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Evidence from Iranian Banks
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This paper examines the impact of internal bank governance on bank liquidity creation in
Iran during 2010-2017. We analyze whether banks with larger size and liquidity levels
creates higher levels of liquidity. The results using panel GMM method show that
corporate governance has a positive effect on liquidity creation; of course, it is not
significant. Also, this effect is not affecting by bank size level, but a bank with higher
liquidity levels have a higher elasticity to the governance change. Moreover, banks with
higher financial stability have higher liquidity creation. Furthermore, the equity ratio
index harms liquidity creation, which means “the fragility hypothesis” is confirmed
within Iranian banks.

Keywords: Corporate Governance, Liquidity Creation, Bank Size, GMM Method.
JEL Classification: GO1, G21, G30

1 Introduction

Banks as financial intermediaries play a critical role in the financial system.
Banks are intermediaries of funds and transfer short-term deposits into long-
term facilities. Therefore, their balance sheets are usually mismatched.
Likewise, banks are sometimes unable to receive their claims due to various
economic, social, and political factors. These cause some inflexibility on the
banks' assets side. So, the higher the non-payment of concessional facilities
and thus, the higher the range of non-performing loans, the greater their
vulnerability. Therefore, the proper liquidity management in the banks is
critical to avoid wasting investment opportunities as well to use excess
liquidity for investment with higher returns, which results to increase
preparedness deal with crisis conditions and cash fund shortages. Examination
of the causes and pathology of the collapse of some large corporations and
banks that have had significant losses, particularly for shareholders, indicate
that these losses were mainly due to weak corporate governance mechanisms
(Hagendorff et al., 2008).

* Department of Accounting, Ayatollah Amoli Branch, Islamic Azad University, Amol, Iran;
somysadeghi@yahoo.com
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Also, recent financial and banking crises emphasize that the inefficiency
of liquidity management is mainly due to weak corporate governance, which
in turn leads to a decrease in sharecholder wealth (Anders et al., 2007; Choi et
al , 2014). Corporate governance in banks differs from that in other financial
institutions. Because the complexity of banks' operations leads to increase
information asymmetry that is resulting to reduces the power of shareholder
supervision over bank management. Besides, there is a conflict of interest
between shareholders and depositors, as shareholders tend to engage in risky
projects and increase their stock value in the face of rising investment costs.

However, it can be said that corporate governance is an essential regulatory
tool for banks' success in managing liquidity. To date, empirical studies in
field corporate governance issues have focused mainly on large corporations
and advanced economies. This study is one of the few studies that empirically
evaluate the relationship between corporate governance and liquidity creation
in Iranian banks, considering the role of size and liquidity levels. For this aim,
we examine the following hypotheses: first, improving corporate governance
in banks leads to create higher liquidity in the balance sheet. Second, the effect
of corporate governance on bank liquidity creation is influenced by their size.
Finally, the impact of corporate governance on bank liquidity creation is
affected by the levels of liquidity.

The rest of the paper is organized as follows. Section 2 describes the
theoretical framework and review empirical studies. Section 3 deals with the
used methodology and introduces the regression model. In the next section,
descriptive statistics of research variables, especially corporate governance,
are presented. Section 5 discusses our empirical results. The final section
offers concluding remarks.

2 Literature
One of the critical features that distinguish banks from other types of
firms is their ability to create liquidity (Berger and Bouwman, 2013). Because
most of the funds required for bank operations are financed by short-term
deposits (liabilities). The feature of these deposits is that depositors can
demand them at any time. While bank assets are mostly in the form of long-
term investments (through the provision of financial facilities to customers).
These types of assets usually have a long-term maturity and can be claimed
by the bank only in exceptional circumstances in the short term.
Therefore, the consequence of banking activities is the creation of illiquid
assets and liquid liabilities, which means the creation of liquidity in the
economy (Diamond and Dybig, 2007). Therefore, liquidity management, as
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the ability to raise funds and timely fulfillment of liabilities that have matured,
has become an essential factor in banks' operational strategy. The current
theory of working capital management suggests that banks can enhance
liquidity and hence stabilize their competitive position by making a transfer
in cash (Berger and Bouwman, 2009).

Surveys show that the main reason for the collapse and bankruptcy of some
large banks that have had significant losses, especially for shareholders, is the
weakness of the corporate governance mechanism on liquidity. Corporate
governance is a regulatory tool used by businesses, especially financial
corporations, to supervision activities and achieves goals such as
accountability, transparency, fairness, and stakeholder rights. Corporate
governance mechanisms reduce agency problems. The quality of these
mechanisms is relative and varies from firm to firm. The importance of
corporate governance in the world is to the extent that Standard & Poor has
introduced four criteria for corporate governance, including ownership
structure, financial stakeholder relationships, board structure and
performance, and finally, accountability, transparency, and disclosure of
information. In financial literature, the most fundamental theory that
emphasizes corporate governance in banks is the Agency theory. According
to this theory, managers may make decisions that are not necessarily in line
with maximizing shareholder wealth. Therefore, there should be adequate
control or oversight mechanisms to protect sharecholders from conflicts of
interest (Jensen, 1993).

As such, the role of corporate governance components such as the
independence of the board of directors, the size of the board of directors, the
audit committee, and ownership of institutional shareholders cannot be
ignored in liquidity management, because it increases the ability to monitor
managers 'decision making and executive actions and hence it can have a
significant impact on working capital management criteria such as cash flow,
accounts receivable, accounts payable, and fund turnover (Gill and Biger,
2013).

For example, Gill and Shah (2012) show that the board size and the CEO
(chief executive officer) duality significantly affect the corporate cash
holdings. Dittmar and Smith (2007) and Pinkowitz et al. (2006) investigate
how investors have evaluated the value of each dollar invested in liquid assets
in countries with weak investor protection. They emphasize that corporate
governance is the main reason for the benefits of cash holdings. Chen and Lin
(2016) show that the weakness of corporate governance systems in the bank
diminishes the confidence of the bank in its ability to manage its assets and
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liabilities and thereby controls the liquidity that will ultimately lead to a
decrease in shareholders' wealth.

However, empirical studies on corporate governance issues have focused
mainly on large corporations and developed economies (Kyereboah-Coleman,
2008). Diaz et al. (2017) examine the impact of internal bank governance on
bank liquidity creation in the U.S. before, during, and after the 2007-2009
financial crisis. The results show that banks with better corporate governance
will create more liquidity. Of course, the magnitude of this effect is only
noticeable in larger banks. Also, internal components of corporate governance
such as CEO education, compensation structure, and ownership have a
significant impact on bank liquidity creation. Berger and Sedunov (2017)
assessed the relationship between bank liquidity creation and economic
growth. The findings showed that banks with less liquidity creation generate
more dollar GDP.

Also, Larger-size banks create more liquidity. Chen and Lin (2016)
examined the role of corporate governance on both credit and liquidity risks
in 43 countries during 2002-2010. The results showed that corporate
governance control mechanisms are reduced both liquidity and credit risks.
Aebi et al. (2012) investigate the impact of corporate governance on financial
performance in China banking during 2007-2008. The components of
corporate governance in this study include the existence of a risk committee,
the CEO duality, the board size and the board's independence. The results
showed that banks with higher risk committees had higher financial
performance. Also, in banks where there is a CEO duality, it has a negative
and significant effect on financial performance.

Also, other components of corporate governance have not had a substantial
impact on financial performance. Farzinvash et al. (2017) examined the
relationship between corporate governance and banking sector profitability
indices, using panel data regression for 15 selected banks from developing
(D8) and developed (G7) countries during 2005-2014. The results confirm that
corporate governance measures have a positive and significant impact on
selected banks' profitability indices. It is also notable that the magnitude of
estimators and their level of significance are different between developing
(D8) and developed (G7) countries. Taghavi et al. (2013) investigate the
impact of corporate governance (bank ownership) on banking stability in
developing countries during 2000-2011. The results showed that state
ownership causes greater deferred claims than private ownership. Also, Banks
with foreign ownership perform better in terms of profitability ratios than
other types of ownership.
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3 Methodology

As implied before, the purpose of this paper is to investigate the impact of
corporate governance on the liquidity creation of Iranian banks during 2010-
2017. The statistical sample includes 12 Iranian banks listed on Tehran Stock
Exchange, including Pasargad, Tejarat, Saderat, Mellat, Saman, Ansar, Shahr,
Dey, Sarmayeh, Sina, Karafarin, and Post Bank. In line with the research
objectives and inspired by the study of Diaz et al. (2017), the regression model
is considered as follows:

LIQUit = ﬁo + .BlGOVit + ﬁzZSCORELt + ﬁ3EQUIit + ‘84ROAl‘t +

Where, LIQU;; denotes total liquidity created on the balance sheet of bank
i at time t. In this sense, liquidity creation reflects the liquidity of the balance
sheet items. It is important to calculate the liquidity creation index, in the first
step to classify the balance sheet items into liabilities and assets (liquid and
illiquid). For example, in the assets side of the balance sheet, loans with a
maturity of less than one year are considered liquid assets, but loans with a
maturity of one year or longer are considered illiquid assets. Other items, such
as cash and securities and market assets have considered liquid assets.
Respectively, in the liabilities side of the balance sheet, short-term deposits
and government receivables, as well as bonds, are considered liquid liabilities,
but long-term deposits and equity have considered as illiquid. In the second
step, the weight is assigned to all bank activities consistent with liquidity
creation theory. Positive weights are applied to both illiquid assets and liquid
liabilities. Thus liquidity is created when a liquid liability is used to finance
illiquid assets: for example, when deposits are used to finance a small
business.

Similarly, negative weights are applied to liquid assets, illiquid liabilities,
and equity. In this situation, liquidity decreases when either illiquid liabilities
or equity are used to finance liquid assets. In the third step, liquidity variables
are created by multiplying each item by its respective weight.

The independent variable GOV is the corporate governance index. The
index is calculated according to ISS standards and Jiraporn et al. (2011) so
that using 21 different standards from 8 categories: Voluntary Disclosure,
Business Ethics, director education, charter/bylaws, audit, ownership, the
board of directors, management of asset and Liquidity. These standards are
listed in the Appendix. The higher the score in these standards indicates better
corporate governance.
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Also, we control for bank-level risk and performance characteristics and
macroeconomic conditions. The variable ZSCORE is the z-score measure that
is defined as the return on assets plus the capital asset ratio divided by the
standard deviation of asset returns. Higher z-score values represent more
stable banks with a greater distance to default. The z-score is highly skewed
and thus log-transformed as recommended by Laeven and Levine (2009).
Also, we include the equity ratio defined as total equity divided by total assets
to control for equity levels, and size using the log of total assets. Bank
performance is included in the regression using ROA to control for managerial
performance. To control for macroeconomic conditions during our sample
period, we include annual GDP growth. Finally, ¢; is a disturbance term
assumed to be uncorrelated.

Dynamic Panel Data Technique method was used as a reliable solution for
the efficient estimation of dynamic panels was set by Arellano and Bond
(1991) using the Generalized Method of Moments (GMM). This estimator has
been extremely popular, especially in the context of dynamic empirical
research as it allows discluding some of the OLS assumptions. Arellano and
Bond estimator accounts for the endogenous lagged dependent variable and
provides consistent parameter estimates even in the presence of endogenous
right-hand-side variable. It also allows for individual fixed effects,
heteroskedasticity, and autocorrelation within individuals (Roodman, 2006).
The consistency of the GMM estimator depends on the validity of the
instruments. As suggested by Arellano and Bond (1991), Arellano and Bover
(1995), and Blundell and Bond (1998), two specification tests were used.
Firstly, the Sargan/Hansen test of over-identifying restrictions testing for the
overall validity of the instruments and the null hypothesis indicated that all
devices as a group are exogenous. The second test examining the null
hypothesis demonstrated that error term &it of the differenced equation is not
serially correlated, particularly at the second-order (AR(2)). One should not
reject the null hypothesis of both tests.

4 Overview of Descriptive Statistics in Iranian banks

Table (1) presents an overview of Descriptive Statistics of the above variables,
especially the corporate governance index, in Iranian banking. It is visible that
the levels of corporate governance and banking supervision are relatively low,
so that the related mean value is 14.58. It is noteworthy that in recent years,
the central bank of Iran has circulated parts of corporate governance
principles, mainly based on auditing and risk management, to the banking
system in the form of directives and guidelines. However, the existence of a
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legal vacuum is still one of the most critical challenges for the Iranian banking
system to develop corporate governance. Thus, we can be said that corporate
governance for purposes such as reforming the inter-organizational rules of
banks, paying attention to stakeholders' rights, disclosure and transparency do
not have a proper situation in the Iran laws and regulations and therefore, the
performance of Iranian banks in this regard is not desirable. Also, the
descriptive statistics for other variables in the model show that values of mean
and Standard deviation for ROA as a proxy for managerial performance are
0.056 and 0.20, respectively. The related values for Size are 18.98 and 1.29,
respectively. Furthermore, the mean value of liquidity in the banks is 0.018.

Table 1

Descriptive Statistics in Iranian banks

Statistics Governance  Liquidity = Z-Score  Size ROA Equity
Mean 14.58333 0.018273  0.985688 18.98780 0.056969 0.087450
Median 13.00000 0.007516  0.274612 18.88283 0.009901 0.064100
Max 19.00000 0.171920  7.434762 21.29107 1.496129 0.519375
Min 10.00000 0.002180  -0.15804 15.27241 -0.016644 0.030313

Std Deviation  3.637338 0.034427  1.462362 1.289684 0.195561 0.069574

5 Empirical Results

Before estimating the regression models, an important step is to test for unit
roots with stationary covariates. Hence, we used the Levin, Lin, and Chow
(LL) unit root test that assumes the series is non-stationary. Table 2 presents
the results of the Levin, Lin, and Chow (LL) unit root test. The results show
that all variables are stationary at the level. In other words, all variables are
integrated of order (0).

Table 2

Levin, Lin and Chow unit root test at level
Variables statistic Prob. results
LIQU 4.183 0.000 1(0)
GOV -8.684 0.000 1(0)
ZSCORE -4.175 0.000 1(0)
EQUI -10.300 0.000 1(0)
ROA -7.874 0.000 1(0)
SIZE -10.270 0.000 1(0)

GDP -3.352 0.000 1(0)
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To analyze precisely whether the effect of corporate governance on bank
liquidity creation is influenced by bank size or liquidity levels, we estimate
the regression models for three groups, separately, including all banks, banks
with larger size (than mean) and banks with higher liquidity (than mean)
levels. Table (3) demonstrates results using the sample period 2010-2017. It
is visible that in column 1 shows the estimation for all banks, the effect of
corporate governance on liquidity creation, although positive, is not
significant. In column 2 that reported for banks with a larger size, the impact
of corporate governance on bank liquidity creation is negative and
nonsignificant.

In other words, in larger banks, which have largely increased liquidity in
the community through their central bank debt and lending to the government,
corporate governance has no significant effect on liquidity creation. Thus, we
found that the impact of corporate governance on liquidity creation is not
affected by the size of the banks. In column 3 that the model has estimated for
banks with higher liquidity levels, the related estimation coefficient is positive
(albeit small) and significant, so that one percent improvement at corporate
governance induce to increase the liquidity creation by 0.02 percent. In other
words, banks with higher levels of liquidity are more sensitive to changes in
internal corporate governance. It means that increasing the supervision of this
group of banks would increase the banks' ability to deal with risk and thus
increase the liquidity creation.

Moreover, the findings for all three estimation models show that banks
with higher financial Z-score (more financial stability), have higher liquidity
creation. So that, one percent increases in financial stability induced to
increase the liquidity creation by 0.05 percent. This result seems to be legal
because the increase of financial stability would increase banks' ability to
hedge risk and thus creates more liquidity. Furthermore, we find that the
equity ratio has a negative and significant effect on liquidity creation,
supporting the “fragility” hypothesis. It means that banks are using more
equity to finance liquid assets rather than increasing lending. Likewise, the
ROA that indicates management ability to make good use of financial
resources in generating profit has not a significant effect on liquidity creation.

As mentioned before, the GMM estimator checks for the validity of the
moment conditions by performing the Sargan test for over-identification. As
can be seen from the corresponding p-values reported at the bottom of Table
3, the null hypothesis of the validity of instruments cannot be rejected.
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Table 3

The results of GMM estimation for three groups
Variables total banks Banks with larger size Banks with higher

liquidity

LIQU(-1) 0.143(0.035)* 0.178 (0.056) 0.185 (0.063)
GOV 0.0010 (0.38) -0.000193 (0.37) 0.0526 (0.0058)
ZSCORE 0.0226 (0.014) 0.0512 (0.010) 0.0027 (0.4737)
EQUITY -0.1904 (0.006) -0.0286 (0.009) -0.25001 (0.035)
ROA -0.0469 (0.24) -0.063 (-2.23) 0.0550 (0.0683)
SIZE 0.0069 (0.95) -0.143 (0.21) 0.0011 (0.474)
GDP 0.00000065 (0.39) 0.00000078 (0.34) -0.00000042 0.446)
J-statistics 6.066 6.2591 3.5558
Sargan test 0.1974 0.1824 0.1660
Observation 60 35 35

* Figures in parentheses are P-value.

6 Conclusion

This paper investigates the effects of corporate governance on the liquidity
creation in Iranian banks during 2010-2017, concentrating on their size and
liquidity levels. Thereby, with regard to Diaz et al. (2017), we estimate the
regression model for three groups, separately, including all banks, banks with
larger size (than mean) and banks with higher liquidity (than mean) levels.
The results using the GMM method for all banks show that the effect of
corporate governance on bank liquidity creation, although positive but is not
significant. Also, for banks with a larger size, which can largely create
liquidity through transferring their central bank debt and lending to the
government, the effect of corporate governance on liquidity creation is not
significant.

Thereby, it can conclude the impact of corporate governance on bank
liquidity creation is not affected by the size of banks. Conversely, the results
for banks with higher liquidity levels show that the estimated coefficient of
corporate governance is positive and significant. In other words, banks with
higher liquidity levels are more sensitive to changes in corporate governance.
It means that improvement of the regulatory mechanisms, particularly in
banks with higher liquidity levels would strengthen the banks' ability to deal
with risk and thus increase liquidity creation. Moreover, the results show that
banks with higher financial Z-score (more financial stability), have a higher
liquidity creation. Because greater financial stability induces greater banks'
ability to hedge risk and result in greater liquidity creation. Furthermore, the
equity ratio has a negative and significant effect on bank liquidity creation,
supporting the “fragility” hypothesis. It means that banks are using more
equity to finance liquid assets rather than increasing lending.
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Overall, it can be concluded that there is not a significant relationship
between corporate governance and liquidity creation in Iranian banks. This
conclusion confirms the weakness of corporate governance in the Iranian
banking system. Although the Central Bank of Iran has issued guidelines to
banks to implement corporate governance, corporate governance has not taken
its place in financial institutions due to a lack of codified guidelines based on
international standards, and as a result, it does not have the necessary
performance. However, corporate governance is one of the most critical issues
in monetary and financial institutions; so that weaknesses and insufficient
attention to proper corporate governance, especially in banking, have been
identified as one of the leading causes of a financial crisis. Given, a sound
corporate governance system enables the bank to timely disclosure and
reporting that reduce asymmetric information problems and improve banks'
stability as well as increase liquidity. Also, corporate governance mechanisms
could create investor confidence, increase efficiency and reduce information
asymmetry in financial markets.

Therefore it is recommended to pay attention to corporate governance
mechanisms in the Iranian banking system. In this regard, measures such as
reducing the dominance of dysfunctional government structures in the
banking system, educating managers and determining the appropriate
structure of the board of directors, ownership, and financial reporting should
be prioritized by banking system officials. Likewise, establishing ranking
agencies to score corporate governance and liquidity levels in banks listed on
the Tehran Stock Exchange and to present their reports to the public and
relevant institutions can assist investors and managers in making decisions.
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Appendix: Items Comprising the GOV Index
For each firm, we compute GOV by assigning one point for each of the items
listed below and summing. A higher score indicates better governance.

Voluntary Disclosure

The firm disclosed its claims to the auditor.
The audited financial statements published on a timely basis.
The manager's Compensation has disclosed in the financial statements.

Business Ethics
The firm helping to finance the environment activities in the financial statements.

Director Education

The staff and managers particippate at director education programs.

The managers participate in the educating classes related tocorporate social responsibility.
Charter/bylaws

Board members are not allowed to deal with the company without the inspector's knowledge.

The board of directors of each firm is required to store 5% of the company's net profit each
year as a legal reserve.
Auditing

There is an internal audit.

The auditor's report is Qualified or Unqualified opinion

Ownership

Institutional shareholders ownership is more than 50 percent?

Large shareholders ownership is more than 50 percent?

Board structure

The majority of the board of directors includes non-executive directors.
The number of members of the board of directors ranges from five to nine.
The maximum number of non-executive directors is four.

The chairman of the board and CEO are not the same.

The Board-CEO-tenure is limited.

Asset and Liquidity Management

According to the auditor, all of the firm's assets are optimized.

Aren't most of the firm demands from specific people

According to the auditor, the firm's liquidity is sufficient to meet the firm's obligations this
year.
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Businesses are increasingly interested in how big data, artificial intelligence, machine
learning, and predictive analytics can be used to increase revenue, lower costs, and
improve their business processes. In this paper, we describe how we have developed a
data-driven machine learning method to optimize the collection process for a debt
collection agency. Precisely speaking, we create a framework for the data-driven
scheduling of outbound calls made by debt collectors. These phone calls are used to
persuade debtors to settle their debt, or to negotiate payment arrangements in case debtors
are willing, but unable to repay. We determine daily which debtors should be called to
maximize the amount of delinquent debt recovered in the long term, under the constraint
that only a limited number of phone calls can be made each day. Our approach is to
formulate a Markov decision process and, given its intractability, approximate the value
function based on historical data through the use of state-of-the-art machine learning
techniques. Precisely, we predict the likelihood with which a debtor in a particular state
is going to settle its debt and use this as a proxy for the value function. Based on this
value function approximation, we compute for each debtor the marginal value of making
a call. This leads to a particularly straightforward optimization procedure, namely, we
prioritize the debtors that have the highest marginal value per phone call. We believe that
our optimized policy substantially outperforms the current scheduling policy that has
been used in business practice for many years. Most importantly, our policy collects more
debt in less time, whilst using substantially fewer resources leading to a large increase in
the amount of debt collected per phone call.

Keywords: Debt Collection, Artificial Intelligence, Machine Learning, Approximate
Dynamic Programming, Prescriptive Analytics.
JEL Classification: G21, G32, H63

1 Introduction

Undoubtedly, one of the most significant challenges that the banking system
has faced recently can be considered as the growing unpaid debts, and this
issue causes the development of debt collection industry and debts buying in
the world (Shoghi, 2019). Indeed, debt collection agencies are the pioneers
and specialists of this industry. According to the latest International Debt
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Collections Handbook (USA) published in June 2017, the estimated success
rate of collections between 01/2014 and 12/2016 in the United States was just
at 36.7% (with the same metric for Canada expected to be at 17.7%, UK at
65.8%, Mexico at 38.7%, China at 23.9%, India at 17.3%, Germany at 63.9%,
and France at 67.8%). In Figure 1, how the businesses deal with their
delinquent debts have been illustrated. Italy, Spain, Germany, France, and
Belgium, as well as China, India, Indonesia, Mexico, and Brazil, are found to
be more inclined to adopt alternative or additional solutions to traditional debt
collection services, compared to the general tendency among the other
countries profiled in the report. In general, according to Atradius Collections,
companies in Europe appear to be more cautious in using alternative services
other than traditional debt collection. Companies in the Americas and APAC
show a stronger openness towards service innovation (Mesropyan, 2019). As
you see, most of the businesses within the entire world prefer using internal
sources to collect their debts instead of other ways, such as using external debt
collection agencies. It means that debt collection industries are not intriguing
enough to attract more businesses. Thus, using special skills, debt collection
industries can provide more banks and large public or private companies the
possibility of debt revival to their financial cycle. By the way, considering
economic, social, and political changes especially in recent years, lack of new
formulas with scientific methods within debt collection companies is felt more
and more (Shoghi, 2019).

m Sold debts m Used a law office / attorney
Used external debt collection agency ® Used internal resources for collecting
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Figure 1. How Companies Dealt with Overdue Invoices in the World. (Mékikangas
etal., 2017)
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Artificial Intelligence and its abbreviation Al are the buzz words of today.
Companies use them to explain what they do and to make solutions and
products sound smarter and more sophisticated than they are. Al is a broad
and complex subject. In the broad sense, Al can be described as building
computers and robots to do human tasks, which we consider require
intelligence such as to build humans like machines, to collect data, and to
analyze data. The consequence is that Al can be used to describe almost
anything. However, the overuse of the terms makes it near impossible for the
layman to separate what is an exact Al-based solution from what is hyperbole.
In the world of debt collection, the techniques used to gather and process “big
data” to classify debtors and recommend actions regularly use Al and machine
learning technologies. These solutions are established and growing. They are
back-office solutions used by credit management departments and Debt
Collection Agencies (DCAs) to enhance productivity or support business
growth (Phillips and Moggridge, 2019). Therefore, using Al solutions, DCAs
can boost their methods, thereby, they will elevate their attributions to the debt
market.

The collection process usually follows a predefined schedule of letters,
SMSs, and phone calls that communicate with increasing urgency the need to
repay the debt over time. Ultimately, if the debtor refuses to repay the debt,
then legal action can be taken by the collection agency to force repayment.
Legal action is expensive and often outside of the collection agency’s control,
so it is only viewed as a last resort and avoided as much as possible. In contrary
to popular belief, debt collectors generally prefer to cooperate with debtors to
repay their debt by offering interest-free extensions, repayment plans, or in
some cases waiving parts of the debt if the debtor is genuinely unable to repay.
However, this is only possible if the debtor is cooperative and responds to the
collectors’ communication attempts (e.g., answers the phone or replies to
SMS). Letters and SMSs are mostly automated, but phone calls still require
human collectors to physically dial a number and have a conversation with the
debtor. It is integral to the collection process because debt collection is highly
emotional, and an experienced collector can decipher the needs and problems
of the debtor and determine the best course of action to maximize the
likelihood of repayment. However, debt collection agencies generally have a
large number of open cases and the number of phone calls that it can make is
limited by human resources. Under these constraints, it becomes infeasible to
call every debtor and a method to select debtors to call becomes necessary.
Not calling a debtor who needs human persuasion results in further
delinquency and higher risk for non-repayment, but calling a debtor who does
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not rquuire additional persuasion results in wasted effort. Our goal is to
identify under which conditions phone calls are most effective in eliciting
eventual repayment and creating an optimal schedule of calls to each debtor
while abiding by the capacity constraints faced by the collector (Wang et al.,
2018).

In this paper, we present a framework for the data-driven scheduling of
outbound phone calls made by debt collectors. That is, we determine daily
which debtors a debt collector should call to maximize the amount of
delinquent debt recovered in the long term, under the constraint that only a
limited number of phone calls can be made each day. These phone calls are
used to persuade debtors to settle their debt, or to negotiate payment
arrangements (e.g., a payment plan) in case debtors are willing, but unable to
repay their debt. Scheduling these calls is challenging, as it is difficult to
assess the value of making a phone call to a debtor. It is because a priori the
outcome of making a call is uncertain, and the extent to which a rquest
attributes to repayment is non-trivial. In general, the effect of phone calls on
the repayment behavior of debtors depends on numerous interacting features,
such as the time since the previous phone call, whether the debtor answered
the call before, the amount of debt owed, the time of the month, and the
persuasiveness of the agent who is calling. It is unclear what the effect of these
(interacting) features is on the outcome of phone calls and, hence, on the
effectiveness of a schedule of phone calls. This lack of structure and
understanding drives our belief that a flexible non-parametric machine
learning method would be most appropriate to leverage data for optimizing
actions.

