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ABSTRACT

ANALYSIS OF FIXED INCOME SECURITIES IN ANEMERGING

MARKET

Kel ek, G¢rsu
Department oManagement
SupervisorAssoc.Prof. Dr. Levent Akdeniz

May 2016

This thesis intends to analyze the yields of fixed income securities in an emerging
market, Turkey. To this end, an international macroeconomic Imsdset up to
capture the stylized facts in the interest rate dynamics of the local currency emerging
country bonds while reconciling business cycle facts. The study also empirically
analyzes the fundamentals that drive the wedge between the local gurrenc
government bond yield curve and the swap curve to better understand the fair pricing
in an emerging country fixed income market. The thesis also introduces a novel
methodology to extract the liquidity premium and inflation risk premium in Turkish
lira denominated government bond yields. For robustness check, the proposed

liquidity premium extraction methodology is applied to the US bond market.

Keywords:BondPricing, Cross Currency Swapgsxed Income Securitiednflation

Linker Securities, LiquidityPremium
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1. CHAPTER |

INTRODUCTION

Recently, emerging market economies have been the primary drivers of the global

growth. Investing in the emergigjc onomi esd® | ocal currency ¢
way of getting exposure to the high returns that these economies offer. Investors are
looking for ways to access these debt instruments not only for their high returns but

also for diversification purposes.

Understanding the underlying fundamentabst dive the return in these markets is
essentialn identifying the associated risks of investing in these markets. With a
special interest in Turkey, this thesis aims to shed light on the factors that affect the

yields on the emerging localrrency debt instruments.

International macroeconomic models have been commonly used to address the
several features of the world economy since the work of Backus, Kehoe and
Kydland (1992, 1995). However, those mualtiuntrymodelscannot fullyexplain

the interest rate dynamics of the emerging countries. It has been documented that

1



the emerging country bond premium is countercyclical with respect to the output
and highly volatile when compared to the developed country bamdipm.

Neumeyer and Perri (200%nd Uribe and Yue (2006) report the courtgelicality

of the interest rates for several emerging countries including Argentina, Brazil,
Ecuador, Mexico, Peru, Philippinend South Africa. Both of these studies take
interest rates as exogenous and try to measure the contribution of the real interest
rate fluctuations to emerging economy output volatility. Reduced form financial
frictions (i.e. working capital channel and country premium that depend on
macroeconomic funaaentals) act as amplifier for the productivity shocks in these

studies.

It is hard for the standard international macroeconomic models to predict these
observed facts while reconciling other emerging country busimgds patterns
simultaneously. Therea studies which allow the interest rates to be endogenously
determined by the emerging country fundamentals (Agui@opinath 2008

Arellang 2008 G a r -€Ciéca, Pancrazi& Uribe, 2010). Arellano (2008) shows that

if the cost of default is countercycdil, a small open economy model is able to
explain the level and the volatility of the bond premium. Yue (2010) argues that if
there is debt negotiation after the default, it is possible to obtain volatile bond
premia. Mendoza and Yue (2011) write a gehegailibrium model of default and
business cycles and show that their model explains several features of the emerging
country data. One common property of these aforementioned models is the
importance of the default probabilities in deriving first andbadanoments of the
bond premia. GourinchaRey and Govillof2011) show that US borrows at a lower

rate than it lends and that there is a significant premium between the emerging



country and US bonds. They call the premium that is collected by the i€ as

"exorbitant privilege."

Not all studies in the literature resort to financial frictions to match the emerging
economy business cycle facts. Aguiar and Gopinath (2007) show that shocks to the
trend of the emerging output sufficigntnatch the stylizefacts of the emerging

economy business cycles.

Recent literature focuses on midounded (firm level) default mechanisms in order

to fill the gap between the standard business cycle models and the observed facts for
the interest rate dynamics of the egieg economiesAkinci (2013)presenta
frameworkwithin which stationary productivity shocks are augmented with-firm

level financial frictions in the form of financial acceleradda Bernanke, Gertler,

and Gilchrist (1999)Akinci (2013) is able to getountercyclical interest rates and
volatile country risk premium. She also reports that the introduction of the financial
frictions terminates the importance of rstationary shocks in deriving the

fluctuations in the emerging country business cycle.okemecent paper, by

Fernandez and Gulan (2015), shows that it is possible to match the emerging
economy interest rate dynamics (and several emerging business cycle dynamics as
well) by introducing micrefounded financial frictions to an otherwise standard

small open economy model. They model the emerging country interest rates as a
function of the default risk of the corporates. They show that a mechanism, which
involves a financial accelerator type of amplification through leveraged corporates,
accounts wll for the interest rate dynamics and some of the main busiyekss

patterns in emerging economies. One notable outcome of the model is the estimated
persistence of the productivity shock: the model can yield high consumption

volatility when the persisince of the productivity shock is close to one. Authors



read this as a sign for the existence of frictions that are orthogonal to the financial

accelerator mechanism studied in the paper

These mentioned studies mainly employ representative agents anttdke into

account the dynamics that arise due to the interactions among heterogeneous agents.
However, as Becker and Mulligan (1997) assert, there are reasons to be susceptible
about the representative agent assumptiothdim ownBecker and Mulligaé ewn

words; 'In many endogenous growth models, preferences are constant across
countries, while technologies and therefore rates of return vary. Withcwassy
differences in rates of return, there must be either large international capital flows or

strong barriers to those flow@ecker & Mulligan, 1997 : 749).

Studiesexistin the literaturghat employ different types of preference heterogeneity
both within the same country households and across different country households.
For instance, Guvend@009) shows that different elasticity of intertemporal
substitution among economic agents and limited stock market participation can
explain the equity premium puzzle. Borri and Verdelhan (2011) employ trend
shocks, default and a tirvarying risk aversio in a developed and emerging

country set up. They get positive amounts of spread if the endowment processes of
developed and emerging countries are assumed to be positively correlated.
Gourinchas et al. (2011) also use a model with heterogeneity invessi@n and

find that just the variation in risk aversion or sizes alone is insufficient to generate

spreads similar to the data.

There are also studies that employ time preference heterogeneity across emerging
and developed country households. Differenndbe level of institutional

development, reflected in the form of government impatiéaseitedin Aguiar,



Amador, &Gopinath,2009 Aguiar & Amador, 2011), or higher risk of
expropriation due to the lack of wadktablished rule of law in emerging countries

may force emerging country households to act more imphtient

The literature presents empirical evidentéhe existence of the time preference
heterogeneity within the same country and the same age group. Lawrence (1991)
estimates high permanent income earners to be more patient than low permanent
income earners. Gourinchas and Parker (2002), and Cagetti (2003) report time
preference heterogemgiacross households with high and low education levels
within the same country and the same age group. That said, to the best of our
knowledge, there is no empirical evidemdehe existence of the time preference

heterogeneity across two different cayrtiouseholds.

This thesis aims to fill the gap in the literature by explaining observed emerging
country interest rate dynamics while reconciling other emerging country business
cycle patterns. For this purpose, it proposes adwmtry international
macroeconomics model, equipped with time preference heterogeneity. The results
of this model, presented in the second chapter, reveal that a standaalitvixy
international macroeconomic model's ability to match the emerging economy
interest rate dynamiafrastically improves when time preference is assumed to be
heterogeneous across emerging and developed country households. More
specifically, a lower discount factor for the emerging country households operates
through the breaklown of the Cole an@bstkld (1991) type of basic risk sharing
mechanism in the goods market, increasing the role of financial markets in hedging
against adverse production shocks. Moreover, the existence of the time preference
heterogeneity can be viewed as a reflection of dgéipancial) frictions across

developed and emerging economies. Hence, the results presented in the second



chapter seem to be in concordance with one dimension of the literature which
asserts that emerging country interest rate dynamics can be explastadderd

models augmented with reduced form financial frictions. Finally, the model's results
indicate that almost 75 percent of the volatility of the bond premium is due to the
real exchange rate volatility and the remaining 25 percent can be attribuited

consumption risk.

Having analyzed the spread between the yields on emerging country and developed
country local bonds in the second chapter, we present an empirical analysis to
determine the factors that affect the spread between the USDTRY cross currency
swaps and Turkishra denominated nominal bonds with similar maturities in the

third chapter.

Using swap curves instead of the bond curve for pricing issues is a growing trend in
international financial markets due to the liquidity in the swap markets. Turkish
financial market is not an exception. The market practitioners prefer swap curve
over bond yield curve as benchmark for several reasons: i) the fixed swap rate is
free of any credit (or sovereign) risk as the TRY fixed rate receiver holds hard
currency (USD) as coltaral during the life of the swap deal; ii) the liquidity

premium in the fixed swap rate is less than the liquidity premium priced in a similar
maturity government bond as unwinding an existing swap position is much easier in
swaps compared to the illiquidcal government bonds. The liquidity in the swap
market stems from its popularity among foreign investors, wh@asmexposure to

the crosshorder (Turkey) risk withoupearing any credit risk thanks to holding hard
currency during the lifetime of thevap. Hence, investigating the fundamentals that

drive the swap spread improves our understanding of fair bond pricing. Gaining an



intimate knowledge of fair value of a bond is important not only for the market
practitioners, but also for academicians poticy makers.

Unfortunately, the literature on the determinants of the cross currency swaps is
sparse. To the best of our knowledge, Usmen (1994) is the only paper that proposes
a theoretical model to explain the spread of cross currency basis swapsss ek

the local currency government bond yields. Nonetheless, the literature on interest
rate swap spreads sheds light on the determinants of cross currency swap spreads as
interest rate swaps are a special case of cross currency swaps.

Early literaturg(Sun, Sundaresata Wang, 1993; Brown, Harlow Smith, 1994;

Duffie and Singleton, 1997; Minton, 1997; Lang, Litzenbe&diiu, 1998; Eom,
Subrahmanyar& Uno, 2000) focuses on the role of counterparty risk in

determining the interest swap spreads. Thiegkes have generally employed the
spread between AAA and lower rated bonds (i.e. AA, A or B) as a gauge of
counterparty risk.

There are also studies which claim that counterparty risk cannot play a major role in
explaining the swap spreads (Ev&n8ales,1991; Litzenberger, 1992; Chén

Selender, 1994; Duffi& Huang, 1996, and CossénPirotte, 1997). These studies
commonly deny the role of counterparty risk in determining the interest rate swap
spread for three reasons; (i) as the notional is not egeldaand interest payments

are netted out during in an interest rate swap, the amount that is risked by entering
into a swap is not that big and there arises no counterparty risk; (i) as Smith,
Smithson and Wakeman (1988) and Hull (1989) argue, a courtiewit not

default as long as the worth of the swap to that counterparty is not negative. That is,
for a default event to occur during an interest rate swap, both a counterparty has to

default and the net worth of the swap to that counterparty showlelgagive; (iii)



Sorensen and Bollier (1994) claim that counterparty risk is not unilateral. As both
counterparties may default, interest rate swap spread should price the relative
counterparty risk, which is the difference between the riskiness of the two
counterparties. Therefore, even negative swap spreads can be possible when the
riskiness of the swap seller is much higher than that of the buyer.

The literature also reports that the liquidity premium (Du§fi§ingleton, 1997,

Lekkos& Milas, 2001; InBrown & Fang, 2003; Fehle 2003; Liu, Longsté&ff
Mandell, 2006), the swap mar ket dés struct
of the bond yield curve (Minton, 1997; Lang, Litzenber§driu, 1998; and Fehle,

2003) are the factors that affect the rett swap spreads. On top of these, in his
theoretical model, Usmen (1994) adds the exchange rate volatility as an additional
factor determining the cross currency swap spreads.

Stimulated by these studies, the third chapter analyzes the factors thathaffec
USDTRY cross currency swap spreads. The results reveal that the slope of the local
currency bond yield curve and the credit risks of the parties involved in the swap are
the main factors that affect the USDTRY cross currency swap spread. More
specifically, in the period between October 2009 and May 2013, the swap seller's
credit risk, measured by foreign banks' CDS spreads, has a decreasing effect on the
swap spread. This is due to the increase in the swap sellers' risk as they are directly,
or indirectly, affected by the liquidity and capital shortages in their headquarters
operating at the epicenter of the Global Financial Crisis. However, in the period
between November 2013 and February 2015, the swap buyer's credit risk gained
importance as the ks started to shift towards emerging markets with the Taper

Tantrum, which started in May 2013. The surge in the riskiness of local banks



increased the swap spread during the second part of the estimations. Finally,
steepening in the bond yield curve desed the cross currency swap spreads.

In the second and third chapters, crosantry and within country analysis were
performed for the local currency emerging country bond yields. Now, we further
investigate the risk premium pricing across differepesyof local currency

emerging country bonds. With this aim, we analyze the liquidity premium and
inflation risk premium embedded in the breakeven inflation rates obtained from the
maturity-matched nominal and inflatidinked Turkish lira bonds in the foth

chapter. We use a novel methodology to empirically extract the relative liquidity
premium between any two maturityatched bonds with similar types.

To be able to identify the liquidity premium and inflation risk premium improves
market practitionerslbility to compare and contrast relative valuations of the
existing fixed income securities. However, it is especially important for the
monetary policy makers and fiscal authorities. The ability to accurately measure the
liquidity premium and inflationisk premium enables monetary policy makers to
track the change in inflation expectations, as well as the effectiveness of their
policies. For fiscal authorities, measuring the risk premium means quantifying the
extra cost incurred due to the existenceh@ premium in the issuance of these

securities in the primary market.

Using nominal bonds together with inflation @Rkers is a very popular way of
attaining market based measures of inflation expectafidwsliterature generally
uses affine termsmstcture models (with no arbitrage assumption) to decompose the
breakeven inflation rate into its subcomponents of inflation expectations and
inflation risk premium. Affine models with latent factors are simultaneously fitted to

both nominal and real govenent yield curves. The resulting model is estimated



with the help of Kalman filter, where highequency (i.e. daily) inflation
expectations are obtained by the noisy survey data oréonyginflation

expectations.

Chen, Liu, and Cheng (2005), Garciaaddéd r ner (2010) , Her dahl
(2010), Christensen.opez and Rudebus¢R010) and JoygdPeter and Steffen

(2010) are some of the studies that disentangle breakeven inflation rates in advanced
economies, i.e. US, UK and Euro area. D'amikion and Wei (2010) incorporate

an additional latent factor to measure the liquidity premium priced in the CPI

linkers.

Some studies used regressimsed methodologies to extract the liquidity premium
embedded in the yields of the GIRikers. These studies regsdsreakeven inflation

rates on various measures of liquidity, i.e. leeninal offthe-run spread, Re@up

spread, relative transaction volume of inflatiodexed bonds and nominal bonds,

and proxies for the cost of funding a levered investment in ioftétidexed bonds.
Gurkaynak Sack and Wright2010), Pflueger and Viceira (2011), and Grishchenko

and Huang (2012) are studies of this kind.

To the best of our knowledge, all of the studies in the related literature deem

nominal bonds as perfectly liquiBy contrast, theesults of the present study

indicate that the calculated relative liquidity premium takes values bet&&en

basis point and 40 basis point for the period between October 2012 and March 2015.
This finding asserts that the relative ligitydof the Turkish CRlinkers can

sometimes be higher than that of nominal bonds. Furthermore, the sum of 10 year
expected inflation and inflation risk premium takes values between 4.54 percent and

7.38 percent and is 5.38 percent (on average) for theatgtn period

10
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The fifth chapter testthe robustness of the liquidity extraction methodology
proposed in the fourth chaptey applying the same methodology tbe time period
and the maturiynatched S nominalandTIPS) security pairs usday
FleckensteinLongstaff and Lustig2014). The choice of the time period and the
securities used in Fleckenstein et al. (2014) is very appropriate for the application of
our methodology to the US bond market. Fleckenstein et al. (2014) reports
mispricingacross maturigmatched US nominal and TIPS during the Global
Financial Crisis. However, they cannot attribute this mispricing to the liquidity
premium measures across these matumidgched US Treasury securitiekere it is
critical to check whether threlative liquidity premium calculaddor the time

period and the maturitpnatched US TIPS and nominal bond pairs of Fleckenstein
et al. (2014)i) co-move with weltknown liquidity premium measures of the
literature and (ii) hee a level that is compaloée to what is reported in the literature.
Pertaining to the first check, the relative liquidity premium calculated across US
TIPS and nominal bonds comparedvith the Restution Funding Corporation
(Reforp) spread, a direct measure of the liquiditgrpium that is first proposed by
Longstaff (2004) and used in the literature for the US bond market. Specifically, we
calculate the correlation of tiefamrp spread with the average liquidity premium
across maturiynatched nominal bonds, across matuniigtched TIPS and across
maturity-matched TIPS and nominal bonds respectively. For the April-2005
November 2009 period, these correlations are calculated as 0.83 for the liquidity
premium on nominal bonds, 0.83 for the liquidity premium on T#8 0.67 for

the liquidity premium between TIPS and nominal bonds. These high levels of
correlation may indicate that the calculated premium in the fifth chapter indeed

reflects the liquidity premium across these bonds.

11



Regarding the second checkn#ar to Mustq Nini and Schwar£2015),theresults
indicate that the average liquidity premium acrossTUES and nominal bonds
reached up to 75 basis points during 22089 global financial crisis and wandered
around 0 other times. On the other hand, thezage relative liquidity premium
across maturitynatched TIPS and nominal bortuisits peak around 140 basis
points in November 2008. These results are very clog®se found bysurkaynak

et al. (2010) bulower than thoséoundby Pflueger and Vicea (2011). However,
similar toPflueger and Viceira (2011i},was foundhat the relative liquidity
premium is timevarying and takes values between 40 and 80 basis points during

normal times.

