Journal of

Money and Economy
Vol. 16, No. 1, Winter 2021
Managing Director: Zamanzadeh, Hamid, Monetary and Banking Research Institute
Editor in Chief: Mehrara, Mohsen, University of Tehran
Editorial Board:
Abdoli, Ghahreman
Afshari, Zahra
Divandari, Ali
Farjadi, Gholamali
Farzinvash, Assad A.
Jalali Naini, Ahmadreza
Komijani, Akbar
Mehrara, Mohsen
Nadri, Kamran
Rahmani, Teymur
Sadr, Kazem

Professor, University of Tehran
Professor, Al Zahra University
Professor, University of Tehran
Associate Professor, Higher Institute of Training and
Research in Management and Planning
Professor, University of Tehran
Associate Professor, Higher Institute of Training and
Research in Management and Planning
Professor, University of Tehran
Professor, University of Tehran
Associate Professor, Imam Sadiq University
Associate Professor, University of Tehran
Professor, Shahid Beheshti University

Editorial/Publication Manager: Valipour Pasha, Mohammad
Editorial/Publication Assistant: Farshchian, Bita
Text Editor: Asghari Roodsari, Azadeh
Graphic Design: Derakhshan, Hossein
Page Design: Amirloo, Safoora
Publisher: Monetary and Banking Research Institute, Central Bank of Islamic Republic of Iran
Address: No. 10, Arjantin Sq., Tehran, Iran (I.R.) P.O.B. 16765-1654,
Tel: (+9821) 88657450-4
Fax: (+9821) 88657399
Website: http://jme.mbri.ac.ir
E-mail: money_economy@mbri.ac.ir

Contents
Title

Author(s)

Identifying the Suspected Cases of
Money Laundering in Banking Using
Multiple Attribute Decision Making
(MADM)

Azam Parsaee Tabar,
Neda
Abdolvand, Saeedeh
Rajaee Harandi

Investigation of Factors Affecting
Banking Leverage in Selected
Iranian Banks (Random-Coefficients
Approach)

Alireza Ahadifar,
Zahra Karimi
Takanlou,
Reza Ranjpour,
Jafar Haghighat
Reza Tehrani, Vahid
Veisizadeh

Dynamic Cross Hedging
Effectiveness between Gold and
Stock Market Based on Downside
Risk Measures: Evidence from Iran
Emerging Capital Market
Investigating the Effect of Structural
Changes and Trade Liberalization on
Total Factor Productivity in Iran
(1991-2018)

Yasaman Hokmollahi,
Ali Taiebnia,
Ali Souri

Stress Testing of Credit Risk in the
Iranian Banking System

Mahboobeh
Sanatkhani, Fatemeh
Bazzazan
Fatemeh
Saeedi, Abolfazl
Danaei , Seyyed
Mohammad Zargar

A Stepwise Model of Customer
Experience Management for Iranian
ICT Sector

Page

1

21

43

71

93

115

Journal of Money and Economy
Vol. 16, No. 1, Winter 2021
pp. 1-20
DOI: 10.29252/jme.16.1.1

Original Research Article

Identifying the Suspected Cases of Money Laundering
in Banking Using Multiple Attribute Decision Making
(MADM)
Azam Parsaee Tabar*
Saeedeh Rajaee Harandi‡

Neda Abdolvand†

Received: 13 Feb 2021

Approved: 07 Jul 2021

Money laundering is among the most common financial crimes that negatively affect
countries' economies and hurt their social and political relations. With the increasing
growth of e-banking and the increase in electronic financial transactions, the
identification of money laundering methods and behaviors has become more complex;
because money launderers, by accessing the Internet and using new technologies, find
new ways to legalize their illegal income. Although many efforts have been made to
identify suspected cases of money laundering and fight against this financial crime,
little success has been achieved in this regard, especially in developing countries.
Hence, this study tries to identify the risk factors involved in money laundering in
banking transactions. To this end, multiple attribute decision-making methods, such as
the Shannon entropy method, hierarchical analysis, and two-level fuzzy hierarchical
analysis, have been used to assess and score the risk of various transactions in money
laundering. The results indicated that the highest risk of money laundering was in the
POS transactions.
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1 Introduction
Money laundering is one of the most reported illegal activities in the world
(Raweh et al., 2017). It is illegal to make large amounts of money derived
from criminal activities, such as drug trafficking or terrorist funding into
legitimate money (Hopkins and Shelton, 2019; Kana, 2017). Money
laundering has unpleasant consequences in economic, social, and international
fields, and in addition to the destructive economic effects that cause economic
instability, it carries many risks and social costs in the country and will lead
to corruption in the banking system (Janjua& Khan, 2020; Beqiri & Beqiri,
2018; Armey & Melese, 2018). Efforts are being made worldwide to control
banking systems and prevent them from being used as open channels for
illegal money (Raweh et al., 2017). However, electronic banking and the use
of electronic money have become more attractive channels for money
launderers (Kruisbergen et al., 2019; Helmy et al., 2016). Money transfers can
be done instantly and without geographical restrictions. Electronic
transactions allow money launderers to remain anonymous and continue to
operate more freely without worrying about legal requirements and financial
audits (Helmy et al., 2016). Therefore, identifying suspicious financial
transactions is a necessary precondition and a key aspect of the fight against
money laundering (Raza et al., 2017).
Given the complexity of the key elements that make up money laundering
risks, identifying money laundering risk factors has become complicated for
researchers worldwide (Raza et al., 2017).
Previous studies have been done using traditional statistical methods and
law-based methods to detect money laundering activities. But law-based
transaction analysis is insufficient to detect complex transaction patterns
(Kana, 2017). Besides, using traditional methods to detect money laundering
is time-consuming, costly, and sometimes impossible. Therefore, automatic
money laundering detection methods are necessary (Chun et al., 2017; Han et
al., 2011). In this regard, many financial institutions have implemented antimoney laundering systems to fight against this crime. Four types of antimoney laundering systems are being implemented in different countries,
namely: Rule-based anti-money laundering system in which countries define
criteria for identifying suspicious transactions based on existing laws in their
own country as well as international rules; multi-factor anti-money laundering
system in which several factors are involved in money laundering detection
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and have their functions; transaction flow analysis system in which bank
transactions are analyzed using data mining method and money laundering is
detected; and link anti-money laundering system which simultaneously
analyzes transactions and customer profiles using macro data method and
discovers money laundering according to the rules of the system (Ahmadian,
2019). However, these systems are not suitable for Iran with the same structure
due to the set of financial and banking rules and regulations and the country's
cultural situation. In addition, in the Iranian economy, due to the unknown
consequences and harmful effects of money laundering, no significant action
has been taken (Ansari Pirsaraei & Shah Bahrami, 2014), and there is no
integrated data in this field. Therefore, these questions raise: what factors
affect money laundering in Iran? What is the risk of various types of banking
transactions in the money laundering process according to the type of
organized crime?
In recent decades, researchers have focused on using multi-criteria
decision models for complex decisions, and the framework of these models
and matches the complex nature of financial decision issues (Zopounidis &
Doumpos, 2002). In this study, the multi-criteria decision-making methods,
including the Shannon entropy method, hierarchical analysis process, and
two-level fuzzy hierarchical analysis process, are used to identify and
prioritize the risk factors of money laundering in banking transactions.
The rest of the paper is organized as follows: first, the research literature is
reviewed, then the research model and method are discussed, and finally, the
conclusion and recommendations for future studies are explained.

2 Literature Review
Money laundering is a process in which dirty, illegal and illegitimate money
is placed in a cycle of exchanges so that after leaving the cycle, it looks legal
and clean. In other words, the source of the proceeds obtained through illegal
means are kept so secret by using exchange tricks and successive transfers that
it seems perfectly legal (Cheng & Wang, 2020; Hopkins & Shelton, 2019;
Barone & Schneider, 2018; Demetis, 2018). If this process succeeds, criminals
can earn money from their crimes through a legal source (Hopkins & Shelton,
2019; Helmy et al., 2016). Money laundering includes three stages of
placement (the process of transferring money to financial institutions or
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converting cash into a kind of document), layering (doing a series of financial
transactions and distancing profits from illegal sources) and integration
(transfer of previously laundered money to the economy, which is mainly done
through the banking system, and therefore such revenues seem to be normal
business income) (Hopkins and Shelton, 2019; Helmy et al., 2016; Barone &
Schneider, 2018; Demetis, 2018).
Different methods, including financial transactions, opening multiple bank
accounts with family members' name, buying or partnering with commercial,
construction, or transportation companies, opening companies outside the
country, buying real estate, buying luxury goods, etc., are used in money
laundering (Demetis, 2018). Electronic banking and increased electronic
financial transactions have complicated identifying money laundering
methods (Helmy et al., 2016). Therefore, identifying suspicious financial
transactions is a necessary precondition and a key aspect of the fight against
money laundering (Raza et al., 2017). In recent years, extensive studies have
been conducted in this field. For example, Jullum et al. (2020) used machine
learning methods to investigate suspicious accounts of money laundering and
prioritize transactions. Examining three groups of transactions, including
reported money laundering transactions, alerts/unreported cases, and normal
transactions, indicated that the usual approach of not using unreported alerts
(for example, transactions reviewed but not reported) in model training could
lead to optimal results. Singh and Best (2019) also examined the risk of money
laundering in their research using data visualization and showed that link
analysis could be effective in identifying suspected money laundering
transactions.
In another study, Zhou et al. (2018) examined suspected accounts of money
laundering using online network analysis to integrate account stability,
transaction sequence, and interdependence between accounts and presented a
method that could identify suspicious accounts with 94.2% accuracy. Raza et
al. (2017) examined the risk of money laundering in financial institutions
using two-stage fuzzy hierarchical analysis. They divided the money
laundering risk of financial institutions into Internet risk and control risk as
two levels of the hierarchical model and showed that the money laundering
process is controllable because financial institutions have strong internal
control systems. Colladon & Remondi (2017) also showed that the use of
indicators and a network-based approach is very important in identifying
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suspicious financial operations and potential criminals. In another study,
Helmy et al. (2016) provided a regulatory framework that examines suspicious
accounts of money laundering by examining the customer's degree of
suspicion and the transaction risk level. Their results indicated that monitoring
with this method has been successful in several practical cases. Suresh et al.
(2016) examined the relationship between accounts and cash flows and
indicated that the graph theory approach could be successful in identifying the
suspected account of money laundering. They also showed that graph and a
priori theory approaches could accurately identify the accounts involved in the
layering stage of money laundering. Hong et al. (2015) also proposed a model
for allocating resources based on the Markov decision-making process that
improves business transactions' efficiency and security to reduce the costs of
mass multimedia processing and communications and optimized management
of anti-money laundering resources such as financial institution rewards for
anti-money laundering. Dreżewski et al. (2015) also used data mining and
social network analysis to investigate and identify suspicious transactions and
detect infringing groups. They showed that role-finding algorithms are always
faster than cross-linking analysis and that network analysis is a practical and
effective technique for detecting money laundering.
According to research that has been conducted in money laundering,
previous studies have focused on finding the root of this problem, and the
systems discussed in previous research have focused more on individuals,
transaction histories, and anomaly detection to identify suspicious behaviors.
However, money laundering is a group activity, and the evidence of money
laundering is only visible when these groups' collective behavior is considered
(Savage et al., 2016). Therefore, this study uses multiple attribute decisionmaking methods to identify the risk factors of money laundering in banking
transactions and determine their level of risk and importance.

3 Methodology
This study aims to estimate the risk of various types of banking transactions
by considering the types of crimes and the origin of money laundering. In this
study, using multiple attribute decision making (MADM) methods, including
the Shannon entropy, hierarchical analysis process and two-level fuzzy
hierarchical analysis, factors involved in the money laundering process,
including their level of risk and importance in money laundering, were
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investigated. Multiple attribute decision making method is used in complex
decisions and is well suited to the complex nature of financial decisionmaking issues (Zopounidis & Doumpos, 2002).
This study consists of three parts: First, different financial crimes related
to money laundering were investigated and identified. In this study, the
parameters were extracted using content analysis and expert opinion because
of the following results. There is no integrated data in this field in Iran, and
given the fact that according to banks, there is no information in this regard
outside the banks, and also it was not possible for banks to share this
information. Besides, according to experts, due to the lack of new analysis in
this area, there is no accurate information about money laundering parameters.
At this phase, 34 types of bank transactions were extracted by reviewing
the characteristics of 42 suspected money laundering accounts. Then, by
conceptual study and obtaining the experts' opinions in this field, money
laundering-related financial crimes were limited to factors, including 11
criteria (arms trafficking, drug trafficking, human trafficking, valuables
trafficking, tax evasion, terrorism, assassination contracts, industrial and
technological espionage, financial market manipulation, corruption and fraud,
manipulation of technical privatization process) and 10 transactions (point of
sale (POS), transfer, deposit, purchase, drafts, miscellaneous, remittances,
payment advertisement, debtor advertisement and point of sale settlement).
Then, the Shannon entropy method was used to determine the importance and
weight of each crime (Shannon, 1948), and five crimes with the highest weight
were selected for the hierarchical analysis process, which includes: fraud, drug
trafficking, tax evasion, human trafficking, and terrorism.
In the second phase, the hierarchical analysis method was used to score
different types of banking transactions and estimate their risk in money
laundering as well. The hierarchical analysis is a theory of measurement
through pairwise comparisons and relies on the judgment of experts and
experts in the field to prioritize options and structures a decision problem in a
different hierarchy including goals, criteria, and decision options and as one
Multi-criteria decision-making techniques are known (Zare Bahnemiri and
Malekian Kalebasti, 2016; Imani Brandagh et al., 2016). It simplifies making
complex decisions based on diverse and unstructured information by using
qualitative, quantitative, and combined criteria (Lubentsov et al., 2019).
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At this phase, 20 questionnaires were completed by money laundering
experts who answered the questionnaires through the cooperation network.
When experts make pairwise comparisons, they may not assign crisp
numerical values due to uncertain and insufficient information. Therefore, in
the third phase, the fuzzy set theory and AHP are combined in fuzzy-AHP to
use interval values instead of crisp values. Then, the results were compared
with the previous method. The most common method of fuzzy hierarchical
analysis is Chang's (1996) method. This method is widely used because of its
computational simplicity (Wang et al., 2008). However, due to the limitations
of this method, the results were zero and one. Therefore, these results were
not suitable for analysis in multiple attribute decision-making and weighting,
so Buckley's (1985) improved fuzzy hierarchical analysis method was used.
In this method, a 9-point scale was used to select the best option for pairwise
comparisons of each level. Finally, the three MADM methods were compared,
and the options and criteria were ranked according to their importance.

4 Data Analysis
4.1 Weighing of Criteria by Shannon Entropy Method
The weight of each indicator should be determined to rate and cluster
customers. Therefore, the Shannon Entropy was used to calculate the weight
of variables R, F, M, and RV. The Shannon Entropy is a weighting method that
can be done through the following steps (Karagiannis & Karagiannis, 2020;
Ranjbar Kermani & Alizadeh, 2012):
Step 1: Normalizing the indicators using Equation 1:
𝑃𝑖𝑗 = ∑𝑚

𝑋𝑖,𝑗

𝑗=1 𝑋𝑋𝑖,𝑗

(1)

Step 2: Calculating the entropy measurement of each index, in which k=1/ln
(m) (Equation 2):
𝐸𝑗 = −𝑘 ∑𝑛𝑗=1 𝑃𝑖𝑗 𝐿𝑛 (𝑃𝑖𝑗 )

(2)

Step 3: Defining the divergence through Equation 3, in which Dj is the
deviation degree of data and provides insight into the usefulness of the
relevant criteria for decision making.
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Dj=1-e

(3)

Step 4: Obtaining the normalized weights of the index in which Wj is each
indicator's weight. (Equation 4):
𝑑𝑗

(4)

𝑊𝑗 = ∑𝑛

𝑗=1 𝑑𝑗

Table 1 indicates the weight for each indicator using Shannon's Entropy
Weighting Method.
Table 1
Weighing of Criteria Using Shannon Entropy
Human
Trafficking

Terrorist
Contracts

Industrial and
Technological
Espionage

Manipulation
of the
Privatization
Process

Corruption
and Fraud

Arms
Trafficking

Drug
Trafficking

Financial
Market
Manipulation

0.934

0.9583 0.9296

0.9727

0.9718

0.9187

0.9679

0.9296

0.9723

Dj 0.0399

0.0705

0.066

0.0417 0.0704

0.0272

0.0282

0.0813

0.0321

0.0704

0.0277

Wj 0.079

0.1269

0.1188

0.0751 0.1266

0.0492

0.0507

0.1464

0.0578

0.1267

0.0499

Tax Evasion

Terrorism
0.9295

Valuables
Trafficking
Ej 0.9601

Source: Research Findings

According to the weights obtained by Shannon's entropy, the four offenses
of corruption and fraud, drug trafficking, tax evasion, human trafficking, and
terrorism have gained more weight and have a higher priority. Therefore, these
factors were selected as the main criteria. In addition, among transactions are
related to deposit, transfer, terminal purchase, and remittance transactions,
which will be used in the hierarchical analysis process, Point of Sale, transfer,
deposit, and drafts had higher weights and were selected for further analysis.

4.2 Hierarchical Analysis
After obtaining each indicator's weight, the hierarchical analysis was used to
accurately evaluate the weights and analyze the indicators. In this technique,
first, the hierarchical structure of the problem was created. The main objective
is presented at the first (highest) level of the structure. In the second level, five
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criteria were defined, and in the third level (lowest), four options were
evaluated. Figure 1 indicates the hierarchy. Then, by pairwise comparison
between the studied criteria and indicators, each indicator's relative weight
was determined, and the matrices of pairwise comparisons were created. Then,
20 experts in this field were asked to express their opinions about each option
and score them according to the set criteria by using the questionnaire. The
experts' scores' geometric mean was then calculated and divided by the sum
of its peer columns to obtain the normalized value of the scores. After
calculating the sum of the rows, the geometric means were normalized, and
then the line mean of the normalized matrix was obtained. Finally, the mean
of the normalized geometric matrix of each option relative to the criterion was
multiplied by the mean of the normalized geometric matrix of the criteria, and
the sum of the rows was obtained. The values obtained will determine the
priority of the options. The final results are indicated in Table 2.

Detection of Suspicious
Money Laundering
Transactions

Objective

Criteria

Options

Drug
Traffiking

POS 69

Corruption and
Fraud

Transfer 45

Figure 1. Hierarchy of Decision-Making

Tax
Evasion

Human
trafficking

Deposit 44

Terroris
m

Drafts 19
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Table 2
Combined Matrix of Options and Criteria by Hierarchical Analysis
Human
Trafficking

Tax
Evasion

Corruption
and Fraud

Drug
Trafficking

Score of
Options

Terrorism
Weight of Criteria
0.07
Drafts
0.11
Deposit
0.39
Transfer
0.14
POS
0.36
Source: Research Findings

0.30
0.08
0.49
0.18
0.25

0.06
0.14
0.14
0.033
0.38

0.12
0.21
0.12
0.21
0.46

0.35
0.10
0.29
0.15
0.46

0.11
0.32
0.19
0.38

4.3 Chang's (1996) Fuzzy Hierarchical Analysis Method
Due to the answers' uncertainty, the fuzzy set theory and AHP were combined
in fuzzy-AHP to use interval values instead of crisp values and to calculate
the results more accurately. At this phase, the change (1996) method, which
is one of the most popular methods in the domain of Fuzzy-AHP, was used.
Then, the results were compared with the previous method. In this method,
after forming a hierarchical model (Figure 1), the following steps are
performed:
First, a pairwise comparison was made for every fuzzy weight, and the
corresponding degree of possibility of being greater than other fuzzy weights
was determined. Then, the inconsistency rate of pairwise comparisons was
evaluated. The inconsistency index in fuzzy matrices can be calculated in two
ways. In this study, Gogus and Boucher (1997) method was used to calculate
the inconsistency index. In this method, first, the fuzzy pair comparison matrix
is divided into two definite matrices, and then the inconsistency of each
definite matrix Am and Ag is calculated by the hourly method. The only
difference here is the use of a random index suggested by Gogus and Boucher
(1997). Finally, two inconsistency rates were obtained, which were displayed
with CRm and CRg. If both methods show an inconsistency index above 0.1,
the experts should be asked to revise the matrices and compare them again.
To calculate the inconsistency index, the number of criteria was considered 5
(n = 5), the random index was considered to be 1.072 for its middle matrix
and 0.3597 for the upper and lower limits of the matrix (Table 3).
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Table 3
Inconsistency Rates of Criteria
Criteria
1
2
CRm
0.03
0.06
CRg
0.08
0.08
Source: Research Findings

3
0.05
0.02

4
0.03
0.10

5
0.08
0.06

6
0.06
0.06

7
0.03
0.01

8
0.05
0.07

9
0.09
0.06

10
0.08
0.08

When several respondents have made pairwise comparisons, the geometric
mean method (GMM) is used to integrate them and derive information from
pairwise comparison matrices (Tomashevskii, 2014). It is done so that the first
values of all comparisons are taken together with the geometric mean, the
second values are taken together, and the third values are taken together with
the geometric mean.
Then, the weight of each criterion (Si) is calculated through Equation 5:
𝑆𝑖 = ∑

𝑚
𝑗=1

𝑖
𝑖
𝑀𝑔𝑖
× [∑𝑛𝑖=1 ∑𝑚
𝑗=1 𝑀𝑔𝑖 ]

−1

(5)

Then, based on Equation 6, the magnitude (degree of preference) of each
Si over Sk is obtained:
𝑉(𝑆𝑖 > 𝑆𝑘 ) = {

1
0

𝑙𝑘 −𝑢𝑖
(𝑚𝑖 −𝑢𝑖 )−(𝑚𝑘 −𝑙𝑘 )

𝑚𝑖 ≥ 𝑚𝑘
𝑙𝑘 ≥ 𝑢𝑖
𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

(6)

In the last step, using Equation 7, each criterion's normal weight is
calculated, which is obtained by dividing each raw weight by the total raw
weights. It should be noted that the degree of possibility for a convex fuzzy
number to be greater than convex fuzzy numbers is given through Equation
7:
𝑉(𝑆 ≥ 𝑆1 , 𝑆2 , … , 𝑆𝐾 ) = (𝑉((𝑆 ≥ 𝑆1 ), (𝑆 ≥ 𝑆2 ), … (𝑆, 𝑆𝐾 ))
= 𝑚𝑖𝑛(𝑉((𝑆 ≥ 𝑆1 ), (𝑆 ≥ 𝑆2 ), … (𝑆, 𝑆𝐾 )) = 𝑚𝑖𝑛𝑉(𝑆 ≥ 𝑆1 )
𝐼 = 1, 2, 3, … , 𝑘
(7)
The final results of the fuzzy hierarchical analysis of Chang's method are
indicated in table 4.
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Table 4
Combined Matrix of Options and Criteria by Chang's Method
Tax Evasion

Corruption
and Fraud

Drug
Trafficking

0

1

0

0

-

0
1
0
0

0
0
0
1

0
0
0
1

0
0
0
1

0
0
0
1

Score of
Options

Human
Trafficking

Terrorism
Weight of
0
Criteria
Drafts
0
Deposit
1
Transfer
0
POS
0
Source: Research Findings

There are some drawbacks to Chang's developmental analysis of fuzzy
hierarchical analysis, including the fact that the weight of the criteria could be
zero or negative, which was inherent in Chang's method and did not indicate
that the method was wrong. Therefore, to overlap Chang's method's
weaknesses, Buckley's fuzzy (improved fuzzy) hierarchical analysis method
was used.

4.4 Buckley's Improved Fuzzy Hierarchical Analysis Method for
Scoring the Transactions
The fuzzy hierarchical analysis method proposed by Buckley (1985) is a
generalized form of the classical hierarchical analysis method. Fuzzy numbers
are chosen to manage and work with data that is inherently uncertain. In this
method, after the common steps of other fuzzy hierarchical analysis methods,
the geometric mean of the rows is calculated based on Equation 8:
𝑟̃𝑖 = (∏𝑛𝑗=1 𝑃̃𝑖𝑗 )

𝑖 = 1, 2, 3, … , 𝑛

(8)

In the next step, the geometric mean calculated in the previous step is
aggregated. Then each geometric mean is multiplied by the inverse of this
sum, and the fuzzy weights of each criterion are obtained through Equation 9:
𝑊𝑖 = 𝑟𝑖 ⨂(𝑟2 ⨁𝑟2 ⨁ … ⨁𝑟𝑚 )−1

)9(

where Wi is the geometric mean of the fuzzy comparison of the ith criterion,
which is indicated by a triangular fuzzy number Wi = (LWi , 𝑀Wi , 𝑈Wi ).
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Then, the fuzzy weights were de-fuzzified through Shannon 10:
𝑊𝑐𝑟𝑖𝑠𝑝 =

1+2𝑚+𝑢
4

(10)

Finally, the obtained weights were normalized by the linear normalization
method. The results of this method are given in Table 5. In this method, which
has fewer and simpler calculations than the Chang method, the results are
similar to the hierarchical analysis method results, and the highest risk in all
types of money laundering transactions belongs to the POS transaction.
Table 5
Combined Matrix of Options and Criteria by Buckley Hierarchical Analysis
Human
Trafficking

Tax
Evasion

Corruption
and Fraud

Drug
Trafficking

Score of
Options

Terrorism
Weight of Criteria
0.13
Drafts
0.17
Deposit
0.26
Transfer
0.20
POS
0.36
Source: Research Findings

0.16
0.17
0.41
0.19
0.23

0.18
0.29
0.15
0.27
0.29

0.21
0.23
0.15
0.27
0.36

0.32
0.13
0.23
0.24
0.40

0.18
0.26
0.23
0.32

By comparing the two methods' results, the weight and importance of the
"POS" were greater than in other cases. Table 6 indicates the priority of the
transaction in money laundering in each of the offenses. According to the
results, in each of the terrorism, tax evasion, corruption and fraud, and drug
trafficking crimes, the transaction of POS had higher priority and importance,
and in human trafficking, the deposit transaction has higher priority, which
should be paid more attention.
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Table 6
Priority of the Transaction in Money Laundering In Each of the Offenses
Human
Trafficking

Tax Evasion

Corruption
and Fraud

Drug
Trafficking

Terrorism

Crimes
Priority

1
POS
2
Deposit
3
Transfer
4
Drafts
Source: Research Findings

Deposit
POS
Transfer
Drafts

POS
Drafts
Transfer
Deposit

POS
Transfer
Drafts
Deposit

POS
Transfer
Deposit
Drafts

The priority of the options (type of transaction) for money laundering as
well as the importance of each transaction offense, is shown in Table 7.
According to the table, POS and drug trafficking have a higher priority and
should be given more attention.
Table 7
Priority of Transactions and Crimes
Priority
Type of Transaction
1
POS
2
Transfer
3
Deposit
4
Drafts
5
Source: Research Findings

Money Laundering Offenses
Drug Trafficking
Corruption and Fraud
Tax Evasion
Human trafficking
Terrorism

5 Discussion and Conclusion
If left unchecked or dealt with ineffectively, the possible social and political
costs of money laundering are serious. Therefore, identifying suspicious
financial transactions is a necessary precondition and a key aspect of the fight
against money laundering, especially with the increased volume of
transactions using electronic tools such as ATMs, sales terminals, branch
terminals, cell phones, and the Internet.
Although efforts for anti-money laundering activities have begun in the
early stages, solutions appear to be strategically limited. For this purpose, in
this study, using multi-criteria decision-making methods, including the
Shannon entropy, hierarchical analysis, and two-level fuzzy hierarchical
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analysis, were used to identify and prioritize the factors involved money
laundering process.
This study adds to the existing literature in this field by examining
suspected cases of money laundering using multi-criteria decision-making in
the banking industry and would help bankers, policymakers, and banking
supervisors’ better control the bank's financial process and identify and
prevent any suspicious money laundering transactions. In addition, this
research has been conducted in a developing country that, despite the great
efforts that have been made to identify suspected cases of money laundering
and fight against this crime, little success has been achieved.
The results indicated that decision-making models provide a suitable
framework for assessing and prioritizing the risk of various banking
transactions. Because these models inherently provide a suitable rule for the
relationship between qualitative and quantitative criteria, several criteria
determine each criterion's value and position in decision-making. Thus, the
costs of money laundering detection are reduced, and the unit's productivity
responsible for it is increased.
According to the results, drug trafficking and POS transactions are more
important in Iran, and more attention should be paid to these cases.
Considering that the best place to track these transactions is the connection of
banking network components to each other in the comprehensive payment
system, creating effective customer identification systems by banks and credit
institutions is the best strategy to deal with money launderers.
In addition, to fight against money laundering and prevent this crime, the
regulatory system should create the legal conditions to identify and close the
infiltration of dirty money into the country's financial network. In this regard,
the most important area of securing the national economy against the damage
caused by the entry of dirty money into the official and legal sector of the
country can be monitoring the purchase of various financial assets. By
reviewing the executive mechanisms of the stock exchange, and supervision
of banking activities and other financial institutions, the deposit of dirty
money in banks and financial institutions of Iran or their conversion into other
financial instruments and assets could be prevented. The country's tax system's
efficiency in identifying the main areas of tax evasion and increasing the
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possibility of tracking the huge transactions made on immovable properties
must be considered.
Moreover, the economic security and cyberspace police must develop the
necessary equipment and expertise to use cyber and telecommunications tools
and information to advance money laundering's preventive objectives.
Besides, there should be extensive cooperation between anti-money
laundering institutions to successfully implement government legal measures
in this area. In this case, exchanging information and conducting joint
investigations between customs, tax, and anti-trafficking officials will often
lead to the identification of money launderers. In this way, exchanging
information and conducting joint investigations between customs, tax, and
anti-trafficking officials will often lead to the identification of money
launderers.
Altogether, some of the requirements and tools for fighting against money
laundering are: the adoption and implementation of anti-money laundering
laws and regulations, creation of an insecure environment for criminals,
membership in international monetary and financial treaties, and the removal
of obstacles to international cooperation, reforming the country's tax structure,
controlling and supervising foreign currencies, distancing oneself from the
state economy, establishing a powerful apparatus and organization to fight
against money laundering, naming anonymous bank accounts, providing
statistical reports, implementing Islamic banking operations, and rebuilding
and reforming the banking system.

