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Onsoz:

Mortgage finansman sistemi gelismekte olan ekonomilerde finans sektériiniin gelismesini
saglayan temel faktorlerden biridir. Buna ragmen, gelismekte olan Ulkelerdeki 6zellikle
enflasyon sorununu asamayan ekonomilerdeki mortgage kontratlarinin performansini
inceleyen akademik galisma sayisi yetersizdir. Bu projenin temel amaci, opsiyon fiyatlama
modelini kullanarak Turkiye’deki bankalar tarafindan verilen sabit faiz oranli mortgage
kredilerinin geri 6dememe (temerrit) ve erken kapama risklerinin hesaplanmasi ve
kredilerin piyasa dederinin belirlenmesidir.

Gelismis ekonomilerde mortgage kredilerinin geri 6denmeme riski bankalar ve sigorta
sirketleri arasinda paylasiimaktadir. Birgok Uulkede konut piyasa degerinin %80Q’i
Uzerindeki konut kredilerinde zorunlu olarak kullandirilan mortgage temerrit sigortasi
urinu ulkemiz finans piyasasinda mevcut degildir. Bu projenin diger amaci, mortgage
temerrit sigortasi kontratlarinin TUrkiye'deki potansiyel finansal tlirev araglari olarak ele
alinip fiyatlandiriimasidir.

TUBITAK SOBAG tarafindan desteklenen proje, yirmi dért ay siireli bir calismadir ve ii¢
arastirmaci ile yaratalmustar.
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Ozet

Bu projenin temel amaci, opsiyon fiyatlama model ve tekniklerini kullanarak Turkiye'deki
mevduat bankalari tarafindan verilen sabit faiz oranli mortgage kredilerinin geri
6denmeme ve vadeden 6nce Odenme risklerinin hesaplanmasi ve kredilerin piyasa
degerinin belirlenmesidir. Turkiye’deki konut kredisi sektdri 1990°li yillarin sonlarindan
itibaren hizla blylimektedir. Ozellikle son yillarda bankalar portféyiindeki mortgage
kredilerinin payini énemli dlgide artirmiglardir. Buna ragmen, bilgimiz dahilinde mortgage
kredilerini ve krediler Uzerine yaziimig olan finansal turev araclarini (kredinin geri
6denmeme ve vadeden Once Odenme opsiyonlari) fiyatlandiran bilimsel caligmalar
mevcut degildir. Gelismis ekonomilerde, mortgage kredilerinin geri dénmeme riskinin
yonetimini sigorta sirketleri Gstlenmistir. Ulkemiz finans piyasasinda mortgage sigorta
kontratlari mevcut degildir. Bu projenin diger amaci, mortgage sigorta kontratlarini
Turkiye’'deki potansiyel finansal tirev araglari olarak ele alinip fiyatlandirmaktir.

Bu galismada iki farkl fiyatlama modeli kullaniimistir. ilk olarak, tlkemizdeki enflasyonist
ortamda sabit faiz oranli mortgage kredileri klasik opsiyon fiyatlama modeli kullanilarak ilk
kez fiyatlandirimistir. ikinci modelde, enflasyon riski nedeniyle faiz oranlari mevcut
literatlirde kullaniimakta olan klasik diflizyon slregleri yerine, sigramali diflizyon hareketi
ile modellenmistir. Elde edilen kismi integro-diferansiyel denkleme iliskin sayisal analizler,
sabit faiz oranli mortgage kontratlarinin enflasyonist ekonomilerde fiyatlandirilmasi igin ilk
kez kullaniimistir.

Elde edilen nimerik sonuglara goére, faiz orani volatilitesi arttikga kredi alan kisinin
temerrit riski de krediyi erken kapama riski de artmaktadir. Fakat, faiz orani volatilitesinin
kredinin erken 6denme riski Uzerindeki etkisi gok daha fazladir. Diger bir deyisle, erken
O6deme opsiyon degerleri faiz orani volatilitesi ile birlikte blyuk artis géstermektedir. Konut
fiyatlarindaki dalgalanma (volatilite) arttikga kisilerin temerrite disme riski artacak ve
dolayisiyla temerrlt opsiyonu degerinde artis gorilecektir. Temerrit opsiyonu degerindeki
artis ile birlikte mortgage sigortasi degeri de artacaktir. Diger bir deyigle, konut
fiyatlarindaki volatilitenin yUksek oldugu ortamlarda temerriat riskinden korunmak
amaciyla bankalarin mortgage sigortasi almalari beklenmektedir. Bununla birlikte, konut
fiyatlarindaki dalgalanmalardan dolayi temerrt riski artarken, krediyi erken é6deme riskinin
azaltigini gérmekteyiz. Kisiler temerrit opsiyonunu kullanmayi tercih ettikce, erken 6deme
opsiyonunun piyasa degeri sifira yaklasacaktir.

Faiz oranlarinin enflasyonist ortamlardaki belirsizlikler géz énine alinarak, sigramal
stokastik hareketlerle modellenmesi, banka agisindan mortgage kredi kontratinin piyasa
degerini azaltmaktadir. Banka bu durumda daha yuksek kredi faizi uygulamasina
gitmektedir. Her iki modelin nimerik sonuclari beklenen sonuglari vermekle beraber, iki
model arasindaki uygulanmasi gereken denge faiz oranlarindaki farklilagsma
beklenilenden az bulunmustur.

Anahtar Kelimeler: Opsiyon fiyatlama modeli, sabit faiz oranli mortgage kontrati,
temerrit opsiyonu, erken 6deme opsiyonu, mortgage temerrit sigortasi, kismi diferansiyel
denklem, kismi-integro diferansiyel denklem, numerik analizi, agik farkl sonlar metodu.



Abstract

The main objective of this project is to price both the default risk and the prepayment risk
of the fixed-rate mortgages (FRMs) that are currently originated by the Turkish banks
using the well-known option pricing models, and to evaluate the market value of the FRM
contracts. Turkey has a rapidly growing sector for housing loans since the late 1990s.
Especially during the last few years, the banking sector has expanded the mortgage loan
products significantly. However, there is not any academic research, to the best of our
knowledge, to analyse these financial instruments with their embedded options to default
and prepay the loan. In developed economies, the insurance companies provide default
risk management in mortgage markets. Currently, there are not any mortgage insurance
contracts traded in the Turkish financial markets. This project also aims to price mortgage
insurance product as a potential financial derivative in the Turkish capital markets.

This study uses 2 different option pricing models. The first model is the first attempt to
use the classical option pricing model to price fixed-rate mortgages (FRMs) in a
developing country with high inflation risk. In the second model, due to the high inflation
risk, interest rates are modeled by jump diffusion models instead of the classical diffusion
models used widely in the literature. A numerical analysis of the Partial Integro Differential
Equation (PIDE) for jump processes is carried out for the first time to price FRMs in
inflationary economies.

Our numerical results show that interest rate volatility increases both the default and
prepayment risk of the mortgage loan. The effect of interest rate volatility on the
prepayment risk is significantly greater than that of the default risk. Specifically, from the
perspective of the borrowers, prepayment option value increases considerably with the
interest rate volatility. Another important finding of the study is, house price volatility
notably increases the default risk of the mortgages. In line with the increase in the default
option value, the market value of the default insurance product also increases. Hence, it
is beneficial for the mortgage lenders to have default insurance product in order to cover
their foreclosure losses especially for the high loan-to-value (LTV) loans. As the house
price volatility increases the defult option value, it results in low values for the prepayment
option. In other words, as the borrower finds it profitable to default on the loan, the market
value of the prepayment option will approach to zero.

We also found that, modeling interest rates with jump diffusion processes, with the aim of
considering uncertainty under inflationary environments, noticeably decreases the market
value of the mortgage loans for the lenders (banks). Under these circumstances, it is
highly likely for the banks to use higher mortgage coupon rates. Finally, both option
pricing models used in this project perform properly by giving financially expected and
meaningful results. However, the numerical differences (option values, mortgage contract
values, equilibrium coupon rates) between two models are less pronounced than
expected.

Key Words: Option pricing model, fixed-rate mortgage (FRM), default opiton, prepayment
option, mortgage default insurance, partial differential equation (PDE), partial integro-
differential equation (PIDE), numerical analysis, explicit finite difference method.
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1.1. GELISME RAPORU OZETi (15 Ekim 2007 — 15 Nisan 2008)

1.1. Girig: Turkiye’de Mortgage Piyasasi ve Son Geligsmeler

Mortgage sistemi iki yiz yili askin bir stredir dinyanin gesitli Glkelerinde kismi farkhhklar
olmakla birlikte uygulanmaktadir. Sistem, konut edinmeyi kolaylastirdigi gibi, yapi
kalitesinin yukselmesine, sehir planlamacihigin etkin hale gelmesine, mulkiyetin ve alim-
satimlarin kayit altina alinmasina da blyuk bir katki saglamaktadir.

Ulkemizdeki yeni Konut Finansman Sistemi 6 Mart 2007’de devreye girmistir. Yeni Konut
Finansman Sistemi’ni mevcut konut kredileri sisteminden ayiran en 6énemli 6zellik; ikincil
mortgage piyasalarin olusturulmasidir. ikincil piyasalar araciligiyla yatirnmcilara satilan
ipotege Dayali Menkul Kiymetler (Mortgage Backed Securities) sayesinde banka ve diger
mortgage finansmani kuruluslarinin kredilerini daha ucuza fonlayarak yeni ve daha disik
faiz oranli konut kredisi sunabilecek olmalaridir. Turkiye’de eski sistemde borglar
genellikle 1-2 yil vadeli iken, konut kredisi kullandirnmindan olusan alacaklarin vadeleri 20
yila kadar ¢iktigi icin dnemli bir vade uyusmazligi sorunu olugsmakta ve bu sorun bilangoyu
olumsuz etkilemektedir. Kredi kullandiran kuruluglar, yeni sistemle olusacak ikincil
piyasalarda kredi alacaklarini ipotege dayali menkul kiymet veya tahvil olarak satabilecek,
bdylece ikincil piyasalar ile vade riski sorunu ortadan kalkacak, kredilerin fonlanmasi
kolaylasacak ve bilango vadeleri birbirlerine yaklasacaktir.

Yeni dizenleme, hem birincil hem de ikincil mortgage piyasalarina yonelik degisiklikleri
kapsamaktadir.

Yeni Diizenleme ile Birincil Piyasalara Yénelik Degisiklikler: 1)Yeni kanun ile degisken
faizli konut kredisi kullandirimi 1 Haziran 2007 tarihinden itibaren yapilabilmektedir. 2)
Degisken faizli krediler icin faiz oranlarina bir Ust limit belirlenmekte, ayrica sdzlesme
asamasinda baslangi¢ ve azami faiz oranlari musteri ile paylasiimaktadir. 3) Sabit faizli
kredilerde en fazla %2 oraninda olmak Uzere erken kapama cezasi musteriden talep
edilebilmektedir. 4) Konut kredisi alan kisilerin %5 oraninda BSMV (Banka ve Sigorta
Muameleri Vergisi)’nden muaf olmasi beklenmektedir.

Yeni Diizenleme ile Ikincil Piyasalara Yénelik Dedigiklikler:

Yeni kanun ile, bankalar kullandirdiklari konut kredilerini iceren teminat havuzlari
yaratabilecek ve yatinmcilara bu havuzlara dayali olarak, ipotek Teminath Menkul
Kiymetler (Kita Avrupas’nda yaygin olarak kullanilan) ve/veya ingiltere ve ABD’de
kullanilan ipotege Dayali Menkul Kiymetler (MBS) olmak Uizere iki farkli ipotekli sermaye
piyasas! araci sunabileceklerdir. Bu teminat havuzlarina, yapi kullanma izni alinmig
konutlar; diger gayrimenkuller Uzerine ipotek tesis edilmek suretiyle teminat altina alinmig
alacaklar; ikame varliklar ve riskten korunma amaciyla yapilmis soézlesmeler dahil
edilebilecektir.

Proje Onerisinde belirtildigi Uzere bu calisma Oncelikle, gelismekte olan Ulkelerdeki
enflasyonist ortamlarda mortgage kontratlarini klasik opsiyon fiyatlama yaklasimi ile
fiyatlandiran ilk galisma olacaktir. Literatirde, gelismis Ulkelerin temel mortgage kontrati
olan sabit faiz oranli konut kredilerinin gelismekte olan ulkelerde &6zellikle enflasyonist
ortamlarda nasil performans gosterecegi Uzerine akademik bir calisma mevcut degildir.
ikinci 6énemli konu ise, Tirkiye’de henliz mortgage kredileri icin sigorta poligelerinin
bulunmamasidir. Mortgage piyasasinin temelini olusturan, ancak ulkemiz finans
piyasalarinda henlz islem gérmeyen, mortgage sigortasi kontratinin (mortgage default
insurance) potansiyel finansal tirev araci olarak ele alnip fiyatlandiriimasi ve bu sigorta
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kontratlarinin bankalar agisindan 6neminin analiz edilmesi projenin diger amacini
olusturmaktadir.

Proje Onerisinin “Calisma Takvimi” bdlumunde belirtildigi gibi, ilk asamada yapilan
calismalari asagidaki gibi 6zetlemek mimkindur:

e Mortgage portféyd blylk olan 8 farkli bankadan temel mortgage kontrat bilgileri
toplanmistir. Bu bankalar; Oyak Bank, Vakif Bank, Akbank, Is Bankasi, HSBC
Bankasi, Finansbank, Yapi Kredi Bankasi ve Garanti Bankas/’'dir.

Bu bankalara ait kredi vade uzunlugu, kredi faiz orani, kredinin konut fiyatina
orani, konut kredisi servis ve sdzlesme Ucreti, krediyi erken 6deme cezasi ve
bor¢ludan talep edilen sigortalar ile ilgili veriler toplamis ve fiyatlandirilacak temel
kontrat yapisi olusturulmustur.

e Sabit faiz oranli mortgage kredisinin amortisman plani, geri 6denmeme ve
vadeden 6nce 6denme opsiyon dederleri literatirdeki calismalara paralel olarak
modellenmigtir. Ayrica, kredi veren kurulus ya da banka agisindan mortgage
kontratinin piyasa degerini belirleyen esitlikler agiklanmigtir.

e Klasik opsiyon fiyatlama modeline goére, faiz oranlari Cox, Ingersoll ve Ross (CIR)
stokastik prosesi ile konut fiyatlari da geometrik Brownian hareketi ile tanimlanmis
ve numerik olarak ¢dzllecek kismi diferansiyel denklem literatlir paralelinde elde
edilmigtir.

e Mevcut literatiir taranarak, Amerika ve ingiltere’de kullanilan mortgage sigortasi
kontratlari incelenmigtir ve Turkiye icin fiyatlandirilacak mortgage sigortasi kontrati
belirlenmigtir.

1.2. Sabit Faizli Mortgage Kontratinin Fiyatlandirimasi: Bor¢ bakiyesi, Temerrit
Opsiyonu, Krediyi Erken Odeme Opsiyonu, Mortgage Sigortasi ve Kredi Kontratinin
Piyasa Degerinin Belirlenmesi

Mortgage kontratlarinin fiyatlandirimasinda kullanilan en yaygin ydntem, alinan
gayrimenkul kredisinin spesifik opsiyonlara sahip, normal bir bor¢ araci olarak kabul
edilmesidir. Gayrimenkul kredisi alan kisi ayni zamanda iki farkli gizli opsiyon satin
almaktadir. Bu opsiyonlar, bor¢lunun krediyi geri 6dememe (temerrit) opsiyonu ve krediyi
vadeden oOnce pesin 6deme opsiyonudur. Borclunun krediyi geri 6dememe opsiyonu
(default) satis opsiyonu, D(H,r,t), olarak tanimlanmaktadir. Kredisini geri 6demeyen borglu
mortgage kontratinin teminati olan konutu satip bankaya olan borcunu kapatmak
durumundadir. Borglunun temerrite diserek mortgage kontratini sonlandirmasi, Avrupa
tipi satis opsiyonu olarak tanimlanmaktadir. Bunun nedeni, rasyonel bir kisinin kredinin
geri 6deme tarihinden 6énce temerrite dismeyecedidir. Borglunun krediyi erken édeme
opsiyonu (call option), C(H,r,t), ise Amerikan tipi alis opsiyonu olarak tanimlanmaktadir.
Bunun nedeni ise, kredi alan kisinin vade suresince istedigi herhangi bir zamanda
borcunu kapatip konuta sahip olabilmesidir. Sonu¢ olarak, mortgage kontratindaki gizli
opsiyonlarl, hisse senetleri alig-satis opsiyonlarini kullanarak modellemek mimkunduir.

Genel olarak, finansal varliklarin fiyatlandirilmasi iki temel faktére dayanmaktadir. Bunlar,
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finansal varligin nakit akisi yapisi ve finansal varligin islem gérdigiu ekonomik ortamdir.
Belirlilik kosulu altinda, yatinm araglarini fiyatlandirma iglemi buginki deger yontemi ile
hesaplanmaktadir. Mortgage kontratlarinda, bor¢lunun sahip oldugu iki farkli opsiyondan
birini  kullanarak  mortgage  kontratini  sonlandirmasi  fiyatlandirma  iglemini
zorlastirmaktadir. Banka, kredi alan kisinin opsiyonlari ne zaman, hangi kosullarda
kullanacagini hesaba katmak durumundadir. Degdisken ekonomik kosullar altinda, diger
bir deyisle belirsizlik ortaminda mortgage kontratlarinin fiyatlandiriimasi daha karmasik
hale gelmektedir. Mortgage kontratinin ve kontrattaki gizli opsiyonlarin piyasa degerini
belirlemekte kullanilan en yaygin metod opsiyon fiyatlama modelidir. Opsiyon fiyatlama
modelinde, ekonomik ortami tanimlayan faktorler, piyasa faiz oranlari, r(t), ve mortgage
kontratina konu olan varligin degeri, yani konutun fiyatidir, H(t). Faiz orani ve konut
fiyatlarindaki dalgalanmalardan dogan riskler konut kredisi veren kurumun kargi karsiya
oldugu iki temel riski olusturmaktadir. Mortgage kontrati nakit akisi yapisini belirleyen iki
onemli faktor ise kontrat faiz orani ve kredi kontratinin sartlaridir.

Klasik opsiyon fiyatlama modelinde, ipotek altinda olan konutun piyasa degeri lognormal
difuizyon denklemi ile modellenmelktedir. Geometrik Brownian hareketi olarak da
adlandirilan bu denklemi asagidaki gibi tanimlamak mimkundur:

dFH:(‘IJ-S)dt‘FUHdZH (1.1)

Bu denklemde, u konut fiyatlarindaki ortalama artis miktarini; o, konut piyasa degeri

artigindaki volatiliteyi géstermektedir. z,, terimi ise, konut fiyatlarindaki belirsizlik, yani

beklenmeyen degisimlerin modellenmesini sadlayan Wiener prosesini ifade etmektedir.
Faiz oranlarinin zaman igerisindeki hareketini belirleyen stokastik proses ise, CIR modeli
olarak adlandirilan Cox-Ingersoll-Ross (1985) modelidir.

dr=x(0-r)di+o,rdz, (1.2)

Bu denklemde, @ nominal faiz oranlarinin uzun dénemdeki ortalama degerini, x
parametresi ise kisa donemdeki faiz oranlarinin uzun dénem ortalamasina yaklagsma

(mean-reverting) hizini ve o, faiz oranlarindaki standart sapma degerini gostermektedir.

Opsiyon fiyatlama modelinde, konut piyasa degerindeki beklenmeyen dedisimlerin faiz
oranlarindaki tahmin edilemeyen degisimlerle badlantii oldugu varsayiimaktadir.
Korelasyon katsayisi p olarak tanimlanirsa, konut fiyatlari ve faiz oranlarindaki

beklenmeyen degisimler arasindaki korelasyonu asagidaki gibi modellemek mumkuanddar:

dz,, (t)dz, (t)= pdt (1.3)

1. ve 2. stokastik proseslerden olusturulacak olan kismi diferansiyel denklemi (partial
differential equation, PDE) asagidaki gibi tanimlamak mumkindir. Bu denklem, mortgage
kontrati piyasa de@erini (V), iki stokastik degiskenin (konut fiyatlari (H) ve faiz oranlari (r))
ve zamanin (t) bir fonksiyonu olarak tanimlamaktadir:
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Bu kismi diferansiyel denklemin, nimerik metotlarla ¢ézilebilmesi igin, baslangi¢ ve sinir
(boundary conditions) kosullarinin tanimlanmasi gerekmektedir. Bu kosullar mortgage
kontrat yapisindan gelecek olan, gerceklestirilen aylik 6demelerle belirlenecektir. Kismi
diferansiyel denklemin ¢6zimuinde kullanilacak olan baslangi¢c kosullari detayli olarak
asagidaki bélmlerde agiklanmigtir.

1.2.1. Mortgage Kontratindaki Opsiyonlar:

Mortgage kredisi alan kisinin sahip oldugu iki farkli opsiyonu bir arada, birlesik opsiyon
(joint option) olarak modellemek mumkindur. Opsiyon fiyatlama modeline gore birlesik
opsiyonu asagidaki gibi tanimlanmaktadir:

J(H,r,t)=C(H,r,t)+ D(H,rt) (1.5)

J(H,r,t) = Birlesik (joint) opsiyon degeri
C(H,r,t) = Krediyi erken 6deme opsiyonu (call option) degeri
D(H,r,t) = Krediyi geri 6dememe opsiyonu (default option) degeri

Kredi veren kurulus ya da banka agisindan mortgage kredisinin degeri (V,):
I/L(H,}",t)=A(V,t)—C(H,I",t)—D(H,I",t) (16)

Bu denklemde; A(r,t) =t zamanindaki bor¢ bakiyesi degeridir. 6. denklemde goérildigu

gibi, banka acisindan mortgage kredisinin degeri belirlenirken bankanin borgludan
alacaklari yani borg bakiyesi dederinden birlesik opsiyonun degeri ¢ikariimaktadir. Diger
bir deyisle, banka icin mortgage kredisinin degerini belirleyen faktér sadece bor¢lunun
geri kalan d6demeleri yani bor¢ bakiyesi degildir. Borglunun temerrite dismesi ya da
krediyi erken 6deme opsiyonlarinin degeri banka acisindan zarar kalemi olarak kredi
fiyatlamasina dahil edilmektedir.

Borglunun krediyi geri 6dememe riskini azaltmak amaciyla Avrupa ve Amerika’da birgok
banka kredi alan kisilerden “Mortgage kredisi sigortasi” talep etmektedir. Sigorta primleri
kredi alan kisi tarafindan yillik ya da aylik araliklarla bankaya 6denmektedir. Banka da bu
prim ddemelerini sigorta sirketine géndermektedir. Mortgage kredi sigortasi talep eden
bankalar icin mortgage kredisinin degeri asagidaki gibi tanimlanmaktadir:

(1.7)
=A(r,t)-J(H,r,t)+1(H,r,t)

I(H,r,t) =Mortgage sigortasi degeridir.

Yukarida belirtildigi Uzere, mortgage kontratlarinda borg¢lunun sahip oldugu iki farkh
opsiyondan birini kullanarak mortgage kontratini sonlandirmasi fiyatlandirma iglemini
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zorlastirmaktadir. Banka, kredi alan kisinin opsiyonlari ne zaman ve hangi kosullarda
kullanacagini bilmemektedir. Bu nedenle mortgage kontratlar fiyatlandiriirken Monte
Carlo simulasyon metodu gibi zaman icerisinde ileriye donuk fiyatlama metodlari (forward
pricing metods) yerine, zamanda geriye donuk fiyatlama metodlari (backward pricing
methods) kullaniimaktadir. Diger bir deyisle, mortgage kontratinin fiyatlandiriimasi kontrat
vadesi sonundan baglamaktadir. Ornegin, 10 yillik bir mortgage kredisi fiyatlandirilirken
Oncelikle, 10. yihn son ayindaki mevcut borg¢ bakiyesi, A(r,t), bor¢clunun temerrit opsiyonu,
D(H,r,t), ve erken 6deme opsiyon, C(H,rt), degerleri, mortgage sigortasi degeri ve
kredinin banka acisindan piyasa degeri, V. (H,r,t) belirlenmektedir. Daha sonra, zaman
icerisinde  sondan  basa ilerleyerek, kontratin  buginki  piyasa  degeri
hesaplanabilmektedir.

1.2.2. Kontrat vadesi sonunda, borglunun bor¢ bakiyesinin modellenmesi:
A (r,t)=MP for t =n(n) (1.8)

n = mortgage kontratinin ay sayisi olarak vade uzunlugu (Ornegin, 10 yillik kontrat igin
n=120 ay)
n(i) =i. aylik 6deme zamani

MP = Sabit faizli mortgage kredisi aylik sabit 6deme miktari (monthly payment)

8. denklemde, A4 (r,¢)= n. yani 10 yillk kontrat i¢in 120. aylik 6deme yapilmadan dnceki

bor¢ bakiyesini gostermektedir. 120. ayin baglangicindaki bor¢ bakiyesi, son aylk kredi
O0demesine (MP) esittir.

Vade siresi boyunca geriye dogru hareket edildiginde her aylik 6deme (MP)
gerceklestirildiginde, Kisinin borg¢ bakiyesi de aylik 6deme miktari kadar degismektedir:

A (r)=A(r,t)+MP  for t=n(l),.n(n-1) (1.9)

Bu asamada 6nemli bir nokta, aylik kredi édeme miktari (MP) ve dolayisiyla her ay
mevcut borg bakiyesinin (outstanding balance, OB) nasil hesaplandidi sorusudur. Sabit
faiz oranli mortgage kredilerinde aylik 6deme miktari belirlenirken uygulanan temel kural,
kontrat basinda belirlenen ana bor¢ miktarinin kontrat sonunda tamamen o6denmis
olmasini saglamaktir. Aylik kredi &demeleri ve bor¢ bakiyesi asagidaki gibi
modellenmektedir:

() ) o
(5]

Bu denklemde,
OB(0) = Kontrat basinda, t=0 anindaki bor¢ bakiyesi

¢ = Mortgage kredisi faiz orani
n = kredi vade uzunlugudur.

MP = (1.10)
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Her hangi bir aylik kredi 6demesi yapildiktan sonraki mevcut borg¢ bakiyesi asagdidaki gibi
hesaplanmaktadir:

C ! C :
I+— | —|1+-—
(5] -5
OB(i) = - xOB(0) (1.11)
C
(1+j -1
12
Bu denklemde, OB(i) = i. aylik 6deme sonrasindaki mevcut bor¢ bakiyesini

gostermektedir.

1.2.3. Borglunun temerriit (krediyi geri 6dememe) opsiyonu degeri ve mortgage
kontratinin piyasa degerinin modellenmesi:

Kontrat vadesi sonunda diger bir deyisle son aylik 6deme dncesinde bor¢lunun alabilecegdi
iki pozisyon vardir. Borglu ya son aylik ddemesini gergeklestirecek ve konutun sahibi
olacak ya da temerriit opsiyonunu kullanarak aylik édemeyi gercgeklestirmeyecek ve
konutu bankaya geri verecektir. 12. denklemde goruldigu gibi, konutun piyasa degeri (H)
son aylik ddeme miktarindan (MP) buyik oldugu slirece borg¢lu temerriite digsmeyecektir.
Bu durumda temerrit opsiyonunun degeri O olacaktir.

D (H,r,t)=max(0,[MP—H]) fort=n(n) (1.12)

Kontrat vadesi sonunda, borc¢lu icin mortgage kontratinin degeri ise 13. denklemde
veriimektedir:

Vg (H,r,t)=min(MP,H) fort=n(n) (1.13)

Vade sonunda son aylik 6édeme miktari konutun piyasa degerinden blyUk ise, borglu
temerrite dusecektir. Bu durumda temerrit opsiyonunun degderi MP-H olacaktir (Denklem
12). Borg¢lu i¢in kontratin deg@eri ise konutun piyasa degerine (H) esit olacaktir. CUnku Kigi
temerrit opsiyonunu kullanarak konutu bankaya geri vermek durumundadir.

Mevcut literaturde, mortgage kredisi alan kiginin krediyi geri 6dememe riskini, krediyi
vadeden 6nce 6deme riskini ya da her iki riski bir arada fiyatlandiran ampirik ve teorik
bircok galisma mevcuttur. Ampirik ¢calismalarda, kredinin geri d3denmemesi ya da kredinin
vadeden dnce 6denmesi 6lium, bosanma, is dedistirme, isini kaybetme, sehir degdistirme
gibi kisiye 0zel nedenlerden kaynaklanmaktadir. Ampirik calismalar literatlrde,
indirgenmis formda modeller (reduced form models) olarak adlandiriimaktadir. Bu
modellerin kullanilabilmesi i¢in, kredi alan kisiye ait bilgiler (yas, meslek, cinsiyet), satin
alinan konutun o6zellikleri (binanin yasi, blyuklugu, lokasyonu, piyasa degeri) ve kisinin
gerceklestirdigi 6deme plani (kredinin amortismani) gibi bilgilere ihtiyag duyulmaktadir.
Bankalar genellikle, musterilerine ait bu tir detayli bilgileri paylasmadiklari igin
indirgenmis formdaki modelleri kullanmak oldukga zordur. Teorik calismalarda ise,
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borclunun krediyi geri 6dememe ya da krediyi vadeden énce 6deme riski tamamen
finansal nedenlere dayanmaktadir. Kredi alan kisi bu iki opsiyonu, kontrat maliyetini
minimize etmek amaciyla kullanmaktadir. Teorik ¢alismalar literatlirde, yapisal modeller
olarak adlandiriimaktadir.

Yapisal opsiyon fiyatlama modellerine goére, kredi alan kisi mortgage kontrat degerinin
(Vs) (temerriite diisme ve erken 6deme opsiyon degerleri ile birlikte) konutun piyasa

degerinden (H) ylksek olmasi durumunda temerrit etmektedir. E§er V (H,r,t)>H

kosulu saglaniyorsa, borglu temerrite disecektir. Cunkld borglu satin aldigi konutun
piyasa degerinden yiksek degerde bir kredi miktarini 6demek istemeyecektir. Bu
durumda temerrut opsiyonun degeri; mevcut borg bakiyesi ile konutun piyasa degeri
arasindaki farka (A(r,t) —H) esittir (Denklem 14).

Vade boyunca, her aylik 6deme tarihinde temerrit opsiyonu degerini ve kontratin piyasa
degerini asagidaki gibi modellemek mumkuanddar:

D (H,r,t) if V,(H,r,t)=V, (H,r,t)+ MP (Temerriit yok)

D (H,r,t)=
A (r,t)-H it Vy(H,r,t)=H (Temerriit)

for t =n(l),...,n(n-1)
(1.14)

Vy (H,r,ty=min([V; (H,r,t)+MP],H) fort=n(1),...n(n-1) (1.15)

Borglunun temerrite dismesi durumunda (V, = H ), borglu igin kontratin degeri konutun

piyasa degerine (H) esit olacaktir (Denklem 15). Cunku kisi temerrit opsiyonunu
kullanarak konutu bankaya satmak, iade etmek durumundadir.

1.2.4. Kredinin erken 6denme opsiyonu piyasa degerinin modellenmesi:

Yukarida bahsedildigi Uzere, kontrat vadesi sonunda diger bir deyisle son aylik 6deme
Oncesinde borglunun alabilecegi iki pozisyon vardir. Borglu ya son aylik édemesini
gerceklestirecek ve evin sahibi olacak ya da temerrat opsiyonunu kullanarak aylk
O0demeyi gerceklestirmeyecek ve konutu bankaya geri verecektir. Sonug olarak borglu,
kontrat vadesi sonunda krediyi erken o6deme opsiyonunu kullanmayacaktir. 16.
denklemde goéruldigu gibi, kontrat vadesi sonunda, ¢=r7(n), krediyi erken 6deme

opsiyonunun degeri sifirdir.

C (H,r,t)=0 for t=n(n) (1.16)

Vade boyunca, her ayllk 6deme tarihinde krediyi erken 6deme opsiyonu degerini
asagidaki gibi modellemek mimkindur:
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C'(H,r,t) if V,(H,r,t)=V,(H,r,t)+ MP (Temerriit yok)

C (H,r,t)= (1.17)
{0 if Vy(H,r,t)=H (Temerriit)

17. denkleme gore, borglu temerrit opsiyonunu kullanip krediyi geri 6demedigi zaman,
erken 6deme opsiyonunundan vazgecmis olacak ve bu opsiyonun degeri sifira esit
olacaktir. Kisi temerrite dismeyip kredi ddemelerine devam ettigi sirece, erken 6deme

opsiyonunun positif bir piyasa degeri C'(H,r,t) mevcut olacaktir. (6). denklemi
kullanarak, erken 6deme opsiyon dederini asagidaki gibi hesaplamak mimkdndur:

C(H,r,t)=A(r,t)=V,(H,r,t)—D(H,r,t) (1.18)

Borglu herhangi bir t aninda (i. ve i+1. aylik kredi 6deme tarihleri arasinda herhangi bir
tarinte) kredisini erken kapatma opsiyonunu seger ise, sdzkonusu t anindaki mevcut bor¢
bakiyesi, TD(t), hesaplanirken son aylik 6deme tarihinden itibaren biriken faiz toplami da
borc miktarina eklenmektedir.

TD(1) = {1+c[t=n())]} OB() for n(i)<t<n(i+1) (1.19)

Ulkemizde, kanun kapsaminda sadece sabit faizli krediler igin, kalan bakiye Uzerinden en
fazla %2 oraninda bir erken 6deme Ucreti talep edilebilmektedir. Degisken faizli kredilerin
erken geri 6denmesi halindeyse, erken ddeme Ucreti ddenmesi s6z konusu olmayacaktir.

ingiltere’de borglu kredisini erken kapatma opsiyonunu kullanirsa, belirli bir ceza
(prepayment penalty) miktarini édemek zorundadir. 20. denklemde goéruldiugi gibi, bu
ceza miktari kredinin pesin olarak 6dendigi tarihteki (t anindaki) toplam borg bakiyesine,
genellikle %2 oraninda eklenmektedir.

TD(t) = {(1 +7){1+c[t-nG)]} OB(i)} for n@)<t<n(i+l) (1.20)

Yukaridaki denklemde,
7 = krediyi erken 6deme cezasi (genellikle %2 olarak kabul edilmektedir).

1.2.5. Mortgage kredisi sigortasi piyasa degerinin modellenmesi:

Ulkemizdeki yeni Konut Finansman Sistemi'nde, mevcut 4077 sayili Tiketici'nin
Korunmasi Hakkinda Kanun'da 6ngoéruldigu Uzere, bankalar ancak Ust Uste iki adet
taksitini 6demeyen tuketicilere, bir ay sure vererek muacceliyet (borcun tamaminin geri
6denmesini talep etme) uyarisinda bulunabilecektir. Ancak bu talebi yerine getirmeyen
tuketiciler hakkinda yasal takip yapilmasi mimkin olabilecektir. Ayrica temerriide disen
tuketicilere, temerrQt tarihinden itibaren 5 is guna icerisinde iadeli taahhitll posta yoluyla
bildirim yapilacaktir. Kanun herhangi bir sigorta zorunlulugu éngérmemektedir. Ancak,
konut finansmani kapsaminda yapilacak sigorta sézlesmeleriyle ilgili usil ve esaslarin
belirlenmesinde Hazine Mustesarligrnin yetkili oldugu da belirtimektedir. Bankalarin
mevcut politikalarini devam ettirerek, konut sigortasi, DASK ve hayat sigortas! talep
etmeleri beklenmektedir.
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Gelismis Ulkelerdeki mortgage kontratlarini inceledigimizde, sigorta poligcelerinin mortgage
kontrat yapisinin olduk¢a 6nemli bir bélimdnd olusturdugunu gérmekteyiz. Mortgage
kredisi sigortasi, bor¢lunun temerrit ve erken 6deme opsiyonu gibi ayri bir finansal tlrev
araci olarak tanimlanmakta ve fiyatlandiriimaktadir.

En basit haliyle, mortgage sigortasi, kredi veren banka ile sigorta girketi arasinda
imzalanan bir kontrattir. Mortgage sigortasi, konut piyasa degerinin %80 ve Ustlu oranda
kredi alan kigilerin yaptirmasi gereken zorunlu bir sigorta kontratidir. Bu kontrata gore,
sigorta sirketi, bankanin temerrite disen her kredisi icin gerceklesen toplam zararini
odemeyi taahhut etmektedir. Mortgage sigortasi kontratlari, tlkeler, ekonomiler ve sigorta
sirketleri arasinda farkhliklar gostermektedir. Mevcut literatirde yaygin olarak
fiyatlandinlan mortgage sigortasi kontratlari Amerika Birlesik Devletleri (ABD) ve
ingiltere’de kullanilan kontratlaridir. Raporun bu kisminda, sirasiyla, ABD ve ingiltere’de
kullanilan mortgage sigortasi kontratinin nasil fiyatlandirildigi tartigilacaktir. Kisaca, kredi
vadesi sonunda ve herhangi bir aylik geri 6édeme zamaninda, mortgage sigorta
kontratlarinin piyasa degerinin nasil modellendigi incelenecektir.

1.2.5.1. Mortgage Sigortasi Fiyatlandiriimasi: ABD Ornegi:

Mevcut literatirde, ABD’deki mortgage sigortas! kontratlarini fiyatlandiran c¢alismalara
baktigimizda, kredi vadesi sonunda mortgage sigortasinin piyasa degeri asagdidaki gibi
belirlendigini gérmekteyiz.

I (H,r,t)=max[ 0,min(MP—H,¢MP) | (1.21)

Bor¢lunun sonuncu aylik ddemeyi gerceklestirmeyerek temerrite dismesi durumunda,
sigorta sirketi bankaya, ya konutun piyasa degeri ile son aylik geri 6ddeme miktari (mevcut
bor¢ bakiyesi) arasindaki farki (MP-H) ya da mevcut bor¢ bakiyesinin belirli bir ylizdesini
(¢) 6demektedir. Sigorta sirketleri genellikle, bu iki sigorta 6demesi miktarindan kuiguk

olani 6demeyi taahh(t etmektedir.

Vade boyunca, her aylik kredi 6édemesinde mortgage sigortasi degerini 22. denklemi
kullanarak modellemek mumkundur:

I"(H,r,t) if Vy(H,r,t)=V,;(H,r,t)+MP (Temerriit yok)

I'(#,r.0= maX[O,min(TD‘(t)—H,¢TD_(1))} if Vy(H,r,t)=H (Temerriit)

(1.22)
for t =n(),..n(n-1)

Bu denklemde,

TD = t anindaki toplam borg¢ bakiyesini (total debt) géstermektedir (Kau, Keenan, Muller
ve Epperson, 1993, Journal of Business, 595-618).