These results also indicate that the empirical methodologwthatployed in the
fourth chapter indeedan effectivelycalculate the relative liquidity premium across
maturity-matched bond pairs.

All of the chapters serve our understanding of the fundamentals that underlie the
emerging country local currency fixegicome instruments. The international
macroeconomic model, introduced in the second chapter, sheds light on the
underlying fundamentals that cause the di
interest rate dynamics. The thesis contributes to the literatysepgsing an
empirical methodologyo obtainthe liquidity premium between any two maturity
matched fixed income securities with similar typBEse empirical examination of
local currency fixed income instruments (i.e. cross currency swapsinkéis aml
nominal bonds) point out new aspects where emerging economy fixed income
instruments differ from those of developed economies. For instance, Turkish
inflation-linkers can sometimes be more liquid than nominal bondsthattame

maturity and swap spreatlsingusually negative.
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2. CHAPTER I

TIME PREFERENCE AND THE EMERGING COUNTRY

BOND PREMIUM

The difference between the interest rate dynamics across the emerging and the
developedconomies is well documented in the literateg.Neumeyel& Perri

2005 Uribe & Yue, 2006). The emerging country interest rates are high and more
volatile compared to the developed country interest riteszover they exhibit
countercyclical behawwur with respect to the output. International macroeconomic
models are unable to capture these observed facts while reconciling other emerging
country businessycle patterns simultaneously.

This chapter asserts that a standard-t¢aontry international n@oeconomic

model's ability to match the emerging economy interest rate dynamics drastically
improves when time preference is assumed todberogeneouscross emerging

and developed country househol@lke thesisntroduces impatient households for

the anerging country to an otherwise standard-seantry, twegood endowment
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economy framework, where each country issues its own domestic currency
denominated bonds. A lower discount factor for the emerging country households
mainly operates through a bredéwn of the basic risk sharing mechanism in the
goods market and an increased role of financial markets in hedging against adverse

production shocks.

Standard international macroeconomic models mainly employ representative agents
and do not take into accaoutime dynamics that arise due to the interactions among
heterogeneous agents. However, there are numerous studies that employ different
types of preference heterogeneity both within the same country households and
across different country households initimeodels.Becker and Mulligan (1997)
asserthatthere are reasons to be susceptible about the representative agent
assumption. Inheirown words; Th many endogenous growth models, preferences
are constant across countries, while technologieshamndfore rates of return vary.

With crosscountry differences in rates of return, there must be either large
international capital flows atrong barriers to those flowecker & Mulligan,

1997:749).

The literature also presents empirical evideoice existence of the time

preference heterogeneity within the same country and the same age group.
Lawrence (1991) estimates high permanent income earners to be more patient than
low permanent income earners. Gourinchas and Parker (2002), and Cagejti (2003
report time preference heterogeneity across households with high and low education
levels within the same country and the same age group. That said, to the best of our
knowledge, there is no empirical evidemde¢he existence of the time preference
heteogeneity across two different country households. However, there are reasons

for the emerging country households to act as if they are more impatient although
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they have a similar type of time preference with their developed country
counterparts. Differeras in the level of institutional development, reflected in the
form of government impatienc¢ascitedin Aguiar et al, 2009 Aguiar & Amador,
2011), or higher risk of expropriation due to the lack of v@sthablished rule of law
in emerging countries mdgrce emerging country households to act more
impatient. Also, creditonstrained emerging country households generally have
reasons to discount future more heavily, compared to their developed country
counterparts, whenever the credit constraints asxedldue to a favorable

productivity shock.

In order to understand the importance of time preference heterogertbity

moments of the emerging interest rates, it is worth meintighe model's

behaviour under homogenous time preference. Under the homogenous time
preference case, the model yields a high level of risk sharing across countries. This
ColeandObstfeld type of high risk sharing in the goods market leaves no need for
trace in the financial markets. Hence, the model produces a zero bond pfeaniim

a very low level of volatility (with respect to the volatility of the output) for the
emerging country bonds. Alsthe correlation of emerging country bond premium
with the ouput becomes acyclical, whidontradictswvith the data. Other than the

bond dynamics, the model also fails to match some other important emerging
country businessycle facts. For instance, net exports of the emerging country turns
out to be procyclical wih the outputand the model yields a very low volatility for

the real exchange rate (RER).

! Bond premium is defined as the yield on the emerging country bond minus the yield on the
developed country bond.
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The model's failure under homogenous time preferences is mainly due to the high
level of risk sharing in the goods market in case of a favorable productivity shock.
When the emerging country receives a positive productivity shock, the emerging
country households increase their consumption. However, this increase is less than
the rise in the level of output as the households smooth their consumption
intertemporally. Tie rest of the output that is not consumed is saatinet exports
become procyclical. Since the increase in the derf@artdadable goods does not
surpass the rise in the supply of these goods, price of tradable goods decreases
implying a depreciationf the terms of tradeToT). TheToT depreciation, in turn,

results in high risk sharing in the goods market as the developed coantoge
emerging tradable inputs at a lower price. As pointed out by Cole and Obstfeld
(1991), households can hedge the production risk in the goods market and there
remaindittle gain from engagingn trade in the international financial markets.

With the minor role of financial markets, the model yields a zero level for the bond
premium. Moreover, the deviations in the bond premium turn out to hatahthe
correlation of the bond premium with the output becomes acyclical for the emerging

country.

Theintroduction of the time preference heterogeneity causes drastic changes in the
model moments. With time preference heterogeneity, the risk sharing across the two
countries breaks dowand households begin to hedge themselves against

production risk in tk financial markets. Net exports and bond premium become
countercyclicain the emerging country. Als¢the model begins to match the

volatility of the bond premium.

Under the time preference heterogeneity case, consuming today gives more utility to

the energing country households than consuming tomorrow. Hence, when the
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economy is hit by a favorable shock, the impatient emerging country households
increase their current consumption beyond the increase in the level of their output
and reduce their net sags A rise in the level of the output, coupled with a

reduction in the net savings, implies countercyclical net exports with the autput

the emerging country. Increase in the denmfan@merging country households

towards tradable and ndradable domegt goods has also implications for risk

sharing across countries. Since the increase in the deoragrderging tradable

goods exceeds the increase in the supply, the price of the emerging country tradable
goods risescausing th& oTto appreciate. A3oT appreciates, the developed

country households can no more benefit ftbmcheaper emerging tradable inputs

and the risk sharing across countries in the goods market disappears.

With the disappearance of the hedging opportunities in the goods market and
unfavorable movement of ttRER, households prefer the financial market for

hedging purposes. Each country household purchases the bonds issued by the other
country as possessing other country's bonds constitutes good hedge against the
production risk. Thee bonds pay in units of the other country's consumption goods
that become more valuable when the bond holders' consumption is lower. Since the
emerging country bonds constitute a good hedge for the developed country
households, the demand for emergingntoubonds rises following a favorable
productivity shock in the emerging country. Hence, the premium between the yields

of the bonds of the two countries falisaking the emerging country bond premium

2In the benchmark calibration, ndradable endowments are taken as complements to the tradables.
Hence, the demarfdr nontradables risesiiharmony with the demaridr tradables under a

favorable productivity shock that shows itself as an increase in the level of tradable endowment.
However, an increase in the demdadnontradables implies a hike in the price of Avadable

goods, whictare fixed in supply. Therefore, a ReR appreciation accompanies the ToT appreciation,
making the developed country households even worse off.
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countercyclical with its outpufhe wseof financialmarkets also increases the

volatility of the bond premium.

The model's results reveal that, without resorting to exogenous shocks to country
interest rates or reducddrm processes or any form of financial friction, it is
possible tayetvolatile and coatercyclical bond premiunm the emerging

economies by introducing time preference heterogeneity across the agents of
developed and emerging economies. However, the existence of the time preference
heterogeneity can also be viewedasflection of deepe(financial) frictions across
developed and emerging economies. Hence, this seeingo be in favor of the
branch of the literature which asserts that emerging country interest rate dynamics
can be explained by standard models augmented with reducediriancial

frictions. Finally, the model's results indicate that almost 75 percent of the volatility
of the bond premium is due to the real exchange rate volatilitth@mdmaining 25

percent can be attributed to the consumption risk.

The structure othis chapter is as followSection 2 provides the stylized facts in
the data and reviesthe related literatureSection 3displaysthe model Section 4
presents the resulégcording taifferent time preference values across countries

Section 5 makesbustness checkand Section 6 concludes.

2.1 The Related Literature

Table 1 exhibits the business cycle properties of real variables for a group of
developed and emerging countries. The first column of the upper panel of Table 1
shows that the output indlemerging countries is almdstice asvolatile asthe

output in the developed countries. On the other hand, as the second column shows,

consumption smoothing is more pronounced in the developed countries.
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Table 1- Business Cycle Properties of Real Varables

a(Y) a(C)/a(Y) o(NX/Y)/o(Y) o(ReR)/a(Y) o(Premium)/o(Y)
Emerging Countries
Mean 4.05 1.15 0.86 3.00 0.83
Median 3.91 1.08 0.81 2.05
Developed Countries
Mean 2.25 0.584 0.54 2.64 1.21
Median 2.05 0.54 0.54 3.19
p(Y,Y) plC,C™) pPINX/Y.Y) p(ReR,Y) p(Premium, YY)
Emerging Countries
Mean 0.01 -0.30 -0.53 0.54 -0.55
Median 0.03 -0.35 -0.57 0.59
Developed Countries
Mean 0.45 0.29 -0.42 -0.14 0.20
Median 0.43 0.29 -0.47 -0.13

Notes: Y 1z real GDP. C 1s real consumption. NX/Y 1z export minus imports over GDP

ReR 1z the real exchange rate. Premium 1s the spread btw the returns EM and DM bonds.

All series (except NX and premium) are in logs and have been HP filtered. All statistics are based on
yearly data for years between 1970 and 2008 from IMF-IFS. Emerging countires are Argentina,
Brazil, Chile, Colombia, India, Indonesia, lsrael, Korea, Mexico, Malayzia, Paraguay, Peru,
Philippines, Turkey, Uruguay, Venezuella and South Africa Developed countires are Austraha,

Canada, England, Finland, France, Germany, Japan, New Zealand, Portugal and the U.S.

The first column of the lowgranel of Table 1 also reveals that the developed
country output correlasawith the US output, whereas the emerging country output
doesnot. Ascan be seem the second column, there is no risk sharing across the
emerging and developed economies. Tha fiblumn shows that emerging country
real exchange rates appreciate in the boom phases of the business cycles. On the
other hand, the developed country real exchange rates do not move with the
business cycled.he kst column exhibits a significant diffarce in the cyclicality

of the bond premium in both country groups. The emerging country bond premium
is countercyclical, whereas the developed country bond premium is slightly

procyclical.

International macro economy models have been commonly used &ssdae
several features of the world economy since the work of Backus, Kehoe and
Kydland (1992, 1995). However, those muatiuntry modelgannot fullyexplain

the interest rate dynamics of the emerging countries. It has been documented that
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the emergingountry bond premium is countercyclical (with respect to the output)

and highly volatile (when compared to the developed country bond premium).
Neumeyer and Perri (2005) and Uribe and Yue (20060 arstudies that report the
countercyclicality of the imrest ratefn several emerging countries including

Argentina, Brazil, Ecuador, Mexico, Peru, Philippiresd South Africa. Both of

these studies take interest rates as exogenous and try to measure the contribution of
the real interest rate fluctuatiorsemerging economy output volatility. Reduced

form financial frictions (i.e. working capital channel and country premium that
depends on macroeconomic fundamentals) aahamplifier of the productivity

shocks in these studies.

In the literature, therera also studies which allow the interest rates to be
endogenously determined by the country fundamergaisAguiar& Gopinath

2008 Arellano, 2008 G a r -Ciécaet al.2010). Arellano (2008) shows that if the

cost of default is countercyclical, a small open economy nuadetxplain the level

and the volatility of the bond premium. Yue (2010) argues that if there is debt
negotiation after the default, it is possibleotatainthevolatile bond premia.

Mendoza and Yue (201developa general equilibrium model of default and

business cycles and show that their model explains several features of the emerging
country data. One common property of these aforementioned e teds

importance of the default probabilities in derivithg first and second moments of

the bond premia. Gourinchas et al. (2011) show that US borrows at a lower rate than
it lends and that there is a significant premium between the emerging country and
US bonds. They call the premium that is collected by the US as the "exorbitant

privilege."
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Not all studies in the literature resort to financial frictions to match the emerging
economy business cycle facts. Aguiar and Gopinath (2007) show that shdwoks to t
trend of the emerging output is solely sufficient to match the stylized facts of the
emerging economy business cycles. However, they also argue that trend shocks
should be interpreted as the reflection of deeper frictions. These frictions need not
be the financial onedn a recent study, Arslaieles and Kilind2012) model the
emerging economy business cycles with trend shocks and risk aversion
heterogeneity across emerging and developed economies. They are able to break the
risk sharing mechanism die standard international macroeconomics model with
the help of the wealth effects caused by the trend shocks. Their caodel
endogenously produce interest rate dynamics that are in linéheidata. The

model also yield$arge portfolio holdingsis mae risk averse emerging country

households tend to hold developed country bonds to smooth out their consumption.

Recent literature focuses on midounded (firm level) default mechanisms to fill
the gap between the standard business cycle models arustrean facts for the
interest rate dynamics of the emerging economies. Akinci (2013) reports that a
framework within which stationary productivity shocks are augmented with-firm
level financial frictions in the form of financial acceleraalaBernankeet al,

1999) canobtaincountercyclical interest rates and volatile country risk premium.
She also reports that the introduction of the financial frictedimsinatesthe
importance of nofstationary shocks in deriving the fluctuations in theeggimg
country business cycl®lore recentlyFernandez and Gulan (2015) show that it is
possible to match the emerging economy interest rate dynaasiegell aseveral
emerging business cycle dynamilg introducing micrefounded financial frictions

to an otherwise standard small open economy model. They model the emerging
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country interest rates as a function of the default risk of the corporates. They show
that a mechanism, which involves a financial accelerator type of amplification
through leveragedorporates, accounts well for the interest rate dynamics and some
of the main businessycle patterns in emerging economies. One notable outcome of
the model is the estimated persistence of the productivity stiecknodel can yield
high consumption voldity when the persistence of the productivity shock is close

to one.For the athors thisis a signof the existence of (Aguia& Gopinath 2007
frictions that are orthogonal to the financial accelerator mechanism studied in the

paper.

As discussed in thatroductorysection, the time preference heterogerieityoss
countries plays an essential role in deriving the results of this paper. A large number
of studies use time preference heterogeneity in their models to account for several
facts observed in the datuch asvealth inequality, current account imaates,

andsovereign debt accumulation.

Lawrenc® s  S(X991yigan early attempt thaakesempirical estimates of the

time preference heterogeneity by using fosier equations for the consumption.

Using the Panel Study of Income Dynamics data, shmates the consumption

Euler equations. Under perfect capital market assumption, her estimations reveal the
existence of the time preference heterogeneity across the US households within the

same age group. In particular, she finds a negative correlstoreen

3 The literature also resorts to preference heterogeneity in the elasticity of intertemporal rate of
substitution 6the agents in the economy. Guvenen (2009) shows that different elasticity of
intertemporal substitution among economic agents and limited stock market participation can explain
the equity premium. Borri and Verdelhan (2011) employ trend shocks, defidudt ttimevarying risk
aversion in a developed and emerging country set up. They get positive amounts of spread if the
endowment processes of developed and emerging countries are assumed to be positively correlated.
Gourinchas et al. (2011) also use a madéh heterogeneity in risk aversion and find that just the
variation in risk aversion or sizes alone is insufficient to generate spreads similar to the data.

22



intertemporal preferences and the permanent income. Those with low permanent
income are found to be more impatient and to have higher marginal propensity to

consume than those with higher income.

By solving a lifecycle model and using consumptiata, Gourinchas and Parker

(2002) measure the discount rates of the economic agents within the same age group
but with differing levels of education. They find that the more educated the agents

are the less patient they are. Instead of using data omegi®on, Cagetti (2003)

shows the opposite by using data on asset holdings of the economic agents. Despite
their contradicting results, both studies point out the existence of time preference

heterogeneity across economic agents with differing educatiefsle

Buiter (1981) uses a deterministic (two country, one good) overlapping generations
model to analyzéheinternational capital movements and welfare implications of
financial autarky and financial integration. The two countries in the model are
identical in all respectexcept forthe rate of time preferences of their households.
Financial integration and international mobility of financial capital should imply
equalization of interest rates and marginal products across countries at the steady
state. Biiter (1981) shows thatvhen rates of time preference differ across

countries, the country with more impatient (or with a higher pure rate of time
preference) households runs a current account deficit in the steady state. However,

the model is silerds egardshow current account adjudtsthe steady state.

Following Buiter's footsteps, Kikuchi and Hamada (2011) investigate the role of
time preference in determining the trade and capital flows across countries. They
incorporate lessapitatintensive nortradablesnto Buiter's model. Incorporation of

nontradables pave the way for more patient country to specialize in the production
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of nontradables. Hence, the capital outflows from the country with lower time

preference to the country with higher tinreference.

