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Abstract.
Keywords Purpose: The efficiency of the Islamic Financial Industry suffers from a
Sukiiks lack of liquidity instruments and shallow secondary markets. This paper
Financial Intermediation reviews the financial intermediation theory and the complementary role of
Liquidity Management debt and money markets towards the broader goal of allocative efficiency,
Financial Innovation asset transformation, and diversification for the welfare of all economic
Financial Development agents. Separately Tradable Registered Interest & Principle (STRIPs),

created by disintegrating coupon and principal payment to be traded as
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Method: The design and pricing of ISS are modeled employing lease
valuation, certainty equivalent (C.E.), and bootstrapping. Instead of the
prevalent capital asset-pricing model, volatility of ijarah sukiik payoffs
is modeled using certainty equivalents, which extend the analysis to
micro-level investor utility function. Also, the viability of ISS design is
substantiated by numerical illustrations.

Findings: We found that the proposed ISS can serve as a short-term
liquidity management instrument, facilitate price discovery and define
the term structure in Islamic debt markets. For sovereign issues, ISS can
enable efficient monetary policy transmission, market completeness, and
public finances for the underdeveloped Muslim world.
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ing the ISS as a financial innovation. The ISS proposed in this study
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augmenting the financial deepening and development of Islamic Financial
Markets.
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INTRODUCTION

The four-decade-old Islamic Finance Industry has exhibited a prolific growth starting from a
modest initiative of Mit Ghamr in Egypt in the early sixty’s and Dubai Islamic Bank back
in the mid-seventies, to the present day, where 430 Islamic Financial Institutions (IFIs)
and 191 Islamic Window operation are in operation across 78 countries, with assets worth
over USD 1.8 Trillion under its folds. Despite this exuberant proliferation, the industry
remained bank-centric, with 80.3% of its total assets on the balance sheets of Islamic Banks
(Kammer et al., 2015). Secondary markets remained thin and illiquid, which is unequivocally
attributable to the lack of market depth and incompleteness of product offerings (Igbal, 2007).
The lack of deep debt and money markets and scarcity of tradable liquidity management
instruments incited short-termism in Islamic Banks, with most of its funding parked in short-
term trade-based financing (Alamsyah & Masih, 2017; Meisame et al., 2017). This trend
obstructed the core purpose of asset transformation aspired by a financial intermediation
system (Abu-mounes, 2020). Review of financial intermediation theory underscores the
mutually reinforcing role of banks and capital markets to achieve temporal and spatial asset
transformation and subsequent allocative efficiency of economic resources (Ahmed, 2016).
The existing Islamic money market product suite, primarily based on tawarrug, commodity
Murabaha, and Bai-al-Innah is deemed controversial and inefficient due to its non-tradability
and irrational adherence to trade-based contracts (Saleem et al., 2021). Though, the recent
rise in the long-term sovereign ijarah based sukiik issues has pacified the situation to some
extent; however, liquidity in the secondary markets remains thin due to a lack of flexibility in
term structures, supply constraints, and inadequate market-making arrangements (Selim et
al., 2019).

Economic historians attribute the industrial revolution vis-a-vis the economic development
of the west to the financial development - which enabled the efficient flow of capital to fund
long-term and illiquid production technology while simultaneously managing to match the
liquidity preferences of their investors (Ahmed, 2016). This underscores the exigency of
financial engineering to promote financial deepening in the so-called Islamic Financial system
(Beck et al., 2013). The way forward lies in transitioning from a primitive bank-centric form
of intermediation towards an efficient direct and indirect form of financial intermediation
(Ebrahim & Hussain, 2010).

Given the above, this paper aims to pursue two key objectives, i.e. (i) to evaluate the role
of money markets instruments and liquidity management solutions practiced in the Islamic
Financial Markets and the underlying Shari‘ah compliance challenges; (i1) to model the
design, structure, and pricing, and illustrate the Shari‘ah rationalization of ISS instruments.

The study is divided into four sections. A literature review is presented in section 2 -
expounding on the role of financial deepening and specifically money markets towards an
efficient financial intermediation system. Following a logical progression, the literature
review assesses the mainstream liquidity management products, including money market
instruments to compare and contrast them with practices in Islamic Financial System. The
focus is then narrowed down to the business case of innovation of ijarah sukitk STRIP
instrument. Section 3 firstly sets the underlying theoretical considerations influencing the
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design of an Islamic Money market and subsequently articulates the mathematical model to
value the proposed ijarah based zero-coupon bonds. The fourth and the last section concludes
the study.

LITERATURE REVIEW

The Business Case of the Financial Innovation - Treasury STRIP

The US-Treasury STRIP, a three-decade-old innovation, offers a clear case of financial in-
novation, satisfying investors’ demand. Back in the early 1980s, an investment banker at
Merrill Lynch and Salomon Brothers synthesized a financial security which was effectively
an equivalent of zero-coupon bonds (Zeros) by "stripping" Treasury issues-i.e., by separately
selling the coupons from the principal payments. It was later in 1985, adapted by U.S.
Treasury itself, and was branded as Separate Trading of Registered Interest and Principles
(STRIPS). This novelty triggered the underlying riskless arbitrage opportunity in case of
inconsistencies in the notes, bonds, and STRIPS prices. For example, if the sum of the
present values of the coupons and principle Zeros exceeds the bond’s market price, there is
an incentive to strip.

The striping of the varying maturity of the treasury issues facilitates market completeness,
as discount bonds for a specific future maturity can only be synthesized by striping (Ahmad
& Lal, 2006; Grinblatt & Longstaff, 2000). Although both corporate and Treasury debt issues
are strippable, but many investors have a preference for treasury Bonds given their liquidity,
zero risk, marketability, and non-callability. It is worth noting that empirical studies have
found STRIP Zeros to enhance liquidity, besides being resilient in the recent financial crisis
(Vonhoff 2014).

