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Purpose — The purpose of udy is fo develop, testand examine econometric methodology for Shari'ah- Accepted 6 April 2021

compliant duration models of [slamie banks.

Design/methodologyfapproach - The research evaluates all existing duration models from
Shari'ah's perspective and develops a four-stage framework for testing Shari'ah-compliant du
models. The econometric methodology consists of multiple regression, Johansen co-integration, error
correction model, vector error correction model (VECM) and threshold vector error models (T VECM).
Findings — Repressions analysis suggests that returns on earning assets and mterbank offered rates are
significant factors for calculating the duration of earning assets, whereas returns pad on refun bearing
liahilities and average mnterbank rates of deposits are significant factors for duration of return bearing
labiliies. VECM suggests that short run duration converges into long run duration and TVECM suggests
that management of assets and liabilities also plays a significant role that can bring about a change of about
15% in respective durations.

Practical implications — Shari'ah-compliant duration models will improve risk and Shari‘ah
efficiency, which will ultimately improve market capitalization and returns stability of Islamic banks m
the long run.

Originality/value — Shart'ahcompliant duration models testing provides insight into how various factors,
namely, rates of return, benchmark rates and managerial skills of Islimic bank risk managers impact
durations of assets and liabilities. It also explains the future course of action for Shart'ah-compliant duration
madel testing.

Kevwords Islamic banks, Eamimg assets, Return bearing habilities, Duration model,
Maturity gap nisk management model testing

Paper type Research paper

1. Introduction q

The focus of developments n the Islamic financial services industry is Islamic banking,
Islamic banks share a common platform with conventional banks in all counties, except in
Iran and Sudan. This makes them face similar risks with different impacts (Archer and
Karim, 2019). The impact of sharing a common platform 1s also e t in their respective
balance sheets (Chattha ef al, 2020). The activities of Islamic banks are exposed to a variety
of risks such as credit risk, co@Werparty risk, equity investment risk, market risk, rate of
return risk and liquidity risk ic Financial Services Board [IFSB], 2005; Archer and
Karim, @019; Shah ef al, 2021). A major affect of such risks is the reduced market value of
equity (Bierwag and Kaufman, 1992; Bierwag ¢f al, 2000; Entrop ¢f al, 2009; Chattha and
Alhabshi, 2018),

ROR risk 1s similar to interest rate risk in Islamic financial mstitutions (Chattha ef al, P
2020). Sometimes it 18 also referred to as “benchmark rate risk” (Chattha and Alhabshi, fomalof b Accauiinnd
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2018). It has very much potential to affect the net worth and off-balance sheet positions in
case not properly managed (Archer and Karim, 2019; Chattha ef al, 2020). Islamic Financial
Services Board has stressed to guard against the pitfalls of ROR nsk using the duration gap
approach.

Duration ig the most common measure of risk management introduced by Macaulay
(1938). Hicks (1939) extends its use for measuring the sensitivity of financial assets
against viel rve movements by estimating interest rate risk (Radermacher and
Recht, %H}}%nd Weil (1971) extend the duration for portfolio immunization and
Ho (1992) uses duration for non-parallel shifts of the yield carvé by mtroducing
duration based on key rates. Bierwag ef al. (1978) identify an important consideration in
the development of duration models that the choice of weights ig arbitrary and is
dependent on its use. This requires the development of unique risk management models
and other similar measures for Islamic banks as well. However, research on Islamic and
conventional finance share similar techniques {Chattha and Alhabshi, 2018; Chattha
etal, 2 ;

The purpose of this study is to test the SharT’ ah-complhiant duration models of Shah
et al (2020a). This is achieved by following the theme of implementing duration models
under the theory of Macaulay’s duration (Shah ef al, 2020b), The research first develops
a framework for testing financial models and proceeds by developing an econometric
methodology based on the works of Gultekin and Rogalski (1984). The models have
been tested by proposing alternate SharT'ah-compliant duration models excluding
principal amounts.

2; iew of literature
2.1 Literature on rate of veturn risk in Islamic banks
Islamic financial sector has done better allocation of resources than ther conventional
counterparts (Shah and Masood, 2017). Chattha and Alhabshi (2018) report that Islamic
banks respond similarly to changes n interest rates because they use similar benchmark
rates as used by their conventional counterparts. Chattha and Alhabshi (2018) and Chattha
et al (2020) further observe that Islamic banks have longer durations than conventional
banks. These longer durations create a paradox. This is because a longer duration means
the higher risk that should lead to higher profitability. Contrary to this rigsk-return principle
Islamic banks are less profitable (Chattha and Alhabshi, 2018; Chattha ef af, 2020). This
creates the “Islamic-conventional bank rigk-return paradox” that requires mvestigation,
This research proceeds by reviewing all existing duration models under Shariah
parameters, followed by developing a framework and methodology for testing Shari ah-
compliant duration models. The parameters of SharT ah-compliance as developed by Shah
et al (2020a) are hereunder:

Parameters of a financial model for Islamic banks:

It should incorporate realized rates of returns earned and paid, benchmark rates, interbank offered
rates and industry standards,

Avording all future based transaction rule applies to a financial model as well

Accordingly, the finanaal model should aveid incorporating variables that can give nse to
excessive gharrar 1.e., the model should not include all future value based varables.