To this end, we show that the problem of scheduling phone calls is
naturally formulated as a Markov decision process (MDP), but that
prohibitively ample state space is required to capture the dynamics of the
collection process appropriately. To alleviate this, we show how state-of-the-
art machine learning methods can be used in approximate dynamic
programming (ADP) framework that is interpretable, highly scalable, and
data-driven.

To the best of our knowledge, the current paper incorporates modern
machine learning methods into an ADP framework that is validated through a
controlled field experiment in a real-life business setting. We take the problem
of dynamically scheduling outbound calls for a debt collector, as naturally
described by an MDP, and approximate state values using supervised machine
learning. More precisely, we construct a binary classification problem to
predict, based on a debtor's state, the likelihood with which a debtor is going
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to repay its debt. The debtor's state space is high dimensional and incorporates
all static and dynamic information that characterizes a debtor at a given point
in time. For value function approximation, we multiply the likelihood with
which a debtor settles its debt by the size of the debt, thereby obtaining an
estimate for the expected value of a debtor given its current state. In doing so,
we overcome the curse of dimensionality inherent to this problem by inferring
the value of a debtor's state based on historical data in a highly scalable and
flexible manner. Based on our value function approximation, we compute for
each debtor the marginal value of a phone call, which is dependent on the
change in the value function if we spend another phone call on this debtor. It
leads to a particularly straightforward optimization procedure. Namely, we
prioritize the debtors that have the highest marginal value per phone call. The
result is an interpretable policy (debtors with the highest marginal value on
the effort are prioritized), highly scalable, and data-driven. Besides, the
optimization procedure allows for straightforward implementation in business
practice: arrivals of new debtors are naturally incorporated, and an appropriate
number of phone calls can be determined to be made on a given day,
depending on the debt collector's capacity (van de Geer et al., 2018).

In summary, this paper contributes to the existing literature on business
analytics, data-driven optimization, and that of ADPs in the following ways:
i) we add to the debt collection optimization literature by presenting a novel,
scalable, and flexible framework for daily data-driven scheduling of outbound
calls; ii) we incorporate state-of-the-art machine learning methods to the ADP
framework, which takes advantage of higher-order feature interactions and
results in superior out-of-sample model fit for value function approximation
compared to benchmark models; and iii) we open the proverbial machine
learning black box and identify generalizable insights for the improved
scheduling of outbound debt collection phone calls.

2 Subject Literature

2.1 Debt Collection Optimization

More than half a century ago, Mitchner and Peterson (1957) considered the
problem of optimizing the collection of delinquent debt at Bank of America
for various types of loans, such as car loans, personal loans, and real estate
loans. They formulated the problem of collecting a debt as an optimal stopping
problem, in which the duration with which the collector should pursue the
debtor was optimized, taking into account the cost of doing so. Their results
show a potential increase in net profit of 33%.
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Fifteen years later, Liecbman (1972) developed a simple Markov decision
process for optimizing credit control policies. They solve an example problem
with four delinquency states; two amount owed states, two recent experience
states, and three action strategies (Abe et al. (2010), De Almeida Filho et al.
(2010), and Miller et al. (2012)). However, the curse of dimensionality quickly
becomes a significant challenge and no further progress on this topic was
made until more recently.

In Abe et al. (2010) and the accompanying paper, Miller et al. (2012), a
framework for debt collection optimization presented that, of the current work,
is closest to the approach considered in this paper. In Abe et al. (2010), the
collection process is modeled as a constrained MDP, which explicitly takes
business, legal, and resource constraints into account. Subsequently, given the
intractability of the MDP, a constrained Q-learning algorithm is proposed
employing which they can obtain a policy. In Miller et al. (2012), the
deployment of this methodology at the New York State Department of
Taxation and Finance is described for which they report an increase in
collecting delinquent debt by 8 percent over the first year, where they would
otherwise have projected a rise of 2-4 percent.

Also, from the operations domain, De Almeida Filho et al. (2010) present
a study on the optimization of debt collection in the context of consumer
lending. In their work, they offer a dynamic programming approach in which
the monthly decision epochs pertain to deciding which action to take in the
month to come. The value function corresponds to the future net discounted
recovery rate, and the transitions are assumed to be deterministic. Since the
model assumes homogeneous debtors, the approach is especially useful to
predict collection performance and resource requirements for aggregated
portfolios of debtors for which it is reasonable to assume homogeneity. The
authors refer to the importance and potential of tailoring the collection process
to the individual debtor, but note that the data required for this purpose are
hardly ever available in practice.

Van de Geer et al. (2018) used consumer debt collection with machine
learning to optimize the debt collection process with regards to phone calls,
emails, and letters. In their work, they used LightGBM, which works
exceptionally well in practice and is often considered together with XGBoost
as the best algorithm for the predictive analytics competitions hosted on
Kaggle. Furthermore, it is easy to use and does not require sophisticated
feature engineering to achieve excellent performance. So, LightGBM was able
to reduce significantly calling effort as a decrease of 21.5% in the number of
calls, and it means that it increased the efficiency of the collection process.
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2.2 Credit Scoring and Valuation

The field of finance, much research has been done on the credit-granting
decision, i.e., whether to grant a loan to a potential new customer. Typically,
they make the credit-granting choice for personal loans employing credit
scoring, which is a standardized method of assigning a score to potential
customers that represent their creditworthiness, see Crook et al. (2007) for a
literature review and Lessmann et al. (2015) for a benchmarking study on
existing scoring models. On the other hand, the valuation of existing credit,
and existing unsecured loans, in particular, is more closely related to our work
since the debt that the Collector is trying to collect is mainly outstanding
unsecured credit. Although much work has been done on the valuation of
corporate lending and secured customer credit, the literature on unsecured
consumer credit is sparse. The work of Chehrazi and Weber (2015) on the
dynamic assessment of delinquent credit card accounts models the stochastic
repayment behavior of individual debtors over time. They derive a self-
exciting point process for repayment behavior and estimate the parameters of
the process using the generalized method of moments. This model is then used
to construct a dynamic collectability score to estimate the probability of
collecting from a debit account, thus allowing for the valuation of credit card
debt. In a subsequent paper, Chehrazi et al. (2018) formulates a stochastic
optimal control problem from the self-exciting point process established in
Chehrazi and Weber (2015) and derives a semi-analytic solution. However,
this solution was not analyzed empirically nor experimentally validated.

3 Research Methodology

We first provide a high-level overview of the operations of a debt collector.
After that, we provide more details on the actual collection process. It is all
based on the experiences of our Collector but is illustrative for the debt
collection industry in general.

3.1 High-level Overview

In practice, a client that has an overdue debt with a company is placed “in
collections”, which means that the debtor is transferred to either a specialized
debt collection department within the company or to an external debt
collecting agency that works on behalf of the company. In this work, we refer
to both as a debt collector, i.e., a debt collector can be either the debt owner
itself or a third-party debt collection agency working on behalf of the debt
owner. The debtor typically incurs a collection fee that is added to the original
debt to cover the additional costs of recovering the debt and is regulated in
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many countries. In the problem that we consider, the collection fee is
independent of the amount of debt owed and constant across debtors.

Once placed in collections, the debt collector pursues the debtor to settle
the debt plus the collection fee by sending out letters and SMSs, and through
phone calls made by its agents. Messages and SMSs are mostly automated,
but phone calls still require human collectors to physically dial a number and
have a conversation with the debtor. Human collectors are integral to the
collection process because debt collection is highly emotional, and an
experienced collector can decipher the needs and problems of the debtor and
determine the best course of action to maximize the likelihood of repayment.
Amongst the Collector's clients are utility providers, credit facilitators, and
health care providers, which operate in the business-to-consumer market. The
process of the Collector comprises two phases. Upon arrival, a debtor first
enters the collection phase, in which the Collector pursues the debtor to repay
the debt plus the collection fee through letters, SMS, and phone calls. During
this phase, the collector acts cooperatively towards the debtor, and can offer
payment plans if debtors are willing, but not able to pay on a short-term notice.
As such, this phase can take from a few days (in case the debtor pays
immediately) up to a few months (in case the debtor does not pay at all or gets
involved in a payment plan). In contrary to popular belief, debt collectors
generally prefer to cooperate with debtors to repay their debt by offering
interest-free extensions, repayment plans, or in some cases waiving parts of
the debt if the debtor is genuinely unable to repay. However, this is only
possible if the debtor is cooperative and responds to the collectors’
communication attempts (e.g., answers the phone or replies to email).

When the Collector is unsuccessful in recovering the debt during the
collection phase, it chooses to either write off the debt or invoke a legal
procedure. The former happens when, for example, the debtor is deceased or
has declared bankruptcy. However, legal action is expensive and often outside
of the collection agency’s control, so we only view it as a last resort and avoid
it as much as possible. The latter means that a bailiff is invoked. He will send
out a subpoena and ultimately can confiscate property if necessary. Whether
a debtor is escalated to the legal phase or written off is determined case by
case and depends, amongst other things, on the amount of outstanding debt
and the likelihood of recovering the debt through legal procedures. Since this
phase requires legal assessment by an expert, it is costly, and the outcome is
highly uncertain. Hence, recovering debt before the legal aspect is deemed
beneficial for both the collector and debtor. As such, the legal phase is
excluded from the optimization procedures proposed in this work, and our
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objective is to maximize recovered debt during the collection phase, which is
described in greater detail in the following section.

3.2 Collection Phase

The collection phase is characterized by four sequential letters (sent via both
post and SMS panel simultaneously), where each letter has a seven-day
payment notice and communicates with increasing urgency the necessity to
repay the debt. The messages are sent between seven to ten days of each other.
The fourth and final letter communicates the severe (financial) consequences
of the legal procedure that the Collector possibly invokes if the debtor does
not settle. In between the letters (or after the final letter), the Collector is free
to call debtors at its discretion. It is considered a vital tool during the collection
process, as the phone calls allow the agents to inform the debtor about the
situation along with the consequences of non-payment, and to make an
assessment of whether the debtor is willing and/or able to pay. Figure 2
provides a schematic illustration of the collection process.

The optimization problem that the Collector encounters is deciding each
day in which debtors should call to maximize recovered debt, given the finite
and inflexible capacity of its workforce. In practice, this implies that the
Collector has to decide on a prioritization on the debtor portfolio that indicates
which debtors should be called first. Currently, the Collector's policy is to
schedule a phone call each time a debtor has received a new letter. Besides, if
a debtor agreed on a payment plan and failed to comply with its conditions, a
call is scheduled as well. In case, capacity is insufficient, the Collector's
managerial staff makes an assessment of which debtors should be called first.
Given the labor-intensive nature of the phone calls, the gains from optimizing
the prioritization of calls are potentially substantial.

Contrary to some belief, machine learning is not a black box, and it’s
always possible to analyze the predictions made concerning the feature values
used to make the predictions. In the following sections, we are going to
suggest a method of prioritizing phone calls and find which features we can
link to better calling efficiency. We mean our approach to understanding the
collection phase better than to make definitive conclusions on the debt
collection process.
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Figure 2. The Standard Operating Timeline of a Debt Collection Agency.

4 Results and Findings

The problem of optimizing debt collection efforts over time in the current
context is formulated as an MDP with an infinite time horizon and decision
epochs in discrete time. It suits the approach of the Collector since, in
principle, the Collector operates indefinitely, and decisions made at discrete
points in time (i.e., daily). To formalize the MDP, we assume that at any given
point in time, the Collector has at most N € N debtors in its portfolio.
Practically, this means we set N arbitrarily large such that the Collector never
has more than N debtors in its portfolio.

4.1 State Space

We denote the state space of each of the (at most) N debtors by y and the state
space of the portfolio of debtors by j := y"(i.e., the N-fold Cartesian product
of x). In our formulation, each of the NV parts of the state space is utilized by
different debtors over time, each part y of the state space ¥ functions as a slot
for storing the information of one of the debtors. A slot becomes available for
new arriving debtors once efforts on the existing debtor are terminated
because the debt is recovered or written-off.

The state-space below is chosen to accommodate the data to which we The
state-space below is chosen to accommodate the data to which we apply our
methodology. We divide the debtor state-space y into debtor-specific features,
historical-interaction features and seasonalities as follows. The superscripts B,
I, N, and C indicate whether it is a binary, integer, numerical, or categorical
variable, respectively.
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Debtor specific: 1) initial debt amount Y, 2) customer tenure ', 3) has
partially repaid debt B, 4) repayment plan in place , 5) phone number is
available ®, 6) mobile number is available ®, 7) product type , 8) amount
repaid already Y, 9) Collector collected from debtor before %, 10) average
income in the postal code area of the debtor N, 11) share of people under 30 in
postal code area of the debtor ¥, 12) current substatus ©, 13) passed final letter
B Here, 2) indicates when the debtor became a customer of the debt owner:
the exact time was not provided. Instead we have an integer that represents the
inverse order in which the debtor became a customer relative to all customers
of the debt owner (the more significant the value means the debtor was a
customer of the debt owner for a more extended time); 5) pertains to whether
the debt owner provided the Collector with a phone number of the debtor. If
this is not the case, the Collector may still be able to call the debtor by
searching manually in publicly available resources for potential phone
numbers that match to the name and address of the debtor; 7) refers to the
product or service that the debtor purchased and led to the debt; 12) refers to
a debtor's state description used internally by the Collector to characterize a
debtor at a given point in time; 13) refers to whether the debtors have received
the final (i.e., fourth) letter.

Table 1

Observable collector-debtor interactions.
Variable Type Description
Debtor ID Integer -
Date Date -
Communication type Categorical Letter-SMS or Phone call
Communication direction Binary In or outbound(regards to

“communication type”)

Reached Binary In case of outbound phone call
Document type Categorical In case outbound Phone call or SMS
Promised to pay Binary If debtor promised to pay

Historical interaction: 1) has answered a phone call ®, 2) promised to
repay 2, 3) number of previous collector-debtor interactions ', 4) number of
previous phone calls !, 5) days since promise to repay ', 6) days since last
collector-debtor interaction ', 7) days since last phone call ', 8) days since last
answered phone call ', 9) days since last incoming contact ', 10) days since last
incoming SMS !, 11) days since last incoming phone call . Here, 2) and 5)
refer to the event in which the debtor has (verbally) promised the Collector to
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settle the debt; in 3) and 6) the word “interaction' includes both collector- and
debtor-initiated communication efforts (Table 1), and also phone calls that did
not get through count as an interaction, thereby using it in a broader sense than
usual.

Seasonality: day of week ©, week of month ©.

For features where missing values are possible, a unique integer is used as
a replacement for missing values. An example of this is the feature days since
the last phone call for cases where no phone calls have previously been made
to the debtor.

4.2 Action Space and Value Function

Regarding the action space, for a given day let a € {0,1}" describe which
debtors will be called: a; = 1 for i € {1,2, ..., N} indicates that a call is made
to debtor i and a; = 0 means no call is made on a given day. In some cases, it
is undesirable to call a debtor (e.g., when the debt is currently being further
investigated because the debtor disputed the debt). Therefore, we construct the
action space as follows. Let i € {1,2, ..., N}, x = (xy, ..., xy) € ¥ with x; € x,
and let A'(x;) denote the action space of debtor i, so that A'(x;) equals {0}
if no call is allowed and {0,1} when a call to debtor i is allowed. Besides, let
¢; € N denotes the (deterministic) capacity on day ¢, i.e., the maximum number
of phone calls that can be made on day ¢, where ¢ counts the number of days
since the collection process was initiated. Accordingly, we define

A(x) :={(ay, ..,ay) a; e A'(x),i =1,.., N, Y a; < ¢}

as the action space on day ¢. In case of slot i of the state space is not used,
A'(x;)={0} for all x; € y. Furthermore, on day ¢, for x,y € ¥ and a € A;(x),
let p(x, a, y) denote the probability of moving from state x on day ¢ to state y
on day #+1, when choosing action a and let r(x, a, y) denote the amount of
debt recovered (i.e., repaid and received) when moving from state x to state y
choosing action a. The possible arrival of new debtors is implicitly
incorporated in p(x, a, y). Then, the optimality equation becomes
Ve() = max 3, czp(x,a,y) (rCe,a,y) + ¥V ()

For t =0, 1, 2, ..., where V;(x) denotes the total expected discounted
reward when being in state x € y atday ¢, and y € (0,1) denotes an appropriate
discount rate. The function V; : ¥ = R is often referred to as the value
function.
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Since the state space y consists of all debtor information, the formulated
MDP has a high-dimensional state space. Moreover, parts of the state space
are unbounded (e.g., the number of collector-debtor interactions). It makes it
intractable to solve the MDP, even numerically. The MDP, however, has
structural properties that facilitate the computation of near-optimal policies.
First, the debtors in the portfolio behave independently of each other, i.e.,
changes to the state and repayment probability of one debtor do not affect the
repayment probability of the other debtors. Second, the dependence in the
problem formulation is only due to the capacity constraint ¢; on day ¢. Hence,
a natural approximation that breaks the dependence arises when the Collector
solves a stochastic knapsack problem based on the state of the debtors in the
portfolio on that day. The knapsack has size ¢; on day ¢, and the expected value
of each item in the knapsack will be given by the expected gain in the value
function from calling the debtor. Note that in this formulation, the discount
factor naturally disappears since future arrivals do not affect current decisions.
In the next section, we elaborate on how to estimate the value function of each
debtor.

4.3 Value Function Approximation with Machine Learning

We use value function approximation (VFA) to approximate the value of the
states of the MDP described in the previous section. Any function can be used
to approximate the value function, including radial basis functions,
polynomials, neural networks, and decision trees (Bertsekas and Tsitsiklis,
1995). VFA has been successfully applied in optimization in a variety of
problems, such as large-scale resource allocation, (Powell and Topaloglu,
2006) multi-priority patient scheduling, (Patrick et al., 2008) and autonomous
inverted helicopter flight (Ng et al., 2006). Recent breakthroughs in machine
learning, notably convolutional neural networks, have sparked the field of
deep reinforcement learning, which allows for VFA through visual images.
For example, AlphaGo was able to exploit this approach by successfully
approximating the 10'" state-space in the game of Go and defeat the world's
best human players (Silver et al., 2016).

In this paper, we use another state-of-the-art machine learning algorithm
for VFA; namely, gradient boosted decision trees (GBDT). It is a more
suitable algorithm for prediction problems that are arranged in the standard
tabular structure and has been the dominant algorithm in winning well over
half of all machine learning competitions in 2015, including the KDD Cup.
(Chen & Guestrin, 2016). It was also found by Olson et al. (2018) to be the
best algorithm when benchmarked against twelve other algorithms for 165
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publicly available classification problems. In Section 4.3.3, we provide details
on the GBDT algorithm.

We use the GBDT model to construct a mapping V: ¥ — R that
approximates the value function, thereby circumventing the problem of
having to solve V; (x). This approximation is used to optimize the actions, i.e.,
to determine which debtors are to be called on a given day. In the following
two sections, we show how we construct the mapping V (Section 4.3.1) and
optimize actions based on this approximation (Section 4.3.2).

4.3.1 Estimating the Predicted Repayment Probability

To approximate the value of a debtor being in a particular state, we estimate
the debtor's predicted repayment probability (PRP), which is defined as the
likelihood of recovering the full debt during the collection phase. Partially
repaid cases are considered to be unpaid as the Collector only receives credit
for fully collected cases. Our approach is to estimate the PRP based on
historical data employing a GBDT model as follows. Suppose a certain debtor
is k € N days into the collection process, and consider all closed cases that
once were k days into the collection process as well, i.e., all closed cases that
either did not settle their debt within £ days or were not written off within &
days. We use these closed cases to train a GBDT model that predicts the
likelihood of recovering the debt of the debtor currently considered. We
formalize this procedure as follows.

Let n € N be the total number of closed cases in our dataset, i.€., cases for
which the debt was either recovered or written off, and for which the debtor is
no longer be contacted. Let i €{1,2,...,n} and define 7; € N as the total
number of days debtor i spent in the collection process. Forall s € {1,2, ..., 7;},
let xi(s) € x be the state of debtor i at s days since arrival. We optimize the
phone calls during the first K € N days of the collection process of each debtor.
Although, theoretically, K is unbounded, in our practical implementation we
set K such that virtually all calling efforts take place in the first K days. For all
k € {1, ..., K}, denote by

Je:={itk< 1,ief{l, .., n}}

the index set containing all the closed cases in the dataset that were still in
the collection process k days after arrival.

Furthermore, we denote by y; € {0,1} the eventual outcome of the
collection process: y; = 1 if the debt of debtor i was fully recovered after t,
days, i.e., during the collection phase, and y; = 0 otherwise, meaning that the
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debt was either written off or recovered after legal actions. Hence, xi(k)and Vi
are the state of debtor i after k£ days and the eventual outcome of the collection
process, respectively, for all k € {1, ..., K} and all i € Jy,.

Our approach is to train one GBDT model for each number of days since
arrival k € {1, ..., K} as follows. Let k € {1, ..., K}. Then, we train model k by
using (xi(k)) i e 7, as features (or independent variables) and (;); ¢ 5, as target
(or dependent) variables. We denote the trained GBDT model by f; : y =
(0,1), where f; maps the state of a debtor after k£ days to a prediction for the
likelihood that the debt is eventually recovered. This likelihood is exactly the
PRP that we introduced earlier on, i.e., if debtor i € J, is in state x € y after £
days, then fi(x) represents its PRP.

We train a single model for each number of days since arrival because the
data is unbalanced in the sense that there are many more observations for
debtors that are earlier in the collection process (i.e., |Tx| = |Ti44| for each
k € {1, ...,K — 1}). This is because cases are closed as soon as the debt is fully
recovered or written off. If we train a single model, this could cause the GBDT
model to be biased toward better predicting the early part of the process at the
expense of the latter part. To alleviate this, we follow the aforementioned
approach in which we split the data by days after arrival into K sets and train
K models.

Summarizing, we compute the PRP of a debtor on a given day by
considering debtors that once were in a similar situation before, given that the
days since arrival is highly correlated with the rest of the collection process.

4.3.2 Approximating the Value Function

To approximate the value of the state of a particular debtor, we multiply the
debtor's PRP by its outstanding debt. More precisely, let x = (xq, ..., xy) € ¥
be the state of the debtor portfolio at a certain point in time and let k; € N
denote the number of days debtor i € {1, ..., N} has been in the collection
process. Our approximation for the value of being in state x is

V(x)=3L, fr;(xi). debt;

where debt; denotes debtor i's current outstanding debts. When slot
i € {1, ..., N} of the state space is not used, we set debt;=0. Observe that, when
the objective is to maximize the number of fully collected cases (irrespective
of the amount of debt recovered), we can accommodate for this by setting debt;
=1 forallie{1,..,N}.
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Our proposed approximation in ¥ (x) equation implies that we consider the
Collector's portfolio on a particular day as an assortment of independent
debtors in different states of the collection process, and compute the value of
the portfolio as a sum of their individual values. This approximation allows us
to evaluate policies by computing the difference in PRP with and without
making a phone call to a particular debtor.

To formalize this, let ¥ : ¥y — y be the mapping that takes as input a
debtor's state and then updates this state as follows: i) increase the feature
number of previous collector-debtor interactions by one; ii) increase the
feature number of previous phone calls by one; iii) set the feature days since
last collector-debtor interaction to zero, and iv) set the feature days since last
phone call to zero (see also the state space description in Section 4.1). Our
approach is to determine the marginal value of making an additional call to
debtor i € {1, ..., N} by computing

[fki(lli(xi)) = fi, (x;)]- debt;.

Recall that f;, maps debtor /'s state to the PRP, i.e., to a prediction of the
likelihood that debtor i will eventually repay, without needing to explicitly
consider potential future states. Hence, the last equation provides us with a
measure to compare the added value of calling different debtors. Naturally,
the policy on day ¢ is to call the ¢, debtors for which the equation is the highest
(recall that ¢; denotes the capacity of the Collector on day ).

4.3.3 Gradient Boosted Decision Trees
GBDT, also called gradient boosting machines and multiple additive
regression trees, falls under the general paradigm of ensemble methods in
machine learning (Dietterich, 2000). The algorithm works by constructing
multiple decision trees using the classification and regression trees algorithm
(CART) (CART, Breiman et al., 1984) and combining these into a so-called
committee, in which the predictions of the individual trees are combined to
form one prediction (usually via a weighted average). We first describe how
CART works and what its drawbacks are. Then, we explain how ensembles
of trees overcome these drawbacks. Finally, we describe the GBDT algorithm
and discuss why it works for our problem of predicting the repayment of debt.
The CART algorithm works by recursively partitioning the feature space
into non-overlapping rectangular subsets and making a prediction for the
target variable for each of these subsets. It is done by splitting, in each
recursion, the feature that minimizes a certain error metric (e.g., mean squared
error or Gini impurity). This procedure is myopic in the sense that the
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partitioning decision does not consider future partitionings. As a result, CART
does not guarantee a globally optimal partitioning.

A major drawback of CART is its propensity to overfit on training data,
which results in a model that generalizes poorly to unseen data. Ensembles of
CART models have been successfully used to overcome this. Early
ensembling techniques, such as bootstrapped aggregating, commonly referred
to as bagging, work by generating multiple versions of a prediction algorithm
by using randomly selected subsamples of the training data (Breiman, 1996).
The random forest algorithm is an example of a bagging algorithm.
Subsampling observations via bootstrapping add variation to the training data,
which leads to building significantly different trees, resulting in reductions in
error rate by 20-89 percent (Breiman, 2001).

Unlike bagging, where we build the trees independently, GBDT builds
trees sequentially. It is called boosting and works as follows. The goal of
GBDT is to minimize a loss (or: objective) function that maps the predictions
to a score that measures the quality of the predictions. Theoretically, any
differentiable function can be used as a loss function. We use the logarithmic
loss function, which is the standard choice for binary classification problems
and is defined as follows. Suppose we are training model f; for k € {1, ..., K}
then the logarithmic loss function L : RVl —» R is

L(2) :=—(Zieq, yi-log(a(z) + (1 — y;).1og(1 — 6(z;)))

where g : R - (0,1) is defined by a(u) := (1 + e *)7! for u € R. The
GBDT algorithm repeats Step 1-3 below a pre-specified number of times,
where € > 0 is set as a hyper-parameter:

izj‘egk yj) for all i € J;.

|7k
Step 1. Compute the gradient of the loss function % = 0(z;) — y; for all

Step 0. Initialize with z; « o~ 1 (

ie :]k'
Step 2. Train a regression tree using —(o(z;) — y;) for all i € J;, as the target
variables.
Step 3. Update z « z + £z', where z'e Rkl are the predictions from Step 2.
Go to Step 1.

When the algorithm terminates, a(z;) is GBDT's prediction for y; for all
ie :]k'

By iteratively building regression trees on the negative gradient in Step 2,
newly built trees are optimized for observations that are difficult to predict,
thereby improving the overall model fit with each iteration. For a more
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detailed discussion on GBDTs we refer the reader to Friedman (2001) and
Friedman et al. (2001).

Improving the model fit of the training data does not guarantee
generalization to unseen data. Therefore, a cap in the number of iterations is
required to prevent overfitting. The cap in the number of iterations, along with
other hyper-parameters, such as maximum depth per tree, can be tuned using
a training-validation framework. The implementation of GBDT used in this
paper is LightGBM, which is a fast and distributed open-source GBDT
framework developed by Microsoft (Ke et al., 2017).

