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MESH O 25k UL ARUTH E A4 NS W] 249 A WEHE
* 14-& Wstel M SAS EEF APPSR

e 2YE AU 2 dr(t)—/ldt+dd2(t)-4 a8 Hae Aga
o] BYol Yztste] FAY(x)H WENH(0)S Aol F Be AFSol uk
Chan, Karyoli, Longstaff & Sanders(©]3t CKLS)E o] #A) 473 714 dukr o
B2HO=2 dgr(t)=(a+pr(t))dt+or(t)dz(t)E BARNATG A7 a+pr()S F
Aoz 4¥¢ AT AT AELY or(1)7 AP E AN 22D Qs
4 4ERIGMM)S skl 2433 95493¢ 3 o RYel B=d /)&
o 244 Wye) 98 AFEL o] Byl UF 55 392 44T & Uk F o
de) <E 1>A B 5 YF0l 7129 25H 2y o) Bao] A Aoke stge
24 CKLSEYL the Rgoz ¥ag + o

O,

<E 1> dr(t)=(a+Br(t))dt +or(t)’dz(¢)2 CIE 2@3te| H|

dr(t) = adt + odz(t) 8=0,7=0
dr(t) = (a + Br(t)) dt + odz(t) y=10
1 1
dr(t) = (a + Br(t))dt+ or 2 dz(t) =9
dr(t) = ordz(t) a=0,8=0,r=1
dr(t) = Br(t)dt +or"dz(t) a=10

1) Chan, K. C, Andrew, G. Karolyi, Francis, A. Longstaff and Anthony, B. Sanders, An empirical com~
parison of alternative models of the short-term interest rate, Journal of Finance 47, (1992), 1209-
1227.
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43 2y& FA3cd Fe7l g2/ 9o o8 e TAE Atz
2 B4 o2 Ait-Sahalia? ¢} Stantonde] d17} :

Ait-Sahalia®] 4449 FAFE 253 P o, 9sHE 2SS ez
At Y+ ¥ Stantone FAY, HEAY EF vEFH o FHsa 9
g F uy 25 FruneaI w4 (Kolmogorov forward equation)S AHE-31
X8 AEYd=FAHH(Kemel Density Estimation)&2 FA3}1 it}

Stantone 92 ZAIFAHLZ FAYHY AFAHYTE FAU o] A¢ IAAFE
EYLEN IAFH 228 31’\3'5}2 -’F ‘Rl“% ol#7 &t Stantone BT 22X
g /Hgste 24 3y He & g 7H4stA g vESE PEe 2
A7) Ak B 243 R o] Ez*i’_ BEE /MHEA gede A4 g998 F
E AFgNE &3 A8E WALE Stanton WHES FLdT)

o] Eofe] FUATZAE LER, 7Y, o] A-8(2001)8 A7 k. o] A7 9
Y 243 dAo2+ CR 280 I o2& Eqd 7 AFd Aoz #azinh
ol i FAFr AFHErT FHZAE T8 FAZE A flon ojAe FEo] Fo}
Foll we} 543 "4%—"“] EFopdthe AME S AP £ v ES5E MY o
3 AFAAETY FAXNE BE4H FRZAFAG 2ol ojAE FEo| HoAEA w2
F7he 2 AT FAErY 3 24 o A% Aidge 27 €t
ok M ESE g og 2AEFE o)ge] EAHY WAL A9 Fo) 7}
7HE L ZE WY ojx o] £ FEIAME WS 2 29 @& ZE AoR Y
. AFAH, olzHg Z¥SHA de 2oln e AY FAE EFo] 4A o)AEY

of #gstA gdete 7€ M3 4F BAEAA dFdME P e
Hol1 gk A o] AT E o|x& AFNFNA R AATTA AR #A

s

i:l o

5 7)& A7s0l YA 27 go] Y2 AFAWNAL APse AAL ¥

2) Ait-Sahalia, Yacine, Nonparametric pricing of interest rate derivative securities, Econometrica 64,
(1996a), 527-560.

3) Stanton, Richard, A Nonparametric Model of Term Structure Dynamics and the Market Price of
Interest Rate Risk, The Journal of Finance, (December 1997), 1973-2002.

