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Abstract
Purpose – The purpose of this paper is to propose models of duration for maturity gap risk management in
Islamic banks.
Design/methodology/approach – A thorough review of literature on duration modeling, duration
measurement in Islamic banks and Shariah compliance has been conducted to set parameters to develop
Shariah-compliant maturity gap risk management mechanism.
Findings –Models based on durations of earning assets and return bearing liabilities using various rates of
return earned and paid, benchmark rates and industry standards commonly used by Islamic and conventional
banks.
Practical implications – Increased Shariah compliance has threefold impact. Firstly, it will increase trust
of customers. Secondly, it will help improve profitability by reducing non-Shariah compliance penalties from
the regulators. And finally, it will enhance market capitalization and returns stability to investors because of
enhanced customer base, increased level of trust and increased profitability.
Originality/value – This research proposes Shariah-compliant maturity gap risk management models
based on the concept of duration according to recommendations of Bank for International Settlements. As
there is no such maturity gap risk management mechanism that meets the requirements of Shariah using
benchmarks that are common between Islamic and conventional banks; therefore, this research presents risk
management solutions that can be applied simultaneously in the entire banking sector.

Keywords Islamic banks, Earning assets, Return bearing liabilities, Duration model,
Maturity gap risk management

Paper type Research paper

1. Introduction
Islamic banks operate simultaneously with conventional banks all around the world except in
Iran and Sudan (Chattha andAlhabshi, 2018). According to a report of Islamic financial services
board, the assets of Islamic financial institutions exceeded over US$2tn at the end of 2017. This
expansion in the business of Islamic banking is significantly different from their conventional
counterparts (IMF, 2017). However, Islamic banks face similar kind of risks, i.e. credit risk,
operational risk, market risk, rate of return risk and base rate risk, etc. (IFSB-I, 2015). Although,
risks are similar but their effect on banking structure is significantly different (Chattha, 2013).

Out of many risks affecting Islamic banks, rate of return risk gets its roots from various
benchmark and market rates (IFSB-16, 2014). This is because Islamic banks use several
conventional benchmarks for pricing of their products (Zaheer et al., 2013). Accordingly, there
exist significant risks to earnings if benchmark rate is not properly managed (IFSB-16, 2014).
Keeping in view the gravity of benchmark rate risk dynamics, regulators all around the
world require banks to develop policies against its exposure (Chattha and Alhabshi, 2018).
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With a view that Islamic banks have significantly different structures while working in
the same environment, there is a need for separate set of financial measures for their analysis
and management of risks (Entrop et al., 2009). Measures that take into account benchmark
rates, industry standards and book values for performance assessment, shock assessment
and comparison (Entrop et al., 2009; Chattha and Bacha, 2010). Such measures that are based
on earning assets and return-bearing liabilities that are primary causes of rate of return risk.
Considering the importance of rate of return risks in Islamic financial institutions, IFSB has
set 15 guiding principles in six sub-categories (Chattha and Alhabshi, 2018).

The purpose of this study is to propose mechanism for maturity gap risk management in
Islamic banks by developing Shariah-compliant duration models of earning assets and
return bearing liabilities. By doing so, our research shall benefit Islamic financial industry
on the following grounds:

� Basel Committee of Banking Supervision (BCBS) requires banks to adopt market-
based maturity gap risk management measures preferably based on duration that
have standardized application for all banking regulators. (BCBS, 2004)

� Shariah compliance discourages excessive leverage to ensure less gharrar
(Mohammad and Ashraf, 2015).

� Shariah-compliant firms have better operational performance (Farooq and
Alahkam, 2016).

� Stocks of Shariah-compliant firms provide better return stability to investors
(Abbes and Trichilli, 2015; Wan Ismail et al., 2015; Azmat et al., 2016; Uizani, 2017;
Lusyana and Sherif, 2017).

� Enhanced Shariah compliance increases ability of banks to withstand crisis (Rizvi
et al., 2015).

� Shariah compliance increases trust and confidence of existing and prospective
customers of respective institutions (Ashraf et al., 2015).

� Islamic banks are in need of Shariah-compliant measures of risk management
(Rashid and Jabeen, 2016; Hassan and Aliyu, 2008; Chattha and Alhabshi, 2018).

