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ABSTRACT

HOUSING MARKET DYNAMICS AND ADVANCES IN MORTGAGES:
OPTION BASED MODELING AND HEDGING

Yilmaz, Bilgi
Ph.D., Department of Financial Mathematics
Supervisor : Prof. Dr. A. Sevtap Selcuk-Kestel

December 2019, 189 pages

In the last two decades, academicians and professionalsdimg to study in any

area of real estate and finance not only must master advameextitl mathematics
concepts and mathematical/econometric models but alsddshe able to implement
those concepts computationally to improve real estate etsir&fficiency. This com-

prehensive thesis mainly aims to combine the theory of firhmeathematics with

an emphasis on real-life applications in keeping with they,vth investors and
policymakers, in today’s real estate markets. Unlike magdiss on real estate mar-
kets, housing markets and mortgages, the thesis coversbotharametric statistical
modeling methods (Multivariate Adaptive Regression SglifdARS) and General-
ized Linear Models (GLM)) and stochastic calculus (Stotbd3ifferential Equa-

tions (SDE), Malliavin calculus theory) with Monte Carlo sitations, Capital Asset
Pricing Model (CAPM) and Fama French three-factor model vt&tlextensions. The
thesis offers thorough models in the subject of housing etarnd provides hedg-
ing strategies of default and prepayment options embeddedriortgage contracts.
Along with with the theoretical aspects, the thesis presenimerous applications
for pricing, investment decision, risk management via legigtrategies, and portfo-
lio management. The numerical illustrations are on deteingithe housing market
price drivers and the effect of large investors, house gacecasting by using the US
housing market data, determining hedging strategies ftr bwmrtgage default and
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prepayment options by computing the hedging coefficierdsuging Monte Carlo
simulations and analyzing the T-REITs returns performana@rious aspects.

Keywords: Housing Markets, Large Investors, Portfolio i@ation, MARS, GLM,
SDE, Malliavin Calculus, Mortgage, Hedging, CAPM, T-REIT, Fafrench Model
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0z

KONUT PIYASASI DINAM IKLERI VE MORTGAGELARDA ILERI
TEKNIKLER: OPSYONA DAYALI MODELLEME VE HEDG ING

Yilmaz, Bilgi
Doktora, Finansal Matematik Bolimu
Tez Yoneticisi : Prof. Dr. A. Sevtap Selcuk-Kestel

Aralik 2019 sayfa

Son yirmi yilda, gayrimenkuliin ve finansin herhangi bir ataa ¢calisma yapmak is-
teyen akademisyenler ve uzmanlar sadece ileri finansalhnadite kavramlarinda ve
matematiksel/ekonometri modellerinde uzmanlasmanm g&a gayrimenkul piya-
salarinin etkinfjini arttirmak icin bu kavramlari ayni zamanda uygulayalelidir-
ler. Bu kapsamli tez, finansal matematik teorisinin gercelahaygulamalarini g6z
Oonune alarak, hem yatirimcilar hem de hukimetler icin buigigayrimenkul piya-
salari uygulamalari ile birlestirmeyi hedeflemektediay@menkul piyasalari, konut
piyasalarl ve mortgage Uzerine yapilarggarastirmanin aksine bu tez, hem para-
metrik olmayan istatistiksel modelleme yontemlerini (Cokgidkenli Adaptif Reg-
resyon Splinelari (MARS) ve Genellestiriimis Lineer Mdlde (GLM)) hem de sto-
kastik analizi (Stochastik Diferansiyel Denklemlerin(B), Malliavin analiz teori-
sini), Monte Carlo similasyonlari ile beraber sermaye ki fiyatlandirma mo-
delini (CAPM) ve genisletilmis halleriyle beraber Fameefch cli faktor modelle-
rini kapsamaktadir. Bu tez, konut piyasalari konusundaaapsnodeller sunmakta
ve mortgage icerisinde bulunan erken ddeme ve 6demeyi duedapsiyonlari igin
hedge stratejileri Sgamaktadir. Teorik bakis acilariyla birlikte bu tez, figadirma,
yatirim kararlari, hedge yoluyla risk yonetimi ve portfégnetimi ile ilgili sayisiz
uygulama sunmaktadir. Sayisal uygulamalar konut piyasalatkileyen faktorleri
ve buyuk yatirimcilarin etkilerini belirlemekte, ABD konpiyasasi verilerini kulla-
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narak konut fiyat tahminleri yapmakta, Monte Carlo simulasyde hem mortgage
erken 6deme hem de mortgage 6demeyi birakma opsiyonldreage katsayilarini
hesaplanmakta ve hedge stratejileri belirlemekte ve Gd@iln getirilerinin perfor-
manslarini ¢esitli yonlerden analiz etmektedir.

Anahtar Kelimeler: Konut Piyasalari, Buyik YatirimcilagrBdy Optimizasyonu,
MARS, GLM, SDE, Malliavin Analiz, Mortgage, Hedging, CAPM, ®Y Fama-
French Modeli
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CHAPTER 1

INTRODUCTION

1.1 Motivation

The real estate market represents all transactions, imgjualvnership rights, use
of properties, and property-based products. It is one ofghding and locomotive
markets in national economies due to its high dependenceomestic capital, the
creation of high added value, the magnitude of its employrpetential, and strong
association with other markets, such as financial and contynothrkets. Starting
from the early nineties, the development in the accelanatiocapital flows across
countries thanks to the economic globalization, increp$iguidity and addition of
property based investment tools to the field in which capitaVs are interested has
magnified the influence of the real estate market on naticc@@nies. Especially
housing markets, which are the largest sub-markets of statieemarkets, commence
to influence national economies remarkably following thedyeaineties. Hence, the
real estate market, particularly housing markets, hasaidakile implications on na-

tional economies.

In all industrialized countries, houses are one of the malsstantial household ex-
penditures. Hence, they are the most valuable assets ieholds’ total wealth port-
folio. As a consequence, housing investments are one of d# significant ingre-
dients of individuals’ total wealth. Furthermore, in retgears, the home-ownership
also recognized as one the leading investment field to iserbauseholds’ wealth.
Householders do not hesitate, adding houses to their wpaltfolio since a home
does not only allow the owner a place to live but also they sylimé owners’ living
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standards. Therefore, housing is a plentiful portion dltatealth in many developed
countries. As a result, investments in housing markets hageminant impact on
both householders’ consumption and saving habits. Fromstaindpoint, housing
investments impact socio-economic statuses and have andous influence on na-
tional economies and house price movements, therefore,lde®n of concern to both

investors such as individual and real estate investmesiistand policymakers.

Even though purchasing a house is one of the most signifizggenelitures of house-
holders, the home-ownership rate in many countries, imeithe European re-
gion, has increased significantly in the last two decadeS][1&he growth in the
home-ownership rate partially is a result of the governnpetity of favoring home-
ownership as a portion of an asset-based welfare scheme.sufiported welfare
system relies on the notion that home-ownership is goingd¢oease householders’
wealth by the growth of housing equity. Generally, pricerades in housing markets
play a meaningful role in the generation of housing equitgt hauseholds’ wealth
inherent to home-ownership. Usually, price changes iningusarkets occur in cy-
cles of downward and upward trends. These cycles might Berdfrom various sets

of fundamental determinants, such as economic circumssanc

In the long run, households accumulate a significant amdurdusing equity, yield-
ing welfare benefits to households, even in periods thatéhquge decline may
consume the housing equity value that assessed acrosalsgams. Therefore, the
home-ownership carries significant financial risks that mnafavorably affect house-
holders’ balance sheet. Even in some cases, it may strofigbt aational and global
economies. Such risks require proper measures and betterger@ent. In this re-
spect, it is essential to identify the price dynamics of logisnarkets. A thorough
identification of price dynamics of housing markets is neaeg to distinguish in-
novative approaches of insuring against the risks condestth home-ownership.
Therefore, there is a requirement to investigate housingehdynamics and progress
of return performance of investments in housing marketh tié help of the sophis-
ticated instruments developed in mathematical finance. itdiong the dynamics of
housing markets and their price determinants are nece$aatyiermore, it may pro-
vide extensive information to both investors and policyerak Therefore, the focus

on housing markets is increasing, and as a result, the nuohlsardies that are high-



lighting housing market models is rising in the last threeadkes.

In the last third decades, the association between reaéestiakets and the macro &
micro-economy has received accelerating attention in thpgrty management and
property investment literature, partly as a consequendieeoicreasing significance
of properties as a notable asset type in both direct andeicidinvestments. Vari-

ous examples of econometric applications of statisticaletoexist in the literature
that focuses on favorable externalities of investments il Estate Investment Trust
(REIT) shares. It may be critical to incorporate both maartor®mic indicators for

economic growth in the short-term and high added value dfestate markets to the
socio-economic significance. Accordingly, although restate markets natural risks,
and the latest collapse throughout the global economitsdhiat we faced in 2008, it
has become a key research field of center on supply and derfnamdpractitioners

such as developers, contractors, investors, banks,@fml)itymakers and individual

householders who are seeking a house to live in or invest.

Beginning from early 2000, the real estate market has alsarbe@ significant prior-
ity for policymakers and investors in Turkey. As a conseaeesf compact politicians
and private investor actions, Turkey’s real estate markstrhade delightful bene-
factions to Turkey’s national economic indicators such ass& Domestic Product
(GDP), employment rate, and especially in the volume of gagé credit, notwith-
standing the weak relationship within the real estate ntaakd the financial indus-
try of Turkey. From this point of view, it has been detectathiat compared to its
worldwide banking equivalents, Turkey’s housing crediiuwmoe to its GDP ratio is
comparatively weak in Turkey’s banking system, at appratety 6.1% as of year
2015 [105]. Furthermore, in Turkey, the secondary marketsartgage and its asso-
ciated insurance products are both significantly undetdpee compared to devel-
oped countries. This fact strengthens concerns over reateesarkets’ efficiency,
their sustainability, and their benefits. In such a perspecthe performance of RE-
ITs is crucial in order to improve the market of real estaficieincy and national

economies.

Turkey’'s Real Estate Investments Trusts (T-REITSs) industry iemarkable illustra-

tion of an immediately expanding market along with some uaigoverning provi-



sion within some significant advantages on taxes and disitoito payout privilege for

the previous two decades (see Appeiidix A for further dgtdesides, REITs might
be acknowledged as a liquid sub-real estate market. Therefvestigating compa-
nies whose shares are traded in exchange markets and agdlyeir advantages is

essential to all market participants.

1.2 Gap in the Literature

Housing markets are defined by the allocation mechanismpglgand demand as
in perfectly competitive markets. Like any other markeg firice of transactions
in housing markets is settled, in the first place, by the atgon between supply
and demand. However, many natural peculiarities of housiagkets distinguish

them from perfectly competitive markets. For instance,tiwst notable differences
are; in perfectly competitive markets, there exists a langeber of purchasers and
dealers, and all associates are price takers. Moreovéigipants may enter perfectly
competitive markets and retreat from those markets at amy tiney request. Assets

in such markets are generally homogeneous, and the mddga-g clearly defined.

Furthermore, in fully competitive markets, informatioroabassets is observed by the
market, and the price is known by all market participantsismeeously. However, in
housing markets, the price of houses is kept as a mysteryelketimuyers and sellers,
which limits the market from observing house prices. Morgantantly, housing
markets are characterized by severe heterogeneity dueitddbation dependency
and physical characteristics, which make houses unigue pobperty. Additionally,
houses are distinguished to varying degrees in housingatgrnd information on
the quantity and the quality of amenities that constitutedeoprices are challenging
and costly to obtain. Hence, in the literature of real ediatence and economics, the

real estate market is often referred to as entirely as#fetetiated.

Unlike perfectly competitive markets, such as exchangecanekncy markets, trans-
actions in housing markets generally involve only one bayet one seller who bar-
gain over an unknown price. Hence, housing markets are uitfuiirto observe house

prices. As a result of this intuition, these markets can nfatrm market participants
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as intelligent as other markets. Moreover, entering intasiitg markets and retreat
from them is severely constrained by a large capital sumineabas well as by rel-
atively high transaction costs [124]. For instance, theatility, stability, and het-
erogeneity nature of houses imply that transaction costs hasignificant effect on
housing markets. Another essential characteristic of ingumarkets that differen-
tiate them from perfectly competitive markets is the insétaty of housing supply
and demand in the short-run. An increase in demand causesuétasieous rise in
the housing supply to adjust the market price. However, inyn@untries, the con-
struction of a house or property requires more than six n®nitus, the housing
supply cannot cover the housing demand in the short tern][&2a consequence,
this result causes an increase in house prices, considéergpusing supply cannot

adjust in the short-run.

Some historical events show that fluctuations in house griebether they are in a
balloon or burst mode, hold the potential to lead nationahemies to collapse or
exalt. As an illustration, consider the large volume of taghat invested into Ko-

rea property market throughout the period 1980s, whichezhagense raise in their
house prices, and ended with dramatic house price fall guhie Asian currency cri-
sis occurred in 1997. As another illustration, considedaitest global financial crisis
of 2008, triggered by the United States (US) housing market demmleg all coun-

tries faced. During the newest crisis period, house pricestheir related product
prices stagnated or decreased slightly almost in all U®staVlost of the nations,
such as, the US, Spain, Ireland, the United Kingdom (UK),Shandinavian coun-
tries as well as most of the Eastern European and Asian ¢esir@mnounced brisk
capital extension throughout the 1990s and price drops @8,20hich triggered or

exacerbated the economic declines [109]. Hence, housimketsaare highly related
to financial markets, and house prices, therefore, are at greerest to both housing

markets and financial markets participants [122].

The trend of house prices, paths of house price fluctuatmmsouse price volatility
may be used as an indicator to understand housing markethdgsan a city/sub-
markets or even in a country. The house price volatility mayianaged by adjusting
factors that influence prices. Hence, determinants of prieelatility of price change

should be clarified. Housing markets affected by macro-ecoa indicators, spatial



diversity (such as the intensity of house), features of hraraunity, and environ-
mental conveniences of the aréa [122]. In addition to thastofs, the expectation
of capital gains of investors from investments in housirfga$ house prices by ex-
panding the housing demand, which in turn would provoke are@se in volatility

of house prices [171].

A satisfactory theoretical price of houses might be usedhtdyae housing markets
more efficiently. An empirical model used to estimate houssep has various prac-
tical utilization in fields such as housing market reseatak,assessment, housing
investment, and land-use planning. In the real estate fenand economic litera-
ture, most of the studies that are addressing house pricelmate conducted with
hedonic modeling and multiple regression analysis. Thppeoaches are generally
more appropriate to a straightforward evaluation of theesasion between house
prices and various characteristics of houses used as indepevariables. However,
these approaches might have drawbacks if the schedule @dliltion is widened to
involve features such as outliers, non-linearity, spatiatl other varieties of depen-
dence among observations, discontinuity, and fuzzine&¥][1There are, however,
some sophisticated alternative modeling approaches ¢habn machine learning,
namely neural networks and spatial modeling approachdshvaine far better to deal
with these features. These modeling approaches have in oortrat they introduced
to obtain a better fit to observed data. However, they do nototstrate how house
prices are generated endogenously by the actions of maaketipants. On the other
hand, unlike preferably liquid and fully competitive matkehe studies rely on math-
ematical tools in financial mathematics are still limitedtiie context of real estate
finance and economics literature. One of the potential reagwr that is the price

behavior of the housing market still puzzles researchedpaactitioners.

There is a large number of study that investigates the chartg®mise price at national
and local levels. However, the number of studies explotegetfect of large investors
in property markets is limited. The impact of a large invesin a local housing
market depends on supply and demand behaviors as in fullpetiime markets. On
the supply side, developers construct new houses incgegstnnumber of housing
units, types, and quality of houses in the local market. Wderéhe demand side sets

the price of new houses to a level that is competitive withi& ¢urrent prices and



attractive to both investors and consumers who are seekinmyastment opportunity

or a domicile.

Traditionally, theoretical studies emphasize that carasing new houses is gener-
ally likely to generate both positive and adversarial exddties for landlords in local
housing markets [191, 198]. In extension to the fiscal, $oara ecological advan-
tages, new buildings might produce advantages for joimagvidual house owners
also. New houses may produce certain spillover influencesiment blocks by gen-
erating a more lively district as empty lots become popdldi®8]. If abandoned
properties perform external dis-amenities through aittgcdumping, enabling il-
legal use, or producing a deformity, then constructing newsles may reduce the
external dis-economy, increase the local residents, pi@the aesthetics of the local

housing market and increase neighboring real estate vigQgs

New constructions might be more aesthetically charming thiaorderly properties
or neglected apartments which improve the views. Neveriselsuch infill improve-
ment can also cause an adverse effect on surrounding rea¢®stue to the rise
in traffic flow and reduction of green areas on the distiict9]13New residences
may also contend instantly with present residences in theedzousing market or
indirectly into associated sub-markets, potentially diisting the prices of nearby

current apartments by extending the supply while the derstays constant [178].

Housing markets, generally, affect economies indireclllgese markets show their
effect on economies through Mortgage-Backed Securities (MBlserefore, miss-
pricing of MBSs have been widely blamed for triggering thesatglobal financial
crisis that we faced in the middle of the previous decade. Stteng dependence
among housing markets and national economies leads magregers to determine

the price movements in housing markets.

A mortgage is a type of commercial contract which is congdes a fixed-income
product. This productis alegal record that pledges a hauselkateral for repayment
of a borrowed amount, and the agreement is invalidated ioéue fully repaid. Thus,
the mortgage interpreted as a kind of security derivativee Value of a mortgage is
derived from the growth of the economy, the underlying dinglprice that is written

on the mortgage, and the term structure of spot rates, aslyimgefactors.



Mortgages are prime examples of financial merchandise thgtlha appraised using
the celebrated option-pricing theory in the context of friahmathematics. The stan-
dard option based mortgage valuation method assumes #natale three embedded
options in a mortgage. The first option is a financial optiopregpay that may hap-
pen at any time throughout the survival period of the loanctis considered as an
American option. Second, a financial option to default thayyraccur only at pay-
ment dates, which is recognized as a European put optiorfiaatly, a non-callable
bond that relies on monthly payments. Even though therd sigsificant studies
on the option-based mortgage valuation method, still ssitbcusing on hedging of

mortgages is missing in the literature.

The use of sophisticated mathematical tools, which are @smoanalyzing financial
markets, in housing markets ranging from Partial Diffei@nEquations (PDE) to
stochastic calculus and numerical methods have grownibtehding the past few
decades. On the one hand, the mathematical tools and tealts&ave shaped the
way of housing markets. They are used to model housing netemderstand how
housing risk is assessed and managed. However, the s&uwftinousing markets
presents several essential mathematical and computatiwedéenges to practitioners
and academic researchers in the industry. One of which isedging of mortgages.
Therefore, studies that investigate the hedging of modgage missing in the real

estate economics literature.

Housing markets are illiquid markets due to their nature weler, REITs satisfy
liquidity to housing markets since they have shares tietiea¢al estate market that
traded in exchange markets. REITs have a range of advantaagedigtinguish their
assets from other assets. As an alternative to investingojpepties directly, REITs
tender at least two unique advantages. lIts first advantatpe isquidity benefit of
their share. The REITs shares allow investors to take paositio real estate mar-
kets without cumbersome transaction costs and lengthysi@étaexecution due to
its securitized nature. The second advantage of REITs isitleesdication benefit.
Their relatively low-cost helps provide investors an oppoity to the allocation of
funds across the real estate resulting in diverse portfalidings. Moreover, as RE-
ITs share are traded on exchange markets, they operateliastagblished regulatory

environments that providing a level of governance thatpéciily not offered in the



direct real estate market. However, the studies that aestigating the investment
benefits of REITs shares, especially studies examining REIEsnierging markets,

are again limited in the literature.

1.3 Aim and Scope of the Thesis

Starting from the early seventies, the importance of hausiarkets has led to an ac-
celerating increase in the research interest of both pi@otrs and academicians on
house price tendency. The fact that the majority of consaraek adequate savings
to purchase a house. It increases the use of mortgages, eneldlive ease of con-
verting the house into capital owing to a variety of propdrased investment tools
have made it mandatory to an accurate estimate of the pend in housing markets.
With a well-specified statistical or econometric model, piniee pattern may be de-
termined for housing markets [13]. Furthermore, the motial enight determine the

economic indicators force on significant house prices casang

Moreover, having a model in hand that may help to clarify theig indicators of
housing markets, and revealing the trend is of great impoetéor both housing mar-
ket participants and policymakers. However, our view ig tha number of studies
that examine the relationship between economic indicandgshousing markets is
enormous. Hence, the researchers are aware of the impexéapecifying underly-
ing drivers of prices in housing markets and assessing fimnaincial implications to

housing markets.

Assets in housing markets constitute a substantial priopoof households’ welfare
and nations’ GDP. Hence, housing markets naturally shagpéotig-term develop-
ment of countries. Housing market bubbles crash generafi{adbilizes the economy.
More importantly, it causes significant economic recessiand even in some cases,
it may become a global financial crisis as we experienced®®2 this sense, hous-
ing markets perform a critical task in economic activiti€¢berefore, the state of the
current economy and the recent global financial crisis |eaeéarchers to pay more
attention to the role of housing markets on economies argitlerm investments as a
whole [189].



This thesis is about to systematically analyze and explausimg markets price
trends against macro-economic indicators on housing rterkiee effect of large
investors, and hedging of the embedded options, which amgage default and
prepayment options, into the mortgage under the assumpfitimne standard two-
state stochastic model in housing markets. Furthermoamalyzes the performance
of value and growth shares of REITs in an emerging country,ehaifurkey. The
calculations are associated with the US housing market amaté/Carlo (MC) sim-
ulations, while explanations are couched in the matheiaficance literature on
methods such as Stochastic Differential Equations (SBE=)eralized Linear Model
(GLM), Multivariate Adaptive Regression Splines (MARS), Nialin calculus, Cap-
ital Asset Pricing Model (CAPM), Fama-French three-factade along with some

its extensions.

The primary aims of the thesis are; to provide models thgtaoalSDEs, GLM, and
MARS for housing markets, to determine the effect of largeestors on housing
markets, to apply hedging strategies to mortgage defadltprepayment options,
and analyze investing benefits in REITs shares. To achievdirstigoal, we pro-
pose a two-state stochastic process under continuousdgradsumptions for the US
housing market index and apply an optimization algorithragbmate the model pa-
rameters. Again, to illustrate housing market determisiane use GLM and MARS
methods to the US housing market. Second, for the sake ofisitppwe consider
a one-state stochastic process for housing markets th#iosrthe effect of large
investors. Then, we optimize the portfolio of large investavho have a log and
power utility function. Third, we consider a two-state $tastic process, which is
standard in the real estate finance and economics literatu@ompute the hedg-
ing parameters for both default and prepayment optionshéncomputation of the
hedging coefficients first, we use the Malliavin calculus abthin formulas for the
hedging parameters. Then, we apply a crude MC algorithmhi@rcomputation of
hedging coefficients. The offered models for housing matkigtancial analysis of
these markets, and such hedging parameters for both defalifirepayment options
embedded into mortgages may conduct banks, investors adiggrpakers in optimal
investment decisions. Since practitioners in this fielddteebe aware of the evalu-

ation of housing market prices based on historical evehés, heed to consider the
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uncertainty inherited by the economy. Finally, we investigthe benefits of investing
in REITs by using T-REITs data and the celebrated CAPM, FamaeRrthree-factor

model, and its extensions.

Overall, modeling housing prices, determining economiveds of housing markets,
analyzing the effect of large investors and, more impolgahedging mortgage de-
fault and prepayment options are essential concepts forestate economics and
finance literature. There is a large amount of study, whicddeith econometric

models or statistical models and performance of the invesstrim REITS’ shares,

exist in the literature. However, studies dealing with bestic models, analyzing
large investors’ effect, and hedging of mortgages defandt@epayment options are
missing. Hence, we consider a one-state and a two-statesstioc model. Then we
analyze large investors’ effects on housing markets aret t#dging strategies for
both options embedded into mortgage under the standardtite-stochastic market

assumption.

1.4 Contributions of the Thesis

The contributions of this thesis intend to make are apparéné specific contribu-
tions of the thesis are fivefold. First, we illustrate the ortance of macro-economic
indicators on housing markets by establishing models basatnparametric mod-
eling methods. However, the number of explanatory varsabd@ay change due to
country specifics, and other economic indicators may bedattdéhe housing market
analysis. Second, to sharpen the focus, we extend the mgaélhousing markets on
the potential application of SDEs on housing markets. We¢yaes5&P/Case-Shiller
US National Home Price Indef PI) and 30-Years Fixed Mortgage rat€' RN )
together and explain the house price variability by usimglsastic processes. Thus,
we offer a model that estimatd$é P/ values by using stochastic processes. Third,
we analyze the effect of large investors on housing mark##esconsider a one-state
stochastic process that carries the impact of large ink@slong with the economic
state. Then, we optimize their portfolios under the assionmf both log and power
utility functions and observe the effect of large investomnshousing markets. Forth,

we motivate how the computation of Greeks or hedging coefiisican be consistent
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in the hedging of both default and prepayment options eméxdto the mortgage.
Hence, we compute the hedging parameters of both defaulprapéyment options
by applying the finite-dimensional Malliavin calculus. Ehermore, we discuss how
these coefficients may signify the hedging and offer hedgiragegies for mortgages.
Fifth, we examine the benefits of investing in REIT shares atog to their risk di-

versification effects. As an empirical analysis, we analREdT operated in Borsa
Istanbul (BIST100) stock exchange by employing both the CARM the Fama-

French three-factor modeling approaches along with iterestbns. Our empirical
analysis indicates that T-REITs are more effective than dyiskbanks, but worse
than T-TRUSTS to diversify the risk. The thesis also revéads$ the T-REITs gener-

ally have a defensive management structure; they are sntbfirrancially distressed.

The major contributions of the thesis to the real estate é@amd economics litera-

ture are the followings:

e The GLM and MARS methods adopted to construct non-paramstaidsti-
cal models that identify the potential effects of macrorewaic indicators on
housing markets. As an application, we study the US housidset. Starting
from the basic linear model, we include only three modelsragmoany possi-
ble models, two for GLM and one for MARS. These three modelkliggt the
potential effects of macro-economic indicators on the U&shay market. Fur-
ther, they serve potential users to predict the house peoée in the US housing
market. The thesis also reveals that the model based on MAB&ter than
GLM models for the validation period according to performameasures in
the context of the thesis. However, the efficiency of the MAR&/rohange

with respect to the validation period length.

e With the MARS and GLM models, we show that there is a large nurobe
explanatory variables for housing markets. One may extBedntimber of
explanatory variables, even for the US housing market. Elgoavoid the high
number of explanatory variables and decrease their nunsodiisiently, we
adopt a two-state stochastic process to the US housing tn&kean empirical
analysis of the offered modeling strategy and an applinaticee assume that
H PI evolves from a geometric Brownian motion, aAd? M grows from the
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Ornstein—Uhlenbeck (OU) process. The superiority of the$tate stochastic
process to the models relies on GLM and MARS methods are thalesber of
explanatory variables and its forecasting power. The dogbianalysis shows
that the SDE that we offer is successful for estimating the/ values and

forecasting future values.

Following the stochastic modeling idea, we define housingketa with a one-
state stochastic model for the sake of simplicity. Then, wel\aa portfolio
optimization procedure to the model based on the differetés of the econ-
omy, maintenance cost, rental income, and the effect oélargestors. The
results indicate that the investment strategies of largesitors depend on the
balance among economic state, maintenance cost, rentah@)dnterest rate,
and investment willingness of large investors to housingrttfermore, their

investment decisions have positive externalities on mousiarkets.

We follow the modeling studies of housing markets by offgfiredging strate-
gies of mortgages. In accordance with this purpose, we aedhe mortgage
default and prepayment options independently. Here, wetadoone of the
bases of the computation of Greeks, namely Malliavin cakulo obtain the
hedging parameters of both default and prepayment optidiss work as-
sumes that the underlying house price evolves from the atdntivo-state
stochastic process. In the literature, there are two imtgreactices of these
coefficients. First, they enable users to discover the cpreseces of the spot
rate, the price of the underlying house, and the house potailty change
on both options. Second, both borrowers and lenders mighitate and thus
hedge their leading portfolio by utilizing the balance witthe underlying as-

set and options with the help of these coefficients.

In the analysis of mortgage default and prepayment optiedlging, we sug-
gest using REIT companies’ share to use in hedging instedteairiderlying
house. It is because houses cannot be short-sell and nsibtkvi Hence, we
analyze the benefits of investing in REITs shares. As an ecapainalysis, we
investigate the return performance of REITs companies avpéin BIST. This
study shows that while a portfolio contains only T-REITs’ idsacontributes to
a lower level of risk diversification advantage than a caitet and it only con-
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sists of investment trusts’ shares. It also has a highel ¢dvesk diversification
advantage than a portfolio that only includes banks’ sharke results also in-
dicate that T-REITs show a degree of variety according ta tir@perty focus,
and they have essentially defensive, small, and finanaiidiyessed manage-
ment characteristics. This work also provides the readerggestions for the
capacity of T-REITs, and it develops their return enhancermapacity on effi-

cient portfolio management.

1.5 Outline of the Thesis

The content of the thesis is three dimensional, modelingsamalation of housing
markets, analyzing the large investors’ effect on housiagkets, and the computa-
tion of hedging coefficients for mortgages. To achieve owalgjowe comprise the
thesis five chapters and two appendices. The organizatittireatmaining body of

this thesis carried out is summarized as follows:

In Chapter 2, we analyze the dynamic effect of some macroesnanindicators
on housing markets. However, this chapter does not onlysiEgxwn the impacts
of macro-economic indicators but also it proposes a vawétynodels that rely on
the GLM and MARS methods. By using models, we identify the mamonomic
drivers of the US housing market, and further, we forecassh@rices in the US.
Our empirical analysis within this chapter concentrateshenUS national housing
market since the US has adequate and long-term retenti@gofar housing market
data. Specifically, the illustrations of the suggested ri®dee done through the
actual achievements @f P/ and the US macro-economic indicators for the period
2000 to 2018.

In Chaptel B, we aim to illustrate a two-state stochasticgsscdefined in the form of
SDEs, for estimating the price trend in housing marketstRio determine an active
stochastic process, a generalization of the price strea@oncerning house price in-
dices and mortgage rates is proposed. Then, a calibratimeg@ure on monthly/ P
values and UF'RM values is employed to estimate the initial parameters oflithe
ferentiable functions specified in given SDEs. The estiomadéind forecast capability
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of the two-state stochastic model is confirmed by an MC allgorifor one-year ahead

of monthly forecasting of thé/ P value.

The purpose of Chaptéft 4 is to fill the gap in the literature byfeS@nd stochastic
control methods to investigate the impact of large invespurchasing single-family
houses for the rental business. Besides, we also consideffdets of economic
states on housing markets using the Markov switching modedrefore, the key in-
gredient and contribution of this chapter are to examing@tksence of large investors
jointly with the effect of economic state on housing marketsnaximize investors’

wealth.

Chaptef b aims to explore the hedging parameters of the ngarfg@ancial option to
default and mortgage financial option to prepay, which asert@d options in mort-
gages. Hence, we start the chapter by a literature reviewthandefinition of the
economic environment. Then, we give a brief summary of thdlidden calculus
since we used this calculus in the computation of mortgadgutteand prepayment
hedging coefficients. We compute the hedging coefficientshfie change in inter-
est rate, the change in underlying house price, and theilitylaf underlying house
prices by applying the finite-dimensional Malliavin calesil From the Malliavin cal-
culus, we obtain all of the hedging coefficients as a prodictartgage default and
prepayment option’s payoff and an independent weight fanctAnd, finally, using

the product, we run an MC algorithm and compute the hedgieficents.

Chaptef b is dedicated to analyzing REITs and the investmertfite in their shares
in an emerging country. In this chapter, we firstillustréte REITs properties and T-
REITs market. For our analyze purposes, we remind both the CARMts extension
Fama-French three-factor model. Then, we examine REITstpgrin Borsastan-
bul (BIST). Hence, this chapter investigates the returnqoerédnce of T-REITs from
various perspectives throughout July 2008-March 2015 bgleymg these models
and the extension of Fama-French three-factor model. &umtbre, in this chapter,
we also classify the T-REITs according to their operatingdep

Finally, the thesis concludes in Chagdiér 7 with a discussfamuoempirical findings

and a future research agenda.
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CHAPTER 2

UNDERSTANDING HOUSING MARKETS PRICE
DYNAMICS: THE US HOUSING MARKET CASE

Beginning in the early seventies, the importance of housiagkats in national eco-
nomic activities has led to an increase in the researchesitern housing market
tendency. The fact that the majority of the community who seeking a housing
lack adequate savings to purchase a house. It increasesdtod mortgages, and the
relative ease of converting the house into capital owinguargety of property based
investment tools have made it mandatory to an accurate &stiof the price trend
in housing markets. A well-specified statistical or econsimenodel may be useful
to determine the price pattern in housing markets [13]. Hasrhore, the model also

might determine the economic indicators force on signifitenuse price changes.

Moreover, having a model in hand that may help to clarify theidg indicators of
housing markets, and revealing the trend is of great impoetéor both housing mar-
ket participants and policymakers. However, our view ig tha number of studies
that examine the relationship between economic indicandshousing markets is
enormous. As commonly believed, it is vital to specify utyglag drivers of prices

in housing markets and to assess their financial implicatiothousing markets.

Even though there exist studies that investigate housingetsy analyzing these mar-
kets is more complicated and cumbersome than analyzingdathpetitive markets
since house prices do not respond to economic fluctuatioiasias fully competitive
markets. Generally, prices in housing markets show a stéadynward price move-
ment since house-owners resist selling their houses urgjerafic price barrier dur-

ing recession periods. As a result, house prices have aat@egetrend through high
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inflationary periods rather than through formal price reauaurc[2]. Besides, the price
inertia also affects the house price behavior during ecantmmoms. It is because

high expectations of householders, generally, promotsingwalloons.

Besides, along with these problems, housing markets haedispdharacteristics dis-
tinguished from fully competitive markets. First of all, sing markets are highly
illiquid markets due to high transaction costs and the tipens on the decision of
a house to purchase. Generally, real house prices have keystary, and they are
known only by the buyer and seller, which prevents markemfobserving house
prices. More importantly, enrolling and retreating hogsmarkets are relatively bur-
densome since they require a notable amount of cost. Morgdowasing markets are

highly heterogeneous since houses are unmovable and aitadpecific location.

Despite the challenges in analyzing housing markets we iorextt above, it is es-
sential to specify underlying indicators of prices of haiaad their effects on hous-
ing markets. Therefore, the extreme dependence on housanketa and national
economies leads us to construct statistical models, whigituce the behavior of
housing markets as well as its underlying factors by usimgciebrated General-
ized Linear Models (GLM) and Multivariate Adaptive RegressiSplines (MARS)

methods and determine the impact of macro-economic irmligain housing mar-
kets. Hence, unlike many other studies, this chapter exastime effects of macro-
economic indicators on house prices by using these two aoanApetric regression

models for the first time in this area.

In the proposed models as its rigorous mathematical degerginclude the influ-
ence of the historical prices as well as the impact of macmemic indicators.
Even though there exist studies that investigate the oglisliip between economic
indicators and housing markets, this chapter is distimehfthese studies as methods
in these studies do not include GLM and MARS, while this chafiieuses exclu-
sively on these methods. Moreover, we would like to addressffect of Capacity

Utilization: Total Industry, Percent of Capacity is a crdidifference in this thesis.

Concerning the central role that housing markets play asaysato the financial
crisis, it is critical to understand the determinants of tioeise price dynamics ad-

equately. Hence, the primary purpose of the current chapter identify macro-
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economic drivers of housing markets. Accordingly, thisptka examines the in-
fluence of macro-economic indicators of the US by using mgrtts market data
over the period 1999-January to 2018-June as empiricaysinalMore specifically,
S&P/Case-Shiller National Home Price Index is analyzedism¢hapter by concern-
ing Consumer Price Index, Civilian Unemployment Rate, 10-Yeaasury Constant
Maturity Rate, 30-Year Fixed Rate Mortgage Average in the USRuro Foreign Ex-
change Rate, Effective Federal Funds Rate, Working-Age Ropal Aged 15-64:
All Persons, Crude Oil Prices: West Texas Intermediate, Réesld3able Personal
Income: Per Capita, and Recession Cycles in the US economywlithiperiod that
we investigate. The comparison of models resembling amfttis made through

their accuracy with method free error measures.