For the purpose of a model, this concdition shall be applied n such a way that future based
variables should not be more than 50% of the total variables used m the model and the
composition of variables should not give rise to results of which more than 50% will be expected.

The composition of variables in the model should not give nise to overall results that breach the
5,33.49 rule.

As the returns earned and paid are determined at the end o peried, therefore model shall
utilize only realized values not the expected values as are used m the case of Macaulay's duration
model.

The model shall function backwards iLe., it will calculate values fmeGf the year to beginning
of the year. It 1s 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-yvear risk analysis and management.

2.2 Shari" ah review of durafion models

2.2.1 Additive multiplicative models. Gultelan and RERIski (1984) examine seven models of
duration proposed by Macaulay (1938), Hicks (1939), Cooper (1977), Bierwag (1977), Bierwag
and Kaufman (1978) and Khang (1979), which are all based on different assumptions about
yield curves. All these models are based on interest and expected values of cash flows
mvolving excessive gharrar rendering them all non-compliant with Shari‘ah.

2 2.2 Stochastic duration models. Cox ef al. (1979) argue that, as interest rates move in an
unpredicted manner stochastic duration models may better serve the purpose. However, a
stochastic process 1s actually a process that produces significant but less predictable results,
therefore such models are subject to excessive gharrar rendering them all non-Shart ah
compliant.

2.2.3 Duration using Taylor expansion and linear approximation. Livingston and Zhou
(2005) introduce Taylor expansion-based expected cash flows, expected present values and
related duration. TEERndjo (2008) extends this work to convexity. Dierkes and Ortmann
5) incorporate € es in interest rates and respective vield curves for estimating
present values of cash flows using linear approximation. From Shari'ah’s perspective, more
complex methods of estimating cash flows merely increase gharrar, making the models non-
Shart'ah compliant, E

2.2.4 Effective duration. Leland (1994) and Leland and Toft (1996) mtroduce the notion of
“effective duration” for ascertaining optimal capital structure. Their models are, however,
based on interest, which is categorically prohibited in Islam making them non-Shari'ah
complaints.

2 2.5 Duration of net income of banks. Bierwag and Kaufman (1992) extend the work of
Toevs (1983) to introduce the duration of net income. Bierwag and Kaufman (1996) use this
duration model to measure the performance of financial institutions. From Shari‘ah’'s
perspective, these models suffer from the mvolvement of interest that is ribe, making them
non-Shari ah compliant.

2. 2.6 Duration using logarithmic process. Pattitoni ef al. (2012) inco e logarithmic
price variations and Taylor expansion in duration models. The purpose 15 to estimate the
effect of changes in interest rates and changes in prices of market portfolios on changes in
real estate nvestment trust prices, From Shart ah's perspective, such models only amount to
excessive gharrar making them non-Shari'ah compliant.
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227 Key rafe duration. Ho (1992) mtroduces a vector based on changes in prices of
securities in response to changes in some “key” rates of interest, His results are very similar
to “effective duration.” From Shari'ah's perspective, this model is highly non-Shari‘ah
compliant as it suffers from ribe and excessive gharrar simultaneously.

228 Principal component duration. Willner (1996) extends key rate duration into
“principal component duration” where he regard to slope, height and convexity of the vield
curve as principal components of duration. He simply linearly adds the factor-loading
matrix of each component. From SharT ah’s perspective, this model is non-compliant, as its
base ie. key rate duration 1s non-SharT ah compliant.

