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3. CPRUOOO
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O0O0D0O0000Richard and Rol 19890 000 CPROOOOOOOOOOOODOOOODOO

3.1 0dOdd
cerOUOOOOODODOOODDOOOODDLDOOODLDDbDObDOOUODLDDbDOOUODDDbDOOO
gobobooboRrRMBSOODOODOOODODOoOobOooboOobDboobD rMBSOODOO
goobooooboooo
gooooboobooooooooooooooboooooooooooobL MBSOOogo
googbobooobobbooobooboo rMBSOUOODDOOOOoOLODbOOoooDbDDbOoOoO
gooobbobobooboboobuoboobobboobobooobobn rMBSODOO
gopbobooobOodl BleombergUDODOOODOOODODOOODOOOODOOODOODOO
gobooboobooboobboobbooooboobobooboobbooboon
godbodbooboobtooboobuoobuoobboobboboboobOooboOD2oos

01 000000

[5]55 HATH FAITE (fBHM) WAz BA  FEH CPR ¥ WAC
1 2001/03/22 500  1.75% 49 598% 2.90 %
2 2001/06/21 500  1.78% 46 596 % 2.89 %
3 2001/09/20 500  1.85% 43 603% 2.93 %
4 2001/12/20 500  1.82% 40  483% 2.67%
5 2002/03/20 500  1.90% 37 472% 2.60 %
6  2002/06/21 1000 1.94 % 34 410% 2.67 %
7 2002/08/22 1000 1.82% 32 459% 2.66 %
8 2002/10/23 1000  1.67% 30 433% 2.70 %
9 2002/12/20 1500 1.52% 28 439% 271 %
10 2003/02/21 1500 143 % 26 420% 2.69 %
11 2003/06/11 1000 0.92% 2 387% 267 %
12 2003/09/11 1000 1.69 % 19  380% 259 %
13 2003/12/08 300 167 % 16 4.11% 2.64 %
14 2004/01/07 300 1.70% 15  461% 2.66 %
15 2004/02/05 300 1.69% 14 446% 2.66 %
16  2004/03/05 300 1.56% 13 455% 2.64 %
17 2004/03/29 300 1.64% 12 422% 2.65 %

Total 12,000 476
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3.2 CpPRUOOOOO
oob400000000

3.2.1 [ 00O Seasoning Effectl]

0000000 cpPROODOOOOODODOODOODODOOMBSOOOOOOOOOOOO
0000000000 PSAY 000000000000 O0O0O0000OOO0O0OO0O000000
000000000000000000000000000%0
(3.1) T; = o + min(t,7)n

T, 000+«tdobbdbbideddbbyp e 0000 boonLbU0n0t<s00O0 ¢
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gooooooooobobddddddddoooooooooooo OO poOOoOo0O
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(3.4) Ije = exp(Brije + B26¢)

3.2.3 [ 0000 I Seasonal Effectl]
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CPR(%)

~-1.0
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Time

0 2. DECOMPOOOOODO CPROOOODOOOO

m 20 0~=20

2 if m=12,1,2
(3.5) s,%:{q1

g3 else

000 (¢2)3(¢3)°=1,mO00000000
m 30 [~y=30

@ if m=789
(3.6) Si=Qq¢ if m=12,12

¢ else
0000 (¢)3(¢3)%(¢3)°=1,m00000000

3.24 0O0OOOOO

goboooobobooooboobboobboobboooTvhboobboobuoooo
goobooboobooboobooobbobobooboobboobbobbooboo
gobobirgogboobgbobobd2e030 10000 20030 120000000000
goobooboboooooboobooboobodbooboboobDbobobooboo
gobobobobooobobooboobot2oedbobobobobobooobobonbon
00000000000%0000000000000000000000000000OO0
goooboobooooboboboboobobobbooboboboboobbooboDoboobooo
gboboooboobooboooooboobobooboboodepubbobbobooboboQ

(3.7) Q=

1+ ¢ if Oct.2003 <t < Dec.2003
1 else
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3.25 O0OO0OOOOO

ooooocooooboobooobocooOooOobOOoOoOoO0OoOOobOob0DbOO0On e=00n=1000
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booobOoobOoO0oOo0o0ooobOboO0bOOoOobOooOb0 1000000000 0000 41
00000000000000000000000000000000¢0¢0¢ 00000
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3.26 UOOOOO
Richard and RollJ 19891 1 0 0 000000000000 DOODOODLOOOOOOO0OO
gogoboooboooboobbuooay 0 cPRrROODbOoobog