The organization of the chapter is as follows. The followssgtion positions a lit-
erature survey on the association between macro-econaicators and housing
markets. Sectioh 2.2 exhibits a short demonstration of t8ehbusing market and
macro-economic indicators that are used in our empiricalyais. In Sectioh 213, we
summarize both statistical methods, GLM and MARS. Sedti@ni supported by

our empirical findings of the recommended statistical madel

2.1 AlLiterature Survey on the Relationship of Housing Marketsand Economic

Indicators

In the last three decades, there is accelerating interése inumber of research about
the association among housing markets and macro-econadigators, especially
after the sub-prime mortgage crisis and the subsequentcfadasrisis in the mid-
2000s, which is fundamentally due to the central collateri® of house prices. For a
while, central banks have successfully held inflation inc&t@rough their targeting.
However, then, they failed to prevent house prices fromtmgsnd having adverse
effects on the economy. Hence, price changes in housingetsamkight be a signif-
icant origin of macro-economic fluctuations for inflatiomgeting that central banks
may want to respond to [28]. As a consequence, there is awamtra of study in the
real estate and finance literature that emphasizes thérela¢tween housing mar-

kets and macro-economic indicators, such as [B], 14,/104,daBreferences within
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these studies.

The majority of studies in real estate finance and econoneissarch area identify
that interest rate, mortgage rate, inflation, unemploynmatd, and financial indi-
cators, such as exchange rate, industrial production astst important explana-
tory variables. These studies also show that the explanatorables inevitably in-

fluence householders in consumption behaviors and investdezisions. In turn,

macro-economic indicators affect housing markets withgadapended on propa-
gation mechanism speed. The circulation speeds profolaftégted by the effec-
tiveness of the organizational frame, such as land avétiglaidministration arrange-
ments, and the rate of regulatory processes [2]. Alonghigieetindicators, it is known
that credit supply, transaction expenses, and innovationsortgage products also
have significant roles in housing markets. To exemplifyhé fluctuations in spot
rates affect mortgage rates instantly, an expansion in api&at supply influences

housing markets quicker than the fixed mortgage rate case.

The sensitivity of householders’ behaviors to spot rateenmants depends on whether
the spot rate on the debt is predominantly fixed or variabé tive survival time of
the loan. For instance, Poterba et al. (1991, [166]) find vhagations in borrower
costs connected with the spot rate fluctuations and couatrpalicy are one of the
crucial determinants of movements in real house pricestérchines whether house-
holders, financial intermediaries, or pension funds aretimesgposed to fluctuations
in the spot rate based on the location. In turn, this caseinfillence the short-term

impact of movements on the spot rate.

Johnes and Hyclak (1999, [108]) examine the associatiome®at labor income and
house price. They find some evidence that changes in unempldyaffect house
prices significantly. Moreover, in similar empirical stadito Johnes and Hyclek [108],
such as[[68, 140, 166], it is proved that income is one of thetrsignificant drivers
of house prices. Generally, most of these studies dependerage income mea-
sures, such as per capita disposable income. Such averegenaasures of housing
markets capture the fact that wealthier households demamd consumption good

and, thus, more house to purchase than poorer househd&éys [

Some studies identify house prices, displaying a feedbaa&tion to national eco-
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nomic activities. For instance, Adams and Fuss (2010, [&ygthat an increase in
house prices makes house-owners feel wealthier becaukeiotollateral size and
the value of their house. Furthermore, if a house-owner tigsiigity constraint, the
rise in her house price may be her only chance to get a loanh Eod of wealth
shocks causes an increase in households’ consumption.ditioado this, if house
prices decline, the change leads to an adverse impact oelhalders’ expenditures.
It is because a decrease in house prices generally incrdesasamber of mortgage
defaults, which reduces the lenders’ credit supply as lenlbse part of their capi-
tal [85].

Even though there exist studies that investigate housinfgets analyzing housing
markets is much more complicated and cumbersome than amaligdly competi-

tive markets since house prices do not respond to econontitiditions as fast as
other markets. Generally, house prices show a steady dowinpvace movement
since house-owners resist selling their houses under afispaice barrier during

recessions. As a result, house prices have a decreasimttresugh high infla-

tionary periods rather than through formal price reduc{@h Besides, the price
inertia also affects the house price behavior throughooh@wic blasts since high
expectations of householders promote ballons in housingetsa Moreover, along
with these problems, housing markets have specific chaistate distinguished from
fully competitive markets. First of all, housing markete &rghly illiquid due to high

transaction costs and the time spent on the decision of @&hoymirchase. Generally,
real prices are known only by the buyer and seller, which gmes/the market from
observing house prices. Entering and retreating housingetsare relatively tricky
since they require a significant amount of cost. Moreovaushrg markets are highly

heterogeneous since houses are unmovable and stick tati@ihoca

Mortgages also perform a vital task in the propagation dffitease prices to macro-
economy/|[2]. At this point, it is worth to emphasize that therensubstantial mort-
gage debtimplies greater leverage, through variatiorisispot rate can affect house-
holder consumption [2]. For instance, Case et al. (2000) fa&d that the influence
of house prices on expenses is substantial in the US, wheréhivds of all residents
are also owner-occupants. In their following study, Casd.e{2005, [37]) point

that fluctuations in house prices might even affect houskn@xpenses more heav-
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ily than variations in prices in exchange markets. It miglhhbkecause homeownership

more fairly allocated across householders than exchangeetsawealth.

Rising house prices have underpinned growth in measures udeholders’ total

wealth in many countries over the past two decades. Thest exipirical studies,

such as Case et al. (2005, [37]) and the references thereich wbtablish a positive
relationship between increasing aggregate householdeadth and their consump-
tion, although these studies based on micro-economic Hataate less conclusive.
However, while empirically a positive relationship may Heserved between rising
house prices and householders consumption, in theoryxibected issue is much
less clear. For example, Bajari et al. (2005,/[17]) presenbdahwhere house price

rises have a small adverse effect on householders’ congampt

Mankiw and Weil (1989,[[143]) investigate the impact of degraphic variations on
price fluctuation in housing markets. Mankiw and Weil's as&d suggests that the
decay in the portion of the US residents in the prime-househasing age bracket
through the 1990s caused a plentiful fall in actual houseegrof the US housing
market. In another study, Cutler and Poterba (1991, [57Hader that variations in
user costs connected with spot rate changes and tax poi@saential determinants
of campaigns in real house prices. Johness and Hyclak (1898)) also find some

evidence that the changes in unemployment affect housespric

It is known that immigration affects house prices througfiedent and opposing
mechanisms, which makes the overall effect ambiguous dfidutli to understand.
Migrants not only carry their skills but also carry theirdiBons, customs, and atti-
tudes to the country of destination themselves. Theseddditferentiate immigrates
from the hosts in many aspects. Immigrant’s cultural déferes affect the consuming
behavior of settled public or hosts. The consumption of igramts is particularly ef-
fective in the supply side of housing markets, and the shifteousing demand since
immigrants need a place to live in. Hence, as an expectedt,résere is a strong

correlation between net immigration and house price in tloetsun [110] 145].
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2.2 The US Housing Market

In this section, we first take the liberty of briefly summangisome of the critical
points of the US housing market. Then, we introduce the dbariatics of economic
variables that we use as explanatory variables for the USihgumarket. The evi-
dence of housing market models we present within the cucteariter is based on the
association between the US housing market and its econadigaitors. The data set
that we analyzed is gathered from publicly available datsabFederal Reserve Bank
of ST. Louis. This section contains sufficient materialstf@ empirical examination

within the current chapter that concentrates on the US hgusiarket.

For decades after the Great Depression period, the US ehduhealthy housing
market, which is believed to increase the wealth of middess US citizens. How-
ever, the US housing market has experienced a high degredatiity cycle relative
to macro-economic indicators, such as consumer price iaddxeal income levels,
during the period 1994-2009 due to significant structuraingjes and fluctuations in
its economy|([92]. While affordable house prices cause diffesifor lower-income
communities and homelessness continues a pervasive fozalsmall portion of the
community, the overall quality of housing, even for the magboverished families,

improved through the past few decades.

The purpose of Figurie 2.1 is to illustrate the US homeowrenstie evolution. This
figure presents the homeownership rate in the US for thegh&€85-2016. The graph
clearly reveals that the increment in homeownership presatia relatively constant
rate over the period 1994-2004. During this period, the howmership expanded
rapidly in the US and achieved record highs from 1985 to 26®vever, homeown-
ership has started to decline from 2004. At the end of the 2984 period(59% of
the US population owned homes compared Wits% in 1985. However, the home-
ownership rate decreased each year following 2004, andé¢hed a level 063.7%
in the year 2016. Within this period, the US housing market i finance policy
interacted to produce a bubble from 2005 to 2007, which idlfirfaurst in 2008.
Note that, 2008 is also the year that the latest global fimodsis we faced. During
the period, the decrease in the homeownership rate has bestndnamatic among
younger adults. From 2004 to 2013, rates for 25—-34 yearsreldlavn nearly 8%
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and for 35—44-year-old 9%. But the homeownership rate fodieidged households
has also fallen by at least 4%. Looking over a more extendeiddethe Current
Population Survey illustrates that the homeownershipfratall 10-year age groups
between 25 and 54 are at their lowest level in the US.

Figure 2.1: Home-ownership rate in the US in 1985-2016

In housing markets, external funding is mostly done throogirtgages (see Fig-
ure[2.3), having a high association with spot and mortgate movements. Con-
sidering a 30-year fixed mortgage rate M), 6- Month Treasury Bill, Effective

Federal Funds Rate in the US, and S&P/Case-Shiller NationaleHBrice Index

(H PI) series between 1975 and 2016, we observe that spot rates@tghge rate

follow a similar pattern at which mortgage rate yield is heglthan the spot rates.
It is an expected result as the treasury notes are the safestinent instruments,
since the US government issues guarantees on them, whaeeasttgage rate is
not. Furthermore, the duration of the mortgage rate has tortger due to the nature
of the house financing business. We also see that both mertgayspot rates show
a reverse pattern and negative association to the houseipdex. We observe two
striking dynamic structures from Figure R.2:

e The periodic patterns, and opposite trend components asstent features of
the housing market.

e A sharp rise is find, even during the 2001 recession, reachingmarkable
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increase in 2006 compared to the position of mortgage ratehvws commonly

perceived as a bubble [62].

Here, it is essential to note that an increase in the US hausespeven resembling
a bubble, is triggered by the preceding prices in time. Alke,mortgage and spot
rates of the US appear less vulnerable to financial crisepawed to house prices. It
is logical to infer that the decreasing mortgage rate irsgedhe demand in the US
housing market.
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Figure 2.2: The development of the USPI, F'RM, and interest rates between years
1975 and 2016

The FRM dominated the US housing market within the period 1994-2884 Fig-
ure[2.3). As a result, the mortgage rate is one of the estéditares in explaining
the US housing market during the period. However, after aibest financial global
crisis that we faced in 2008, which is triggered by the densde of the US housing
market, the nontraditional mortgage products that allomé&owners easy access to
credit challenged the dominance of th& M. The challenged cause a steep decline

in the number of mortgage usage from 2006 to 2010.

In the period of 2006-2010, the number of mortgage usagedsed t&8.3% from

90.4% percent. Figuré 213 reveals that there is an increase in ¢heofi Federal
Housing Administration (FHA) insured and the Departmentetierans Affairs (VA)
guaranteed to finance in the period 2006-2010. Howevergafigire highlights, the
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use of mortgages in the US housing market is still more poghkn the remaining
financing types. Hence, even though it caused a financidbctlse US banking
system still supports the use of mortgages. Moreover, limlders are willing to use
the mortgage since its’ rate is lower than other financingesysates. The studies on
mortgage relating to its direction in which the US mortgageket has been moving

since 2008 have been mixed and continue recovery in the USirigpmarket.
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Figure 2.3: House financing types in the US from 2000 to 2016

In many countries, consumers, who are seeking a house thasecuse nontradi-
tional mortgage products to purchase more expensive hdligeghey could afford

with the expectation of a rise in house prices in the futurewever, such usage of
alternative mortgage products in purchasing a house maseaaegative externalities
in housing markets through speculations! [81]. As we witedssluring the period

2004-2009, housing markets and financial crisis elevatedgage delinquencies,
and defaults dampen house prices. Furthermore, it incsehsepessimism among
community and investors. Then, eventually, the mortgaggeisuined the US fi-
nancial markets and spread to the financial markets workeh/&, 168]. Almost

all countries experienced the global financial crisis otaergeriod 2004-2009 that is
originated from the demand side of the US housing market prehd throughout the

other countries.

In Figure[2.4, we aim to reveal the importance of the US hausiarket for the US
economy. This figure illustrates the number of privately edimew housing units
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in the US starting each year (solid line), and recessiorodsras determined by the
National Bureau of Economic Research (shaded areas). Fighimo@firms that it is
common for a substantial decline in the demand for housiaggated by a recession.
In other word, the housing demand is quite delicate to vianatin the US economic
state. Hence, in this respect, the decrease in the housmgrdemay be adopted as
an early warning to recessions in the economy. From thisdigtiis also clear that
we may use the housing demand trend to discover the state ettimomy.
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Figure 2.4: The recession (shaded vertical lines) and th&eu of privately owned

new houses (solid line)

At this point, it is logical to conclude that both Figure]2 BdaFigure 2.4 show the
US housing market is about to finish its recovery period. Wg melude four severe
aspects behind the recovery of the US housing market thasrede considered as

the most important ones. Which are expressed as follows,
1. Unlike the speculative increase in house prices bef@etiisis, current house
prices rising due to the fundamental strength of the US eogno
2. The US population growth and the increase in the housingadd.

3. Therise in US citizens’ wealth, namely, the increase asgincome per house-
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hold after the financial crisis.

4. The labor market new jobs opportunities during the regoperiod.

2.2.1 Data Description and Preliminary Analyzes

The evidence of housing market models presented in therdwhapter is based on
the relation among the US housing market, recessions ingheddnomy, and its eco-
nomic indicators. The data is retrieved from the commelscelailable data source
of the Federal Reserve Bank of St. Louis. For the empiricalyamabf this chap-

ter, we use the US housing market since it has educated dateasy accessibility
of its data, which are very important in constructing mogefpecially constructing
non-parametric models. In addition, data on the US housiaiket is arguably more

reliable than data on the housing market in many countries.

We use the US data with monthly frequency to determine théigiree efficiency of
our models and the direction of statistically significardticators of the US housing
market. In this chapter, based on the guiding literaturéderdeterminants of housing
markets, we selected 11 economic variables. We define tleegbles as substan-
tial factors for the US housing market price variability. Maspecifically, monthly
observation of Civilian Unemployment Rate, Consumer Pricexn@0-Year Fixed
Rate Mortgage Average, 10-Year Treasury Constant Maturitg,R¥5/Euro Foreign
Exchange Rate, Effective Federal Funds Rate, Crude Oil Priaest Wexas Inter-
mediate, Henry Hub Natural Gas Spot Price, Capacity Utibrat Total Industry,
Working-Age Population: Aged 15-64 and Real Disposable dhaisincome: Per
Capita are taken into account as significant factors that eamsbd in determining
the US housing market. Further data available from the Fe¢@Reserve Bank of St.
Louis data source, which may be relevant to the context efadhapter. However, we

used the most commonly used indicators to avoid the overrtBroaality problem.

Here, it is worth emphasizing that among these variablesareéhe first to analyze
the effect of Capacity Utilization: Total Industry on hougimarkets. In addition to
these explanatory variables, another variable of ourastehat has generated in sev-

eral studies related to economy and finance is recessioesciyteconomies. Hence,
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we also examine the impact of recession cycles of the US eepoa the US housing

market.

In this and following chapter, we represent the US housingketdby S&P/Case-
Shiller US National Home Price Index (HPI). It is one of thadeng measures of
prices in the US housing market, to trail variations in theugeof houses both na-
tionally as well as in metropolitan regions. Although theiables that we discussed
above could be the variables that may affect housing margeitst is very cumber-
some to detect and analyze which of the variables have Hismmti effect on housing
markets. More importantly, these variables may vary agogrtb country specifics
characteristics, such as local, political, and culturiédences. This data set expected
to provide information on the US housing market price valigtand the price trend

in the US housing market.

We provide a summary of the dependent variable that repieenUS national hous-
ing market, and primary explanatory variables contritytio the price variation in
the US national housing market, along with the data notatsord their abbreviations
in Table[2.1.

Table 2.1: Outline of the variables having influence on thendonal house price

Variable Abbreviation
S&P/Case-Shiller U.S. National Home Price HPI
10-Year Treasury Constant Maturity Rate T Bill

30-Year Fixed Rate Mortgage Average in the United Statésk M
Consumer Price Index for All Urban Consumers: All ltem&' P1I
US/Euro Foreign Exchange Rate, U.S. Dollars to One Eufdr

Effective Federal Funds Rate EFFR
Crude Oil Prices: West Texas Intermediate (WTI) COP
Henry Hub Natural Gas Spot Price GSP
Working-Age Population: Aged 15-64: All Persons WAP
Real Disposable Personal Income: Per Capita RDI
Capacity Utilization: Total Industry, Percent of Capacity TCU
Civilian Unemployment Rate UER
Recession Cycle in the Economy RC

Concerning other explanatory variables, in addition to ¢hagted in Tablé 2]1, one
may continue to add explanatory variables by taking int@antthe country-specific
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variables for analyzing housing market price variabilityis clear that although the
listed variables that we introduce in Table|2.1 could be tiesdhat may affect the US
housing market, it is still cumbersome to detect and analfzeh of those variables
have a significant effect on the US housing market. It is beead the complexity
of housing markets and the specific characteristics thahdigsh them from fully

competitive markets.

In Table[2.2, we report the descriptive statistics of theetelent and explanatory vari-
ables that we introduce in Talile P.1. Table 2.2 does not sotita recession periods
since they are represented with dummy variables. From TaBlewe perceive that
while the means of indicators are varying from 3.62 to 194@&11, the standard
deviation ranges from 1.30 to 9265241.76. From this respisatg the variables as
in the given form may cause externalities in modeling th/. Further, the table

illustrates the following logical inferences.

o Approximately, half of the variables have right-skewedight tail of distribu-
tions (' Bill, FRM, EFFR, COP,GSP, RDI, UER).

e Average values of the spot rates range betweéf% to 3.62% while FRM
yields5.38% over the period January 1999-June 2018.

e Within the period under investigation, the averageildP/ andU E'R is rela-

tively high due to their data structure.
e The variables” PI, COP, W AP andRD1I show the highest variability.

e The standard normality test, Jargue-Bera (JB) test, showsfame variables

listed above satisfy the normality assumption.

Table[Z.8 shows that there exists not only a strong associatithin the dependent
and independent variables but also, there exists a coabi@estmount of association
among some of the explanatory variables (Tablé 2.3). Adogrtb Pearson corre-
lation, the response variabl&,PI has the highest association withD 1 (79%) and

W AP (78%) followed byC PI (74%) andF'RM (-56%). Interestingly, although
many studies have noted a high and positive relation betlWweaese price and unem-

ployment (for example|[ [90, 91, 161] and references thgréwe data yields meager
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Table 2.2: Descriptive statistics of the selected housiagket indicators

Standard

Mean Median Deviation Kurtosis Skewness JB
HPI 151.91 151.52 28.03 2.44 -0.32 1
T Bill 3.62 3.69 1.30 2.02 021 1
FRM 5.38 5.40 1.35 2.05 030 1
CPI 210.02 213.45 25.36 1.72 -0.19 1
ER 1.21 1.23 0.17 2.42 -029 1
EFFR 1.92 1.15 2.06 2.25 086 1
cor 59.80 57.31 28.01 5.11 034 1
GSP 4.58 4.01 2.16 5.63 1.50 1
WAP  194632738.11 196967646.90 9265241.76 2.17 -059 1
RDI 11582.54 11548.30 1443.08 2.11 0.04 1
TCU 77.25 77.33 3.16 4.17 -0.90 1
UER 5.95 5.40 1.77 2.58 090 1

and negative association (-13%). Itis also clear thatestelatesT Bill andEF F'R)
andF"RM are all negatively correlated with P1. Note that Figuré 311 also supports
the results thai'Bill, EFFR, and FRM are negatively correlated with PI and
positively correlated with each other. Unfortunately, timear correlation between
TBillandFRM (98%),T Bill andEF F R (83%),F RM andEF F R (83%) among
the explanatory variables appears to be the highest (rgrigim 83% to 98%). The
correlation betwee@w PI and RDI (98%) andiW AP andC PI (98%) are also rel-
atively high. Also, the correlation betweénPl and RDI is also very high (95%).
The relation between these two variables is investigatedany studies. An exam-
ple of high-income increasing' P! is the Lawson boom of the late 1980s, which
is followed by the recession of 1981, observed in the UK. Thel and spot rates
andFRM are also linked. Generally, lower spot rates increase th&eu of people
that borrow from banks. The result is that householders hawe money to spend;
causes a growing impact on the economy and strengthen taganfl On the con-
trary, if spot rates increase, the householders tend torsavey, and with les® D1

to spend, the economy slows, and so inflation decreases.

The relationship between the variables introduced in T2Hlés investigated in many
empirical studies. An example of high-income increasing! is the Lawson boom
of the late 1980s, which is followed by the recession of 1@®ikerved in the United
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Table 2.3: The association among house price index andreaoley variables
HPI TBill FRM CPI ER EFFR COP GSP WAP RDI TCU UER

HPI 1

TBill -0.52 1.00

FRM -056 0.98 1.00

CPI 0.74 -0.88 -0.89 1.00

ER 0.45 -0.39 -040 0.48 1.00

EFFR -027 0.83 0.83 -0.67 -0.36 1.00

copP 041 -049 -049 0.62 0.82 -0.39 1.00

GSP 0.23 0.30 0.31 -0.21 0.35 0.32 0.25 1.00

WAP 0.78 -0.88 -0.90 0.98 0.54 -0.69 0.64 -0.13 1.00

RDI 079 -086 -0.87 098 0.38 -0.63 050 -0.23 0.97 1.00
TCU -0.01 0.40 0.39 -0.27 -0.11 0.65 -0.02 0.28 -0.31 -0.24 1.00
UER -0.13 -0.43 -0.44 0.28 0.54 -0.66 0.52 -0.12 0.34 0.16 -0.65.001

Kingdom (UK). TheC P1I is significantly linked with th&'Bill, EFF R and FFRM.
Generally, lower spot rates increase the number of consuthat borrow and in-
crease consumption in the economy. The consequence isahsgtmolds have more
money to spend, resulting in the growth of the economy andlacates the'P1.
On the contrary, if spot rates increase, the householdsttesaving, and with less

disposable income to spend, the economy slows, and soanfldéicreases.

Green and Hendershott (2001, [90]) emphasize that aduttrtohave both larger
homeownership rates and lower unemployment rates tharotiveger groups. Hence,
as the population gets older in a country, it is more likeh&ve both greater home-
ownership and unemployment rates. From this point of vieeymway anticipate that
the aging communities in a country would generate a negativeslation between
homeownership and unemployment rate. The correlatiorficiegft betweentd P1

andW AP is also negatively correlated in this study, as it is seemfii@ble[2.8.

However, the correlation coefficient is relatively smalimquared to similar studies.

On the other hand, conversely, the correlation betwééty and thelV’ AP is posi-
tively correlated and relatively high. It is also worth mening at this point that the
GLM result illustrated in this chapter also supports thamployment has a negative
and has the smallest association with the housing marketrddson behind the neg-
ative correlation between unemployment and the housindrehanay lie the length
of the observed period since the results also have a linktivelobservation period.
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2.3 Modeling Methodologies

The classical linear regression models have been studietiday years, and they
are still the most commonly used methods to address sceemguiries within the

finance literature. Notably, before the sub-prime mortgageket crisis and finan-
cial crisis in 2008, which is triggered by the US housing nearkesearchers used
those linear models to investigate the link within the magtonomy and also the
dynamics of housing markets. However, non-parametric fisdgicome more attrac-
tive recently. Especially in the modeling of the non-linealationship of the data.
Therefore, this part of the thesis uses the GLM and MARS methmdetermine the

effect of macro-economic indicators on housing markets.

In this section, we avoid conveying a detailed clarificatddiboth GLM and MARS
methods since finding the impact of the macro-economic atdis on housing mar-
kets is our primary aim and not teaching the methods. Heneggive explanations
at an introductory level for both of the methods. Still, teaders who are interested
in in-depth explanations can find the details of both apgreaavithin the references

that we used in this section.

2.3.1 The Generalized Linear Models (GLM)

Nelder and Wedderburn (1972, [155]) unify many of the regi®@smodels under the
framework of Generalized Linear Models (GLM). Hence, GLMiisenlargement of
the classical regression models. This extension remoeesddling problem in con-
ventional regression models. Moreover, within these ngdwrmality and constant
variance assumptions are no longer a requirement for tbe@mponent. The GLM
provides users a unified framework for multi-factor regi@ssnalysis by allowing
the use of multiple regression, logistic regression, venga and covariance analy-
sis [144]. The GLM consists of three components: a link fiorcthat specifies the
conversion of the response indicator to be modeled witheatimelation of explana-
tory variables, an error distribution that appropriatesgfach type of response, and a
variance function that specifies the linkage among the medwariance of the error

distribution.
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Given a random variablg;, with meany, that observed with. realizationsy, and

a matrix, X, of ordern x p, and ap-dimensional parameter vectorthat will be
estimated, the primary objective of a GLM model is to invgate the link between
expected valug. = E[Y] and the matrixX [144]. In this representation, the vector

1 represents the systematic part of the model. It can be wiitiézing the existence

of co-variatessy, zs, . . ., x, and estimated parametetsas follows
p
p=>_ Bx; (2.1)
j=1

The systematic part of the model given in Equation|(2.1) aarepresented as in the

following finite sum
p
j=1

wherez;; denotes the value of observatids ;' co-variate. Here, it should be em-
phasized that” ~ N(u,c?) and co-variatesy, z», ..., x, produce a linear map,

which can be given as
p
n= Bt
j=1

We may introduce the relationship between the systematdtaa random compo-

nents as
n= (2.2)

where the parametersandy are identical.
Here, if Equation[(ZJ2) is written as

ni = g(p),

where the functiongj is the link function, itis clear that GLM allows two extensg)

the first one is that the distribution may come from an exptakfamily, and the sec-
ond one is that the link functiory, may be chosen any monotonic and differentiable
function [134].

2.3.2 Multivariate Adaptive Regression Splines (MARS)

For uncovering and complex data patterns, Multivariateplila Regression Splines
(MARS) is a popular non-parametric regression method ugesstonation of general
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functions of large dimensional arguments. The most cruadabantage of MARS is
that this method performs no specific hypothesis concethgnderlying functional
relationship among the response variable and explanatoighles([20, 78, 96]. As a
result, it has been widely used in a variety of numerical igggibns in fields such as
finance, medicine, and engineering, and it gives promisasglts for estimation and
forecasting([79, 97, 133].

There are many other advantages of MARS models over clagsigedssion-type

models. Its primary advantage is its ability to handle adargmber of explanatory or
predictor variables, which generally have non-linearag with response variables.
The efficiency of MARS is due to an adaptive model selectigm(jtprocedure that

uses regression splines as its basis functions in the frankegf the least-square.
Moreover, the choice of its basis functions is data-related explicit to the problem

that users are dealing with. Another distinctive advante#fgdARS is that the model

constructed with MARS can efficiently predict the benefatdiof basis functions so
that both of the additive and the multi-way interactionshf estimators.

In modeling with MARS, the relationship between explanateayiables and the re-

sponse variable is given with a general form defined as

Y = f(ﬁ?x) + € (23)

whereY represents the response variables (x1,zo, ... ,:r;p)T is a vector of esti-
mators and ~ A (0, o) is an error term with constant

In modeling with MARS the main aim is to form reflected pairs iimputsz; (j =
1,2,...,p) by usingp-dimensional knots-; = (7;1,7;5,...,7;,)" ateach input data

vector or explanatory variable = (z; 1, z;2, . .. ,:pi7p)T, for{i=1,2,...,N}.

MARS uses piecewise linear basis functions of the form

(xj—7) if z;>71

0 otherwise



and

0 if z; >71
h(zj,7) =[—(z; — 7)1 =
(1 —z;) otherwise
In this representation; € {z; ;,22,,...,2n,;}, Wherej € {1,2,...,p}. Here, each

function is piecewise linear with an uni-variate knot at vaéuer, which allows for

non-linear changes in the predictor variables. These imetare also called hinge
functions or hockey-stick. A key advantage of these fumdis that the smoothing
parameter does not need to be estimated. As a result of vasd)e, large amounts

of computational cost and time is saved.

The functional form,f (3, x), introduced in Equatior (2.3) can be illustrated by a

linear combination of the basis functions and interceptfek®vs

M
Y =B+ Y BuHn(X") +e.

m=1
Here, 3,,s are the unknown constant parameters forstte basis function(m =
1,2,..., M) and for the constant (m = 0). Here,H,, (m = 1,2,..., M) are
basis functions taken from a set &f linearly independent basis elements. The basis

functions can be in a form of main or interaction form.

Interacted basis functions are constructed by productistieg basis functions with
a truncated linear function involving a new variable. Boté éxisting basis function
and the newly constructed basis functions are used in the Magpgximation. For
the given datax;,y;) (i = 1,2,..., N), the form of them" basis function for the
multi-predictor case is given as

Sn;.n : (%}n - Tf-e?-")]+» (2-4)

J

5
<
E
I
—

where K,,, denotes the number of truncated linear functions multipiie the m*”
basis function;c,g;_n denotes the input variable corresponding tojthéruncated linear
function in them!" basis functionrﬁyl is the knot value corresponding to the variable

Ty, ands%n is the selected sig#1 or —1.

The method of model-fitting in the MARS algorithm relies on thek-of-fit (LOF)
criterion, which is used in the comparison of candidate asictions. The inves-
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tigation of new basis functions can be restricted to intgwas of maximum order.
For instance, if we allow only up to two-factor interactiotisen, K, < 2 would be
restricted in Equationi(2.4). The MARS algorithm for estimgtthe model function
f(8,x) consists of two main steps [78]:

i. The forward stepwise algorithm: Here, forward stepwise search for the basis
function and at each step, the split that minimized some L@Ermon from all
the possible splits on each basis function is chosen. Theepsostops when a

user-specified valu#/,,,.. is reached.

ii. The backward stepwise algorithm: The purpose of this step is to prevent from
over-fitting by decreasing the complexity of the model withdegrading the fit
to the data. Therefore, the backward stepwise algorithwlwes removing from
the model basis functions that contribute to the smallestase in the residual

sum of squares (RSS) at each stage.

In both steps we define above, MARS algorithm uses Generalizess-Validation
(GCV) as a variable selection criterian [78] for the model.eT®BCV value is com-

puted as follows

1 sz\il (Yz‘ — fM(ﬁaX))Q
GCV = — .
N (1-Q(M)/N)

In the GCV equation, the numerator is the usual RSS, the fun€tid/) in denom-

inator represents the cost penalty measure of MARS moddtsMibasis functions.
In the literature, it is assumed that the MARS model is corstai when we reach
the minimum GCV value.

2.4 Empirical Results

In this section, we aim to propose GLMs and MARS models to ametlge US hous-
ing market. In our modeling applications in this chapter, aastruct the MARS
model by using the R package “Earth” (Milborrow, 2009) andriche GLMs by
using MATLAB. Here, it is worth emphasizing that before thenstuction of our
models, all variables are all normalized to make the vaesmlobmparable since the

descriptive statistics of the variables are too differeotf each other (See Talle R.2).
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As none of the variables follow the normal distribution and@duce the influence
of other hidden factors such as auto-correlation and nooltinearity, we normalized
the variable time series using the usual normalization fdam

X — min(X)

Anv = max(X) — min(X)’

Further, we employ the Augmented Dickey-Fuller (ADF) testetect the unit root
properties of all series, which indicates that all seriesraim-stationary at the level.

Thus, we use the first difference of the series in our modelmgyzes.
Case 1: Linear-GLM (L-GLM)
The linear link function yields the estimated model to be

Yiupr = — 0.00440.0788 - CPI + 0.0411- EFFR — 0.004 - GSP
+ 0.070- WAP +0.0386 - TCU — 0.0243 - UER
+ 0.0112- RC. (2.5)

Here, Equatiori(Z]5) contains only statistically significexplanatory variables since
we have use the stepwise method in modeling. The statigtgighificant parameter
estimates conclude that if an increase occuS iV, EFFR, W AP, andRC, there
will be an increase in US house prices. On the other handeani§SP andU ER
will lead to a decrease in the prices in the US housing markigre, we analyze
the Granger casuality test for the variables and obserntenthide £/'F F'R causing
HPI, FRM andT Bill is not causing? PI. Hence, these two explanatory variables
are insignificant in this model. More specifically, under #ssumption of ceteris

paribus, we conclude the following:

() The inflation hedging ability of housing markets is a wietlown phenomenon
in the real estate and finance literature. As a result, in thke mflationary
periods, house prices increase due to the rise in the leYdleusing service
in response to community demand [180]. On the other handtiofl affects
housing markets over the long term. Although the majoritgafiety considers
the price increase in housing markets as improvement ofihgusarkets, gen-
erally, the reason behind the scene is inflation. It is bezauken we consider

inflation while evaluating the price increase of a house|jlithve observed that
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the real growth will be smaller than we observe. Besides, wihemflation rate
increases, so do the cost of construction is increased jvdaisses an increase
in house prices. Andrews (2010, [11]) gives proof of the pasieffect of infla-
tion on housing markets. However, there exist studies tlaanahat inflation
Is having an adverse consequence on housing markets. Fancées Follain
(1982, [75]) investigates the connection between inflagiod housing markets,
and he reports that inflation hurts house prices. In the ntuofeapter, inflation
has a positive impact on the US housing market, which cosflitth the results
of [75] but coincides with the findings of [11].

(i) Residential investments tended to turn prior to housegsrin business cycles.
In the recent decade, investments in housing markets havendfigh growth in
many countries due to governmental supports. Low-spas fedee been one of
the driving factors as they stimulate the housing demaneréfhre, the lower
spot rates cause an increase in house prices and, in turylate residential
investments[[13]. However, according to the linear GLM/&SF R increases,
house prices increase. Although the model result seems #ocdoatradiction
to [13], it is economically significant according to two estal aspects. First
(lending standards), higher spot rates may provide lengighsmore of an in-
centive to make loans and a little bit of a cushion againt f&cond (house-
holds psychology), the expectation of an increase in spes$ Iauses a housing
demand increase since householders who are willing to paech house will
purchase a house before rates go up. Moreover, this siuaiiy increase the
guality of mortgage contracts since it pushes costumersrithpse houses only

they may afford monthly payments.

(i) Prices in housing markets are increased as a resuletiebemployment op-
portunities and higher incomes enjoyed by residents in @arding economy
since the demand for housing is dependent upon househahandndeed, the
higher economic growth and a rise in the household’s incoitiéaad families
to spend more on houses. On the other hand, employment aiséhad in-
come are highly dependent on each other [132]. As a resulsihg markets
have a healthy relationship with the employment level ofitoes. Especially,
booms in housing investments increase the employmentasthe construction

39



sector covers more than 20% of employment gains since e@d§ i the US.
GSP is highly related to the energy market and labor markets. ifgiance,
some of the communities benefited from the construction efgrproducing
facilities, which built to allow export oS P. The construction sub-sector has
led to job opportunities for households. Thus, job growth lea to an increase
in demand for housing. Thereforé&,SP increases house prices. The linear
model (Equation(2]5)) shows th@tS P has a positive effect on the US housing

market.

(iv) Mankiw and Weil (1989,([143]) study on the link betweeandographics and
housing markets, and they conclude that an increase in thieane will affect
housing markets twenty years later. It means that the wgrgopulation has a

strong relation with housing markets.