D™ (1) = {1+c[t—n(i)]} OB(i)

¢ = ABD’de genellikle %25 olarak kabul edilen, sigorta kapsamina giren zarar 6demesi.
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22. denkleme gére, borglunun temerrite dismesi yani krediyi geri 6deyememesi
durumunda sigorta sirketi bankaya asagida tanimlanan sigorta ddemesi miktarindan
kicuk olani 6demeyi taahhtt etmektedir:

* Temerrit anindaki borg bakiyesi ve konutun piyasa degeri arasindaki farki 7D (1) - H

* Mevcut borg bakiyesinin belirli bir ylizdesini gTD " (¢)

1.2.5.2. Mortgage Sigortasi Fiyatlandiriimasi: ingiltere Ornegi:
Ingiltere’de kullanilan mortgage sigortasi kontratlarinda sigorta sirketleri bankanin toplam
zararinin belirli bir yizdesini () 6demeyi garanti etmektedir. Fakat, sigorta kapsaminda

6denecek miktara maksimum tazminat limiti (maximum indemnity cap) uygulanmaktadir.

Literatiirde, ingiltere’deki mortgage sigortasi kontratlarini fiyatlandiran calismalara
baktigimizda, kredi vadesi sonunda mortgage sigortasinin piyasa degeri asagdidaki gibi
belirlendigini gérmekteyiz.

0 if Vy(H,r,t)=MP (Temerriit yok)
I"(H,r,t)=9 for t=n(n)
min{[y(MP—H)|.T} if V,(H,r.t)=H (Temerrit)
(1.23)
Bor¢lunun sonuncu ayda temerrite dusmesi durumunda, sigorta sirketi bankaya, konutun

piyasa degeri ile son aylik geri 6deme miktari (mevcut bor¢ bakiyesi) arasindaki farkin
(MP-H) belirli bir yizdesini [  (MP-H)] 6demeyi taahhit etmektedir. Fakat sigorta sirketleri

ayni zamanda, sigorta kapsaminda édeycekleri bu miktara maksimum tazminat limiti (I")
uygulamaktadir.

23. denklemde,

I' = sigorta sirketinin maksimum tazminat limiti

T=(LTV -LTV")H(0)

LTV = Alnan toplam kredi miktarinin konutun kontrat basindaki fiyatina, H(Q), olan orani
LTV = Normal kabul edilen kredi miktari-konut fiyati rasyosu

Genellikle, kredi veren kurum ya da banka igin kabul edilen degerlerin
(LTV -LTV")= 0,20
y =0,80

oldugu bilinmektedir (Azevedo-Pereira, Newton ve Paxson, 2002, Real Estate Economics,
185-211).

Vade boyunca, her aylik kredi 6édemesinde mortgage sigortasi degerini 24. denklemi
kullanarak modellemek mumkundur:
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I"(H,r,t) if Vy(H,r,t)=V,(H,r,t)+MP (Temerriit yok)
min{{y[TD’(t)—H]},F} if Vi(H,r,t)=H (Temerriit)
for ¢ =n(1),..7(n—1) (1.24)

I (H,r,t)=

Mevcut projede Turkiye'deki sabit faiz oranli konut kredileri igcin “mortgage sigortasi” ayri

bir finansal tiirev araci olarak fiyatlandirilirken, hem Amerika érnedi hem de ingiltere
ornegi g6z énine alinacaktir.
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2. Il. GELISME RAPORU OZETi (15 Nisan 2008 — 15 Ekim 2008)

2.1. Giris:

Proje 6nerisinin “Calisma Takvimi” bdliminde belirtildigi gibi, ikinci asamada yapilan
calismalari asagidaki gibi 6zetlemek mimkuindur:

28 Subat 2002 ve 21 Kasim 2007 tarihleri arasindaki Hazine Bonosu verileri
kullanilarak, Ulkemizdeki faiz oranlarinin zaman icgerisindeki hareketini belirleyen
Cox-Ingersoll-Ross (1985) modeli parametre degerleri tahmin edilmistir. Bu
parametreler: i)faiz oranlarinin uzun donemdeki ortalama degerini, ii)kisa
dénemdeki faiz oranlarinin uzun dénem ortalamasina yaklagsma (mean-reverting)
hizini ve iii)faiz oranlarindaki volatilite ya da standart sapma degerlerini
vermektedir.

o Ayrica, Tuketici Fiyat Endeksi’nin onemli bir ana harcama grubunu
olusturan “Konut Endeksi” 2003-2007 verisi kullanilarak konut fiyatlarindaki
ortalama artis miktari ve konut piyasa degeri artisindaki volatilite
hesaplanmistir.

Faiz oranlari Cox, Ingersoll ve Ross (CIR) stokastik prosesi ile konut fiyatlari ise
geometrik Brownian hareketi ile modellenmistir. iki stokastik denklemden elde
edilen kismi diferansiyel denklemin Matlab ortaminda numerik ¢6zimi
tamamlanmistir.

Faiz oranlari ve konut fiyatlarini modellemek amaciyla kullanilan her iki stokastik
prosese ait parametre degerleri, mortgage kontrati fiyatlama modelinin girdi (input)
degerlerini olugturmaktadir.

1. gelisme raporunda belirtildigi Gzere, Turkiye’deki mortgage (ipotekli konut
kredisi) portfdyl buyuk olan 8 farkli bankadan temel mortgage kontrat bilgileri
toplanmistir. Bu kontrat bilgileri, dikkate alinarak, fiyatlama modelinde kullanilacak
olan temel senaryo (base-case scenario) kontrat 6zellikleri tanimlanmigtir.

Modelin numerik ¢6zumu farkh parametreler (konut fiyatlarinda ve faiz
oranlarindaki volatilite, kisa dénem faiz oranlarinin uzun dénem ortalama degere
yaklagsma hizi, alinan kredinin konutun degerine orani, vb) kullanilarak farkh
ekonomik senaryolar altinda tekrarlanmistir. Sonu¢ olarak, sabit faiz oranl
mortgage kontratinin farkli ekonomik kosullar altinda alacagi degerler
hesaplanmis ve yorumlanmistir.

Projenin 1. yiIl sonundaki sonuglari sorunsuz bir sekilde elde edilmigtir. Bu
asamada, sonuclardan derlenen uluslararasi bir makale yaziimaktadir. Bu
makalenin Temmuz 2009 tarihinde uluslararasi AREUEA konferansinda
sunulmasi ve alinan elestiriler/fikirler dogrultusunda uluslararasi bir dergide
yayinlanmak tzere gdnderilmesi planlanmaktadir.

Projenin 1. Gelisme Raporu’nda belirtildigi Gzere, klasik opsiyon fiyatlama modelinde
ipotek altinda olan konutun piyasa degeri, geometrik Brownian hareketi olarak da
adlandirilan lognormal difiizyon denklemi ile modellenmektedir. Faiz oranlarinin zaman
icerisindeki hareketini belirleyen stokastik proses ise, CIR modeli olarak adlandirilan Cox-
Ingersoll-Ross (1985) modelidir. Her iki stokastik prosesden olusturulacak olan kismi

22



diferansiyel denklemi asagidaki gibi tanimlamak muimkindir. Bu denklem, mortgage
kontrati piyasa degerini (V), iki stokastik degiskenin (konut fiyatlari (H) ve faiz oranlari (r))
ve zamanin (f) bir fonksiyonu olarak tanimlamaktadir:

2 2 2
leo'i, 0 Vz ﬂL,oH\/;O'HO',a—VJrlro-r2 0 IZ/+K(6’—V)5—V
2 oH OHor 2 or or
+(r—s)H5—V+§—V—rV=O
oH ot

Bu kismi diferansiyel denklemin, nimerik metotlarla ¢ézllebilmesi icin, baslangi¢ (initial)
ve sinir (boundary conditions) kosullarinin tanimlanmasi gerekmektedir. Bu kosullar
mortgage kontrat vyapisindan gelecek olan, gerceklestiriien aylik dAdemelerle
belirlenecektir. Kismi diferansiyel denklemin ¢dziminde kullanilacak olan baslangig
kosullari detayli olarak 1. Gelisme Raporu’nda agiklanmistir.

2. Gelisme Raporu’nda d6ncelikle, Sabit Faiz Oranli Mortgage Kontrati Fiyatlama Modelinin
NUmerik C6zUmuU anlatilacaktir. Yukarida tanimlanan (Denklem 1) kismi diferansiyel
denklemin nimerik ¢ézimda icin kullanilan metot, “Explicit Finite Difference” metodudur.
Raporun diger bolimlerinde elde edilen nimerik sonuglar yorumlanacaktir.

2.2, Sabit Faiz Oranli Mortgage Kontrati Fiyatlandirma Modelinin Niimerik Cozumu:
Sonlu Farklar Metotu (Finite-Difference Methodology)

Sonlu Farklar yontemi sirekli zamanda tasarlanmis kismi diferansiyel denklemleri kesikli
zamanda ¢dzen yaygin bir ydntemdir. Wilmott ve digerlerinin (1995) da belirttigi Gzere
sonlu farklar yontemi dogru tasarlanip uygulandigi takdirde fizik ve finans problemlerinin
¢6ziminde gucli ve esnek bir teknik olarak karsimiza ¢ikar. Sonlu farklar metotuna
iliskin teori oldukga saglam bir sekilde gelistiriimistir. Bu konuda bir ¢ok ders kitabi farkli
alanda mevcuttur. Matematik icin Ames, 1992; Lapidus and Pinder, 1982 ve finans igin
de Wilmott et al.,, 1995, Wilmott, 2000, and Hull, 2003 kitaplari rahatlikla onerilebilir.
Mevcut projenin bu bdliminde Lapidus and Pinder (1982) tarafindan yazilmig olan ders
kitabini takip etmek kaydi ile sonlu farklar yontemi hakkindaki gerekli temel bilgi ve
kavramlari aktaracagiz.

Notasyon
u(x,y) x ve y degiskenlerinin surekli bir fonksiyonu olsun. Bu fonksiyonun dagim

noktalarindaki spesifikasyonu asagidaki sekilde gosterilebilir.
u(x.y,)=u(in, jl)=u,,, i=0,1,2... ve j=0,1,2... (2.1)

x, yerine ih konularak koordinatlar bire esit ve kuglk olacak sekilde normalize edilmis
digim dagilim degiskeni sabit h ile tam sayi i’ nin ¢arpimi halinde yazilir. Tam sayi i x
koordinati boyunca ilgili pozisyonu gosterir. 4 sabit oldugunda, u(ih) ifadesinin yerini u,

ifadesi alabilir. Ayni sekilde, y ekseni Uzerinde dugimlerin dagilimi icin j ve | harfleri
kullanilir. Diferans ve diferansiyel denklemler x =ik, y = jl, and ¢ = nk notalarindasirasi

ile U7, and u;, ifadeleri ile temsil edilirler.

Taylor serileri genlesmesinin sonlu farklarin kurgulanisinda ¢ok énemli bir yeri vardir.
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Eger u(x) ve turevleri tek degerli ise, x'in sonlu ve surekli fonksiyonlari x; noktalarinda
asagidaki sekilde gosterilir.
h’ h’

u(xi +h) - u(xi)+hux |i +Euxx |i +§uxxx |i + (22a)
Ya da

h? /N
u(x —h)=u(e)=hu | +=pu, | =, | (2.2b)

h’nin ikinci ve daha buyuk kuvvetlerini goz 6nune almadan tekrardan dizenlenirse
asagidaki ifadeler elde edilir.

u, |,-z u(x[ +h)_u(xi) = Uin U, ~ Ui =Y, (2.3a)
h h h

u, |izu(x,.)—u(x,.—h)zul.—ul_71 zUl_Ui—l (2.3b)
h h h

(2.3a) numaral denklem t yonunde ileri dogru hareket ettiginden ileri sonlu fark denklemi
adini alir. Ayni mantik ile (2.3b) numaral denklem ise geriye dogru sonlu fark denklemi
adini alir.

Normal olarak yuksek kuvvetdeki ifadelerin atilmasi durumu bir yaklagim hatasina sebep
olur. (2.3a) ve (2.3b) numaral denklemler i¢in bu hata /’inci siradir ve O(h) ifadesi ile

temsil edilir. Eger (2.2a) ve (2.2b) eklenir ve u_|. igin ¢ézUlur ise
T~ i+l i-1 (24)

ifadesi O(hz) hatasi ile elde edilir. Bu metot merkezi sonlu farklar yéntemi olarak anilir.

Yaklagimlarin dogrulugu dogal olarak hata ile orantihdir. Bu sebep ile mimkuin oldugu
surece merkezi sonlu farklar yontemi diger yontemlere gore tercih edilir (Azevedo-Pereira,

1997). Ayni sekilde (2.2a) ve (2.2b) eklenerek ve O(h“)gbz ardi edilerek ikinci turev igin
merkezi differansiyel yaklagim elde edilebilir.

Uy —2U,+U,
XX |iz hz

u (2.5)

Asagidaki ifadeler bu ¢alismada ¢dzllen birinci sira ikinci sira ve iki boyutlu temel kismi
denklemlere yaklasim icin temel yaklasimlari vermektedir.

ou. U. -U. .
ij _ _ i+l,j i,j
=y | =—2—22+0(h 2.6a
ax x|1,j h ( ) ( )
ou. . Uu. .. -U..
omy | = O] 2.6b
ay y |1,j l ( ) ( )
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Bu sebeple u, |i,j ifadesini yaklasik olarak yazarken, j sabit tutulur (y = sabit), u, |l,,j

icin ise i sabit tutulur (x = sabit). Budama hatasi O(h)and O(!),olan iki boyutlu birinci

dereceden kismi tlreve ileri sonlu fark yaklasimi (2.6a-b) numarali denklem ile
gOsterilmektedir.

Ayni sekilde, (2.7a) ve (2.7b) numarali denklemler ayni turevin geriye dogru sonlu fark
yontemi ile saglanmis yaklasimini verir.

ou. . Uu -U., .
=y | ==L Y 4 O(h 2.7a
ax X |l,J ]’l ( ) ( )
ou. . U -U. .
i,] =y |i = 1,] i,j-1 +0(l) (27b)
ay Yy l

Sonug olarak, (2.8a) ve (2.8b) numarali denklemler ise merkezi sonlu fark yaklagimini
verir. Budama hatalari ise sirasi ile O(hz)ve O(lz)dll’.

ou, . u. -U. ..
L _ il i-1,j 2
—l =y | =——=L 4 O(h 2.8a
ax x |l,] 2I’l ( ) ( )
ou, | U, .,-U,
g uy |i’j: ,jtl ,j—1 +0(12) (28b)
By 21

(2.5) numarali ifadenin iki boyutlu karsiligi ayni sekilde (2.9a) ve (2.9b) denklemler
kullanilarak elde edilir.

u., -2U +U_ .

]y = = L+ o(h) (2.92)
U, . —-2Ui +U,

u, |, = =g o(1) (2.9b)

Bize gereken son dnemli yaklasim ise kismi turevin karigik kisminin yaklasildigi ifadedir:
u, |i’j. Taylor yaklasiminin kullanimi ve yeniden dizenlemeler yapilmak kaydi ile (2.10)

numaral denklemdeki ¢apraz tirev, (2.11) ifadesini verir.

2
y | =2u, _0jou 2.10
Xy 1L, 1 i
v oxoy Y ox| oy
v, .. -U.,. . .-U_, .. +U., .
u, |, = o () v o (1) (2.11)
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hve [ in esit olmasi halinde (2.11) numarali ifade asagidaki hali alir:

Uiiin=Upiy U, 0 +U,
_ JHLi+l J+Li-1 j-Li+l j-li-1 2 2
o= o +0(1*)+o(1*) (2.12)

u

Niimerik Coziim
Temel kismi diferansiyel denklemin ¢6zimu olan (1) ifadesi sonsuz bir domain’e sahiptir.
Bu sebeple, ev fiyatlari ve faiz hadlerine ait durum degiskenlerinin sonsuz sinir sartlarini

elimine edecek sekilde donistiirliimesi gerekmektedir. Daha agikcasi (0,00)x(0,) ile
gosterilen sonsuz alani (0,1)x(0,1) birim kare alanda tanimlayabilmek gereklidir. Zira bu

islem nimerik ¢dézim icin gerekli islemleri kolaylastiracaktir. Azevedo-Pereira et al. (1997,
2000) ve Stanton and Wallace (1995, 1999) izleyerek durum degigkenleri icin alt

dontsimler’
= ! v>0 (2.13)
I+yw
1
= w>0 (2.14)
1+ oH

w and @ Olgek degiskenleri ¢dzim dugumundeki noktalarin yogunlugunu hissedilir

sekilde etkiler. Bu degerlerin sec¢imi piyasada gerceklesmis ya da gerceklesmesi
muhtemel degerler civarindadir.

Temel kismi diferansiyel denklem asagidaki sekilde ileriye dogru denklem haline
dostiruleblinir (see Wilmott et al., 1993)

r=T-t (2.15)

Tum bu dénusumlerden sonra, sabit faiz oranli mortgage kontratinin fiyatlanmasinda
kullanilan orijinal kismi difransiyel denklem V(H(x),w(y),t(r)), Z(x,y,7).cinsinden
yazilabilir. Bu durumda doénusturalmas denklem asagidaki gibidir.

%H(x)2 of,a)zx +pH \/703,0' waox’y 8):6Zy
ey T () oty (0, () o)A |
+{H(x)2 o,0'x —[(r(y)—s)H(x)a)xz]}aa—i— aff j -r(y)Z=0

(2.16)

' Bu doniisiimler neticesinde, y w — o oldugunda 0 ve w=0 oldugunda 1 degerini alir. Ayni sekilde x
H — oo durumunda 0 ve H = 0 durumunda 1 degerini alacaktir.
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Raporun bu béliminde (2.16) numarali denklemi detayl olarak inceleyecegiz. (wa) ile

gosterebilecegimiz durum-uzay gdsteriminin kesikli zamandaki ifadesi asagidaki sekilde
elde edilir. Oncelikle ev fiyatlari ve faizt oranlari igin birim uzay [O,l] is I ve J

araliklarina bolundr.

Ih=x,=1 and ih=x, (2.17a)
JI=y,=1 and jl=y, (2.17b)

Ayni sekilde vadeye kalan zaman igin (7 ), [0,7] araligi N adet alt araliklara bSlunir
Nk=t,=1 ve nk=rt, (2.17¢)

Boylece Mortgage degeri V(H,w,t) Ul.’fj ile yaklagik olarak temsil edilir. Kau et al. (1993)
ve Azevedo-Pereira et al. (2002, 2003), tavsiye ettigi gibi jeografiksel olarak digim
Olcusu olarak 0.02 kullanilarak (H,w) kesikli hale getirildi. Baska bir ifade ile, nimerik
¢6zim igin 50x50 olglsinde digum tablosu elde edilir. NUmerik stabilite igin bir ay 66 ya
bdlinmektedir.

Bir dnceki bélumdeki notasyon kapsaminda (2.16) nolu denklem asagidaki sekilde yazilir;

lH(x)ZJ o'x U,'L,—2Uz,~’fj+Ui”7Lj
2 h
2 Ui ~Ul o UL UL
+pH(x)WO-HO-wWa)x y L/ Lj— 14lh Lj+1 1,j-1
U’ —2U” U”
%W(y)ffiv/zy“ S i

+{W( Jouw'y’ - [ (6,- \/7/”1/0} ”“ZIUHJ']
{

Un Uﬂ )
+ H(x)2 O'f,a)zx3—[(r(y)—s)H(x)a)x ]} s /2h rLJ
ut+ur,
_%_r(y)yfj ~0 (2.18)

Uzay tlrevleri icin merkezi yaklasimi, zaman tlrevleri i¢in ise ileriye dogru yaklasimi
kullaniimistir. (2.18) numaral denklemi asagidaki sekilde ifade ederek mortgage degerini
bir dnceki degeri Uzerinde tanimlayabiliriz.

o {5 Lo £ on
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+{%H(X)2 Uﬁza’zx4(: j}(Uiu Uty)
e (&)
+{ H(x) oo’ =[(r(y)-s5)H wx]}(%j} _U’"”)

k
+pH(x) W(y)O'HO-WWa)xzyz (4lhj(U1r~l+1/+l Uﬁl, 1 Uin—l,j+1 +Uin—1,j—1) (2.19)

Alternatif gdsterim olarak, Ul.’fj degerlerinin  isole edildigi asagidaki esitligi
kullaniimaktadir:

i = {1 o) o (][ e (4]
_{{H(x)zof,a)z)f—[(r(y)—s)H(x)a)xz]}(%j}
oLt dab
+{%H(x)2 o2 @’ hij}u
+{%W(y)aiw2y4(l§j}lf,”,l
e
A 31 (] {lrows ~[sto. )=o) 41

(2.20)

(2.20) numarali esitligi kullanmak sureti ile merkezi farklar yerine tek tarafl ileri fark
yontemi kullaniimaktadir. Bu da uzay boyutundaki adimlar Uzerindeki sinirlamayi
kaldirmakta ve nimerik olarak daha ileri seviye stabilite kazandirmaktadir.

Fiyatlandirmada kullanilan temel kismi diferansiyel denklem, (1) numaral ifade
baglaminda &zellestirecek olursak, ikinci tiireve ait katsayllar her zaman pozitif olmasina
karsin bu birici tlirev katsayilari i¢in gecerli olmamaktadir. Halbuki sonlu farklar problemi

ile iligkin hatalari kabul edilir bolgenin iginde tutmak igin U" iligkin tim katsayilarin pozitif
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olmasi gerekir. Bu problem merkezi farklar yerine ileriye ya da geriye dogru farklar
kullanilarak ¢ozulir (Azevedo-Pereira, 1997 ve Wilmott, 2000).

Mevcut problemde iki adet durum degiskeni oldugundan birinci tireve iligkin 4 farkh
katsayi olacaktir. Yazilan Matlab program kodu uygun yaklasimi vermektedir. Zira isaretin
fonksiyonu olarak otomatik olarak hesap edilmektedir.

Sinir Kosullari

Bilindigi GUzere acgik sonlu farklar ydnteminin tek ve essiz ¢éziminu garanti etmek igin
sinir kosullarinin belirlenmesi gerekmektedir. Durum degiskenleri igin dondstirdimus
yapilar kullaniliyor olsa da, H ve w iligkin durum degdiskenleri halen orjinal degerlerini
muhafaza etmektedirler. Bu sebeple, mortgage bilesenlerinin degerleri konut fiyatlari ve
faiz oranlari ekstrem iken belirlenmektedir. Yani, w=H =0, ila w— o ve H —>®
durumlarinda.

Konut Fiyatlari igin Sinir Kogullari

H =0 durumunda, mortgage soOzlesmesinin degeri kesinlikle ev degerinden daha
yuksektir. Bu durumda temerrut kesindir. Temerrut halinde mortgage degeri ev degderine
esit olur.

V(0,w)=H=0 (2.21)
D(0,w)=A(w) (2.22)

H — o« durumunda ise, temerriutin degeri yoktur. Bu sebeple mortgage degeri gelecek
nakit akimlarina baglidir.

lim D(H,w)=0 (2.23)
lim V7 (H,w) = A(w) (2.24)

Gelecekteki ddemelerin degeri, 4, H degerine bagl olmadigindan; sadece w igin kismi
diferansiyel denklem ¢ozllerek gelecek édemelerin degeri bulunur.

1 ) 82f 0 of
—wo +| k(0 —w)—-A o Nw|—+——rf =0 2.25
2 " ow [ (6, =w)=A0, J@w ot / (2.25)
Asagidaki denklemler Matlab programinin kullandigi agik sonlu fark ydntemine aittir.

Eger Z—V <0, geriye dogru fark almaktayiz.
w

= Di-Doeins (5o (et ()
Aoy [so. w0t | (S a-g) @z

Eger Z—V >0, ileriye dogru fark almaktayiz
W
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A ={l{wwmw(lﬁzj}r(y)k}fﬁ+{§w<y>o—zwy4 ()
Aoy [0 -w)-o I Jor (4]}, 4) e

Faiz Haddi igin Sinir Kogullari

w=0 durumunda, ileriye ait 6deme dederleirinin hesabi icin iskonto sdézkonusudur.
Cunku reel faiz haddine bagh olarak nominal faiz haddi 0 degildir, »#0. Durum
degigkenlerinin 0 degeri almasi turevlerinin 0 olacagdi manasina gelmez. Bu sebeple
asagidaki denklemler A when w=0 .iken A de@erini bulmak igin kullaniimigtir.

g I
09 Y oy 2.27
Coawta? (2.27)
+ n k n n
A =(1=-r(p)k) 4! —(KHWI//)JZTJ(Aj -4) (2.28)

Dikkat edilirse w(y)=0 durumunda (2.28) ile (2.26a) numarah esitliklerin ayni oldugu

gorulir. Temerrit degeriD(H,0,¢), ve mortgage sézlesmesiV (H,0,¢) temel kismi
diferansiyel denklemin ¢6zimu olarak verilir

+(V—S)H2—II_/[+K9 VLT y=o (2.29)

1 HZ w
ow Ot

12 OV
2 "oH’

Nihayet, w — oo, ve dolayisi ile » — oo durumunda, tim varliklar degersiz hale gelir.

lim 4(w)=0 (2.30)
lim D(H,w)=0 (2.31)
lim ¥ (H,w)=0 (2.32)

W—0

2.3. Cox-Ingersoll-Ross (CIR) Stokastik Prosesinin Parametre Degerlerinin Tirkiye
Verileri Kullanilarak Tahmin Edilmesi

Projenin bu bdliminde, Subat 2002 — Kasim 2007 araligindaki Hazine Bonosu verileri
kullanilarak, Ulkemizdeki faiz oranlarinin zaman igerisindeki hareketini belirleyen Cox-
Ingersoll-Ross (CIR, 1985) modeli parametre degerleri tahmin edilmistir. Bu parametre
degerleri  “temel ekonomik senaryo” bashdi altinda mortgage kontratlarinin
fiyatlandirimasinda kullaniimistir. Daha sonra, farkli ekonomik senaryolar bashgi altinda,
bu parametrelerin alabilecegi alternatif degerler géz 6nine alinarak mortgage kontratlari
tekrar tekrar fiyatlandiriimistir.

CIR modeli (1985) kisa dénem faiz haddinin gergek olasilik kanunu P altinda asagidaki
sekilde ilerledigini varsayar.

30



dr, = k(0 —r)dt +o,r>dWS’ (2.33)
Burada r kisa dénem faiz haddini, « uzun dénem ortalamaya donus hizini, 6 uzun dénem
ortalamayi (kosulsuz matematiksel beklenti), o volatiliteyi ve W da Wiener sureci temsil
eder. Tamamen sentetik olan risk nétral olasilik kanunu @ altinda stokastik sureg
asagidaki sekli alir.

dr, =x(0 —r, —Ac )dt + o r'>dw ° (2.34)

Burada A piyasa riskinin fiyati olarak adlandirilir. Bu denklemin faiz haddi igin tek ve
pozitif cozimul asagidaki sekildedir.

r(t) = 0% +(r(s) — 0¥)e ™ ™ + o e je'“(“" Jr@)dw (u) (2.35)

tzsve 0*=0-10o,.

Faiz haddi r'nin t anindaki simdiki zaman s Uzerindeki kosullu dagilimi ise ;

q/2
S 57(),5) = e [Bj 1,wv)"), (2.36)
u

B 2K
‘" o2 (l—e )’
u=cr(s)e ™ ",
v=cr(t),

2k0*
g=—7—-1
o

”

1,(.)de q derecesinden birinci sinif modifiye edilmis Bessel fonksiyonudur. s anindaki
filtrasyona gore faiz haddi ki kare dagilimina sahiptir.

r() | F, ~ 7(2er(1).2q +2.,2u) (2.37)
Serbestlik derecesi 2qg + 2 ve merkezden uzaklidi ifade eden parametre 2u dur.

Bagimsizlik varsayimi altinda, kisa dénem faiz haddi igin likelihood (en c¢ok olabilirlik)
fonksiyonu asagidaki sekilde gosterilir.

LO©|r(0) =[] f(r@).1;r(s),5) (2.38)
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Log-likelihood fonksiyonu ise;

LogL(®|r(¢))=(T-1)Inc+ i{— u, —v,, + O.SIH(mJ + ln(Iq (2 TR ))} (2.39)

t=1 ut

O halde parametrelerin @z{x,a,,ﬁ,/l} tahmini, Log-likelihood fonksiyonunun
maksimizasyonu yapilarak bulunur;

A

O =arg max LogL(® | r(t)) (2.40)

Bu projede, optimizasyon icin gerekli baslangic degelerin Finkel tarafindan gelistirilen
Direct optimization algorithm yontemi ile tespit edilmigtir. Daha sonra bu degerler
kullanilarak (3.7) nolu esitligi maksimize eden parametre degerleri Nelder-Mead
algoritmasi kullanilarak tahmin edilmistir.

Veri setimiz 28 Subat 2002 ve 21 Kasim 2007 tarihleri arasindaki donemi kapsamaktadir.
Veri gunliktlr ve 1518 adet gézlemi kapsamaktadir. Veriler hazine bonolarinin ikinci el
piyasa fiyatlarindan elde edilen faiz verim egrilerinin 3 aylik faiz dilimine gelen kesite ait
g6zlemlerdir. Parametre tahminleri icin veri 5 gunlik frekansa getirilmis kisa donem faiz
haddi modelinin yillik hesaba gére zaman incrementi 5/260 alinmistir.

Direct Algoritma Sonuclari:
k= 0.5617 0= 0.2354 c=0.1228 A= -0.7407; Log-Likelihood degeri: 1030.2

Nelder-Mead Algoritma Sonuclari:
k=0.55600= 0.2370 6=0.1225 X1 =-0.7591; Log-Likelihood degeri: 1030.2
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2.4. Opsiyon Fiyatlama Modeli Niimerik Sonugclarinin Temel Ekonomik Senaryo-
Temel Kontrat Yapisi ve Farkli Ekonomik Senaryo—Farkli Kontrat Yapilan Igin
Yorumlanmasi

Proje Onerisinde belirtildigi Uzere, bu projenin ilk amaci sabit faiz oranli mortgage
kontratlarinin Turkiye’deki ekonomik ortamda fiyatlandiriimasidir. Kredi alan kisi ve kredi
veren kurum agisindan mortgage kontrat degerini belirleyen iki énemli degisken; faiz
oranlari ve ipotek altina alinan konutun piyasa degeridir. Faiz oranlarinin zaman igerisinde
nasil davrandigini gbsteren CIR stokastik prosesinin parametre degerleri 2002-2007 yillar
arasindaki Hazine Bonosu verileri kullanilarak hesaplanirken, konut degerlerinin zaman
icindeki davranisini gdsteren geometrik Brownian hareketi parametre degerleri ise 2003-
2007 TUIK Konut Endeksi verileri kullanilarak elde edilmistir.

Tablo 1, fiyatlandirilan sabit faiz oranli mortgage kontratlari i¢in temel ekonomik senaryo
degerlerini ve temel kontrat 6zelliklerini gdstermektedir.

Tablo 1: Temel Ekonomik Senaryo Parametre Degerleri ve Temel Mortgage Kontrat
Ozellikleri

Mortgage Kontrati

1. Kontrat: 2. Kontrat:
Parametreler Sabit Faiz Oranli Mortgage | Sabit Faiz Oranli Mortgage
Hizmet-dosya Ucreti Dahil, | Hizmet-dosya Ucreti Dabhil,
Erken Odeme Cezasi Yok Erken Odeme Cezasi Dahil

1. Ekonomik Parametreler

Spot faiz orani, r(0) 10% 10%
Uzun doénemli faiz orani

ortalamasi , 6 24% 24%
Uzun dbénem faiz orani

ortalamasina donis hizi, 56% 56%
Konutun kira bedelinin piyasa

degerine orani (servis orant), 6 4% 4%

Konut fiyatlar ve faiz oranlari
arasindaki korelasyon katsayisi,
p 0 0

2. Kontrat Ozellikleri

Kontrat vadesi, n 120 ay 120 ay

Konutun piyasa degeri
(kontrat baslangicindaki fiyat),

H 100 000 YTL 100 000 YTL
Kredi veren kurumun aldigi

hizmet Ucreti, & 2% 2%
Krediyi erken édeme cezasi,

T - 2%

Tablo 1'de goéruldugua Uzere bu projede iki farkh sabit faiz oranh kontrat
fiyatlandiriimaktadir. 1. kontratta, kredi veren kurumun Kisilerden, kredi miktarinin %2’si
oraninda hizmet-dosya Ucreti aldigi fakat krediyi erken 6deme cezasi almadigi
varsayllmigtir. 2. kontratta ise, kredi veren kurumun kigilerden hem %2 oraninda hizmet-
dosya Ucreti aldigi hem de kredinin erken 6denmesi durumunda kredi bakiyesi Uzerinden
%2 ceza alacagi varsaylmigtir. Her iki kontratta da kredi vadesinin 10 yil oldugu ve
krediye konu olan konutun piyasa degerinin 100 000 YTL oldugu varsayilmistir.
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1. Gelisme Raporunda detayli olarak belirtildigi gibi, Tablo 1'deki temel kontrat ézellikleri
8 farkh bankadan elde edilen bilgiler dogrultusunda belirlenmistir. Projenin diger
asamalarinda farkl kontrat 6zellikleri dikkate alinarak da fiyatlandirma yapilmistir.

2.4.1. Temel Ekonomik Senaryo- Temel Kontrat Yapisi igin Fiyatlama Modelinin
Nimerik Sonuglari

1. Gelisme raporunda detayli olarak agiklandigi gibi, konut kredisi veren kurulus ya da
banka agisindan mortgage kredisinin degerini (V) asagidaki gibi modellemek
mamkuindur.

V,(H,r,t)=A(r,t)-C(H,r,t)—D(H,r,t) (2.41)

Bu denklemde; A(r,t) = t zamanindaki bor¢ bakiyesi degeridir. Banka igin mortgage

kredisinin degerini belirleyen faktor sadece bor¢lunun geri kalan 6demeleri yani borg
bakiyesi degildir. Bor¢clunun temerrite dismesi (D) ya da krediyi erken 6deme (C)
opsiyonlarinin dederi banka agisindan zarar kalemi olarak kredi fiyatlamasina dahil
edilmektedir. Bor¢lunun krediyi geri ddememe riskini azaltmak amaciyla Avrupa ve
Amerika’da birgcok banka kredi alan Kkisilerden “Mortgage kredisi sigortasi” talep
etmektedir. Mortgage sigortasi talep eden bankalar icin mortgage kredisinin degeri
asagidaki gibi tanimlanmaktadir:

V.(H,r,t)=A(r,t)-C(H,r,t)-D(H,r,t)+1(H,r,t)
=A(r,t)-J(H,r,t)+1(H,r,t)
I(H,r,t) =Mortgage sigortasi degeridir.

(2.42)

Projenin bu béliminde, temel senaryo parametre degerleri kullanilarak, sabit faiz oranli
mortgage kontratinin kredi veren kurum agisindan degeri - [V(H,r,t)] - 3 boyutlu grafiklerle
gOsterilecek ve yorumlanacaktir. Ayrica, mortgage kontratini olusturan temel bilesenlerin

i) A(r,t): tzamanindaki borg bakiyesi,

ii) D (H,r,t): kredinin geri 8ddenmeme opsiyonu,

i) C(H,r,t): kredinin erken 6denme opsiyonu,

iv) I(H,r,t): mortgage sigortasi piyasa degerlerlerine ait numerik sonuglar da 3-boyutlu
grafikler yardimiyla yorumlanacaktir. 3-boyutlu grafiklerin gizilmesi ve yorumlanmasindaki
amag; kismi diferansiyel denklemin nimerik ¢ézimunin grid sistemde akici (smooth)
olup olmadigini gérmek ve nimerik sonuglarin finansal anlamda tutarli olup olmadigini
sorgulamaktir.

Sekil 1-A ve 1-B iki farkli mortgage kontrati icin (erken 6deme cezasini dahil eden ve
erken édeme cezasi uygulamayan kontratlar) kredi geri édemelerinin buginki piyasa
degerini gostermektedir. Fiyatlama modelinde kredi geri 6demelerinin piyasa degeri -
A(r,t) - faiz oranlarinin bir fonksiyonu olarak tanimlanmistir. Diger bir deyisle, kredi geri
o6demeleri miktari konut fiyatlarina bagli olmadigindan, konut fiyatlarindaki degisimler (H)
geri 6deme degerini etkilememektedir.

Sekil 1A-B’de goéruldigu Uzere, faiz oranlari arttikga (0.01’den 0.90’a) mortgage geri

o0demelerinin buglnki degeri azalmaktadir. Bunun nedeni, faiz oranlarindaki artis bir
yandan kredinin kupon degerini (kredi faiz oranlari) ve dolayisiyla geri 6denecek kredi
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miktarini  arttirirken, diger yandan ileri tarihteki kredi 6demelerinin bugline
indirgenmesinde kullanilan iskonto oranini da arttiracagindan, mortgage kredisi geri
O6demelerinin buglnki degeri artan faiz ile birlikte azalmaktadir.

Sekil 2-A ve 2-B iki farkli mortgage kontrati icin (erken éddeme cezasini dahil eden ve
erken 6deme cezasi uygulamayan kontratlar) kredinin temerrit (geri ddenmeme)
opsiyonu piyasa degerini gostermektedir. Fiyatlama modelinde temerrit opsiyonunun
degeri - [D(H,rt)] - konut fiyatlarinin ve faiz oranlarinin bir fonksiyonu olarak
tanimlanmistir.

