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“A frequently posed question during regulatory audits and at bank asset/liability management (ALM) conferences is
“where do you ‘put’ non-interest-bearing demand deposits?” The answers typically range from “in the one-month
bucket, of course” to “we tranche them out over n-months” to “stable base in the ten-year bucket and residual
overnight.” Clearly, practitioners of the art and science of ALM have reached no consensus about the interest-rate risk
exposure of demand deposit account (DDA) lighilities. This is particularly unnerving given the large relative DDA
share of commercial bank balance sheets.”
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“...rate adjustments tend to be asymmetric, displaying rigidity when market rates are increasing and rate spreads are
wide but flexibility when market rates are decreasing and rate spreads are narrow...”

78 ooooszoo6.10



ooooooooooooooooooooooooo

goboobboobooboobooboboobboOoboobg1ee4d 100200507
gbooogboobooooobooboowmoLnsOorRUbDODODODOIDOOODOOO
ggbbooobbooobbooobobbooooboooobbooobobooa
gobobobooboooboooboooboobooboobooboobooobon
0o0ooooooo®o

gz20boogoobuogoboboobooboood

wwobbooobbooobbooobboooboboooboboooobooboo
gboooooboboooogobobooooobobooooboobooobooooo
gbobobboaobooboobooboobuoobooboboboobboboan
goboboboobooobilibooboobooobooobooboo

gooobooboobooboobuooboobooboobooboboo
000000000000000000000000000000000000200
gbobobbooboobooboobuoobuoobooboobooboboobab
gobobooboobooobooobooboooboobooboobooboboboon

02 100LuBOROUOOOODOODO 19950 30 0200500 110 O

oo0oo0oooo0owdO
2.0

B ERRISTTTERRISEPERES
LB e mm o
L e e
L2 e e L
e
O T SRRTSS R EEETSS PR
T T AT
0.4 e mmm o llllllololllioooliiooiioooo

e

0 L L n L L L L
0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 16 1.8 2.0
10 0 LIBORI %0 O

301000000000020000000000000000000000O0O0O0OOOOOOO0OOOO
oooo

40000000000100LBOROOOOOOOOO0MOOO0O00O0O =0.12774x 100 LIBORO 0.000160
goooooooooooooorrzd

79



U3 dobooboooobooobo

[Doooooooon

ooo

oooooooo
ooooo..o

oooil

0ooooooom
goodg

’
- ’O
\’._,—

ooooooooof

gobobbooboobooobooboobooboobooboobobboon
gboooogoboobooooboboooobobosm

gboooogooboobooobogooboobooobooobobooboooboobobooboooog
goboboobooboboobooobooboobooboobooboobooobon
goboboobooboobooboobooboobooboboboboboon
gboooogoboobooooooboboooobobooooooboobooooon
gboooooboooboobobooogbobooboobooboobobo

gobobOobooboooboooboobooboobooboobonoboboo
gobobobooboobooboobooboobooboobobooboboboon
gooooobooog

gobobobobboooooobobobo

gboooogoobooboooboobobobobooboobooobooboboboboooo
oboobooooooobooboboboboobogooobobobooboOnd present
vadueOOOOOOO0O0O0O0OD0O0OO000O0O00O0D0O00O000O00O0ODO0ODO0O0O0
gboooogoobooogoboboooooboboooon

gbooooooboobooogooboobooobooboboooobobobobooDoo

80 oooo/zo06.10



ooooooooooooooooooooooooo

gobobooboobooboobooboobooboobooboboon
gboooboooobooobobooobooobbooobooboboooboooo
gbooboboobuobtomuoboboobobooboboobobod
gbooooobobobooomobboooboobbooooobooobbooooon
gobobobooboobooboobooboobooboboboobobobon
ooooooooo
gbboobooboobuoobooboobuooboobooboobobooa
0°00000000000M10000000000000000000000O0
gbooobobooobooobbuooobooobm20booobooon
gboooobooboooooobooboobooobobobooobobooomoo
0000000000000000000C0000000

iiggoooooooobboodooooooobooooooooogg

gbobobooboobuogbooboobuoobooboobooboboo
goboboooboooboobooboooboobooboobobobooobo
O00000DbO0b00OobO0Db0b0bOob00b0bO00DOoD Selvaggidl 1996011
OO00000000DDOOOOffice of Thrift SupervisonD D OO OTSOOOODO O
gbooobood

gobobboopoooboooAsudng

Selvaggiod 19960 D 0 OO OOO0ODOOUOOOOOOOOOOOO0ODOOOODO
ggodooooooobobboobbbobbbouoouooooooooooooo
ggooooooooobobooobbbobobbooooooooooooooon
00000000 00O0o0O0o00ooDob0bO0bOobOob0O0OODdoption Adjusted
Spreadd DO OOCASD D ODOOOOOOOOOOODDOOODOOOOOCASODOOO
oo