(v) TCU measures the efficiency of the resources by corporation$aataties to
produce goods in manufacturing, mining, electricity, aad gtilities located in
the US. Therefore, capacity utilization highly depends emdnd and schedul-
ing production for the most efficient use of facilities in aiaty. From this point
of view, it will affect the cost of new houses and the houseiealin markets.
The linear model finds that when efficiency has an upward trévechouse val-
ues will increase. It is an expected result since the iner@ea$'C'U increased

the income of the consumers and triggered the demand indgpusi

(vi) The unemployment causes a recession in housing mankéish is also de-
clared in [170]. However, Oswald (1999, [161]) and Blanch&ownd Oswald
(2013, [30]) propose that home-ownership increases thenpioyment rate
as it affects the labor mobility. Contrary to [161] and [[30liranodel shows
that a rise in unemployment will cause a decrease in the haiises as in the
study [32].

(vii) The model also proofs that the US housing market eéf@tty recessions periods
in the US economy.

Case 2: Quadratic-GLM (Q-GLM)

The previous model introduced in Case 1 gives us the resulisrihe linear relation
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assumption. The linear relationship moderated by exptepatriables is a simplis-
tic way to explain statistically significant dependent abtes, but they have several
serious drawbacks. For instance, linear models may notieapertain nonlinear re-
lationships, and they may make no sense for some of the sppaifameters. More
importantly, generally the real life is more complicatedrtinear relationships. For
accurate modeling, the inclusion of the two-way interaties crucial since mutual

influence can be observed in the parameters of the intenaetims.

On the other hand, understanding a significant interactiahightly less straightfor-
ward than the parameters in linear models. Therefore, likee@a we construct a
model for H PI using a quadratic link function that allows interactionsoam ex-
planatory variables in GLM. Mathematically, the quadrdink function yields a
polynomial equation that illustrates the influence of statally significant variables

with interactions on the US housing market.
Under the quadratic link function assumption, the housiregket model becomes,

Yiupr = — 0.006 4 0.009 - TBill + 0.089 - EFFR + 0.085 - TCU
+ 0.016 - RC +0.815- EFFR x TCU — 0.0419 - EFFR x RC
— 0.0620 - TCU x RC —0.003 - RC?. (2.6)

Here, the model illustrated by Equatidn (2.6) also containly statistically signifi-

cant terms since the stepwise method drop out the non-signifterms.

The quadratic model given by Equatidn (2.6) involves themweffect of four ex-
planatory variables namelyl'Bill, EFFR, TCU, and RC', and four interaction
terms between variable€ F'F'R has interactions witd’'C'U and RC'; TC'U has in-
teractions withE F' 'R and RC'; RC' has interactions witd’C'U and itself which are
selected according to their relative association to eawdroT he positive coefficients
of the interaction terms suggest that the house prices becoone favorable as the
variables increase. However, the size and precise natuhesé effects are not easy

to divine from the examination of interaction coefficientsre.

The significance of quadratic terms signal that the relatign betweent P and
explanatory variables may be non-linear. Therefore, itusgersome to interpret

the individual coefficients in Case 2 since variables tied aoheother. However,
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intuitively, we may interpret the following from Equatidg.g).

() T Bill is tied to any of the variables. Thus, its effect may be exgdias in the
L-GLM case.

(i) However, notice that there are three terms which ess@ntontain EF F'R. So
if we combine these terms, the aggregate effeck6fF' R is being(0.089 +
0.815- TCU — 0.0419 - RC'). Thus, on the contrary to Case 1, for some values
of TCU and RC the effect of EF F' R is negative. The quadratic model shows
that the effect of' ' F'R depends on the levels @fCU and RC'. So, sort of a
way the coefficients df'CU and RC' adjusting the effective price df F F'R.

(iii) The aggregate effect GFC'U is determined by0.085+0.815- EF FFR—0.0419-
RC'). The aggregate effect shows that if the varialldsF' R = RC = 0, the
rate of change will b&.085. The coefficient-0.0419 tells both the direction
and steepness of the curvature. Thus, it indicatesiliahas a concave down
effect onH P1I.

(iv) Similarly, the aggregate effect dtC' has a concave down impact éhP 1.

Case 3: MARS

In the construction of the model using the MARS method, theimam number of
basis functiongM,,,...) and the highest degree of interactiqis,,) are determined
by trial and error, which are summarized in Tablg 2.4.

The final decision for the MARS model is decided according toimum GCV value
(MARS models having the same GCV value may also be compareddicgdo RSS,
and Coefficient of Determinatiof??) values). Therefore, among many alternative
MARS models, the eighth model in Talile 2.4 is chosen as therbedel to fit the
US housing market for the explanatory variables that we idensd in our analysis.
Here, it is essential to clarify that in our modeling with MM&RS method, we assign
the parameters/,,., andK,, as100 and2, respectively.
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Table 2.4: Alternative MARS models with comparison measures
Case M,,.. K,, GCV RSS R?

1 50 1 2.4151e-05 0.0044 0.7679
2 50 2 2.1075e-05 0.0034 0.8239
3 50 3 2.1075e-05 0.0034 0.8239
4 50 4 2.1075e-05 0.0034 0.8239
5 50 5 2.1075e-05 0.0034 0.8239
6 50 6 2.1075e-05 0.0034 0.8239
7 100 1 2.3893e-05 0.0042 0.7791
8* 100 2 2.0129e-05 0.0023 0.8800
9 100 3 2.0690e-05 0.0021 0.8878
10 100 4 2.0531e-05 0.0019 0.9025
11 100 5 2.0531e-05 0.0019 0.9025
12 100 6 2.0531e-05 0.0019 0.9025
13 150 1 2.3893e-05 0.0042 0.7791
14 150 2 2.0331e-05 0.0033 0.8257
15 150 3 2.1848e-05 0.0036 0.8127
16 150 4 2.1102e-05 0.0023 0.8781
17 150 5 2.1102e-05 0.0023 0.8781
18 150 6 2.1102e-05 0.0023 0.8781

* Indicates the best configuration according to GCV value

The estimated? PI (Y ;) becomes,

Yupr = 0.0069 — 0.2387 - Hy — 0.2369 - Hy — 0.1202 - Hy
4+0.3872 - Hy + 0.0640 - H5 — 0.1546 - Hg — 0.0161 - H-
+0.0083 - Hg — 0.0749 - Hy + 3.9605 - Hyg — 2.3779 - Hyy
—1.2907 - Hyy + 2.0095 - Hyg — 2.0001 - Hyyq 4 2.3246 - Hys
—19.5806 - Hg + 7.3737 - Hy7 — 0.3601 - Hyg 4 0.3043 - Hig
—0.9922 - Hyy + 0.0625 - Hoy + 0.1166 - Hay + 0.4982 - Hyg
—9.3394 - Hyy + 20.0889 - Hos — 10.6264 - Hag + 0.0320 - Hoy
—0.1394 - Hog. (2.7)

whereYy pr is the HPI prediction of MARS model. The corresponding basis func-
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tions in Equation[(217)H,,,, m = 1,2,--- , 28, are determined as follows

Hy, = max {0, ER — 0.06} , Hy = max {0, EFFR + 0.02} ,
H; = max{0,0.01 - EFFR}, Hy = max {0, EFFR —0.01},
Hs = max {0,COP +0.07}, Hs = max {0,0.03 — GSP}
H; =max{0,1 — RC}, Hg = max {0, RC — 1},

Hy = ER-max{0,RC — 1},

Hyo = max {0, CPI — 0} - max {0,0.04 — COP},

Hyy = max{0,0.06 — ER} - max {0,COP — 0.04},

His = max {0, FR + 0.02} - max {0, GSP — 0.03},

Hi3 = max {0, FR + 0.01} - max {0, GSP — 0.03},

Hyy = max {0, ER — 0.02} - max {0, GSP — 0.03},

Hys = max {0, ER — 0.04} - max {0, GSP — 0.03} ,

Hys = max {0,0.01 — EFFRY} - max {0,COP — 0.03} ,
Hy7 = max {0,0.01 — EFFR} - max {0, COP — 0.01},
His = max{0,0.01 — EFFR} - max {0, RC — 1},

Hy9g = max {0,0.04 — COP} - max {0,0.35 — GSP},

Hyy = max {0,0.04 — COP} - max {0,UER — 0.02},

Hy = max{0,0 — COP} -max{0,1 — RC},

Hys = max {0, COP — 0} - max {0,1 — RC},

Hy3 = max {0, GSP — 0.03} - max {0, RDI — 0},
Hoy = max {0, GSP — 0.09} - max {0,0.03 — TCUY},
Hys = max {0,GSP — 0.1} - max {0,0.03 — TCU},
Hys = max {0, GSP — 0.11} - max {0,0.03 — TCU} ,
Hyy = max {0,0.27 — GSP} - max {0,1 — RC},

Hss = max {0,0 — TCU} - max{0,1 — RC'}.

MARS model (Equation(2]7)) runs an algorithm that start$lie inclusion of all
variables and then eliminates insignificant explanatorjaldes. Equation(217) in-
cludes a total of 28 basis functions to explain the inheyasamplex nature of the US
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housing market. It is because MARS models are developed atitatly and adap-
tively, requiring less applicant expertise. For the predit of such complex data,
the MARS algorithm explores the inherent structure of thendatt easily. MARS
produces a robust prediction by building models over allsgide combinations of
explanatory variables and all values of each variable adidates of knots automati-

cally. Therefore, there is a large group of knot points in Case

Besides its complexity, the MARS model is capable of explofagh linear and
nonlinear links among variables through the additive aneraction basis functions
determined as above. The most frequently used variabldseiMtARS model are
GSP,COP, RC, ER,andEF FR. In order to assess the relative importance of each
independent variable, the complete MARS model is evaluatetktail concerning
both additive basis functions such as the first eight basistions (#; to Hg) and
interaction basis functions (interaction between only imeependent variables) such
as Hy to Hyg. It should be noted that the knot values of basis functioesta first
difference of the series.

The results of the MARS model indicate that independentbesty R, COP, GSP,
RC, andEFF R involved in both types of basis functions have the highdstcebn

the dependent variablé/ PI) when compared with the other independent variables.

The knot point for basis functiof/; is 0.01. The interpretation of this basis function
is that asE' F'F'R values get smaller values than 0.04P/ decreases. On the other
hand, the basis functiod;4 contains the basis functial; to express the interaction
between the independent variablés 'k andCOP. Similarly, the basis function
His represents the interaction between the independent \esial' F R and RC'.

Among basis function$¢, H17, Ho4, Hos, and Hog have the largest effect on the
US housing marketH PI). In the model in Case 3, only basis functioAs; =
max {0,0.01 — EFFR} - max{0,COP — 0.01} and Hy5 = max {0, GSP — 0.1} -
max {0,0.03 — TCU} have a positive impact on the US housing market. While the
basis functiorn{;; contains the interaction betweéh” F' R andCO P, the basis func-
tion Hy5 has the interaction betweé&hSP and7TCU.

The MARS model includes 28 terms, while Q-GLM and L-GLM incbuthuch fewer

45



terms. However, there exist some limitations on using Hasistions due to their in-
teraction forms. For instance, basis functiéhs, H3, H,, andH,5 contain the main
function which ismax {0, GSP — 0.03}. Hence, some of them do not affegtP/
since they get zero values relatedAd’s value. On the other hand, basis functions
Hyy, Has and Hyg includes the main function whichigsax {0,0.03 — TCU}. There-
fore, their values depend on the change&-iiP values. For instance, whil@S P
value is less than 0.09, they have no effecttbR1. They all have an effect oF PI
whenG S P value greater than 0.11. On the other hand; $fP value is between 0.1
and 0.11 onlyH,5; and Hy, have effect on{ PI. Similar cases observed for basis
functionsHyg, H17 and Hy1, Ho,. In this respect, some of the basis functions do not

affect H PI at the same time.

Moreover, Figuré 215 is introduced to visualize the monththgerved and predicted
H PI values for the period 1999-2018. The data contains thetlgtekal financial
crisis. The MARS, Q-GLM and L-GLM captures/detects and qifi@stthe crisis
since they include Recession Cyclég{). We observe that there is compliance with
the observed and predictéfiP ] values even during the global financial crisis for all
models. The evolution of the anticipated prices indicalbes &ll models predictions
are relatively significant, and they can be used to deterthméirection of the prices

for the US housing market.
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Figure 2.5: MARS and GLM model fits on real data (1999-2018)
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2.4.1 Performance of the Models

To evaluate and compare the performances of models (MARS,M;®&-GLM), we
divide the data set into two parts: we use 175 observatiomastasning sample and
59 observations as a validation sample. The first part ofetlsasnples is used for
the estimation of model parameters. The second part is gegbio the validation of
models. Prediction results from MARS and GLMs are furthele&d concerning
well-known performance measures such as Mean Absolute @8i®E), Root Mean
Square Error (RMSE), Coefficient of Determinatiof®), and Proportion of Resid-
uals within Three Sigma(PWI). The smaller values for MAE and $8Vindicate a
reasonable estimation of model parameters. There are Halefeled bounds on
these performance measures values. On the one hand, othsun@eR?> and PWI)

state a better performance if their values are close to 1.

We summarize performance measures of models that we cotestrand their fore-
casting power for comparing their efficiency in Tablel 2.5.eTable reveals that for
the training data-set, the Q-GLM shows the best performaccerding to most of
the measures (MAE, RMSE, aritf). However, there is no significant difference be-
tween the performance of the models for training data. We sé¢® that the MARS
model performs much better than Q-GLM and L-GLM, accordmglimost all mea-
sures for the validation data set. From these results, wecorasiude that, in both the
training sample and the validation sample, the MARS modehlinasxcellent predic-
tion capability and discovers the main structure of the datg well. It is because the
MARS model uses the power of piecewise functions in captuihegdata structure.
As a result of this, we can apply MARS successfully in the \aliwh sample after

the model-building procedure.

Table 2.5: Performances of MARS and GLMs for on train and tatd dets

Train Data Validation Data
Performance measure MARS Q-GLM L-GLM MARS Q-GLM L-GLM
MAE 0.0036 0.0031 0.0035 0.0038 0.0036 0.0042
RMSE 0.0044 0.0042 0.0047 0.0051 0.0053 0.0057
R? 0.76 0.79 0.74 0.66 0.63 0.57
PWI 0.97 0.96 0.96 0.95 0.93 0.97
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This chapter provides an insight into macro-economic faatonnected with housing
markets. It has two main contributions to the real estaten@iediterature. The first
contribution is to highlight the relationship between ntaeconomic indicators and
housing markets with their direction of the interaction.e®econd contribution is to
shed new light on the mechanism of housing markets and toognmain-parametric
statistical models that can be used to predict housing renkece trend. The em-
pirical models provide a coherent set of practical and ptexdi results. The models

also confirm the importance of changes in housing markets.

However, the models we provide in this chapter require sohnimimrmation about

the economy since they use so many explanatory variablethefmore, the number
of explanatory variables can be increased. The number dhexory variables may
cause a problem while forecastiffP 1. Therefore, in the following section, we offer

a two-state stochastic process to decrease the numberlahekqry variables.
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CHAPTER 3

A STOCHASTIC APPROACH TO MODEL HOUSING
MARKETS: THE US HOUSING MARKET CASE

The pattern of house prices, trends in their price changedbgea price volatility can
be used as an indicator to understand the housing marketiysiaGiven the impli-
cations of such changes on welfare, there has been conselerterest in identifying
driving factors of house price volatility and its furtherplications [63]. The volatil-
ity of house prices can be managed by understanding its infing factors. Hence, it
is vital to reveal determinants behind house prices or resafw experiencing volatil-
ity in housing markets. Although many fundamental elemanéswell-known, es-
pecially after the latest global financial crisis that weef@ddn 2008, studies on the
influence of macro-economic indicators on housing markate leceived consider-
able attention in recent years; see, in particular, stydi2s88,/ 106, 107, 188, 195]

and the references in these studies.

Along with the impact of many macro-economic indicators be housing market
behavior, mostly, the mortgage rate takes the first place astarnal financing source
to purchase a house. The demand in housing markets is kndventighly related to
the cost of borrowing funds to purchase a house. Therefonacaease or a decrease

in the mortgage rate certainly causes variability to prindsousing markets.

In housing markets, the external funding is generally dbneugh mortgages, whose
rate has a high positive correlation with spot or interegtga Taking into account
some essential macro-economic and financial indicatoreef)S such as 30-year
Fixed Mortgage RateH{RM), 3-Month Treasury Bill {'Bill), 6-Month T'Bill, 3-

Month Eurodollar deposit rate (London), and housing mapkiee index (S&P/Case-
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Shiller National Home Price IndeX{PI)) series between 1975 and 2016, we observe
that interest rates and the mortgage rate follow a similstepaat which mortgage
rate yields a higher rate than the chosen interest ratear@ti§yl). Even though the
duration of mortgage longer than other loans, due to ther@atifinancing a house
purchase, it is an expected result as the treasury noteseasafest investment instru-
ments since the US government issues guarantees on Bondmtiast, mortgages
do not have such a warranty. Both mortgage rate and interiest show a reverse
pattern and adverse correlation with house price inléx/ as emphasized by An-
drews (2010, [11]).

Figure3.1, reveals the following dynamics.

i) The periodic patterns and reverse trend components aestent features of the

housing market.

i) A strong rise is consistent, even during the 2001 recgsseaching to a remark-

able point in 2006 compared to the position of mortgage rates

The second structure is commonly perceived as a bubble hwhimdicated by a
circle in Figure 3.1l quoting to the global financial crise208 [59, 62]. At this
point, it is worth to emphasize that an increase in houseeprieven resembling a
bubble, is triggered by preceding prices in time. Besidesntbrtgage rate appears

to be less vulnerable to financial crises compared to inteagss and{ P1.

Mortgage&Interest Rates
S&P Case-shiller U.s. National HPI

30-Year Fixed Rate Mortgage Average in the United States®©, Percent, Monthly, Not Seasonally Adjusted

6-Month Treasury Bill: Secondary Market Rate, Percent, Monthly, Not Seasonally Adjusted

3-Month Treasury Bill: Secondary Market Rate, Percent, Monthly, Not Seasonally Adjusted
——3-Month Eurodollar Deposit Rate (London) (DISCONTINUED), Percent, Monthly, Not Seasonally Adjusted
——S&P/Case-Shiller U.S. National Home Price Index®, Index Jan 2000=100, Monthly, Not Seasonally Adjusted

Figure 3.1: US National Home Price Index and financial mairigitators
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In housing markets, traditional price prediction methaelg bn comparisons of the
cost and selling house prices without any internationatynpunced standards and
certification process. A vast number of studies describmgsing market dynamics
utilize many approaches, mostly in the frame of econometidels. Those models

usually reproduce and capture a sub-sample of charaatsristhousing markets.

Common house valuation methods such as hedonic and mulégiession enable
researchers to display the importance and impact of signifibousing character-
istics and recommend a wide range of variables, such as mnadpelation, physi-

cal conditions, spatial and national economic indicatorsthe evolution of house
prices [34,65] 82, 140]. Chaptel 2 is a genuine example ofthesdeling ap-

proaches. However, especially, the rigid assumptions niyidg in conventional

models such as normality, independence among explanaaoigbles, and linearity
become an obstacle for assuring the prediction accuracyabf siodels. Therefore,
a model that has a high forecasting power and requiring anmim number of con-
tributing variables enables housing markets participtmizortray housing markets

tendency conveniently.

Without dealing with assembling all related explanatorgialales in the time frame
used in the analysis, one can explain housing markets’ jpet®vior and capture
the stochastic response concerning a major indicator. Bgsikde association (multi-
collinearity) among contributing variables may distor #ccuracy of the prediction
power in conventional methods. Nevertheless, selectiagrtbst contributing vari-
able as a significant explanatory indicator of house pri@ngk reduces the cumber-
some search for all relevant information, simplifies thegiog market modeling, and

it may increase the accuracy of the house price prediction.

The strong dependence on housing markets and the mortgadeads us to define a
stochastic process that mirrors the behavior of housegdseavell as its underlying
factors using the Stochastic Differential Equations (SBfproach. Our concern in
SDE models stems from their use in modeling stochastic behaf/financial assets,
their financial applications such as option pricing, andenirwidespread availability
of data. Therefore, unlike many other studies in the litetthis chapter is based

on one indicator that governing house price dynamics. Mongortantly, this as-
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sumption reduces the complexity of dealing with many exglary variables affect-
ing house price dynamics. Hence, our main aim is to provid8[@E representation
of housing markets, while many original studies on housiragkats use statistical

and econometric models.

In the proposed process, an SDE is utilized, as its rigoraath@matical descriptions
include the influence of the historical PI and FFRM values as well as the impact
of other explanatory variables. If the presdnf’/ can be reasonably modeled in
terms of only the past/ PI and FFRM values, we have the enticing prospect that
forecasting{ P1 is possible. The SDE for identifying a plausible stochasixlel for

a national housing market is given in this chapter, along tie parameter estimation
techniques and forecasting for the introduced model.

From the modeling perspective and for the empirical angJysiemphasize the uncer-
tainty component of house price developments, we study@b$house price index
and fixed mortgage rate whose dynamics are observable oxgyé&ars. We consider
F RM as the fundamental indicator due to its essential role ireeming (decreasing)
housing demand and its high association with interest.r&®&sed on proposed SDEs,
we analytically acquire theoretical house prices assedmith mortgage rates whose
pattern also follows a certain SDE. We operated a calibngirocedure to the given
SDE and required parameters, which are inherited into theéehto predict the US
housing market price behavior. The parameter set is estdrztsed on US historical
HPI and FRM data. In this chapter, to achieve our goal, we adopt an opaimi
tion algorithm to the estimation process, which considerdeulying probabilistic

assumptions of random terms in the given SDEs.

The critical and cumbersome part of the house pricing ampréfzat we use in this
chapter is the precise description of stochastic proceg®esrning the behavior of
house prices and the mortgage rate. The main charactsrigtibese processes are
to capture the exact nature of both variables. The curresmptein contributes to the
existing literature by derivingZ PI in terms of mortgage rates using SDEs as an

alternative method to the econometric methods.

The organization of the chapter is as follows. Seclion 3tfoduces the literature

on traditional housing market forecasting. Secfion 3.2gian outline of the back-
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ground of stochastic models, which aid in analytical sohsiof the proposed SDEs.
The system of SDE equations in modeling house price indegrimg of mortgage

rates and its theoretical derivation is presented in Sedi8. Model calibration and

forecasting the house prices based on real-life data astréited in Section_3.4.

3.1 A Review of Structural Housing Market Modeling Literature

In recent decades, many studies that forecasting housespran be found due to its
growing impact on consumption, commaodity, and financialkets, see, for instance,
[126,/141] 168, 181]. In the literature, many authors emglognometric models to
determine the effect of particular housing charactesstin house prices [53, 174,
121,[122] 183]. However, these models require numerouseafiry variables as
we highlight one of its examples in Chapiér 2. As a result,éhesdels increase
models cost due to the characteristics of explanatory vimsa More importantly, the

econometric models have a high potential in generatingi+oallinearity.

Furthermore, the performance of house price predictioedas the suggested mod-
els may lose their accuracy over time. As indicated by Zietal.e (2008, [200]),
outcomes of such models differ not only concerning the sfzéependent and ex-
planatory variables and their statistical significancedis in some cases, the sign of
coefficients of explanatory variables. Therefore, such et®ceflect only outcomes

for a specific time and location.

Moreover, Rapach and Strauss (2009, [168]) emphasize tlsmgle variable can be
considered as the most contributing variable. Therefoiie,ahallenging to identify

apriori and particular variables or a small set of variableghis regard, the utiliza-

tion of econometric models in forecasting house prices nmyalways be as precise
as expected. However, the existing literature indicatasredatively few studies use
alternative modeling techniques for house price foresgstuch as multivariate time
series, which requires a strong underlying theoreticati@hship[19, 92, 199]. There
exist studies that employing a univariate time series aqgravith a particular focus
on nonlinear price dynamics [66, 126, 149]. These studigfoex a variety of pre-

dictors of housing markets, which are beyond simple augoesssive models. For in-
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stance, Rapach and Strauss (2009, [168]) focus on the foabdédg of house prices
in states of the US, and they show that auto-regressive mpéeilorm relatively well
for interior states. In contrast, they do not perform wetl doastal states. They in-
terpret their results as evidence of disconnection amoitgpand fundamentals of
housing markets.

There are remarkable studies that represent a micro-edom@mvation of diffusion

type processes for house prices, which includes one-statdven-state geometric
Brownian motions[[115, 119, 120, 153, 175]. Notably, in theipg of mortgage

contracts, the context of the literature uses the arbitpagéng theory to rationally
price a mortgage contract by assuming the underlying hotise pvolves from a
geometric Brownian motion.

As summarized above, the housing market modeling is mostiyléd using linear
and nonlinear time series techniques and some other econoteehniques. How-
ever, to our knowledge, the implementation of a fully stetitamodel in forecasting
prices in housing markets does not exist in the literaturea kimilar direction to
Kau and Keenan (1995, [115]) as guiding literature, we immaet an SDE structure
to understand housing markets in terms of th&7 and FRM. The model in this
chapter differs from [115] in the following aspects: i) ThBESstructure is composed
of different contributing functions, and their analytisallutions under these assump-
tions are derived. ii) We employ theé P and F'RM, whereas the guiding literature
considers only the prices and interest rates. iii) The @mstUhlenbeck process is
deemed to be model thERM, and the model is calibrated using the observed US

data, whereas the guiding literature illustrates findingh simulations.

3.2 Preliminaries for Stochastic Modeling

An SDE explains continuous paths of a variable incorpogatioth with random and
deterministic components at which the random componeneisgmted generally by
a Wiener process. lItis, therefore, a mathematical contstruthat models an experi-
ment consisting of states occurring randomly in a probgtsipace (2, 7, P), where
each component in the triple determines the set of all plessilicomes, set of events,
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and the probability of each event, respectively.

A stochastic processX;, on a given probability space is a sequenceRefalued
random variables that are measurable concerning theiblr#; defined in the prob-
ability space and it carries all relevant information alomith the time(¢). More
specifically, if a path of a stochastic process up to a tire0 is observed, it is possi-
ble to decide whether an eveate o (X, s < t) has occurred or not occurred based
on the relevant information carried by the process itseérgh (X, s < t) denotes

a filtration. More formally, we may define filtration as in tr@ldwing definition.
Definition 3.1 (Filtration). A filtration F; is a non-decreasing family of subalgebras

of F in the probability spacé&?, F,P).

If 7, =0 (X,,s <t),thenitis called the natural filtration of the given procéson
(Q, F,P) and X, is an adapted process to the filtratiép if it is F; measurable for
everyt > 0. Hence, based on Definition 8.1, a stochastic process iyaladapted
with respect to its natural filtration. This enables us to Ewystochastic integrals
and stochastic differential equations based on martisgafge justifying the certain
requirements given in Definitidn 3.2 [21, 123].

Definition 3.2 (Martingale) Let (), be afiltration on a probability spa¢e, 7, P).
Then, a procesd/; is a continuous-time martingale with respect to the filtati
(Ft)es if it satisfies;

il. M, is (‘Ft)tzo measurable for aH,
iii. E[M,|Fs] = M almost surely, ifs < t.
In the literature, the random component in stochastic mseEegenerally assumed to
be a Brownian motiori [21], which is given in the following defiion.
Definition 3.3 (Brownian motion) A processV (t,w) : [0,00) x © — R is a Brow-
nian motion if the following properties holds;

i. W(0)=0, P(w;W(0,w)=0)=1,

55



ii. W(t)is a continuous function af

. If 0=ty <t; <ty <...<t,, thenthe consecutive differences
{W(ty) = W(to)},....,A\W(tn) — W(tn_1)}

are independent, normally distributed with

E[{W (ter) = W (t)}] = 0, E[{W (tipr) = W (t6)}] = tsr — by

The properties given in Definitidn 3.3 enable us to employ #irdimensional Gaus-
sian process. However, a Brownian motidfi;, does not attain always absolutely
continuous paths. To tackle this, Young Theorem [197] isltsevaluate the stochas-
tic integration of the formeT X, dW, together with employing quadratic variation
property defined as
(X), =1lim > (Xi,, — X))’ VE=0,
t,€ETn

Here, it should be noted that the quadratic variation of a Braw motion equals to
t. To evaluate stochastic integrals in terms of quadrati@mtian approach, the Ité’s

formula needs to be employed.

To introduce Ité integral we first define the space of the setqpfare integrable
processesy,, to be progressively measurable with respect to the fittma#;, on
L? (Q, F;,P) expressed as

n—1
Uy = ZE X ]l(ti,ti+1]<t)7
=1

where0 = ¢, < ... < t, = T is a partition of the interval0, 7] and F; is an F,
measurable random variable witF?] < co. A set of simple processes, which
consists of the set af,’s satisfy c L? (Q, F;, F, P).

Theorem 3.4(Itd integral) Given alinear mag : L*(Q, (F;)i>0, P) — L*(Q, F,P)

having the properties

i Foru=S""0Fx Ly, €& Z(u) =31 Fi(Bi,., — Bi),

i+l i
i, For u € L2(Q, (Fi)is0, P), E (Z(u)?) = E ( o ugds>,
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the mapZ is unique and called the 1t integral defined as
+00
Z(u) = / usdBs.
0

Before we proceed let us introduce also 1t6 formula. 1td fdamalates differentiation
and integration, and also provides a practical method farprdation of stochastic

integrals.

Theorem 3.5(1t6’s formula) Let X; be a continuous and adapted semi-martingale
process and lef : R — R be a function which is at least twice continuously dif-
ferentiable(f € C?). Then, for almost every € €, the process f(X;))o is @
semi-martingale, and the following change of variable folarhwolds:

FX) = 100+ [ Pax g [P x).

If we consider the process;, satisfies the following SDE
dXt = [L(Xt, t)dt + U(Xt, t)dBt7

then, the existence and uniqueness of solutions to suchsSfaB’be guaranteed only
if the certain conditions given in TheorémB.6 holds.

Theorem 3.6.Lety : R — R, ando : R — R be two real valued functions. Then,

there exists a constat > 0 such that

lu(x) = p@W)ll +llo(x) — o)l < Cllz —yl, .y € R.

Hence, for everyr, € R, we can find a unique continuous and adapted process,
(X[°)¢>0, Such that fort > 0

t t
X[ =z + / b(XI°)ds +/ o(XI°)dBs.
0 0

Moreover, for every” > 0,

]E(sup | X \2> < +o00.

0<s<T
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3.3 The Economic Implications and the Model

Stochastic models, especially in the form of SDEs, are contynased in financial
derivatives pricing and real options analysis under theiragsion of a fully com-
petitive market([33, 84, 99, 146, 167, 172]. Among those Gamsor Geometric
Brownian motion structures are the most commonly implenteotees due to their

excellent properties [29, 55, 148].

In this chapter, the proposed housing market pricing maglahiarbitrage model in
which the stochastic behavior of house price indices andfaaoring variable, the
mortgage rate is exogenously given. The SDE approach inajaag a price struc-
ture for housing markets is defined according to assumptanss specific charac-
teristics for its analytical simplicity. The price of anyus® on housing markets can
then be retrieved as a function of the given variables, wirend the condition of

no-arbitrage for housing markets as in perfectly competitnarkets.

In an efficient market, where asset prices instantly chaagueitror newly arrived
information to market, asset prices would be an accuratectesh of all currently
known factors of supply and demand. Moreover, they alsoatordn adjustment
based on expected future changes in the supply and demaidmship. Although
the efficient market hypothesis in housing markets was fostlacted in the mid-
eighties by Linneman (1986, [135]) and some other studidswmng his study on
the efficiency of housing markets, support the weak and sémoinrg forms of the
efficient market hypothesis [94]. There is still a lack of nimaous conclusion in
the effectiveness of housing markets. Under the assumfitatrthe actions of the
ignorant and irrational investors are uncorrelated andaan their efforts may cancel
out, and housing markets can agree on the same prices [26FeHm this chapter,
we aim to present a continuous-time model relying on statipdiffusion processes

for the price behavior of housing markets.

Most buyers finance their housing primarily through a deltjclv causes a high
correlation between housing price and the mortgage ratdpssated earlier (Fig-
ure[3.1). Such a close association and high statisticalrdkgpee between house
prices and mortgage rates are expected to define a stochgstiteracting system of
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equations. Therefore, the model of the house price is agstoriellow an evaluation

process similar to the Black-Scholes-Merton (BSM) descradetbllows.

Proposition 3.7. General Model Let(2, 7, (F).ci0.17, P) be a filtered probability
space with required conditions. Consider an economy with tweetaied state vari-
ables which are two non-negative adapted processes, the Ipoieseh,, and mort-

gage ratey;, defining a joint stochastic process,

dhy = fi(re, he) dt + fo (he, 0n) dZy, (3.1)
dry = f3 (Tt) dt + f4 (7% Ur) AW, (3.2)
dthWt = pdt7

whereZ; and W, are two correlated Gaussian random variables, with corresjiog
means zero and varianceésdefined under the same natural probability meastre
and the correlation coefficient is given with Here, at least twice differentiable
functions, f;,i = 1,2, 3,4, determine the random components at whigh = 1,3
correspond to the drift rates, whereds i = 2,4 describe the instantaneous part
of the unanticipated price and mortgage rate due to the velmtelated to each
variable.

It should be rephrased in Equatidn (3.2) that the mortgaigeisaxpected to change
at any time at a rat¢; (r;). However, the actual change stems from the unbiased
componentf, (r;, o,.), which is serially uncorrelated and follow normally distrted
disturbances in the economy. It should be noted that thegagetrate diffusion pro-
cesses can be either identified with observed historical d@ain particular, with any
of the well-known short rate interest rate models [54, 1®&@],lwhich may increase
the complexity of the model. Hence, the SDE system is giveRrwposition 3.I7
sets up a generalization of this feature to construct a nabest pricing structure.
Another point to be mentioned is that the model can be easibtable and flexible
concerning the choice of the functiorisi = 1,2, 3,4. In this frame, the selection
of the most appropriate model is an important issue and maghays be trivial.
Based on the guiding literature [29,/55, 99, 148,1167], seeadf f;’s should be
made. Specifically, selecting a linear relation betweerthese price based on [172]
resembles econometric models commonly utilized in theditee for estimating the

house price.
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Additionally, it should be emphasized that Equationl(3slg standard stochastic pro-
cess structure for the underlying asset price allowing fooa/enience yield, which
evolves with a stochastic process structure introducedjiuraion [3.2). In this set-
ting, if one selects a fixed rate, the model will become a one-factor model, and the

effect of the mortgage rate on the house price is not adelguaiserved.

Propositio 3.7 can be extended by adding a jump-diffusiangert sudden changes
in the economy, such as financial crises and large catastrepénts that affect the
whole economy. The extension of the proposition is giverhanfbllowing proposi-
tion.

3.3.1 Model Selection

The SDE approach is assumed to explain well the charaatsridtprices in terms of
the underlying distribution of housing returns (log-pegeterpreted intuitively from
observed house prices. One-factor models such as GeorBetigian Motion for
the log return of the index price process and an Ornsteiretidck (OU) process to
represent the mortgage rate are proposed with pre-spegédratheters. Analogously,
the selection of;,7 = 1, 4, in Proposition 3.8, yields the proposed modelfoP!. In
index return modeling (Equatioh (3.3)), the paramgterepresents the total expected
return on theH PI return, o, is the constant volatility and is the rate at whichr,

reverts touy,.