Her iki sekilde de goruldigu Uzere, konut fiyatlar belirli bir seviyenin altina indigi zaman
kisilerin temerrt etme olasiligi hizla artmakta ve temerrit opsiyonun dederi hep pozitif
deger almaktadir. Konut fiyatlarinin yiksek oldugu degerlerde ise kisilerin temerrit riski
yok olmakta ve temerrit opsiyonunun piyasa degeri sifir olmaktadir. Sekil 2-A ve 2-B’de
goruldugu Uzere, temerrut opsiyonunun en yuksek degerlere ulastigi zaman; konut
fiyatlarinin ¢ok digik oldugu ve ayni zamanda faiz oranlarinin da azaldig1 ortamlardir.
Sekil 1-A ve B’de tartisildigi gibi, faiz oranlarindaki azalmasi mortgage kredisi geri
O0demelerinin  buginkl degeri (A) ve dolayisiyla mortgage kontrat degerinde (V)
azalmalara yol agmaktadir. Mortgage kontrat degerinin (V) konut piyasa degeri (H)
karsisinda deger kaybetmesi kigileri temerrute zorlayan bir durum olusturmaktadir. Bu
nedenle, temerrit opsiyonu pozitif oldugu her deger igin faiz oranlarindaki artis ile ters
orantili bir iligki sergilemektedir.

Temerrit opsiyon degeri ile ilgili bu sonug, Amerika’da 2006’da baslayip 2008’de devam
eden ve gunumuazdeki global krize yol acan “sub-prime mortgage” krizinin temel nedeni ile
celiski icinde gorinse de aslinda yasanan durumu destekleyici 6zelliktedir. Amerika’da
temerrt oraninin en ylksek seviyelere ¢iktigi ortam; konut fiyatlarinin ¢gok dusuk oldugu
ve ayni zamanda faiz oranlarinin da yukseldigi ortamdir. Amerika’da 2005-2006 yili
oncesinde kredi verme standartlarindaki disus, kredi almanin kolaylastirilmasi (dusuk
down payment, dislUk servis Ucreti), ve konut fiyatlarinda uzun zamandir gézlenen artis
trendi, kisilerin konut kredisi almalarini 6zendirici faktérler olmustur. Kredi almak isteyen
kisiler mortgage kredi ddemelerinde sorun yasasalar bile, kredilerini kolaylikla ve ¢ok
daha iyi kosullarda re-finanse edebileceklerini diginmuslerdir. Fakat beklenenin tersine,
2006 ve 2007 yillarinda faiz oranlarinin surekli bir artis gdéstermesi ile birlikte, Amerika’nin
bir ¢cok bdlgesinde konut fiyatlarinda gézle goéruliur dususler yasanmistir. Artan faiz
oranlari ve azalan konut fiyatlariyla, kisilerin mortgage kredilerini re-finansman etmeleri
oldukga zorlagsmistir.

Beklentinin aksine konut fiyatlarinin azalmasiyla ve degisken faiz oranli mortgage
kredilerin oldukgca ylUksek faiz orani belirlemesiyle; ¢ok sayida temerrat (kredinin geri
6denmemesi) ve ipotekli konutlara icra yoluyla el koyulmasina (foreclosure) olayi
yasanmistir. Yukarida da belirtildigi Uzere, artan faizler 6zellikle degisken faiz oranl
mortgage kredilerinin temerrite dismesine neden olmustur. Bu projede fiyatlanan
kontratlar sabit faiz oranli mortgage kredileridir ve artan faiz oranlari temerrit riskini
degisken faiz oranli kontratlardaki gibi tetiklememektedir.
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Sekil 1-A: Kredi Geri (")demelerin__in Piyasa Degeri: Sabit Faiz Oranli Mortgage Kontrati
(Hizmet-dosya Ucreti Dahil, Erken Odeme Cezasi Dahil)

Value of Future Payments (A}
(Repayment Mortgage With Early Termination Penalty)
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Sekil 1-B: Kredi Geri (")demelerir!_in Piyasa Degeri: Sabit Faiz Oranli Mortgage Kontrati
(Hizmet-dosya Ucreti Dahil, Erken Odeme Cezasi Yok)

Value of Future Payments (A)
{(Repayment Mortgage Without Early Termination Penalty)
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Sekil 3-A ve 3-B iki farklh mortgage kontrati igin (erken édeme cezasini dahil eden ve
erken o6deme cezasi uygulamayan kontratlar) mortgage sigortasi piyasa degerini
gOstermektedir. Fiyatlama modelinde mortgage sigortasi degeri - [I(H,r,t)] - konut
fiyatlarinin ve faiz oranlarinin bir fonksiyonu olarak tanimlanmigtir.

Her iki sekilde de goruldigu gibi, konut piyasa degerinin belirli bir seviyenin Uzerinde
oldugu durumlarda kredi alan kisilerin temerrit riski ortadan kalkmakta ve dolayisiyla
mortgage sigortasi da temerrit opsiyonu gibi sifir degerini almaktadir. Diger yandan,
konut fiyatlari azaldikga temerriit opsiyonu piyasa degeri artmakta ve buna baglh olarak da
mortgage sigortasinin piyasa degeri de artis gostermektedir.

Bununla birlikte, konut fiyatlarinin olduk¢a dusik oldugu ortamlarda faiz oranlarindaki
degisim (0.90 - 0.01 arahdi) mortgage sigortasi piyasa degerini etkilememektedir. Bunun
nedeni ise, faiz oranlari artsa da azalsa da kredi alan kisi krediyi erken 6deme opsiyonunu
degil temerrit opsiyonunu kullanmayi tercih edecektir. Clnkl konut fiyatlarinin ¢ok disik
oldugu ortamda kredinin re-finansmani her hangi bir ¢6ziim olugturmayacaktir.

Sekil 2-A: Temerrut Opsiyonu Piyasa Degeri: Sabit Faiz Oranli Mortgage Kontrati (Hizmet-
dosya Ucreti Dahil, Erken Odeme Cezasi Dahil)

Value of Default Option (D)
(Repayment Mortgage With Early Termination Penalty)

O

ag oot

03 q_

Default Option (D)

0 fo i =
s 0.2

9-@2%;24% :

Fhe :

%D?&%'%?_g& ._
House Price (H} - _%%E'_h

e B
45%.28g'19
IZI.EIIZIB' Interest Rate (R}

Sekil 2-B: Temerrut Opsiyonu Piyasa Degeri: Sabit Faiz Oranli Mortgage Kontrati (Hizmet-
dosya Ucreti Dahil, Erken Odeme Cezasi Yok)
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Value of Default Option (D)
{Repayment Mortgage Without Early Termination Penalty)
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Sekil 3-A: Mortgage Sigortasi Piyasa Degeri: Sabit Faiz Oranli Mortgage Kontrati (Hizmet-
dosya Ucreti Dahil, Erken Odeme Cezasi Dahil)

Value of Insurance (I}
{Repayment Mortgage With Early Termination Penalty)
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Sekil 3-B: Mortgage Sigortasi Piyasa Degeri: Sabit Faiz Oranli Mortgage Kontrati (Hizmet-
dosya Ucreti Dahil, Erken Odeme Cezasi Yok)

Value of Insurance (l)
{(Repayment Mortgage Without Early Termination Penalty)
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Sekil 4-A ve 4-B iki farkli mortgage kontrati i¢in (erken ddeme cezasini dahil eden ve
erken 6deme cezasl uygulamayan kontratlar) kredinin erken &6denme (prepayment)
opsiyonu piyasa degerini gostermektedir. Fiyatlama modelinde erken 6deme opsiyonunun
degeri -[C(H,r,t)] - konut fiyatlarinin ve faiz oranlarinin bir fonksiyonu olarak
tanimlanmistir.

Her iki sekilde de goruldigu tzere, konut piyasa degerleri (H) disuk degerler aldiginda,
kredinin erken 6deme opsiyonu faiz oranlarindaki degisimden bagimsiz olarak sifir degeri
almaktadir. Diger bir deyisle, konut fiyatlarinda dusus gdézlemlendikge, erken 6deme
opsiyonu faiz oranlarindaki degisimlere bagimli olmaktan ¢ikmaktadir. Bunun nedeni de,
konut fiyatlari belirli bir seviyenin altina dustigunde kredi alan kisinin temerrit opsiyonunu
kullandidi ve erken 6deme opsiyonunun ortadan kalktigidir.

Konut piyasa degerleri kisiyi temerrite disturmeyecek bir seviyede oldugunda ise, erken
6denme opsiyonunun piyasa degeri faiz oranlarindaki degisimlere baghdir. Sekil 4-A ve 4-
B'de goériuldugu gibi, piyasa faiz oranlar azaldik¢a (0.90'dan 0.01’e dogru azaldikga)
kisinin mevcut mortgage kredi faizi, piyasa ortaminda yiksek seviyede kalacak ve kKisi
aldigi kredinin re-finansmanini talep edecektir. Diger bir deyisle krediyi erken kapatma
yolunu sececektir. Sonug olarak, piyasa faiz oranlari azaldikga alinan kredinin erken
6deme opsiyonunun piyasa degeri de artmaktadir.

Son olarak, sabit faiz oranli mortgage kontratinin kredi veren kurum agisindan degerini -

[V(H,r,t)] - gosteren 3-boyutlu grafikler Sekil 5-A ve 5-B’de verilmektedir. Yukarida
belirtildigi gibi, kredi veren kurum (banka) icin mortgage kontratinin piyasa degeri hem
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kredi bor¢ bakiyesinin buglinki degerine (A) hem de kredinin geri ddenmemesi (D) ve
erken 6denmesi (C) opsiyonu degerlerine baglidir.

Sekil 5-A ve 5-B’de gorildigu Uzere, konut fiyatlarinin oldukga dusuk oldugu ortamlarda
kredinin geri 6denmeme riski ¢ok ylkselmektedir. Bdylece kredinin geri 6édenmeme
opsiyon degeri artmakta ve kisilerin temerrtt riskinin artmasi ile mortgage kontratinin
banka icin piyasa dederi de azalmaktadir. TemerrGt riskinin ¢ok ylksek oldugu bu
durumda, faiz oranlarindaki degisim mortgage kontrat degerini etkilememektedir. Bununla
birlikte, konut piyasa degeri arttikga, temerrit opsiyon degeri (temerrUt riski) azalacak ve
mortgage kontratinin piyasa degerinde artig gorulecektir.

Konut piyasa degerleri kisiyi temerrite dusirmeyecek bir seviyede oldugunda ise,
mortgage kontratinin piyasa degeri faiz oranlarindaki degisimlere baghdir. Sekil 5-A ve 5-
B’de goruldugu gibi, piyasa faiz oranlari arttikga (0.01’den 0.90’a dogru arttikga) mortgage
kontrat degeri azalmaktadir. Faiz oranlarindaki artis miktari 2 farkli mortgage kontrati
bileseni degerini etkilemektedir. Bunlar: 1) kredi geri 6demelerinin piyasa degeri (A) 2)
kredinin erken ddenme opsiyon degeridir (C).

Sekil 1A-B’de tartsildi§i Uzere, faiz oranlari arttikga mortgage geri 6demelerinin buginku
degeri (A) azalmaktadir. Diger yandan, faiz oranlarindaki artis kredinin erken édenme
opsiyon degerini (C) de azaltmaktadir. Bir finansal tirev araci olarak kabul edilen erken
0deme opsiyonu dederindeki artis mortgage geri 6demelerindeki artisa baskin olamadigi
icin, mortgage kontrat degeri [V = A - D- C] azalmaktadir.

Sekil 4-A: Krediyi Erken Odeme Opsiyonu Piyasa Degeri: Sabit Faiz Oranli Mortgage Kontrati
(Hizmet-dosya Ucreti Dahil, Erken Odeme Cezasi Dahil)

Value of Prepayment Option (C)
{Repayment Mortgage With Early Termination Penalty)

Prepayment O ption (C)
3

House Price (H) g&%%%?%

Sekil 4-B: Krediyi Erken Odeme Opsiyonu Piyasa Degeri: Sabit Faiz Oranli Mortgage Kontrati
(Hizmet-dosya Ucreti Dahil, Erken Odeme Cezasi Yok)
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Value of Prepayment Option (C)
(Repayment Mortgage Without Early Termination Penalty)
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Sekil 5-A: Mortgage Kontratinin Kredi Veren Kurulus i¢in Piyasa Degeri: Sabit Faiz Oranh
Mortgage Kontrati (Hizmet-dosya Ucreti Dahil, Erken Odeme Cezasi Dahil)

Value of Mortgage Contract (V)
{Repayment Mortgage With Early Termination Penalty)
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Sekil 5-B: Mortgage Kontratinin Kredi Veren Kurulug icin Piyasa Degeri: Sabit Faiz Oranli
Mortgage Kontrati (Hizmet-dosya Ucreti Dahil, Erken Odeme Cezasi Yok)
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Value of Mortyage Contract (V)
(Repayment Mortgage Without Early Termination Penalty)
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2.4.2. Temel Ekonomik Senaryo - Farkli Kontrat Yapilar igin Fiyatlama Modelinin
Niimerik Sonuglari

Mortgage kontratinin kabul edilebilir bir kontrat olmasi igin, hem kredi alan kisi hem de
kredi veren kurulus agisindan adil/esitlikgi bir anlasmayi igcermesi gerekmektedir. Bu
kosul, finans literatlrinde “arbitrajsiz ortam” (no arbitrage) olarak tanimlanmaktadir.
Arbitrajsiz kosula gore; takas isleminin gerceklestirilebilmesi icin takas edilen varligin
degeri her iki taraf icin de esit olmaldir.

Mortgage kredisinin alindigi tarihte (=0 aninda), mortgage kredisi piyasa degerinin her ikKi
taraf icin de (banka ve kredi alan kisi) esit deger almasi igin asagidaki kosullarin
saglanmasi gerekmektedir:

1. Hizmet-Dosya Ucreti ve Mortgage Sigortasinin Olmadigi Kontratlarda Arbitrajsiz
Ortam Kosulu:

Vs (H(0),7(0),0)=L (2.43)
Yukaridaki denklem, t =0 anindaki mortgage kontrat degerinin (Vg) alinan kredi miktarina
(L) esit olmasi gerektigini gostermektedir. Bu kontrat ¢esidinde, t=0 aninda bankanin

pozisyonu ¥, (H(0),7(0),0)— L degerine esit olacaktir.

2. Hizmet-Dosya Ucretinin Alindigi, Mortgage Sigortasinin Olmadigi Kontratlarda
Arbitrajsiz Ortam Kosulu:
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Vs (H(0),7(0),0)=(1-¢) L (2.44)
Yukaridaki denklem, t =0 anindaki mortgage kontrat degerinin (V;), hizmet-dosya Ucreti
(£) dusuldikten sonra geriye kalan kredi miktarina [(1—§)L] esit olmasi gerektigini

gOstermektedir. Bu  kontrat c¢esidinde, t=0 aninda bankanin  pozisyonu
Vs (H(0),7(0),0)—(1-¢)L degerine esit olacaktir.

3. Hizmet-Dosya Ucretinin Alinmadi§i Fakat Mortgage Sigortasinin Oldugu
Kontratlarda Arbitrajsiz Ortam Kosulu:

Vs (H(0),7(0),0)+1(H(0),7(0),0)=L

(2.45)
V, (H(0),7(0),0)=L
Yukaridaki denkleme gére, mortgage sigortasi (l) talep eden bankalar i¢in t =0 anindaki
mortgage kontrati degerinin [V, = Vg+l], t=0 anindaki toplam kredi miktarina (L) esit
olmasi gerektigini gostermektedir. Bu kontrat ¢egidinde, t=0 aninda bankanin pozisyonu

Vs (H(0),7(0),0)+1(H(0),7(0),0)—L ye esit olacaktir.

4. Hizmet-Dosya Ucretinin Alindigi ve Mortgage Sigortasinin Oldugu Kontratlarda
Arbitrajsiz Ortam Kosulu:

V, (H(0),7(0),0)+(H(0),7(0),0)=(1-¢)L

(2.46)
v, (H(0),7(0),0)=(1-¢)L
Yukaridaki denkleme gére, mortgage sigortasi (l) talep eden ve hizmet-dosya Ucreti alan
bankalar icin t =0 anindaki mortgage kontrati degerinin [V, = Vg+l], t=0 aninda hizmet-

dosya Ucreti (£ ) dusuldikten sonra geriye kalan kredi miktarina [(l—g)L] esit olmasi

gerektigini gostermektedir. Bu kontrat ¢esidinde, t=0 aninda bankanin pozisyonu
Vs (H(0),7(0),0)+1(H(0),7(0),0)—(1-¢) L degerine esit olacaktir.

Yukarida tanimlanan 4 farkli kontrattaki arbitrajsiz kosul esitligini saglayan, diger bir
deyisle denge durumunu saglayan optimal mortgage faiz oranlarinin hesaplanmasi
mamkundur.

Tablo 2, Tablo 3 ve Tablo 4 Ug¢ farkl kredi miktari-konut fiyati rasyosunu géz énine
alarak, yukarida tanimlanan her bir kontrat yapisi igin kredi veren bankanin pozisyonunu
ve arbitrajsiz kosulu saglayan optimal mortgage faiz oranlarini géstermektedir.

Tablo 2, mortgage kredi miktarinin konut fiyatina oraninin (Loan-to-Value, LTV Ratio)
%75 oldugu varsayimi altindaki fiyatlama sonuglarini vermektedir. Turkiye’deki birgok
bankada verilen kredi miktari konut piyasa degerinin maksimum %75’ini olugturmaktadir.
Tablo 2 Panel A, kredi erken ddeme cezasinin olmadigi kontratlar, Tablo 2 Panel B ise,
%2 oraninda erken 6deme cezasi olan kontratlar igin fiyatlama sonuglarini vermektedir.
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Her iki tabloda da temerriit opsiyonu degerlerine baktigimizda, opsiyon degerlerinin 0 ile 3
arasinda degistigini gérmekteyiz. Bu durumda, %75’lik kredi miktari temerrit agisindan
oldukga risksiz goérilmekte, dolayisiyla mortgage sigortasi degerleri de oldukga kiglk
degerler almaktadir.

Mortgage kredisi verirken, %2 oraninda hizmet-dosya ucreti alip, mortgage sigortasina
sahip olmayan bankalarin pozisyonu [Vg-(1-£)L] ile, hem %2 hizmet-dosya Ucreti alip hem
de mortgage sigortasina sahip olan bankanin  pozisyonunu = [Vp-(1-E)L+]
karsilastirdigimizda, arbitrajsiz kosulu saglayan optimal faiz oraninin her iki kontrat i¢in de
yillik %19.52 - %20 araliginda yer aldigini géstermekteyiz (Tablo 2-B). Bunun nedeni,
mortgage sigorta degerinin %75’lik kredi orani igin oldukc¢a kiglk degerler almasidir. Bu
sonuglara gore, temel ekonomik kosullar altinda, %75’lik kredi veren bankalar igin
mortgage sigortasi alinmasi bankanin pozisyonuna herhangi bir pozitif deger
katmamaktadir.

Elde edilen nimerik sonuglara gore, konut piyasa degerinin %75’ini 10 yil vadeli mortgage
kredisi olarak veren bankalar icin, optimal mortgage faiz oranlari, aylik %1.63 - %1.67
araliginda degismektedir. Mortgage portféyu buytuk 8 farkli bankadan elde ettigimiz
verilere baktigimizda, Eylil 2007 tarihi itibariyle, bankalarin 10 yil vadeli mortgage
kredileri icin uyguladigi aylik mortgage faiz oranlarinin %1.26 -%1.53 araliginda oldugunu
gormekteyiz. Bu durumda, Ulkemizdeki 2002-2007 donemi ekonomik kosullari dikkate
alindiginda, bankalarin olmasi gerekenden daha dusuk faiz orani uyguladigi sonucuna
varabiliriz. Birincil mortgage piyasasinin purlzsuz isleyebilmesi igin aylik mortgage faiz
oranlarinin  %0.9 -%1.0 araliginda olmasi gerektigi gercegini g6z Onune alirsak,
ulkemizdeki ekonomik ortamin, birincil mortgage piyasasinin pulruzsiz, verimli ve
amacina uygun olarak igleyebilmesi icin yeterli olan kosullari henlz saglamadigi
sonucuna varmak mumkuandur.

Tablo 3, mortgage kredi miktarinin konut fiyatina oraninin (LTV Ratio) %95 oldugu
varsayimi altindaki fiyatlama sonuglarini vermektedir. Turkiye’'deki bircok bankada kredi
miktari konut piyasa degerinin maksimum %75’ini olusturmasina ragmen, Finans Bank
Oorneginde go6rdigimiz gibi, kredi miktari konut degerinin %95 hatta %100’Gn0
olusturmaktadir (1. Gelisme Raporu sonuglari). Tablo 3 Panel A, kredi erken 6deme
cezasinin olmadigi kontratlar, Tablo 3 Panel B ise, %2 oraninda erken édeme cezasi olan
kontratlar igin fiyatlama sonuglarini vermektedir.

Her iki tabloda da temerrit opsiyonu de@erlerinin O ile 1432 arasinda dedgistigini
gbérmekteyiz. Bu durumda, %95lik kredi miktari temerrit agisindan riskli gorilmekte,
dolayisiyla mortgage sigortasi degerleri de olduk¢a blyuk degerler alabilmektedir.

Mortgage kredisi verirken, %2 oraninda hizmet-dosya ucreti alip, mortgage sigortasina
sahip olmayan bankalarin pozisyonu [Vg-(1-¢)L] ile, hem %2 hizmet-dosya Ucreti alip hem
de mortgage sigortasina sahip olan bankanin  pozisyonunu = [Vp-(1-E)L+]
karsilastirdigimizda, arbitrajsiz  kosulu saglayan optimal faiz oraninin mortgage
sigortasina sahip olan banka igin yillik %19.00- %19.44, sigorta almayan banka iginse
%19.44 ile %20.00 aralidinda degistigini gérmekteyiz (Tablo 3-B). Bu sonuglara gore,
temel ekonomik kosullar altinda, %95’lik kredi veren bankalardan mortgage sigortasina
sahip olanlar ¢cok daha duguk bir kredi faiz orani uygulayarak ayni kontrat degerine sahip
olabilmektedir. Bununla birlikte, Tablo 3-B’de goérildigu tzere, yillik %19.44 kredi faizi
uygulayan bir bankanin, mortgage sigortasi aldigi takdirde pozisyon degeri pozitif bir
deger alirken [Vp-(1-£)L+] = 10], mortgage sigortasi almadigi durumdaki pozisyonu [Vs-(1-
&)L = -590] negatif deger almaktadir.
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Sonug olarak, mortgage sigortasi alinmasi 6zellikle yuksek kredi oranlari i¢in (%95 gibi)
bankanin pozisyonuna pozitif bir deger katmaktadir.

Son olarak, Tablo 4, mortgage kredi miktarinin konut fiyatina oraninin (LTV Ratio) %100
oldugu varsayimi altindaki fiyatlama sonuclarini vermektedir. Mortgage kredisi verirken,
%2 oraninda hizmet-dosya Ucreti alip, mortgage sigortasina sahip olmayan bankalarin
pozisyonu [Vg-(1-E)L] ile, hem %2 hizmet-dosya Ucreti alip hem de mortgage sigortasina
sahip olan bankanin pozisyonunu [Vg-(1-£)L+I] Kkarsilastirdiimizda, arbitrajsiz kosulu
saglayan optimal faiz oraninin mortgage sigortasina sahip olan banka icin yilhk %19.28,
sigorta almayan banka iginse %20 ile %21.00 araliginda degistigini gdrmekteyiz (Tablo 4-
A).

Tablo 4-B, %2 oraninda erken &6deme cezasinin alindigi kontrat degerlerini
gostermektedir. Bu tablodaki sonuglara gore, mortgage kredisi verirken, %2 oraninda
hizmet-dosya Ucreti alip, mortgage sigortasina sahip olmayan bankalarin durumunda [Vg-
(1-¢)L] optimal bir mortgage faiz orani belirlenememektedir. Bunun nedeni de, konut
piyasa degerinin %100’Un0 kredi olarak veren bir bankanin mortgage sigortasi almadan
optimal bir faiz orani uygulamasinin mimkuin olmadigidir.

EK-1'deki Sekil 1,2,3 ve 4; yukarida tanimlanan doért farkli kontrat yapisi igin kredi veren
bankanin pozisyonunu ve arbitrajsiz kosulu saglayan optimal mortgage faiz oranlarini
gostermektedir. Bu grafikler, mortgage kredi miktarinin konut fiyatina oraninin (LTV Ratio)
%95 oldugu varsayimi altindaki sonuglardir.
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Temel ekonomik senaryo kapsaminda yapilan son galisma, kontrat yapisinin énemli
bilesenleri arasindaki takas (trade-off) iliskilerine bakmaktir. Mortgage kontrat yapisini
belirleyen en dnemli bilesenler arasinda;

o krediyi erken 6deme cezasi,

e mortgage kredisi hizmet-dosya Ucreti,

e optimal mortgage faizi, sayilmaktadir.
Bankalar mortgage kredisi verirken, bu bilesen degerlerini dikkatle belirlemek
durumundadirlar. Oldukga kompleks finansal muhendislik metotlari gerektiren bu
takas (trade-off) hesabinda uygulanan iglem basit olarak tanimlamak gerekirse,
optimizasyon islemidir.

Ulkemizde mortgage kredisi veren bankalara baktigimizda, sabit faiz oranli mortgage
kredileri igin krediyi erken 6deme cezasinin bor¢ bakiyesinin %2’si oraninda oldugunu
goérmekteyiz. Bununla birlikte, mortgage kredisi agiimasi ve takip edilmesi amaciyla
alinan hizmet-dosya Ucretinin, alinan kredi miktarinin %1 ile %%’i oraninda degistigini
gormekteyiz.

Tablo 5 ve Sekil 6 kredi miktarinin konut degerinin %95’ini olusturdugu mortgage
kredilerinde, farkli erken 6deme cezasi (%0-%5 aralidi) ve hizmet-dosya Ucreti (%0-
%3 aralgi) kombinasyonlari igin uygulanmasi gereken optimal mortgage faiz
oranlarini vermektedir. Tabloda goruldigu Gzere, bankalar uyguladiklari erken édeme
cezasl ve hizmet-dosya (cretini arttirdikga daha dislik mortgage faiz oranlari
uygulayabilmektedirler.

Finans Bank o6rnegine baktigimizda, bankanin 10 yil vadeli, %95 kredi oranl, %2
erken d6deme cezall, hizmet-dosya Ucretsiz “Kredi Kolay Mortgage” Grdnd igin aylik
%1.27 faiz orani uyguladigini gérmekteyiz (Eylal 2007 verisi). Tablo 5’deki sonuglara
gOre, son 6 yildaki (2002-2007) ekonomik kosullar géz oOniine alindiginda, ayni
kosullardaki mortgage kredisine uygulanacak faiz oraninin yillik %20.09, aylik basit
faiz oraninin ise %1.67 civarinda oldugunu gérmekteyiz. Raporun énceki boélimlerinde
de belirtildigi Gzere, Ulkemizdeki mevcut sistemde uygulanmakta olan mortgage faiz
oranlari, ekonomik kosullar géz énine alindiginda, oldukca disuk gérinmektedir.

Ekonomik ortamin daha risksiz, daha stabile olmasi durumunda uygulanmasi gereken

optimal mortgage faiz oranlari raporun bir sonraki bélimUinde tartigilacaktir.

Tablo 5: Erken Odeme Cezasi — Hizmet-Dosya Ucreti — Optimal Mortgage Faiz
Oranlar Arasindaki Takas (Trade-off)

Krediyi Erken .

Odeme Cezasi Hizmet-Dosya Ucreti (€)
(m) 0.00 0.01 0.02 0.03
0.00 21.93% 19.83% 19.47% 19.15%
0.01 20.14% 19.77% 19.45% 19.14%
0.02 20.09% 19.75% 19.44% 19.13%
0.05 20.05% 19.73% 19.43% 19.13%

The following parameters were used in the construction of this table: the spot interest
rate (r(0)) is 10%; the long term average of the interest rate (0) is 24%; the speed of
reversion (k) is 56%; the interest rate volatility (c) is 12%; the house price volatility (v) is
9%; the house service flow (8) is 4%; LTV ratio is 95% and the correlation coefficient

(p)is 0.
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Sekil 6: Erken Odeme Cezasi — Hizmet-Dosya Ucreti — Optimal Mortgage Faiz
Oranlari Arasindaki Takas (Trade-off)

Trade-Off Between Arrangement Fee, Early Termination Penalty
and Contract Rate

Equilibrium Contract Rate (c)

0.0z

Arrangement Fee(y) Early Termination Penalty (=)

2.4.3. Farkh Ekonomik Senaryolar igin Fiyatlama Modelinin Niimerik Sonuglar
Tablo 6 ve Tablo 7’deki nimerik sonuglar, konut fiyatlari volatilitesi ve faiz orani
volatilitesindeki degisimlerin mortgage kontrat degerini nasil etkiledigi sorusuna yanit
vermektedir. Konut fiyatlari ve faiz oranlari volatilitelerindeki degisimin, mortgage
kontrati bilesenlerinin (Kredi geri 6demeleri, temerriit opsiyonu, erken &deme
opsiyonu, mortgage sigortasi) piyasa degerleri Uzerindeki etkilerini de bu tablolardan
goérmek mumkundur.

Temel ekonomik senaryo kapsaminda, faiz orani volatilitesi %12 olarak
hesaplanmistir. Tablo 6-A ve 6-B’de %6 ile %18 araliindaki faiz orani volatilitesi
incelenmektedir. Her iki tablo da kredi miktarinin konut fiyatinin %95’ini olusturdugu 10
yil vadeli mortgage kredileri i¢in hazirlanmigtir. Tablo 6-A’daki sonuglar, krediyi erken
6deme cezasinin %2 oraninda oldugu, Tablo 6-B’deki sonuglar ise erken ddeme
cezasinin olmadigi kontratlar igin hesaplanmistir.

Elde edilen numerik sonuclara goére, faiz orani volatilitesi arttikca mortgage kontratinin
degeri azalmaktadir. Bunun nedeni, faiz orani volatilitesi ile birlikte kredi alan kisilerin
krediyi erken o6deme risklerinin, dolayisiyla erken O6deme opsiyon degerinin de
artmasidir. Kredi alan kisilerin erken 6deme riski arttik¢a, temerrite disme olasiliklari
azalacak ve dolayisiyla mortgage sigortasi piyasa degeride azalacaktir.

Belirlenen temel ekonomik senaryo kapsaminda, konut fiyatlari volatilitesi %9 olarak
hesaplanmistir. Tablo 7-A ve 7-B’de, %3 ile %15 araligindaki konut fiyatlari volatilitesi
incelenmektedir. Her iki tablo da kredi miktarinin konut fiyatinin %95’ini olusturdugu 10
yil vadeli mortgage kredileri icin hazirlanmigtir. Tablo 7-A’daki sonuclar, krediyi erken
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0deme cezasinin %2 oraninda oldudu, Tablo 7-B’deki sonuglar ise erken 6deme
cezasinin olmadigi kontratlar igin hesaplanmistir.

Tablo 6-A: Faiz Orani Volatilitesindeki Degisimin Mortgage Kontrat Degeri
Uzerine Etkileri (Krediyi Erken Odeme Cezasi = %2)

Faiz Erken 6deme Mortgage
Orani Kredi geri Mortgage Kontrat Temerrit opsiyonu sigortasi
Volatilities | 6demeleri degeri opsiyonu degeri degeri degeri
(o) (A) V) (D) (€) (1)
6.0% 90147 90504 143 0 436
9.0% 90318 89517 160 641 385
12.0% 90557 88186 170 2201 322
15.0% 90870 86522 167 4180 254
18.0% 91232 84591 153 6488 192

The following parameters were used in the constraction of this table: the contract rate (c) is 18%;
the early termination penalty (n) is 2%; the spot interest rate (r(0)) is 10%; the long term average
of the interest rate (0) is 24%; the speed of reversion (k) is 56%; the house price volatility (v) is

9%; the house service flow () is 4%; LTV ratio is 95% and the correlation coefficient (p) is 0.

Tablo 6-B: Faiz Orani Volatilitesindeki Degisimin Mortgage Kontrat Degeri
Uzerine Etkileri (Krediyi Erken Odeme Cezasi = %0)

Faiz Temerrit Erken 6deme Mortgage
Orani Kredi geri Mortgage opsiyonu opsiyonu sigortasi
Volatilities ddemeleri Kontrat degeri degeri degeri degeri
(o) (A) V) (D) (©) U]
6.0% 90147 90503 143 0 436
9.0% 90318 89513 159 645 384
12.0% 90557 88175 170 2212 322
15.0% 90870 86506 167 4197 253
18.0% 91232 84572 151 6509 190

The following parameters were used in the constraction of this table: the contract rate (c) is 18%;
the spot interest rate (r(0)) is 10%; the long term average of the interest rate (0) is 24%; the speed
of reversion (k) is 56%; the house price volatility (v) is 9%; the house service flow (3) is 4%; LTV
ratio is 95% and the correlation coefficient (p) is 0.

Elde edilen sonugclara gore, konut fiyatlarindaki dalgalanma (volatilite) arrtikga kisilerin
temerrite dusme riski artacak ve dolayisiyla temerrit opsiyonu dederinde artis
gorilecektir. TemerrGt opsiyonu degerindeki artis ile birlikte mortgage sigortasi degeri
de artacaktir. Diger bir deyisle, konut fiyatlarindaki volatilitenin ylksek oldugu
ortamlarda temerriit riskinden korunmak amaciyla bankalarin mortgage sigortasi
almalari beklenmektedir. Bununla birlikte, konut fiyatlarindaki dalgalanmalardan dolayi
temerrat riski artarken, krediyi erken d6deme riskinin azaltigini gormekteyiz. Kisiler
temerrit opsiyonunu kullanmayi tercih ettikge, erken édeme opsiyonunun piyasa
degeri sifira yaklasacaktir.
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Tablo 7-A: Konut Fiyatlan Volatilitesindeki Degisimin Mortgage Kontrat Degeri
Uzerine Etkileri (Krediyi Erken Odeme Cezasi = %2)

Erken
Temerrut 6deme
Konut Fiyatlari Kredi geri Mortgage opsiyonu opsiyonu Mortgage
Volatilitesi Odemeleri Kontrat degeri degeri degeri sigortasi degeri
v) (A) ) (D) ©) (U]
3.0% 90557 86804 2 3750 4
6.0% 90557 87343 35 3179 64
9.0% 90557 88186 170 2201 322
12.0% 90557 89225 471 861 920
15.0% 90557 90321 941 0 1871

The following parameters were used in the constraction of this table: the contract rate (c) is 18%;
the early termination penalty () is 2%; the spot interest rate (r(0)) is 10%; the long term average
of the interest rate (0) is 24%; the speed of reversion (k) is 56%; the interest rate volatility (c) is
12%; the house service flow (8) is 4%; LTV ratio is 95% and the correlation coefficient (p) is 0.

Tablo 7-B: Konut Fiyatlan Volatilitesindeki Degisimin Mortgage Kontrat Degeri
Uzerine Etkileri (Krediyi Erken Odeme Cezasi = %0)

Erken
Temerrit 6deme
Konut Fiyatlari Kredi geri Mortgage opsiyonu opsiyonu Mortgage
Volatilitesi Oddemeleri Kontrat degeri degeri degeri sigortas| degeri
V) (A) V) (D) ©) (1)
3.0% 90557 86798 2 3756 4
6.0% 90557 87335 35 3186 64
9.0% 90557 88175 170 2212 322
12.0% 90557 89206 470 881 920
15.0% 90557 90279 940 0 1868

The following parameters were used in the constraction of this table: the contract rate (c) is 18%;
the spot interest rate (r(0)) is 10%; the long term average of the interest rate (0) is 24%; the speed
of reversion (k) is 56%; the interest rate volatility (o) is 12%; the house service flow (3) is 4%; LTV
ratio is 95% and the correlation coefficient (p) is 0.
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3. lll. GELISME RAPORU OZETi (15 Ekim 2008 — 15 Nisan 2009)

3.1. Girig

Projenin ilk 12 aylik (15 Ekim 2007- 15 Ekim 2008) déneminde, Tirkiye’deki sabit faiz
oranli mortgage kontratlar klasik opsiyon fiyatlama yaklasimi ile fiyatlandiriimistir.
Mortgage piyasasinin temelini olusturan, ancak Ulkemiz finans piyasalarinda heniz
islem gérmeyen, mortgage sigortasi kontrati (mortgage default insurance) potansiyel
finansal turev araci olarak ele alinarak fiyatlandiriimis ve bu sigorta kontratlarinin
bankalar agisindan dnemi analiz edilmistir.

Projenin ilk 12 aylik dénem sonundaki sonuglari sorunsuz bir sekilde elde edilmis,
sonuglar ve yorumlari 2. Gelisme Raporu’nda sunulmustur.

Proje 6nerisinin “Calisma Takvimi” boéliminde belirtildigi gibi, Gglincli 6 aylik donemde
(15 Ekim 2008- 15 Nisan 2009 dénemi) yapilan galismalari asagidaki gibi 6zetlemek
muUmkainddir:

o Projenin ilk 12 aylik dénem caligmalari sonucunda Turkiye'deki mevcut
sabit faiz oranli mortgage kontratlari klasik opsiyon fiyatlama modeli ile
fiyatlandirimis ve elde edilen sonuglardan 2 farkli makale yazilmistir.
Makalelerden biri ulusal digeri ise oldukca prestijli uluslararasi bir dergiye
yayinlanmak tUzere gonderilmistir. Makalelerin bagsliklari asagidaki gibidir:

1) “Originating Long-Term Fixed-Rate Mortgages In Developing Economies: New
Evidence from Turkey”

2) “Birth of the Mortgage Industry Under High Inflation: An Examination of the
Sectoral Integration, Pricing, and Product Development for Mortgage
Insurance in Turkey”.

2. makalenin 6zeti 11-14 Temmuz 2009’da Los Angeles-Amerika’da dizenlenecek
olan AsRES ve AREUEA uluslararasi konferansina gonderilmis ve makale sunumu
icin kabul edilmistir.

. Projenin bu asamasinda, Ulkemizdeki enflasyon riski nedeniyle, faiz
oranlari mevcut literatiirde kullaniimakta olan klasik diflizyon stregleri
yerine sigramali  difizyon prosesi (jump diffusion process) ile
modellenmigstir. Konut fiyatlarinin geometrik Brownian hareketi ile
modellenmesi sonucu kismi integro diferansiyel denklem elde edilmigtir.

o Tek Faktorlii ve iki Faktérli Kismi Integro Diferansiyel Denklemin Elde
Edilmesi konusundaki ¢alismalar raporun 2. BélUumunde 6zetlenmigtir.