6 Limitations and Recommendations
Despite the huge amount of data generated in banking operations, due to
banks' sensitivity in providing customer account information, the use of data
mining and graph mining methods in this study was not possible. Since money
laundering practices are constantly changing and money launderers are using
newer methods, it will be challenging and even impossible to investigate fraud
and misuse patterns among the vast amount of data generated in banking
operations. Therefore, using data mining techniques and implementing expert
systems can help detect money laundering patterns and unusual behaviors.
Therefore, it is suggested that future research use these methods to identify
more detailed suspected factors of money laundering in banking transactions
and the extent of their risk and importance.
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Furthermore, more criteria and indicators in addition to the type of
transactions and crimes are effective in the money laundering process.
Therefore, it is suggested to identify and examine other factors affecting the
money laundering process.
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1 Introduction
The economic literature deems the banking system, along with the stock
market and insurance, a field underpinning the financial markets, serving an
important role in attracting and navigating depositors' funds to the production
of goods and services, as well as the cyclical flow of the economy. Banking
has got used to being more important in the Iranian economy because the
absence of a developed capital market1, in practice, leaves banks as the only
option to hold responsibility for long-term financing (Kordbacheh &
Nooshabadi, 2012). Among the banking system challenges, banking leverage
is an important indicator in the banking management sector, which refers to
how resources are used in the balance sheet to finance assets. Banking
leverage identifies the bilateral relationship between resources and assets in
banks' balance sheets, and with its proper application, an appropriate amount
of profitability can be gained and many of banks' problems in dealing with
risks appeased (Shahchera & Valizadeh, 2018; ZalbgiDarestani, 2014).
According to the trade-off theory of capital structure, tax, agency cost, and
financial distress are the three major factors that influence firms' optimal
financial leverage. Companies use a large quantity of debt in their financial
leverage; because debt brings them a tax shield and ameliorates their
profitability (Shah et al., 2019). The trade-off theory of capital structure is
based on the idea that firms, by balancing costs and benefits, choose how
much of their financing is seen as debt and equity.
To recognize the cause of the crisis in banks, the magnitude of banking
leverage is regarded as the first undeviating banking indicator. Deciding on to
what extent banking leverage is exerted is one of the most important and
challenging issues banks face. The leverage enables a financial institution to
increase potential profits and losses on a specific financial position from an
investment source. Of course, the above-mentioned profits and losses include
those that can be much more realized than what is possible directly through
investing in the institution's financial resources (Shahchera & Valizadeh,
2018). Following the financial crisis in 2008 and 2009, the world's central
bank governors and senior lawmakers agreed on a series of new banking
regulations to prevent a recurrence of the recent global financial crisis, one of
the major causes of which was the banks' low level of capital relative to assets.
According to Basel Committee on Banking Supervision's regulations and
1

Recently, however, the development of the capital market has come to the attention of
governments and economic policymakers.
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standards, there have come up with unbearable conditions for commercial and
corporate investments, which practically force banks to withdraw from these
types of investments. Speaking differently, in Basel III, resources for gigantic
investments in commercial companies have to be supplied by the bank's
shareholders themselves, not the depositors' funds, implying the need to
reduce the bank's leverage ratio and control it.
Relying on the literature review, the factors affecting banking leverage can
be divided into two intra-organizational and extra-organizational categories.
Credit and liquidity risks, the amount of short-term and long-term deposits,
costs, assets, and the bank's size are among the most primary variables
measured according to the bank's conditions and performance and can impress
the banking leverage in a varying fashion. It can be expected that the level of
banking leverage may see an increase in a situation where a bank is
confronting credit and liquidity risks while ascending its costs; contrastingly,
it appears to decline when the bank's assets increase, and credit and liquidity
risks are well controlled, (Beltratti & Paladino, 2015). Trade cycles, inflation
rate, interest rate, and exchange rate lie also among the structural
(macroeconomic) factors that affect the banking system's level of banking
leverage (Chordia & Shivakumar, 2002). According to studies, the Iranian
economy does not currently comply with any specific standard frameworks
for managing the country's banks' banking leverage, which has culminated in
making the profitability of the country's banks unforeseen and uncontrollable.
This shortcoming entangles the country's banking system in fundamental
challenges. In this regard, identifying and modeling parameters that drive the
banking leverage remains a needed condition for efficient banking policymaking and hampering financial and banking crises. In recent decades, the
country's banking system has faced issues such as the imposition of mandatory
policies and government notes, government management, and the command
control of bank interest rates. On the other hand, Iranian banks perform
differently due to their characteristics and mission, making their function and
way of operation vary. As a result, it can be argued that organizational and
structural factors affect each bank's banking leverage diversely. Considering
the above-mentioned statements, this study investigates the effect of
organizational (banking) and structural (macroeconomic) factors on the
leverage of separately selected Iranian banks for 1999-2016, using Swami
Model and Random-coefficients regression. The current research has been
organized to respond to the following two important questions: 1) what is the
type and intensity of organizational and structural variables affecting the
banking leverage of selected banks in the country? 2) Are the estimated
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coefficients of the research's econometric model heterogeneous between
sections (banks of the country)? To answer these questions, Swamy model in
the context of panel data was used, in which a separate coefficient is estimated
for each section in a panel, and through this, group heterogeneity is modeled
at the panel level. Therefore, this research's contribution is met both in the title
and in the methodology and econometric model.
The rest of this study is arranged as follows; the second section deals with
the research literature review; the third section comprises the research model
and data analysis method, in which first the banking leverage variable and also
the indicators of intra-organizational variables under study are calculated, and
then the econometric model is explained. In the fourth part, research findings
are presented, and at the end, conclusions and policy and research
recommendations are expressed.

2 Research Literature Review
In the economic literature, an accurate association between financial and
production systems in any country makes up the most leading factor of
economic growth and development. In this regard, a profitable and robust
banking network can withstand negative market shocks and stabilize an
economy's financial network (Athanasoglou et al., 2008 and Seyed Nourani et
al., 2012). Owing to the nature of their activities, banks have been
encountering all kinds of risks since the very beginning and trying to identify
and manage these risks, albeit incoherently. Furthermore, banks choose many
different methods and strategies for the acquisition of proper banking
efficiency, of which banking leverage is the most fitted one (De Angelo &
Stulz, 2015; Baikzad et al., 2015). According to the trade-off theory of capital
structure, tax, agency cost, and financial distress account for the three main
factors affecting firms' optimal financial leverage. Companies use a large
portion of debt in their financial leverage; because debt grants them a tax
shield and improves their profitability (Shah et al., 2019). The cornerstone of
the equilibrium theory of capital structure considers that firms choose how
much of their financing works as debt and equity, with a trade-off between
costs and benefits. According to pecking order theory, the cost of financing
increases with asymmetric information. It works in a way that from three
sources of financing (domestic sources, debt, and new shares), companies
prioritize their sources of financing by initially preferring domestic financing,
then debt (leverage), and finally the issuance of shares as the "last resort." This
theory holds that firms follow a hierarchy of financing sources and, if any,
prefer domestic financing, and if external financing is needed, debt is
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preferred to equity (Khaleghi Moghaddam & Baghomian, 2008; Frank &
Goyal, 2003). Suitably handling assets and liabilities require appropriate tools
to measure either the costs associated with the portfolio of assets and liabilities
or the cost of managing assets and liabilities (Marques & Santos, 2004).
Choosing the right banking leverage as a criterion for capital structure is very
important because it can significantly impact the competitive advantages in
the banking industry.
Hence, making strategic financial decisions needs special attention to the
factors affecting the success and failure of competitive strategies, such as
leverage structure and changes. The banking leverage remains aligned with
the business cycle, as the speed of expansion and receipt of banks' balance
sheets, despite acting in reverse, exacerbates the credit cycle-governing trend.
It happens because, over the business cycle, banks expand and collect their
balance sheets through collateral-supported borrowing. When monetary
policy is expansionary relative to key macroeconomic variables, banks are
constantly expanding their balance sheets, which in turn increases liquidity.
In contrast, when monetary policy gets tight and contractionary, banks shrink
their balance sheets, leading to a reduced total liquidity supply. To minimize
the business cycle's effects, especially when the economy is booming, banking
regulators can limit the strengthening of the leverage ratio by setting a cost
floor and the leverage by establishing an asset ceiling. Also, the leverage ratio
limit can be defined as a range by targeting at a long-term level. Alternatively,
a mechanism can be established to prevent a sharp decline in the leverage ratio
during a recession, as determining a permanent constant for the leverage ratio
(or setting a permanently fixed floor for it) could speed up the impacts of the
business cycle by encouraging banks to de-leverage their balance sheets
during recessions and vice versa (Beltratti & Paladino, 2015).
Based on the research literature review, the factors affecting banking
leverage can be divided into intra-organizational and extra-organizational.
Credit and liquidity risks, short-term and long-term deposits, costs, assets, and
bank size are among the most significant variables measured according to the
bank-specific conditions and performance and can affect banking leverage
differently. Business cycles, inflation rate, interest rate, and exchange rate are
structural (macroeconomic) factors that influence the level of banking
leverage in the banking system (Chordia & Shivakumar, 2002). Theoretical
foundations that address the relationship between macroeconomic conditions
and banking leverage refer more to the patterns of business cycles and GDP
fluctuations (Carvallo & Pagliacci, 2016). If the country's macro-economy
faced stagflation, banks would often turn to higher debt (higher leverage ratio)
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to maintain the share of shareholders' assets. Macroeconomic policy
transformations that occur due to a recession or economic boom can also,
through interest rates, affect bank financing decisions and, consequently, the
performance of banking leverage. According to the theoretical literature,
banks will be adversely leveraged if the recession takes place. In this case, the
government is incentivized to pursue an expansionary monetary policy to
improve the economic situation. The implementation of this policy leads to
lower interest rates and exposes banks to credit risk, which in turn prompts an
increase in banking leverage (Opler & Titman, 1994).
Similarly, under inflation, the government may pursue a contractionary
monetary policy to curb inflation and stabilize prices, resulting in increased
interest rates. In such circumstances, the cost of borrowing for banks will see
growth and, as a result, the incentive to increase the bank's debt will decrease,
and so will the banking leverage (Bandyopadhyay & Barua, 2016). A number
of studies suggest that macroeconomic variables usually affect banks'
financial variables in such a way that rising inflation and unemployment or
reduced economic growth begets a crisis in banks and increases banking
leverage (Gambera, 2000). Among the points becoming highlighted in the
decisions of financial managers are inflation-induced changes and
fluctuations. Given that in the long run, an increase in inflation will
accompany an increase in liquidity, or in other words, overwhelmed cash
inflows to the bank, the bank's savings and undistributed profits will increase
as well (Salas et al., 2007). Since the bank's accumulated profits are among
the bank-financing sources, lending through accumulated profits will lessen
the banking leverage (Fosu, 2013).
On the other hand, uncertainty in the macroeconomic environment can
affect the volume and quality of credit. Because asymmetric information
makes credit be extended to unjustified and high-risk applicants. This
disadvantage has made loans to spend for non-priority purposes and also foster
financial indiscipline, which has ultimately precipitated overdue debts to
banks (Mehrara & Sehati, 2011). For most banks, lending is the gravest source
of credit risk. Of course, other sources of credit risk in the activities of banks,
including banking or commercial operations, can be bound up with both
balance sheet and off-balance sheet items. Credit risk is one of the most
important intra-bank variables affecting banking leverage because the bank
encountered with greater credit risk is expected to increase its banking
leverage. Capital is considered as anti-shock to the bank against the loss of
default. Hence, the more capital the bank has, the greater the bank's ability to
deal with defaults, and consequently, the possibility of bankruptcy and
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banking leverage decreases (Bichsel & Blum, 2004). Large banks usually
possess better ability, skills, capital, and direct and indirect tools to conduct
research and development on a variety of banking risks; these banks
consequently, by building coherent customer databases and using skilled
manpower, maintain higher know-hows in assessing the credit quality of
customers and ultimately less banking leverage. In other words, the higher the
bank size, the more the bank's lending standards and the lending process is
implemented more accurately and expertly, accordingly reducing the banking
leverage. On the other hand, the second group of studies believes that smaller
banks are more capacitated in controlling their customers due to their ability
to identify customers on a small scale and better control banking leverage
(Espinoza & Prasad, 2010).
Examining the relationship between banking leverage and macroeconomic
variables (represented by economic growth, unemployment, inflation, and
exchange rate) in European countries' banks over 2005-2011, Beltrati &
Paladino (2015) adopted the GMM method and concluded that inflation and
economic growth affect banking leverage negatively, yet unemployment and
exchange rates do it positively. Using the FMOLS method, Larbi-Siaw &
Lawer (2015), in a study, investigated the effects of macro-variables on the
resources and consumption of Ghanaian banks during the period 2000-2013.
The authors showed that the inflation rate, both in the long term and short
term, relates negatively and significantly to the volume of bank deposits; their
results also unveiled that money supply growth has a negative and significant
relationship with the volume of bank deposits in the short term and a positive
and significant relationship in the long run. This evaluation showed that all
variables were significant at the significance level of 5%. Only the economic
growth variable at the significance level of 10% had a significant effect on the
dependent variable. In another study, Carvalho & Paglisi (2016) examined the
impact of macroeconomic shocks on banking financial stability and housing
prices in Venezuela over the 24 years ending 2013. They used a factor error
correction model to check the impact of macro-shocks on banking instability
and housing prices and found that the growth of banking GDP contributes to
banking financial instability and increased housing prices. Besides, fiscal
policies and exchange rates also have a direct impact on banking financial
instability. Checking out the effects of systematic risk (market risk) on
banking leverage using data panel method with pooled data of 97 European
banks from 2006 to 2016, Beltram et al. (2018) provided a comprehensive
indicator for systematic risk, which includes the status of macroeconomic
variables and each country's structural state of the market and economy; the
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authors concluded that systematic risk (market instability) had a negative and
significant effect on banking leverage of case study.

3 Research Model and Method
3.1 Research Econometric Model
In the previous chapter, resting on the theoretical foundations and research
literature, we identified the banking leverage factors. The econometric model
of the research, derived from the studies of Carvallo & Pagliacci (2016),
Beltram et al. (2018) and Beltratti & Paladino (2015) and its modification
according to the context of the Iranian economy and existing statistical
limitations, can be defined as follows:
BLEVit  io  i1CRit  i 2 LDCit  i 3 SIZEit  i 4 RIRit  i 5 INFit
 i 6GRit  i 7 MCit  i 8 EXRit   it

(1)

Where1:
BLEV stands for ist banking leverage of a bank in the tth period, which is
calculated based on the following relation (Beltratti & Paladino, 2015 and
Beltram et al., 2018):
𝐵𝐿𝐸𝑉𝑖,𝑡 = (𝑇𝐴

𝑇𝐷 𝑖,𝑡
𝑖,𝑡

−𝑇𝐶𝑖,𝑡

)

(2)

In which:
TDit = Total liabilities of the ist bank in the tst period
TAit = Total assets of the ist bank in the tst period
TCit: Cost of equity of the ist bank in the tst period
The equation's independent variables also include:
CR represents the credit risk of the ist bank in the tst period. The following
formula is used to calculate credit risk (Waemustafa & Sukri, 2015):

1

Given that in addition to the independent variables mentioned in the research model, other
variables (intra-organizational and macroeconomic) such as; the ratio of short-term deposits to
long-term deposits, profit margins, rate of return on assets, taxes and liquidity also affected
banking leverage, the model was estimated in different stages with different and classified
variables, and finally after estimating the model with diverse variables, the estimation results
of the present model are considered as the most matched model.

Ahadifar et al. / Investigation of Factors Affecting Banking …

29

𝑁𝑃𝐿

𝐶𝑅𝑖𝑡 = ( 𝑇𝐴 𝑖𝑡 )

(3)

𝑖𝑡

Where, NPL is total non-performing loans, past and precarious maturity of
the ist bank in the tst period
(TA): Total assets of the ist bank in the tst period
LDC: Liquidity risk of the ist bank in the tst period, which is calculated as
follows (Misman et al., 2015):
(

𝐶𝑎𝑠ℎ

𝐿𝐷𝐶𝑖𝑡 =

𝑖𝑡

+𝑆𝑒𝑐𝑢𝑟𝑖𝑡𝑖𝑒𝑠 𝑓𝑜𝑟 𝑆𝑎𝑙𝑒 −𝐷𝑒𝑚𝑎𝑛𝑑 𝐷𝑒𝑠𝑝𝑜𝑠𝑖𝑡
𝑖𝑡

𝑇𝐴

𝑖𝑡

−𝑆ℎ𝑜𝑟𝑡𝑡𝑒𝑟𝑚 𝐷𝑒𝑝𝑜𝑎𝑖𝑡

𝑖𝑡

+𝑆ℎ𝑜𝑟𝑡𝑇𝑒𝑟𝑚𝐿𝑜𝑎𝑛

𝑖𝑡

) (4)

𝑖𝑡

Where,
(Cash): cash of the ist bank in the tst period
(Securities for Sale): short-term investments and corporate bonds of the ist
bank in the tst period
(Demand Deposit): demand deposits of the ist bank in the tst period
(Short-term Deposit): short-term deposits of individuals in the ist bank in the
tst period
(ShortTermLoan): total short-term loans of the ist bank in the tst period
(TA): total assets of the ist bank in the tst period
SIZE denotes the size of the ist bank in the tst period. The natural logarithm of
the total assets of the ist bank in the tst period at the end of the period is used
to compute it (Carvallo & Pagliacci, 2016).
Cost Management Index (MC): this variable is obtained from the ratio of the
bank's administrative and personnel expenses to the total income of the ist bank
in the tst period (Beltratti & Paladino, 2015).
RIR: Bank's real bank rate in the tst period
INF: Inflation in the tst period
GR: Economic growth in the tst period
EXR: The real free market exchange rate in the tst period
This study's statistical population consisted of selected public and private
banks (EN Bank, TEJARAT, Refah, Sepah, Saderat, Industry and Mine,
Agriculture, Maskan, Mellat, and Melli) over the period 1999-2016 on an
annual basis. It should be noted that in 1999, only the mentioned banks were
in use in the Iranian banking system. The reason for choosing these banks is
that they hold complete statistics and information in terms of their activity
duration over the period under review. Besides, the methodology for garnering
statistics and information covered documents, library (Central Bank website,
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Statistics and Information Office of the Central Bank and Statistics Center)
and in person visiting of the Central Bank of the Islamic Republic of Iran.

3.2 Estimation Method
Because the study's statistical sample includes 10 banks in a window of 18
years, the current study data is classified as panel data. The application of
panel data advantageously contributes to controlling heterogeneous features
and considering each section's characteristics; contrarily, cross-sectional and
time-series studies do not consider this heterogeneity. Panel data helps
differentiate and measure effects that are not easily identifiable in absolutely
cross-sectional data and time series. Overall, panel data bears many
advantages over cross-sectional or time-series data (Baltagi, 2005). The model
presented in the previous part of the current study, additionally, exhibited that
the coefficients pertaining to the independent variables vary according to each
bank's behavior. In other words, the coefficient of each of the independent
variables changes during different sections, thus making the traditional
estimation method unable to provide an accurate estimate of the model. Due
to the model's nature, we in this study adopted the Random-Coefficients
Approach and Swamy technique to analyze the data and estimate the
coefficients.
A needed explanation is that simple data panel models build upon a
premise in which the heterogeneity in the nature of sections can be
incorporated into the form of specific fixed or random cross-sectional
(temporal) effects in specifying the model. Although most applied studies
have confirmed this type of nature heterogeneity specification's adequacy,
there are many cases in which such a statement remains insufficient for the
natural heterogeneity in the model. In addition to specific fixed or random
cross-sectional (temporal) effects as y-intercept, the model needs the
coefficients of explanatory variables to vary from one section to another (or
one period to another). This method was first used by Swamy (1970) based on
panel data, in which the heterogeneity (nature) of the sample sections has been
translated to a set of coefficients of regression pattern variables. The randomcoefficients approach is generally presented as follows. Thus, it can be seen
that the Swami model is, in fact, a multivariate regression model with selfcorrelated components and heterogeneity of variances. To estimate the
coefficients of such a model, an FGLS estimator is used (Ranjpour & Karimi,
2013):
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K

Ynt   0 n   n  K 1 ( K  Kn). X knt  nt

(5)

K

Ynt   0  K 1  K . X knt  K 1  Kn . X knt  nt   n
K

(6)

K

(7)

Where,  n denotes the special cross-sectional effects and nt is the error
component of the random-coefficients model1. The formula for calculating the
coefficients based on the FGLS estimator (Swamy Estimator) will be as
follows:

ˆ FGLS  ( X  1 X ) 1 X  1Y

(8)

In the above equation  represents the covariance matrix of error terms
and is a definite-positive matrix. Considering that in the process of calculating
the coefficients, the matrix  must be estimated, and then the beta coefficient
must be projected; therefore, the Swamy method is referred to as a two-step
estimator, that the former uses the ordinary least squares method to estimate
the following relation for each section:

Ynt   0  Yt ,n1  K 1  K . X knt  u nt
K

(9)

The matrix  elements get singled out, and in the second step, the
coefficients are estimated using the following equation:

Ynt   0n   nYt ,n1  K 1  Kn . X Knt  unt
K

(10)

In Equation (9), the estimation encompasses all sections and renders an
overall coefficient for the whole statistical population and all sections per each
variable; but in Equation (10), the estimation coefficients vary with the change
of each section. Therefore, this research applies a flexible model to analyze
the data to obtain a separate coefficient for each section (banks)2. By doing so,

1

For further study, refer to (Ranjpour & Karimi, 2013, pp. 263-228).
The software used in this study is stata 14. Data and software outputs can be provided to
applicants if required.
2
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each variable's effects in each specific section on the dependent variable can
be measured, so can different sections thus be comparable.

4 Research Findings

Average bank leverage

As mentioned, the dependent variable in the present study contains banking
leverage that is calculated according to Equation (2). Figure (1) demonstrates
the ranking of banks in terms of banking leverage, based on which Melli,
Saderat, Refah, and Tejarat banks had the highest average banking leverage
during the period 1999-2016, and in contrast, those of Industry and Mine, EN
Bank and Sepah saw the lowest level of banking leverage at the same period.

4
3.5
3
2.5
2
1.5
1
0.5
0

Figure 1. Ranking study banks in terms of the average banking leverage variable over
1999-2016.
Source: Research Findings

4.1 Panel Unit Root Test Results
As the years studied outnumber sections (banks), so in the first step, the
variables have to be subjected to the stationary test. Table (1) presents
stationary of variables by LLC (Levin–Lin–Chu) and IPS (Im-Pesaran-Shin)
panel unit root tests:
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Table 1
Panel unit root test results of research variables
Variables
BLEV
CR
RER
GR
INF
RIR
LDC
MC
SIZE

LLC test
-3.626 (0.0001)
-11.673 (0.0000)
-9.341 (0.0000)
-2.958 (0.0015)
-5.353 (0.0000)
-5.686 (0.0000)
-9.025 (0.0000)
-10.398 (0.0000)
-96.09 (0.0000)

IPS test
-3.213 (0.0007)
-12.114 (0.0000)
-6.650 (0.0073)
-2.501 (0.0062)
-5.983 (0.0000)
-6.076 (0.0000)
-4.414 (0.0000)
-30.437 (0.0000)
-77.32 (0.0000)

Source: Research Findings. The numbers in parentheses indicate the level of probability
corresponding to the statistic.

According to Table (1), stationary test results show that all research
variables are stationary (static) at the level. Because the level of probability
corresponding to all research variables in the LLC and IPS tests revokes the
null hypothesis (non-stationary).

4.2 Pairwise Correlation Coefficients
Pairwise correlation coefficients can provide a rudimentary understanding of
whether a linear relationship exists between variables. Table (2) shows the
results of the pairwise correlation coefficients of the model variables. As can
be seen, correlation coefficients between banking leverage and credit risk,
liquidity risk, and bank size are positive and significant and are in line with
theoretical expectations. Also, the correlation coefficient between banking
leverage and cost management index is negative and significant. The
correlation coefficients between banking leverage and macro-variables of
inflation, economic growth, real interest rate, and real exchange rate are not
statistically significant. It is worth noting that correlation coefficients continue
to be inefficient when simultaneously modeling the effects of explanatory
variables, and econometric methods should be used to address this weakness.
Table 2
Pairwise correlation coefficients of research variables
BLEV
CR
LDC
SIZE
MC
INF
GR
RIR
RER

BLEV
1
0.717***
0.727***
0.606***
-0.487***
0.043
-0.038
-0.057
0.093

CR

LDC

SIZE

MC

INF

GR

RIR

RER

1
0.891***
0.901***
-0.696***
0.023
-0.019
-0.027
-0.125*

1
-0.898***
0.822***
-0.007
0.003
0.011
-0.196***

1
-0.715***
0.023
-0.032
0.003
-0.240***

1
-0.066
0.071
0.021
0.193***

1
-0.757***
-0.964***
-0.0003

1
0.699***
0.065

1
-0.056

1

Source: Research Findings. Note: * significance at the level of 10%, ** significance at the level
of 5% *** significance at the level of 1%.
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4.3 Research Econometric Model Estimation
For specifying each variable's effect on the banking leverage by different
banks, the model is estimated with a random-coefficients (Swamy) approach.
Table (3) presents the results of the research model estimation.
Table 3
Results of Swamy model estimation for the entire panel - dependent variable
of banking leverage
Variables
Coefficients
Standard deviation
CR
2.80148
2.02865
LDC
0.84202
0.45026
SIZE
-2.41672
0.92232
MC
-8.89030
9.48893
INF
0.10240
0.03264
GR
-0.02249
0.00995
RIR
0.10688
0.03652
RER
-0.00003
0.00002
_cons (intercept)
8.09412
2.97111
Heterogeneity test of coefficients in the panel
(Null hypothesis: Homogeneity of coefficients in the panel)

t-value
1.38
1.87
-2.62
-0.94
3.14
-2.26
2.93
-1.41
2.72
334.71

Probability value
0.201
0.094*
0.028**
0.373
0.012**
0.05*
0.017**
0.193
0.023**
0.000***

Source: Research Findings. Note: * significance at the level of 10%, ** significance at the level
of 5% *** significance at the level of 1%.

According to the results reported in Table (3), the liquidity risk variable
affects banking leverage positively and significantly, so that a one-unit
increase in liquidity risk will increase the banking leverage by 0.84 units. The
bank size has a significant and negative impact on the banking leverage; this
stems largely from scale-induced economies, in which an increase in
magnitude leads to reduced expenditures and thus a reduction in liabilities and
banking leverage. The cost management index does not convey a significant
effect on banking leverage, and it can be said that administrative and personnel
costs do not significantly affect an increase or reduction of banking debts.
Consistent with the economic literature, inflation has a positive and significant
effect on banking leverage, and with increasing inflation, banks try to maintain
their liquidity value as well as profitability by increasing leverage. Economic
growth and real interest rates also have a significant negative and positive
effect on banking leverage, respectively. The real exchange rate also does not
have a significant impact on banking leverage. This result could be due to the
closure of Iran's economy and monetary and banking sanctions, which have
isolated the banking system.
On the other hand, considering the result of the coefficient heterogeneity
test, the null hypothesis of coefficient homogeneity in the panel is rejected,
and yet the assumption counteracting coefficient heterogeneity is accepted.
Therefore, it is necessary to estimate the coefficients separately by sections.
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Table (4) shows the estimation results of the econometric research model by
sections (banks).
Table 4
Estimation results of the research model using Swamy method by banks – a
dependent variable of banking leverage.
Variables→
CR

LDC

SIZE

MC

Melli

-1.67

-0.57

- 2.06***

Mellat
Tejarat
Keshavarzi
Maskan
Saderat
Sepah
Refah
Industry and
Mine
EN Bank

-2.94
9.34***
-1.37
-2.03
9.01***
-1.06
7.29***

0.53
2.49***
-0.33
0.28
2.24 ***
-0.87
0.62

-0.28
- 5.69***
- 2.23***
-0.30
- 5.81***
- 1.85**
-0.63 ***

10.50***

3.003***

0.93

1.01*

Banks 

INF

GR

RIR

RER

_CONS

-17.85

0.16***

14.33
-13.02
-1.75
-5.05
-38.05**
-20.77
-36.81**

0.03
0.17***
0.13***
0.01
0.17***
0.08**
0.05

-0.04**

0.17***

-0.00004

12.10***

-0.02**
-0.04**
-0.03***
-0.02*
-0.06***
-0.01
0.03***

0.04
0.20***
0.14***
0.01
0.21***
0.08**
0.02

0.00004***
-0.00008**
-0.00002
0.00004**
-0.00008 ***
-0.00002
-0.00005***

2.59*
17.84***
8.53***
2.46*
23.006***
6.005***
1.21

- 5.28 ***

16.69

0.01

13.39

0.10**

-0.02

0.10***

-0.00004**

7.76***

0.05*

0.01

0.05

-0.00001

-0.599

Source: Research Findings. * Significance at the level of 10%, ** significance at the level of
5%, *** significance at the level of 1%. Software outputs can be provided from the responsible
author if request.

