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Using a Tobit regression model to determine the impact of
some variables on the financial stability of banks
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Department of Statistics, College of Administration and Economics, University of Basrah, Iraq.

Abstract :

Reaching and achieving financial stability contributes to price stability as well as
contributing to reducing inflation rates. Therefore, financial stability indicators must be
analyzed, as this helps banks to take the necessary measures and avoid falling into banking
financial risks. The data that describes financial stability may be censored from the right, left,
or from both sides. Therefore, in light of the technological progress that has occurred, the
Tobit regression model has recently emerged as an important statistical tool in many
statistical analyses, which in turn deals with censored data. Therefore, the aim of this
research is to study the Tobit regression model in revealing the importance and priority of the
factors affecting financial stability, as it is from the data controlled from the left side, as it
was applied to some Iragi banks, namely: the Credit Bank and the Gulf Commercial Bank for
the period from (2004 - 2022). The role of four financial ratios in their impact on the
financial stability of the bank was explained, and these ratios were represented in relation to
total assets as follows (working capital ratio, retained earnings ratio, total shareholders’
equity ratio, and earnings before interest and taxes ratio). From the results of the analysis, it
was shown that the model Tobit is appropriate for such type of data, and finds that the ratio
of earnings before interest and taxes to total assets is the financial ratio that most influences
the financial stability of both banks.

Key words: Tobit Model, Censored Data, Financial Stability
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1. Introduction

The financial stability of banks is a primary goal that has increased interest in it over the decades. In
the context of the economic policies of various countries of the world, realizing the importance of
financial stability reduces the occurrence of financial crises that have a significant impact on economic
growth. Financial safety has become one of the most important matters, especially after the financial
crisis in 2008, as it contributes to price stability and continues to reduce and maintain inflation rates, and
achieving stability helps banks take the necessary measures to avoid banking and financial risks and

correct the financial and administrative conditions that threaten financial stability [8 ].

The study and analysis of financial stability is one of the important topics that requires models for
treatment and analysis, and one of these models is the Tobit model, which is one of the regression
analysis models that has been widely used in economic research., where the Tobit model is considered
one of the most appropriate models to use. when the dependent variable is censored. Wide and varied
practical applications have been developed using the Tobit model in various financial or other fields, the

most important of which can be mentioned:

Study of (Fadel and Taher,2010)[3] the Tobitt model was used to identify some variables and to show the
extent of their influence on increasing or decreasing the number of sperms in men, as they are
responsible for pregnancy in women. (Meshal,et.al.2017)[6] Were studied the determinants of the value
of bank loans, which are considered one of the most important banking services provided by banks in
any country. The Tobit model was used in comparison with the least squares method to reveal the most
important factors affecting bank loans. (Meshal,et.al.,2018)[7] In this study, the Tobit model was applied
to the censored data from the left side to determine the determinants of profit distribution among some
companies competing in stock trading in Iraq. The study used some companies traded on the Iraqi Stock
Exchange for the years between 2005-2015. (Raz and Samira,2020)[9] The Tobitt model was used to
study the factors affecting blood pressure in patients with renal failure. Data were collected from 300
patients. It was found that age and urea were more effective than other factors included in the study.
(Ismael,2021)[4] He studied how to improve the Tobit model by removing irrelevant variables from the

final model based on Bayesian method. (Jassam,et.al,2022)[S] A1 The study aimed to use the Tobit
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model in evaluating the marketing efficiency of the dry onion crop in the city of Salah al-Din, Iraq. It was

found that the Tobit model is very suitable for the data under study.

In this paper, the Tobit model was applied to analyze the impact of some financial ratios on the

financial stability of some Iraqi banks for the periods (2004-2022).
2. Tobit Regression

For each type of data, there must be an optimal model that fits with it. Therefore, in the event that the
data that describes the phenomenon is censored from the right or left side, or both sides, in this case, the
use of classical regression models leads to biased and inconsistent estimated parameters, so it is
necessary to select a model in this case, the Tobit regression model is the most suitable model, which was
proposed by James Tobin 1985 [10]. Whereas, through Tobit model, the effect of a group of explanatory
variables on the response variable is evaluated, in which the response variable is specified. The Tobit
model is very suitable for estimating random effects models, as there are no additional problems except

how to deal with the circumstances surrounding the phenomenon [7].
2.1 Tobit Models

There are different types of Tobit model, depending on the place and time of censorship. Tobit models

can be illustrated as below [6][1].