2.2.9 Polvnomial time value duration. Osborne (2005) and Osborne (2014) introduce and
approximate present value duration models based on polynomial time values. Dierkes and
Ortmann (2015) use them for computing the duration of various financial mstruments. From
Shari‘ah's perspective, these models suffer from riha and the involvement of excessive
gharrar, which makes them non-Shari ah compliant.,

2210 Approximation of duration in non-flat vield curve environment. This model is an
extension of Ho (1992) model of key rate duration that is non-Shari’ah compliant itself,
Therefore, this model is non-Shari‘ah compliant as well,

2211 Dedicate ation. Zaremba (2017) uses the work of Zaremba and Rzgdkowski
(2016) to extend the work of Macaulay (1938), Redington (195, d Fisher and Weil (1971)
for calculating a sensitivity of bonds using a new measure of “dedicated duration” and
“dedicated convexity.” His work consists of dividing yield curve shifts mto many classes
and calculating duration for every class. These models suffer from rife and expected values
of interest rates involving excessive gharrar making them non-Shart ah compliant.

2.2.12 First-order, second-order durations and convexities. Alps (2017) uses duration to
calculate present values of cash flows. He refers methods before him as first-order methods
where present values are a function of Mcaulay's duration and interest rates; and his method
as second-order where present values are a function of modified duration, modified
convexity and interest rates. Second-order duration models again suffer from interest rates
and expected values involving 7iba and excessive gharrar making them non-compliant with
Shari‘ah.

2.2.13 Approximating duration using insurance risk management properfies. Schlutter
(2017) identifies that insurance companies have a larger duration of liabilities than assets,
Using this notion, Mohlmann (2017) proposes a duration model that incorporates present
and book values and discounts them with interest rates. Such models are non-compliant
with Shari"ah due to the involvement of riba and excessive gharrar,

2.2.14 Orthegonalising the duration. Chu ef al (2017) while extending the work of
Dechow et al. (2004), Chen (2014) and Weber (2017) for orthogonalizing duration observe that
it has time series and cross-sectional characteristics. A concept that 1s primarily based on
firm cash flows, market prices and equity returns. This model 1s also a non-Shari’ah
compliant model on the basis of excessive gharrar. g

2215 Implied duration: a measuve for equity duration. Dechow ef al (2004) propose a
duration model based on perpetuities. However, their model is based on interest and
expected valuesie. riba and excessive gharrar making them non-Shart’ ah-compliant.

2.2.16 Duration of an organization. Weber (2018) combines the work of Dechow ef al.
(2004), Campbell and \-’ucdtematﬁl)‘i} and Hansen ef al (2008) about cash flow duration
and links them with the works of Lettau and Wachter (2007) and Santos and Veronesi (2010)
about cash flow timing and rigk premium of cash flows, He offers a modified model of
duration based on negative correlations between higher cash flows and returns that bisects




duration into “finite” and “infinite.” From Shari ah's perspective, this model suffers from the
involvement of interest and excessive gharrar, making it non-compliant with Shariah.

2217 Equily duration and book valwe durafion. Mo ladt and Nolte (2018) extend
the works of Mm'] (1973), Sweeney and Warga (1986), Dechow ef al (2004), Lettau and
Wachter (2007), van Binshergen ef al (2012), Schrider and Esterer (2012) and Weber (2018)
in the area of equity duration and propose a new model of duration incorporating a new
factn@e resultant model measures equity duration based on the difference between only
such assets and liabilities that exist on the balance sheet date. From Shari'ah’s perspective
book value measures are the most compliant measures of duration, However, a measure of
Mohrschladt and Nolte (2018) involve excessive gharrar and riba making them non-SharT ah
compliant.

2218 Duration model of accounts receivable. Xu and Ma (2018) propose a duration
maodel for the pricing of account receivables using the concept of expiration time, risk free
rate and book values. From SharT‘ah's perspective, this model 1s also non-compliant due to
the involvement of #iba.

2.2.19 Duration of assets and labilifies of insurance company. Fernandeza ef al (2018)1n
their work on insurance companies propose duration models based on expected values of
cash flows, time and interest. From SharT ah's perspective expected value-based models are
subject to ssive gharrar that makes them non-SharT ah compliant.

2.2.20 Duration measures for corporate project valuation. Amold i North (2008)
measure duration by taking reciprocal of the negative partial derivative of cash flows of the
project by the value of the project. From SharT ah's perspective, this model is non-compliant
because it 1s based on expected values of cashflows that involve excessive gharrar.

2.2.21 Shart alicompliant durafion model Chattha ef al. (2020) and Shah ef a. (2020b)
recommend and Shah ef al (20204) propose SharT ah-compliant models of duration for
earmnmng assets and return bearing Lalifties of Islamic banks. These models are based on
SharT ah-compliant benchmark rates, rates of return ed, rates of return paid, book
values of assets and liabilities and Shart ah-compliant coneept of the time value of money,
which they termed a8 “reversed present values.” However, they do not provide empirical
results.