4) F18 Ait-Sahalia®] 2 FALE Aed uw(x) = 2[6-x)9 ZE& BFH Wyo) stz ot
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B3ty FAE p(x)9 BFAHY o(x)d A FHE u(x, 0), olx, 0)T= T2
AT F olE It 5 F FAFH & AAse BT & FA}A ¥WFAR
qE FAHoz FA%

Stanton®] AFAME ERIE2Z HANL gL 2o

R ——(;z(y)P(s v N+ 22 (a2 Ps,y1 2 (1)
s 2 dy

4 (DX g% o7t B4 FAAA PR Bee] Y52 2% YEF4 P o
A9 4e FF 239 248 2457 da ARSE PEMDE A e,

2 HESH

HE4A ol FATT WEAVS WE 24A AGS AR g3 AA
24 Aus 7 2 $EHE G5E TR PEL 2uch

247 e 548 UEFSE AAey] WEd A4 298 FAstd BAE
1% % Tk AR 2R BN BHo| oJRge $HYL F AYANTYR 3
Hehs olzle] WARoz aﬂ—WMH Axge 2AL efmlak AL ol it
9 o= Agel 3B7HAL 1 APLZEH HAL oAgel EshE Aol opg
T

Stanton®] 2§ o2& 243 Be EAE sy Ao v2eH FHPEL A}
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dP(s,y| t,x)
ds

1.4

2 2y? (a* (M P(s,y] t,x)) &

_ —aiu(y)P(s,yl £x))+
y

2
L (oH () = 2%(#(x)7r(x))91 AANL AAA Hug o2 AR ¥

4doz RYE 24 Ak

1. A &

TAAAT AL =20 FEFE A7) Ak FF2YY A 69=x R FFL
PTHRAFFTAY Tt FE718A IS e wPste FEE LI

o]l 7oA TAAFFTAL AT AREAM A2 olFE FEHAAFTA BHAY 3
B2 2edsr] gt EE 2482 olEAo|nz ATt F FAAHFAL ¢
71 RE 8358E W AFeA Hmz 44 FAEFH FHNAM gl
nejatA] ot drh oA HLE WFYEC] AFNAMY FE FERY
Yzt SA4AY dHelzte whg} gk ez HAzke vjart oYt oY@ B
EAANM AolRe] aHE AN FolEAY FHE WE F HJAFYE F
FAste Aol dwtHoln
g FHAFAY A ARV AFE BESE Y dFol2I JAA £9&
FARAA zsteor sk At AEFTHE) B JEHFE 2T ot o
dFEe] F7telM ARE 7P A= 5L AFA|EE T F4 dRE A
olF ¥l Sl AL LFAn. BEA FAHY FAE FHL BF FAY oA
o WE 7MY F& dEAR2 FE B A F Al vlEA] Le) A
3 % AR TR 27] i 2 o] ABARANA L FEHE Holx
AE olg BYUY ARE AL of F9 dhtelth
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<E 2> ©UloIXIZe| J|ZEAY
19991 88 9URE 2003 28 7Y Soto| s EHL chI|o|Xfgo JIEZEAZ
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22k 23k
7.360000 4.090000
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1.011835 0.153997

i 434 %
1.344526 864

<E DA BIlolA& ] NEEATS HTRD o AFE 4009004 7.36% Apelo]
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2 AZEA 9P

1) o)A W3le] A WEAY 24

Stanton?] H|EFA WSS AMEE o AQUSHSI} o] Hed AYLEFAHL
e wos eyt

F2) = Th,,, g: KEE, @ = g )
A7IH GE 2,9 BEBAY 244, Te B39 4, me ¥4 A4, K= 37
¥ E Yehid he §9347%32 7124 (bandwidth parameter)®] Z71& JERAL.
AFFAI/IR4e 2718 A Y4S BEHATL A B4F A BopE =
S uA o £40] @A He FAH BASA dvh & oH A2 FAST
Amel 2718 FErtae A4 Qde BAs} EA9,

Stantong &, = o, T V92 gaslgztar|gdel 2715 X8 Yok
AQLEGS, FAY 221 HeATE FHSE BHe oL 2

A2 do A

{

1,2~2

1 1 -y
" & \og ¢
23 u(r)Ee Elr(t+4)— r(t) | »(t) = v]& 71RO 2 A= v}

~

AGATEEHSE 1()E F(2) =

o2 FRsw,

u(r) = :?Et[rt+4_rt] + 0(4)
ulr) = 21—A {4Elres—rd—Eldrios—r} + O(AZ)

u(r)= —614_ {{18E\[ 714 4— 71 —9E,[ Yiva— 7]} 2E,[ Yi+3a— 7} + 0(43 )

o] =4
7|14 13k SAFA LS

1, r~7r(s) \»
2(r(t+d) WSV PR L S
=1 Vor
T— 1, r=7(s) \,
1 —?(“—h—‘-‘-)

Elr(t+d)—r(t) | r(t)=7rl=

5) Stanton©] A}8-3 WS 7122 3
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2% 2NEA L

T-2 1 _L( f‘—f(s) )z
2 (r(s+24)—(s)) e 2k
=1 Var
Elr(t4+24)—r(t) | r()=7r]= = L@,
2

e 2 [

S

rlo

33 2AEA

1 _ %( r—hr(s) 32

T-3
gl(r(s+3d) —7(s))