If the data is censored from the left with zero, the Tobit model is as follows:

ZF = B'X; + ¢ (1)
_(Z ifZ;>0
Zi= { 0 ifZ; <0 ~(2)

Whereas Z; and Z; represent the dependent variables with Z* ~ N (X[, 0'2) which independent
identically distribution (i.i.d). X;: vector of explanatory variables, 3: parameters vector of the model, €;

represent the random error.

If the data is censored from the left with a certain restriction @, then the model is as follows:
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Ziz{zg“ if Z; > a .

a, IifZ; <a

The Tobit model for the censored data from the right with a certain restriction@y; is as follows:

Z; = {Zi* J2Zi < ay (4)

ay ifZ; =ay

In general, the comprehensive equation for both cases when the data is censored from the right and the

left at the same time, so the Tobit model is as follows:

Z; if a <Z; <ay

l
Z;=1aq if Z; <a .(5)
ay fZ;=a

2.2 Estimation of Tobit Model

There are many methods for estimating the function of the Tobit model, the most important and

most used of which is the maximum likelihood method, as shown below.

If the control limitis ((1), then the likelihood function has the form[6]:

L =TT, prZi < )0 ®
Then
L=TIt{pr(Z; > a)f(Z{1Z] = a)}*% ()

To simplified the equation (7) we do the following:

pr(Z; < a) =pr(B'X; +e; < a)

=pr (% < %:X‘) =0 (%:el) (8)

When @ = 0 then
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pr(Z; <a)=0 (%ZX‘) =1-0 (%) .(9)

pr(zi = a) = 1-9 (LX) (10

o2
Then we conclude the following

* BtX'
pr(Z; >a)=0 (7‘) -(11)

@(Zi*—ﬁtXi)/G'u
pr(Z;>a)

* * _ 1/0'
fZZ; za) = -(12)

Therefore, write the likelihood function for the censored normal distribution according to the formula

below [9].

=M o) [1- o (2™ oy

By taking the logarithm, the resulting final function will be in the form:

Zi—-XiB XiB
InL=3",d, (—lna + Ing (T)) +(1—d))in (1 - o (= )) (14
Where ((Z)) represents the probability density function of the normal distribution.

For the purpose of testing the goodness of fit of the model, the likelihood function is used. In addition,
the quality and significance of the model are tested through the Chi-square test, and this will be

explained in the applied aspect.
3. Application

3.1 Description of The Data

The study is based on the hypothesis that the impact of some factors on the financial stability of some
banks, where the data was taken from the annual reports issued by the Central Bank of Iraq for the years
(2004-2022) for each of the credit and gulf commercial banks. The data was represented by four

financial ratios considered as explanatory variables and one dependent variable Z representing the value
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of the financial stability of the bank in each year. The financial ratios included in the study were as

follows:

X1 : The ratio of working capital to total assets.

X5 The ratio of retained earnings to total assets.

X3 The ratio of total shareholders' equity to total assets.

X4 The ratio of earnings before interest and taxes to total assets.

Based on the study of Altman([2], if the value of Z is less than 1.1, the bank is financially unstable and is at

risk of bankruptcy. Therefore, in this paper, the control limit of the Tobit model on the left side was made

equal to 1.1, in order to exclude the years in which the bank was failing and exposed to bankruptcy.

3.2 Results for The Analysis

From the Tables 1 and 2 below show descriptive statistics related to the Credit and Gulf Commercial

Banks. Descriptive statistics show an overview of the work with the minimum, maximum, average,

standard deviation, and variance for each of the variables included in the study. We notice through the

values related to the variance that the dispersion within the explanatory variables was very small.

Table(1): Descriptive statistics for the independent and dependent variables for the credit bank

Minimum Maximum Mean Std. Deviation Variance
X1 0.05215 0.65163 0.3833811 0.19126386 0.037
X2 0.00400 0.09745 0.0424505 0.03029153 0.001
X3 0.09370 0.66184 0.3933863 0.19032076 0.036
X4 0.00610 0.06117 0.0255158 0.01626591 0.000
z 0.68320 5.40080 3.2262263 1.45653719 2122

Source prepared by the researcher.
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Table(2): Descriptive statistics for the independent and dependent variables for the Gulf

Commercial Bank.

