities contribute to 
approximately 37% of the value of the assets, indicating a lower debt 
ratio, which is consistent with the results (Tripathy and Asija, 2017). 
The mean value of Growth is 3.104 indicating Indian steel firms are 
poised towards high future Growth, and the mean value of liquidity is 
1.484 indicating there is not much difference between the minimum and 
maximum value of Profitability, NDTS, and Tangibility. The mean value 
is also less for these variables, indicating that there is less variation 
within these variables respectively. The minimum and maximum values 
of liquidity are 0 and 109, which suggests that Indian steel firms have a 
better liquidity position. Overall, it indicates few firms are not per-
forming well, whereas the rest are self-reliant, posing a consistent bal-
ance between them. 

4.2. Multicollinearity 

As shown in Table 4, we employed the Variance Inflation Factor test 
and found that the mean VIF value is 1.338, less than 10 (Hair, 2006). 
Therefore, all the variables are suitable for testing SOA to target the 
leverage of steel firms. 

4.3. Speed of adjustment 

Using the Generalized Method of Moments, this study examined the 
Optimal Leverage ratio (OLR), SOA, and factors that help selected steel 
firms achieve their goals. 1st-order and 2nd-order autocorrelation tests 
reveal no autocorrelation issue in data. Similarly, the Hansen J statistic 
shows whether an instrument is valid. The lagged leverage seems 
affirmative and significant, confirming that the leverage ratio tends to 
converge with time toward the target CS, which aligns with the dynamic 
trade-off hypothesis. 

Table 6 shows that the lagged value of leverage is 0.5300 at 10% 
significance level. Therefore, the rate of adjustment is 0.4700 
(1–0.5300). It implies that steel firms close 47% of the gap between 
existing and target(goal) CS in a year. By using the formula of SOA (0.5)/ 
ln(1- λ) by Huang and Ritter (2009), the value comes out to be 1.09 years 
(Table 5), which means it takes 1.09 years to offset half of the target 
leverage from the current leverage. In other words, after converting the 
rate of adjustment in years (Huang and Ritter, 2009; Ameer, 2010) by 

using a formula (1/rate of adjustment) as suggested by Mukherjee and 
Mahakud (2010). We observe that steel firms take 2.13 years (Table 5) to 
reach the target leverage indicating the existence of dynamic Trade-off 
theory (Mukherjee and Mahakud, 2010; Flannery and Rangan, 2006; 
Clark et al., 2009). The more rapid adjustment occurs, the bigger the 
predicted advantages of bridging the gap to the target CS will be per the 
dynamic trade-off theory. 

The research findings show that companies have goal leverage ratios 
and promptly reshape their target ratio. Hence H1 for debt adjustment is 
supported. Businesses must therefore weigh the cost of adjustment and 
the costs of being outside of their desired ratios. The businesses 
promptly modify their leverage ratios to reach their goal debt ratios. 

From Table 6, it can be inferred that Profitability, Growth, NDTS, 
Liquidity, and financial distress (Z score) have a significant negative 
relationship with debt adjustments. In contrast, Tangibility has a sig-
nificant positive relation with debt adjustment, but Size has an insig-
nificant impact on debt adjustment.Hence H2, H4, H5, H6, H7, and H8 
are significant and supported, whereas H3 is found to be insignificant. 

It can be seen in Table 6 that the coefficient of Profitability is 
− 0.111, which means it is significantly negative with debt adjustment, 
thus supporting pecking order theory, meaning firms pick internal funds 
over external funds. The results also conform with the results of Drobetz 
et al. (2007); Memon et al., 2015; Khemiri & Noubb҃igh, 2018; Frank and 
Goyal (2009); Oino and Ukaegbu (2015); Rajan and Zingales (1995); 
Titman & Wessels (1998); Bolarinwa and Adegboye (2020);Sardo and 
Serrasqueiro (2017); and Kayhan and Titman (2007); and Hussain et al. 
(2018)). In our study, Size is considered to be insignificantly related to 
debt adjustment and is not supported by the literature. Tangibility has a 
coefficient value of 0.107, which means it has a significantly positive 
relation with leverage ,thus supporting the Pecking Order theory. This 
means that debt-holders are inclined to lend to Indian steel firms to carry 
out their financiall obligations, which increases firms’ Profitability. Our 

Table 3 
Descriptive Statistics.  

