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T diE9] Wl vl 7 8 7kt gl njAe g@Fe] vugt
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T4 20%, ©7] 159)°] =YHUS A9, BlaTACERAA) ] 7HA], dde
& Zb7h 3899, 9 s3.sdutloE (YL m7)E sHE FElE oF 8bpR A
A lon], FEFEITAE HEdhes EaAtEe] A8 LTV(S0%)o o
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(Figure 1) Housing Price Indices
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Whole Country Home Price Index » « = » « » Seoul Home Price Index

Whole Country APT Index — Seoul APT Index

Note: This figure shows the monthly housing price indices calculated by the Laspeyres model
from January 1986 to September 2014. Each index is computed under the assumption
that the housing price on March 2013 is 100. Blue, red, green, and purple lines indicate
the whole country home price index, Seoul home price index, whole country APT price
index and Seoul APT price index, respectively.

Source: (http://nland.kbstar.com)
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(Table 1) Summary Statistics of Housing Price Indices
_ Whole Seoul home Whole Seoul APT
statistic country home country APT

price index price index

price index price index

average (annualized) 3.32% 3.46% 5.05% 5.18%
std (annualized) 10.17% 12.94% 13.70% 18.25%
skewness 1.29 1.14 1.27 1.09
kurtosis 6.15 6.23 4.50 3.93
max (monthly) 4.82% 5.74% 5.96% 6.77%
min (monthly) -2.88% -4.72% -3.18% -4.84%
JB statistic 618.42(0.00) 611.94(0.00) 373.33(0.00) 281.88(0.00)

# of observation (N) 344

Note: This table presents the summary statistics of monthly housing price indices calculated
by the Laspeyres model from January 1986 to September 2014. JB statistic indicates
the statistic of Jarque-Bera normality test and the value in parathesis is the
corresponding p-value.

Source: (http://nland.kbstar.com)
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wheba] tEF AT AT Afolo= ol o WA Aol gttt AZF 13
At A9 2 AbolAE, T wl(DolH, Wi AR F9 r2 Abol
AgZ 122 Use 7]7ko]&(monthly rate), 7= TH7|(E=%*12)°] sttt

T
A
P= - 1
1; (1+7r) M
A ()& Aestd offjet Zo] Hejd 4= ok
A 1
P=—|1— 2
“ r (1+T)T) @
j 7)o AFEs A= DA}t dFAASdH R o]FoA] Ut HEx7|
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(Table 2) Accrued Interest and Balance of Fixed Payment Recourse
Mortgage Loan

A ) i—1_
cerued (aP)r (aP(1+7)—A)r aP(HT)Fl_A(M)}T
Interest "
Principal ,
rincipa A— (aP)r (A—(aP)r)(1+7) (A—(aP)r)(1+r) !
Payment

(r+1)7‘—1)

Balance aP(1+r)—4 aP(1+r)*— A(r+2) aP(1+T)f—A( -

Note: This table presents the monthly accrued interest, the principal payment and the balance
of fixed payment recourse mortgage loans when the householder borrows the amount of
aP using the fixed payment recourse mortgage loan.
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O O
gy AF 2 H(non-recourse financing)o]F AHIFE(FYA7E WAoR
BAel SRHQ Aos ZRAsEYnRRE dF5ES BN
Zo) Flepat A E—E—A Ak % faw e zgste 7Yl ubet

ol FH 9| 7HZo] B wouTt e H9 A
=

A Ao a e A

Aeiarel wl ekl AL Feol et HEHaP)T R

St £ (put Option) ] FA 7129} 2t} ol A3t A FstE Fd2

FA*_A*_A* A |4 ] 4

i=0 1 2 Il 7-2 T-1 T
Feof et thEa, ek, ok, 1Pl A 7HA 9] A= off ¢t
ath
Iyt
aP= Z -— Put Option(PO) 3)
=1 +r)

2

o714 HAE 98] aP =aP+ PutOptionO 2 sl o= Z}Jx}7}t
ATt T AAA 7Rl st A (3)= oo 4 (HE A H
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- A_* - 1 4t aP’r _ aP+ PutOption)r
(1+r" (1+nr)"
L2l 4] (HE o] &3) EZA TR (PO)7E FoIH AT toll A gk,
A/, 22l ti= Yo gt A4to] 7hsshry. 2]l o] #A A2 of