Devereux and Shi (1991) construct a teauntry and onsector model where
credit markets are competitive, physical capital is mobile across couatriethe
rates of time preference are endogenous. According to this moaletpatient
counties should be creditors in the steady state. However, asset accumulation

behaviour may exhibit overshooting on the path towards the steady state.

Ogaki and Atkeson (1997) use household level panel data of India to estimate a
model in which theynableboththe rate of time preference and intertemporal
elasticity of substitution to change across households with different wealth levels.
They conclude that the intertemporal elasticity of substitution diffettse poor is
more risk averseHowever the rateof time preference is constant across rich and

poor households.

Krusell and Smith (1998) introduce low levels of time preference heterogeneity to
an otherwise standard stochastic growth model with infinitely lived consumers. The
consumers in the model faoacertainty in aggregate productivity and receive
idiosyncratic income shocks. Under a setting with incomplete maekets,
idiosyncratic and uninsurable risk, the preference heterogeneity leads to drastic
changes in wealth inequality across householdpatient households consume

more and save less as the magnitude of the transitory income shocks in the model
are not large enough to have them increase their precautionary savings. Hendricks
(2007) reports that, with a realistic amount of income shocky#adth inequality

of Krusell and Smith (1998) becomes less sensitive to the time preference

heterogeneity. Nonetheless, Hendricks acknowledges that time preference
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heterogeneity also improves his model's ability to match the degree of wealth

inequality anong US households with similar lifetime earnings.

Mankiw (2000) proposes a new fiscal policy modewhich he classifies

households into tweavers and spenders. Savers are high wealth households that
smooth not only theiown consumption but also thaf their future offspring
Spenders, on the other hand, are low (or even zero) wealth households with short

time horizons. Spenders are not capable of smoothing their consumption over time.

Eaton and Kletzer (2000) model the credit relationship betweebatrower and

the lender under time preference heterogeneity. In their model, the risk aversions
also differ and the thireparty enforcement of loan contracts is absent. In particular,
the lender is riskeutral, whereas the borrower is risk averse. lgoze the

borrower has a higher rate of time preference than the lender. The borrower has an
endogenous income and borrows in order to smiaistbrher consumption.

However, having a higher rate of time preference motivates the borrower to borrow
for rea®ns other than smoothinglence, even in the absence of income variation,
the borrower borrows at the early periods to finance growth and pays at later

periods.

Using a theoretical model with no uncertainty, Lengwiler (2005) shows how a small
deviation fran the time preference homogeneity assumgtiggersa drastic

change in the equilibrium real interest rates. With heterogeneous time preferences,
interest rates ahorter horizonncrease due to the consumption timing effect,

whereas interest rates longer horizordecrease due to the averaging effect

producing an inverse term structure of real interest rates. With a numerical example,

he further shows that the most impatient agent brings consumption forward and
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accumulates debt at the very beginnimbereas the most patient one has a

monotonically increasing consumption path and accumulates wealth.

Aguiar et al. (2009) employ an impatient government in a small open economy
model to investigate the interplay of investment and sovereign debt. In thet,m
the government may fail to commit its pganounced fiscal policy and default on its
existing debt. Similar to Thomas and WordafL994), their model implies that

the government discounts future at the market rate, it eventually piles uptassets
insure its domestic riskverse constituency against adverse effects of lack of
commitment. If the government is impatient and brings the consumption forward, it
fails to accumulate assets that will assure completeshiaking against the
probabilityof lack of commitment. The impatience of the government |&ads
increase in the stock of delbusing a decrease in the net asset posdimhthis

stock of debt adversely affects both first and second moments of the sustainable
level of investmentni the longrun. They reason thahe positive probability of

losing office justifies the impatience of the government.

Aguiar and Amador (2011) introduce the government impatience and lack of
commitment to an otherwise standard open economy neoclassiahgnodel.
Impatience of the government makes it longer for the economy to arrive at a steady

state and alters the level of the steady state debt.

2.2 The Model
This section presents a tvweountry, twebond and twesector endowment economy

model, which is bsically borrowed from Arslan et al. (2012).

In the model, there are two countries; developed and emerging. The developed

country is indexed a3 and the emerging country is indexedea&very period,

26



both countries receive tradable and +ti@dableendowment shocks. Only the

tradable endowments are traded across the developed and emerging country. By
using its tradable endowment and imported tradable goods, each country produces
its intermediate good. Finally, the two countries use these intermgdatis and

their nontradable endowment to produce their unique final goods.

The proposed model departs from Backtial.(1995) and Stockman and Tesar

(1995) with two properties. First, the model assumes that the agents in the emerging
economy are moreripatient than the agents in the developed economy. Second,
each country issues its own currency denominated bond instead of an international

bond

2.2.1 Endowment Shocks

The timing of the model is as follows:

Every period, the two countries get transitory &islé and nottradable endowment

shocks that are denotedBs: andEin, respectively.

Orr  Q ffandOpy Q #h,i=D,E (1)

These transitory shocks have an AR(1) process that is given as;

o 4 A (2)
, Where we denote tradable endowmerjtdsand nortradable endowment gsN.

The ARcoefficient ” is less than unity and the error term is distributed as follows

- RRe 0 mh,

Having received the endowmesitocks, countries engage in the trade of the

tradable endowments:
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Orn  ® fr ® frp Q OMO 3)
Fori=D, the developed country us&s f, part of its tradable endowment in its
own intermediate good production and exportdhe; ; part to the emerging
country. The net trade balance for the developed country can be given as

”n

0 sr® rr O fp . Same notation applies the emerging country

2.2.2 Intermediate and Final GoodsProduction

Intermediate good producers operate in a perfectly competitive market. The

production function is given as:

Ghpk T @ P T @ Q0RO (4)
In this production technology, the elasticity of intertemporal substitution
between the tradable endowments of the two countrigmistant. We denote the
share of each country's tradable input in its intermediate good producfioévidg
take the price of the emerging country tradable endowntept p as numeraire
and denote other endowment pricés; (0  andd j ) relative tod . Hence, the

intermediate good price can be written as follows:

Oﬁ A T P i Gﬁﬁ_ 0 ’OFK:) (5)
Final good producers also operate in a perfectly competitive market. They combine
intermediate goods with the ndradable endowment to produce the final good. The

production function is given as:



In this production technology, the ela#ly of intertemporal substitution between
the intermediate goods and nwadable endowments is represented a3 he share
of tradable goods in the production of the final good is denoted-with
accordance with the intermediate goods pricefitiad good price can be written as

follows:

Oﬁ —L,)ﬁ 4 P —Gﬁﬁ o Q 'OFD (7)
Each country households can only consume the final goods produced in their home

countries.

Having provided therices for the endowments and the produced goods, we define
the terms of trade and the real exchange rate from the perspective of the emerging
market. Therefore, we define the terms of trad®l) as the ratio of emerging

country export prices to its impgorices. Accordingly, we define the real exchange
rate ReR as the ratio of emerging country final good prices to developed country

final good prices:

— and 'YQY — (8)

hh h

YUY

2.2.3 Financial Markets

I n t he mo daehlcdustry isseds localpcyrrency denominated, non
contingent bonds. That is to say, bonds aredwfaultable, have zero net supply

and pay in units of their own final good.

We formulate the income that emerging country households earn from their
endowments a7 U ;O . The emerging country households face the

following budget constraint:
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(9)

n

In this equation, the term®d 17 0 rr® {7 refers to the net trade balance of
the emerging country householdsy and0 j are the nominal bond prices for the
emerging and developed countries. At titrie the emerging countigsues bonds
at an amount od ; and at a price d  .Attimet, this bond pay$ f units of

emerging country final good, which has a pricé gf.

In a similar fashion, the budget constraint of the developed country households is as

follows:

5 g » o w7 4 o 5 ” » o P
UrWp UV RO R U RO R U RWn URh® re W RA U RO p

(10)

”n

In this equation, the term) {r® rr & fp refers to the net trade balance of
the developed country household3ountries cannot short their own bonds and net
supply of each bond should be Aeegative which implies the following; T

andd’y T

2.2.4 Households'Dynamic Optimization Problem

The emerging and developed country households have constant relative risk

aversion type of utility function:
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Households get utility from the consumption of their final goods and the risk
aversion parameter for counirfiouseholds is denoted by. Having observed their
endowments shocks and the previous period holdings of the two bonds, the

emerging country households solve the following dynamic optimization problem:

Wi D(I)(l)ﬁ R (')(I)F1

(11)
O wp Opp MOpr MO MORR MOy MR

In a similar fashion, the developed country households solve the following dynamic

optimization problem:

[V U(;.)(;L%)ﬁ Rk 0 Wp

(12)
O wp Opp MORr MOrr MORp MR MR B

2.2.5 Calibration

The calibration is mainly based on ttandard values used in Corsditedola and
Leduc(2008) and Garci&icco et al. (2010). The parameter showing the home
tradable share in the intermediate goods produgtipis, taken a.72 This means
a home bias in the production of the intermediate goods. The elasticity of
intertemporal substitudn between home and foreign tradable endowménis 2.
This means that two tradable endowments are regarded as substitutes in the
production of the intermediate goods. The parameter showing the intermediate
goods share in the final goods productions 0.55 The elasticity of intertemporal
substitution between hor@oduced intermediate goods and ftiadable

endowments is/5. This means that tHeomeproduced intermediate goods and
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nontradable endowmentse regarded as complements in the petidn of the

final goods. Both country households are risk averse with a paraméter @h.the
calibration, each period refers to one year AR¢1)coefficient for endowments
shocks is taken from Garef@icco et al. (2010) a3.83 We approximate thAR
process with a twatate Markov Chain process a la Tauchen (198&ameters are

summarized in Table.2

Table 2: Calibration

Definition Parameter WValue
Home input share in intermediate tradables production v 0.72
Elasticity of intertemporal substitution bw home and foreign tradable inputs K 2
Intermediate tradable goods share in final goods production ¥ 0.55
Elasticity of intertemporal substitution bw intermediate tradable and non-tradable n 2/5
Dizcount factor for Developed Country 3" 1/1.02
Discount factor for Emerging Country a 1/1.0€
Risk aversion parameter for households a 2
AR(1) coefficient for stationary shocks P 0.83

For the standard case, discount factor for househmlds 1/1.04, implying a risk

free interest rate of 4 percent for both countiitsterogeneousme preferences

case employs lower values for the discount factor of emerging country households
compared to that of developed country households. Benchmark case takes the yearly
discount factor as 1/1.02 for the developed country and &61fdr the emerging

country.

2.3 Results
In this section, the results of the standard model with homogenous time preference

is compared to the resul$ that withheterogeneousme preference.
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2.3.1 The Homogenous Time Preference Case

The first column of Tabl® summarizeshe dataand the subsequent column

presents the basic business cycle properties of the standard version of the model
with the homogenous time preference. Under the homogenous time preference case,
there is a high level of risk sharing acrassintriesandthere is no spread between

the emerging and developed country bonds. As®model produces almost no

volatility for the bond premiuniMioreover,net exports are procyclicad the

emerging country.

Table 3: Model Moments with Various Time Preferences

Model

Data B=0963" =09 Z=095558"=0965 £=0953" =097 F=0045" =098

Emerging Return % 3.08 457 5.14 6.10
Developed Return % 3.08 3.83 3.72 3.36
Bond Premium 0.00 0.74 1.42 294
NX/Y 0.05 0.58 1.46 3.04
a(¥Y) 405 0.03 107 1.32 189
a(€)/a(Y) 1.15 1.00 1.00 1.00 1.00
o(NX/Y)/o(Y) 0.86 0.39 0.50 0.70 0.92
#(ToT) /o (Y) 0.53 047 0.43 0.39
o(ReR)/o(Y) 3.00 0.50 1.45 2.19 265
o(Premium)/o(Y) 0.83 0.11 067 1.01 1.11
p(Y,Y™) 0.01 0.03 0.28 020 067
p(C,0%) 030 0.03 0.28 020 067
p(NX/Y,Y) 053 0.01 0.25 020 066
p(ToT,Y) 008 -0.70 0922 0.32
p(ReR.Y) 0.54 063 064 077 088
p(Premium, Y) 055 -0.05 -0.35 -0.51 -0.62

The mechanism of theandard business cycle model is as foltomtsen the

emerging country receives a favorable productivity shock, the emerging country
households increase their consumption. However, this increase is less than the rise
in the level of output as the houselt®bmooth their consumption intertemporally.

The excess supply is saveohd therefore net exports becomes positively correlated
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with the output. This is shown by the correlation coefficient of 0.91 in the second
column of Table 3. This is at odds with tth&ta as net exports are countercyclical,

with a correlation coefficient 60.53, for the emerging countries.

Moreover, under a favorable productivity shoitle standard model yields a high
level of production sharing across countri@gh correlation oefficientof 0.93.

This is again inconsistent with the data, which points out an acyclic pattern. The
consumption smoothing mechanism hasle in sucha high level of production
sharing.In the event thathe tradable endowment of the emerging couimicyeases
the demandor that good cannot exceed the rise in its supply as the emerging
country households increase their consumgioa rate which igess than the
increase in theutputlevel. The rest of the output that is not consumed is sé@sged.
aresult,the net exports positively correlate with the output (with a correlation

coefficient of 0.91).

The excess supply of the emerging country tradable good has other implications.
The excess supply suppresses the price of the tradable good. ThisTeaauses
depreciate and negatiyecorrelae (-0.98) with the output. Basically,TeoT

depreciation implies that both the emerging and the developed country can use the
emerging country tradable goods at a lower price when a favorable productivity
shock hits the emerging country economy. Therefore, both countries use more of the
emerging tadable input and their outputs rise in tandem. This produces a positive
correlation between the outputs of the two countries. The resulting positive

correlation implies a strong production risk sharing in the goods markets.

This is the mechanism pointedtday Cole and Obstfeld (1991). As both country

households hedge production risk in the goods market, there is not much gain from
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engaging in trade in the international financial markets. With the minor role of
financial markets, there is almost no deviatio the bond premium. Moreover, the
bond premium becomes acyclic with the output with a correlation coefficient of

0.05.

The model also has poor performance in matching the dynamics of the real
exchange rate. The real exchange rate has a correlaticdBafvidh the output and a
standard deviation that is half of the output. The correlation of the real exchange
rate with the output is compatible with the data. However, the volatility of the real
exchange rate relative to that of the output is far beloat veéhobserved in the data.
This low volatility can be attributed to the opposite movemenBERandToT

under a productivity shock. With a favorable productivity shock, an increase in the
supply of the tradable inputs causes final goods producersréagectheir demand
for nontradable input, which is fixed in supply. This increase in the demand
increases the price of ndradable goods, whereas the price of tradable inputs
decreases due to the excess supply. Althdujidepreciates, the rise in theqe

of nontradable goods compensates for the reductidroin Hence, the opposite

movement of the tradable and nivadable prices constrains the volatilityRER

2.3.2 The Heterogenous Time Preference Case

The following columns of Table 3 present the basiicycle properties of the model
for progressively increasing time preference heterogeneity across the two country
households. With sufficiently high heterogeneity, the emerging country households
actimpatienty anddiscount futuréheavily. Hence, consuing today gives higher

utility to the emerging country households than consuming tomorrow. Therefore,
whenever they get a favorable productivity shock, they increase their current
consumption beyond the increase in the level of the output. This littlgehathe
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emerging country households' attitude makes a big difference in the model's
moments. To start with, the emerging country households borrow to be able to fund
their excessive consumption. This makes net exports countercyclical with the
output. Moe importantly, th&oT appreciates under a favorable productivity shock.
This appreciation causes the risk sharing in the goods market to break down. As a
result, both country households start to use the financial markets to hedge
themselves against thegoluction risk. Increased importance of the financial assets

has also important implicatioier the moments of the bond premium.

The third column shows the case where a slight heterogeneity is introduced across
the emerging and developed country househdlds most striking difference

between the second and the third column is the drastic decrease in the correlation
between the two countries' production levels. When the emerging country
households get a favorable productivity shock, they increase tha@aviegby less

than the amount they did under the homogenous time preference case. Therefore,
theToTdepreciates but at a smaller amount. This is seen in the reduction of the
correlation of thel'oTwith the output from0.90 to-0.70. Although th& oT

depreciates less, the developed country can still benefit from the cheaper emerging
country tradable goods in case of a favorable productivity sAtekefore the

main mechanism that causes high production risk sharing starts to break down. Put
differently, the lower level of depreciation of theTresults in an impairment in the
risk sharing across countries; a fall in the correlation between the two esuntri

consumption from 0.93 to 0.28.

As the gap between the two country households' time preferences widens, the
mechanism, which produces procyclical net exports and high risk shanéadgs. A

100 basis points difference between the two country houséhioldspreferences

36



begins to reverse the dynamics of the net savings. However, a difference of 100
basis pointgloes not sufficéo totally break down the mechanism under the

homogenous time preference case.

Under a 200 basis points difference, as presantéhe fourth columnToT still
depreciates as the increased current consumgtiesnot sufficeto produce a

demand that is in excess of the increased output. However, the emerging country
households begin to pay a net premium of 142 basis pointseftroinds they issue.

The emerging country households pay this premium partly for being more impatient
and partly for transferring their consumption volatility to the developed economy.
Only after a difference of 400 basis poins,T starts to appreciatand the main

mechanism totally operates in the opposite direction.