; Voz ©
Elr(t+3d)—r() | r(t)=7r]= _1_(275—7(9 )

T-3
2 1 e 2 h
s=1

$)

oz 39}
WA g2 (r)ol RN E E[(rny — 7)) | 7(8) = r]1S 71202 332 & b}

02(7’:) = %Et[(rt+d - Vt)2]+0(d),

6*(r) = 5 UEL (e = 71— Bl Grrvas = 7071} +0(20),

0'2(7’:) = GI_A{ISEI[(rH-A - 7’:)2]—9Et[(7t.+24 - 7’:)2]+2Et[(7’t+34'—7t)2]

+0(4%)

o] H5 )AL ]

. o(r,) = ‘f Z—Uar,(r,m) +0(4),

o(r,) = \/_212[41”173(7’&4) - Ua?’t(”t+24)]+ 0(42),

o(r,) = ‘/ 61_A[lgvart(7t+4) — Quar (rii04) + 2var, (r1434)] + 0(A3 )6)'

6) SISt Zo] WYo] 7158 AL g g F s1(X,)=A+0(4)T1 7IAHET o]F AR
(binomial approximation)& ¥,

1 .
o(X)=VA [1+0(s)]? = \/Z[1+;—O(A‘)——;—O(A”)+~-] =VA +0(4%
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2 2 (r(s r(s o e
o°(r) = L =) ’
T-1 1 __(,’Z_Z_s_)z
2 e 2 h
_1_( r—r(s)
Z(r(s+24) r(s))? z ok
0'2(7’) = J_ﬂ () )
7‘22 1 _1 r—rs,
e
=1 Var
T-3 1 _1_("__"(5)
> (r(s+34) —7(s))? e 2 h
2 s=1 \/2_7[
o°(r) = L. 77
T-3 __(_’_'__'__5_)2
S 1 e 20 H
=1 Var

22 ¢*% 1, 24, 33 2AFARE 31 ok
B ATANE FAF u(n), 54T o’ (DS 33 2AFEE B3k FHT.
oli® FMYT WEAFE EX3tA 7129 ATE 53] CKLSY #4o)A B
E FA%E d¥oge S BEAY0 109 FEE Wre RS vREA U
oA T3 2ed gl Ae vlaste Be e sHYo] g Bt

2) NEHEHA 3 Tt A2

W04 Al e Eake ke AAL V(s 0Bt To8 ol EA(to's
lemma)oll ]3],

dV(r,t)
V(r, t)
o

= m(r,t)dt +s(r,t)dZ,

(3)
m(r,t) V= Vi+u(?) V,+1/206%(») V,,

s(r,t) V= o(r)V,

I Zo] Aot o] 542 od A} Vel JHerh & 7HA] 8ATE JHXE olAER
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oA A Z2v|d L AQAYE HAE7] A8 $IE EFHAS v BAE 7}
ZoF @t 3 Ao BTt do] WiRER AFTEGY,

d v,
m=r— v + A(r, t) v

4

2 EAE 7Festtt 4714 Met)E A9 8714 (market price of risk) 224 &z}
7b 29988 Fasts gl 278 234492 on g,

a2 oz A AANAARY 9 FUF FFTn I 4 @E 4
Q) ddstd o3 2 o] frzdth

;—o(r)ZV,,+[/z(r)—-/l(r)]V,+ Vi—rV4d = 0 5)

714 2Rt 7HA S AAE7] A E FALT AEASEe] S8 ol AR
AAHA()Y 742 & Ho7t gtk 71€9] AFELS 19 59 s ot 3
FYHHE ISR U A BT (£-1)9 Ao]2 YEdTE AL 19 ZR
H 2Rz po FRY AT T2 A7) HAEA A 2 sALAE MRS
© AL 9ujsA @t

CKLS dFE AAAA71EE F(zero) 22 7HAsn oy H2sE R3e 34
g7 QEHAEE FAse TYL AAE olRdtd AFYENEE FAHY 5 AT

F HEFH YL FAYH JFAHE T A E o83 Wt tE ¢8
A 7HAE AAsA "ok 2] ToA 1889 7HE 7xe ¢8dA9 7134e
o3 2ol TR

T/\
PA(T) = E;[exp(—ft 7. du) ],
o
6

Yu = 74,

d7, = [u(r)—A(7)ldt +0(7,)dZ,

4714 P(T)& €8782 A&l ¥4 (Monte Carlo Simuation)& 34 78 %

7 dE £ CKLSY A= A(n=0, CIRY A$E i()=qr, Vasicek® A%
A{r) = q, Ait-Sahalia®l ZA$E A()=qo(r).
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W<l Stantond] ¥AFFAHE ©E FeE Helm Youb 1% olFlt Frhse
Feig Pu Yee ¢ 4 Aok GHA AAE BABRE 22 Aot Qo WA=
WA olgel Wt F7heT Aee BAY 4 Aok