According to the results of Table (4), credit risk in Tejarat, Saderat, Refah,
Industry, and Mining banks has a positive and significant effect on banking
leverage, and with increasing credit risk, their banking leverage ramps up. The
effect of liquidity risk works the same as credit risk and is corroborated in the
four banks of Tejarat, Saderat, Industry and Mining, and EN BANK. Bank
size in all banks except Mellat, Maskan, and EN BANK has a negative and
significant effect on the banking leverage and indicates the activation of scaleinduced economies in these banks. The variable of cost management index
has a negative and significant impact on banking leverage only in two banks
of Saderat and Refah and stays insignificant on other banks.
The inflation rate has positively and significantly affected banking
leverage in all banks except Mellat, Maskan, and Refah and increased with the
banking leverage rise. As pointed out, abiding by the economic literature,
inflation has a positive and significant effect on banking leverage, and by
increasing inflation, banks seek to sustain the value of their assets and also
profitability by increasing leverage. The rate of economic growth in Melli,
Mellat, Tejarat, Agriculture, Maskan, and Saderat banks has had a negative
and significant effect on banking leverage. Yet, this impact was positive and
significant in Refah bank. The real interest rate has positively and significantly
influenced the banking leverage of Melli, Tejarat, Agriculture, Sepah,
Industry, and Mining banks.
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On the other hand, it does not significantly impact that of Mellat, Maskan,
Refah, and ENBANK banks. The real exchange rate (degree of
competitiveness) has a negligible and close-to-zero effect and holds different
and asymmetric effects on the banks under review. The coefficient closest to
zero of the real exchange rate can be attributed to the country's banking
system's closure due to banking and monetary sanctions. A lot of evidence that
organizational and structural variables (macro) affect Iranian Banks
differently are extant; therefore, their banking leverage management should
be performed according to the type of bank and its organizational
characteristics. As it was observed, the leverage of each bank understudy
receives varying impacts of structural and organizational variables and bears
specific disciplines.

5 Conclusion and Policy Recommendations
According to the Basel Committee's rules and standards, banking leverage
management and monitoring the leverage of banks account for one of the most
important monetary institution tasks and policymakers to thwart financial and
banking crises. In this regard, various structural (macro) and organizational
factors have been affecting the banking leverage, the identification, and
modeling of which become a necessary condition for effective banking policymaking and prevention of financial and banking crises. In the present study,
using a random-coefficients approach, we investigated the impact of
organizational and structural factors on each of the selected Iranian banks'
banking leverage during the period 1999-2016. The research model got
estimated using the Swamy technique generally and by segregating each bank.
The results obtained from the coefficient heterogeneity test were significant
in panel sections, and it is necessary to consider the characteristics of sections
(here banks) in estimating coefficients. The results uncovered that some banks
have behaved similarly to each other, and others have shown different
behavior in the face of macroeconomic and intra-organizational factors. In
summary, the outcomes of the model estimate show that:
 Credit risk in Tejarat, Saderat, Refah, and "Industry and Mining" banks
has a positive and significant effect on banking leverage, and with
increasing it, banking leverage also rises. The impact of liquidity risk
obeyed that of credit risk and was verified in the four banks of Tejarat,
Saderat, "Industry and Mining," and EN BANK banks. Therefore, in
Tejarat, Saderat, "Industry and Mining" banks, harnessing banking
leverage needs a mechanism for controlling credit risk and liquidity risk.
It is also necessary for banks to evaluate their customers and classify and
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rank them in terms of risk-taking and information acquisition in such a
way that all obligatory information, including their approved financial
statements, gets reviewed, and the bank be committed to taking into effect
this action. On the other hand, to maintain banking health and prevent the
occurrence of the banking crisis, bank managers should try to satisfy the
rule of positive growth in the ratio of cash assets to total assets.
Bank size in all banks except Mellat, Maskan, and EN BANK affects the
banking leverage negatively and significantly, indicating the active effect
of scale-driven economies in these banks. The variable of cost
management index has a negative and significant effect on banking
leverage only in two banks of Saderat and Refah and does not work
significantly on other banks. Therefore, it can be stated that the selected
banks in the present study can pay special attention to the size of the bank
to improve the management of their assets and liabilities and take effective
measures to increase their assets and enjoy economies of scale. This result
also justifies the merger of small banks in terms of size (for example,
merging military banks and financial institutions in Sepah Bank) and
needs to be expedited.
The inflation rate in all banks except Mellat, Maskan, and Refah has a
positive and significant effect on banking leverage and increases with a
ramp-up in leverage rate. As mentioned, this finding is consistent with
economic literature, and with increasing inflation, banks try to maintain
the value of their assets and profitability by increasing leverage. When
inflation becomes overwhelming in the country's economy, people use
their savings to offset the effects of inflation on their current lives, which
reduces investment in the economy as a whole and in the bank in
particular. So it is expected that people will withdraw their savings from
banks and spend them on consumer spending. It will reduce the power to
manage the bank's debts and assets, and it seems reasonable to expect the
banking leverage to increase. Accordingly, economic policymakers and
macroeconomic officials are advised to take practical measures to control
and reduce inflation to retain stability in the banking and increase banks'
leverage.
The economic growth rate in Melli, Mellat, Tejarat, Agriculture, Maskan,
and Saderat banks has had a negative and significant effect on banking
leverage, unlike Refah bank that was influenced positively and
significantly.
The real interest rate has a positive and significant effect on the banking
leverage of 6 Melli, Tejarat, Agriculture, Saderat, Sepah, Industry, and
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Mining banks. In contrast, it does not significantly affect that of 4 Mellat,
Maskan, Refah, and EN BANK banks.
 The real exchange rate (degree of competitiveness) had a small and closeto-zero effect on banking leverage and held different and asymmetric
impacts on the banks under review. The coefficient close to zero of the
real exchange rate can be the result from the closing of the country's
banking system due to banking and monetary sanctions.
 The research results on how economic growth, bank interest rate, and
exchange rate affect the banking leverage in each of the banks under study
are different, so it is recommended to bank managers that according to
these findings, take into account economic growth, bank interest rate and
exchange rate for asset and liability management. In other words, they are
worth carrying out their banking activities and actions with regard to
macroeconomic factors in order to be able to manage their assets and
liabilities better.
This study's results correspond directly to the policy decisions of monetary
and banking policymakers in the country. In this regard, it is proposed that the
monetary and banking regulator act heterogeneously in its policy decisions to
control and monitor the banking leverage and consider the specific
characteristics of banks. Also, it is necessary to accelerate the merger of small
banks to take advantage of the economies of scale.
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market capitalization to GDP during the last decade. Despite these quantitative
developments but this market is still suffering from a lack of various derivative
financial instruments like futures contracts on an index or single stock, and so
investors are limited in terms of market risk management. One of the rare
derivative instruments in Iran's capital market that created more than one
decade ago is the gold futures contract. The relationship between gold price
and equity market in developed countries has been studied in many pieces of
research, and the role of gold as an alternative investment and haven asset vs.
traditional asset class has almost been proven. In the case of Iran as a
developing economy, the relationship between gold and equity prices, which
both are traded with national currency is different, because commodity
exporter who has a positive earning relationship with national currency
devaluation are dominant in terms of market capitalization in Iran. So equity
market of Iran naturally should have some positive correlation with the
domestically traded gold price during national currency devaluation periods
and maybe a low correlation during periods in which national currency is
stable.
Cross hedging is one of the important topics in financial risk management
literature, the basic concept of cross hedging is about using futures contract of
an asset to hedge the market risk related to another asset. The determination
of the optimal hedge ratio, defined as the ratio between number of futures
position's to the per-unit spot position, importantly influences hedged
portfolios' performance.
One of the arising literature in determining optimal hedge ratio is
minimizing downside risk measure instead of traditional risk measures like
variance. Using variance as target risk measure to determine optimal hedge
ratio may not achieve to downside risk reduction if the utility function of
hedgers is not quadratic or if asset returns are not elliptically distributed.
Value-at-Risk (VaR) and Expected Shortfall (ES) are two of the most wellknown downside risk measures used in risk hedging with futures. Value at risk
(VaR) is a statistic that quantifies the extent of possible financial losses within
a portfolio, or position over a specific time frame. Additionally, ES as a
measure of risk, complementing, and in parts substituting, the more-familiar
VaR measure. Expected Shortfall is the expected return on an asset conditional
on the return being below a given quantile of its distribution, namely its VaR.
ES has long been known to be a coherent measure of risk (Artzner, et al. 1999(.
Multivariate Generalized Autoregressive Conditional Heteroscedasticity
(MGARCH) models are commonly used to capture the time-varying nature of
covariance matrix and the correlation between spot and futures returns of
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different asset classes and thus estimate the associated optimal hedge ratio.
Various multivariate GARCH type models, besides the conditional mean
dynamics models like VARMA are employed for hedge ratio calculation.
Most of the studies in comovement and hedging has used models like BEKK
(Baba, Engle, Kraft, and Kroner, 1990), DCC (dynamic conditional
correlation, Engle, 2002) or their asymmetric form, namely ABEKK and
ADCC, which allows taking into account asymmetry in the dynamic of
markets and financial time series. Most of the studies in comovement literature
focus on the dependecy between returns using the Pearson correlation. A
limitation of the Pearson correlation is that it is based on the assumption of
normality. More precisely, it is only a measure of dependence in the elliptical
family of distributions (Zhao and Goodwin, 2012). This limitation amplifies
in solving the minimum-downside risk hedge ratios, which requires the
estimation of the entire joint distribution of spot and futures price movements
and their tail dependency. One way to overcome the Pearson correlation
shortage is to apply copulas to measure the dependence structure between
asset returns.
Copula dependency functions have been broadly employed as an effective
tool to model comovement and tail dependency between. Copulas provide a
flexible, modular possibility for constructing multivariate distributions. The
copula-based GARCH model has recently shown its efficiency to capture
time-varying characteristics of the variables in interest.
This paper seeks to use from Iranian gold futures contract to minimize
market risk (including variance, VaR, and ES) of equity during four different
sub-periods according to the national currency movement direction. The onestep-ahead rolling window scheme will employed to construct optimal hedge
ratios. We apply the Copula-GARCH model with two elliptical functions
(Gaussian and Student's-t) and two Archimedean functions (Frank and
Gumbel) and compare their hedging effectiveness with four well-known
multivariate GARCH type models, namely BEKK, DCC, ABEKK, and
ADCC.
This paper makes several contributions to the literature. First, our study is
novel in that, as far as we know, this is the first time that pair of tow asset
class’s gold-stock dependency is examined in Iran as an emerging market. We
examine the dynamic correlation between gold and stock market and the
performance of use of gold as a hedging asset against stock; this helps to
introduce the gold futures contract of Iran's capital market to potential
investors, especially foreign investors, and its capability to manage equity risk
during national currency devaluation time. Second, while many researchers
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choose a particular MGARCH model (e.g., DCC-GARCH) and then present
results without providing a comparison of how their model compares to
another, this study will make comprehensive comparison the optimal hedge
ratios obtained from BEKK and DCC and their asymmetric form namely
ABEKK and ADCC models and also with those obtained from copulaGARCH models with different copula functions. It provides a complete
understanding of how hedging effectiveness varies between different
multivariate GARCH and copula-GARCH models. Univariate and
multivariate GARCH models are applied to obtain one-step-ahead hedge
ratios. The one-step-ahead daily optimal hedge ratios are obtained using a
rolling window scheme to estimate all parameters dynamically. Third, this
study not just concentrates on the minimum-variance hedging strategy like
many other pieces of research, we also estimate models to minimize downside
risk measure for 95, 99, and 99% VaR and ES. Using copula type models helps
to better capture the joint distribution of gold-stock movements and their tail
dependency, which is required for more effective downsides risk
minimization.
The remainder of this paper is organized as follows. Section 2 presents
relevant literature. Section 3 presents the methodology used in this paper.
Section 4 describes the data and the preliminary statistics. Section 5 discusses
the multivariate GARCH models' estimation results, empirical results of the
models, and methods. Finally, Section 6 summarizes the main conclusions.

2 Relevant Literature
We recognize that different types of volatility dynamic conditional correlation
models are broadly applied to capture volatility of various asset class
comovement since dynamic hedging stock market with gold for minimizing
variance, VaR, and ES is our main focus in this research. We discuss a short
review of relevant researches that focus on similar dynamic models or hedging
stock with gold and other related commodities.
Baur and McDermott (2010) investigate gold as a hedge asset for equity
markets of some emerging markets. Using descriptive and econometric
analysis for a sample spanning 30 years from 1979 to 2009, they conclude that
gold is both a hedge and a safe haven for major European stock markets and
the US but not for Australia, Canada, Japan, and large emerging markets such
as the BRIC countries.
Baur and McDermott (2010) investigate gold as a hedge asset for equity
markets of some emerging markets. Using daily data from November 1995 to
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November 2010, they find that gold acts as a weak safe haven and a strong
hedge asset.
Gurgun and Unalmiş (2014) examine role of gold for hedging equity
market of some developing economics. According to their findings gold has a
hedge and safe haven role. They conclude that gold is both a hedge and a safe
haven for domestic investors in most of these countries. This result also holds
in the post-2008 crisis period. Besides, when falls in equity markets become
more severe, gold acts as a safe haven in a larger set of countries for both
domestic and foreign investors.
Sadorsky (2014) uses VARMA-AGARCH and DCC-AGARCH models to
investigate the multivariate volatility between emerging market equity, oil
prices, copper prices, and wheat prices. He finds Correlations between these
assets increased considerably after 2008, and on average, oil provides the
cheapest hedge for emerging market stock prices
Arouri et al. (2015), using the VAR-GARCH models over March 22, 2004,
through March 31, 2011, examine the return and volatility spillovers between
the stock market and gold prices in China. Several competing for multivariate
volatility models which are commonly used in the finance literature (CCC–
GARCH, DCC–GARCH, diagonal BEKK–GARCH, scalar BEKK–GARCH,
and full-BEKK–GARCH) are also for comparison purpose in their research.
One part of their findings indicate adding gold to stocks reduces risk and make
better hedging against equity risk.
Basher and Sadorsky (2016) employ the DCC, ADCC, and GO-GARCH
to model conditional correlations between emerging market stock prices, oil
prices, VIX, gold prices, and bond prices using daily data. They find that the
ADCC model's Hedge ratios are most effective to variance reduction for
hedging emerging market equity prices with using pair asset including oil,
VIX, or bonds.
Chkili (2016) employs the ADCC model to examine the dynamic
relationships between gold and BRICS countries' stock markets using data set
period covers the period from January 2000 to July 2014. He finds that the
time-varying correlation between gold and stock markets is near zero to
negative during financial crisis. His evidence shows that adding gold to a
portfolio leads to a risk reduction.
Chen, Zheng, and Qu (2020) use VAR-ABEKK and DCC to examine
comovement between international crude oil, new energy, and rare earth
markets in China. They find that cumulative risk between oil and new energy
markets indirectly transfer.
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In recent research of hedging, VaR and CVaR have been applied for the
risk reduction target. For example, Chang (2011) employs bivariate Markov
regime Switching Autoregressive Conditional Heteroscedastic (SWARCH)
model to formulate the optimal VaR hedging strategy to minimize the
downside risk of the hedged position Using Taiwan Stock Exchange
Capitalization Weighted Stock Index (TAIEX) futures data.
Cao, Harris, and Shen (2010) present minimum-VaR and minimum-CVaR
hedge ratios based on the Cornish-Fisher expansion of the quantile of the
hedged portfolio return distribution. Using spot and futures FTSE daily returns
from February 1994 to August 2008, they find that the semiparametric
approach is superior to the standard minimum-variance approach, and to
provides a greater reduction in both VaR and CVaR.
Ubukata (2018) employs DCC models under multivariate skewed tdistributions to assess the incremental value of dynamic futures hedging
models in minimizing downside risk measures. Using spot and futures returns
of the Nikkei index from March 11, 1996, to March 1, 2013, he concludes the
unconditional minimum downside risk approaches underperform than the
novel conditional approaches.
Karmakar & Sharma (2020) propose a hybrid GO-GARCH-EVT-copula
model to estimate minimum quantile risk hedge ratios. They examine the
proposed model's hedging effectiveness compared to three other competing
models using thirty-five pairs of daily spot and futures price series data from
various stock, currency, and commodity markets across the world. The
evidence suggests that the proposed combined approach performs best in
estimating minimum quantile risk hedge ratios.
Jondeau and Rockinger (2006) employ the Copula-GARCH model of
conditional dependencies to describe dependency between European markets
using sample covers the period from January 1, 1980, to December 29, 2000,
they find the dependency increase substantially in the same direction in a crash
or a boom market.
Lai, W.S. Chen, Gerlach (2009) employ a time-varying Copula-TGARCH
model to evaluate the optimal hedge ratio in five East Asian markets using
data from January 1, 1998 to June 10, 2005, they show hedge ratios obtained
from Copula-TGARCH have hedging efficiency.
Zhao and Goodwin (2012) apply Copula-GARCH model in spot and
futures agricultural products to obtain conditional correlation and the cross
hedge ratio. They find that performance of Copula-GARCH models has
effectiveness as a cross hedging mechanism.
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Barbi and Romagnoli (2014) present copula based approach for estimating
minimum downside-risk hedge ratios employing data for the main UK and US
indices and EUR/USD and EUR/GBP exchange rates from January 1, 1990,
to January 31, 2011. They indicate that their copula based approach
outperforms nonparametric approach in downside risk reductions.
Jammazi and Reberdo (2016) employ wavelets and copulas to examine oilstock dependence structure at different time scales using using different static
and time-varying copula functions for data covering the period January 4,
2000, to June 29, 2015. Their findings show diversification benefits and
downside risk reductions in short time scale for this tow asset class.
Kotkatvuori-Örnberg (2016) uses the Copula DCC-EGARCH model to
investigate the efficiency of the futures hedge implemented through the
currency markets. The estimation period covers the return series from January
14, 2000, to December 27, 2013. Also, for artificial data, the bootstrap method
for data simulation is utilized. They show that the inclusion of the external
realized variance estimators into the variance equation effectively reduces the
variance of the in hedging portfolios.
Sukcharoen and Leatham (2017) examine the use of a vine copula
approach to estimate multiproduct hedge ratios that minimize the refinery's
downside risk. They find that the D-vine copula model is an effective choice
in managing the refinery's downside risk.
Tiwari et al. (2019) examine the time-varying correlations between S&P
500 index and six cryptocurrencies, namely, Ripple, Dash, Stellar, Litecoin,
Ethereum, and Bitcoin, using a copula-ADCC-EGARCH model. Using daily
closing prices from August 7, 2015, to June 15, 2018, they find their timevarying correlations are very low.

3 Methodology
The basic concept of hedging is to reduce market risk of a spot position (𝑆𝑡 )
by applying futures contracts (𝐹𝑡 )). Let ℎ𝑡 represent the short position taken
in the futures market at time t under a particular hedging strategy, The return
on the hedged portfolio over a period, 𝑅ℎ𝑡 , is given by:
𝑅ℎ𝑡 = 𝑅𝑠𝑡 + ℎ𝑟𝑡 ∗ 𝑅𝑓𝑡

(1)

where 𝑅𝑠𝑡 and 𝑅𝑓𝑡 are the spot and futures returns at time t, respectively,
and ℎ𝑟𝑡 is the hedge ratio. The optimal hedge ratio for minimizing the variance
of hedged portfolio return given by:
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ℎ𝑟𝑡∗ = −

𝐶𝑜𝑣( 𝑅𝑠𝑡 , 𝑅𝑓𝑡 )
𝑉𝑎𝑟(𝑅𝑓𝑡 )

𝑉𝑎𝑟( 𝑅 )

= −𝜌𝑠,𝑓 ∗ √𝑉𝑎𝑟(𝑅 𝑠𝑡

(2)

𝑓𝑡 )

Where 𝑉𝑎𝑟 is the variance operator, 𝐶𝑜𝑣 is the covariance operator, and 𝜌
is the correlation coefficient operator.
The degree of hedging effectiveness, proposed by Ederington (1979), is
measured by the percentage reduction in hedged position variance. Therefore,
the degree of hedging effectiveness, denoted as HE, can be expressed as
follows:
HE =

𝑉𝑎𝑟( 𝑅𝑠𝑡 )−𝑉𝑎𝑟( 𝑅𝑓𝑡 )
𝑉𝑎𝑟( 𝑅𝑠𝑡 )

=1−

𝑉𝑎𝑟( 𝑅𝑓𝑡 )

(3)

𝑉𝑎𝑟( 𝑅𝑠𝑡 )

The concept of variance reduction as a measure of hedging effectiveness
can be extended for downside risk gains, which are also evaluated by
computing the percentage reduction in hedged position's VaR and ES with
respect to the unhedged position like Equation (3).

3.1 The Bivariate GARCH Approach
The BGARCH volatility model can be written as follows::
𝑅𝑠𝑡
𝑅𝑡 = [𝑅 ] = 𝜇𝑡 + 𝑢𝑡 , 𝑢𝑡 |𝐹𝑡−1 ~𝐹(0,𝐻𝑡 )
𝑓𝑡
′

(4)
′

where 𝑅𝑡 , 𝜇𝑡 = (𝜇𝑠𝑡 , 𝜇𝑓𝑡 ) , 𝑢𝑡 = (𝑢𝑠𝑡 , 𝑢𝑓𝑡 ) are vector-valued conditional
mean functions, 𝐹 denotes a bivariate distribution, and 𝐻𝑡 is a time-varying 2
× 2 positive definite conditional covariance matrix. The above model can be
estimated by a maximum likelihood estimation. In this paper, VARMA
(vector autoregressive moving average) model uses as conditional mean
models of the BGARCH model, and Bayesian information criterion (BIC)
determines the number of lags length.
We consider the different types of BGARCH models in this paper. The
above model can be estimated by a maximum likelihood estimation. To
guarantee the positive-definite constraint, Engle and Kroner (1995) propose
the Baba-Engle-Kraft-Kroner (BEKK) model:
𝐻𝑡 = 𝐶 ′ 𝐶 + 𝐴′𝑢𝑡−1 𝑢𝑡−1 ′𝐴 + 𝐵′𝐻𝑡−1 𝐵

(5)

Where A, B, and C are 2 × 2 matrices, but C is upper triangular matric. In
reduced form of this model the matrices A and B are assumed to be diagonal,
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thus forming a diagonal BEKK model. The parameters of matrices specified
as follows:
𝑐𝑆𝑆
𝐶=[ 0

𝑐𝑠𝑓
𝑎𝑆𝑆
𝑐𝑓𝑓 ] , 𝐴 = [ 0

0
𝑏𝑆𝑆
,
𝐵
=
]
[
𝑎𝑓𝑓
0

0
𝑏𝑓𝑓 ]

This model allows for dynamic dependence between the volatility series.
On the other hand, the model has several disadvantages. First, the parameters
in 𝐴 and B do not have direct interpretations concerning lagged values of
volatilities or shocks. Second, the number of parameters employed increases
rapidly, and limited experience shows that many of the estimated parameters
are statistically insignificant, introducing additional modeling complications
(Tsay, 2010). Another shortcoming of this parameterization is that it restricts
the covariance dynamics to be governed by the product of corresponding
parameters of the two variance equations (Bauwens et al., 2006).
The asymmetric version of the BEKK(1,1) model, introduced by Grier et
al. (2004), as follows
′
𝐻𝑡 = 𝐶 ′ 𝐶 + 𝐴′𝑢𝑡−1 𝑢𝑡−1 ′𝐴 + 𝐺′𝑧𝑡−1 𝑧𝑡−1
𝐺 + 𝐵′𝐻𝑡−1 𝐵

(6)

𝑧𝑡−1 is the 2 × 1 vector in Bivariate case. For covering asymmetric effect
in multivariate case, when 𝑢𝑡−1 ≤ 0 it means negative shock, then 𝑧𝑡−1 =
𝑢𝑡−1 , elsewhere, 𝑧𝑡−1 = 0. The matrix G measures the asymmetric effects
between 2 variables and has form like the matrices of A and B.
The conditional correlations can vary over time because the conditional
volatility updates the conditional correlations. One of the most famous models
in the literature is DCC (Dynamic Conditional Correlation) proposed by Engle
(2002).
DCC takes into account the time-varying correlation instead of constant
correlation assumption. Moreover, in contrast to BEKK model, number of
parameters in DCC model increases linearly rather than exponentially, DCC
model is estimated in two steps. First, the univariate GARCH model
estimated. Second, the conditional correlations are estimated:
𝐻𝑡 = 𝐷𝑡 𝑅𝑡 𝐷𝑡

(7)

𝑅𝑡 is the conditional correlation matrix, and 𝐷𝑡 is a diagonal matrix with
conditional standard deviations on its diagonal. In the case of bivariate
hedging, we have 𝑖 = 1, 2 or 𝑖 = 𝑠, 𝑓:
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𝐷𝑡 = 𝑑𝑖𝑎𝑔(√ℎ𝑖,𝑡 ) = 𝑑𝑖𝑎𝑔(√ℎ𝑠,𝑡 , √ℎ𝑓,𝑡 )
𝑅𝑡 = (𝑑𝑖𝑎𝑔(√𝑞𝑖,𝑡 ))−1 𝑄𝑡 (𝑑𝑖𝑎𝑔(√𝑞𝑖,𝑡 ))−1

(8)
(9)

h obtained using univariate GARCH model, in case of the GARCH(1,1):
2
ℎ𝑖.𝑡 = 𝑐𝑖 + 𝑎𝑖 𝑢𝑖,𝑡−1
+ 𝑏𝑖 ℎ𝑖,𝑡−1

(10)

𝑄𝑡 is a symmetric positive definite matrix.
′
𝑄𝑡 = (1 − 𝑣1 − 𝑣2 )𝑄̅ + 𝑣1 𝜀𝑡−1 𝜀𝑡−1
+ 𝑣2 𝑄𝑡−1

(11)

In the bivariate case, 𝑄̅ is the 2 × 2 unconditional correlation matrix of the
standardized residuals 𝜀𝑖𝑡 (𝜀𝑖𝑡 = 𝑢𝑖,𝑡 ⁄√ℎ𝑖,𝑡 ). The parameters 𝑣1 and 𝑣2 non
negative. The 𝑣1 + 𝑣2 < 1 ensures that model is mean-reverting.
Cappiello et al. (2006) present an asymmetric version of DCC, namely
ADCC based on DCC and GARCH model of Glosten et al. (1993):
2
2
ℎ𝑖,𝑡 = 𝑐𝑖 + 𝑎𝑖 𝑢𝑖,𝑡−1
+ 𝑏𝑖 ℎ𝑖,𝑡−1 + 𝑔𝑖 𝑢𝑖,𝑡−1
I(𝑢𝑖,𝑡−1 )

(12)

I(𝑢𝑖,𝑡−1 ) is indicator function and equals one if 𝑢𝑖,𝑡−1 ≤ 0 and 0
elsewhere. When 𝑔 be positive, it means that negative residuals tend to
increase the volatility more than positive residuals. For the ADCC model:
′
−
−
𝑄𝑡 = (𝑄̅ − 𝐴′ 𝑄̅ 𝐴 + 𝐺 ′ 𝑄̅ − 𝐺 + 𝐵′ 𝑄̅ 𝐵) + 𝐴′ 𝜀𝑡−1 𝜀𝑡−1
𝐴 + 𝐺 ′ 𝜀𝑡−1
𝜀𝑡−1
′𝐺 +
𝐵′𝑄𝑡−1 𝐵
(13)

A, B and G are 2 × 2 parameter matrices and 𝜀𝑡− are zero threshold
standardized errors which is 𝜀𝑡 when less than zero and zero elsewhere. 𝑄̅ and
𝑄̅ − are the unconditional matrices of 𝜀𝑡 and 𝜀𝑡− respectively.