Islamic Money Market Instruments and Liquidity Management Practices

The necessity to foster short-term liquidity management instruments and money markets is
of utmost significance for the progress of bank-centric Muslim economies. Currently, Islamic
financial markets predominantly employ organized tawarruq, commodity Murabaha, inter-
bank wakalah/wadiah-Hiba/Mudarabah arrangements to manage their liquidity management
objectives. Relatively in developed markets, the central banks have initiated programmed
1ssuances of instruments based on short-term Mudarabah, Salam, Istisna, Murabaha, Bai-al-
Inah to absorb excess liquidity in the banking sectors (Kahf & Hamadi, 2014). Table-1 below
presents the Islamic liquidity management instruments classified based on Shari‘ah contracts
and the practising jurisdiction.

The modes discussed above are limited by their non-tradability (based on trade-based
receivables assets) (AAOIFI, 2010). They have also been criticized for being based on Hiyals
(artifact) and hence suffer from controversy and acceptability (IRTI, 2014). This prohibition
is specially well-pronounced in the case of Reverse-Murabaha, Organized tawarruq (OIC
Figh Academy, Resolution 179/19), and Bai-al-Inah based liquidity management instruments
(OIC Figh Academy, Resolution 157/17), employed by central banks in Bahrain, Kuwait,
and Malaysia (Bacha et al., 2013).
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FIGURE 1. Islamic liquidity management instruments classified by markets, Shari‘ah contracts & Country
Source Kahf & Hamadi 2014

Ijarah Based Securitization and Liquidity Management

The natural tilt of the issuer and the investor is towards ijarah based sukiik , owing to its
ex-ante return determinability and better investor protection and recourse in terms of as-
set ownership and repossessibility. Moreover, the tradability of ijarah sukiik and the least
Shari‘ah discontent reverberated in it, add its favourability. Nevertheless, the practice of
ijarah structures has also been subjected to censure by the Shari‘ah cohorts when a sensa-
tional ruling surfaced by AAOIFI in 2008. The ruling primarily insisted on the true sale,
ensuring legal ownership and the risk of the asset to be transferred to the SPV instead of
an exchange of mere monetary flows and financial claims. This obligation of true sale
demarcates the difference between ‘asset-backed’ and asset-based instruments, wherein the
former is deemed tradable in the view of the Shari‘ah (Bank Negara Malaysia, 2010; IFSB,
2008; IIFM, 2011).

Rationalizing Shari‘ah Acceptability of Ijarah Sukiik STRIPs

The preliminary injunctions of Islamic finance frown upon economic arrangements, entrench-
ing Riba (translated as usury but with a literal meaning of ’excess’), Gharrar (uncertainty
of outcomes), and Mayser (gambling) or operating in business involving haram (prohibited)
goods or services. Avoidance of Riba in form and substance warrants a rigorous understand-
ing of its broader implications and the underlying wisdom (Haider et al., 2021). Ebrahim et
al. (2014) professes Riba emanating from a plain vanilla debt instrument lies in the endemic
agency issue, leading to expropriation of wealth/property rights, fragility in economy, and fi-
nancial exclusion of the poor. The Shari‘ah underpinnings warrant risk-sharing arrangements
for the investor to earn the profits (Igbal et al., 1998). El-Hawary et al. (2004) succinctly
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articulated the basic principle to qualify a Shari‘ah-based product, encompassing risk sharing,
linkage to the real economy, non-expropriation, and avoidance of sinful financing.

The ijarah sukitk STRIP (ISS) instrument presented in this study is founded on lease
transaction, which fulfills the fundamental doctrine of Shari‘ah and curbs agency cost of
debt (Ebrahim et al., 2015). Borrowing the hermeneutic approach of Usuli rationalization
based on the overarching maqasid (aims) of Islamic Law, the ijarah STRIP instruments
methodology and its ramification can be validated on the following principles of (i)’Securing
welfare jalb al-masAAlidyé and deterring damage (4§1afE£ al-ayDharar); (ii) Bringing ease
(taysAfir) and limiting adversities (rafE£ al-ayéaraj); (iii) Freedom to contract (djcurriyyat al
taE£AAqud) (iv) Cooperation (taE£ A Awun) and Conflict Aversion (dafEf al-EfadAAwah).
As deliberated in the preceding sections, the ijarah STRIP instrument is a contractual ar-
rangement expected to augment Muslim countries’ financial and economic development,
and facilitate liquidity management and allocative efficiency across IFIs and corporates.
Accordingly, in the wake of the above rationalization, the legal permissibility (mubAA4§y&)
of ISS may be validated.

DESIGN, STRUCTURE, AND MODELLING IJARAH SUKUK STRIP
SECURITIES

Methodology

To present the design and structuring of an innovative product based on financial engineering,
this paper opts for a theoretically motivated mathematical modelling (backed by numerical
illustrations) approach to fulfil its research objective.

Key Concepts, Theoretical Underpinnings & Design Consideration

In the conventional economic arrangement, the Treasury securities issued and backed by the
Government set the base rate which is the minimum rate of return warranted by the investors.
This base rate serves as a pricing benchmark for private debt issues, which are expected
to yield a premium over and above the base rate. The premium or the spread riskiness is
grounded in the type and creditworthiness of the issuer, term to maturity, tax treatment, and
liquidity of the issue itself. Markets developed a graphical depiction of the yield vis-a-vis
maturity of the treasury securities and termed it a *Yield Curve.” The discerning yield of a
coupon bond versus a discount bond of the same maturity brings in the idea of spot rate and
its graphical rate, which is termed the *Term Structure of Interest rate’ or *Term Structure of
sukitk Profit Rates’ in IMM.