Similarly, the mortgage rate model contains the parameterspresenting the mean
level at which the short rate will evolve around in the long;m denoting the rate of
reversion that characterizes the speed at which futurectajes will revert back to

i, ando, standing for the volatility of mortgage rate (Equation j3.4

This system of modeling in equity markets is firstly introdddy Gibson and Schwartz
(1990, [84]), which is taken in this chapter as the guidingleido adopt the process

of house price index log-returiag, as a geometric Brownian motion where the growth
rate is adjusted by mortgage rate Since the house price index is represented as a
function of the mortgage rate, this modest and flexible medabeds the properties

in both dimensions.
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Proposition 3.8. Given the parameters > 0, u, € R, 05 > 0,5k > 0, 4 € R and
o, > 0, we define
dhy

o= A(pp — 1) dt + 0, dZy, (3.3)
t

dry = K(u, —r)dt + 0. dWy, (3.4)
dthWt = dp,

whose solutions are derived as

2
M — b (T —t) o, (Zp—2Ze) =X [ rs ds
hy — ht€<uh 2)( Vton(Zr—2Zt)—A |,

)

T
rr = Tt@in(T*t) + Kby (1 - €7H(T7t)) + UT/ eiﬁ(Tis)dWS'
t

Proof. Using It6’s Theorem (Theorem 3.5) and taking the logarithefiwd

1 1 /71
ln(hT) = ln(ht) + h—tdhs - 5 ﬁd[h’ h]s
t t S

T T
= In(h) + / A(pp —rs)ds + / ondZ,
t t

1 T
— §/ or (P> +1—p?)ds. (3.5)
t

By rearranging Equatio (3.5) we obtain,

In (%) = /t ()\ (o, — 15) — %) ds +/t ondZ,. (3.6)

which yields the house price index as

02
(,\mﬁ%) (T—t)+on(Zr—2Z0)—X [ s ds
hT = hte .

To derive the expression for mortgage ratewe solve the OU process by defining a

new process as in the following form
X; = re™,
which results in

dX;, = e (krydt+ dry)
= " (kp,dt + o.dW;) . (3.7)

By integrating Equatiori (317), we obtain

T
X1 = + Kty (e“T — e”t) + JT/ e dWs. (3.8)
t
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Rearrangement of Equatidn (B.8) ends up with
T
rp = re " 4 Ky (1 - eiK(Tft)) + ar/ e =9 qW s.
t

O

Note that the solution of, is composed of a sum of a deterministic term and an
integral of a deterministic function concerning the Wiepgrcess. Having this prop-
erty inr,, we assume, under the normality assumption, the mean andatlace

of mortgage rate can be derived using the martingale andgdideétry of Brownian

motion.

Corollary 3.9. Given the mortgage rate;;, is normally distributed, the expected

value,E [rr| and the variance, Varrr), of mortgage rate are derived as follows:

Err] = re "0 4 gy, (1- e’”(T’t))
03 —2k(T—t)
Var (ry) = o (1—e ).

3.4 Model Justification and Forecasting: S&P Case-Shiller Cse

The main obstacle in the practical implementation of houserng with SDEs arises
from the determination of the parameters associated watpithposed processes. The
reason is: the underlying assets in housing markets areqgatilyproduced immobile
products, and the market liquidation is not as easy as irulhedompetitive markets.
Moreover, since housing markets are characterized by mpetation and bargain-
ing among the potential buyers and sellers, both partiesalft use their experience,
which may manipulate house prices in the market [65]. Alsmydes are not traded
frequently, and the house prices that both parties agreecomod directly observable
by the market. The validity of the model is performed in a nearkhose historical
data in a long-time frame is available and is known to be rbhgainst the extreme
shocks in financial markets. For this reason, we implemenmnmdel to monthly
collected S&P Case-Shiller Home Price indéxand the monthly mortgage rate,
obtained from Federal Reserve Bank of St. Louis for the pendzbiween 975 and
2016.
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The descriptive statistics of the variables (Tdblé 3.1isillate that house price index
(log-returns) exposes a heavy tail and high kurtosis, whar be a sign of the fre-
guent occurrence of extreme events. On the other hand, thigage rate follows an
approximately normal distributiork{irtosis ~ 3.0) with a mean rate 08.38% and a
standard deviation df.24%.

Table 3.1: Descriptive statistics &f P/ and mortgage rate (1975-2015)
Min Max Mean Std Skewness Kurtosis

h 252  184.62 96.26 47.55 0.36 1.84
log-h -0.023 0.02  0.004 0.006 -0.76 4.84
r(%) 3.32 1844 838 324 0.79 3.33

The model we introduce in Proposition 3.8 contains the g@tkto represent the
behavior of the real-world market. However, before any ficatapplication, the co-
efficients in the model-specific parameters have to be obdeamd estimated using
the real market data. Therefore, the calibration of the rhtuddetermine the mar-
ket reflecting the model parameters is vital. Indeed, thiiedlon is a procedure
that minimizes the sum of the differences between the malkt and the estimated

values based on the prespecified model.

In order to implement the prescribed model, we first diszedtte time into a finite set
of intervals{t}} ,, wheret; < t,,, foralli € [0, N], with t, = 0, andt = T Using

a sufficiently largelV-and an evenly spaced time-lattice= % we approximate the
house price and mortgage rate. Starting from initial valieserved from the real

data, the house price and mortgage rate are determined@sdol

hipne = he+A(pn —10) A+ 00hi(Zisae — Zy), (3.9)
Teear = T+ K (e — 1) At 4+ 0, (Wigar — W), (3.10)

whereA; = t;.1 — t;.

By rephrasing Equations (3.9) ard (3.10) in terms of theiapeaters, we obtain

) N-1 bt — b 2
</\,,ah> — argmin Y ( (L) _ ()\uhAt+/\r,~At)) . (3.11)
=1

ALk hi
N-1 2
(R, [ir) = argmin Z (ri+1 —r; — KAt + )\riAt) ) (3.12)
Fobr 41
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Using Least Square Method (LSM) the parameter pairg, and\, x;,, which mini-
mizes Equationg (3.11) and (3112) are estimated. Afterwtardetermine the disper-
sion in the fitted model based on these calibrated estimgestandard deviations
of residuals between actual and estimated values in botts SibdEcalculated.

Table[3.2 contains the calibration results of the SDE mdu#l we introduce above.
The table shows that the log-return of house prices mortgagaeverts to the mean
value5.23 with a rate of16.30 with a volatility rate6.26%, which are much higher
than the ones in the log-transformed index returns. Giveriutbulent period under
our consideration, it is perhaps unsurprising that the S&Bechiller Home Price

Indices have a relatively high mean-reverting parameter.

Similarly, the mortgage rate yields a highreferring to a fast rate of reversion that
future observations reverting to the mean value 06f01% and much higher volatility,
0.31% compared to the original mortgage rate values, which are jalstified by
higher standard deviation value in the mortgage rate. Ttimason result illustrates
that the proposed model in this chapter also includes thaehidolatility in the time

series under investigation.

Table 3.2: Estimates of the parameters using calibration
Ao %) enR) R e () 6. (%) p
16.30 523 6.23 7.74 -0.01 0.31 -0.77

As next, we demonstrate the accuracy of the joint calibnafparameter estimation)
by performing Monte Carlo simulations of monthly S&P Casell8hiHome Price

Index values based on the estimated SDE model parametexns igiviabld 3.2 and
observed values collected between 1975-2015. Fgure 8\#ssthat the model hav-
ing the estimated parameters generates plausible véawyaibilindex returns. The
accuracy of the fitted model is justified by quantifying the Rbl@an Square Error
(RMS) (0.45%) and Mean Absolute Error (MAE) (0.31%).

The estimated stochastic house price index model is emgolvtepredict the monthly
future realizations with Monte Carlo simulations for a digatof a year, which are
shown in Figuré_313. The gray lines in the graph represenpditie space trajectory
forecasts of the coming twelve months with a hundred sirarlaiand the red line
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Figure 3.2: Simulated and observed S&P Case-Shiller Honoe Rrdices

represents the Monte Carlo result of these forecasts. Nesttiesay, the forecasting
values using SDE as future realizations capture the paittettme index accurately.
These results verify the grasping ability of the proposedESDHere, the accuracy
of the model can be increased by applying other calibratrodyrcers. Besides, the

forecast power also might be increased by increasing théauof simulations.

nnnnnnnnnnn

Figure 3.3: Observed and predicted S&P Case-Shiller Honoe Rrdices

The outcomes of this chapter enable researchers to unaetsi&house price behav-
ior in terms of the random components. We implement the SQEcgeh through a

real-life case, yields a good prediction in future housegwias well it captures the
real volatility which is not foreseen accurately in the ara series. Measuring price
fluctuations and imitating the market evolution togethethwine mortgage rate using
the proposed approach gains importance, certainly foringusarkets whose his-
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torical observations in terms of all contributing factors aither scarce or not fully

available.
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CHAPTER 4

LARGE INVESTORS IMPACT ON THE PORTFOLIO
OPTIMIZATION OF SINGLE-FAMILY HOUSES IN HOUSING
MARKETS

As a consequence of the crash in real estate markets in 2066& ef the large

investors came on to the stage and invested in a significaouaiof wealth into

single-family houses to construct a portfolio of rental dimgs, whose income are
securitized in the capital. In some local housing markdtese investors own re-
markable numbers of single-family housing units. Furthenenthe trading activities
of these investors have resulted in a new investment/bssisteategy, which exacer-
bates property wealth concentration and polarizations Tiew investment strategy
and its portfolio optimization inspire curiosity on its inéince on housing markets.
Hence, this chapter is dedicated to analyzing the effecrgkl investors on housing

markets by taking advantage of the classical portfoliorofation theory.

4.1 A Brief on Large Investors in Housing Markets and Motivation

The most recent global financial crisis triggered by the U&simy market collapse in
2008 diminished the home-ownership rate almost in all atemtAs a result, follow-
ing the 2008 crisis, housing markets attracted some siaghdly real estate investors
(such as large private equity firms, institutional investar real estate investment
trusts), who are called large investors, entered the st&tfeavmew business model as
an opportunity to construct a portfolio of single-familydsing units in rental hous-
ing markets([7]. The large investors are, especially, tiggédst buyers in struggling
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local housing markets where house prices increase quiokepared to healthy hous-
ing markets. Hence, contrary to the common belief in the etadéter the sub-prime
mortgage crisis, large investors dominate local housingketsin return to benefiting
from the leading edge of rising house prices and the rentahire in their portfolio.

This new business form differentiates substantially fréve eisual business models
in housing markets since the large investors purchase vasbers of single-family
housing units and, therefore, own a sizable extensive Irbotase portfolio. This
strategy conduces a new asset class that a broader growestidrs may hold single-
family rental houses in their portfolio without purchasiagd managing houses by
themselves. Contrary to the conventional belief on the itieficy of large pools of
single-family rental housing units due to their managingtssed-site housing units
and cost as in the early eightiés [192], the large-scaletbugnt investment strategy

in housing markets has emerged naturally in the last twodkecH 50].

There are three major reasons behind the notoriety of thébneuess model. (i) The
vast house inventory on housing markets following the 20@8scmade it easier for
the large investors to construct geographically conceadrpools of almost identical
properties as the unusually high number of single-familydes in the market creates
an opportunity to summon a rental house portfolio. (ii) Tigdt mortgage financing
policy of policymakers gives the large investors an adwgamtaver small and local
investors, and further spurring demand for rental housmtswdue to their less de-
pendence on mortgage financing. (iii) The recent techno&gievelopments (such
as cloud computing, personal mobile devices, and mobitrnet connectivity and
their integrity with the banking system) have allowed smaiti-site property renova-

tion, maintenance, and management in a more flexible andeeffimanner [150].

Regarding the first reason, the unusually high number ofsifaghily houses on mar-
kets creates an opportunity for large investors to constrportfolio that consists of
rental houses close to each other and almost identical ctieaisiics. More impor-
tantly, large investors are also sophisticated and igtatii consumers, generally cash
purchasers, and they have superior negotiation skills aore experience than small
and local consumers. This opportunity allows large invessto take advantage of

constructing a portfolio with less initial wealth since tlis period, generally houses
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offered with a discount.

Concerning the second reason, large investors are lessabrgem mortgage financ-
ing than local and small investors. More importantly, sesrof mortgage financ-
ing that are available to large investors (for instance/gei equity and bank lines
of credit) tend to be less costly than mortgage financing ithawailable for small
investors. Consequently, large investors pay less inténastlocal and small con-
sumers for the loan used for financing the house purchasirg tight mortgage
financing policy of countries due to the crisis also causesmenmease in demand for
rental houses. Another issue in this item is that large toreggenerally make their
investments in areas where the people with lower creditesclive and most likely

prevented from purchasing houses by the tight mortgagedingmolicy.

On the subject of the third reason is the construction of petgry software for prop-
erty acquisition and management. More importantly, suétwsoe reduces the cost

of assembling and maintaining a sizable rental house piortfo

By depending on the efficient market hypothesis in the cordgégte modern port-
folio theory, we may claim the price of a house mirrors alliekde information in
the housing market. Therefore, it is likely the price of tlwmbe is indifferent to the
type of purchaser, whether the buyer is a large or an indalichwestor [7]. How-
ever, the price diverts from its fundamental value. It degaacross investor size
because of factors such as high cost of information, lackdefjaate competition,
high transaction costs, agency costs, and frictions in &imgntypes. For instance,
some investors may enjoy the liquidity of their portfolicdamansactional efficiencies
of the market (advanced targeting of potential acquisitionses, cash acquisitions,
superior negotiation talents, and expertise, etc.), aedatipnal efficiencies (real es-
tate and portfolio management expertise of investors)dallbousing markets whose

purchasers may not have [7].

On top of that, some investors might also enjoy the monopganyer during dis-

tressing periods and might be qualified to utilize their pasing capability and ne-
gotiation abilities to purchase houses at a discount to tharket value. On the other
hand, acquisitions by large investors may increase thédetaand in local housing

markets, consume house inventory of distressed local hgusiarkets, and, more
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importantly, cause an increase in house prices. Furthernlemge investors are pri-
marily non-local at which they suffer from high researchexges and informational

disadvantage concerning local housing markets [7].

The impact of large investors on housing markets and thegsiiiment performance is
significant for both local and small investors and inhaligait also creates potential
interest to accelerate the magnitude of recovery in locasimg markets, mainly, with

a substantial portion of distressed housing markets [7itheamore, whether acqui-
sition activities by large investors promote or suppresslimental house prices, it is
also crucial for the overall economy since the recovery indnog markets is one of

the leading indicators of national economic growthl [37 /@83/127[ 1209].

A vast number of studies investigate the change in house$asat national and lo-
cal levels. However, the number of studies analyzing thecefdf large investors
on housing markets is limited. The impact of a large investora local housing
market typically depends on supply and demand behaviora &dly competitive
markets. On the supply side, developers construct new Bpuaaesing an increase
in the number of housing units, types, and quality of housethé local market.
Whereas, the demand side sets the price of new houses to attompevel within
the current house prices and attractive to both investatgpatential consumers who
are eagerly seeking an attractive investment opportunityousing. Traditionally,
theoretical studies emphasize that constructing new lsaaggenerally likely to gen-
erate both positive and adversarial externalities for Bomsners in local housing
markets [[191, 188]. In addition to the fiscal, social, andl@gical benefits, new
buildings can also generate advantages for joining privatese owners. The newly
constructed houses may have positive spillover influenogeg@sent neighborhoods
by producing a more lively district as empty lots become paijgal [198]. If aban-
doned lots form external dis-amenities through attraatingping, providing illegal
use, or causing a deformity, then building new houses wilgpessively reduce the
external dis-economy, increase the local population, ldpuhe aesthetics of the lo-
cal housing market and increase surrounding property $46@4. New constructions
might be more aesthetically delightful than unkempt lotditapidated houses which
improve the views. However, such infill development may alaaose an adverse

effect on surrounding properties due to increased traffig, fitmise pollution, and re-
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duction of green areas on the district [139]. New houses nsy@mpete directly
with current houses in the same housing market segment imeatig through asso-
ciated sub-markets, potentially decreasing the valuegaity current housing units
by expanding the housing supply while the housing demanairesiconstant [178].

While most of the attention focuses on the effect of state mdiperes and grants for
city center redevelopment impact surrounding house valndghe impact of private
residential development on local housing markets, thecefié large investors on
housing markets in this aspect remains an unresolved questihis chapter aims
to address this gap in the literature by employing Stocbd3ifferential Equations
(SDEs) and stochastic control methods to investigate thmaamof large investors
purchasing single-family houses for the rental businessta of that, the effect of
economic states on housing markets is taken into accoumy tts¢ Markov switching
model. Therefore, the key ingredient and contribution &f thapter are to examine
the presence of large investors jointly with the effect afremmic state on housing

markets to maximize investors’ wealth.

The organization of the chapter is as follows: Secfion 4ttbduces a theoretical
framework for the economic environment of the investigatedsing market. Fur-
thermore, it includes preliminaries, proposed theoremsgbwith their proofs to
model the housing market with the effect of large invest@sction 4.8 illustrates

the numerical results of the proposed model.

4.2 The Economic Environment

In this chapter, the large investors as purchasers are assionutilize housing units
in their portfolio only for business purposes. The conteixtange investors con-
tains “corporate” investors. Corporate investors are thielpasers that intend to lease
and/or resell the property without leasing or occupyingdn the other hand, indi-
vidual investors are the ones where the purchaser is nogamiaation, and his legal

posting address obliges for at least three transactior®y.[15

Definition 4.1. A large investor is a buyer who has corporate structure aed dot

intend to use the housing units for the personal or compagy us
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In the context of the chapter, we assume that the objectitbeofarge investors is
to find self-financing strategies in the long-term period thaximize their expected
utility concerning their terminal wealth. To express hopsee dynamics we define
the triplet(€2, 7, P) to be a filtered probability space with filtratioR, = (Ficj0.77).
satisfying the usual conditions for some fixed but arbittane horizonT € (0, ).
Consider a continuous-time finite-state Markov chainwhich represents the uncer-
tainty of the economic state. Let= {ey, ..., ex} denote the state space whefas
the basis oR” and assume that the Markov chaihhas a generatdp = (Q%) with

a predetermined initial distribution denoted by= (7*,..., 7).

Suppose there exists a large investor with a predetermmadl iwealthz € R*

in the market, and her objective is to attain an investmeamatexjy that maximizes
her expected utility from her terminal wealth. Moreoverpgase that there are two
available instruments in the market: a bank account (orfris& bond as a risk-free
asset) and houses as risky assets. Therefore, the invastamest in houses and a

risk-free bond as the only available investment instruménthe market.
Assume the risk-free bond price process dynamics is given as
dB, =rBidt, >0, and t>0. (4.2)

Supposey; € R represents the fraction of wealth invested into the houses &), T'|
whereas] — a4, corresponds to the wealth that invested in the risk-frelbblere, it
is worth emphasizing that due to its nature, the short getlfra house is not possible,
which may create analytical difficulties. To avoid such ab, Assumptiof 412 is

stated.

Assumption 4.2.Givenq; € [0, L], L € R* forall t € [0,7] and L always can be
chosen large enough to ensure that the optimal solutioreafdlresponding portfolio

problems is an interior point in the given interval if a findptimal solution exists.

In the standard approach, a house price is assumed to evolaafdiffusion process
whose mean, and variance are determined by a two-statsidiffprocess [119, 120].
However, in this chapter, for the sake of simplicity, we eayph diffusion process
specified by one state variable, which contains a Markovge®cepresenting the
state of the economy. A two-state diffusion process to defirevolution of house
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prices is more complicated than the process we proposesrciiaipter. To present a
model with the simultaneous effect of a large investor ardstiate of the economy,
we consider a diffusion process in the lead of the studies/§8?2 Extending the
result of [66] from exchange markets to housing markets, five @n SDE model for

the effect of large traders in housing markets.

Let H; denote the original price of the house at timeavhich is assumed to obey a
diffusion process whose drift is a function of the curreatsibf the economy and the

fraction of wealth invested by the large investor. We prepasuse price dynamics to

be as follows.
dH,
o = W)+ glow,m)) dt + odW, (4.2)
t
H() == ho.

Here, the parameter > 0 represents the volatilityn. is the maintenance cost;; is

a Brownian motion which is independent of the Markov cheinandg(-, -) denotes
the influence of the large investor on the drift of the housespprocess. It should be
noted thatu(Y;) = MY, with M* = pu(e,), 1 < k < K which is a consequence of

the finite-state property of the Markov chain.

The collective impact of the large investor and maintenaareeinserted into the
model since the value of a house generally increases withaemaintenance. More
importantly, the provision of more and better houses accodates more households,
develops the appearance of the region, and hence, bringsninnfrastructure, ad-
ditional spending, and investments in local shops and cesvi Contrary to other
commodities, these effects in the local housing marketaffeuse prices gradually.
For this purpose, the impact of the large investor is addetdalrift of the process
given with Equation[(4]2). Here, it is worth emphasizingtttighe large investor
purchases a house from an underdeveloped zone, it requine® Ispend a fraction
of her wealth for the maintenance of the house. Therefoeeettect of maintenance
costs on the house is added to the model. Clarifying the ralevestment effect and

maintenance is especially crucial in the current socialg@olidical environment [95].

On the other hand, the case of volatility, under partial information, leads us to an
exciting setting where activities of the large investoregyate a trade-off among the

increase in the controlled part of the drift and reductiothmcorrectness of estimates
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of the unobserved portion of the process. Neverthelesh, @ameodel setting is even
technically acceptable since one investor's movementsnetl make a significant

change in volatility.

The dynamics in Equatio _(4.2) indicate that the portfoltestion of the large in-
vestor in the housing market might be perceived as a signéhégmall and local
investors. Thatis, in alocal area, the portfolio selectibthe large investor serves as
a determinant ruling out the drift term of the house pricecpss. Note that we focus
on the case with no influence on the diffusion part of the hquig® process, which

allows a unique solution granted that the functiof@l -) is adequately regular.
As an immediate consequence of Equation|(4.2), we make Hog/fog remark.

Remark 4.3. If the house price evolves from the stochastic process akfinEqua-
tion (4.2), the following holds

i) If u(Y;) > 0, depending on its form the value of the impact function@l -)

need not to be too large for yielding a decent return from bBsus

i) If u(Y;) = 0, the impact of the large investor may cause an increase indhge
price. For instance, by depending on the forng©f -), a substantiak; and high

maintenance can result in a decent return from houses.

To construct a portfolio withirj0, 7', we assume a market where householders may
sell without a cost, a fractional interest in their home. ¢je¢he housing choice de-
cision does not contain individual asset allocation. Fentlhve classify any buyer
who has no intention of personal use of the housing unit asnasior. Thus, the
term investors here include corporate investors [150]. édridese assumptions, the

portfolio dynamics of the wealth of the large investor Jaiss

dX® dH, dB
Xt; = Oét?: +(1-— at)F: + daydt — maoydt,

whered andm denote the rental income from the housing units and maintaneost

of the investor, respectively.

The investor benefits from the rental income of houses in befgdio, and thus she

has a monthly income proportional to her investment amautité¢ housing. On the
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other hand, the investor has a cost due to the maintenanas) i8talso proportional
to her housing investment. While the rental income has aipesitfect on her wealth,

the maintenance yields an adverse impact as a cost.

Equivalently, we can write the wealth process as
dXy
X

= [y (e (Y2) + g, m)) + (1 — ay) r + Sy — may] dt
+ auodWy, X§=z>0. (4.3)

To guarantee that the wealth process given in Equalion (4.@ll defined, it is
necessary to consider only investment strategies satgstgrtain conditions given in
Assumptiori44.

Assumption 4.4. Let X be the wealth process defined in Equationi(4.3). Then, we

call an investment strategy admissible ifX;* satisfies

T
/ (s X% ds < 00, a.s.
0

In modeling fully competitive markets, generally, it is assed that all investors are
price takers. However, in the proposed model given with Egoa(4.2), this as-
sumption is violated since we allow the large investor touefice the house price.
Therefore, in such a case, we can not depend on the no-gebitandition given for
the classical models defined for financial markets. Howaweder these considera-
tions, we can propose the no-arbitrage condition on funetig as in the following

theorem.

Theorem 4.5.Let H; be the house price process introduced in Equation (4.2)eiv
Assumptions 412 arnd 4.4 hold, and the funcyjaatisfies the conditiofy (o, m) | <
C|1 + a4 for constantC' € R, then, the market becomes arbitrage free.

Proof. For an admissible strategy, suppose

Y, —
9(1&):%, 0<t<T

It is clear thatd(¢) is adapted taF; since the Markov chaify; is adapted and the
parameter is constant. Using Girsanov’s theorem, there exists anvalgunt proba-

bility measureP under which

¢
W, =W, +/ 0(s)ds
0
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is a Brownian motion. Herég(t)| < “CU*| and the Novikov condition is satisfied.

The Radon-Nikodym derivative is given by
dP T 17,

Li=exp{—¢R}, €eRy,

Now, define

where . .
R, = / as[pu(Ys) + glas,m) —r]ds + / asodWs.
0 0

Then, L, can be written as

L; = exp {—f </Ot asg(as, m)ds + /Ot OzsadWS> } )

By applying 1t6’s formula we obtain
1 ~
dL, = L, [(—fatg(at, m) + 5520@02) dt — 5atath] .

Here, if¢ > i—g then the drift becomes negativé,( > 0). By considering the

integrability condition on/;, we obtainZ; as a super martingale dh hence
E[Lr] <E[L) =1, (4.4)

whereE denotes the expectation undemeasure.

Now, suppose; to be an admissible strategy that satisfies
P (e-TTX§”‘) > Xé“)) ~1,

which corresponds t (R > 0) = 1. From the equivalent propert¥,(Ry > 0) =
1. By Equation [Z14) we havB (Ry = 0) = 1, implying P (e "7X¢ = X§) = 1,
which meansy; is not an admissible strategy. This final result contradigth our

assumption that; is an admissible strategy. ]

Assume we are provided a utility function, which is concamereasing, and at least
twice continuously differentiable, defined &s: R* — R. Then, the optimization
problem of the large investor’s value functiovi(x, ), in investing housing market
becomes

V(z,i) = max E* [U (X}‘”)]

«

subject to

XY=z V=i
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Throughout the current chapter, we consider the case tkaathe investor is as-
sumed to recognize the true state of the economy. Subséyueportfolio strategy
is admissible i, € F; for all ¢ € [0, 7] and both Assumptioris 4.2 ahd#4.4 are hold.

Let H define the set of all admissible portfolio strategies. Thweler the logarithmic
utility function, it is possible to solve the optimizatiomgblem for a general impact

function, g, which is regular enough.

Proposition 4.6. Suppose that the impact functignis continuously differentiable
and the large investor has the utility functiéh(x) = log(z). Then, the optimal
investment strategy is

o*(t,i) = arg max E*" [U (X:(Fa)ﬂ :

a€EH

and furthermore, for allt, i) € [0, 7] x ¢, a*(t,i) € H,°® where

E%Z{QL}U{Pﬂf—r+gﬁnw+ﬂ—wd+lcwgfw—aﬁ:ﬂ%.

Proof. Given the wealth process dynamics in Equatfonl (4.3), weyalpik formula
for the utility functionU (z) = log(z) and obtain

UXy)y= log(x)

T
+ / (ozs (u(Ys) + glas,m)) + (1 — ag)r + das — mag — 1a202) ds
¢

2 S
T
+ / asodWs.
t

For any admissible strategy € #, ftT atodWyis well defined and [fT a’;adWS] =

t
0 since it is a martingale. Hence, we have

g (0] = tog)+ ] [ (a0 + glesm) + (1=
+—&—m%—%@&>ﬂ. (4.5)
Now, let us denote the integrand in Equation(4.5) as
F(s,0) = 1L(u(Ys) + g1, m)) + (1 = D) + 61 — ml — %z%—?.

Then, from the continuity of the functiongl(-,-) for any s € [t,T], f(s,-) is a
continuous function defined on the compact/8et|. Hence, there exists a number in
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L g L . g af(s,l)
[0, L] that maximizesf (s, -). More specifically, the maximizer satisfies =~ = 0
or {0, L}, which isa* € H\2. O

Remark 4.7. One can extend Propositibn 4.6 to the case where the impactida
g(+,-) is differentiable except for finitely many points in the dam&, L|. Let H°
denotes the set of the points wheife, -) is not differentiable. Then, Proposition 4.6
holds with the optimal solution*(¢,i) = <H§°g U HO).

To start with an easy and specific case application, contideoptimization prob-
lem under complete information with a linear impact funotand logarithmic utility.
Namely, for simplicity set the impact function aéx, m) = 5(« + m) with 8 > 0.

Then, we give the following corollary as an immediate restiRroposition 4.6.

Corollary 4.8. Suppose an investor with a utility functién(z) = log(z) and an

impact functiory(c«, m) = S(a + m) wheres > 0. Then, we have

g _ M40+ (B—Dm—r\"
Hig_{o,L,( ) }

In particular, depending on the given set of model paransetex have the following

cases:

i) if 268 — 0% < 0, then, for all(t,7) € [0,T] x ¢, the optimal strategy is given by

i +
o (1) = (M +5;L2(€;61)m—7") |

and the value function has the following stochastic represgem:

P () + 0+ (B—1m — 1)

2(02 — 28) ds

V(t,x,i) =log(x)+r(T —t)+E** [/
t
i) if 28 — 02 >0, then, for all(¢,i) € [0,T] x ¢, the optimal strategy is given by

o' (t,1) = Ly 54 (6 tymer—r(5-102)

and the value function in this case has the following stocbaspresentation:
0.2
V(t,z,i) =log(x) + (T —1) ((ﬁ - 7) L* + r)
) T
+ E** [L/ (u(Ys) +d+(B—1)m—r) ds] :
t
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Remark 4.9. As a consequence of Corolldry 4.8, we infer:

i) If parameters satisfy/* + 6 + (3 — 1)m — r < 0, the solution is not an optimal
solution for the housing market. This case occurs if the enoonis in the bad
state and the interest rate is high which an indication ofr#aworable housing
market. The optimal strategy leads investors to have aipediank account.
Further, if the case in iten) occurs, the effect of large investors on housing

markets are going to be significantly small as it is expecitmatmles“;2 > f.
i) If > "72 the influence of the large investor on the house price is tgb.hi

iii) Corollary 4.8 also implies that there has to be a balaretvben rental income
and maintenance. Hence, by using the balance, large imgasty have a favor-

able investment environment.

iv) On the other hand, if the parameter condition in itgéinholds and ifA/? + 6 +
(8 —1)m —r > 0, then the optimal action is to borrow as much as possible
from the bank to purchase houses. This case clarifies thia¢ i€tonomy is in
the good state, large investors may invest in the housinghyWwing loans from

the bank as much as possible.

In the following proposition we consider the power utilitynfction,U (z) = %xa, 0<

0 < 1, with the case with a linear impact function and obtain eiphesults. This
utility function gives Constant Relative Risk Aversion (CRRA)gymreferences with
risk aversion1—#0)/z. In this case, we address this problem by the dynamic program
ing approach. To this, for any functione C*? and(t, z,4) € [0, T] xR, x ¢, € H,

we define the differential operator
ov(t, 1) N ov(t, 1)

A%(t, x,4) = o o z (a(M'+ g(a,m)) + (1 — &)r + ad — am)
10%0(t, x,1) 202 i
5 92 +Z v(t,z,j) —v(t,x,i)) QY.

Here, from the standard verification result, we need to sthigdollowing Hamilton-

Jacobi-Belman (HJB) equation.
sup Av(t, z,i) =0

1
(T, z,i) = 5:1:9 forall (z,1) € Ry X e. (4.6)
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We solve the HIB equation as in the following proposition.

Proposition 4.10. Supposé/(z) = 3z’ andg(a, m) = B(a+m), 3 > 0 then,

i) If 268 — (1 —6)o? < 0, the optimal strategy* is given by

ers o (M +5+(B-1)m—r *
a(t,z)—( (1= 0)02 — 23 > ) 4.7)

andV(t,z,4) = 32%u(t, i), forall (¢,z,i) € [0,T] x R™ x ¢, whereu(t, i) > 0,

with U(T,i) = 1,i € ¢, is the unique solution of the following system of linear

differential equations

Ju(t, i)
ot

+ali)ult,i) + Y (ult,j) — u(t,i)Q7 =0, (4.8)

J

O(M*+5+(8—1)m—r)?
2((1-0)o7—25)

lowing stochastic representation

with a(i) = 6r + . Moreover, the value function has the fol-

V(t,z,i) = % exp(ro(T — 1)) x

— [exp ( /tT [e(u(Y;; (+(15 _+9<)i - _1>27;)— )t dsﬂ |

i) If 28— (1 —0)0? > 0, the optimal strategy* is given by

@ (t,1) = Ll ypiys (- tym—r—(5-1(0-1)02):

andV (t,x,1) = sa%u(t,q), forall (t,x,i) € [0,T] x R x ¢, whereu(t, i) > 0,
with U(T',i) = 1,7 € ¢, is the unique solution of the following system of linear

differential equations

auéi’) u(t, 1) —1—2 u(t,§) —u(t,i))Q" =0, (4.9)

witha(i) = 0r +0L (M + 6+ (8 —1)m —r) +6L? <6+ (6L > Moreover,

the value function has the following stochastic represexmtat

V(t,@,i) = %E { exp <9<T 1) <L2 (5 - %) N r>)

+ QL/tTu(K)—i-(S%—(B—l)m—rds].
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Proof. It follows from the utility function form and the linearityféhe wealth process
foralli € {1,---, K} that the value function can be written@s, =, i) = 2%u(t,7),
for someu > 0 with (7',7) = 1. This yields

Ov(t, 1) 1 ,0u(t,i)

o 0" o
du(t,xz,i) 44 _

e =z u(t,1),
O*v(t, x,1)

52 (0 — D)2 2u(t, ).

Substituting these angla, m) = 5(a + m) in Equation[(4.5), we have

—ru(t,i) = sup {a (M"+ 6+ (8—1)m—r)u(t,q)
a€l0,L]
+ o (B—i— f ; 102> u(t,i)}
LU S @l uiti). @10

w(T,i) = 1 forallie{l,--- K}.

A necessary condition for the maximizer

2 (/B%—#) u(t, i)+ (M*+ 6+ (8 —1)m—r)u(t,i) =0

is defined. Suppos3 < (1 — 6)o?. These conditions together with(t,i) > 0
imply that the necessary conditions are also sufficient, e maximizer is given
with Equation [[4.F7). The positivity of(¢, ) is also explained in Remark 4]11. After
inserting the maximizer we obtain Equatidn (4.8). The dédfdial equation given
with Equation[(4.B) has a unique solutionThe Feyman-Kac representationt, ;)

is found as

o(t, i) = exp {rf (T — t)} E** {exp {/tT Olu(Ye) +0+ (8= Lm = ’”>2ds}] .

2((1 —0)o% —28)
Infact, v(¢, z,7) = jz%u(t,7) is a solution of the HJB Equatioh (4.6),c C'-?, and
satisfiegu(t, z,i)| < K(1+|x|) for an appropriatéd € R. By applying a verification

theorem, we obtain(¢, x, i) as the optimal value functiovi (¢, =, ).

Next, suppos€s > (1 — 6)o?. In this case the maximum is attained in one of the
boundary points of the intervéld, L]. It is clear that our maximizer depends on the
value of(M?+6+ (8 —1)m—r). Namely,a*(t,i) = Lfor M* +6+ (B—1)m —r >
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—L (8 — 10?) anda*(t,i) = 0for M'+6+ (8—1)m—r < —L (B8 — 0?). Hence,

by inserting these into Equation (4]110) we obtain Equatb8)( [

Remark 4.11. The representation of above implies that(t,7) is always positive

provided that the given parameter restrictions are salisfie

Remark 4.12. Proposition 4.1I0 suggests that for any parameter condhi@current
value function dominates the value function given(in/[22hiSTmeans that the in-
vestor benefits from the presence of the price impact aldoeiicase of power utility

preferences.

4.3 Numerical Application

To illustrate the house price evaluation in terms of largestor and economic state
proposed in Equation_(4.2), we employ a Monte Carlo simufagimcedure. Under
the assumption that there exists an operating large investihe housing market
whose utility function is the logarithmic function, we contp the optimal weight
of the housing investment in the large investor portfoliohem, we run a Monte
Carlo simulation process to find expected house prices fdingadays within a year.
While doing this computation, we compute expected houseepriny considering
different economic states, investment willingness of tge investor, and house

price volatility levels to observe their effect on the hopsiees.

Visual representation of the expected house prices (Fgdrk[4.2, and 413) and
illustration of the house price paths over a one year hor{ggures 4.4 and _4.5)
depict the similarity in the behavior of simulated and expddouse prices in terms
of the considered factors: the state of economy, investméimgness of the large
investor, and house price volatility. Here, it is also wddhmention that we measure

the investment willingness of the large investor via th@sl|@, of the impact function

g.