With 400 basis points gap between the time preferences, the emerging country
households reduce their net savings and increase their current consumption beyond
the increase in their outpwgMel. Parallel to the reduction in net savings, net exports
become countercyclical with output; a correlation®66. The demand of the

emerging country householfls the emerging country tradable goods exceeds the
supply; causing th&oTto appreciateAs theToT appreciates, the developed

country households can no more benefit from the rise in the emerging country
output. They are rather worse off with rising input prices. Hence correlation of

outputs across countries becomes negatiu67.

As the emerging tradable input prices increase with a favorable shock to the
emerging economy, opportunities of hedging the production risk in the goods
market totally disappear. Moreover, unfavorable tradable input prices necessitate

alternative means of hedgingrfboth country households. Therefore, each country
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household begsto purchase other country's bonds that are traded in the financial
markets. Since these bonds pay in units of the other country's consumption goods
and pay more when the bond holders'stonption is lower, they provide a good
hedge against the production risk. As the degree of emerging country households'
impatience and the consumption volatility transferred to the developed economy

increase, the bond premium between the yields of boadsdshy the emerging and

the developed economy widens to 224 basis points.

The time preference heterogeneity also causes the bond premium to present a
countercyclical pattern with the output. As the developed country households
become worse off with the ¢énease in the emerging tradable goods prices, they
demand the emerging bonds more following a favorable productivity shock. This
increase in the demarfidr the emerging country bonds rise prices of these honds
making the emerging country bond premium deuryclical with the output (with a

correlation coefficient 0f0.62).

Finally, rising demand of the emerging country househfoidthe emerging

tradable goods has implications for RER As the tradables and the ntvadables
are complements in the mhaction of the final consumption goods, the emerging
country households also increase their denfanthe nontaradables whenever they
receive a favorable productivity shock. However, the-tnadables are fixed in
supply, hence their prices increase uralpositive productivity shock. The increase
in the nontradable goods prices, coupled withT appreciation, causé¥ERto
appreciate. The correlation between RteRand the output becomes 0.88.
Synchronized appreciation of theTandRERIs the main dver of the high

volatility in the real exchange rates under tle¢erogeneousme preference case.

However, if the financial markets were not available for consumption smoothing
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purposes, it would not be possible to have such high level of real exchange rate
volatility. The model yields real exchange rates and the emerging country bond

premium that are 2.65 and 1.11 times more volatile than the output respectively.

2.4 RobustnessAnalysis
The case with 400 basis points difference across time preferences constitutes the

benchmark case for the robustness analysis.

2.4.1 The Persistence of theProductivity Shocks

The robustnesanalysisof benchmark resultwas conductetbr different levés of
persistence for the productivity shodkable 4) As discussed above, the main
mechanism that breaks down the strong risk sharing under a positive productivity
shock starts with a reduction in the net savings of the emerging country households.
As presented in Table 4, this mechanism relies on the persistence of the shock. In
the benchmark casasshown in the first column, the AR(1) coefficient of the
productivity shocks] , is taken as 0.83. This is the standard value that is used in
the literatire. Thenextcolumn shows the results for an AR(1) coefficient of 0.63.
With 0.63 persistence, the emerging country households still prefer to consume
today in excess of the increase in the level of the output. However, a lower level of
persistence implgea lower amount to be discounted from the future as the shock
dies out more quickly. As a result, the reduction in the net savings decreases in
absolute terms; correlation between the net exports and the output decreases from

0.67 t0-0.43.
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Table 4: Model Moments: Robustness Analysis wr to Persistence Levels

Maodel

B=094 3" =097

Data p. =083 p, =063 e, =0.00
Emerging Return % .10 5.16 415
Developed Return % 3.86 3.99 4.15
Bond Premium 2.24 1.17 0.00
NX/Y 7.94 1.71 0.00
=(Y) 405 1.89 1.77 1.03
a(C) /(YY) 1.15 1.00 1.00 1.00
F(NX/Y)/a(Y) 0.86 0.92 0.80 0.57
#(TeT) /oY) 0.39 0.42 0.66
g(ReR)/z(Y) 3.00 2.63 2.35 0.39
a(Premium)/a(Y) 0.53 1.11 0.9 0.00
p(Y.Y*) 0.01 -0.67 -0.43 0.97
plC,C*) -0.30 -0.67 -0.43 0.97
p(NX/Y.Y) -0.53 -0.66 -0.43 0.97
p(TeT,Y) 0.32 -0.03 -0.98
p(ReR,Y) 0.54 0.88 0.81 -0.32
plPremium,Y) -0.55 -0.62 -0.63 0.40

The mainresults of the benchmark case of heterogeneous time preferences totally
disappear when the shocks are i.i.d., as shown in Table 4. Since there is nothing in
the next periods to discount, the emerging country households do not decrease their
net saving whethe economy is hit by a positive shock. The correlation of the net
exports with the output becomes positiD€7. As the economic theory predicts, the
net savings increases as a response to a transitory increase in income. Despite the
400 basis points dime preference gap, the model yields almost the same results

with the homogenous time preferences ¢asble 3)

2.4.2 The Elasticity Assumption
Table 5displaysthe impact of the elasticity assumptions on the results of the model.

In the benchmark case, tradable and-tradable intermediate goods are assumed to
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be complements (with an elasticity coefficientge/5), and home and foreign
tradable inputs are takas substitutes (with an elasticity coefficient of ¢). The
second column of Table 5 presents the robustness check, where the elasticity for
tradable inputs is kept intact and the elasticity between tradables atchdables

is increasedd=100) to teat them as substitutes rather than complesnenthis
setting, the model's main resudis tothe level and the correlation of the bond
premium do not change as the brelkvn of the risk sharing mechanism does not

depend on the elasticity assumptions.

Table 53: Model Moments: Robustness Analysis wr to Elasticities

Model

=094 F* =008

n=2/3 n=100 n= 100

Data w=2 k=2 x =100
Emerging Return % 6.10 5.85 5.71
Developed Return % 3.86 3.73 3.59
Bond Premium 2.24 2.12 2.12
NX/Y 3.94 5.52 552
(Y 4.05 1.59 3.96 4.45
F(C) /(YY) 1.13 1.00 1.00 1.00
F(NX/Y )/ a(Y) 0.86 0.92 0.99 1.04
a(ToT)/a(Y) 0.39 0.43 0.01
o(ReR)/z(Y) 3.00 2.65 0.45 0.03
o Premium)/a(Y) 0.83 1.11 0.40 0.28
(Y. Y") 0.01 -0.67 -0.95 -0.96
plC,C*) -0.30 -0.67 -0.95 -0.96
p(NX/Y,Y) -0.53 -0.66 -0.91 -0.97
p(TeT,Y) 0.32 0.89 0.90
p(ReR,Y) 0.54 0.88 0.89 0.98
p(Premium,Y) -0.55 0.62 -0.50 -0.78

However, the most dramatic change takes place in the volatility of the bond
premium. The bond premium volatility decreases parallel to the reduction in the
exchange rate volatility. The relative volatility of the real exchange rate with respect

to the outpt volatility falls from 2.65 to 0.45. Under a positive tradable shock, the
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demand for nottradables does not increase as it does in the benchmark case. Firms
can now substitute the naradables, which is limited in supply, with tradables in

the final goals production. Hence, the upward pressure on thdéradable good

prices, and on thRERas well, diminishes. The contribution of rtradable goods'
prices toRERvolatility disappearsandthe volatility of RERIis dueto the volatility

of ToT. Thereduction in the volatility of real exchange rates decreases the
frequency of hedging against the production risk in the financial markets. The

volatility of the bond premium decreases from 1.11 to 0.40.

The third column presents the robustness check,entherelasticity between home

and foreign tradable inputs is increasg@<£100) to treat therasperfect substitutes
while keeping the tradables and Amadables as perfect substitut€snsequently

the part of RER volatility coming from the volatilibf ToT also goes away. Hence,

the relative volatility ofToT andRERwith respect to that of the output decrease to
0.01 and 0.03espectively. The volatility of the bond premium continues to fall
parallel to the decrease in the real exchange rate uglafihe volatility of the bond
premium decreases from 0.40 to 0.28. The robustness check implies that existence
of nontradables, which are complements to tradables, is crucial for the second

moments of the terms of trade, the real exchange rate andriigoplemium.

2.4.3 The Risk Aversion Assumption

Table 6 investigates how the model results react to a change in the risk aversion
assumption. The third column of Table 6 presents the case where the developed
country households are assumed almost risk neutr#h N8k neutral developed
country households, the part of the bond premium demanded as risk premium
disappears. The level of the bond premium decreases (from 2.24 percent to 1.36
percent) by 88 basis points despite the 400 basis points of heterogercestyther
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time preferences. Moreover, the second moment of the bond premium (relative to
that of the output) decreases from 1.11 to 0.75 although the second moment of the
RERremains almoghe sameThat reduction can be viewed as the elimination of

the vohtility due to the pricing of consumption risk.

Table 6: Model Moments: Robustness Analysis wrt Risk Aversion and Elasticities

Meodel

A=004, 3*=0095

n=2{0n=2 n=2/b,k=2 n = 100, x = 100

Data =2, ¢*=2 o¢=2 o*=001 =12, o =0.01

Emerging Return 5 6.10 3.28 2.39
Developed Return 7 3.86 1.92 2.23
Bond Premium 2.24 1.36 0.16
NX/Y 3.94 3.74 -0.12
(Y) 4.05 1.89 L.77 3.04
() a(Y) 1.15 1.00 1.00 1.00
eg(NX/Y)/a(Y) 0.56 0.92 1.01 1.01
#(TaT)/a(Y) 0.39 0.46 0.01
o(ReR)/e(Y) 3.00 2.65 2.88 0.03
o(Premium)/a(Y) 0.83 1.11 0.75 0.04
oY, ¥") 0.01 -0.67 -0.66 -0.94
plC,C*) -0.30 -0.67 -0.66 -0.94
p(NX/Y.Y) -0.53 -0.66 -0.64 -0.94
p(TeT.Y) 0.32 0.37 0.85
p(ReR,Y) 0.54 0.88 0.56 0.95
o[ Premium, ") -0.35 -0.62 -0.55 -0.15

It is noteworthy a bond premiustill existseven though the developed country
households are almost risk neutral. The remaining (1.36 percent) premium can be
explained by the efficiency argumemt.fact, developed country firms have an
efficient production scheme, where they psef  portion of their tradable
endowment in the production of their intermediate tradable goods and export the
rest. When emerging households demand more than is exporteneties an
inefficiency in the production scheme of the developed country firms. This 136

basis points spread reflects the premium demanded by the developed country
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households due the loss of efficiency in the goods trade. If the developed country
firms do not discriminate between the domestic and foreign inputs, then this
premium would boil down to zero. The fourth column checks this argument by
assuming foreign and domestic inputs as perfect substitutessi@l®). UHere,

the bond premium almost boi®wn to zero. The second moment of the bond
premium decreases almost to zero as the real exchange rate volatility touches zero.
These calculations indicate that almost 25 percent of the bond premium volatility
(0.28 of 1.11) is due to the consumption riBke remaining 75 percent (0.83 of

1.11) can be attributed to the real exchange rate volatility.

2.5 Conclusion

In this chapter, we introduce time preference heterogeneity to an otherwise standard
two-country and twegood endowment economy model, where eamintry issues

a domestic currency denominated bond. Having more impatient emerging country
households drastically improves the modaiigity to match the emerging economy
interest rate dynamics. Impatience of the emerging country households mainly
breals down the ColandObstfeld type of risk sharing in the goods market by
causing the terms of trade to apprecattémes ofafavorable productivity shock.
However, the existence of the time preference heterogeneity can be viewed as the
reflection of deper (financial) frictions across the developed and emerging
economies. Hence, the findings of this chaptaam to confirnthe branch of the
literature which asserts that emerging country interest rate dynamics can be
explained by standard internationalar@conomic models augmented with

financial frictions. Finally, the results of the model also indicate thatthe

exchange rate volatilityrdves much of the volatility in the emerging country bond

premium.
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3. CHAPTER Il

USD-TRY CROSS CURRENCY ASSET SWAP SPREADS

This chapter investigates the determinants of the UBRM cross currency swap
spread, which is defikeas the difference between the fixed rate paid in the swap
transaction and the yield on a treasury bond that has the same maithrityew

Cross currency swap.

A cross currency swap (XCCY) is an agreement between the two parties to
exchange interest payments and principals denominated in two different currencies.
According to the figures published by Bank for International Settlesndre daily

global volume of currency swaps increased from 1 billion US dollars (USD) a day

in 1998 to 54 billion USDn April 2013. On the other hanthetotal outstanding

swap stock increased by ten folds to 26.4 trillion USD in the same fieriod

4These figures are available on the "Triennial Central Bank Survey: Foreign exchange turnover i
April 2013" published on September, 2013 and "Statistical Release: OTC derivatives statisties at end
June 2013" published on November, 2013.
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Investigatingthe factors that affe¢che cross currency swap spreads improves our
understanding ahefair bond pricing. To have profoundknowledgeof fair value

of a bond is important not only for the market practitioners, but also for
academicians and policy makers. Market practitioners may long the undervalued
bonds and short the overvalued ones once they have a better gauge for measuring
the fair prces. Policy makers, on the other hand, will have more accurate
information derived from the bond market once fair pricing is achieved through the

swap market.

A cross currency swap deal can be also deemed as an exchange of a fixed coupon
bond that is dermainated in one currency with a floating rate bond that is
denominated in another currency. A cross currency swap enables its holder to gain
exposure to a country's risk without physically holding its bonds. There is a growing
trend in international finanal marketdowardsusng the swap curve instead of the
bond curve for pricing issues due to the liquidity in the swap markets. Swap markets
are muchmoreliquid thangovernment bond markets both for emerging and
developed countries. The liquidity in thermbmarket may dry up during times of
turmoil, whereas the swap market sustains a certain level of liquidity due to

differences in its structute

The situation is not different in Turkey. The use of swaps in Turkey startedin mid
2000's and has gained patece then. The popularity of the swapgsa response

to the banking system's need to hedge the interest rate risk due to the maturity

5> While there is a supplier monopoly in the government bond market, a large number of suppliers are
involved in sipplying swap deals. This structural difference makes swaps highly liquid. Also ease of
unwinding an existing position in the swaps market adds to the liquidity of the swaps. Also the
collateral being a hard currency in a XCCY deal increases the popuolsityaps especially among
foreign investors.
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mismatch of the assets and liabilities in the bank balance $héetutstanding

swap stock, the amount that foreigmestors supply to the Turkish banks, takes
values between 3 and 35 billion USD for the period between 2006 and 2015. As of
February 2015, the level of net outstandsmgap stock is 19.5 billion USOOhe

liquidity in the swap market stems from its popitlaamong foreign investors, who
cangain exposure to the crebsrder (Turkey) risk withoubearing any credit risk

thanks to holding hard currency during the lifetime of the swaps.
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Figure 1. Cross Currency Swap Spreads

The lack of a deep and liquid interest rate swap market referenced to a reliable and
hedgable benchmark interbank rateventsanksfrom convering their fixed
income assets into floating ones. Hence, extending the duration of the liabilities via

cross currency swapmsbecome the second best option for the banks until

6 The weighted average duration of the Turkish lira deposits in the banking system is still less than 3
months, whereas duration of loans is measured in years. Hence, a typical Turkish bank is in need of
hedging the interest rate risk arising from the nigtumismatch.
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recently. Therefore, XCCY swaps have become the most widely used form of
swaps i Turkey. Being liquid, the fixed rates on these swaps constitute a

benchmark for relative pricing for the Turkish Treasury bonds. For Turkey, the
cross currency swap spread has had values ranging from 863@®tbp during the

period between 2010 and X&) as shown in Figure (1).

In theremainder of this chapte®ection 2 briefly reviews the related literature
Section3 explainsthe mechanics of a cross currency swi&gtion 4 presents the
empirical model and outlines the datg Seiction 5givesthefindings of the

empirical modeland the final section conclusle

3.1 Literature Review

The theoretical and empirical literature on swap spreadsterest rate swain
particular,is voluminous. Usmen (1994) is the only paper that proposes a theoretical
model to explain the spread of cross currency basis swaps in excess of government
yields. As cross currency swaps are mainly used in emerging markets, it is hard to
find academic studies on this swap type. However, as interest rate swaps are a
special casefaross currency swaps, one can expect the determinants of interest
rate swap spreads to be also effective in explaining cross currency swap spreads.
Therefore, from now orthe literature revieviocuseson the interest rate swap

spread.

" Cross currency swaps are also prevalent in China, Indonesia, Russia and Romania. Infact, banks
would prefer to use interest rate swaps to cross currency swaps in hedging their interest rate risk,
because the former does not necessitateeaclyange of notional. Recently, Turkish banks started to
use a special form of interest rate swap wheneoBth USDTRY implied forward rates are used at the
floating leg.
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The early literatte located counterparty risk at the epicenter of the determinants of

the interest rate swap spread. In other words, the main reason for swap yields to

deviate from government bond yields was believed to be the counterparty risk,

which was then taken to lexistent in swap pricing but absent in government bond

pricing®. Sun et al(1993), Brownet al.(1994), Duffie and Singleton (1997),

Minton (1997), Langet al.(1998), Eomet al.(2000), Lekkos and Milas (2001),

Fehle (2003), Koboetal.( 2005) , and Fel dhg¢tter ofand Lan
the studies that focused on the role of counterparty risk in explaining interest rate

swap spreads. The studies in the related literdtavegenerally employed the

spread between AAA and lower rdtBonds (i.e. AA, A or B) as a gauge of

counterparty risk.