(29 415 WrlolAes) FA%E 98 AEE AEstel EHE Aol

of ZYANHE [T 215 2o) AR P WA APate FAYE ReiFn
ATk A o] 6%7HAE FAHTE 1% E e 37 Rolw 2 ol Fol: o
A Seahe YuE BT gtk 94 FEAE2 BT (19 2uc uuge 3
£7}b tha e Uehted F93 b2 CKLSS 2439 487H8¢ wurg
%+ gleh, -

(38 4] co|oixt8el FAHeHYY)
0.000

-0.005

-0.010 _

drift

-0.015

-0.020

-0.025

T T T T

0.05 0.10 0.15 0.20

interest rate
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g8 HoE A & F Atk F ¥WFA0) %7AAE A £8E FAFI} 11%7HA
T st FEE 2 I olF & oA FUtske FHE e A= EHEUG
o]A& vR7tA 2 CKLSY Stantond] Z3¢ 25 oh& FHE 71

AR A#Z B o) ALY CKLSS B4 A 59 & § ot F
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7] ¥4 o) 7kt FHE HAE RoE E4EHT

2) NRNYH

(29 6], [2¥ 7]& 7tz 38, 4 A89 ojAeAFY A47HAS vz gl
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A 22 BAS B3 AFAFA] AAMF ojwd GFe vA=A A
o <E >3 <E L= HPHEZAA A YoM AFAGIHH o] | T JFAS viHE
AE 7, YE2 3o Q% Aol

7)e 143 3d ez syt FiE, 4 ojzeL gugle FEAA 49 Fdt
Atk [28 1A BARAR o]zH-&L 4.09%0 A 7.36% AtololA #ZEHEd 73 %
o o|A&L AA u|7t Yok WEA <HE >F <E LA YeuE FE °1X}g
ol gwE e FEolFIL T F Yot WA 7 AFAENMELE T 2
B B2y P Alo] ENME <E 3> <E oA oz S FHo
Atz @k £ AFAEME(1)E 022 7HA3H S we vBsy e
AR AFHLE Fole At T4 WEoE FHE W AATHAC] Ael7}

=28 E4sG,

i
¥ do ok

<E 3> A 714 ZFo| UM ATAEIIA2 FEHFY)

421% 14 1.00057 1.00057 -0.000000749889 (0_0%8375227)
34 1.04346 1.04348 -0.0000234544 (0' (1)&?3}775315*7)
458% 19 0999914 | 0999942 -0.0000284962 (0_ m)
3d 1.03870 1.03871 ~0.00000738024 dw%o
5.07% 1d 0998051 | 0.998066 -0.0000147632 (0&)58%;5)
34 1.03597 1.03600 -0.0000317417 (o_ (1)070%%42*3*7)
531% 1 0997914 | 0997946 -0.0000317180 (0' (1)3083?:8221*1)
34 1.03240 1.03247 -0.0000550649 (5%32?;8;;;)
6.05% 14 0995214 | 0.995249 ~0.0000345963 (0_ 33?3?5?25
34 1.02639 102637 0.0000221535 © (1)603 53651*60)

F) 1. 9nl e olzE YA(421%~6.05%) 4 2%
2. %, % wwxl g =10%, 5%, 1969 FAFFNM FeTL e,
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<E 4 HF 71 ZEol UM ABABIIH FLY)

; @gynsﬂ%}géw
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The Nonparametric Estimation of
Interest Rate Model and the
Pricing of the Market Price of
Interest Rate Risk
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{abstract)

In general, the interest rate is forecasted by the parametric method which assumes the interest
rate follows a certain distribution. However the method has a shortcoming that forecasting
ability would decline when the interest rate does not follow the assumed distribution for
the stochastic behavior of interest rate. Therefore, the nonparametric method which assumes
no particular distribution is regarded as a superior one. This paper compares the interest
rate forecasting ability between the two method for the Monetary Stabilization Bond (MSB)
market in Korea. The daily and weekly data of the MSB are used during the period of August
9th 1999 to February 7th 2003, In the parametric method, the drift term of the interest rate
process shows the linearity while the diffusion term presents non-linear decline. Meanwhile
in the nonparametric method, both drift and diffusion terms show the radical change with
nonlinearity. The parametric and nonparametric methods present a significant difference in
the market price of interest rate risk. This means in forecasting the interest rate and the
market price of interest rate risk, the nonparametric method is more appropriate than the
parametric method.

Keywords : Inferest Rate Forecasling Model, Parametric Estimation, Nonparametric Estimation,
Kernel Density Function, Mrket Price of Interest Rate Risk

* Professor, College of Business Administration, Korea University
** Doctoral Candidate, College of Business Administration, Korea University