3.2 Copula-GARCH Approach
A copula function represents a flexible dependence structure between random
variables. In statistical terms, a copula1 is a multivariate function with uniform
marginals that represents the dependence structure among random variables.
By Sklar's theorem, for a 2-dimensional joint distribution function 𝐺(𝑥, 𝑦)
with continuous marginal cumulative density functions (CDF) 𝐹𝑋 (𝑥), 𝐹𝑌 (𝑦)
and, there exists a copula function 𝐶(∙) that satisfies:
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(14)

According to above Equation, dependence structure of copula separated
from marginal distributions. In our case 𝑅𝑠𝑡 and 𝑅𝑓𝑡 are two random variables
denoting spot and futures returns at period t, and their conditional CDF are
𝑓
given by u𝑡 = 𝐹𝑡𝑠 ( 𝑅𝑠𝑡 |𝐼𝑡−1 ), v𝑡 = 𝐹𝑡 ( 𝑅𝑓𝑡 |𝐼𝑡−1 ) which are distributed as
continuous uniform variables on (0, 1); where 𝐼𝑡−1 denotes all past returns of
𝑅𝑠𝑡 , 𝑅𝑓𝑡 at time 𝑡 − 1. so the conditional copula function 𝐶𝑡 (u𝑡 , v𝑡 |𝐼𝑡−1 ) is
defined by the time-varying CDF of spot and futures. It is possible to estimate
𝑓
marginal densities (f𝑡𝑠 , f𝑡 ) and the copula density (c𝑡 ) distributions parameters
using the log-likelihood function. Inference for the margins (IFM) for
obtaining copula parameters is an approach to estimate marginal distributions
and the copula separately, this approach solves dimension curse of estimation
all parameters in one step. We estimate the model and distribution parameters
using the log-likelihood function.
In this paper Copula-GARCH model formed at two steps like Lai et al.
(2009) or Zhao and Goodwin (2012) approach: The first-step marginal normal
ARMA(1,1)-GARCH(1,1) parameter estimates provide estimated values of
standardized residuals 𝜀𝑖𝑡 (𝜀𝑖𝑡 = 𝑢𝑖,𝑡 ⁄√ℎ𝑖,𝑡 ). Standardized residuals obtained
in step one used in the second-step to form copula dependence structure
between 𝑅𝑠𝑡 and 𝑅𝑓𝑡 . In this paper, we apply two elliptical copulas (Gaussian
and Student's-t) and two Archimedean functions (Frank and Gumbel) to
measure the dependence between 𝑅𝑠𝑡 and 𝑅𝑓𝑡 .
The Gaussian copula has no tail dependence, while the T copula allows
different degrees of symmetric tail dependence (DoF). As the DoF increase,
the T copula converges to the Gaussian copula.
Φ−1 (u𝑡 )

𝐶𝑡𝐺 (u𝑡 ,v𝑡 |𝜌𝑡 ) = ∫−∞

Φ−1 (v𝑡 )

∫−∞

1
(2𝜋√|𝑅𝑡 |)
𝑓

𝑈′𝑅𝑡−1 𝑈
)𝑑𝑛𝑑𝑚
2

exp(

(15)

Where u𝑡 = 𝐹𝑡𝑠 (𝜀𝑠𝑡 |𝐼𝑡−1 ), v𝑡 = 𝐹𝑡 (𝜀𝑓𝑡 |𝐼𝑡−1 ), 𝑈 = [𝑚 𝑛]′ , Φ−1 (∙) is the
1 𝜌𝑡
inversed standard normal CDF, and 𝑅𝑡 is the correlation matrix(
).
𝜌𝑡 1
In Student-t copula, the dependence structure introduces an additional
parameter, which is the degree of freedom (DoF):
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T−1 (u𝑡 )

𝐶𝑡𝑇 (u𝑡 ,v𝑡 |𝑣,𝜌𝑡 ) = ∫−∞

T−1 (v𝑡 )

∫−∞

Γ(

𝑣+2
)
2

𝑣+2
2
𝑈′𝑅−1
𝑣
𝑡 𝑈
Γ( )(√(𝜋𝑣)2 |𝑅𝑡 |)[1+
]
2
𝑣

𝑑𝑛𝑑𝑚

(16)

where Γ(∙) is Gamma function .
In contrast to elliptical copulas, Archimedean copulas can only be used to
measure positive dependence and allow asymmetric tail dependence in some
cases. This study employs the Gumbel(Gu) and Frank(F) Archimedean
copulas:
1

⁄
𝐶𝑡𝐺𝑢 (u𝑡 ,v𝑡 |𝜃𝑡 ) = exp(−((− log(u𝑡 ))𝜃𝑡 + (− log(v𝑡 ))𝜃𝑡 ) 𝜃𝑡 )
1
(1−exp(−𝜃𝑡 u𝑡 ))(1−exp(−𝜃𝑡 v𝑡 ))
𝐶𝑡𝐹 (u𝑡 ,v𝑡 |𝜃𝑡 ) = − log {1 −
}
𝜃𝑡

1−exp(−𝜃𝑡 )

(17)
(18)

3.3 Estimating Conditional Minimum Downside Risk Hedge Ratios
In this paper, we estimate conditional hedge ratio to minimize a VaR and ES
at different confidence levels, in contrast to minimum variance hedge ratio
with an analytical expression according to Equation (2), for VaR and ES
minimization, there is no clear analytical expression. We generate one-stepahead spot and futures returns through Monte Carlo simulations and Using a
grid search approach to calculate the corresponding hedge ratio that minimizes
VaR and ES of the hedged portfolio returns (Conlon and Cotter, 2013;
Ubukata, 2018). Thus, we calculate the conditional hedge ratios for VaR and
ES minimizing with a daily rebalancing in 5 steps as follows:
Estimate the parameters of VARMA-BGARCH or copula-GARCH
models using the first 80% of in-sample data of the past daily spot and
futures returns (1,2. ⋯ 𝑡).
Calculate one-day-ahead forecasts of the conditional mean vector and
covariance matrix (𝜇𝑡+1 , 𝐻𝑡+1 ) VARMA-BGARCH or copula-GARCH
models.
Simulate correlated spot and futures returns with n=10,000 number of
simulated sample paths (realizations) by using 𝜇𝑡+1 , 𝐻𝑡+1 through Monte
Carlo simulations.
Applying a range of alternative hedge ratios to find the hedge ratio that
minimize VaR and ES of hedged portfolio according to grid search
approach.
Adding most recent observation and removing oldest observation, and
repeating step 1–4.
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4 Data
This paper uses the Tehran Stock Exchange (TSE) major index and gold
futures contract. We shape the gold futures price series as follows. First, we
specify the nearby futures contract as the contract with the nearest active
trading delivery month to the day of trading. We use the prices of the nearby
futures contract until the contract reaches the first day of the delivery month
or its expiry date as well as the prices of the next nearby contract. When the
futures contract reaches the first day of the delivery month, we switch the
nearby contract prices, which may affect the volatility of the prices.
We obtain the TSE index series from the Tehran Stock Exchange and gold
futures from Iran Mercantile Exchange (IME). For the robustness of out of
sample hedging performance, we split the data into four different sub-periods
according to the positive relationship of Iran equity market and gold price
during national currency devaluation periods and maybe low correlation
during periods when the national currency is stable. The considered subperiods with different statistical correlation amount of spot and futures returns
are as follows: (P1) the first period: December 6, 2008, to August 17, 2011;
(P2) the second period: August 20, 2011, to March 25, 2013; (P3) the third
period: March 26, 2013, to October 8, 2017; and (P4) the fourth period:
October 9, 2017, to August 29, 2018. Periods 2 and 4 are national currency
devaluation periods. In contrast, the national currency is relatively stable
during periods 1 and 3. The regulatory body of Tehran capital market has
stopped gold futures contract trades temporary since end of August, 2018
because of arising some non-proven concerning remarks about the role of gold
futures market as an inflationary signal leading to Iran's traditional currency
market. The last period has less than 1 year (210 observations), reducing the
robustness of estimations and results in the fourth period. It is one of the
limitations of this research in the Iran capital market. We use the last 20%
observations of each sub-period for out-of-sample evaluating.
Table 1 gives the descriptive statistics for the gold-stock returns in four
sub-periods. The kurtosis of index and gold futures returns are larger than 3,
indicating that both return series are leptokurtic. The Jarque–Bera test show
that variables have not normal distribution. The estimated standard deviations
of gold futures return during national currency devaluation (P2 and P4) are
about twice larger than those in other sub-periods. It shows that gold futures
returns are more volatile during national currency devaluation. The Pearson
linear correlation coefficient and its p-value pointed to positive and significant
dependence between the index level and gold price during national currency
devaluation, not correlated during period 1 and little negative and significant
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during period 3; thus, we except hedging effectiveness of gold futures contract
for equity market will be higher during national currency devaluation in Iran.
Table 1
Descriptive statistics for gold-stock returns in four sub-periods.
Period 1
Index
gold
Sample size
Mean
Median
Mode
Max
Min
Std.dev.
skewness
kurtosis
JB test
p-Value
correlation
p-Value

Period 2
Index gold

Period 3
Index
gold

0.002

650
0.001

0.001

377
0.002

0.001

0.001

0.001

0.000

0.001

0.000

0.000

-0.038

-0.019

-0.083

-0.055

0.054

0.046

0.035

0.098

-0.025

-0.038

-0.019

0.007

0.011

0.61

1095
-0.001

Period 4
Index
gold

Total data
Index
gold

0.002

210
0.005

0.001

2332
0.001

0.000

0.001

0.007

0.000

0.000

-0.072

-0.025

-0.095

0.000

-0.095

0.036

0.051

0.072

0.094

0.072

0.098

-0.083

-0.055

-0.072

-0.025

-0.095

-0.055

-0.095

0.007

0.024

0.007

0.012

0.010

0.023

0.876

0.133

0.05

0.56

0.09

0.28

0.01

2.21

-0.35

0.01

0.02

9.61

5.42

4.65

4.30

9.42

10.70

15.43

6.09

11.50

8.80

1223.28

158.68

62.36

26.87

1897.43

2708.02

1523.48

88.03

7310.83

3273.46

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.0479

0.4404

-0.1005

0.3782

0.1625

0.223

0.000

0.001

0.000

0.000

Notes: The four sub-periods including; Period 1: December 6, 2008, to August 17, 2011, with
650 observations; Period 2: August 20, 2011, to March 25, 2013, with 377 observations; Period
3: March 26, 2013, to October 8, 2017, with 1095 observations; Period 4: October 9, 2017, to
August 29, 2018, with 210 observations Jarque and Bera (JB) normality test statistic follows a
𝜒 2 distribution with 2 degrees of freedom.
Source: Research Findings

5 Empirical Hedging Performance Results
5.1 Model Estimation Results
We obtain the optimal conditional hedge ratio by maximizing the loglikelihood of the VARAM-BGARCH and copula-Garch models. We consider
the simplest conventional BGARCH model with conditional bivariate normal
error distribution for our empirical study. For a conditional mean model of
BGARCH models, we use VARAM(p,q) model and select the optimal lags
order using the Bayesian information criterion (BIC) to select the degrees p
and q. For the conditional mean and variance model of copula-BGARCH
models, we use ARMA(1,1)-GARCH(1,1) model with conditional univariates
normal error distribution. In order to incorporate the information in the error
terms, we estimate the VARMA-BGARCH model through a two-stage
procedure. More specifically, we save the estimated residuals from the
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VARMA and estimate the BGARCH model using the residual series in the
second stage.1
The estimation of the multivariate GARCH and copula parameters by insample data are presented in Table 2, Table 3, and Table 4.
The estimation of the BEKK and ABEKK models parameters by in-sample
data are presented in Table 2, almost all of ARCH and GARCH parameters
are significant. The sum of the estimates 𝑎𝑖𝑖 2 + 𝑏𝑖𝑖 2 𝑓𝑜𝑟 𝑖 = 𝑠, 𝑓 is close to
unity for gold futures return in all periods except period 2, for equity index
return is high in all periods, showing high persistence in spot-futures volatility
except period 2 for gold. Asymmetric parameters are just significant during
period 3; thus, BEKK and ABEKK shouldn't have significant hedging
effectiveness differences in rest periods.
Table 2
Estimation results for BEKK and ABEKK bivariate GARCH models in four
sub-periods.
Period 1
BEKK
ABEKK

Period 2
BEKK
ABEKK

Period 3
BEKK
ABEKK

Period 4
BEKK
ABEKK

css

0.0029*

0.0029**

0.0024***

0.0024***

0.0024***

0.0023***

0.0020**

0.0020***

csf

(0.0511)
0.0000

(0.0463)
0.0000

(0.0000)
0.0227***

(0.0010)
0.0227***

(0.0079)
0.0000

(0.0055)
-0.0001

(0.0120)
0.0034**

(0.0087)
0.0092

cff

(0.7477)
0.0019***

(0.5014)
0.0019***

(0.0000)
0.0000

(0.0000)
0.0000

(0.8950)
0.0016***

(0.7090)
0.0018***

(0.0184)
0.0084***

(0.1659)
0.0188**

ass

(0.0000)
0.3464**

(0.0000)
0.3465**

(0.9957)
0.3806***

(0.9257)
0.3806***

(0.0018)
0.3628***

(0.0012)
0.3740***

(0.0000)
0.7880***

(0.0151)
0.7854***

aff

(0.0154)
0.3714***

(0.0139)
0.3714***

(0.0000)
-0.1036*

(0.0100)
-0.1036*

(0.0000)
0.2626***

(0.0000)
0.2237***

(0.0015)
-0.0524

(0.0015)
-0.1435

(0.0000)

(0.0000)
0.0000

(0.0915)

(0.0615)
0.0000***

(0.0000)

(0.0001)
-0.0752

(0.4073)

gss

(0.1425)
0.0692

gff

(0.7364)
0.0000

(0.0010)
0.0000***

(0.2234)
0.2496***

(0.4704)
0.2635

bss

0.7615***

(0.2755)
0.7612***

0.8135***

(0.0010)
0.8135***

0.8708***

(0.0024)
0.8668***

0.6156***

(0.3405)
0.6171***

bff

(0.0021)
0.9057***

(0.0017)
0.9057***

(0.0000)
-0.3249***

(0.0000)
-0.3249***

(0.0000)
0.9566***

(0.0000)
0.9501***

(0.0058)
0.9131***

(0.0038)
-0.2574

Total LL

(0.0000)
3768.522

(0.0000)
3768.52

(0.0014)
1863

(0.0013)
1863

(0.0000)
5869.21

(0.0000)
5875.59

(0.0000)
1068.94

(0.7263)
1069.589

Notes: The maximum likelihood estimates (p-values) of unknown parameters for the BEKK
and ABEKK models are presented (in parentheses). LL stands for log-likelihood. In this table,
as well as all the following ones, the significance is denoted by superscripts at the 1% (***),
5% (**), and 10% (*) levels.
Source: Research Findings

1

To save space, we do not report the VARMA and ARMA-GARCH models estimation results. These can
be obtained from the authors upon request.
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The estimation of the DCC and ADCC models parameters by in-sample
data are presented in Table 3; almost of ARCH and GARCH parameters are
significant; the sum of the estimates 𝑎𝑖 + 𝑏𝑖 𝑓𝑜𝑟 𝑖 = 𝑠, 𝑓 is close to unity for
equity index return in all periods, showing high persistence in spot-future
volatility, for gold futures return is not high during periods 2 and 4. Univariate
Asymmetric GJR parameters are just significant and low negative during
periods 2 and 3; thus, there is no leverage effect in univariate volatility models.
The parameter v2 is significant and large in all periods except period 3, which
strongly suggests the persistence of the time-varying nature of the correlation
between stock-gold returns. The asymmetric parameter g isn't significant and
large in all periods except period 1. Different leverage effects may arise from
different arbitrage activities, heterogeneity, asymmetric information, or/and
contract liquidity.
Table 3
Estimation results for DCC and ADCC bivariate GARCH models in four subperiods.
DCC

Period 1
ADCC

DCC

Period 2
ADCC

DCC

Period 3
ADCC

DCC

Period 4
ADCC

cs

0 . 0 0 0 0

0 . 0 0 0 0

0 . 0 0 0 0

0 . 0 0 0 0

0 . 0 0 0 0

0 . 0 0 0 0

0 . 0 0 0 0

0 . 0 0 0 0

as

(0.1706)
0.1745**

(0.2566)
0.2419*

(0.1016)
0.1572**

(0.1422)
0.1737*

(0.1556)
0.1569***

(0.1738)
0.2405***

(0.2646)
0.6109*

(0.3612)
0.7805*

(0.0338)

(0.0462)

(0.0822)
-0.1103**

(0.0000)

(0.0005)
-0.1442**

(0.0596)

gs

(0.0745)
-0.1710

(0.0936)
-0.4793

bs

0.4832

*

(0.1625)
0.5806**

cf

(0.0986)
0.0000**

af

(0.0294)
0.1777***
(0.0008)

0.7214***

(0.0368)
0.7775***

0.7480***

(0.0426)
0.7466***

0 . 3 8 8 9

(0.1981)
0 . 4 5 9 0

(0.0393)
0.0000*

(0.0000)
0.0005***

(0.0957)
0.1991***

(0.0000)
0 . 0 0 0 0

(0.0000)
0.0006***

(0.0000)
0 . 0 0 0 0

(0.0000)
0 . 0 0 0 0

(0.1136)
0.0005***

(0.1455)
0.0005***

(0.0000)
0 . 0 0 0 0

(0.1465)
0.0902**

(0.1301)
0.0793**

(0.0000)
0 . 0 3 7 6

(0.0000)
0 . 0 0 0 0

(0.0001)
-0.0787

(0.9982)

gf
bf

0.7910***

(0.3005)
0.8125***

(1.0000)
0.0000***

(0.0136)

(0.0339)
0 . 0 2 5 9

(0.3829)

(1.0000)
0 . 1 0 7 3

q

(0.0000)
0 . 0 1 0 8

v1

(0.8051)
0 . 0 1 3 1
(0.2972)

0.1131**

(0.0001)
0.0042***

0.8963***

(0.5229)
0.8942***

0 . 0 0 0 0

(0.3643)
0 . 0 0 0 0

(0.0000)
0 . 0 1 5 4

(0.0135)
0.3518***

(0.8249)
0 . 0 0 0 0

(0.0000)
0 . 0 0 0 0

(0.0000)
0.3576***

(0.0000)
-0.1085***

(0.0000)
-0.1102***

(0.7141)
0.2064***

(0.9972)
0.2092***

(0.0000)
0 . 0 0 0 0

(0.0026)
0 . 0 0 6 4

(0.0024)
0 . 0 0 2 7

(0.0039)
0 . 0 0 0 0

(0.0035)
0 . 0 0 0 0

(1.0000)
0.0784**

(1.0000)

g
v2

0.9376***

(0.0307)
0.8980***

(1.0000)
0 . 0 0 0 1

(0.4619)

(0.8057)
0 . 0 0 7 0

(1.0000)

(1.0000)
0 . 0 0 0 0

Total LL

(0.0000)
3 7 7 8 . 7

(0.0000)
3 7 8 5 . 1

0.9636***

(0.9979)
0.9628***

(0.0000)
1 8 6 4 . 9

(0.0000)
1 8 6 7

0 . 0 9 1 0

(0.5684)
0 . 0 0 0 0

0.9651***

(1.0000)
0.9659***

(0.6106)
5 8 8 7 . 6

(0.9999)
5 8 9 3 . 2

(0.0000)
1 0 6 9 . 2

(0.0000)
1 0 7 2

Notes: The maximum likelihood estimates (p-values) of unknown parameters for the DCC and
ADCC models are presented (in parentheses). LL stands for log-likelihood. In this table as well
as all the following ones, the significance is denoted by superscripts at the 1% (***), 5% (**),
and 10% (*) levels.
Source: Research Findings
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The copula parameters' estimation by in-sample data is presented in Table
4; All different copula family estimates are significant except period 1 which
the correlation between two assets is very low.
Table 4
Estimation results for copula parameters model in four sub-periods.
Period 1
𝜌𝑡

Period 2
Period 3
Gaussian (or normal)

Period 4

0.0538

0.3461***

-0.1127*

0.2275**

(0.2130)
1897.019

(0.0010)
1160.726

(0.0581)
3186.266

(0.0451)
680.722

0.0539

0.3486***

-0.1270**

0.2266**

v

(0.2082)
4674301

(0.0011)
8.6399***

(0.0412)
4.7670*

(0.0458)
49.0782**

Total LL

(0.2320)
1897.575

(0.0010)
1161.482

(0.0589)
3186.812

(0.0448)
681.278

0.2610

2.3163**

-0.8099*

1.4167**

(0.2230)
1895.209

(0.0150)
1159.176

(0.0670)
3184.496

(0.0495)
679.259

1.0000

1.2957***

1.0000*

1.1619**

(0.2401)
1893.950

(0.0020)
1157.924

(0.0651)
3183.396

(0.0496)
678.050

Total LL

Student-t
𝜌𝑡

Frank
𝜃𝑡
Total LL

Gumbel
𝜃𝑡
Total LL

Notes: The maximum likelihood estimates (p-values) of unknown parameters for the
copula joint dependency are presented (in parentheses). LL stands for log-likelihood.
In this table, as well as all the following ones, the significance is denoted by
superscripts at the 1% (***), 5% (**), and 10% (*) levels.
Source: Research Findings

5.2 Hedging Performance
To conduct the in-sample and out-of-sample analysis, we split the sample in
each of the sub-periods into an in-sample with 80% of data and an out-ofsample with 20% of remaining data. We reestimate the models' parameters
with a daily rollover keeping a fixed sample size of 80% of data. This rollover
method continues for all out-of-sample periods in each sub-period.
Table 5 summarizes the results of in-sample variance reduction. As shown
clearly, the gold futures contract was useful in variance reducing of stock in
national currency devaluation periods (periods 2 and 4). The low correlation
of gold-stock in national currency stable periods leads gold as a useless
instrument to hedge the stock market in Iran. Among different models, DCC
and ADCC, like Copula-GARCH models, have better hedging effectiveness
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compared to weak results of BEKK and ABEKK models during periods 2 and
4.
Table 5
The in sample Variance reduction effectiveness for gold-stock in four subperiods.
Model type
VARMA-BGARCH

copula-GARCH

BEKK
DCC
ABEKK
ADCC
Gaussian
T
Frank
Gumbel

Period 1

Period 2

Period 3

Period 4

-0.036

0.150

-0.051

0.020

-0.002

0.191

0.004

0.099

-0.036

0.150

-0.030

0.022

0.001

0.197

0.002

0.101

-0.002

0.186

0.002

0.123

-0.002

0.191

-0.003

0.127

-0.001

0.187

0.002

0.116

0.000

0.195

-0.004

0.128

Notes: This table reports the in sample hedging performance of the time-varying hedge ratios
estimated by the VARMA-BGARCH and copula-GARCH models in four sub-periods. The
measure of hedging performance is variance reduction.
Source: Research Findings

Table 6 and 7 summarize the results of in-sample VaR and ES reduction at
the 95%, 97.5%, and 99% confidence level. As shown clearly, gold futures
contract was useful in downside risk-reducing of stock in national currency
devaluation periods (periods 2 and 4) and a little during period 3, the low
dependency of gold-stock in national currency stable periods leads gold as a
useless instrument to hedge the downside risk of the stock market in Iran.
Copula-GARCH models have a little bit better performance among different
models than DCC and ADCC models, and BEKK and ABEKK have the worst
result at all.

Tehrani & Veisizadeh / Dynamic Cross Hedging Performance and Downside Risk…

61

Table 6
The in sample Value-at-Risk reduction effectiveness for gold-stock in four
sub-periods.
Period 1
Model VaR
type Confidence 95
Level(%)
-0.010
BEKK
0.010
VARMA- DCC
BGARCHABEKK -0.010
-0.001
ADCC
Gaussian -0.002
-0.003
copula- T
-0.009
GARCH Frank
Gumbel 0.000

Period 2

97.5

99

95

-0.050

-0.150

0.049

-0.026

-0.004

0.050

-0.050

-0.150

-0.012

97.5

Period 3

Period 4

99

95

97.5

99

95

97.5

99

0.055

0.052

0.027

-0.016

-0.041

-0.097

0.127

0.025

0.072

0.063

0.014

0.062

0.039

-0.116

0.129

0.185

0.049

0.055

0.052

0.023

-0.075

-0.044

-0.108

0.116

0.035

-0.050

0.041

0.055

0.062

0.009

0.071

0.048

-0.105

0.120

0.143

0.000

-0.005

0.044

0.055

0.063

0.009

0.040

0.040

-0.096

0.112

0.196

-0.001

-0.005

0.045

0.058

0.065

0.009

0.052

0.031

-0.100

0.101

0.203

-0.008

-0.003

0.044

0.053

0.063

0.009

0.042

0.038

-0.087

0.107

0.184

0.001

0.000

0.054

0.089

0.066

-0.001

-0.018

-0.009

-0.101

0.100

0.204

Notes: This table reports the in sample hedging performance of the time-varying hedge ratios
estimated by the VARMA-BGARCH and copula-GARCH models in four sub-periods. The
measure of hedging performance is 95%, 97.5% and 99% VaR reduction.
Source: Research Findings

Table 7
The in sample Expected Shortfall reduction effectiveness for gold-stock in
four sub-periods.
Period 1
Model type ES Confidence
Level (%)
BEKK
DCC
VARMABGARCH ABEKK
ADCC
Gaussian
T
copulaGARCH
Frank
Gumbel

95

97.5

Period 2
99

95

97.5

Period 3
99

95

97.5

Period 4
99

95

97.5

99

-0.049

-0.049 0.006 0.063 0.060

0.038 -0.033 -0.051 -0.009 0.013 0.015

-0.006

-0.006

-0.012 0.003 0.063 0.057

0.038 0.016 0.010

0.181

-0.049

-0.049 0.006 0.063 0.060

0.038 -0.021 -0.038 -0.002 -0.008 -0.007 -0.060

-0.010

-0.018 0.016 0.059 0.055

0.036 0.018 0.012

0.022 0.091 0.128

0.157

-0.006

-0.005 0.004 0.064 0.057

0.044 0.013 0.008

0.021 0.107 0.169

0.196

-0.005

-0.005 0.003 0.064 0.055

0.041 0.014 0.004

0.016 0.112 0.178

0.199

-0.003

-0.002 0.002 0.064 0.057

0.044 0.013 0.007

0.021 0.097 0.154

0.190

0.000

0.000

0.037 -0.006 -0.005 -0.005 0.113 0.179

0.200

0.000 0.064 0.054

0.022 0.101 0.149

Notes: This table reports the in sample hedging performance of the time-varying hedge ratios
estimated by the VARMA-BGARCH and copula-GARCH models in four sub-periods. The
measure of hedging performance is 95%, 97.5%, and 99% ES reduction.
Source: Research Findings

Panel A of Table 8 presents the out-of-sample time-varying hedging ratios
for variance minimization. Average hedge ratios during period 1 are near zero,
which accommodates the insignificant correlation between two assets during
this period. Average hedge ratios during periods 2, 4 are negative and
relatively high with respect to a cross hedge between two different asset
classes. Average hedge ratios during period 3 are positive and relatively low.
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It accommodates a negative correlation between two assets at this period.
Almost average hedge ratios obtained from DCC and ADCC are near to
copula- GARCH models and higher from BEKK and ABEKK in all periods.
Table 8
Summary statistics of average time-varying minimum variance hedge ratios
and variance reduction in four sub-periods.
Model type
Period 1
Period 2
Period 3
Period 4
Panel A: Average out of sample optimal hedge ratio for variance minimization in four sub-periods.
0.008
-0.071
0.037
-0.028
BEKK
0.004
-0.127
0.065
-0.170
DCC
VARMA-BGARCH
0.004
-0.100
0.029
-0.056
ABEKK
0.004
-0.136
0.067
-0.170
ADCC
-0.013
-0.122
0.068
-0.149
Gaussian
-0.013
-0.124
0.072
-0.149
T
copula-GARCH
-0.018
-0.120
0.061
-0.131
Frank
0.001
-0.126
0.000
-0.164
Gumbel
Panel B: The out of sample variance reduction effectiveness for gold-stock in four sub-periods.
Model type
Period 1
Period 2
Period 3
Period 4
-0.017
0.209
-0.043
0.151
BEKK
-0.008
0.245
0.024
0.239
DCC
VARMA-BGARCH
-0.006
0.208
-0.044
0.122
ABEKK
-0.008
0.256
0.013
0.267
ADCC
0.002
0.186
0.016
0.229
Gaussian
0.002
0.242
0.019
0.222
T
copula-GARCH
0.002
0.236
0.021
0.206
Frank
-0.001
0.243
0.002
0.241
Gumbel

Notes: This table reports the out-of-sample hedging performance of the time-varying hedge
ratios estimated by the VARMA BGARCH and copula GARCH models in four sub-periods.
Panel A reports statistics of out-of-sample forecasted hedge ratios. Panel B reports out-ofsample performance of the time varying hedge ratios. The measure of hedging performance is
variance reduction.
Source: Research Findings