#f] <Table 3>of Az|=|o] gt} <3k 2>¢}o] vl E Fo & POl P O&
Aol A" wghd AL AQstae BE FAF Hojgks AL & 5 Ytk

g AL e oA Pet 4AToR B o
2 517] el A Astd 4 glok &, E3AY 7ol wer P e 4 o]
AARE T, Al P79} AT o] EG M Z7|3ALA Al(early exercise boundary)E
WS A EFA 7ol FFS vAA "t o] B9 27|BAE AT WA
o2 APE7 ol 428 (numerical method)S F3l +HE= S49 3
ARA B 7RIS FA sl oF gttty el dE PAHA ol whek AA
HYAA AL uf o|zpAEtd 2 Z3hE W Hrh(Bermudan) S40]7]o &3 &f7f

3 7)o EeHZ 2 A& o] A(Monte Carlo Simulation)S E3j 7124 0]

2. 249 =78 ZA(Exercise Boundary)d} 4712 34

Aty FeigHEdEe] WAE F49 7HAE B YA 7] 2ARE]
FE7LA S ZmA| 2o iRt 7ol Hastth FAC] 7HAS HUkshy] SR 7]
ZAAES] L2 A~ Black and Scholes (1973)9] 7]3lE 2<% (Geometric
Brownian Motion), Heston (1993) & Hull and White (1987)9] A4 HEA X
& (stochastic volatility model), Bates (1996, 2000), Pan (2002)9] H3xmg,
Bakshi, Cao and Chen (1997)9] FAZAHMEA-HZRE, Duan (1995), Heston
and Nandi (2000), Duan, Ritchken and Sun (2006), Christoffersen et al. (2012),
Byun et al. (2015)°] GARCH Al¢ & So| Zajaich. Tejup AFolM AHg
4 o AR BAR Aol Yol A WEH B Age
7] olZITh)

9) FAH Mg By HERYE o]&3h] A= A

°f A= (cross-sectional data)”}
dasAgh v ATEL HEAoZ A Es= zpAlo] of 7] uj

el Ao Abgo] B7sitt.
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(Table 3) Accrued Interest and Balance of Fixed Payment Non—Recourse
Mortgage Loan

i=1 i=2 i=n

ifg;if (aP")r (aP'(1+r)—A")r aP*(1+r)"*1—A*((T+1)r _1)]r

I;Z;‘g:ﬁi A= (@P ) (A= (@P))(1+7) (4" (@P)r) (1 +r) !
ap*(1+r)f‘—A*(7(’““r)i*1)
= (aP+ PutOption)(1+r)’

Balance aP(1+7)—A" aP(1+7)*— A (r+2

_
(1+n)7"

— (aP+ Put Option)[MJ
)

Note: This table presents the monthly accrued interest, the principal payment and the balance
of fixed payment recourse mortgage loans when the householder borrows the amount of
aP using the fixed payment non-recourse mortgage loan.

& Ao A<= Black-Scholes A sloflA 7] 2AKF-54H ] 2l E0]
H 3 (normal distribution)E WEtt= 7P o2 249 71X E H st lo) oAk
F54t M4 e ZEAAE A (59 Eo

dP,
p= i+ oz, (5)
S7IH P REAL 7, e REA
H2}-8-8% (Brownian Motion)& UEHATE
FASEE ol &3 A (5 7I2AY] S Frketr] flsiAe ol4tst
Y} (discretization)©] HR 3}l o]4be} MO L AE Fol7] flsl offet ol
2IE F5te] ZRALE AFEEE HEES AT

2

Aol Wi AR, ok WEA, -

10) <Table 1>0f|4] FgAibx]4=0] AHqt/do] 7|2t e Ql&o = &5kl Black-Scholes ZA|5t2] 7tAxZE
A5 7P ol ofdfiel Atk AN AR WEFA7ME B A57HA 9] Hpde] wF
o172 okZeole &5k, AFEAES Black-Scholes RS o]§ate] ZA7HAL Ailgict 74
08 2AA HEARY Axny Sub o] B|RFAe] nHE BFo] AfAEo o] nye
23 o] A&7} (market price of risk)E =A3}7] 93 thA] 4714 AR dlo] AR 4 ¢l
ot wheba] ARHo R F|Zapake] HFAS wESA| ¢hviEtE Black-Scholes M oA A W
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1 -
P, = Pyjexp (rf* 502)t+0 te, | under Q-5x ®)