Variable Obs Mean Std.Dev. Min Max 

Lev  2080  0.371  0.332  0  4.247 
Prof  2080  0.057  0.137  -1.052  3.263 
Size  2080  3.245  0.787  1.356  6.362 
Growth  2080  0.164  3.104  -.638  141.109 
Tang  2080  0.297  0.173  0.012  0.987 
NDTS  2080  0.025  0.015  0.002  0.154 
LIQ  2080  1.484  2.98  0  109 
zScore  2080  2.026  1.646  -6.367  12.452 

Source: Author’s Computation using Stata Output 

Table 4 
Variance Inflation Factor.   

VIF 1/VIF 

Tang  1.738  .576 
zScore  1.608  .622 
NDTS  1.45  .69 
Prof  1.324  .755 
Size  1.217  .822 
Liq  1.029  .971 
Growth  1.002  .998 
Mean VIF  1.338  . 

Source: Author’s Computation Using Stata Output 

Table 6 
Dynamic Panel Regression Analysis.  

lev Coef. St. 
Err. 

t-value p-value Sig 

L.lev 0.531 0.016 33.73 0.000 * ** 
Prof -0.111 0.036 -3.09 0.002 * ** 
Size 0.031 0.025 1.25 0.210  
Growth -0.001 0.000 -7.70 0.000 * ** 
Tang 0.107 0.036 2.99 0.003 * ** 
NDTS -0.512 0.251 -2.04 0.042 * * 
Liq -0.002 0.001 -2.20 0.028 * * 
zScore -0.048 0.007 -6.53 0.000 * ** 
Year -0.003 0.001 -2.15 0.032 * * 
Constant 5.812 2.588 2.25 0.025 * * 
Mean dependent 

var. 
0.382 SD dependent 

var. 
0.339  

Number of obs. 1872 Chi-square 1387.772  
Group variable Company No. of obs. 1872  
Time variable Year No. of groups 208  
No. of instruments 64 Obs.per group: min 9  
Wald chi2(9) 1387.77 Avg. 9.00  
Prob > chi2 0.000 Max 9  

* ** p < 0.01, * * p < 0.05, * p < 0.1 
Arellano-Bond test for AR(1) in first differences: z = − 2.87 Pr> z = 0.004 
Arellano-Bond test for AR(2) in first differences: z = − 0.40 Pr> z = 0.688 
Source: Author’s Computation Stata Output 

Table 5 
SOA.  

Lev (− 1) λ 0.5300 * ** 

Rate of adjustment  0.4700 
Years  2.13 
Half-Life  1.09 

Source: Author’s Calculation Stata Output 
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results are consistent with those of Bolarinwa and Adegboye (2020); 
Rajan and Zingales (1995); Khemiri and Noubb҃igh (2018). 

Further, the coefficient value of Growth is − 0.001, which is signif-
icantly negative with debt adjustments, thereby supporting the Trade- 
off theory. The results are consistent with the results of (Memon et al., 
2015; Khémiri and Noubbigh, 2018) and are contrary to the effects of 
Arias et al. (2012). Liquidity has a coefficient value of − 0.002, which 
means it is significantly negative and conforms to the findings of Khe-
miri and Noubb҃igh, (2018). Hence, the results support the Pecking order 
theory. This means that Indian Steel firms cannot pay their short-term 
obligations and are forced to find other sources of finances. NDTS has 
a coefficient value of − 0.512, which states that it has a significantly 
adverse relationship with debt adjustment and therefore supports the 
Trade-off theory. This is due to the fact that NDTS is considered to be a 
substitute for tax benefits for using debt. These findings are consistent 
with Deangelo and Masulis (1980). The relationship of debt adjustment 
with financial distress (Z score) is significantly negative. The above re-
sults demonstrate that financial distress reduces the adjustment rate 
toward the desired debt ratio. This is because bankruptcy comes with 
some direct cost. The results imply that financial distress is a significant 
factor in determining the transaction costs of steel companies in India. 
This study backs up the conclusions made by Mirza et al. (2017), Khan 
et al. (2022). 