. Raporun 3. Boéliminde ise mevcut literatir dahilinde, sigramali diflizyon
modelleri Gzerine yapilan ¢alismalar incelenmektedir.

o Bu boélimde ilk olarak, sigramal difiizyon slreglerini farkl finansal
araclar (doviz ve hisse senedi Uzerine yazilan tlrev drinleri, sabit gelirli
finansal varliklar, vb) icin kullanilan finansal modellemeler ayrintil
olarak tartisiimaktadir.

o Ayrica, tek ve iki faktérli kismi integro diferansiyel denklemlerin
¢6zUmd igin kullanilan farkli nimerik metodlar incelenmektedir.

. Raporun 4. Bolimiinde ise, sabit faiz oranli mortgage kontrat degerini

veren kismi integro diferansiyel denklemin nUmerik ¢6zUmua igin
kullanilacak Explicit-Implicit Metodu anlatilmaktadir.
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NOT: 3. gelisme raporunda:

o Tek ve iki faktorlii kismi integro diferansiyel denklemlerin ¢ikarimi,

o Sigramali difiizyon modelleri lizerine yapilan literatiir taramasi, ve

o Mortgage kontrat degerini veren kismi integro diferansiyel
denklemin niimerik ¢6ziimii i¢in kullanilan Explicit-Implicit (Acik-
Kapali) Metodu

ayrintih  olarak anlatilmigtir. Sonu¢ raporunda bu kisimlar
tekrarlanmayacaktir.
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4. PROJE SONUG RAPORU (15 Nisan 2009 — 15 EKiM 2009)

4.1. Giris

Projenin ilk 12 Ayindaki Sonuc ve Ciktilari:

Projenin ilk 12 ayhk (15 Ekim 2007- 15 Ekim 2008) déneminde, Turkiye’deki sabit faiz
oranli mortgage kontratlari klasik opsiyon fiyatlama yaklasimi ile fiyatlandiriimistir.
Mortgage piyasasinin temelini olusturan, ancak Ulkemiz finans piyasalarinda henuz
islem gormeyen, mortgage temerrit sigortasi kontrati (mortgage default insurance
contract) potansiyel finansal tlirev araci olarak ele alinarak fiyatlandiriimis ve bu
sigorta kontratlarinin bankalar agisindan énemi analiz edilmistir.

Projenin ilk 12 aylik dénem sonundaki sonuglari sorunsuz bir sekilde elde edilmis,
sonuglar ve yorumlari 1. Ve 2. Gelisme Raporlarinda sunulmustur. Projeden elde
edilen ciktilari asagdidaki gibi 6zetlemek mimkuinddr:

) Projenin ilk 12 aylik dénem calismalari sonucunda Turkiye’deki mevcut
sabit faiz oranli mortgage kontratlar klasik opsiyon fiyatlama modeli ile
fiyatlandirimis ve elde edilen sonuglardan 2 farkl makale yazilmistir. Bu
makalelerin basliklar:

1. “Originating Long-Term Fixed-Rate Mortgages In Developing Economies: New
Evidence from Turkey”

2. “Birth of the Mortgage Industry Under High Inflation: An Examination of the
Sectoral Integration, Pricing, and Product Development for Mortgage Insurance in
Turkey”.

Birinci makale 2009 Aralik ayinda “Metu Studies in Development” adli ulusal
dergide yayinlanmak Uzere kabul edilmistir. Bu makale ve yayin i¢in kabul yazisi
raporun ekinde veriimektedir.

ikinci makale icin elde edilen sonuglar, 11-14 Temmuz 2009'da Los Angeles-
Amerika’da dizenlenen AsRES ve AREUEA uluslararasi konferansinda bildiri
olarak sunulmustur. Bu makale olduk¢a prestijli uluslararasi bir dergiye
yayinlanmak Gzere gdnderilmistir. Makale hakem surecindedir ve ikinci revizyon
asamasindadir.

. Projemizde arastirma gorevlisi olarak calisan ylksek lisans (Master)
o0grencimiz Ozgenay Cetinkaya

“Pricing Default and Prepayment Risks of Fixed-Rate Mortgages in Turkey:
An Application of Explicit Finite Difference Method”

baglikli tezini basariyla tamamlamistir. Bu tezi ile ODTU Uygulamali
Matematik Enstitist, Finansal Matematik Anabilim Dal YUksek Lisans
(Master) derecesi almaya hak kazanmigtir.

Projenin ikinci 12 Ayindaki Sonug¢ ve Ciktilari:

Proje dnerisinin “Calisma Takvimi” béliminde belirtildigi gibi, projenin 2. Yilinda,
mortgage kontratlarinin, &zellikle enflasyonist ortamlardaki fiyatlandirimasinda
“klasik opsiyon fiyatlama modellerinin” modifikasyonu Onerilmistir. Bu amagla,
projenin 3. (15 Ekim 2008- 15 Nisan 2009 dénemi) ve 4. (15 Nisan 2009 — 15
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Ekim 2010) doénemlerinde vyapilan c¢alismalari asagdidaki gibi 06zetlemek
muimkuanduir:

) Projenin 3. Alti aylik déneminde (3. Gelisme raporunda), Ulkemizdeki
enflasyon riski nedeniyle, faiz oranlari mevcut literatirde kullaniimakta
olan klasik diflizyon suregleri yerine sigramali diflizyon prosesi (jump
diffusion process) ile modellenmistir. Konut fiyatlarinin geometrik Brownian
hareketi ile modellenmesi sonucu kismi integro diferansiyel denklem elde
edilmistir.

o Tek Faktorlii ve iki Faktérli Kismi Integro Diferansiyel Denklemin Elde
Edilmesi konusundaki galismalar 3. Gelisme Raporunda 6zetlenmistir.

o Mevcut literatir dahilinde, sigramall difizyon modelleri Gzerine yazilan
makaleler inlenmis ve literatir 6zeti yazilmistir. Raporun bu bdliminde
ilk olarak, sigramali difizyon sureglerini farkli finansal araglar (déviz ve
hisse senedi lizerine yazilan tirev Urinleri, sabit gelirli finansal varliklar,
vb) igin kullanilan finansal modellemeler ayrintili olarak tartigiimistir.
Sonrasinda, tek ve iki faktorli kismi integro diferansiyel denklemlerin
¢6zUmd igin kullanilan farkli nimerik metotlar incelenmistir.

o Raporun son béliminde ise, sabit faiz oranli mortgage kontrat degerini
veren kismi integro diferansiyel denklemin nimerik ¢6zimu icin
kullanilacak Explicit-lmplicit (A¢ik - Kapali) Metodu anlatilmaktadir.

) Projenin 4. Alti aylk ddéneminde yapilan calismalari asagidaki sekilde
Ozetlemek mUmkindar:

o Turkiye ve benzeri enflasyonist ekonomilerde, sabit faiz oranl
mortgage kredilerinin piyasa degerini veren kismi integro diferansiyel
denklemin Matlab ortaminda numerik ¢6zUmu yapiimistir.  Proje
Onerisinde de belirtildigi Uzere, elde edilen kismi integro diferansiyel
denkleme iligkin yapilan sayisal analizler, sabit faiz oranli mortgage
kontratlarinin enflasyonist ekonomilerde fiyatlandiriimasi igin ilk kez
kullanilmistir.

o Sabit faiz oranli mortgage kontrat degerini belirleyen kismi integro-
diferansiyel denklem Matlab ortaminda Agik-Agik Yontemi (Explicit-
Explicit Method) kullanilarak ¢6zulmustir. Sonu¢ raporunun 2.
boliminde kismi integro-diferansiyel denklemin Agik-Agik Yontemi
(Explicit-Explicit Method) ile nimerik ¢6zimu 6zetlenmektedir.

o Elde edilen numerik sonuglar:
= 1. Temel Ekonomik Senaryo- Temel Kontrat Yapisi igin ve
= 2. Farkhh Ekonomik Senaryo—Farkli Kontrat Yapilari igin elde
edilmis ve yorumlanmistir.

o Projenin ilk yilinda kullanilan 1. Model (kismi diferansiyel denklem)
sonuglar ile ikinci yil kullanilan 2. Model (kismi integro-diferansiyel
denklem) sonuglari temel ekonomik senaryo-temel kontrat yapisi ve
farkli ekonomik senaryo-farkli kontrat yapilari igin karsilastiriimigtir.

4.2. Kontrat Degerini Belirleyen Kismi integro-diferansiyel Denklemin Agik-Agik
Yontemi (Explicit-Explicit Method) ile Niimerik Coziim
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Projenin B-Planinda belirtildigi Gzere:

“Kismi integro-diferansiyel denklemin nimerik ¢6zimi “opsiyon fiyatlama”
literatiriinde oldukga yeni ve glincel bir konudur. Bu asamanin gergeklestiriimesinde
bir sorun, beklenmemesine ragmen, olursa proje elde edilen integro-diferansiyel
denklemin ¢oéziimii igin bazi alternatif sayisal yontemleri calisacaktir”

Kismi integro diferansiyel denklemin nimerik ¢6zimui igin 2 farkli metot Uzerinde
calisiimistir. Bu metotlar: 1) Agik-agik sonlu farklar (explicit-explicit finite difference)
metodu ve 2) Agik—kapali sonlu farklar (Explicit-Implicit finite difference) Metodudur. 3.
gelisme raporunun son bolimunde, mortgage kontrat de@erini veren kismi integro
diferansiyel denklemin nimerik ¢6zimu igin kullanilacak metodun Explicit-Implicit
(Acik - Kapall) metodu belirtiimis ve bu metot incelenmistir. iki temel nedenden dolays,
kismi integro diferansiyel denklemin niimerik ¢6zimu igin Agik-Agik (Explicit-Explicit)
metodu kullanilmasina karar verilmistir:

1. ilk model olan kismi diferansiyel denklem acik sonlu farklar (explicit finite
difference) metodu kullanilarak ¢ozuldaga igin, ikinci modelde kismi-integro
diferansiyel denklemin de agik-agik sonlu farklar (explicit-explicit finite difference)
metodu ile ¢dzUimi ndmerik sonuclarin karsilastiriimasi acisindan daha anlamli
bulunmustur.

2. iki faktérli (faiz orani ve konut fiyati) kismi diferansiyel denklemlerin niimerik
¢ozumlerinde Acik- Kapali (Explicit-Implicit) metodu uygulanmasinda blyik matrislerle
ugrasmak ve matris faktérizasyonu nimerik sonuglarda hatalara yol acgabilmektedir.
Diger bir deyisle, gergek deger ile yaklasik deder arasinda buyik farklara (round-off
hatasi) yol agabilmektedir.

Sonug¢ olarak, kismi integro diferansiyel denklem (PIDE) blinyesinde hem kismi
diferansiyel denklem (PDE) ve hem de integral elemani barindirmaktadir. Dolayisiyla,
acik-acik yontem yaklasimini her iki kisma da ayri ayri uygulamak mumkundur:

Un+l _Un
= LU"+JU" = U™ =[I+4¢L+.J)]U"
At (4.1)

Buradaki L ve J matrisleri sirasiyla kismi diferansiyel ve integral kisimleri igin
ayristirmalar (discretization) gostermekte, I ise birim matrisi ifade etmektedir.

3. gelisme raporunda, ¢calismamizda sistem ¢6zUmd icin agik-kapal yontem

n+tl _yrn
u:LUnJrl +JUn
At (4.2)
uygulayacagimizi belirtmistik.

Yukarida yaptigimiz aciklamalar dogrultusunda c¢alismamizda sadece acik-agik
(explict- explicit) metodunu uyguladik.

n+l _rrn
LAy YU VL
At (4.3)

4.2.1. Integral Teriminin Ayriklagtirilmasi
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Bu boélimde kismi integro diferansiyel denklemin icerisinde yer alan integral teriminin
nimerik ¢6zim esnasinda nasil ayriklastirildigi gosterilecektir. Daha 6ncede belirtildigi
Uzere faiz oranlari ve konut fiyatlarinin riske duyarsiz él¢l altinda izleyecegi sigramal
difizyon modelleri asagidaki sekilde olusturuimus ve c¢alismamiz igerisinde
kullaniimigtir:

dr(t) =x(0 —r(t))dt + o, r(t) dW, () + (e* —)r(t)dN(¢) (4.4)
r = Faiz orani

K = Spot faiz oraninin uzun dénem faiz orani ortalamasina dénis hizi

o = Uzun dénemli ortalama faiz orani

o, = Faiz oranlari igin volatilite

dw, = Faiz oranlarinin takip ettigi Wiener sureci

dN(t) = A yodunluk katsayisina sahip Poisson sureci

(e® —1) = r degerinde re‘ degerine sigrama yaratan dirtQ islevi (impulse function)

C;Z(;)):(r(t)—é—/ig)dﬁoH AW, () +(e” 1) dNG@) (4.5)

H = Konut fiyati

r = Spot faiz orani

1) = Konutun kira bedelinin piyasa degerine orani (servis orani),

oy = Konut fiyatlari igin volatilite

dw, = Konut fiyatlarinin takip ettigi Wiener sireci

dN(t) = A yogunluk katsayisina sahip Poisson sureci

(e’ -1) = H degerinden He”degerine sicrama yaratan dirtii islevi (impulse
function)

& = E(e’ —1) , Konut fiyatlari igin beklenen sigrama miktari.

Ayrica, iki Wiener sureci arasindaki iliski dW, dW, =pdt (p, iki Wiener sureci

arasindaki iliski kat sayisi) olarak ifade edilirken, G, sigrama buyUkliklerinin izledigi
ortak dagihmi gostermektedir. Bu ortak dagilim, sigrama bulyUklUklerinin asagida ifade
edilen olasilik yogunluk fonksiyonuna (probability density function) sahip oldugu ve
birbirinden bagimsiz oldugu (independent) varsayimi altinda elde edilmistir.

[_(log(u)—mz}

e 272
gn)=——— (4.6)
N2ryn
Sonug olarak asagida belirtilen iki faktérlt kismi diferansiyel denkleme ulasiimistir:
2
v, K(e—r)a—V+(r—5—/1§)a—V+la,2ra—V
ot or oH 2 ar2
1 %V

2 0 00
+50H2H2(u)a—2+ o, yNrHp —(r+/1)V+/II I V(t,e"r " H) G(de® de®)=0
OH —o0d—o0

oroH

(4.7)
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Kismi integro diferansiyel denkleminin integral terimi g6z ardi edildiginde projemizin
birinci kisminda kullanilan kismi diferansiyel denklemle hemen hemen ayni oldugu
acikga gorilmektedir. Dolayisiyla, kismi integro diferansiyel denklem ¢dzimi igin
kullanilan metod birinci kisimda kullanilan metodla benzerlik géstermektedir. Ancak,
kismi integro diferansiyel denklemi integral terimi igerdigi icin model igerisinde bazi
degisiklikler yapilmistir. Oncelikle integral terimi ayriklastiriimis ve model igerisine yeni
sekliyle kullaniimigtir. Integral teriminin nasil ayriklastirildigini asagida goérmek
muamkindir. Ancak, asagidaki formdllerin tek faktorli model igin yazilmis oldugu
unutulmamalidir:

j=N/2
LS ws
j=N712+1
Ax
ey
Ii:I(iAX), VZ :V(ZAX), fj: jf(x)dx, xj :]A)C
Ax
YTy

(4.9)

Sonug olarak yukarida belirtilen ayriklastirma yoéntemi iki faktorli model igin
uygulanmis ve model icerisindeki kismi diferansiyel denkleme eklenmistir. Iki faltér icin
kullanilan ayriklastirma yontemini agsagida gérmek mumkunddr:

n=N/2 m=N/2

I;= Z ZV(j+n,i+m)gnmAXAy (4.10)
n=N/2+1 m=N/2+1
Ay Ax
yn+7 Xy +——

2
I, =1(jAy,iAX), V,, =V(pAy,zA), g,, = [ [g(»)g(x)dxdy
Ay Ax

Yn _7 Xm _7

(4.11)

y,=nAy ve x, =mAx.
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4.3. Opsiyon Fiyatlama Modeli Sonuglarinin Kismi integro Diferansiyel
Denklemin Nimerik Coziimii ile Elde Edilmesi

Proje onerisinde belirtildigi tGzere, bu projenin temel amaci sabit faiz oranli mortgage
kontratlarinin Tirkiye’'deki ekonomik ortamda fiyatlandiriimasidir. Ulkemiz ekonomisi
g6z 6nlne alinarak, faiz oranlari sigramal difiizyon prosesi (jump diffusion process) ile
modellenmis ve elde edilen kismi integro diferansiyel denklemin nimerik ¢ézimleri
yorumlari ile birlikte 4.3.1. ve 4.3.2. bélimlerde sunulmaktadir.

4.3.1. Temel Ekonomik Senaryo- Temel Kontrat Yapisi igin Opsiyon Fiyatlama
Modelinin Niimerik Sonuglari

Tablo 8, fiyatlandirilan sabit faiz oranli mortgage kontratlari igin temel ekonomik
senaryo degerlerini ve temel kontrat 6zelliklerini géstermektedir.

Tablo 8: Temel Ekonomik Senaryo Parametre Degerleri ve Temel Mortgage
Kontrat Ozellikleri

Mortgage Kontrati

Parametreler Sabit Faiz Oranli Mortgage

Hizmet-dosya Ucreti Dahil, Erken
Odeme Cezasi Dahil

1. Ekonomik Parametreler
Spot faiz orani, r(0) 10%
Uzun donemli faiz orani ortalamasi , 0 24%

Uzun doénem faiz orani ortalamasina
donis hizi, 56%

Konutun kira bedelinin piyasa degerine
orani (servis orani), & 4%

Konut fiyatlari ve faiz oranlari arasindaki
beklenmedik degisimler arasindaki
korelasyon katsayisi, p 0

2. Kontrat Ozellikleri

Kontrat vadesi, n 120 ay
Konutun piyasa degeri (kontrat

baslangicindaki fiyati), H 100 000 YTL
Kredi veren kurumun aldidi hizmet tcreti,

& 2%
Krediyi erken 6deme cezasi, &t 2%

Tablo 8'de, projede fiyatlanan sabit faiz oranli mortgage kontratinin ozellikleri
belirtiimektedir. Bu kontratta, kredi veren kurumun Kkisilerden hem %2 oraninda
hizmet-dosya ucreti aldigi hem de kredinin erken 6denmesi durumunda kredi bakiyesi
Uzerinden %2 ceza alaca@i varsayllmistir. Kredi vadesinin 10 yil oldugu ve krediye
konu olan konutun piyasa degerinin 100 000TL oldugu varsayilmistir. 1. Gelisme
Raporunda detayh olarak belirtildigi gibi, Tablo 1'deki temel kontrat 6zellikleri 8 farkli
bankadan elde edilen bilgiler dogrultusunda belirlenmistir. Projenin diger asamalarinda
farkl kontrat 6zellikleri dikkate alinarak da fiyatlandirma yapilmistir.
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Kullanilan ekonomik parametre degerleri (spot faiz orani, uzun dénemli faiz orani
ortalamasi, spot faiz oraninin uzun dénemli ortalama faiz oranina dénuds hizi, konutun
kira bedelinin piyasa degerine orani ve konut fiyatlari ve faiz oranlarindaki
beklenmedik degisimler arasindaki korelasyon katsayisi), temel ekonomik senaryo
gostergeleri olarak bir dnceki modelde kullanilan degerler ile aynidir. Boylece, faiz
oranlarinin klasik difizyon hareketi ile modellendigi ilk model ile faiz oranlarinin
sigramall difizyon hareketi ile modellendigi ikinci modelin sonuglarini karsilastirmak
muimkun olacaktir.

1. Gelisme raporunda detayli olarak agiklandigi gibi, konut kredisi veren kurulus ya da
banka agisindan mortgage kredisinin degerini (V,) asagidaki gibi modellemek
mumkainddr.

V,(H,r,t)=A(r,t)-C(H,r,t)-D(H,r,t) (4.12)

Bu denklemde; A(r,t) =t zamanindaki bor¢ bakiyesi degeridir. Banka igin mortgage

kredisinin degerini belirleyen faktor sadece borglunun geri kalan édemeleri yani borg
bakiyesi degildir. Borglunun temerriite diismesi (D) ya da krediyi erken 6deme (C)
opsiyonlarinin degeri banka agisindan zarar kalemi olarak kredi fiyatlamasina dahil
edilmektedir. Borglunun krediyi geri 6dememe riskini azaltmak amaciyla Avrupa ve
Amerika’da bircok banka kredi alan kisilerden “Mortgage kredisi sigortasi” talep
etmektedir. Mortgage sigortasi talep eden bankalar igin mortgage kredisinin degeri
asagidaki gibi tanimlanmaktadir:

V,(H,r,t)=A(r,t)-C(H,r,t)-D(H,r,t)+1(H,r,t)

(4.13)
=A(r,t)-J(H,r,t)+1(H,r,t)

I(H,r,t) =Mortgage sigortasi degeridir.

Projenin bu bdélimiinde, temel senaryo parametre degerleri kullanilarak, sabit faiz
oranli mortgage kontratinin kredi veren kurum agisindan degeri - [V(H,r,t)] - 3 boyutlu
grafiklerle goésterilecek ve yorumlanacaktir. Ayrica, mortgage kontratini olusturan
temel bilesenlerin

i) A(r,t): tzamanindaki bor¢ bakiyesi,

ii) D (H,r,t): kredinin geri ddenmeme opsiyonu,

i) C(H,r,t): kredinin erken 6denme opsiyonu,

iv) I(H,r,t): mortgage sigortasi piyasa degerlerlerine ait nimerik sonuglar da 3-boyutlu
grafikler yardimiyla  yorumlanacaktir.  3-boyutlu  grafiklerin  ¢izilmesi  ve
yorumlanmasindaki amag; kismi integro diferansiyel denklemin niimerik ¢ézimdiniin
grid sistemde akici (smooth) olup olmadigini gérmek ve niimerik sonuglarin finansal
anlamda tutarli olup olmadigini sorgulamaktir.

Sekil 7, kredi geri 6demelerinin buglnki piyasa degerini géstermektedir. Fiyatlama
modelinde kredi geri 6demelerinin piyasa degeri - A(r,t) - faiz oranlarinin bir
fonksiyonu olarak tanimlanmigtir. Diger bir deyigle, kredi geri ddemeleri miktari konut
fiyatlarina bagh olmadigindan, konut fiyatlarindaki degisimler (H) geri 6deme degerini
etkilememektedir. Sekil 1°de goruldigiu Gzere, faiz oranlari arttikga (0.01’den 0.90’a)
mortgage geri 6demelerinin  buginki degeri azalmaktadir. Bunun nedeni, faiz
oranlarindaki artis bir yandan kredinin kupon degerini (kredi faiz oranlar) ve
dolayisiyla geri 6denecek kredi miktarini arttirirken, diger yandan ileri tarihteki kredi
odemelerinin bugtne indirgenmesinde kullanilan iskonto oranini da arttiracagindan,

64



mortgage kredisi geri 6édemelerinin buglinkii de@eri artan faiz ile birlikte azalmaktadir.
Bu sonuglar ilk modelin niimerik ¢éztimuyle elde ettigimiz sonuglar ile benzerdir.

Sekil 8, belirlenen mortgage kontrati igin kredinin temerrit (geri 6ddenmeme) opsiyonu
piyasa degerini gostermektedir. Fiyatlama modelinde temerrit opsiyonunun degeri -
[D(H,r,t)] - konut fiyatlarinin ve faiz oranlarinin bir fonksiyonu olarak tanimlanmistir.
Sekilde de gorildugi Uzere, konut fiyatlari belirli bir seviyenin altina indigi zaman
kisilerin temerrit etme olasih§i hizla artmakta ve temerriit opsiyonun degeri hep pozitif
deger almaktadir. Konut fiyatlarinin yiksek oldugu degerlerde ise kisilerin temerrdt
riski yok olmakta ve temerrit opsiyonunun piyasa degeri sifir olmaktadir. Sekil 2'de
goraldugu uzere, temerrit opsiyonunun en ylksek degerlere ulastiyi zaman; konut
fiyatlarinin gok disuk oldugu ve ayni zamanda faiz oranlarinin da azaldigi ortamlardir.
Sekil 7°de tartisildigi gibi, faiz oranlarindaki azalma mortgage kredisi geri 6demelerinin
bugiinkii degeri (A) ve dolayisiyla mortgage kontrat degerinde (V) azalmalara yol
agmaktadir. Mortgage kontrat degerinin (V) konut piyasa degeri (H) karsisinda deger
kaybetmesi kigileri temerrite zorlayan bir durum olusturmaktadir. Bu nedenle,
temerrit opsiyonu pozitif oldugu her deger icin faiz oranlarindaki artis ile ters orantil
bir iligki sergilemektedir.

Sekil 9 mortgage sigortasi piyasa degerini gostermektedir. Fiyatlama modelinde
mortgage sigortasi degeri - [I(H,r,t)] - konut fiyatlarinin ve faiz oranlarinin bir
fonksiyonu olarak tanimlanmistir. Sekilde de goérildugi gibi, konut piyasa degerinin
belirli bir seviyenin Uzerinde oldugu durumlarda kredi alan Kigilerin temerrGt riski
ortadan kalkmakta ve dolayisiyla mortgage sigortasi da temerrit opsiyonu gibi sifir
degerini almaktadir. Diger yandan, konut fiyatlari azaldikga temerriit opsiyonu piyasa
degeri artmakta ve buna bagh olarak da mortgage sigortasinin piyasa degeri de artis
gOstermektedir. Bununla birlikte, konut fiyatlarinin oldukga disik oldugu ortamlarda
faiz oranlarindaki degisim (0.90 - 0.01 arahgi) mortgage sigortasi piyasa degerini
etkilememektedir. Bunun nedeni ise, faiz oranlari artsa da azalsa da kredi alan kisi
krediyi erken 0Odeme opsiyonunu degdil temerrit opsiyonunu kullanmayi tercih
edecektir. Clnkd konut fiyatlarinin ¢ok disik oldugu ortamda kredinin re-finansmani
herhangi bir ¢6zim olusturmayacaktir.

Sonug¢ olarak, kredinin temerriit opsiyonu ve temerriit sigortasi piyasa
degerlerini gdsteren Sekil 7- 8- 9°’daki 3 boyutlu grafik sonuglari, bir énceki
modelle benzerlik gdstermektedir. Diger bir deyisle, 2. Modelin niimerik
sonuclar da finansal anlamda tutarli bulunmustur.
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Sekil 7: Kredi Geri ('f)demelerinin__Piyasa Degeri: Sabit Faiz Oranli Mortgage Kontrati
(Hizmet-dosya Ucreti Dahil, Erken Odeme Cezasi Dahil)

Valus of Future Payments (&)
[(Mortgage Valuation with Jump Process)
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Sekil 8: Temerriit Opsiyonu Piyasa Degeri: Sabit Faiz Oranli Mortgage Kontrati (Hizmet-
dosya Ucreti Dahil, Erken Odeme Cezasi Dahil)

Value of Default Option (D)
(Mortgage Valuation with Jump Process)
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Sekil 9: Mortgage Sigortas Piyasa Degeri: Sabit Faiz Oranli Mortgage Kontrati (Hizmet-
dosya Ucreti Dahil, Erken Odeme Cezasi Dahil)

Value of Insurance (I}
(Mortgage Valuation with Jump Process)

Sekil 10 kredinin erken 0denme (prepayment) opsiyonu piyasa degerini
gOstermektedir. Fiyatlama modelinde erken 6édeme opsiyonunun degeri -[C(H,r,t)] -
konut fiyatlarinin ve faiz oranlarinin bir fonksiyonu olarak tanimlanmistir.

Sekilde de goruldigu UGzere, konut piyasa degerleri (H) disuk degerler aldiginda,
kredinin erken 6deme opsiyonu faiz oranlarindaki degisimden bagimsiz olarak sifir
degeri almaktadir. Diger bir deyisle, konut fiyatlarinda disls gézlemlendikge, erken
O0deme opsiyonu faiz oranlarindaki degisimlere bagimh olmaktan ¢ikmaktadir. Bunun
nedeni de, konut fiyatlari belirli bir seviyenin altina distiginde kredi alan kisinin
temerrit opsiyonunu kullandigi ve erken 6deme opsiyonunun ortadan kalktigidir.

Konut piyasa degerleri kisiyi temerrite distrmeyecek bir seviyede oldugunda ise,
erken ddenme opsiyonunun piyasa degeri faiz oranlarindaki degisimlere baghdir. Sekil
4’de goruldigu gibi, piyasa faiz oranlari azaldikga (0.90’dan 0.01’e dogru azaldikga)
kisinin mevcut mortgage kredi faizi, piyasa ortaminda yiiksek seviyede kalacak ve kisi
aldigi kredinin re-finansmanini talep edecektir. Diger bir deyisle krediyi erken kapatma
yolunu secgecektir. Sonug olarak, piyasa faiz oranlari azaldikga alinan kredinin erken
6deme opsiyonunun piyasa degeri de artmaktadir.
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Sekil 10: Krediyi Erken Odeme Opsiyonu Piyasa Degeri: Sabit Faiz Oranli Mortgage
Kontrati (Hizmet-dosya Ucreti Dahil, Erken Odeme Cezasi Dahil)

Value of Prepayment Option (C)
{Mortgage Valuation with Jump Process)

s
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Sekil 11: Mortgage Kontratinin Kredi Veren Kurulus i¢in Piyasa Degeri: Sabit Faiz Oranl
Mortgage Kontrati (Hizmet-dosya Ucreti Dahil, Erken Odeme Cezasi Dahil)

Value of Mortgage Contract (V)
(Mortgage Valuation with Jump Process)
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Son olarak, sabit faiz oranh mortgage kontratinin kredi veren kurum agisindan
degerini - [V(H,r,t)] - gbsteren 3-boyutlu grafik Sekil 11'de verilmektedir. Yukarida
belirtildigi gibi, kredi veren kurum (banka) i¢in mortgage kontratinin piyasa degeri hem
kredi borg bakiyesinin bugtinki degerine (A) hem de kredinin geri 6denmemesi (D) ve
erken édenmesi (C) opsiyonu degerlerine baglidir.

Sekil 11'de goérildigl Uzere, konut fiyatlarinin oldukga distk oldugu ortamlarda
kredinin geri 6denmeme riski ¢ok yUkselmektedir. Bdylece kredinin geri d6denmeme
opsiyon degeri artmakta ve kisilerin temerrut riskinin artmasi ile mortgage kontratinin
banka igin piyasa degeri de azalmaktadir. Temerrit riskinin ¢ok ytksek oldugu bu
durumda, faiz oranlarindaki degisim mortgage kontrat degerini etkilememektedir.
Bununla birlikte, konut piyasa degeri arttikca, temerrut opsiyon degeri (temerrit riski)
azalacak ve mortgage kontratinin piyasa degerinde artis gorulecektir.

Konut piyasa degerleri kisiyi temerrite dlisturmeyecek bir seviyede oldugunda ise,
mortgage kontratinin piyasa degeri faiz oranlarindaki degisimlere baghdir. Sekil 5'de
goruldigu gibi, piyasa faiz oranlari arttikga (0.01’den 0.90’a dogru arttikga) mortgage
kontrat degeri azalmaktadir. Faiz oranlarindaki artis miktari 2 farkli mortgage kontrati
bileseni degerini etkilemektedir. Bunlar: 1) kredi geri 6demelerinin piyasa degeri (A) 2)
kredinin erken 6denme opsiyon degeridir (C).

Sekil 7’de tartisildigi lizere, faiz oranlari arttikga mortgage geri 6demelerinin buglnki
degeri (A) azalmaktadir. Diger yandan, faiz oranlarindaki artis kredinin erken 6denme
opsiyon degerini (C) de azaltmaktadir. Bir finansal tirev araci olarak kabul edilen
erken 6deme opsiyonu degerindeki artis mortgage geri 6demelerindeki artisa baskin
olamadigi i¢in, mortgage kontrat degeri [V = A - D- C] azalmaktadir.

Sonug olarak, faiz oranlarini sigramali difiizyon modeli ile tanimladigimiz ve
mortgage kontrati piyasa degerini kismi integro diferansiyel denklemin niimerik
¢oziimii ile belirledigimiz 2. Model sonuglari, 1. Model sonuglari ile
ortiismektedir. Bu értiismeden avarilmasi gereken sonug: Matlab ortaminda
yazdigimiz program basari ile c¢alismaktadir ve kismi integro diferansiyel
denklemin niimerik sonuglan da ilk model sonuglan gibi finansal anlamda
aciklanabilir, tutarli bulunmustur.
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4.3.2. Temel Ekonomik Senaryo—Farkli Kontrat Yapilari igcin Opsiyon Modelleme
Sonuglari Analizi

Mortgage kontratinin kabul edilebilir bir kontrat olmasi igin, hem kredi alan kisi hem de
kredi veren kurulus acisindan adil/esitlikgi bir anlagsmay! igcermesi gerekmektedir. Bu
kosul, finans literatlriinde “arbitrajsiz ortam” (no arbitrage) olarak tanimlanmaktadir.
Arbitrajsiz kosula gore; takas isleminin gergeklestirilebilmesi igin takas edilen varligin
degeri her iki taraf igin de esit olmalidir.

Mortgage kredisinin alindigi tarihte (t=0 aninda), mortgage kredisi piyasa degerinin her
iki taraf icin de (banka ve kredi alan kisi) esit deger almasi igin asagidaki kosullarin
saglanmasi gerekmektedir:

Hizmet-Dosya Ucreti ve Mortgage Sigortasinin Olmadigi Kontratlarda Arbitrajsiz
Ortam Kosulu:

Vy (H(0),7(0),0)=L (4.14)

Yukaridaki denklem, t =0 anindaki mortgage kontrat degerinin (Vg) alinan kredi
miktarina (L) esit olmasi gerektigini gostermektedir. Bu kontrat ¢esidinde, t=0 aninda

bankanin pozisyonu ¥, ( H(0),7(0),0)—L degerine esit olacaktir.

Hizmet-Dosya Ucretinin Alindigi, Mortgage Sigortasinin Olmadigi Kontratlarda
Arbitrajsiz Ortam Kosulu:

Vs (H(0),7(0),0)=(1-¢) L (4.15)
Yukaridaki denklem, t =0 anindaki mortgage kontrat degerinin (Vg), hizmet-dosya
licreti (¢) distldiikten sonra geriye kalan kredi miktarina [(1-¢)L] esit olmasi
gerektigini gostermektedir. Bu kontrat cesidinde, t=0 aninda bankanin pozisyonu
Vy (H(0),7(0),0)—(1-¢) L degerine esit olacaktir.

Hizmet-Dosya Ucretinin Alinmadigi Fakat Mortgage Sigortasinin Oldugu
Kontratlarda Arbitrajsiz Ortam Kosulu:

v, (H(0),7(0),0)+1(H(0),r(0),0)=L
(4.16)

v, (H(0),70),0) =L

Yukaridaki denkleme goére, mortgage sigortasi (I) talep eden bankalar icin t =0
anindaki mortgage kontrati degerinin [V, = Vg+l], t=0 anindaki toplam kredi miktarina
(L) esit olmasi gerektigini gostermektedir. Bu kontrat ¢esidinde, t=0 aninda bankanin

pozisyonu ¥, (H(0),7(0),0)+1(H(0),7(0),0)—L ye esit olacaktir.

Hizmet-Dosya Ucretinin Alindigi ve Mortgage Sigortasinin Oldugu Kontratlarda
Arbitrajsiz Ortam Kosulu:

V, (H(0),7(0),0)+ I (H(0),r(0),0)=(1-¢)L

V., (H(0),7(0),0)=(1-¢)L
Yukaridaki denkleme goére, mortgage sigortasi (1) talep eden ve hizmet-dosya Ucreti
alan bankalar icin t =0 anindaki mortgage kontrati degerinin [V, = Vg+l], t=0 aninda

(4.17)
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hizmet-dosya ticreti (¢ ) distildikten sonra geriye kalan kredi miktarina [(1—-¢)L]

esit olmasi gerektigini gostermektedir. Bu kontrat gesidinde, t=0 aninda bankanin
pozisyonu ¥, (H(0),7(0),0)+1(H(0),7(0),0)—(1-¢) L degerine esit olacaktir.

Yukarida tanimlanan 4 farkli kontrattaki arbitrajsiz kosul esitligini saglayan, diger bir
deyisle denge durumunu saglayan optimal mortgage faiz oranlarinin hesaplanmasi
mimkunddr.

Tablo 9, %95lik kredi miktari-konut fiyati oranini (Loan-to-Value, LTV Ratio) g6z
Onlne alarak, yukarida tanimlanan her bir kontrat yapisi icin kredi veren bankanin
pozisyonunu ve arbitrajsiz kosulu saglayan optimal mortgage faiz oranlarini
gOstermektedir. Gegtigimiz yillarda, Turkiye’deki birgok bankanin verdigi kredi miktari
konut piyasa degerinin maksimum %75'ini olusturmaktaydi. Ikincil mortgage
piyasalarinin kisa sire iginde getirilmesi beklendigi son durumda ise, birgcok banka
(Yapr Kredi Bankasi ve Finans Bank gibi) %90-%95'lik oranlarda konut kredisi
vermeye baslamistir. ikincil piyasa ortaminda, birgok bankanin bu uygulamaya
gececegi beklenmektedir. Tablo 9 ayrica, %2 oraninda erken ddeme cezasi olan ve
%2 oraninda hizmet/dosya bedeli alinan kontratlar igin fiyatlama sonuglarini
vermektedir.

Tablo 9de temerrat opsiyonu degerlerinin 278 ile 17,470 arasinda dedgistigini
gOrmekteyiz. Bu durumda, %95’lik kredi miktari temerriit agisindan riskli gériimekte,
dolayisiyla mortgage sigortasi degerleri de oldukga bliylik degerler (66 — 804 aralig)
alabilmektedir.

Mortgage kredisi verirken, %2 oraninda hizmet-dosya Ucreti alip, mortgage sigortasina
sahip olmayan bankalarin pozisyonu [Vg-(1-£)L] ile, hem %2 hizmet-dosya ucreti alip
hem de mortgage sigortasina sahip olan bankanin pozisyonunu [Vp-(1-E)L+]
kargilastirdigimizda, arbitrajsiz kosulu saglayan optimal faiz oraninin mortgage
sigortasina sahip olan banka icin yillik %20.07, sigorta almayan banka iginse %20.07
ile %21 arahginda degistigini gérmekteyiz. Bu sonuglara goére, temel ekonomik
kosullar altinda, %95’lik kredi veren bankalardan mortgage sigortasina sahip olanlar
goreceli olarak daha dusuk bir kredi faiz orani uygulayarak ayni kontrat degerine sahip
olabilmektedir.