On the other hand, in the literature there are also studies which claim that
counterparty risk cannot play a major role in explaining the interest rate swap
spreads. Evans and Bales (1991), Lita¥gbr (1992), Chen and Selender (1994),
Duffie and Huang (1996) and Cossin and Pirotte (1997) are exaafash

studies Theyin generakite three reasons to deny the role of counterparty risk in
determining the interest rate swap spread; (i) the matamountis not exchanged
and interest payments are netted out during an interest rateaswléipe amount

that is risked by entering into a swap is not that t@gulting inno counterparty

risk, (i) Smith et al(1988) and Hull (1989) argubata munterparty will not

default as long as the net worth of the swap to that counterparty is not negative.

Thus for a default event to occur during an interest rate swap, both a counterparty

8 The government bonds denominated in local currencies are deemed tofbeerisithe government

can always pay its arrears by printing money. However, there are occasions, in which sovereigns
opted to default on their domestic currency liabilities, in the finance history. This can be so as long as
the debt has a very shderm maturiy and/or the domestic debt mainly consists of floating rate notes.
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has to default and the net worth of the swap to that counterpanjdsbe negative,

(iif) Sorensen and Bollier (1994) claim that counterparty risk is not unilateral. As
both counterparties may default, interest rate swap spread should price the relative
counterparty risk, which is the difference between the riskinetbe dfvo
counterparties. Assuming this holds, even negative swap spreads can be possible

when the riskiness of the swap seller is much higher than that of the buyer.

Other than counterparty risk, some factors that inhibit the pricing of the
counterparty gk are also believed to impact the interest rate swap spreads.esmith
al. (1988) argue that term premium affects the interest rate swap yields by
influencing the counterparty risk embedded in the swap prices. On the other hand,
Sorensen and Bollier (19Pévaluate the counterparty risk by modeling the renewal
cost of the swap in case of a default. Exploiting the resemblance between options
and swaps, Sorensen and Bollier (1994) use methodologies employed in option
analysis. Accordinly, the current valuef an option incorporates option renewal
costs of all possible states. Hence, the shape and the volatility of the bond yield
curve affect interest rate swap spreadthaginfluence the price of the option that
incorporates the renewal cost of the sivipr example, as an escalation in the
interest rate volatility or a steepening yield curve increases the probability of higher
future interest rates, a fixed payer in the swap agreepeeoning more valuable.

This, in turn, increases the probability of default of the swap seller (fixed rate
receiver),sofixed rate payer wants to pay a lower rate, which will result in a

reduced interest rate swap spread. However, empirical studies in theritei@tuot

9 Level of interest rates, term premium, the slope of the yield curve and volatility of the interest rates
are the factors that are mentioned in the literature to have an effect on ihg gfihe counterparty
risk.
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arrive at a clear conclusion about the relation of interest rate volatility (or the slope
of the bond yield curve) with the interest rate swap spread. For example, Minton
(1997) and In et al. (2003) report a positive relation between the intatest

volatility and interest rate swap spreads, whereas Lekkos and Milas (2001) find a

negative relation between the two.

Usmen (1994) adds exchange rate movemnteritis theoretical model of the
currency swap spreads. When cross currency sarapsonsidred it is plausible to

add the volatility of the exchange rate to empirical models as well.

Another factor that is believed to affect the interest rate swap spread in the literature
is the liquidity premium. LIBOR rates are higher than comparablemesk

government bond yields as they are uncollateralized and prone to drying out of the
funding liquidity. Use of LIBOR rates, instead of rske government yields, at the
floating leg of the swap increases the fixed rate that has to be paid by the swap
buyer as well®. Then, the positive interest rate swap spreaceattributed to the
liquidity premium priced in the TED spread, the difference between the LIBOR rate
and U.S. government bitleingwith same maturities. Duffie and Singleton (1997),

He (2000, Lekkos and Milas (2001), let al. (2003), Fehle (2003), Liu et £006)

are examples of the studies that find the liquidity premium responsible for the

movements in the interest rate swap spread.

One final factor to affect the interest rate swap spreads is the structure of the swap

market. According to that hypothesis, the market structure has an effect on the

10 Fehle (2003) provides a good representation of this fact.
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spread through its impact on the demand and supply in the market.eSiith
(1988), Wdl (1989) and Titman (1992) report the inefficiencies (i.e. asymmetric
information, the cost of financial distress and financing strategies like fixed vs.
floating payments) in the loanable funds marRéie structureof swap market
enablests participans to overcome these inefficiencies and gain economic profit.

Therefore, the swap yields can be thought as a function of market inefficiencies.

One of the main factors that has an essential impact on the supply of swap is the
slope of the bond yield curv&he swap seller can be thougisian investor who
invests in a longerm fixed coupon bond and finanigenself orherself with rolling
short term floating rates. Therefotbe swap selleis expected to be rewarded by a
positive return for taking riswhen the yield curve isipward sloping. This is a term
premium like compensation for the swap seller wintsthe interest rate risk. As
Minton (1997, Langet al.(1998), and Fehle (2003) point otlte interest rate risk
born by the swap seller should be negatively reflected in the fixed rate that is paid
by the buyer. However, we have term premium also in the bond yield curve.
Therefore, to be able to affect the spread between the two market tgetds

premium changes in the swap market and the bond market should differ from each
other. The literature states that it is the difference in dethand and suppliyarket
structures that causeach deviations in the term premium reflectethiem As
notionalamountis not exchangedaspecially in interest rate swapsd unwinding

an existing position is much easier in the swaps market, they are more liquid than
bond markets. Hence, a common factor that impacts either market has different

effects on tk term premium in each market.
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3.2 Mechanics ofthe Cross Currency Swap

Cross currency swap is a mix of currency swap and an interest rate swap. In a
typical plain vanilla currency (FX) swap, the two parties swap the notional on the
settlement date and thenclange the principal and accrued interest in one currency
to another at the maturity. The currency swaposedoth parties to the other
currency during the life time of the swap. On the other hand, in an interest rate
swap the two parties regularly exahge fixed vs floating interest rates without
swapping any notional. In a cross currency swap, the two parties exchange notional
in two different currencies both on the settlement date and at the maturity of the
deal. Besides, both parties regularly exg®athe interest rates on either currencies
every quarteduring the lifetime of the swap contractThe mechanism of a cross

currency swap is shown in Figu®.

In a typical swap contract in Turkey, Bank B in Figu2erepresents the Turkish
banks, wheth are in need of interest risk hedging or long term TRY funding. In net,
Turkish banks exchange their USD holdings for TRY funding. Bank A can be
regardedhs a foreign bank or an affiliate of a foreign bank that holds TRY funds in
its balance sheet. Ind#eat the first step just before the swap contradt;@Gtthat
foreign bank (shown as Bank A) converts her USD holdings to TRY at the spot
exchange rate, denoted@sAnd then Bank A enters into a swap contract in order to
gain exposure to TRY return. In the market's jargon, Bank A is named as swap

seller (TRY receiver or floating payer). Bank B, on the other hand, is called as swap

11 An interest swap, where both parties exchange floating vs. fixed interest rates in the same currency,
is a special form of the cross currency swap that also iagdhe exchange of notional in different
currencies.

12The cross currency swap involves the exchange of a floating interest rate on one currency for a
fixed rate in the other currency. On the other hand, a cross currency basis swap involves the exchange
of a floating vs. floating rates in either currencies.
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buyer (TRY payer or fixed payer)h& minimum maturity for the cross currency

swap is one yeaand the most active maturity is five years in the Turkish case.

5100 TRY
t=1 Bank A —_— Bank B
Initiation —
100 UsD
Fixed TRY Rate
t=2
A —
Bank & Bank B
Interim payments
------ >
3m USD LIBOR
5*100 TRY + Fixed TRY Rate
A ——
t=3 Bank A Bank B
—
Maturity
100 USD + 3m USD LIBOR

Figure2. Mechanics of a Cross Currency Swap

The main motivation of the TRY payer in the cross currency swap is to guarantee
long-term TRY funding at a fixed rateshile the TRY receiver gains the TRY

interest rate on excess of USD LIBOR. Cross currency swaps enable Turkish banks
to convert their USDunding to TRY funding without running an open fx position

in their balance sheets. By this mean, Turkish baakseduce the maturity

mismatch of the asset and liability sides of their balance sheets.

Turkish banks may aldeein the TRY receiver positn in order to raise USD

funding or to be able to hedge an existing position in another agreement. However,
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in net termsTurkish banks mainly use these swaps to accesstéwngTRY

funding.

The swap agreement, itself, does not expose the two countesgaréiny exchange
rate risk. Both counterparties swap their cash holdings at a fixe@ratéoth
initiation and maturity. However, if the TRY receiver is a foreigner, she takes
foreign exchange risk as she converts her USD holdings to TRY at the st

att=0 and swap position does not eliminate or hedge that risk.

3.3 Empirical Model and Data

3.3.1 The Model

Variables that are found to be effective in the pricing of the interest rate seraps
the design of the empirical moddfurthermorethe additional factors that arise due

to the difference in the nature of the cross currency swap cordradtscorporated

As the cross currency swaps involve the exchange of notional, the counterparty risk
may be expectetb be more decisive in XCCYs thénis in interest rate swaps.
Besidesjn this modelestimation period spans crises and turmoil periods, where
credit risk of buyers and sellers are more pronounced. Heenuses the credit risks

of the both swap parties as explanatory variables.

Empirical studies in the literatuiannot effectivelyneasure netted counterparty
risk in a swap deal as they employ macro level data. In other words, one needs
micro level data to identify the involved counterparties and associated risks in a

swap deal. Thetsicture of the cross currency swap market in Tuti&ps
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overcome this complication in the literatti:eAn analysis othe Central Bank of
Turkey's exclusive data set on swap deals reveals that, in net terms, only a small
number of foreign banks constiéuthe swap seller side. On the other hand, swap
buyers, in net, are the local banks that are in need of TRY liquidity. Therefore, we

canuse credit risks of the swap seller and buyer separately in our empirical analysis.

Moreover, we include the slopetbie bond yield curve in our empirical model. This
slope is expected to affect the cross currency swap spread in two ways. First,
flattening or steepening of bond yield curve is not alvwdisectly reflectedon the

swap yields due to the structural diffeces across two markets. Second, the
changes in the slope of the yield curve influence the pricitigeafounterparty risk.
Hence, it would be convenient to use the slopes of both US Treasury and Turkish
Treasury bond yield curves separately in ordemafuiure each one's effect on the
swap spread. However, being a small open ecorardghanges in the Turkish

bond yields are usually driven by the changes in the US bond yields. To prevent a
possible multicollinearity in the estimations, only the slop€Toirkish bond yield

curvewas usedn estimations.

Furthermore, we cacdlassifymovements of the slope of TRY bond yield curve into

two: changes due to the variations in the slope of the US bond yield curve and

13 As a remedy to this complication, the literature on interest rate swap spreads generally uses the
difference between the borrowing rates of an AA and a tAplated bank (AA spread) as a proxy for

the counterparty risk between the two parties. This assumption implies the spread between the risks of
two counterparties to be equal to AA spread. This simplification may lead to misleading results
especially when the spread between the two parties'isiskibstantially different than the AA spread.

This simplification may be the reason why the literature reports counterparty risk coefficient that is
insignificant or with unexpected signs.
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idiosyncratic changes specific to Turkéyn the formera bulksteepenintf US

bond yield curve would be expected to decrease the cross currency swap spread. A
decrease in the sheehd of the US bond yield curve means a reduction in the costs
of the swap seller who is the floating payer. As thedend of the US bond yield

curve, and hence lorgnd of TRY vyield curve, remawnchangedinder a buH
steepening, the swap spreaduld be expectetb decline. A beasteepening US

bond yield curve would also be expected to decrease the cross currency swap spread
but this time through an increase in the khagn TRY bond yields. A steepening of
either kind will lead to a surge in the likelihood of default of the swap selles and
decrease in the cross currency swap spieatie lattey idiosyncratic changes in

the slope of the TRY yield curve are not expected to affect the risk or profit of the
swap seller who pays the floating USD LIBOR rate. However, the increase in the
termpremium due to the idiosyncratic factors may not be fully reflected in the fixed
swap rates as swap market eliminates some of the imperfections that exist in the
bond market. Hence, idiosyncratic shocks that increase the slope of the TRY bond

curve will result in a decrease in the swap spread.

The empirical model her@so includsthe foreign exchange rate volatility, which
affects the pricing of the counterparty risk in the swap deal. A surge in foreign

exchange rate volatility is expected to increasestigp spread. This channel

14| diosyncratic changes refer to Turkey specific monetary psliogks and risk premium changes.
TRY related idiosyncratic have almost no effect on US bond yields.

15 Bull-steepening implies a reduction in the skentl of the yield curve while the lorend remains
intact.

16 Bearsteepening implies an increase in thegend of the yield curve while the shamd remains
intact.
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operates through an increase in the probability of default of the local banks, which

are net swap buyers, due to heightened foreign exchange rate véfatility

Lastly, the turnover rates of TRY denominated basrésusedo accounfor the

liquidity premium between swap and bond markets. As a surge in turnover rates will
imply a lower liquidity premium priced in bond yields, a positive sign for the
coefficient in front of the turnover rateslikely. It should be noted that this

conclusion relies on the assumption that swap markets are highly liquid.

Based on thesexplanations, the regression equatstimate with OLSis

producedor the cross currency swap spread with maturity

Yoip 1T Th VN QFQ I Vi QfQ

5¢

T YQo®U 10, Yi 0 épn Q- ¢ 1)

Here,aswrepresents the spread of a cross currency swap over a government bond
with thesame maturityi year. The variables @ andi Qi Q

refer to the counterparty risk of the swap seller and the swap, begpeectively

Finally, excvolandsloperefer to the exchange rate volatility of the spot USDTRY
rates and the slope of the TRY boyield curve.This thesisestimats the model in

first differences.

17The level of the open foreign exchange rate position that Turkish banks megnmot exceed0

percent of their capital This is stated by the lawlowever, Turkish banks are exposed taldrask

as the corporates, to which banks extend loans in USD, usually go unhedged as they are not subject to
such restriction. Higher exchange rate volatility translates into higher credit risk and higher credit risk
translates into higher probability défault for the Turkish banks.
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3.3.2 Data

This subsection introduséhe data set used theempirical analysiswhichcovers

the period between October 2009 and February 20ekly datas usedn the

empirical analysisMaturities ofl, 2 and 5 yearsvere chosen for examinaticiue

to their data availabilityand volumeExcept forthe outstanding amount of total

swap transactions, all of the data is available on Bloombdrgble7 presents the

resuts ofdescriptive statistics used in the empirical analysis.

[able 7: Descriptive Statisti
\Variable lea ledia AMin Max Std.De
Aswl] 87.66 85.75 257.00 81.50 68.06
Asw?2 85.03 S0.00 JO3.00 64.00 70.31
Aswd 16.85 62.25 330.560 74.50 59.89
Sellers’ Exp Risk Prem (13 33.37 14.67 14.02 168.01 38.54
Sellers” Exp Risk Prem (2 124.21 114.77 53.67 295.96 2. 18
Sellers’ Exp Risk Prem 95.56 94.04 29.23 236.64 AT
Buvers' Risk Prem 166.67 174.40 39.10 274.70 15.43
Exchange Rate \olatilit 2.22 0.74 0.00 23.50 3.63
Slope of TRY Bond ¢ e 54.01 96.50 274.00 167.00 89.87
Slope of TRY Bond Curve 60.73 58.00 201.50 179.00 103.05
Slope of TRY Bond Curve 36.15 $1.50 285,50 177.50 105.85

Theaverage USD credit default swap (CDS) rates of three main (net) swap sellers
(Citibank, HSBC and JP Morgars) usedo represent the credit risk of the swap

seller (Figure3).

8 The data on total stock of swaps and parties involved is exclusively obtained from Central Bank of
Turkey. However, we do not use this data in our estimations.

59



Basis Points

300 -
250 -
200 -
150 -
100 -
S0 -
D T T T T T T T T T T T T T T T
Lap] [ L] [ — — — ™ ™) ™ L] L] ] =5 =T =5
[} — — — — — — — — — — — — — — —
R e e e e e T,
= ™ (¥ ] (== ™ Lo o ™ (¥ ] = ™ (¥ ] (== ™ Lo =
— [ L] — L] [ — [ L] — L] L] — [} [ —
Figure3. Credit Risk of the Swap Seller (USD risk, 5y)
Basis Points
300 4
250 -
200
150 -
100 -
50 -
D 1 1 1 1 1 1 1 1 1 1 1 1 1
L' Lig] [k} [k} [k} L] i | = =I =T =T = =T L
— — — — — — — — — — — — — —
s s S, S, S S s s S S g S s S
— — [ Ly [ T — — Lia] LM [~ (a5 ] — —
— = (== (== (== = = [} = = = [} - (==

Figure4. Credit Risk of the Swap Buyer (TRY risk, 5y)

Similarly, theaverage TRY risk of Turkish banksusedo represent the

counterparty risk of the swap buy@he model also usdke spread between the
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yields of TRY denominated Turkish banks' bolidsd the government bonds with
same maturity in the secondary market as the TRY risk of the swap buyer (Figure
4). Due to data unavailability, this spread can only be calculated after February

2013.