(38) Gt:Tt'Qt'[t'SZ“rEt

02 0O000O0OO0OO0OOOo

T, i1 & a 4 A
T, 1
iy 0.051 1
& 0.356 -0.248 1
qf -0.121 -0.005 -0.072 1
q? -0.081 -0.135 -0.038 1
qg 0.121 0.005 0.072 1

¢ 0126 -0.224 0555 -0.053 -0.145 0.053 1

03 0000000VIFOD

y=2 y=3
Factor VIF Factor VIF
T, 1.192 T, 1.193
iy 1.101 i1 1.131
& 1.706 & 1.711
q% 1.017 qf 1.180
@ 1.471 q% 1.133

P 1.517
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ubdbO~=23000000(0¢t000000C00000000y=2000 k=1,20
y=3000 k:1,2,3DDDDDDD5t~N(O,02)DI:IDI:I

3.3 ODO0O0OO0OO0OOO0O0OO0O0

giliooooobooooooooOoooobooOoOooOoooboOoOoOoobooOoOoooboboOooooon
oboboooooobooooooocoooooOooooboboOooobooOoOooobOOoOoOoOooOoDODbOOoo
oooboooooooooobooooobOboOoOoOoOOoOoOoboOoOoOoOobObooOoooobooOoOoa
ooboooooooo

N T

1 1 1 2

(3.9) LL(9)=ZZ[M{g{log(%ff?)}Jr{ﬁ(GﬁTjt'th'Ijt‘SZ)} H
j=1lt=7;

gooorooooboo MOt oboboonNDODODO0G0 5000 ¢00

UcCpPROODOOD 0 j0000000000D00D0ODODOODOODOO RO tDODODODO

ooooooooo

3.3.1 000000000
000000000000000000000 £=0,1,2,3,4,56000000000000
O00AICOOODO00ODOOOOOOOO0

3.3.2 OOOO

gogbobooobboobbooe=2000b000DOLD sO0bbOOODDbDbDOUODLOb
gooooo

UO000OO0OModel 70 AICOOUODOOODOODOODODO Model 7O ¢t0O0ODOODO
gobobdoobobuoo20bobbooooobobDboobooboboboboboobon
U giibdbiobooboboobobobono b cerUbD0bogbobonLono
goboboboooboobob 2bobgboboobboooboboboboboo ecprOO
gooboob sgbooboobuooboospoobobobooboobbobobooboo
gooboobooboobboobbooobbooobboobg 60 —60 DO OOUg 1
gobooooboooboobobuoobuobogy=—30 UbOooboboobOoboon

3.3.3 10000000D0O0O0OO
gobooooooobooogooboboooooboooooboooooboooooooboboooooon
Uoobo0o0O00o0DOobO0oo0oDbDbOOOChanet alJ 19920000 0000000O00O00O0O0O
goboocoboooobsbbobOOoOoOoOoOooboOoooOoOoobboOooDnn
goboooobooooobooocooooOoooooboOoOoOoOobooOoooboboooooboboOooo
00000t—ooO Varz] —coOO0O0O0O0O0O0OOOOOODOOOOOOOOOOODODOO
gooooo
obodoooboooboooboooobOoobOoobOoobooOonOvesieekOOOOOOOO
uoboboooobooooobooOoooOooOooOoOooDoOoboOOoOoOoOOOoOoOobOOoOoOoOoDboboo
000000000000 CIRSRY 0000000 Brennan and Schwartz 000 000 00
Unrestrict,ed DO 000000000 COOCOO0ODOCOOOOODOCOOOOOOOOOOO
obobbooobooooboooooooobooOoobooOooboo cIrRSOOooono cirbod
omoooooboocoobooclirRO0oOobOOoOoOoOoOoOoOoOoOoOooOoOobooobOboOooono
gobobooooboooooobOocOoooooDo2e000bOoOooooooOooonOoOoOon
0 «=0.0007730 8= —0.026580 ¢*=0.000508 0000000 Cox et alJ1985(10 00000
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04 00000000

Model 1 7k ¥

Model 2 AKHE - R

Model 3 A FEMR - B BT 0 TR

Model 4 K. REFHR - &FENL b L2 FEHR

Model 5 K¥E  REHR - HRZ A BT 4 TR SRE LY PR

Model 6 KA. BESE AHRX A BT 0 TSR SRIE P L2 AR - FEBR ()

Model 7 K REZE - [EW2 A 2T 4 TR - FHDHE (D)

Model 8 K% FREDE - (HERZ A BT 4 TR SRR P L2 PR - FHIANE (3)