3. Methodology

3.1 Framework of festing methodology

This study devises a framework and econometric methodology that uses maturity-wise data
of eamning assets and return bearng liabilities of Islamic banks in Pakistan from 2010 to
2019. Maturities are calculated in terms of Stohs and Mauer (1996). According to them,
maturities of less than one year are taken at actual. Maturities from 1 to 2 years are taken at
1.5 years, 2 to 3years are taken at 2.5 years, 3 to 4years are taken at 3.5 yvears and 4 to
5 yearsare taken as 4.5 vears, For the last category that is normally over Syears or 10 years,
the maturities have been calculated on the assumption that every following vear has the
same proportion of assets or liabilities as in the immediately preceding vear until 100% of
the values are allocated.

Descriptive statistics consists of mean, van‘a?, Skewness, Kurtosis and Studentized
range. Skewness has been measured taking the third moment from mean divided by the
gsecond moment to the ¥ power. Kurtosis isff8e square root of the fourth moment from mean
divided by the second moment. Finally, the studentized range is a range of the observations
divided by the standard deviation of the sample. Descriptive statistics conform to the
recommendations of Bildersee (1975), Gultekin and Rogalski (1984), Chen (2014), Weber
(2017) and Chu ef @l (2017) that retums are skewed and leptokurtic. The research also
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caleulates p-values to ensure that ¥ equals zero. Finally, the average of B and standard
deviation of & have been presented after adjusting for degrees of freedom. These are meant
to measure the dependency between risk and return.

Testing a financial model before its full and independent mplementation is a complex
and lengthy process. It is actually a four-stage process. First stage is testing a model for
compliance with econometric properties. Second stage is backward and forward testing
based on historical, forward and/or artificial data. Third stage is parallel running the model
in real time environment along with any existing model to examine the difference and
impact before independent use. The first and the second stage tests are normally performed
by the researchers. Third stage tests are performed by the researchers and practitioners.
Besides, testing a model ig a continuous process that carries on even after 1ts independent
implementation to suggest any improvements, This 18 regarded as StageIV testing,
Framework of testing a financial model has been explained in Figure 1 hereunder:

3.2 Eeonometric methodology

A majority of studies on duration modeling are based on Stage-II testing skipping Stage-1,
Recent works on Stage-Il testing include Arnold and North (2008), Chu ef al (2017),
Mohrschladt and Nolte (2018), Xu and Ma (2018) and Ferndndeza ef al (2018). Gultekin and
Rogalski (1984) conduct a landmark study on Stage-I testing of seven duration models by
evaluating relationships between profitability and duration. Smmilar concept has been
applied by Chu et @l (2017), who examine the relationship of duration with value and
profitability. However, Chu ef al. (2017) do not take into account the hvpotheses of Gultekin
and Rogalski (1984). According to Gultelin and Rogalski (1984), the relationship of returns
with duration can be expressed using the following equation:

10
Rsr—ﬂ‘i‘bIDbRu‘l'Eer (1}

where R, ; 1s the net return margin, b; is the estimated coefficient and DUR, ; 1s duration.
Ingersoll (1981), Gultekin and Rogalski (1984) and many other recent studies such as
Chen (2014), Weber (2017) and Chu ef gl (2017) recommend that duration models with a
higher number of factors better explain varability m returns. Accordingly, Shari ah-
compliant duration models have a higher number of variables. For testing the relationship
between returns and duration, the regression equation also consists of all such variables,
Gultekin and Rogalski (1984) provide three hypotheses to be tested on duration models
using multi[@egessiﬂn analysis:
First, the relation between secunty price changes and duration 18 linear. Second, duration i§ a
complete measure of risk; that i1s, duration incorporates the effect of matunty and coupon
differences on price volatility. Implicit mn this condition 1s that the yield curve on average
demonstrates the functional form assumed by the duration measure. The last hypothesis 1s that
capital markets for bonds are efhicient. The hineanty, completeness, and efficiency hypotheses can
be tested with actual market data for many time periods with the use of securities and portfolios
of securities,

However, as the @ectwe of this research is to test duration models of Islamic banks,
therefore, it amends the above hypotheses as follows:
» The relationship between volatility and Sharigsh-compliant duration is linear.
*  Shari'ah-compliant duration translates the effect of changes in rates of return,
benchmark rates and maturities on returms volatility of Islamic banks,
»  The markets for Islanuc banks are efficient.
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All three hypotheses have been tested using the equation as under:

- apt oy _— o
R(n),,, =71(n),,, +72(n),, D(n)_1),_1e_n + T30, D0 1y ne-1)

'ROI{AI:n 10t=1)

_4 ETETa T
+ ¥4(n),,, IBOR,, 1y, 1

2)