Term Structure of Sukuk Profit Rates

To assess the behavior of yields on Islamic Fixed income instruments and the underlying
dynamics of the term structure, the Yield of sukiiks versus conventional debt securities issued
by the same issuers, with similar ratings and traded in the Kuala Lumpur markets is presented
in the table and graph below:
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lssuer Tenure | Mean | Median | Std.Dev | Range | Min | Max | Mean | Median | Std. Dev | Range | Min | Max
Conventional Sukuk
3-Month 2.903 2895 0.49] 1.840 1.820 | 3660 | 2917 | 2895 0.509 1960 [ 182 | 378
6-Month 2942 2.920 0.498 1.980 1.850 | 3.830 | 2953 | 2920 0514 2040 | 185 | 389
1-Year 3016 | 3.000 0.496 2.060 1920 | 3980 | 3028 | 2995 0502 2110 | 197 | 408
E 2-Year 3.168 3115 0424 2,100 2200 | 4300 | 3204 | 3130 0413 2.000 23 43
E 3-Year 3313 3260 0.362 2.130 2370 | 4500 | 3397 | 3350 0323 1840 | 263 | 447
= 5-Year 3565 350 0308 1. 300 2780 4.580 3638 3.630 0301 1800 285 465
g T-Year 3,760 31745 0312 1.840 2910 4.750 3.805 3.760 0306 1.790 3 479
] 10-Year 3935 1955 0381 1.930 3.090 | 5020 | 399 | 3.980 0352 1810 | 317 | 498
15-Year 4180 | 4.140 0395 1.770 3350 | 5120 | 4230 | 4195 0370 1670 | 345 | 502
20-Year 4347 4300 0386 1.580 3600 | 5180 | 4400 | 4330 0366 1500 | 368 | 518
Mean 3513 3485 0405 1.50 358 | 449 | 3587 359 0396 1.85 | 267 | 432
3-Month 2904 2895 0492 19 1.82 372 2915 2 890 0511 1.96 182 378
= 6-Month 2943 2920 0500 1.98 1.85 383 2953 2920 0516 204 1.85 359
z 1-Year Y11 3.000 0498 206 192 398 3.025 2.995 0503 2.11 1.97 4.08
= 2-Year 3066 | 3075 0372 1.77 2.2 397 |3ns | 310 0.372 1.77 23 | 407
Mean 2983 2.973 0.466 1.2 195 | 387 | 300 2979 0475 197 | 198 [ 395
3-Month 3175 3185 0422 1.93 231 414 [ 3192 | 3185 0441 1.93 221 | 414
6-Month 3243 3230 0409 1.87 234 421 | 3338 | 3230 0424 1.87 234 | 421
1-Year 3346 | 3315 0397 1.83 25 433 | 3358 | 3315 0410 1.83 25 | 433
2-Year 3.540 3450 0.345 165 295 4.6 3.551 3.450 0344 1.57 295 452
2 3-Year 3.720 3.640 0317 1.59 3.23 482 | 3735 | 3640 0312 1.45 323 | 468
i 5-Year 4022 3945 0.351 14 351 491 | 4035 | 3950 03350 1.38 353 | 491
3 7-Year 4233 4.135 0378 1.48 3.7 518 | 4254 | 4185 0384 1.48 37 5.18
10-Year 4495 4410 0457 1.87 I8 56T | 4518 | 4455 0463 1.85 382 | 567
15-Year 4777 4745 0472 216 389 6.05 4815 4755 0483 211 394 6.05
20-Year 4991 500 0504 239 4.02 641 5.032 4.995 0511 337 4.4 h41
Mean 3954 3,894 0,405 1.817 321 5.03 3974 31916 0412 1.78 3122 5.01
3-Month 3.048 3.090 0471 1.86 1.94 38 [ 33 [ 3090 0476 1.86 1.94 KE]
= &-Monih 3100 | 3.040 0.479 1.96 1.97 393 | 3003 [ 3040 0478 1.92 197 | 389
a8 1-Year 3180 | 3215 0483 2.02 2.06 408 | 3170 | 3210 0.485 2.11 206 | 417
§ 2-Year 3385 3300 0413 214 243 456 | 3345 | 3205 0404 203 243 | 445
v 3-Year 3520 | 3455 0.346 2.07 272 479 | 3512 | 3445 0.339 1.94 272 | 466
5-Year 3R00 3.785 0303 1.81 305 486 3,794 3775 0298 1.8 305 485
7-Year 3.989 3.935 0.306 1.81 3.19 5 3983 | 3.935 0.301 1.78 3.19 | 497

FIGURE 2. Descriptive Statistics of Yields of sukitks and Conventional Bonds in Malaysia (2005 to 2014)
issued by Government, Quasi-Government, Corporates and Financial Institutions- Source
Mayhem and Ariff (2014) (a)

Issuer Tenure Mean Median | Std. Dev Range Min Max Mean | Median | Sud. Dev Range Min Max
10-Year 4201 4190 0361 1.81 34 521 4194 4185 0353 1.74 34 5.14
15-Year 4457 4410 0376 L6l 3.7 531 4.457 4430 0372 1.61 a7 5.31
20-Year 4.639 4.620 0374 1.7 3.81 5.51 4.639 4.630 0377 1.68 383 5.51