Model 9 k¥ BAEDR BB Z A e T 0 TR FMHE 3)

05 00000000000000000000¢00
@ U B B2 4 q B ¢ AIC

Model 1 3.951 2.308 206.048
(38.19) (5.65)

Model 2 2.141 0.147 1.637 192.608
(20.69) (23.27) 4.01)

Model 3 1.501 0.106 -0.151 1.270 196.427
(20.46) (2343) (-14.63) (4.28)

Model 4 2.134 0.148 -0.036 1.724  196.603
(20.65) (23.28) (-0.29) “4.17

Model 5 1.473 0.103 -0.161 0.047 1.169 198.420
(20.51) (2343) (-1561) (0.38) (4.09)

Model 6 1.643 0.125 -0.083 -0.126 0.682 1.824 191.177
(20.19) (24.44) (-8.25) (-1.02) (-7.77) (5.14)

Model 7 1.543 0.115 -0.119 0.684 1.482 189.244
(20.40) (24.30) (-11.72) 7.71) 4.70)

Model 8 1.612 0.121 -0.096 -0.077 1.093 0.685 1.605 193.025
(20.33) (2439)  (-948) (-0.62) (2.44) (-8.74) (4.80)

Model 9 1.555 0.115 -0.116 1.088 0.686 1.404 191.048
(20.46) (24.32) (-11.48) (232) (-8.69) (4.50)

gob-gobobgedbboobb k00O

(3.10)

dr=r(0 — r)dt + o\/rdz

obobboOoboooobbde=2m600000000 =0.026580000
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03 CPROOOOOOOOO
0 6. DOODDODOOOOOOOOOOOa
Merton dx; = adt + odB,
Dorthan dx, = ox,dB,
Geometric Brownian Motion  dx, = 8x, + odB,
Vasicek dx, = (o + Bx,) dt + ocdB,
CIR SR dx; = (a + Bx;) dt + o \/x,dB,
Brennan-Schwartz dx; = (o + Bx,) dt + ox,dB,
2
CIR VR dx; = ox}dB,
CEV dx, = Bx, dr + ox!dB,
Unrestricted dx, = (@ + Bx,) dt + ox/ dB,

4. RMBSOOOOOOOOOO
4.1 00000

4.1.1 00O0OOOODOOO
Cox et al] 198500 0O0OO0OOO rOM310l0D00000000ODO0OO:000OODOO

00700000000 R(r,t,T)00

(4.1) R(r,t,T)=[rB(t,T) — log(A(t, T))]/(T — t),
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oooao
2k6 /02
oy (T—)/2
A(t,T)= I ,
GrmET 1) 12
2Tt _q
B(t,T)= (e ) ,
(v+ &) (7T — 1) + 2y
Y= VK2 + 202,

goooboooobobooob bbb boobboobboobboo

4.2 RMBSOUOOOOOOOOODOOODODOOODOO

4.2.1 000O0OO0OO0OOO0OOOOOOOOOO

MBSOOOOOOOOOODODODOOOOOOOOOOoOOooOooOooOobobobooboo
goboobobooobobooobobobo RrRMBSOODOOOOOOODOoOooobDOoDOoD
gogbooboooobooboboboooobbobbobbooboobboobboboon
goooooOoOoopoooooooOoOoOoDOOOO0O0OoOooOooOOt00@™/1I20@O00
gogooogooon

goboboooboooboobobooobooon

t0ogoobooobo A, boodbboobbooo OO

(42) Pt :At—l —At

goboboobobooboRrMBSODOOO eObO0btroboooboooboobbooo
ggo

C

4. = A, .. S
(3) 1t t—1 12

0000000000000 0000000000
(4.4) CF, =P, +i
0ooo

4.2.2 J0O0OO0OO0OO0ODOOOOOO MBSOUOOODOOOOOO

gobooboobobobooboobooboobooboobobobooboobLoon
goobooboobuooboobooboobooboobbobobobboobooboo
0t¢toooooooooooo s ooooo

(4.5) S(t) =Pr(T > 1)
0000000000000 0000000000 A()0D0000000000000
L S(H) - S(t+ At

(4.6) )= tim =X s ®

d(log(5(t)))
4. _ d(log(5(®)))
(4.7) 7
0000000D¢(<TOOO0OO00DO0DO0DO0000D0000000000N0NoO
sfsfsisiafslsisiaisfsls
_ St-1 =5

