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Abstract

Cox Hazard model with time independent covariates is used to view the functions of survival and hazard for each group of industrial
sector of companies listed on the Indonesia Stock Exchange. The hazard explains whether events of financial distress will occur in com-
panies that have survived for a certain period. The survival function shows the relationship between probabilities to survive and time, in
which time indicates the duration of an event (financial distress). The results of statistical analysis show that the survival time for each
industrial group varies from 10.5 to 12.5 years. The results can be used as a basic idea for companies to determine when the preventive
actions should be conducted so that companies will sustain their business.
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1. Introduction

The total cost of bankruptcy either directly or indirectly is about
15% of the company's value of an industry and about 7% for re-
tailers before they experience financial distress [2] . In addition to
these economic costs, bankruptcy also has social impacts on par-
ties involved in a company including their family [5].The econom-
ic costs and social impacts arising from these bankrupt companies
generate companies to have good identification before they go
bankrupt. Early identification of potential failure of the companies
will be able to provide early indications of problems that exist
within the company so that correction can be taken on decision-
making of the companies.

Bankruptcy can be classified into two categories through qualita-
tive approach and quantitative approach [9]. A study using a quali-
tative approach was [5] which extensively analyzed the causes and
symptoms of company failure through a number of books and
articles, as well as interviews with a number of experts of the
company failure. Another category is through a quantitative ap-

proach done by using statistical methods and explanatory variables.

Static Model fails to predict the failure of a company effectively
[9] because the static model cannot control each period of the
companies at risk due to long duration of study period. It is, there-
fore, very important to control over the fact that there are bankrupt
companies after a few years while others have failed since their
first year [26] The model also does not estimate the probability of
survivability, but it calculates time to company failure. Cox Pro-
portion Hazard Model is used to analyze the variables used in
assessing corporate financial distress because the technique of
survival analysis is more consistent and accurate than the statisti-
cal model [26].

Previous studies using survival analyzes studied more on the im-
pact of predictor variables on bankruptcy or financial distress.
They are, for examples, in US, [27]; [25); [23); in UK, [8]; in
Finland, [20]; in Australia[9]) and [13]; in Italy, [12]; in

China,[7] ; in Indonesia, [19]; [17]; and [18]. On the other hand,
this research studies the functions of survival and hazard of indus-
trial sectors listed on Indonesia stock exchange (IDX). There were
8 sectors to be analyzed: Agriculture, Basic industry & chemicals,
Consumer goods & industry, Infrastructure, Mining, Miscellane-
ous, Property, and Trade, Service & Investments. This study will
extensively explore the length of time of survival and hazard of
companies experiencing financial distress. Therefore, this study is
expected to be able to contribute to existing financial distress liter-
ature especially in case of emerging markets like Indonesia that
certainly different from developed countries. The Cox
Proportional Hazard Model was utilized to explore the length of
time of survival and hazard of companies experiencing financial
distress bsurvival analysis technique is more consistent and
accurate than statistical model [26].

1.1. Literature Review

Analysis survival is a statistical method for studying the occur-
rence and time of financial distress [1]. The first researcher apply-
ing survival analysis in the prediction of bank failure was [21].
The model used by them was based on 334 successful banks and
130 failed banks in the period of 1979-1983. Compared with dis-
criminant analysis, the Cox model produces a lower type | error.
Then, [11] applied the Cox model to Australian credit unions with
the results that support the model. Reference number [24] com-
pared the accuracy of the cox model with discriminant analysis
and logit analysis. Meanwhile [ 10] compared the model with the
logit model and results of their study showed that survival analysis
provides an additional feature prediction whose ability to show the
probability of companies to survive within a certain time interval.
In Kansas, [28] estimated the bank failure time in the period of
1910-1928 and results of their study indicated that undercapitali-
zation, membership in insurance deposit systems, and inefficiency
had increased the level of hazard. Meanwhile reference number
[14] used both cash flow and non-cash flow to test the stability of
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the model proportional hazard and there was no specific formula
found in different horizons.