PayoffTi:Max[O,KTl—PTl] ©)]
oA7|H K= & dHe g 27 20S Au|stH, T+ 27132 HE
ojulgttt. 27|PAz 0] FFsto] &ojo] AR HM, T oA &= &Qls)
of 7S Alibstal o5 Algdold 4+ NHNEE REESte] HatS SRtk
1 &
PO, = E,[exp(— riT;) Payof f NZeXp( ) Payof f (10)
i=1
Hd, A9 7HAE o] 8] AFE = Wtk SRS FEvkE §
Al A LP% <Table 1>& ZF=x3eh FA 7HXB 7 oA FoEHY Fa

AR WMEHOR <Table 1> Hul ALRE S oF 10%0] X1, A-Lofa}
Bl 18%E AEet A0R Uedth tatd B ol sRHow sy
HEA F7)= 20%= 7FY s ch1)

2o Fgels LTVE A2 gEel 28282 ate] Ba2xa] 23t
HEEe] g Attt REARE 14T 150l AL dA
ARl F-olnt Hi o] 7hsshn, FE7EA o] 99 Y olsto|n tiEdtE=
A7 At dE&S Y34+ DTI (Debt to Income) W LTV (Loan to Value)
TFAIE W=tk DT A S whSstal FEG30] ofgtEY A9 LTVE 70%7}

A A e 4 Qa, 28R S A 65%U 60%714] 2 whet) g7

1

7He 22 109 o)Ak 30 olsto|tt. FEIE-GEAL HFEHA] o FEige
&9 7%, LTV 242 253 50%, vl5+Ed 60%2 AStEch 28 3

12) Aol 2|5 olgsl ARt MEH(1825%) 2} 2% 71 2 @& 7= leMOE A% A
HE*PXITA °'54 EEETC AWE whgstal gl7] miZolth BEAt A i FEAE %
#7He] S-S el Zos ReilRtiEe] HrES] HolmES] ?i%*éit} WA i v
s/dol Atk &8, FA0l vlel] F-54ME] correlation©] T & AOR AE7]= SHANE A 249
=2 dEet 7 Tiﬂu MEAE T 2 Aolels Aol AT ofeld olf2 ofste] BAelx F
HEd Hoh 2% 71 w2 71ENEAEE ARSI o] e 5% TR $As 24s sRRt

L oH [‘[0
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SEAAREAE hAS Bl AGFE glo] LTVE 0% wlaket 510
STk wEbA ol 073} 0.59] B4 7)2ghe AHgStoc
Al A58 RAE OGS i1 10875 2048 9ot 27 CD

2 QAL o] 29 oA 3%E flat ow 7F sk Elx}ﬂi

71X &l AEE= 1A 39z g2l w7 1049, 154, 204, 309 of
3 Z2F 426%, 4.36%, 4.46%, 4.51%0]|t}. o]% MA HIAE|2 = 7|7} 15
do] 7Hg 2 HlFE ZAs7] o T=15& AR&stlen, g2= 4.5%5 A5t

Atk o] F 7h wigghe WMEATHA S49) 71X WekE Slshs B4
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<Figure 4> §| ZLS ol 83| AitE YurEgndEe) UE woyuste}
Aolaty FeRRtEo] e FojstE Helzch Paned AL WA 77
G Aoasolnl FA AR Faducas @4zl ol

'_1 o
3tk ‘Initial exercise boundary’= UWIHETE9 tf& Zhefo]n, ‘Exercise

=
1

Boundary’+= ‘Initial exercise boundary’E % 7|7t S 2 HHZ W (iterative method)S
z7]

ol gl 4T Mt dH=E gPrrz 7 o|th Panel B= T ko] o]

2 Boj%7] 913 Pancl AZ Stiat Alolch. ollAkat ol B HETZ)
27| AAS AurgEgEe BE BTk Aot b AL BAT 5
219tk
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(Figure 4) Exercise Boundary of American
Non—Recourse Mortgage Loans