CART, and GBDT, in particular, are well suited for our prediction problem
for two reasons. First, since CART works by partitioning the data, it is
invariant to monotonic transformations of the features. It differs from models
such as logistic regression, where substantial efforts in finding the best
functional transformations of the features are required to tune the model to
achieve better prediction performance. It means that we can directly use the
debtor's collection state as features in a CART model without performing any
functional transformations. Second, as a consequence of recursive
partitioning, CART implicitly takes into account feature interactions that can
lead to improved prediction accuracy and better state-value approximations.
Again, for other models such as logistic regression, the feature interactions
must be defined manually.

5 Conclusion

We apply machine learning and approximate dynamic programming to help a
debt collection agency optimize its collection process. Using data recorded
from its historical collection interactions and outcomes we develop a method
to intelligently select which debtors the collection agency should call for a
given day. To be more precise, this paper considers the problem of deciding
on a daily basis which debtors a debt collection agency should call, given that
only a limited amount of calls can be made by its agents. It is a challenging
optimization problem since, at any given time, a debtor portfolio consists of a
large collection of heterogeneous debtors that are at different stages in the
collection process. Our approach is to formulate an MDP and approximate it
through data-driven machine learning methods, thereby circumventing
dimensionality issues by relying on historical data. This approach revolves
around computing, for each debtor at each state, the predicted repayment
probability (PRP), and inferring the marginal increase in PRP when making
an additional phone call.
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This method implemented at an insurance company in the Netherlands and
conducted a controlled field experiment. The results of the experiment show
a relative increase of 14% in collected debt and a decrease of 22% in calling
effort when using the suggested method as compared to the current collection
process. Most notably, this policy leads to an increase in the amount of debt
collected per outbound call from 38.53 euros to 56.72 euros, leading to a
47.2% improvement in return on calling effort. The improvement comes
mostly from selecting debtors that have been in the collection process longer,
have not been contacted recently, and have not previously answered calls nor
promised to repay their debt. In general, the proposed policy puts more
emphasis on debtors that are harder to collect from, and calls are scheduled
later in the collection process.

Collectors can use our proposed technique to prognosticate the best time
and the best forum by which to contact your debtors. Then you can prioritize
calls by the time of day a debtor is most likely to respond. It is also capable of
providing its users with SMS, Live Chat, and Email integration potentially. It
can vastly reduce your telephone costs while also increasing connection and
collection rates. By and large, using these method companies can optimize the
performance of their employees. Besides, it allows them to understand their
debtors’ needs better, to react faster than ever to a changing landscape, and to
vastly improve debt recovery rates.
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The 2008 Great Financial Crisis increased the fluctuations in the stock market in the US
and other countries that were linked together through various channels. In this regard,
derivative instruments, as one of the main elements of the world's financial markets, had
an essential role in reducing the stock market fluctuations and contagion of the crisis. The
primary purpose of this study is to examine the negative effect of the derivative
instruments on the contagion of stock markets in developing countries, including Brazil,
India, China, and Russia, using monthly stock and futures indices over the 2007:01 to
2018:08. By considering the United States of America as the source of the crisis, the
hypothesis was tested with the Copula function and Kendall's tau (rank correlation
coefficient). The results have confirmed the hypothesis. According to the findings, we
suggest that the economy moving towards openness should develop the derivative
instruments to minimize the fluctuations as well as reduce the devastating effects of crisis
contagion. Also, by upgrading the information of the investors and speculators, it can
decrease the depth and intensity of the fluctuations that originated from international
crises.
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1 Introduction

The financial crisis of 2008 originated from the US was quickly transferred to
other countries and spread out around the world. The stock market is the first
one that has been damaged by the financial crisis, its destructive effects spread
out via macroeconomic fundamentals and pure contagion, and consequently,
the financial investment decreased.’ In this framework, what should be done
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3 Although there is still no consensus on the definition of contagion, two different forms of that
are defined in the financial literature, contagion via macroeconomic fundamentals, and pure
contagion through the investors’ behavior (Kaminsky et al. 2000, Masson, 1999, Forbes and

Rigobon, 2002).
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to reduce or take charge of the devastating effect of the crisis contagion? Based
on the literature, it seems that the derivative instruments have an essential role
in reining and limiting the contagion of the crisis. The instruments can reduce
stock market volatility by providing a specific market for investors and
speculators. Also, the risk from the market may be reduced by determining a
forward rate and a value date at present that distributed the risk as time goes
by. Furthermore, the transaction cost in the futures market is lower than spot
markets. Therefore, the speed of entering new information into the futures
market is higher, and through this, the futures market could provide a way to
transfer information to the spot markets, which consequently reduce the
volatilities of spot markets.

Some studies done over the effect of derivative instruments on financial
market volatility have found ambiguous results. But, empirical studies have
generally verified the negative impact of the derivative instrument on stock
market fluctuation. Antonio and Holmes (1995) have examined the effect of
futures on stock market volatility and showed that volatility has increased after
the introduction of derivative instruments. Also, Bejarano et al. (2005), by
examining Latin American financial contagion, have noticed two periods of
financial contagion, the housing crisis in the US and the turbulence in the
European bond market.

The purpose of the present study is to investigate the effect of the derivative
instruments on the stock market contagion of selected developing countries.
Based on the theoretical and empirical backgrounds, the hypothesis of this
research is linked to the negative effect of the derivatives on stock market
contagion. The present study is given in five sections. After the introduction
in the first section, the following section focuses on theoretical and empirical
backgrounds. In the third section, the methodology is introduced. The fourth
section is devoted to the observed results, and consequently, the conclusions
and policy implications are given in the fifth section.

2 Theoretical and Empirical Background

The 1997 currency crisis in Thailand quickly spread across East Asian, then
to Russia and Brazil. Even the developed markets in North America and
Europe and then all the world were affected by this crisis.

This crisis, which lowered income levels and living standards in many
developing markets caused the financial contagion to be particularly important
in financial studies.

The contagion is the transfer of the destructive effects of the crisis from
one country or market to another. In other words, contagion is defined as a
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form of financial illness and an increase in the co-movement between financial
markets after the crisis (Kyle, 2001). The separation of channels through
which economic and financial crises have transferred is not easy, given the
interactions among different countries. The study of the global effects of the
financial crisis in East Asia and Russia has shown that financial and
commercial mutual connection among countries is itself one of the significant
factors of financial contagion. Also, Eichengreen et al. (1996) refer to the role
of the debt market and mutual fund in the expansion of the financial crisis.
Furthermore, the relative strength of financial and commercial links, the
behavior of various investment groups, and the principles of macroeconomics
are essential in financial contagion.

Warner (1994) has shown that the impact of the financial crisis on Mexico
has been moderate due to its formerly discretionary monetary and fiscal
policies, high liquidity, and low current account deficits. On the other hand,
the economic infrastructures and macroeconomic fundamentals, as well as the
political situation, foreign exchange markets, commercial, financial and
geographic features, and central banks’ policies are among the most important
factors in the vulnerability of a country to financial contagion.

In the framework of the contagion literature, psychological and cultural
issues as other affecting factors on the contagion were respectively examined
by Barsade (2002) and Lucey et al. (2009). The psychological problems are
related to the tendencies and behavior of a group, or even a person, through
deliberate decisions or sometimes, unconscious and behavioral attitudes. The
cultural issues imply that the countries with a lower cultural difference and
broader economic connections have more contagion.

Even though there is a lot of empirical research into financial contagion,
many channels of financial contagion are still unknown. The actions of
rational and irrational investors and the motives that investors acted upon are
essential in many studies.

Since the introduction of futures in the stock markets, there has been much
debate about the effect of derivative transactions on spot market volatility. The
lack of theoretical consensus on how derivative instruments affect the
volatility has made this an important empirical issue. According to one
theoretical view, speculative transactions in the derivative market keeps the
volatility constant or even reduces it (Baldauf and Santoni, 1991; Antoniou
and Foster, 1992; Pericli and Koutmos, 1997; Dennis and Sim, 1999; Rahman,
2001 ). According to this view, futures reduce spot market risk by creating a
new investment opportunity, enhancing the market depth and efficiency,
reducing transaction costs with increased liquidity, creating hedging
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opportunities, and reducing asymmetric information. In this case, increasing
liquidity in the market allows investors to hedge and limit the volatility
relating to disequilibrium. Also, the ability to transfer risk by futures markets
reduces spot price volatility without the need for risk coverage. In this
framework, however, an alternative view has been put forward by Friedman
(1953) that speculation leads to price stability when speculators buy (sell)
stocks when prices are low (high). Continuously, the price moves to its
average level (Antoniou and Foster, 1992). According to the opposite view,
derivative markets can increase spot market volatility (Antoniou and Holmes,
1995; Antoniou and Holmes, 1995). Under these circumstances, the use of this
instrument is a means of speculation and consequently increases the
speculative activities (Skinner, 1989). Given that one of the roles of futures
markets is price discovery, if new market information is released in the futures
market before the stock one, given the high liquidity of these markets and low
transaction costs, low margins, and high response, prices respond more
quickly to new information and, through an arbitrage process, adjustments to
these prices are transferred to the spot market and lead to market instability
(Rio & Smith, 2006) and possibly because of the strength and speed of impact,
it also affects the capital of other countries and increases the volatility of
stocks.

In general, investors are expected to reduce their demand for stocks and
buy some new options with the introduction of the derivatives, in which case
the stock price decreases. The disadvantage of this analysis, however, is that
the option is a complement, not a substitute for the stock. Under these
conditions, the option transaction increases the equilibrium stock price and
reduces stock return volatility (Ingersoll and Ross, 1985). Based on Detemple
and Seldeni (1991), investors have different views about the potential of the
downward trend of the stock. Specifically, the first group of investors prefers
a portfolio that is more profitable when assessing high risk, and hence they
substitute stocks to achieve their optimum return, but when they assess the
risk lower, they sell the option for buying more stocks. The second group of
investors shows a stronger response to market structure changes when they
evaluate the risk low. In this case, the total demand for the stock increases, the
option as a complement for the stock, the stock becomes more valuable, the
price increases, and the return volatility decreases. Therefore, the introduction
of the option stabilizes the stock market.

According to Kodres et al. (2002), international investors are exposed to
various risks in different countries. Investors do not sell their assets only in
the country from which the crises come, but they also sell assets in other
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countries affected by the crisis. Moreover, the expansion of the crisis and the
devaluation of financial assets may increase the risk of investment; hence, it
is crucial to introduce a tool to control the risk and fluctuations of the financial
market. In this regard, derivative instruments can affect the mechanism of
transferring the destructive effects of the crisis with the reduction of financial
market volatility and thereby, reducing financial contagion. Derivative
instruments such as futures and options are the most essential tools to hedge
the financial markets.

By using the GARCH model, Imen et al. (2012) have shown a significant
increase in the dynamic correlation between 13 developed and developing
stock markets. The results also indicate a high degree of financial integration
among studied countries, especially during the financial crisis. Mollah et al.
(2014) have investigated the global financial crisis contagion and verified it
in 46 states of 63 countries. Shastri (2017) has investigated the correlation
between the bond and stock markets in developing and developed countries
by using the Copula function. Based on the results, the stock and bond markets
in the studied countries had co-movements.

Nathan et al. (1974) have studied the effects of the options on the Chicago
Stock Exchange and shown that options helped to stabilize the stock markets.
These results were confirmed by Skinner (1989) and many other researchers
for England, Canada, Switzerland, and Sweden. Also, Danthin (1978) have
shown that futures decrease market volatility and increase market efficiency
since it reduces the cost of informed traders to respond to incorrect pricing.
Froot et al. (1991) have indicated that the use of derivative instruments has
increased the depth of the market due to the rapid spread of information. Reyes
(1996), by considering the French and Danish stock indices, has shown that
the volatility in these markets has declined. But thanks to the information
increased in these markets; the speculators did not create instability in the
markets. Lyroudi et al. (2000), by examining the effect of the derivative
instrument on fluctuations in the Athens stock exchange, have proved that this
instrument has made significant changes in the market fluctuations. By using
the EGARCH model, they showed that the derivatives hurt the volatility of
financial markets. Mallikarjunappa et al. (2008) have indicated that there was
no evidence of stability or instability on the Indian stock index after the
introduction of futures and options. By employing the ARMA and GARCH
models, Jacobsen (2010) has examined the effect of a derivative instrument
on the return of assets. According to this research, there is a significant and
positive relationship between unexpected speculative shock and stock
fluctuations. Also, based on this study, derivative instruments affect
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fluctuations. Ray et al. (2011) have also examined the effects of financial
derivatives on stock market fluctuations in India. The results showed that
fluctuations level in the period of introduction of the derivative instruments
increased as compared with the periods before using the derivatives. Singh et
al. (2015), by examining the effect of derivative instruments on the Indian
currency market fluctuations, using the GARCH model, have verified that the
existence of derivatives led to a decrease in foreign exchange market volatility
in India.

3 Methodology

To test the hypothesis, a Copula function and Kendall's tau have been
employed. A Copula is a multivariate cumulative distribution function for
which marginal probability distributions for random variables are uniform.
These functions are used to define the correlation and co-movement between
two or more random variables (Schmidt, 2006). Due to this characteristic,
Copulas are widely used in modeling the risk. According to Sklar’s Theorem,
any multivariate joint distribution can be written in terms of univariate
marginal distribution functions and a Cupola that describes the dependence
structure among the variables (Sklar, 1973). Based on Fisher's random number
generation, if X is a continuous random variable with a distribution function
F, then U=F (X) has a uniform distribution in the interval [1, 0] (Patton, 2002).
Then based on Sklar’s theorem, for any d-dimensional distribution function,
F, with marginal CDFs F;.F,, ..., F;, there is a d-dimensional copula, C, such
that

F(xq, %5, ., Xq) = C(F1(x1), ..., Fg(x4)) (1)
And the copula function is:
C(uq, Uy, ooy ug) = F(FT (), ..., F7 1 (ug)) )

In this relation, F;"* is an inverse function of the marginal distribution and
U~Unif (0,1) (Nelsen, 1999). With some algebraic calculations to obtain the
density function, the dependence structure will be as follows:

adF(xl,xz,...,xd)) — adC(Fl(X1),...,Fd(Xd))
0x10x5..0 xgq 0x10x,..0 xgq

Or

f1Gen). £, Gen) o f () 3)
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fOa, %2, %) = C(ug, Uy, o, ug)- f1 (1) f2 (1) won fa (xg) 4)

The above equations mean that the joint density function is the
multiplication of the copula density and the density of the single-variable
margins. Hence, we can say that Copula has all the information about the
dependence structure.

In financial literature, Pearson Linear Correlation Coefficient is one of the
methods used to determine dependence (For example, studies by Bertero et al.
(1990), Baig et al. (1999)). But in the following years, Stambaugh (1982),
Boyer et al. (1999), Forbes and Robin (2002) showed that this coefficient
provides the results with bias when the mean and variance of variables are not
constant. Embrechts et al. (2001) and McNeil et al. (2005) showed that simple
correlation coefficients only provide accurate measurements for elliptical
distributions, and an alternative method for measuring correlation should be
adopted if the distribution of variables is not elliptical. Rank correlation
coefficients (Kendall’st and Spearman’s p) are very much considered in
solving the mentioned problems. Rank correlations are also useful in
measuring the dependence structure among the copulas.

Although each of the copulas has its dependence parameter, they are not
easily comparable. For example, the Clayton and Gumbel Copula parameters
are respectively in the intervals (0,00) and (1,00), but the correlation coefficient
is in a more limited interval (-1, 1) (Horta et al., 2008).

Kendall’s 7 and Spearman’s p are defined as follow:

1,1

pspearman(Xl'Xz) =12 fo fo (C(ug, uz) — uguz)dusdu, (%)
1 (19C(uguz) 9C(ug,uz)

Trendau (X1, X2) =1 =4[ [; au;luz au;zuz du,du, (6)

Different types of copula in literature and the studies of Nelson (1999) and
Joe (1997) were used to modeling the dependence structure. But Gumbel,
Frank, Clayton, and t-Student Copulas have mostly used in financial and
insurance market studies. The Gumbel copula is defined as follows:

Ce = (w,v;6) =exp {—[(—lnu)g + (—lnv)‘s]‘ls} , 0 €[1,00) (7)

3.1 This copula has a lower tail dependence and upper tail
independence.

Conversely, the Clayton copula is characterized by an upper tail dependence
and lower tail independence:
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-1
Ca=wv;0)={uf+v?9-1}%, >0 (8)
3.2 And, the Frank copula has lower and upper tail dependences:

_ ) _ __1 (e—au_l)(e—av_l)
Cr=Wva)= - In [1 t—y ]

(€))
The Frank Copula has asymptotic tail independence. Unlike Frank Copula,
Gumbel and Clayton Copulas show the dependency on one of the tails and
have asymmetric dependence.
Finally, the t-Student copula is symmetric and shows the tail dependence:

-v—1

: _ (v tyt) 1 s2-2pst+t?) 2

cwwvv,p) =[S " [, 27#1__/)2{1 $I2) T dsae (10)
The coefficient of tail dependence in this copula is equal to:

=2 =2[1 =ty (Jw+ DA - p)/A+p)] (11)

In this relation, ¢, is a standard univariate t distribution with a v+1 degree

1
of freedom. Two random variables with copula C (u,v; v, p), even in a non-
correlation state, can have asymptotically tail dependence. The correlation
coefficient is zero, and v — o« means independence. If the correlation
coefficient is opposite zero, then v — oo, so, the Copula is normal with tail
independence. It is better to use Gaussian Copulas (Clayton, Gumbel, and
Frank) or t Copula when the variables have a symmetrical dependence
structure. In general, if dependence was seen more on the left of the
distribution, the Clayton Copula is more appropriate, and the Gumbel Copula
is used if the dependence is greater on the right of the distribution (Trivedi and
Zimmer, 2005). Clayton and Gumbel Copulas cannot be used to model a
negative relationship. But the use of the above copulas helps solve the problem
since there usually is a positive dependence between the stock returns. Frank
Copula is symmetric and has advantages as compared with the Gumbel,
Clayton, and t Copulas because it offers a more straightforward estimate of
the dependence structure due to its simple analytical form. It is also suitable
for variables with poorly dependence structure (Trivedi and Zimmer, 2005).
In the following, a two-stage method is used for testing the hypothesis.
Firstly, the ARMA-GARCH model is estimated for each country, and
accordingly, the filtered returns are extracted. Then, for these returns, proper
distribution is identified by Akaike criteria. Secondly, the Copula function is
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estimated depending on the distributions, and Kendall's rank correlation
coefficient is calculated for each pair of series. The null hypothesis is the
absence of financial contagion:

(12)

{HO = AT = Tipisis — Tpre—crisis <0
Hy = AT = Tgpigis — Tpre—crisis =~ 0

The data of this study include the stock indices and futures transactions.
The stock indices of NIFTY50 and CHINASO represent the top 50 Chinese
and Indian companies, respectively. The index of S & P500 tracks the stocks
of 500 large-cap US companies. The stock index of BOVESPA is for the top
60 Brazilian companies. Finally, the RTSI is the Russian stock exchange
index. By using these indices (P;¢), the stock return (R;;) is calculated as
follows:

Ryt = In(Py/Piz—1) (13)

4 Empirical Results
Before anything, the descriptive statistics of the stock returns and futures are
presented in the tables (1) and (2).

Table 1
Descriptive statistics of stock returns index
RCHINAS( RNIFTYS0 RBOVESPA RRTSI RSP500

Mean 0.007544 0.001586 0.00398 -0.003787  0.005893
Median 0.006343 0.009894 0.00409 0.001824 0.010236
Maximum 0.247376 0.169166 0.156733 0.266842 0.107723
Minimum -0.306665 -0.296067 -0.284971 -0.449138  -0.169425
Skewness -0.660791 -0.686779 -0.525656 -0.801567  0.041683
Kurtosis 7.412543 4.525201 4.747318 6.160045 -0.77802

Source: Research Findings
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Table 2

Descriptive statistics of stock futures index

RCHINAS( RNIFTYS0 RBOVESPA RRTSI RSP500

Mean 8190.052 109.6402 26813.94 5956.172 1668.289
Median 8482.5 110.1243 26970.07 6065.755 1514.375
Maximum 23200 156.4002 44729.16 6984.43 2017.5
Minimum 0 53.632 10138.05 3830.09 734.25
Skewness 4818.55 20.8604 9144.529 726.5337 526.2931
Kurtosis 0.199373 -0.532697 0.143931 -0.894066  0.450679

Source: Research Findings

Based on the skewness and kurtosis statistics in the mentioned tables, in
general, the variables are not normally distributed, even though the US and
Brazilian stock indices are close to the normal distribution.

To represent more details, Figures (1) and (2) illustrate the co-movements
of the stock indices altogether and separately for each country, respectively.
According to these Figures, all indices have co-movement with the US stock
index. The trend of Stock returns also shows a critical point in the tenth month
of 2008. However, for more accurate modeling, the starting point of the crisis
is considered to be September 2008. Therefore, the pre-crisis period is from
January 2007 to August 2008 (Horta et al., 2008), and the United States is the
source of the 2008 financial crisis.
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Figure 1. Co-movements of stock return indices. Source: Research Findings
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Figure 2. Return Indices for the studied countries. Source: Research Findings

Before estimating the model, the tests of studied data stationary are
presented in Tables (3) and (4). The results show all the indices are stationary,
according to the Dickey-Fuller test.

Table 3

Dickey Fuller's unit root test for stock returns indices
Country Symbol Dickey-Fuller (DF)  p-Value Null Hypothesis
China RCHINAS50 -11.18712 0.0000 Lack of unit root
Brazil RBOVESPA -9.755671 0.0000 Lack of unit root
United States RSP500 -9.997740 0.0000 Lack of unit root
India RNIFTY50 -10.51245 0.0000 Lack of unit root
Russia RRTSI -8.523799 0.0000 Lack of unit root

Source: Research Findings
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Table 4

Dickey Fuller's unit root test for futures indices
Country Symbol Dickey-Fuller (DF)  p-Value  Null Hypothesis
China RCHINASO  -10.73821 0.0000 Lack of unit root
Brazil FBOVESPA  -10.24468 0.0000 Lack of unit root
United States FSP500 -10.61810 0.0000 Lack of unit root
India FNIFTY50 -11.13393 0.0000 Lack of unit root
Russia FRTSI -9.924282 0.0000 Lack of unit root

Source: Research Findings

The next step is to assess the significance of the ARCH effects. Table (5)
indicates the test done by using ARCH-LM statistics. According to the results,
the existence of the ARCH is not rejected, and therefore, we can use the
GARCH model for dependence modeling by considering heteroskedasticity.

Table 5
ARCH-LM test results
Countries Statistics Calculated statistics P-Value
China F 11.406931 0.0000
Obs*R-Squared 13.838080 0.0000
Brazil F 21.821565 0.0000
Obs*R-Squared 21.823923 0.0000
United States F 9.177741 0.0029
Obs*R-Squared 8.723984 0.0031
India F 21.51696 0.0000
Obs*R-Squared 18.85092 0.0000
Russia F 11.50178 0.0009
Obs*R-Squared 10.76086 0.0010

Source: Research Findings

In the following, the existence of contagion for each country is tested, and
the results are presented in Table (6).

Table 6

Results of financial contagion
Pair of Countries p-value At
China/ USA 0.00171 0.07238
Brazil/ USA 0.0019 0.0953
India / USA 0.00971 0.03824
Russia / USA 0.0002 0.2126

Source: Research Findings



The Effect of Derivative Instruments on the Contagion of Stock Markets ... 487

The results given in Table (6) confirm the existence of contagion between
each country, and the US is accepted. Consequently, given the existence of
the contagion, we test the hypothesis. Before doing so, at first, the correlation
coefficients are estimated and given in Table 7. Based on this table, the model
of all countries is ARMA (0, 0)-GARCH (1, 1).

Table 7
Results of correlation coefficients
Country Stock Return Index ARMA (p,q)-GARCH (r,s) Model
China RCHINAS0 ARMA(0,0)- GARCH(1,1)
Brazil RBOVESPA ARMA(0,0)- GARCH(1,1)
United States of America RSP500 ARMA(0,0)- GARCH(1,1)
India RNIFTY50 ARMA(0,0)- GARCH(1,1)
Russia RRTSI ARMA(0,0)- GARCH(1,1)

Source: Research Findings

The filtered data are needed to apply the derivatives in the model and
testing the hypothesis. The residuals of the above-estimated model are
employed to extract the filtered information. The filtered return distributions
are used as inputs to estimate the copula model as well as the Kendell
coefficients. Table (8) shows the Akaike statistics for the filtered returns
distribution during the crisis period by taking the derivative instruments into
account.

Table 8
The filtered returns distribution during the crisis period with derivative
instruments

Index Logistic Normal  Ext-value t- Ext-value
min student  max
RCHINASO0 352318 340.94 140.73 229.014  254.865
RBOVESPA 813.285 817.895  798.35 288.577  488.607
RSP500 400.43 1122.165 1090.07 228.569  881.124
RNIFTY50 201.92 354.176  265.360 228.96 94.42
RRTSI 273.479 245.846  208.896 229.528  784.182

Source: Research Findings

As shown in Table (9), the distribution of the filtered returns of the Chinese
and Russian stock exchanges is a logistic one. Similar to the t-Student
distribution, the logistic one indicates a heavy-tailed distribution. On the other
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hand, based on the results, the distributions of Brazil, the US, and Indian are
normally distributed.

Table 9
Distribution of filtered return by taking the derivatives into consideration
Index Proper distribution
RCHINAS0 Logistic
RBOVESPA Normal
RSP500 Normal
RNIFTYS50 Normal
RRTSI Logistic

Source: Research Findings

By identifying the proper distributions, the next step is to estimate the
appropriate Copulas. The estimated copulas parameters with Akaike statistics
are presented in Tables (10) and (11).

Table 10
Estimates of Copulas after the crisis and before introducing the derivative
instruments

Pair of Index Criterio Clayto Fran  Gumbe Norma t-
Countrie n n k 1 1 studen
S t
USA/ C- MLE fit 1.167 3.746  1.583 0.68 0.68 &
China RSP500/C- 3)
RCHINAS0 AIC 36.71 35.16  46.03 44.28 50.70
LL 20.41 19.63  25.06 23.15 27.40
USA / C- MLE fit 1.22 391 1.62 0.62 0.62 &
Brazil RSP500/C- (6)
RBOVESP  AIC 43.03 36.98  47.17 46.79 47.008
A LL 23.56 20.54  25.63 24.41 25.56
USA / C- MLE fit 1.6170 4851  1.808 0.688 0.68 &
India RSP500/C- ®)
RNIFTYS50  AIC 67.48 54.19  61.036  62.65 62.108
5
LL 26.39 29.14  32.56 32.34 33.105
USA / C- MLE fit 1.39 4.31 1.69 0.72 072 &
Russia RSP500/C- (40)
RRTSI AIC 44.14 43.70  53.22 57.50 55.27
LL 24.12 23.90  28.66 29.77 29.68

Source: Research Findings
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Table (11): Estimates of copulas during the crisis period after introducing

the derivative instruments

Pair of | Index Criterion Clayton Frank Gumbel Normal t-
Countries student
USA /| RSP500/RCHINAS0 MLE fit 0.57 2.09 1.28 0.21 0.21&
China (6)

AIC 6.05 9.61 9.31 9.30 8.22

LL 5.08 6.86 6.70 5.66 6.16
USA /| RSP500/ RBOVESPA | MLE fit 0.07 0.34 1.03 0.05 005 &
Brazil ®)

AIC 3.80 3.73 3.72 1.64 2.73

LL 0.14 0.18 0.19 0.192 0.68
USA /| RSP500/ RNIFTY50 MLE fit 0.06 0.29 1.03 0.07 007 &
India (40)

AIC 3.45 3.82 4.03 2.01 437

LL 0.32 0.13 0.03 0.007 0.13
USA /| RSP500/ RRTSI MLE fit 0.43 1.65 1.21 0.13 0.13 &
Russia (5)

AIC 3.46 4.07 6.05 4.39 4.07

LL 3.78 4.08 5.07 3.21 4.08

Source: Research Findings

Comparison of the Coppola parameters for the crisis period before taking
the derivatives into account with copulas parameters after introducing the
derivatives shows that the Coppola parameters have decreased after the
introduction of the derivative instruments in all the countries. It indicates a
reduction of the contagion after the introduction of the derivative instruments.
The appropriate copulas for each pair of countries are presented in Table (12).