In the above tion R(n),,, 18 the net return margin, ¥’s are average estimated
coefficients, Dby 5y, ey 15 the duration of kth bank calculated using returns and
benchmark rates of the previous periods, D is the square of duration to check

(F=1Hu=1}(t=1)
ROR, | qspoq & - -
Eon——— 1s the factor to check whether duration normalizes reversed
{Fa H1F 50 ¢

linearity and finally,
present values,

Second, Gultekin and Rogalski (1984) observe that all measures of duration perform well
in theﬂﬂ run and need to be mplemented with caution in the long run. To a?\'s this
1ssue, research applies the vectar error correction model (VECM) proposed by Sargan
and Bhargava (1983) and validated by Engle and Granger (1987) for short and long term
relationships between returns and duration. This is because; due to continuous structural
changes in Islamic banking the chances of a mere short or long-term relationship between
dependent and independent variables are remote. In such scenarios, latency errors serve as
adjusted parameters that measure long-term equilibrium relationship with short-term
dispersion.

The application of VECM starts from the Augmented Dickey-Fuller test that takes its
roots from the works of Dicky and Fuller (1979) and Said and Dickey (1984). Next, vector
autoregression has been used to examine long-term relationships. If the series is found non-
stationary up to the first difference but integrated, then VECM is recommended. Non-
stationarity prevails in all financial data (Nelson and Plosser, 1982).

Engle and Granger (1987) VECM for the purpose of this research shall have the following
function;

p-1
Axy = aeceny oy + Z Ay + 1y (3)
=1

In the ﬁqliﬂ]u&tiﬁn ﬂ..‘(ln medans (ﬁ]TLDH_ﬁLw. 'A]D-Di{UEﬂ{L}-ﬁ]n-DRISL{L'} and ﬁ.].n.DR(_'}E{L{[;_}. (== 11T
= [3'x;; 18 the error correction term reflecting long term relationship and « is the adjustment
parameter meant to restore the long run equilibrium between variables at a certain speed of
adjustment.

This relationship extends into threshold error correction model that examines the
relationship within certain ranges (Liu, 2010) defined as

{MI'X; B)+ ppecm(B)=vy
-

(4)
MyXiA(B)+ ppoeomea(B) >y

where M; and M are coefficient mamm dynamic parameters ecn, 1(3) 18 the error

correction term dividing the system as 0ld variable and v is the threshold parameter.

The model is divided into two modes of operations depending upon the size of the threshold




parameter ecnt; (8) with each variable exhibiting different dependency. The results will be
read as ecmy = vy that will lead threshold VECM following the first mechanism and the
second mechanism into the remaining scenarios,

This research uses four alternates models of Sharm ah-compliant duration. Two long run
duration models are from Shah ef af (2020a) and two alternate models of short run duration
are proposed on the same parameters as recommended by Shah ef al. (2020a). The model of
Shah et @l (2020a) to be tested in this research are:

For eaming assets:
Z Z Py (14rorgay )™
® 1y

(1.&5{)&*)

Dga = Z ()
i=1 Z E l \li[:l + J'TH’E‘J,J",') s
For return bearing liabilities:
Z Z [ng I |”".un "
(1+IBAR s )™ % tn
Dgpp = (6)

i=1 Z ZN IRH]'_.[] 1 + rm'fﬂiﬁ_;j)[“

Alternate models proposed for this research are hereunder:
For earnings on earning assets;

i/

Py Hrur;,) G
n ZZ _ZZ l

(Lo )™
Droga = 3
i=1

. (7
Z:ZiNIPAij{TI + J"{’H:_n“",) iz Z:Zl 11,_3.11'

For returns on return be,armiabilitias:

F",, Lrorp,
D Z Z%Hf]‘!ﬁm? - ZJZ '“'j| Xt n
RORL — i
= S SN FET R SO

Finally, this research also examines duration in terms of Lettau and Wachter (2007) where
they observe securities with short duration are sensitive to cash flow vanations and with
long duration are sensitive to interest rate variations i.e. long and short duratio “urities
have different dynamics. This results in a higher premium in the long run (Fama and
French, 2006; Novy-Marx, 2013).

For the purpose of this research, changes in returns of Islamic banks have been
calculated in terms of Shah ef al (20204) as hereunder:

1+ ARORE4 ) (
T+ amor 1) — | Prew x RBL x

¥ tn

(8

ﬂN]:(UEAxEAx %_1)

1+ AIBAR
()
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where:
A = Change.
NI = Net income.
Dea = Duration of earning assets,
Diii = Duration of risk bearing liabilities.
EA = Earning Assets.
RBL = Return Bearing Liabilities.