Panel B of Table 8 presents the out-of-sample time-varying hedging
effectiveness for variance minimization. The ADCC outperforms other
models during periods 2 and 4, two important periods. The results of DCC are
near to ADCC, T family copula and Gumbel copula have variance reduction
near the DCC model in sample results, BEKK and ABEKK show weak
hedging effectiveness in all periods. The Gaussian copula among different
copula families shows weaker results, which accommodates the nonnormality of data and fat tail in two returns series. Variance reduction during
periods 1 and 3 is low, showing gold has no power to reduce stock variance
during national currency stability periods. One interesting practical results
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from overall Panel A and B of Table 8 is that by using the best model (ADCC)
during national currency devaluation periods in Iran, we can reduce more than
25% variance of a long stock position by just taking on average between 13%
to 17% short position in gold futures contracts (relative to spot position
amount).
Panel A of Table 9 presents the out-of-sample time-varying hedging ratios
for VaR minimization. Average hedge ratios during period 1 are near zero,
and this accommodates the insignificant correlation between two assets during
this period. Average hedge ratios during periods 2, 4 are negative and
relatively high with respect to a cross hedge between two different asset
classes. Average hedge ratios during period 3 are positive and relatively low.
It accommodates a negative correlation between two assets during this period.
The average minimum VaR hedge ratios do not show a uniform pattern among
different models compared to minimum variance hedge ratios. It arises from
the reality of no clear analytical expression to obtain a minimum VaR hedge
ratio. As we explained in section (3.3), hedge ratios calculation for VaR and
ES minimization are based on the Monte Carlo simulations and grid search
approach.
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Table 9
Summary statistics of average time-varying minimum VaR hedge ratios and VaR
reduction in four sub-periods.
Period 1
Period 2
Period 3
Confidence
95
97.5
99
95
97.5
99
95
97.5
99
95
Level (%)
Panel A: Average out of sample optimal hedge ratio for VaR minimization in four sub-periods.
-0.020
-0.025
-0.019
-0.112
-0.113
-0.112
0.025
0.022
0.019
-0.091
BEKK
-0.002
0.001
0.001
-0.142
-0.144
-0.140
0.069
0.070
0.066
-0.219
VARMA- DCC
-0.022
-0.024
-0.022
-0.114
-0.114
-0.117
0.038
0.040
0.034
-0.092
BGARCH ABEKK
-0.002
-0.003
-0.004
-0.149
-0.154
-0.157
0.072
0.069
0.068
-0.243
ADCC
0.074
0.062
-0.223
Gaussian -0.016 -0.015 -0.015 -0.164 -0.082 -0.082 0.065
-0.016
-0.015
-0.013
-0.159
-0.085
-0.106
0.068
0.087
0.076
-0.222
copula- T
-0.021
-0.020
-0.018
-0.161
-0.107
-0.120
0.055
0.067
0.059
-0.194
GARCH Frank
0.000
0.001
0.001
-0.178
-0.126
-0.144
0.000
0.000
0.000
-0.246
Gumbel
Panel B: The out of sample Value-at-Risk reduction effectiveness for gold-stock in four sub-periods.
0.009
-0.039
0.016
0.187
0.167
0.098
-0.018
-0.014
-0.004
0.185
BEKK
0.005
-0.010
0.030
0.190
0.176
0.117
0.041
-0.007
-0.020
0.126
VARMA- DCC
0.006
-0.038
0.019
0.189
0.167
0.097
-0.006
-0.086
-0.247
0.212
BGARCH ABEKK
0.009
0.020
0.022
0.209
0.184
0.111
-0.028
-0.007
0.015
0.116
ADCC
0.001
0.002
0.258
0.231
0.114
-0.064
0.018
0.012
0.147
Gaussian 0.000
0.001
0.007
0.000
0.258
0.235
0.113
-0.051
0.002
-0.042
0.161
copula- T
0.001
0.013
-0.004
0.183
0.286
0.246
0.229
0.048
-0.016
0.180
GARCH Frank
0.000
0.001
0.000
0.277
0.241
0.229
0.002
0.002
0.006
0.138
Gumbel
Model
type

Period 4
97.5

99

-0.097

-0.092

-0.218

-0.232

-0.095

-0.090

-0.232

-0.231

-0.223

-0.223

-0.222

-0.222

-0.196

-0.196

-0.246

-0.246

0.172

0.000

0.090

-0.066

0.141

-0.027

0.081

-0.025

0.099

-0.034

0.105

-0.030

0.119

-0.032

0.088

-0.034

Notes: This table reports the out-of-sample hedging performance of the time-varying hedge
ratios estimated by the VARMA-BGARCH and copula-GARCH models in four sub-periods.
Panel A reports statistics of out-of-sample forecasted hedge ratios. Panel B reports the out-ofsample performance of the time-varying hedge ratios. The measure of hedging performance is
95%, 97.5%, and 99% VaR reduction.
Source: Research Findings

Panel B of Table 9 presents the out-of-sample time-varying hedging
effectiveness for VaR minimization. Overall the copula-GARCH models
outperform other models during periods 2 and 4, two important periods. Two
Archimedean functions copula outperform elliptical functions. Maybe it arises
from the reality of better tail dependence covering with Archimedean
functions, which is an important factor for hedge ratio estimation based on
downside risk minimization. VaR reduction during periods 1 and 3 are low,
and these results show gold has no power to reduce VaR of stock during the
low correlation time of two assets. One interesting practical results from
overall Panel A and B of Table 9 is that by using the best model (Archimedean
copula-based models) during national currency devaluation periods in Iran,
we can reduce more than 25% VaR (with different confidence levels)of a long
stock position by just taking on average between 10% to 17% short position
in gold futures contracts (relative to spot position amount), this is an important
role from regulatory points of view because it helps the financial institution to
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adjust stock portfolio's VaR to regulatory accepted level with just adding small
amount short gold position to portfolio.
Panel A of Table 10 presents the out-of-sample time-varying hedging
ratios for ES minimization. The result is very close to VaR downside risk
measure; average hedge ratios during period 1 are near zero, and this
accommodates the insignificant correlation between two assets during this
period. Average hedge ratios during periods 2, 4 are negative and relatively
high with respect to a cross hedge between two different asset classes.
Average hedge ratios during period 3 are positive and relatively low; this
accommodates a negative correlation between two assets during this period.
Like average VaR minimization hedge ratios, the average minimum ES hedge
ratios do not show a uniform pattern among different models compared to
minimum variance hedge ratios. It arises from the reality of no clear analytical
expression to obtain a minimum VaR hedge ratio. As we explained in section
(3.3), hedge ratios calculation for VaR and ES minimization are based on the
Monte Carlo simulations and grid search approach.
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Table 10
Summary statistics of average time-varying minimum ES hedge ratios and
ES reduction in four sub-periods.
Period 1
Period 2
Period 3
Period 4
Model
Confidence
type
95
97.5
99
95
97.5
99
95
97.5
99
95
97.5
99
Level (%)
Panel A: Average out of sample optimal hedge ratio for ES minimization in four sub-periods.
-0.031 -0.033 -0.026 -0.115 -0.112 -0.116 0.025 0.023 0.023 -0.090 -0.093 -0.085
BEKK
-0.005 -0.004 -0.005 -0.143 -0.142 -0.141 0.072 0.072 0.070 -0.219 -0.238 -0.235
VARMA- DCC
BGARCH ABEKK -0.035 -0.033 -0.023 -0.114 -0.111 -0.112 0.042 0.038 0.037 -0.093 -0.097 -0.102
-0.010 -0.009 -0.008 -0.154 -0.156 -0.152 0.076 0.076 0.072 -0.239 -0.239 -0.231
ADCC
Gaussian -0.020 -0.018 -0.016 -0.099 -0.088 -0.137 0.048 0.036 0.034 -0.224 -0.224 -0.224
-0.018 -0.018 -0.016 -0.148 -0.161 -0.182 0.067 0.053 0.044 -0.223 -0.223 -0.223
copula- T
-0.025 -0.024 -0.022 -0.154 -0.157 -0.172 0.047 0.041 0.034 -0.196 -0.196 -0.196
GARCH Frank
Gumbel -0.001 -0.001 -0.001 -0.173 -0.173 -0.186 -0.001 -0.001 -0.001 -0.246 -0.246 -0.246
Panel B: The out of sample Expected Shortfall reduction effectiveness for gold-stock in four sub-periods.
0.003 0.009 0.015 0.150 0.118 0.078 -0.165 0.001 -0.004 0.138 0.000 0.000
BEKK
0.004 0.010 0.003 0.161 0.133 0.100 0.015 -0.013 -0.013 0.075 -0.066 -0.066
VARMA- DCC
BGARCH ABEKK 0.016 0.022 0.015 0.150 0.117 0.077 -0.165 -0.265 -0.508 0.124 -0.028 -0.028
0.014 0.027 0.001 0.168 0.129 0.091 0.012 -0.019 -0.019 0.067 -0.067 -0.067
ADCC
Gaussian 0.001 0.007 -0.001 0.204 0.219 0.211 -0.012 -0.005 0.001 0.087 -0.035 -0.035
0.001 0.003 -0.001 0.235 0.226 0.215 -0.017 -0.001 0.001 0.092 -0.030 -0.030
copula- T
0.001 0.013 -0.001 0.229 0.245 0.213 0.000 0.003 -0.011 0.105 -0.032 -0.032
GARCH Frank
Gumbel 0.001 0.003 0.000 0.235 0.244 0.214 0.003 0.004 0.005 0.076 -0.034 -0.034

Notes: This table reports the out-of-sample hedging performance of the time-varying hedge
ratios estimated by the VARMA-BGARCH and copula-GARCH models in four sub-periods.
Panel A reports statistics of out-of-sample forecasted hedge ratios. Panel B reports the out-ofsample performance of the time-varying hedge ratios. The measure of hedging performance is
95%, 97.5%, and 99% ES reduction.
Source: Research Findings

Panel B of Table 10 presents the out-of-sample time-varying hedging
effectiveness for ES minimization. Overall, the copula-GARCH models
outperform other models during periods 2 and 4, two important periods. Two
Archimedean functions, copula and relatively T copula outperform Gaussian
functions; maybe it arises from the reality of better tail dependence covering
with these copulas, which is an important factor for hedge ratio estimation
based on downside risk minimization. ES reduction during periods 1 and 3 are
low, and these results show gold has no power to reduce ES of stock during
the low correlation time of two assets. One interesting practical results from
overall Panel A and B of Table 10 is that by using the best model (copulabased models) during national currency devaluation periods in Iran, we can
reduce more than 21% ES (with different confidence levels)of a long stock
position by just taking on average between 14% to 18% short position in gold
futures contracts (relative to spot position amount), this is an important role
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from regulatory points of view because it helps the financial institution to
adjust stock portfolio's ES to the regulatory desired level with just adding little
amount short gold position to portfolio.

6 Conclusions
This paper examines the hedging effectiveness of gold for the stock market in
minimizing variance and downside risks, including value at risk (VaR) and
expected shortfall (ES) using data from the Iran emerging capital market. We
employ dynamic conditional correlation models including VARMABGARCH (DCC, ADCC, BEKK, and ABEKK) and copula-GARCH models
with two elliptical functions (Gaussian and Student's-t) and two Archimedean
functions (Frank and Gumbel) to estimate volatilities and conditional
correlations between Iran gold futures contract and Tehran Stock Exchange
main Index during four different sub-periods according to the national
currency movement direction. The empirical results reveal that the
correlations between gold-stock pair is positive during national currency
devaluation periods and near-zero or low negative values over other periods.
This research considers a conditional downside risk hedging strategy based on
the Monte Carlo simulations and grid search approach to minimize the VaR
and ES of the hedged portfolio returns. Out-of-sample one-step-ahead
forecasts based on rolling window analysis for variance minimization show
the ADCC outperforms other models during national currency devaluation
periods. The results of the DCC model are near to ADCC. For downside risk
minimization, the copula-GARCH models outperform other models during
national currency devaluation periods. Copula-GARCH models based on
Archimedean functions outperform elliptical functions. It arises from the
reality of better tail dependence covering with Archimedean functions, which
is an important factor for hedge ratio estimation for downside risk
minimization. The empirical results during national currency stability periods
in Iran reveal that cross hedging of stock with gold for any target risk measures
are useless, and gold has no power to significantly reduce risk measures of the
stock portfolio during these periods.
The results of this paper have practical implications for investors and
regulatory bodies of financial institutions. First, the stock market and gold
display a positive correlation during national currency devaluation periods in
Iran; investors can adjust stock portfolio's risk measures to desired levels
(according to their personal risk tolerance) by just adding little amount of short
gold position to the portfolio. Second, the correlation of stock-gold is low,
near-zero during national currency stability periods in Iran, suggesting that
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gold can't act as a safe haven for stockholders in these times. Third, the finding
of this paper is in confirmation with acceptable cross hedging effectiveness of
gold futures contract for the stock market by multivariate DCC, ADCC, and
copula-based models during national currency devaluation periods in Iran,
regulatory bodies of financial institutions in Iran should consider this
achievement, they can extend a variety of financial derivative instruments and
encourage financial institutions to use dynamic, advanced hedging models for
risk management.
This study can be extended in several ways. DCC and ADCC models show
strength to estimate minimum variance hedge ratios. On the other hand,
copula-based models provide quite flexible models of the dependency
structure between two financial variables and show strength to estimate
minimum downside risk hedge ratios. One can further use different copulabased functions with DCC and ADCC in hybrid models to capture the benefits
of two ideas simultaneously in Iran's capital market. Future studies could also
consider hedging performances of applied models to other downside risk
hedging strategy like the exponential spectral risk measure (ERM) and lower
partial moments (LPM) or utility-maximizing hedged portfolio returns.
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speed at which these structural changes occur. Countries can get out of poverty
and get richer by producing a variety, that is, not limited to agricultural
products and other traditional products. Simultaneously, if labor and other
resources are shifted from the agricultural sector to modern economic
activities, overall productivity and incomes increase (McMillan and Rodrik,
2011).
Structural change is one of the focuses of development policy.
Understanding the structure of the economy and designing appropriate
policies that pave the way for the growth and promotion of structural change
is what countries need today. Thus, the multidimensional measurement of
structural change, called the structural change index, measures the rate of
structural change in economies and shows different structural change aspects.
The Structural Change Index (STI) contributes to policy-making,
infrastructure investment decisions, and political commitment to accelerate
the transition from poverty to inclusive growth, and benefits are shared equally
among citizens in each country (Kelbore, 2014).
Successful structural change requires the optimal use of factors in which
adjustment costs for macroeconomics are minimized. The nature, speed, and
cost of adjustment vary for developed and developing economies, which is
affected by the quality of institutions. Structural change to higher-productivity
sectors suggests that resource reallocation does not always increase
productivity and is influenced by factors such as institutional barriers to access
to modern sectors (John, 2016).
On the other hand, foreign trade modifies inefficiency in the market by
creating competition and reduces the production of lower quality goods and
higher costs, so domestic producers make more efforts to improve the level of
technology they use to maintain and increase their competitiveness in
domestic and foreign markets (Herzer, 2005). Efficient resource allocation
and increased productivity increase countries' competitiveness, and
economists believe that increasing the level of competitiveness by increasing
productivity is better and more effective than competitiveness from cheap
primary resources. Firms and countries that have become competitive through
the low cost of raw materials face lower production methods (higher
efficiency) or more advanced technology (Choudhri and Hakura, 2000). The
first fundamental step in discussing this is to understand the impact of trade
on employment adjustment, so complementary policies that affect trade policy
should be considered. Complementary policies, such as effective institutional
and regulatory reforms, allow economies to be flexible and adapt
appropriately to changing economic environments. Such policies can reduce
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the time it takes for the adjustment process to occur, as well as the adjustment
costs associated with increasing trade liberalization. It, in turn, can ensure that
the desired profit from the trade is maximized. The current paper, taking into
account the importance of the effect of trade liberalization and structural
changes on the productivity of all factors, is organized as follows: In the next
section, we review the theoretical foundations and the literature and then
extract the structural change index and estimate the model. Section three and
four include literature review and model specification, respectively. Also,
model estimation results as well as conclusions are presented in section five
and six.

2 Theoretical Foundations
A structure is a network of connections between a system's components and
determines the structure, nature, and function of all. The economy is made up
of interconnected sectors. How the sectors relate and the share of each sector
determine the structure of the economy. Structural change refers to a change
in the economy structure that typically leads to an increase in the relative share
of production and services, but on a broader scale, structural change also
includes social, political, and cultural changes. The rate of structural change
varies from country to country and has far-reaching economic consequences.
The high degree of openness of the economy and the expansion of trade lead
to restructuring, constant technological changes, and a dramatic increase in
industrialization, which increases the skills and wage gap between skilled and
unskilled workers (Aizenman et al., 2012).
Modern analysis of structural change originates from Fischer (2003) and
Clark (1940) and deals with changes in the share of the labor force employed
in each sector (Syrquin, 1988). In later years, studies by Kuznets shed light on
the complexities of structural change. The indisputable facts that pay attention
to the economic aspect of structural change are classified into two criteria of
structural change, namely production and consumption. Both criteria are
equally important; the current paper addresses the production criteria.
The production criterion analyzes employment developments and the share
of value-added in each sector's GDP as a structural change. That is, structural
changes occur when an increase in per capita GDP is accompanied by a
decrease in employment share and the share of nominal value added of the
agricultural sector; also increase the share of employment and the share of
nominal value-added of the services and industry sector. Kelbore (2014),
using Kuznets (1971) and Timmer and Akkus (2008), takes a broader
framework in the analysis of structural change and provides a
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multidimensional index of structural change that includes economic, social,
and political dimensions. The defined framework takes into account a wide
range of structural changes with the following as its basis:
A. Derived from the criterion of production, interprets changes in the
composition of parts as a sign of structural change. Accordingly, it
considers the share of value-added of each sector in GDP and compares
the observed changes in the composition of sectors. Another important
aspect of structural change in the standard of production is the change in
employment share among sectors.
B. Considers social and demographic indices as a measure of structural
change; Social and demographic dimensions are indicated by the rate of
urbanization, population transfer, and human capital accumulation. The
main reason for these measures is that historical evidence shows that high
per capita income growth in the developed world has been accompanied
by rapid changes in production and social structure (Chenery et al., 1988).
Industrialization or urbanization is accompanied by a change in
demographic patterns, a high increase in human capital through formal
education, and a change in a set of values that largely corresponds to the
opportunities and requirements associated with modern urban life. Kelbore
sees urbanization as the result of structural change and takes it as one of the
dimensions to measure the extent of structural change in economies.
Population transfer from high birth rate / high mortality to low birth rate / low
mortality is also considered as one of the cases (Kelbore, 2014).
Theoretically, there are different arguments about the importance of the
impact of structural change on the productivity of total factors, which can be
summarized as follows:
The economy is divided into several sectors. Since the efficiency of
factors varies in sectors, the redistribution of resources to higher
productivity sectors increases total productivity. One of the main studies
in this field is Lewis's (1954) dual economy models. Productivity growth
that occurs due to the redistribution of labor in the sectors may result from
various factors; for example, people who move to more productive sectors
to earn higher wages. This shift may also be due to a change in the demand
paradigm for products in different sectors. Labor demand elasticity
describes how structural changes affect productivity - such as the
productive sector, which absorbs surplus labor from the agricultural sector
(Lewis, 1954; Harris and Todaro, 1970). An unemployed worker who
replaces their old job with a higher-productivity job leaves a positive
effect on increasing economic growth. However, if this worker moves to
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a lower-productivity sector, this redistribution of labor leads to a reduction
in total productivity and does not promote economic growth (McMillan
and Rodrik, 2011).
Substitution of capital for labor in the production process, or in other
words, capital intensive, increases the share of capital goods and more
efficient use of the data of the production process and natural resources.
It changes the structure of production.
Most economists believe that specialization is the basis of higher levels of
income and productivity, provided that the specialization in these
countries is in dynamic industries and markets. The rate of productivity is
higher in countries with more specialized industries (Rahimi Boroujerdi,
2010).
For many economists, industrialization plays a key role in the growth
process. In this view, the modern industrial sector's development has a
very high contribution to the dynamics of total production growth due to
the high growth of productivity of that sector, economies of scale,
innovation, and on-service learning. Most developed and newly
industrialized countries have been able to achieve a desirable level of
economic growth and development by adopting a strategy of
industrialization and special policies such as import substitution or export
development (Moshiri and Eltejae, 2015).
According to the norm structure hypothesis, if each income level creates
a specific industrial structure, an income-dependent norm structure can be
hypothesized. It is expected that countries that exhibit this norm structure,
or in other words, have a natural and income-level structure, will be able
to grow faster, but countries that do not have a natural or income-level
structure, i.e., deviated from the norm structures, will grow more slowly
(Aiginger, 2001). The norm structure hypothesis is very important in
crude oil-exporting countries where high oil revenues have increased their
per capita income level. The forthcoming sector increases growth through
its connections with other sectors of the economy; however, in crude oilexporting countries, the impact of oil revenues on the economy is much
greater than this sector's links with other sectors of the economy. The
existing literature on the theory of single-product growth has examples of
rapid growth based on the exploitation of natural resources, which, despite
rising incomes, has not led to continuous development and structural
change at the appropriate pace (Syrquin, 1998).
In this study, 11 variables have been selected as structural variables to
define the multidimensional index of structural changes, using the works of
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Kuznets (1971), Chenery (1988), and Kelbore (2014). In this selection, an
attempt has been made to examine the most important aspects of structural
change in terms of national production structure based on different sectors of
the economy, labor allocation in different sectors, foreign trade structure, and
demographic variables. These variables are introduced in the table below. We
obtain a multidimensional index of structural changes using the principal
component method.
Table 1
Variables in the Multidimensional Index
Production
structure
 the nominal valueadded share in
services
 the nominal valueadded share in the
industry
 the nominal valueadded share in
agriculture

Labor allocation
- employment
Share in services
- employment
Share in industry
- employment
Share in agriculture

foreign trade
structure
- total exports to
GDP
- total imports to
GDP

demographic
variables
- Urbanization rate
- Birth rate
- Mortality rate

On the other hand, understanding the effect of trade liberalization on
overall productivity is important. Trade liberalization is the move towards free
trade through the reduction of tariffs and trade barriers. In the practical
definition of trade liberalization, it is generally assumed that a trade regime is
liberalized if the amount and type of support in that regime have decreased. It
is also possible that the change in the form of support will be considered a step
towards trade liberalization (Rahimi Boroujerdi, 2010).
In general, the advantages of foreign trade leading to improved
productivity of the factors of production can be classified as follows:
a. Creating competition,
b. Increasing efficiency,
c. efficient allocation of resources,
d. Ability to use economies of scale,
e. Expanding domestic markets,
f. Expanding initiative and innovation,
g. Spread of technology.
Also, the disadvantages of foreign trade are as follows:
a. Costs of structural changes,
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b. Increasing gap between countries and inequality,
c. Increasing international risks,
d. Possibility of observing Dutch disease (Rahimi Boroujerdi, 2010)
Foreign trade-based growth theories emphasize that foreign trade improves
overall productivity. By improving resource allocation, access to better
technology and intermediate goods, utilizing economies of scale, increasing
domestic competition and creating a conducive environment for innovation.
There are mechanisms through which the expansion of international trade can
facilitate technology transfer: 1. Contact with foreign agents through exports
can lead to faster transfer of foreign technical knowledge. 2. More access to
foreign products through imports makes it possible to imitate in the country.
Both of these mechanisms mean that technology transfer and thus the
productivity of the factors of production in one sector depends to a large extent
on the volume of foreign trade within that sector. It is also possible for trade
in one sector to increase productivity in another through output and input
relationships. Studies show that the impact of trade on improving productivity
in different sectors depends on that sector's technical complexity.
In the traditional sectors of low-growth production, the effect of increased
international trade on productivity is very small. But in high-growth sectors,
increased foreign trade has a large effect on productivity. Therefore, it can be
concluded that increasing international trade by increasing import competition
or expanding exports in high-growth sectors is an important source for
technology transfer to medium- and low-growth sectors and thus increasing
productivity in these sectors (Rahimi Boroujerdi, 2006).
As mentioned, foreign trade shifts the allocation of resources from lowproductivity sectors and industries to high-productivity industries
(restructuring), thereby increasing overall productivity and economic growth.
Particularly in the labor market, the relationship between workers' ability to
change jobs domestically or between sectors and industries, as well as the
costs associated with this shift, in response to changes in the international
economy, is being considered by politicians, academics, and the public. It is
mainly due to the presence of adjustment costs when reallocating resources as
a result of increased competition due to increased openness. Resource
adjustment can be within or between industries, and therefore associated costs
may vary. Adjustment costs can be created in a perfect competition market
where prices are flexible. If factors are affected by any heterogeneity and
product nature, redistribution through trade can transfer resources. Production
in the adjustment period may be lower than the previous production level,
which is due to the workforce's training and adaptation to the current situation.
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Adjustments can also occur where the market is not perfect competition, such
as in a situation where the minimum wage is set. In this example, trade costs
can outweigh trade benefits, and trade liberalization can be a Pareto inferior
(Lindley et al., 2005).
In addition, adjustment evidence, commonly found in developing
countries, shows that restructuring in a closed economy is less than structural
change when the economy opens to international trade. Trade openness means
increased exposure to external risks and consequently greater demand for
social insurance. Increased openness will lead to the closure of enterprises and
the loss of jobs in some industries and sectors, while it may also create
opportunities in some jobs. After trade liberalization, resources such as labor
and land may become obsolete or need training or reorganization. It is difficult
for developing countries to divert their resources to more productive activities
that minimize these economies' dysfunction. Ideally, post-liberalization
structural change will allow resources to be transferred to high-productivity
activities, thus enabling sustainable growth and improved living standards.
However, restructuring policies such as trade liberalization have different
results due to the undesirable costs associated with restructuring policies, such
as the costs of jobs lost through trade reform, as well as the comparative
advantage developing countries in traditional sectors with low skills,
technology, and growth potential. Thus, free trade can encourage expertise in
these areas and limit productivity growth, widening the gap between rich and
poor countries (Choudhri and Hakura, 2000).
The presence of higher quality institutions can contribute to the desired
economic policy achievements, including trade liberalization. For some
countries, effective institutions' presence means an increasing structural
change in growth as resources become more freely and efficiently reallocated.
On the other hand, for countries with weak institutions, industries may not
respond well to trade liberalization policies.
Given the potential of complementary policies to influence trade policy
outcomes, it is important to consider the effects of such complementary
policies. Complementary policies, such as effective institutional and
regulatory reforms, allow economies to be resilient and adapt appropriately to
changing economic environments, such as those caused by exposure to
external shocks from freer trade. Such policies can reduce the time it takes for
the adjustment process to take place, as well as the adjustment costs associated
with increasing trade liberalization. In this case, the maximum profit from the
trade is expected. For example, if prices are inflexible, signal transmission to
buyers and sellers will be limited, and this may prevent resources from shifting
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to higher-productivity activities. Institutions reduce uncertainties caused by
incomplete information about the behavior of other people in the interaction
process. As a result, it reduces the cost of adjustment. Institutions facilitate the
guidance of information about market conditions, commodities, and
participants, thereby facilitating collaboration between market players (John,
2016).

3 Literature Review
Historically, Kuznets's empirical research in the 1950s and 1960s on the role
of structural changes in economic growth is of great importance. For the
countries that began modern economic growth from the late 18th century to
the late 19th century, Kuznets revealed a historical correlation between high
per capita growth rates and productivity and the magnitude of the production
structure's transformation. In his studies, Kuznets points out that the
combination of the important components of demand, production,
employment, the external sector of the economy, and demographic variables
determines the economy's shape and structure. Kuznets introduces the share
of economic sectors as one of the important variables of economic structure.
According to him, increasing the share of industries in GDP and, accordingly,
reducing the share of the agricultural sector in terms of GDP is one of the
documented realities in the growth process (Chenery et al., 1988).
Syrquin (1986) examined the relationship between GDP growth and the
economy structure, including the structure of production and trade, for 19
Latin American countries from 1960 to 1982. According to some results, there
is a significant positive relationship between export growth rate variables,
export share and investment share of GDP with economic growth. He
considers the increase in the share of industrial exports in total exports as one
of the signs of the economy's industrialization. Today, the close relationship
between economic growth and exports of each country is confirmed.
In 1988, Chenery published a book entitled "Patterns of Development" in
which 101 non-socialist countries were studied from the perspective of
structural change. In 1988, Chenery et al. repeated the study with 108
countries and obtained the same results. They concluded that as per capita
income increases, the share of the primary sector (agriculture and mining)
decreases, both in terms of value-added and the share of total labor, with the
increases in the share of industry and services. Unlike that of Lewis and
developmental stage patterns, development patterns, while they see growing
savings and investment as necessary for development, do not see it as
sufficient for economic growth. In development models, in addition to the
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accumulation of physical and human capital, a set of related changes in the
socio-economic structure is necessary to make the transition from the
traditional to the modern system. Structural changes in all economic functions
include changes in production and changes in the composition of consumer
demand, foreign trade and the use of primary resources, changes in socioeconomic factors such as urbanization, and the growth and distribution of a
country's population.
McMillan and Rodrik (2011) conducted a study on the productivity of total
and partial labor in 38 countries up to 2005, of which 29 were developing
countries and 9 were high-income countries. Their paper's results show that
since 1990, structural changes have led to declining growth in Africa and Latin
America. The difference in productivity performance in these countries
compared to Asia is due to structural change patterns. In Asia, labor has
shifted from low-productivity to high-productivity sectors, but the opposite
has happened in Africa and Latin America. Both authors conducted the same
study again in Africa in 2014, taking into account some changes.
John (2016), in his dissertation, examines the impact of trade on the
components of productivity growth, i.e., within sectors and components of
structural change during the years 1965-2006 in developed and developing
countries. John uses a geographic-based endogenous variable for trade. The
results show that increasing trade increases labor productivity. Countries that
are free to trade are also able to import a variety of foreign goods that are not
invented locally, and this causes the level of production to increase
permanently as productivity increases in sectors such as production, but the
innovation rate of new products does not change. Another result of this study
was the positive effect of trade on each sector's productivity, which affects the
growth of productivity.
Erumban et al. (2019), in an article entitled "Structural change and
economic growth in India," examined the effect of structural change on
productivity growth in the years 1980-2011. Their research indicates the
positive effect of structural change on labor productivity growth because
workers have been transferred to higher productivity sectors.
Komijani and Ghavidel (2006), in an article entitled "The role of trade
liberalization on the labor market and employment and estimating the labor
demand function in Iran," investigated the impact of trade liberalization on the
structure of the Iranian labor market. Given the theoretical foundations of the
labor market and the literature, they estimated the demand functions for skilled
and unskilled labor, in the long-run and short-run, as well as with oil and
without oil economy. In each of the estimation functions, the index of the
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degree of openness of the economy in the labor demand functions is included
in the time-series literature method. These results showed that the Iranian
labor demand function in the long-run has no effect on trade liberalization in
the period under study (1971-2004). However, in the short run, the labor
demand function, in most cases, has a positive effect on the degree of openness
of the economy, and in the short run, the effect of liberalization is such that its
role in the employment of skilled labor is greater than that of unskilled labor.
The results also showed that in both skilled and unskilled labor, the effect of
the degree of openness of the economy on the economy with oil in the short
run is greater than the economy without oil.
Ahangari and Khorramzadeh (2012), in their study, examined the effects
of structural changes in production, exports, and productivity on economic
growth in the Iranian oil-dependent economy to determine whether the
industrialization of Iran's economy strengthened the country's economic
growth or not? Industrialization was through increasing the share of industry
and mining in the gross domestic product (GDP) and total exports, as well as
the increase in the productivity ratio of this sector to the agricultural sector.
This research has been done using time series statistics from 1988 to 2008 and
ARDL econometric method. Estimating two models of GDP and oil-free GDP
shows that increasing the share of industry and mining in GDP has not had a
significant effect on Iran's economic growth in the long run but has a negative
effect on GDP and oil-free GDP in the short run. However, with a one-year
break, it causes GDP growth. The variable coefficients of the sector's share in
total exports show a negative relationship with GDP in the long run with a
confidence level of 90 and 95% in the short run with GDP. Finally, increasing
the productivity ratio of industry and mining to agriculture in the long and
short term causes GDP growth but has no significant effect on oil-free GDP.
According to the results, it can be concluded that among the three structural
variables in the paper, increasing the productivity ratio of industry and mining
to agriculture in the short and long term has a positive effect on economic
growth. However, structural changes in Iran's oil-based economy through the
channel of increasing the share of industry and mining in GDP and total
exports, contrary to industrialized countries' experience, have hurt economic
growth.
Moshiri and Eltejaei (2015) have studied the long-term structural change
trend in the Iranian economy, which is based on the Hodrick-Prescott filter.
To do this, the status of structural variables in the periods before the first oil
leap (years before 1973), the oil period (1973 to 1980), the period of
revolution and war (1978 to 1988), the period of reconstruction (1989 to 1998)
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and the implementation period of the third development plan (1999 to 2004)
has been analyzed. The results show that in the period before the leap in oil
prices, all the structural variables discussed in the Iranian economy had trends
similar to the newly industrialized countries, but in the oil, revolution, and war
periods, due to various economic and political shocks, they underwent
inappropriate changes. During the reconstruction and Third Plan periods,
although some indicators improved relatively, compared to their level and
trend in the first half of the 70s, as well as compared to the level and trend of
the corresponding variables in the newly industrialized economies, they are
still in such a bad situation.
Fetros and Rasouli (2016) studied the effect of structural changes and
income distribution in Iran during the period 1981-2014. The
multidimensional structural change index is extracted from the original
structural variables using multivariate principal components analysis
techniques. The model of the research is based on a Cobb-Douglas function.
The model estimation method is based on convergent topics and
Autoregressive Distributed Lag (ARDL). The results show that changes in
economic structure have a positive and significant effect on income
distribution.
According to studies, the most important study on the effects of
globalization and structural change on Total Factor Productivity is the study
of McMillan and Rodrik (2011) . They have used the share of employment in
each sector to examine structural change and have neglected other dimensions
of structural change. In this research, an attempt is made to introduce a
multidimensional index that includes all aspects of structural change, and then
the effect of this index and trade liberalization on productivity is investigated.