Table 12

Proper Copula
Pair of Countries Copula
China/ USA Frank
Brazil/ USA Clayton
India / USA t-Student
Russia / USA Gumbel

Source: Research Findings
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As stated, in addition to the copula parameters, Kendall's correlation
coefficient is the other method to examine the dependence. The rank
correlation coefficients before and after the introduction of the derivative
instruments are presented in Tables (13) and (14), respectively.

Table 13

Rank correlation coefficients before introducing derivative instruments
Pair of Countries Clayton Frank Gumbel Normal t-Student
China/ USA 0.36 038 0.36 0.47 0.43
Brazil/ USA 0.45 0.42 0.42 0.48 0.49
India / USA 0.41 0.42 0.39 0.52 0.51
Russia / USA 0.36 0.35 0.36 0.42 0.44

Source: Research Findings

Table 14
Rank correlation coefficient (t) during crisis after introducing derivative
instruments

Pair of Countries Clayton Frank Gumbel Normal t-Student
China/ USA 0.27 0.23 0.19 0.12 0.16
Brazil/ USA 0.073 0.033 0.032 0.075 0.051
India / USA 0.13 0.19 0.15 0.101 0.102
Russia / USA 0.07 0.05 0.02 0.06 0.06

Source: Research Findings

A comparison of Table (14) with Table (13) proves the negative effect of
the derivative instruments on the co-movement and contagion. Finally, the
research hypothesis is examined and presented in Table (15). According to the
results, A7 in the US / India is larger than those for other pairs. It means that
the derivative instruments can have a significant effect on the reduction of
financial contagion in India. On the other hand, A7 for the US/China is the
least. In this framework, the size of the derivative instruments’ effect on the
contagion is different from one country to another.

The results in the table (15) indicate that the null hypothesis of the no
negative effect of the derivative instruments on the contagion is rejected. So,
the research hypothesis is verified.



The Effect of Derivative Instruments on the Contagion of Stock Markets ... 491

Table 15

The Hypothesis Test
Pair of Countries p-value At
China/ USA 0.011184 0.20
Brazil/ USA 0.000042 0.29
India / USA 0.000003 0.399
Russia / USA 0.001529 0.37

Source: Research Findings

5 Conclusions and Policy Implications

The primary purpose of the present study is to examine the effect of the
derivative instruments on the stock market contagion using monthly stock
indices and stock futures for the developing countries, including Russia,
China, India, and Brazil, during the period 2007:1-2018:08. For this, we have
employed the Copula function as well as Kendall rank correlation coefficients.

There are two different views regarding the effect of derivatives on the
contagion. The first view is linked to a positive effect of the futures on the
spot market fluctuations. The second one is related to the negative effect of
the futures on the contagion. In the framework of the latter view, the futures
attract minor actors to the market. Furthermore, the transaction cost in the
futures market is lower than spot markets. Therefore, the speed of entering
new information into the futures market is higher, and through this, the futures
market could provide a way to transfer information to the spot markets, which
consequently reduce the volatilities of spot markets.

The results of this study indicate that both the copula dependence
parameters and the Kendall rank correlation coefficients have decreased by
considering the derivative instruments. It means a negative effect of the
derivative instruments on the stock market contagion. Given the results of the
present study, the derivative instruments should be developed, especially
when the economy moves toward openness. In this case, the stock markets can
be immune and resist the fluctuation originated from the external sources. The
other policy is to promote the information content and social responsibility of
stock companies so that the informed speculators use the financial
instruments, which consequently make the depth of the fluctuations less than
before. For instance, financial derivative instruments are not widely used and
developed in Iran's stock market, but the stock market has historically
influenced by global financial crises. Developing derivative instruments and
informing investors to make use of these instruments can make the financial
markets safe from the crises.
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This study aimed to investigate the role of financial and non-financial determinants of the
sustainability of Iranian banks. Accordingly, the sustainability score of 27 public and
private Iranian banks were evaluated in 2017 by employing a sustainability model. The
model was developed by the acquisition of sustainability codes, themes, and categories
in the banking industry through Meta Synthesis, while its casual structure was determined
by a combined method of Interpretive Structural Modeling and Analytical Network
Process. Subsequently, we calculated the sustainability scores by using our proposed
model to analyze the content of the banks’ disclosed information. Then, the effect of
capital adequacy, total assets, financial leverage, loan to deposit ratio, return on assets
and number of branches were investigated using multiple regressions on the banks'
sustainability scores. Findings depict that total assets have a positive and significant
relationship and capital adequacy has a negative and significant relationship with a bank's
sustainability. Therefore, banks with more assets are more willing to participate in
sustainability activities, due to more appropriate financial resources, as well as to support
the bank's brand and its reputation to stakeholders. On the other hand, due to the wrong
belief that sustainability is costly, and non-value adding for the banks, they get less
involved in order to increase their capital adequacy ratio.
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1 Introduction

Today, due to the effects of organizations activity on society, the environment,
and the economy, attention to the issues of sustainability and corporate social
responsibility (CSR)has increased, because most decisions that organizations
take will affect different stakeholders; therefore, considering sustainability
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issues and influencing factors is one of the concerns of any organization's
stakeholders(Horrigan, 2010). Over the last 50 years, phenomena and issues
such as pollution, resource scarcity, waste, salaries and employee safety, and
organizational scandals have increased. Therefore, attention to corporate
social responsibility is important to deal with these issues (Carroll & Shabana,
2010). In the past, the main purpose of managers in financial theories was to
maximize financial performance, stock value, and shareholder profit, whereas
every organization is also responsible for other stakeholders such as
customers, employees, community, competitors, and suppliers. Hence,
consideration of the rights of other stakeholders and ethical, environmental,
and social issues in the processes and strategies of the organization is referred
to as "sustainability”. Financial institutions, especially the banks, play a key
role in sustainability issues because they provide a wide range of services to
the community and as a financer of projects, play an important role in
investing and creating responsible businesses for the community and the
environment (Akin & Yilmaz, 2016). Taking into account, sustainability in
the organization's strategy is like a tool that establishes a balance between
financial and non-financial goals and is also considered to be concerned with
the interests of the community and the environment.Therefore, it is
indispensable to investigate the bank's sustainability activities and the factors
affecting it. Accordingly scrutinizing the relationship between the bank's
sustainability performance and various bank characteristics is fruitful and
desirable to the scholars (Saha, 2018).

The banks, in the past, seemed to have a little effect on the issues related
to sustainability, compared to other industries(Kili¢, Kuzey, & Uyar, 2015).
But new studies have shown that this understanding is inconsistent with
reality, Because banks, as an investor, influence the activities of other
organization and may finance projects that engage in irresponsible social and
moral activities(Branco & Rodrigues, 2008; Douglas, Doris, & Johnson, 2004;
Scholtens, 2009).In this regard, social responsibility in the bank is the process
of managing the social and environmental impacts of bank economic activities
on specific groups and even the entire society (Gray, Javad, Power, & Sinclair,
2001).This definition covers various social and economic aspects such as
employee issues, community participation, environmental concerns, and other
ethical issues.Social Responsibility is related to the interaction of the
organization with society(Castelo Branco & Lima Rodrigues, 2006). In
addition to the power and influence of banks on the economic and social
development of countries, the impact of banks on the environment is also
significant(Achua, 2008). Branco and Rodriguez (2006) pointed out that
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financial institutions, as responsible independent institutions, have a great
impact on the environment. Thompson and Couthon (2004) considered some
banks as pollutant industriesactivities facilitator for the environment.
Therefore, Banking activities, such as investment policies and facility
provision, are as important for the environment as the direct effects of
companies in pollutant industries(Branco & Rodrigues, 2008). On the other
hand, these financial institutions consume large quantities of sources such as
paper and energy. Therefore, the adopted policies are of great importance in
environmental activities by banks to save energy and natural
resources(Birindelli, Ferretti, Intonti, & lannuzzi, 2015). Then, it can be
acknowledged that banks have an important role in the development of
sustainability in each country and their sustainability performance and
effective factors on it should be considered.

Organizations in different sectors consider sustainability issues in their
strategiesfor a variety of reasons, including reputation, competition, the need
to legitimize community activities and meet legal requirements(El-Bannany,
2007). Hamid (2004) stated that because of the diversity of sustainability
issues in different sectors, sustainability issues in each industry have a certain
pattern, all of which industry organizations are complying with.Therefore, the
effecting factors and characteristics (financial and non-financial) in each
industry should be investigated separately on the sustainability of
organizations and this research addresses this important issue in the banking
industry. Sustainability activities are beneficial to both the Bank's
stakeholders and shareholders and are a win-win game(Wu & Shen, 2013).

The banks generally play an important role in the economic development
of each country (Beck, Demirgilig-Kunt, & Levine, 2010; Levine, 2005; Shen
& Lee, 2006). The main function of the banks as a mediatorbetween depositors
and creditors, makesa healthy banking system play a pivotal role in the
country's sustainable welfare(King & Levine, 1993).In this regard, as banks
use significant resources from the community, they are more responsible for
providing feedback to the community than other industries; The bank's assets,
for example, are funded directly from depositors, not shareholders.Scholtens
(2009) states that Organization for Economic Cooperation and
Developmentmember countries consider savings accounts for investment in
social and environmental issues; Therefore, banks in most countries have
considered economic activities aimed at sustainable development.However,
considering sustainability issues has benefits for society, the environment, the
economy, and future generations.But it worth noted that some organizations
are using sustainability reports as portrayal toolsand don't really care about



498 Money and Economy, Vol. 14, No. 4, Fall 2019

their core responsibilities for sustainability (Adams, 2004; Boiral, 2013;
Patten, 2012).

Consequently, giving attention to the importance of sustainability in the
banking industry, the main purpose of the present study is to investigate the
financial and non-financial determinants affecting Iranian
banksustainability.In this regard, the main question of the study includes what
determinants  (financial and non-financial) affect Iranian banks'
sustainability?There are two novelties in this study: the first one is related to
the structural model provided to achieve the sustainability score of the banks
as a dependent variable and the latter one is investigating the effects of
financial and non-financial variables (as independent variables) on the Iranian
banking sustainability score, so far, it has been neglectedby the scholars and
practitioners within the country.

In the remainder of the paper, the theoretical background and literature
review related to the determinants affecting bank sustainability and CSR are
discussed in section 2. Then, section 3 scrutinizes the research methodology
and data collectionwhereas section 4provides the banks' sustainabilityscores
and investigates the relationships between the independent factors and the
bank sustainabilityby the means of the ordinary least squares(OLS)
regressionmodel. Ultimately section 5, discusses the conclusions and some
managerial implications.

2 Theoretical Foundations and Literature Review

2.1 Sustainable Bank

A sustainable bank is a bank that observes environmental, natural resources,
and human rights issues in its internal processes, payment facilities, and
investments and strives to flourish society by contributing effectively(Weber,
2016). Sustainability in the bank has several dimensions. The first is the
environmental dimension, which refers to the consideration of proper energy
consumption within the bank's internal processes, attention to environmental
issues in payment facilities, mitigation of environmental impacts of products
and services and so on.The second dimension deals with economic issues; the
purpose of this is to examine the economic implications of the Bank's
activities, the Bank's participation in the national economy, the development
of domestic infrastructure, participation in international businesses, and so
on.the third dimension, as mentioned in most of the researches, is social; it
refers to bank participation in society, effects of products and bank activities
on society, considering the rights of bank stakeholders including employees,
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customers, and others in the community(Sobhani, Amran, & Zainuddin,
2012).

2.2 Determinants Affecting the Banks Sustainability in Previous
Studies

Several factors have been investigated to influence the bank's Sustainability.
This section attempts to review the effective banking factors on the
sustainability of these financial institutions, using a research background and
appropriate indicators to measure these factors are also provided.

2.2.1 Bank Size

Bank size is one of the factors that has always been investigated in relation to
CSR and sustainability.Most researchers have found a significant positive
relationship between bank size and different dimensions of bank
sustainability(Akin & Yilmaz, 2016; Andrikopoulos, Samitas, & Bekiaris,
2014; Bose, Khan, Rashid, & Islam, 2018; Branco & Rodrigues, 2008; Chih,
Chih, & Chen, 2010; El-Bannany, 2007; Hu & Scholtens, 2012; Kili¢ et al.,
2015; Sharif & Rashid, 2014; Wu & Shen, 2013), Because large organizations
have more stakeholders, they are more pressured by society, the media, and
the government to address sustainability issues(Hackston & Milne, 1996).In
this regard, Watts and Zimmerman (1986) argue that large organizations are
more likely to disclose information about their social responsibilities because
they are exposed to society's vision. As well as according to the legitimacy
theory, it can be said that large organizations are under the supervision of
different sections of society(Saha, 2018).Large organizations also have more
resources to spend on environmental and social activities(Veronica Siregar &
Bachtiar, 2010).

El-bannany(2007) describes five reasons for sustainability and social
responsibility disclosure: 1) Motivation to compete: Large companies are more
capable of competing in the market than small companies and this might
motivate these companies to disclose more information in all areas.2)
Requesting of the external fund. Large companies depend on obtaining
external funds and hence disclosing wider information might help in attracting
more investors from different interest groups to invest in these companies.3)
Legitimacy theory:Legitimacy is defined as “a generalized perception or
assumption that the actions of an entity are desirable, proper, or appropriate
within some socially constructed system of norms, values,beliefs, and
definitions” and large companies rather than small ones might be more
interested in fulfilling this assumption by disclosing some information about
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their social and environmental activities in their annual reports to improve
their image in the society and hence legitimize their existence.4) Government
monitoring: Large companies tend to disclose social information in the annual
reports to avoid government interfering because large companies are more
monitored by the government than small companies because of their effects
on society.5) Political visibility: Large companies are more politically visible
and hence requested to be involved in social activities than small ones. On the
other hand, some studies have found no relationship between size and bank
sustainability performance(Saha, 2018; Ullah & Rahman, 2015). Several
indicators have been used to measure bank sizes, such as total assets, number
of branches, number of employees, and total income; the most used indicator
in the study is the total asset.

2.2.2 Profitability

Profitability is also one of the factors that have been frequently investigated
by researchers as influencing bank sustainability and social responsibility but
the result are not so specific about the effect of this factor on the bank's
sustainability. Some studies have found a positive relationship between bank
profitability and sustainability (Branco & Rodrigues, 2008; Hu & Scholtens,
2012; Khalil & O’sullivan, 2017; Saha, 2018; Sharif & Rashid, 2014; Simpson
& Kohers, 2002). Belkaoui and Karpik (1989) argued that profitable
organizations have the necessary knowledge necessary to engage in social
activities.Dye (1985) also argued that profitable organizations disclose
information about social activities in order to improve their social image in
the community and to differentiate themselves from other organizations.But
the main reason for the positive impact of profitability on bank sustainability
and CSR is stated by Cowen, Ferreri, and Parker (1987): Profitable
organizations, due to available financial resources, are more likely to
participate in social and environmental activities. On the other hand, several
studies in the banking industry have found no relationship between
profitability and sustainability and bank social responsibility performance
(Akin & Yilmaz, 2016; Andrikopoulos et al., 2014; Chih et al., 2010; Hamid,
2004; Soana, 2011; Ullah & Rahman, 2015). On the contrary, some papers
show a negative relationship between profitability and sustainability
indicators (Bose et al., 2018; El-Bannany, 2007).In fact, the reason for this
negative relationship is that when a bank is profitable, it is preferable to
continue its existing processes and activities and do not participate in other
costly activities such as social activity and environmental protection. A
number of indicators have been used in bank research for profitability that the
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most important ones are the Return on Asset (ROA), Return on Equity(ROE),
and profit margin.

2.2.3 Bank Age

Another factor that has been overlooked in terms of both profitability and bank
size is Bank Age. Few studies in the banking industry have found a positive
relationship between age and sustainability score(Akin & Yilmaz, 2016;
Menassa, 2010). According to the legitimacy theory, the reason for this
positive relationship is that older banks strive to maintain their credibility over
many years of market presence(Menassa, 2010). Many papers have found no
significant relationship between bank age and the sustainability and social
responsibility activity(Bose et al., 2018; El-Bannany, 2007; Hamid, 2004; Hu
& Scholtens, 2012; Khalil & O’sullivan, 2017; Ullah & Rahman, 2015)The
only Saha (2018) found a negative relationship between bank age and social
responsibility disclosure. He pointed out that the new entrants banks tend to
increase their market share by providing more sustainability and CSR
disclosure.

2.2.4 Financial Leverage

The effect of leverage on bank social responsibility has been analyzed in a few
studies.Financial leverage means using debt to finance assets(Khalil &
O’sullivan, 2017). Researchers' findings have shown that further analysis is
needed to investigate the effect of this factor on bank sustainability.Jensen and
Meckling(1976), based on the agency theory, stated that highly leveraged
institutions are trying to reduce their agency costs. Accordingly, these
organizations tend to reduce agency costs by disclosing social and
environmental activities. On the other hand, Purushothaman, Tower,
Hancock, and Taplin (2000) noted that organizations with high financial
leverage have a close relationship with their creditors and provide
sustainability reports to them, so that makes this information not publicly
available.Uwuigbeand Egbide (2012) stated that organizations that are heavily
indebted and at risk of bankruptcy are less likely to impose the additional costs
of participating in social and environmental activities.

But this is not the case for banks because much of the bank's liabilities
come from deposits, not from bank debt. Thereupon, as deposits increase,
financial leverage also increases, which is due to the attraction of more
customer deposits, which also generates revenue(Khalil & O’sullivan, 2017).
Hence, most of the studies that examined the relationship between financial
leverage and bank sustainability have found positive and significant results
(Andrikopoulos et al., 2014; Bose et al., 2018; Khalil & O’sullivan, 2017; Wu
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& Shen, 2013). Sanchez, Cuesta-Gonzalez, & Paredes-Gazquez (2017) also
found no relationship between financial leverage and bank social
responsibility. There are many indicators for financial leverage, but according
to the literature, the ratios of debt to equity and debt to total assets have been
frequently used.

2.2.5 Ownership Structure

Some studies have also examined the impact of ownership structure on the
social and environmental responsibilities of banks.The ownership structure is
how the bank owns the shares(Khalil & O’sullivan, 2017). The conflict
between managers and shareholders increases when the number of owners of
an organization grows (Jensen & Meckling, 1976). As a result, the tendency
for sustainable activities to reduce agency problems increases(Khalil &
O’sullivan, 2017). Therefore, if the number of owners is few, participation in
sustainability activities will also decrease. On the other hand, some
researchers have found a positive relationship between the low number of
owners and social and environmental reports. They state that when a company
has limited shareholders, the information disclosed reflects the interests of
those shareholders(P.H. Fan & Wong, 2002). As a result, lower shareholders
pressure more on managers to participate in sustainability activities(Anderson,
Mansi, & Reeb, 2003).Many studies have shown a positive relationship
between government share in bank ownership and participation in social and
environmental activities (Akin & Yilmaz, 2016; Bose et al., 2018; Khalil &
O’sullivan, 2017; Saha, 2018). On the contrary, Hu and Scholtens(2012)
found no relationship between the number of shareholders and the bank's
social responsibility. An indicator of the number of shareholders or the share
of the government in a bank's ownership can be used to measure the ownership
structure.Another indicator is bank releasing on the stock exchangewhich
many studies have shown that it increases the bank's accountability to
stakeholders and shareholders, leads to greater attention to bank sustainability
issues(Akin & Yilmaz, 2016).

2.2.6 Board Structure

Bank Board also influences the bank's social and environmental
activities.There are three main indicators in this regard: the number of board
members, the composition of the board, and the number of female board
members. Board members are one of the most important monitoring factors
on management performance in organizations(Said, Hj Zainuddin, & Haron,
2009). Due to the complexity of the banking industry, board members play a
vital role in managers' behavior and strategies(De Andres & Vallelado, 2008).
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Increasing the number of board members reduces the power of
executives(Kathy Rao, Tilt, & Lester, 2012).On the other hand, the large
number of these members leads to lack of coordination and communication,
low decision making speed and risk ofmanagers over-controlling(De Andres
& Vallelado, 2008; Kathy Rao et al., 2012). Increasing board members
reduces the quality of financial reports because the board will not be able to
play an effective role(Said et al., 2009). On the other hand, increasing board
members will provide a resource of different expertise and experiences to
banks that have more concerns about social and environmental issues(Bose et
al., 2018). Kilis et al (2015) stated that the larger number of board members
provides more communication with a broad range of stakeholders and allows
the bank to participate in sustainability activities due to greater access to
financial resources. The only research that has found a positive relationship
between board members and bank sustainability performance was Bose et al.
(2018).0Other studies found no significant relationship between these two
variables(Barako & Brown, 2008; Branco & Rodrigues, 2008; Kili¢ et al.,
2015).

The second indicator is the composition of the board, which indicates the
number of non-executive members.The board non-executive members lead to
improved management oversight, reduced stakeholder conflict, and increased
effective management(De Andres & Vallelado, 2008; Kathy Rao et al.,
2012).The existence of non-executive members, due to differing perspectives,
encourages banks to participate in social activities(Haniffa & Cooke, 2005;
Khan, 2010). Some studies confirmed the positive relationship between these
two factors (Barako & Brown, 2008; Bose et al., 2018; Branco & Rodrigues,
2008; Kili¢ et al., 2015).The third indicator is the gender of board
members.Some studies found a relationship between board members' gender
diversity and sustainability reports (Barako & Brown, 2008; Branco &
Rodrigues, 2008; Kathy Rao et al., 2012; Khalil & O’sullivan, 2017; Kili¢ et
al., 2015).The reasons for the positive relationship include increased board
independence, increased quality of decisions made, and an appropriate
atmosphere in boardroom. According to Carter, Simkins, & Simpson (2003)
board diversity increases the independence of the board because directors with
heterogeneous gender, ethnicity or cultural backgrounds will ask questions
that might not be asked by directors with homogeneous backgrounds. In fact,
gender diversity increases accountability, resulting in an increase in the level
of disclosure (Kathy Rao et al., 2012). It may also vary from experience,
worldview, and expertise of female members. Moreover, according to Huse
and Solberg (2006)female directors have more wisdom and diligence than
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their male counterparts. Thus, the existence of female board members has
resulted in increasing the quality of decision making and finding suitable
solutions for CSR issues(Kili¢ et al., 2015).

2.2.7 Other Determinants

One of the factors that has been less examined, compared to the above, is
Capital Adequacy Ratio. This ratio serves as a criterion for the financial
stability of the bank which is expressed as a ratio of base capital to total risk-
weighted assets in percentage terms. Capital adequacy ratio is one of the
indicators of healthy performance and financial stability of financial
institutions. Banks should have sufficient capital to cover the risk of their
activities and be careful not to pass on the shocks to depositors. It seems that
banks with higher capital adequacy ratio provide more social and
environmental activity in CSR reports and if that ratio is low, the manager will
try to disclose less information so as not to show poor performance(Ullah &
Rahman, 2015). Two studies analyzed the impact of this ratio on banks 'social
responsibility performance. Findings showed that there is no significant and
positive relationship between capital adequacy and banks' social
responsibility(Ullah & Rahman, 2015; Wu & Shen, 2013).0n the other hand,
banks need to increase capital adequacy by increasing their capital through
income. Therefore, they reduce cost-effective activities, thus a negative
relationship between these two variables is also possible.

Another Determinant mentioned in some research on bank sustainability is
thecredit risk. AINajjar (2000) suggested that social responsibility may report
being disclosed by organizations that do not pay much attention to social
responsibility but via that control public opinion and maintain the reputation
of the organization.As a result, high-risk bank participates in social and
environmental activities to maintain their reputation. In fact, CSR reports are
used as a tool by high-risk banks to show that they are not only capable of
controlling high risk, but are also investing in social activities(El-Bannany,
2007). In order to maintain their appropriate image at the community. An
indicator used for credit risk is the ratio of loans to deposits. El-Bannany
(2007) found a positive relationship between credit risk and bank
sustainability performance, whereas Wu and Shen (2013) found no
relationship between these two variables.

Soana (2011) examined the impact of cost-to-income ratios on banks'
social responsibility performance and results indicated no significant
relationship between these two variables. Akin and Yilmaz (2016) analyzed
the relationship of net income to total assets ratio with the social responsibility
of Turkish banks and results showed that there was no significant relationship
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between them. In addition, El-Bannany (2007) used the ratio of bank deposits
to total bank deposits of the country as an indicator of bank market
share.However, the increase in bank market share is expected to increase the
bank's sustainability due to pressure by more stakeholders but the regression
results showed a negative relationship between market share and bank
sustainability performance. Therefore, banks with high market share have
been found to be reluctant to add the costs of participating in social and
environmental activities due to their profitability.

2.3 Previous Studies

A number of studies have been done abroad on the impact of determinants on
the sustainability of organizations and less research has been done on the
determinants affecting sustainability in the banking industry. Given that the
influence of organizational factors and characteristics on sustainability and
CSR in different sectors is different and depends on the type of organization.
Empirical researches have shown that the type of industry is an important
variable in determining these factors, in this section, we attempt to review
studies related to the Determinants affecting the sustainability and CSR of the
banks.

One of the first studies on the determinants of sustainability in the banking
industry was done by Simpson and Kohres (2002). The aim of the study was
to investigate the relationship between social responsibility and bank financial
performance.In this study, Community Reinvestment Act ratings were used to
measure social performance. Results emphasized that there is a positive
relationship between financial performance and social performance within the
banks. El-Bannany (2007) presented an article entitled "A Study of
Determinants of Social Disclosure Level in U.K Banks". Using multivariate
regression analysis, he concluded that market structure, investment in
information technology, risk factors, bank size, and profitability were
significantly correlated with the level of social reporting of banks But bank
age and listed banks are not significantly correlated with social
disclosure.Hamid (2004) found that the size, age, and listed Bank had a
significant impact on social responsibilitydisclosures.

Branco and Rodriguez (2008) investigated the Relationship between CSR
and Portuguese Banks using the Legitimacy Theory.In this paper, they
examined the relationship of four dimensions of CSR with four independent
variables of employees, total assets, profits, number of branches and indicators
of branch distribution using the Spearman correlation matrix. Findings
showed that all variables had an appropriate relationship with CSR. Chih,
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Chih, & Chen (2010) examined the factors influencing CSR in 520 financial
institutions in 34 countries during 2003 and 2005. The findings proved that
the more financial institution grows, the more it considers CSR,although there
is no relationship between corporate social responsibility and financial
performance. Also in fierce competition, Banks tended to participate in social
activities to gain competitive advantage. It also concluded that a good
employee-employer relationship, the existence of high-quality management
training institutions, and a proper macroeconomic environment have
significantly a positive relationship with the disclosure of CSR.