In the 2000s, reference number [15] combined industry business
and macroeconomic variables to assess the failure of the Internet
business. The study showed that macroeconomic variables are
important elements. Meanwhile [27] investigated the firm's risk
dimensions and attributes. They found that significant accounting
covariates tended to change depending on the progress of distress
stages and it also indicated the natural heterogeneity of financial
distress and potential business failures. Reference number [26]
compared survival analysis skills to Altman (1968) and Zmijewski
(1984) and he found that half of the financial ratios used in previ-
ous studies were insignificant in predicting bankruptcy probabili-
ties. He thought that both accounting ratios and market variables
should be used to produce more accurate predictions than the ex-
isting models.

Reference number [23] reviewed the differences between time
invariant and time-dependent covariates, as well as effects of co-
variate selection in estimating the proportional hazard model. The
results suggested that the choice of time-dependence is substantial
in influencing model estimates and more attention should be given
to covariate choices relating to research on financial distress. In
Australia, reference number [19] combined traditional financial
ratios, market variables and company-specific variables with sur-
vival techniques using the Cox proportion hazard model. Result of
his study showed that the Cox proportion hazard model can pro-
vide information on the probability of survival within a given
timeframe and it also supports the effectiveness of financial ratios,
market ratios and specific variables of companies as a predictor of
financial distress. Meanwhile [13] used a comparatively new tech-
nique known as survival analysis. They also tried to combine sur-
vival analysis with discriminant analysis and logit analysis, but the
results were dissatisfied. Reference number [25] investigated the
association of various corporate governance attributes and finan-
cial characteristics toward the survival probability of distressed
companies. Using samples of 176 distressed companies, the study
found that companies replacing their CEO with those coming from
outside companies have the possibility to experience bankruptcy
twice. Furthermore, greater block holders and insider ownership
levels are positively associated with the possibility of survival.

In China, reference number [7]) used micro and macroeconomic
factors to investigate the effects of those factors on the financial
distress in the period of 1995-2006. The results of the study
showed that characteristics of the company, macroeconomic insta-
bility and institutional factors influence the hazard level of finan-
cial distress.

In Indonesia, [19] investigated corporate governance and finan-
cial ratios variables in the period of 2002-2014. The estimation
method using the Cox proportional hazard regressions showed that
board size, board independence, leverage, size, liquidity and return
on assets have an impact on the survival likelihood of the financial
distress. Reference number [17] investigated the influences of
control of corruption variable and financial ratios on the probabil-
ity of financial distress in 61 companies experiencing financial
distress in 2002-2014 period; and [18] used a sample of 58 com-
panies experiencing financial distress and 275 health companies.
Based on the two models used in the study, it was reported that
independence commissioners, leverage, operating risk, size, return
on asset and control of corruption become variables which con-
sistently affect the financial distress of the company.

This study is a continuation of previous studies. By using the sur-
vival model with covariates of financial ratios, corporate govern-
ance, and political risks, this study will highlight the survival and
hazard time in industry sector groups of listed Indonesian compa-
nies. With the knowledge of the hazard and survival function, the
company will be helped to identify time to take anticipatory action
and to implement appropriate strategies.

1.2. Research Methods

This study uses secondary data of financial statements of all com-
panies listed on the Indonesia Stock Exchange (BEI) in the period
of 2002-2015. Purposive sampling used with completed data crite-
ria resulted in 336 samples of companies consisting 61 companies
that experienced financial distress and 275 companies that did not
experience it. Of the eight industry sectors, the companies will be
grouped into three groups based on type of business whose charac-
teristics are relatively close each other. Hence, it made the model
unfit when each sector of industries was tested. This is related to
the assumption in cox regression that to test the Cox Regression
Coefficients a large number of samples are required (Cox, 1975).
The three industrial sector groups are: (1) Infrastructure, Mining
and Property, (2) Basic industry & chemicals, Consumer industry,
Miscellaneous, (3) Agriculture and Trade, Service & Investment.
This study did not consider its mathematical model, but it rather
studied the hazard and survival function in the three industry
groups.