(4.8) he= 2
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ooooooooo
0000000000000 D00D0000000000000NoNoNoNonooooooO
0000000000000 0OO® 0000000000000 000DD00000oo
0000 0D0D0D0DmMOoODOoOooooo
00 A 0000000000

(4.9) A=A - S,
000000000420 000490 00000
(4.10) P=P-Si1

O00D0D0OD0MBS 0000 SMMI Single Monthly Mortality (D 0 00000000000
O0D0D0O0O00SMM D48 0000000000 A, 00D000OO
t0000000000000000+00000000000000000000000
04, 000000000000000000 AOOODO (41—P)000000¢00
00000 0000000000 SMM,000000000000000000

(411) WtZ(Atflfpt)'SMMt

0000SMM, O CPR(r,t) 000

gk

(4.12) SMM, =1~ (1—CPR(ri,t))"
0000000000 = O
(4.13) m=(A1—PB) {1 —(1=CPR(r,t) =}

00oo00o0ooO
+t000000000000000000000000000000

(4.14) G=Ar - 1—02

00000+000000000000000000000000000000000

(415) dFt:Pt +gt+ﬂ't

gooob+obooboboooobooob 4yt 1,000 OO

t

(4.16) dfe =] +r)7 7=

s=0
gbooboooooobo rMBSOOOOODOOd4, 00000
T
(4.17) V=
t=
goobooobbooobooobo RrRMBSODDOOOoboooboooboo
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Lag  « U B, By a a % ¢ AIC
Model 1 3.951 2308  208.048
(38.189) (5.653)
Model 2 2.141 0.147 1.637  194.608
(20.694) (23.272) (4.009)
Model 3
1 1704 0.119 -0.097 1.415 196.536
(20.530)  (23377)  (-9.338) (4.232)
2 1.501 0.106 -0.151 1.270  196.427
(20.462) (23433) (-14631) (4.282)
3 1.196 0.085 -0.249 1.030 196.081
(20.362) (23.517) (-24.306) (4.354)
4 1.295 0091 -0.218 0.932  196.199
(20507 (23.510) (-21.329) (3.817)
5 1.274 0.089 -0.228 0.819 196.171
(20.594) (23.496) (-22.367) (3.516)
6 1.597 0.110 -0.131 1.059  196.463
(20691) (23.361) (-12.814) (3.602)
Model 4
1 2.183 0.147 0.295 1.036  196.309
(21.015) (23.277) (2.286) (2.812)
2 2134 0.148 -0.036 1.724  196.603
(20.646) (23.284) (-0.295) (4.169)
3 2064 0.150 -0.293 2212 196.206
(20.221)  (23.579) (-2.365) (5.032)
4 2037 0.152 -0.355 1.887 195924
(20.041) (23.951) (-2.647) (4.496)
5 2041 0.153 -0.301 1.625 196.129
(20.007) (24.070) (-2.205) (4.01)
6  2.138 0.148 -0.008 1.632  196.607
(20.671) (23.299) (-0.062) (4.001)
Model 5
1 1432 0.098 -0.182 0.396 0.693  198.076
(20.816) (23471) (-17.551) (3.05D) (2.833)
2 1473 0.103  -0.161 0.047 1.169 198.420
(20.508) (23.429) (-15608) (0.378) (4.094)
3 1.325 0.097 -0.195 -0.198 1.388 197.927
(20.118) (23.669) (-19.014) (-1.573) (4.956)
4 1.548 0.115 0122 -0.295 1.345 197.814
(20.045) (23.967) (-12007) (-2.176) (4.302)
5 1.462 0.108 -0.152  -0.220 1.026 197.968
(20.122) (24.006) (-14.966) (-1.593) (3.677)
6 1.488 0.099 -0.170 0.102 0.963 198.425
(20.977) (23.056) (-16.623) (0.758) (3.584)
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Lag a7 A, B, q, q, 4 ¢ AIC
Model 6
1 1.607 0.122  -0.095 -0.073 0.680 1.719  191.241
(20.240) (24.404) (-9.304)  (0617)  (-7.841) (5.027)
2 1.643 0.125 -0.083  -0.126 0.682 1.824  191.177
(20.189) (24.442) (-8.255) (-1.022)  (-7.767) (5.142)
3 1.609 0.120 -0.099  -0.054 0.688 1.533  191.242
(20377) (24.348) (-9.837) (-0.385) (-7.577) (4.664)
4 1.690 0.124 -0.082 -0.012 0.687 1.460 191.338
(20.531) (24.253) (-8.170) (-0.085) (-7.620) (4.376)
5 1.680 0.119  -0.094 0.132 0.679 1.387 191.285
(20.845) (23.924) (-9.385)  (0.957)  (-7.840) (4.299)
6 1.565 0.106 -0.135 0.255 0.679 1.273 190958
(21.207) (23.543) (-13433) (1.947) (-7.857) (4.325)
Model 7
1 1.556 0.116 -0.113 0.683 1.525 189.264
(20.352) (24.345) (-11.160) (-7.748) (4.753)
2 1.543 0.115 -0.119 0.684 1482 189.244
(20.404) (24.302) (-11.720) (-7.705) (4.699)
3 1.564 0.116 -0.115 0.687 1423 189.256
(20.474) (24.268) (-11.399) (-7.605) (4.535)
4 1.679 0.123  -0.086 0.686 1442  189.339
(20.553) (24.231) (-8.534) (-7.635) (4.363)
5 1.792 0.131 -0.058 0.686 1.519 189.397
(20.597) (24.194) (-5.792) (-7.648) (4.330)
6 1.832 0.133  -0.049 0.684 1.558 189410
(20.622) (24.162) (-4.863) (-7.694) (4.345)
Model 8
1 1.618 0.120 -0.097  -0.007 1.094 0.684 1.498 193.104
(20417) (24.347)  (-9.576) (-0.055) (2.456) (-8.749) (4.575)
2 1.612 0.121 -0.096 -0.077 1.093 0.685 1.605 193.025
(20.330) (24.392) (9477 (-0.619) (2.439) (-8.737) (4.800)
3 1.568 0.116 -0.113  -0.028 1.084 0.690 1.369 193.028
(20.473) (24.335) (-11.223) (-0.201) (2.207) (-8.554) { 4.400)
4 1.623 0.119 -0.100 -0.013 1.080 0.690 1.290 193.085
(20579 (24.295) (-10.013)  (-0.089) (2.109) (-8.568) (4.121)
5 1.629 0.115 -0.108 0.118 1.087 0.683 1237 193.069
(20.871) (23988) (-10.760) (0.866) (2.292) (-8.793) (4.043)
6 1.528 0.104 -0.145 0.229 1.096 0.682 1.155 192.814
(20211 (23619) (-14457)  (1.754) (2512)  (8837)  (4.096)