Braco and Brown (2008) examined the relationship between board
characteristics and Sustainability performance in Kenyan banks. Using
Multivariate regression revealed that the composition and gender diversity of
board members had a positive and significant relationship with Sustainability.
Soana (2011) also examined the relationship between financial performance
and Sustainability performanceand used accounting and market ratios for
financial performance. Using a correlation matrix, findings showed that there
is no relationship between financial performance and Sustainability
performance of banks.

Hu and Scholtens (2012) analyzed CSR policies in commercial banks in
44 developing countries. They then examined the impact of national and
banking characteristics on these policies. The regression model showed that
there is a significant relationship between total assets, rate of return on capital
and country characteristics including economic development and citizen's
freedom with banks' social responsibility policies.It also found that the
country's openness to foreign investments has a negative impact on CSR
policies.Sharif and Rashid (2014) analyzed the relationship between corporate
governance and CSR reports in Pakistani banks.The results of incremental
regression declared that there was a positive and significant relationship
between non-executive directors, bank size, ROE, and debt-to-equity ratio
with CSR reports.

Wu and Shen (2013) investigated the impact of financial performance and
other incentives on CSR in 162 banks in 22 countries. They used Heckman's
two-step regression. Findings debated a positive relationship between CSR
and ROA, ROE, interest and non-interest income, and a negative relationship
between Non-performing loans and CSR. Andrikopoulos, Samitas, and
Bekiaris (2014) in an article entitled "Corporate Social Responsibility Reports
in European Financial Institutions" employed multivariate regression to assess
the effects of bank size, financial leverage, profitability, and market value on
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book value. Finally, it was found that bank size and financial leverage had a
positive effect on CSR.

Kilic, Kozey, and Uyar (2015) first analyzed the CSR reports of banks in
five dimensions of environment, energy, human resources, products, and
community participation, and then examined the impact of board structure and
ownership factors on CSR scores. Findings depicted that bank size, ownership
structure; board composition and gender diversity on board were significantly
and positively correlated with CSR. Ullahand Rahman (2015) also analyzed
the relationship between bank characteristics and sustainability performance
in Bangladeshi banks. Ordinary least squares regression was used and the
results showed that there was no significant relationship between bank size,
profitability, costs and capital adequacy with sustainability performance in
Bangladeshi banks.

Akin and Yilmaz (2016) examined the determinants of corporate social
responsibility in Turkish banks.They, therefore, investigated the relationship
between the level of CSR disclosures and corporate governance features in
these banks.The results showed that bank ownership, type, and stock market
listedinfluencing these disclosures. In addition in another study, Yilmaz
(2012) showed that there is a significant relationship between financial
performance and CSR in Turkish banks.In 2017, Khalil and O'Sullivan
analyzed the environmental and social online reports of Lebanese banks, and
examined the impact of bank characteristics on the level of these reports, using
multivariate regression. It concluded that the net profit margin, total assets,
ownership structure, and financial leverage had a positive and significant
effect on the level of these reports and the region and bank age were not
significant.

Bose, Khan, Rashid, & Islam (2017) analyzed the determinants of green
banking with regard to corporate governance.The results showed that
corporate governance factors such as board size, ownership structure, and non-
executive board members have a positive relationship with green banking. In
2018, Saha discussed the factors that influence CSR and CSR costs.In this
paper, he also examines the relationship between CSR and CSR costs. The
results of this study showed that size, age, government ownership share in
banks affect CSR costs and CSR costs and profitability, age, government
ownership share, and Islamic bank affect CSR.

Limited research has also been done in Iran on the determinants of
sustainability and CSR. Dianati, Manteghi, and Esfahani (2016) examined the
impact of the bank type (private or public) on social responsibility reporting,
and the results showed private banks reported more. Amin Ali Vandy (2014)
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examined the impact of legitimacy theory on the social responsibility of banks.
Using the content analysis technique to analyze Iranian Banks' Sustainability
Reports, he concluded that the number of ATMs and existence in the stock
exchange list had an impact on the Bank's social responsibility report. Taghavi
fard, Habibi and Gorgin (2019) Evaluate Bank Sustainability Performance
Based on Multi-Attribute Utility Model. To evaluate the bank's sustainability
performance, they identified four groups of supervisors, shareholders,
customers, and staff-managers as stakeholders and assessed satisfaction with
each of them and ultimately obtained bank sustainability scores by using
Multi-Attribute Utility Model. The results indicated that privatized banks
were more sustainable than privately owned banks

Fakhari, Rezaei, and Noroozi (2017) used multiple linear regression and
concluded that disclosing social responsibility would lead to improved
investment efficiency in companies. Yablluei Khamesluei et al (2018)
examined the impact of disclosed sustainability indices on the earnings quality
of listed companies. Employing generalized least squares regression, they
concluded that disclosed sustainability indices had a significant positive effect
on earnings quality.

According to the literature, it is evident that the effects of financial and
non-financial variables on the sustainability of the banking industry have not
been examined within the country. Therefore, the main purpose of the present
study is to determine the effect of these factors on the sustainability
performance of Iranian banks.

3 Research Methodology

3.1 Research Method

In this study, a qualitative and quantitative mixed approach was employed as
applied research which can be classified into a descriptive correlation study.
The qualitative part of the study is about obtaining sustainability scores based
on the banks' sustainability assessment model. In order to obtain this model,
first, the Meta-Synthesis approach was employed to extract the bank's codes,
themes, and sustainability categories. Then, the Structural model of
sustainability assessment was obtained using Interpretive Structural
Modeling(ISM) and Analytical Network Process (ANP). We obtain
information about the bank's sustainability activities is through content
analysis of the sustainability reports, annual reports, social responsibility
disclosure on the bank's website and bank news (Nobahar, Dehghan Nayeri,
and Rajabzadeh,2019). Ultimately, the relationship between the sustainability
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scores and determinants of sustainability according to the literature were
scrutinized by a multivariateregression method.

3.2 Data Collection and Sampling

For data collection, firstly, the papers and research related to sustainability in
the banking industry have been studied with regard to the Meta-
Synthesisapproach. Then two series of questionnaires, one for interpretive
structural modeling and the other for pairwise comparisons of Analytic
Network Process, were designed and responded by selected banking managers
as experts. Due to the novelty of sustainability in the banking industry, the
purposeful sampling method with the snowball approach was employed for
sampling, which was saturated after eleventh samples.The validity of both
questionnaires was approved through content and facial validity and the
reliability of the first questionnaire was approved by 89% Alpha Cranach’s
and the latter one was investigated by the inconsistency rate of the pairwise
comparisons.

In addition, information on the sustainability of banks as a dependent
variable was obtained using the content analysis from disclosed sustainability
reports, annual reports, news section, and social responsibility part of the
bank's website.Accordingly, in order to obtain a bank score in theme and
category, which finally leads to the bank's sustainability score, it is necessary
to obtain the codes’ values. Thus, the sustainability reports, annual reports,
and news sections of the bank's website were analyzed by content analysis and
if the relevant code was in the bank reportsone was assigned, zero otherwise.
Some codes were also on a cardinal scale, for example, codes related to
economic themes such as the amount of participation in national projects and
participation in infrastructure investments were entered in a currency which
normalized then.Also in HR theme are some codes like percentage of female
employees etc, in participation in community theme, some codes like the
amount of financial support to victims of natural disasters such as earthquake
in-country, etc. and in environmentaltheme, some codes like facilities volume
with environmental goals and so on were all entered in cardinal scale and then
normalized. In some other themes, such cardinal scale codes exist.The
information on the independent variables was also the actual data that was
extracted from the annual report of bank and profit and loss statements from
ww.codal.ir Given that the total number of governmental and non-
governmental banks licensed by the Central Bank of Iran was 28 in 2017, it
was decided to use the information of the entire statistical community,
including 8 governmental and 20 non-governmental banks. Only one Bank
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was excluded from the study due to a lack of financial and sustainability
information. The target year was2017, as there was no access to the studied
banks' financial information for2018 due to the yearly auditing process.

4 Data Analysis

4.1 Dependent Variable: Banks Sustainability Score

As mentioned, the Bank's sustainability score, which is employed as a
dependent variable in regression analysis, calculated through a structural
model in Fig 1.For this purpose, first using the Meta-Synthesis approach, the
papers and researches related to sustainability in banking have been examined.
After screening 148 initial papers by title, abstract, content and results, 38 final
studies on sustainability factors in banks were thoroughly analyzed. Based on
these studied papers, 270 codes were obtained. These codes were grouped into
10 themes based on the researcher's interpretations and findings
accompanying banking experts’ opinions as well. The selected themes include
economic, financial, energy consumption, environment,participation in the
community, human resources, human rights, customer relationships, products
and services, and governance. Due to the concepts of sustainability and
commonality of themes, a higher level was also considered as the category
level and they were classified into 4 general categories, including economic,
social, environmental, and governance sustainability. Table 1 provides a
summary of the process.

In this study, the authors used comparisons of opinions with the other
experts to control the extractive concepts. As it mentioned ultimately 10
extraction themes were done. The results were evaluated by Cohen's
kappa coefficient and K = 0.829 proved the validity of the agreement index
between the two coders; because the closer K is to one (the best score of the
agreement), the greater the agreement is. K Index is calculated from Eq.
(1)(Sandelowski & Barroso, 2006):

Po—Pe
k= 1_—Pe (1)

In this respect, P,represents the ratio of units to which there is agreement
and Pyis also the ratio of the units that are likely to be in random agreement.

After developing themes and categories by the means of Metal-Synthesis
approach, the ISM method is used to structure and communicate the themes.
At first, a questionnaire, in the form of a self-interaction matrix, was
distributed among 11 sampled bank managers based on the snowball sampling
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method.Then, by adapting the initial self-interaction matrix, the final matrix
was obtained Reachability Matrix. In the following, based on the similarity of
the output set and the common set in the Reachability, the themes were
leveled. According to the relationship between the themes and their casualty
structure, the structural model obtained as depicted in Fig. 1.

Sustainable Bank

.
|
Environmental
Sustainability

J.J.T

Lconomic
Sustainability

Governance

Categories

First Level

Second Level

Themes

Third
Level

Fourth level

Fifth Level

Figurel. The structural model derived by Meta-Synthesis and ISM

The casual model obtained from the previous step was considered as input
of ANP, aiming to obtain the weights of categories and themes of the
model.Due to a large number of relationships between themes and categories,
ANP was performed using Super Decision software. The paired comparison
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questionnaires were designed at the level of categories and themes. Table 1

illustrates the weights for themes and categories.

Table 1
Summary of categories, theme, and codes and relevance weights
Category Theme Number of importance
codes Weights*
Environmental Sustainability =~ Energy Consumption 4 0.7928
(0.2118)* Environment 8 0.2072
Economic Sustainability _ Financial 12 0.1866
(0.5944) Economic 57 0.8134
Governance Sustainability ~ Governance 57 1
(0.0468)
Social Sustainability(0.1452) Human Resource 43 0.1478
Customers 11 0.0756
Relationship
Participating in 23 0.3929
Community
Products and Services 20 0.1125
Human Rights 35 0.2711

* weight scores

According to the assigned weights, economic is the most important
category ofbanking sustainability. The second most important category is
environmental whereas social and governance is ranked third and fourth

respectively.

In the following, deploying the model, sustainability scores were computed
for each of the 27 studied banks. The descriptive statistics of the scores are

summarized in Table 2.

Table 2

Descriptive Statistics for Sustainability Scores(Score Criterion is One)
Indicator Min Max Mean Variance
Bank Sustainability 0.2475 0.7711 0.4327 0.021
Economic Sustainability 0.2858 0.8020 0.5296 0.034
Environmental Sustainability 0.00 0.8352 0.1642 0.039
Social Sustainability 0.2665 0.8182 0.4717 0.017
Governance Sustainability 0.0360 0.8740 0.4329 0.039
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As it is clear, the mean score of sustainability within Iranian banks is
0.4327 which emphasizes the industry weakness. Meanwhile, the
environmental category has the lowest score, due to neglecting the issue by
Iranian banks. In summary, the Economic dimension is more intended by
Iranian banks within all sustainability dimensions.

Worth to declare that, Jarque-bratest was also employed to check the
normality(Weisberg, 2005) of the sustainability scores within the banks set.
The probability of the test value was achieved 0.5216, which was higher than
0.05, proving that the data follows a normal distribution(Weisberg, 2005).

4.2 Regression Model and Independent Variables
In this study, independent variables are literature frequent factors that
influence sustainability scores. Thus, based on the literature, 16 independent
variables were entered into the multiple regression model.ROA, ROE, and
profit margin were considered as profitability indicators. Total assets, number
of branches and bank employees were also used as indicators of bank size.The
ratio of debt to total assets and debt to total equity was used as finance
leverageand for the board structure, only the number of board members was
considered. Since that in terms of gender diversity, there was only one bank
with a female member of the boardand also it was difficult to explain the type
of board members including executive or non-executive members, due to the
lack of accurate information on the board of directors this was also ignored.
On the other hand, given that the board members of all Iranian banks are 5 or
7, this indicator will not play a decisive role. For the ownership structure
factor, the existence of a bank in the stock exchange list is used. Other
determinants including age, market share, loan-to-deposit ratio, totalincome,
capital adequacy, and cost-to-income ratio were incorporated as well.
Afterward, initially, the backward regression model was implemented to
eliminate individually the heuristic independent variables that have little effect
on bank sustainability. According to the findings, the best model with the
highest coefficient of determination (R?)and the significance level below 0.05
was selected which is depicted in Eq. (2)

SUS = By + BLCAPITADEQ + B,RISK + BsBRANCH + B,TA +

Whereas SUS denotes for Bank Sustainability Score obtained from
Structural Model, CAPITALADEQ denotes for Capital Adequacy, RISK
denotes for Bank Credit risk with loan-to-deposit Ratio, TA denotes for Total
Asset, BRANCH denotes for Total Number of Branches, ROA denotes for
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Return on Asset, LEV denotes for financial leverage with debt-to-equity
ratio.Descriptive statistics for independent variables and Jarque-bra normality
test values are presented in Table 3.

Table 3

Descriptive statistics of independent variables and Jarque bra test values

Indicator Min Max Mean Standard Jarque Jarque bra
deviation bra probability

value

ROA 0.001 0.18 0.0181  0.0435 3.5129 0.1726

Number of 17 3077 682 804.19 3.7719 0.1516

Branches

* Total Asset 7409 2265501 600671 655869 3.9325 0.1327

Financial 322 14475 24.407  39.439 2.1423 0.2641

%Leverage

Loan-to-Deposit  0.16 1 0.6592  0.1787 1.2823 0.5267

Capital 0.019 033 0.0699  0.0646 4.1221 0.1019

Adequacy

* Figures in billion Rials

As can be seen, the probability value of the Jarque-bra test is higher than
0.05 for all independent variables, indicating that all the included variables
follow a normal distribution at 95% confidence level.

4.3 Regression Findings

The regression model of Eq.1 was estimated using SPSS22 software.
Regression Results are summarized in Table 4. The table demonstrates the
correlation coefficient(R) 0.755 and the coefficient of determination (R?) 0.57
for the whole model. According to the coefficient of determination, it can be
said that 57% of banks' sustainability score is affected by 6 incorporated
variables. The first column of Table 4 depicts the model's contribution to the
total variation is greater than the error or residual contribution. In addition,
one of the prerequisites for the ordinary least squares regression model is the
normality of the residualsthat are proved by Jarque bra p-value. The Durbin-
Watson was also used to detect residual or error autocorrelation in the
regression model.Given that the value of 1.728 is in the range of 1.5 to
2.5(Weisberg, 2005), then there is no high correlation in the residuals.
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Table4
Results of Regression Model Eq(2)
Model Sum of Degrees of freedom Average F p-value
squares of squares
1 Regression 0.317 6 0.053 4.410 0.005
Residual 0.240 20 0.012
Total 0.557 26 1.728 Jarque bra=1.1423
R=0.755 R?=0.570 R?adjusted=0.440 probability=0.5472

Table 5, examines the existence of a significant relationship between the
independent variables and the dependent variables of banks' sustainability. If
the level of significance of the independent variable is less than 0.05, then
there is a significant relationship effect on the dependent variable.Another
prerequisite of ordinary least squares regression is the lack of colinearity
between independents variables which are investigated by variance Inflation
Factor (VIF). If this factor is greater than 10, there is a problematic
colinearity(Weisberg, 2005)As can be seen from Table 5. There is no
collinearity problem in the estimated model. Worth noting that the bank age
variable was excluded from the initial model because of high collinearity.

Table 5
Matrix of coefficients of independent variables relative to sustainability as
dependent variable

Independent Non-standard standard Sig. Colinearity index
variables coefficients coefficients

b standard f Tolerance  VIF

error

Constant 0.316 0.096 - 0.004 - -
ROA 0.998 0.742 0.286 0.194" 0.444 2.254
Number of 0343 0211  -0.642 0.073"  0.187 5.344
Branches
Total Asset 0.544 0.000 0.788 0.014 0.249 2.009
Financial Leverage  -0.001  0.001 -0.155 0.323" 0.923 1.084
Loan-to-Deposit 0.215 0.146 0.263 0.160" 0.666 1.052
Capital Adequacy -0.797 0367 -0.352 0.047 0.783 1.267

* Rejected at 95 percent of a confidence interval

According to Table 2, there is a significant positive effect of total assets on
bank sustainability performance; this has been proved in numerous prior
studies (Akin & Yilmaz, 2016; Andrikopoulos et al., 2014; Bose et al., 2018;
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Branco & Rodrigues, 2008; Castelo Branco & Lima Rodrigues, 2006; Chih et
al., 2010; El-Bannany, 2007; Hamid, 2004; Hu & Scholtens, 2012; Sharif &
Rashid, 2014; Wu & Shen, 2013). The justification is that the banks with more
assets have more resources to participate in environmental and social
activities. In addition, if the bank is bigger, there will be more stakeholders
and their pressure makes sustainability issuesinto the account.According to
the legitimacy theory, big banks are more in view of society, so they strive to
have more social and environmental partnerships to improve their image.

According to the results, capital Adequacy has a negative significant effect
on bank sustainability activities. Two prior studies that investigated the
relationship between capital adequacy and bank social responsibility found no
significant relationship between these two variables(Hu & Scholtens, 2012;
Ullah & Rahman, 2015). Although Ullah and Rahman (2015) expected a
positive relationship between capital adequacy and bank CSR, they argued
that banks with higher capital adequacy had higher financial stability and
financial strength, it can be concluded that this negative relationship is
predictable within Iranian banks.Basel Committee 1 set the minimum capital
adequacy ratio at 8% and Basel Committee 2 set minimum capital adequacy
ratio at 12% to keep banks away from bankruptcy risk.Among the Iranian
banks in 2017, only 4 banks had a capital adequacy ratio above 8% and only
one bank capital adequacy ratio was above 12%.Given the low ratios in most
Iranian banks, it is concluded that most banks seek to increase capital
adequacy. As regards the capital is in the numerator of this ratio, one of the
sources of banks' capital increase is retained earnings.Hence, banks try to
reduce their costs to increase retained earnings and convert it to
capital. Therefore, they should reducetheir participation in costly activities
such as environmental and social, while this leads to a negative relationship
between capital adequacy and bank sustainability. Thus they neglect the fact
proved by many studies; sustainability activities are costly in the short term,
but they will definitely generate revenue and profit in the long term(Weber,
2016).

Based on regression findings, there is no significant relationship between
ROA and the sustainability score which is emphasized by many other studies
before(Akin & Yilmaz, 2016; Andrikopoulos et al., 2014; Chih et al., 2010;
Hamid, 2004; Soana, 2011; Ullah & Rahman, 2015). While it may be initially
thought that banks with better financial performance are more likely to engage
in sustainability activities, the results proved that there is no significant
relationship between these two variables; So, more attention to sustainability
issues is related to sustainability culture and strategies in the bank. In addition,
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there is no significant relationship between credit risk (loan to deposit ratio)
and bank sustainability performance Which aligns with Wu and Shen (2013).
The results suggest that banks that lend more often do not necessarily
participate in social and environmental activities. The next variable that has no
significant relationship with sustainability is the financial leverage as
measured by the debt-to-equity ratio. It also supported by Sanchez et al.
(2017).

Another indicator for measuring bank sizeis the number of branches. The
results showed that there is no significant relationship between the number of
branches and the bank sustainability scores supported by Ullah and Rahman
(2015) and Saha (2018).It should be noted that the coefficient of this variable
is negative; The main reason is that some sample banks with higher
sustainability scores, had significantly fewer branches than many older, low-
Sustainable banks.

In the end, the best variable which predicts the most variation in
sustainability scores is the total assets which explain 78% of the sustainability
variation.The next variable is capital adequacy, which predicts negatively the
35% of sustainability scores variation.

5 Conclusion
Today, bank sustainability is a very flourishing issue given its important role
in development.Therefore, various studies have been conducted on bank
sustainability and CSR all around the world.Unfortunately, it has not attracted
much attention in Iran so far. even though it is crucial. Hence, this study aimed
to investigate the determinants of sustainability in the Iranian banking
industry. In this regard, the sustainability of banks as a dependent variablewas
calculated according to their sustainability activities by the means of content
analysis. Results of the banks' sustainability scores showed that the
environmental category scores were lower than other categories which reflects
the fact that Iranian banks do not pay much attention to environmental
issues. Therefore, it is recommended to take environmental issues more closely
by self and especially in the provision of facilities to other parties.
Afterwards, a regression model with 6 independent variables was obtained
using backward OLS regression, and the effect of capital adequacy, credit risk,
number of branches, total assets, ROA and financial leverage on bank's
sustainability scores were investigated. The results showed that the total assets
(bank size) have a positive and significant effect on bank sustainability. This
means banks with more assets have more financial resources to participate in
sustainability activities and they also strive to participate in social and
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environmental activities to maintain their image among their larger
stakeholders. Findings proved a significant negative effect of capital adequacy
on sustainability. This implies that banks, in order to increase their capital
adequacy ratio, decide to increase their capital through increased retained
earnings, It has therefore reduced the costs of sustainability activities to avoid
the risk of bankruptcy. In fact, it can be suggested to Iranian banks not to
decrease focus on sustainable activities in order to increase their capital
adequacy ratio and increase capital from other sources, such as cash
contribution of shareholders, asset re-evaluation, and equity premium method.
There was no significant relationship between credit risk and sustainability
score which indicates that the increase in the issued loan does not have a
significant relationship with bank sustainability. In fact, banks do not consider
environmentally friendly activities and community participation in their loan
payments, therefore, it is recommended that banks need to consider
environmental and social issues when providing their facilities. No significant
relationship was found between financial leverage and banks' sustainability
score. This indicates that the amount of bank debt has no relationship with
sustainability and even with increasing in bank debt, the bank's willingness to
engage in social activities may be lessened.

There was also no relationship between bank financial profitability and
participation in sustainability activities; it suggests that banks' financial
performance does not necessarily contribute to their involvement in social and
environmental activities and, in fact, to promote the concept of sustainability
in the bank, it is important to promote a culture of sustainability and
necessarily the bankprofitability does not lead to consider sustainability
issues. Also, there was no significant relationship between bank stability and
the number of branches.

In order to further investigate the impact of variables presented in the
literature on the banks' sustainability, the impact of these factors on the
sustainability categories was investigated separately.The results of the social
category indicated, as in Akin and Yilmaz(2016), Branco and
Rodriguez(2008), Castelo Branco and Lima Rodriguez(2006), Sharif and
Rashid(2014)and Saha(2018), that more than 70% of the variation of this
category(R?) was explained by the three factors of total assets (0.594) and the
ratio of facilities to deposits (0.354) and capital adequacy (-0.419). However,
for the economic and environmental categories, in contrast to other studies, no
meaningful model is developed and forthe governance category, more than
57% of the variation is justified by the two factors of total assets (0.788) and
capital adequacy (-0.352).



Non-Sustainability of Iranian Banks: Role of Financial and ... 519

It is worth mentioningthat all sustainability information in this study has
been extracted and analyzed from the sustainability, social responsibility,
annual reports and news and social responsibility section of the banks
website. Therefore, if the information is not disclosed by a bank through its
channels, it may result in the Bank not obtaining the relevant scores. On the
other hand, neglecting the sustainability reports within the bank managers may
lead to addressing the importance of promoting sustainability culture and
considering disclosure of sustainability reports.

According to findings, it can be concluded that in order to increase
sustainability and social responsibility, Iranian banks can concentrate on
increasing their total assets and not to consider the cost of sustainability
activities in the short term, since, in the long term, these activities gain
competitive advantage in sustainability issues which will lead to
profitability.Bank participation in social and sustainability activities improves
its reputation for stakeholders and thus increases new customers and enhances
loyalty of existing customers.The findings also showed that profitable banks
do not necessarily participate more in sustainability activities. Sustainability
is more concerned with promoting and disseminating the sustainability culture
within the bank. Therefore, it is recommended for managers to promote this
important concept at all organizational level by craftingprograms to align with
the banking macro-policies. On the other hand, given the low environmental
score, it is essential to adapt the banks' internal business activities and
processes with the environment, to pay for specific facilities with
environmental objectives, to consider environmental criteria in facility
allocation, and to provide transparency and disclosuresustainability issues. In
addition, considering sustainability as a neglected factor in the Iranian banking
sector, due to its low score among Iranian banks (43%), it is necessary to pay
more attention to this issue.Ultimately, this study in addition to presenting a
model for measuring the sustainability of Iranian banks and providing their
scores in 2017, also investigated its most important determinants, affecting the
bank's sustainability score. It will be fruitful for banking sector policymakers
to provide effective and efficient elaborating strategies for banking
sustainability.

6Study Limitations

The first limitation of the study is the low number of Iranian banks in the
regression model. The second limitation is the access to banks' sustainability
information that has been extracted and analyzed solely on the basis of
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sustainability, social responsibility, annual reports and news and social
responsibility section of the studied bank's websites.
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In this study, the effect of socioeconomic variables on provincial bread demand using the
QUAIDS model has been investigated. In this model, socioeconomic variables such as
age, gender and marital status of the head of household, the education level of the head
of household and spouse’s head of household, household size, and occupation status of
the head household have been used. The virtual variable of the target law of subsidies is
also used to study the effects of this policy. To this end, the quadratic almost ideal demand
system was applied. This model has been estimated using the consolidated data and
Iterated Linear Least Squares Estimator and the information of more than 165,000 urban
households in Iran for the years 1386-1394 and for different provinces. The results of the
research show that during the studied years, bread is an essential good for all provinces
except in Isfahan, Chaharmahal o Bakhtyari, and Kohgilouye. The compensated and
uncompensated price elasticities of bread for all provinces are negative and less than one,
so the bread is an inelastic good for all provinces. Also, the coefficients related to
household size, gender, and marital status of the head of household and the target law of
subsidies are positive and significant.

Keywords: Bread Demand, Quadratic Almost Ideal Demand System, Socio-Economic
Variables, Iterated Linear Least squares Estimator, Reforming Subsidies.
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1 Introduction

The bread has a special status in the food basket of Iranian households,
especially in the disadvantaged areas, as one of the staple foods and the
primary source of energy of the human body. The comparison between the
statistics released on the per capita consumption of bread in Iran and that of
the world shows that the bread consumption is of great importance in the food
basket of Iranian households with that of the other countries. It is the case to
such an extent that the median bread consumption per person in Iran has been
two times greater than that of the European countries. This food can be the
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body's primary source of energy, proteins, minerals, and B vitamins (thiamine,
riboflavin, niacin). It is the case while the price of bread is much lower than
those of other foods. Accordingly, bread is considered as the main component
of the food baskets of low-income families. Also, bread plays a crucial role in
providing them with food security. The consumption of bread supplies a
considerable part of the poor households' needs for calories in Iran.