The companies that are listed on the Indonesia Stock Exchange
and were used in this study have been operated more than ten
years. 336 samples were chosen from 537 listed companies by
using purposive random sampling. The chosen companies had
criteria of non-financial companies and they must have complete
data during the study period of 2002-2015.

The survival analysis in this study incorporates failure time as the
dependent variable in the model. So the dependent variable in this
research is the length of time of the event (financial distress).
Time can be in the form of year, month, week or day counted from
the beginning of the study until the time when an event occurs,
while the event is a designed experience that may occur [16]. In
this study, time to event is the number of years started from the
initial year when the company is listed on the stock until the year
the company experiences the event of financial distress. Distress
companies are companies with negative equity. It refers to the
definition of a distressed company stating that distressed company
has an inability to pay its obligations [6] and [4]. The time of the
company's failure is stated in year. If the company has negative
equity, then it is stated by 1. otherwise it is expressed by 0.

The Cox Hazard model with time independent covariates is used
to view the functions of survival and hazard for each group of
industrial sector of companies listed on Indonesia Stock Exchange.
Hazard is the risk of an event. In this case the event refers to fi-
nancial distress that is defined as a company that has negative
equity [6]. Hazard also explains whether events (financial distress)
will occur in a company that has survived for a certain period. The
survival function shows the relationship between probabilities to
survive and time that indicates the duration of the events.

The Cox Proportional hazard model is a semi-parametric model
for survival analysis, which is very widely used. Refernce number
[16] stated that The Cox Proportional Hazard Model (CPHM) is
popular because it is a robust model so that the result will be al-
most closely approximated to the accuracy of the parametric mod-
el results. The proportional hazard model is presented as follows:
The Cox Proportional hazard model is a semi-parametric model
for survival analysis, which is very widely used. The Cox Propor-
tional Hazard Model (CPHM) is popular because it is a robust
model so that the result will be almost closely approximated to the
accuracy of the parametric model results [16]. The proportional
hazard model is presented as follows:

hi(t) = ho(t)exp *¢ O (2

h1 (t) is an arbitrary unspecified baseline hazard rate that measures
the effect of time on a hazard level for an individual whose varia-
ble has a zero value. X represents the vector of the variable affect-
ing hazard and B is the vector of the coefficient. There is a defi-
ciency in the specificity of the baseline hazard function that forms
the semi-parametric model or free of distribution (Chancharat,
2008).
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The hazard model containing the exponential element as stated in
formula 3 can be changed into a log form. The Regression Model
can be written as follows:

log hi(t) = [1(t) + (1o Xi(t) + Xi(t) + DooXi(t) ?3)
Where o (t) is log hO (t) and hO (t) is an unspecified baseline haz-
ard rate [22].

Explanatory variables used in this study are corporate governance,
financial ratios and political risk. Corporate governance variables
include independent commissioner, gender diversity, and concen-
tration ownership, while financial variables consist of financial
risk, operating risk, size, liquidity risk, profitability, and market
perception.

Finally The Cox proportional hazard model will be used to assess
the relationship between the explanatory variable and survival
time and to evaluate the probability of survival within a given time
frame. The model is shown as follows:

log hi(ty = () +00ICi(t) +0O000IGENDIV()  +
[1oCONOWNiI(t) + FRi(t)+ OPRISK|(t) +
LpSzi(t)y + LIQi(t) + PROFTi(t) +
OoMPi(t)+0 0 00PRI(t) (4)
Where,

hi(t) : hazard of i company entered in financial distress at time t
(Hazard at time t depends on the value of each time of t).

a (t) : log hO (t), where hO (t) = hazard function for an individual
having value 0 for all variables.

The hazard ratio can be seen from e® indicating the effect of the
change of an independent variable on its hazard function (ht) or
distress probability. The hazard ratio of 1 indicates that the change
of one unit of independent variable has no effect on the probability
of company’s distress when another variable is considered con-
stant. The hazard ratio that is smaller (high) than 1 indicates the
probability of lower (high) company distress. Each independent
variable coefficient (3j) estimates the hazard rate change of a par-
ticular independent variable.