5. Conclusion, limitations, implications, and future directions 

The findings of our study shed light on adjustment framework of 
capital structure of the Indian steel industry. It gives new evidence of the 
application of dynamic trade-off theory in the Indian Steel industry. This 
study discusses the two aspects of econometric and financial distress. 
The first one is finding the CS speed of adjustment by applying dynamic 
panel data analysis, and the other one is finding the bankruptcy position 
of the steel industry in India. The result of the study states that steel 
firms take 2.13 years to achieve the target leverage, indicating a dy-
namic trade-off theory (‘Flannery and Rangan, 2006; Clark et al., 2009; 
Mukherjee and Mahakud, 2010). Profitability, Growth, NDTS, Liquidity, 
and Bankruptcy (Z score) have a significant negative correlation with 
debt adjustments. In contrast, Tangibility has a significant positive 
relationship with debt adjustment, but Size has an insignificant impact 
on debt adjustment. The result also reveals that the financial standing of 
steel firms in India was weak overall. Therefore, these businesses must 
improve their working capital, Profitability, sales, and leverage 
positions. 

It is recommended that leading companies in the market, such as 
ArcelorMittal Nippon Steel India Ltd., Jindal Stainless Ltd., Steel Au-
thority of India Ltd., Uttam Galva Steels Ltd., Prakash Industries Ltd., 
Mukand Ltd., etc., should Concentrate on restructuring their debt obli-
gations, managing interest payments, and formulating novel strategies 
to address financial distress while enhancing their financial practices. 
On the other hand, JSW Steel Ltd and Tata Steel Ltd fall into the Grey 
Zone of the Z-Score, indicating that they need to pay close attention to 
their debts and interest payments to ensure the efficient operation of 
their businesses. 

The findings suggest that a dynamic trade-off theory can be inferred 
from the results. in the Indian steel industry, as it can quickly adjust its 
debt levels to achieve its target ratio. One potential explanation for the 
observed Speed of adjustment could be that companies face substantial 
costs when they deviate from their target leverage, and their leverage 
ratios persist over time. However, the coefficient of the lagged leverage 
ratio suggests that this adjustment process incurs costs, as it falls 
somewhere between zero and one. It aligns with the notion that firms 
may weigh the costs of two distinct types of expenses: modifying their 
target ratios and being out of equilibrium. 

As the leverage framework is influenced by firm-specific variables, 
they take centre stage in our analysis. The study does not include the 
variables that are country-specific. Due to specific characteristics in the 

Indian steel industry, the results can be exclusive to steel companies. 
However, different industries on a global and national scale can be 
considered. Only the steel industry is considered for studying eight core 
industries in India. 

This study implies that this study will help the management and steel 
firms, in general, to adjust their CS following their risk-reward analysis 
taking into consideration the time it takes to adjust to their target capital 
structure since it impacts the financial productivity as well as the 
financial distress of the steel firms. The study has implications for 
corporate executives, investors, and policymakers in India regarding the 
transition costs associated with changing a steel company’s financing 
decisions. Firms can use these results while selecting target capital 
structure. Considering the importance of capital structure on investors’ 
decisions, this study will help investors to make their decisions not only 
by focusing upon the capital structure but also by considering the other 
determining factors which are addressed in this study. 

Furthermore, government entities can make policies according to 
their leverage structure to prevent the steel firms from incurring losses 
and repay their debts after considering the impact of the Speed of 
adjustment on CS. 

Future directions to this study would be to survey core Industries 
other than the steel industry, like cement, electricity, Petroleum, natural 
gas, coal, refinery products, and Fertilizer being vital industries of a 
country that helps in nation-building. In this study, we have conducted 
research based on firm-specific variables. Future research could include 
country-specific variables (such as interest rate, GDP, and inflation) to 
get a holistic macro-level view. Considering the continuously changing 
economic conditions, further studies can also assess the impact of eco-
nomic uncertainties on the speed of leverage adjustments, capital 
structure, and financial distress in different industries and sectors across 
various countries. Further, researchers can also conduct a comparative 
study of firms in the energy sector across different emerging or devel-
oped countries. Additionally, a few factors related to human resources, 
such as intellectual capital and corporate social responsibility can also 
be considered, as they are significantly related with firm’s capital and 
also affect firm performance significantly (Al-Shammari et al., 2022; Ali 
et al., 2023). 
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