Mean 3729 3714 0391 1.879 282 470 3.723 3714 0388 1 847 283 467
- 3-Month 3.363 3335 0440 2.16 2.26 442 3.363 3295 0488 227 222 4.49
] 6-Month 3456 3.405 0.406 1L.B87 2.58 4.45 3.449 3370 0.453 205 2.54 4.59
_"=; 1-Year 3615 3505 0378 1.52 3.08 4.6 3.590 3470 0397 1.62 304 4.66
B 2-Year 3.8B25 3675 0362 1.45 3.48 4.93 3.801 3635 0381 143 344 4.87
= 3-Year 4032 3810 0371 1.63 36 523 4.006 38590 0383 1.51 356 507
= 5-Year 4.329 4220 0414 167 3.74 541 4.308 4180 0440 1.75 371 5.46
E T-Year 4.577 4515 0.442 1.81 384 5.65 4.562 4485 0469 1.74 3.81 5.55
EE 10-Year 4 BEO 4835 0523 204 3.98 6.02 4875 4810 0566 216 3.95 611
5 15-Year 5.213 5190 0574 219 417 6.36 5.244 5170 0.669 2.63 4.13 6.76
- 20-Year 5499 53505 0584 2.2 435 6.55 5.532 5485 0.667 26 4.32 6.92

Mean 4279 4210 0449 4 854 351 536 4273 4179 0492 1.976 347 545
3-Month 3.303 3320 0411 2.16 2.26 442 3.280 3280 0418 216 222 4.38
6-Month 3389 3380 0368 1.7 258 445 3.360 3335 0367 187 254 4.41
= 1-Year 3.556 3.490 0325 1.52 3.08 4.6 3.498 3450 0314 1.54 302 4.56
2T 2-Year 3.766 3.660 0306 1.54 327 481 3.707 3.620 0281 147 3.28 4.75
= % 3-Year 3972 3810 0316 1.5 36 5.1 3.918 3875 0284 143 356 4.99
5 ] 5-Year 4.251 4205 0344 1.57 3.74 531 4.205 4160 0331 1.56 371 527
= = T-Year 4514 4480 0394 175 384 5.59 4.471 4430 0396 1.74 3.81 5.55
5 = 10-Year 4814 4815 0462 1.91 398 589 4771 4720 0473 198 395 5493
15-Year 5.139 5.190 0491 2.05 417 6.22 5.143 5170 0537 239 4.13 6.52
20-Year 5416 5370 0526 22 435 655 5.425 5430 0559 2.34 4.32 666

Mean 4212 4.182 0.394 1.807 348 5.20 4.178 4.147 0.396 1.848 345 5.30
3-Month 3.343 3340 0.429 217 228 445 3.315 3300 0430 217 2.24 4.41
6-Month 3433 3.400 0389 1.9 16 435 3.400 3360 0383 19 256 4.46
1-Year 3610 3520 0356 1.59 3.1 4.69 3.547 3480 0341 1.6l 304 4.65
= 2-Year 3831 3.700 0343 161 332 4.93 3.761 3665 0310 1.56 33 4.86
= 3-Year 4043 3960 0354 L6l 362 5123 3980 3920 0313 1.54 358 512
= S5-Year 4.329 4260 0377 165 3.79 544 4.280 4225 0347 1.65 375 54
s T-Year 4.602 4545 0417 1.81 392 573 4.558 45035 0404 1.1 3.EE 5.69
bt 10-Year 4.909 4910 0477 1.97 4.09 6.06 4. 896 4. BE0D 0486 1.97 4.05 6.02
15-Year 5.249 5265 0499 202 437 6.39 5.294 5230 0584 22 4.33 6.53
20-Year 5.543 5.495 0527 2.12 461 6.73 5.595 5.620 0585 2.11 4.58 669

Mean 4289 4.24 0417 1.845 3.57 541 4.263 4.219 0418 1.852 3.53 5.38

FIGURE 3. Descriptive Statistics of Yields of sukitks and Conventional Bonds in Malaysia (2005 to 2014)
issued by Government, Quasi-Government, Corporates and Financial Institutions- Source
Mayhem and Ariff (2014) (b)
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FIGURE 4. Yield Curve of Islamic and Conventional Debt Markets of Malaysia

Analyzing the deepest and most liquid Islamic Debt markets in the illustrations above,
the yield curve of both sovereign and corporate Islamic Debt issues exhibits an upward
sloping yield curve in the short to medium term (up to 10 years). This upward sloping curve
reflects adherence to the postulates of liquidity preference theory (biased expectation theory).
However, the yield curve gets humped for the relatively longer-term maturity (greater than
ten years) instruments, characterizing the symptoms of market segmentation theory.

The Implication of Term structure of Profit Rates on Sukuk Striping

The incentive to strip or reconstitute is essentially contingent on the term structure of profit
rates. As evident in the figure below, a rising term structure offers an advantage to strip
a sukiik, while reconstitution is favorable in case of a declining term structure. Moreover,
the profit from striping a sukiik increases with increasing maturities in an increasing term
structure. The figure below summarizes the positive impact of rising term structure and
maturity over the price of STRIP relative to their underlying sukiik.

Swalsmals Nield

Yield

FIGURE 5. Yield Curve Divergence in STRIP versus sukitk

Athematically represented, if Ps(, ), Pi, and Py, denote the price of a sukiik, its
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corresponding rental and terminal payoff STRIP respectively for a given yield and maturity,
then a, , represents the differential which triggers the arbitrage for striping a sukiik or
reconstituting the STRIP portfolio.

It is pertinent to mention that a(, ;) increases with the increasing maturity and expected rate
of return ’r.” In case of the rising term structure, i.e., when

e < TV @+2) < F(t+n)

Then, a(y ) > 0; and vice versa for a declining term structure.

Whereas, for a flat term structure, i.e. when

r'er@+)re+2) = I'@e+n)

Then, a(y,)) = 0, 1.e., the case of no-arbitrage.

Modelling Term Structure of Islamic Money Markets Instruments

Understanding the principle of equilibrium asset pricing is of utmost importance to unleash
the pragmatic adaptations of the theoretical foundations of the term structure of interest rates.
In their attempt to model investor behavior, the theoretician insists that investors value money
in terms of the utility of consumption. Two universally generalizable features characterized
are the ‘Term premium’ and the decreasing marginal utility relative to increasing wealth
levels of an individual investor (Van Der Merwe, 2015).