000000000000000000000000000000000000
gobobooobobooobboobobboobobboooboilbbuBOorO
gbooooboboooboooboooooobooboobobobooboooobooboon
obooooobobobooboobsgoAsoooooobooooon

50000000000000000O000O0O0O000OO00OO0O00O0ODOENsandJordan 2001000
oo
600000000000O0OOOOOOOODOODOOODOOODOOOOOOOOO0O0O0O000000000
0o0o0o0o000o0ooooooooooooOOOOOOOOOOOO200000000000000DOO
poooO0oo0oOo0o@oooOoOoOoO0OO0OO0O0OO0oOOOOO0O0m@eOOonobfDlIOO0O00o0o0ooBooon
omooOozrooobooooooooOoOooOoooooooo
rO0ooo0o000oooO0o0oO00O0bOOoOoO0O0OOO0OobooOOOOO0n

81



oAsCOdopooooodioooooodoooooodov,pooooon
30DD360DDEFDDDDDDDDDDDDDtkDDDtkDDDDI:IL%kllelDLIBORD
RtkDEII:ItkDDDDEIDD[II:II][IDDCtkDDﬂlEIDDDDDDDDDDDDD
guo

30 Ly (1-rr ¥)Dy - D, 30 (Lt~ ¢ Dy,

: : 0100
k=1 1+R, +9)k & (1+R, +9)'k

0

C, = rrOASLY, + ¢S, 020

0000000000 °A00000000000000000O000O000O0

0000000000 000000000000 0O000
DDEIDEIDEID[IDDDDDD3DDLIBORDL?kDDDD1DDDDDDDD

000000000000 0000W eSMeA 00000000

InDy, = a@°InDy,_ +a*SInL +aS"S. 030

OASI 0000 Os000D0O0O0DOO0DOSelvaggio 19960 00000 OODO
000000 Bank Mergers & Acquisitions]1 1995030 0 0 000000049000
0000000000 o00oooooooosd00ndbalpark numberd 0000
ooo

D0doooooASI 000000 O0ooDoOO0ooooooooooooooon
0000D0o00ooooooooooooooooooASIOD0ODoooooo
Oo00ooo0ooooooooooooooooooooooooDoooooo
000000000 oo0oDooooooooooDoASO OO0 DnDoooonsd
0000000000 OSevaggiod 19960 0000 0000000DO0O0O0O0OO0O
000o0o000o0ooooooo0oooooooooooooooDooOoooDo
0o00ooo00ooooooooooooooooooooooooooooDon
0oodoooooooooosoodooooooooooom3moooon
000o0o000ooooooo0o0oooooooooooooooDooOooono
0000000000 ooooooooooooAsSI00DoOoooDoooooo
oooooooooooooooog

00000000000 DbODOooD3000000oooodoooDooDooooooooos3enaon
000000 termstructure constraintsD 0 0 0 00000

9 Selvaggio1 19960 0 00 00000000 DODO00OODOO0O0DM30000O000D0O0O0OO0OOOOOoDO
jo0o0oooo0o0ooooooo0oooooooooooo

82 ooooszoo6.10



ooooooooooooooooooooooooo

goboboobooobooboooorsugnog

orTsd20010 0000000000000 0D0OODOOO Net Portfolio Value Model
gbobobboobooboobooboobuoobooboboboooboboboab
0000000 o000000000ooooTsoooooon

orstoogbooobboobooboobbobbooboobooboon
ooooooooooooooooooooooooooodooyoooogn
DI:IDtkDIZIDDDDitkDDDDDDDDDDDDDDDDlDDDDDDDDqKD
gboboooogsgossonopgooooonbooobobooboooooon
goboboooboobog4o0oonDg

360
Vo zkgll{_ctthk_ it Dy, + (Dy =Dy, )} DFy, O 0400

DFtkDDDFtk:1/(l+LZtk+y)tkEIEIIZIDDDDDDDDDDDDDDDDDDDD
LZ ooLBorOODODODOODOOOOODOOwOOo0o0oooooooooodydd
oboboooooooogoooobobobooaorg]2o0010d O y=0.00120 0
0ooooooootm

orstoogboogbobgobooboobbobboobooboobobon
gboooogbooboooogoboboooooboooobooooboboobooogooboo
goboboobooboan

DEIDDDDDEIDDDDDDDDDDitkDDDDDDDDDDDDDDSDD
LIBORL?k[IDEIDDDDDDDDDDDEDSEIDDDDDDDDDDDD%OTSD%?TS
googooo

H 1
It =

— oTS oTS oTS OTS "'k OTS; 12

Dtk_Dtk—l{aO +ai Carctan(a; C+ag L—3)+a4 i o 0500
t

k

DI]DDDDDitkDDDDDDDDDD]GDDDDDDDDlDDDDDDDDD
ggbobooobbooobbooobbiliobbooobbooobboooon
EIEIEIEIEIEIEIEIEIEIEIEIEIE[k_lEDSEIDDDDDDDDDGtk_1DJ7DDDDDDDD
00000000000 00000000RP™IpS™u 000000