This research shall proceed by taking insightful review of literature on performance
analysis of Islamic banks, their comparison with conventional counterparts, review of
literature on various duration models and finally a review of minimum financial
benchmarks for Shariah compliance. This shall lead us to first setting benchmarks for a
model of duration; secondly, to setting parameters of Shariah compliance for a financial
model, which is duration in the case of this research and finally to Shariah-compliant
mechanism of maturity gap risk management.

Themethodology for development of a Shariah-compliant model of duration for management
ofmaturity gap risk has been explained in the flowchart drawn in the following Figure 1.

2. Review of literature
2.1 Literature on Islamic banks
Although discussing the impact of changes in monetary policy on financial institutions
researchers find that the response of Islamic banks to changes in monetary policy is similar
to large conventional banks (Zaheer et al., 2013), however, a study on 128 banks finds that
privately owned Islamic banks provide more protection to their equity holders as compared
to state owned banks (Daher et al., 2015). In a research about comparison of volatility and
persistence in Islamic and conventional banks, it has been reported that Islamic banks are
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more resilient toward uncertainties but their resilience varies with the model of Islamic
financial system in a country (Fakhfekh et al., 2016). Beltrame et al. (2016) report highly
negative correlations between interest rates and returns of Islamic banks, however, they
recommend that negative effects of such scenarios can be mitigated with growth in profit
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sharing investment accounts. This leads to the finding that Islamic banks also receive effect
from variations in interest rates.

Sadiq et al. (2017) and Shah and Masood (2017) find that Islamic banks in Pakistan are
less cost efficient because of excess liquidity, inadequate support and cut throat competition
from conventional banks. Hamza and Saadaoui (2018) in their work on Islamic banks report
that changes in interest rates negatively affect financing of Islamic banks. Although results
in performance analysis of Islamic and conventional banks are similar but discussing the
usage of credit risk transfer techniques it has been discovered that implementation of credit
risk management techniques is not similar in both contexts rather there exist Shariah
compliance constraints in the case of Islamic banks (Saeed andAyub, 2017).

The impact of credit and liquidity risks has been analyzed in a few researches with
findings that both these kind of risks do not have any relationship; therefore, they needs to
be addressed differently (Trad et al., 2017; Ghenimi et al., 2017). Similar results have also
been reported by Safiullah and Shamsuddin (2018) who find that Islamic banks possess
higher liquidity risk but lower insolvency and credit risks. In addition, about operational
risk it has been reported that in Islamic banks it declines with increase in number and
qualification of members of Shariah supervisory board (Safiullah and Shamsuddin, 2018).
The relationship between sukuk and conventional bonds has been analyzed in terms of
factors that affect correlations between the two. The results suggest that money and stock
market liquidities along with credit information are the factors affecting volatilities of sukuk
and conventional bonds in emerging markets almost similarly (Bhuiyan, 2017). Nawaz and
Farzana (2018) analyze management of investment risk in Islamic and conventional banks
and report similarity.

The size and capital expansions in Islamic banks positively affect profitability but
negatively affect liquidity (Ghenimi et al., 2017). In another study on performance analysis of
banking sector it has been found that profitability of banks is affected similarly in case of
Islamic and conventional banks in response to changes in interest rates (Ahmed et al., 2018).
Chattha and Alhabshi (2018) report that Islamic banks respond similarly to changes in
interest rates because they use similar benchmark rates for pricing of their financial
products. The impact of variations in capital adequacy has also been examined in case of
Islamic and conventional banks where it has been found that highly capitalized banks react
positively toward changes in capital adequacy (Narmeen et al., 2018). The study, however,
did not report any difference between Islamic and conventional banks (Narmeen et al., 2018).

Although discussing the issue of political risk in Islamic and conventional banks it has
been reported that Islamic banks are lesser exposed to political risk as compared to their
conventional counterparts (Belkhir et al., 2018). The issue of corporate governance and
disclosure has also been addressed in some researches where it has been reported that
conventional banks have better governance and voluntary disclosure as compared to
Islamic banks (Neifar and Jarboui, 2018). Improvement in this areas can win more
confidence that will enable Islamic banks enhance their businesses (Neifar and Jarboui,
2018). In another research, comparing transparency required by accounting and Shariah
standards it has been reported that Shariah standards require more transparency
(Khammasi and Jedidia, 2018).