Bununla birlikte, Tablo 9'de goérildigu Gzere, yillik %20.07 kredi faizi uygulayan bir
bankanin, mortgage sigortasi aldigi takdirde pozisyon degeri sifir degerini alirken [Vg-
(1-¢)L+l = 0], mortgage sigortasi almadigi durumdaki pozisyonu [Vg-(1-£)L =-622]
negatif deder almaktadir. Son olarak, %20.07 kredi faizi uygulayan bir bankanin
komisyon Ucreti ve mortgage sigortasi almadidi durumda, kredi kontratinin banka igin
piyasa degeri; [Vg-L] = -2522 olmaktadr.

Sonug olarak, mortgage sigortasi alinmasi 6zellikle yiksek kredi oranlari i¢in (%95
gibi) bankanin pozisyonuna pozitif bir deger katmaktadir.

Temel ekonomik senaryo kapsaminda yapilan son ¢alisma, kontrat yapisinin énemli
bilesenleri arasindaki takas (trade-off) iligkilerine bakmaktir. Mortgage kontrat yapisini
belirleyen en dnemli bilesenler arasinda;

o krediyi erken 6deme cezasi,

o mortgage kredisi hizmet-dosya Ucreti,

e optimal mortgage faizi (krediye uygulanacak faiz orani), sayiimaktadir.

Bankalar mortgage kredisi verirken, bu bilesen degerlerini dikkatle belirlemek
durumundadirlar. Oldukga kompleks finansal mihendislik metotlari gerektiren bu

71



takas (trade-off) hesabinda uygulanan islem basit olarak tanimlamak gerekirse,
optimizasyon iglemidir.

Ulkemizde mortgage kredisi veren bankalara baktigimizda, sabit faiz oranli mortgage
kredileri icin krediyi erken &deme cezasinin borg bakiyesinin maksimum %2’si
oraninda oldugunu gérmekteyiz. Bununla birlikte, mortgage kredisi aciimasi ve takip
edilmesi amaciyla alinan hizmet-dosya Ucretinin, alinan kredi miktarinin %1 ile %5’i
oraninda degistigini gérmekteyiz.

Tablo 10, kredi miktarinin konut degerinin %95’ini olusturdugu mortgage kredilerinde,
farkli erken 6deme cezasi (%0-%5 araligi) ve hizmet-dosya Ucreti (%0-%3 araligi)
kombinasyonlari igin bankalarin uygulamasi gereken optimal mortgage faiz oranlarini
vermektedir. Tabloda géruldigu Gzere, bankalar uyguladiklari erken 6édeme cezasi ve
hizmet-dosya cretini  arttirdikga daha dusik mortgage faiz  oranlar
uygulayabilmektedirler.

Finans Bank o6rnegine baktigimizda, bankanin 10 yil vadeli, %95 kredi oranli, %2
erken ddeme cezall, hizmet-dosya Ucretsiz “Kredi Kolay Mortgage” Grand igin aylik
%1.27 faiz orani uyguladigini gérmekteyiz (Eylal 2007 verisi). Tablo 3’deki sonuglara
gore, son 6 yildaki (2002-2007) ekonomik kosullar g6z oOniine alindiginda, ayni
kosullardaki mortgage kredisine uygulanacak faiz oraninin yillik %20.72, aylik basit
faiz oraninin ise %1.73 civarinda oldugunu gdérmekteyiz. Onceki gelisme
raporlarimizda belirtildigi Gzere, Ulkemizdeki mevcut sistemde uygulanmakta olan
mortgage faiz oranlari, ekonomik kosullar g6z 6nlne alindiginda oldukga disuk
gorinmektedir.

4.3.3. Farkli Ekonomik Senaryo-Farkl Kontrat Yapilar igin Opsiyon Modelleme
Sonuglari Analizi
Tablo 11’deki niimerik sonuglar;
e spot faiz oranlari,
o konut fiyatlari volatilitesi ve
o faiz orani volatilitesindeki degisimlerin mortgage kontrat degerini ve dolayisiyla
bankalarin uygulamasi gereken kredi faiz oranlarini nasil etkiledigi sorusuna
yanit vermektedir.

Spot faiz oranlari, konut fiyatlari ve faiz oranlari volatilitelerindeki degisimin, mortgage
kontrati bilesenlerinin (Kredi geri 6demeleri, temerrit opsiyonu, erken &deme
opsiyonu, mortgage sigortasi) piyasa degerleri izerindeki etkilerini de bu tablolardan
g6rmek mimkuindir.

Temel ekonomik senaryo kapsaminda, faiz orani volatilitesi %12 olarak
hesaplanmistir. Tablo 11'de %12 ile %15 araligindaki faiz orani volatilitesi
incelenmektedir. Bu tablo, kredi miktarinin konut fiyatinin %95’ini olusturdugu, krediyi
erken 6deme cezasinin %2 oraninda oldugu, 10 yil vadeli mortgage kredileri igin
hazirlanmigtir. Elde edilen niimerik sonuglara gore, faiz orani volatilitesi arttikga kredi
alan kisinin temerrit riski de krediyi erken kapama riski de artmaktadir. Fakat, faiz
orani volatilitesinin kredinin erken édenme riski Uzerindeki etkisi cok daha fazladir.
Diger bir deyisle, erken 6deme opsiyon degerleri faiz orani volatilitesi ile birlikte blytk
artis gOstermektedir. Kredi alan kisilerin erken ddeme riski baskin olarak arttik¢a,
temettiye disme olasiliklari azalacak ve dolayisiyla mortgage sigortasi piyasa
degeride azalacaktir. Temerrit sigortasi degerlerindeki disis de elde edilen
sonuglarda gorulmektedir.

Tablodaki sonuglarda goraldigla Gzere, faiz oranlarinindaki volatilite arttikga
bankalarin uygulayacagi kredi faiz oranlarinin da zamanla artmasi beklenmektedir.
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2007-2009 yillari arasinda Turkiye’deki duruma baktigimizda, kredi faiz oranlarindaki
volatilitenin ¢ok fazla oldugunu gérmekteyiz. 2007 yili Kasim ayinda konut kredilerine
aylik ortalama %1.30- %1.50 faiz uygulayan bankalar, 2008 Aralik ayinda aylk
ortalama %1.80-%2.40 aralijinda faiz uygulamiglardir. 2009 yili itibari ile aylik kredi
faiz oranlar %1’in altinda gérilmektedir. Faiz oranlarinin bu kadar oynak oldugu bir
kredi piyasasinda bankalarin en blyUk riski kredilerin erken kapanmasidir. Su anda
Tarkiye’deki birgok bankanin kredi erken kapamalari ile ugrastigi bilinmektedir. Erken
kapamalarin artisi, banka igin kredi kontratinin piyasa degerini diisirecektir.

Belirlenen temel ekonomik senaryo kapsaminda, konut fiyatlari volatilitesi %9 olarak
hesaplanmistir. Tablo 4'de, %9 ile %12 aralidindaki konut fiyatlari volatilitesi
incelenmektedir. Yukarida belirtildigi Gzere, bu tablo kredi miktarinin konut fiyatinin
%95’ini olugturdugu, krediyi erken ddeme cezasinin %2 oraninda oldugu, 10 yil vadeli
mortgage kredileri igin hazirlanmigtir.

Elde edilen sonuglara gore, konut fiyatlarindaki dalgalanma (volatilite) artikga kisilerin
temerrite dusme riski artacak ve dolayisiyla temerrit opsiyonu dederinde artis
gorulecektir. Temerrit opsiyonu degerindeki artis ile birlikte mortgage sigortasi degeri
de gobzle gorilir miktarda artacaktir. Diger bir deyisle, konut fiyatlarindaki volatilitenin
yuksek oldugu ortamlarda temerrat riskinden korunmak amaciyla bankalarin mortgage
sigortasi  almalari  beklenmektedir. Bununla birlikte, konut fiyatlarindaki
dalgalanmalardan dolayi temerrut riski artarken, krediyi erken ddeme riskinin azaltigini
gOrmekteyiz. Kisiler temerrit opsiyonunu kullanmayi tercih ettikgce, erken 6deme
opsiyonunun piyasa de@eri kugulecektir. Tablo 11'de goéruldigu Uzere, konut
fiyatlarindaki volatilitenin artmasi kontratin piyasa degerini disirmektedir.

Piyasa degeri disen mortgage kontratlari igin bankanin uygulayacagdi kredi faiz
oranlari da disecektir. Diger bir deyisle, piyasa degeri (fiyat) disen finansal aracin
getirisi olan faiz oraninin da diigsmesi beklenmektedir. Konut fiyatlarindaki volatilitenin
artmasi ile (%9 - %12), mortgage kontrat degerindeki (V) ve denge faiz oranlarindaki
(c) dusus Tablo 11°deki sonuglarda net bir sekilde gorilmektedir.

Son olarak, spot faiz oranlarinin %12- %21 araliginda artmasinin Ozellikle kredi
(denge) faiz oranlarinda artisa neden oldugunu gérmekteyiz. Bunun baslica nedeni,
spot faiz oranlarindaki artis ile fonlama maliyeti (mevduat faiz oranlari) artan bankanin
kisilere daha yiksek kredi faizi uygulamak istegidir.
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Tablo 10: Erken Odeme Cezasi — Hizmet Dosya Ucreti — Optimal Mortgage Faiz

Oranlan Arasindaki Takas (Trade-off)

Krediyi Erken
Odeme Cezasi

Hizmet- Dosya Ucreti (&)

(m) 0,00 0,01 0,02 0,03
0,00 20,92% 20,46% 20,11% 19,78%
0,01 20,77% 20,41% 20,08% 19,77%
0,02 20,72% 20,39% 20,07% 19,76%
0,05 20,69% 20,37% 20,06% 19,76%

The following parameters were used in the constraction of this table: the spot interest rate (r(0))
is 10%; the long term average of the interest rate () is 24%; the speed of reversion (k) is 56%;
the interest rate volatility (o) is 12%; the house price volatility (v) is 9%; the house service flow
(8) is 4%; LTV ratio is 95%; the correlation coefficient (p) is 0; intensity of jumps is 0.01 and
expectation of jumps is 0.0127.
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4.4. iki farki Modelden Elde Edilen Niimerik Sonuglarin Karsilastiriimasi ve
Yorumlanmasi

Raporun bu béliminde, proje kullanilan iki farkli modelin nimerik sonuglari
karsilastirmali olarak yorumlanacaktir.

iIk model, klasik opsiyon fiyatlama modelidir. Klasik opsiyon fiyatlama modeline gére,
faiz oranlari Cox, Ingersoll ve Ross (CIR) stokastik prosesi ile konut fiyatlari da
geometrik Brownian hareketi ile tanimlanmistir. Bu iki stokastik hareketin tanimladigi
kismi diferansiyel denklemin nimerik ¢6zimi mortgage kontrati ve kontrattaki gizli
opsiyonlarin (temerriit ve erken 6deme) piyasa degerini vermektedir.

ilk modelin uygulanmasi ile hedeflenen temel amag, klasik opsiyon fiyatlama modelini
kullanarak Tdurkiye'deki bankalar tarafindan verilen sabit faiz oranli mortgage
kredilerinin geri 6denmeme (temerrit) ve erken kapama risklerinin hesaplanmasi ve
kredilerin piyasa degerinin belirlenmesidir. Model sonuglarindan elde edilen denge faiz
oranlarinin, Turkiye’deki bankalarin uyguladiklari mevcut faiz oranlar ile
karsilastirlmasi da projenin hedeflenen amagclarindan biridir.

ikinci modelde, Tiirkiye gibi gelismekte olan (lkelerdeki enflasyon riski nedeniyle faiz
oranlari mevcut literatlirde kullanilmakta olan klasik diflizyon slregleri yerine,
sigramal difizyon hareketi (jump diffusion process) ile modellenmistir. Konut fiyatlari
I. Modeldeki gibi geometrik Brownian hareketi ile tanimlanmigtir. Bu iki stokastik
prosesden elde edilen kismi integro-diferansiyel denkleme iligkin sayisal analizler,
sabit faiz oranli mortgage kontratlarinin enflasyonist ekonomilerde fiyatlandiriimasi igin
ilk kez kullaniimigtir.

Projenin bu asamasinda, ayni o6zelliklere sahip bir mortgage kontratinin Turkiye
ortaminda, iki farkh model kullanilarak fiyatlandirimasi tartigiimaktadir. Diger bir
deyisle, iki modelin nimerik sonuglari kiyaslamal olarak yorumlanmaktadir. Projede
fiyatlandirmaya konu olan mortgage kontratinin 6zelliklerini asagidaki gibi 6zetlemek
mUmkainddr:

Sabit faiz oranh — sabit geri 6demeli mortgage kredisi
120 ay vadeli

%95 mortgage kredisi — konut piyasa degeri rasyosu
%2 erken ddeme cezasi

%2 komisyon ucreti /hizmet bedeli

Bu ozellikler, mevcutta Turkiye’deki kamu ve 6zel sermayeli mevduat bankalarinin en
yaygin kullandirdigi konut kredisi 6zelliklerdir.

Tablo 12'deki sonuglari kullanarak, s6zkonusu mortgage kredisinin (banka agisindan)
temerrit opsiyonu, erken 6denme opsiyonu ve temerrlt sigortasi piyasa degerlerini
her iki modelin sonuclarini kullanarak karsilasirmak mamkdandir. Tablodan net bir
seklide gorilduglu Gzere, faiz oranlarini sigramali difizyon hareketi ile modelledigimiz
[I. Modelin sonuglarinda hem temerrit hem de erken 6édeme opsiyonunun piyasa
degeri |I. Modele gore oldukga yluksektir. 1. Modelde temerrit opsiyon degerleri 30-
1432 araliginda iken, Il. Modele gére bu deger 278-17,470 araligindadir.

Faiz oranlarindaki sigramanin asil etkisi erken ddeme opsiyonundadir. Piyasa faiz
oranlarindaki asagi ya da yukari yondeki bir sigrama yani oynaklik, kredi alan kisilerin
kredilerini erken kapama taleplerini artiracaktir. Tablo sonuglarindan goraldigu uzere,
II. Modele gore, erken 6deme opsiyonu piyasa degerleri |. Modele gore ¢ok yiksektir.
Sonug¢ olarak, faiz oranlarindaki sigramalar yani belirsizliklerden etkilenen erken

77



0deme opsiyon degeridir. Temerrit opsiyonu degeri daha ¢ok konut fiyatlarindaki
degisimlerden etkilenmektedir. Faiz oranlarindaki sigramalarin, temerrit opsiyonu
Uzerindeki etkisi goreceli olarak az oldugundan, temertt sigortasi piyasa degeri de
fazla bir degisiklik gostermemektedir.

Onceki analizlerde belirtildigi (izere, mortgage kredisinin banka agisindan degerini
belirleyen 2 temel factor vardir. Bunlar: 1) musteriden pesin olarak tahsil edilen
komisyon (Ucreti /hizmet bedeli ve 2) temerriit riskine karsilik %80 ve Uzerindeki
oransaki krediler igin alinan temerrit sigortasi trdnddir. Bu durumda banka igin 4
farkli durumdan bahsetmek mimkuandur:

1. Hizmet-Dosya Ucreti ve Mortgage Sigortasinin Olmadigi Kontratlar
[Ve-L]

2. Hizmet-Dosya Ucretinin Alindigi, Mortgage Sigortasinin Olmadigi
Kontratlar [Vg — (1-§)L]

3. Hizmet-Dosya Ucretinin Alinmadi§i Fakat Mortgage Sigortasinin
Oldugu Kontratlar [Vg —L+I]

4. Hizmet-Dosya Ucretinin Alindi§i ve Mortgage Sigortasinin Oldugu
Kontratlar [Vg — (1-§)L+I]

Yukarida tanimlanan 4 farkh kontrattaki arbitrajsiz kosulu saglayan, diger bir deyisle
denge durumunu saglayan optimal mortgage faiz oranlari ve mortgage kontratinin
banka icin piyasa degeri her iki model igin de hesaplanmistir.

Sekil 12-13-14 ve 15’de goruldugu Uzere, faiz oranlarinin sigralamal difizyon hareketi
ile modellendigi durumda (Il. Model) kredi kontratinin piyasa degeri banka igin
azalmaktadir. Riskli faiz ortaminda konut kredisi kontratlarinin banka igin piyasa
degeri azaldigindan, bankalar daha yUksek faiz orani uygulamasina ge¢cmektedirler.
Sekillerde goériuldigu Uzere, yukarida tanimlanan her bir kontrat igin 1. Modelde
belirlenen denge faiz oranlari, 1. Model sonuglarina gore yiksektir. Tablo 13, denge
faiz oranlarinda farkliigi daha net gdstermektedir. Ornegin, bankanin konut kredisinde
hem %2 hizmet-dosya ucreti aldigi hem de temerrit sigortasi talep ettigi 4. kontratta
[Ve — (1-¢)L+I], I. Modele gére denge faiz orani yillk %19.44 iken, faiz oranlarinin
sigramali olarak tanimlandigi Il. Modele goére, %20.07’dir. Sonug¢ olarak, faiz
oranlarindaki sigramalar g6z 6nline alinirsa bankalarin aylik %1.62 yerine %1.67 faiz
orani uygulamasi beklenmektedir.

Diger bir érnek olarak, bankanin %2 oraninda komisyon dcreti aldigi fakat temerrut
sigortasi talep etmedidi durumda ise, [Vs — (1-¢)L], I. Modele gbre denge faiz orani
yillik %19.44- %20 arahginda iken, faiz oranlarinin sigramali olarak tanimlandig II.
Modele goére bu aralik %20.07 - %21’dir. Sonug¢ olarak, faiz oranlarindaki sigramalar
g6z oOnlne alinirsa bankalarin aylik %1.62-%1.67 araligi yerine %1.67-%1.75
araliginda faiz orani uygulamasi beklenmektedir.

Son olarak, Tablo 14, iki model sonuglarina gore erken 6édeme cezasi, hizme/dosya
Ucreti ve denge mortgage faiz oranlari arasindaki takasi (Trade-off) gdstermektedir.
Ornegin, %3 oraninda komisyon (cretini pesin alan ve %2 oraninda erken dédeme
cezasl uygulayan bir banka icin, I. Modele goére uygulanmasi gereken yillik faiz orani
%19.13 (yani yaklasik aylik %1.59) iken, Il. Modele gére bu faiz yillk %19.76 (yani
yaklasik aylik %1.81)dir. Tabloda net bir sekilde goérilen diger bir sonug ise, faiz
oranlarinin sigramali olarak tanimlandigi durumda (ll. Model), komisyon Ucretini
%0'dan %3’e kadar yukseltmek bankanin uyguladigi faiz oranini sadece %1.14
oraninda asagiya cekebilmesidir (%20.92'den %19.78’¢). |. Modele goére, yani faiz
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oranlarindaki sigramalarin géz 6nune alinmadigi durumda ise, komisyon Ucretini
%0’dan %3’e kadar yukselten banka uyguladigi faiz oranini %21.93’'den %19.15’e geri
cekebilmektedir (%2.78’lik degisim).

Ozetle, faiz oranlarinin enflasyonist ortamlardaki belirsizlikler géz éniine alinarak,
sicramall stokastik hareketlerle modellenmesi, banka agisindan mortgage kredi
kontratinin piyasa degerini azaltmaktadir. Banka bu durumda daha yiksek kredi faizi
uygulamasina gitmektedir. Her iki modelin nimerik sonuglari beklenen sonuglari
vermekle beraber, iki model arasindaki uygulanmasi gereken denge faiz oranlarindaki
farklilasma beklenilenden az bulunmustur.
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Sekil 12: iki Model Sonuglarina gére Mortgage Kontratinin Piyasa Degeri:
(Dosya Ucreti ve Mortgage Temerriit Sigortasi yok)
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Sekil 13: iki‘_ModeI Sonuglarina gére Mortgage Kontratinin Piyasa Degeri:
(%2 Dosya Ucreti — Mortgage Temerriit Sigortasi yok)
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Sekil 14: iki Model Sonuglarina gére Mortgage Kontratinin Piyasa Degeri:
(Dosya Ucreti Yok — Mortgage Temerriit Sigortasi var)

4000
-
2000 /7 —
16,00% 17,00% 18,00% 19,00% 20,00% ,07% 21,00% 22,00% 23,00%
-2000
%
%
3 4000
2
=
§ -6000 -
£
M
3
& -8000 -
t
o
=
-10000
—A— VB-L+I (Il. Model)
-12000
-|/ —+—VB-L+I (I. Model)
-14000
-16000

Denge Kredi Faiz Oranlan

Sekil 15: iki‘_ModeI Sonuglarina gére Mortgage Kontratinin Piyasa Degeri:
(%2 Dosya Ucreti — Mortgage Temerriit Sigortasi var)
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Tablo 14: iki Model Sonuglarina gore Erken Odeme Cezasi — Hizmet-Dosya
Ucreti — Optimal Mortgage Faiz Oranlan Arasindaki Takas (Trade-off)

I. MODEL (Kismi diferansiyel denklem)

Krediyi Erken .

Odeme Cezasi Hizmet-Dosya Ucreti (£)
(m) 0.00 0.01 0.02 0.03
0.00 21.93% 19.83% 19.47% 19.15%
0.01 20.14% 19.77% 19.45% 19.14%
0.02 20.09% 19.75% 19.44% 19.13%
0.05 20.05% 19.73% 19.43% 19.13%

The following parameters were used in the construction of this table: the spot interest
rate (r(0)) is 10%; the long term average of the interest rate (0) is 24%; the speed of
reversion (k) is 56%; the interest rate volatility (c) is 12%; the house price volatility (v) is

9%; the house service flow (3) is 4%; LTV ratio is 95% and the correlation coefficient (p)
is 0.

II. MODEL (Kismi integro diferansiyel denklem)

Krediyi Erken .

Odeme Cezasi Hizmet-Dosya Ucreti (€)
(m) 0,00 0,01 0,02 0,03
0,00 20,92% 20,46% 20,11% 19,78%
0,01 20,77% 20,41% 20,08% 19,77%
0,02 20,72% 20,39% 20,07% 19,76%
0,05 20,69% 20,37% 20,06% 19,76%

The following parameters were used in the constraction of this table: the spot interest rate (r(0))
is 10%; the long term average of the interest rate (0) is 24%; the speed of reversion (k) is 56%;
the interest rate volatility (o) is 12%; the house price volatility (v) is 9%; the house service flow
(8) is 4%; LTV ratio is 95%; the correlation coefficient (p) is O; intensity of jumps is 0.01 and
expectation of jumps is 0.0127
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Abstract

This paper intends to analyze the recent developments to introduce and integrate
mortgage markets into capital markets of Turkey. The Capital Market Board has recently
prepared a legal framework not only for a proper mortgage system, but also for the
eventual securitization of these mortgages. Turkish banks started to contract, for the first
time ever, long-term fixed rate mortgages. The paper uses traditional option-pricing model
to evaluate the current 10-year fixed rate mortgage (FRM) contracts with embedded
default and prepayment options in Turkey. Our study is the very first attempt to use an
option pricing model to price the FRM contracts in an emerging economy with its different
and unique dynamics. Our findings show that, in 2007 almost every bank, except for Is
Bank, offered mortgage interest rates that were significantly below the equilibrium coupon
rates, involving arbitrage profit for the borrowers. We also conclude that even if the
prevailing mortgage interest rates are below the equilibrium rates, these rates are
extremely high for establishing a well-functioning primary mortgage market in any
economy. Finally, the effects of the global financial crisis are started to be felt in Turkish
mortgage market as the banks have increased their mortgage coupon rates and
shortened the contract maturities drastically over a very short time period, from
September 2007 to November 2008.
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The nature of the housing market, the allocation of interest rate risk, and the
economic and institutional structure all contribute to the diverse mortgage contract
designs that are found worldwide. Because of the volatile macroeconomic environment
and the lack of legal and regulatory framework that supports collateralized lending, the
provision of housing finance in developing countries is often problematic.

Mortgage market development is likely to be a key factor in overall financial
market development. In particular, an efficient mortgage market acts as a positive
externality for the other capital markets, creating pressure for higher efficiency in these
markets. On the other hand, a poorly functioning mortgage market is likely to pollute other
financial markets with its inefficiency (Jaffe and Renaud, 1997). Efficient mortgage
markets in developed economies require that the lending risk (credit, liquidity, and interest
rate risk) be allocated to the long-term investors who are best able to handle them. In
emerging economies, housing finance has remained in a primitive state compared to the
rapid development of banking and other financial markets. Although foreign banks
operate in emerging markets, they are mostly in the government bond business. The
financial sector is far deeper than trading government bond and actual financial sector
development requires lending to businesses, lending to housing, and lending to
construction. Developing mortgage financing is a fundamental part of the financial sector
development, because it stimulates growth through the construction sector and provides
access to credit for more people.

In spite of the crucial role of mortgage financing in developing the financial sector
of the emerging economies, there are not many published studies focused on examining
the mortgage markets in developing economies and the performance of their mortgage
products. Existing academic studies malnly give importance to the Latin American
countries, especially the mortgage markets in MeX|co and Chile." A few studies analyze
the mortgage markets in transition economies’ and others examine development of
housing finance in East Asia. Although East Asia is a young market, Hong Kong,
Singapore, and even China, have deep primary residential mortgage markets in
comparison to other emerging markets, which can be grouped as the Latin American
countries, transition economies, and Middle Eastern and North African (MENA) countries.

This paper, firstly, intends to analyze the recent developments in Turkish
mortgage market in line with the macro-economic progress in the country over the past
few years. Turkey |s a G-20 member Eurasian country and commands the youngest
population in Europe.® Turkish economy has been growing by around 6 per cent a year
for the last five years, which is faster than many developed economies and most
emerging markets. The economic measures, taken after the financial crisis of 2001, have
been very effective in subduing immensely the inflation, building investor confidence and
attracting substantial and record amounts of foreign investments, and dampening the

'Siembieda and Moreno (1997), Lipscomb and Hunt (1999), Pickering (2000a-b), and Lipscomb et
al. (2003) all examine the structure of the Mexican mortgage market and the performance of
different loan contracts such as dual index mortgages and inflation-indexed mortgages. Alvayay
and Schwartz (1996) analyse the housing finance policies in Chile. Ortega (2000) studies the
development of Chilean mortgage market and focuses on the risk management in inflation-indexed
mortgages, namely Unidad de Fomento (UF) indexed mortgage loans.

% Jaffee and Renaud (1997) discuss the main factors that hinder the development of mortgage
markets in economies that are in transition from central planning to a market system. Chiquier
(1998) evaluates the performance of dual index mortgages in Poland in comparison to the standard
mortgage contracts.

% 66.5% of the population in Turkey is within the 15-64 age group, the 0-14 age group corresponds
26.4% of the population, while 65 years and higher of age correspond to 7.1% of the total
population, 2007 Census -population statistics, Turkish Statistical Institute.
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unemployment”. The recent improvements in the Turkish economy, especially the drop in
the inflation rate has led the Capital Market Board to work on a draft of regulatory
changes that would facilitate the legal environment for the establishment of the mortgage
system. The efforts for the development of the mortgage system have attracted the
construction sector and the related financial sectors. The result was the increase in the
construction of the new housing units, the development in the mortgage products, and the
significant decline in mortgage interest rates. We believe that a better understanding of
this particular economy with its developing mortgage market may shed light on other
countries at the similar stage of economic development.

Secondly, this paper uses traditional option-pricing model to evaluate the current
10-year fixed rate mortgage (FRM) contracts with embedded default and prepayment
options in Turkey. Indeed, option pricing models have been extensively used for prlcmg
the fixed-rate and adjustable-rate mortgages with prepay and default options.’ It is
important to point out that theoretical and empirical research on mortgage desngn and
pricing has been conducted on the fixed and adjustable rate mortgages used in the
United States and United Klngdom A key and one of the first questions for any aspect of
research on emerging markets is whether the models and theories put forth and tested
several times in developed financial markets also describe the realities observed in
emerging markets (see, for a recent example, Demirguc-Kunt et al leverage papers in
WBER and JFE). To our knowledge, this paper is the very first attempt to use an option
pricing model to price the FRM contracts in an emerging economy with its different and
unique dynamics.

In particular, we use the structural approach (option pricing model) in order to
answer the following interrelated questions:

1. Is Turkish economy ready for originating long-term FRMs? More specifically,
do the currently observed FRM coupon rates represent a fair transaction between the
banks and the borrowers in Turkey?

Mortgage coupon rates and contract provisions vary widely over time. The
economic environment changes continuously and contract specifications are also subject
to frequent adjustments. In line with the literature, the equilibrium framework proposed in
this paper claims that a contract can only be acceptable if it represents a fair deal.
Specifically, we examine if the current mortgage coupon rates are below or above the
equilibrium coupon rates which avoid arbitrage.

2. What will be the value of bank’s (lender’s) position if they have mortgage
default insurance policy, especially for the high loan-to-value (LTV) housing loans?

In developed economies, the law requires lenders to obtain mortgage insurance
(or mortgage default insurance) on loans where homebuyers make down payments of
less than 20 per cent of the purchase price of the home (for above 80% LTV loans).
Currently, Turkish banks do not require mortgage default insurance for high LTV
mortgages. This paper aims to price mortgage insurance product as a potential financial
derivative in the Turkish capital markets.

4 Turkey has steadily opened up its markets through economic reforms by reducing government
controls on foreign trade and investments and the liberalization of many sectors to private and
forelgn participation has continued.

® McConnell and Muller (1988) provide an overview of mortgage pricing techniques. Hendershott
and Van Order (1987) survey the development of the option-pricing approach to mortgage valuation
and Kau and Keenan (1995) provide a later review of the academic literature.

Recently, some researchers have focused on evaluating the mortgage contracts in Korea and
Singapore by using the standard contingent claims approach. Chu et al. (2003) model the default
risk of Singapore mortgages using the classical option pricing theory, and Ambrose and Kim (2003)
use a contingent claims model for modeling Korean Chonsei lease contract.
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Our findings show that almost every bank, with the exception for Is Bank, offers
mortgage interest rates that are significantly below the equilibrium coupon rates, involving
arbitrage profit for the borrowers. Thus, we conclude that these contracts do not
represent a fair deal between the lenders and borrowers in Turkey. We also argue that
even if the prevailing mortgage coupon rates are below the equilibrium rates, 20%-25%
mortgage interest rates per annum are extremely high for establishing a well-functioning
primary mortgage market in any economy. In addition, our findings show that it is highly
beneficial for the lenders to have mortgage default insurance, especially for the high LTV
ratio mortgages.

The rest of this paper is organized as follows. Section 2 reviews option pricing
literature for evaluating the default and prepayment options of mortgage contracts.
Section 3 provides information on the recent developments in Turkish mortgage market.
Section 4 presents the classical option pricing model for the valuation of FRM contract
with embedded default and prepayment options. Section 5 presents the discussion of the
numerical results. Finally, section 6 offers concluding remarks.

2. Review of the Literature

The extant literature shows that two main approaches have emerged on modeling
mortgage termination either by prepayment or default: reduced-form and structural
(options-pricing) models.

Termination may occur for non-financial (personal) reasons, such as divorce, a
new job, or death in the family, causing a borrower to change the residence. Reduced-
form approach treats non-financial termination behavior by modeling the termination
decision as a function of a set of exogenous variables representing the factors that
influence the likelihood of mortgage termination. Well-known reduced-form mortgage
termination models include Schwartz and Torous (1989), Deng et al. (2000) and Deng
(1997). The main advantages of this approach are flexibility and the ability to closely
mimic the historical data record of mortgage terminations. However, reduced-form
approach has low out-of-sample forecasting power. In addition, these models are often
not well suited for valuation, to the extent that mortgage prices for the prepayment and
default option values are included in the set of exogenous variables used to predict
terminations (Downing et al., 2005).

There are also financial reasons to terminate a mortgage contract that apply
equally to all individuals. These are the terminations that lower the market cost of the
mortgage contract for the borrower. The structural approach or the traditional option-
pricing approach treats mortgage termination as the optimal response of a rational
borrower to changes in interest rates and house prices, in order to minimize the market
value of the loan. This modeling approach was first applied to mortgages by Dunn and
McConnell (1981a, b) who modeled the optimal termination behavior of borrowers who
could costlessly prepay, but not default.

According to the structural approach, well-informed borrowers in a perfectly
competitive market will exercise either of the two options when they can increase their
wealth. Absent either transaction costs or reputation costs that reduce credit ratings,
these individuals can increase their wealth by defaulting on a mortgage when the market
value of mortgage exceeds the value of the property. Similarly, by prepaying the
mortgage when the market interest rate is below the contract rate, they can increase
wealth by refinancing. However, a borrower who chooses to prepay the mortgage gives
up the opportunity to exercise either prepayment or default option in the future. Likewise,
a borrower who decides to default on the mortgage also forfeits the opportunity to
exercise the prepayment or default option in the future.

Titman and Torous (1989) and Kau et al. (1992, 1995) examine structural
approach and emphasize the importance of the joint-ness of prepayment and default
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options. In a mortgage contract, borrowers have the right to prepay a mortgage, but to
rule out the possibility of default, or to consider default while ruling out the possibility of
prepayment. Since prepayment and default substitute for one another, contracts with only
one of these options lead the borrower to behave differently from when both are present.
This substitution effect means that one cannot accurately value either the individual
provisions or their interaction without both options being present. A series of papers by
Kau et al. (1993) and Azevedo-Pereira et al. (2002, 2003) evaluate the US ARMs and the
UK FRMs, respectively, with the embedded default and prepayment options. Without
using loan-base data to decide the pattern of termination, these studies provide
theoretical valuation models, which impose termination decision endogenously, and use
numerical methods in order to price the jointly exercise of the embedded options.

Well-specified structural models should perform well out of sample because
termination behavior arises from borrowers’ optimizing behavior. Downing et al. (2005)
claim that the basic problem with these models is that, they predict that a mortgage can
never trade above par. This is because borrowers will exercise their prepayment option
the instant that the mortgage value exceeds par —what is often referred to as “ruthless
option exercise. On the other hand, Kau et al., (1992) state that while people prepay
mortgages for personal reasons, they seldom default for this reason. Default is unlikely to
occur unless the house value is less than the market value of the loan. Hence, financially
induced termination seems particularly important in the case of default.

Over the past two decades, option pricing models (structural approach) have (has)
been mainly used for pricing the fixed- and adjustable rate mortgages in developed
economies, especially in the US and UK. This paper uses the traditional option-based
pricing model to price FRM contracts in an emerging economy. The main objective of this
study is to price both the default risk and the prepayment risk of the FRMs, from the
lenders’ perspective, using the well-known option pricing model.

3. Recent Developments in Turkish Mortgage Market

Real estate is one of the most important sectors of the Turkish economy. In recent
years, this sector has made up of about 10 percent of the country’s Gross National
Product (GNP), which has grown to 539.9 Billion TRY (US$ 381 Billion) in 2006. One of
the reasons for this significant increase is that Turkey is a dynamic and recently strongly
performing emerging market economy. In spite of the historically high demand for real
estate assets, a well-organized and deep enough mortgage market did not exist in Turkey
until quite recently. The absence of an efficient mortgage market was mainly due to a
long-running process of persistently high inflation’, the inability of the banks to fund
mortgages from their deposit base, and the lack of standardization within the title and
appraisal systems.

In fact, the inflation rate in Turkey has stabilized within a band of 15%-20% within
the last few years. The economy has been growing by around 6 per cent a year for the
last five years, which is faster than many developed economies and most emerging
markets. These recent improvements in the macro-economy enabled the Turkish finance
sector to offer long-term funding at relatively cheap prices for the first time in history.
According to the Banks Association of Turkey, mortgages represented only 7.64 per cent
of the overall consumer loan portfolio in 2003 whereas over the first nine months of 2008
mortgages have a share of 29.5 per cent. ®

! See Erol and Patel (2005) for failed attempts to introduce mortgages during the high inflation era.

® In 2003, the mortgage loans granted were 800.6 million TL while total consumer credits granted
were 10,478 million TL. Over the first nine months of 2008, total consumer credits and mortgage
loans granted were 46,727 million TL and 13,779 million TL, respectively (www.tbb.org.tr ).
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Under the stable economic conditions of the recent years, the current government
has recently prepared a legal framework not only for a proper mortgage system, designed
especially for financing residential real estate for the middle-income households, but also
for the eventual securitization of these mortgages. The Turkish Parliament ratified
recently (March, 2007) this legal framework into law. Hence, the current government and
the Capital Market Board initiated a legal framework to contract, for the first time ever,
long-term fixed rate mortgages.

Turkey experienced strong growth in mortgage debt over the last few years. From
2002 to 2006, there has been continuous growth in the level of outstanding balances of
mortgages at a compounded average growth rate of 191.5%. (www.datamonitor.com).
Table 1 presents the mortgage debt as a percentage of GDP both for European Union
(EU) new member and candidate countries at the end of 2006. As of December 2006,
the value of mortgage debt in Turkey was approximately 12.24 € billion, which made it the
second largest mortgage market among the new members and candidate members of
the EU°. Mortgage debt-to-GDP ratio for Turkey (3.8%) was greater than those for
Romania, Serbia, and Ukraine, and Turkey has experienced 65.7% growth in mortgage
debt in December 2006 compared to the previous year. "°

Almost all of the mortgages are originated from deposit banks in September
2007." While private deposit banks originate 61% of the mortgages, public deposit banks
initiate only 15% of the mortgages. And the remaining 24% of the mortgages are
originated by the foreign banks. Examining the percentage shares of the banks in
mortgage lending activity, we observe that with a 15.2% share of the total mortgage debt
Akbank stands out as the mortgage industry leader. Garanti Bank, which has the second
largest share of the overall mortgage lending activity with a 14.7% share, is followed
closely by Is Bank with 14% share of mortgage lending. Finans Bank, Vakiflar Bankasi,
and Yapi Kredi Bankasi have 11.9%, 9.4%, and 7.9%, respectively. It is worth to note that
with the exception of Vakif Bank, a public deposit bank, all banks are private deposit
banks in Turkey.

Deposit banks, as the main mortgage lenders, extend loans to borrowers who
wish to purchase a single-family detached/semi-detached/apartment style houses. While
the lenders generally rely on the appraisal company's determination of the eligibility of the
property subject to transaction, some lenders have their own staff to do the appraisal
work. Currently, Turkish banks offer a variety of mortgage products including Turkish Lira
(TRY)- denominated fixed-rate, adjustable rate, and graduated payment mortgages and
US Dollar-, and, Euro-denominated mortgages. The most popular mortgage products are
fixed rate mortgages (FRMs) with 60 to 120-month contract maturity, and the prevailing
mortgage coupon rates range from 1.2 to and 1.53 percent in September, 2007.