For each of the three set of regressions, the difference between the bond yield at
corresponding maturity with the swap deal and 3 month bond yield as the slope of

the ond yield curvas usedFigureb).
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Figure5. Slope of the TRY Bond Yield Curve

The nominal exchange rate volatility measure is the historical volatility calculated

as the square of weekly changes in the nominal USDTRY spot rates (Ejgure

19 Using NelsorSiegel methodology, we calculate a gengiédd curve for the Turkish banks' bonds
available in the secondary market. Number of bank bonds traded on Borsa Istanbul changes from four
to eight through the estimation period.
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Figure7. Expected Percentage Exchange Rate Change from UIP

Finally, for a givermaturity, an expected USDTRY rate neededo calculate the
counterparty risk of the swap seller in terms of TRYstandard uncovered interest

parity equations followed by the use dhe ratio of two countries’ n year interest
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rates to represent thepected foreign exchange rate at tfeyear (Figurey). Table

8 exhibits the results of the unit root tests.

Table 8: Unit Root Test Result
Period:

Oct. 2009 - Feb.2015

Variables (level t-stat p-value Variables (difference t-stat p-value

Aswl 2,433 0.134 17.165 0.000

Asw2 1.802 0.379 16.862 0.000

Asw5 1.705 0.427 17.373 0.000

Sellers’ Exp Risk Prem (1) 2.835 0.055 19.200 0.000
Sellers’ Exp Risk Prem (2 1.577 0.493 20.300 0.000
Sellers’ Exp Risk Prem (5 1.523 0.521 20.743 0.000
Buyers' Risk Prem (53 2.502 0.118 10.300 0.000
Exchange Rate \olatilit: 15.20 0.000 15.810 0.000
Slope of TRY Bond Curve (1) 3.382 0.012 17.487 0.000
Slope of TRY Bond Curve (21 2,976 0.039 18.017 0.000
Slope of TRY Bond Curve (5) 2.200 0.207 19.864 0.000

3.4 Results

Equation (1)is estimated to obtaimeteroscedasticitgnd autocorrelation consistent
(HAC) standard errors of the coefficients from OLS in first differen&estructural
breakis foundafter the Taper Tantrum, which started in May 2013 and caused
market liquidity to dry up in emerging economies. Hetiteregressionsvere used
for two different periods; the first period is between October 2009 and May 2013,

and the second period is between November 2013 and February 2015. The results of
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the estimations for three different maturities and two different peaogl shown in

Table9.

The R] val ue 9ars datsfactory fonan dsantatioe in first
differences. This shows us that the variables in the empirical model are successful in

explaining the variations in the cross currency swap spreads.

As shownin Table9, prior to May 2013 the swap seller's riskda decreasing

effect on the swap spread. A 100 basis points hike in the swap seller's risk decreases
the 1, 2 and 5 year swap spreads by 15, 23 and 18 basis mspetively. This

fact can be atibuted to the rise in the level and importance of the swap sellers' CDS
spreads in the aftermath of Global Financial Crisis of 2008. In the aftermath of the
crisis, some swap sellers are directly, and some indirectly, affected by the liquidity
and capitakhortages in their headquarters operating at the epicenter of the crisis.
When the risks started to shift towards emerging markets with the Taper Tantrum,
the swap seller's risk losés significance in determining swap spreads in the period
after Novemler 2013. On the other hand, the surge in the risk of the swap buyer has
an increasing effect on the 2 and 5 year swap spreadgbgnti731 basis points
respectively in the second period of the estimations. Due to lack of the counterparty
risk measure thave use for the Turkish banks prior to March 2013 cerenot

include swap buyer's risk into the estimations in the first period.

20 At 10 percent significance level.
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In accordance with our prior expectations, the sign of the coefficient in front of the
slope of the Turkish bond yield curve is found to be negative. In other words, a
steepening in the bond yield curve decreases the cross currency swap spreads.
However, mly the coefficient for the estimation @to year maturity is statistically
significant for both periods. For tliwe-year maturity, only the coefficient for the

first period turns out to be statistically significant.
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Realized exchange rate volatility OSDTRY spot rates has an alternating effect
across the two periods of the estimations. Prior to May 2013, an increase in the
realized volatilityhada decreasing effect on the swap spread footteeyear
maturity and hd no significant effect on the swapreads at other maturities.
However, after November 2013 the picture chadrastically; realized volatility
increases haha positive and highly significant effect on swap spreads at all
maturities. A one percent increase at the realized volatilityag/s to increase the
1, 2 and 5 year swap spreads by 121, 134 and 108 basis pspectively.
Coefficient of realized volatility bmamepositive after November 2013. From this
we can deduce that the surge in USDTRY implied volatility increased tti iGs&
of Turkish banks relatively more than it increased that of foreign banks after
November 2013. This fact can be attributed to the high level of foreign debt in

Turkish banks' balance sheets.

Finally, we can also evaluate the determinants of the speead with respect to the
maturities of the swap contracts. For the period before May 2013, the spread on
short term (1 and 2 years) swap deals were mainly affected by the credit risk of the
foreign banks and implied volatility of USDTRY. For the sareeqa, the spread

on long term (5 year) swap deals were mainly affected by the credit risk of the
foreign banks and the slope of TRY denominated bond yield curve. After November
2013, the spread on short term swap deals were mainly affected by the implied
volatility of USDTRY. And for the period after November 2013, in addition to
implied volatility of USDTRY thecredit risk of Turkish bank&asfound to be

effective in determining the spread on long term swap deals.
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3.5 Conclusion

The theoretical and empirical literature mainly focuses on the determinants of the
spread on interest rate swapphis chapteaimsto fill the gap in the literature on the
determinants of cross currency swap spreads with a special focus on Twrkey.
proposes an empirical model, based on the variables used in the literature, to

identify the determinants of the USDTRY swap spreads.

Before the Taper Tantrunt waswidely the credit risk of the swap sellers (foreign
banks) that éived the swap spreaget after November 2013 the credit risk of the
Turkish banks became more pronounced in determining the spitgadan be

attributed to the increased significance of the foreign exchange rate volatility in the
second period of estimations. The credit riskhaf Turkish banks deteriorates due

to the heightened foreign exchange rate volatility after May 2013 turbuléige.

also noteworthyhat a steepening in the TRY bond curve decreases the swap spread

in both periods.
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CHAPTER IV

MEASURING CHANGES IN LONG -TERM INFLATION

EXPECTATIONS IN TURKEY

This chapter, using 1@ear nominal and inflation inddinked government (CPI

linker) bonds, introduces a markedsed gauge of measuring changes in-lamg

inflation expectations for Turkeyrhe methodologyntroducedto identify the

relative liquidity premium embedded in &sury bonds is novel and simple.
Measuringthe level of and change in inflation expectations is a central issue for
most of the agents in the economy, but it is especially important for monetary policy
makers. A central bank's power to affect aggregateaddrthusinflation, relies on

its power to change real interest rates prevalent in the ecéhdfowever, central

21 Economic theory asserts that agenthimeconomy make consumption (or investment) decisions by
comparing the prevalent real rate in the economy to their discount factor (or internal rate of return of
the investment).
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banks cannot sé¢tereal rates. They can only set the nominal rates. In response to
the nominal policy rate changes, it is the change iatioh expectations that

decides for the real rates at the end of the day. Hence, a timely and accurate measure
that can identify the changes in inflation expectatiespeciallyin the long run,

would be a mushave weapon in every central bank's argénal

There ardasicallytwo ways of having such a measuig directly surveyingthe

market participants what their inflation expectatigyror (ii) inferring policy related
information from market prices. The latter wagsseveral superiorities to the

former. (i) it is timely, that is it has a higher frequency compared to surveys done
twice a month or once a month, (ii) market players risk their money while trading in
the marketput survey respondents are neither punished nor rewarded for their
answes, (iii) market based measures represent the whole market, whereas survey
respondents only form a small sample

Using nominal bonds together with inflation @iPlkers under a narbitrage
assumption is a very popular way of arriving at market basedunes of inflation
expectationsin this study, watis observeds the real rate of a GRhker is

comprised of future expected real rate, a real rate prenaindna liquidity premium.

On top of these, a nominal rate on a nominal government bond cofutaire

expected inflation rate, an inflation risk premiwend a liquidity premium that is

not necessarily equal to that of the diRker. Despite the complication caused by
these premiums, many attempts were made to decompose the real and nominal

yields in order tambtainan accurate measure of inflation expectations.

22These measures not only help in assessing the effectiveness of therynpolétg changes but also
the credibility of the central bank.
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I n t he pr makethased methodblpgy ef measuring changes in-fong
inflation expectationghe sum of average @&ar expected inflation and inflation

risk premium is 88 pecent for the period between October 2012 and March 2015.
Furthermoreinflation expectationandthe level of inflation risk premium

fluctuates around this average by hitting to 4.54 percent at its minimum and 7.38
percent maximum.

The organization of teichapter is as follow$ection2 briefly reviews the recent
literature on markebased measure of inflation expectatiddesction3 introduces

the mechanics of linkers am@monstratethe similarities and disparities between
nominal bonds and linkerSection 4dintroduceghe methodology and the data set

used Section 5 presents our resuliad the final section concludes.

4.1 Literature Review

This sectiorbriefly reviews the recent literatureelated tahe use ofnflation-

indexed bonds and nominal bods together to extract inflation expectations and
associated risk premia.

The literature mostly uses affine term structure models (with no arbitrage
assumption) to decompose the breakeven inflation rate into its subcomponents of
inflation expectations anidflation risk premium. Affine models with latent factors

are simultaneously fitted to both nominal and real government yield curves. The

2 There are two good review papers on issues related to infiatiexed bondsThe first
belongs toCampbell& Viceira (2009), who present the mechanics of the inflatimdexed bond
marketsin the U.S. and in the U.K. The second tedongs tBekaert and Wang (2010)ho reviews

the literature on inflatioiindexed bonds.
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resulting model is estimated with the help of Kalman filter, where-figgiuency

(i.e. daily) inflation expectatiorare obtained from the noisy survey data on4{ong
term inflation expectations. Chet al.(2005) use a twdactor affine model with
weekly data, wher eas ustlnraffiree mécrdiaamad Tr i st an |
model with monthly data on yields, inflation, output gap, survey based inflation
expectations and shetgrm interest rates together with nominal and real yields to
decompose the breakeven inflation rate in the US. Adrian and Vi@)(R8e an
eightfactor term structure and Christensen et al. (2010) use aftutee affine

model, which does not employ any data on inflation expectations and inflation, for
the US. Joyce et al. (2010) also use a tfimetor model with a monthly data
obtaininflation expectations and inflation risk premium for UK. Again with a
similar surveymethodology, Garcia and Werner (2010) apply a term structure
model on Euro denominated nominal and real yields to get inflation expectations
and inflation riskpremium for Euro area.

These aforementioned models are silent on the relative liquidity premium that exists
between the nominal bonds and linkers. However, neglecting this relative liquidity
premium mayhavemisleading implications for the calculated ititen expectations
and inflation risk premium. D'amico et al. (2010) incorporate a fourth factor, which
deals withthe liquidity premium, to an otherwise thfsetor affine model.

However, in their model nominal bonds are assumed to be perfectly liquideand
liquidity premium is only demanded by the holders of the linkers. Being aware of
this liquidity premium, Grishchenko and Huang (2012) provide a liquidity
correction for the inflation risk premium. Their study is mefleé andakesthe
indexation lagnto consideration ithe calculation of inflation compensation of

linkers. Their liquidity premium estimation is based on Hu, Pan, and Wang (2013).
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They measure the market liquidity of linkers by using the difference between the
generic real yield curvand the benchmark real yields observed in the linkers
market. The proposed measure both incorporates the price of liquidity risk and the
amount of that risk.

There are also regressibased methodologies to extract the liquidity premium
embedded in the yligs of the CPRlinkers. A regressioivased measure of liquidity
premium is provided by Gurkaynak et al. (2010), where they regress breakeven
inflation rates on measures of liquidity. As simple OLS regressitmgaot capable

of identifying the level of ligidity effect on breakeven rates, they normalize this
effect to zero in April 2008 in order to observtherelative changes since that time.
Implementinghe Kalman filter to eliminate the noise in the survey based inflation
expectations, authormanaged decompose high frequency inflation expectations
and the inflation risk premium from the breakeven inflation rates. Using the same
liquidity premium cleaning methodology with that of Gurkaynak et al. (2010),
Pflueger and Viceira (2011) regress breakewdiation rate on various indicators of
liquidity?® to extract the relative liquidity premium between nominal bonds and
linkers both in US and UK.

To our knowledge, there is only one study on deriving the breakeven inflation rate
from Turkish liradenominated nominal bonds and linkers. Dufaulsen and
Gurkaynak(2011) fit daily nominal and real yield curves by using NelSagel

methodology for the perioof October 2009uly 2011. They also empirically check

24 Authors choose April 2005 as benchmark since the TIPS liquidity premium at that date is estimated
to bethelowestduring the sample period.
% These indicators include the nominal-ti-run spread, relative transaction volume of inflation
indexed bonds and nominal bonds, and proxies for the cost of funding a levered investment in
inflation-indexed bonds.
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for a possible liquidity premium emtiéed in the breakeven rates but do not find

any sign of liquidity premium in linkers.

4.2 Bond Notation and Definitions

This sectiorcoversthe notations and definitions that are used in the rest of the
paper.To make them better understodigst the basic dierences between a

nominal and CRIlinker bondare explained

A nominal bond is a financial instrument that guarantees a fixed nominal rate of
return to investawho hold the bond till its maturity. On the other hand, a-CPI

linker is a bond that guaraetea fixed real rate of return that pays to its invéstor
CPHlinkers can be claimed to provide their investors with protection against the
adverse realizations in the headline inflation in the future. The nominal coupon and
principal payments of the Clihkers are indexed to a reference index according to

the following formulation

o Orods b | SEDRQG )
¢ RO RETeGEmQ 6 e

This index ratio, calculated by the reference price index, is used to adjust the
nominal amounts of the real coupon payments and the principal payment at any time
t. The reference indékfor thed™ day ofn' month, which is daily announced on the

Underseretariat ofTurkish Treasury's webite, is calculated as follows

26 The real oupon rate, which is fixed through the life of the bond, is announced prior to auctions.
27 More information on the linkers issued by the Turkish Treasury and details of the mechanics can be
found in the document tit]l eddGawrnmhett@ondstandurkisPr éce |
Treasury's welsite (http://treasury.gov.tr/edS/Pages/InvestoiGuides).
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, WwhereCPIn» andCPln.3 denote the consumer price indices of marthandn-3
respectively. Herej denotes the number of daymtpasedin monthn andD is the

total number of days in month The value of the index for a given day of the

month is calculated by interpolation 6Pl andCPln3.

In market practice, the price quotations for the lislkare given by the clean price.
The clean price calculation for linkers is not differfrotn the calculation for

nominal bonds. In the pricing of the GRRikers, the real coupon rates and the real
returns are used instead of nominal coupons and discatest The equation that
establisheghe relation between the price and the real return on holding the bond till

its maturity can be given as follows

C

O PTOMT PpAT
p i p i

3)

,whered ,® ,randmare the clean price of the linker, the (real) coupon rate, the
real rate of return on holding the bond till its maturity and remaining number of
couponsrespectively. At any given time t, the accrued inter&k} for the linker is

given adollows:

50 6 ® 00a0RVOWIOOT QEDOLE 6 NMESET REAQADQ
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(4)
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Regarding the notations, the continuously compounded zero yield on a nominal

bond and on a CRinker (both WithUyears to maturityjire denotethy & and by
1 respectively What follows is thepreseration ofthe building blocks of each

zeroyield, staring with i

TR T U R TR B0 (5)

As of time t, the continuously compounded real yielctonsists of an average real

ratel |, an average real rate premiumi and an average liquidity premium

& ‘QRy  for holding the CRinker throughouthe Uyears. The definitions of the
components that form the yield on a &iRker is given as follows
The real ratei( 1): the average annual real returmaeded for holding the

CPHlinker over the l@t) years till maturity

The real rate premium (i h): The premium demanded by the investor

for the probability of having future realized real rate in the economy diffénemnt
if it were gotterfrom holding the bond till maturity. It caalsobe deemed as the
compensation for the uncertainty associated with the variability in the real interest

rates.
The liquidity premium demanded for holding the @Rker (0 "QR} ):

the premium dewnded by the investor for holding the &idker, which can be
bought or sold costly relative to a liquid asset that offers an equivalent future cash

flow in any possible state of the world
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Here, he assumption ithat market players price nominal bonds and linkeesso
consistent that the real raie () and the real rate premiur (i h priced in

linkers are also exactly priced in the nominal bonds. With this in mind, the nominal
zeroyield (0 ) is writtenas follows

Y o] (6)

As of timet, in addition to the real raté (1) and the real rate premiurh (i h ),
the continuously compounded nominal yield ) consists of an expected average
inflation rate { h ), an average inflation risk premiurh ( ﬁ) and an average
liquidity premium ¢ "Qr ) for holding the nominal bond throughout togears.