Thus the price of an asset is

P, = E, (IBMC(HI)X(HD)

Uc(r)

Or

Where f is the discount factor, less than one, and reflects the term premium, while x() 1s
the wealth endowment. Hence, the ratio of marginal utility m;,, of future time 't + 1’ and the
initial period that reflects the spot rate.

. _ Ue(r+1)
1.e. My = ('BTm)

The collection of these intertemporal yield rates of substitution, i.e., r{, 72,73, 74, ...... In,
projects the spot rate curve and thus determines the term structure of interest rates, as depicted
in figure 8.

o faeofreumt

"\

-------

1 2

FIGURE 6. Yield Curve as a function of Intertemporal Rate of Substitution
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Modelling Yield-to-Maturity, Spot, and Forward Rates
In the rest of the section, an attempt is made to mathematically represent and characterize
the concepts of YTM, Spot, and Forward rates, built around the prior discussion on the term
structure and its theoretical constructs.

Assuming a discount bond priced at ‘y#’ maturing at time ’#,” the value discount bond B,,
under risk-neutrality, can be modelled as:

B, = E[M,] = m

Notation:

Let j1,12) be the Interest rate from time #; to 7, prevailing at time ¢

Pyo@1,12) 15 the price of a bond quoted at ¢ = 1 to be purchased at ¢ = ¢, maturing at f = 1,
YTM is the yield to maturity which is the percentage increase in $; earned from the bond.
Mathematically, YTM is the invert of the price of the zero-coupon bond.

iel+YTM = ﬁ =>YTM =[P -1

The concept of forward rates originates from the need to find the expected discount rates,
at a future time period 't to a time period 't + 1’, i.e., for example, r0o,1) and 70 2) are the
expected rates of return for one year and two year zeros are known to us, then expected
forward rate rQ; 2 1s the expected rate of return for the second year, one year from now. This
is computed mathematically, assuming no-arbitrage. This can be mathematically represented
below, enabling us to work out the forward rate /"021,2).

[1 +7roon]ELL +roa] =[1+roa,2]2

Understanding the idea of the Term structure of sukiik profit rate is crucial for the pro-
cess of striping, wherein the changing expectation of the investors in terms of growth and
hence the intertemporal rate of substitution or the so-called the *Spot rates.’

Carrying on the discussion towards modeling the dynamics of STRIP, as a process of disin-
tegration of individual claims to the cash flows (i.e., to the lease rental 'L’ and terminal value
'P’), the valuation of a periodic rental paying ijarah sukiik can be computed, by aggregating
the present value of its cashflows, is represented as (Williams, 1938):

_ (Li+P)
B = Xen Tony
Whereas the YTM is the internal rate of return earned by an investor on a coupon bond,
bought at the market price, and held till maturity (Bodie et al., 2007). Thus, valuing an ijarah
based sukitk STRIP instrument requires us to primarily focus on the (I) Lease Payoffs (i1)
required rate of returns.
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[1 400, 19 % [+ #(1, 2] |
|

Earn mild, 1)

Earn implied forward rate, ril, 2) |

Eam {0, 2) per year

FIGURE 7. The relationship between YTM, Spot, and Forward Rates

Articulation of the ljarah Sukik STRIP Valuation Model

As defined earlier, the scope of this study is limited to the striping of ijarah / Leased based
securities only. The valuation model encompasses the following key steps:

I. Modelling the term structure of default-free sukiik profit rates by employing Bootstrapping
method (Fabozzi, 2007) to compute the required rate of return in section 3.8. A numerical
example illustrates the exercise in section 3.8.1.

II. Valuation of ijarah Payoffs based on well-known Myers et al. (1976) model (BDM) in
section 3.9.

III. Computation of Risk-adjusted cashflows by adapting the Certainty Equivalent Method
(CEM) (Zhang, 2010) to value the risky payofts of a leasing contract in sections 3.10 and
3.11. The valuation is further spelled out through Numerical illustrations in Section 3.11.1.
IV. Design and valuation of ijarah sukitk STRIP by discounting the risk-adjusted cash flow,
1.e., the C.E. of lease payoff at the required rate of return, illustrated by a stylized diagram.

Bootstrapping Methodology for Theoretical Spot Rate Curve

The yield curve is the graphical depiction of the yield of the bonds of the same quality but
different maturity. The primary focus of the study is the striping of ijarah sukiiks with risky
cashflows. A sukiik can be viewed as a bunch of distinct claims to future cashflows with
varying maturities and thus need to be discounted at a unique rate of return called Spot rates.
Therefore, in an arbitrage-free market, the sum of values of the zeros should ideally equate to
the price of the sukiik . The arbitrage-free market is mathematically represented as:

Value of ‘n’ period Coupon Bond priced at market rates = Summation of its ‘n+1’ ZCBs

priced at Spot yields
Or

_ n Li PO_Decon — n Li PO_Decon
Pen = Zict Gy T "y = 2i=1 ez T (zny

Note: Here, the rates and Lease payment need to be doubled to arrive at the annual-
ized yield values. Also the par value is assumed to be a hundred units for simplicity.
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Since the observable Yield for Zeros is only limited to six months and one year’s maturity,
the spot rate curve discussed above is created theoretically through a process called ‘Boot-
strapping’ (Fabozzi, 2007). This methodology extrapolates the spot rate for a future period
by incorporating the available spot rates (i.e., the 6month and 1-year Zeros yield)

Ly Ly L3
+ +
[1+r@,1] [1+ro2]2 ° [1+rp3]13

P3) =

Where,

e P(c,t) is the price of the bond with Maturity ’#’ (i.e., 1.5 years or three periods), and
Lease periodic payoft is ‘Ln.’

e 0.1y and r0 2y represent the observable yield for six months and 1-year Zero Coupon
Securities.

e Z0(0,3) is the unknown variable of interest rate and represents the theoretical Spot rate to
be used to price 18 Months Zero.