As the FRMs are popular mortgage products over the past few years, this paper
concentrates on pricing the typical constant-payment mortgages, or fixed-rate mortgages
based on structural option pricing models. In order to determine the basic FRM contract to
price in our study, we collect information on the FRM contract details of eight deposit
banks with the largest mortgage portfolios. Namely; Oyak Bank, Vakif Bank, Akbank, Is
Bank, HSBC Bank, Finans Bank, Yapi Kredi Bank, and Garanti Bank. More specifically,
we collect data for the contract maturity, coupon rate, Loan-to-Value (LTV) ratio,

? According to the Banks Association of Turkey, the market value of the mortgages was
approximately 20.67 billion TRY as of September 2007

' Mortgage debt outstanding was a mere 0.224% of the GDP in 2003 (www.tba.gov.tr)

""" At the end of September 2007 the total value of mortgages was 23,031,949 Thousand TL.
Deposit banks originated 23,002,309 Thousand TL, which makes 99.87% of the overall mortgage
loans granted. The remaining 0.13% of the mortgages was originated by Investment and
development banks (www.tbb.ogov.tr).
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arrangement fee, prepayment penalty, and the available insurance policies of these
deposit banks. It is important to note that market value of these banks’ mortgage portfolio
consists of 91.2% of the overall mortgage portfolio in Turkey as of September, 2007.

Table 2 illustrates that, with the exception of Finansbank and Yapi Kredi Bank, the
maximum Loan-to-Value (LTV) ratio is 75% for the FRMs. Finansbank and Yapi Kredi
Bank originate FRMs with a maximum LTV of 95% to 100%. The amount of upfront
arrangement fee significantly varies among the banks. While Finansbank does not charge
any arrangement fee, other banks may charge 1% to 5% of the loan amount as the
arrangement and service fee. All the banks except for Yapi Kredi Bank charge a
prepayment penalty of 2% of the outstanding loan balance at the time of prepayment.

In terms of insurance policies, hazard and earthquake insurance is required by all
lenders. This has been a requirement since 1999 and is provided by Turkish Catastrophe
Insurance Pool (TCIP). TCIP takes the first loss position and private insurers take the
second loss position. The annual premiums due to TCIP are collected by private
insurance companies from the home owners and then forwarded to TCIR. Earthquake
insurance rates are not fixed. They are determined according to the type of dwelling and
the earthquake zone it is in. Most of the lenders also require a life insurance policy that
would remain in effect over the term of the mortgage. Such a policy would help to cover
the full repayment of the loan in the event of borrower's death. Borrowers are required to
renew their policy annually (at least during the term of the loan). Mortgage default
insurance products are not prevalent in Turkey.12 The existing sectoral studies suggest
that there is no urgent need for mortgage insurance as this will increase the cost of funds
for borrowers.

4. Option Pricing Model (Structural Approach) for the Valuation of Fixed Rate
Mortgage (FRM) Contracts

It is widely accepted that a successful way of pricing mortgages is to view them as
ordinary debt instruments with specific options attached to them. Default in the mortgage
contract can be viewed as a put option since by defaulting the borrower disposes of the
housing asset. In other words, the borrower sells his housing property back to the lender
in exchange for eliminating the mortgage obligation. The default option to terminate the
mortgage contract fits into a European option framework because no rational borrower
would ever choose to default until a payment is due. Prepayment can be considered as
an American-style call option, in which the borrower has the right to gain the house at any
time by paying off the mortgage loan. The borrower exchanges the unpaid balance on
debt instrument for a release from further obligation. Thus, the analogy between a
mortgage on a property and an option on a stock is quite close.

Pricing these options and also determining when a borrower exercises either
option require specifying the underlying state variables and parameters that determine the
value of the contract, and then deducing the decision rule that maximizes borrower
wealth. The structural approach assumes that uncertainty about the returns from a
mortgage can be summarized by two state variables: the value of the mortgaged housing
property, H , whose dynamics follow a lognormal diffusion process (Equation 1) and the
instantaneous risk-free interest rate, », which evolves according to a mean-reverting
square root diffusion process, Cox, Ingersoll and Ross, 1985b.

2 Recently, a number of banks (Finansbank, is Bank and Vakifbank) have started to ask for
mortgage payment protection insurance from the borrowers in the case of being unemployed or
injured. The insurance policy generally pays up to six monthly payments to the bank. However, this
product is different from mortgage default insurance that is widely used in the US and UK mortgage
markets.
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7=(u-s)dt+GHdzH (1)
The return to owning the housing property consists both of price appreciation and

of a service flow. Since the householder receives benefit from living in the house, the term

s is included to denote the constant rate of service flow, or value of implicit rent, from the

house. The instantaneous average rate of house price appreciation is denoted by «, and

o, represents the volatility of disturbances in actual house price appreciation around the

trend rate(,u—s) , and z,, is the standardized Wiener process that drives the uncertainty

in house prices.

The stochastic process for the instantaneous default-free nominal interest rate,
which follows the Cox-Ingersoll-Ross (1985b) model, known as CIR model, can be written
as

dr=x(0-r)dt+o,rdz, (2)
where @ represents the long-term mean value for the interest rate », and « is the speed

of adjustment in the mean reverting process. The standard deviation of the interest rate
disturbance is denoted by o, , and z, is the standardized Wiener process.

The unexpected changes in the value of the housing property are assumed to be
correlated with unanticipated changes in the instantaneous risk free interest rate,

dz, (t)dz, (t)= pdt where p denotes the instantaneous correlation coefficient. With

stochastic processes specified by Equations (1) and (2), the fundamental partial
differential equation (PDE) for the valuation of mortgages as a function of time and of the
stochastic variables of housing price and the interest rate takes the form™

2 2 2
lHZO',z{ 0 VZ +pH\/;O'HO'ra—V+lrof 0 12/+K(19—r)5—V
2 OH OHor 2 or or
+(r—s)H5—V+§—V—rV=0 (3)
oH ot

where V represents the mortgage value. Equation (3) implies that with a continuous time,
a standard arbitrage argument is sufficient to derive an equilibrium condition for the value
of mortgage (a second order partial differential equation) such that the value of the
mortgage equals the risk-adjusted expected present value of its net cash flows.

The tendency to price derivative assets, such as mortgage on a property, and to
relax the strongest assumptions in order to make the models approach to the reality leads
to the development of valuation frameworks of enlarged complexity for which no closed-
form solutions are available. Thus, in many complex but realistic problems the analyst
must resort to other methods to approximate the value of the asset. Three basic methods
are; the Monte Carlo method (forward-pricing method) advocated by Boyle (1977), and
finite difference approximation to the differential equation (backward-pricing method)
suggested by Schwartz (1977) and employed extensively by Brennan and Schwartz
(1976, 1977, and 1978), and lattice (or tree) approach suggested by Cox et al. (1979) and
extended by Rendleman and Bartter (1979), Boyle (1986, 1988), and Hull and White
(1988). As a result, there is considerable amount of research employing numerical
methods to approximate solutions of the valuation of contingent contracts, when analytic
solutions do not exist.

' The derivation of fundamental partial differential equation follows from standard arguments in
finance. See Cox, Ingersoll, and Ross 1985a, 1985b; Epperson et al. 1985, and Kau ef al. 1992,
1993, 1995.
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Despite the recent advances in forward pricing methods for pricing American
options, backward pricing method is well established, and so has been used more
extensively. Although it is computationally more complex by including dynamic
programming, many researchers adopt backward pricing approach as the appropriate
procedure to valuing mortgages with embedded default and prepayment options.
Kierkegaard (1967) said that to understand life we must look backward but that we are
doomed to live life forward. Much the same is true of mortgages. While time undoubtedly
marches forward, to value a mortgage with termination, we must begin at the end and
work back. When borrowers at a point of time consider whether to terminate a mortgage,
they look toward future values, but because we are working backward, we will have the
needed values available when we reach that point (Kau and Keenan, 1995).

Given the specific details of the contract, the values of the financial assets
embedded in a mortgage (default option, prepayment option, insurance product) are
known at the expiry. Using appropriately small time steps, equation (3) can be used to
work backwards from the final mortgage payment, calculating the asset values
sequentially to the previous mortgage payment, then using that new set of terminal
conditions to work back to a still earlier payment until eventually the origination of the
contract is reached (Azevedo-Pereira et al. (2002, 2003).

4.1. Components of the Mortgage Contract

The value of a mortgage to the borrower is composed not only of the present
value of promised future monthly payments to the lender but also of options to prepay or
to default. These options are valuable to the borrower and reduce the absolute value of
the outstanding mortgage. At some point in time, t, the borrower’s joint option value, J, is
equal to the summation of the value of call option to prepay, C, and the value of default
option, D.

J(H,r,t)=C(H,r,t)+ D(H,r,t) 4)
The value of the mortgage contract to borrower is given by equation (5):
Vo(H,r,t)=A(r,t)-C(H,r,t)-D(H,r,t)

(5)
= A(}",t)—J(H,I",f)
where A(r, t) is the present value of remaining mortgage payments. If the lender (bank)
has mortgage default insurance, and circumstances arise in which a rational borrower
chooses to default, then mortgage default insurance product only benefits the lender. The
value of the contract for the lender, therefore, is the sum of its value to the borrower and
the value of the mortgage insurance.

V,(H,r,t)=V,(H,r,t)+1(H,r,t) (6)

where; I(H,r,t) =the value of the mortgage default insurance at time t.

In a typical constant payment, fixed rate mortgage contract, the value of each
monthly payment, MP, is determined in order to allow the principal to be paid in full by the
end of the contract. That is;

DRGIEE

MP = (7)
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where OB(0) represents the amount of debt at the origination of the loan, and c is the
annual mortgage coupon (interest) rate. The outstanding loan balance after each
payment date, OB (t), is given by the following equation:

EOIEEGIN
()] -

At payment dates, a distinction will be made between the value of an asset
immediately before and immediately after each payment. In line with the literature we use
the following notation:

F " (H,r,t) = Value of the asset F immediately before a payment is made;
F *(H,r,t) = Value of the asset F immediately after a payment is made.

In backward pricing methods, the valuation of the mortgage begins at the maturity
of the mortgage. At the maturity, the terminal condition requires that the value of
remaining payments must be equal to the final monthly payment due, MP.

OB(1) = (8)

A (r,t)= MP for t=1(n) (9)

where n = life of the mortgage in months. Moving backwards in time, as each monthly
payment date is reached, the borrower’s debt, A, changes immediately by the amount
MP. This leads to solution of equation (3) by a finite difference method, starting with the
terminal condition at maturity, working backwards in time until the next monthly payment
date is reached. Then, a new boundary condition, equation (10), is applied and the
backwards process is continued until valuation has been completed, at the origination
time of the mortgage contract.

A (r,t)=A"(r,t)+ MP for t=n(1),....n(n-1) (10)

During this valuation process, we also apply boundary conditions for the options
held by the borrower. The value of default option depends directly on the house price. If
the house price is different from the value of the remaining payments, the financially
rational borrower either does nothing, or sells, or defaults and gives up the house to the
lender if that proves to be the most advantageous solution from a financial point of view.
The value of the prepayment option depends on the prevailing term structure of interest
rates but not directly on the house price. However, there is an indirect relationship, since
the exercise of the option to default automatically causes the prepayment option to expire
worthless. Thus, the two options interact and cannot be separately valued and added. At
expiry of the mortgage, the borrower holds the house and has an obligation to make the

last mortgage payment but she also has a put option on the house D(H, w,t) allowing

her to default and give up the house if she wishes. Therefore, the position of the borrower
at maturity is, H+D(H,w,t)—MP with the following mortgage value:

V,;(H,r,t):min(MP,H) for t:n(n) (11)
Similarly, at any other payment date, t, the value of the mortgage to the borrower
is given in equation (12).

V;(H,r,t):min[(V;(H,r,z)+MP),H] for t=7(1),...7(n—1) (12)
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If the borrower prepays the mortgage, the amount to be paid is calculated from the
outstanding balance and the accrued interest since the most recent scheduled payment.
In Turkey, similar to the UK mortgage market, there is an additional penalty payment
required in the terms of the fixed-rate mortgage contracts. Since the Turkish banks, in
general, charge 2% of the loan balance as the prepayment penalty, in this paper penalty
is modeled as a percentage of the outstanding balance plus accrued interest at the time
of early termination (See Azevedo-Peraira, 2002 and 2003).

1D, ={(1+7)[1+c(t=n(i)) JOB(i)} for n(i)<t<n(i+1) (13)

where TD(t) is the total outstanding debt, TT represents the early termination penalty
charged by the lender and c is the fixed coupon rate.

The default decision is assumed not to be simply triggered if the present value of
the remaining payments exceeds the current market value of the house, but rather if the
value of the mortgage to the borrower including options, exceeds the house value. Thus,
a rational borrower defaults if the following condition is arises:

A(r,t)=[D(H,r,t)+C(H,r,t)]> H (14)

At the maturity of the mortgage, when the borrower decides on whether or not to
make the final mortgage payment, the default option will be worthless if the house is
worth more than the final payment and otherwise equal to the difference between the two.
That is;

D (H,r,t)=max|0,(MP—H) | for t=n(n) (15)

On monthly payment dates other than the maturity, the default option value is
adjusted for the difference between value of the remaining payments and the house price
when there is default, and remains unchanged by the payment under conditions of no
default.

D (H,r,t)=
D*(H,r,t) if Vi (H,r,t)=V," (H,r,t)+ MP  (no default)
A (r,ty-H if V, (H,r,t)<H (default)  for 1 =7(1),...,n7(n—1) (16)

The terminal condition for the prepayment option at maturity is unimportant. This is
because exercising the prepayment option cannot have any value for the borrower. In
addition, at any other payment date, prepayment can only have value in the absence of
default and so the terminal conditions for the prepayment option are as follows:

C (H,r,t)=
C'(H,r,t) if V, (H,r,t)=V, (H,r,t)+MP  (no default)
0 it V. (H,rt)=H (default)  for £=7(1),...7(n—1) (17)

Alternatively, prepayment option value can be calculated as; C = A — Vg — D.
Lastly, we model the mortgage default insurance as another component of the FRM
contract. We basically follow the US mortgage insurance system in order to evaluate the
insurance product as another financial derivative asset. At the contract maturity, the value
of the mortgage insurance is given in equation (18).
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I (H,r,t)=max[ 0,min(MP—H,¢MP) | (18)

If the borrower chooses to default on the mortgage and does not repay the last
monthly payment, mortgage insurance company pays to the lender either the difference
between the house price and the last monthly payment (MP-H) or a specific proportion
(¢) of the outstanding loan balance. In general, insurance companies pay the minimum
amount of these two values. Thus, in the US system, the insurance coverage seems to be
a simple pre-determined percentage of the value of the outstanding debt (see Kau et al.,
1993). The US insurance companies have, in general, a minimum insurance coverage of
25% of the outstanding balance.

At other payment dates during the contract term, the value of mortgage insurance
is given in equation (19).

I"(H,r,t) if Vy(H,r,t)=V,;(H,r,t)+MP (no default)
max[o,min(TD-(t)—H,¢TD-(z))] if V;(H,r,t)=H (default)
for ¢ = 5(1),..7(n—1) (19)

I (H,r,t)=

where
TD(t) = the total outstanding debt at time t
@ = minimum insurance coverage ratio — generally 25% in the US (see Kau et al. 1993,

Journal of Business, pp: 595-618).

Although the Turkish banks do not have a mortgage default insurance product,
they usually ask borrowers to get a life insurance before granting any mortgage. Banks
provide life insurance to the borrowers either by increasing the loan amount by the
insurance expense and originate a higher LTV mortgage or by taking part of the loan as
an insurance expense at the loan origination. The latter increases the up-front
arrangement fee and provides a higher yield to the bank." In the next section, we analyze
the effect of life insurance policy on the lender’s position within 1% to 5% arrangement
fee applications. We find that the banks have higher yields or offer lower mortgage
interest rates by charging higher arrangement fees at the loan origination.

4.2. No Arbitrage Condition

Mortgage coupon rates and contract terms vary widely, especially in volatile
economic environments, over time. In particular, the economic conditions change
continuously and contract specifications are also subject to frequent readjustments.
Following the extant literature, equilibrium framework proposed in this paper claims that a
contract can only be acceptable it represents a fair deal. It is necessary to ensure that the
borrower is not able to make an instantaneous profit by prepaying the loan and, similarly
that the contract is not structured in such a way that allows the lender to make any
immediate profit. This is called “no arbitrage” condition.

The values of the two state variables in the model, r(0) and H(0), are known at the
origination of the mortgage; therefore, the determination of an equilibrium coupon rate is
an iterative exercise in which, starting with the initial values for the state variables and the

" The yield on a mortgage will not always equal its interest rate. Suppose the lender charges the
borrower 1% of the 100,000 TL loan amount up front, just to grant the loan. With 1% origination fee
(as arrangement fee or life insurance expense), the lender will actually disburse to the borrower
only 99,000 TL, even though the contractual principal and the initial outstanding loan balance is
100,000 TL. Thus, the effect of the origination fee is to increase the mortgage yield to maturity over
the stated contract interest rate in the loan (See Geltner and Miller, 2001; p: 420).
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functional form specification for the contract, a search is done to find a coupon rate
capable of allowing the mortgage contract to meet the condition of no arbitrage (Azevedo,
et al. 2002, 2003). At the origination of the mortgage, the equilibrium condition which
avoids arbitrage is shown in equation (20), where § represents arrangement fee, TT gives
early termination fee, and L is the amount of the loan. Following Azevedo-Pereira et al.
(2002, 2003), in order to find the equilibrium coupon rate, a secant iteration technique
was used,

Vy (H(0),7(0),2(0),c,7)+1(H(0),7(0),000),c,7)=(1-¢&) L (20-a)
or
Vy(em)+1(e,m)—(1-&)=0 (20-b)

5. Results of the Numerical Analysis

For the numerical analysis of FRM valuation model, we specify the basic set of
economic parameters and the contract provisions as presented in Table 3. A 10-year
FRM contract originated for a 100,000 TRY house is evaluated in our analysis. We
present numerical results for two contract specifications. First, a mortgage with an
arrangement fee but no early termination penalty, secondly, one with an arrangement fee
and an early termination penalty. We use daily 3-Month Turkish Treasury-Bill yields
obtained from the secondary market to estimate the parameters of the CIR process. Data
set covers the period between February, 2002 and November, 2007 (See Appendix for
the estimation of CIR process for the Turkish economy). We calculate the historical
volatility of house price using the monthly House Price Index published by the Turkish
Statistics Institute between January 2002 and December 2007. Finally, the spot rate is
15% for the base case economic environment.

Figures 1 to 5 demonstrate the mortgage component values at the origination of
contracts with early termination penalty. That is, the value of remaining mortgage
payments, A, value of the option to default on the mortgage, D, value of the option to
prepay the loan, C, and the total effect of A, D, and C, which gives the entire contract
value V at the origination of the loan. The main reason for presenting these 3-dimensional
figures is to demonstrate both the smoothness of the numerical solution over the grid and
economic consistency of the results.

The value of remaining mortgage payments, A, depends only on the interest rate
(discount rate), r, therefore values parallel to the H-axis are constant (see Figure 1). As
would be expected, the value of remaining mortgage payments shows an inverse
relationship with the interest rate or the discount rate.

Figure 2 shows the value of the default option, D. The relationship between the
level of house price, H and the value of the mortgage contract, V, is the greatest influence
on the value of default option. The value of D is positive in almost all of the subset of the
state space where H < H(0). As the increase in interest rate, r leads to decreases in the

value of future payments, A and the mortgage value V, the value of default option,
whenever positive, tends to be inversely related to interest rate. The combined effect of
low house prices with low level of interest rate result in extremely high default value for
the FRM contracts as seen from Figure 2.

It is worthwhile to note that the US “sub-prime mortgage crisis” began with high
default rates on sub-prime and adjustable-rate mortgages (ARMs) in 2005-2006.
Mortgage defaults and foreclosure activity increased dramatically as the interest rates
began to rise and ARM interest rates reset higher, and as house prices dropped
continuously, after a long-term rising trend, in many parts of the US. Since most of the
defulted mortgages were ARMs, low house prices in combination with high interest rates
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resulted in significant amount of defaults. As we evalute the default option for the FRM
contracts in this paper, low house prices combined with low market interest rates result in
extremely high default values for the borrowers.

Figure 3 presents the value of the mortgage default insurance, which is directly
related to the evolution of the default option. At low house price levels, borrowers tend to
default on their mortgages and the insurance policy is highly expected to be exercised.
The value of the prepayment option, C, which primarily depends on the level of interest
rate, is illustrated in Figure 4. Prepayment option has high values for low levels of interest
rate, r, coinciding with high levels of house prices. This is because at low house prices
borrowers tend to default on their loans and, of course, a defaulted mortgage cannot be
prepaid.

Lastly, the value of mortgage contract, V, is a complex function of the remaining
mortgage payments, A, the default option, D, and the prepayment option, C, is exhibited
in Figure 5. At low levels of house prices, it is so valuable for the borrower to default on
his mortgage, and high values for the default option reduce the value of the mortgage
contract. At higher levels of house prices, prepayment option seems to be the significant
option. Changes in interest rates affect both A and C inversely but these two components
produce opposite effects on the value of the contract, V. For instance, increases in A
increases the value of the contract, V, whereas increases in C reduce the value of the
contract. Since the value of the prepayment option cannot be bigger than A, the
relationship between interest rates and the value of the mortgage contract tends to be
dominated by the effect of the interest rate on A. An exception occurs when the
combination of low interest rates and high house prices creates an environment in which
it becomes preferable for the borrower to prepay the loan. This condition matches with the
top section of the graph presented in Figure 5.

5.1. Equilibrium Mortgage Coupon Rates for Different Contract Specifications: No
Arbitrage Condition

In this section, we analyze the equilibrium mortgage coupon rates for a typical
fixed-rate mortgage (details given in Table 3) with early termination penalty of 2% by
using the no arbitrage condition. We calculate the equilibrium coupon rates for 75%, 95%,
and 100% LTV-ratio mortgage contracts separately. For each LTV-ratio, first, we analyze
a FRM contract in which the arrangement fee and mortgage default insurance do not
exist. Under these circumstances, no arbitrage profit condition can be written by the
following equation.

Vy(c)-L=0 (21-a)

In order for this contract to be feasible, it is necessary that the value of the
mortgage to the borrower, Vg, is equal to the loan amount at the mortgage origination, L.
Any coupon rate, ¢, that corresponds to this no arbitrage condition is the equilibrium
coupon rate that is capable of generating fair deal for both borrower and lender. Next, we
analyze the value of lender’s position with the inclusion of arrangement fees. No arbitrage
condition can be modified as follows:

Vp(e)=(1-8)L=0 (21-b)
Finally, equation (21-c) illustrates the equilibrium coupon rates for the full
mortgage contract with arrangement fee and mortgage default insurance.

V,(c)—(1—E)L+1=0 (21-c)
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Figure 6 illustrates the equilibrium mortgage coupon rates for a 75% LTV
mortgages under three different contract specifications described in Equations 21-a, 21-b,
and 21-c. For a representative lender who does not charge any arrangement fee and
does not have a mortgage default policy, [Vg(c) —L], the equilibrium coupon rate is
approximately 20% per annum. When we compare the value of lender’s position who
originates FRM contract with 2% arrangement fee, [Vg-(1-€)L] with another lender who
originates FRM contract with 2% arrangement fee and mortgage default insurance, [Vg-(1-
E)L+I], we see that equilibrium coupon rates for both of the lenders are approximately
19.52% per annum. This result implies that 75% LTV mortgages do not have high default
risk and, correspondingly, adding a mortgage insurance policy to the contract does not
add any value to the lender’s position. Thus, our results show that it is not beneficial for
the lenders to have mortgage default insurance for the 75% LTV loans.

Figure 7 exhibits the equilibrium mortgage coupon rates for the 95% LTV
mortgages. Although most of the banks in Turkey originate 75% LTV mortgages,
Finansbank and Yapi Kredi Bank originate 95% and even 100% LTV mortgages (see
Table 2). The equilibrium coupon rate for a typical FRM without an arrangement fee and
mortgage default insurance, [Vg(c)-L], is 20%. Next, we compare the equilibrium coupon
rate for a FRM contract with 2% arrangement fee but without mortgage insurance, [V;-(1-
¢)L] and the full mortgage contract with 2% arrangement fee and mortgage default
insurance, [Vg-(1-¢)L+I]. We find that while equilibrium coupon rate for the lender with a
mortgage insurance policy ranges between 19% and 19.44%, it ranges from 19.44% to
20% for the lender without default insurance policy. This result indicates that the lenders
with mortgage default insurance are able to offer lower coupon rates for high LTV
mortgages. More specifically, it is beneficial for the lenders to have mortgage default
insurance, especially for the high loan-to-value mortgages.

Finally, Figure 8 shows the value of lender’'s position and the corresponding
equilibrium mortgage coupon rates for a 100% LTV FRM contract. The important result is
that there is no equilibrium coupon rate for the lender without arrangement fee and
default insurance policy, [Vs-L]. It is noteworthy that if the loan-to-value ratio is 100%,
attainment of equilibrium combinations would be impossible. On the other hand, if the
lender has both 2% arrangement fee and mortgage insurance policy, [Ve-(1-€)L+I], the
equilibrium coupon rate is 19.28% per annum.

All these contractual features, such as the prepayment penalty, arrangement fee,
and mortgage default insurance, generate a benefit to the lender and, consequently, the
equilibrium coupon rates are reached at slightly lower levels of the coupon rate. Table 4
summarizes the trade-off between arrangement fee, prepayment penalty and the
equilibrium coupon rate. It is obvious that as the lender charges higher prepayment
penalty and arrangement fee, it can offer lower mortgage coupon rates.

It is important to note that, some Turkish banks ask borrowers to get a life
insurance before granting any mortgage. Banks usually provide this insurance to the
borrowers by taking part of the loan as an insurance expense. Hence, they do not allow
the borrowers to use the full amount of the loan. By increasing the origination fee further
for covering the life insurance expenses, the banks may either increase the yield earned
from the loan or allow lower regular loan payments (lower interest rate) for the same yield.
Hence, the arbitrage opportunity observed in the Turkish banks may be attributable to
higher arrangement fees with life insurance products.’

5.2. The Effect of Changes in the Economic Environment

'S We thank the anonymous referee who suggested us to discuss the Turkish bank’s higher yield
(or lower mortgage interest rate) may be attributable to life insurance product.
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As noted earlier, the economic environment is characterized in the present work
through the set of parameters given in Table 3. In this section we present an analysis of
the effects induced by changes in the base case parameters; particularly, the changes in
house price volatility, interest rate volatility, and spot interest rate.

Table 5 presents the effect of house price volatility on the value of mortgage
components for a 95% LTV mortgage with 2% early prepayment penalty. As the house
price volatility increases from 3% to 15%, the value of default option rises significantly.
Since the value of mortgage default insurance increases correspondingly, the value of
mortgage contract for the lender, V, increases as well. The effect of interest rate volatility
on the value of mortgage components for a 95% LTV mortgage with 2% early
prepayment penalty is illustrated in Table 6. Interest rate volatility directly affects the value
of the prepayment option. As the volatility increases, borrowers tend to exercise their
prepayment option, consequently the value of the mortgage for the lender declines
significantly.

Table 7A and Table 7B show the effects induced by different types of yield curves
in terms of the value of the mortgage-related assets for 95% LTV and 75% LTV fixed-rate
mortgages, respectively. By changing the initial level assumed by the spot interest rate,
r(0), while holding constant the steady state spot interest rates, 6, we capture different
yield curve shapes. According to our numerical results, there is a direct relationship
between the evolution of the level of the initial spot rate and the coupon rate for a fixed 6.
In fact, higher levels of spot interest rates lead to higher equilibrium coupon rates.

A further important highlight is the effect of increases in interest rate volatility, o,
for different slopes of the yield curve. The increase in the interest rate volatility directly
affects the evolution of default and, especially, of prepayment. Table 7A shows that as
the interest rate volatility increases from 12% to 15%, the value of default and, especially
value of prepayment option increases significantly for 95% LTV mortgages. On the other
hand, as seen from Table 7B, interest rate volatility is only effective on prepayment but
not the default option for 75% LTV mortgages. For the 95% LTV mortgages, increases
both in default and prepayment option values contribute to the reduction in the value of
the mortgage to the borrower, Vg. However, value of insurance () tends to move in a
direction opposite to the movement in o,. Consequently, the overall result in terms of the
evolution of mortgage value to the borrower, Vg (the relationship between increases in A,
D, and C) and the evolution in I. Both tend to decrease with increases in o,. Under these
circumstances in order to reach an equilibrium it is necessary to increase the coupon rate
and consequently the value of A to compensate for those declines in | and increases in
C+D.

Lastly, we examine the joint effect generated by increases in house price volatility
and changes in the slope of the yield curve. Given that the effects induced by increases in
house price volatility on the evolution of default and prepayment are of opposite nature
and tend partially compensate each other, the influence of house price volatility in terms
of the equilibrium coupon rates is moderate. The overall effect of house price volatility
seems to be translated into a slight reduction of the equilibrium coupon rate, for all the
yield curves studied in the present work (see Table 7A and 7B).

5.3. Equilibrium Mortgage Coupon Rates and the Prevailing Coupon Rates in
Turkey: September 2007

This section mainly examines if Turkish economy ready for originating long-term
FRMs? More specifically, we answer the question of whether or not the currently
observed FRM coupon rates represent a fair transaction between the banks and the
borrowers in Turkey?

In section 5.2, we have calculated the equilibrium coupon rates for a typical 10-
year FRM contract with 75%, 95%, and 100% LTV ratios separately. As almost every
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bank in Turkey charges 2% prepayment penalty for the FRM contracts, we evaluate the
variation of equilibrium coupon rates by taking into account the arrangement fee and the
mortgage default insurance policy. As a next step, we compare the monthly equilibrium
coupon rates with the prevailing mortgage coupon rates in September 2007.

For a representative 10-year FRM with 2% arrangement fee but without mortgage
default insurance, we find that the equilibrium coupon rates range between 1.497% and
1.531% for 75% LTV mortgages, and between 1.531% and 1.601% for 100% LTV
mortgages. However, the prevailing mortgage coupon rates in September 2007 range
between 1.29% for Finansbank and 1.53% for |Is Bank. This result shows that, except for
Is Bank, all other banks offer mortgage interest rates that are significantly below the
equilibrium coupon rates, involving arbitrage profit for the borrowers. In other words, we
claim that these contracts do not represent a fair deal between the lenders and borrowers
in Turkey. In fact, due to significantly low mortgage coupon rates, large numbers of
borrowers took out mortgages throughout this period. The value of mortgage loans was
approximately 20.67 billion TRY as of September 2007, which was a remarkably high
figure since 2000.

Although the prevailing mortgage coupon rates are below the equilibrium rates,
20% to 25% mortgage interest rates per annum are extremely high for establishing a well-
functioning primary mortgage market in any economy. In comparison with other
developing countries, such as India (9.25%-13.25% per annum), Mexico (12% per
annum), Korea (6.29% per annum), Bulgaria (6% per annum), etc, Turkish banks offer
significantly high mortgage interest rates, which tremendously increase the cost of
mortgage financing for the borrowers.

Furthermore, we examine the FRM mortgage coupon rates and contract maturities
of our sample banks over the last one-year time period, from September 2007 to
November 2008. We observe that every bank in our sample significantly increased their
coupon rates and most of the banks drastically reduced their contract maturities. In
particular, observed monthly coupon rates in November 2008 range between 1.79%
(Oyak Bank) and 2.40% (HSBC Bank). Is Bank reduced its contract maturity from 120
months to 60 months. Akbank, Yapi Kredi Bank and Vakif Bank, with 240-month contract
maturities, currently originate FRM mortgages with a maturity of up to 60-120 months.
Similarly, HSBC and Finansbank, with 360-month contract maturities, currently originate
FRM mortgages with a maturity of up to 120-180 months.

Since the mortgage coupon rates and contract maturities have changed drastically
over a very short time period, from September 2007 to November 2008, we argue that the
effects of the global financial crisis are started to be felt in Turkish mortgage market. The
primary mortgage market in Turkey is still in its infancy stage. Turkish banks, including
the private, public and foreign deposit banks, have constructed their own mortgage
portfolios, without the sub-prime loans.'® Borrowers, who take out mortgages, are not low
income citizens. They are not likely to default on their mortgages. However, the global
financial crisis is likely to exert indirect and powerful negative effects on Turkey as it has
been doing indiscriminately so far on several developing and emerging economies.

6. Concluding Remarks

In this paper we use traditional option-pricing model to evaluate the current 10-
year fixed rate mortgage (FRM) contracts with embedded default and prepayment options
in Turkey. In fact, theoretical and empirical research on mortgage design and pricing has
been widely conducted on the fixed and adjustable rate mortgages used in the United

16 Recently, the chairman of the Capital Markets Board commented that there was not any problem
in Turkey’s mortgage markets since there were no sub-prime mortgages in Turkey.

108



States and United Kingdom. One of the key questions for any aspect of research on
emerging markets is whether the models and theories put forth and tested several times
in developed financial markets also describe the realities observed in emerging markets.
To our knowledge, this paper is the very first attempt to use a structural approach (option
pricing model) to price the FRM contracts in an emerging economy with its different and
unique dynamics.

Due to the recent improvements in Turkish economy, the current government in
collaboration with the Capital Market Board initiated a legal framework to contract, for the
first time ever, long-term fixed rate mortgages. As of December 2006, the value of
mortgage debt in Turkey was approximately 12.24 € billion, which made it the second
largest mortgage market among the new members and candidate members of the EU.
Currently, the Turkish banks offer a variety of mortgage products, including Turkish Lira
(TRY) - denominated fixed-rate, adjustable rate, and graduated payment mortgages and
US Dollar-, and, Euro-denominated mortgages.

We employ explicit finite difference methodology as the appropriate procedure to
valuing mortgages with embedded default and prepayment options. For each component
of a typical mortgage contract, including the promised future monthly payments, default
option, prepayment option, and mortgage default insurance, we present numerical results
in 3-dimensional figures. We demonstrate that the numerical solution is smooth over the
grid and there is economic consistency of the results.

In order to understand if option pricing models and theories put forth and tested
several times in developed financial markets are also successful in describing the realities
observed in Turkish mortgage market, we attempt to answer the following questions. 1.
Do the currently observed FRM coupon rates represent a fair transaction between the
banks and the borrowers in Turkey? 2. What will be the value of bank’s (lender’s) position
if they have mortgage default insurance policy, especially for the high loan-to-value (LTV)
housing loans?

Our results show that, except for Is Bank, all other banks offer mortgage interest
rates that are significantly below the equilibrium coupon rates, involving arbitrage profit for
the borrowers. In other words, we claim that these contracts do not represent a fair deal
between the lenders and borrowers in Turkey. We also conclude that even if the
prevailing mortgage coupon rates are below the equilibrium rates, 20%-25% mortgage
interest rates per annum are extremely high for establishing a well-functioning primary
mortgage market in any economy. In comparison with other developing countries, such as
India (9.25%-13.25% per annum), Mexico (12% per annum), Korea (6.29% per annum),
Bulgaria (6% per annum), etc, Turkish banks offer significantly high mortgage interest
rates, which tremendously increase the cost of mortgage financing for the borrowers.

Most of the banks in Turkey originate maximum 75% LTV mortgages. We find that
75% LTV mortgages do not have high default risk and, correspondingly, adding a
mortgage insurance policy to the contract does not add any value to the lender’s position.
Thus, it is not beneficial for the lenders to have mortgage default insurance for the 75%
LTV loans. On the other hand, our findings show that it is beneficial for the lenders to
have mortgage default insurance, especially for the high LTV ratio mortgages.

Finally, we argue that the effects of the global financial crisis are started to be felt
in Turkish mortgage market as the banks have increased their mortgage coupon rates
and shortened the contract maturities drastically over a very short time period, from
September 2007 to November 2008. The primary mortgage market in Turkey is still in its
infancy stage. Turkish banks, including the private, public and foreign deposit banks,
have constructed their own mortgage portfolios, without the sub-prime loans. Borrowers,
who take out mortgages, are not low income citizens. They are not likely to default on
their mortgages. However, the global financial crisis is likely to exert indirect and powerful
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negative effects on Turkey as it has been doing indiscriminately so far on several
developing and emerging economies.
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Table 1: Mortgage Debt-to-GDP (%), End of 2006

Value of Growth in Residential P&:}ﬁgggg

Mortga!ge Mortgage Debt ’Fo Debt €

Debt, € million Debt GDP Ratio thousahd
Bulgaria (2007) 1,745 73.5% 7.0% 0.2
Czech Republic (2004) 8,055 33.9% 7.1% 0.8
Estonia (2004) 4,278 63.4% 32.7% 3.2
Cyprus (2004) 3,077 43.5% 21.2% 4.0
Latvia (2004) 4,680 86.5% 28.9% 2.0
Lithuania (2004) 2,997 32.1% 12.6% 0.9
Hungary (2004) 10,215 11.0% 11.4% 1.0
Poland (2004) 22,514 53.7% 8.3% 0.6
Romania (2007) 2,276 57.2% 2.3% 0.1
Slovenia (2004) 1,956 43.0% 6.6% 1.0
Slovakia (2004) 4,209 36.7% 9.6% 0.8
Croatia (candidate) 5,219 37.2% 15.3% 1.2
Serbia (candidate) 650 111.7% 2.9% 0.1
Turkey 12,237, 65.7% 3.8% 0.2
Ukraine (candidate) 4,301 157.6% 2.6% 0.1

Source: Eurostat, National Central Banks, EMF
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Table 3: Basic Set of Economic Parameters and Contract Provisions

CONTRACT
Base Case Parameter Fixed-rate Mortgage With F_ixed-rate Mortgage
Values Arrangement Fee and With Arrangement Fee
Without Early Termination | and Early Termination
Penalty Penalty
Economic Environment
Spot interest rate, r(0) 15% 15%
Long term average of
interest rate, 0 24% 24%
Speed of reversion, k 56% 56%
House service flow, & 4% 4%
Correlation coefficient, p 0 0
Contract Provisions
Maturity, n 120 months 120 months
Value of house at
origination, H 100 000 TRY 100 000 TRY
Arrangement fee, & 2% 2%
Early termination penalty,
T - 2%

Figure 1: Value of Future Payments (A)

Value of Future Payments {3)

{Repayment Mortyage With Early Termination Penalty)

bt
T
A

E

HousePril:B(H). g&%’%%s .D..SD

%@%%%_

House Price (H) %%9&?38 D..SDH 45% QBg'

Figure 2: Value of Default Option (D)

Value of Default Option (D)
{Repayment Mortgage With Early Termination Penalty)

Interest Rate (R}

113



Figure 3: Value of Insurance (I)

Value of Insurance ()
{Repayment Mortgage With Early Termination Penalty)
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Figure 5: Value of Mortgage Contract (V)

Value of Mortgage Contract (V)
(Repayment Mortgage With Early Termination Penalty)
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Figure 4: Value of Prepayment Option (C)
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Figure 6: Mortgage Value for the Lender (75% LTV Mortgage Contract without
Default Insurance and Arrangement Fee) - FRM Contract with Prepayment
Penalty of 2%
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Coupon rate (c)
Figure 7: Mortgage Value for the Lender (95% LTV Mortgage Contract without
Default Insurance, with Arrangement Fee) - FRM Contract with Prepayment
Penalty of 2%
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4000 -
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0 ‘ ; ;
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Coupon Rate (c)

The following parameters were used in the construction of this table: the arrangement fee (§) is 2%;
the early termination penalty (r) is 2%; the spot interest rate (r(0)) is 15%; the long term average of
the interest rate (0) is 24%; the speed of reversion (k) is 56%; the interest rate volatility (c) is 12%;
the house price volatility (v) is 9%; the house service flow (8) is 4% and the correlation coefficient

(p) is 0.
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Figure 8: Mortgage Value for the Lender (100% LTV Mortgage Contract with
Default Insurance and Arrangement Fee) - FRM Contract with Prepayment
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17.00%
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—B—VB-(1-E)L+

The following parameters were used in the construction of this table: the arrangement fee (§) is 2%;
the early termination penalty (r) is 2%; the spot interest rate (r(0)) is 15%; the long term average of
the interest rate (0) is 24%; the speed of reversion (k) is 56%; the interest rate volatility (c) is 12%;
the house price volatility (v) is 9%; the house service flow (8) is 4% and the correlation coefficient

(p)is O.