AROR4 = Change mrate of return on assets.

AIBOR = Change in interbank offered rates,

ARORggL. = Change in rate of return on liabilities.

AIBAR = Change in industry average rates of return on liabilities.

4. Results and discussion

Descriptive statistics have been reported in Tables 1 to 4. Variance skewness and kurtosis
have been reported in Columns 2 to 4 that infer skewed and leptokurtic distributions of data.
Theresults of the duration 5-8 after transforming into multiple regression equation (2) have
been reported in Tables 5 to 10. Tables 5 to 7 relate to the duration of earning assets and
Tables 8 to 10 relate to the duration of return bearing hiabilities. Tables 7 and 10 are based
on equation (3) exactly. Regression coefficients have been reported in Columns 1 to 4,

Maturities M = months

Y = years Variance (o) Skewness Kurtosis Studentized range
Upto 417 0.3517 314 517
M= to 6M° 371 06119 433 612
6M > to <12M 10,79 —{1L4613 147 711
1§ 2312 —(L5145 1.09 514
1Y > o 2Y 2174 —{L6257 251 a8l
Table 1.
'i:mﬁ v desiis e 2¥Y> w0 3Y T4.841 (L3444 Tl 7.54
T e T D 3Y >t 5Y 81178 04115 6.67 T.53
obearningson 5Y> 67.125 04132 5.83 6.84
eammg assets
(millions Pak rupees) Note: Explanation: The data has skewed and leptokurtic distributions
Maturities M = months
Y = years Variance (%) Skewness Kurtosis Studentized range
Up to 3M 5.1l 04545 297 349
M= to 6M 458 07126 378 514
6M > to <12M 3.5 (L1245 214 565
Table 2. 1Y 745 ~04997 192 446
5 ity < e I o BN 38.14 —(.12895 3m 561
“”}mm“r : dt?z'r PIVE 2y~ 10 3Y 31.85 04550 397 347
reume il Mol 47.25 0.7587 515 569
retum bearing 5Y> 4522 0.6169 4.87 6.67

habilities (mullions

Pak rupees)

Note: Explanation: The data has skewed and leptokurtic distributions.




autocorrelations in Columns 6 to 10, p-values in Columns 11 to 14 and the last two columns h{amu]ay’s
report means and standard t;leviatit)ns {?f u)efﬁcients‘ of determimation. ‘ duration model
I'he results of the duration of earnings on earnings assets Dgoea and returns paid on testin
return bearing labilities Dyoge are not produced here because they converge into the SUng
duration of earning assets Dg 4 and duration of return bearing liabilities Dyyy respectively,
in the long run.
Theresults in Tables 5 and 8 do not let us accept linearity hypotheses because long-term
relationship of duration with returns is quadratic 1.e. upwards sloping. Tables 6 and 9 lead
us to the findings that rates of return, benchmark rates, principal sum and maturities have
significant relationships with duration and returns, accepting our second hypothesis.
Tables 7 and 10 lead us to the finding that reversed present value factors do not affect the
relationship of duration in the original state. This can be confirmed from making a
combined analysis of Tables 6, 7 and 9, 10, where by Incorporating reversed present value
factor into regression function neither the linear relationship is affected nor the non-linear
relationship.
To apply the VECM hypotheses of supLM, Hansen and Seo {2002) construction 1s the
fitting of the relationship between variables using VECM as per equation (4) above. With an
unknown co-integration matrix, the LM statistic is expressed as under and the relevant
threshold where p-values are obtained using the bootstrap method:
Maturities M = months
Y = years Variance (%) Skewness Kurtosis Studentized range
Upto 2123 03218 314 5,17
M= to 6M 17.28 05214 4.33 6.12
6M>= o <12M 1948 —14114 147 7.11
1Y 2725 —(.6728 1.08 514
1Y > to 2Y 19.83 —(L.6987 251 581
2Y> to3Y 68,79 04589 511 7.5
3\{; to 5Y 8422 03737 6.67 73 X Tanlas.
5Y> 61.13% 03515 5.83 6.81 Summary descriptive
of earming assets
Note: Explanation: The data has skewed and leptokurtic distributions. (billions Pak rupees)
Maturities M = months
Y = years Vartance (%) Skewness Kurtosis Studentized Range
Upto 24.35 (1.3981 314 371
M= to 6M 1821 (16121 301 6.25
6M= to <12M 2825 (.1591 297 417
1Y 17.26 —(L.5876 277 226
1Y > to 2Y 12356 —(.1371 327 59 s
2V > to BY 3845 —0.3868 427 241 s diﬁ::fe
3Y > to5Y 4467 (L7127 617 471 h . A
5Y > 5125 05169 527 581 _of retum bearing
liabilities (millions
Note: Explanation: The data has skewed and leptokurtic distnibutions. Pak rupees)
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SuplM = yl=y=y2LM(V.,vy) (10)

where Vi the estimated value of B in equation (4) with the search to be conducted within
the limits y1 and 2. @

To apply VECM the first statistic is the Augmented Dickey Fuller test the results of
which have been reported it Tablé 11 hereunder:

Table 11 shows that the data of two duration measures are stationary at Level 2at5%
level of significance and can be further used to apply co-integration for examining long run
relationships. Next, Johansen Co-integration has been applied to arrive at co-integration
equations.