1.3. Results and Discussion

The results of cox regression hazard model with time independent
covariates found that the model is appropriate for the third type of
industry sector group. It can be seen from the value of goodness of
fit using chi-square. If the Chi-square value is significant then the
null hypothesis is rejected and it assumes that the explanatory
variable has a significant relationship with the survival time. Table
1 shows that the chi-square values are all significant at alpha 1%.

Table 1: Coefisien Omnibus test of model

distress. It does not occur in other sectoral groups. It is known that
this sectoral group has an average debt of 62.8% which indicates
that this group of companies has more debt than its own capital
and indicates a high risk in this group. Similarly, when it was
compared to other sector groups, namely (BCM) and (AT), the
averages of both groups are 53.4% and 50.5%.

In the IMP sector, profitability measured by ROA also shows a
significant negative result of 1%. With an average ROA of 0.8%,
this sector has a smaller profitability than BCM and AT groups
whose percentages gained 1.7% and 2.8% respectively.
Independent commissioner, in the IMP sector, has a negative ef-
fect on the company's financial distress. More independent com-
missioners in a company will decrease the probability of being a
company experiencing financial distress. The average of IC in this
sector is 42.5%. It is higher than in AT group of 40.9% and the
BCM group of 39.7%. It indicates that the IMP sector having
more Independent commissioners is capable of supervising com-
panies well so that the companies can avoid financial distress.
This percentage is in accordance with the regulation of Capital
Market Supervisory Agency (Bapepam) No. I-A concerning the
General Regulation of Equity Securities Listing. It is for the sake
of good corporate governance. The regulation stipulates the num-
ber of independent commissioner that should be accounted at least
30% of the total commissioners.

Meanwhile, an interesting thing coming from the sector of agricul-
tural and trade, service and investments is its operational risk that
was measured by dividing the total assets by the sales. It showed a
significant positive result at alpha 5%. It explains that the higher
the operational risk is, the higher the company's financial distress
will be. The average operational risk in this sector is 3.33. It is
greater than the BCM sector of 2.05, but it is smaller than the IMP
group of 4.73. It indicates that the ability of assets to generate
sales in the AT sector is relatively moderate.

Size has a significant negative effect on alpha of 5% in both the
IMP and AT sectors. It implies that the higher the size of the com-
pany is, the smaller the probability of companies experiencing
financial distress will be. It means that the larger the companies
are, the bigger the ability to manage their companies better is, so
they can avoid financial distress. In addition, larger companies
generally have ability to get external financing easier than small
companies. The size of the IMP sector 6.54, while the AT sector is
6.23.

Table 2: Results of Statistical Test

Group of Sector -2 Log Likelihood Chi-square Sig
IMP 114.135 76.484 .000
BCM 162.993 102.613 .000
AT 28.509 66.263 .000

The estimation result using cox proportion hazard model with time
varying model is shown in table 2. The table shows that based on
the statistical test of the three sectoral groups, only Political Risk
with corruption as indicator is consistent variable has a significant
influence (a=1%) on the probability of being companies experi-
encing financial distress. Control of corruption has a significant
negative effect on the probability of survival. If the control of
corruption rises, then the probability of survival will decrease, and
vice versa. It is very useful for government as the party directly
related to the control of corruption because government has a duty
to do it.