Jawadi et al. (2018) analyze impact of uncertainties, for instance, climate change, business
cycles etc., on Islamic and conventional indices and found that uncertainties affect both
indices to higher extent. Islamic banks have also been compared in terms of size, i.e. whether
there exists any difference between the performance and efficiency of larger and novice
Islamic banks where researchers find no difference as there exists in case of conventional
banks (Islam and Sultana, 2019).
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Islamic banks have been subject to various techniques of conventional finance for their
analysis. Chattha and Alhabshi (2018) conduct a compact graphical analysis of various
conventional finance techniques used for performance assessment of Islamic banks that has
been depicted in Figure 2.

2.1.1 Research gap-I. Having analyzed Islamic banking research literature on risk
performance analysis it can be argued that research on risk management in Islamic banks
has not taken any dimension toward development of Shariah-compliant measures for their
specific analysis. Their analysis is currently based on replicating conventional banking
techniques that suffer from various limitations because of difference in their structures
(Chattha and Alhabshi, 2018). There is therefore a need to develop measures focusing
structures of Islamic banks. Keeping in view the need, we endeavor to propose Shariah-
compliant mechanism for performance based maturity gap risk management of Islamic
banks. This mechanism shall be based on Shariah-compliant model of Macaulay’s duration
using values of earning assets, return-bearing liabilities, relevant rates of return earned and
paid, benchmark rates and industry standards.

2.2 Literature on various duration models and their applications
Macaulay (1938) and Hicks (1939) present the concept of duration in different ways. After
their works, several models have been developed corresponding to particular requirements
and scenarios that all focus on immunization and risk management against interest rate
uncertainties. Macaulay (1938) argues that to determine the “essence” of time to maturity of
an asset it is inadequate to use number of years to maturity. To address the concern he
introduces a measure that he terms as “duration” where he suggests to have weighted
average maturity in case there are more than one future cash flows relating to an asset.
According to Macaulay (1938) two applicable weights are “present values” and “future
values,” but he regards “present values” as more appropriate. Bierwag et al. (1978) explain
duration as weighted average period over which the returns are received; however, the
choice of weights depends on the purpose for which the duration is to be calculated.

“According to them, the purposes of a duration measure are as follows:
� to obtain a more useful indicator of the time characteristic of a particular payment

stream, such as cash flows relating to bonds;
� to relate changes in interest rates to changes in the capital value of particular

payment streams, such as cash flows relating to bonds, so as to provide a better
understanding of the underlying mathematical relationships; and
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� to construct portfolio strategies that immunize against the risk associated with
unexpected changes in interest rates.”

They further formulate three rules for variations in duration for a given change in a basis
point, that is to say, a change in price would be greater, if:

(1) the coupon rate is lower;
(2) the market yield is lower; and
(3) the maturity is longer.

Samuelson (1945) and Hicks (1946) apply duration model to show that weighted average
equality of payments and receipts can be used to immunize a financial institution against
possible unexpected changes in security prices. Redington (1952) and Wallas (1959) use the
concept in application of theories of actuarial sciences. Fisher and Weil (1971) apply the
concept in valuing zero-coupon bonds. They introduce the concept of immunizing bond
portfolios that is applicable for immunizing the financial institutions against fluctuations in
interest rates. To achieve immunization, they propose to create such a portfolio whose
planning period equals its duration depending on the assumed stochastic future interest
rates. Hopewell and Kaufman (1973) introduce the notion that duration is related to prices of
bonds and varies accordingly.

Boquist et al. (1975) apply duration model on bonds and stocks and suggest that duration
model of bonds is not applicable on stocks; therefore, a different model for measuring
duration of stocks is required. Livingston and Caks (1977) revisit duration model of
Macaulay (1938) and find that although duration is a function of yield curve but yield curve
is not a function of duration. Therefore, yield curve should not be adjusted in response to
duration. They report that there exists a problem of coupon rate in duration models that
should be solved with forward rates. Cooper (1977) finds that if yield curves move in parallel
shifts, duration model might not account for all portfolio risks. Bierwag (1977) suggests five
grounds for a duration model to be applicable on financial institutions:

(1) There will be different assumptions about stochastic changes in interest rates.
(2) The immunized portfolio to be related to term structure of interest rates.
(3) Simple random shift may be immunized by purchasing a single coupon bond and

complex shit may be immunized by buying a portfolio of bonds with different
interest rates and maturities.