4 Model Specification
This study's main hypothesis is a positive and significant effect of structural
changes and trade liberalization on total factor productivity. Accordingly, the
model framework is designed based on the literature in the three agriculture,
industry, and service sectors.
The current paper model is based on the Ramsey model derived from
Romer (2017).
On the demand side, the objective function is to maximize social welfare,
which is optimized according to the household budget.
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𝑢 = ∫𝑚=1 𝑒 −𝜌𝑡 𝑣(𝑐1 . 𝑐2 . 𝑐3 )𝑑𝑡

𝜌>0 . 𝑐≥0
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(1)

𝑐 is the level of consumption, and the utility function 𝑣 is concave, which
provides Inada conditions.
On the supply side, the production function is considered with a constant
return to scale, and the objective is to maximize production relative to the firm
budget.
Yt = A. F (Kt, Lt)
The assumptions of this model are as follows:
L* is the exogenous workforce growing at a rate of V.
K* is an endogenous capital stock.
A* is the total productivity of the factors.
n* is the share of employment in each sector, so:
n1+n2 +n3=1
k* is the ratio of capital to labor, so:
n1 k1+n2 k2+n3 k3 =K

(2)

* Suppose there is no unemployment, and the movement of factors of
production is free.
According to the study by Kongsamut et al. (2001) and Ngai and Pissarides
(2007), we assume that the product of section i is only consumer goods, and
section m produces capital and consumer goods. so:
𝑐𝑖 = 𝐹 𝑖 (𝑛𝑖 𝑘𝑖 . 𝑛𝑖 )
𝑘̇ = 𝐹 𝑚 (𝑛𝑚 𝑘𝑚 . 𝑛𝑚 ) − 𝑐𝑚 − (𝛿 + 𝑣)𝑘

(3)
(4)

δ> 0 and is equal to the depreciation rate. The production function Fi (.) has
a constant return to scale and Fm (.) has a decreasing and positive return to
inputs and provides these conditions. Factors ni and ki are allocated among 3
sections through static productivity conditions:
𝑣𝑖
𝑣𝑚

=

𝐹𝑘𝑚
𝐹𝑘𝑖

=

𝑚
𝐹𝑁
𝑖
𝐹𝑁

∀𝑖

(5)

𝐹𝑁𝑖 and 𝐹𝑘𝑖 are the final output of labor and capital in sector i, respectively,
according to which the rate of return on capital and labor is equal in all sectors.
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The allocation of production to consumption and capital through dynamic
productivity conditions is as follows:
𝑣̇

− 𝑣𝑚 = 𝐹𝑘𝑚 − (𝛿 + 𝜌 + 𝑣)

(6)

𝑚

That the relevant condition is equal to:
𝑡

lim 𝑘 𝑒𝑥𝑝 (− ∫0 (𝐹𝑘𝑚 − 𝛿 − 𝑣) 𝑑𝑡) = 0

𝑡→∞

(7)

Given that the TFP growth rate varies across sectors, it is assumed that the
production functions are the same in all sectors but have different TFP growth
rates and TFP is the technology parameter for production in industry and is
not TFP average for all segments. Accordingly:
𝐹 𝑖 = 𝐴𝑖 𝐹(𝑛𝑖 𝑘𝑖 . 𝑛𝑖 );

𝐴̇𝑖
𝐴𝑖

= 𝛾𝑖 ;

∀𝑖

(8)

By dividing the sides of the production function by A.n:
𝑓(𝑘) ≡ 𝐹(𝑘. 1)

(9)

By removing the index i, equation (8) is equal to:
𝐹𝑘 = 𝐴𝑓𝑘
𝐹𝑁 = 𝐴[𝑓(𝑘) − 𝑘𝑓 ` (𝑘)]

(10)
(11)

Thus:
𝐹𝑁
𝐹𝑘

𝑓(𝑘)

= 𝑓`(𝑘)−𝑘

(12)

Also, A or TFP (Total Factor Productivity) is defined according to the
literature presented in this study as follows:
A = F (structural change, trade liberalization, institutions)
Structural change in the model is considered as a state in which the share
of labor in at least one part changes over time, i.e., 0≠𝑛̇ 𝑖 .
The share of employment in sectors depends on the demand for labor in
that sector:
𝑛𝑖
𝑛𝑗

𝑥

= 𝑥𝑖

𝑗

(13)

The relative employment growth rate also depends on the difference
between the TFP growth rates of the sectors:
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𝑛𝑖

𝑛̇ 𝑗

− 𝑛 = (𝛾𝑗 − 𝛾𝑖 )
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(14)

𝑗

5 Model Estimation
To obtain the multidimensional index of structural changes from the 11
variables mentioned, the principal component method and EViews software
were used. In principal component analysis, we suffice with the first
component because the first component usually contains the most variance.
The extracted results are given in Table (2):
Table 2
Principal Components Analysis
Variables
Agricultural value-added to GDP
Industrial value-added to GDP
Services value-added to GDP
Agricultural employment
Industrial employment
Services employment
Export to gdp
Import to gdp
Urbanization
Birth
Morality
Source: Research Findings

Eigenvalues
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.35

According to the literature, the ARDL model has been used to investigate
the effect of trade liberalization and structural changes on total factor
productivity. The model studied in the current paper is based on the study of
McMillan and Rodrik (2011) . Also, to study the effect of institutions on total
factor productivity, six indicators of good governance and economic freedom
index have been used. Out of the 256 estimated dynamic patterns, the model
with the optimal lag according to the Schwarz-Bayesian criterion is presented
below.
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ARDL(1,0,0,0,0,0,0,0,1)
Productivity= c + β1 productivity(-1) + β2 structure + β3 voice + β4 politic +β5
freedom + β6 D + β7 copru+ β8 copru^2 + β9 tropen + β10 tropen(-1)
Table 3
ARDL Estimation
Symbol

variable

coefficient

productivity(1)
Structure
Voice

Total productivity
Structural change
Voice
and
Accountability
Political Stability
economic
freedom
Dummy variable
Control
of
Corruption
Trade
liberalization
Constant

Politic
Freedom
D
Copru
Copru^2
Tropen
tropen(-1)
C

t-statistic

prob

0.03

Std.
Error
0.13

0.23

0.81

0.005
0.05

0.001
0.04

2.81
1.14

0.01
0.26

0.14
0.005

0.03
0.001

4.56
3.68

0.0003
0.001

-0.14
0.57
0.75
0.32
0.49
0.75

0.02
0.13
0.11
0.13
0.11
0.16
R2=
0/89

-5.14
4.28
6.43
2.47
4.10
4.61
Prob F =
0.000002

0.0001
0.0005
0.00
0.02
0.0007
0.0002
Schwarz
criterion=
-3.28

Source: Research Findings

Based on the short-term dynamic pattern estimation results, F-statistic
indicates that the whole regression is correct in the 99% confidence interval.
The coefficient of determination R2 also indicates the high explanatory power
of the model. Trade liberalization is significant at a 95% confidence interval
and positively affects total factor productivity. As mentioned in the previous
section, trade liberalization increases all factors' productivity due to
competition, increased efficiency, efficient allocation of resources, use of
economies of scale, expansion of domestic markets, expansion of initiative
and innovation, and spread of technology. This result is consistent with the
research conducted by Fernandes (2007), John (2016), Mustafa et al. (2017),
Rahimi Boroujerdi (2005), Dehghanpour (2011).
Structural change is significant at a 99% confidence interval and increases
the productivity of all factors in the short run. In Iran, during the period 19912018, resources have been reallocated to sectors with higher productivity,
which has stimulated the demand for more innovation and a more efficient
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production process. This result is consistent with that of Szirmai (2009),
Warburton (2012), McMillan et al. (2014), Erumban et al. (2019).
Among the indicators of good governance that have been used to show the
quality of institutions, political stability and corruption control have a positive
and significant effect on total factor productivity, and also the economic
freedom index causes the growth of total factor productivity in the short term.
Economic freedom is one of the important principles in assessing countries'
economic development, which means leaving the way open to individuals in
various fields, ownership, work and effort, production, and consumption. In
economically free societies, the government allows labor, capital, and goods
to move freely without coercion or restriction. Therefore, resources move to
higher productivity activities and increase overall productivity.
The classical hypotheses regarding the estimation of the short-term
dynamic model have been examined. According to Tables 4, 5, and 6, the
residual has a normal distribution with homoscedasticity of the variances in
the above model, and they are not auto-correlated.
Table 4
Normality test
Kurtosis
Probability
Source: Research Findings

2.75
0.65

In this test, the null hypothesis states that the error terms are abnormal,
which is rejected according to the available statistics. As a result, the residuals
have a normal distribution.
Table 5
LM Test
Prob F(1,16)
Prob chi-square(1)
Source: Research Findings

0/07
0/02

In this test, the null hypothesis is the presence of autocorrelation in
disturbance terms, which is rejected according to the F statistic. There is no
autocorrelation in disturbance terms.
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Table 6
ARCH Test
Prob F(1,25)
Prob Chi-Square(1)
Source: Research Findings

0/68
0/67

In this test, the null hypothesis is the presence of homoscedasticity that is
rejected, and there is homoscedasticity of the variances.
Estimated parameters may also change over time, and unstable parameters
may lead to inaccurate diagnosis. Therefore, the structural stability test seems
necessary. Diagnostic tests are used to determine model stability and structural
stability.
The current paper has used CUSUM diagram for model stability. If the
statistical graph intersects one of the sidelines at the 5% level, the model will
not be stable. The following diagram shows the absence of structural break in
this period.

Figure 1. Cusum test
Source: Research Findings
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To examine the presence of a long-run relationship, it is necessary to test
the correlation between the model variables. The condition for the variables
to be stocked is that the sum of the coefficients of the intermittent dependent
variables that appear as the explanatory variable is less than one. Therefore,
to ensure the above result, the following hypothesis should be tested:
𝐻0 : ∑𝑠𝑖=1 𝛼ˆ𝑖 − 1 ≥ 0
{
𝐻1 : ∑𝑠𝑖=1 𝛼ˆ𝑖 − 1 < 0
The used test statistic in term of Null Hypothesis is the absence of a longrun equilibrium relationship between the model variables of type t, and its
value is calculated from the following formula:
𝜏=

∑𝑠𝑖=1 𝛼ˆ𝑖 −1
∑𝑠𝑖=1 𝑆𝐸𝛼ˆ𝑖

Then the above computational statistics should be compared with the
values of the Banerjee-Dolado-Master table.
In this study, because some variables are at the durability level and some
are durable with one differentiation, we cannot use the Banerjee-DoladoMaster statistic to check for the presence or absence of a long-term
relationship. We must use the Bounds test to check for a long-term
relationship.
The Null Hypothesis in this test is the absence of a long-term relationship.
Table 7
ARDL Bounds Test
Test Statistic
F-statistic
Source: Research Findings

Value
0.952036

k
8

I0 Bound
1.85
2.11
2.33
2.62

I1 Bound
2.85
3.15
3.42
3.77

Table 8
Critical Value Bounds
Significance
10%
5%
2.5%
1%
Source: Research Findings
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The estimated F statistic value is lower than the critical value of the lower
bound, and the hypothesis H0 is not rejected. There is no long-term
relationship between the explanatory variables of the model and the
productivity of all factors.

6 Conclusion
Given the growing importance of globalization and the fact that structural
change in developing countries is necessary to raise living standards and
reduce poverty, the purpose of this study is to investigate the effect of trade
liberalization and structural change on interest rates of total factors. Trade
liberalization may be a method of internal restructuring that can affect the
production process's inputs and output. With the advent of specialization,
resources are shifting to the most productive direction, increasing production
and revenue. With increasing openness and foreign competition,
manufacturers are forced to look for more efficient production methods.
Increased competition in imports has forced manufacturing industries in Latin
America and elsewhere to become more efficient by rationalizing their
operations. Typically, low-yield firms are out of the industry, and the
remaining firms have adjusted the extra labor force and bridged the gap with
the help of advanced technology, thus increasing overall returns in the
economy (Pavcnik, 2002). In developing economies, workers may be driven
to even less productive activities. In other words, the rationalization of
manufacturing industries may come at the cost of stunting structural changes.
In the period under study, trade liberalization and structural changes in Iran
have increased all factors' productivity.
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Economic crisis imposes extensive losses on banks and credit institutions,
thereby increasing their credit risk and dissolution. The macroeconomic
conditions are the major cause of financial stress, the destructive effects of
which can greatly be reduced by accurate risk management in the banking
system. This study aims to examine stress testing in the Iranian banking system
by using Iranian banks' data from 2008 to 2017. The results in the panel VAR
framework and Monte Carlo simulation by using macroeconomic variables and
credit risk show that the Iranian banking system is mostly affected by the
scenarios of long-term shock in the country's macroeconomic factors. In other
words, changes in one period of the variables have a minimum effect on credit
risk. However, a three-period horizon of interest rate and the inflation rate has
the maximum effect. In contrast, economic growth has the minimum effect on
the degree of default in Iranian banks.
Keywords: Credit Risk, Stress Test, Banking System.
JEL Classification: E58, G21, G28

1 Introduction
The banking industry is the most important sector of the financial system of
any country. It enjoys a special status in developed and developing economies
due to the intermediation operations between depositors and facility seekers,
financing investment projects, and strong connections to different economic
sectors.
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An examination of the status of banking sector in the Iranian financial
market shows that the volume of its assets from the total value of the country's
financial market is about 73%, indicating the large size of the banking sector
in Iran's economy. Moreover, the banking system's share of the country's
domestic finances is more than 91%, suggesting that the Iranian economy is
bank-centered or bank-based. On the other hand, due to this profession's
nature and its specific features, and due to giving different loans, the banking
sector is always faced with instability and risks such as lack of repayment by
loan, i.e., credit risk. Therefore, accurate management of credit risk is
necessary for any banking system, and a major tool for credit risk management
is stress testing. This test alerts bank managers and bank supervisors about the
unexpected and negative outcomes of some risks.
In recent decades, numerous financial stress events have occurred around
the world. Based on the study by Lindgren et al. (1996) about two-thirds of
the International Monetary Fund members have had many banking issues that
have led to stress. Iran's economy and banking system are no exemption, and
the odds of stress are high for them. Due to the key role of bank stability and
health in Iran's economic stability, one cannot attend to bank risk management
without considering stress testing.
Based on various studies, there are different definitions of stress. Some
regard stress as a situation in which there is instability. Stability refers to a
state in which the allocation of resources in the system is efficient; the existing
risks are properly identified, measured, and managed; and forecasts are made
to have sufficient flexibility for coping with shocks and agitations (Jahangard
& Abdeshah, 2017). Specifically, in financial systems, and especially in banks
in which intermediation of funds is a major operation, if the resources
(deposits) are efficiently allocated to facility seekers and economic projects,
the resulting risks (credit risk, market risk, liquidity risk, etc.) are identified
and managed, and there are savings and capital for coping with shocks, one
can claim that there is some degree of stability in them. Still, if any of these
stages is not properly followed, the system will encounter problems or, in a
limited state, stress.
On the other hand, a country's general economic conditions play a major
role in the banks' adoption of internal policies in giving loans. If the economic
conditions are estimated to be stable, banks expect that the probability of
loans' default should be reduced; therefore, they have a higher tendency to
paying credit and funding investment projects. Therefore, macroeconomic
variables such as the value of the gross domestic product (GDP),
unemployment, inflation rate, and exchange rate are among the factors
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determining banks' risks and behaviors in terms of credits. Credit institutions
should consider the country's economic condition in terms of prosperity for
paying the volume of facilities and the probability of default of facility seekers
and giving loans accordingly. For instance, inflation and an increased price
index are indices of a country's economic instability that deteriorate
households' income state, affect their loan payment, and cause banks'
problems. A change in GDP is another factor influencing loan repayment
ability, and this problem for banks and credit institutions translates to credit
risk.
With respect to the relationship between the performance of the banking
system and the economic variables explained in the above examples, any
shock or stress imposed on the country's economic condition disrupts banking
activities. One can conclude that macroeconomic conditions play a pivotal
role in the banking system. To establish stability, prevent stress, and prepare
for stress, the banking sector around which most economic transactions and
investment projects revolve should be well prepared. Based on the literature
and the guidelines proposed by The Basel Committee on Banking
Supervision, the International Monetary Fund, the Bank for International
Settlements, etc., the most important and accessible tool for this purpose is
performing stress testing, which is an essential step to take.
In this study, considering the importance of non-performing loans in the
balance sheets of banks and credit institutions, which is also one of the
important indicators of credit risk, we decided to perform the stress test for the
country's credit risk banking network in different scenarios.
Stress testing has received little attention from Iranian studies due to the
obstacles to data collection. Moreover, in the few existing articles, the data on
non-current claims of banks and credit institutions have been used generally.
However, in this study, the data of non-current claims are used as divided by
different economic sectors. To this end, given that vulnerability of different
economic sectors, including agriculture, industry and mining, housing and
construction, trade, services, etc., to macroeconomic shocks in the repayment
of loans and concessional facilities are different, the stress test was performed
separately for these sectors. In this study, the model presented by Wilson,
(1997a,b) was used to measure the effect of macroeconomic shocks on the
probability of non-repayment of credits by different economic sectors.
Therefore, the effect of macroeconomic shocks on borrowers' credit quality
was first investigated, and the model proposed by Sorge and Virolainen (2006)
was employed to correlate the default rate macroeconomic factors. After
specifying the model, the way the default rate changes due to macroeconomic
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shocks overtime was simulated, allowing access to estimates of nonperforming loans to determine the credit portfolio in different macroeconomic
conditions. In this case, the banking system's potential credit losses against the
risk-taking capacities1 of the system can be calculated.
In this study, we examined the macroeconomic indicators such as GDP
growth and inflation, and interest rates to perform the stress test following
Sorge and Virolainen (2006), and predict future values of the above variables
in different scenarios. Moreover, in the studies conducted on stress testing, the
autoregressive (AR) method has been used to predict macroeconomic
variables. In this study, due to the analysis of different economic sectors
separately, it was attempted to make this prediction by the panel VAR model.
After estimating the models' parameters and error components, the credit risk
behavior (non-performing loan ratio or default rate) for each economic sector
was simulated in the baseline scenario2 to perform the stress test using
nonparametric methods such as the Monte Carlo simulation. In the next step,
the default rate distribution was simulated in different scenarios.
The present paper was organized into five sections. The second section
presents the review of the literature. The third section provides the theoretical
foundations of the stress test. The fourth section deals with the analysis of the
results, and finally, in the fifth section, the results are presented.

2 Review of Literature
In recent decades, many studies have been conducted on macro stress testing
and its experimental application, some of the most important of which are
mentioned in this section.
Wilson (1997a, b) presented a model in which the sensitivity of default rate
probabilities in different economic sectors is directly correlated with
macroeconomic variables. This model is used to simulate the default rate trend
over time by creating macroeconomic shocks to the system. It is possible to
estimate the expected and unexpected credit losses according to the
macroeconomic conditions.
Merton (1974) proposed a model in which different financial institutions
are first valued, and then changes in the value of assets affect the probability
of default. This approach requires significant information.

1

Banks’ capital is used as a measure to assess the banking system’s vulnerability to various
shocks over time.
2 This is a scenario in which there is no shock.
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Boss (2002) used Wilson's (1997) model for Austrian banks' macro stress
testing. He defined the default probabilities of all provided facilities as a
function of macroeconomic variables.
Jokivuolle et al. (2008) proposed a stress testing framework for minimum
capital requirements in which credit risk was modeled with macroeconomic
variables. They defined scenarios such as mild shocks and considered the
improvement in credit risk, and, consequently, estimated the necessary
changes in the minimum capital. They also emphasized the importance of
stress testing of the minimum capital requirements for the future along with
credit losses.
In their method, Shijaku, H. and Ceca, K. (2010) used the existing stress
testing methods for the credit risk of the whole system and adapted it to
Albanian financial intermediaries' data and features. Their model begins with
the VAR equation system, which considers the common behavior of financial
and real variables. This equation is modeled to include some dynamics for
longer shock duration over a period of default rate. Then, they defined the
shock to non-financial variables (growth rate, interest rate, exchange rate, etc.)
and similarly computed the range of the default rate in the crisis scenario.
When the stress test uses macro scenarios for the banking sector, it is
implicitly assumed that macro variables are useful for predicting banks'
performance. Guerrieri and Welch (2012) examined whether the variables that
projected loans, incomes and capital in the U.S. bank holding companies'
stress testing were better than the models they did not consider. Using general
bank performance data, they found that macro factors played a beneficial role.
In their paper, Melecky and Padpiera (2012) reviewed and compared the
stress testing practices of central banks in Central and Southwestern Europe
and provided an overview of the challenges facing the stress test in the future.
They focused on these banks for making a comparison and designed baseline
and stress scenarios. By correlating macroeconomic scenarios,
microeconomic factors, and risk characteristics, they computed risk exposure
based on risk indicators and estimated the outcome indicators to inform
macroprudential policies.
Lu and Yang (2012) introduced a stress-testing model with a dummy
variable that refers to non-performing loans of Agricultural Banks of China.
The results showed that the decrease in GDP growth, the decrease in the
general price level, the decrease in the nominal money supply, and the increase
in housing prices increase non-performing loans. From a long-term
perspective, commercial banks need to set up an internal system to reduce
macro variables' effects.
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Buncic and Melecky (2013) propose a new practical approach to
macroprudential stress testing. Their study shows there is a higher correlation
between the probability of default and the loss given default during stress
periods; a negative effect of lending concentration and residual loan maturity
on unexpected losses; and the use of an economic risk-weighted capital
adequacy ratio as the relevant outcome indicator to measure the resilience of
banks to materializing credit risk. The authors apply the proposed approach to
a set of Eastern European banks and discuss the results.
Mohammed and Onour (2019) investigated the link between default loans
and macroeconomic to assess Islamic banks' exposure to credit risks and then
design stress testing scenarios to assess the banking system's resilience to
adverse shocks. The results suggest that the credit risk exposure of Islamic
banks in Sudan is mainly affected by bank-specific variables, which include
changes in total assets, total deposits, and total loans; all of them have a
negative and significant impact on the probability of default loans. The study
also indicates that the macroeconomic variables, which include domestic
product growth, change in exchange rate premium, and change in money
supply, have positive but insignificant effects on the risk of default loans. The
study concludes by pointing out that Sudan's Islamic banking system is more
vulnerable to bank-specific risk exposure than macroeconomic indicators.
Stress testing has not been much addressed in domestic studies. However,
many studies have been conducted on the effect of economic variables or
macroeconomic instability on some banking indicators.
Using the generalized method of moments (GMM), Noroozi (2014)
determined the factors affecting the country's banks' credit risk in the period
2006-2012. The results showed that banks' credit risk is affected by
macroeconomic variables, and in particular, the real interest rate, inflation
rate, government debt, and unemployment rate are positively correlated, and
GDP growth is negatively correlated with banks' credit risk. Besides, banking
characteristics such as bank size and profitability have negative effects, and
the credit risk of the previous period positively affects banks' credit risk.
In their study, Kafaie and Rahzani (2017) investigated the effect of
macroeconomic factors on Iranian banks' liquidity risk using a regression
framework with quarterly panel data and information obtained from 14 banks
from the first quarter of 2006 to the fourth quarter of 2013. The model
estimation results using the dynamic ordinary least squares method showed
that macroeconomic factors and selected banking characteristics all affect
banks' liquidity risk.
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In their study, Jahangard and Abdolshah (2017) investigated the effect of
macroeconomic variables on bank stability using data from 17 banks during
the period 2007-2012. The results indicated that the inflation rate had a
significant negative effect on the studied period's banking stability index. The
interest rate had a significant positive effect, and the GDP growth had a
significant negative effect on banks' stability. They also measured the
Herfindahl-Hirschman index to analyze the effect of centralized banking on
the stability index, which had a positive effect; however, it was not significant.
Abdolshah and Moshiri (2017) performed the stress testing of default
probabilities in the Iranian banking industry using the credit portfolio
approach. They used systematic equation and simulation methods to estimate
the effect of economic variables on default rates. Then, they employed the
VAR model to estimate the dynamic relationships of macroeconomic
variables. The results showed that the unemployment rate shock was the most
destructive factor for default rates, and the second strongest shock to the
default rate was the exchange rate shock. The GDP growth rate shock also had
a significant impact. Inflation rate shock had the least effect.