Table 4: Trade-Off between Arrangement Fee, Early Termination Penalty and Equilibrium

Contract Rates

Coupon Rate (c)

Prepayment
Penalty Arrangement Fee (&)
(m) 0.00 0.01 0.02 0.03 0.05
0.00 21.93% 19.83% 19.47% 19.15% 18.91
0.01 20.14% 19.77% 19.45% 19.14% 18.91
0.02 20.09% 19.75% 19.44% 19.13% 18.89
0.05 20.05% 19.73% 19.43% 19.13% 18.89

The following parameters were used in the construction of this table: the spot interest rate
(r(0)) is 15%; the long term average of the interest rate (0) is 24%; the speed of reversion (k)
is 56%; the interest rate volatility (o) is 12%; the house price volatility (v) is 9%; the house
service flow (3) is 4%; LTV ratio is 95% and the correlation coefficient (p) is O.




Table 5: House Price Volatility and the Value of Mortgage Components

95% LTV Fixed-Rate Mortgage With Early Termination Penalty

House Price Future
Volatility Payments Mortgage Default | Prepayment Insurance
() (A) (W) (D) ©) (1)
3.0% 90557 86804 2 3750 4
6.0% 90557 87343 35 3179 64
9.0% 90557 88186 170 2201 322
12.0% 90557 89225 471 861 920
15.0% 90557 90321 941 0 1871

The following parameters were used in the construction of this table: the contract rate (c)
is 18%; the early termination penalty (n) is 2%; the spot interest rate (r(0)) is 15%; the
long term average of the interest rate (0) is 24%; the speed of reversion (k) is 56%; the
interest rate volatility (o) is 12%; the house service flow (8) is 4%; and the correlation
coefficient (p) is 0.

Table 6: Interest Rate Volatility and the Value of Mortgage Components
95% LTV Fixed-Rate Mortgage With Early Termination Penalty

Interest Rate Future
Volatility Payments Mortgage Default | Prepayment Insurance
(1) (A) (W) (D) ©) (1)

6.0% 90147 90504 143 0 436

9.0% 90318 89517 160 641 385
12.0% 90557 88186 170 2201 322
15.0% 90870 86522 167 4180 254
18.0% 91232 84591 153 6488 192

The following parameters were used in the construction of this table: the contract rate (c)
is 18%; the early termination penalty (r) is 2%; the spot interest rate (r(0)) is 15%; the
long term average of the interest rate (0) is 24%; the speed of reversion (k) is 56%; the
house price volatility (v) is 9%; the house service flow (3) is 4%; and the correlation
coefficient (p) is 0.
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Table 8: Equilibrium Mortgage Coupon Rates and the Prevailing Mortgage Coupon
Rates of the Turkish Banks: September, 2007

PANEL-A: September, 2007
Spot interest rate 15%, Long-term interest rate 24%, Interest rate volatility =12%

No fee & No|2% Arrangement | 2% Arrangement Fee
Mortgage Fee & No | & Mortgage
Insurance Insurance Insurance
[Ve-L] [Ve-(1-E)L] [Ve-(1-E)L+1]

Equilibrium Coupon
Rates: LTV = 75%

1.531% - 1.601%

1.497% — 1.531%

1.497% — 1.531%

Equilibrium Coupon
Rates: LTV = 95%

1.531% — 1.601%

1.490% — 1.531%

1.460% -1.490%

Equilibrium Coupon
Rates: LTV = 100%

No equilibrium
coupon

1.531% - 1.601%

1.480 %

Prevailing
Rates

Coupon

Oyak Bank: 1.35%
HSBC: 1.44%
Akbank: 1.31%
Garanti: 1.34%
Vakifbank: 1.30%
Is Bank: 1.53%
Finansbank: 1.29%
Yapi Kredi: 1.33%
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Appendix 1: Estimation of the CIR Process Parameters
CIR model (1985) assumes that the time evolution of the short term interest
rate under real probabilities P has the following representation

dr, =x(@—r)dt+or">dw” (1)
Under risk neutral measure Q it follows
dr, =x(0 —r, — Ao )dt + o, r''?dw ° (2)

where 4 is the market price of risk. The unique positive solution to the short rate
stochastic differential equation (2) is

r(t) = 0% +(r(s)— 0%)e "™ + o e ™ j e ) r(u)dW (u) (3)

for any t>sand 6*=6-Ao,. The probability density of interest rate at time t,
conditional on its value at current time s, is given by

Jr(0),t;r(s),8) = ce™™ (5) 1,(2v)"), (4)

where
2K 2k0* 3

c= —, u=cr(s)e™™, v=cr(t), q= 1
O'fil —e ) o

and /_(.)is the modified Bessel function of the first kind of order q.

Notice that short term interest rate is distributed as chi-squared conditioned on the
filtration at time s,

r@) | F, ~ x(2er(1),2q + 2,2u) (5)
with 2¢g + 2 degrees of freedom and parameter of non-centrality 2u proportional to the

current short rate.

Assuming independency, one can write the likelihood function for the shot rate series
with T observations

LO|r@) =[] f(r@).1r(s),5) (6)

Then log-likelihood function is

Logl(®|r(t))=(T -1)Inc+ ZT:{— u,—v,, + 0.51n[h] + 1n([q (2 uv,, ))} (7)

t=1 u[
Then the estimation of the parameter is done by maximizing equation (7) over the
control variables ® = {k, o, ,6, 1}.

A

®=arg max LogL(© | (1))
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We choose initials implementing the Direct optimization algorithm (see Dan
finkel) and then we make use of Nelder-Mead algorithm to solve the nonlinear
optimization problem.

We use daily 3-Month treasury yields obtained from the secondary market to
estimate the parameters of the CIR process. Data covers the period between 28 Feb
2002 and 21 Nov 2007. Data set has1518 observations in total.

Appendix 2: Descriptions of the Model Variables
H = the value of the mortgaged housing property,

r = the instantaneous risk-free interest rate,

4 = average rate of house price appreciation,

o, = the volatility of disturbances in actual house price appreciation,
z,, = the standardized Wiener process that drives the uncertainty in house prices,
6= the long-term mean value for the interest rate,

x = the speed of adjustment in the mean reverting process,
o, = the standard deviation of the interest rate disturbance,

z, = the standardized Wiener process,

p = the instantaneous correlation coefficient,
V' = the mortgage value,

n = the life of the mortgage in months,

L = amount of the loan,

c= the fixed coupon rate,

7z = early termination penalty,

f = fraction for insurance coverage,

&= arrangement fee,
n(i) = i th payment date,
OB(i) = outstanding balance after i th payment date,

MP = monthly payment for a fixed-rate mortgage,
TD(t) = borrower’s total dept at time t.

Vg(r; H; t) = value of the mortgage to the borrower at time t for given r and H,
A(r; t) = value of the remaining mortgage payments at time t for given r,

D(r; H; t) = value of the default option at time t for given r and H,

C(r; H; t) = value of the prepayment option at time t for given r and H,

J(r; H; t)= value of the joint option at time t for given r and H.
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1. Introduction

The nature of the housing market, the allocation of interest rate risk, and the
economic and institutional structure all contribute to the diverse mortgage contract
designs that are found worldwide. Because of the volatile macroeconomic environment
and the lack of legal and regulatory framework that supports collateralized lending, the
provision of housing finance in developing countries is often problematic.

Mortgage market development is likely to be a key factor in overall financial
market development. In particular, an efficient mortgage market acts as a positive
externality for the other capital markets, creating pressure for higher efficiency in these
markets. On the other hand, a poorly functioning mortgage market is likely to pollute
other financial markets with its inefficiency (Jaffe and Renaud, 1997). Efficient mortgage
markets in developed economies require that the lending risk (credit, liquidity, and
interest rate risk) be allocated to the long-term investors who are best able to handle
them. In emerging economies, housing finance has remained in a primitive state
compared to the rapid development of banking and other financial markets. Although
foreign banks operate in emerging markets, they are mostly in the government bond
business. The financial sector is far deeper than trading government bond and actual
financial sector development requires lending to businesses, lending to housing, and
lending to construction. Developing mortgage financing is a fundamental part of the
financial sector development, because it stimulates growth through the construction
sector and provides access to credit for more people.

In spite of the crucial role of mortgage financing in developing the financial sector
of the emerging economies, there are not many published studies focused on examining
the mortgage markets in developing economies and the performance of their mortgage
products. Existing academic studies mainly give importance to the Latin American
countries, especially the mortgage markets in Mexico and Chile." A few studies analyze

the mortgage markets in transition economies® and others examine development of

'Siembieda and Moreno (1997), Lipscomb and Hunt (1999), Pickering (2000a-b), and Lipscomb
et al. (2003) all examine the structure of the Mexican mortgage market and the performance of
different loan contracts such as dual index mortgages and inflation-indexed mortgages. Alvayay
and Schwartz (1996) analyse the housing finance policies in Chile. Ortega (2000) studies the
development of Chilean mortgage market and focuses on the risk management in inflation-
indexed mortgages, namely Unidad de Fomento (UF) indexed mortgage loans.

2 Jaffee and Renaud (1997) discuss the main factors that hinder the development of mortgage
markets in economies that are in transition from central planning to a market system. Chiquier



housing finance in East Asia. Although East Asia is a young market, Hong Kong,
Singapore, and even China, have deep primary residential mortgage markets in
comparison to other emerging markets, which can be grouped as the Latin American
countries, transition economies, and Middle Eastern and North African (MENA)
countries.

This paper, firstly, intends to analyze the recent developments in Turkish
mortgage market in line with the macro-economic progress in the country over the past
few years. Turkey is a G-20 member Eurasian country and commands the youngest
population in Europe.® Turkish economy has been growing by around 6 per cent a year
for the last five years, which is faster than many developed economies and most
emerging markets. The economic measures, taken after the financial crisis of 2001,
have been very effective in subduing immensely the inflation, building investor
confidence and attracting substantial and record amounts of foreign investments, and
dampening the unemployment®. The recent improvements in the Turkish economy,
especially the drop in the inflation rate has led the Capital Market Board to work on a
draft of regulatory changes that would facilitate the legal environment for the
establishment of the mortgage system. The efforts for the development of the mortgage
system have attracted the construction sector and the related financial sectors. The
result was the increase in the construction of the new housing units, the development in
the mortgage products, and the significant decline in mortgage interest rates. We believe
that a better understanding of this particular economy with its developing mortgage
market may shed light on other countries at the similar stage of economic development.

Secondly, this paper uses traditional option-pricing model to evaluate the current
10-year fixed rate mortgage (FRM) contracts with embedded default and prepayment
options in Turkey. Indeed, option pricing models have been extensively used for pricing

the fixed-rate and adjustable-rate mortgages with prepay and default options.’ It is

(1998) evaluates the performance of dual index mortgages in Poland in comparison to the
standard mortgage contracts.

% 66.5% of the population in Turkey is within the 15-64 age group, the 0-14 age group
corresponds 26.4% of the population, while 65 years and higher of age correspond to 7.1% of the
total population, 2007 Census -population statistics, Turkish Statistical Institute.

Turkey has steadily opened up its markets through economic reforms by reducing government
controls on foreign trade and investments and the liberalization of many sectors to private and
foreign participation has continued.
® McConnell and Muller (1988) provide an overview of mortgage pricing techniques. Hendershott
and Van Order (1987) survey the development of the option-pricing approach to mortgage
valuation and Kau and Keenan (1995) provide a later review of the academic literature.



important to point out that theoretical and empirical research on mortgage design and
pricing has been conducted on the fixed and adjustable rate mortgages used in the
United States and United Kingdom®. A key and one of the first questions for any aspect
of research on emerging markets is whether the models and theories put forth and
tested several times in developed financial markets also describe the realities observed
in emerging markets (see, for a recent example, Demirguc-Kunt et al leverage papers in
WBER and JFE). To our knowledge, this paper is the very first attempt to use an option
pricing model to price the FRM contracts in an emerging economy with its different and
unique dynamics.

In particular, we use the structural approach (option pricing model) in order to
answer the following interrelated questions:

1. Is Turkish economy ready for originating long-term FRMs? More specifically,
do the currently observed FRM coupon rates represent a fair transaction between the
banks and the borrowers in Turkey?

Mortgage coupon rates and contract provisions vary widely over time. The
economic environment changes continuously and contract specifications are also
subject to frequent adjustments. In line with the literature, the equilibrium framework
proposed in this paper claims that a contract can only be acceptable if it represents a fair
deal. Specifically, we examine if the current mortgage coupon rates are below or above
the equilibrium coupon rates which avoid arbitrage.

2. What will be the value of bank’s (lender’s) position if they have mortgage
default insurance policy, especially for the high loan-to-value (LTV) housing loans?

In developed economies, the law requires lenders to obtain mortgage insurance
(or mortgage default insurance) on loans where homebuyers make down payments of
less than 20 per cent of the purchase price of the home (for above 80% LTV loans).
Currently, Turkish banks do not require mortgage default insurance for high LTV
mortgages. This paper aims to price mortgage insurance product as a potential financial
derivative in the Turkish capital markets.

Our findings show that almost every bank, with the exception for Is Bank, offers
mortgage interest rates that are significantly below the equilibrium coupon rates,

involving arbitrage profit for the borrowers. Thus, we conclude that these contracts do

6 Recently, some researchers have focused on evaluating the mortgage contracts in Korea and
Singapore by using the standard contingent claims approach. Chu et al. (2003) model the default
risk of Singapore mortgages using the classical option pricing theory, and Ambrose and Kim
(2003) use a contingent claims model for modeling Korean Chonsei lease contract.



not represent a fair deal between the lenders and borrowers in Turkey. We also argue
that even if the prevailing mortgage coupon rates are below the equilibrium rates, 20%-
25% mortgage interest rates per annum are extremely high for establishing a well-
functioning primary mortgage market in any economy. In addition, our findings show that
it is highly beneficial for the lenders to have mortgage default insurance, especially for
the high LTV ratio mortgages.

The rest of this paper is organized as follows. Section 2 reviews option pricing
literature for evaluating the default and prepayment options of mortgage contracts.
Section 3 provides information on the recent developments in Turkish mortgage market.
Section 4 presents the classical option pricing model for the valuation of FRM contract
with embedded default and prepayment options. Section 5 presents the discussion of

the numerical results. Finally, section 6 offers concluding remarks.

2. Review of the Literature

The extant literature shows that two main approaches have emerged on
modeling mortgage termination either by prepayment or default: reduced-form and
structural (options-pricing) models.

Termination may occur for non-financial (personal) reasons, such as divorce, a
new job, or death in the family, causing a borrower to change the residence. Reduced-
form approach treats non-financial termination behavior by modeling the termination
decision as a function of a set of exogenous variables representing the factors that
influence the likelihood of mortgage termination. Well-known reduced-form mortgage
termination models include Schwartz and Torous (1989), Deng et al. (2000) and Deng
(1997). The main advantages of this approach are flexibility and the ability to closely
mimic the historical data record of mortgage terminations. However, reduced-form
approach has low out-of-sample forecasting power. In addition, these models are often
not well suited for valuation, to the extent that mortgage prices for the prepayment and
default option values are included in the set of exogenous variables used to predict
terminations (Downing et al., 2005).

There are also financial reasons to terminate a mortgage contract that apply
equally to all individuals. These are the terminations that lower the market cost of the
mortgage contract for the borrower. The structural approach or the traditional option-
pricing approach treats mortgage termination as the optimal response of a rational

borrower to changes in interest rates and house prices, in order to minimize the market



value of the loan. This modeling approach was first applied to mortgages by Dunn and
McConnell (1981a, b) who modeled the optimal termination behavior of borrowers who
could costlessly prepay, but not default.

According to the structural approach, well-informed borrowers in a perfectly
competitive market will exercise either of the two options when they can increase their
wealth. Absent either transaction costs or reputation costs that reduce credit ratings,
these individuals can increase their wealth by defaulting on a mortgage when the market
value of mortgage exceeds the value of the property. Similarly, by prepaying the
mortgage when the market interest rate is below the contract rate, they can increase
wealth by refinancing. However, a borrower who chooses to prepay the mortgage gives
up the opportunity to exercise either prepayment or default option in the future. Likewise,
a borrower who decides to default on the mortgage also forfeits the opportunity to
exercise the prepayment or default option in the future.

Titman and Torous (1989) and Kau et al. (1992, 1995) examine structural
approach and emphasize the importance of the joint-ness of prepayment and default
options. In a mortgage contract, borrowers have the right to prepay a mortgage, but to
rule out the possibility of default, or to consider default while ruling out the possibility of
prepayment. Since prepayment and default substitute for one another, contracts with
only one of these options lead the borrower to behave differently from when both are
present. This substitution effect means that one cannot accurately value either the
individual provisions or their interaction without both options being present. A series of
papers by Kau et al. (1993) and Azevedo-Pereira et al. (2002, 2003) evaluate the US
ARMs and the UK FRMs, respectively, with the embedded default and prepayment
options. Without using loan-base data to decide the pattern of termination, these studies
provide theoretical valuation models, which impose termination decision endogenously,
and use numerical methods in order to price the jointly exercise of the embedded
options.

Well-specified structural models should perform well out of sample because
termination behavior arises from borrowers’ optimizing behavior. Downing et al. (2005)
claim that the basic problem with these models is that, they predict that a mortgage can
never trade above par. This is because borrowers will exercise their prepayment option
the instant that the mortgage value exceeds par —what is often referred to as “ruthless
option exercise. On the other hand, Kau et al., (1992) state that while people prepay

mortgages for personal reasons, they seldom default for this reason. Default is unlikely



to occur unless the house value is less than the market value of the loan. Hence,
financially induced termination seems particularly important in the case of default.

Over the past two decades, option pricing models (structural approach) have
(has) been mainly used for pricing the fixed- and adjustable rate mortgages in developed
economies, especially in the US and UK. This paper uses the traditional option-based
pricing model to price FRM contracts in an emerging economy. The main objective of
this study is to price both the default risk and the prepayment risk of the FRMs, from the

lenders’ perspective, using the well-known option pricing model.

3. Recent Developments in Turkish Mortgage Market

Real estate is one of the most important sectors of the Turkish economy. In
recent years, this sector has made up of about 10 percent of the country’s Gross
National Product (GNP), which has grown to 539.9 Billion TRY (US$ 381 Billion) in 2006.
One of the reasons for this significant increase is that Turkey is a dynamic and recently
strongly performing emerging market economy. In spite of the historically high demand
for real estate assets, a well-organized and deep enough mortgage market did not exist
in Turkey until quite recently. The absence of an efficient mortgage market was mainly
due to a long-running process of persistently high inflation’, the inability of the banks to
fund mortgages from their deposit base, and the lack of standardization within the title
and appraisal systems.

In fact, the inflation rate in Turkey has stabilized within a band of 15%-20% within
the last few years. The economy has been growing by around 6 per cent a year for the
last five years, which is faster than many developed economies and most emerging
markets. These recent improvements in the macro-economy enabled the Turkish finance
sector to offer long-term funding at relatively cheap prices for the first time in history.
According to the Banks Association of Turkey, mortgages represented only 7.64 per cent
of the overall consumer loan portfolio in 2003, whereas over the first nine months of
2008 mortgages have a share of 29.5 per cent.

Under the stable economic conditions of the recent years, the current

government has recently prepared a legal framework not only for a proper mortgage

7 See Erol and Patel (2005) for failed attempts to introduce mortgages during the high inflation
era.

8 In 2003, the mortgage loans granted were 800.6 million TL while total consumer credits granted
were 10,478 million TL. Over the first nine months of 2008, total consumer credits and mortgage
loans granted were 46,727 million TL and 13,779 million TL, respectively (www.tbb.org.tr ).



system, designed especially for financing residential real estate for the middle-income
households, but also for the eventual securitization of these mortgages. The Turkish
Parliament ratified recently (March, 2007) this legal framework into law. Hence, the
current government and the Capital Market Board initiated a legal framework to contract,
for the first time ever, long-term fixed rate mortgages.

Turkey experienced strong growth in mortgage debt over the last few years.
From 2002 to 2006, there has been continuous growth in the level of outstanding
balances of mortgages at a compounded average growth rate of 191.5%.

(www.datamonitor.com). Table 1 presents the mortgage debt as a percentage of GDP

both for European Union (EU) new member and candidate countries at the end of 2006.
As of December 2006, the value of mortgage debt in Turkey was approximately 12.24 €
billion, which made it the second largest mortgage market among the new members and
candidate members of the EU°. Mortgage debt-to-GDP ratio for Turkey (3.8%) was
greater than those for Romania, Serbia, and Ukraine, and Turkey has experienced
65.7% growth in mortgage debt in December 2006 compared to the previous year.

Almost all of the mortgages are originated from deposit banks in September
2007."" While private deposit banks originate 61% of the mortgages, public deposit
banks initiate only 15% of the mortgages. And the remaining 24% of the mortgages are
originated by the foreign banks. Examining the percentage shares of the banks in
mortgage lending activity, we observe that with a 15.2% share of the total mortgage debt
Akbank stands out as the mortgage industry leader. Garanti Bank, which has the second
largest share of the overall mortgage lending activity with a 14.7% share, is followed
closely by Is Bank with 14% share of mortgage lending. Finans Bank, Vakiflar Bankasi,
and Yapi Kredi Bankasi have 11.9%, 9.4%, and 7.9%, respectively. It is worth to note
that with the exception of Vakif Bank, a public deposit bank, all banks are private deposit
banks in Turkey.

Deposit banks, as the main mortgage lenders, extend loans to borrowers who

wish to purchase a single-family detached/semi-detached/apartment style houses. While

? According to the Banks Association of Turkey, the market value of the mortgages was
approximately 20.67 billion TRY as of September 2007

' Mortgage debt outstanding was a mere 0.224% of the GDP in 2003 (www.tba.gov.tr)

'''At the end of September 2007 the total value of mortgages was 23,031,949 Thousand TL.
Deposit banks originated 23,002,309 Thousand TL, which makes 99.87% of the overall mortgage
loans granted. The remaining 0.13% of the mortgages was originated by Investment and
development banks (www.tbb.ogov.fr).




the lenders generally rely on the appraisal company's determination of the eligibility of
the property subject to transaction, some lenders have their own staff to do the appraisal
work. Currently, Turkish banks offer a variety of mortgage products including Turkish
Lira (TRY)- denominated fixed-rate, adjustable rate, and graduated payment mortgages
and US Dollar-, and, Euro-denominated mortgages. The most popular mortgage
products are fixed rate mortgages (FRMs) with 60 to 120-month contract maturity, and
the prevailing mortgage coupon rates range from 1.2 to and 1.53 percent in September,
2007.

As the FRMs are popular mortgage products over the past few years, this paper
concentrates on pricing the typical constant-payment mortgages, or fixed-rate mortgages
based on structural option pricing models. In order to determine the basic FRM contract
to price in our study, we collect information on the FRM contract details of eight deposit
banks with the largest mortgage portfolios. Namely; Oyak Bank, Vakif Bank, Akbank, Is
Bank, HSBC Bank, Finans Bank, Yapi Kredi Bank, and Garanti Bank. More specifically,
we collect data for the contract maturity, coupon rate, Loan-to-Value (LTV) ratio,
arrangement fee, prepayment penalty, and the available insurance policies of these
deposit banks. It is important to note that market value of these banks’ mortgage
portfolio consists of 91.2% of the overall mortgage portfolio in Turkey as of September,
2007.

Table 2 illustrates that, with the exception of Finansbank and Yapi Kredi Bank,
the maximum Loan-to-Value (LTV) ratio is 75% for the FRMs. Finansbank and Yapi
Kredi Bank originate FRMs with a maximum LTV of 95% to 100%. The amount of
upfront arrangement fee significantly varies among the banks. While Finansbank does
not charge any arrangement fee, other banks may charge 1% to 5% of the loan amount
as the arrangement and service fee. All the banks except for Yapi Kredi Bank charge a
prepayment penalty of 2% of the outstanding loan balance at the time of prepayment.

In terms of insurance policies, hazard and earthquake insurance is required by all
lenders. This has been a requirement since 1999 and is provided by Turkish
Catastrophe Insurance Pool (TCIP). TCIP takes the first loss position and private
insurers take the second loss position. The annual premiums due to TCIP are collected
by private insurance companies from the home owners and then forwarded to TCIR.
Earthquake insurance rates are not fixed. They are determined according to the type of
dwelling and the earthquake zone it is in. Most of the lenders also require a life

insurance policy that would remain in effect over the term of the mortgage. Such a policy



would help to cover the full repayment of the loan in the event of borrower's death.
Borrowers are required to renew their policy annually (at least during the term of the
loan). Mortgage default insurance products are not prevalent in Turkey."? The existing
sectoral studies suggest that there is no urgent need for mortgage insurance as this will

increase the cost of funds for borrowers.

4. Option Pricing Model (Structural Approach) for the Valuation of Fixed Rate
Mortgage (FRM) Contracts

It is widely accepted that a successful way of pricing mortgages is to view them
as ordinary debt instruments with specific options attached to them. Default in the
mortgage contract can be viewed as a put option since by defaulting the borrower
disposes of the housing asset. In other words, the borrower sells his housing property
back to the lender in exchange for eliminating the mortgage obligation. The default
option to terminate the mortgage contract fits into a European option framework because
no rational borrower would ever choose to default until a payment is due. Prepayment
can be considered as an American-style call option, in which the borrower has the right
to gain the house at any time by paying off the mortgage loan. The borrower exchanges
the unpaid balance on debt instrument for a release from further obligation. Thus, the
analogy between a mortgage on a property and an option on a stock is quite close.

Pricing these options and also determining when a borrower exercises either
option require specifying the underlying state variables and parameters that determine
the value of the contract, and then deducing the decision rule that maximizes borrower
wealth. The structural approach assumes that uncertainty about the returns from a
mortgage can be summarized by two state variables: the value of the mortgaged
housing property, H , whose dynamics follow a lognormal diffusion process (Equation 1)
and the instantaneous risk-free interest rate, », which evolves according to a mean-
reverting square root diffusion process, Cox, Ingersoll and Ross, 1985b.
dH

FZ(y-s)dtJrO'HdzH (1)

> Recently, a number of banks (Finansbank, is Bank and Vakifbank) have started to ask for
mortgage payment protection insurance from the borrowers in the case of being unemployed or
injured. The insurance policy generally pays up to six monthly payments to the bank. However,
this product is different from mortgage default insurance that is widely used in the US and UK
mortgage markets.
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The return to owning the housing property consists both of price appreciation and
of a service flow. Since the householder receives benefit from living in the house, the
term s is included to denote the constant rate of service flow, or value of implicit rent,

from the house. The instantaneous average rate of house price appreciation is denoted

by i, and o, represents the volatility of disturbances in actual house price appreciation

around the trend rate(,u—s), and z,, is the standardized Wiener process that drives the

uncertainty in house prices.
The stochastic process for the instantaneous default-free nominal interest rate,
which follows the Cox-Ingersoll-Ross (1985b) model, known as CIR model, can be

written as
dr=rx(0-r)dt+o,\rdz, (2)
where @ represents the long-term mean value for the interest rate », and x is the
speed of adjustment in the mean reverting process. The standard deviation of the
interest rate disturbance is denoted by o, , and z, is the standardized Wiener process.
The unexpected changes in the value of the housing property are assumed to be
correlated with unanticipated changes in the instantaneous risk free interest rate,
dz, (t)dz, (t)= pdt where p denotes the instantaneous correlation coefficient. With
stochastic processes specified by Equations (1) and (2), the fundamental partial

differential equation (PDE) for the valuation of mortgages as a function of time and of the

stochastic variables of housing price and the interest rate takes the form'

2 2 2
lHZO'f{ 0 VZ +pH\/;O'HO'r ov +lr0'r2 0 I2/+K(9—r)5—V
2 oH OHor 2 or or
+(r—s)H5—V+5—V—rV=0 (3)
OH ot

where V represents the mortgage value. Equation (3) implies that with a continuous
time, a standard arbitrage argument is sufficient to derive an equilibrium condition for the
value of mortgage (a second order partial differential equation) such that the value of the
mortgage equals the risk-adjusted expected present value of its net cash flows.

The tendency to price derivative assets, such as mortgage on a property, and to

relax the strongest assumptions in order to make the models approach to the reality

" The derivation of fundamental partial differential equation follows from standard arguments in
finance. See Cox, Ingersoll, and Ross 1985a, 1985b; Epperson et al. 1985, and Kau et al. 1992,
1993, 1995.
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leads to the development of valuation frameworks of enlarged complexity for which no
closed-form solutions are available. Thus, in many complex but realistic problems the
analyst must resort to other methods to approximate the value of the asset. Three basic
methods are; the Monte Carlo method (forward-pricing method) advocated by Boyle
(1977), and finite difference approximation to the differential equation (backward-pricing
method) suggested by Schwartz (1977) and employed extensively by Brennan and
Schwartz (1976, 1977, and 1978), and lattice (or tree) approach suggested by Cox et al.
(1979) and extended by Rendleman and Bartter (1979), Boyle (1986, 1988), and Hull
and White (1988). As a result, there is considerable amount of research employing
numerical methods to approximate solutions of the valuation of contingent contracts,
when analytic solutions do not exist.

Despite the recent advances in forward pricing methods for pricing American
options, backward pricing method is well established, and so has been used more
extensively. Although it is computationally more complex by including dynamic
programming, many researchers adopt backward pricing approach as the appropriate
procedure to valuing mortgages with embedded default and prepayment options.
Kierkegaard (1967) said that to understand life we must look backward but that we are
doomed to live life forward. Much the same is true of mortgages. While time undoubtedly
marches forward, to value a mortgage with termination, we must begin at the end and
work back. When borrowers at a point of time consider whether to terminate a mortgage,
they look toward future values, but because we are working backward, we will have the
needed values available when we reach that point (Kau and Keenan, 1995).

Given the specific details of the contract, the values of the financial assets
embedded in a mortgage (default option, prepayment option, insurance product) are
known at the expiry. Using appropriately small time steps, equation (3) can be used to
work backwards from the final mortgage payment, calculating the asset values
sequentially to the previous mortgage payment, then using that new set of terminal
conditions to work back to a still earlier payment until eventually the origination of the

contract is reached (Azevedo-Pereira et al. (2002, 2003).

4.1. Components of the Mortgage Contract
The value of a mortgage to the borrower is composed not only of the present
value of promised future monthly payments to the lender but also of options to prepay or

to default. These options are valuable to the borrower and reduce the absolute value of
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the outstanding mortgage. At some point in time, t, the borrower’s joint option value, J,
is equal to the summation of the value of call option to prepay, C, and the value of

default option, D.

J(H,r,t)=C(H,r,t)+ D(H,r,t) 4)
The value of the mortgage contract to borrower is given by equation (5):
Vo(H,r,t)=A(r,t)—C(H,r,t)— D(H,r,t) (5)
=A(r,t)-J(H,r,t)

where A(r, t) is the present value of remaining mortgage payments. If the lender (bank)
has mortgage default insurance, and circumstances arise in which a rational borrower
chooses to default, then mortgage default insurance product only benefits the lender.
The value of the contract for the lender, therefore, is the sum of its value to the borrower
and the value of the mortgage insurance.

V.(H,r,t)=V,(H,r,t)+1(H,r,t) (6)

where; I(H,r,t) =the value of the mortgage default insurance at time t.

In a typical constant payment, fixed rate mortgage contract, the value of each
monthly payment, MP, is determined in order to allow the principal to be paid in full by
the end of the contract. That is;

(&) (&) o
MP= (7)

EGIR

where OB(0) represents the amount of debt at the origination of the loan, and c is the

annual mortgage coupon (interest) rate. The outstanding loan balance after each

payment date, OB (t), is given by the following equation:

B . 3 5 5
()] -

At payment dates, a distinction will be made between the value of an asset

(8)

immediately before and immediately after each payment. In line with the literature we
use the following notation:

F " (H,r,t) = Value of the asset F immediately before a payment is made;
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F *(H,r,t) = Value of the asset F immediately after a payment is made.
In backward pricing methods, the valuation of the mortgage begins at the
maturity of the mortgage. At the maturity, the terminal condition requires that the value of

remaining payments must be equal to the final monthly payment due, MP.
A (r,t)=MP for 1 =n(n) (9)

where n = life of the mortgage in months. Moving backwards in time, as each monthly
payment date is reached, the borrower’s debt, A, changes immediately by the amount
MP. This leads to solution of equation (3) by a finite difference method, starting with the
terminal condition at maturity, working backwards in time until the next monthly payment
date is reached. Then, a new boundary condition, equation (10), is applied and the
backwards process is continued until valuation has been completed, at the origination

time of the mortgage contract.
A (r,t)= A" (r,t)+ MP for t=7(1),....n(n-1) (10)

During this valuation process, we also apply boundary conditions for the options
held by the borrower. The value of default option depends directly on the house price. If
the house price is different from the value of the remaining payments, the financially
rational borrower either does nothing, or sells, or defaults and gives up the house to the
lender if that proves to be the most advantageous solution from a financial point of view.
The value of the prepayment option depends on the prevailing term structure of interest
rates but not directly on the house price. However, there is an indirect relationship, since
the exercise of the option to default automatically causes the prepayment option to
expire worthless. Thus, the two options interact and cannot be separately valued and

added. At expiry of the mortgage, the borrower holds the house and has an obligation to

make the last mortgage payment but she also has a put option on the house D(H, w,t)
allowing her to default and give up the house if she wishes. Therefore, the position of the
borrower at maturity is, / +D(H,w,t)—MP with the following mortgage value:

Vy (H,r,t)=min(MP,H ) for t=1(n) (11)

Similarly, at any other payment date, t, the value of the mortgage to the borrower

is given in equation (12).

VB‘(H,r,t)=min[(VB+(H,r,t)+MP),H] for £ =77(1),...,7p(n—1) (12)
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If the borrower prepays the mortgage, the amount to be paid is calculated from
the outstanding balance and the accrued interest since the most recent scheduled
payment. In Turkey, similar to the UK mortgage market, there is an additional penalty
payment required in the terms of the fixed-rate mortgage contracts. Since the Turkish
banks, in general, charge 2% of the loan balance as the prepayment penalty, in this
paper penalty is modeled as a percentage of the outstanding balance plus accrued
interest at the time of early termination (See Azevedo-Peraira, 2002 and 2003).

1D, ={(1+7)[1+c(t-n(i)) JOB(i)} for n(i)<t<n(i+1) (13)

where TD(t) is the total outstanding debt, TT represents the early termination penalty
charged by the lender and c is the fixed coupon rate.

The default decision is assumed not to be simply triggered if the present value of
the remaining payments exceeds the current market value of the house, but rather if the
value of the mortgage to the borrower including options, exceeds the house value. Thus,

a rational borrower defaults if the following condition is arises:

A(r,ty=[D(H,r,t)+C(H,r,t)] > H (14)
At the maturity of the mortgage, when the borrower decides on whether or not to

make the final mortgage payment, the default option will be worthless if the house is

worth more than the final payment and otherwise equal to the difference between the

two. That is;
D (H,r,t)=max|0,(MP—H) | for 1 =n(n) (15)

On monthly payment dates other than the maturity, the default option value is
adjusted for the difference between value of the remaining payments and the house
price when there is default, and remains unchanged by the payment under conditions of

no default.

D (H,r,t)=

D' (H,r,t) if V,"(H,r,t)=V, (H,r,t)+MP (no default)

A (r,ty-H if V, (H,r,t)<H (default) ~ for t=7(1),....n(n—1) (16)

The terminal condition for the prepayment option at maturity is unimportant. This
is because exercising the prepayment option cannot have any value for the borrower. In
addition, at any other payment date, prepayment can only have value in the absence of

default and so the terminal conditions for the prepayment option are as follows:
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C (H,r,t)=
C*(H,r,t) if V, (H,r,0)=V,"(H,r,t)+MP  (no default)
0 if V. (H,r,t)=H (default)  for £=7(1),....n(n—1) (17)

Alternatively, prepayment option value can be calculated as; C = A — Vg — D.
Lastly, we model the mortgage default insurance as another component of the FRM
contract. We basically follow the US mortgage insurance system in order to evaluate the
insurance product as another financial derivative asset. At the contract maturity, the

value of the mortgage insurance is given in equation (18).
I (H,r,t)=max[ 0,min(MP—H,¢MP)| (18)

If the borrower chooses to default on the mortgage and does not repay the last
monthly payment, mortgage insurance company pays to the lender either the difference
between the house price and the last monthly payment (MP-H) or a specific proportion

(¢) of the outstanding loan balance. In general, insurance companies pay the minimum

amount of these two values. Thus, in the US system, the insurance coverage seems to
be a simple pre-determined percentage of the value of the outstanding debt (see Kau et
al., 1993). The US insurance companies have, in general, a minimum insurance
coverage of 25% of the outstanding balance.