(4) There should be separate models for discrete and continuous investments.
(5) The applications on static and dynamic portfolios are similar in nature.

Bierwag (1977) also suggests that changes in term structure of interest rates occur in
multiplicative fashion; hence, he devises a different duration model based on multiplicative
assumptions. However, the results of both multiplicative and additive models are different
only beyond maturities of 20 years. He introduces continuous duration models based on one-
time additive models, multiplicative models and mixed additive-multiplicative models.
Khang (1979) introduces a duration model where yield on shorter maturity bonds had more
changes than that of longer maturity bonds.

Ingersoll et al. (1978) in their work prove that Macaulay’s duration gives significant
results only in case of flat yield curves, i.e. in static environment. They propose a duration
measure in case interest rate is affected by multiple shocks and yield curve changes its
places. Following similar works Cox et al. (1985) and Cox et al. (2005), available in 1978,
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present a theory of term structure of interest rates. They indicate that anticipation, risk
aversion, investment alternatives and preference about timing of consumption play role in
determination of term structure of interest rates that ultimately affects current prices and
stochastic properties of contingent claims including bonds. Cox et al. (1979) use their interest
rate theory and devise a mechanism for an alternative measure of duration allowing several
shocks encompassing shapes and locations of the yield curve.

Blocher and Stickney (1979) apply duration model for risk assessment in capital
budgeting and find that in the context of capital budgeting duration model can be used for
gauging the risk of changes in required interest rates as well as risk of liquidity. Bierwag
et al. (1982) propose single- and two-state duration models where prices of one and two
securities, respectively, can be used as reference securities for estimating duration. Reitando
(1991) introduces multivariate duration with the purpose to accommodate non-parallel
movements that do not depend on the mathematical movements of yield curve.

Bowden (1997) finds that immunization should be based on areas along the yield curve
that are more sensitive. Babbel et al. (1997) analyze the impact of default risk on duration
and find that default risk reduces respective duration. Navarro and Nave (1997) present a
two-factor duration model and conclude that in case of extra ordinary and unexpected
movements in yield curves two-factor model should be used to approximate term structure
of interest rates. Duan et al. (1999) compare conventional techniques of duration with option
based models on duration gaps of banks and find that option based models take into account
stochastic interest rates and avoid overestimation of gaps as might exist in case of
conventional duration techniques.

Beck et al. (2000) find that yield and duration of whole portfolios are not necessarily equal
to the weighted average of yield and duration of each individual asset. They integrate funds
management and capital adequacy with duration and find that managing risks keeping
these three factors together helps not only keeping the rate of return on assets above that of
liabilities but also the dollar value of assets above dollar value of liabilities. Wu (2000)
presents a new stochastic duration measure based on Vasicek and CIRmodels and finds that
long run stochastic models bring superior results as compared with traditional Macaulay’s
model. Zheng et al. (2003) devise an alternative duration measure based on generalization of
Macaulay’s duration on non-flat term structure of securities. They argue that duration
calculated in such a way is a better contender for assets and liabilities management of
financial institutions as it does not follow any particular pattern of interest rates changes.

Zainol and Hj. Kassim (2012) recommend sensitivity and stress testing based risk
measures for Islamic banks as are applied in conventional financial institutions. Craig and
Dinger (2014) find that in financial institutions, retail interest rate durations are affected by
changes in money market and policy rates since the last change in retail interest rate. They
argue that size of a bank, its market share and its geographical scope also significantly
affect duration of financial institutions when retail interest rates change. Jiang and Sun
(2015) use duration measures to check stock price sensitivities to interest rate changes and
find that stocks that pay higher dividend have longer maturities but also have greater price
declines in case of interest rate falls. Chattha and Alhabshi (2017) apply conventional
duration and convexity models on the data of 50 Islamic banks from 13 countries and find
that low benchmark rates give rise to strategic implications that may include negative
variations in profitability, excessive risk takings and improper credit decisions.