3 Model and Methodology
In this study, the macro model of the probability of default was designed for
different economic sectors based on the study of Sorge and Virolainen (2006)
and Jokivuolle et al. (2008), who used Wilson's (1997a, b) model to analyze
default rates correlated with macroeconomic factors.
In this model, the average default rate (non-performing loan ratio) for
sector 𝑗 is obtained by dividing non-performing loans (past-due loans, overdue
debts, and doubtful debts) to the total facilities taken in that sector. Initially,
the default rate for industry j is defined as the following logistic function:
1

𝑃𝐷𝑗,𝑡,𝑥 = 1+exp(𝑦

𝑗,𝑡,𝑥 )

(1)

Where 𝑃𝐷𝑗,𝑡,𝑥 is the probability of default for industry j at time t, and 𝑦𝑗𝑡,𝑥
is an industry-specific indicator of the variables X (i.e., economic growth,
interest, and inflation rates), in which the following equation estimates the
parameters:
𝑦𝑗,𝑡,𝑥 = 𝛽𝑗,0 + 𝛽𝑗,1 𝑋1,𝑡,𝑠 + 𝛽𝑗,2 𝑋2,𝑡,𝑠 + ⋯ + 𝛽𝑗,𝑛 𝑋𝑛,𝑡,𝑠 + 𝜗𝑗,𝑡,𝑠

(2)

Higher values of 𝑦𝑗,𝑡,𝑥 indicate a better state of the economy with a lower
probability of default. It is the stage of modeling and estimating
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macroeconomic variables that show the health status of the economy. In this
study, instead of the AR(p) model, which was used by Jokivuolle et al. (2008)
to predict macroeconomic variables, the panel VAR model was used to
consider the interactions between macroeconomic variables in different
sectors.
It is noteworthy that in this study, according to the study conducted by
Sorge and Virolainen (2006), the variables of GDP growth rate, inflation rate,
and interest rate were selected as macroeconomic indicators. By applying the
changes made in the model, the modeling of different economic variables is
as follows:
𝑥𝑗𝑖𝑡 = 𝜇𝑗𝑖 + 𝜋𝑗𝑖1 𝑥𝑗𝑖𝑡−1 + 𝜋𝑗𝑖2 𝑥𝑗𝑖𝑡−2 + ⋯ + 𝜋𝑗𝑖𝑝 𝑥𝑗𝑖𝑡−𝑝 + 𝜀𝑗𝑖𝑡

(3)

Where i represents macroeconomic variables and credit risk index, and j
represents different economic sectors, μji = (μj1 . μj2 . … . μjk ) are constant
coefficients of equations in each economic sector, xjit = (xj1t . xj2t . … . xjkt ) is
the vector of explanatory macroeconomic factors and credit risk index, and
εjit = (εj1t . εj2t . … . εjkt ) is the vector of error components of equations.
The matrix of regression coefficients with k, the macroeconomic variable,
and j, each economic sector, at each time lag (m represents the time lag) is as
follows:
𝜋𝑗𝑚

𝜋11𝑚
𝜋21𝑚
=[ ⋮
𝜋𝑘1𝑚

𝜋12𝑚
𝜋22𝑚
⋮
𝜋𝑘2𝑚

… 𝜋1𝑘𝑚
… 𝜋2𝑘𝑚
…
⋮ ]
… 𝜋𝑘𝑘𝑚

(4)

Finally, by estimating the above equations' parameters and the error
components, future paths of default rates in different economic sectors are
simulated. Using the Monte Carlo method, the default rate distribution can be
determined depending on the simulated macro scenarios. At each stage of the
simulation, a vector of macroeconomic factors and default rates is obtained.
Misina et al. (2006) described the loss distribution approach in four steps:
Create macroeconomic variables using Equation (3).
Create a vector S of random variables with the variance-covariance matrix
̂ 𝜗 . It is done first by creating a vector 𝑍~𝑁(0, 𝐼) and then
given by ∑
̂ = 𝐴𝐴′ .
calculating𝜗𝑡 = 𝐴′ 𝑍𝑡 , in which∑
To obtain the default probability values for each industry at a given point
in time, substitute the results of the previous two steps into the sector
default probability function (2).
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For each value of the simulated default probability for the industry,
calculate the expected loss in that industry according to the following
equation:
𝐸𝑙𝑡𝑠 = 𝑃𝐷𝑗,𝑡,𝑥 × 𝑒𝑥𝑡𝑠 × 𝑙𝑡𝑠

(5)

Where 𝑙𝑡𝑠 is the default loss value, which is usually considered to be 50%,
and 𝑒𝑡𝑠 is the exposure rate of industry to the banking system, which according
to the study of Misina et al. (2006) is equal to the amount of loans received by
each industry to the total loans. The total expected loss value is obtained by
the sum of expected losses in all industries. The loss distribution can be
obtained by simulating the process with the Monte Carlo method (with the
desired accuracy).

4 Analysis of Results
In this study, quarterly data from 2008 to 2017 on inflation, economic growth,
interest rate, and credit risk (non-performing loan ratio or default rate) were
collected from the Central Bank. Following the steps of stress testing in the
study of Jokivuolle et al. (2008), a programming code was prepared using
MATLAB software.
This program consists of 5 steps: the data used for the tests are entered in
the first step. The second step involves VAR prediction, which predicts the
values of the model's macro variables using the estimated coefficients of the
panel VAR model for each sector. The third step involves estimating Equation
(3) against the selected macroeconomic variables to obtain the residual
coefficients and matrix. The regression residuals in each sector are used to
calculate the variance-covariance matrix, which is later converted into a
correlation matrix for Cholesky factorization. The Cholesky factorization
matrix is then multiplied by a vector of 300,000 values generated by normal
distribution to obtain a residual matrix that is used to calculate the probability
of default for each sector. Then, 300,000 probabilities of default calculated in
each sector are multiplied by the default loss, which is assumed to be 50%, to
obtain 300,000 different expected loss values. The total expected loss
distribution is obtained by the sum of the losses in each sector. Stress testing
shocks in the estimation process are obtained by substituting experimental
values with the specified shocks to make VAR predictions.
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4.1 Estimation of Panel VAR Model of Macroeconomic Variables
According to the Bayesian Panel VAR model, including research variables,
the results obtained based on different industries' quarterly data for three
equations of economic growth, inflation rate, and interest rate are given in the
table below.
Table 1
Estimated coefficients of model lagged variables in different equations
GDP growth
GDP growth (-1)
GDP growth (-2)
GDP growth (-3)
GDP growth (-4)
Inflation (-1)
Inflation (-2)
Inflation (-3)
Inflation (-4)
Interest rate (-1)
Interest rate (-2)
Interest rate (-3)
Interest rate (-4)
constant

GDP growth (-1)
GDP growth (-2)
GDP growth (-3)
GDP growth (-4)
Inflation (-1)
Inflation (-2)
Inflation (-3)
Inflation (-4)
Interest rate (-1)
Interest rate (-2)
Interest rate (-3)
Interest rate (-4)
constant

-0.437
-0.214
0.086
0.072
-0.135
0.030
-0.093
-0.111
-0.099
0.087
-0.728
0.416
4.173

Building
Inflation

Interest rate
-0.014
-0.021
-0.014
-0.022
-0.008
0.074
0.014
-0.028
0.954
-0.036
0.018
-0.058
1.325

GDP growth

0.017
0.058
0.043
0.004
0.499
-0.205
0.198
-0.029
-0.052
0.256
-0.016
-0.289
2.891
Agriculture
Inflation

-0.434
-0.216
0.087
0.070
-0.135
0.031
-0.093
-0.112
-0.088
0.086
-0.729
0.416
7.846

0.017
0.059
0.043
0.004
0.499
-0.204
0.197
-0.029
-0.058
0.252
-0.016
-0.288
3.592

-0.014
-0.021
-0.014
-0.022
-0.008
0.075
0.014
-0.028
0.956
-0.035
0.018
-0.059
1.728

Interest rate

GDP
growth
-0.432
-0.213
0.087
0.071
-0.134
0.030
-0.093
-0.112
-0.101
0.083
-0.731
0.415
7.494
GDP
growth
-0.436
-0.214
0.087
0.070
-0.135
0.029
-0.093
-0.112
-0.087
0.088
-0.727
0.416
6.619

Industry and mining
Inflation
Interest rate
0.017
0.058
0.044
0.005
0.497
-0.205
0.198
-0.029
-0.055
0.255
-0.017
-0.289
4.162
Service
Inflation

-0.014
-0.021
-0.014
-0.022
-0.008
0.075
0.014
-0.028
0.958
-0.035
0.018
-0.059
1.723

0.016
0.058
0.043
0.004
0.499
-0.205
0.197
-0.029
-0.054
0.257
-0.017
-0.289
3.590

-0.014
-0.021
-0.014
-0.022
-0.008
0.075
0.014
-0.028
0.956
-0.036
0.018
-0.059
1.784

Interest rate

Source: Research Findings

4.2 Scenario Simulation
To determine the potential losses in a sudden macroeconomic crisis, an
artificial shock can be applied to one of the macroeconomic variables used to
explain the sector-specific default rate. The stress test was performed by
setting the scenario variable to an initial value and then tracking the effect of
shock on the other variables through VAR processes to obtain the realized
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values of the variables in the upcoming k periods used to calculate the default
rate in each sector. Using the Monte Carlo simulation method, the obtained
default rate can be used in each sector to simulate the distribution of bank loan
portfolio losses under macroeconomic conditions (Misina et al. 2006). This
study used the scenario frameworks of Boss (2002) and Virolainen (2004) to
determine the shock to GDP, interest rate, and inflation rate in various sectors
of the Iranian economy. Shocks are selected to reflect the maximum negative
historical movement in each data set. These shocks are large enough that they
are considered abnormal but remain acceptable.
Scenario 1: 5% decline in GDP growth in the next quarter and then natural
growth by the panel VAR model
Scenario 2: 5% decline in GDP growth in the next three quarters and then
natural growth by the panel VAR model
Scenario 3: 10% increase in inflation rate in the next quarter and then
natural growth by the panel VAR model
Scenario 4: 10% increase in inflation rate in the next three quarters and
then natural growth by the panel VAR model
Scenario 5: an interest rate of 10% in the next quarter and then normal
growth by the panel VAR model
Scenario 6: an interest rate of 10% in the next three quarters and then
normal growth by the panel VAR model

4.3 Credit Loss Distribution
In addition to the baseline scenario in which no shocks are applied to the
variables and predictions are made based on the panel VAR model, six
macroeconomic shock scenarios were implemented to judge the stability of
Iranian sectors' loans to macroeconomic changes environment. Expected and
unexpected losses under different scenarios are presented in Table 2.
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Table 2
Expected and unexpected loss values under different scenarios
Mean
(Expected loss)
Baseline scenario
0.089
Scenario 1
0.089
Scenario 2
0.092
Scenario 3
0.089
Scenario 4
0.098
Scenario 5
0.089
Scenario 6
0.117
Source: Research Findings

VaR
at
99%
confidence level
(Unexpected loss)
0.192
0.192
0.195
0.192
0.201
0.192
0.204

VaR
at
99.9%
confidence level
(Unexpected loss)
0.264
0.266
0.267
0.264
0.271
0.267
0.271

Fig. 1 shows the credit loss distribution under the baseline scenario, in
which the expected loss value at the level of 0.089 and the unexpected loss
value based on the Value at Risk (VaR) at 99% confidence level are equal to
0.192. Figs. 2 and 3 show the simulated loss distribution in scenarios 1 and 2
for negative shocks to economic growth. Under the proposed scenario, a
negative shock to economic growth in one quarter had minor effects on the
sectoral loan portfolio, i.e., it was not much different from the projected loss
under normal conditions. The results of this simulation showed that short-term
shocks to economic growth have a minimal effect on the probability of credit
default in Iran's financial sector, and financial institutions expect to have
sufficient financial resources to cover such losses. In this case, the expected
loss value at the level of 0.089 and the unexpected loss value based on the
Value at Risk (VaR) at 99% confidence level was equal to 0.192. In addition,
under the third scenario, the results indicated that negative shocks to the
economic growth of different sectors, even if they continue for three quarters,
will have a small effect on the expected and unexpected loss distribution, so
that expected loss value at 0.092 and unexpected loss value based on the Value
at Risk (VaR) at 99% confidence level were equal to 0.195, indicating that the
expected loss compared to the baseline scenario increased by about 4.3, which
is a small figure.
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Figure 1. Distribution of the aggregate credit loss under the baseline scenario

Figure 2. Distribution of the aggregate credit loss under the scenario 1.
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Figure 3. Distribution of the aggregate credit loss under the scenario 2.

Figs. 4 and 5 show the credit loss simulation under rising inflation
scenarios 3 and 4. Based on the shock results, 10% inflation in a quarter caused
the expected loss at the level of 0.089 and the unexpected loss based on the
Value at Risk (VaR) at 99% confidence level to be equal to 0.192. Hence, the
results are slightly different from the baseline scenario. Therefore, increasing
inflation in one quarter had a minimal effect on credit losses. However, rising
inflation in three quarters showed different results compared to the baseline
scenario and the scenarios of increasing economic growth. Unlike the scenario
of declining economic growth in three quarters, the probability of credit loss
increased by 10%, so that in this case, the expected loss at the level of 0.098
and the unexpected loss based on the Value at Risk (VaR) at 99% confidence
level was equal to 0.201.
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Figure 4. Distribution of the aggregate credit loss under the scenario 3

Figure 5. Distribution of the aggregate credit loss under the scenario 4.
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Figs. 6 and 7 show the credit loss simulation under interest rate scenarios
5 and 6. The results showed that the effect of an interest rate shock in one
quarter was small and similar to economic growth and inflation shocks; it had
relatively limited consequences. However, low interest rates had strong
impacts in three quarters and negatively affected the credit portfolio compared
to one-quarter shocks. Overall, in low interest rates for three consecutive
quarters, the expected loss was 31% higher than the one-quarter shock and
other studied scenarios. The results showed that with such a scenario, the
financial sector might be at risk of having an insufficient capital buffer to
hedge such losses. Suppose the financial system is not adjusted to such a
reality. In that case, the financial system's stability may be jeopardized in the
short term, and the financial sector may not be able to recover from the shock.
The maximum value of the portfolio at risk of loss is equal to 20% at the 99%
confidence level, which is higher than the one-quarter scenario.

Figure 6. Distribution of the aggregate credit loss under the scenario 5.
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Figure7. Distribution of the aggregate credit loss under the scenario 6.

5 Conclusion
Accurate credit risk management is a necessity in every banking system. The
most important issue in it is determining the banks' internal policies regarding
giving loans and identifying the probabilities of loan default. The most
important credit risk management tool is stress testing. The present study
attempts to use stress testing on the banking facilities allocated to different
economic sectors in Iran in order to evaluate the Iranian banking system's
vulnerability to shock in macroeconomic variables.
To this purpose, the stress testing of the financial sector of the Iranian
economy was analyzed using quarterly data on macroeconomic indicators
such as GDP growth and inflation, and interest rates under various scenarios
from 2008 to 2017.
This study evaluates the effect of shocks to macroeconomic variables on
the credit quality of loans based on Wilson's (1997) methods. To this end, the
relationship between the default rate and macroeconomic variables is
examined. After model specification, the change in the default rate distribution
due to shocks imposed on the macroeconomic over time is simulated. This
process provides access to estimations of non-current claims for determining
the credit portfolio in different macroeconomic conditions. In other words,
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macroeconomic scenarios are made under the base and stress scenarios with
respect to the shocks imposed on macro variables. The magnitude of the effect
of different shocks is calculated by comparing the default probabilities
distribution under the base shock scenarios.
After estimating the parameters and error components of the models and
predicting the model variables using the panel VAR model, the credit risk
behavior (non-performing loan ratio or default rate) was first simulated for
each economic sector using the Monte Carlo simulation method, and then, the
stress test was performed. This study's findings showed that Iran's financial
sector is more affected by interest and inflation rates than the GDP shock.
Different scenarios indicated that one-quarter changes in the above variables
had a minimal impact on the credit losses of different sectors, while in a threequarter horizon, the interest rate had the highest and economic growth had the
least effect on expected and unexpected losses. This result is the same as what
Vazquez et al. (2012) did in Brazil, and similar results were achieved in a
study on Croatia, in which the authors concluded that rapid growth in loans
increased the probability of a rise in credit risk (Kraft and Jankov, 2005). In
Latvia, the rapid growth of GDP was possible due to the substantial growth in
the loan portfolio, which, paired with insufficient analysis, led to instability
and growth in non-performing loans (Fainstein &Novikov, 2011).
The results of the study suggest that the default rate would become higher
if real GDP growth in Hong Kong and the Mainland deteriorated, property
prices in Hong Kong declined, and interest rates rose, and vice versa. The
coefficient of the lagged default rate yt -2 is positive and significant, so there
is positive autocorrelation in default rates, suggesting that a macroeconomic
shock can produce a prolonged impact on the default rate. It leads us to analyze
the development of the default rate over a time horizon that is longer than the
duration of the artificial shock in order to reflect the long-term impact of the
stress.
Inflation and increase in the general price index are among the important
indicators of instability in the country's economy, which reduce the real value
of assets and increase the operating and non-operating expenses of banks.
During this period, banks are reluctant to provide facilities due to the
devaluation of loans. Simultaneously, with early returns of other markets such
as housing, stocks, currency, and gold, the deposit outflow occurs, which
again affects banks' lending power. On the other hand, inflation leads to a
worsening of household incomes and may affect the repayment of their loans
and cause problems for banks. However, as the inflation rate rises, some
people benefit by increasing the value of their assets, and the actual cost of
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debt decreases, and accordingly, the probability of default may decrease. The
present study results indicated that the negative effects of rising inflation on
the probability of default and credit losses of the financial sector of Iran's
economy were greater than its positive effects, and increasing inflation in a
three-quarter scenario led to increased credit losses.
According to the results, reduction of interest rates and expansionary
monetary policy are the main causes of credit losses and default in Iran's
economy. In such circumstances, banks provide more facilities and may even
facilitate loan requirements, which leads to the provision of facilities to lower
quality clients, and consequently, the default rate increases. From this aspect,
the issue of lack of proper management in conceding credits in periods of
interest rate reduction and expansionary monetary policy is the main
determining factor in increasing the probability of default in the financial
sector of Iran's economy.
On the other hand, the lending behavior of banks and financial institutions
also changes based on the country's economic situation. For example, in the
case of economic stability, banks expect investment projects to be profitable
and efficient and investors to be able to repay their loans. Cessation of
production and declining economic growth and consequently investment
reduce the need for loans and credits and cause economic activities to
decrease. In such a situation, troubled investors may go bankrupt and not be
able to repay their debts, so their problem is transferred to the banks. In other
words, investors finance their investment projects through bank credits by
evaluating investment plans and considering profitable horizons. However,
suppose there is a sudden change in economic conditions, or macroeconomic
policies are made in such a way to disrupt the profitability of investors'
projects. In that case, they will have difficulty repaying their loans, so that
bank receivables will be delayed. The present study results indicate that the
recession conditions have had the least possible effect on the probability of
default of the country's banks. So either the banking system has not provided
credit to the country's production sector and, accordingly, changes in
production have had the least possible effect on the financial sector's credit
losses. Or banks and credit institutions have considered the country's
conditions of prosperity and recession to pay banking facilities and assess the
probability of default of applicants who have taken loans.
In the studies on stress testing, the autoregressive (AR) method has been
applied for examining the relationships between macroeconomic variables.
This study investigates different economic sectors separately; these
relationships are estimated by implementing the panel VAR model.
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1 Introduction
Customer experience is considered a competitive basis for businesses in
today's world. Based on a study by Gartner (2017), four out of every five
organizations are expected to compete on customer experience during two
years (Klink et al., 2018). The economic advantages of competition on
customer experience are obvious. On average, those organizations with
superior customer experience will grow five times faster than those who have
been weak in this respect (Forrester, 2017). Also, more than 80 percent of
consumers are willing to pay more to obtain a better experience (Capgemini,
2017). Regarding the costs, effective customer experience management can
help an organization to save hundreds of million dollars. For example, having
removed the problems which annoyed the customers, Sprint managed to
decrease 1.7 billion dollars of its costs per year (Forrester, 2017).
While customer experience management is very tempting for
organizations, the evidence shows that most of the time, it is not properly
implemented in organizations or implemented in just one section of the firm.
For example, 90% of organizations believe that holding customer orientation
as a culture is an important principle; however, only 15% consider themselves
effective in providing customer experience (Harvard Business Review, 2017).
On the other hand, such a gap exists among customers as well. Three-quarters
of organizations believe that they are customer-oriented; however, only 30%
of customers believed the same (Capgenmini, 2017).
The improvement of customer experience is mainly the responsibility of
marketing experts since the main part of organizations' budgets focuses on
improving customer experience management by the marketing department
(Gartner, 2018). Many researchers and authorities believe that customer
communications management has not satisfied some levels of expected value
for customers and the profitability for organizations. And customer experience
management can be considered a combined framework overcoming the
theoretical and practical obstacles and restrictions regarding customer
communications management (Palmer, 2010). Customer experience, in most
cases, plays a more significant role than the services provided and includes
stages before and after rendering services. Organizations are looking for some
mechanisms to create customer communication in stages previous to and
during the consumption. They actively perform participatory activities with
customers during the post-consumption stages (Kandampully and Solnet,
2015).
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Nowadays, organizations are making an effort to take advantage of
customers as contributors and brand promoters. So, the investigations in
customer experience management have to examine the customer journey with
all of its dimensions. The progress made in the Internet and technology has
helped to increase the importance of interaction and communication between
organizations and customers (Nambisan and Baron, 2007). Understanding
customer experience and making sure that this experience is being managed
effectively at every point of the interaction between the organizations and
customers has turned out to be a key target for those organizations that aim to
advance the market. The question that is usually asked is whether
organizations are actually providing the experience expected by customers or
not and whether the organizations have taken into consideration any programs
to manage such experience regarding all the changes in the world of
communication and technology. Paying attention to this case and creating a
mechanism to satisfy customers' expectations from organizations are vital
(Kandampylly et al., 2018).
So far, the existing literature in the field of customer experience
management has dealt with the different aspects of customer experience;
however, no comprehensive model is addressing the underlying factors,
strategies, causal conditions, and consequences of customer experience
management in the literature. The concept of customer experience
management itself remains a blur; the lack of an applied model to translate
into the daily tasks of organizations is an apparent issue. This study explores
the exact steps of customer experience management during the customer
journey to address the issue. The first part of the article includes some
introduction about customer experience and the research background is
supported in section 2. The third section includes research methodology. In
the fourth section all interviews and their results such as data and final model
of customer experience management for Iranian ICT sector are extracted. In
the fifth section discussion, conclusion and recommendations are mentioned.

2 Research Background
The concept of customer experience management has been investigated by
Marutschke et al. (2019). According to them, customer experience
management is a relatively new field of research. Although previous studies
have examined especial aspects and elements of customer experience, they
still could not provide a plausible answer to some fundamental questions,
including how touchpoints in the customer journey are combined and how
customer experience is measured in a way that its multidimensional nature
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would be taken into consideration. Zaki and Neely (2019) suggest that creating
a valuable customer experience is an organization's strategic priority. Their
study helps to analyze text data related to customer communication
management and those extracted from social media. Their presented model,
which was based on text mining, has been recommended to organizations.
(Zaki and Neely, 2019)
To gain customer experience insights, McColl-Kennedy et al. (2019)
provided a new conceptual model of the customer experience through
studying all previous research so that customer experience would be better
understood and managed regarding elements of creating value (resources,
activities, background, interactions, and the role played by customer),
cognitive answers, and feelings about touchpoints all over the customer
journey. However, Kandampully et al. (2018) studied customer experience in
the service sector to obtain customer loyalty and, finally, competitive
advantage. They aimed at the progress of scientific studies in customer
experience management (CEM) in relation to provision of services through a
general overview of the main elements of customer experience management.
The study has provided a framework for customer experience management as
well as a rich research agenda. Based on their model, researchers
recommended a holistic approach regarding customer experience
management through cooperation between marketing, designing, production
operation, human resources, and strategy and connection with technology and
social media. Kandampully et al. (2018)
Customer experience management is one of the most promising
approaches towards marketing, which has made some people call it the "future
of marketing." Klink et al. (2018) reviewed marketing courses by considering
the nature of customer experience. They have provided some potential
adaptations and their approach, including training customer experience
management in courses available, making components limited in the field and
making some changes in one course of complementary level of education.
Homburg et al. (2017) evaluated customer experience management as one of
the most promising marketing approaches in consumer industries. For them,
the concept of customer experience management has not been well
understood. Here, customer experience management has been introduced as a
high-level resource of cultural mentality towards customer experiments,
strategic orientations to design customer experience, and organizational
capabilities to renew them continuously to achieve long-term customer loyalty
and maintain it. The authors in this study have provided four distinct patterns
of the concept. The authors believed that customer experience management is
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an evolutionary concept requiring more study and evaluation in different
organizational fields.
Moreover, Hwang and Seo (2016) studied the concept in another study.
Their study provided insights on the definitions, dimensions, and concepts
involved in customer experience management, and the evolution of customer
experience management research from a theoretical perspective has been dealt
with. They believed that the methodological approaches used in customer
experience management studies had been dealt with, and challenges regarding
customer experience measurement had been studied. Finally, the study
presented the cultural problems in customer experience management
researches.
The Lack of a step-by-step approach in available studies, especially in
those conducted in the Iranian context, is salient. Hakimi et al. (2019) studied
customer experience management, aiming mainly at identifying factors
managed by organizations to form customer experience in person in the retail
banking industry. They categorized the elements of the customer experience
into nine main categories and 33 subcategories. Six main levels were also
identified. The nine main categories are interacting with customers,
employees, accountability, branches, brand, services, processes, social
environment, and extraordinary experience. The research could create a more
comprehensive perspective in terms of how customer experience is created.
According to the results, the main categories of customer experience and how
these indices affect each other have been identified (Hakimi et al., 2019).
The concept of customer experience also can be traced, although weekly,
in relationship with other concepts. Rahimi et al. (2019) attempted to design
and explain loyalty based on customer experience in the hotel management
industry. They showed that the final model consists of 6 general categories,
14 subcategories, and 54 main concepts. Also, the results showed that
categories of quality of hotel employees, quality of the physical environment,
and quality of service rendering functions are effective causal factors on
customers' perceptions and expectations, which provide customers with
multiple value creation strategies. The outcomes of this value creation will
determine the loyalty level (Rahimi et al., 2019).
In research by Heshmati et al. (2019) titled "training appropriate model of
customer experience management with an emphasis on related indices in the
bank training system," customer experience management has been studied.
The research aims to design and train an appropriate model of customer
experience management with emphasis put on related indices in terms of bank
services. A qualitative method of research has been applied. Data have been
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collected and analyzed based on grounded theory. In an approach towards
grounded theory in the research, open, axial, and selective coding methods
have been used. Data have been analyzed based on data obtained from field
and library studies. The final research pattern has formed three main
categories: anticipatory factors, perceptive factors, and care factors. The
subcategories and related propositions in the banking industry have also been
specified in it. Finally, structural equation modeling and PLS have been used
to verify the validity of the model (Heshmati et al., 2019).
Customer experience management is also introduced to have three
dimensions, including task-based, mechanical and human-related dimensions.
While assessed these dimensions in relation to two variables of trust and
loyalty, results showed that all dimensions of customer experience
management have a direct relationship with customer trust and loyalty;
however, two dependent task-based and human-related variables are of high
importance and have to be considered in marketing strategies more than ever
(Almasi, 2018). The relationship between customer experience management
and customers' mental image was also assessed in the Iranian context.
Research shows that customer experience management has a significant effect
on customers' mental image in terms of buying decisions (Ghafourian, 2017).
Ansari and Sanayei (2016) suggested that while customer loyalty is one of the
paths to create competitive advantage, customers are not that loyal to their
banks and use electronic services rendered by different banks. They have
found that there is a relationship between experience management and
continuous use of electronic banking services. According to the results, the
following factors are determinants of continuous use of electronic banking
services rendered by Mellat Bank: quality of services, loyalty prices, trust,
satisfaction, customer expectation, attraction, employees' competence, and
ease of usage (Ansari and Sanayei, 2016). Finally, customer experience
management and customer loyalty in the hotel management industry have
been studied by Derakhshani and Mahmoudi (2013). According to their
findings, there is a positive correlation between customer experience
management and customer loyalty among customers of four-star hotels. Also,
upon the ranking of customer experience management variables from
customers' perspective, it was found that the task-based section has the most
effect on customers and the human-related and mechanical sections stand
next, respectively (Derkhshani and Mahmoudi, 2013).
In short, the literature review in present research shows that many studies
have dealt with the importance of customer experience and its management;
and, different models in these works of literature have been identified, taking
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steps towards management and providing customers with better experiments.
However, considering the gaps existing in the literature related to customer
experience management, the following points can be referred to:
No research has been conducted through an approach towards grounded
theory so that a model in relation to customer experience management be
provided. Our goal is to study all five factors in the grounded theory
approach and based on the approach presented by Strauss and Corbin
(1990) and to extract underlying factors, strategies for practice, outcomes,
sequence of stages, and strategies.
Studies performed, including that of Kandampully et al. (2018), show that
considering organizational basis in providing customer experience
management is of high importance. (The present research aims to study
customer experience management in the field of information and
communications technology that has not been studied yet and this
expanding field in the country has to be studied more).
Studies performed mainly resulted in abstract models, and customer
experience management activities have not been observed in various steps
of the customer journey.
All the above three cases are identified gaps in the research literature that
form the basis for the present research. In the next step, the research
methodology is defined, and the approach to answering such a theoretical gap
is specified.

3 Research Methodology
Considering the research intends to provide a stepwise model of customer
experience management with no direct intention to solve an existing problem
in the application and is aimed to contribute to the body of literature, this study
is basic research. Research also enjoys a descriptive approach (nonexperimental) where none of the variables studied in the research are modified
and/or manipulated. The participants in this study are senior managers of
companies from the information and communications technology industry.
Participants satisfied the condition of possession of a minimum five-year
experience in marketing management. As a minimum of 15 to 20 samples
required for grounded theory (Creswell, 2002), 20 members of the population
were interviewed using in-depth interviews. Although data saturation was
achieved in the 16th interview, the researcher erred on the side of caution and
data gathering extended to 20 people. Theoretical sampling has been
performed as a sampling approach. Data have been collected through in-depth
interviews using interview protocol based on research literature review. The
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validity of interview protocol has been studied through face and content
validity from the perspective of 7 academic experts. Inter-coder agreement
percentage has been used to evaluate the tool's reliability. In both cases, the
technical characteristics of the data collection tool (interview protocol) have
been confirmed. The macro-strategy of the research has been grounded theory
based on which three coding stages, including open, axial, and selective
coding, have been performed for data analysis.
The coding and the modeling were done by the software called
ATLAS.ti.The purpose of ATLAS.ti is to help researchers uncover and
systematically analyze complex phenomena hidden in unstructured data (text,
multimedia, geospatial). The program lets the user locate, code, and annotate
findings in primary data material, weigh and evaluate their importance, and
visualize the often complex relations between them.