Panel A: Early Exercise Boundary
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Note: This figure illustrates the balance of non-recourse mortgage loans until the maturity.
‘Initial Exercise Boundary’ indicates the balance of the normal fixed payment loan and
‘Exercise Boundary’ indicates the balance of the non-recourse mortgage loan, which is

calculated using the iterative method. The housing price (/£) is assumed as 100 million
Won, the loan-to-value («) is assumed as 70 percent, and the time-to-maturity is
assumed as 15 years. Panel A shows the early exercise boundary and Panel B show the

former part of the exercise boundary.
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(Table 4) Put value, Monthly payment and Interest Spread of
Non—Recourse Mortgage Loan

Loan Tune  PutOptionValue 4™ (10 A"-A4 Interest
(LTV'ZI; (10 thousand  thousand (10 thousand A"~ 4 Spread
. Won) Won) WOH) A (k - T)
Bogeumyari-L 38.2302 53.8419 0.2924 0.0054  0.000816
oan(0.7)
Normal 44512 38.2837 0.0340 0.0009  0.000133
Mortgage(0.5)

Note: This table presents the value of the implied put option, the monthly payment, and the
interest spreads of non-recourse mortgage loans. The loan-to-values are assumed to be
70 percent and S50 percent, which correspond to Bogeumjari-loan and a
normal-mortgage loan in Korea. Here, the housing price is 100 million Won, the
interest rate on loan is 4.5 percent, the risk-free rate is 3 percent, the volatility of
housing prices is 20 percent and the time-to-maturity is 15 years. The number of
simulation used to calculate the put prices is 10,000.

<Table 4>9] AI}= <Table 1>9] 7|ZEA S} AAR o] fEHE HIxje|2
9 AR 7R 2] S o] & vagd TS AT Ay 18y
X}?JZ}Oﬂ wte} AEshs Felo] 9& 2 9], AYu|Eo] e S ) el
420] Wste] gt wlAtEe] Zpxst 9 7RE g0 Wsks 216}
-Cu’*]z‘s 24 AE HojEth A4, <Table 5>= AAH|E(a)S HINAZ|H Z2
A 7Hx ] HiskE Hojer) 3o AaE B, 199] e tigf] 90%E AT
A9, 27U 7L o 1ovtpez AAtEch 1597k 1803]0] A
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(Table 5) Put Value, Monthly Payment and Interest Spread according to
Loan—to—Value

— PutOptionValue 4~ (10 A—A 4 Interest
(a) (10 thousand thousand (10 thousand Y Spread
Won) Won) Won) (k—r)
0.9 180.1006 70.2271 1.3777 0.0200 0.002978
0.8 89.3362 61.8828 0.6834 0.0111 0.001666
0.7 38.2302 53.8419 0.2924 0.0054 0.000816
0.6 15.8028 46.0205 0.1208 0.0026 0.000394
0.5 44512 38.2837 0.0340 0.0009 0.000133

Note: This table presents the value of the implied put option, the monthly payment, and the
interest spreads of non-recourse mortgage loans with respect to the loan-to-value ().
Here, the housing price is 100 million Won, the interest rate on loan is 4.5 percent, the
risk-free rate is 3 percent, the volatility of housing prices is 20 percent and the
time-to-maturity is 15 years. The number of simulation used to calculate the put prices

is 10,000.

A Sel BATPAA BEAL 7H2 0] MEAS <Table 1>9] 7| 2EAFE
Hhgho & 20%% 7F43koch Lefut <Table 1>of| 4] Bhelet ulel o] Felo] &
Fohute, BERE, ouxd ) U Ao et FestAY WEHS Aolst
o ol WA Ha el SR 40l BE S 9eE slvld

<Table 6>1= Fe7b2 o] WEA Wato] upeh {H7E, YT, 7HaF F)
b olgA WEGHEA MolEth WEAS ST ABE P 4 F0

gk aQlo]t}. <Table 6-Panel A>+= %%QHOI 70%(77%E DY FL-o AHE
HolErh AA FEFAY 70%E HEWUZNE S+t "ol 10%Y 7
¢ A 7HA = @A 0.08RHdo] Eifsicl wheba] Ayt EdiEo] Hls) o
g AN e 2 zfol7) ¢lE Bk ofEl JHE FEjE FAIE

g7t 0] HFAdo] 25%, 30%=E Asdre]l el WAlE -S4 7hA]= 90k
d, 156t o ookl mfjd Aehsfof e SHE 0.687H¢, 1I9vtIo=
F7heteh oluf AUATE =7)= tiEY] 7HE 8= 22 19bp, 33bpol] o] &
th. <Table 6-Panel B>x= Hl&5 o] 50%((5HR )l -2 Aifolek. of 7
FEgAo] Ak ThsAdol v W] fiEol(271 AR AR e
Zpol7t A7) wizol) ¥ 2717k bt et A7 = A Stk