Zaremba (2017) addresses the concern of immunization problem with a single liability
discharge. He divides shifts of term structure of interest rates into many classes and
introduces the notion of dedicated duration. He reports that with his concept of duration
returns on bond portfolios can be maximized. Mohrschladt and Nolte (2018) propose a new
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risk factor based on equity duration and find that new risk factor carries significant risk
premium in cross section asset pricing models. Chattha and Alhabshi (2018) apply duration
models consistent with the works of Koch and MacDonald (2009) and Chattha and Bacha
(2010) and find that Islamic banks are more vulnerable as compared to their conventional
counterparts. Alandejani et al. (2017) apply discrete duration models in their analysis of
Islamic banks from 56 GCC countries. They report that Islamic banks have higher rates of
failure and therefore have shorter time of survival. Huseynov (2018) compares gap and
duration methods in his study on Islamic banks and finds that if gap between assets and
liabilities is positive then assets will lose more as a result of rise in interest rate and the
liabilities will lose more in case of negative gap. Beccacece et al. (2018) analyze IFRS 13, B25
and IFRS 13, B26 methods of expected present value calculations and find that the results
are approximately proportional to Macaulay’s duration of expected inflows rather than life
of the project. This follows that risk results of the projects depend not only on the total term
and total cash flows of the project but also on the timing of cash flows as demonstrated by
Macaulay. Having performed extensive review of literature, we establish the following
parameters for a duration model as given in Table I hereunder.

2.2.1 Research gap 2. Having explored literature on various duration models, we
formulate the following research gaps:

� Islamic banks have different structure that requires different risk measures.
� Duration models proposed for banks should take market values as weights.

However, as there do not exist market values for all of the assets and liabilities of
financial institution, particularly Islamic banks; therefore, there is a need to develop
models based on alternative weights.

� Existing models take into account expected values of financial variables, which
involve excessive gharrar in Islamic context.

2.3 Financial benchmarks for Shariah compliance
Islamic banks have unique risk characteristics based on Shariah compliance (Ahmed and
Khan, 2007). The risks to banking structures of Islamic banks are the same as faced by their
conventional counterparts because they exist in competition to each other but the nature of
impact is altogether different (Chattha, 2013). An Islamic bank cannot use an instrument for
risk mitigation in which all parameters, i.e. the cash payment and delivery of commodity are
postponed because of appearance of gharrar and riba (Ahmed and Khan, 2007; Hassan et al.,
2017). Furthermore, with regard to Shariah compliance there exist requirements consisting
of debt to equity ratio not exceeding 33 per cent, account receivable to total assets ratio not
exceeding 49 per cent and if the organization is complying these parameters, the mixture of
non Shariah-compliant income in Shariah-compliant income is permissible only up to 5 per
cent (Ho et al., 2011, 2012, 2014). This will be termed as 5,33,49 rule in our research. From
this information, we formulate parameters of a financial model for Islamic banks.

2.3.1 Parameters of a financial model for Islamic banks
� It should incorporate realized rates of returns earned and paid, benchmark rates,

interbank offered rates (IBORs) and industry standards.
� Avoiding all future based transaction rule applies to a financial model as well.

Accordingly, the financial model should avoid incorporating variables that can give
rise to excessive gharrar, i.e. the model should not include all future value-based
variables. For the purpose of a model, this condition shall be applied in such a way
that future based variables should not be more than 50 per cent of the total variables
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used in the model and the composition of variables should not give rise to results of
which more than 50 per cent will be expected.

� The composition of variables in the model should not give rise to overall results that
breach the 5,33,49 rule.

� As the returns earned and paid are determined at the end of the period; therefore,
model shall use only realized values not the expected values as are used in the case
of Macaulay’s duration model.

� The model shall function backwards, i.e. it will calculate values from end of the year
to beginning of the year. It is because the model uses realized values. The values so
calculated shall be termed as “Reversed Present Values.”

� Models should be proposed for intra-year and inter-year risk analysis and
management.

3. Objective
Having reviewed the literature, our objective is to present Shariah-compliant mechanism for
maturity gap risk management in Islamic banks. Amechanism incorporating the following:

� the concept of duration as developed by Macaulay (1938) and later studies and
recommended by Bank for International Settlements, IFSB and other regulatory
authorities;

� alternative more relevant weights based on realized values of returns earned and
paid;

� money market benchmarks;
� industry standards;
� dedicated maturity of each class of assets;
� complying with parameters of a duration model as formulated in the Table I and

Section 2.31 of this manuscript; and
� complying with section 4.3 of IFSB-13 (IFSB-13, 2012), which requires regulators of

Islamic banks to implement robust risk management strategies.