The definitions for the real rafe 1) and the real rate premium (i h) also

apply tothe nominal bond. The definitioms the other components forming the

yield on a nominal bond is given as follaws

The expected inflation raté (h ): the average of the expectgehron-year
changes in the price index over tlh}tﬁ years till maturity

The inflation risk premium®( h ): The premium demanded by the

investor for the probability of having future realized inflation differfeoin the

expected. This prelmm arises from the covariance between the real stochastic
discount factor and the expected inflation in the fundamental asset pricing equation
provided by Cochrane (2009). Hence, its sign can be positive or negative depending

on how the inflation risk caaries with the marginal utility of consumption.
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The liquidity premium demanded for holding the nominal band@n ):
the premium demanded by the investor for holding the nominal bond, which can be
bought or sold costly relative to a liquid asthett offers an equivalent future cash
flow in any possible state of the world
Below is the definition obreakeven inflation ratei{) as the difference between
thetimetn omi nal and real :yields for the mat u

® O 1 (7)

Inserting equation (5) and (6) into (7) yields the following

o O« - "aR an 8)

Equation (8) tells us that the breakeven inflation rate at any given point in time and
for any maturity includean inflation risk premium and a relative liquidity

premiunt® besides the expected inflation for that matuiftyus, thetask is to

extract the associated relative liquidity premium and the inflation risk premium

from the breakeven rates to attain the expected inflation.

4.3 Methodology and Data
This sectiordetailsthe methodology and the data dse identify the changes e

inflation expectations priced in Turkish lira (TRY) denominated nominal bonds with

28 This relative liquidity premium need not to be necessarily positive or negative.
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10 year maturity. In a nutshell, empirical methads usedo extract relative
liquidity premium and other premia embedded in the breakeven inflation rates given

by equation (8).

4.3.1 Methodology

In order to get the 10 year breakeven inflation rates, we fit daily yield curves for the
nominal bonds and linkers separately. For 794 days between July 2010 and March
2015, we separately fit smoothed cubic spline to the nomiateal continuously
compounded yields obtained from the clean prices of traditional bonds and linkers

respectively®.

Once the 10 year breakeven ratebtainedor &) , thefocusbecomeghe other

side of the equation (8First, the relative liquidiy premium on the right hand side

of the equatioris dealt withequation(8). This premiumis attainedn a novel way

that has not been used in the literature soltae. measure ithis studyincorporates
both the amount and the price of liquidity at the same time. First, the price of
liquidity should be the same for any kind of government bond denominated in the
same currency with similar maturities. Based on this Idg& studytakes the

difference between the yields of two nominal government bonds with maturities
close to 10 years to represent the relative liquidity premium between these bonds.

Other than the liquidity premium, which is specific to each Byrdese two

2 \We let the smoothing parameter be 0.5 in order to have a bdlatweeen fidelity to the data and
smoothness of the curve. We could not use parametric methodologies (i.e -Sielgelhor Svensson)
due to the parameter instability caused by small number of observations in linkers.
301n Turkey, the orthe-run and offthe-run securities do not necessarily differ in terms of market
liquidity. Sometimes, current etlhe-run bonds may be less liquid than previougtoarun bond till
the new bond's outstanding stock reaches at considerable levels.
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nominal bonds shouldossess the same amount of risks and inflation expectations
asgiven in equation (6. Then this yield differencis regressedwvhichis

consideedas the relative liquidity premium, on relative liquidity measures of these
two bonds in the following regssion equation:

aqQanit Qa | 60 00 | "YO "YO
9)

, whered 0 ando6 0 represent the spread of gk yields corresponding

to the first and the second-y@ar nominal bondsY0 and”Y0 denote the
turnover ratios of the two bontisWe interpret the coefficients, obtained from
equation (9), as the market price of liquidity risks of different forms (i.e. transaction
costs, breadth etc.) h€refore, the coefficient is the constant liquidity premium
demanded on any security, corresponds to the price of liquidity demanded from
the security for transaction costs and finally,denotes the price of liquidity

demanded from the securfiyr lacking breadtf?.

We use the coefficients (h and| ) obtained from the above regression

equation, together with the valueséio® o 6 AYO and

YO corresponding to the 3gkar nominal bond and thieker respectively, to

get the relative liquidity premium between the nominal bonds and linkers at a given

time.

31Here, we assume that thesethan 6 months difference between the maturities of the two bonds can

be neglected when we consider the average risks and inflation expectations over the 10 year.

32The details of the calculations on the-bisk spreads and turnover ratios, and othdabtas as

well, are provided in the data subsection at the end of this section.

33 3arr and Lybek (2002) provides a good discussion on the several dimensions of the market liquidity.
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We subtract the relative liquidity premium, which obtained at the previoussstep,

thatthe expected inflation and associated inflation piskmium at the 10year

maturityremains Below isthe resulting liquidity adjusted breakeven rated§ o)

as,;

A a0 & QR (10)

At this point,variationis eliminateddue to the inflation risk premium. When survey
based longerm expected inflation rates are not available, it may not be possible to

back out inflation risk premium from breakeven inflation rates. As a remedy to this

problem, we regress & @ on arisk premium measure that moves parabel
variations in the inflation risk premium. Assuming that purchasing power parity
holds in the longun, the anticipated volatility in the expected inflation (inflation
uncertainty) should be reflected in the expdovolatility in the foreign exchange

rates®,

Hence the study employthe deviation of the lonterm, atthe-money currency call
option implied volatility from its unconditional mean as a proxy for the deviations
in the inflation risk premiumThe implied volatility that isderived from athe-

money currency call options denotecas'Qd 1, More specifically, the following
regression equatioserves the eliminatioof the variation in liquidity adjusted

breakeven rates due to the variation in thilaiion risk premium:

34 An investor who expects a x percent inflation differential between tin@iecies would also expect
the nominal exchange rates to change by x percent in thelongience, the uncertainties expected
in the level of longrun nominal exchange rates should be due to the uncertainties anticipated in the
level of longrun inflation expectations due to the purchasing power parity.
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aww T T Qana ana- (11)

Here,it becomes possibk® get rid of the variation in liquidity adjusted breakeven

rate due to the variation in the inflation risk premium by the help of the product of

I and Qan a & n. @herefore, the estimated coefficiéntis readas the sum

and the inflation risk premiurh h for the 10

of expected inflatiorO

year maturity®. Finally, we interpret the remaining part, which is the residyals
the deviation of the lorrgun inflation expectations from its constant mdan) @s of
timet. H e n @iees usdhe change in the-§@ar inflation expectations as of

timet-1tot.

The regression equation given by equation (11) can be used in event studies to

analyze the impact of a monetary policy shock or the change in credibility after a

certain event. At any given day, once the breakeven inflation rate is adjusted with

respect tdhe relative liquidity] and the product ¢f and Qa n a a ) Gan

be subtractetrom the liquidity adjusted breakeven rate to get the net change in the

longr un i nfl ation expect awilimplysadetefiorgpro si t i v e

in long-run inflation expectations and central bank's credibility as well.

35 Unfortunately, our methodology cannot decompose the constant terinto its suscomponents.
Nonetheless, we get a number that is solely related to the first and the second moments of inflation
expectations.
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4.3.2 Data

Our data set includes compounded yi#ld$ each nominal and inflatieimdexed

bond traded on a given day for the period between July 2010 and Marc. 2015

the selectetime period, wecanfit a real yield curve to linkers for the 794 trading
days.Those daysire excluded because there is@mmbugh number of observations

in linkers to be able to fit a yield curve. Besides compounded yields, we also collect
daily bid and ask yield quotations, total daily trading volume and the outstanding

nominal stock of each bond traded during our samplegber

All of the TRY denominated t@ear government bonds that we use have a par

value of 100 and pay coupons seannually. Day count convention for these bonds

is actual/365. More specifically, linkers in Turkey are indexed to Consumer Price
Index publisled by the TurkStat on a monthly basis. The first-Giker was issued

on February 9, 2007 with ayear maturity that ends at February 12, 20&8m

April 14, 2010, théJndersecretariaif Turkish Treasury started to issue linkers at

10 year maturity andegan to conduct auctions for these securities every month of
the calendar year. Total stock of the outstanding linkers is roughly 9.5 billion TRY,
which constitutes 22.2 percent of the total outstanding TRY denominated debt as of

May 2015.

The 5year impied foreign exchange rate volatility is obtained from the 25 delta at

themoney USDTRY currency call options. Bloomberg terminal reports these

36 At the end of each trading day, Borsa Istanbul publishes (on its website) trade weighted
compounded yields of each security traded on that day. The published yields aamseatly
compounded.
37We select this time period according to thetfissuance dates of the-§8ar nominal and inflation
linked bonds. The first TRY denominated 10 year nominal bond was issued on Jan 27, 2010 and first
TRY denominated 10 year Glvhker was issued on April 14, 2010.
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implied volatility rates, derived from the Bla&choles formula, for several
maturities on a daily basis. Inditlon to implied volatilities, we obtain the bid and
ask yields for all the bonds in our sample period from Bloomberg. The rest of the
data that we use &ccessibl®n the website of Borsa Istanbul. Tab@eplesents the

descriptive statistics dhedat set.

Table 10 : Descriptive Statistic

Varnables Mean Min Max Std Den
10 yvear Mominal Yield 71.951 5.995 10.840 1.168
10 year Real Yield 1.949 0.832 3. 7564 0.782

10 ¥ Nominal Bid-Ask Spread 0.053 0.020 0.150 0.023

10 Y Linker Bid-Ask Spread 0.077 0012 059 0.080

10 ¥ Nominal Turnover Ratio 1.363 0.005 0 546 1616

10 ¥ Real Turnover Ratio 0.498 0.001 2273 2153

Implied Exchane Rate Volatility §.346 4.470 18.14 2.535
4.3.3 Results

We start presenting the calculated breakeven inflation rates from the fitted nominal
and real yield curves. Althoudghe estimationsn the studyonly relate tol10-year
maturity our, breakeven inflation rates for 1, 2 &ngkar maturitieare reporte@s

well. A visual exhibition of the obtainkbreakeven inflation ratés presented in

Figure8®,

38 Seasonality effects in the reaelds, obtained from linkers, sometimes constitute serious problems
that have to be dealt with while fitting yield curves. However, we do not have such problems due to
the following reasons: (i) the issuance dates of the linkers are not concentratedimneenths.
Instead, they are evenly distributed in a calendar year. Hence, we have seasonality effects distributed
evenly onto the whole real yield curve. (ii) Seasonality is a severe problem especially for maturities
less than one year. We use breakenages for 10 year, where seasonality constitutes no problem.
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At this point in the studyit is necessary tdurn attention to the relative liquidity
premium calculation process. In 278 days out of 794 daysanénd two nominal
government bonds that are traded on the same day and with maturities close to 10
year. Hence, we rutheregression given by equati¢®) for these 278 days

Multiplying the estimated coefficients (i and ) with the bidask spread and
turnover differences corresponding to 10 year nominal bond and thepidderces

the relative liquidity premium between the two bonds. The obtained relative
liquidity premium is presented in Figu®e During our estimation period, the
calculated relative liquidity premium takes values betw@érbasis point and 40

basis point.

Table11: Estimation Results (Liquidity Regression given by Eqn 9 )

Period 1 Period 11
Oct. 2012 - May 2014 June 2014 - Mar. 2015

Dependent Var: Liquidity Premium

Constant Coeff. 0.03 0.12
p-value 0.000 0.000
Bid-Ask Spread Difference  Coeff. 046 0.80
p-value 0.082 0.095
Turnover Difference Coeff. -0.012 -0.008
p-value 0.028 0.039
R? 0.18 0.18

A positive reading in the 10 year relative liquidity premium@Qry o QR )

can be read as the 10 year linker being more liquid relative to the 10 year nominal

% Due to the structural break, we run regression for two separate periods. We provide the regression
results in Tabld 1.
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Figure8. Breakeven Inflation Rates (2W MA)

bond. Whenevethe 10 year linker becomes more (less) liquid relative to the 10
year nominal bond, the liquidity adjusted 10 year breakeven inflation rates, given by

equdion (10), becomes smaller (larger) than the original breakeven inflation rates

@ )*

Thefinal step involves refining the liquidity adjusted breakeven inflation rate from

the variation in the inflation rkspremium.This is donéyy the help of regression
equation given by equation (11). The results of the regressinrind on"Qé 1 &

arepresentedn Tablel12.

40This phenomenon occurs especially in turbulent times. Duwirgilent times, heightened risk
translates into a depreciation in local currency and a surge in inflation expectations, which eventually

cause a run away from nominals and rush into linkers.
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Figure9. Relative Liquidity (2W MA)

Table12 : Estimation Results {Inflation Risk Regression given by Egn 11)
Oct. 2012 - May 2015

Dependent Var: Liquidity Adj. Breakeven Rate

Constant Coeff. 5.38
p-value 0.000
Implied Vol Coeff. 0.07
p-value 0.000
R? 0.14

The
resultsreveal thathe sum of average @ar expectedflation and inflation risk
premium1 ) is 538 percent for the period between October 2012 and March 2015.
With the variations due to the cumulative changes in-lomgexpected inflation
( - ) leads tdong-run inflation expectations (plus the level of inflation risk
premium) wanders between 4.54 percent and 7.38 percent for the period between
October 2012 and March 201=gurel0 provides a visual illustration of the
cumulative changes ithelong-run expected inflationf( - ) and daily changes
inthelongr un expected inflation (o
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Figurel0. Change in Londgrun Inflation Expectations

4.4 Conclusion

This chaptefocuses on thproposée marketbased way of measuring changes in
long-run inflation expectations using Turkish lira denominated nominal and
inflation-linked bonds with similar maturities. Besides measuring changes in
inflation expectationghis methodology enablebe useto report the sum of
average 1§ear expected inflation and inflation risk premius88 percent for the
period between October 2012 and March 20tli5.also repordthat inflation
expectationgn addition tothe level of inflation risk premium fluctuatecamd this
average by hitting to 4.54 percent minimum and 7.38 percent maxifrhen.
present study contributes tiwe literatureby proposing this novehethodology to

extract the relative liquidity premium embedded in treasury bdwelgertheless,
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this mettodologystays silent in decomposing inflation risk premium from inflation

expectationslespiteits abovementioned capabilities.
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CHAPTER V

THE RELATIVE LIQUIDITY PREMIUM ACROSS US

TREASURY SECURITIES

This chapter checks the robustnestheimethodologyproposed in the previous
chapterby applying it to the US Treasury bond market, which is the most actively
traded fixed income market preferred by the investors fomjitédity and safety.
Despitethe US bondmarket's liquidity, the violatio of onepricelaw was extreme
during the global financial crisis. The academic literature reports mispricing across
all classes of US Treasury securities during the financial crisis. Using
different methodologies, the academic studies repotetied of mispricing between
the maturitymatched Treasury InflatieRrotected Securities (TIPS) and nominal
Treasury securities being between 100 basis points to 200 basis points. More
interestingly, the mispricing between the matuntgtched nominal Tesury bonds

and notes is reported havereacled 80 basis points during the financial crisis.
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Theempirical methodologprosedmeasursthe level of the relative liquidity
premium between maturiyatched US Treasury security paltss then applied to
the bond pairs used in Fleckenstein et al. (2014) to check the level of mispricing that
can be attributed to the liquidity premiufirhe choice of the time period and the
securities used in Fleckenstein et al. (2CHéappropriate for the application ofio
methodology as Fleckenstein et al. (2014) find mispricing, which they cannot
attribute to the liquidity premium, across the matunitgtched Treasury securities
during the Global Financial Crisis, where the market liquidity was reportedly very
low. Theyform a TIPSTreasury arbitrage strategy by converting the inflation

linked cash flows from a TIPS issue to fixed cash flows using inflation swaps. The
replicating portfolio exactly matches the cash flows of a Treasury bond with the
same maturity date alse TIPS issue. It appears that the proposed empirical
methodology attributes a substantial amount of the reported mispricing of
Fleckenstein et al. (20149 the relative liquidity premium across US Treasury

securities.

Theprice of liquidity for a given raturityis estimatedy using maturitymatched
securities of similar types. Specifically, the difference between the yields of two
securities, which (i) belong to the same d4g8) are issued by the same entity,

(i) are issued in the same currency and (iv) have original maturities very close to
each other, is used as dependent variable in the price of liquidity regression
estimations. Hence, the dependent variable doesontdio currency risk as both

securities are denominated in the same currency. The yield difference can also be

41 The yield difference is calculated for the maturitatched fked-coupon paying nominal securities
and maturitymat ched TIPS separ amaetlcyh.e dTEh er etfeerrns Enoa ttuhrei tnye
original maturities and it is not confined to matching of the time to maturity.
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claimed to possess no credit risk since these securities are issued by the same entity.
Also inflation risk premium and real rate risk premiura eancelled out with

differencing as these two securities have very close (usuallytéong original

maturities. In a given security pair, the yield difference between any two maturity
matched TIPSor two maturitymatched nominal bongds assumed to fiect only

the liquidity premium between these securfie¥/hen this dependent variable is
regressed on the borsgecific liquidity measures, the estimated coefficients can be
claimed to reflect price of liquidity at a certain maturity. One notable prppér

this technique is that the resulting estimations enable one to directly measure the

level of the liquidity premium without resorting to any kind of normalization.