%
o
A ket 7ME g SRE ;*% o] HEErh

d

N
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(Table 6) Put Value, Monthly Payment and Interest Spread according to

Volatility
Panel A: a=10.7
- PutOptionValue A~ (10 A —A . Interest
VO](?;hty (10pthousand thous(and (10 thousand 4 ;A Spread
Won) Won) Won) (k—r)
10% 0.0807 53.5501 0.0006 0.0000 0.000002
15% 8.5776 53.6151 0.0656 0.0012 0.000183
20% 38.2302 53.8419 0.2924 0.0054 0.000816
25% 90.1335 54.2390 0.6895 0.0129 0.001920
30% 156.0538 54.7433 1.1938 0.0223 0.003316
Panel B: a=0.5
N PutOptionValue A~ (10 A=A . Interest
VOl(?;hty (10pthousand thous(and (0 daes = ;A Spread
Won) Won) Won) (k—r)
10% 0.0000 38.2497 0.0000 0.0000 0.000000
15% 0.2655 38.2517 0.0020 0.0001 0.000008
20% 44512 38.2837 0.0340 0.0009 0.000133
25% 20.2522 38.4046 0.1549 0.0041 0.000605
30% 47.5840 38.6137 0.3640 0.0095 0.001421

Note: This table presents the value of the implied put option, the monthly payment, and the
interest spreads of non-recourse mortgage loans with respect to the volatility of hosing
prices. Here, the housing price is 100 million Won, the interest rate on loan is 4.5
percent, the risk-free rate is 3 percent, and the time-to-maturity is 15 years. The number
of simulation used to calculate the put prices is 10,000. Panels A and B indicate the
loan-to-values of 70 percent and 50 percent, respectively.

<Table 7> UWIFRRZO] ojxpgo| wpet EZA7HR], LdgHl, 7hat
=89 HItE Hol3a Sloh. diEHS(a) H HEH(o)ol =t 477
43 HEste A= G2 olxgo] E FA7FAY W3t vugk Ao
2 Ueth dF &9, 70%9 tEH|Fol taiA drtg R &7 9%-l
A 3% WS o, AR BlatEe] AV oF 539kl A 3evtle s
sergls Wolrh Htut o] st o] iR FeE|7t stekgtol uhet wjEl A
ghaflof stz o|Ag o] ot A WSt Ao R, Mt FEE WM A9,
0.129%0°fl 4] 0.075%= & 2o]7t {ith 50%9] thEH|Fol el = tHEw
of wet EFA7EA S Mt A gten, 7HE 8% 2.5bpol Al 1bpE F
Al whE Atk wheba] dRtgRdiEg s vatde A7 & 9T

74 g AS ¥ 5 Aok
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(Table 7) Put Value, Monthly Payment and Interest Spread according to
Interest Rate

Panel A: aa=0.7

Interesg | PutOptionValue A" (10 A—4 o Interest
rate (1) (10 thousand  thousand (10 thousand Y Spread
Won) Won) Won) (k—r)

9% 53.0093 71.5363 0.5377 0.0076 0.001289

7% 46.6923 63.3377 0.4197 0.0067 0.001071

5% 40.7304 55.6776 0.3221 0.0058 0.000882

3% 36.4900 48.5927 0.2520 0.0052 0.000747

Panel B: a=0.5

Interest | PutOptionValue A" (10 A'—4 oy Interest
rate () (10 thousand  thousand (10 thousand Y Spread
Won) Won) Won) (k=)
9% 7.2974  50.7873 0.0740 0.0015 0.000249
7% 6.1812  44.9970 0.0556 0.0012 0.000199
5% 49042  39.5785 0.0388 0.0010 0.000149
3% 42333  34.5583 0.0292 0.0008 0.000122

Note: This table presents the value of the implied put option, the monthly payment, and the
interest spreads of non-recourse mortgage loans with respect to the interest rates on
mortgage loans. Here, the housing price is 100 million Won, the risk-free rate is 3
percent, the volatility of housing price is 20 percent, and the time-to-maturity is 15
years. The number of simulation used to calculate the put prices is 10,000. Panels A
and B indicate the loan-to-values of 70 percent and 50 percent, respectively.