Table 12 shows that in both cases of assets and liabilities null hypotheses r = () 1srejected
at 5% level of significance, whereas the results fail to reject hypotheses » > 1. The estimated
co-integration equations for durations of assets and liabilities are hereunder:

For the duration of assets:

AAD oz = 0.1632 + 1.0827InAADg 4 p) + (11)

Moreover, for the duration of liabilities;

MAAD gy = L1727 + LO33URAAD gy 4, + 1 (12)
Variable ADF test Pevalue Conclusion
nEA 1.6208 0.752% No
nDROEA 4.7585 0679 No
AbiDEA —1.5106 0.723*% No
AlnDROEA 0.6128 0.256% No
AA nDEA —3.2518 0004 Yes
AARDROEA —7.6769 0.000% Yes
mDREBL 1.4598 (.256% No
nDRORL 38565 (,253* No
AlmDREL 04937 (1.091* No
AlnDRORL 0.7469 0.139* No
Table 11. AA IRBL —4.4562 0.013+ Yes
Unit root test results  AAmDREORL —0.8612 (.021* Yes
Ho Characteristic root Characteristic roat test Maximum Eigen value test
Duration of assets
Test statistics 5% threshold Test statistics 5% threshold
r=0 0.5918 36.7461% 19.896 206128 18.5961
Table 12. r>1 0.0431 10318 37149 10318 37149
-_T u-harmi‘:_‘l G Duration of lmbilities
ntegration test r=(0) 05752 38,2579 191716 211256 176549
results r>1 0.0429 1.0292 3.2569 10292 3.2569




Using equations (11) and (12), co-integration dynamic adjustment behavior can be studied
between the variables using equation (3) that leads to the application of VECM. The results
of VECM have been reported in Table 15 as under:

Table 13 explains that in AAINDgogagy the coefficient of co-dntegration vector is
—0.0314 and for AAInD gk it is —0.0212 that ;ﬂ'@h significant at 5%. This leads us to
the finding that if short run duration deviates from long run equilibrium the error correction
system will pullit back to long run duration.

4.1 Estimation of threshold vector ervor corvection model

For establishing the threshold vector ervor comrection model (TVECM) the preliminary
measure is to examine threshold effect. The results of statistic trimming parameter at
5% level of significance have been reported n Table 14 as under:

The results suggest that as esti d values are greater than threshold values, there
exist non-linear internal dependencies between short run and long run measures of duration.
The estimated function for error correction model of the duration of assets turns out to be
mAADgogap — 0.90254nAAD gy with threshold vy of —0.42; and error correction term of
duration of liabilities is ecnt, = MAAD pogr i — 0.90314InAAD gy ) with threshold y of 043,
Furthermore, with a duration of assets at MAADpogpay = 090254nAAD g, — 0.42 and
duration of liabilities at MAADgeprg = 090314iAAD g — 0.43 the models fall in the first
mechanism with approximately 85% of the values in both cases. The results of the models
have been reported in Table 15 hereunder:

In Table 15, AAInDgoea and AAINDg g have negative and significant error correction
coefficients at 5% level of significance, meaning thereby Dgoga and Dga along with Drog,
and Dy coexist below a threshold value. Furthermore, long-term co-integration
relationship adjusts from non-equilibrium to equilibrium at the rate of 0.0618 for the
duration of earning assets and at the rate of 00724 for the duration of retum bearing
liabilities. In the second mechanism, however, error correction terms become insignificant
and the co-dntegration mechanism disappears when the error correction term exceeds a

Particulars AANDgoEy AAIND(Ey,

B 1.3011 1.3011
Dgoraecmygy) —0.0314(0.0122)* 0.0137(0.0231)*
—0.0369(0.0627 0.0491{0.0205)*
—0.1243(0.0854)* 0.2244{0.0210)*
0.8125(0.0201 * —0.7978(0.0314)*
AAINDgogr, AAID{Ry,
B 14127 14127
DrorLecim i, —0.0212(0.0231) 0.0194(0.0313)*
—0.0428(0.0765)* 0.0365(0.0221)*
—0.1223(0.091 2 0.0292(0.0317)*
0.7652(0. (13667 —().8661(0.0267)*