TIPS have often been perceived to be less liquid than nominal Treabutidse

level of the relative liquidity premium between these Treasury pairs is hard to
measure due to the empirical restrictiddelike the methodology used in this
chapter, the dependent variables used either in affine term structure models or in
empirical studiesantain premia other than the liquidity premium. Hence, to be able
to report the level of the liquidity premium, the existing literature resorts to the
technique of normalizatioi.e. measuing the level of the liquidity premium

relative to a point in tinf€). As a matter of fagtthe regressions, where the

regressand possesses préfrogher than the liquidity premium, can only measure

42|n the estimations, the model is contedllfor the securitgpecific properties.
43 Affine term structure models are estimated with Kalman filter techniques that necessitate the use of
initial parameters either for the coefficients or the variscmeariance matrices.
41n most of the studies, ¢hyield difference between the matusihatched TIPS and nominal bonds
is regressed on several liquidity measures to estimate the effect of liquidity. However, this yield
difference, which is called as inflation compensation, contains an expected infatioand an
inflation risk premium in addition to the liquidity premium. As none of the components of the
inflation compensation is observable, a starting point has to be set as reference inaiytiéntioe
level of the liquidity premium.
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the portion of the variation in the dependent variable explained by the liquidity
measures used as regressors. Howevee tieggessionare not capablef

identifying the level of the liquidity effect.

Using the yield differences across maturitatched and similar type of securities

that are issued by the same entity as dependent vamakles it possibl& isolate

the liquidity premium. The application of this methodology to calculate the liquidity
premium across a subset of 29 matunitgtched US TIPS and nominal bonds used

in Fleckenstein et al. (2014) reveaterestingresults. To start with, the calculated
liquidity premium indicates that almost 70 percent of the mispricing repbyted
Fleckenstein et al. (2014) can be attributed to the liquidity premiunseTineings
arealsoin line with the literature. Similar tthe findings ofMusto et al. (2015), the
liquidity premium across nominal securities takes values close to 0 in normal times
and reaches 75 basis points during the global financial crisis. Parallel to the findings
of Pflueger and Viceira (2011), tipeesentesults show a timearying liquidity

premium aanss TIPS and nominal bonds. The average level of this liquidity
premium is also imgreementvith what is reported in the literaturEhe liquidity
premium across TIPS and nominal bonds reaches up to 140 basis pointgtauring
200820009 financial crisigind hovers around 40 to 80 basis points during normal

times.

To ensurehat the liquidity premiunms actually measurethe findings of the study
are comparewith the Resdution Funding Corporation (Redcp) spread, a direct
measure of the liquidity premmn used in the literature for US bond markets.
Indeed, this stepalculate the correlation of the Refcp spread with the average

liquidity premium across maturisnatched nominal bonds, across matunitgtched
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TIPSandacross maturitynatched TIP&ndnominal bonds respectively. For the

April 2005-November 2009 period, these correlations are calculated as 0.83 for the
liquidity premium on nominal bonds, 0.83 for the liquidity premium on THd

0.67 for the liquidity premium between TIPS and nominaldso&uchhigh

correlatiors may indicate that the measured premium indeed reflects the liquidity

premium across these bonds.

The organization of this chapter is as followsction 2 briefly reviews the recent
literature on measuring markeide and secuntspecific liquidity in general and
on measuring the liquidity premium in US Treasury securities in partj@dation
3 introduces the methodology of the paper and the datessedtsectiond presents

the resultsand the final section concludes.

5.1 Literature Review

Brunnermeier and Peders(2009) classify the concept of liquidity into two: the
funding liquidity and the market liquidity. In their rationale, the former is associated
with the difficulties or costs that a trader confronts while gemeyatsh to fulfill

capital and margin requirements. On the other handattezis associated with the
cost of trading in an asséthe first part of the literature review proviie non
exhaustive summary of the studies on measuring the market lgofditsecurity.

The studies for measuring liquidity either use the information on prices or the
information on the volumeor both.It first preserd the methodghat make use of

the information on prices to calculate a security's liquiditgn summaries the

methodghatuse volume t@btainthe liquidity measures.

Investors demand an-@nte premium for the securities that are not readily tradable

or have high transaction costs. For instance, investors confront costs while
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executing their transactionshese costs capture the frictions in trade and typically
drive a wedge between the bid (buy) and ask [sek) of an asset. Hence, batk
price (or yield) spread is one of the most commonly used measures that are

calculated by using prices alone agide information about the cost of transactfon

Roll (1984) proposes a method to infer the effectiveasiki spread for an asset

simply using the first order serial covariance of the price changes. The main idea is
simple but very appealing: if the markgtinformationally efficient and there is no
trading cost involved, then the returns on an asset should be serially independent as
daily prices should contain all the available and relevant information. The returns

are expected to exhibit serial correbatias transaction costs inhibit the execution of

new information. Roll presents w € YhY  as the measure of the effective

transaction cost on an as$et

Feldhe¢tter (2012) provides the I mputed R
measure thagolely uses price data to capture the transaction cost of a sethaty.
proposed measure is formuldtessentially for corporate bonds, where the bond
trade takes place infrequently. Fel dhe¢gtt

if two or threesamesizetrades happen for a bond on the same day and there is no
other trade on that day. Then, IRC is giver-as—— , whered is the

highest price and is the lowest price in an IRT. This measure gaekie

4 Amihud andMendelson (1986) and Constantinides (1986) are early studies on the effects of the

transaction costs on asset prices.

46 The observation is neglected whenever the covariance of the consecutive returns is negative.
94



about the size of transaction cost as such a trade occurs only if a dealer matches a

buyer and a seller and collects the-kagk spread as a fee.

The proportion of the daysnwhich an asset does not trade, to the total number of
trading days in aigen period is proposed as a measure for the transaction costs
associated with the trading of that asset. Bekétatvey and Lundbla(R003)

found this to be an effective measure of liquidity in the emerging market for

equities. LesmondOgden and Trzcirk(1999) do not use the frequency of zero

trading days as a direct measure of liquidity. Instead, they develop a limited
dependent variable specification which endogenously estimates the transaction costs

based on the realization of zero returns.

The marke efficiency coefficient, proposed by Hasbrouck and Schwartz (1988), is
another pricébased measure that indicates the continuity of trade in a given security
or market. Theationale behindhis measurés thatprice changes should be more
smooth and comtuous for the more liquid securities such that the volatility of{ong
term price changes should be equal to the sum of the volatility of the changes within
the periods that form the lorigrm. The ratio of the variance of loibgrm return to

the sum of tk variances of sheterm returns should be equal to one for a perfectly

liquid asset that is continuously traded.

Pertaining to the volume based measures, the trading volume indicates the*breadth
of a securityand accordingto Blume Eas | ey (189)dit pOvdesa r a
information that cannot be extracted from piii@esed measures. Instead of using the

trading volume as a direct measure of the liquidity, one can normalize it by the

47 The availability of large and frequentders that have minimal price impact on a given asset.
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notional amount outstanding of a security in order to have a meaatientibles
comparison across different securities. The turnover ratio, which is the ratio of the
trading volume to the notional amount outstanding, is one of the most popular
volume based measures. It measures the number of times the outstanding stock of a
security is exchanged. In that regard, turnover Hatits atthe portion of the hold

to-maturity investors for a given security.

Several studies exist literaturefocusingon measurmentof priceimpact of a

trade in a specific security. Those measuienultaneously use the information on a
security's price and volume to calculate the price impact. Amihud (2002) computes
a measure by dividing the daily average of absolute returns to the trade size of the
consecutive transactions. By relating the vatunh a trade to its impact on the

prices, this measure aims to capture the breadth of trading in a security. Hui and
Huebel (1984) measure the price impact of trading in a given security by dividing
the security's largest price change to its turnover natogiven period. Typically,

the HuirHuebel measure is calculated over a five day period.

The literaturaeview extends$o coverthe studies that measure the liquidity

premium across US Treasury securities. The recent literature tries to quantify the
liquidity premium between the US TIPS and nominal bonds. For instance, by adding
a fourth factor, which accounts for the liquidity premium, to a tfaetor affine

term structure model for US TIPS and nominal bonds, D'Amico et al. (2010) report
a liquidity premium that was around 100 basis points at the initiation of the TIPS
program. Normalizing the level of the liquidity premium to zero for 2005,

Gurkaynak et al. (2010) report a liquidity premium that reached 140 basis points for

the 5year TIPS and 70 baspoints for the 1-§ear TIPS during the 20089
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financial crisis. Similar to D'Amico et al. (2010), they also report a liquidity
premium close to 100 basis points at the initiation of the TIPS program. Again
normalizing their liquidity variables to zern & world of perfect liquidity, Pflueger
and Viceira (2011) attain resukignilarto Gurkaynak et al. (2010). They show that
the liquidity premium for 10 year TIPS takes values between 70 and 120 basis
points during the early years of TIPS program eeathes 250 basis points during
the 200809 financial crisi®’. More importantly, Pflueger and Viceira (2011) report
that the measured liquidity premium is thwarying and hovers around 40 to 80

basis points during normal times.

The last two studiesentimedemploy the methodology first used by Chen et al.
(2007) whostudy the effect of bondpecific liquidity on the corporate yield spread
To this end, they usiree separate liquidity measurtee bid-ask spread, the zero
trading day measuyand thdimited dependent variable model proposed by
Lesmond et al. (1999). The regressand usedhen et al. (2007) contains a credit
risk premium in addition to the liquidity premium. The dependent variable of
Gurkaynak et al. (2010) and Pflueger and Viceif# (9 contains inflation risk
premium and an expected inflation term in addition to the liquidity premium. The

fitted values from these regressions can gickie about the portion of the variation

However, these regressiotannot precisely identifihe level of the liquidity effect.

48 Campbell, Sunderamind Viceira (2009) attribute the observed illiqudity in the TIPS market after
the Lehman Brothers' bankruptcy to the downward price pressure that TIPS market faced due to the
depldion of Lehman Brothers its large TIPS inventory
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As a result, these studies resort to normalizaflidrat is,theymeasure the effect of

the liquidity relative to a point in time.

Using a Gausan affine term structure model, which adjusts for the illiquidity of
TIPS, AbrahamgsAdrian, Gump and Moenck2012) jointly price the TIPS and
nominal Treasuries. Similar to D'Amico et al. (2010), the authors model the
liquidity premium as if it is onlyriced in TIPS. They estimate the model with
threestage linear regressions and obtain the liquidity premium for thyedOTIPS.
The estimated relative liquidity premium takes valslgghtly above 0 basis points
during normal times. However, the liquigipremium is reported to reach up to 200

basis points during the global financial crisis.

Fleming and Krishnan (2012) provide an excellent work on the relative liquidity of
the US TIPS market compared to the nominal bond market. Using tick data from the
interdealer market, they show that the liquidity of the TIPS differ substantially from
that of the nominal bonds. More importantly, they report that neitheaddicpreads

nor quoteddepth constitutes a good indicator of liquidity for the TIPS market.
Instead,the trading activity and the incidence of posted quotes serve as better cross

sectional measures of the TIPS liquidity.

Recently, Musto et al. (2015), show that even within the class offigedon

paying nominal securitieghere exists liquidity premium across US bonds and
notes. US bondsiamely bondsvith 30 year maturity, trade at a relative discount
compared to US notes when the matutiitye for both securities are matched. They
compare the yields on a typical US natel a replicating portfolio, comprised of a
bond and the bond's principal STRIP. The authors report a yield differential that
reached up to 80 basis points during 22089 financial crisis and wanders slightly
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above 0 basis points during normal times. Mt al. (2015) relate the mispricing
among US bonds and notes to several security characteristics, i.e. coupon, maturity
time, and notional amount outstanding. They use markeed measures (including

the bid/ask spread and trading volume) of liquidéther than bondpecific

liquidity measures like the ones used in this paper. They report that more aged
securities with smaller notional amount outstanding and lower trading volume and
higherspreads trade at discount, especially when mavia liquidity is low. In

the paper, the part of the mispricing that cannot be explained by the sepexiiic
characteristics is attributed to the funding constraints of dealers and arbitrageurs

during the financial crisis.

A similar type of limits to arbitrage pacity is shown by Fleckenstein et al. (2014).

The authors report a mispricing between the US TIPS and nominal bonds during the
200820009 financial crisis. The authors form a THP&Rasury arbitrage strategy by
converting the inflatiodinked cash flows fsm a TIPS issue to fixed cash flows

using inflation swaps. The replicating portfolio exactly matches the cash flows of a
Treasury bond with the same maturity date as the TIPS issue. Fleckenstein et al.
(2014) report a persistent mispricing across 29 ntgtaratched pairs of US

Treasury bonds and TIPS issues from 2004 to 2009. They measure the mispricing as
54.5 basis points, on average, and as 200 basis points at its maximum during the
crisis period. More interestingly, the existing mispricing is alwayavor of the

nominal bonds.

The reported mispricing cannot be attributed to the mispricing or a possible
illiquidity in the inflation swaps market as they find no mispricing on average when

the same arbitrage strategy is used for firad and inflatiodinked bonds issued
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by corporates. They also cannot attribute the extant mispricing to the liquidity risk
as the markewide liquidity measures that they employ explain a relatively small
portion of the mispricing found across the US TIPS and nominal bdhdsTIPS
Treasury mispricing isbservedo narrow down athelimits to arbitrage is passed

over with the additional capital flows into the hedge fund sector.

5.2 Methodology and Data
This sectiorpresentshe details of the methodology and the data usedltulate

the relative liquidity across US TIPS and nominal bonds.

5.2.1 Methodology

The methodology is based on estimating the price of liquidity for the US Treasury
securities with similar types and maturities. These estimated (meagpgtific)

prices arghen used with bontével liquidity measures to construct the relative

liquidity premium between any two securitigfsa particulamaturity.

It is worth mentioing the following observation before proceeding further: other
than the liquidity premium, anysk premium corresponding to the bonds with

similar types and maturities will be the same as long as these bonds are issued by
the same entity. More specifically, investors would demand the same expected real
rate, expected inflation, the real rate niskmium and the inflation risk premium

for the two maturitymatched®, fixed couporpaying US nominal bond$ If any

credit risk is attached to these matunitgatched nominal bonds, it should be the

4 The term 'maturitymatched’ refers to the nominal security pairs, where the difference between the
original maturities of the securities that form the pair is less than 31 days.
S0 Even if two bonds are nzhed in terms of the type and maturity, investors may prefer one to the
other due to the differences in the coupon rddesing the estimationsye control for the effect of
coupon rate differences on the relative liquidity premium across the two bonds.
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same across the two bonds as they are issued by tleedSury. The same logic
applies to the TIPS; investors would demand the same expected real rate, the real

rate risk premiumand the same credisk for the two maturitymatched! US TIPS.

The construction of the relative liquidity premium between anyitarcdsof the
same maturity requires (i) the calculation of bdexkl liquidity measuresand (ii)

the estimation of the price of liquidity corresponding to each liquidity measure.

5.2.2 The Liquidity Indicators

As discusseth the literature review, Blume ek §1994) argue that the volume
based liquidity measures are superior to the graged measures with respect to the
information they provide. Besides, Fleming and Krishnan (2012) argue that the
information content of the bidsk spreads is not a goodiatorof the liquidity of

the TIPS.In contrastthe trading activity and the incidence of posted quotes prove
to be good indicators of the US TIPS liquidity. However, due to the restrittioms

the daily trading volume datd,is only possible t@ompue the following price

based indicatorsf the US TIPS and nominal bonds that are used in the estimations.

These measures are as follows:

1 Bid-Ask Price Spreadrlhis measureeveals a&lue about the transaction
coststhat may arisevhile trading in a givesecurity. The formula of the

bid-ask price spread measure is as follows:

60 — 5 (1)

51 The term 'maturitymatched' refers to the TIPS pairs, where the difference between the original
maturities of the TIPS that form the pair is less than 182 days.

2These restrictions are mentioned in the EDat akE
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1 Proxy for the Daily VolumeThe range between the highest and lowest daily
price may constitute a proxy for the daily volume of a security. The
difference between the highest and lowest price realizations can be expected
to be larger for the securities with lower trading volumesrtter to
normalize the measucd the level of price, the mimax rangas dividedby
the daily midprice of that securityo obtainthe following proxy for the

daily trading volume for timé&

1
C
C

soe LY @

1 Volatility: This measure is also expecteddweal aclue about the daily
volume of a security. For a given month, the measure is calculated as the
deviation of daily returns from the monthly average of the daily returns. The

formula for the volatility measure is &dlows:
®0 0 YooY 3)

5.3 The Estimation of the Price of Liquidity

The estimation of the price of liquidity for a given US nominal bond with original

maturity of T days involves the following steps:

i.  Open a maturigneighbourhood for the given bond by determining all other
similar type US nominal bonds with original maturities that are at most 31

days apart fronT.
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ii.  For all the nominal bonds within this neighbourhood, calculate the bond
specific liquidty indicators®,

ii.  Onamonthly basis, calculate all possible pair wise yield differences for the
nominal bonds that fall o this neighbourhood. For instance, a maturity
neighbourhood that consistsrmdlifferent nominal bonds, there ate;

A . .
A Asuch combined pairs.

iv.  Run a monthly panel regression, where the yield differences that are
calculated on the third step constitute the regressand and the liquidity
indicators that are calculated on the second step form the regressors. The
panel regressionsnentioned at the fourth step, can be estimated in three

different forms.

First Model:
QY | | Q06 0 - 4)
Second Model:
QY | | Q00w | Quid | Q6nRe 7 (5)
Third Model:
QY | | Q00w | Q00 | Q6/QE | Qbat O
(6)

53 These liquidiy indicators consist of pricebased indicators, which will be discussed further in this
subsection.
103











































