And finally, "P’ represents the expected par value that is assumed to be USD 100.

This bootstrapping process may be iteratively carried out to derive the spot rates across all
maturity up to Z0 ), given the spot rates, whether observed or computed, are available up
to the previous ‘n-1’ period. Thus, the generalized form of the Bootstrapping process can be
mathematically expressed as:

— C] C2 C3 C(nfl) Cn+P0_DeCon)
Pi3) = [1+r@,1] + [1+7©02)]12 + [1+Z3)]3 LR + [1+Zon-nln-1 [1+Zo.n]n

Numerical Illustration

Continuing the four periods or two years stylized illustration in the previous sections, the
bootstrapping process is illustrated, contemplating the respective unknown spot rate for third
(1.5 years) and fourth period (2 years) zeros. The following hypothetical data is assumed for
the Shari‘ah-compliant default-free Government Securities.

Waturity Coupon Rate Yilg-lo-Maturity Price

0.50 yaars 0.0000 0.0800 § %15
100 0,0000 0.0830 21
150 0,0850 0.08%0 04
200 00800 00820 B

Substituting the data in the equations above to derive the Z0 3), 1.€., the theoretical spot
rate for 1.5 years ZCB.
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— 4.25 4.25 104.25
99.45 = [1+0.0400] + [1+0.0415]% + [1+Z0(0,3)]3

=>[1+ ZO(O,3)]3 = 1.140024
=> 20(0’3) = 0.04465

Therefore, in annualized percentage terms, 8.93% is the theoretical spot rate for 1.5 years
ZCB.

Similarly, the Z0 4 1.e. the theoretical spot rate for 2 years Zero can be worked out, by
chipping in the previously found spot rates. A brief calculation is illustrated below:

_ 450 4.50 104.50 104.50
99.64 = 700001 + T50.04157 T [T50.04d657 T [T+ Zo.a)1*

=> [1 + Z()(()’4)]4 = 1.198158
=> 20(0’4) = 0.046235

Thus, doubling the above figure, to arrive at the annualized yield, the spot rate for two
years ZCB is found to be 9.247%.

This spot yields calculated above for 1.5 years, and two years Zero, is used to price the
respective sukitk STRIPS based on the following relationship:

1
P 20.m T Z,(0,m)]"

Therefore, the price of the respective PCBs are:

P-03) = rsgomess = 0-8772 per Dollar or 87.72 for USD 100 expected face value.
P4 = m = 0.8346 per Dollar or 83.46 for USD 100 expected face value.

Thus, the hypothetical sukiik striping exercise and data presented above can be summarized
in the table below, along with the pricing of ijarah sukitk STRIPS:

TABLE 1
Numerical Illustration of the Bootstrapping process

Period-years n Default Free Securities Market Data Spot Yield Z(0,n) Forward Rate ZCB STRIPS  Price of
Price per Face STRIPs
Dollar Value

Coupon YTM Price-Quoted

0.5 years 10 0.08 96.15 Z(0,1) 0.08 na 0.962 4.5 4.327

1 year 20 0.083 92.19 7(0,2) 0.083 r(1,2) 0.086 0.922 4.5 4.149

1.5 years 3 0.085 0.089 99.45 7(0,3) 0.089 r(2,3) 0.101 0.877 4.5 3.947

2 years-Rental 4 0.09 0.092 99.64 7(0,4) 0.093 r(3,4) 0.105 0.835 4.5 3.756

2 years-Principle 4 0.09 0.092 99.64 0.093 0.835 100 83.456

Summation 99.634
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The previous stylized illustration of the striping of sukiik is reproduced here with the
respective spot rate of return and the striping of a hypothetical ijarah sukiik into four discrete
STRIP securities along with the respective prices, yield, and par values:

.‘ 5|Jrs|m3TF||PPnr.-r-F|7?I5+
{ SUNLIK STRIP Price = 39:.'+
A SLUIKUK STRIP Piic = 4 10
A-SUKUE STRIF Pace = 4 337T—3
ljarah SUKIE par = 100
& 8% Coupon , 3.2% Remal 3TRIP1 = 4.5 Remal STRIP-I= 4.5 Remal STRIP-J=d4.5 Remal » Liguidaton 3TRIP- 4 = 104.5
¥iakd to Manarisy, | R OSSN | P P ———
Trading @964 | | | |
t=0 t=1 t=3 t-4
A—Z= 8% —=
+ £3 = B.3% *
+ ho=gn% —*
=+ 4= 3.241% ——0

FIGURE 8. Stylized Representation of the overall Design, Structure, and Valuation of ijarah sukitk STRIPs

The table above and the figure above summarize the idea and operationalization of sukiik
STRIPs based on hypothetical data as discussed above. A two-year or four periods sukiik is
dismantled into four Separately Tradable Money Market Instruments, with a defined yield
(i.e., the Spot rates) and pricing. It is evident here that the Bootstrapping method employed
here leaves no arbitrage opportunity, as the aggregation of prices of STRIPs, i.e., 99.64 is
equivalent to the cost of the underlying two years sukitk. However, the granularity thus
created converts a long-term debt instrument into short-term money market instruments
and a series of longer-term ZCBs. This subsequently leads to greater trading and liquidity
and enables cashflow matching for portfolio managers, especially pension funds and fund
managers.