The geographic and cultural extensiveness of Iran has made the
consumption of and demand for the goods differ across different areas. One
of the faults in general (nation-wide) estimation of the goods demand function
that is made regardless of the differences among different areas is to obtain
the elasticities and coefficients that are extended to the population in general.
However, the studies and investigations into the consumption of different
goods including bread show that the lifestyles of individuals also affect their
consumption patterns. As a result, this makes them adopt different approaches
to demands for various goods.

The information on median bread consumption per person in the urban
areas of the provinces of Iran over recent years shows that there is not a
considerable difference in bread consumption among different provinces.
From among the urban areas, over recent years, the provinces with the least
per capita consumption of bread are Qom Province and Kohgiluyeh and
Boyer-Ahmad Province where the amounts of bread consumed per person per
year are 80.7 kg and 83.9 respectively, and the provinces with the largest per
capita consumption of bread are West Azerbaijan Province and Kermanshah
Province where the amounts of bread consumed per person per year are 186.6
kg and 169 kg respectively. The bread consumptions of the two last provinces
are two times greater than those of the provinces with the least amounts of
bread consumption.

Since the households in Iran are heterogeneous due to the difference in
number, age-sex structure, level of education, etc. it is necessary to take into
account the social factors as well as economic factors affecting the demand
for bread to investigate the price and income sensitivity more accurately. On
the other hand, it is necessary to investigate the effects of implementing the
Law on Targeted Subsidies since January 2011, and as a result the elimination
of wheat subsidy, on people's livelihood and bread consumption patterns.
Also, the topic of the increase in bread price has been raised repeatedly over
previous years and even this year. Hence, it is necessary to investigate all
relevant variables and to review the effects of this policy in different areas of
the country.
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In the present research, we have employed Quadratic Almost Ideal
Demand System (QUAIDS) and Iterated Linear Least-Squares (ILLS) to
investigate the role of economic and social factors and the effect of
implementing the Law on Targeted Subsidies on the level of demand for bread
in different provinces of Iran. In the present study, the effects of the
socioeconomic factors and implementation of the Law on Targeted Subsidies
on the household demand for bread have been tested using the information on
more than 165 thousand families living in urban areas in Iran in the period
2007-2015 as fused data. Thus, the present study differs from the similar
studies conducted in Iran in terms of modeling, method, and even the
statistical population (information on provinces) and volume of data employed
in the research (information about provinces).

The present paper has been written in five sections. After the introduction,
the theoretical research framework will be discussed. The literature review
will be presented in the third section. The model estimation will be presented
in the fourth section, and the conclusion and policy recommendations will be
presented in the fifth section .

2 Theoretical Foundations

Estimating the demand function and calculating the elasticities of different
categories of goods are some of the main tools used to investigate consumer
behavior and one of the topics noted by the economic studies. As time goes
by, an increasing number of new patterns of demand analysis and more
advanced methods to estimate the demands are presented. Familiarity with the
theoretical foundations of these patterns and employment of these patterns in
experimental studies are of great importance to find more logical and exact
instructions in policymaking and planning. One of the major demand systems
that have been widely used recently is Quadratic Almost Ideal Demand
System (QUAIDS). The present study also makes use of the same demand
system. Also, numerous studies show that the effects of household
characteristics on their consumption behaviors are of great importance
because the households are heterogeneous, and the features of each household
are different from those of other households. The reason for this difference
relates to the number of members, education age-sex structure, ethnicity,
religion (denomination), family wvalues, culture, language, etc. of the
households. Generally, it is expected that the characteristics of the households
influence the socio-economic behavior of households. Hence, the researchers
are recommended to investigate the effects of all these variables on the
analysis of demands (Ritonga, 1994). Therefore, the investigation of the
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theoretical foundations of the present study is divided into two following
sections:

A) Socioeconomic variables

B) Quadratic Almost Ideal Demand System (QUAIDS)

2.1 Socioeconomic Variables

As it was mentioned before, since the characteristics of households are

different, it is vital to know the effects of this characteristic on the household

behavior concerning the consumption of and demand for the vital goods.

Many experimental studies have been conducted into the effect of household

characteristics on their consumption patterns. However, generally, the effect

of some of the relevant features including the size and the age-sex composition
of the households, and the age, sex and education of the heads of households
on consumption pattern of the household is rooted in theoretical topics:

1) Household size: The estimation of household consumption patterns
regardless of the differences in the size of the households will have a very
low accuracy due to the differences in sizes of different households.
Barnes et al. express that the better experimental model to analyze
household consumption pattern is a model that includes the size of the
household (e.g., Barnes, R., & Gillingham, R. (1984); Pollak, R.A. &
Wales, T.J. (1981); Ray, R. (1982)). The same topic in the economic
literature is rooted in the economies of scale. The costs of many goods
like edible goods and other nondurable goods increase along with the
increase in the size of the household. In return, the costs of durable goods
and energy increase less with the increase in the size of the household.
Also, Browing, m. expressed in 1992 that the children affect almost all
dimensions of the economic behavior of the household; that is, when the
variable of children is included in the regression, they are usually
significant. Therefore, the addition of each child to the household
followed by the change in the size of the household will affect the
consumption behavior of the household. For example, one of the most
potent facts about experimental economics is that the shares of the food
budget for households with children are higher than those for households
without children (Browing, 1992).

Also, Bryant stated in 1990 that the preferences of the households for the
goods and services change along with the change in the household size.
He showed that the addition of a child to a family, considering that the
real prices and incomes are fixed, will change the indifference curve of
the households. He also showed that this would lead to an increase in the
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2)

expenditures incurred by the households on some of the goods and
services and a decrease in some other goods and services. The
experimental studies show that the difference in household size has a
significant effect on the consumption behavior of households due to the
difference in age and sex. In other words, the household composition has
a considerable and positive effect on different categories of goods. For
example, Majumdar (1988), Smallwood & Blaylock (1981), VolRossi, N
(1988 )« Winter & Beutler (1983), in their studies on the effect of family
size based on the age-sex composition on the demand in the United States,
found out that all age-sex levels have a positive and significant effect on
the consumption of foods by the household. According to their study,
adult men have the most significant effect, and the children (aged 10 years
and less) have the least impact.

Of course, the effects of household composition differ in different
categories of goods. The effect of the household composition on some of
the types of goods is strong while it is weak in some other categories of
goods. For example, Rossi, N (1988) and Lahiri, S (1990) found out that
the size and composition of the household have had a considerable effect
on some particular groups of expenditures. Lahiri found out in the study
on the role of household income in Egypt that the family size has a
significant impact on the consumption of seeds and pulses (main foods in
Egypt) in urban and rural areas. Rossi, N. (1988) found out in his study
on the shares of the Italian households budget that the effect of household
size on the household share of housing and fuel is negative and significant.
Age of the head of Household: The findings of the researchers show that
the total consumption expenditure is based on the age structure of the
population. A household adapts its consumption behavior to its real habits
and requirements, and the current conditions during its life cycle. As a
result, the demographic changes involve changes in consumption (e.g.,
Stover, B, 2012). There are many theories in the field of social sciences
(e.g., Duvall, 1977; Hill & Mattechisch, 1979), Psychology (e.g.,
Levinson, D.J., 1978), and economics (e.g., Ando & Modigliani, 1963)
expressing that the behavior and individual development differ throughout
the life of an individual. Considering these theories, the consumption
patterns of the households change during their life cycle, and these
changes are proportional to the age of the head of the household.

The younger heads of the households most probably spend a considerable
amount of time in the workplace at the beginning of their profession. It is
expected that this pattern will continue until the head of the household
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retires. For this reason, it is expected that the younger heads of the
household spend a less share of the budget on energy in comparison with
the older heads of the household (Ritonga, 1994).

3) The education level of the head of household: the study on the human

capital shows that the economic advantages of education appear at first as
the increase in the income and expenditure (Schultz, T., 1963). Some
researchers state that education can lead to an increase in productivity in
some performance, such as household budget management and better
allocation of resources (Grossman & Michael, 1972). Education increases
the efficiency of consumption. For example, supposing a fixed income,
the households with higher levels of education spend more on services;
therefore, these households behave in such a way as if they belong to a
class receiving a higher real income (Michael, R., 1972).
Smallwood, D. & J.Blaylock .(1981), in their study on food expenditure
patterns in the United States, found that female household heads with
higher levels of education spent less on homemade foods than did female
household heads with lower levels of education.

2.2 Quadratic Almost Ideal Demand System (QUAIDS)

There is a long history of the attempt to select a proper form of the function to
explain consumer behavior. Concerning the explanation of consumer
behavior, the selected functions should be most compatible with consumer
theory. Also, the functions should have the theoretical features of the
mentioned theory, while they can be estimated and have high predictive
power. In this regard, some transformations have been made in consumer
behavior over the last two decades, particularly after providing the Almost
Ideal Demand System (AIDS).

Deaton, AS, & Muellbauer, J. (1980) studied the demands for eight
categories of food for the first time in Britain using the Almost Ideal Demand
System (AIDS).

Today, the Almost Ideal Demand System (AIDS) is one of the most widely
used patterns in the experimental studies in the world because of being in
coordination with demand theory and flexibility in providing the required
elasticity. This system has the capability of fusion based on the data relating
to the households, the ability to include the population variables and regional
features in the demand pattern. The system can also adapt the model variables
to the statistical data where the model can conveniently make a linear
approximation.
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Considering the full application of this model in different studies, the
studies seeking to develop the structure of this model, and to remove its faults
have increased. The main change in the structure of this model can be
considered the conversion of the model to a Quadratic Almost Ideal Demand
System (QUAIDS). The shares of the Quadratic Almost Ideal Demand System
(QUAIDS) model includes a non-linear density and second-order flexibility
as well as the properties of Quadratic Almost Ideal Demand System
(QUAIDS)  (Banks, J., R. Blundell, and A. Lewbel, (1997). Another
advantage of Quadratic Almost Ideal Demand System (QUAIDS) is that it
allows the inferior goods to convert to the normal goods and vice versa
through changing the level of expenditure, while the expenditure elasticities
are constant in Almost Ideal Demand System (AIDS) model.

In the present study, the Quadratic Almost Ideal Demand System
(QUAIDS) is employed to describe consumer behavior. It is a third-order
system of budget share where all expenditures would be converted to second-
grade state when using logarithm. The Quadratic Almost Ideal Demand
System (QUAIDS) has been provided based on an expenditure function with
the expanded logarithmic form independent from the price level (PIGLOGA)
that begins from an indirect function in the following form (Banks, J., R.
Blundell, and A. Lewbel, (1997):

Ln(m)—Lna(P)

1 -1
LnV(P,M):[{ o } +/1(P)] (1)

Where m shows the expenditure, and P shows the vector of the prices that
the consumer has to pay. In the above function, Lna(P) is the transcendental
logarithmic function that has been presented below:

Lna(P) = ag + i a; In(py) + 5 % X vy In(py) In(p;) @)

In the above expression, p; is the prices of goods that can be used by the
consumer, and i=1,2, ..., k in the pattern expresses the number of the goods in
the demand system. Also, b(p) is the Cobb-Douglas function that adds up the
prices.

Ai
b(p) = [T, K™ 3

And
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A(p) = T, A LnP; where ¥X 2, =0 4)

The Greek letters that have been written in lower case (except for ) are
the parameters that should be estimated. In practice,  is estimated alongside
other metrics.

Supposing that g; is the number of goods consumed by the consumer, and
also considering w; as the share of the consumption expenditure on i goods,
we have w; = p;q;/m. Now, using Roy's theory, the consumption expenditure
function for i™ goods is obtained as follows:

m

A 2
w; =a; + ZleyijLnPj + BiLn [E] + o) Ln {%}] + & (5)
i=123..,K

Where a, B, y, 4 are the parameters of this relation and w; shows the budget
share of the i™ goods for the households, and &; is the error term. In the above
relation, if A is equal to zero, the relation expresses AIDS system.

To establish the parameters theoretically and to decrease the number of
parameters that are to be estimated, usually the conditions of adding up,
homogeneity and symmetry are employed. These conditions have been shown
mathematically in the relations 6-8 in.

Addingup XL, =0 T,y =0 Xia=1 (6)
Symmetry Yij = Vji (7
Homogeneity Y. 4=0 (8)

The three above-mentioned conditions are related to the assumption of
rationality of the consumer demand theory. Adding them up states that the
sum of estimated expenditures on the different goods should be equal to total
expenditures. Homogeneity states that if all prices and income of the
household increase to the same extent, the choices a consumer makes about
consumption will remain unchanged. Symmetry means that the relative
change in the consumption of a commodity due to the change in the price of
other commodities (of course, after compensating for the change in real
income) should be equal to the proportionate change in the demand for other
commodities when the price of the first commodity changes. This type of
symmetry resulting from the substitution effect of change in prices of goods
is called Slutsky symmetry.

It is assumed that the utility function for the households follows the
demand theory to achieve the goals of this research. Also, other factors
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proposed in the previous section are effective in the decision-making as well
as the economic factors. Therefore, in the experimental modeling, some of the
characteristics of the households like household size, age, and literacy of the
head of the household, etc. are taken into consideration as well as the
economic variables like the prices and household income. Thus, the final
equation that will be estimated in this research is:

w; =a; + 2] 1VijLnP; + :Ban[ (p)] + b/(lfi’) [Ln {%}]2 +

Z]6Ulnh] 1—1,2,,k (9)

Where a;, y;j, B; are the parameters of the model. p;, m, P, h; are the price
of the goods, household income, Stone's Price Index, and the index of the
socioeconomic characteristics of the households.

After the assertion and estimation of the demand models, the price and
income elasticities, that are calculated based on the parameters obtained from
the model, will be some appropriate tools to account for the consumer
behavior concerning the goods in question. Thus, in this section, we try to
extract the formulas relating to the price and income elasticities of the model.

After differentiating the above equation in relation to In(m) and LnP;, we
have:

ow;
M= S — b(p){ [a(p) } (10)
—w + Y LP)—ﬁ{l i]}z 11
Hij = aln(p) =Yij .ui(a] kY jptnEy b(P) n ) (11)

Thus, price and income elasticities will be as follows:

= L | income elasticity (12)
i

}} = :v—li — & uncompensated price elasticities (13)
ef; = ej; +ew; compensated price elasticities (14)

Where &;; is the Kronecker delta, if i=j, then §;; = 1, otherwise §;; = 0

3 Review of the Experimental Studies

In this section, we try to present briefly some of the studies conducted both
inside and outside the country on the estimation of the demand for bread and
other foods using QUAIDS model. Also, we try to provide some of the studies
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relating to the examination of the effects of the socioeconomic variables on
the consumption of the households and present their results. In this section,
also some reviews on the impact of implementing the Law on Targeted
Subsidies on the consumption of the households in Iran and the demands over
different provinces are presented and their results will be provided too.

3.1 Studies on the Examination of the Effects of Social Variables on
Consumption

Grossman, M. (1972) showed through a theoretical and experimental analysis
entitled "The Demand for Health" in 1963 that high levels of income do not
lead to high levels of health even on the average. In this regard, he argued that
high levels of income might lead to high consumption of goods and services
that have negative effects on health. He also stated that being highly educated
can lead to an increase in productivity in some cases like household budget
management, taking care of children, or health care. The data of the present
study are based on a health negotiation survey conducted in 1963 by the
National Center for Research Theory and Studies Center of Department of
Health Chicago University in 1963.

Rossi (1988), in his study entitled "Budget Share Demographic Translation
and the Aggregate Almost Ideal Demand System," investigates the share of
the Italian households budget in the period 1970-1980 through Almost Ideal
Demand System (AIDS). He found out that the effect of household size is
significant and negative on the share of household expenditure on housing and
fuel.

Lazear, E. P., & Michael, R. T. (1988) in a book entitled "Allocation of
Income within the Household" explain an important new model about the
distribution of income in the household. They seek to determine the
characteristics of the household affecting the expenditure patterns using this
model. Lazear and Michael have based their work on the analysis of the
surveys of consumer spending in the period 1972-1973, and test the obtained
results against the examinations conducted in the period 1960-1961 to be able
to confirm the sustenance of the discovered effects. For example, the results
they obtained show that each household spends 38 dollars on each child and
100 dollars on each adult on average and the relative and absolute expenditure
on each child increases along with the increase in the education level of the
heads of households. Also, they found out that the age of the head of the
household affects the expenditure on food, durable goods, and services using
the consumer spending survey conducted in America in the period 1972-1973.
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Rikhana, M. (1991), in a study entitled "The Effect of Agricultural Season
on Total Household Expenditures among Rural and Urban Households" used
the information from the National Socioeconomic Survey SUSENAS in East
Java, Indonesia. He found out that the household size coefficient has a positive
and significant effect on the total household expenditures among rural and
urban households.

Goungetas and Johnson (1992), in their study on the effect of household
size through age-sex composition on food consumption in the United States
in the period 1977-1978 using the Food Consumption Survey conducted
globally in the mentioned period, also found that age and sex have a positive
and significant effect on household food consumption in all groups. The adults
had the most significant effect, and children (aged 10 and under) had a smaller
effect.

3.2 Studies on Demand Estimation Using Quadratic Almost Ideal
Demand System (QUAIDS)

Richard Blundell & Jean-Marc Robin (1999) estimated the demand system of
the English households using the Quadratic Almost Ideal Demand System
(QUAIDS) function model and the data on a budget of 5000 English urban
households in the period 1974-1993. In this paper, the demand system,
including 22 goods, has been estimated where seasonal data has been used.
They used an almost homogeneous sample consisting of married households
having two children. This sample has been selected due to the removal of the
demographic differences and concentration on the prices and incomes in this
model. They chose 22 nondurable goods including wine, beer, six food
groups, home fuel, clothes, home services, personal goods and services,
recreational services, fares, tobacco, engine, and gasoline. They selected the
households owning cars with at least one parent smoker in order not to face
the problem of zero expenditure on tobacco and gasoline.

According to the results of the research, all own-price elasticities are
negative, and the food items are price inelastic, all of which are necessary. On
the other hand, recreations and hobbies are strongly price and income elastic.
The clothes and home necessities and services are in the middle ground.

Boysen (2012) examined the Quadratic Almost Ideal Demand System
(QUAIDS) demand function for the foods in the urban and rural areas of
Uganda in the period 2005-2006. He conducted a survey of the Ugandan
families in the period 2005-2006 to carry out the examination. He found out
that during the given period, the sensitivity to food consumption among rural
households is higher than that of the urban households in Uganda.
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Khorrami Moghaddam (2012) investigated the consumer behavior and
calculated the price and income elasticities of the goods receiving subsidies
(cooking oil, sugar, bread, and rice) using Quadratic Almost Ideal Demand
System (QUAIDS). He has used in his study the data on household
expenditure provided by the Statistical Center of Iran in 2007. The system of
demand equations has been estimated using the Seeming Unrelated
Regression method, and the results obtained from the income elasticities state
the higher inclination of the rural consumers with the urban consumers to
increase the consumption of the goods, and considering the low elasticity of
the products under study, it seems that the mere adoption of the price policies
is not adequate to reform the consumption pattern.

Layani (2015) calculated the compensated price elasticities for the foods
imported to the country to determine the vulnerability of the urban households
resulting from the increase in the price of the imported foods in Iran after the
estimation of the Quadratic Almost Ideal Demand System (QUAIDS), and he
evaluated the effects of this increase on welfare. The results showed that the
total compensated changes calculated in 2012 are equal to 213.101 million
dollars because of the global increase in foodstuff prices. Also, according to
the obtained results, the degree of lost welfare of urban households is equal to
4.2% of the average income of the households on average.

Ghahremanzadeh (2016) employed Quadratic Almost Ideal Demand
System (QUAIDS) to measure and analyze the effects of inflationary prices
of the foodstuffs resulting from the implementation of the Law on Targeted
Subsidies among the urban households living in Sistan and Baluchestan
Province for all food groups in the period 2009-2011. Then, he calculated the
compensating variation (CV) as a criterion to measure the consumer welfare
changes using the Taylor series approximation and the information obtained
from the Quadratic Almost Ideal Demand System (QUAIDS). The results of
the calculations showed that the households living in Sistan and Baluchestan
Province lost 11008222 rials on the average as a consequence of the increase
in the prices of the foodstuffs after the implementation of the Law on Targeted
Subsidies (until January 2011).

Akbari (2017), in his study, investigated the demands of urban households
living in Sistan and Baluchestan Province for foodstuffs through the raw data
and the household expenditures in 2011 using two systems, namely the neural
network demand system and Quadratic Almost Ideal Demand System
(QUAIDS). Considering the results of both systems, the income elasticity of
the goods groups of "bread and cereals," "milk and bird eggs," "legumes and
vegetables," "sugar and sugar cube," "drinks" and "condiments" was less than
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one where these goods are considered to be necessary and the goods groups
of "meat," "oils and fats," "fruits and nuts" are considered as luxury goods.

3.3 Studies on the Elimination of Subsidies and Making Them
Target-Oriented

Dinitorkamani (1994) has studied the effect of the removal of bread subsidy
on absolute poverty in the period 1977-1989. He concluded that if the bread
subsidy is eliminated, the percentage of poverty in the urban community will
increase from 45% to about 70%. It means both the increase in the number of
people living in absolute poverty and much deterioration of the economic
conditions of the 45% of the population who already live below the poverty
line. Shoushtariyan and Bakhshoudeh (2007) investigated the effect of
liberalizing the wheat market on social welfare using a partial equilibrium
model for the wheat market and autoregressive distributed lag (ARDL)
estimation. The results showed that though the liberalization of the wheat
market in Iran decreases the government expenditures, social costs and
exchange costs, but it will increase the total social costs. In total, it is expected
that liberalizing the wheat market in Iran will be of social benefit to the
community.

Najibi (2004) has calculated the welfare change criteria resulting from the
increase in gasoline price in the income (expenditure) deciles in the period
1982-2002 in Iran. The study shows that the direct effect of the increase in the
gasoline price is to reduce the welfare of the consumers in the high-income
groups to a greater extent than that of the lower-income groups.

Karami et al. (2008), in their study, examined the distribution of the
benefits of the current subsidy system in Iran among different income areas
and deciles through determining the per capita consumption and considering
the prices of the three subsidized and unsubsidized goods including oil, sugar
cube, and sugar. The results obtained from this investigation showed that the
benefits obtained from receiving bread subsidy in the urban and rural areas of
different cities and groups are more than those of cooking oil, sugar cube and
sugar. On the other hand, providing subsidies and the relevant benefits among
different income areas and groups show that not only the current system of
paying subsidy is not target-oriented, but it also deviates from the high-income
groups in some cases. Thus, the present system of paying subsidy is not
efficient enough and wastes resources. Therefore, it is necessary to take into
consideration the target-orientation of food subsidy to prevent the waste of the
resources and to decrease the financial burden incurred by the government.
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Heydari and Parmeh (2010), concluded in a study entitled, "Estimation of
the Effects of Bread and Energy Carrier Prices Reform on the Household
Expenditure Basket Using estimation model of Social Accounting Matrix
(SAM)" that there will be a minimum increase of 33% in the expenditure of
the urban households and a minimum 40 % rise in the expenditure of the rural
households upon the elimination of the bread and energy carrier subsidies.

Pirayi and Seyf (2010) in a study entitled, "The Effect of implementation
of the Law on Targeted Subsidies on the Social Welfare of Iranians"
investigated the question: What is the effect of transferring one monetary unit
of the subside given to the subsidized goods used mostly by the higher deciles
to the subsidy given to the unsubsidized goods mostly used by the lower
deciles on the welfare of the community? The results of this research show
that the implementation of the Law on Targeted Subsidies improves social
welfare.

Hosseinzadeh (2014) investigated the productivity of the effect of the
implementation of the Law on Targeted Subsidies on natural gas consumption.
The present study is applied in terms of purpose and it is a descriptive-
analytical in the method. The results obtained from the current research show
that the increase in the price of natural gas to increase its productivity through
the implementation of the Law on Targeted Subsidies has not decreased the
average daily consumption of natural gas in the residential sector during the
period under study for different reasons.

Ahmadi, Mojarradi, and Yadsar (2016) investigated the economic and
social effects of the implementation of the Law on Targeted Subsidies on the
life quality of the rural households in Urmia County using a survey-analytical
method. The statistical population of this research is composed of 71353 rural
households living in Urmia County. In this research, 265 individuals were
selected from the population as the statistical sample using the Cochran
formula through the multistage sampling method. In this research, the
information collection tool was a questionnaire whose validity was confirmed
by a group of relevant experts, and its reliability was confirmed through
Cronbach's Coefficient Alpha. The results of the research showed that the
implementation of the Law on Targeted Subsidies had a positive and
significant effect on both the economic and social aspects of the life quality of
villagers in Urmia County; however, the social effects of the implementation
of the Law on Targeted Subsidies outweighed its economic effects.

Paytakhti, Oskoui, and Emami (2016), in a study, investigated the effect of
the implementation of the Law on Targeted Subsidies on Iranian urban
consumption expenditure patterns using panel data method for the period
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2004-2013. The results of the research show that the implementation of the
Law on Targeted Subsidies have had a significant effect on 9 groups out of
the 14 groups of urban household expenditures. In this regard, the share of 5
expenditure groups, namely food costs, transportation costs, the costs of
cultural and recreational services, the costs of ready-made foods, the costs of
restaurants and hotels, the costs of subordinate goods and services have
increased significantly in the total urban households expenditure upon the
implementation of the Law on Targeted Subsidies. In turn, the share of four
groups of expenditures including health costs, household communications
costs, education costs, and household investment in the total urban household
expenditure has decreased significantly. Therefore, it can be said that the
implementation of the Law on Targeted Subsidies has affected the urban
household consumption expenditure in Iran through the change in the
expenditure composition- increase or decrease in each expenditure.

Farazmand and Nateghishahrokni (2017) investigated the effects of
elimination of bread subsidy on the demand of the low income and high-
income groups in urban areas in Iran using the Almost Ideal Demand System
(AIDS). The obtained results indicated that the bread is considered to be of
low elasticity and a vital commodity for the urban households concerning the
two groups of low income and high-income groups.

3.4 Studies on Differences of Provinces in Demand Estimation
Mousai and Shiyani (2007) estimated the demands of Iranian households to
go to the cinema in different provinces in Iran using Almost Ideal Demand
System (AIDS) and calculated the price and income elasticities for every
single province and the whole country. They used the statistics and
information on the household expenditure in different provinces of the country
in the period 1984-2005 to estimate the demand function. According to the
obtained results, the price elasticity of the whole country is equal to - 0.91,
and it has been lower than this unit in different provinces except for Isfahan,
Hormozgan, Kerman, Kurdistan, Mazandaran, and East Azerbaijan Provinces,
that is, it is not sensitive to the changes in the price.

Khodadad Kashi et al. (2015) used the regional dynamic general-
equilibrium model, welfare, and environmental effects of levying an
unbalanced tax on carbon for each different area of Iran separately. For this
purpose, they first calculated the degree of inclination of various provinces to
avoid the harmful effects of pollution and classified the provinces of Iran into
eight areas accordingly.
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They investigated the effects of different policies in 35 10-year periods and
concluded according to the results of the research that internalizing the costs
of environmental pollutions through levying a tax on carbon has positive
effects on welfare and environment, and these effects will improve through
levying the unbalanced tax.