In simulations, without loss of generality, we use paramsetgven in Tablé 4]1. To
compute expected house prices, we us@d00 simulations for trading days in one
year. Here, note that we purposely consider three inteséss since the interest rate

changes according to the state of the economy: Bad (0), Nélijraand Good (2).
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For instance, if the economy is in a bad state, the interéstisagoing to be high
due to its relationship with inflation. Besides, we also awemlyzing the effect of
rent amount and interest rate since they are both deternbpede market, not by

investors.

Table 4.1: The model parameters
H, 0 m M o r 16 Y;
100,000 0.003 0.001 0.06 0.3 0.03 0.002 O
0.6 0.05 0.005 1
0.9 0.07 0.008 2

Figurel4.1, is a chart of the expected house price for the@oanstates and the bank
account, where each time step corresponds to one of thadrddiys within the year.
Figure[4.1 illustrates that if the economy is in the bad stdte house price does
not increase as in the other two economic states, which isisecpuence of demand
decrease due to high-interest rate. Hence, investmentusim is not favorable
during the bad economic state. The figure also reveals thegtimg in a bank account
is favorable to housing during the bad economic state pe@uthe other hand, if the
economy is in neutral or good states, housing investmeravigréble since, during
both periods, the interest rate is low compared to the badaui state. Moreover,
it is found that the large investor should borrow and investousing if the economy
is in the good state since the return on the house price i€htpan the return on the
bank account. Hence, one of the most significant resultaighie house price reacts

to the economic state.

Expected House Price Evolution Under Constant State Assumption
T T T T T T T

-~ State = bad (0) e
112 —+- State = neutral (1)
~+- State = good (2) o’
Bank Account (=0.08) ww””w
i -~ Bank Account (r=0.05) e -
Bank Account (r=0.03)

and Bank Account

Price

05
Time

Figure 4.1: The effect of the economic state on the house pric
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Figurel4.2 shows the effect of the large investor’s investmellingness to the hous-
ing when the economy is in the neutral state. The graphs fother two states
of the economy are not given for two main reasons: (i) In a gstate, the investor
should invest as much as possible to housing, (ii) In the lcad@mic state housing
investment is not favorable. As in Figure 4.1, we see thatéféconomy is in the
neutral state, the large investor should prefer investingusing as much as possible
because the willingness of the large investor leads togiBmuse prices. Expected
house prices in terms of the large investor’'s investmeringihess can be seen ex-
erting a similar level of variability betweer05.000 and107.000. The figure shows
a significant deviation among the house price paths, p#atiguafter the mid of the

year.

Expected House Price Evolution Under Constant State Assumtion
T T T T

......

House Price and Bank Account

-+ B=0.002

-4- B=0.005 -
o ~+~ =0.008

- Bank Account

Figure 4.2: The effect of on the house price under neutral economy state

The sensitivity of the house price to its volatility is shownFigure[4.8. As in the
geometric Brownian motion, the value of the house is incrgpgihen the volatility

increased.

Contrary to previous figures, Figure 1.4 and Fiduré 4.5 expuaspaths for the house
price for three volatility levels. The change in the statethe economy is taken into
account while all other assumptions remain the same. Fifdrexplains the house
price evolution for the volatility level8.3, 0.6, and0.9 with assumptions that the state
of the economy is known at the beginning of the year and it resneonstant within
the year. However, Figufe 4.5 illustrates the price evolutf the house under the
varying economic state. To compute the house price, herellowe that the economic
state may have changed quarterly. In this case, since th®exo state is changed,
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x10° Expected House Price Evolution Under Constant State Assumption
T T T

House Price and Bank Account

¢
25
Lo1f- s -
a’”ﬁmﬁ —= 0703
e o 1= 0206

R
1W —e- 0209 B

Bank Account

o I I I I
o 01 02 [ 04 05 [ [
r=0.05, and State= 1

Figure 4.3: The effect of the house price volatility on it&cpr

the investment amount to the housing is also changed. Tdrerahe large investor
has to change his investment strategy when the economé&dtanges. Due to the
reallocation, the deviation among the paths that reprdsamge prices is higher than
in Figure[4.4.

x10° House Price Evoluation Under Constant State Assumption
T T

T T T
-+~ 0=03

—4-0=0.6
~+- 0=0.9

PER Y
16|~ 7oosh
“

House Price
S
T

03 04 05 06 [X2
r=0.05, B=0.002, a;=0.13639, 0(,=0.033525, 0(,=0.014854, and State= 1

Figure 4.4: House price evolution for all economic statedemrconstant economic
state assumption
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F Path of House Price Process Under State Change
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Figure 4.5: The house price evolution for three volatileydl under the non-constant

economic state assumption
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CHAPTER 5

COMPUTATION OF MORTGAGE HEDGING
COEFFICIENTS: THE MALLIAVIN CALCULUS APPROACH

Pricing an option is the primary objective of managing tsadefinancial markets.
However, when options are settled, their price does notireocwastant. Instead, their
price follows dynamic paths during options’ survival timdence, investors should
protect their portfolio against unexpected price changaadénaging variations in the
price of options. Consequently, on the contrary to previasadhapters, this chapter
is dedicated to explore the hedging parameters of the fiabaption to default and
to prepay, which are embedded into mortgages that rely owahation in spot rate,
price of the underlying house, and underlying house pridat¥ity. The balance
within these coefficients and such options can be used bybayel sellers to protect
their main portfolios against the related risks. From tligpof view, the outcomes of
this chapter are the first attempt to compute hedging siestégr mortgage hedging

in real estate finance and economic literature.

It is well known that both parties, namely lenders and boemayexpose to the risk
of variation in the spot rate, price of the underlying howswd its volatility. Lenders’

risk is associated with falling in the spot rate, and as altessuch a fall, less income
than they anticipated is going to be produced by the lentakpdn the other hand,
borrowers have to concern the risk of a rise in the spot rateitsranticipation of

spending more interest on the loan than they anticipate.refowe, the borrowers
are the most important bearers of the spot rate risk in hgusiarkets. In this point
of view, borrowers are the most reliable candidates to befrefin such hedging

activities in housing markets [39].
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However, the standard hedging activities, which are contynosed and benefit in
financial markets, are problematic for derivatives tradetiousing markets. As an
example, underlying securities in housing markets, moeeipely houses, are indi-
visible. As a result, the underlying assets in housing ntarkannot be traded in
small fractions. Furthermore, due to a considerable amaolutmansaction costs and
expenses of taxes, housing markets have very low liquiditymared to fully compet-
itive markets. More significantly, the market price of haaisan not be perceived by
the housing market. On the other hand, despite these difisuboth parties, namely
borrowers and lenders, may hedge their wealth portfoli@snasg variations in the
price of the underlying house, the spot rate, and change denying house price
volatility. To hedge their portfolios, they can use strae@s investing in derivatives,
such as futures and options contracts, which are attach®&@PoCase-Shiller Home
Price Index { PI) submitted by Chicago Mercantile Exchange (CME) and other re-
lated indexes and some of the company shares traded in eyehzarkets [38, 101].

On the one hand, although the futures and options that atddi& P/ offered by
CME appeared on the stage during late 1980 in an effort to ivepte liquidity
of real estate markets, the derivatives market is still $nfitst steps([162]. As a
result, investors in real estate markets concentrate emalive substitution vehicles
like investing in REITs, which are investment companies thaintain commercial
properties, or mortgage-backed securities and futuregeased on inflation and the
spot rate to reduce or eliminate the risks that we discusseab®oreover, these
investors tend toward futures addressed/@sills to reduce the risk inherited to the
spot rate. Figure 51 illustrates a variety of illustraf@f the possible indexes that
might be utilized in the hedging of derivatives rely on reslage assets, including
inflation (C PI) andT Bill.

More specifically, Figuré 5.1c reveals that 30-Year Fixedrigage Rate X' RM)
and 3-monthl"Bill rate are nearly indistinguishable. Besides, Fidure]5.14bakt
demonstrate the relationship éf PI with CPI and C PI Housing index, respec-
tively. Despite the disagreements in their computatiorethods, both figures exhibit
that H PI progress concomitantly with’ P andC'PI Housing index, although the
correlations between the indices are not precise. Besidese three figures also re-

veal that fluctuations in recognized values of both spotratel indexes are positively
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associated witiF" RM and H P1, respectively.

(c)
Figure 5.1: Realization off P and other related indices over year: (&1 and
CPI (1975-2016), (b PI andC PI housing (1975-2016), (c) Mortgage rate (30-
year fixed) and’ Bill (1975-2016)

The distinctive natural features of housing markets irgedhe risk of mortgages and
the options of default and prepay, which are set in mortgabesrefore, these options
have to be replicated to compensate for the surprisingti@mian spot rates, price of
the underlying house, and house price volatility to prewewtstors from unantici-

pated losses related to these risk sources. However, ttiesinvestigating hedging
activities such options are limited in the real estate fieagned economics literature.
Therefore, this chapter aims to present a contributionaditérature with finding the

corresponding hedging parameters of such options appth@@ption-based mort-
gage valuation method under the standard economic enveonhypothesis that is
introduced in the pioneering studies [16, 114,1117,/118], 1%3]. Hence, for this

chapter, the stochastic processes which we will deal wightlag ones introduced in

these studies.
The hedging coefficients that we compute in the current @naghiow both parties to
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replicate their wealth portfolios, related to mortgageiast the risk inherited to the
change in the price and volatility of the underlying house e spot rate. To address
the problem of calculation of these coefficients, we usedittie-dimensional Malli-
avin calculus by pointing to the pioneering researches{7pto accomplish our task.
To yield useful information, we should emphasize that thdligan calculus named
after Paul Malliavin, who extends the calculus of variasidrom deterministic func-
tions to stochastic processes. This calculus is also ctileaalculus of stochastic
variation. In particular, the Malliavin calculus allowseus to compute derivatives

concerning to chance parameter.

Paul Malliavin’s suggestions led to a proof that Holmensl@dndition implies the
presence and regularity of a density for the solution of SOHEmender’s original
proof is based on the Partial Differential Equation’s (PREgory. The Malliavin

calculus also has been employed for the stochastic PDEs.MHfieavin calculus

contains an integration by parts formula with random vdealthat allow users to
compute the hedging coefficients of financial derivativesnotg many other re-
searchers that used the Malliavin calculus, Bismut (1982)) f2rther developed the

calculus and extended the integration by parts formula titi+titmensional SDEs.

The genuineness of the Malliavin calculus approach, whsdmssumed to be one of
the cornerstones in the calculation of Greeks, is that mgdgarameter arises as a
product of options’ payoff and an independent weight fumttiin mathematical fi-
nance literature, the weight function is called Malliavieight. This feature of the
Malliavin calculus allows users to obtain predicting fotiops hedging coefficients
by operating a Monte Carlo (MC) algorithm. More importantlyistmethod does
not demand any solution to PDEs. In this respect, the Matliaalculus is an en-
couraging vehicle, particularly for the calculation of gety parameters or options’
Greeks.

Here, it is worth emphasizing that throughout the curremtptér, our analysis pro-
ceeds on the premise that the prepayment and default optierseparate judgments,
and hence they are independent actions. Such an assunmgpfamticularly useful
for us in the design of both options’ payoff functions andtfee calculation of their

hedging parameters.
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In this chapter, our simulations exhibit the financial optio default and to prepay is
both more sensitive to a variation in spot rate than a vanati the price and volatility
of the underlying house. There are two possible use areaghfcoefficients. First,
the coefficients enable users to determine the effects adfberate, the price, and
volatility of underlying house change on options relatedntartgage. Second, both
parties can replicate and hedge their portfolio by managuwegbalance among the
coefficients and the mortgage-related options.

The rest of the current chapter progresses as follows. Itiddd6.1, a literature

survey on the option-based mortgage valuation is presantadelatively detailed

manner. Section 5.2 introduces the economic environmehediousing market that
we work on and the payoffs for both default and prepaymenboptembedded into
the mortgage. We illustrate a brief review of the Malliavinl€Tgus in Section 5]3.

Sections 54 and 5.5 are the chapters where we present théat@n of hedging

parameters and the crude MC simulation illustrations,eetyely.

5.1 Literature survey on the Option-Based Mortgage Valuation

In the recent two decades, the option-based mortgage \@iuatethod, which is
very popular in financial markets, has driven attention froamny researchers as an
advanced mortgage valuation method. During this periodjbstantial number of
study has been conducted on option-based mortgage valuafcs, see, for in-
stance, the studies [15, 115, 117,1118,/175]) 177] and refesein these studies. In
this research field, the studies in the early years usualg@atrate on the right to
prepay the loan, controlling the opportunity of a mortgagédlt and prepay. In the
subsequent reviews, see, for instance, the studies [113, it1s pronounced that
such a method is incomplete since a mortgage need to reeotirezprobability of

immediate termination, utilizing default and prepayment.

The logic behind the mortgage default and prepay are quitgptioated for researchers
and market players. Many researchers attempt to incompdtinatcomplexity of the
mortgage default and prepay [115, 131,1184]. Generallgehesearches emphasize
that the mortgage default and prepay might happen for fiahiacid non-financial
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speculations. We may consider unemployment, indicatarshing upon affordabil-
ity, or the diminished affordability to sustain a mortgagech as a tense fall in bor-
rowers’ income, householders divorcing and moving into & oiy or a house as
some of the reasons. However, there is a consensus thatagemgepayments gen-

erally occur when the refinancing rate is sufficiently lowhe tmarket.

On the other hand, especially mortgage defaults occur wbheowers are in a nega-
tive equity situation. To illustrate, Azevedo et al. (20[1®&]) state that the early close
of mortgage is no longer an exogenous proceeding. Altdgnakes decision is in-
stalled in the composition of the mortgage model. After tkame supplements have
been developed within the mortgage valuation framework.c#fegive the study of
Hilliard et al. (1998,[[100] as a good example that providéssa unfavorable math-
ematical procedure operating with a bi-variate binomitilda model and the paper
of Ambrose et al. (2000/_[9]) that splits the mortgage defaption into two parts.
First, a right to prevent doing monthly payments tempoyaaitd second, a right to
leave the house itself.

To arrive at an adequately accurate and more manageabkedomredor the numerical
valuation of a mortgage and its natural ingredients, nampedpayment and default
options of mortgage, the SDEs are utilized in the real e$taéemce and economics
literature. Some of these studies contain the major sigmficontributions intro-
duced by Dunn and McConnell (1981, [64]). Dunn and McConné&I8(ll, [64]) offer

a one-state stochastic process. More specifically, theyesig CIR process, whereas
Schwartz and Torous (1989, [173]) proposed a two-statéhasiic process for spot
rates. In their experimental study, Chatterjee et al. (1p8) indicate that concern-
ing pricing efficiency, the two-state stochastic proceghésmost effective of all the
alternative option-based mortgage valuation methodsateatntroduced to the real

estate finance and economics literature.

In both one and two-state processes, models give birth toEatR&l has to be solved
numerically since their complexity prevents users fromifigda closed-form solu-
tion. An alternative method is to use reduced-form modelgeretihe terminus is
displayed as a function of a set of supplementary variabfes. instance, in stud-

ies [173,/174], a two-state stochastic process with a hazdedis used to obtain a
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corresponding PDE for the mortgage. The study of Pliskag2{Ib5]) includes a
valuable survey, including the current applications ofltresk methods on a mort-
gage valuation. From a practitioners’ perspective, Kgiatzal. (2004,[[111]) focus
on the refinancing action of buyers in a model based on an apérercise strategy,
and Longstaff (2005] [136]) concentrates on a multi-fatéom structure procedure

combining premium rate refinancing.

Although in some researches it is argued that the inherenitnsiag made for the
framework of the option-based mortgage valuation methed/eniated [177], many
studies have been introduced following the pioneeringistyctonsequently utiliz-
ing such a powerful technique, which is produced originédily ordinary financial
markets, to real estate market and especially for mortgalyatron [115] 117, 153,
175]. Even though there are some severe difficulties witimiterent hypotheses, the
option-based mortgage valuation method still contributeful penetrations into the
values and behavior of mortgages. Therefore, as a restdtiosights, this method is
widely studied in real estate finance literature for moragagluation. Furthermore,
in some recent researches, authors favor applying theregdebarbitrage-free pric-
ing theory with two-state processes, one for spot rate, awedfor the price of the
underlying house in the valuation of mortgage contract& djtion-based mortgage
valuation structure includes a non-callable bond (loangricial options to prepay,
and default. This arrangement gives growth to a substaartialunt of investigations
on mortgage valuation due to associated risks in mortgagesely the risks of pre-
pay and default [177].

In the usual option-based mortgage valuation method, thegage value is bro-
ken into three components: A non-callable bond, a defauibopand a prepay-
ment option. The standard approach acknowledges the ditambualue of contracted
monthly repayments to the lenders as a non-callable bokaoadedges giving up
purchasing the house, and trading it back to the seller adaaultl®ption and ac-
knowledges the early payment of mortgage loans to the leslprepayment. Usu-
ally, while the standard approach views mortgage defauibopas an exercise of
a European put option, it views mortgage prepayment optsoaraAmerican call
option [10,115/ 153]. Although the standard approach amwsithat prepayment
occurs instantly after the spot rate becomes sufficientiglisimowever in actual mar-
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kets, mortgage loans might not be paid instantly when sgesrtall. In practice,
mortgage agreement holders usually choose the option papireg their mortgage
loans, succeeding what the standard mortgage valuatidmoche¢quires.

More importantly, some borrowers avoid using the prepayroption even when the
FRM is above the current spot rate [182]. Besides, borrowecshakie an expectation
of mortgage rate may decrease further soon may choose tg thegrepayment
option instead of terminating the mortgage by early payhg reaming mortgage
loan immediatelyi[136]. Also, the standard option-basedgage valuation fails due
to its weakness to model borrowers who must terminate thégage by prepaying

but avoid early paying and instead prefer to wait [111].

As a result of the suspension we mention above, the Amengandall option pro-
vides mortgage values that are lower than the perceivessalbrom this point of
view, the American type call option is not a realistic chéeazation of the mortgage
prepayment option. As a result of this judgment, it will bermabeneficial to displace
the ordinarily used American type call option in the staddawtion based mortgage
valuation with a modification of the Parisian type call optid he Parisian type call
option allows the mortgage prepayment option to be a kindnoé-dependent bar-
rier option that depends on the mortgage value[175]. Coresgtyito withdraw the
mispricing and do a reasonable valuation on the mortgageagmeent option, the
puzzle addressed in this chapter uses a two-state starpastiess model, which is
defined initially in the studies [115, 117]. Furthermoresdhcentrates on a modifica-
tion of the Parisian type call option or time-dependentibaoption presented to the
literature for prepayment option for the first time by Sharple(2009, [175]).

The scope of the next section is to introduce the detailseo&ttonomic environment
for our specific housing market studied in the current chaptere, we present a spot
rate process and a house price process. Also, we point outettessary financial
hypotheses to establish the options of a mortgage defadifti@payment as clearly as
possible. Further, the hedging strategies of these optuwdhbe analyzed within the
Sectior 5.4, which relies on the Malliavin calculus apptoased in the computation

of Greeks.
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5.2 Economic Environment of the Housing Market

The option-based mortgage valuation method becomes aasthmebthod in the liter-
ature, and it resembles almost to pioneering studies ofaritat al. (1989/[186]) and
Kau et al. (1992,[[117]. Generally, this method considersudnitrage theory with
two-state stochastic variables; one for the spot rate aedarthe underlying house
price to simultaneously compute the mortgage value andriieedded options de-
fault and prepayment. For empirical fidelity of our study thoice of both processes
for given variables, which denotes the economic envirortmsrtonsistent with the
standard method in the recent literaturel [16,1114] 117,/[1%8]. In this setting, the
model provides the probabilities of the mortgage default prepay, and they are re-
garded as independent operations from each other. Whenrenéie likelihood of
mortgage default and prepay, first the underlying houses @@ spot rate are mod-
eled with SDEs, since we assume that the choice whether &ultetr prepay relies

on the price of the underlying house and the current spoteat.

We argue that the price of the house exchanged in the marfketteeall accessible
information about the fundamental house price by relyinghencelebrated efficient
market hypothesis. Moreover, it also mirrors the discodinilestrate the value of
the expected future cash flows related to the house undeideoason. As a result,
the economic environment builds on the assumption thatdbséprice and spot rate

both evolve from the stochastic processes that we intrabimaée previous literature.

Our exact assumptions on the regularity of housing marl@t@nic environment can
be favorably defined by considering the filtered probabﬂidmce,(@, F, Feeo1s Q)
with a finite intervall0, T']. Here, the filtrationF,cjo 7}, iS assumed to be rich enough
to compile with a two-dimensional Brownian motion. In thists®y, (), 1 rep-
resents the filtration produced by two independent starBeo@nian motions repre-
sented by(W})
that the given filtration fulfils the right continuity and cpheteness with respect to

Q.

e b = 1,2 Here, it is also worth to emphasize that, we suppose

Now, suppose there is a purchaser in the market that boughtsehShe financed the
home that she purchased with FRM &t [0, 7']. Moreover, suppose the economic en-
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vironment of the housing market evolves from a two-statelsdstic variable, which
is a pricing characterization consistent with earlier mad153, 175]. Let us de-
note the state variables or processes that correspond twtise valugh,) and the
spot rate(r;). To be more precise in the goal of the current chapter, weeptdbe

numerical notations below for the processes of house valdepot rate.

In this chapterj;, is thought to evolve from a log-normal diffusion processiem
risk neutrality arguments as Merton (1973, [147]) grantedtfie ordinary markets
and later employed by many researchers. In our setting,arger that we should
include while forming a model for the house value is the smrfiow that corresponds
to benefits from the house. Generally, the service flow censitito act as a dividend.
Now, under these assumptions, the SDE that the house pocegw satisfies can be

given as

dhy = (ry — 8)hy dt + ophydW?,  hg =12 >0, (5.1)

where the parameters, ¢, o, andW* denotes spot rate, service flow produced by the
underlying house, the variance related to returns on thedyand a regular Wiener
process on the filtered probability space that we introdateye, respectively. Here,
we suggest thai is proportionate to the house value since the holder of thiemp
tied to the mortgage has no claim to the service flow, and iehaslverse effect since

the owner gains advantages from rent.

As we observe from Equatioh (5.1), the variation in the houseae relies on the

current house valuey;, and the current spot rate;, plus an unknown ingredient,
which is called the diffusion term of the model. Furthermadine house value process,
h:, is assumed to be a continuous-time Markov process. Theehealge depends

only recently observe house values. Remark that in this matlke house value

process has an engaging barrier like= 0. More precisely, if the underlying house
lost its value and its price reaches zero at amy [0, 7], its price remains zero after
that specific.

The second process and source of market indecision is thentnspot rate repre-
sented by,;. In this thesis, we assume that it incorporates all inforomaabout the
expected spot rate, and hengdorces the entire rates. The structure-pflynamics

are assumed to evolve from the classical CIR [54] short ratéeitbat is described
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as follows

dry = k(0 — ry)dt + op/TedW], 1o =1 > 0. (5.2)
The CIR model provided by Equation (5.2) is a kind of mean-ravg process that
contains a square root. In this equati@dngescribes the steady-state ratergfx
denotes the adjustment parameter, which regulates it speexpresses its variance,
and1V; is a regular Wiener process correlated wittt. The correlation coefficient
among the Brownian motions is assumed tpbd&he shiny part of such a model is
the negative values are preventedd) > o2 andr, > 0 satisfied, and in the long

run the short rate is going to converge to mean value.

The spot rate process given by Equationl(5.2) indicatesttizatxpected to variate at
anyt € [0, 7] with a rate ofx(6 — ;). But, the exact variation differs in an unbiased
form as a result of the normally distributed and seriallyamelated variations in the

economy, which is a role dfi’;. We capture the volatility of the fluctuations with

Or\/Tt

The house value process in Equatibn](5.1) might be deschibadilike method as
in the interpretation of Equatiof_(5.2). In this modelingusture, the fluctuations in
h; are associated with the variationsrinthrough the correlation coefficiept Here,
W/ and W} may be denoted by two independent Brownian motitfisi = 1,2,
with Cholesky decomposition as

AWl = aw}
and
dW! = pdW} + /1 — p2dW?.
For the computation purposes, now, suppose that we can rhgegelr; into a two-

dimensional process. More specifically, the underlyingtissconsidered to evolve

from (X¢).cj0,77, Which is a two dimensional Markov process that has valuégin
The dynamics of this new two-dimensional process are giyethd following SDE
dX, = B(X))dt + o(X,)dW,, Xy = z, (5.3)

wherez = [hg 7], and
hy (re — 6)hy onhy 0 W)

Xt: aﬁ(Xt): 7U(Xt): 7Wt:
Tt k(0 — 1) pPor/Tt  HOr\/Tt Wf
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Note that(W,),c(0,7] is a two-dimensional Brownian motion defined (dm F, Fielo1)s Q)
with u = /1 — p?. Here, the functiong, ando are both assumed to be at least twice
continuously differentiable with bounded derivativess@|they satisfy the Lipschitz

condition.

Now, the default and prepayment options can be providedjukie economic envi-
ronment that we state above. In the following section, wevigerigorous formula-

tions of these options.

5.2.1 Financial Options to Default and Prepay

The first step of our computations consists of definition$efgayoffs of the options
under investigation. We consider the general payoff fum;tEuropean put option
payoff, for the mortgage default, which is commonly usedhie standard method.
However, we use a time-variant Parisian option for the nagégprepayment instead
of the American call option widely used in the conventionathod. This section

aims to introduce these options to the readers in a detaigethar.

A default option is a contract embedded into mortgage whageeohas a claim to
terminate her down payments for the loan and surrender ongtes of the underly-
ing house that she purchased by financing with a mortgagen HEris point of view,
this option is a contract that relies oyv;, andh, which are evolving from processes
given with Equationd (5]11) and (5.2), respectively. In ttendard approach, this op-
tion recognized as a European put with the purchased houbke asderlying asset,

one-month maturity, and strike is the present value of theareing payments.

Now, let us define the mathematical representation of theégage default option.
Hence, letX; indicates the joint process bf andr;, which evolves from the diffusion
process defined in Equation (b.3) even though the underbgsgts are not regular
assets, they are consumption goods whose payoffs arees#iovic|115]. In this case,

h:, might be used instead of; since the default relies dp. Then, its payoff is

D(t,r, X) = max(B(t,r) - X,0),
D(t,r,h) = max(B(t,r) — h,0),
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where the functionaB(¢, r) represents the current value of the remaining constant

monthly payments.

In a fully competitave market, the default option value ishireg but the discounted
value of the expected present value of its future benefits djption, generally char-

acterized by a function of;. Therefore,
Pp(z) = E [e’ I§ v ds p (T, 1, X) yfo}
= E|e D (T, 0)|F) (5.4)

whereD (T, r, h) or D (T,r, X) stand for the terminal value of the mortgage default

option that expiring at maturity'.

In the standard approach, prepayment is recognized as ancameall option, see,
for instance, the studies [117, 116, 153]). However, Kalatal. (2004, [[111])
suggest that such an option fails to represent buyers whstbanake an early termi-
nation by paying all remaining loan but instead avoid teatiitg the mortgage and
favor to remain for; decrease further. So, the American option results in masmgi
Consequently, on the contrary to conventional theory, Seeap (2009,[175]) intro-
duce the following Parisian option for mortgage prepaynognion that is originally

intended to have a knock-in stipulation.

To evade the mispricing that related to the American callooptve also used in this
thesis that the mortgage prepayment performs like a Pargpéon like introduced
in [175]. The concepts of such an option are specified as thsi&aoption, and they

are introduced below.

Let 7,, andt,, denote the complete time and the elapsed time in monthespec-
tively. Next, the maturity in month. is going to ber,, = T,, — t,,. Hence, the face

value of mortgage balandéV'(r,,,) equals to the following
FV(rn) =1+ (T — 1)]OB(1),

whereOB(i) andc represents the outstanding balance of the mortgage aéef"th

regular payment and FRM, respectively.

Describe the face value of the remaining loan as a barried kv and definel,,,
as the predetermined time interval, which is named as thersixn interval. The
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barrier option is stimulated when thfél” constantly waits beyond the barrier level
longer thanT,,. But, if PV goes back across the barrier, the option clock is reset,
and it becomes zero. Since prepayment considered as ardeip-aption, the time
consumed above the barriel/ (7,,) is watched.

To formulate the option we defined above; it is beneficial tespnt the following
functional form
giV(PV) = sup {s < t|PV(s,r) = FV},

which denotes the latedefore PV o reaches the barridrV (7,,).

Now, let us denote the firgtthat PV remains longer thaff,,, above the barrier with

7¢. The mathematical representationréfis as in the following form
7¢ = inf {t > O‘ (t — gtFV(h)) ]lPVtZFV Z Tm} s
wherec denotes continuity.

Next, the mortgage prepayment option’ payoff might be repnéed as a function of

PV and face value as in the following functional form
P(t,r,X) =max (PV(t,r) — (14+ & FV(t),0). (5.5)

Here, the functionPV (¢, r) denotes the present value of the mortgage, and the pa-
rametel denotes the penalty parameter for early paying, whichfgatg0 < £ < 1.
Generally, the penalty parameter used by lenders to avolig teamination of mort-

gages.

Using the payoff function that we introduce in Equatién §5Wwe can define “no-
arbitrage price” of an up-and-in Parisian option with a migul" as in the following
form

Pp(z) =E |e o 4 p(T,r, X)| .

At this point, it is clear from the nature of the Parisian optithat buyers are not
prepared to remain until maturity. Instead, they preferxereise the prepayment
option immediately if the necessary conditions of the Fami®ption are satisfied.
As a result, an adjustment of the Parisian option value, vimay be of concern, is
presented below.
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The Parisian option terminated instantly if the requiremgemet instead of waiting
till to the maturity. More clearly, the termination occurstame ¢ in the current
definition of the Parisian option. As a result, the price @& thortgage prepayment
option becomes

Pp(z) =E e J5 mdsp(re . x)] . (5.6)

Now, observe that the pricing formulas in Equatidnsi(5.4) @n6) include two ori-
gins of uncertainty{r;), and(h;). More importantly, both options distributions are
unknown. Therefore, using the Malliavin calculus is thetlmé®ice to calculate the
hedging parameters for both options with an underlyingalde evolve from the two-

dimensional stochastic process defined¥hywhich we introduce in Equatiof (5.3).

The following section aims to present an intuition to the Main calculus to remind
the ones who are familiar and give an introduction to the avies are not familiar

with the Malliavin calculus.

5.3 A Brief Review on Malliavin Calculus

The purpose of this section is to familiarize readers withlighan calculus and intro-

duce some primary results from its context, which are esfiggelated to the com-
putation of hedging coefficients of options. We refer to e¥advho are interested in
the Malliavin calculus concept to the books|[61, 157].

The Malliavin calculus is a robust instrument to handle thiécgating processes. It
becomes a significant vehicle for the computation of hedgagfficients starting with
the pioneering studies Fournie et al. (1999, 2001 [[76, #Apesthe theory executes
potentially to differentiate concerning the random congrun To understand our
computations within the current chapter, readers have farb#iar with the primary
tools of the Malliavin calculus that we used in the calcwiasi. Therefore, the present
section is devoted to giving a short introduction to the thiexd Malliavin Calculus.
Mainly, we review the celebrated integration by parts folamthe chain rule, and the
Bismut-Elworthy-Li formula, without any proof, which aredltornerstones of the
computation of the hedging parameters of options. Howekerjnterested readers
can find the documentation and further details in [61) 157].
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Now, let us start with the definition of smooth random vamshvhich is defined in

Hilbert spaces.

Definition 5.1. Let H be a real separable Hilbert space with a scalar product-repre
sented as in the forrfy, -) ;. The set of smooth random variables denotedand it

includes random variablgs of the structure,
F=fW(h),...,W(hy,)),

wheref : R* — R denoted the class of all infinitely continuously differeuie
functions with its derivatives satisfying the polynomiabgth condition(f € C (R")),
andh; € H;i = 1,2,...,nforn > 1 andW = {W(h),h € H} is an isonormal
Gaussian process described on the complete probabilibeggpaen with(Q2, 7, P).

In this setting}V is a centered Gaussian class of random variables andidgférh) W (g)] =
(h,9)y, Vh,g € H[157].

Now, since we introduce the definition of smooth random \deis, we may present

the definition of the Malliavin derivative.

Definition 5.2. Let F € S andH = L*([0,T], B, ). In that case, the Malliavin
derivativeD : S — L*([0,T], 3, ) of F is introduced as
DF =Y == (W(h),...,W(hy)) hs,

i=1 Oz;

whereg—gfi is the derivative of functionaf € C%° (R") concerning its'* component.

The derivative operatot), is closable fromZ?(Q) to L? (2 x [0,T1]) [157]. There-
fore, the domain of the derivative operator may be extendeit stochastic Sobolev

spaceD!?, which is a closure of concerning the following norm
|IFI[F, = E[F?] + E[|| DF|[3].

Moreover, the domain of the Malliavin derivativ®,?, is also a Hilbert space with

the scalar product given by,
< F, G >19= ]E[FG] + E[< DF, DG >H],
whereF’, G € D2,
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The Malliavin calculus also has a chain rule as in the classalculus. It is given as

in the following proposition.

Proposition 5.3(Chain Rule) Let F = (F}, ..., F},) be a vector of random compo-
nents where the components are frid¥ and lety : R® — R be a functional from
f € C¥ (R"). Atthat rate,p(F) € D*? and

"9
Dip(F) =" 8;0' (F) D,F;, a.s. te€[0,T).
i=1 v

Proof. If ¢ is a smooth function the proof is easy to obtained by the chdain the
classical analysis. Otherwise, the function has to be frealli To mollify ¢, we may
use the mollifierp.(x) = €"p(x), wherep(z) = ce?-1 andc is an arbitrary chosen
coefficient that makes the integrfll, p(z)dz = 1, to obtain a smooth approximation
¢ * p.. By considering the smooth approximatiafisof F', we obtainy * p.(F,,) —
@(F') for mine,n — oo in the spacel?. Then, by the closeness of the derivative
operatorD, we have

— Jx;
i= p
< |Do(F) — Dy x p(F)]],
"0
+ |[Dp * p(F) — Z o P Pe(Fn) Dy Fri
i=1 v P

O

As an instantaneous outcome of Proposition 5.3, we can he/étlowing lemma.

Lemma 5.4. Let the sequenceg,, € D'? converging toF in the space.? (), F,P)
satisfyingsupE [|| DF||,] < cc. Then,F € D2 and DF, weakly converges to I

n

in L2 (2 x [0, 7).

Proof. A proof of this lemma can be proved directly from the Banacheyjlu theo-
rem on the weak compactness of the unit ball of a dual spaegy bounded sequence
in the dual of a separable topological vector space has a&oging sub-sequence ]
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Furthermore, we may generalize Proposifion 5.3 to the nfferentiable functions.

Proposition 5.5. Consider a functionp, which satisfies the following condition for
K € R,

lp(z) =) < K|z —yl, z,yeR"
andF' € D2, Then,p(F) € D*? and we can find an n-dimensional vect®re R",

|G| < K with random components such that

Die(F) =S GDE. 10T

Proof. Utilizing the same mollifiery,, defined in the proof of Propositidn 5.3, we
can obtainy * p. that converges t@. The sequenc®, (¢ * p.)(F') is bounded in
L?*(Q x [0,T]) space. This is becausg/ (¢ x p.)] < K for some large:. From
Lemma5.lp(F) € D? and the Malliavin derivativeD, ( x p ) (F) — D;(o(F))

in the weak sense. Besideg|y  p.)(F') weakly converges to a vector € R”,

|G| < K. So, we can take the the weak limit in

Dipp)(F) = 3 oo FIDIF,

to lead us to the result. ]

The Malliavin derivativeD; : D'? — L? (2 x [0, T7) is a closed linear, unbounded
mathematical operator with a dense domai.#(2). Then, an adjoint operator de-
noted bys of the derivative operator can be introduced such&hat? (2 x [0, 7)) —
L*(Q) and Dom(d) represents the domain &f

Definition 5.6. Letu € L*([0,T], 3, 1) and it satisfiess € Dom(d). At that rate,
VF € D? and

T
E [/ DtFutdt} ‘ < cFll e
0

wherec is a constant depending an

T
(S(U) = / ut(SWt
0

is in L?(Q2) and the duality formula holds,
T
E [ / DtFutdtl _E[Fé(u)].
0
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Until now, we present all theoretical backgrounds to give ittegration by parts
formula. Based on the conceptual framework above, we canedigfiintegration by

parts formula as in the following proposition.