Valuing Ijarah Securities and Payoffs

The well-known Myers et al. (1976) model (MDB) is employed to elaborate on the lease pay-
off. The MDB model, used for a single lease payment scenario, captures the post-tax returns
by equating it with sum of post-tax lease rentals, expected salvage value. These depreciation
tax shields are netted-off for applicable operating expenses (insurance or maintenance) to be
borne by the lessor, as represented in the equation below:

[1 + E(A1-7]Q = L(1—71) + Dt + E(Slygg) — O(1—71)

As mentioned above, since the lessor or the ijarah investor bears the operating expenses,
the net lease payment (net-of operating expense) can be represented as L'(1 — Z£n)
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L (1—1) — O{1-7) = L'(1—7)

Thus, the above equation may be rewritten as:

1+ EFf)il-71)]=L(1-1)+ Dt + E(Slig)

[L'(1-7)+D:-Q)  (E(Slig)]
Hl-1) l-1)

=r=ElF)=

The above equation can be iteratively solved for ‘r’ to calculate the ex-ante and ex-post
yield by substituting expected and realized values for the variables, respectively. Thus, the
income from a ’t’ period lease is stochastic, comprising of ‘t’ rental payoff L’t, which is
mathematically evaluated (employing Myers et al., 1976, approache) as follows:

L,=L(-T)+DT

The terminal payoff of the lease payment would also have the expected liquidation/residual
value of leased asset, represented as ‘E(P0)’, which is adjusted for economic depreciation
Decon:

L' =L -T)+D,T + Py — D,eon

Where T represents the tax rate and Dt ZAn, and Lt (1- £n) is the depreciation write-offs and
post-tax lease payoff for all periods, respectively.

Rationalizing the choice of Certainty Equivalent Method (CEM)

To model the price of the Zeros, it is imperative to recognize that the CAPM model operates
on the rate of return, not prices. What if you wanted to price an asset with an uncertain (not
predetermined) rate of return? The intuition of the CAPM is driven by the assumption of
the asset being priced in a perfect market setting at their fair value, where the price is equal
to the present value of expected cash flows. The CAPM, in all its parsimony models the
risk-adjusted required rate of return of an asset as a function of its Beta, relative to a market
portfolio.

Expectedreturn = Risk — freeRate + Asset’sBeta * EquityRisk Premium

CAPM has also been criticized for capturing only the market and systematic risk, instead of
the total risk, in its computation for the risk-adjusted discount rates (Zhang, 2010). The CEM
alternatively adjusts the cash flow for risk, i.e., the certainty equivalent, to be discounted at
the risk-free rate instead of the expected cash flow discounted at a Risk-adjusted rate derived
from the CAPM. Shortly, CEM can augment the precision of the valuation process, subject
to the assignment of an apt utility function, which indeed is a talk ask (Robichek & Myers,
1966).
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Certainty Equivalent of the Risky Jjarah Payoff

The design of a Shari‘ah-compliant instrument, solicits an intricate treatment and an eye
for details. Instead of raising the discount rate by adding a premium to the required rate of
return (discussed in the earlier section), which may be deemed Ribawi, this study attempts
to replace the risky cash flows by their ascertained cashflows called ’Certainty Equivalent’
(C.E.) (Gregory, 1978). This in-effect is the bare minimum expected cash flow, which is
equally attractive to the presumably risk-averse investor as compared to the risky prospect
(Becker & Sarin, 1987).

F ST
(BT YR
UI(EONWD)
Equoany )l B =
=T E)
(WY TR
R -] i
g, CE E0W) v,

FIGURE 9. Log Utility Function, Expected Payoffs, Utility and Certainty Equivalent

Therefore, the lease payoffs are modelled under the C.E. framework with a Von Neumann
log utility function to emulate a risk-averse investor. The decreasing marginal utility with
increasing wealth levels, represented by the Concave log utility function, is consistent with
the implied risk-averseness of the investor. Figure 10 elucidates the risk-averse investor’s
utility curve and the notion of C.E. being the wealth level corresponding to the expected
utility of the risky proposition.

Assuming a three-state (and two periods) probability distribution, instead of a sophisti-
cated continuous probability distribution, wherein the lease payoff in regular, default, and
prepayment state are represented by L,, L;, and L, with probability distribution depicted in
the stylized illustration below:

Le=(1-py-Qu) {1-%rYa) (L' DT + Po- D)

(1P} (1-%-vs)

n- Ly (1-py-gy) 1:{1-K) (L' O 4 Po-Du)

Lease Pryatfs - Regular Lu = (1-ps-q) (L'4DT)

1-pqu =

La= (1) Y IL'4 DT 4 Po=Ds)
Lease Peyofts - Detault - —n_' Lu=p (LR (LT

Lease Payoffs - P o Lip=qu(L'+ DT 4 Py =Dy}

FIGURE 10. Stylized Representation of Expected Payoff and their Probability Distribution in a Two-Period
Ijarah Sukiik
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The expected lease payoff of the various states, described above can be mathematically
expressed as follows:

Time 1 - Expected Payoffs
Ly=1=p1=qg)(L"+DT)+pi(1 = K)(L"+ DT) + q;(L" + DT + Py — D.con)
Time N (Period / Non Terminal) - Expected Payoff (Assuming pn = x, and ¢, = y,)

L, =0-py,—q)n(L*+DT)+{A - p, — g)n — 1p,(1 —= K)(L" + DT) + (1 - p, —
qn)n - 1(](”)(14‘ + DT + PO - nDecon]

Time 2 (Terminal) - Expected Payoffs

Ly = (1 =pr—q) —x2 = y)L+ DT + Py — Decon) + (1 = p1 — q1)x2(1 — K)(L* +
DT + Py — Decon + (1 — pP1— Q1)J’2(L‘ + DT + Py — Dcon)

Ly = (L*+ DT +Po— Decon[(1 = p1 —q1)(1 =x2=y2) + (1 = p1 —q)x2(1 = K) + (1 = pl =g 1)y, ]
Time N (Terminal) - Expected Payoff (Assuming p,, = x, and ¢, = y,)