4. Proposed model
Having established parameters and assumptions, we are now in a position to propose our
mechanism for maturity gap risk management in Islamic banks. This shall be achieved first
by proposing Shariah-compliant models of duration of earning assets and return bearing
liabilities. The models so developed shall be further used in Saunders and Cornett’s (2007)
mechanism to assess impact of changes in duration, relevant rates of returns earned and
paid, benchmark rates and industry standards on net income of an Islamic bank.

4.1 Duration model for earning assets
4.1.1 Step-1. Calculate maturity values of earning assets using rates of returns earned on
specific earning assets in respective maturities as hereunder:

XJ

j

XNj

i

PEAij 1þ rorEAij
� �tn (1)
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4.1.2 Step-2. Calculate present values as described in Table II of this manuscript using
IBORs. This is because all Islamic banks use IBORs as benchmark rates for pricing of their
earning assets:

1þ IBORij
� ��tn (2)

4.1.3 Step-3. formulation of proposed model. In proposed model, the duration of earning
assets has been computed by taking a ratio of summation of weighted average time to
maturity of earning assets to total maturity value of earning assets, where the time to
maturity has been indicated by “tn,” and the weights have been designated by present values

of earning assets as indicated by the function
PJ

j

PNj
i
PEAij 1þrorEAijð Þtn

1þIBORijð Þtn
" #

. The divisor is

maturity value of earning assets
PJ

j

PNj

i PEAij 1þ rorEAij
� �tn . The proposed model for

duration of earning assets has been formulated as under:

Table II.
Table for compliance
with parameters for a

model for Islamic
bank

Sr. no. Parameters Compliance

1 It should incorporate realized rates of returns
earned and paid, benchmark rates, IBORs and
industry standards

The proposed model is based on rates of
return earned, paid and applied
benchmarks instead of expected rates based
on expected yield curve

2 Avoiding all future based transaction rule applies to
financial model as well. Accordingly, the financial
model should avoid incorporating variables that
can give rise to excessive gharrar, i.e. the
parameters should not include all future valued
based variables. For the purpose of a model, this
condition shall be applied in such a way that future
based variables should not be more than 50% of the
total variables used in the model and the
composition of variables should not give rise to
results of which more than 50% are expected

The models are based on book value of
assets and liabilities. For instance in
denominator book value of assets and
liabilities have been incorporated instead of
expected present values

3 The composition of variables in the model should
not give rise to overall results that breach the
5,33,49 rule

Has to be ensured while applying the model

4 As the returns earned and paid are determined at
the end of the period, therefore model shall use only
realized values not the expected values as are used
in the case of Macaulay’s duration model

The models are based on realized rates

5 The model shall function backwards, i.e. it will
calculate values from end of the year to beginning
of the year. It is because the model uses realized
values. The values so calculated shall be termed in
our research as “Reversed Present Values”

In step 3 the model calculates factor based
on “Reversed Present Values” i.e., the real
period taken to up to final value of certain
asset or liability

6 Models should be proposed for intra-year and inter-
year risk analysis and management

For assets and liabilities having maturity of
one year and beyond similar model can be
applied on static and dynamic rate assets
and liabilities
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DEA ¼
Xn
i¼1

PJ

j

PNj
i
PEAij 1þrorEAijð Þtn

1þIBORijð Þtn
" #

� tn

PJ
j

PNj

i PEAij 1þ rorEAij
� �tn (3)

4.2 Duration model of return bearing liabilities
4.2.1 Step-1. Calculate total maturity value of return bearing liabilities using rates of returns
paid on specific return bearing liabilities in respective maturities as hereunder:

XJ

j

XNj

i

PRBLij 1þ rorRBLij
� �tn (4)

4.2.2 Step-2. Calculate present values using weighted average rates of returns paid on
return bearing liabilities in the deposit market:

1þ IBARRBLitð Þ�tn (5)