Proposition 5.7 (Integration by Parts Formula)et /' € D*? and Fh € Dom(6) for
h in the Hilbert spacec H. In that case, the following is hold

5 (Fh) = FW(h) — (DF,h),, .

Further, whenf" =1 a.s.,

Proof. A detailed proof might be found in [157]. O]

We may give the following two remarks without any proof sirtbeir proofs are

already existed in [157].

Remark 5.8. If H = L?([0,T7], B, 1), wherep is ac-finite atomless measure on the

measurable Borel spa¢l), 7, B), Proposition 57 transform

T T T
/ th(SWt - F/ ht(SWt - / Dchtdt
0 0 0

Remark 5.9. The domain of the Skorohod integral includes the adaptechat
tic processes iL? (2 x [0,77]). If the integrand is altered, the Skorohod integral

sycronize with the classical It6 integral [157], i.e.

T
6(]1) - / htth,
0

T T T
/ thth - F/ htth — / Dchtdt,
0 0 0

whereF € D'? andE [fOT (th)Zdt] < 00.

and

For our computation purposes, it is essential to introdheddallowing Remark.

Remark 5.10.If I' € S and it isd — dimensional andh, is ad x d dimensional

matrix process, Remark’5.9 becomes
T T T
(5<hF) = / thth = F/ htDWt - / TT‘((_DtF)ut)dt,
0 0 0
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with the precept that the classical 1t6 integral for a mapri@cess is now a vector of

random variables. In this setting]["»” denotes the trace of the random matrix.

The first variation process of; is the derivative ofX,; concerning itsc for the time

t € [0, T]. The first variation process is given by following definition

Definition 5.11. Suppose(X:).cjo.7] iS an 1té process ifR* and its dynamics are
obtained from Equation (5.3). At this rate,

2
dY; = B (X)) Yidt + ) D¥o} (X)) YidW/, Y, =1y, (5.7)

=1
is recognized as its first variation process. Heremepresents the derivative ang
is the i column of diffusion matrixoc. Further,1, account for a identity matrix
with a dimension o x 2 and we defing; = D*X,. Here, the parametersand
o are assumed to be functions that are twice continuouslgréfftiable, and their
derivatives are bounded. Moreover, we assume that the ggoGehas continuous

trajectories.

We may write Equatiorf (517) as in the following form.

dY;H dY;lz (,r,t_(g) ht Y;H }/;12
= : dt
d}/t21 d}/t22 0 — K Yt21 YtZQ
_Uh 0 Ytll Y1612 ; )
W,
* 0 _POr_ Y21 Y22 t
L 2./rt t t
0 0 Y;H }/;12
+ : dW?.
_0 % }/1521 }/1522

Corollary 5.12. From the model that represents the economic environmeanhdly
Equations[(5.1) and (5.2), we may conclude that the spot nateegsr, is indepen-
dent of underlying house price procdss ThusY;*! = 0 and the renaming elements
satisfy

Ayt = (r, =8 Y, dt + o VAW, Y =1,
ay,? = [(re—8Y,? + nY?] dt + 0,Y,2dW},  Y? =0,

Oy

N

dY? = —rY2dt+ dW!, Y =0.
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It is true that we may represeit asY; = V.X;, and further, due to continuously
differentiablty of 5 and o, their bounded derivatives and, is continuous, we can

give the Malliavin derivative ofX; as (See [77] for further details)
DX, =YY o (X) Loss. (5.8)
As an immediate result, we can also introduce the followemgark.

Remark 5.13. Using Itd lemma we may expre3s'! in terms of the house price as

in the following form,

Proof. By applying Itd lemma to Equatiof (5.1) for thez function, first we obtain
r IR
log(hy) = 10g(h0)+/0 h_tdht 2/0 h2ghh2dt
T 2 T
log(—) = / (rt—é—gh)dt—k/ ondW}. (5.9)
0 0
Then, Equation(519) yields that
T o7 T h
hy = hoelo (re=0==)dtxJo ond W, (5.10)

Now, applying Itd lemma td;,'! again withlog function we have

T
1
1 Yll — 1 Yll Yll = Yll
og(¥;") og( / Ylld /0 (Yll) ( ) dt

Yll T
1og(YH) = /O (rt 2)dt+ /0 ondW,. (5.11)

Then, it is clear from Equation (5.111)

Yl = elo (rt—é—f)dtvhfo ondWit (5.12)

We also know thatV* = W}!. Thus, from Equatior(5.10) and Equatidn(5.12) we

end up with the desired result,

Now, let us give the price process of a contingent claim.
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Definition 5.14. Consider a square integrable option paydft= ¢(X,,,..., X, ),
which is evaluated at timg, ¢,, . . . , t,,. Suddenly, the price of any contingent claim

is nothing but the discounted value, and it is displayed as

o) =E e b mto(X, ... X, )|Fol| . (5.13)

The purpose of the computation of hedging coefficients iske derivatives of the
option concerning the parameters inherited into the motelperform our calcula-

tions, it is inevitable to consider to be a uniformly elliptic matrix. Thus,

37 >0, suchthat ¢"o(x) o(2)€ > n|¢|*, forany & zeR™.  (5.14)

5.3.1 \Variations in the Initial Condition

To obtain a logical calculation issue, it is undeniable tgwer that the Malliavin
weights do not corrupt with probability one. Consequentbyiié et.al. (1999, [77])

demonstrate the following class of square-integrabletfans

- {aEL2([O,T]);/Otia(t)dt:1,Vi:1,--- n}

in R to withdraw degeneration. In this casgs denotes a separation of finite time
horizon[0, 7.

To compute the sensitivity concerning the initial undertyiasset price, we require

the celebrated Bismut-Elworthy-Li formula proposed.ini [@7].

Proposition 5.15(Bismut-Elworthy formula) Suppose is the uniformly elliptic ma-
trix, and ® is a function that is continuously differentiable with boeddgradient.
And so, for any functional(t) € I' we have

(Vu(z))" =E efoT”dtQ)(th,...,th)/O a(t) (e (XY TdW, | .

Proof. Since ® is continuously differentiable with bounded derivativejsi possi-
ble to interchange the differentiation and expectationpljpg chain rule (Proposi-
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tion[5.3), we obtain

Vp(z)'! = E e‘foT”dtZVi(I)(th,...,Xt")Df‘”Xti]
=1

: (5.15)

= E e h "N V0 (X,,....X,) Y,

7
i=1

whereV denotes the gradient andis the first variation process introduced in Def-
inition[5.7. By Equation[(5]8), one can write the Malliavinridative of X; in terms

of first variation process
DXy, =Y., Y, a( X)) 1<y,
Then, .
Y, = / (a(t)D;X,,) o~ (X,,)Y, dt, (5.16)
wherea € T',. Substituting IOEquatiorE(EILG) into Equation_(85.15) andlgpp the

chain rule, we obtain

n T
Vp(z) = E|eh Y V0 (X,,..., X,,) / at) (DiXy,) o (X, Yodt
0

=1

T
= E [6_ fO redt / Oé(t)Dt((I) (th, e ,th)) 0'_1 (Xt) }/tdt:| .
0

Note that the diffusion matrix satisfy the uniform elligticcondition. Henceq(t)a ! (X;)Y;
is a square integrable random variable for all fixed time nititerval|0, '], which
enables us to utilize the integration by parts formula. Apg the integration by
parts formula (Propositidn 5.7), the gradient of the pricecpss may be rewritten as

in the following form
T
(Vp (@) = |e= 5 mita (X, .. X,) / a(t) (o (X)Y5) T aW,| .
0

Since the continuously differentiable functions clas$wibounded gradient is dense
in L? space, it can be used, precisely as in Fournié et al. (1999, {@ generalize

the results. n

5.3.2 \Variations in the Drift Coefficient

In this subsection, we define a perturbed process to assessrthitivity of the price

of the option to variations in the drift as

dXi = [B(X)) + e(X])] dt + o(X7) dW,,  X§ =,
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wheree € R and~ is a bounded.

The following Proposition explains to the user how sensithe price of an option to

the perturbed price processddor ¢ = 0.

Proposition 5.16.Leto satisfies the uniformly ellipticity condition, addis a square-
integrable continuous payoff function. For our perturbedlarlying asset price pro-
cess

vi(@) =B | 0 0% (X5, X )]

the following is obtained

%ve(x)ko = { o dt‘I’(thw-thn)/oT (U_I(Xt)V(Xt))Tth}'

5.3.3 \Variations in the Diffusion Coefficient

In the computation of the contingent claim,sensitivity concerning the volatility, we
use the perturbed price process defined below.

dXi = 0 (XP) + [0 (X)) + ey(X))]dW,  X§ =z,

wheree € R and~ is a function that is continuously differentiable and haarimed
derivatives. Moreover, the uniform ellipticity conditidmlds fow + ey. To proceed
with our calculations, we also need to define the variati@mt@ss concerning as

follows

dzs = ) Zedt + Z (X0) + ey(X0)) ZEdW] + v(XE)dW,

with Z§ = 0,,. Here, one may notice thggg = Zf. Also, Zf|.— is defined asZ;.

Moreover, we define the class of square-integrable funstorR as

ti
T, = {a e L*([0,T)) : / at)dt =1, Yi=1,...,n,ty= 0} . (5.17)
ti—1

Immediately, based on the recent perturbed process givinBagjuation [(5.34) the
following proposition may be given.

Proposition 5.17.Leto be a matrix that satisfies uniformly ellipticity conditid®a14)
and forB,, =Y, 'Z,,,i=1,...,nthe values—'(X,)Y; B, € Dom(d) available. In
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that case,
v(z) = E [e* Jo e (x| ,an)] ,
and for anya € T, the following is obtained

0

S (@eo = E [ OB (X, X,,) 8 (0 (VB

where

Bt = ZO&(t) (Bti - Bti—l]lte[ti—lati))'
=1

Proof. The payoff functionb is at least twice continuously differentiable with bounded

gradient. Thus, we have right to write

0

‘() =E

av
Next defineB, = Y, ' Z, = Y, ' Z¢| .

/ ' (DX <a‘1(Xt)Ytl§t> dt

Y Vb (Xg,,..., XS 2,
=1

Sincea € T',, we have

ti 5
/ Y., Budt
0

7 t;

Yy / a(t)(By, — By, ,)dt
j=17ti-1

Y. By,

Z;.

E

T n
/ N Vi (X5, .., XS ) (DXy)o (X,)Y, Bydt
0 =1

T
E { / Dy®(X5, ... ,an)a‘l(Xt)}QBtdt} .
0

By our assumption and linearity property of Skorohod intggra' (X)Y B € Dom/(6).

Thus,
0
—0(x)|e=o = E [<I>(XE

- < ,X;n)afl(xtmf}tdt}
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Remark 5.18. If B; € D, we can calculate (a*l(X_)Y_B) as follows

5(0*1()(.)1/,3): S {Btf_ / tila(t) (ofl(Xt)Yt)Tth

_ /tti a(t)Tr ((DtBti)071<Xt)Y;) dt

- / a(t) (o~ (X)YiB, ) th}

5.4 The Hedging Coefficients of Mortgage Default and PrepaymerOptions

This section develops theoretical formulas for hedgingpeaters of options of mort-
gages, namely default and prepayment options, based omiteedimensional Malli-

avin calculus. As the housing market defined in the economid@nment that we
explained above to examine our research problem, first, veetfia mathematical

representations of the hedging coefficients in this chapter

Mortgage users are representatives of two brands of optidriarisian call option
that defines prepaying the loan [175] and a European putrofitad specifies default-
ing and moving out from the house [38]. There is a common fdu#t prepayment
is not influenced by the change in the underlying house psaawch as default. As
the underlying house price decreases, the probability falulteraise, and the expense
to moneylenders likewise rise. While default probabiliteasl losses grow as a re-
sult of the decreasing house price, the damages inheriteéeféult increase quicker
than house price collapse without any linear associatioother respects, if the spot
rate reduces sulfficiently, buyers favor refinancing theirtgages with the current
rate since it is cheaper. In another word, mortgage prepatyraeses a satisfactory
reduction in the conventional interest rates. Consequédraty parties have to utilize

a progressive hedging procedure for their mortgages.

Commonly, in hedging parameter computations, we can utilizeanethods of like-

lihood, pathwise, and finite-difference. However, the gkdtion of these parameters
under the standard two-state variable hypothesis is cusobes. It is because the rec-
ommended model does not produce a precise distributiohisbécause the payoffs
are not differentiable. Consequently, both likelihood aathgiise methods are not
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proper in our circumstances. But, we can utilize the finiteedéince method since this
method based on the resemblance of derivatives as vagatiandependent variable

over a small interval.

Besides, the finite difference method can be representediliging a tiny class of

differential operators. However, it is computationallysttp and questionable for dis-
continuous functions. Consequently, the use of it is circemted, and the Malliavin
calculus is practiced in the computation of the hedging patars by following the

Fournié et al. (1999, 2001, [77,76]) for two central dedmtsi. 1) it is computa-
tionally less costly contrasted to the finite differenced #re payoffs of both options
are discontinuous. 2) the method introduced by Fournié. gt18099, 2001[] 77, 76])

allows quicker convergence for problems that contains Ehadiffusions.

In this chapter,X, is in R? (see Equation[(513)). Here, we suppose thatis a
Markov diffusion process with an initial value of, = x. Suddenly, the value of

options written on this asset is
p(z) =E e o mdtox, ... X,)|. (5.18)

We know that the hedging parameters are the derivativeseoptice function pro-
vided with Equation[(5.18) concerning the correspondingpides. Consequently, as
a critical consequence of Proposition 5.15, we can givedhewing proposition that

classifies the hedging parameters for the variations innlyidg house prices.

Proposition 5.19. Let 8 and o be functions both defined as in Equation {5.3). Both
of them continuously differentiable functions with boundedvatives. Further, the
uniform ellipticity condition holds for. Now, think a payoff function denoted ty

It is at least twice continuously differentiable and also lhasinded derivatives. In

this regard, the sensitivity concernirg is

ap e— fOT Ttdt

P _ g ® (hyy,... . h L= Pz | 5.19

Proof. The inverse of the diffusion matrix is

1 Jhlxl O
a (X)) =
_=p 1

TRTIM  fOr/T2
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Then,
1 11 — 11 21
ol LY 4 LY,
_ T opx1  t oLT t ETN
(o LX) Y) = h1 1 12 h_;“ 12 “1\/72 2| (5-20)
Uh,le; popxy + MUT\/E}/;

By Propositio 5.15 we have,

Op e~ Jo redt Tyn Ty

— =FE O (Xy,..., X —_aw, Law? )] .

Oho hoon T (Xtis - Xe) (/0 T t +/0 Ty t)
(5.21)

Here,Y;?! = 0 since the proceds is not affectr;. Moreover, in previous section and
a(t) is chosen ag:.. Then, we come to final result easily by Remiark5.13.  [J

In the present chapter, the spot rate assumed to be eithstaobor deterministic.
Preferably, it evolves from Equation (5.3). Accordinghethedging coefficient con-
cerning the spot rate is not straightforward. So, rathen thranediately differentiat-
ing the option price, a perturbation parametés included. Then, the effect efon

options is recognized. At this point, it is undeniable taifjawvhat we meant by the

perturbed process.

We define the perturbed process)sand give its dynamics as
dX; = [B(X])+ ey (X))]dt + o (X])dW,, (5.22)
X5 = uw,
wheree € R, and~ is a function that is continuously differentiable. Hepe}- ey and

o satisfies all regularity conditions that we explained abdwedescribe the influence

of a structural variation in the drift, we require a pertutipgice process.

Definition 5.20. Let X be a solution[(5.22) fot € [0,7] and® is a continuously
differentiable with bounded derivatives payoff functi@@onsequently, the perturbed

option pricep* (x) equals to

v (@) =E | Bt (g x| (5.23)

19
By relying on Definitior 5.2, the hedging parameter thategponds to the change
in spot rate is of the form as in Proposition 3.16.

Proposition 5.21.Considerg ando as we discussed above. Then, for any payoff that
is continuously differentiable and have bounded deriestiasd : R? x R? x ... x
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R? — R, € — p°(x) is differentiable concerning alt € R%. Consequently, the

hedging parameters of any option that corresponds to thérspe fluctuations is

0 T W, W2
Y L1 1)

Op Onlb

_E [Te— I ety (X, ,th)] .

Proof. We may represent Equatidn (5122) by and integral form aev|

t t
X{=X§+ / [B(X) + ey(X)] ds + / o(XE)dW,. (5.24)
0 0
Then subtracting the original proce&s from Equation[(5.24) we have
t t
X; - X = [ 1B + (X0 = SO s+ [ [o0XD) — (X )] W (6.25)
0 0

By dividing both sides of Equation (5.25) withwe obtain

ﬁ—xti[ﬂm%HﬁMQZM&W%+A@E@;§mW&(m@

€ €

In the limiting case, Equation_(5.26) becomes the derieadif.X; with respect tc,

Le. Z; = 85?. Then, using the Gateaux derivative property we obtain

t
Z;:/ [v(X,) — D*B(X,)Z] ds+/ ZD%Z VZEAW?E. (5.27)
0
The proces¥; satisfies the SDE system

2
dZ, = [y(X,) + D*B(X) Z) dt + Y  D"0y( X)) ZdW,, Zy =0,  (5.28)

i=1

The equivalent representation &f is
t
Zi = [ vy, (xds, tef0.1). (5.29)
0

Now let us differentiate the perturbed price process defineBquation[(5.23) with
respect ta.

e tr s

de

ape(x) - K |:(I> (Xe Xten) ie— fOT rs dt:|

€

Xy
4+ Ele o dthq> . 6 a:]' (5.30)
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Let us define the last component of the right-hand side of thaton asl,. From
Equations[(518) and (5.29) we have

T
7 / DXy, 0~ (Xe)y(Xo) Lisy,dt. (5.31)
0

Then, by the chain rule we can write following féy.

I, = E

n T
e fO rg dt Z VZ(I) (X;? e ’an) / DtXtZO{(t)O'_l(th)"}/(th)dt]
i=1 0
T e T T
= E {e_ Jo i dt/ Dy (®(X;,,.... X[)) at) (07" (X)v(Xy)) dt} .
0
Then, by integration by parts formula (Proposition 5.7),0e¢

L =E [e—fo”f U (X,,..., X)) /OTa(t) (0™ (X)v(X) " dwt] :

Inserting this equation into Equatidn (5130), finally we dav

8196(1:), — E |e J nXDig (x X,) ! (1) (6 (X (X)) " aw,|
e e=0 = € try -5 0ty ; « o t) Y\ A tle=0
€ € 0 —fTredt
- E|®(X;,...,X]) 5¢ " e (5.32)
Now choosey(X;) = [h:,0]'. Then,
~1 T_ 1 —p
(' (X(Xy) = [—Uh,—uah} : (5.33)

Thus, insertingn(t) = + and Equation[{5.33) into Equatioh (5132) for— 0 we

deduce the desired result. O

As in the calculation of the hedging parameters correspanth the spot rate, we
need a perturbed process to calculate the hedging coefftbi@incorresponds to the

volatility. But, now, we define the perturbed processas
dXi = B(XP) + [0 (X7) + ey(XP)]dW, X =z, (5.34)

where agair € R andy € I',, is an at least twice continuously differentiable function
that having bounded derivatives. Also, the uniform eltifiyi condition is satisfied by
(o + ey). Next, as an instant issue, we can give the following prdjmrsby using
Equatiorf’5.34, Propositidn 5J17, and Renfark5.18.
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Proposition 5.22. Suppose botfi ando are at least twice continuously differentiable
functions. Alsog satisfies the usual condition that is necessary for our cdatfmns.
Next, for any continuously differentiable payoff having ided derivative® : R? x

R? x ... x R? — R, ¢ — p°(x) is differentiable withr € R?. Suddenly, the
hedging parameter of any option that is corresponding toviblatility is

1 2 1
@:E e_foTT‘tdt(D(th’,.. 7Xt ) & W%_pWT - .
80h n TO'h L o

Proof. To proceed our computations we need the followings.

, (T’t — 5) ht ht 0
B = ) 7 (Xt) = 3
0 —K 0 0
, gp 0 , 0 0
oy (Xi) = , 0y (Xy) =

Now, we may defingZ, explicitly as

Z (e —0) h| [2 o, 0 7
al™l o= | i I R AT aw
72 0 —w| |22 0 | |2
0 o] [z he 0
+ : dW? + dW,. (5.35)
0 g | |2 0 0

Here, using the fact that the spot rate prodegsdoes not depend on the house price
procesg ), we may deduce that) = 0. Thus, from Equatiori{5.35) we have

Az} = (r; — 0) Ztdt + op ZLAW, + hydW?.

Furthermore, from It6 lemma the solution of this SDEZs= h,V!. Then we have

12 1
% —% Ztl % hOth
Bt — t [ X — t —
1
0 vz 0 0 0
So that
~ ho th]l[O,T}
Bt —_
T 0
fora(t) = 7 € T,.
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Now, we can compute the following

1 0 yll yl2 Y, v12
_1(X )Y _ O'hht t t _ O'hht O'hht
t)4t — : -
__» 1 0 Y2 _Yt pyi2 v
uophe  pors/re t uophy uophy UOry/Tt

We also know that

ho O
D.Br =
0 0
Thus,
hoy'tll hOYtlQ
(DBr) (Uﬁl(Xt)Y;s) = | e onl )
0 0
and
_ hoY:H 1
Tr (DyBr) (671 (X})Y;) = Uhl; -

; 11 _ he
sinceY; " = jt.

Now, we can compute the following integral easily as follows
T
/ a(t)Tr (DBr) (07" (X,)Y;) dt = —/ —dt = (5.36)
0
sincea(t) = 7.

Before proceeding the second integral first let us find theohg

1/t11 o py'tll
-1 T O’hht ,ucrhht
(1 (xy) =
Y'tl2 . p}/t12 }/t22
opht popht MO-T\/E

Then, we have

T Yy 1T pY, 1! 2
0 opht W 0 ,uo'hht W

T
/a(t) (M X)Y) AW, = |
0 0 a};htdWl f() <uahht HOor/Tt T’>dW2

Now, we have

T 1 Tyll T Yll
B [ at) (o oeowy T = M ([ Xy - [ 2 )
0 0 0

onhy Mahht
hoWr ( / Tl / ’ 2)
= dW; — dw,
T 0 O'hh[] t 0 ,Uo'hho
1 1 2
= % (% — pWT) ] (5.37)
T \ o, pop
The desired result can be obtained from Equatibns{5.36{=6d). O

The following section presents some numerical illustragiof the results for the
hedging parameters that we introduced in this section.
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5.5 Numerical lllustrations of Hedging Coefficients

The finite-dimensional Malliavin calculus in the context mathematical finance,
more precisely its application to the hedging briefly disagsin Sectiof 513. It is
relatively generic, in the sense that this method does mptire any solution to PDE
of the option. Contrarily, this calculus based on the utilaa of MC algorithms.

Hence, it is relevant to use a crude MC algorithm for our nucagéillustrations for

some hedging coefficient. Consequently, this section exasrtime dilemma of state
variables with some predetermined model parameters adariuental example. In
this framework, we calculate the hedging parameters byogpating an MC scheme.
In the computations, first, we generate representatiorspethouse price and spot
rate, and then we calculate the hedging parameters forithisaged paths. Later, we
generate the corresponding paths repeatedly, and we atdbk resulting hedging
parameters. The parameters converge to the hedging paraoh¢he options as we

increase the simulation number.

The corresponding parameters of the mortgage default gmepayment against the
changes in the initial house price, the spot rate, and thegilrtyt of house prices are

accomplished by replacing the analogous phrases in Ptapwsst. 19 5.21 anld 5.22.
To visualize the application of those propositions, westtate our computations in
Figure85.P[ 5]3 arld 5.4 to realize penetrations that stéitewur computations. For a
meaningful empirical study, we chose the parameters arthytrand introduced them

in Table[5.1.

Typically, in our calculations, instead of practicing aatately poor number of simu-
lations, we perform a crude MC algorithm having 10,000 satiahs. In the setting
of this thesis, we chose the corresponding parametersnattei model to reproduce
a flexible variety of functional employment and in such a wagtthe Novikov con-

dition holds for the spot rate process, which we consideh@€iR process [54] two

avoid negative spot rate.

The hedging coefficients play a central role in hedging éwiv— these coefficients,
also recognized as delta, rho, and vega are the ones thatnamit® The arbitrage
valuation models rely on the notion that any option can béepdy hedged against the
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Table 5.1: The parameters for our numerical illustrations

Parameter Abraviation Value
Initial House Price H, 100000
Service or Rental Flow § 0.06
House Price Volatility oy, 0.6
Correlation p -0.8
Initial Interest Rate 70 0.08
Adjustment Factor K 0.5
Steady State Parametef 0.6
Interest Rate Volatility o, 0.5
Fixed Mortgage Rate c 0.15
Maturity T 30 Years
Excursion Period T, 5 Month
Month [ 5
Number of Simulation N, 10000

associated risk using the balance between underlyingssssdtthe options. Namely,
the hedging activities have a central roll in mathematicedrice concerning the the-
ory of option pricing. These coefficients enable investoragsemble a replicating
portfolio of their options. The so-called hedging tactieattrely on these coefficients
broadly used to overcome the risks associated with the gmoreling components.
As an example, the first hedging parameter is called deltaathematical finance
(Figure[5.2). It is adopted to decrease the risk of changedrbuse price. The sec-
ond parameter is called rho (Figurel5.3). It is utilized taighish the risk of change
in the spot rate. The last parameter is named as vega. This engaged in reducing

the risk of volatility.

Figure[5.2 represents the MC illustrations of the delta fothlboptions against the
number of MC simulations. Figute 5.2 (a) demonstrates tietlelta of default op-
tion is around—0.23 with the parameter assumption above from Proposition] 5.19.
Figure[5.2 (b) reveals that delta of prepayment option ighbu0.84 with the same
parameters and Propositibn 5.21. Both graphs reveal thatig@rey 3000 simula-
tions is sufficient to expose the delta of both options. Counestly, the delta can
be achieved even with fewer simulations, and the cost carebeedsed adequately.
Figure[5.2 also reveals that a trader who owns a default optiost consider a short
position to replicate his option. However, the trader maststder a long position to
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replicate his mortgage prepayment option. Users shoutmhreze that when a trader
holds a short position in the option, he has a poor potemtightn a profit while there

is a possibility of infinite losses.

The boxes in both figures and the following figures illustedem-in of a small simu-
lation interval to show upper and lower confidence interaals5 level. These boxes
clearly indicate that even though confidence intervals lxegy tight, the estimation
of hedging coefficients are all stays within confidence wdky. Hence, the evalua-

tions are all statistically consistent.
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Figure 5.2: Simulations of the options delta coefficienty: @elta of default option,
(b) Delta of prepayment option

Figure[5.8 portrays the MC illustrations of the rho for bogitions against the simula-
tion number. In Figure 513 (a), it is shown that the rho fordeéault option is roughly
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0.66. In Figure[5.8 (b), it is shown that the rho for the mortgagepalyment option
is almost2. More importantly, since the hedging coefficients may beoagaished

with fewer simulations, the computation cost may be redwscgficiently. Figure§ 513
(a) and (b) both reveal that both options are more senstiWlei¢tuations in the spot

rate.
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Figure 5.3: Simulations of the options rho coefficients:Kap of default option, (b)

Rho of prepayment option

Figure5.4 plots the MC simulations of the vega of both optiagainst the simulation
number. In Figure 514 (a)it is shown that the vega of the dedgation is about-0.19.
In Figure[5.4 (b), it is depicted that the vega of the prepaynuption is around
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—0.63 . For these computations, the hedging coefficients may baredat as well
with a small number of simulations. Therefore, the comportetost may be reduced
sufficiently.
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Figure 5.4: Simulations of the options vega coefficienty:Maga of default option,

(b) Vega of prepayment option

It is essential to note that this chapter aims to recogniae ttie Malliavin calcu-
lus, yielding the hedging equations in the previous sectwaduces the Malliavin
weights. These weights involve powers of Brownian motionghS'global” weights
can increase the cost and decelerate our computations. vdgwaeich a problem
might be resolved by localization of the correspondinggraéon-by-parts around
the singularity points[77]. However, it is out of the randdlee thesis. Additionally,
this thesis only intends to compute the hedging parameterthé default and pre-
payment options. Even though the current forms are quedilenthe computation
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cost of our illustrations is relatively quick.

To summarize, we may emphasize the results deducted foifgepggrameters that

we compute above as follows:

1. Hedging with Delta: By relying on the delta of the optiorsgecrease the risk
related to house price investors should have the followiragegies:
Case 1 (For the mortgage default option): Consider a houseandureent price
is$100. Also, suppose the default option on this house has a pri€oand its
delta is -0.23. Then, a financial institution sells out tetia@ys to its customers
so that the customers have a right to buy 1000 shares at tyaflwicompose
a delta neutral position, the investor must short 82l x 1000 = 230 shares
of the underlying house. If the price of the house incre&ieshe mortgage
default option decreases §9.23. Hence, the financial institution has$a3o
($1 x 230) loss from the house andfa30 ($0.23 x 1000) gain from the default
option.
Case 2 (For the mortgage prepayment option): Suppose thatigha house
in the market with a current market value valbi)0, there is a prepayment
option whose current price 10, and the prepayment option has a delta of
0.84. A financial institution sells out ten options to its twmsers so that the
customers have the right to purchase 1000 shares at matliatgompose a
delta neutral position, the institution must purchasel x 1000 = 840 shares
of the underlying house. If the house price ris$ésthe mortgage prepayment
option rises’0.84. In such a case, the institution hag&t0 ($1 x 840) profit
from the house and $40 ($0.84 x 1000) waste from the option.

Notice that in both cases, the total loss of the institut®ndro.

2. Hedging with Rho: Using the rho, one may reduce the riskedl&o the spot
rate. He can use the following neutral portfolio strateggeseduce its risk.
Consider an investor having a delta neutral-portfolio. Tbefplio includes
both default and prepayment options along with the undeghhouse. Its’
portfolio’s rho is3. Its’ mortgage default option’s delta is0.23, and rho is
—0.58. The mortgage prepayment option’s delt®i84, and rho is2. It may
compose a replicating portfolio, which is both delta and nieaitral, just by
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including~ —92.65 of the mortgage default and —25.37 of the mortgage

prepayment options.

3. Hedging with vega: The vega can suggest the followingesjras to reduce
the risk associated with house price volatility by assengph delta and vega
neutral portfolio.

Think of a delta-neutral portfolio that includes both thertgage default, pre-
payment option, and also the house that the options areewriBuppose that
the vega of this portfolio is given as2. Furthermore, suppose that the mort-
gage default option’s delta is0.23, and its vega is given as0.19. Suppose
that the mortgage prepayment option’s delta is given.&$, and its vega is
given as—0.63. To assemble a replicating portfolio that is both delta aeglay
neutral at the same time, the investor must incluge=~ —5.52 of the default

andw, = —1.51 of prepayment option into its main portfolio.

By considering the investment strategies that we introdgcanaexample above, fi-
nancial institution and individual investors may constrportfolios, which satisfies
delta, delta&rho, and delta&vega neutral investment pmosstand benefit these hedg-
ing strategies. Based on these investment strategies, tsenlggyed to short or long
a tiny proportion of the underlying house. However, due tErthature, houses are
unified, and they are indivisible. As a result, we cannotdrdeem in small units. As
a consequence, hedgers have to use alternative investmséniments such asP/l

or contingent claims tied t6'PI, REITs shares traded in exchange markets. Or, they
can invest inl'Bill to replicate the options against the spot rate fluctuatibtoy-
ever, the mortgage default and prepayment options are kiaithad to the mortgage
and, thus, they are not traded independently in marketss gtint resides that the
hedgers must adopt alternative investment instrumentsasioptions written on RE-
ITs and options attached # P, which is administered by the Chicago Mercantile
Exchange (CME).

A hedging activity is a full or partial reduction of an assetrice risk by using con-
tracts, which offsets the risk. The existence of marketigipents who are willing
to construct a hedging portfolio is one of the fundamentalditions to the estab-
lishment and success of derivative markets. In the absdrtesowill, it is difficult
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to close contracts between counter-parties, since themtarad supply of risk and
return are likely to be out of balance. Thus, in this chapies,derive Malliavin
calculus-based expressions for the hedging coefficientiseomortgage default and
prepayment options. The specialty of this method is thatlligtrations that devel-
oped are a product of option’s payoff and an independenthwgrghich is called the
Malliavin weight. In this respect, it permits the user toargorate formulas resulting
from the Malliavin calculus and to derive estimations fog ttedging coefficients by
running an MC algorithm.

These expressions to the mortgage default and prepaymeon®jare of particular
interest since they have no closed-form solutions for tlogsens. The performance
of the illustrations has been illustrated, and numericsiiits have been presented us-
ing a crude MC algorithm. The numerical results reveal tiogh llefault and prepay-
ment options are more sensitive to a change in the underhonige price volatility
than a change in the underlying house price and interestfhtre are many potential
usages of these computations in the genuine markets. Ajthmarket participants
face risks related to increases in spot rate, prepaymefaultleand foreclosure in
housing markets, they are not well informed about the usedgimg strategies to re-
duce the risk. Thus, the housing market participants woateeht from the ability to
hedge in such markets by using the outcomes of this chaptghdfmore, the use of
such results would be likely to evolve as insurance and aslolement in consumer

products of financial service companies to take advantageediousing markets.
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CHAPTER 6

DIVERSIFICATION BENEFIT AND RETURN
PERFORMANCE OF REITS: AN EMERGING MARKET
CASE

This chapter reviews returns of Real Estate Investment J((EITs) and diversi-
fication advantage of these companies. REITs have been tlecsolb extensive
interest in the field of real estate finance from both prawtér and an academic point
of view. The primary concern of them is about consistencyudBR&ITs share returns
with core holdings of the REITs and trend in overall exchangekets. Consequently,
as empirical analysis, this chapter reviews the returroperdnce of REITs operating
in BIST, which are denoted as T-REITSs, of several viewpointstfe specific interval
July 2008-March 2015.

The relationship between REIT’s share returns and core prepef these compa-
nies portfolios is essential for both investors and acadieams, considering allocating
funds to real estate. Investors are attracted to real estaée investment tool due
to their potential diversification benefits of the asset<lasbelieved to offer [18].

Besides, specific benefits of REITs, direct investment in retaite, for instance, pur-
chasing a property, maybe infeasible for many reasons. tiagisaction costs, lig-
uidity, lot size, inability to construct a sufficiently dirgfied portfolio of properties,

uncertainty about prices and valuations, and limited dgpee in managing real es-
tate assets are some of the main reasons. Even investingimao investment tools,
such as open-ended funds, may not completely solve thes&ctdssto invest in the

real estate market straight. However, REITs offer a form wéstment strategy to

real estate markets, especially in the case of traded REhBses in stock exchange
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markets, which may overcome many of these obstacles.

The methodology within this chapter relies on both the asltddl CAPM in the
derivatives market and its extension Fama-French thretedfanodel with some ex-
pansion of Fama-French to observe political and currersty fihe theoretical back-
ground of these methods generally investigated, and thosasy studies exist in the
literature. Consequently, these methods are both welbkstt@d approaches. Hence,
in this chapter, we avoid giving detailed explanations dhbuethods not to bore po-

tential readers.

As it is well known, the CAPM is a model that relies on a singletda, which in-
terprets the expected return of assets traded in stock egehmarkets relative to
the market risk. On the other hand, the Fama-French thiterfenodel expands the
celebrated CAPM by distinguishing risk sources by attaclsizg and some value
variables to the model. Along with the traditional FAMA-Reh factors, further in-
fluential variables might be included to estimate variationreturns of assets shares.
Two of the most significant reliable risk sources are theanuy risk that has a great
influence on prices of asseét [4, 138], and the risk associaitkdpolitical activities
that are essentially started by numerous circumstanceselgctions and develop-
ments in the market regulations [1,/ 40/ 93,1196]. As a corsecg, these two risk
sources included in the Fama-French model as an additimkasource that repre-
sents an innovation within the current chapter. Since rsi@te markets highly de-
pend on financial crises and political regulations, in addito these two risk sources,
we attach the influence of the global crisis and electiongplsrinto the Fama-French

three-factor model to include the political and global slurces.