L, = (L*+ DT+ Py— Decon)l(1 —DPn _Qn)n"'(l —DPn _Qn)n_ lpn(l -K)+(1 —Pn _Qn)n_ 1Qn]
Based on the already assumed investor’s utility function and the probability distribution
of the three-state payoffs, the expected utility of the investor for the risky lease payoff for
time period ¢t = 1, is as follows:

E[UW)] = (@U(Lp) + (P)U(Lg) + (1 = p - U(L,)

Where, expected utility for ‘n’ period can be represented as,

E[UW)] = =p =" UQULy) + (1 = p =" (p)U(La) + (1 = p = @)"U(L,)

Lastly, the C.E. equivalent is computed by taking invert of log function as demonstrated
below:

Log(CE) = E[lUW)]

CE = oElUW)]

Numerical Illustration
To illustrate the concept of C.E., as the ascertained lease payoff which furnishes the same
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utility to the investor as that of a risky investment - i.e., it is the minimum payoff acceptable
to the investor to take on the risk exposure. To exemplify, a hypothetical case of a 4 period
or two-year lease is taken, with four semi-annual rental payments and liquidation of the
leased asset at maturity in the 4th period. L is the post-tax rental payofl (with depreciation
write-offs) and only incorporates the terminal cash flow in the 4th period. With log function
emulating investor utility, the expected utilities and respected certainty equivalent have been

produced in the table below:

Assumptions

Destruction Factor K 1%
Rental + Dep Shield Per Period L’+DT 4.75
Prepayment Payoff for Time 1  L‘+ DT + Qo - Deconl 114.2
Prepayment Payoff for Time 2  L‘4+ DT + Qo - Decon2 113.65
Prepayment Payoff for Time 3 L‘+ DT + Qo - Decon3 113.1
Prepayment Payoff for Time 4 L‘+ DT + Qo - Decond 112.55
EconDep per period D 0.50%
Regular I-pl-ql 99.25%
Default* pl =xlI 0.50%
Prepayment ql =y2 0.25%
Initial ijarah Investment PO 100
[jarah Asset Value Q 110
Haircut Q-PO 10
larah | Asset Bached
Su;:::r::w:::m .CE ofLy': Lease Pai'ﬂ‘f CEnru Lease Payaff| (CEofLY: uasoPavdI” CE of LzRental + Liquidation Payoff
'I'emirnlquurmm
=0
i, —i

v

FIGURE 11. Stylized Representation of Certainty Equivalent of individual payoffs of a 4 period ijarah sukiik

Payoffs

Here, a four-period lease ijarah sukiik is illustrated in the picture above, to be disinte-
grated/STRIPED into four Zero Coupon Bond, i.e., three Coupon STRIPs and one coupon
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plus terminal value STRIP. The yields of the Zeros, thus created as represented ry, r», r3, and
rq.

TABLE 2
Numerical Illustration of the Calculation of Certainty Equivalents of Individual Payoffs of a 4 period
Ijarah Sukuk

Lr Ld Lp EL) U(r) ULd) U(Lp) E[U(W)] CE=eE[U(W)] Price of the
sukitk  STRIP
discounted at
Risk-Free Spot

rate

Time 1 4.71 0.02 0.29 5.02 1.55 -3.75 -125 1.52 4.56 4.386
Time 2 4.68 0.02 0.28 4.98 1.54 -3.775 -1.27 1.51 4.52 4.172
Time 3 4.64 0.02 0.28 4.95 1.54 -3776 -1.28 1.5 4.49 3.938
Time 4 109.21 0.55 028 110.03 4.69 -0.6 -1.29  4.65 104.78 87.49
(Rental +

Principal)

Summation 99.986

*S&P and Moodys published historical default probability ranges 0.5 to 0.6 for AAA-rated bonds

CONCLUSION

The goal of financial markets is to fit into the liquidity preferences of investors, be it bank
deposit contracts, credit lines or secondary markets instruments o furnish the allocative flexi-
bility of risk and liquidity requirements. The novel Islamic Money Market product, presented
in this study, is an endeavor towards achieving this goal. The study presents a holistic model
for designing and valuing ijarah based STRIP securities in a non-Ribawi framework. The val-
uation model owes its uniqueness in its ability to simultaneously incorporate the endogenous
microeconomic utility function of investor (using Certainty equivalent methodology), along
with the integration of exogenously determined required rate of return (by bootstrapping
method), as dictated by the term structure and macroeconomic dynamics in an economy.
We found that the proposed ISS can serve as a short-term liquidity management instrument,
facilitate price discovery and define the term structure in Islamic debt markets. For sovereign
issues ISS can enable efficient monetary policy transmission, market completeness, and
public finances for the underdeveloped Muslim world. Given the absence of Islamic money
market and liquidity management instruments, the ISS proposed in this study potentially
be a valuable addition to the arsenal of Islamic Financial Markets, which can augment the
much needed financial deepening and development. In terms of Shari‘ah compliance, ISS
instruments presented in this study are founded on an ijarah (lease) transaction, which fulfils
the fundamental doctrine of Shari‘ah, curbs agency cost of debt, and hence economically
efficient (Ebrahim et al., 2015). The paper articulates the Usuli rationalization based on the
overarching maqasid (aims) of Islamic law for the proposed ijarah sukiik STRIP instruments.

The valuation model has not incorporated the tax treatment, which can be a subject of
future research, is pertinent to mention. Besides, the determination and optimization of utility
functions to emulate investor behavior in Muslim countries can also be probed. As the scope
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of this study was limited to the ijarah securities with predetermined profit, leaving a gap for
potential research to the design of Mudarabah and Musharakah based sukiiks STRIPs.
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