Minimum Maximum Mean Std. Deviation Variance
X1 0.12758 0.51480 0.2983468 0.12694656 0.016
X2 0.00076 0.06901 0.0252228 0.01820748 0.000
X3 0.17105 0.60136 0.3776621 0.12925666 0.017
X4 0.00021 0.08556 0.0294895 0.02398881 0.001
z 1.43150 4.97780 2.8489416 1.14774707 1.317

Source prepared by the researcher.

Tobit regression model was applied to show the effect of the ratios included in the study on the
financial stability of the bank. By using Stata program(V.15), the results are presented in Tables (3) and

(4) below for each Credit and Gulf Commercial banks.

Table(3): Results of Tobit regression model for Credit bank

Z Coef. Std.Err. t p>t] [95% Conf. Interval]
X1 10.1343 11118 9.11 0.000%** 7.7644 12.5041
X2 3.4348 0.4363 7.87 0.000%** 2.5047 4.3649
X3 -2.5890 1.1044 -2.34 0.033* -4.9430 -0.2350
X4 6.6263 0.6415 10.33 0.000%** 5.2589 7.9937

Cons. 0.0388 0.0432 0.90 0.383 -0.0532 0.1309
/sigma 0.02711 0.00465 0.017202  0.03702

(*) is significant with 0.05 level, (***)is significant with 0.01 level.

Source prepared by the researcher.

From the results in table(3) with regard to the credit bank, we note that the ratio of working capital to
total assets and the ratio of earnings before interest and taxes to total assets, have a significant direct
effect, That is, an increase of one unit for each of them leads to an increase in the stability of the bank by a
percentage of 10.1343 and 6.6263 respectively. while for the ratio of total shareholders' equity to total
assets it has a significant opposite effect, Therefore, an increase of one unit leads to a decrease in the
stability of the bank by a percentage -2.5890 . In table (4) for the Gulf Commercial Bank, we find that the

ratio of earnings before interest and taxes to total assets had the largest direct significant effect equal to
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34.2781, but the ratio of retained earnings to total assets it also had a significant effect, but in an inverse

manner, as shown in the results of the both tables(3) and(4).

Table(4): Results of Tobit regression model for Gulf Commercial bank.

Z Coef. Std.Err. t p>lt] [95% Conf. Interval]
X1 1.0619 2.7785 0.38 0.708 -4.8603 6.9842
X2 -33.2178 13.2247 -2.51 0.024** -61.4057 -5.0298
X3 8.1950 2.7828 2.94 0.010** 2.2634 14.1266
X4 34.2781 10.1329 3.38 0.004*** 12.6801 55.8760

Cons. -0.7358 0.5162 -1.43 0.175 -1.8361 0.3644
/sigma 0.4455 0.7227 0.2915 0.5996

(**) is significant with 0.05 level, (***)is significant with 0.01 level.

Source prepared by the researcher.

The results in Table (5) show measures that the fit of Tobit's model to the data of both banks. Through
the results, we notice that the value of both R squared and Log likelihood was good, we note that the
values of R were (0.9699) and (0.9409), respectively, for both banks, and these values are very close to
one, and this indicates the good fit of the model. Through the probability value of the Chi-square test,
which is equal to(Prob>Chi2=0.00), which is less than the level of significance (0.01). From the above this

indicates the suitability of the Tobit model for this type of monitored data.

Table(5): A summary of the fit of the Tobit regression model for both credit and Gulf Commercial

banks.
Credit Bank Gulf Commercial bank
Chi2 141.44 134.93
Prob>Chi2 0.0000 0.0000
Log likelihood 37.2091 31.5996
R? 0.9699 0.9409

Source prepared by the researcher.
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4. Conclusions

Financial failure is one of the negative phenomena that banks may be exposed to and lead to their exit
from the market. The study concluded that the Tobit model is in good harmony with the censored data of
financial stability, where it was found that the estimated Tobit model is a significant model, and we also
find that the most influential ratios on the financial stability of the credit bank are the ratio of working
capital to total assets, as it was directly affecting, and the ratio of earnings before interest and taxes to
total assets was the most influential on the financial stability of Gulf Commercial Bank, with respect to
the rest of the factors have been explained in section 3.2 in detail.

We recommend that banks pay attention to the ratio of earnings before interest and taxes to total
assets, because it is the ratio that most affects the financial stability of the bank. From the foregoing, we
recommend financial institutions, including banks, to use mathematical and statistical models to predict
financial failure, as well as to study the causes that lead to it, in order to take the necessary measures and

address them.
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