The main goals of the current chapter are to investigate tbtability and return

variability of REITs from many aspects. To provide backgmwand further con-
trol of the sample size, we narrow our analysis throughoiyt 2008-March 2015

that spans real estate market recovery in Turkey. Invesgiigawithin the current
episode give birth to four new research fields in the realtedtaance literature.
First, as one of our essential investigation purposes, itregification advantage of
T-REIT shares is analyzed by rivaling banks’ shares and tstpanies’ shares in
Borsa Istanbul Stock Exchange (BIST). Second, the primamyabivg of this chapter
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includes the investigation of REITs returns variability ksing both the celebrated
models, followed by a measurement of corresponding modetieinonstrate their

relevant performance. Third, the study endeavors to extemdrama-French three-
factor model by attaching additional risk sources, namsiyne foreign exchange
rates, the general and local elections, and the globakgiisiparticular, significant

risk components in emerging economies. Therefore, thipten@resents additional
risk sources exceeding the standard three-factor Famrecifrtaree-factor model to

mirror the consequences of both local and internationlakasirces. Final and fourth,
this chapter classifies the specialty (namely, propertyshcmanagement structure
(defensive or aggressive), size (big or small), and finarstées (distressed or not
distressed) of T-REITs. Hence, this thesis is a pioneerundysn this respect.

Furthermore, this chapter also examines the associatiwveba the specialties and
risk yielding enhancement willingness of T-REITs. In thagpect, it allows potential
readers a better understanding of T-REITs from various iatia& aspects. Moreover,
it affords a meaningful contribution to asset allocatiomrid®ns for investors who
are operating in BIST and willing to invest in T-REITs’ shareBhe implications
of Turkey’s real estate market experience extend beyondotted market analysis
frame. They provide REITs analysis with globally practicapebaches since the
experimental study on investigated topics is still in a hatk particularly in emerging
economies. In this sense, our review also has internatainensions related to the

vast amount of international investments in Turkey.

We organize the chapter as follows. In Secfiod 6.1 we sunz@&EITs. We doc-
ument the stylized realities on the REITs in the chosen emgrgconomy, and es-
pecially Turkey’s market, contribute further examination the association within
submarkets of real estate and REITs in Sedtioh 6.2. Sdct®aoriques the litera-
ture. Sectiorh 6l4 gives a preliminary of the well-known medbat we employed.
The utilization of our recommended study on T-REITs is iltattd in Sectiof 6]5.
AppendiX A also displays corresponding benefits and crde&lres of REITs regu-
lations in Turkey’s economy.
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6.1 Real Estate Investment Trusts

REITs are companies operating on a closed form-end fund dmsists of real prop-
erties and mortgage-related assets or both. These compamerganized by the
US Congress in 1960 for the first time as an investment vehictgant investors a
potential opportunity to invest in real assets and benefinftheir activities. Since
sophisticated investors consider the resulting investrasvironment for traditional
investment methods as low return, many of them turned torate investment ve-
hicles as a way of satisfying their return expectations aotably to a lesser extent
as a risk controlling tool. Indeed, alternative investmepportunities provide an

opportunity to earn an acceptable return with manageadite ri

As an alternative investment vehicle, REITs were unpoputaoray investors until
the end of the 1960s. During the period 1968-1970, the numhREITs increased
from approximately 61 to 161 in the US. After this point, tae®mpanies succeeded
a widespread acceptance from investors in US stock exchaagkets and spread
internationally. Further, they start operating in develdgountries such as Japan,
Australia and have increasingly been presented in the Euregion. The extension
in the number of REITs and their total assets (parallel torthesiase in their number)
is a result of several factors. For instance, to make REITseshaore charming
to investors, the US Congress abandoned the corporateiegehe tax on REITs
if these companies satisfy conditions offered by tax lawst éxample, the REITs

obligated to issue most of their earnings as dividends to shareholders [41].

Before the establishment of REITs, the only investment opipdtst of investors into
real properties is purchasing real properties. Howeveh thie establishment of RE-
ITs, investors are allowed to trade real properties in emghamarkets since REITs
are in the form of a corporation, and their shares are tradstbck exchange markets.
As a consequence, investors who are willing to invest inasaéts or property-based
investment tools can purchase REITs shares from exchandetaavith the inten-
tion of purchasing real properties. From this point of ViREITs give an investment
opportunity to small investors in real assets and benefit gchange markets return
opportunities at the same time. REITs offer to participateainous markets and use

investment strategies, which are unavailable to the gemsesting for the public.
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In the last two decades, there have been produced somelaiarges in the regu-
larity law for REITs. Such as, changes in regularity havevatio REITs to manage
their properties and provide benefits from related servi¢gsoperties in their asset
portfolio. From this viewpoint, some of the improved REITgyimi also be viewed as
operating companies. However, even these modern REITqn@adrties are still the
most significant component of their asset portfolios. ltmeswho are prepared to in-
vest in REITs shares should understand both real estate tearke@ exchange market
dynamics to compose a successful investment since REIT®diaw pools of prop-
erties that traded in exchange markets. Thus, investorpartfblio managers who
possess real estate and exchange markets have a subsidwvdiaiage over investors

who do not have any perception of these markets.

6.2 REITs Performances in Emerging Markets: Turkey Case

6.2.1 REIT Indices Relies on Emerging Markets and T-REITs

The weight of REITs in global finance is demonstrated by utizylobal REIT in-
dices. For instance, MSCI Emerging Markets IMI Core REIT Indeludes large,
mid, and small-cap shares. In early 2016 and the followingpds, the index in-
corporates 28 REITs with a total market cap of 28 billion dsllaDeveloped coun-
tries concerning their weights in the index are South Afiig20,), Mexico (33%),
Malaysia(8.3%), China(3.8%) and Turkey(1.8%). Based on the industry classifica-
tion, central REIT classes in the index of MSCI are includediasrsified (62.2%),
retail (24.54%), industrial(9.95%), hotel&resort(2.14%) and office(1.17%) (MSCI,
2016).

While analyzing FTSE EPRA/NAREIT Emerging Index, startingfr@015, we ob-
serve that the number of driving REITs and the net market cépenh are 153, 165.5
billion dollars, respectively. FTSE EPRA/NAREIT Emergingdéx, published in
2016 in March, provides a variety of interesting facts tale¥a. For instance, REITs
in emerging countries have recorded a downswing, and REITsaualong with
their net market capitalization have decreased to 149 aBdilébn dollars, respec-
tively. In this index, Chinas market seems to be the leadintketawith 54 REITs
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where they have a 65.7 billion dollar net market capitalmgtand China’s weight in
the index is46.3%. South Africa, the Philippines, and Mexico follow China witte
weights11.3%, 8.1%, and6.6%, respectively.

In the FTSE EPRA/NAREIT Emerging Index, Turkey weightli§%, along with
with with a 2.4 billion dollars net market cap in March 201&KTe[6.1). The real
estate market collapse illustrated the diversified REIT®[@v83.9 billion dollar net
market capitalization along with the industry weighti®1%. The residential and
retail REITs listed as the second and third highest REIT typethis index, with
35 billion dollars ¢4.7%), and 13.7 billion dollarsq.7%) net market capitalizations,
respectively (FTSE, 2016).

Table 6.1: Overview of FTSE EPRA/NAREIT emerging index (MayL20- March
2016)

Number of Net market Cap

Country  REITs (USD mn) Weight (%)

May 2015 Mar. 2016 May 2015 Mar. 2016 May 2015 Mar. 2016
Brazil 20 17 8254 7183 4.99 5.07
Chile 1 1 998 1029 0.60 0.73
China 50 54 75,219 65,715 45.44 46.34
Egypt 1 2 405 511 0.24 0.36
Greece - 1 - 326 - 0.23
India 5 5 2262 1929 1.37 1.36
Indonesia 12 11 8625 7727 5.21 5.45
Malaysia 14 11 6249 6083 3.77 4.29
Mexico 6 6 9519 9332 5.75 6.58
Philippines 6 7 11,908 11,505 7.19 8.11
Poland 1 - 390 - 0.24 -
Russia 1 1 2511 1953 1.52 1.38
South Africa 12 11 18,461 16,028 11.15 11.30
Taiwan 1 1 177 179 0.11 0.13
Thailand 14 14 5990 5788 3.62 4.08
Turkey 4 4 2564 2372 1.55 1.67
UAE 5 3 12,012 4140 7.26 2.92
Total 153 149 165,544 14,1801 100.00 100.00

The MSCI Emerging Markets IMI Core REIT Index prese&tso percent total an-
nualized return through the period of November 1994 - Mai@h62(MSCI, 2016).
The yearly achievement of the FTSE indexes implies that ekengh the FTSE
EPRA/NAREIT Emerging Index does not present a more desiraiéd teturn, it
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might exhibit substantial return volatility comparabletber market indexes through-
out 2006-2017 period (Table ®.2).

Table 6.2: Yearly performance (overall return %) of the sield FTSE indexes

Index % (USD) 2006 2007 2008 2009 2010 2011 2012 2013 2014 20136 20017
FTSE EPRA-NAREIT Emerging 63.7 429 -63.5 91.2 252 -29.2 4244 -152 -48 11 524
FTSE Emerging 331 39.7 -529 826 19.8 -19.0 179 -35 1.6 .2-1335 325

FTSE EPRA-NAREIT Developed 42.4 -7.0 -47.7 383 204 -58 287 4459101 50 114

The facts that we highlight above successfully shows theomapce of REITs op-
erating in emerging markets and economies, including Wrée the international
economy, and the potential to afford diversification adaget of these companies to

investors for their portfolio management.

6.2.2 Turkey’s Real Estate Economy and T-REITs

The real estate market, along with its related markets, agdhe construction mar-
ket, has been evolving with major developments in Turkegen@emy. These devel-
opments have played a significant role in changing real estamand and supply
dynamics in the real estate market of Turkey. Hence, theestate market has grown
significantly in Turkey. The market has displayed a remaskalccomplishment in
the last three decades. In correspondence to the develvpmaemand for property
and high-quality office and retail properties, the latelggmsed mortgage financing
scheme and the falling spot rate trend have been the primagniives for the re-

markable recovery of the real estate market of Turkey (EPRA4»

Across the last three decades, international agents hesr gccelerating relevance
in Turkey’s market of real estate. Their attention produadstal worth of M&A
transaction capacity increase that arrived at a level & hillion dollars, along with
217 transactions (Deloitte, 2014). The modern hotel and offiagket, as a real estate
sub-market perspective, are quite youndsianbul [125]. Especially, investments in
mall projects come to the stage after 2005 due to high glogaidity, residential,
office, and commercial real estate have made solidly in thevitng years of 2008
in Turkey (Deloitte, 2014).

Following developments in the real estate market of Turkaytal income and prop-
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erty prices of both retail and residential real estate haveqeded to increase across
the two last decades. An analysis of Turkey’s real estatéebdiustrates notable de-
velopment in recent times. Still, the opportunity is uncliea the second half of 2015
concerning the demand, supply, and rental income, andtgleofsietail(JLL, 2015).
Moreover, the office market of the A-Class vacancy ratéstanbul has increased
25.88%, and rental incomes declined in some local markets, (Cslligternational,
2015). Analyses on Retail and residential markets also shewawer of both malls
and housing in the economy of Turkey, notwithstanding soigr@fscant risks [194].
These significant real estate market developments arenlarfoental reasons for the
latest market balloon in T-REITs that are legally establisire1995 and started to
trade in BIST in 1997. Since then, T-REITs have become essantestment vehi-
cles for both local and foreign investors, and thus, thesgpamies are encouraged to
grow by favorable regulations.

Although there are an increasing political and economiksris Turkey, T-REITs
have shown significant development in the last three decdnjethe effect of the
favorable economic conditions in the real estate market,aso the similar bene-
fits of investors on T-REITs (observe Appendik A). A structwt@ange has occurred
with legal regulations and improvements in Turkey's reaagesmarket. More im-
portantly, the real estate market of Turkey has managedaptatself by increasing
specialization of activity areas from the general-purposd and office buildings to

special-purpose flats.

The evolution of T-REITs as a subcategory within Turkey'sl estate market has
arisen primarily as a result of the changing process of tlegla@f the community
in the last three decades. Therefore, Fiduré 6.1 shows tthatTBREITs total asset
value and the market cap have expanded concerning dollat$®percent an®81
percent, respectively. More importantly, the number of TFREhas risen sharply
14 to 31 between the years 2008-2015 (CMB, 2015). Here, it is worth tplersize
that Figurd 6.11 also shows that expanding the number of T-REiugh the recent
Initial Public Offering (IPO) boom produced favorable b&awtions to the industry
performance measures. The growing importance of assetskey's real estate mar-
ket might also result in the increasing amount of investm@niTurkey’s real estate
market and T-REITs shares at BIST. From the worldwide investrs&andpoint, the
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T-REITs market has a weight7% in the FTSE EPRA/NAREIT Emerging Index and
weights1.8% in MSCI Emerging Markets IMI Core REIT Index, in 2016 (FTSE,
2016; MSCI, 2016). In this respect, the significance of T-REHQI8s in international
investment opportunities is increasing, which may inceghs number of foreign in-
vestors in BIST. It is important to note that Figurel6.1 ilhasés that even though
there is a significant increase in the number of T-REITs aral twsets, the market
cap is not increasing. The reason behind this result migkitieeto the management
structure of these companies. This result also can be netexgh as these compa-
nies are not operating well. Hence, their management apgratethods should be

improved.

20 35

i = u N 3
1997 2000 2003 2006 2009 2010 2011 2012 2013 2014 2015

s REITs Total Asset (mn 5) = REITs Market Capitalization (mn S) e RE [T5 Number

Figure 6.1: T-REITs industry facts for the period 1997-2015

6.3 A Literature Survey on REITs

The increasing popularity of real estate markets and REITlsanast three decades
has canalized many researchers to analyze the behavior ®R&Lirn performance
from various angles, with a diversified data composition.ug;ithere exist many
studies in the real estate finance and economics literailnieh examine character-
istics and components of real estate markets and REITs sihoss of these studies
assume to have a similar character to real estate marketsheyare commonly in-

spected as a portfolio diversifier or a tool to reduce padfosk. More importantly,

some of these studies consider REITs shares as a hedgindevatj&nst losses re-
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lated to inflation.

A large amount of study in the literature regards the adymgaof REITS in the
portfolio management context within the asset allocatitsk, minimization, and risk
diversification features [42, 103]. For instance, Chun et(2D04, [51]) illustrate
the advantage of the property diversification benefit coegbéw riskless and small-
cap assets in periods of weak expenditure extension pliss#iln an investigation
of diversification advantages utilizing the classical meanance tests, Chen et al.
(2005, [46]) prove that REITs undoubtedly expand the meaiawee frontier and
expand the investment opportunity set. Furthermore, Chah 2005, [46]) also
confirm the economic consequence of investments in REITs finenasset allocation
attitude. The diversification and risk-reducing advansagfeREITs are proved to be
vital, mainly, for particular classes of shares, like mix@l mortgage class REITS,
but not for the equity REITs [80, 102, 137].

Chaudhry et al. (2010, [44]) show two co-integrating vectaitkin equity REITs and
energy-related investment instruments. From an intesnatiinvestors’ viewpoint,
there is a more comprehensive aim for risk diversificatiostimiggling economies
compared to developed economies, as the latter is preyitlustoughly combined
into the international money markets. Notwithstandinghigh potential, the risk
diversification advantages of REITs in emerging economigs hat recognized the

interest they deserve and rarely studied in emerging ma[ké¢, 158].

Concerning specialization of REITs and their performancesmesal by risk and re-
turn, Capozza and Seguin (1999, [35]) show diversificaticer ogal estate classes,
such as office, warehouse, retail or residence, unfavorafilences REITs market
value. Capozza and Seguin (1999,/[35]) also detect no indicaf fluctuations in
cash flows accessible to stockholders. Similar to Capozzéagdin (1999,/[35]),
Benefield et al. (2009| [23]) also prove diversified REITs cdesbly better com-
pared to specialized REITs throughout the years1995-200Gintilar research to
Benefield etal. (2009, [23]), for the period 1997-2006 Ro amdbzwski (2011,[[169])
compared the performance of the specialized REIT versusibesdied REIT shares
utilizing the CAPM and the Fama- French three-factor modbeylended up with no

proof of better performance connected with REITs speciadizn a single property
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class. Consistent by the existing studies, Ro and ZiobrovizKi 1, [169]) attain a
more significant market risk on the specialized REITs thardthersified REITSs.

The return performance of REITs, precisely through the CAPNM Bama-French
three-factor model, have widely investigated in the retdtedinance and economics
literature. For instance, Karolyi and Senders (1998, [L1$Bpw REITs returns con-
tain an essential economic risk premium where the reguldtiptaibeta asset pricing
models neglect to identify. Chiang et al. (2004,/[47]) notifyestors about the ob-
servation might deceive interested investors who use theNCteRevaluate the risk
of REITs and sensitivities of variable that are mostly synroeh the Fama-French
three-factor model case. Parallel tol[47], Chiang et al. 8088]) emphasize the
limited scope of both models to represent the performan&EdTs.

Despite their apparent disadvantages in the various dsesithe Fama-French three-
factor and CAPM models have continued to apply in analyzekefisk and return
performance of REITS’ shares. In this respect, the apptinadf the Fama-French
three-factor model on returns of REITs initially allowedeaschers to verify the ro-
bustness of the current results and the practical benefieaiiethodologyi [98, 130].
By examining REITS’ shares risk and return performance uitjzhe Fama-French
five-factor modell[7R2], Peterson and Hsieh (1997, [164]wstwat mortgage REITS’
risk premiums are considerably connected to three exchanddéwo bond markets
factors. Chiang et al. (2005, [49]) also show that the Fanesé-three-factor model
is preferred to the CAPM in illustrating the return varietytbé Equity Real Estate
Investment Trust (EREIT) shares, and in presenting steadyasons of market be-

tas.

Xiao et al. (2012,[[193]) use the traditional CAPM, and médittor models de-
veloped from the four-factor model in [62], as a frame to hgltt the association
between REITs with other asset categories. The authors dgratsthe return of
REITs displays the highest sensitivity to market return,psufed by the large-and
small-cap stock, bond, and real estate indexes. Presuntaélgffect of size is one
of the inferences on portfolios that consist of REITS’ shgredorming better than
the portfolios consists of popular stock shares. Consety¢in¢ investigations us-
ing both CAPM and Fama-French model have generally condedtean REITSs in
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developed economies, which recommends a gap in the literbduthe examination

of emerging economies.

Studies that are emphasizing the management structure gfsRislin the form of
defensive or aggressive management are also rare in bo#meety and emerging
economies. Sing et al. (2016, [179]) estimate the timeingryS REITs betas over
the period 1972-2013. In this study, they illustrate thatimpry difference observed
in time-varying beta aspects of US REITs in the 2000s. Morgavighin the same
study, they discover that while mortgage REIT betas proatezldecay, equity REIT

betas reveal a dramatic reversal of the descending trend.

Glascock et al. (2004, [86]) remark REITs generally congdexs low risk and return
companies, which present defensive management featurgsbyBusing a dynamic
conditional correlations bi-variate threshold GARCH modfél et al. (2010,[[151])
observe that more than seven registered REITs have defenawagement charac-
teristics in Taiwan. In the study of Chiang et al. (2013, [5@])s suggested that
currently, REITs have less defensive management strudtaredtable market peri-
ods. Therefore, REITs can not be proper security for the fiahobaos in Taiwan,
Hong Kong, Singapore, and Japan. However, contrary to Cheaagy (2013,[]50]),
Newell and Osmadi (2009, [156]) discover conflicting resuéported as thislamic
REITs generally demonstrate defensive features in Malaysianother study, Wu et
al. (2012,[152]) notice ten property-type REITs in the USéawdefensive manage-
ment structure in the period 2007-2010.

There is a variety of CAPM and Fama-French model applicatioBIST. Within
these studies, we can find proof for the significance of faqiooducing by company
size and the book to equity market ratio. For instance, Bra@013,[[69]) states that
the Fama-French three-factor model represents the vaneggneral stock returns,
and reveals that yields are favorably influenced by BE/ME athwbesely correlated
to the size of the company. Gokgoz (2007, [87]) also indx#tat CAPM and Fama
French three-factor models are relevant to BIST. Eraslat32[59]) and Gokgoz
(2007, [87]) also confirm that the Fama French three-factmtehhas a superior per-
formance according to pricing error measures. As an agpiteBereket (2014} [24])

examines CAPM, Fama-French three-factor, and four-factmtais. He also shows
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the supremacy of the Fama-French three-factor model toingmgamodels. How-
ever, on the contrary to Eraslan (2013,/[69]) and Gokgoz 12{%)]), Dalgin et al.
(2012, [58]) find CAPM neglects to estimate adequately thegxeceturns of assets
traded in BIST.

Studies investigating risk and return features of T-REITsa®m comparatively lim-
ited in the real estate finance and economics literaturéhigritnited literature, Erol
and Tirtiroglu (2008,[[71]), attain that T-REITs present arenceliable hedge ver-
sus both real and predicted inflation compared to BIST orgliagset indices. On
the other hand, Altinsoy et al. (2010, [8]) notice no sign o asymmetric time-
varying behavior for the betas of T-REITs. In the second stofdirol and lleri
(2013, [70]), they examine economic sources of time-vayyisk premia for T-REITs
returns. Mandaci et al. (2014, [142]) prove the absence @hoeement between T-
REITs and US REITs indices for the period 2003-2009. Akinsanail.e(2016, [5])
find some herding responses, the appearance of directigyralaetry, and the linear
relation among volatility and returns in T-REITs betweenybars 2007-2016.

Aktan and Ozturk (2009/[6]) illustrate CAPM fails to refletiet market informa-
tion successfully. On the other hand, they prove that thea=Brench three-factor
model demonstrates that a small caps ratio indicating thgpeay size has a more
notable influence on returns than the standard price-té-batoco measure. Lu et al.
(2013, [137]) also discover that emerging economies, sgcbhcanomies of South
Korea and Turkey, displayed a more prominent downside ristetnational REITs

under the conventional market conditions.

The research survey in this section highlights a commonredesef examination on
time and market-dependent features of REITs in emergingaeo@s. Therefore,
there exist apparent literature gaps in areas of emerging$dtid return fluctuations
of REITs by matching and developing CAPM and Fama-French ifaeter models,
diversification advantages, management structure, pyofoeus and return enhance-
ment of risk-yielding relation. The chapter tries to chasgeh gaps for T-REITs in

particular.
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6.4 Methodological Background

The preliminary analysis considers T-REITs returns anduatak their performance
by using CAPM and Fama-French model and their persistenaetiove. Therefore,

this section dedicated to these models.

6.4.1 Capital Asset Pricing Model

The celebrated Capital Asset Pricing Model (CAPM) emphagizasonly the non-
diversifiable risk is significant. Besides, the idiosynaraisk, which is also referred
to as unsystematic risk is irrelevant. It is because, a@egrtb modern portfolio
theory, the opposite of the systematic risk, the idiosyiicrgsk may be mitigated
through diversification in an investment portfolio [159].

In an ideal exchange market, risky assets indicate thatealeable assets accessible
to the market agents. Moreover, there exists a riskles astet rate ofr;, which
serves for lending and borrowing objects in infinite quaesit In this chapter, we
assume that all knowledge is open to all market agents. Wemay compute the

systematic and unsystematic risk of assets by using CAPM.[176

Now, consider a market which contains a set of returpng,= 1,2...,n of a risky

asset and a risk-free asset, Then, the CAPM is given as in the given formula
R; = a; + Bi R + €, (6.1)

whereR; = (r; — ry) represents the excess return of the agegt,= (r); — ) de-
notes the excess return of the market under investigatiois,the non-market return
component; is the beta of the risky asset, and the parametes a random error
term that comes from the normal distribution family havirgg@mean and constant

variance.

It is worth to note that, in the no abnormal return case or &&rdept no intercept,
a; = 0, this model matches with the classical CAPM.

Indistingushably, the excess return of asset portfolidsiclvis denoted byRp, =
(rp — r¢), under the assumption of equally-weighted assets, CAPM hnetien to
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the form given in Equatiori (6.1),
Rp = ap+ BpRy + €p. (6.2)

In Equation[(6.2), components correspondato= = > a;, 8, = £ > | 3, and
ep = = >, ¢. According to Equation{6]2), the portfolio has a sendifivo the
return on the market given by the mean value of asssticluding the mean of the
components related to company operations. Thus, varidnite gortfolio is equal
to

0} = Bt + o?(ep). (6.3)

The first term,83%02,, in Equation[(6.8) denotes the non-diversifiable risk idigat

of the variance of portfolio. The variance relies on the gefity parameters of assets
in the portfolio. The second term?(ep), represents the non-systematic risk ingre-
dient of the variance of the portfolio. It is considered as tisk of firm operations.
Here,¢;’'s are independent. Thus, the non-systematic risk can benggased as the

form .
1 ~2

Pler) = 30 (P er) = 0%(e), (6.4)

where the component’(¢) denotes the average firm-specific variances.

It is clear from Equation_(614) that the firm-specific varias@epend on the number
of assets in the main portfolio. Therefore, the portfolisiasace can be ignored for
large values ofi. It means as more assets included in the portfolio, the @artfisk
attributable to firm-specific actions gets progressivelalen and the risk occurring
related to the firm operations is theoretically diversifid8ut, the systematic risk
resides within the portfolio, regardless of the number seésincluded in the main
portfolio. Besides, the risk of assets specified by compamigsagement structure
as a part of the CAPM. In this point of view, an asset has an agiyemanagement
structure if| 5] > 1 [31,,[187].

6.4.2 The Fama-French Three Factor Model

In the CAPM, calculations are oversimplified by the hypotldsat only a single sys-
tematic source influences the return of assets. Howevgnatres the other determi-

nants that are changing asset returns, such as the influlpgsigess cycles, fluctua-
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tions in the spot rate, inflation, exchange rate, and gloibatices. The vulnerability
to such determinants is expected to influence asset’ risketndh significantly. To
highlight this statement, Fama and French (1996, [73]) psem multi-factor asset-
pricing modeling approach, which consolidates the inflgeoicsupplementary risk

sources to illustrate the behavior of asset return.

Fama and French (1996, [|73]) added two classes, which aeetiaefy market behavior
that relies on order statistics, to the standard CAPM to desciine influence of Small
Caps (SC) and Price-to-Book ratio (P/B) on the performance afidia portfolio. In
the Fama-French three-factor modeling, the impact of exonondicators is defined
by relying on the company features. Hence, such a modelipgpaph appears to be

a proxy for exposure to non-diversifiable risk when the erogirgrounds on.

The Fama-French model factors consider the size of parals Big (B), Small (S),
and three quartiles as Low (L), Medium (M), and High (H) witra prespecified
time. SC is the difference among the average returns of thmesdl and three big
portfolios, whereas P/B attains the difference among tleeame returns of two value
portfolios and two growth portfolios, which are illustrdtas Small Minus Big (SMB)
and High Minus Low (HML). SMB is the quantity by which the retuof a small
stocks portfolio is in excess return on a large stocks pliwtfand HML is the quantity
that returns of a portfolio with a high book-to-market ratiat is more than the return

on a portfolio with a low book-to-market ratio.

Therefore, describing the returi®,,, of ;" asset at timeg with the Fama-French

three-factor model is expressed as

Rit = o + Bi i Roee + BismBSM By + Bi v HM Ly + €44

Comparable t@ coefficients of the CAPM, the model consolidates two suppleme
tary g coefficients demonstrating the size (market capitalizgtand financially dis-
tressed status of the assets in the marketeand A (0, o), whereo is constant. In
this model, if3; sar5, and B; g, are interpreted according to their magnitude and
sign, the companies are referred as Small (8) i, > 0 and financially Distressed
(D) if Bimar > 0, respectively([31].
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6.4.3 Some Additional Risk Factors

The CAPM and Fama-French model has the insufficient capakaianalyze asset
returns [48]. In this regard, regarding the potential ecoicoand industry circum-

stances to obtain positive or negative influences on REITnsfextending the Fama-
French three-factor model can increase the explanatotly afkthe Fama-French

three-factor. Hence, we apply three unusual supplemerigkrfactors; political risk,

currency risk, and global crises. Considering the politicsi, the most effective

measure is the election period if the economy generallygzasso the standby state.
Consequently, first, we embedded dummy variables into theshtlodt represent both
pre and post-election periods. Second, by consideringaiteggh exchange rate, we
may have devastating outcomes on fluctuations of assetsfasiperceived recently
in countries like Brazil, Russia, Turkey, and South Africa.sd|we engage in ex-
change rate (USD) risk as an additional risk source. Las#yfurther performed the
influence of the global financial crises. There are studiagisekamine the influence of
such risk sources on assets[[1, 25,40/ 93] 112]. Howevearthlysis in this chapter
is original research to perform these three risk sourcesthre Fama-French model

to measure variations of REITS’ returns.

During the investigation period, 2008-2015, we observekdgtions in Turkey. Namely,
we faced three general, two local, and one presidentiatiefec These elections
caused various impacts on the economy and Turkey’s redkestarket. Thus, to
discover how the return of T-REITs reacts to the politicakrihe dates of elections
are incorporated into the Fama-French model. In the folgwaquation D, identi-
fies the influence of a specific month where the election taleeepIn contrastD,,
identifies the effect of 5 months pre and post-election manth

1, election month
Dy =

0, otherwise

1, election montht5
Dy =
0, otherwise

Notable variations in foreign exchange rates, mainly in BU&hd USD exchange
rates, are observed in Turkey’s economy during our invastig period. To demon-
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strate their impact on the market, we add the USD exchangdnta the model as

an additional risk source. In our analysis, the structurabk test that is measuring
the influence of the global crisis is used to identify whethading it to the model is

required or not.

6.5 Empirical Analysis

6.5.1 Data, Property Focus and Summary Statistics of T-REITs

Our primary preference measures for selecting T-REITs a&athbessibility of data,
and their market share reached over the highest attainabiedp As Figurd_6)2
illustrates, the chosen 11 T-REITs amongst 17, in Jully 2@068ned 79% of T-
REITs market value. The price data obtain from BIST and Googlarice, and we
utilize both CAPM and Fama-French three-factor model to a&rptiversification
advantages of T-REITs starting from July 2008 and ending Ma@15. We detect
their excess returns by subtracting the returns of the@aberformance repo index
(DSM) as the risk-free rate from the market returns.

Figure 6.2: The chosen T-REITs dominance in BIST (2008 July)

This chapter makes a significant contribution as rendehedfitst complete classi-
fication effort of T-REITs based on their focus on their praypgortfolio. In this
sense, the thesis allows for more nuanced evidence aboulTISRE this regard,
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we animate that T-REITs display equity REIT properties simeedverall REIT in-
dustry has not historically associated with mortgage camemts. Second, in terms
of substitutability, the T-REITs examined in this chapter ksted as publicly-traded
organizations in BIST. Third, as an innovative classificatffort, we additionally
classify T-REIT types based on their property weight in tipartfolio. Mainly, we
concentrated on a governing weight of properties in T-RE@laitce sheets by em-
ploying portfolio weights displayed in their audit and ficgad reports. Also, we use
corporate expert views in some cases. To describe spetializ, we use various

classification procedures as in the paper of Clayton and Mawii (2003,[52]).

In the classification decisions, we fundamentally utilihe aippraised values of T-
REITs’ property inventories and ongoing projects on reahtespresented in their
audit reports to determine the main real asset portfolianduhe period 2008-2014.
In this period, we observe that the specified propertiesTHRIEITs focused on dis-
play no notable variation. Our investigation implies theREITs display a level of

diversity in their focus on the property. They show four desitial, six diversified,

six retails, and one specialty REITs characteristics. euntiore, the retail and resi-

dential T-REITs mirror the principal trends in Turkey’s ratal real estate market.

As a summary, Table 6.3 reflects T-REITs that we analyze intki@sis along with
their abbreviations and preliminary statistics. Also,dBgest proves that most of the

data is not coming from a normal distribution.

Table 6.3: The property focus and descriptive statisticGBEITs

T-REIT Code Specialization Mean Median St. Dev. Skewness KgrtogB*
Alarko AL  Diversified (resort, industrial, retail) 1.577 1.948 12.39 -0.020 1.001 0
Avrasya AV Specialty (lease) 4.259 0.000 24.33 0.592 4.447 1
Dogus DG  Diversified (retail, office) 3.596 1.266 18.01 2.912 436 1

Is IS Diversified (office, retail-mall) 1.988 2.299 10.73 -D40 1.728 1
Nurol NU  Residential 3.895 -1.081 18.67 1.714 4761 1
Ozderici OZ  Residential 1.039 -1.282 18.00 2.680 14947 1
Pera PE Retail (mall) -1.382 -1.613 13.16 0.061 2.191 1
Saf SAF  Retail (mall) 1.859 0.741 15.36 1.492 5.441 0
Vakif VK  Diversified (land investment/retail) 3.834 0.707 18. 0.851 2.648 1
Yapi Kredi YK  Residential 1.075 1869 14.76 -0.963 3.826 1
Yesil Y Residential 0.479 -1.493 18.47 0.937 2.938 1
Sinpas SN Diversified (residential/land investment) -2.030.007  0.168 0.084 2.633 1
Akmerkez AK  Retail (mall) 0.007 O 0.158 -0.220 7.097 1
ATA AT Diversified (retail/land investment) 0.009 0.009 0208 -0.734 2.906 1
Deniz DZ  Retail (mall) 0.013 0.009 0.138 0.414 4.870 1
EDIP EP Retail (mall) -0.012 -0.019 0.158 0.552 1.936 1
Atakule A Retail (mall) 0.003 -0.008 0.118 0.618 0.845 1
Market MT - 0.945 0.287 8.623 -0.057 0.434 0

@ Jarque-Bera test: Normally distributed if its value is zero.



We separate data series of T-REITs into two: the financiailkof2)07 Q2-2009 Q1)
period and the post-financial crisis (after the 2009 Q1)queriWe can also divide
the second period into two, like the early period (about 202392011 Q2), and the
post-period (approximately speaking 2011 Q3-2015 Q2). @unary conclusion is
all T-REITs are in the decay cycle through the period of thedtfinancial crisis.
Still, throughout the period of post-crisis, the real est@eénds are modified, with
reasonable exemptions of T-REITs. Second, most of the fleREITs display stable
economic features, exclusively noticeable for all retalREITs during the recent
post-crisis years. Third, there exist solid, growing, aedaying return cycles in this
period.

In the setting of T-REITs asset portfolios, generally, thRHITs in the diversified
class have partly growing drifts. However, the T-REITs in theidential type are
commonly in decay, especially in the second half of 2011 yF{6.3). Hence, we
can hypothesize that the T-REITs return dynamics exposeear devotion among
property focus and their return fluctuations in periods tiratonsider.

The descriptive statistics of T-TREITS, illustrated in TeBI3, display three outstand-
ing features. First, most of the T-REITS’ seem to right-skewistribution character-
istics. Second, the performance of T-REITs average retwiringlthe period under
investigation varies in -1.4 and 4.3 that producing AV asltdrgest and PE is the
lowest. From the focus of the property aspect, retail T-REllesent the weakest
return, 0.49, where both diversified and residential T-REiflesent 3.14 and 2.00,
respectively. Hence, the highest performance of divedsifREITs can indicate an
association within property focus and yielding growth iREITs. But, this is a very
suggestive remark that should have proved more robustsisaly the end, it appears
some of the T-REITs exhibit greater volatility than other THRE and their volatility
level can be associated with the specialty of T-REITS.

The return volatility of T-REITs can be connected to facttrattrely on the perfor-
mance of BIST, such as growing market values and asset postfeixpectations on
BIST performance in the near future, and conditions relabecoimpany activities.
In this regard, while AV, VK, and NU have comparatively larg®latility, AT, A,
SN, AK, EP, and DZ have lower volatility. Unexpectedly, iETaREITs illustrate the
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Abbreviations: PGC; post-global crisis. WE; with exception(s).