4 Findings
As stated in the research methodology section, the data here have been
analyzed through three coding approaches (open, axial, and selective). Open
preliminary coding has resulted in 377 initial codes. In table 1, the summarized
results of open coding are presented.
Table 1
Summarized results of open coding
Row basic open source
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

1

Interview number
1 1 1 1 1
0 1 2 3 4
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 1 0 0 1 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1
0 0 1 0 0 0 0 0
0 0 0 0 0 0 0 0

2 3 4 5 6 7 8 9

Customer needs assessment
1 0
Customer segmentation
1 0
Specify the customer travel route for each segment
1 0
Identify desirable experiences
1 0
Brand experience design
1 0
Create customer contact points
1 0
Measurement and development
1 0
CFA Customer Feedback Analysis
1 0
Churn Rates
1 0
CSAT score- Behavioral
1 0
IVR
1 0
NPS - Expressing willingness to refer social network
1 0
members
VOC
0 1
Tools
0 0
Customer experience measurement tools
0 0
App Store
1 0
Effectiveness of customer experience
0 0
Feeling expressed
0 0
Customer feeling
0 0
brand value
0 0
continue open source

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
1
0
0
0

0
0
0
0
0
0
0
1
0
0
1

0
0
0
0
0
0
0
0
0
0
0

1
5
1
0
0
0
1
0
0
0
0
0
0

1
6
0
1
0
0
0
0
0
0
0
0
0

1
7
0
0
0
0
0
0
0
0
0
0
0

1
8
0
0
0
0
0
0
1
1
0
0
0

1
9
0
1
0
0
0
0
0
0
0
1
1

tota
20 l
0
0
0
1
0
0
0
0
0
0
0

2
3
1
2
2
2
4
4
2
3
3

0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 2
0
0
0
0
0
0
0
0

0
0
0
0
0
1
1
0

1
0
0
0
0
0
0
0

0
0
1
0
0
0
0
0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
1
1

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

1
0
0
0
0
0
0
0

0
0
1
1
0
0
0
0

0
0
0
0
0
0
0
0

0
1
1
1
0
0
0
1

0
0
0
0
0
0
0
0

0
0
0
0
0
0
1
0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
1
0

0
0
0
0
0
1
1
0

3
1
3
3
0
2
5
2
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Row basic open source

1

123
Interview number
1 1 1 1 1
0 1 2 3 4
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0
0 0 0 0 0 1 0 0

2 3 4 5 6 7 8 9

365
366
367
368

1
5
0
0
0
0

1
6
0
0
0
0

1
7
0
0
0
0

1
8
0
0
0
0

1
9
0
0
0
0

Targeting the customer experience
0 0 0 0 0 1
Customer payment fee
0 0 0 0 0 1
Time cost
0 0 0 0 0 1
Financial cost
0 0 0 0 0 1
Coordinating elements of the customer experience in the
369
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
company
370 Brand alignment
0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
371 Epidemic
0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0
372 Brand identity
0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
373 Customer excitement
0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
374 Web chat
1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0
375 Website
1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0
376 Customer loyalty
0 1 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0
377 Integration of distribution channels
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
158 31 14 53 34 71 11 23 54 36 57 57 22 33 75 54 17 15 9
Total

tota
20 l
0
0
1
0

1
1
3
2

0 0
0
0
0
0
0
0
1
0

1
3
1
2
3
4
5
1
45 869

Source: Research Findings

The preliminary open coding performed resulted in 377 initial codes in
terms of 869 open coding activities. However, an accurate study of these cases
shows that most of them have semantic overlaps, different phrases form, i.e.,
similar codes. So, in the next steps, these codes were merged, and the final
result of open coding was 265 open codes. The second step in grounded theory
analyses is axial coding. That is, understanding concepts based on dynamic
relationships between them. These concepts have to provide the required basis
for the creation of the theory. Axial coding is focused on creating a model that
specifies, in detail, certain conditions that create the phenomenon. Based on
the theory of Strauss-Corbin (1990), axial coding is aimed at recombination
of those data that have been separated during open coding (Moghaddam,
2006). Table 2 shows the axial coding steps to data analysis.
Table 2
Summarized results of axial coding
Item
No. in
the list Axial codes
of open
codes
1
2
Dimensions of customer
3
experience
4
5
31
Executive prerequisites of
32
customer experience management
33

Sample of open codes

Customer feelings
Expressed feelings
Feelings not expressed
Establishing a personal relationship with the customer
Customer ideal experience
Corporate strategy
Employees' motivation
Making pattern of international examples

124
34
35
66
67
68
69
70
93
94
95
96
97
107
108
109
110
111
124
125
126
127
133
134
135
136
137
158
159
160
161
162
169
170
171
172
173
189
190
191
192
193
201
202
203
204
205
206
207
208
257
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Believing in the role played by customer experience in
organization
Organizational plan of improving customer experience
Customer needs assessment
Customer segmentation
Step 1- awareness
Creating customer touchpoints
Quality of information
Useful information
Brand values in customer experience
Sales promotion
Step 2- paying attention
Joining customer in touchpoints
Linking experience-brand in customer's mind
Brand experience
Packaging
Packages and recommendations
Step 3- evaluation
Network coverage
Sales arrangements
Translating product to customer experience
Reviewing accuracy of invoice
Supplying touchpoints
Step 4- deciding to buy
Preliminary purchase
Channel to order through
Online ordering
Payment
Step 5- purchasing
Leveraging new channels
Creating organizational commitment to customer
Awarding against waiting time
Customer's tendency towards repeating the experience
Maintaining customer positive experience
Step 6- using
Involving customer
Enough time to experience product
Ease of usage
Identifying desirable experiences
Customer feedback analysis
Step 7- repeated purchase/
Customer experience management effectiveness
complaint
Modifying action based on exception
Churn rates-behavioral
Trust
Sharing experiments
Step 8- loyalty/opposition
Sharing negative experiments with friends
Sharing negative experiments with colleagues
Sharing negative experiments in social media
Sharing experience
Step 9- advocacy
Customer support
Special attention paid to high-value customers (HVC)
CSAT score
IVR
Customer experience measurement
VOC
and analysis
Evaluating financial return of journey
Measuring customer expectations
Background
Size of company
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259
260
261
288
289
290
291
292

125

Social chaos
Accepting results of the survey by customer
Company's experience
Managers' experiences
Brand value
Feedback
Outcomes of customer experience
Maturity of customer experience management system
management
Improvement of customer experience
Satisfying customers' requirements and goals

Source: Research Findings

Selective coding takes place as the last stage of the analysis. It is a process
through which the identified classes have been connected to the axial class,
and the final basis for the grounded theory is provided (Babchuk, 1996). Table
3 shows a summary of selective coding results:
Table 3
Summary of selective coding results
Item
No.
1
2
7
8
11

Sample of open code
Axial codes

Selective structures
Feelings

Dimensions of
customer
experience

Excitement

Experimental features

12
19
20

Strategic prerequisites

30
31

Executive
prerequisites of
customer
experience
management

Human prerequisites

35
36
Technical prerequisites
37
49
50

51

Step 1awareness

Information
dimension

Expressed feelings
Feelings not expressed
Fatigue
Anger
Experiencing
prepayment
Experience specific to
each service
Corporate strategy
Believing the role
played by customer
experience
management in the
organization
Employees’ motivation
Encouraging
active
forces in customer
experience
management
Supplying equipment
Taking pattern of
international examples
Predicting future needs
of customer
Useful information
Learned information

Quality
of
informa
tion
Notifica Email

Active
actor/stakeholder
Customer Company
1
0
1
0
1
0
1
0
1
0
1

0

0
0

1
1

0
0

1
1

0
0

1
1

0

1

0
0

1
1

0

1

126

Money and Economy, Vol. 16, No. 1, Winter 2021

52
53
62

tion
interface

63

Spatial-temporal
dimension

66
67

Confrontation dimension

72
73
74

Step 2- paying attention

75

86
87
88
89
90
95
96

Characteristics of service
Step 3evaluation
Service rendering
arrangements

97
102
103
104
111
112
120
121
122
123

Step 4- making decision to buy

Purchase events
Step 5- purchase

Purchase point
Method of purchase

130
Delivery

131
Step 6- usage
134

Usage
135
141
142
143

Step 7- purchase
Repeated purchase
output

Instagram
Word of mouth
first moment of truth
(MOT)
Prevalence of numbers
of stores
Customer segmentation
Creating
customer
touchpoint
Brand
values
in
customer experience
Sales promotion
Joining customer at
touchpoint
Linking
experiencebrand in customer’s
mind
Packaging
Packages
and
recommendations
Network coverage
Translating product to
customer experience
Concepts of privacy
Sales arrangements
Numbers of selection
rights of customer
Optimization
of
number of options
Reviewing accuracy of
invoice
Supplying touchpoints
Preliminary purchase
Online ordering
Payment
Kiosk
Website
Self service
Leveraging
new
channels
Web-based distribution
channels
Integrating distribution
channels
Explanations provided
with product
Activating order
Identifying desirable
experiments
Making obstacles on
customer’s exit
NPS- tendency towards

0
1
0

1
0
1

0

1

0
0

1
1

0

1

0
0

1
1

1

0

0
0

1
1

0
0

1
1

0
0
0

1
1
1

0

1

1

0

0
1
1
1
0
0
0
0

1
0
0
0
1
1
1
1

0

1

0

1

0

1

0
0

1
1

0

1

1

0

Saeedi et al. /A Stepwise Model of Customer Experience …

150
Complaint

151
156

Lack of reaction
157
158
159
160
162
163
164

168
169
170

Customer experience
clusters
Step 8loyalt/confrontat Trust
ion
Satisfaction
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Source: Research Findings

The model is modified and limited to dimensions of customer experience
management at the second stage of selective coding and with the extraction of
active fields of customer experience management from indices of customer
activity. The final extraction model from grounded theory is provided for
customer experience management in the diagram provided below.

Figure 1. Step making model of customer experience management.

5 Discussion, Conclusion and Recommendations
The present study provided a stepwise model of customer experience
management. Adopting a grounded theory approach resulted in identifying
dimensions of customer experience management during customer journey;
however, together with the dimensions of customer experience, its
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prerequisites, concepts related to measurement of customer experiments,
contextual factors, and outcomes of customer experience management
identified.
In sum, Customer experience management requires the realization of
executive prerequisites included in three principles: strategic prerequisites,
human-related prerequisites, and technical prerequisites. The status of
strategic prerequisites can be found in the research literature. This finding can
be associated with the existing literature. According to Rahimi et al. (2019),
causal factors effective on the perception and expectations of the customer
regarding services and the one who renders them will provide multiple value
creation strategies to the customer, and the outcomes of such value creation
will determine the loyalty level (Rahimi et al., 2019). A few references have
been made to human and technical strategies (Derakhshani & Mahmoudi,
2013) in the research literature. Still, the present study has successfully
identified its sub-dimensions (Tables 2 and 3).
 Findings of the present study show that capable human resources are
considered prerequisites of customer experience management realization;
so, it is recommended that organizations employ or educate skilled human
resources in this field, so that customer experience management becomes
possible.
 According to the findings, the realization of customer experience
management requires determining its strategies; so, it is recommended
that customer experience plan and set as a goal at the top of the
organizational hierarchy as a basic concept.
Findings of the present study show that capable human resources are
considered as prerequisites of customer experience management realization;
so, it is recommended that technical aspects of the organization be updated so
that efficient customer experience management will become possible and its
positive outcomes will be used, considering high importance of technical
understructure in customer experience management.
The concept of customer experience has three dimensions of feelings
(expressed and not expressed, etc.), excitement (happiness, anger, fatigue,
etc.), and experimental features (prepayment experience, special experience
regarding service, etc.), and its sub-dimensions have also been identified. The
sensational and experimental dimensions of experience have had traces in
previous studies. For example, as Olenius (2013) stated, experience is
sensational and unconscious and can either create value or destroy it.
Identifying the point that which elements of physical experience of a person
is affected by these feelings can define the experimental gap i.e. the difference

Saeedi et al. /A Stepwise Model of Customer Experience …

131

between what we do and what people are really in need of is very vital
(Olenius, 2013).
 Considering the point that, in this study, measuring customer experience
has been identified as a basic activity through steps taken in customer
experience management. Activities related to data collection, recording,
analyzing, interpreting, and monitoring related to customer experience are
recommended to be performed by the organizational knowledge
management system as continuous activities.
We identified nine steps of customer experience management as
awareness, attention, evaluation, decision to buy, purchasing, usage, purchase
output, loyalty/confrontation, and advocacy. According to our findings,
awareness includes information, Spatio-temporal, and confrontation
dimension with their sub-dimensions. Attention includes such concepts as
brand values in customer experience. The evaluation step in the customer
journey includes two groups of customer experience management factors, i.e.,
service features and arrangements of rendering service. Purchasing decision
includes activities like an accurate review of the invoice, supplying
touchpoints. There have been customer experience management activities in
step five, supervising purchase events, purchase points, purchase method, and
similar factors with more sub-components. In the sixth step of the customer
journey (usage), delivery and usage play their parts. The output of the stage
has resulted in step 7 of the customer journey i.e., purchase outputs. In this
step, customer experience management has to do with desirable outputs like
repeated purchase and undesirable outputs such as complaint and/or lack of
reaction. In step eight of customer journey, customer experience management
appears in two events including loyalty or confrontation. In this step, customer
experience clusters are formed (advocacy, recommendation, attention cluster,
etc.) that are based on trust and satisfaction. Under desirable conditions, the
ninth step of customer journey is advocacy. In research literature, such
separation for customer experience management is not found through the steps
taken in customer journey and therefore, this part of findings will remove the
theoretical gap discussed in literature review.
In addition to the findings mentioned above, customer experience
management requires measurement and evaluation activities, including data
collection, data recording, and data analysis, interpreting findings, and
monitoring customer experience performance. The importance of data
collection and analysis and using them in the customer experience
management process has been well-referred to in research literature (Meyer
and Schwager, 2007; Homburg et al., 2017).

132

Money and Economy, Vol. 16, No. 1, Winter 2021

Despite being ignored in previous studies, the present research findings
also resulted in identifying background factors in customer experience
management, including organizational background, market background,
technological background, social background, legal-political background,
economic background, and natural background. The Sub-dimensions of the
underlying factors have been identified along with the components related to
each dimension (tables 2 and 3).
 Considering the point that, in this study, measuring customer experience
has been identified as a basic activity through steps taken in customer
experience management. Activities related to data collection, recording,
analyzing, interpreting, and monitoring related to customer experience are
recommended to be performed by the organizational knowledge
management system as continuous activities.
Finally, the findings have identified customer experience management
outcomes through steps taken in the customer journey. From the perspective
of the present research, customer experience management can result in the
occurrence of practical outcomes, including financial performance, market
and customer, internal processes, and growth and learning for the
organization. The outputs of customer experience management are among the
most obvious concepts ignored in available studies. In other words, by
specifying these outputs, those questions asked regarding the existential
philosophy of implementing customer experience management have become
answerable.
 Considering the findings resulted from data extracted from an
organization with a service rendering nature, it is recommended for future
studies to evaluate how these findings can be generalized in relation to
production organizations.
 Based on the model obtained from the present study, future studies are
recommended to review how probable the development of quantitative
tools is to measure customer experience through steps taken in the
customer journey.
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شناسایی موارد مشکوک به پولشویی در بانکداری با استفاده از
روشهای تصمیمگیری چندمعیاره ()MADM
*

اعظم پارسائی تبار
سعیده رجائی هرندی

ندا عبدالوند

†

‡

تاریخ دریافت۱۳۹۸/۲/۸ :

تاریخ پذیرش۱۳۹۸/۶/۹ :

پولشویی ازجمله شایعترین جرائم مالی است که نهتنها اقتصاد کشورها بلکه روابط اجتماعی و سیاسی آنها را
نیز تحتتاثیر منفی و زیانبار خود قرار میدهد .با رشد روزافزون بانکداری الکترونیک و افزایش
تراکنشهای مالی الکترونیکی ،شناسایی روشها و رفتارهای پولشویی پیچیده تر شده است .زیرا پولشویان با
دسترسی به اینترنت و استفاده از فناوریهای جدید راههای جدیدی برای قانونی کردن درآمدهای غیرقانونی
خود پیدا میکنند .اگرچه تالش زیادی درجهت شناسایی موارد مشکوک به پولشویی و مبارزه با این جرم مالی
انجام شده است ،اما موفقیت چندانی در این زمینه به ویژه در کشورهای در حال توسعه حاصل نشده است.
لذا ،در این پژوهش تالش شده فاکتورهای دخیل در پولشویی در معامالت بانکی شناسایی شوند .برای این
منظور ،از روشهای تصمیمگیری چند معیاره ،مانند روش آنتروپی شانون ،فرایند تحلیل سلسله مراتبی و
فرایند تحلیل سلسله مراتبی فازی دو سطحی جهت امتیازدهی و برآورد ریسک انواع تراکنش با در نظر
گرفتن معیارهای جرمها و جنایات در حوزه پولشویی ،استفاده شده است .نتایج نشان دادند که باالترین ریسک
پولشویی در انواع تراکنش برای تراکنش خرید پایانه فروش بوده است.
کلید واژه :پولشویی ،جرائم سازمانیافته معامالتی ،تصمیمگیری چند معیاره ،تحلیل سلسله مراتبی ،تحلیل
سلسله مراتبی فازی.
طبقهبندی E5 :JEL

* گروه مدیریت ،دانشکده علوم اجتماعی و اقتصادی ،دانشگاه الزهرا (س) ،تهران ،ایران؛
parsaee.a@gmail.com
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بررسی عوامل مؤثر بر اهرم بانکی در بانکهای منتخب ایران
(رهیافت ضرایب متغیر)
علیرضا احدی فر
‡
رضا رنج پور

*

تاریخ دریافت۱۳۹۸/۲/۸ :

زهرا کریمی تکانلو
§
جعفر حقیقت

†

تاریخ پذیرش۱۳۹۸/۶/۹ :

این پژوهش به بررسی تأثیر عوامل درون سازمانی و کالن اقتصادی بر اهرم بانکی بانکهای منتخب ایران
میپردازد .برای این منظور ،پس از محاسبه اهرم مالی برای هر بانک ،با استفاده از رویکرد ضرایب متغیر
(مدل سوامی) ،تأثیر متغیرهای توضیحی طی دوره زمانی  ۱۳7۸-۱۳۹5به تفکیک  ۱0بانک دولتی و
خصوصی منتخب ایران مورد بررسی قرار گرفت .بر اساس محاسبات ،بانکهای ملی ،صادرات ،رفاه و
تجارت بیشترین اهرم مالی بانکی و در مقابل بانکهای صنعت و معدن ،اقتصاد نوین و سپه کمترین سطح
اهرم مالی بانکی را داشتند .همچنین نتایج برآوردها نشان میدهد که متغیرهای سازمانی و ساختاری هر بانک
تأثیر متفاوتی بر اهرم بانکی آنها دارند .به عنوان مثال« ،ریسک اعتباری» تأثیر مثبت و معناداری بر اهرم
بانکی در بانکهای «تجارت»« ،صادرات»« ،رفاه» و «صنعت و معدن» دارد و تأثیر «ریسک نقدینگی»
مشابه «ریسک اعتباری» است .به طور کلی ،به دلیل ساختارهای متفاوت بانکها ،متغیرهای سازمانی و
ساختاری تأثیر متفاوتی بر اهرم بانکی آنها دارند.
کلید واژه :اهرم بانکی ،عوامل ساختاری ،عوامل سازمانی ،بحران مالی ،مدل سوآمی.
طبقهبندی .G21 ،F62 ،D23 ،C33 :JEL

* گروه علوم اقتصادی ،دانشکده اقتصاد و مدیریت ،دانشگاه تبریز ،تبریز ،ایران؛
alirezaahadifarfar@gmail.com
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اثربخشی پوشش ریسک متقاطع پویا بین بازار سهام و طال بر
مبنای معیارهای ریسک نامطلوب :شواهدی از بازار سرمایه
نوظهور ایران
رضا تهرانی

*

تاریخ دریافت۱۳۹۸/۲/۸ :

وحید ویسیزاده

†

تاریخ پذیرش۱۳۹۸/۶/۹ :

این تحقیق اثر پوشش ریسک قراردادهای آتی طال را برای بازار سهام در به حداقل رساندن واریانس و
معیارهای ریسک نامطلوب از جمله ارزش در معرض ریسک و ریزش مورد انتظار با استفاده از دادههای
بازار سرمایه نوظهور ایران طی چهار دوره مختلف از تاریخ  ۱۳۸7/۹/۱۶تا  ۱۳۹7/۶/7را بررسی میکند.
مدلهای شرطی پویای چند متغیره گارچ (شامل همبستگی شرطی پویا ،نامتقارن همبستگی شرطی پویا،
 BEKKو نامتقارن  )BEKKو مدلهای گارچ مبتنی بر کاپوال با توابع مختلف کاپوال برای برآورد نوسانات
و همبستگیهای شرطی بین بازده قرارداد آتی طال و بازده شاخص کل بورس اوراق بهادار تهران بکارگرفته
شده است .نتایج تجربی در طول دوره مورد مطالعه وجود همبستگیهای شرطی پویا بین مقادیر مثبت و
نزدیک به صفر را نشان میدهد ،این همبستگی ها در طول دوره کاهش ارزش پول ملی زیاد و مثبت هستند
و در سایر دوره ها نزدیک به صفر هستند .پیشبینیهای خارج از نمونه یک گام جلوتر بر اساس تحلیل پنجره
متحرک نشان میدهند که مدلهای گارچ چند متغیره همبستگی شرطی پویا و نامتقارن همبستگی شرطی پویا
از سایر مدلها برای کاهش واریانس بهتر عمل میکنند ،در حالی که یافته جالبتر این است که مدل گارچ
مبتنی بر کاپوال از سایر مدلها برای کاهش معیارهای ریسک نامطلوب بهتر عمل میکند.
کلید واژه :پوشش ریسک متقاطع؛ بازار سرمایه نوظهور ایران؛ مدل چند متغیره گارچ؛ کاپوال؛ معیار ریسک
نامطلوب.
طبقهبندی G15 ،G11 ،G10 ،C58 :JEL
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† دانشکده مدیریت ،دانشگاه تهران ،تهران ،ایران( vahidvaice@gmail.com :نویسنده مسئول)
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بررسی اثر تغییرات ساختاری و آزادسازی تجاری بر بهرهوری کل
عوامل در کشور ایران ()1991-2018
یاسمن حکم اللهی
‡
علی سوری

*

تاریخ دریافت۱۳۹۸/۲/۸ :

علی طیب نیا

†

تاریخ پذیرش۱۳۹۸/۶/۹ :

تغییر ساختاری نقش مهمی در توسعه هر اقتصاد ایفا میکند و به همین ترتیب درک آن برای تدوین
سیاستهایی که موجب رشد بهره وری کل عوامل میشود ،حیاتی است .تغییر ساختاری که پس از اصالحات
تجاری منجر به تخصیص بهینهی منابع میشود مطلوب است؛ با این حال عاملی اساسی که میتواند در جهت
اثر گذاری تغییر ساختاری و آزادسازی تجاری بر بهرهوری کل عوامل اثر گذارد ،کیفیت نهادهاست .در این
مطالعه ابتدا با استفاده از روش مولفهی اصلی شاخصی ترکیبی برای تغییر ساختاری تعریف کرده و سپس با
استفاده از الگوی اقتصاد سنجی  ARDLبه بررسی اثر آزادسازی تجاری و تغییرات ساختاری بر بهره وری
کل عوامل در کشور ایران طی دورهی  ۲0۱۸-۱۹۹۱میپردازیم .نتایج حاکی از آن است که در کوتاه مدت
تغییرات ساختاری فزایندهی بهرهوری کل عوامل است و آزادسازی تجاری اثر مثبت و معناداری بر بهرهوری
کل داشته است و رابطهی بلند مدتی در این بازهی زمانی وجود نداشته است.
کلید واژه :تغییر ساختاری ،آزادسازی تجاری ،نهادها ،بهرهوری.
طبقهبندی R2 ،F16 ،C5 :JEL

* دانشکده اقتصاد ،پردیس البرز ،دانشگاه تهران ،تهران ،ایران؛ yasmin.hokmollahi@ut.ac.ir
† دانشکده اقتصاد ،دانشگاه تهران ،تهران ،ایران؛ ( taiebnia@ut.ac.irنویسنده مسئول)
‡ دانشکده اقتصاد ،دانشگاه تهران ،تهران ،ایران؛ alisouri@ut.ac.ir
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آزمون بحران ریسک اعتباری در سیستم بانکی ایران
محبوبه صنعت خانی

*

فاطمه بزازان

تاریخ دریافت۱۳۹۸/۲/۸ :

†

تاریخ پذیرش۱۳۹۸/۶/۹ :

بحران های اقتصادی ،زیان های گسترده ای به بانک ها و موسسات اعتباری تحمیل می کنند که منجر به
افزایش ریسک اعتباری و انحالل آن ها می شود .شرایط اقتصاد کالن عمده ترین علت بحران مالی است که
با مدیریت صحیح ریسک در سیستم بانکی می توان اثرهای مخرب آن را تا حد زیادی کاهش داد .هدف این
مطالعه بررسی آزمون بحران در سیستم بانکی ایران با استفاده از اطالعات سال های  ۱۳۸7-۱۳۹۶می
باشد .نتایج در چارچوب مدل پانل  VARو شبیه سازی مونت کارلو با استفاده از متغیرهای اقتصاد کالن و
ریسک اعتباری نشان می دهد که سیستم بانکی ایران در سناریوی شوک بلند مدت عوامل اقتصاد کالن ،بیشتر
تحت تاثیر بوده است .به عبارت دیگر ،تغییرات در متغیرها در یک دوره کوتاه مدت ،کمترین اثر را در
ریسک اعتباری داشته اند ،در صورتی که در یک سناریوی سه دوره ای از تغییرات در متغیرهای نرخ بهره
و نرخ تورم ،ریسک اعتباری بیشتر تحت تاثیر بوده است .در مقابل ،رشد اقتصادی کمترین اثر را روی
میزان نکول در بانک های ایرانی داشته است.
کلید واژه :ریسک اعتباری ،آزمون بحران ،سیستم بانکی.
طبقهبندی G28 ،G21 ،E58 :JEL

*گروه اقتصاد ،دانشکده علوم
mahboobsanatkhani@gmail.com
† گروه اقتصاد ،دانشکده علوم اجتماعی و اقتصادی ،دانشگاه الزهرا ،تهران ،ایران؛ fbazzazan@alzahra.ac.ir
اجتماعی

و

اقتصادی،

دانشگاه
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مدل نوین مدیریت تجربه مشتری در بخش فناوری اطالعات و
ارتباطات ایران
*

فاطمه سعیدی
سید محمد زرگر

ابوالفضل دانایی

†

‡

تاریخ دریافت۱۳۹۸/۲/۸ :

تاریخ پذیرش۱۳۹۸/۶/۹ :

شناخت و مدیریت مفهوم تجربه مشتری عامل اصلی ایجاد رقابت پذیری برای هر سازمانی است .عالوه بر
این ،بدون مدیریت تجربه مشتری ،یک کسب و کار نمی تواند استراتژی های مناسب برای حفظ بازار فعلی
و پایداری کسب و کار را مشخص کند .با این حال ،اکثر مطالعات موجود به صورت انتزاعی به این موضوع
نگاه کرده اند و مدل جامعی بر اساس گام های برداشته شده در سفر مشتری ارائه نکرده اند .هدف این تحقیق
پر کردن شکاف با ارائه بدنه دانش همراه با یک مدل جامع برای مدیریت تجربه مشتری است که در آن
ماهیت گام به گام مفهوم حفظ می شود ۲0 .نفر از متخصصان بخش فناوری اطالعات ایران با استفاده از
استراتژی نظریه زمینه ای ( )GTدر این پژوهش شرکت کردند .داده ها با استفاده از یک پروتکل مصاحبه
که بر اساس مرور ادبیات موجود ساخته شده است ،جمع آوری شد .هر دو معیار پایایی (رتبه بندی بین
کدگذار) و روایی (روایی صوری و محتوایی) برای ابزار جمع آوری داده ها به دست آمد .برای تجزیه و
تحلیل دادهها از سه رویکرد کدگذاری نظریه پایه (کدگذاری باز ،محوری و انتخابی) استفاده شد .این مطالعه
یک مدل گام به گام از تجربه مدیریت مشتری را از طریق مراحل سفر مشتری معرفی کرد .این مدل همچنین
شامل شرایط پیشنیاز برای تحقق تجربه مشتری در بخش فناوری اطالعات است و عوامل زمینهای مؤثر بر
فرآیند و در نهایت پیامدهای اعمال مدل را نشان میدهد.
کلید واژه :مدیریت تجربه مشتری ،مدل گام به گام ،سفر مشتری.
طبقهبندی M31 :JEL

* گروه مدیریت ،واحد سمنان ،دانشگاه آزاد اسالمی ،سمنان ،ایران؛ f.saeedi@mci.ir
† گروه مدیریت ،واحد سمنان ،دانشگاه آزاد اسالمی ،سمنان ،ایران؛ ( a.danaei@semnaniau.ac.irنویسنده
مسئول)
‡ گروه مدیریت ،واحد سمنان ،دانشگاه آزاد اسالمی ،سمنان ،ایران؛ m.zargar@semnaniau.ac.ir
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