At other payment dates during the contract term, the value of mortgage

insurance is given in equation (19).
I"(H,r,t) if V,(H,r,t)=V,(H,r,t)+MP (no default)

F#,rn= max[O,min(TD’(t)—H,¢TD7(1))] if Vy(H,r,t)=H (default)

for t =n(1),..n(n—-1) (19)
where
TD(t) = the total outstanding debt at time ¢

¢ = minimum insurance coverage ratio — generally 25% in the US (see Kau et al. 1993,

Journal of Business, pp: 595-618).

Although the Turkish banks do not have a mortgage default insurance product,
they usually ask borrowers to get a life insurance before granting any mortgage. Banks
provide life insurance to the borrowers either by increasing the loan amount by the
insurance expense and originate a higher LTV mortgage or by taking part of the loan as

an insurance expense at the loan origination. The latter increases the up-front
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arrangement fee and provides a higher yield to the bank." In the next section, we
analyze the effect of life insurance policy on the lender's position within 1% to 5%
arrangement fee applications. We find that the banks have higher yields or offer lower

mortgage interest rates by charging higher arrangement fees at the loan origination.

4.2. No Arbitrage Condition

Mortgage coupon rates and contract terms vary widely, especially in volatile
economic environments, over time. In particular, the economic conditions change
continuously and contract specifications are also subject to frequent readjustments.
Following the extant literature, equilibrium framework proposed in this paper claims that
a contract can only be acceptable it represents a fair deal. It is necessary to ensure that
the borrower is not able to make an instantaneous profit by prepaying the loan and,
similarly that the contract is not structured in such a way that allows the lender to make
any immediate profit. This is called “no arbitrage” condition.

The values of the two state variables in the model, r(0) and H(0), are known at
the origination of the mortgage; therefore, the determination of an equilibrium coupon
rate is an iterative exercise in which, starting with the initial values for the state variables
and the functional form specification for the contract, a search is done to find a coupon
rate capable of allowing the mortgage contract to meet the condition of no arbitrage
(Azevedo, et al. 2002, 2003). At the origination of the mortgage, the equilibrium condition
which avoids arbitrage is shown in equation (20), where & represents arrangement fee,
T gives early termination fee, and L is the amount of the loan. Following Azevedo-
Pereira et al. (2002, 2003), in order to find the equilibrium coupon rate, a secant iteration

technique was used,

Vs (H(O), r(0),£(0),c, 72') + I(H(O), r(0),2(0),c, 72') = (1 - f)L (20-a)
or
Vs, (c,7z)+1(c,7z)—(1—§)=0 (20-b)

" The yield on a mortgage will not always equal its interest rate. Suppose the lender charges the
borrower 1% of the 100,000 TL loan amount up front, just to grant the loan. With 1% origination
fee (as arrangement fee or life insurance expense), the lender will actually disburse to the
borrower only 99,000 TL, even though the contractual principal and the initial outstanding loan
balance is 100,000 TL. Thus, the effect of the origination fee is to increase the mortgage yield to
maturity over the stated contract interest rate in the loan (See Geltner and Miller, 2001; p: 420).
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5. Results of the Numerical Analysis

For the numerical analysis of FRM valuation model, we specify the basic set of
economic parameters and the contract provisions as presented in Table 3. A 10-year
FRM contract originated for a 100,000 TRY house is evaluated in our analysis. We
present numerical results for two contract specifications. First, a mortgage with an
arrangement fee but no early termination penalty, secondly, one with an arrangement
fee and an early termination penalty. We use daily 3-Month Turkish Treasury-Bill yields
obtained from the secondary market to estimate the parameters of the CIR process.
Data set covers the period between February, 2002 and November, 2007 (See Appendix
for the estimation of CIR process for the Turkish economy). We calculate the historical
volatility of house price using the monthly House Price Index published by the Turkish
Statistics Institute between January 2002 and December 2007. Finally, the spot rate is
15% for the base case economic environment.

Figures 1 to 5 demonstrate the mortgage component values at the origination of
contracts with early termination penalty. That is, the value of remaining mortgage
payments, A, value of the option to default on the mortgage, D, value of the option to
prepay the loan, C, and the total effect of A, D, and C, which gives the entire contract
value V at the origination of the loan. The main reason for presenting these 3-
dimensional figures is to demonstrate both the smoothness of the numerical solution
over the grid and economic consistency of the results.

The value of remaining mortgage payments, A, depends only on the interest rate
(discount rate), r, therefore values parallel to the H-axis are constant (see Figure 1). As
would be expected, the value of remaining mortgage payments shows an inverse
relationship with the interest rate or the discount rate.

Figure 2 shows the value of the default option, D. The relationship between the
level of house price, H and the value of the mortgage contract, V, is the greatest
influence on the value of default option. The value of D is positive in almost all of the

subset of the state space where H < H(0). As the increase in interest rate, r leads to

decreases in the value of future payments, A and the mortgage value V, the value of
default option, whenever positive, tends to be inversely related to interest rate. The
combined effect of low house prices with low level of interest rate result in extremely
high default value for the FRM contracts as seen from Figure 2.

It is worthwhile to note that the US “sub-prime mortgage crisis” began with high

default rates on sub-prime and adjustable-rate mortgages (ARMs) in 2005-2006.
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Mortgage defaults and foreclosure activity increased dramatically as the interest rates
began to rise and ARM interest rates reset higher, and as house prices dropped
continuously, after a long-term rising trend, in many parts of the US. Since most of the
defulted mortgages were ARMs, low house prices in combination with high interest rates
resulted in significant amount of defaults. As we evalute the default option for the FRM
contracts in this paper, low house prices combined with low market interest rates result
in extremely high default values for the borrowers.

Figure 3 presents the value of the mortgage default insurance, which is directly
related to the evolution of the default option. At low house price levels, borrowers tend
to default on their mortgages and the insurance policy is highly expected to be
exercised. The value of the prepayment option, C, which primarily depends on the level
of interest rate, is illustrated in Figure 4. Prepayment option has high values for low
levels of interest rate, r, coinciding with high levels of house prices. This is because at
low house prices borrowers tend to default on their loans and, of course, a defaulted
mortgage cannot be prepaid.

Lastly, the value of mortgage contract, V, is a complex function of the remaining
mortgage payments, A, the default option, D, and the prepayment option, C, is exhibited
in Figure 5. At low levels of house prices, it is so valuable for the borrower to default on
his mortgage, and high values for the default option reduce the value of the mortgage
contract. At higher levels of house prices, prepayment option seems to be the significant
option. Changes in interest rates affect both A and C inversely but these two
components produce opposite effects on the value of the contract, V. For instance,
increases in A increases the value of the contract, V, whereas increases in C reduce the
value of the contract. Since the value of the prepayment option cannot be bigger than A,
the relationship between interest rates and the value of the mortgage contract tends to
be dominated by the effect of the interest rate on A. An exception occurs when the
combination of low interest rates and high house prices creates an environment in which
it becomes preferable for the borrower to prepay the loan. This condition matches with

the top section of the graph presented in Figure 5.

5.1. Equilibrium Mortgage Coupon Rates for Different Contract Specifications: No
Arbitrage Condition
In this section, we analyze the equilibrium mortgage coupon rates for a typical

fixed-rate mortgage (details given in Table 3) with early termination penalty of 2% by
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using the no arbitrage condition. We calculate the equilibrium coupon rates for 75%,
95%, and 100% LTV-ratio mortgage contracts separately. For each LTV-ratio, first, we
analyze a FRM contract in which the arrangement fee and mortgage default insurance
do not exist. Under these circumstances, no arbitrage profit condition can be written by
the following equation.
Vy(c)—L=0 (21-a)
In order for this contract to be feasible, it is necessary that the value of the
mortgage to the borrower, Vg, is equal to the loan amount at the mortgage origination, L.
Any coupon rate, c, that corresponds to this no arbitrage condition is the equilibrium
coupon rate that is capable of generating fair deal for both borrower and lender. Next,
we analyze the value of lender’s position with the inclusion of arrangement fees. No
arbitrage condition can be modified as follows:
Vp(e)-(1-8)L=0 (21-b)
Finally, equation (21-c) illustrates the equilibrium coupon rates for the full
mortgage contract with arrangement fee and mortgage default insurance.
Vo(e)-(1-&)L+1=0 (21-c)
Figure 6 illustrates the equilibrium mortgage coupon rates for a 75% LTV
mortgages under three different contract specifications described in Equations 21-a, 21-
b, and 21-c. For a representative lender who does not charge any arrangement fee and
does not have a mortgage default policy, [Vg(c) —L], the equilibrium coupon rate is
approximately 20% per annum. When we compare the value of lender’s position who
originates FRM contract with 2% arrangement fee, [Vg-(1-£)L] with another lender who
originates FRM contract with 2% arrangement fee and mortgage default insurance, [Vg-
(1-€)L+1], we see that equilibrium coupon rates for both of the lenders are approximately
19.52% per annum. This result implies that 75% LTV mortgages do not have high
default risk and, correspondingly, adding a mortgage insurance policy to the contract
does not add any value to the lender’s position. Thus, our results show that it is not
beneficial for the lenders to have mortgage default insurance for the 75% LTV loans.
Figure 7 exhibits the equilibrium mortgage coupon rates for the 95% LTV
mortgages. Although most of the banks in Turkey originate 75% LTV mortgages,
Finansbank and Yapi Kredi Bank originate 95% and even 100% LTV mortgages (see
Table 2). The equilibrium coupon rate for a typical FRM without an arrangement fee and

mortgage default insurance, [Vg(c)-L], is 20%. Next, we compare the equilibrium coupon
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rate for a FRM contract with 2% arrangement fee but without mortgage insurance, [Vg-(1-
E)L] and the full mortgage contract with 2% arrangement fee and mortgage default
insurance, [Ve-(1-£)L+1]. We find that while equilibrium coupon rate for the lender with a
mortgage insurance policy ranges between 19% and 19.44%, it ranges from 19.44% to
20% for the lender without default insurance policy. This result indicates that the lenders
with mortgage default insurance are able to offer lower coupon rates for high LTV
mortgages. More specifically, it is beneficial for the lenders to have mortgage default
insurance, especially for the high loan-to-value mortgages.

Finally, Figure 8 shows the value of lender’s position and the corresponding
equilibrium mortgage coupon rates for a 100% LTV FRM contract. The important result
is that there is no equilibrium coupon rate for the lender without arrangement fee and
default insurance policy, [Ve-L]. It is noteworthy that if the loan-to-value ratio is 100%,
attainment of equilibrium combinations would be impossible. On the other hand, if the
lender has both 2% arrangement fee and mortgage insurance policy, [Vs-(1-&)L+I], the
equilibrium coupon rate is 19.28% per annum.

All these contractual features, such as the prepayment penalty, arrangement fee,
and mortgage default insurance, generate a benefit to the lender and, consequently, the
equilibrium coupon rates are reached at slightly lower levels of the coupon rate. Table 4
summarizes the trade-off between arrangement fee, prepayment penalty and the
equilibrium coupon rate. It is obvious that as the lender charges higher prepayment
penalty and arrangement fee, it can offer lower mortgage coupon rates.

It is important to note that, some Turkish banks ask borrowers to get a life
insurance before granting any mortgage. Banks usually provide this insurance to the
borrowers by taking part of the loan as an insurance expense. Hence, they do not allow
the borrowers to use the full amount of the loan. By increasing the origination fee further
for covering the life insurance expenses, the banks may either increase the yield earned
from the loan or allow lower regular loan payments (lower interest rate) for the same
yield. Hence, the arbitrage opportunity observed in the Turkish banks may be

attributable to higher arrangement fees with life insurance products.™

5.2. The Effect of Changes in the Economic Environment

' We thank the anonymous referee who suggested us to discuss the Turkish bank’s higher yield
(or lower mortgage interest rate) may be attributable to life insurance product.
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As noted earlier, the economic environment is characterized in the present work
through the set of parameters given in Table 3. In this section we present an analysis of
the effects induced by changes in the base case parameters; particularly, the changes in
house price volatility, interest rate volatility, and spot interest rate.

Table 5 presents the effect of house price volatility on the value of mortgage
components for a 95% LTV mortgage with 2% early prepayment penalty. As the house
price volatility increases from 3% to 15%, the value of default option rises significantly.
Since the value of mortgage default insurance increases correspondingly, the value of
mortgage contract for the lender, V, increases as well. The effect of interest rate volatility
on the value of mortgage components for a 95% LTV mortgage with 2% early
prepayment penalty is illustrated in Table 6. Interest rate volatility directly affects the
value of the prepayment option. As the volatility increases, borrowers tend to exercise
their prepayment option, consequently the value of the mortgage for the lender declines
significantly.

Table 7A and Table 7B show the effects induced by different types of yield
curves in terms of the value of the mortgage-related assets for 95% LTV and 75% LTV
fixed-rate mortgages, respectively. By changing the initial level assumed by the spot
interest rate, r(0), while holding constant the steady state spot interest rates, 6, we
capture different yield curve shapes. According to our numerical results, there is a direct
relationship between the evolution of the level of the initial spot rate and the coupon rate
for a fixed 0. In fact, higher levels of spot interest rates lead to higher equilibrium coupon
rates.

A further important highlight is the effect of increases in interest rate volatility, o,
for different slopes of the yield curve. The increase in the interest rate volatility directly
affects the evolution of default and, especially, of prepayment. Table 7A shows that as
the interest rate volatility increases from 12% to 15%, the value of default and, especially
value of prepayment option increases significantly for 95% LTV mortgages. On the other
hand, as seen from Table 7B, interest rate volatility is only effective on prepayment but
not the default option for 75% LTV mortgages. For the 95% LTV mortgages, increases
both in default and prepayment option values contribute to the reduction in the value of
the mortgage to the borrower, Vz. However, value of insurance (l) tends to move in a
direction opposite to the movement in c,. Consequently, the overall result in terms of the
evolution of mortgage value to the borrower, Vg (the relationship between increases in A,

D, and C) and the evolution in |. Both tend to decrease with increases in .. Under these
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circumstances in order to reach an equilibrium it is necessary to increase the coupon
rate and consequently the value of A to compensate for those declines in | and
increases in C+D.

Lastly, we examine the joint effect generated by increases in house price
volatility and changes in the slope of the yield curve. Given that the effects induced by
increases in house price volatility on the evolution of default and prepayment are of
opposite nature and tend partially compensate each other, the influence of house price
volatility in terms of the equilibrium coupon rates is moderate. The overall effect of house
price volatility seems to be translated into a slight reduction of the equilibrium coupon

rate, for all the yield curves studied in the present work (see Table 7A and 7B).

5.3. Equilibrium Mortgage Coupon Rates and the Prevailing Coupon Rates in
Turkey: September 2007

This section mainly examines if Turkish economy ready for originating long-term
FRMs? More specifically, we answer the question of whether or not the currently
observed FRM coupon rates represent a fair transaction between the banks and the
borrowers in Turkey?

In section 5.2, we have calculated the equilibrium coupon rates for a typical 10-
year FRM contract with 75%, 95%, and 100% LTV ratios separately. As almost every
bank in Turkey charges 2% prepayment penalty for the FRM contracts, we evaluate the
variation of equilibrium coupon rates by taking into account the arrangement fee and the
mortgage default insurance policy. As a next step, we compare the monthly equilibrium
coupon rates with the prevailing mortgage coupon rates in September 2007.

For a representative 10-year FRM with 2% arrangement fee but without
mortgage default insurance, we find that the equilibrium coupon rates range between
1.497% and 1.531% for 75% LTV mortgages, and between 1.531% and 1.601% for
100% LTV mortgages. However, the prevailing mortgage coupon rates in September
2007 range between 1.29% for Finansbank and 1.53% for Is Bank. This result shows
that, except for Is Bank, all other banks offer mortgage interest rates that are significantly
below the equilibrium coupon rates, involving arbitrage profit for the borrowers. In other
words, we claim that these contracts do not represent a fair deal between the lenders
and borrowers in Turkey. In fact, due to significantly low mortgage coupon rates, large

numbers of borrowers took out mortgages throughout this period. The value of mortgage
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loans was approximately 20.67 billion TRY as of September 2007, which was a
remarkably high figure since 2000.

Although the prevailing mortgage coupon rates are below the equilibrium rates,
20% to 25% mortgage interest rates per annum are extremely high for establishing a
well-functioning primary mortgage market in any economy. In comparison with other
developing countries, such as India (9.25%-13.25% per annum), Mexico (12% per
annum), Korea (6.29% per annum), Bulgaria (6% per annum), etc, Turkish banks offer
significantly high mortgage interest rates, which tremendously increase the cost of
mortgage financing for the borrowers.

Furthermore, we examine the FRM mortgage coupon rates and contract
maturities of our sample banks over the last one-year time period, from September 2007
to November 2008. We observe that every bank in our sample significantly increased
their coupon rates and most of the banks drastically reduced their contract maturities. In
particular, observed monthly coupon rates in November 2008 range between 1.79%
(Oyak Bank) and 2.40% (HSBC Bank). Is Bank reduced its contract maturity from 120
months to 60 months. Akbank, Yapi Kredi Bank and Vakif Bank, with 240-month contract
maturities, currently originate FRM mortgages with a maturity of up to 60-120 months.
Similarly, HSBC and Finansbank, with 360-month contract maturities, currently originate
FRM mortgages with a maturity of up to 120-180 months.

Since the mortgage coupon rates and contract maturities have changed
drastically over a very short time period, from September 2007 to November 2008, we
argue that the effects of the global financial crisis are started to be felt in Turkish
mortgage market. The primary mortgage market in Turkey is still in its infancy stage.
Turkish banks, including the private, public and foreign deposit banks, have constructed
their own mortgage portfolios, without the sub-prime loans.'® Borrowers, who take out
mortgages, are not low income citizens. They are not likely to default on their mortgages.
However, the global financial crisis is likely to exert indirect and powerful negative effects
on Turkey as it has been doing indiscriminately so far on several developing and

emerging economies.

10 Recently, the chairman of the Capital Markets Board commented that there was not any
problem in Turkey’s mortgage markets since there were no sub-prime mortgages in Turkey.

24



6. Concluding Remarks
In this paper we use traditional option-pricing model to evaluate the current 10-

year fixed rate mortgage (FRM) contracts with embedded default and prepayment
options in Turkey. In fact, theoretical and empirical research on mortgage design and
pricing has been widely conducted on the fixed and adjustable rate mortgages used in
the United States and United Kingdom. One of the key questions for any aspect of
research on emerging markets is whether the models and theories put forth and tested
several times in developed financial markets also describe the realities observed in
emerging markets. To our knowledge, this paper is the very first attempt to use a
structural approach (option pricing model) to price the FRM contracts in an emerging
economy with its different and unique dynamics.

Due to the recent improvements in Turkish economy, the current government in
collaboration with the Capital Market Board initiated a legal framework to contract, for
the first time ever, long-term fixed rate mortgages. As of December 2006, the value of
mortgage debt in Turkey was approximately 12.24 € billion, which made it the second
largest mortgage market among the new members and candidate members of the EU.
Currently, the Turkish banks offer a variety of mortgage products, including Turkish Lira
(TRY) - denominated fixed-rate, adjustable rate, and graduated payment mortgages and
US Dollar-, and, Euro-denominated mortgages.

We employ explicit finite difference methodology as the appropriate procedure to
valuing mortgages with embedded default and prepayment options. For each component
of a typical mortgage contract, including the promised future monthly payments, default
option, prepayment option, and mortgage default insurance, we present numerical
results in 3-dimensional figures. We demonstrate that the numerical solution is smooth
over the grid and there is economic consistency of the results.

In order to understand if option pricing models and theories put forth and tested
several times in developed financial markets are also successful in describing the
realities observed in Turkish mortgage market, we attempt to answer the following
questions. 1. Do the currently observed FRM coupon rates represent a fair transaction
between the banks and the borrowers in Turkey? 2. What will be the value of bank’s
(lender’s) position if they have mortgage default insurance policy, especially for the high
loan-to-value (LTV) housing loans?

Our results show that, except for Is Bank, all other banks offer mortgage interest

rates that are significantly below the equilibrium coupon rates, involving arbitrage profit
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for the borrowers. In other words, we claim that these contracts do not represent a fair
deal between the lenders and borrowers in Turkey. We also conclude that even if the
prevailing mortgage coupon rates are below the equilibrium rates, 20%-25% mortgage
interest rates per annum are extremely high for establishing a well-functioning primary
mortgage market in any economy. In comparison with other developing countries, such
as India (9.25%-13.25% per annum), Mexico (12% per annum), Korea (6.29% per
annum), Bulgaria (6% per annum), etc, Turkish banks offer significantly high mortgage
interest rates, which tremendously increase the cost of mortgage financing for the
borrowers.

Most of the banks in Turkey originate maximum 75% LTV mortgages. We find
that 75% LTV mortgages do not have high default risk and, correspondingly, adding a
mortgage insurance policy to the contract does not add any value to the lender’s
position. Thus, it is not beneficial for the lenders to have mortgage default insurance for
the 75% LTV loans. On the other hand, our findings show that it is beneficial for the
lenders to have mortgage default insurance, especially for the high LTV ratio mortgages.

Finally, we argue that the effects of the global financial crisis are started to be felt
in Turkish mortgage market as the banks have increased their mortgage coupon rates
and shortened the contract maturities drastically over a very short time period, from
September 2007 to November 2008. The primary mortgage market in Turkey is still in
its infancy stage. Turkish banks, including the private, public and foreign deposit banks,
have constructed their own mortgage portfolios, without the sub-prime loans. Borrowers,
who take out mortgages, are not low income citizens. They are not likely to default on
their mortgages. However, the global financial crisis is likely to exert indirect and
powerful negative effects on Turkey as it has been doing indiscriminately so far on

several developing and emerging economies.
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Table 1: Mortgage Debt-to-GDP (%), End of 2006

Value of Growth in Residential P&Lﬁgg’g:

Mortgqge Mortgage Debt t.o Debt €

Debt, € million Debt GDP Ratio thousa’nd
Bulgaria (2007) 1,745 73.5% 7.0% 0.2
Czech Republic (2004) 8,055 33.9% 7.1% 0.8
Estonia (2004) 4,278 63.4% 32.7% 3.2
Cyprus (2004) 3,077 43.5% 21.2% 4.0
Latvia (2004) 4,680 86.5% 28.9% 2.0
Lithuania (2004) 2,997 32.1% 12.6% 0.9
Hungary (2004) 10,215 11.0% 11.4% 1.0
Poland (2004) 22,514 53.7% 8.3% 0.6
Romania (2007) 2,276 57.2% 2.3% 0.1
Slovenia (2004) 1,956 43.0% 6.6% 1.0
Slovakia (2004) 4,209 36.7% 9.6% 0.8
Croatia (candidate) 5,219 37.2% 15.3% 1.2
Serbia (candidate) 650 111.7% 2.9% 0.1
Turkey 12,237 65.7% 3.8% 0.2
Ukraine (candidate) 4,301 157.6% 2.6% 0.1

Source: Eurostat, National Central Banks, EMF
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Table 3: Basic Set of Economic Parameters and Contract Provisions

Base Case Parameter

CONTRACT

Fixed-rate Mortgage With
Arrangement Fee and

Fixed-rate Mortgage
With Arrangement Fee

Values
Without Early Termination | and Early Termination
Penalty Penalty
Economic
Environment
Spot interest rate,
r(0) 15% 15%
Long term average
of interest rate, 0 24% 24%
Speed of reversion,
K 56% 56%
House service flow,
) 4% 4%
Correlation
coefficient, p 0 0
Contract Provisions
Maturity, n 120 months 120 months
Value of house at
origination, H 100 000 TRY 100 000 TRY
Arrangement fee, & 2% 2%
Early termination
penalty, © - 2%

Figure 1: Value of Future Payments (A)

Figure 2: Value of Default Option (D)

29



Value of Future Payments (3) Value of Default Option (D)
{Repayment Mortgage With Early Termination Penalty) {Repayment Mortyage With Early Termination Penalty)

07
0g 08
3 505

08 :
S 04

i i
Fos 2 03

¢ 3
g T 02

ooz o
04

0

#“%ﬂ_@% :

b o
House Price (H} gﬁﬁﬁ%%s E

House Price (H) : %%QSE D.QD

i

Interest Rate (R)
Figure 3: Value of Insurance (I) Figure 4: Value of Prepayment Option (C)

Value of Prepayment Option (C)

Value of Insurance () {Repayment Mortgage With Early Termination Penalty)

{Repayment Mortgage With Early Termination Penalty)

006~
02
0054
G
015 £ o
g
g 5
g 01 Bl
; i
p
“o @DDZ z
=
£ um
0

b X
House Price (H) ED?%%%E

Figure 5: Value of Mortgage Contract (V)



Value of Mortyage Contract (V)
(Repayment Mortgage With Early Termination Penalty)

0E ot

iy
b
b

s

T T AR ‘
H L 7 “\\\\
Eua -- "':%?%:'05*’4 iy
H sy

i

R
T
% T
ﬁﬂ'ﬁﬂf‘”@?&iﬂ\\\&\&\\\“ \\\\“& i
ey

; T
W
02 T
G
Ui
0.l
g
”E%;gﬁ%

7%_% s

) Eit 194
House Price (H) '%%2935 D_QDHA%QBQ Interest Rate (R)



Figure 6: Mortgage Value for the Lender (75% LTV Mortgage Contract without
Default Insurance and Arrangement Fee) - FRM Contract with Prepayment
Penalty of 2%
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Figure 7: Mortgage Value for the Lender (95% LTV Mortgage Contract without
Default Insurance, with Arrangement Fee) - FRM Contract with Prepayment
Penalty of 2%
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The following parameters were used in the construction of this table: the arrangement fee () is
2%; the early termination penalty (n) is 2%; the spot interest rate (r(0)) is 15%; the long term
average of the interest rate (0) is 24%; the speed of reversion (x) is 56%; the interest rate
volatility (o) is 12%; the house price volatility (v) is 9%; the house service flow () is 4% and the
correlation coefficient (p) is 0.
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Figure 8: Mortgage Value for the Lender (100% LTV Mortgage Contract with
Default Insurance and Arrangement Fee) - FRM Contract with Prepayment
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The following parameters were used in the construction of this table: the arrangement fee () is
2%; the early termination penalty (n) is 2%; the spot interest rate (r(0)) is 15%; the long term
average of the interest rate (0) is 24%; the speed of reversion (x) is 56%; the interest rate
volatility (o) is 12%; the house price volatility (v) is 9%; the house service flow () is 4% and the

correlation coefficient (p) is 0.

Table 4: Trade-Off between Arrangement Fee, Early Termination Penalty and

Equilibrium Contract Rates

Coupon Rate (c)

Prepayment
Penalty Arrangement Fee (§)
(m) 0.00 0.01 0.02 0.03 0.05
0.00 21.93% 19.83% 19.47% 19.15% 18.91
0.01 20.14% 19.77% 19.45% 19.14% 18.91
0.02 20.09% 19.75% 19.44% 19.13% 18.89
0.05 20.05% 19.73% 19.43% 19.13% 18.89

The following parameters were used in the construction of this table: the spot interest rate
(r(0)) is 15%; the long term average of the interest rate (0) is 24%; the speed of reversion (k)
is 56%; the interest rate volatility (o) is 12%; the house price volatility (v) is 9%; the house
service flow (3) is 4%; LTV ratio is 95% and the correlation coefficient (p) is 0.




Table 5: House Price Volatility and the Value of Mortgage Components

95% LTV Fixed-Rate Mortgage With Early Termination Penalty

House Price Future
Volatility Payments Mortgage Default | Prepayment Insurance
(on) (A) (W) (D) () (1)
3.0% 90557 86804 2 3750 4
6.0% 90557 87343 35 3179 64
9.0% 90557 88186 170 2201 322
12.0% 90557 89225 471 861 920
15.0% 90557 90321 941 0 1871

The following parameters were used in the construction of this table: the contract rate
(c) is 18%; the early termination penalty (r) is 2%; the spot interest rate (r(0)) is 15%;
the long term average of the interest rate (0) is 24%; the speed of reversion (k) is 56%;
the interest rate volatility (c) is 12%; the house service flow (8) is 4%; and the correlation
coefficient (p) is 0.

Table 6: Interest Rate Volatility and the Value of Mortgage Components
95% LTV Fixed-Rate Mortgage With Early Termination Penalty

Interest Rate Future
Volatility Payments Mortgage Default | Prepayment Insurance
() (A) W) (D) (C) (1)

6.0% 90147 90504 143 0 436

9.0% 90318 89517 160 641 385
12.0% 90557 88186 170 2201 322
15.0% 90870 86522 167 4180 254
18.0% 91232 84591 153 6488 192

The following parameters were used in the construction of this table: the contract rate
(c) is 18%; the early termination penalty () is 2%; the spot interest rate (r(0)) is 15%;
the long term average of the interest rate (0) is 24%; the speed of reversion (k) is 56%;
the house price volatility (v) is 9%; the house service flow (3) is 4%; and the correlation
coefficient (p) is 0.

34



Ge

"0 s! (d) JuaIo1e00 UoIIB[84I0D BY) PUB (9%t SI (Q) MOJ} BDIAIBS 8SNOY 8U} %96 SI (31) uoislanal Jo paads ay ‘o1z S! (9) ).l 1salajul ay) Jo abelane wis}
Buoj ay} ‘9%z si (1) Ayeuad uoneuiwla) Alles ay) ‘9z si (3) @9} Juswabuelie ay) :9|ge} SIY} JO UOKONIISUOD 3y} Ul pasn aiam siajaweled Buimoljol ay

816 €96 88¢Y c0.S €81 g6cl 18126 8¢G¢C6 £G286 GZG66 %6EVC | %08 VC | %SGl =2 %12
616 2.LS 6..L1 0S0¢ 6€cl 916 18126 22526 66156 88196 %0G'€Z | %26'€Z | %l =2 0
286 €.G LOvE 6587 L9G1L Ll €126 62526 G016 62586 %69¢CC | %SGL'€C | %Sl =2 %al
986 €.G yA4Y’ 8.¥¢C 8S01 6.. L1126 [AAS T4 91E16 61,56 %Z6°LC | %6ETCC | Wl =2 °
8¢€0l G.G 6662 69t Syl €20l 65026 2526 €.v96 91086 %6Y 12 | %.l6°1Z | %Sl =9 %l
L¥0l 28s S06 6€¢¢C GG6 00. €50¢6 L1526 Zl6e6 96156 %6.L°0C | %8C'LC | %l =2 °
AN €68 908¢ gecy gocl 916 26616 00526 €9096 1G9/6 %61°0C | %8902 | %Sl =2 %zl
6LL1 763 €8 Y1 X4 298 19 08616 00526 G/9¢6 G12S6 %956l | %90°0C | %l =2 °
%CL =M% 6=2 | %CL=A]%6=A | %CL=A]%6=2 | %CL=A]%6=2 | %CL=A]%6=2 | %Cl=A] %6=47
0) ©) @ W W) ©) O o
aduelInsu| JuswAedalid ynejeq abebpop SjuswAed ainjn4 ajey joenuo) ‘b3

Kyjjeuad uoneuiuua] Ape3 ypm abebyop ayey-paxid ALT %S6

Sal}I|1e|0/\ Sley 1S8J9)U| pue 82lid 9SNOH pue sajey jodg ul sebuey) Jo 108y paulquio) :y-2 ajgel




9¢

MOJ} 92IAIBS BSN0Y 38U} (9,96 SI (31) uoIsIanal Jo paads ay) ‘%z SI (g) d)el 1saiajul ay) Jo abelane w.a)
Buoj ayy ‘9,z sI (1) Ayeuad uoneuiwisy Alles ay) 9,z si (3) 99} Juswabuelie ay) :9|ge) SIY} JO UOIJONIISUOD By} Ul pasn aiam siajeweled Buimolo) ay |

Ll L Lachy 19¢S €c 14 68Y¢. L6vEL €9./.1 GG/8. %.Y¥Z | %.8V2 | %SGl =9 %1z
Zl Z 028l Gggge 6l € g8vel gevel | ZA%TA €G€9. %.S'€C | %00¥C | %Cl =9 °
14 4 Loce A1 47 €c 14 78veL gevel 8989/ 1G6.. %6.L22 | %22€C | %SL =9 %8l
Gl Z 88lL1 06¢¢ 9l € g8vel 86v¢. 6891, 16.S. %20'2C | %9¥'2C | %cl =9 0
9l Z 1262 Ly0t ac 14 ¥8veL 861v¢. 2ev9l 8YG.L.L %6512 | %€0°22 | %SL =9 %l
Ll c 606 €e0¢ 9l € LLvEL o6vel LO¥Y. 9¢GS. %06°0C | %¥eLg | %Cl =9 0
0c Z 8%9¢ 08.¢ ¥4 € 6.vEL 145142 6719, 8.¢LL %L€02 | %5202 | %SL =9 %zl
¥4 c 88. .16l Sl [ 6.vEL o6vel 28¢v. 801¥S. %696l | %EL'0Z | %Cl =9 °
%CL =M% 6=A | %CL=A]%6=r | %CL=A]%6=2 | %CLl=A]%6=2 | %CL=N]%6=r | %Cl=A] %6=47
0) ) @ N W) ©) o
aouelInsu| JuswAedalid ynejeq abebop SjuswAed ainjn4 ajey joenuo) ‘b3

Kyjjeuad uoneujwia) Ae3 ypp abebyio ayey-paxid AL %S

Sal}I|1e|0/\ Sley 1S8J9)u| pue a2lid 9SnoH pue sajey jodg ul sebuey) Jo s}oay3 paulquio) :g-/2 ajqel




Table 8: Equilibrium Mortgage Coupon Rates and the Prevailing Mortgage Coupon
Rates of the Turkish Banks: September, 2007

PANEL-A: September, 2007
Spot interest rate 15%, Long-term interest rate 24%, Interest rate volatility =12%

No fee & No 2% Arrangement 2% Arrangement Fee
Mortgage Fee & No & Mortgage
Insurance Insurance Insurance

[Ve-L] [Ve-(1-E)L] [Ve-(1-§)LH]

Equilibrium Coupon
Rates: LTV = 75%

1.531% - 1.601%

1.497% — 1.531%

1.497% — 1.531%

Equilibrium Coupon
Rates: LTV = 95%

1.531% — 1.601%

1.490% — 1.531%

1.460% -1.490%

Equilibrium Coupon
Rates: LTV = 100%

No equilibrium
coupon

1.531% - 1.601%

1.480 %

Prevailing
Rates

Coupon

Oyak Bank: 1.35%
HSBC: 1.44%
Akbank: 1.31%
Garanti: 1.34%
Vakifbank: 1.30%
Is Bank: 1.53%
Finansbank: 1.29%
Yapi Kredi: 1.33%
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Appendix 1: Estimation of the CIR Process Parameters
CIR model (1985) assumes that the time evolution of the short term interest rate
under real probabilities P has the following representation

dr, = k(6 —r)dt +o,r>dWS’ (1)
Under risk neutral measure Q it follows
dr, =x(0 —r, — Ac )dt + o r''?dw ° (2)

where 1 is the market price of risk. The unique positive solution to the short rate
stochastic differential equation (2) is

r(t) = 0*+(r(s)—0%)e "™ + o e je’((”_s) Jr(w)dw (u) (3)

for any t>sand 0*=60-Ac,. The probability density of interest rate at time t,
conditional on its value at current time s, is given by

q/2
. | D 1/2
S(r(@),t;r(s),s) = ce (;) 1,2wv)""), (4)
where
2K (i—s 2x0*
czazl—ew(m) ,u=cr(s)e™ ™, v=cr(t), q= 1

and /_(.)is the modified Bessel function of the first kind of order q.

Notice that short term interest rate is distributed as chi-squared conditioned on the
filtration at time s,

r(O) | Fy ~ x(2er(1),2q +2,2u) (5)
with 2g + 2 degrees of freedom and parameter of non-centrality 2u proportional to the
current short rate.

Assuming independency, one can write the likelihood function for the shot rate series
with T observations

LO|r@) =] /C@),57(s),5) (6)

Then log-likelihood function is

LogL(® | K1) = (T ~Dnc+ Y {— u, v, +0.5 h{ﬁ] +in(1, (2\fuv,, ))} 7)
1=1 u,
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Then the estimation of the parameter is done by maximizing equation (7) over the
control variables ® = {K, 0,,,0,/1}.

A

O =arg max LogL(® | r(t))

We choose initials implementing the Direct optimization algorithm (see Dan
finkel) and then we make use of Nelder-Mead algorithm to solve the nonlinear
optimization problem.

We use daily 3-Month treasury yields obtained from the secondary market to
estimate the parameters of the CIR process. Data covers the period between 28 Feb
2002 and 21 Nov 2007. Data set has1518 observations in total.

Appendix 2: Descriptions of the Model Variables
H = the value of the mortgaged housing property,

r = the instantaneous risk-free interest rate,

M = average rate of house price appreciation,

o, = the volatility of disturbances in actual house price appreciation,

z,, = the standardized Wiener process that drives the uncertainty in house prices,
6 = the long-term mean value for the interest rate,

x = the speed of adjustment in the mean reverting process,

o, = the standard deviation of the interest rate disturbance,

z_ = the standardized Wiener process,

p = the instantaneous correlation coefficient,

V' = the mortgage value,

n = the life of the mortgage in months,
L = amount of the loan,

¢ = the fixed coupon rate,

7 = early termination penalty,

f = fraction for insurance coverage,

& = arrangement fee,
n(i)= i th payment date,
OB(i) = outstanding balance after i th payment date,

MP = monthly payment for a fixed-rate mortgage,
TD(t) = borrower’s total dept at time t.

Vy(r; H; t) = value of the mortgage to the borrower at time t for given r and H,
A(r; t) = value of the remaining mortgage payments at time t for given r,

D(r; H; t)= value of the default option at time t for given r and H,

C(r, H; t) = value of the prepayment option at time t for given rand H,

J(r; H; t)= value of the joint option at time t for given r and H.
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