Figure 6.3: The historical price evolution of T-REITs

weakest volatility except PE and SAF (see Tablé 6.3 and E[§gu}). Consequently,
we can remark that most of the retail T-REITs present a lowmnellow risk charac-
ter compared to diversified and residential T-REITs as tHagtiate high risk-high
return character.

Correlation coefficients determine the collective behawiof-REITs shares and the
BIST100 index, summarized in Talle 6.4. The table shows somiéirey features.
First, T-REITs generall have low correlations that implyatsification over T-REITs
can grant privileges. Second, all T-REITs have a positive@ason with the BIST100
index except SN, varying 10% to 71%. Third, T-REITs positvebrrelated since
they are operating in the same business.
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Figure 6.4: The distributional properties of excess return

The three features that we highlight above suggest that T-RE#re price changes
are parallel with the BIST100 to a certain amount. Furtheanassociation with
the BIST100 from the focus of property can accommodate excknowledge on
their return properties. For instance, 1S, which has thgelstr market value and a
diversified REIT, is more reliant on the market compared teexgth Considering
less profit-generating assets in their main portfolios, lzendng less property in their
portfolio, DZ, EP, VK, AV, and A have the most profound assdicin with BIST100.
Such a connection to the BIST100 index and the diversified TFRE 0.326, the
residential T-REITs have an association of 0.507, and treal retREITs have an
association of 0.263. As a result, considering the highpeddence of the T-REITs
in the residential class to the BIST100 index, we can dematesthere might be an
attachment among property focus and yield growth potential
Table 6.4: The associations of T-REITs and BIST100

AL AV DG IS NU OZ PE VK Y YK SAF SN AK AT DZ EP A
AV 18 100
DG 37 0.1 100
IS 60 15 33 100
NU 47 12 11 36 100
Oz 38 9 16 35 22 100
PE 50 24 30 46 41 53 100
VK 35 -13 16 27 26 8 17 100
Y 3 25 16 45 25 34 56 12 100
YK 56 5 44 61 40 28 58 29 46 100

SAF 56 24 20 36 29 37 42 24 38 45 100
SN -10 1 2 -5 5 -7 -1 -13 20 -12 -2 100

AK 45 8 20 30 23 21 26 14 33 43 29 3 100
AT 1 1 23 10 1 11 8 -12 20 13 10 36 14 100
Dz 17 1 1 -2 0 17 6 -1 5 -8 9 15 28 30 100

EP 9 -8 5 1 5 1 1 83 7 6 0 35 21 22 24 100
A -2 -10 6 -11 -8 -11 -14 -15 5 -18 14 61 1 36 20 29 100
MT 56 14 32 71 46 44 60 16 51 62 40 -1 25 22 13 10 -10
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6.5.2 The Diversification Benefit of T-REITSs

REITs’ shares are used as the primary investment opportiarithe real estate mar-
ket, and institutional investors that use them benefit framgaer return and a more
significant set of diversified investment opportunitiesjchihconsider both essences
and not essence industry segment [163]. In a sense, we may ttlat REITs are
the liquid side of real estate markets. Therefore, theseaores are mostly used in
the hedging of inflation. As a result, adding their shares mir portfolios may be

beneficial to protect ourselves from inflation.

The diversification benefit of REITs is comparatively exardimeT-REIT, bank, and
trust shares in BIST throughout the investigation perioddisaover the diversifica-
tion benefit of T-REITs, we listed them according to their teskel within each sector
independently. We measure the risk as in the standard methbdtandard devia-
tion (o) over time, and we add them into the portfolio. The chosen RE&WNg the

most imminent risk, we indicate their risk diversificati@vél isn’t influenced if we
include other T-REITs. Such an examination expresses aththe risk of portfolio

decrease as T-REITs increase in our portfolio, the systemski limits the reduction

in the risk

Figure[&.5 illustrates that the analysis of T-REITS’ retuaahieved, the risk, and
the asset allocation demonstrate that the diversificatiategy implies T-REITs are
performing better than banks to diversify the risk. Our emopl evidence shows
the equally weighted portfolio composed of T-REITs bettediwersifying risk than

banks. However, its diversification advantage residesioapared to trusts. There-
fore, T-REITS’ shares might be accepted as an alternativet akss due to their di-
versification benefits in asset portfolios. Here, it is neaegto emphasize that we
construct portfolios according to an equally weighted agsion scheme. Mainly, we
assume one may invest only T-REIT’ shares, bank’ sharesust ¢tompany shares.
However, if there are two different T-REITSs, then half of thealth is going to invest

in the first asset, and the remaining half is going to invesh@&second asset. More-
over, Figuré 6.6 clearly shows trust shares diversifyimgaat all non-systematic risk
if an investor invests in trusts’ shares. Bank shares diyelsss risk compared to

the other two company shares. It is because the banks arg hédgied to BIST and
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the economy of Turkey. Here, the most important finding isnethough their return
performances are not sufficient, T-REITs have successfulvarsify the unsystem-
atic risk. Hence, the return improvement and diversificaadvantages of T-REIT
over banks indicate a difficulty to local and foreign investahat generally attend to
invest in banks.

The standard deviation of equally weighted portfolios
35 T T T

———— Bank
—& —REIT
Trust Company

0 __ Marrket Risk

e

$ Systematic Risk
I 1 L 1 1
3 4 5

5 B 7 8 8 Lt
Mumber of Stocks

Figure 6.5: The diversification advantages of REIT

6.5.3 The Management Style of T-REITs

In the current section, we summarize the findings that wergbseom the CAPM
application. Table 6]5 displays estimated parameters of\CAdPall T-REITs. Here,
it is necessary to note that despite the low R-squéiEd values, the CAPM is sig-
nificant for nine T-REITs. The similar pattern is recognizedhie t-statistics.

Parallel to the literature, such as [86, 152], we find that TAREenerally have man-
aged in the defensive structure. AV and VK have the lowest@sson with the
BIST100 index. Also, they are defined as “Defensive” managersiace|5| < 1.
Such outcomes might be a result of companies’ real assetgaearent policies. In
this setting, their records review of AV throughout the istigation period exposes
its income-producing property portfolio produced modelsalimited income and re-
vealed a small difference in its portfolio composition, leason of the absence of ef-
ficient acquisitions. In VK case, the poor profit-generapotential of VK’s property
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portfolio is also observable in the period 2008-2014. Ttfuree we can hypothesize
the assumed less active property acquisition strategytrenghort profit-generating
potential of T-REITs might have adverse influences on assogiavith the market

that follows defensive management. Three residential TTREhamely NU, YK,

and Y, generate aggressive management, wire 1. Itimplies two main features.
First, there may be a relationship among risk and their ptgpecus due to the larger
risk-return feature of the residential T-REITs. Second, é manage a T-REIT ag-
gressively, its return can reveal investors’ expectatmmgprofits. The expansion in

the return variability, likely to lead a surprisingly biggspread that reflecting.

Table 6.5: The estimates of CAPM

T-REIT « 64 R*(%) p-value M. Structure
AL 0.424 (0.3682) 0.852 (6.083*) 32 0.000* Defensive
AV 3.420 (12.631*)  0.420(1.277) 2 0.206  Defensive
DG 2.549 (13.291*)  0.705 (3.023*) 10 0.003* Defensive
IS 0.786 (0.9208) 0.919 (8.853*) 50 0.000* Defensive
NU 2.614 (14.02) 1.029 (4.541*) 21 0.000* Aggressive
0oz -0.194 (-0.1068) 0.962 (4.356*) 19 0.000* Defensive
PE -2.623 (-22.128) 0.974 (6.755*) 37 0.000* Defensive
VK 3.029 (14.583*) 0.372(1.473) 3 0.145  Defensive
Y -0.888 (-0.4979)  1.148 (5.290*) 26 0.000* Aggressive
YK -0.284 (-0.2198) 1.136 (7.217*) 40 0.000* Aggressive
SAF 0.780 (0.4926) 0.750 (3.896*) 16 0.000* Defensive
SN -0.557 (-12.0845) 0 (0.748) 0.7 0.456 NA

AK -0.542 (-11.705*) 0 (1.648) 3.32 0.100 NA

AT -0.538 (-12.144*) 0 (1.290) 1.9 0.218 NA

DZ -0.534 (-11.865*) 0(1.199) 1.78 0.234 NA

ED -0.558 (-12.296*) 0(1.132) 1.59 0.261 NA

A -0.541 (-12.125*) 0 (0.546) 3.8 0.586 NA

6.5.4 The Fama-French Three-Factor Model

We employ SMB and HML over the investigation period to evidithe Fama-French
three-factor model. The examination outcomes, we summariZable 6.6, demon-
strate T-REITs allow a good fit and Fama-French three-factmiehacceptably in-

creasing the explanatory powet?). However, DG is exceptional, and it/?? is not
increasing.
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Table 6.6: The parameters of Fama-French Model

T-REIT « B Bsmp BrmL R*%) p-value FF Size State
AL 0.237(0.168)  0.909 (5.548%) 0.604 (1.918) -0.011 (-0)0330 0.000* S ND
AV 2.952 (0.877) 0.288 (0.740) 1.045 (1.400) 0.259 (0.342) 5 0.385 S D
DG 2.954 (1.217)  0.686 (2.440%) -0.168 (-0.312) 0.055 (0)10010 00100+ B D
IS 0.510 (0.502)  0.941(7.981%) 0.272 (1.201)  0.343 (1.49455 0.000* S D
NU 3.852(1.627)  0.970 (3.540%) 1.097 (2.083*) 0.698 (1.308)24 00023* S D
oz -1.110 (-0.490) 0.938 (3.571%) 1.538(3.046%) 0.784 (Bp3 29 0.000* S D
PE -3.680 (-2.51*) 1.015(5.990%) 1.011(3.103%) 0.714 @21 45 0.000* S D
VK 3.727 (1.626)  0.576 (2.171*) 0.250 (0.490) -0.434 (-0)84a1 0.085* S ND
Y -1.790 (-0.847) 1.156 (4.698%) 1.706 (3.609%) 0.660 (BB7 40 0.000* S D
YK -1.490 (-0.979) 1.216 (6.838%) 1.172(2.977%) 0.405 (1916 50 0.000* S D
SAF  0.878(-0.049) 0.792 (3.749%) 0.939 (2.314%) 0.361 (89D 25 00005 S D

Table[6.7 illustrates three aspects that especially exgitil) while all residential
and two retail, PE and SAF, T-REITs positively respond to SMidy ¢’E positively
responds to HML. Consequently, we can discuss that SMB is susstantial than
HML in demonstrating T-REITs return variability. With thegsi of such evidence,
it is reasonable that the return performance of the resmleartd retail T-REITs are
more sensitive to variations in SMB (and so changes in thé&ebaapitalization and
profitability), in addition to the BIST100 index ingredienthis consequence might
also refer that portfolio management strategies of T-REI&y hlave some impacts
on SMB. 2) all T-REITs present small company specialties,wskoly DG. Besides
AL and VK, all T-REITs illustrate a financially distressedtsta Such main results
are a sign of lower profitability obstacles for the T-REITs enthvestigation. T-
REITs’ net profit at the end of the year before tax might alsofyeur judgment.
With this regard, for the period that we consider, T-REITs Hralyears they have a
loss are listed as: AV (2008; 2010), DG (2008), NU (2013; 20D¥ (2012); PE
(2008; 2011; 2012; 2013; 2014), SAF (2008; 2012; 2013), YBO& 2009; 2010;
2011; 2012; 2013), Y (2008; 2009; 2010). AL, IS, and VK, has@amced a net
profit in our investigation period. Accordingly, their nabfits and financially Not-
Distressed (ND) state of IS, AL, and VK, and also the histdrpurice properties of
the diversified T-REITs (see Figure 6.3 3c1) empirically adé better achievement
in precise periods compared to specialized REITs. Recognihat the residential
T-REITs have highep values than remaining T-REITs, one might claim that there
are mixed outcomes on property focus and risk improvemeMRIEITS. Such sign
indicates the requirement for market agents to promote pleeiormance by precisely

examining companies’ asset values, their managemensstiyfancial status, and
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their speculative ingredients of share prices, and thuRETFS’ returns.

We summarize the parameters that we estimate for the CAPMamdfFrench mod-
els in Tabld 6.7 to compare the models. Here, we can note ématrglly, the Fama-
French model improves the influence of the BIST100 ind&x) except for the RE-

ITs AV, DG, NU, and OZ. It also increases the explanatory pavi¢he model, except
for the REIT DG. The increase in the explanatory powet)(of the models supports
the recent improvement. Besides, standard errors also sebmdlike and display
poor dispersion. Our results imply that the three-factan&drench model develops
the participation of the market compared to the CAPM. Alse, dlddition of extra

variables improves the estimating efficiency of returns.

Table 6.7: Parameters of the models
CAPM FAMA-FRENCH
T-REIT « Ié; o(e,) « Bur Bsup  Bamr olep) AR*(%)
AL 0.424 0.852 10.32 0.237 0.909 0.604 -0.011 10.81 25
AV 3.420 0.420 24.27 2952 0.288 1.045 0.259 2573 150
DG 2.549 0.705 17.19 2.954 0.686 -0.168 0.055 1855 0

IS 0.786 0919 7.65 0510 0941 0.272 0.343 7.77 10
NU 2.614 1.029 16.71 3.852 0.970 1.097 0.698 18.08 14
0z -0.194 0.962 16.28 -1.110 0.938 1.538 0.784 17.34 53
PE -2.623 0.974 10.63 -3.680 1.015 1.011 0.714 11.20 22
VK 3.029 0.372 18.62 3.727 0.576 0.250 -0.434 17.51 267
Y -0.888 1.148 1599 -1.790 1.156 1.705 0.660 16.25 54
YK -0.284 1.136 11.60 -1.490 1.216 1.017 0.405 11.74 25

SAF 0.780 0.750 14.19 0.878 0.792 0.939 0.361 13.94 56

The evidence we find above recommends the following. Agearisot only use the
information retrieved from the CAPM but also use the inforimatecovered from the
Fama-French because of its’ partial development in gettiagariety in returns. But,
we may remark the advantage of the Fama-French over the CABdfiiparable, due
to its refined but yet poor explanatory power for the retunmalality.

6.5.5 Additional Risk Sources Effect

By regarding the possible influences of various economic addstry-specific risk
sources on T-REITs, an extended Fama-French can develd@*th€onsequently,

we used pre- and post-election periods (as the politicabfaand the financial crisis.
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Additionally, the impact of the foreign exchange rate issidered for the univariate
model.

We add a factor to the Fama-French three-factor model tpa¢sents the influence
of the financial crisis presents no statistical significaficeestimate the effectiveness
of the political influence, we insei®;;, and Dy, into the model. Although Turkey’s
financial market is comprehended to respond to the polititahges, our examination
reveals that T-REITs are generally not affected by the elest{Tablé 6.8 and §.9).

Here, to demonstrate the influence of USD/TL currency on TIRHEhat we defined

above, we stimulate a simple linear regression to reveah#iseciation among T-

REITs and USD/TL currency. But, the influence of the exchante oa T-REITS

shows no significance when it involved in the Fama-Frenchehod@hus, we fit a

simple linear regression to measure its affect on T-REIT rseely. We apply it as in

the following equation:

R, = o, ysp + BivspRusp + €, i=1,...,n. (6.5)
Table 6.8: The effect of political risk on T-REIT at the electimonth
T-REIT « B BsmB Bumr “31)1 Rz(%) p-Vaer (FF)
AL 0.532(0.364)  0.916 (5.566%) 0.646 (2.021*) 0.002 (0.007)-4.636 (-0.811) 40 0.000*
AV 2.752(0.787)  0.281(0.714) 1.015(1.327)  0.253(0.330).428 (0.250) 5 0.546
DG 3.523(1.407)  0.701 (2.486*) -0.086 (-0.158) 0.078 (0)142-9.108 (-0.930) 12 0.140
IS 0.908 (0.878)  0.951 (8.162%) 0.329 (1.455)  0.360 (1.586)6.313 (-1.561) 57 0.000*
NU 3.764 (1.531)  0.967 (3.489%) 1.084 (2.015%) 0.696 (1.292)1.579 (0.164) 24 0.005*
oz -0.39(-0.168)  0.958 (3.660*) 1.642(3.229*) 0.814 (1)698-11.583 (-1.275) 31 0.000*
PE -4.011 (-2.653%) 1.005 (5.902%) 0.963 (2.911*) 0.7021gD*) 5.481(0.927) 46 0.000*
VK 4.024 (1.694)  0.584(2.181*) 0.292(0.562) -0.421 (-0)8164.676 (-0.503) 12 0.146
Y -1.471(-0.668)  1.164 (4.690%) 1.753(3.636%) 0.674 (B9 -5.170(-0.600) 40 0.000*
YK -1.821(-1.149)  1.205 (6.748%) 0.969 (2.795%) 0.393 (1113 5.4610.881 51 0.000*
SAF  -0.190(-0.100) 0.789 (3.697*) 0.925(2.230*) 0.3576€0B 1.634(0.221) 27 0.002*
Table 6.9: The effect of political risk on T-REIT (pre&podeetion)

T-REIT « Bar BsmB BumrL rBDz B2(%) p-value (FF)
AL 0.247 (0.172)  0.908 (5.302*) 0.605 (1.859) -0.009 (-0)0280.003 (-0.001) 40 0.000*
AV 2.067(0.172)  0.064 (0.164) 1.399(1.882)  0.301 (0.409) .829 (2.182*) 13 0.105
DG 3.108 (1.261)  0.721 (2.457%) -0.224 (-0.403) 0.050 (0)090-1.587 (-0.470) 11 0.179
IS 0.739(0.734)  0.994 (8.294*) 0.187 (0.820)  0.335 (1.485)2.401 (-1.739) 24 0.000*
NU 3.950 (1.643)  0.992 (3.463*) 1.063 (1.955) 0.696 (1.293)0.977 (-0.296) 24 0.004*
0z -0.936 (-0.407)  0.979 (3.574*) 1.474(2.832*) 0.778 (b1l -1.821(-0.577) 29 0.001*
PE -3.949 (-2.704*) 0.946 (5.439%) 1.120 (3.391*) 0.722¢6*) 3.023(1.510) 48 0.000*
VK 3.300 (1.446) 0.466 (1.717) 0.423(0.819) -0.413 (-0.808)790 (1.531) 15 0.064
\4 -1.637 (-0.759)  1.192 (4.644*) 1.647 (3.377%) 0.655 (/5 -1.658 (-0.561) 40 0.000*
YK -1.641 (-1.057)  1.176 (6.360%) 1.079 (3.073*) 0.413 (8)8 1.711(0.803) 51 0.000*
SAF -0.571(-0.321) 0.672(3.169*) 1.129 (2.803*) 0.38260)P 5.285(2.165*) 32 0.000*
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We eventually discover that the influence of USD on T-REITs samngful (Ta-
ble[6.10). Hence, we can suggest that T-REITs and the made&t imave an opposite
tendency concerning the USD currency. Therefore, investbo are willing to invest
in REITs’ shares should consider the currency rate whilesting in Turkey’s ex-
change market to increase their portfolio performance. éMigence that we present
here implies three useful hints. First, it can be useful tplesnadditional variables
to illustrate the variability of T-REITS’ returns beyond t@&PM and Fama-French
models. Second, the general counter association definedgah®D and T-REITs
indicates fund managers may be more willing to invest in T"-REVhen dollar cur-
rency is in decreasing trend. Third, the insignificance &®HITs’ to the political

shocks implies TREITs present stability in negative shocks.

Table 6.10: The impact of USD on returns

T-REIT aysp Busp p-value T-REIT aysp Busp

AL 1.325(-3.26*) -1.032(1.310) 0.001* PE -1.218 (-3.07*%)1.045 (-0.857)
AV 4.3151 (-1.352) -0.883(1.581) 0.180 VK 3.893 (-1.782) .88® (1.860)
DG 3.468 (-1.259) -0.610(1.713) 0.211 Y 1.013 (-3.41*) 9B%0.518)
IS 2.277 (-4.82%)  -1.233(2.13*) 0.000* YK 1.771 (-5.34%) .842 (1.228)
NU 4.390 (-3.24*)  -1.541 (2.21*) 0.001* SAF 1.810 (-1.779) 0.728 (1.059)

oz 1.105 (-1.882) -0.899 (0.553) 0.063 BIST 100 1.506 (-6)46*1.167 (1.995)
t-values are in the parenthesis, * at 5% significance level.
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CHAPTER 7

CONCLUSION

As housing markets are becoming an essential part of theetpim many developed
and emerging countries, in this thesis, various models stdtistical and stochastic
structures are introduced to the real estate finance anadeucs literature. The first
emphasis of the thesis reported here is to develop stalistiodels and analysis of
a potential influence of particular national economic iatlics on housing markets,
which will enable the use of models in the estimation of tleadrin housing markets.
Housing markets can be represented by using house pricesimdach as S&P Case
Shiller Home Price IndekH PI). Hence, we model the US housing market with non-
parametric statistical methods, and contributions of #€ra-economic indicators on
the US housing markets are determined. However, stalistiethods require many
initial assumptions that are difficult to satisfy. Furtheme, in our case, there exist
SO many explanatory variables, which generally may causeila-dimensionality
problem. To avoid the multi-dimensionality problem of gatal methods, we model

housing markets as a two-state stochastic process; oéffdrand one forf’ RM .

Along with the macro-economic indicators, it is also essgm clarify the effect of
large investors on housing markets. Hence, to analyze thadahof large investors
on housing markets, we consider a simple one-dimensionethastic process, which
represents the house price. As a result, we obtain explatilmization results for
the large investors’ portfolios and compute the effect ofdainvestors on housing
markets.

Determining the price in housing markets is not enough feestors since house

prices are highly related to financial markets through negé&g. Hence, mortgage
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values should be fairly determined. There are studies ctingpmortgage value
by solving the mortgage PDE using finite difference and fieiiement methods.
Even though determining the fair price of mortgages is thmary point of man-
aging trades in housing markets, when mortgages are setileid price does not
remain constant. Instead, their price follows dynamic gpattring mortgages’ sur-
vival time. Hence, investors in housing markets shouldguiotheir main portfolio
against unexpected house price changes by managing easéati the price of mort-
gages. Thus, by considering the standard two state-varjaioicess, we compute
hedging coefficients for mortgage default and prepaymetiog by applying the
finite-dimensional Malliavin calculus.

In this thesis, with detailed analysis, the effectivenelssus models are discussed,
and their comparisons are made. The effect of large inv&@stohousing markets are
analyzed comprehensively. Furthermore, hedging of mgdgalefault and prepay-
ment options are analyzed and quantified through sengitimialysis. In this respect,
this thesis has theoretical and practical contributionthéoreal estate finance and
economics literature, as we summarize below.

e The models are driven by the application to work with GLMs MRS meth-
ods with linear and interaction terms in the model structéye the empirical
analysis shows, the explanatory variable selection andefimgdmethods are
the keys to construct statistical models. Thus, concerpthgr explanatory
variables, in addition to those listed in Table]2.1, one nmaytiaue to add ex-
planatory variables for the explanation of housing markeiability by looking
at the country-specific variables. The modeling methodsgmed here makes
the use of non-linear models with interaction terms for thet fime in housing
markets. The methods suggest significant advances in raampéic modeling
with economic indicators for the US housing market. The U8shay market
participants may benefit from the computationally driverdelse and modeling
interactions by an explicit estimation of the appropriakative coefficients of
variables.

e The thesis provides an insight into factors connected wotlsing markets. It
highlights the link between the critical macro-economidieators and housing
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markets with their direction of the interaction to explane fprice fluctuations
in housing markets. Housing markets have a strong reldtipnsith other

markets, and the potential volatility in housing marketa bave a dramatic
impact on the overall economies, even in some cases, it ecese @global cri-
sis. It also sheds new light on the mechanism of housing e offers
statistical models that can be used to predict housing markee behavior.
The empirical models provide a coherent set of empirical rdliction re-

sults. The models also confirm the importance of changesionz economic
conditions, employment, inflation, income, interest ratesde oil prices, and
capacity utilization that affect the housing market. Iniéidd to these contri-
butions, it is worth emphasizing that it is possible to f@astcthe direction of

changes in house prices by using models within the thesis.

The preliminary analysis in Chapter 2 exemplifies that the O&ing market
exhibit a number of puzzling features, including a strongifpee and negative
correlation between house prices and its macro-econordicators that we

analyze.

The past two decades have seen a proliferation of finangaiuiments that
are linked to the house prices, such as futures, options,arthage pool
linked bonds. Besides, we witnessed a substantial rise isehprices in early
2000, followed by a severe global financial crisis relatethtoreal estate mar-
ket between late 2006 and early 2009. These breakdowns wgesophisti-
cated and, at the same time, flexible models to explain thav@hof housing
markets and their related assets. Although there have baay etonometric
and statistical models studied in the real estate litegattuat aims to resemble
the behavior of housing markets, we propose a fully stoahdkxible model
whose outcomes allow better efficiency in prediction witlowng a reduced
number of exogenous variables. In particular, we offer afaabor stochastic
differential equation for housing markets. Unlike statest and econometric
models, our approach incorporates the uncertainties ohtr&et via a signifi-
cant factor, mortgage rate. We develop an estimation artoratibn procedure
for the model based on a real data set, the S&P Case-ShilleeHrive index,
and a 30-year fixed mortgage rate, and then implement a Momke &gorithm
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to estimate S&P Case-Shiller Home Price index values.

The outcomes of this thesis enable researchers to undetb&house price be-
havior in terms of the random pattern in mortgage rates. T¢whastic model
implemented through a real-life case yields a good premtiati HPI values as
well. It captures the real volatility, which is not foresesscurately in the orig-
inal series. Measuring the price fluctuations and imitatigmarket evolution
together with the mortgage rate using the proposed appgsink importance,
certainly for housing markets whose historical observetio terms of all con-

tributing factors are either scarce or not fully available.

We investigate the effect of large investors on housing etarky maximizing
the expected utility from the terminal wealth of these inges The optimal in-
vestment problem of large investors is solved explicitid@inthe linear impact
function, complete information, and log and power utilityn€tions assump-
tions. We show that the optimal investment decisions dementhe balance
among economic state, maintenance, rental income, intextes and willing-

ness to invest of the large investor.

The outcomes also show that investors should invest in timel lnestead of
investing in housing if the economy is in the bad state. Haxgfthe economy
is in the neutral and good state, investing in housing is artMe investment
compared to the bond. Besides, investors can improve theitiwey adjusting
the maintenance cost. Moreover, the model clearly showsithtéhe good
economic state, an investor should borrow as much as pessidlinvest in the

housing market.

These outcomes also identify the effect of large investtiviies on housing
markets and guide investors in maximizing their wealth. \leeove that large
investors operating with log and power utility function asgtions may gain

benefits from the price impact by choosing optimal investnsénategies.

An essential key ingredient and contribution of the thests identify the mort-
gage default and prepayment options hedging coefficientslgidg is a suffi-
cient or partial decrease in an asset’s risk by joining aingent claim, which

balances the risk. The presence of agents in need of a repdjgaortfolio is
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a primary requirement to establish and increase the suotéesivatives mar-
kets. In the lack of such a requirement, it is troublesometwhide settlements
among counter-parties. It is because the demand and thé/sigipand asset
return are anticipated to be out of equilibrium. Hence, i& tlontext of this
thesis, we derive Malliavin calculus-based phrases foh#dging parameters
for the options that inherited to mortgages. The masteeptgchis approach
is that the phrases that we introduced are a product of therdgpayoff the
Malliaivin weights. In this regard, this method authorizlkee possible users to
consolidate the specifications resulting from this calsalnd to obtain calcula-

tions for the corresponding hedging parameters by perfayiiC simulations.

The phrases to the options embedded into mortgages are micufz interest
since these options do not have closed-form resolutiong. athievement of
our formulas is illustrated, and our numerical results aspldyed by utilizing
a crude MC algorithm and performing simulations. Our engpiroutcomes ex-
hibit that both mortgage options are more perceptive to géain the volatility
compared to changes in the house price and spot rate. Tleenesauy possible
practices and applications of our results in the actual etarkEven though
housing market agents bear risks associated with an irecredbe spot rate,
mortgage prepayment, mortgage default, and foreclosuh@using markets,
the investors generally not notified properly concernirggpplication of hedg-
ing strategies to reduce their risk. Therefore, the agert®using markets are
potential pragmatists by the capability to hedge theirtpmss in such housing
markets by applying the outcomes of our thesis. Moreoverattplication of
such findings may be anticipated to emerge as insurance girdvament in
investment instruments of the companies that are provifliivacial services

to receive benefits from the investments in housing markets.

The thesis investigates five previously never consideraddmental research
subjects about T-REITs throughout the period of July 200&ek2015. Our
first attention is the diversification advantage of the T-RiEtdmpared to banks
and trusts operating in BIST. Our second problem comparesgorithing the
return fluctuations of T-REITs by comparing the CAPM and Famenéh three-
factor model. Our third interest is linked to whether the axg@ons of the
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classical Fama-French model may develop its expressivempomnot. In this
regard, we operate for the first time currency risk, globaisr and political
risk as supplementary sources in the standard Fama-Freadkel o mirror
the consequences of global economic/political factors-®EITs. Fourth, we
also represent property focus and examine managementuse@nd size, the
financial state of T-REITs by appropriating CAPM and Fama-Enemodels.
Finally, the thesis also seeks to explore whether there &saociation between

property focus and risk-taking/yield enhancement in T-REIT

In the context of diversification benefits, defining returh@mcement and risk
reduction benefits potential of T-REIT shares over the bamkeshat BIST,

presents a challenge for domestic/foreign fund managérs,tend to choose
major bank stocks for their asset allocation. Investors @Bs$hould consider
including T-REITs in their portfolios to achieve diversifizan benefits, and

hence, improve their investment opportunity sets.

Portfolio managers and investors can, in addition to uigjzthe knowledge
deriving from the CAPM, also incorporate the informatiorrieted from the
Fama-French model, due to its relatively improved capdoitapture the vari-
ation in T-REITs returns. However, the superiority of the Balrmench three-
factor model over the CAPM is relative due to its still limitexplanatory power

for explaining the return variability of T-REITSs.

Additionally, we define that the inclusion of the new indegent variables
to the Fama-French model may increase the explanatory poiwbe model.
Based on the expanded Fama-French model outcomes, we find-RiakT

shares are generally insensitive to the election periodsTaREITs returns,

and market index has reverse movement concerning the USigeha

By utilizing portfolio weights presented in the audit/finéaaeports and also
corporate expert views, we identify that T-REITs show a degfediversity in
property focus with four residential, six diversified, setails, and one specialty
REITs. Moreover, the high number of retail and residenti&®HFT's available
also shows the main investment trends in Turkey’s real @gtaustry. All ex-

cept one T-REITs show small status, and T-REITs managemeictstes are
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found to be mainly defensive. Except for two diversified T-Rglall T-REITs
show a financially distressed state. The latter point is ti@eace of a lower
earnings (profitability) problem for most of the studied TIRE Based on the
multiple observations, it is possible to argue that thereldide a linkage be-
tween property focus and yield improvement/risk-takingaiure of T-REITSs.
In this respect, we find that diversified T-REITs show the hgjlecess return
performance, and some show a relatively better return pagnce in certain
periods during the late post-global crisis period compaoeather specialties.
On the other hand, the majority of retail T-REITs generallgwla low return-
low risk profile compared to high risk-high return profilestbé majority of
diversified and residential T-REITs. We also identify thaidential T-REITs
are more sensitive to the market index, and have higher biedasother spe-

cialties.

In the context of company-specific investment strategyatimr/e evidence im-
plies that improvement of portfolio performance requiresetul analysis of
asset values, management strategies, financial informatid speculative/re-

alistic components of share prices, and hence returns ofITRE

Future research concentrates on investigating the groattbrps in total assets
and market caps in the T-REITs industry, expanding the Fareaeh model
with additional variables, and exploring the connectiotween firm-specific
idiosyncrasies and return variability in T-REITs. For th#dg some further
variables may be added, such as management quality, ponf@lnagement
strategies, the share of institutional/foreign investarsd short/long term ex-

pectations of investors.

The results presented in the thesis will serve as a benchfoatkousing market

modeling, analysis and mortgage default, and prepaymelgfig. Using the results

of our study on housing markets, one can make a productiwsiment in housing

markets and hedge mortgages. Moreover, the stochasticl wenad&e calibrated for

the jump model structure successfully mimic possible thgelgrice deviations. Be-

sides, as future work, we aim to investigate the effect afdanvestors having credit

limitations and different interest rates for borrowing dadding assumptions. Ap-
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plication of the modeling methodologies in the thesis toTheish housing market
may determine its deriving factors. It can find how accuragestochastic model cap-
tures the price pattern and growth of the Turkey’s housindketavithin an emerging

economy.
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APPENDIX A

ADVANTAGES OF T-REITS

A REIT is a company that established to invest in income-pcodyreal estate assets
as a public company. Even though T-REITs history began in tdel'®90s, they have
recently achieved recognition as an investment tool in @urls a financial interme-
diary, T-REITs have several financial instruments and somaéory limitations as
in the other countries.

T-REITs enjoy the positive effects of gaining leverage tlgtothe capacity to issue
debt instruments, real estate certificates, and assetembgecurities, and the right to
borrow the amount of up to five times of their shareholdersiitgq As prohibited

activities, T-REITs are not authorized to perform consiorcworks, operate on real
estates, offer project development and supervision, leadit; or to have permanent
involvement with the short-term trading of real estate. Seheestrictions are designed

to ensure that T-REITs are limited to manage portfolios &iasif real estate.

Regulations on the T-REITs are first issued in 1995, and thetlapdate on major
regulation is enacted in 2013. The first T-REIT publicly Idta BIST in 1997.
Recently, the number of T-REITs in BIST has increased dranitigehich may be

related to the following leverage opportunities and pekci

e Although REITs transactions are subject to value-added maixodher taxes,
their profits are exempt from corporate 1@0%), and their dividend withhold-
ing tax rate i90%. At an investor level, the transaction of shares is subject t
a 0% of withholding tax for domestic and foreign investors. Tfagorable tax
provision is scarce in the Turkish public finance traditibighlighting strong
state support for the development of the real estate ingtlstough REITSs.
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¢ In all countries, REITs require a certain level of dividend®paid as a mini-
mum dividend requirement. For instance, REITs are requodistribute 90%
of their taxable income as dividends to their shareholdetise US. Since poli-
cies of Capital Markets Board of Turkey (CMB) do not require dand payout
requirements, T-REITs also have permission to define their @iwidend pol-
icy. Despite this exemption, industry practices reveal sioane of the T-REITs
may prefer to distribute a dividend. Hence, we may arguedptidnal dividend
payout policy of T-REITs represents an essential sourcepgdat for T-REITS
liquidity management at the expense of shareholders’ gbort benefits. In
this respect, Turkey’s far less restrictive regime faaibt the development of
REITs.

¢ In addition to the tax and dividend payout exemptions, theimim ratio of
issued capital for T-REITs declined from 49% to 25% in Decen2089, caus-
ing, the number of T-REITs to increase to 31 as of 2015, fromsldf&009,
due to the favorable market environment and above mentisapgortive reg-

ulatory framework.

In light of the factors that we listed above the existing tatary structure and policies
can be said to provide an industry-friendly environmentfdREITs evolution. The
apparent reasons behind this explicit support are to ingp@nsparency in Turkish
real estate industry, to increase tax revenues from realeesales, and more impor-
tantly, to enhance contributions of the Turkish real estatenomy, via T-REITs, to

the economic growth.
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APPENDIX B

MONTHLY PAYMENT AND PRINCIPAL BALANCE

In the fix rate mortgage, the mortgage loan is repaid by a sefiequal Monthly
Payments (MP) on pre-determined payment dates. The mopéysnents of a fix
mortgage rate for a householder and the Outstanding Bal@Bg fOllowing each
payment are calculated using standard annuity formulagiwigigiven as
(51 +5)"
(1+35)m -1
I+5)"—(1+3)
1+35)m—1

MP = OB(0)

OB(t) = OB(0)

9

where the parameter is the fixed yearly mortgage rate, OB(0) is the initial loan

amount andn represents the life of the mortgage loan in months.
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