AAINDpoEay
AAINDgy )

AAINDygepr )
AAIDypra,

Macaulay's

duration model

testing

Table 13.
Vector error
correction model

Statistic Estimated value Threshold Pevalue Conchasion

SupLMpuy (Asses) 20,367 19.81 0.0365
SupLMputianilities) 22528 2025 0.0401

l':(‘j'_"!_‘[ H:;-
l\'.';‘jf."!.‘[ Hy

Table 14.

Threshold effect test

results
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Table 15.

Theoretical vector

error correction
maodel results

threshold value. This means that long-term relationship disappears when the threshold limit
15 violated.

5. Conclusion

The findings of the first hypothesis conform to Gultekin and Rogalski (1984) that durations
of assets and liabilities do not have a lmear relationship. However, the findings in the case of
the second and third hypotheses do not conform to the findings of Gultekin and Rogalski
(1984). This is because returns earned on earning assets and interbank offered rates are
significant factors for determining the duration of earning assets; and returns paid on return
bearing liabilities and interbank average rates of deposit are significant factors for
determining the duration of return bearing liabilities. In addition, the behavior of reversed
present value factor corresponds with the behavior of duration. In addition, regarding the
third hypotheses, as Islamic banking is in its developing stages with only a few Islamic
banks in operation therefore, the Islamic banking market is not efficient.

The TVECM further confirms our earlier observations that Dgopa and Dy, models
coexist with Dga and Dy, models in the short run with a threshold limit of approxiByelv
85% in both cases. Therefore, models proposed®y Shah ef al (2020a) are robust for the
measurement of the duration of Islamic banks m the short run and in the long run. The
results of this study also augment the results of Lettau and Wachter (2007), who observe
that short and long run durations have different dynamics. This i1s because in the case of
Islamic banks short run duration measures i.e. Dgpoga and Dgoge converge into long run
duration measures Le. Dga and Dggi..

The findings imply that regulatory policymakers can now consider the platforms of
[slamic banks for effective evaluation, implementation and formulation of monetary policies.
This ig because SharTah-compliant risk management model will go a long way in
calibrating Shari ah risk.

SharT ah-compliant duration gap model will also help in a SharT ah-compliant competing
product pricing policy at the bank level This is because by rporating Shari‘ah-
compliant welghts the quantified affect of Shari’ah risk will also be taken into account as
recommended by Shah ef al. (2021).

5.1 Limdtations and future research directions

This study mainly focuses on the duration of earning assets and return bearing liabilities
and their relationship with earnings in Islamic banks. As a result, this study does not
address holistic management of earning assets and return bearing liabilities, which may

First mechanism Second mechanism

Variable &Nn]:)RnEA M'ﬂ[)ﬁr\ 6&’“[)“_(][{'; A&!EL}E,\
£0i —{1L0618(0.0029y* 00181001725 01045005411 0.061000.5991 y*
: — 04T HO0261 0.0312(0.0171)* (.0725(0.0114)* (.0341(0.0091 %
AAMRDgeyza (0.2551(0.0049)* — (8771041217 (1.543900.3927* 0.9675(0.0125)*
AAnDy —{ 498110004 1y 1.1297(0.0411 )% —0.4271(0.4929)* 0.4771(0.2611)*
Proportion 84.89% 1511 %
ey —0.07240.0035)* 0.01290.0169)* (. 103810.5473)F 0.0586(0.6282)*
; —(L0R28(0.0298)* (0.0337(0.0178)* (LOTIH0.0175)* (1L0351(0.0082)*
AN D g 0.2626(0.0101 )% —(19135(0.4368)* (L.5722(0.4012)* (1.9525(0.0138)*
AAMRD gy —0.5127(0.0185y* 1.1354((h0428)* —0.4581(0.501 8y* 0.4829(0.2739)*

Proportion

85.25

14.75%




have a strong impact on durations, Furthermare, as the study is only conducted on Islamic
banks operating in Pakistan, therefore a larger sample and testing in various other countries
is also recommended to validate the model.

The study only deals with earning assets and return bearing liabilities that have
maturities. As Islamic banks have various other assets and liabilities that do not have
retuns and maturities, therefore a study encompassing such assets and liabilities will vield
comprehensive results regarding the duration of an Islamic bank. The study also severely
suffers from the availability of data because most of the Islamic banks do not have long
histories with the difference in the vear of commencement of business,
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