An interesting thing from the IMP sector group is that financial
risk measured by firm leverage shows a significant positive result
(a=5%) on the probability of companies experiencing financial

Var. IMP) BCM) AT

Sig Exp (B) Sig Exp (B) Sig Exp (B)
IC 0,009 | 0,000*** | 0,287 | 0,157 0,211 | 394,27
GDIV 0,667 | 2,371 0,700 | 1,658 0,433 | 42,99
COWN 0,203 | 0,312 0,424 | 2,304 0,962 | 2530,79
FR 0,010 | 2,539** 0,468 | 1,230 0,346 | 154,62
OPRISK | 0,741 | 1,102 0,738 | 1,041 0,044 | 2,50**
SZ 0,017 | 0,418** 0,411 | 0,724 0,004 | 7,14**
LIQ 0,880 | 1,101 0,389 | 1,099 0,734 | 1,35
PROFT 0,008 | 0,002*** | 0,158 | 0,002 0,865 | 0,00
MP 0,350 | 0,836 0,450 | 1,997 0,974 | 47039,19
PR 0,000 | 0.000*** | 0,000 | 0,000*** | 0,000 | 0,000***
T-COV 0.120 | 0,988 0,859 | 1,003 0,138 | 0,76
*** sig. at 1%. ** sig.at 5%, * sig.at 10% Source:  Esti-

mation results
1.4. The Industrial Group of AT Sectors

In the AT industrial group, the probability of companies experi-
encing financial distress after 12.5 years is very small. Conversely,
according to the image hazard function, the probability of not
experiencing the financial distress after 12.5 years is very large.
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Fig. 1: The Function of Survival and Hazard of AT industrial group
1.5. The Industrial Group of IMP sectors

In the IMP industrial group, the probability of companies experi-
encing financial distress after 12 years is very small. It means that
if the company can exist up to 12 years, it can be said that the
company can survive (the company does not experience financial
distress). In contrast to the image of hazard function, the probabil-
ity of not experiencing financial distress after 12 years is very
large.
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Fig. 2: The Function of Survival and Hazard of IMP industrial group

1.6. The Industrial Group of BCM sectors

The probability of experiencing financial distress after 10.5 years
in the industrial group of BCM sectors is very small. It means that
after 10.5 years the company is very unlikely to experience finan-
cial distress. Conversely, based on the hazard function image, the
probability of not experiencing financial distress after 10.5 years is
very large.
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Fig. 3: The Function of Survival and Hazard of BCM industrial group.

In accordance with Figure 1, 2, and 3, it appears that the BCM
industrial group has the shortest survival time of 10.5 years. This
industrial group consists of Basic industry & chemicals, Consumer
industry, Miscellaneous. This is supposedly because these groups
produce goods that are relatively needed by consumers. Therefore,
such companies can survive more in deteriorating economic con-
ditions. However, it is somewhat different from other industrial

groups. The agricultural and trade sectors have the longest surviv-
al time of 12.5 years.

The survival time can be used as an early warning for companies
to take preventive actions to avoid the more severe problems of
financial distress. By recognizing the time of survival, then appro-
priate strategies can be prepared and the company can survive in a
business that is increasingly full of competition. The companies
that are able to maintain their sustainability are those being able
to overcome all difficulties and to survive with all their own capa-
bilities.

2. Conclusion

In Indonesia, each industrial group has different survival time but
on average companies have a twelve-year survival time. A sustain
company is a company that can survive in running its activity.
Survival time can be used as a basis to determine the appropriate
strategies as preventive actions. In all observed sectors (IMP,
BCM & AT), the control of corruption has a negative effect on the
company's financial distress. It shows that for a developing coun-
try like Indonesia, this variable is still a determinant for financial
distress problems experienced by companies. Therefore, coopera-
tion from both the government and the bureaucrat is needed to
eliminate the possibility of corruption.

Companies in Indonesia have a greater number of independent
commissioners than required by the government. The condition
indicates that companies in Indonesia, on average, have applied
Good Corporate Governance to their control function by involving
independent commissioners who come from the outside compa-
nies as ruled in the existing regulations. In addition to the control
of corruption, in the IMP sector, the Independent Commissioner,
Size, and Profitability negatively affect the company's financial
distress, while leverage has a positive effect. Meanwhile, in the
sector of AT the operational risk positively affects the financial
distress of companies.

Further research using survival analysis still can be conducted
especially relating to the sectors of financial and insurance. More-
over, research can also be done in small, medium and large enter-
prises, as well as on state-owned enterprises.
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