4.2.3 Step-3 formulation of proposed model. In proposed model the duration of return
bearing liabilities has been computed by taking a ratio of summation of weighted average
time to maturity of return bearing liabilities to total maturity value of return bearing
liabilities, where the time to maturity has been indicated by “tn,” and the weights have been
designated by present values of return bearing liabilities by the functionPJ

j

PNj
i
PRBLij 1þrorRBLijð Þtn

1þIBARRBLitð Þtn

� �
: The divisor is maturity value of return bearing liabilitiesPJ

j

PNj

i PRBLij 1þ IBARRBLitð Þtn . The proposed model for duration of return bearing
liabilities has been formulated as under:

DRBL ¼
Xn
i¼1

PJ

j

PNj
i
PRBLij 1þrorRBLijð Þtn

1þIBARRBLitð Þtn

� �
� tnPJ

j

PNj

i PRBLij 1þ rorRBLij
� �tn (6)

In above models the following abbreviations have been used:
rorEAij ¼All applicable rates of returns for various maturity periods of

respective earning assets;
IBORij ¼ All applicable interbank offered rates for various maturity periods of

various earning assets;PJ
j

PNj

i PEAij ¼Total of all earning assets at various rates andmaturity brackets;
rorRBLij ¼ All applicable rates of returns paid for various maturity periods of

respective return bearing liabilities;
IBARRBLij ¼All applicable interbank average rates for various maturity periods of

various return bearing liabilities;PJ
j

PNj

i PRBLij ¼ Total of all return bearing liabilities at various rates and maturity
brackets;

tn ¼ terms tomaturity of specific asset or liability;
DEA ¼ Duration of earnings assets; and
DRBL ¼ Duration of ReturnBearing Liabilities:
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The functions of durations expressed in equations (3) and (6) imply that if changes in ROREA
or RORRBL of an Islamic bank are lower than their benchmarks and industry standards, i.e.
IBOR or IBAR, respectively, as proposed in this study, the duration of earning assets and
return bearing liabilities will decrease and vice versa. However, this decrease in duration of
earning assets and return bearing liabilities will have different impact on net income of an
Islamic bank. That is to say, decrease in duration of earning assets will decrease the net
income, whereas the decrease in duration of return bearing liabilities will increase the net
income.

Having established functions for Shariah-compliant models of duration of earning assets
and return bearing liabilities, duration gap of a financial institution can be measured in
terms of Saunders and Cornett (2007):

Duration Gap ¼ DEA � DRBL (7)

The overall change in net income of an Islamic bank can also be measured using Saunders
and Cornett (2007) function for change in net income of a financial institution, which states
that change in net income of a financial institution is negatively related to change in interest
rates that can be measured using the following function:

�DNIS ¼ DA � A� DR
1þ Rð Þ

� �
� DL � L� DR

1þ Rð Þ
� �

(8)

where:
DNI = Change in net income;
DA = Duration of assets;
DL = Duration of liabilities;
A = Assets;
L = Liabilities;
DR = Change in rate of interest; and
R = Rate of interest.

The essence of expression in equation (8) is the fact that if there is no change in interest rate,
i.e. DR equals zero there will be no change in net income of a financial institution, i.e. -DNI
will equal zero as well. However, in an Islamic bank, change in net income does not depend
on interest rates. Accordingly, impact of changes in benchmark rates, rates of returns earned
and paid and industry average rates on net income of an Islamic bank can be measured
using the relationship in function (8) above with Shariah-compliant variables as under:

DNIS ¼ DEA � EA� 1þ DROREA

1þ DIBORð Þ � 1
� �

� DRBL � RBL� 1þ DRORRBL

1þ DIBARð Þ � 1
� �

(9)

where:
DNI = Change in net income
DEA = Duration of earning assets
DRBL = Duration of risk bearing liabilities
EA = Earning assets
RBL = Return bearing liabilities
DROREA = Change in rate of return on assets
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DIBOR = Change in IBORs;
DRORRBL = Change in rate of return on liabilities; and
DIBAR = Change in industry average rates of return on liabilities.

Using above function, change in net income of an Islamic bank can be forecasted in response
to change in any single factor or all factors as a whole.

Function (9) implies that if change in ROREA is lower than change in IBOR or change in
RORRBL is higher than change in IBAR, the net income of an Islamic bank will decrease by
an amount ofDNI and vice versa.