Gahemi and Loui (2017) investigated the effect of inflation and
unemployment on religious expenditure. They used the information on 28
provinces of Iran in the period 1997-2014 in their study. The results obtained
from the estimation of their model show that inflation and unemployment hurt
religious expenditure. Therefore, the provinces with a low rate of inflation
have had higher religious expenditure. Also, the increase in the employment
rate of provinces of Iran has had a positive effect on religious expenditure.

4 Experimental Modeling

In the present study, the Quadratic Almost Ideal Demand System (QUAIDS),
Stone's Price Index, price and income elasticity formulas provided in the
previous sections have been used. In the following, the type of the data, the
result estimation, and the analysis method will be addressed.

4.1 The Data Used in the Present Study

The present study that aims to investigate the effect of the socioeconomic
variables and implementation of the Law on Targeted Subsidies on the bread
demands of the urban household in the period 2007-2015 requires two groups
of data: 1- The information and microdata of the household budget, 2- The
price indices of the goods and goods groups in different urban areas of the
country. It should be mentioned that the price of the goods and thus the price
of different goods groups are different in different areas of the country where
this difference has not been considered systematically in the studies on
demand, while the price indices of different goods in different areas of the
country have been used in the present study. For this purpose, the price indices
of the goods and services consumed by the provinces issued by the Central
Bank of the Islamic Republic of Iran have been used.

The information on the expenditure and income of the households also
known as household budget is one of the essential and unique information
resources used in the experimental investigation on the subjects of
Microeconomics (the topics of consumer, demand, income and substitution
effects), welfare economy (welfare indices, income distribution, poverty,
etc.), and also the socio-economic studies and health economy, education, etc.
The information just mentioned is collected through field investigation



The Effect of Socioeconomic Variables on Provincial Bread Demand Using ... 541

annually along with the extensive samples and through the detailed
questionnaires from different households (these questionnaires include more
than1000 questions posed to the households where the involved households
are paid to provide better and more exact answers) throughout the country at
different social, economic (expenditure and income) sections. Thus, it is
possible to analyze these factors in the economic examinations using the
socioeconomic characteristics of the households while analyzing the
economic issues.

In the present study, 11 groups of goods make up the demand equations.
Although, one of the equations (equation of other groups of goods) will be
eliminated because of imposing aggregate constraints in the final estimation.

4.2 Model Estimation Method

The Iterated Linear Least squares Estimator has been used in estimating the
non-linear model of Quadratic Almost Ideal Demand System (QUAIDS). This
estimator has been proposed by Blundella, R., J. Robin (1999) to estimate
some demand systems such as AIDS and QAIDS. In these models, the
behavior of the consumer is inherently non-linear because the assumption of
linearity of the expenditure with the total budget and relative prices is not
logical.

The experimental demand systems that do not impose certain constraints
on consumer preferences, are usually non-linear. Blundell, R., J. Robin
proposed the Iterated Linear Least squares Estimator for the simultaneous
equation system that is large and non-linear, which are only conditionally
linear in some parameters. They showed that this estimator is consistent, and
it has some asymptotic properties suggesting the efficiency of an estimator.

They mention that if the equation system to be estimated is as follows:

yie = 9(x, 099" + uy, i=12,..,N, t=1,.,T (15)

The estimator ILLS includes an iterated set of the following trend:

The estimator estimates @) for 0, and estimates 8 ®*V for g(x,, O7)
using y; and iterates this to such an extent that a numerical conversion occurs.
In other words, this estimator does not estimate the whole system
simultaneously, but it estimates one equation in every single stage that is
considered a distinct advantage for the large demand systems.

If @ shows the 8® limit, when p tends to infinity, & is a consistent
estimator of 8°. Blundella, R., J. Robin (1999) provide a simple definition of
the Iterated Linear Least squares Estimator, that is:
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Ify; = Vi1, -, Vit)' and G(0), then the resultant matrix is formed:

g(x1,6)
G(6) = < : ) (16)
g(xr, 0)

The (p+1)1 iteration of the algorithm, provides us with the following value
for the parameter relating to i equation:

o+ — [G(Q(P))'G(Q(P))]_l GOPYy, (17)

Thus, any limit obtained from such a recurrent sequence will be a fixed
point of the vector with n number of ¥;(6) functions where the i part is as
follows:

(¥:i(0) = [G(O) G(O]'G(6)y; (18)

It means that an Iterated Linear Least squares Estimator for the model (15)
is a fixed point of ¥ (8).

Estimation of constrained equations system of QAIDS:

According to equation (9), the assertion of the functional form is as follows.
The constrained equation system has been estimated by implementing the
symmetry constraint to the coefficients and also implementing the restrictions
of homogeneity and adding up.

w; =a; + Zfﬂ YijLnP; + BiLn [%] + % Ln {%}]2 +

Where in the above model, i stands for the groups of the goods including
rice, meat, dairy products, bread, cereals, other foods, clothes, housing, health,
transportation, and other goods. Also, h, stands for the socioeconomic

variables including the household size; spouse's level of education and head
of the household; the age, sex and marital status of the head of household;
number of working people in the household who receive an income, and
finally the dummy variable of provinces and Target-orientation of Subsidies.
The results of the QAIDS model estimation using Iterated Linear Least
squares have been presented in tables 1 and 2.
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Table 1
Results of Quadratic Almost Ideal Demand System (QUAIDS) estimation (1)
parameters Rice Meat Dairy Bread Cereals Other
feed
gamma_lnpl ***0.014 -0.005 -0.002 **0.001 -0.001 -0.002
gamma_Ilnp2 **-0.005 ***0.017 **%*0.005 ***0.007 ***0.004 **0.006
gamma_Inp3 -0.002 **0.005 **%*0.009 **-0.002 ***0.003 *-0.005
gamma_Ilnp4 0.001 *%**0.007 -0.002 ***0.006 *-0.001 -0.006
E =3 Fekek
gamma_Inp5 -0.001 0.004 **%*0.003 -0.001 **%*0.003 *-0.006
gamma_Ilnp6 -0.002 *0.006 -0.005 -0.006 -0.006 *%*%*0.043
E =3 E 3 =
gamma_Inp7 0.001 -0.016 *0.001 -0.003 -0.008 ***0.011
Fekk E =3 E
gamma_Inp8 0 **0.004 -0.012 -0.01 -0.007 -0.035
E = E = *kk Fekk
gamma_Inp9 -0.001 -0.015 -0.007 -0.007 **%*0.004 -0.01
Fekk = E = Fekk
gamma_Ilnp1l **0.006 **-0.007 *0.002 ***0.009 ***0.002 **0.009
gamma_lnpl ***_0.012 0 ***0.006  ***0.006 ***0.005 -0.006
beta_Inx **%*0.03 **%0.04 -0.007 -0.04 **%*0.002 ***0.011
E = E =
lambda_Inx2 ***_0.004 -0.006 ***0 ***0.003 -0.001 -0.005
E = k= E =
alpha_o0 ***0.005 ***0.004 -0.005 -0.005 ***0.003 ***0.008
k= k=
alpha_ol ***0.012 -0.002 -0.005 -0.004 ***0.003 ***0.012
k= k=
alpha_o2 ***_0.006 ***0.006 -0.005 -0.002 ***0.001 ***0.013
k= k=
alpha_o3 0 -0.002 *-0.001 ***0.004 ***0.004 0.001
alpha_o4 -0.001 -0.004 -0.002 ***0.004 ***0.008 ***0.007
E = k=
alpha_o5 ***0.004 ***0.005 -0.011 ***0.002 ***0.003 ***0.014
*kKk
alpha_o6 ***0.006 ***0.028 -0.002 -0.007 ***0.008 ***0.04
*kKk KKk
alpha_o7 ***0.007 **0.003 -0.005 -0.005 ***0.005 0.001
*kKk KKk
alpha_o8 ***0.005 ***0.023 -0.009 -0.004 **%*0.002 -0.008
*kKk KKk *hk
alpha_o9 ***0.003 ***0.014 0 -0.001 ***0.007 ***0.013
alpha_o10 -0.001 ***0.007 -0.004 -0.007 ***0.005 **-0.003
E =3 E =3
alpha_o1l1 ***0.01 ***0.044 -0.007 ***0.01 **0.001 ***0.035
E =3
alpha_o12 **%*0.004 ***0.016 -0.006 ***0.006 ***0.003 ***0.031
E =3
alpha_o13 **%*0.003 ***0.006 -0.005 0.001 **%*0.001 0.002
E =3
alpha_o14 **%*0.011 ***0.036 0.001 -0.009 ***0.01 ***0.015
Fekk
alpha_o15 **%*0.006 **%*0.024 -0.009 **%*0.002 ***0.001 ***0.013
E =3
alpha_o16 **%*0.012 *%**0.031 ***_0.01 -0.002 **%*0.002 ***0.026
Fekk
alpha_o17 0 **%*0.023 -0.009 -0.011 **%*0.007 ***0.049

Fokk

Fkk
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parameters Rice Meat Dairy Bread Cereals Other
feed
alpha_o18 ***0.011  ***0.018  -0.009 -0.005  ***0.006 ***0.026
Fkk E =3
alpha_o19 *AX0.004  FFX0,004  FFF0.001  FFF0.005 *FX0.004 ***0.017
alpha_o20 ***0.011 ***0.005 -0.007 -0.008 **-0.001 -0.007
E = k= k=
alpha_o21 ***0.005 ***0.031 -0.006 -0.009 **0.001 -0.014
E = k= k=
alpha_o22 ***0.008 ***0.027 -0.003 0 ***0.005 ***0.018
E =
alpha_o23 **-0.002 -0.008 -0.001 -0.003 0 -0.016
k= E = k= k=
alpha_o24 ***0.007 ***0.016 -0.004 ***0.004 ***0.009 ***0.01
E =
alpha_o25 0 -0.005 -0.007 -0.01 -0.001 -0.025
k= E = k= k= k=
alpha_o26 ***0.009 0 -0.004 -0.006 ***0.003 -0.004
E = E = E s =
alpha_o27 0.001 ***0.011 -0.009 0 **-0.001 *-0.002
E =
alpha_o28 ***0.008 -0.001 -0.005 **0.001 ***0.006 ***0.01
E =
alpha_o29 *0.002 ***0.028 -0.001 ***0.006 ***0.005 ***0.028
E =
alpha_boad ***0.001 ***0.001 ***0.001 ***0.004 ***0.001 ***0.004
alpha_sartahs ***0 alaial0] ***Q ***Q akaial0] -0.001
H e
alpha_hamta ***_0.001 ***0 0 falaialt] ***0 -0.001
() =
alpha_jens 0 ***0.003 -0.001 ***0.001 -0.001 -0.002
alpha_sen 0 ***0 *E* ol (] :::0 :::0
alpha_sarfaali 0 **%*0.002 ***0.001 -0.001 ***0.001 ***0.003
—a Fekk
alpha_sarzan ***0.005 ***0.004 ***0.002 ***0,004 ***0.002 ***0.012
alpha_hadaf 0 -0.004 *%x0 001  ***0.013  **0.001  *-0.002
=
alpha_cons ***-0.03 **-0.007 ***0.051 ***0.12 ***0.01 ***0.131

***: Significance coefficients at 1% level

Significance coefficients at 10% level

**: Significance coefficients at 5% level

*

Table 2

Results of Quadratic Almost Ideal Demand System (QUAIDS) estimation (2)
parameters clothing Housing Health Transportati Other

on goods

gamma_lnpl 0.001 0 -0.001 **0.006 -0.012
gamma_Inp2 ***_0.016 0.004 ***_0.015 -0.007 0
gamma_Ilnp3 0.001 *-0.012 -0.007 0.002 0.006
gamma_lnp4 **-0.003 ***-0.01 ***-0.007 **%*0.009 *0.006
gamma_Inp5 **-0.008 -0.007 0.004 0.002 0.005
gamma_Inp6 **0.011 ***_0.035 -0.01 0.009 -0.006
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parameters clothing Housing Health Transportati Other
on goods
gamma_lnp7 **%*0.035 ***0.024 0.001 -0.008 -0.039
gamma_lnp8 ***0.024 ***0.075 ***_0.031 ***_0.028 **13?)19
gamma_Ilnp9 0.001 ***_0.031 ***0.036 0 **%*0.029
gamma_Inp10 *-0.008 ***_0.028 0 *-0.013 **%0.027
gamma_lnp1l ***_0.039 *0.019 **%*0.029 ***0.027 -0.035
beta_Inx **%*0.035 ***_0.075 ***_0.032 *x*_0.12 **’:‘3358
lambda_Inx2 ***_0.001 ***_0.003 ***0.008 ***0.024 -0.014
alpha_o0 *x%0 021 *x%_0.171 **%0 031 **%0 028 **:3381
alpha_ol **%*0.025 ***_0.154 **%*0.039 **%*0.023 **%*0.051
alpha_o2 **%0 022 *x%_0.141 **%0 02 **%0 025  ***0.067
alpha_o3 **%*0.029 ***_0.181 **%*0.033 **%*0.036 **%*0.077
alpha_o4 ***0.04 ***_0.176 ***0.026 ***0.025 ***0.074
alpha_o5 ***0.018 ***-0.102 ***0.019 ***0.021 ***0.027
alpha_o6 ***0.01 ***_0.175 ***0.025 ***0.022 ***0.046
alpha_o7 ***0.01 ***_-0.128 ***0.037 ***0.026 **%0.048
alpha_o8 ***0.032 ***-0.193 ***0.033 ***0.052 ***0.068
alpha_o9 ***0.016 ***_0.117 ***0.015 ***0.022 ***0.026
alpha_o10 ***0.017 ***_0.133 ***0.03 **%*0.023 **%*0.065
alpha_o11 ***0.033 ***_0.184 ***0.015 ***0.021 **%0.023
alpha_o12 ***0.034 ***-0.148 ***0.007 ***0.018 **%*0.036
alpha_o13 ***0.015 ***_0.122 **%*0.02 **%*0.025 ***0.054
alpha_o14 **%*0.02 ***-0.19 ***0.032 **%*0.019 ***0.055
alpha_o15 **%*0.02 ***_0.145 ***0.012 **%*0.025 **%0.051
alpha_o16 ***0.038 *x*_0.22 ***0.018 ***0.026 **%*0.079
alpha_o17 ***0.03 ***_0.202 **%0.02 **%*0.032 **%*0.062
alpha_o18 -0.001 ***_0.15 **%*0.009 ***0.034 ***0.059
alpha_o19 ***0.024 ***_0.187 ***0.016 **%*0.025 **%*0.086
alpha_o020 ***0.015 ***_0.137 **%*0.025 ***0.036 ***0.068
alpha_o21 **%*0.019 ***_0.157 ***0.014 **%*0.033 ***0.084
alpha_o022 ***0.007 ***_0.135 ***0.011 ***0.03 **%*0.032
alpha_o023 -0.001 **%*0.035 ***0.007 -0.001 ***_0.01
alpha_o24 ***0.037 ***_0.201 ***0.017 ***0.016 **%*0.088
alpha_o025 **%*0.013 ***_0.053 ***0.04 **%*0.021 **%0.028
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parameters clothing Housing Health Transportati Other
on goods
alpha_o26 ***0.017 ***-0.118 ***0.015 **%*0.028 ***0.06
alpha_o27 **%*0.029 ***_0.155 **%*0.029 **%*0.036 ***0.061
alpha_o28 ***0.034 ***_0.175 ***0.024 **%*0.033 ***0.063
alpha_o29 **%*0.053 ***_0.212 -0.003 **%*0.032 ***0.063
alpha_boad **%*0.001 ***_0.008 ***_0.006 ***-0.003  ***0.003
alpha_sartahsil ***-0.001 **%*0.002 ***-0.002 ***-0.001  ***0.005
alpha_hamtahsil ***0 **%*0.002 ***-0.001 0 **%0.001
alpha_jens ***-0.005 ***-0.015 *0.002 ***0.011 **%*0.007
alpha_sen ***_0.001 ***0.002 *0 ***_0.001 ***0
alpha_sarfaaliat 0 ***_0.02 ***_0.015 *-0.001 **%*0.03
alpha_sarzanashoee **-0.002 ***_0.02 ***0.009 ***0.005 -0.021
alpha_hadaf 0.001 -0.001 ***0.008 ***_0.012 —8364
alpha_cons ***_0.053 ***0.741 ***0.06 ***0.217 -0.239

Kk

***: Significance coefficients at 1% level **: Significance coefficients at 5% level
Significance coefficients at 10% level

¥

Resources: study results

Tables 1 and 2 show the results of the model estimation. According to these

tables, all own price coefficients in each equation are significant at level 1%

(except for the transportation equation where the own price coefficient is

significant at 10%). Also, the coefficient of real expenditure logarithm

variable is significant at level 1% in all equations indicating the good fitting
that is consistent with the demand theories. Also, the results of these tables
indicate the importance of the second-order variable of real expenditure for
the bread equation. This coefficient is significant at level 1% and it indicates
the adaptation of the Quadratic Almost Ideal Demand System (QUAIDS)
model with the observations.

The results also show that:

— The 7y coefficients express, supposing that the real household income is
fixed, the change in the percentage of the budget share allocated to the
purchase of the commodity i if the price of the commodity j changes 1%.
Accordingly, the coefficient 0.006 in the bread demand function shows
that supposing that the income is fixed, the budget share allocated to the
bread will increase by 0.06% if the bread price increases by 10%.

— The coefficient of the variable of household size has been obtained as
positive and significant for bread. Accordingly, the demand of the
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household for bread increases along with the increase in the family size
that is entirely natural and under the expectations.

— The effect of dummy variable of the spouse's level of education of
the head of the household and also the spouse's level of education has
been 0 for the bread that indicates the lack of effect of the level of
education on demand for bread.

— The coefficient of variable relating to the sex of the head of the household
regarding bread has become positive and significant at 1% level. It means
that if the head of the household is male, the bread consumption of the
household increases. This topic can indicate the higher welfare of the
households with the male head.

— The coefficient of the age of the head of the household is 0 for bread, and
it has become significant at a 1% level. It means that the age of the head
of the household does not affect the demand for bread.

— Concerning the coefficient of employment of household head, the
obtained coefficient for the bread is not significant. Thus, the employment
or non-employment of the head of the household does not affect the
demand for bread.

— The marital status of the head of the household is one of the social
variables whose coefficient has been positive and significant for the bread
according to the estimations of the present study. The presence of both
parents in the household increases the expenditure on bread. Perhaps, it
can be proposed that the family eat a number of meals in the households
where both parents are present; therefore, the bread consumption is greater
in these families.

— The positive coefficient of implementation of the Law on Targeted
Subsidies for bread shows that the expenditure on bread has increased
along with the implementation of the Law on Targeted Subsidies, and the
expenditures on other groups of foods have decreased.

Now, the price and income elasticities of the provinces can be calculated
considering the fitted constrained equations.

Estimation of the price and income elasticities of provinces for bread

According to the information included in the first column of Table 3, the
highest share of bread is in the basket of the households living in Sistan and
Baluchestan Province that is 0.049 and the households living in provinces of
South Khorasan and Kurdistan and Kurdistan, that is 0.034. The least share of
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bread is in the basket of the households residing in Chaharmahal and Bakhtiari
Province that is 0.014.

The second and third columns of Table 3 show the compensated and
uncompensated price elasticities of bread in different provinces. As can be
seen in the table, the compensated and uncompensated price elasticities have
been negative for all provinces that are under the theoretical expectation and
negative relationship between the amount of demand and bread price.

The price elasticity of demand for bread is -0.5 in the whole country that
indicates the low elasticity of the demand for bread. It means that, on average,
there will be a 0.5% decrease in the demands for bread along with a 1%
increase in its price in the urban areas. In other words, there is a low sensitivity
to the change in bread price.

The least bread price elasticity has been observed in Chaharmahal and
Bakhtiari Province. The smallest decrease in demand will occur among the
households living in Chaharmahal and Bakhtiari Province along with the 1%
increase in bread price.

The greatest price elasticity of bread has been observed in the provinces
Sistan and Baluchestan, South Khorasan, and Kurdistan, respectively. Thus,
the greatest decrease in demand for bread consumption will occur among the
households of these three provinces along with the 1% increase in bread price.

According to the economic theories, the greater share of an individual's
income is spent on a commodity, the price elasticity of the given commodity
will be greater. As can be seen, this is completely confirmed by the results
obtained in this research, and the greatest price elasticity is observed in the
provinces where the bread is the main portion of the consumption basket of
the given provinces.

As the numbers in the third column of table 3 show it, the sign of all income
elasticities, except for the provinces of Isfahan, Chaharmahal o Bakhtiari, and
Kohgiluyeh and Boyer-Ahmad, is positive i.e. the bread is considered as a
normal commodity in all provinces except for the mentioned provinces. The
normality of bread for households means that the amount of expenditure on
bread increases along with the increase in the income of consumers.
Considering the figures registered for the income elasticities that are all less
than 1, it can be concluded that bread is considered as a necessary commodity
in all 28 mentioned provinces. It is the case because the demand for bread will
decrease by less than 1%, along with the 1% decrease in income.

However, concerning the three provinces of Isfahan, Chaharmahal and
Bakhtiari, Kohgiluyeh and Boyer-Ahmad considering the negative income
elasticity, bread is considered an inferior commodity and the consumption of
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bread decreases along with the increase in income. It can indicate that the
bread has substituted some more expensive foodstuffs because of being
cheaper considering the current income levels in these three provinces, and
the households in these provinces start to consume less bread and more of
other foodstuffs as they incomes increase.

Table 3

The share and income elasticities, compensated and uncompensated
provincial price through implementing the constraints of symmetry,
homogeneity and adding up

Provinces Share of Income Uncompensated Compensated
bread elasticity price elasticity price
elasticity
Markazi 0.021 0.145 0512 **.0.509
Gilan 0.019 *70.089 *.0.459 *.0.457
Mazandaran 0.02 "0.169 *7.0.501 *.0.497
East Azerbaijan 0.03 ""0.413 "-0.66 ".0.648
West Azerbaijan 0.031 *0.453 *.0.669 *.0.655
Kermanshah 0.027 "0.365 *.0.622 ".0.612
Khuzestan 0.021 "0.214 ".0.53 "".0.526
Fars 0.018 *0.074 *.0.442 *.0.441
Kerman 0.027 0.317 *.0.632 .0.623
Razavi Khorasan 0.026 "0.317 0611 *.0.603
Isfahan 0.015 7.0.08 *.0.354 *.0.355
Sistan & 0.049 "0.589 *.0.786 *.0.757
Bluchestan
Kurdistan 0.034 °0.485 *.0.703 *.0.686
Hamadan 0.028 "0.337 *.0.635 *.0.626
Chaharmahal & 0.014 ".0.203 ".0.281 ".0.284
Bakhtiari
Lorestan 0.028 "0.376 *.0.632 .0.622
llam 0.024 ""0.269 0.57 ".0.564
Kogiluyeh & 0.016 *-0.034 *.0.391 *.0.392
Boyerahmad
Bushehr 0.022 "0.214 ".0.548 ".0.543
Zanjan 0.033 70.481 *.0.692 *.0.676
Semnan 0.018 0.011 .0.458 .0.458
Yazd 0.019 0.015 "7.0.471 ".0.471
Hormozgan 0.024 "0.286 ".0.567 ".0.561
Tehran 0.015 0.017 *.0.346 *.0.346
Ardabil 0.03 "0.433 ".0.661 ".0.648
Qom 0.021 0.115 ".0.522 "0.52
Qazvin 0.018 "0.078 .0.452 *7.0.451
Golestan 0.031 "0.411 ".0.675 ".0.662
North Khorasan 0.029 ""0.367 .0.648 "-0.637
South Khorasan 0.034 "0.459 *.0.695 ".0.68
Alborz 0.03 "0.458 ".0.661 ".0.647
whole country 0.025 ""0.291 "".0.588 ".0.581

Resources: Study results
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The highest income elasticity has been observed in Sistan and Baluchestan
Province that is 0.58, showing that the most significant decrease in bread
consumption will occur in Sistan and Baluchestan Province along with the 1%
decrease in the income of the households of different provinces.

5 Conclusion

The study of consumer behavior and the analysis of the allocation of the
limited household income to different goods and services is considered one of
the essential and practical subjects in Economics. The estimation of demand
function and recognition of the position of some factors such as the amounts
and prices is of great importance within the framework of the relevant
elasticities relating to recognizing the consumption preferences and prediction
of the future needs of the consumers for policymaking and planning.
Awareness of the elasticity coefficients of demand for food items can help
agricultural planners them a lot to recognize the course of changes in demands
for agricultural products in the coming years. The bread as one of the most
important sources of calories received by the households of the country and
also as the staple food of most Iranians has a significant role in the health of
the Iranian community. Thus the exact identification of the factors affecting
the demand for bread and the extent to which each of these factors is effective
can prove very helpful in policymaking. The present study has been conducted
to investigate the effect of the socioeconomic variables and implementation
of the Law on Targeted Subsidies on the consumption of bread in different
provinces in the period 2007-2015 where the approach of Quadratic Almost
Ideal Demand System (QUAIDS) and calculations of different types of
income and price elasticities have been used. Considering the importance of
bread in the food basket of Iranian households, the findings of this
investigation can make many contributions to different sections that are
responsible for adjusting the market and providing food security in the
country.

The results of the model show that the bread is considered a vital
commodity in Iran (with an income elasticity of 0.29), and it is of low
elasticity (with a price elasticity of - 0.58).

In the present study, the average share of the bread of urban households in
the whole country has been obtained as 0.02; that is, the bread accounts for
2% of the household budget. This amount differs from 0.01 to 0.05 in different
provinces.
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The income elasticity of bread has been positive and less than 1 in all
provinces except for I[sfahan, Chaharmahal and Bakhtiari and Kohgiluyeh and
Boyer-Ahmad. Thus, it can be concluded that bread is a vital commodity in
all 28 mentioned provinces.

The bread price elasticity for the urban households throughout the country
has been obtained as -0.58%. It means that if the bread price increases by 1%,
we will have about a 0.58% decrease in demand. Thus, bread is considered a
low elasticity commodity for the urban community in Iran, and it is not a good
solution to change the bread price to change the bread consumption pattern.

The results show that the coefficient of household aspect is positive and
significant. The fact that the obtained family coefficient is positive can
originate from two factors: 1- The consumption of bread increases along with
the increase in the number of family members, 2- The household size increases
as moving towards the low-income groups and the bread gets a greater share
of the consumption basket of these households.

Considering the coefficient obtained for the married heads of households
(that is positive and significant) as it was expected before, the married life of
the head of the household increases the bread consumption. Therefore, the
consumption of bread increases in families where both parents are present.
Probably, this stems from three reasons: 1- Being married increases the
household size, 2- The households with the married head are probably more
prosperous because it is possible that the number of working people increases
in these households (where both man and woman work), 3- In the households
where both parents are present, the family will have a higher number of meals.
Thus the consumption of bread is greater in these families.

The positive coefficient of the sex of the head of households shows that the
demand for bread in the households with a male head is greater than that of
the households with a female head, and this is probably because the
households with a female head enjoy less welfare. Therefore, the government
should protect this vulnerable group of the community by granting special
facilities to achieve food security for all members of the community and also
to administer justice.