<Table 8> thEWH7]of] whE vt 717], EAfetd, Te]al 7Ht 52 & R
ek 2448 W77} Zofalo] wet A7k time value)7h EAJ817] HE] w17k 2
48 717} 27K 4 ook e W17 A4 ekl ol GaEelo) ol
A7) wjio) Z7|3hAIZH(early exercise boundary)o] $1Zo] FAE|o] Z7|YA}L 7sA
o] oItk of2f3t Aavk= FA0] 7S S7HZIAL 7HE 5ElE Y Aol o]
QF ol/=2- <Table 7>2] Panel A%} Bojl S =] Qltk 70%9] ti=n]5ol sl 77]7}
sl 9wk gkslor sk Felo] 130.547kglo] 9o, 304 T7]el 79 35915k
glom Zasigirk T2 g7k 599) ulaT FEA0) JRle of 218Hlol, o
717} 30 AL oF 83.6utelo = Zratgleh. shAk 2] E3t 1.23bpollA] 10.76bp R
oF 8ulj o4} A3tk o]gh TEH-e- 50%2] tEH|Sol| el E FUshA TEE]
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(Table 8) Put Value, Monthly Payment and Interest Spread according to

Time—to—Maturity

Panel A: aa=0.7

Maturiey  PUtOptionValue A" (10 A'—A A s Interest
() Y (10 thousand  thousand (10 thousand ; Spread
Won) Won) Won) (k—r)

5 2.0993 130.5403 0.0391 0.0003 0.000123

10 17.0763 72.7239 0.1770 0.0024 0.000524

15 38.2302 53.8419 0.2924 0.0054 0.000816
20 55.6777 44.6377 0.3522 0.0080 0.000930
30 88.6308 359171 0.4491 0.0127 0.001076

Panel B: a=0.5

Maturity PutOptionValue 4" (10 A'—A A4 Interest
(7) (10 thousand  thousand (10 thousand Y Spread
Won) Won) Won) (k=)

5 0.0267 93.2156 0.0005 0.0000 0.000000

10 0.9015 51.8285 0.0093 0.0002 0.000039

15 4.4512 38.2837 0.0340 0.0009 0.000133

20 10.1116 31.6964 0.0640 0.0020 0.000237

30 20.5959 25.4386 0.1044 0.0041 0.000351

Note: This table presents the value of the implied put option, the monthly payment, and the

interest spreads of non-recourse mortgage loans with respect to the time-to-maturities.
Here, the housing price is 100 million Won, the interest rate on loan is 4.5 percent, the
risk-free rate is 3 percent, and the volatility of housing prices is 20 percent. The
number of simulation used to calculate the put prices is 10,000. Panels A and B
indicate the loan-to-values of 70 percent and 50 percent, respectively.
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Non—Recourse Mortgage Loans and Implied

Option Prices

Sun-Joong Yoon®, Chang Gyun Park**

This paper develops the model to determine the interest spreads of non-recourse
mortgage loans using option pricing models and then analyzes the main factors
that affect them. According to the results, the most significant factors that
influence the interest spreads are the loan-to-value (LTV) and the volatility of
home prices. Using the iterative method to determine the early-exercise-boundary,
we calculated the implied interest spreads based on the empirical housing process.
For the volatility of 20 percent and the loan-to-value of 70 percent, the interest
spread is relatively small as 8 basis points. However, if the loan-to-value increases
by 90 percent, the spread increases by 29 basis points. In addition, if the volatility
increases to 25 percent and 30 percent, the spread becomes 19 and 33 basis
points, respectively. By contrast, the level of a market interest rate and the
time-to-maturity on loans cannot make significant changes in the spread. These
results provide the implication that the financial institutions should estimate the

both factors exactly when they introduce the non-recourse mortgage loan in Korea.
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