5. Conclusion
We have proposed models for duration of earning assets and return bearing liabilities and a
model for measuring change in net income of Islamic banks against changes in various rates
of return earned and paid, benchmark rates and industry standards. The models comply
with Section 2.31 of this research that has been explained in Table II hereunder.

The compliance of models with parameters in Table I has been given in Table III
hereunder.

The proposed models are also robust as recommended by Chattha and Alhabshi (2018)
who recommend that Islamic banks should have their own benchmarks, because in case
Islamic banks develop their own benchmarks these models can be applied without any
further change simply replacing common benchmarks with Islamic ones. The models also
comply with the recommendations of Ahmed and Khan (2007) and Hassan et al. (2017) who
argue that model for an Islamic bank should not base on all such variables that have
expected values.

As this is a ground breaking study in this area because there are no Shariah-compliant
models of maturity gap risk management based on duration of earning assets and return
rearing liabilities; therefore, models require through implementation along with backward
and forward testing to prove their suitability. The proposed models are also required to be
tested in the contexts of Islamic and conventional banks to evaluate and compare the results
for suitability in both banking structures to meet the requirements of BCBS (2004).

The models bring forward huge area of study, research and practical implementation for
researchers, academics and policy regulators for performance analysis and risk
management regulations of Islamic banks in particular and banking sector in general. These
models meet various objectives as mentioned in the introduction.

6. Research benefits
Shariah-compliant financial modeling is a brand new concept in the realm of Islamic
economics that is primarily driven by Islamic banking. Its benefits include increase in trust
and perception of customers who are looking for Shariah-compliant solutions. It will also
help avoid non-Shariah compliance penalties from the regulators. Last, as it has been
established over the period of time that Shariah compliance provides better operational
performance Farooq and Alahkam (2016); return stability Kamarudin and Sarman (2015),
Azmat et al. (2016), Uizani (2017) and crisis resilience Rizvi et al. (2015); therefore, use of
Shariah-compliant financial models shall enhance Shariah compliance in all these three
dimensions that will lead to increased market capitalization and value to the stockholders.

7. Future research implications
Shariah-compliant maturity gap risk management mechanism proposed in this study has
profound future research implications. It is recommended for analyzing the effects of
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changing in net stable funding ratio, liquidity coverage ratio and the effects of regulations
from Basel committee of banking supervision, Islamic financial services board and specific
countries. Research is also required to examine on and off balance sheet items within each
maturity brackets and their overall impact on financial standing and resilience. The
mechanism may also be extended to examine modified duration and convexity, to analyze
long-term impact on financial standing and resilience.

An important shortcoming in the analysis of Islamic banks is the shortage and
inconsistency of data of longer periods. This is because Islamic banking is in different
stages of development around the globe. Some countries are in advanced stages for instance,
Malaysia and UAE, some in the middle for instance, Pakistan, Bangladesh and Indonesia,
and some in the early for instance, most of the Central Asian and Western countries. This
gives rise to unbalanced data for significant analysis. There is therefore a need to
continuously conduct short- and medium-term analyses focusing various countries and
regions to form an adequate base for new implementers of Islamic banking to rectify
structural shortcomings that have been encountered by the countries that are through to
advanced stages of implementing Islamic banking. The present study is an attempt in this
direction as well to comply the maturity gap risk management measures of Islamic banking
with Shariah.

Islamic banks are increasingly adopting big data, blockchain, robo advisors and artificial
intelligence, etc. to keep up with the agility of dynamic banking environment. Challenges of
fast transformation into fintech are leading to enhanced needs to ensure compliance with
Shariah along with holistic risk management. Keeping in view the expected dynamism in
Shariah risks stemming from digital transformation, this research provides a mechanism to
integrate Shariah compliance with fintech adoption that will be helpful for Islamic banks to
make them Shariah competitive, Shariah efficient and Shariah compliant.

Finally, as recommended by Zainol and Hj. Kassim (2012), the mechanism and models
proposed in this study are recommended to be applied in fixed and variable rate scenarios
with more severe stress testing that includes lowering capital buffers, severe benchmark
and rate of return shocks and the effects of country specific regulations to examine
soundness and resilience of Islamic banks in varying economic conditions.
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