101



102 000000 54000 100 2006

afsfalafalals
Lag a7 A, b @ q, 4, ¢ AIC
Model §
1 1614 0120 -0.099 1093 068 1480 191.104
(20427) (24343)  (:9.710) (2440)  (-8739)  (4.547)
2 1555 0115 -0.116 1088 0686 1404 191.048
(20.460) (24.318) (-11.484) (2322)  (-8.691)  (4.504)
31545 0114 0121 1083 0689 1315 191032
(20.522) (24.297) (-12.020) (2.196) (-8571) (4.328)
4 1613 0118 -0.104 1080 0689 1273 191.086
(20.601) (24.273) (-10.381) (2.116)  (-8.585)  (4.107)
51725 0126 -0076 1082 0689 1337 191161
{20.652) (24.230) (-7.575) (2.163) (-8.595) (4.061)
6 1747 0126 -0.071 1083 0687 1349 191172
(20.692) (24.186) (-7.123) (2.174) (-8.657) (4.057)
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Analysis of Parameter Sensitivity of a CPR Model in MBS Evaluation

Jun Kataoka

The Graduate University for Advanced Studies

We estimate a CPR (Conditional Prepayment Ratio) model of RMBS (Residential
Mortgage-Backed Securities) by using real data as Minimum AIC estimates, referring to
Richard and Roll (1989). Theoretical prices and risk indices of RMBS, such as duration,
convexity and WAL, were calculated with Monte Carlo simulation. Finally, the parameter
sensitivities of prices and risk indices were estimated. It was shown that the parameter
sensitivity varies according to market interest rate change. This result is important in
risk analysis of RMBS. Theoretical Price and risk indices of MBS greatly depend on the
CPR model. Generally, there is no model that does not need tuning. Because, as time
passes, new information is added, the optimum model changes. If the model parameters are
unstable, risk indices of the MBS estimated using the model may be unstable, too. Thus it
is useful to know the parameter sensitivity of risk indices beforehand. This makes possible
to know how much the risk indices change when parameter changes are anticipated. It
can also make the risk management stricter grasping the parameter sensitivity ahead. It
is especially operative for MBS, and adequate use of parameter sensitivity helps sound
growth of the MBS market.

Key words: MBS, CPR model, duration, convexity, WAL, parameter sensitivity.