Considering the coefficient obtained for the implementation of the Law on
Targeted Subsidies (that is positive and significant), it is concluded that the
increase in the price of bread resulting from the elimination of the subsidies
not only fails to decrease the demand for bread, but it will lead to a more
consumption of this commodity. Thus, it can be concluded that the decrease
in the wastes of bread that was stated as one of the goals of the decrease in
subsidy in this section was not realized. It can be probably explained by the
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argument that because according to the obtained coefficients the effect of the
implementation of this law on the demand for meat and other foodstuffs was
negative and significant. The consumers cut down on the consumption of the
two mentioned groups of goods and replaced bread was substituted for its
relatively lower price where this entails the implementation of poverty
eliminating policies by the government.

The effect of dummy variables of education of the head of household, the
education of the spouse of the head of household, and the age of the head of
household on the demand for bread was obtained as zero and significant. It
means that the increase in the education level of the heads of households, and
also the education of the spouse of the head of household and the age of the
head of household have not affect bread consumption pattern.
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By using the household data on food consumption, income and other social indicators
including activity status, age, literacy, place of residence employment, and marital status,
this paper aims to investigate the transitory impact of temporary and permanent income
shocks on food consumption in Iran over the period 2009-2014. To study the
deterministic effects of the household on food consumption and income, firstly, an
Ordinary Least Squares (OLS) method is used to estimate the impact of some Iranian
social characteristics on households’ income and food consumption. Then, the variance—
covariance structure of income and food consumption processes is utilized, which has
described by the Permanent-Temporary model (PT) to identify the characterizing
parameters, which link the behavior of consumption and income to estimate the
consumption-smoothing parameters. The results indicate that there is nearly complete
food consumption smoothing against temporary and permanent income shocks
throughout the sample period. Moreover, households’ social indicators have significant
effects on their food consumption, income levels, and insurance opportunities.

Keywords: Temporary and Permanent Income Shocks, Household Consumption,
Covariance Constraints, Consumption Smoothing, Complete Insurance
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1 Introduction

Based on the household consumption theory, rational households tend to plan
their periodic decision-making processes close to expected incomes
throughout their lifetimes and through using different smoothing mechanisms;
they maintain their consumption consistently with income changes (Notten
and Crombrugghe, 2012). Over the past few years, extensive theoretical and
empirical literature done on the impact of household income shocks has shown
that households can use home-grown revenues, increase job delivery, or create
a second job (risk management strategies) to smooth their income before a
shock. It is also possible to smooth out their consumption aftershocks through
savings and wealth, loans, or assistance from the official market or social
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networks such as family members, friends, charities, etc. (risk coping
strategies) (Sirisankanan, 2015). Also, in most developing countries,
households sometimes have to deal with economic and exogenous shocks due
to inadequate information, liquidity limitation, and lack of access to the
mentioned mechanisms. In other words, one way that households respond to
income shocks is by adjusting the intensity of consumption of some goods and
services in favor of consuming other goods (Dutt and Padmanabhan, 2011).

The main study of this paper is to investigate the degree of transmission of
temporary and permanent income shocks on food consumption in Iran over
the period 2009-2014, using the household-level data on both food
consumption and income as well as the other social characteristics, including
age, education level, place of residence employment ,and marriage status.

The paper is organized as follows: after the introduction, section two
provides a brief literature review, section three presents the methodology for
the specifications and data sources, section four includes model estimation.
Finally, section five concludes the paper.

2 Literature Review

2.1 Theoretical Basis

Empirically and based on usual methods in existing literature, one can be able
to explain the effect of household income shocks on the consumption of
households in the following three ways (Jappelli and Pistaferri, 2010). A first
method is a quasi-experimental approach based on a comparison between
households exposed to income shocks and households who not exposed to it.
In other words, here is a comparison of household consumption before and
after income shocks, such as illness, job loss, disability, etc. (Browning &
Grossley, 2003). The second method is Subjective Expectations which is
based on setting up a questionnaire for collecting information from households
on their expectations of continuity income shocks and based on this
information, temporary and permanent shocks are identified. Finally, the third
method is the analysis of Statistical Decomposition of Income Shocks in
which income shocks are divided and examined into temporary and permanent
components through using time-series techniques. Blundell et al. (2008) used
Autoregressive Moving-average Model (ARMA) for time series and panel
data that includes income information and food expenditure. They also used
social indicators of households such as age, gender, education, activity status,
marital status, and obtained the parameters of temporary and permanent
income shocks such as deviations from income that affects consumption
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through applying covariance constraints between consumption and income
changes. The above method has been used in studies by Cassado (2011) and
Hollweg (2014) to examine the amount of temporary and permanent shocks
transferred to consumption expenditure in Spanish and Australian households,
respectively.

The ability of households to smooth their consumption against income
shocks also depends on the degree of continuity of the shock (i.e. temporary
(predicted) or permanent), the extent of development and efficiency of formal
and informal mechanisms in smoothing income and consumption or to the
type of income shock whether the shock that has happened is for a particular
household or the whole community. The household's impact on income shocks
is also influenced by some social indicators (household characteristics) such
as wealth, education, place of residence, number of household members, etc.
to investigate the effect of household income shocks, three important
hypotheses can be mentioned. The first hypothesis is a complete market
hypothesis in which households have full access to formal financial and credit
markets to smooth their consumption against income shocks. According to
this hypothesis, temporary and permanent shocks are expected to be
completely smoothed and insured (Cassado, 2011). The second hypothesis is
known as risk sharing hypothesis in which households can take insurance on
each other with different types of shocks, regardless of the type of shock,
whether temporary or permanent, positive or negative, (Cochrane, 1991) and
Townsend (1995). In this hypothesis, shocks happened to household income
can be absorbed by society. In the way that household consumption in this
community does not show any response to income changes. In a society where
risk sharing has taken place, the benefits of a general boom will come to each
member of the society, and the growth rate of the marginal utility for
households in this community is the same. Income shocks are only effective
in a way that is inclusive and out of control of the community. Under such a
condition, the power of households is reduced in sharing the risk.

The third hypothesis was proposed by Friedman (1957) under the title of
Permanent Income Hypothesis (PIH). Among the consumption theorists, he is
the first economist to focus on income shocks. The main theme of this
hypothesis, which is the basis of most empirical studies carried out in this area,
is that household income is divided into two components: permanent and
temporary. There are correlations between permanent components of
consumption and income, but their temporary components are not correlated.
Therefore, this is the only permanent change in income that affects household
consumption. Households can be insured on temporary shocks by saving or
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borrowing. But in the long run, households cannot borrow. Thus, household
consumption growth is only a function of permanent income and shows no
response to predicted and temporary income shocks (Shirvani and Wilbratte,
2009).

2.2 Empirical Studies

In the following, the most important empirical studies on the effects of
temporary shocks divided into temporary and permanent income shocks on
household consumption by using various methods that have been taken are
presented:

Bilgili (2007) examined the effects of permanent and temporary shocks on
private sector consumption in Turkey economy during 1987-2006, using a
pattern of VAR and Blanchard-Kwa (1989). Their results showed that
permanent income shocks lead to a high share of consumption variance.

Blundell et al. (2008a, 2000b) suggested a temporary-permanent income
model in which variation of consumption variance correlates with variance
changes of each of the permanent and temporary income shocks and argued
that the parameters associated with these shocks are the level of household
insurance coverage for income shocks; as is called "partial insurance" by
Blundell. In other words, their model is, in fact, an explanation of the level of
household consumption smoothing versus components of income shocks.
Blundell et al. (2008b), using data from the data panel on American household
income and food expenditure consumption, concluded that partial insurance
for household consumption against permanent shocks, especially among
groups with high education levels and also full insurance against temporary
shocks, except for low-income households, exist for the rest of the groups.

Huang et al. (2008), using Innovation Regime-switching Model (IRS),
sought to derive permanent and temporary shocks from disruptive personal
income and examined their effect on household consumption expenditures in
the United States over the period 1959 to 2006. Their findings indicated that
consumption is significantly lower than expected for permanent shocks and
equals to the predicted levels of temporary income shocks in Friedman's
permanent income hypothesis.

Shirvani and Wilbratte (2009) examined the effects of temporary and
permanent shocks on total consumption during 1980-2005 for five industrial
countries (Canada, France, Italy, the United Kingdom, and the United States).
They used the multivariate stochastic De-trending Approach (MSDA) to split
variables into a random process (permanent component) and a cycle
(temporary component). They also used the Dynamic Least Squares (DOLS)



The Effects of Social Characteristics of Iranian Households on ... 559

method to examine the effect of permanent and temporary income shocks on
the consumption in five studied countries. The obtained results showed that
consumption is affected by the permanent component of income and has no
correlation with its temporary component. So that behavior of consumption in
these five industrialized countries is consistent with the permanent income
hypothesis.

Kaplan and Violante (2010) studied the degree of consumption smoothing
implicit in a calibrated life-cycle version of the standard incomplete-market
model, and compared it to the empirical estimates of Blundel, Pistaferri and
Preston (2008) on U.S. data. They found that American households in the
data have accessed to more consumption insurance against permanent
earnings shocks than in the model.

Attanasio and Pavoni (2011) have also shown significant life insurance in
the life-cycle model of insurance against permanent income shocks for British
households

Cassado (2011) has estimated the rate of temporary and permanent shocks
on consumption from 1989 to 1995, using data from the panel on income and
food consumption expenditure of Spanish households. The findings of this
study indicated that full insurance for temporary shocks and insufficiency
(partial) insurance for permanent shocks exist for some household items.
Using panel data of income and food expenditure for Australian households
over the period 2001-2009. Hollweg (2014) has also examined the amount of
temporary and permanent shocks of household income against food
consumption and achieved the results that there is almost a complete insurance
for food consumption for temporary shocks. Meanwhile, consumption is less
secured against permanent shocks.

Bani Asadi. M. & Mohseni, R. (2014) examined the effect of temporary
and permanent shocks of productivity on the intensity of energy consumption
in Iran over the period 197402010, using Blanchard-Quah method. The results
of model estimation showed that temporary shocks of productivity are the
main source of short —term changes in energy intensity. Also, the permanent
shocks of productivity will lead to reducing energy intensity in the long-run.

Kukk et al. (2016) investigated the effect of permanent and temporary
income shocks on the consumption of households in Estonia, using the data of
the household’s budget questionnaire over the period 2002-2007. Their
purpose in this analysis was to identify and analyze the permanent and
temporary incomes of each other. The results indicated that household
consumption is more likely to respond to permanent income shocks, and
temporary income shocks do not have much effect on consumption changes.
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Mowlaei and Ali (2016) examined the effect of the temporary and
permanent income shocks on Iranian household’s consumption and using
Blanchard-Quah method. The results of estimated model confirm the validity
of permanent income hypothesis (PIH) in Iran. So that household consumption
almost entirely explained by permanent shocks income, but it does not show
sensitively to temporary shocks.

Mowlaei and Ali (2018) investigated the effect of economic shocks on the
consumption of Iranian households over the period 1974-2014, using ARDL
method. They found that there was a positive and significant relationship
between household consumption; temporary and permanent income and
money shocks, but there is a significant and negative relationship between
household consumption and permanent government spending shocks in Iran.

Not study has directly examined the effect of insurance rate on food
consumption expenditures for temporary and permanent shocks for Iranian
households. The most studies have used econometric methods and techniques
to estimate the consumption function or final consumption in terms of
Keynesian, Friedman, and Modigliani hypotheses. These studies include
Zarra-Nezhad (2003),

Fakhraei and Mansouri (2010), Roshan et al. (2013), Yazdan and Sina
(2013), Zarra-Nezhad et al. (2011). Other studies have been carried out in this
field (Emami and Darbani, 2011), in which the factors affecting consumption
expenditure of households have been investigated.

By summarizing the findings, it can be argued that a limited number of
studies have been carried out on assessment of transmission of income shocks,
separated as temporary and permanent, on household consumption
expenditures, and especially food commodities abroad. In Iran, due to
occurrence of significant economic changes since 2009, such as a surge in
energy prices, oil and banking sanctions, exchange rate fluctuations, and the
entry of various economic sectors into a stagnant and negative growth, there
is not a direct analyze on the survey and identification of household
consumption insurance rates for shocks. Hence, doing this study for Iran is
important and can provide a theoretical basis for further studies. The
contribution of this paper is following the study of Blundell et al. (2008) and
by using panel data that includes income and food expenditure data for Iranian
households and social indicators of households such as age, gender, education,
activity status, marital status; the rate of food consumption insurance for
temporary and permanent income shocks over the period 2009-2014 is
investigated.
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3 Methodology and Data

3.1 Methodology

The purpose of the present study is to investigate how permanent and
temporary shocks are transferred to household consumptions, which is called
"Partial insurance parameters" in a study by Blundell et al. (2008). In this
model, by allowing changes in the variance of permanent and temporary
shocks over time, the rate of change in the sustainability of income shocks is
made possible. Suppose that the logarithm of the real household income at
time t is displayed with logYi; and depends on some dummy components Zi,
a constant component P;; and a temporary income component v

logY; =Z;d;p; Hviy (1)

It is assumed that the permanent component of p;  follows a random
Martingale process:

P; =P G (2)

That C i is serially non-correlated. It is assumed that the temporary
component viy, follows from a moving average of the order of q:

Vii= Z}Lo 0;€i (3)
Therefore, income changes during t and t-1 are equal to:
Ay, =i AV 4

That yi,t=logYi,t—Zi,tpt is the net income of dummy components (education,
employment, gender, marital status, and the age of the head of household).
Following the study of Blundell et al. (2002, 2008), and then the study by
Cassado (2011) to measure how income shocks transfer to consumption, the
change in the actual consumption logarithm derived from the linear
approximation of Euler equation which is obtained from maximizing
desirability of the household according to its budget constraint is defined as
follows:

ACi,t:q)iCiﬁ\ViEi,ﬁéi,t (5)

That ¢; =logC; i-Z; ;p, is purified consumption of dummy components (age,
gender, ....) and &, is a disruptive segment of consumption and independent of
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income (e.g., a shock of preferences). ¢; and y; parameters are called
consumption smoothing parameters, and these parameters indicate the degree
of transition of permanent and temporary shocks to household consumption.
So that:

If (i =y, ~0), there is a full smoothing against both temporary and

permanent shocks. If (®; =y, =1): There is no smoothing consumption. If
(0<®, <I and 0<y, <1): for other modes and the closer the parameters to

zero, the higher the degree of insurance is showing. By assuming & is static,
changes in the variance of consumption growth can be analyzed as follows:

Var(Ac)=Var(( ) Ad*+d? AVar(¢, ) +Var(e) Ay?>+y? AVar(e,) (6)

Equation (6) shows that the variance of consumption growth can be
changed due to the reduction of the degree of consumption smoothing
(increase in insurance parameters) compared to income shocks or because of
the increased variance of income shocks. However, since the period of this
study is short, it is assumed that insurance parameters do not change over time.
Assuming that these parameters are stable, and given that households do not
have full smoothing consumption against shocks, it can be concluded that the
growth of consumption variance can increase as a result of increased
permanent and temporary shocks (Hori and Shimizutani, 2012).

To identify model parameters, covariance constraints are imposed on
consumption and income growth. In Blundell approach, consumption is
allowed to have a measurement error. Suppose ci*t is measured consumption,
and cj; is the real amount of consumption:

*
Cit=CitTUj¢ (7

In which, ui; is a measurement error of consumption. Assuming that
consumption follows a Martingale process, the measurement error may lead
to self-dependence on consumption growth.

It is assumed that the processes éi’t, ¢,and v; are non-correlated two-by-

two. According to papers by Hall and Mishkin (1982) and other researchers,
it is possible to identify parameters in equations 4 and 5 by applying
covariance constraints. Given the equation (4), the following constraints can
be imposed on variables:
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Var(Ct)Jrvar(AVt) s=0

()
cov(AV,AvVyg) s#0

cov(ay,bv,.)|

In which var (.) and cov (.) show the cross-sectional variances and
covariance (variance and covariance of variables in cross-sectional units).
Equation (8) shows that inequality of income (that is obtained by placing s =
0) may be due to an increase in the variance of continuous income shocks or
due to the increased variance of temporary shocks.

The covariance of Av; and Av depends on the self-correlation structure
of vj. If v follows a moving average process of q, then cov (Avy, Avy,), when
|s|>q+1 | is equal to zero. Also, if v is not correlated serially (v i = € i), the
variance of Av, is equal to the sum of variances of € ; and €. In this study,
the temporary component of income is assumed to follow an MA (1) process.
Under this assumption, the following constraints exist between covariance of
income growth:

Var(Ct)-l-var(et)-i-(l—e)Zvar(et_l )+Bzvar(et_2)
coV(AY LAY )=1 -(1-0)var(e)+(1-8)Bvar(e, , )-Bvar(e,) ©)
0

Accordingly, with the same approach, the covariance constraints of
consumption growth in different interruptions are defined as follows:

cov (AC: aACI:rS): { ¢2Var (Ct)+\vz Var(et)+var(§t)+var (ut)+var(ut'l ) “vat (ut) S;g ( 1 0)
S

In which, var (uy) is the variance of the measurement error. Due to the
assumption that the consumption is a martingale, the variance of the
measurement error can be determined using the first-order auto-covariance in
the growth of consumption (because each serially self-correlation is related to
a disruptive segment). This relationship shows that inequality of consumption
can occur for three reasons: 1.Decrease in the degree of insurance about
income shocks (for certain variances) 2. Increase in the variance of income
shocks (for the specified insurance amount) and 3. Increase in consumption
measurement error. By using (4) and (5), the covariance constraint between
income growth and consumption in different interruptions is equal to:



564 Money and Economy, Vol. 14, No. 4, Fall 2019

0] tvar(Ct)Jr\ytvar(st) s=0
WtCOV(St,AVH—s) s>0

cov(Aci Ay, )= { (11)

If v is a moving average process of the order of q, then cov(Act, Ay, +S) is
zero when [s|>g+1. | Also, if v is not correlated serially (v; =¢; ), the variance
Av; is equal to the sum of € and €. variances. Also, if v is serially not
correlated (vi =€), s0 cov(Av,Avy,)=-y var(e,) for s = 1 and otherwise the
covariance of two sentences will be zero. Given the existence of the first-order
moving average in temporary income shocks, the covariance constraints
between consumption growth and income will be as follows:

¢tvar(§t)+\|/tvar(8t)—\y(1—9)Var(et)—\y9var(et)
cov(Act Ay, )=4 0 (12)

3.2 Data Sources

To estimate the effects of permanent and temporary income shocks on
household consumption, several data sets have been used. First, calculating
panel data, including urban and rural households over the period 2009-2014,
by the data which has been published by the Statistical Center of Iran in
different years. Then the social indicators of households such as age, gender,
education, activity status, marital status, etc. have been collected. However,
for some people, the sample did not contain all the variables required for this
study, so only the available statistics were used. The variables of income and
food expenditures are calculated by real values (constant 1390=100).

4 Model Estimation

4.1 Auto-Covariance of Income and Food Consumption

Using the dummy factors from household’s income and consumption, these
variables were first, regressed based on age, gender, educational status, marital
status, the status of the activity of the head of household, and the residential
place. Table (1) shows the studied social indicators of households in Iran.
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Table 1
The social indicators of households in Iran

The Dummy Variable of the Status of the Head of Household

Employed 4
Unemployed 3
Income Without Job 2
Student 1
Housewife 0
The Dummy Variable of Education of the Head of Household
Literate 1
Otherwise 0
The Dummy Variable of the Gender of the Head of Household
Male 1
Otherwise 0
The Dummy Variable of the Marital Status of the Head of Household
Married 3
Widowed 2
Divorced 1
Single 0
The Dummy Variable of the Residential Status of the Head of Household
urban 1
village 0

The Dummy Variable of the Age of the Head of Household is measured by year

Source: Research Calculations.

The effects of studied variables on households’ income are presented in

table 2.

Table 2
Regression of Dummy Components on Income

Variable

Coefficient

Marital Status
Activity Status
Literacy Status
Age

Gender
Residential place
Intercept

0.07* (6.80)
0.15% (27/94)
0.35% (32.97)
0.008* (2.66)
0.17* (8.95)
0.83* (9.02)
15.73* (425.1)

R?>=0.66  F =2767.696 (0.0000)
Number of Observations=118390

Robust t-statistics in parentheses. *significant at 1%.
Source: Research Findings.
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Table (2) shows that all variables have a positive and significant effect on
household income. The positive sign on gender variable indicates that the male
head of household earns a living more than female, which can justify gender
pay discrimination. The literacy of the head of household has a positive and
significant effect on household income. The more the activity status variable,
the lower is the household income; this means that households whose head
works are in a better situation than other classes. The positive sign of marital
status also indicates that married people have earned more income than
singles. The positive sign of the variable of the residence also means that urban
households have higher income levels than rural ones.

Table (3) shows the results of the regression of dummy components on
food expenditures of households.

Table 3
Regression of Dummy Components on Food Expenditure of Households
Variable Coefficient
Marital Status 0.09* (11.25)
Activity Status 0.08* (18.92)
Literacy Status 0.27* (32.71)
Age 0.04* (53.3)
Gender 0.07* (5.03)
Residential place 0.43* (73/95)
Intercept 12.78%* (456.42)

R%=0.67 F=3398.511 (0.0000)

Number of Observations=118390
Robust t-statistics in parentheses. *significant at 1%.
Source: Research Findings.

According to Table 3, the effect of all dummy components on food
expenditure of households are significant. The interpretation of the
coefficients is similar to how they are interpreted in income regression. For
example, the positive impact of education means that educated households
have more food consumption than illiterate households.

To estimate the effects of permanent and temporary income shocks on
household consumption, the residual of these regressions are extracted and
analyzed. In Table 4 some income growth components are presented. Income
components provide some information on how the income distribution is
transferred, as well as the permanent or temporary nature of such a transfer.
According to Table 4, the household income growth variance increased in
2011 and 2012 compared to 2010, while in the years 2013 and 2014 the
variance of household income growth has decreased in the country. According
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to these calculations, the first-order auto-covariance of household income
growth has been negative in all of the studied years. This means that if in one
year the income growth is positive, it is expected that in the following year,
they will experience negative income growth. However, the first-order
covariance between t and t + 1 in terms of absolute magnitude is higher in
2011 than in other years. The second-order auto-covariance of income (which
contains some information about temporary shocks based on equation 6 on
self-correlation) is small and only is statistically significant in 2012.
Accordingly, MA (0) process is more appropriate than MA (1) for temporary
income component. Nevertheless, for compatibility with the discussion of
Blundell et al. (2008), the structure of MA (1) is considered for temporary
income components in this study.

Table 4
Auto-Covariance of Income Growth Matrix (Net Income Growth of Dummy
Components)

Year Var (AYT) Cov (AYT,AYT+1) Cov (AYT,AYT+2)
2010 2.4 -1.23* (0.0000) -0.023 (0.173)
2011 3.58 22.47* (0.0000) -0.024 (0.165)
2012 3.421 -0.88* (0.0000) -0.077* (0.006)
2013 1.765 -0.87* (0.0000) -

2014 1.758 - -

P-value in parentheses. *significant at 1%.
Source: Research Findings.

Although income moments contain information on how to distribute
income, nothing can be deduced from any inference regarding how the transfer
is distributed in consumption. For this reason, moments of consumption and
consumption-income have to be used. These moments are calculated in Tables
5 and 6. Table 5 shows that the variance in the growth of household food
expenditure consumption increased sharply in 2011 compared to 2010, and
then had a downward trend.
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Table 5

Variance and Auto-Covariance Matrix of Food Consumption
Year Var (AYT) Cov (AYT,AYT+1) Cov (AYT,AYT+2)
2010 0.767 -0.368* (0.0000) -0.002 (0.001)
2011 2.76 -0.27* (0.0000) -0.271 (0.0000)
2012 0.355 -0.058* (0.0000) -0.28 (0.333)
2013 0.557 -0. 004* (0.0000) -
2014 0.506 - -

P-value in parentheses. *significant at 1%.
Source: Research Findings.

The first-order covariance of food consumption for households is negative
every year. This means that there has been a negative correlation between
income growths within two years. Table (6) shows the growth of covariance
for food expenditure and income.

Table 6
Growth of Covariance for Food Expenditure and Income
Year COV(AYT,ACT+1) COV(AYT+1,ACT) COV(AYT+2,ACT) COV(AYT,ACT)

2010 0.09* (0.0000) 1.16* (0.0000) 0.056* (0.0000) 0.24* (0.0000)
2011 0.284* (0.0000) 1.65* (0.0000) 0.008* (0.0000) 1.54* (0.0000)
2012 -0.18* (0.0000) 0.88%* (0.0000) -0.08* (0.0000) 0.27* (0.0000)
2013 -0.09* (0.0000) 0.1* (0.0000) - 0.08* (0.0000)
2014 - - - 0.185* (0.0000)
P-value in parentheses. *significant at 1%.
Source: Research Findings.

According to table 6, cov(Ayt, Actﬂ) reflects the relationship between
future consumption growth and current income growth. Based on the results
of Table 6 in 2010, and 2011, there is a positive and significant correlation
between the growth of current income, and the growth of food consumption
and in 2012 and 2013 this correlation has been reversed.

In analyzing temporary and permanent income shocks and estimating
insurance parameters, it is assumed that the variance of permanent and
temporary income shocks varies over time, but the consumption smoothing
parameters are constant. A process of MA(1) is assumed for temporary shocks
Vi=€i+0¢; . , and the moving average parameter 0 is estimated.

Table (7) shows the households’ permanent and temporary shocks.
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Table 7
Households’ Permanent and Temporary Shocks
Year 0 a% Variance of cr? Variance of ¢ v
Permanent Shock  Temporary Shock
2010 0.46 2.31 0.061 0.17 0.18
2011 0.038 3.49 0.066
2012 0.92 3.61 0.076

Source: Research Findings.

According to the results obtained for the values of food consumption
smoothing parameters for temporary and permanent income shocks, in Table
7, (p = 0.005) and (y = 0.019), it can be said that against temporary and
permanent shocks of income, there is almost a complete insurance on food
expenditure for sample households during the studied period. This result
shows the fact that Iranian households are not willing to change their
consumption patterns, and on the contrary, they are trying to use less durable
and non-food goods than necessary goods to smooth their consumption.

5 Conclusion

This study examined the relationship between temporary and permanent
income shocks and food consumption expenditures of households, regarding
some social indicators such as education, gender, activity status, marital status
and the age of the head of household. To this purpose, using data from
households' expenditure and income surveys, which were compiled by the
Statistical Center of Iran over the period 2009-2014. The result of regression
for households showed that during the studied period, social indicators such
as education level, occupation, marriage, age, and urbanization have a positive
and significant effect on household income and consumption. Moreover, the
parameters of the variance of permanent and temporary income shocks are
estimated using the methodology of Blundell et al. (2008) to determine the
amount of temporary and permanent income shocks against food expenditure.
An important argument of the results of this study can be explained that
against temporary and permanent income shocks, there is almost a complete
insurance for households on food consumption. In other words, consumption
expenditures are remained at relatively constant levels against income
fluctuations, or are not related to the current income, but related to the average
income which grows over time. Average income is affected by factors such as
the increase in education level, urbanization, being married, and employment
in which there is a positive correlation with the level of income. Therefore,
economic policies that tend to affect the dummy components of the
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households mentioned above may increase the consumption and thus help the
households' ability to meet their needs from a specific part of the consumer
goods called food expenditure. For keeping the level of Iranian household’s
power purchase, the government should perform the economic policies such
as holding down prices of food and the other necessary households’ goods.
Giving subsidies to food commodities and controlling the inflation in the
society can keep the least standard of living level too.
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