_i  —pOTS; i oTS(3 _ 3 oTS(;3 _ |3
g~ =Bo (G ~ig ) +B1 ~(Ly — Ly ) +B; ~(Ly, ,~ LY ) *Gy ;>

gedd

10 0TSDODO00O0O0O0O0DO0ODOO0O00D00DO0190000000000000000000000O0
gogo

11 OTS]200100 0 0000000000000 0000O0O0OO0COODDOOD O observed prices for deposit
purchase/assumption transactionsD O 0000000000000 0000000O00O00O0O0O0OOASOO
00oo00oo0oooo00o0o0oo00o00oO00bO0O000b00DO00bO0DO00DO0DO00O0O0O0
ooooooooooo

83



OTS (; e
iy, —Ey ) if iy, = E
Gtk = E,)TS (.'[k tk) . .tk tk , 0700

E, = pSTS+EITLE, 080
grdboobi1boobooboobooboboobooboobooboboobo
gogodoboboobbdgooooboobobbodoooobbbuoooooooboo
goodobbobbtdooolooobobbbuodoooobbobbouoon
goodobobbbbooooooobobboooooubboboboooooooo
gbooooobobobooboobooooboboobooobo

z2o0booooobooobbooonbn

gogoAsOoooorsiboooooogooboboooooooobobobo
gobobboobbooboobooboobuooboobobbobbobooan
gobobobooboobooobooboobooboobooboobooobon
gobbooobbooobobooobobboobobboobobboooboooo
Ooo0ooOoOOoooDooO0oooooOoonnddarow andvan DeventerD 1998111 O O
ooboooobooooooBrienf2000 000000 OCOO0OOODOOODO
O Hutchison and Pennacchil 19961 0 0 000000000 OOOCOOODODOO
gobobobooboobooboobooboobooboobooboboboon
00000000000000000000000000000000000*0

gobobooboobooobooobooboobdabboon
Jarrow and van DeventerJ 19980 0 0 00000 O0OO0OODOOOOODOODOOOO
goooooboobowbbOoDom
DDDDTDDDDDDDDDDDDDDDDDDDDDEII]tk—tk_IZADO:tO<
u<t<qgt,=rlodoo0OwnOOO0O0O0O0O00O000O0O0000O0O000000
00000090 oOnO®o

12 Kalkbrener and WillingD 20040 0 D 0000000000000 0D0O000DO0OO00OO0OO0OO
0 O Kakbrener and Willingd 20040 O O Jarrow and van Deventer] 19981 O’ Brien(J 2000CT] Hutchison and
PennacchiD 19960 0 OO OO0 O0O00O0ODOOOOO0O0O0OODOOOOOO0ODOOOOOOOOooOooOO™

BOOD000DO00DO09DO00D00DO0O0ODOODDOOO Briend 200001 Hutchison and Pennacchi
019960 00000000000000000000OASOODOOOTSODOOOOOOODODOOOO
o0 00O01000300000000000000000O0DO0O00O0O0

84 ooooszoo6.10



ooooooooooooooooooooooooo

_ « M2 M O rf « Mol i O

« O ; it O
=B H(Zthk(rtk_ltk_Ctk) DF‘k+1H O geoao

EIDI]DDF{;DDDDtkDDDDDDDDDDDDRKDDDDDDDDDDDDD
EII]DI:II]DDI]I:IEtDk[-]DEIDDEIDDDDDDDDDDDtkDDDDDDDD
oooooooooOoooP,, ) 00001000-000000000000¢t,
gboooogoo

P(te. 7) = EL[ P(tsy, 7) /(1 + R )] = EZ[ P(r, 7) DFLI/DF{’ . 0 100

poboooOoilo400ooooooooonooooooot,,0000000
goooot,,googoodgooooody,,doodoodoodoodaon
gobobooboobooobooooboon

goooA-OODDOO0OD0ODOO0ODOODOmM1Noooon

V, = E; EED(s)(r(s)—i(s)—c(s))DF'f(s)dSE 0 01100

O000r(t)D000000000000000DF"(t) DM 12000000000

t
DF"(t) = exp(—!r(s) ds) ] 01200

gobboooobobooobboo@muooobboooboboooobobbogoo
goooog

gigboboboooooooboobobooo@kBooooooboooDo
000 Hull and WhiteD 19900 0O 0000 OO

dr(t) =m?P(r(t) —r(t))dt + & P(t)dZ (t) - 0130

goo0Om*OeM) Dz (1) DODODODODODODODO0DODODOODODODODOOOOOOO
0000000000000 0000000et)=c™OoOooooooooo
00 (0000000000000 t00000000000N0nf(o,t)0000
pooooo

01 et , (0™)?@a-e>)0

F(t)=f(0,1t)+3 00 01400
DT]JVD at 2 (mJVD)Z D

2000000000000 1s0000booobbo1b2b0@mooogn

85



gobobooobbooobbooobbbooobbobbooobbooon
00000000ePOelP0 0000000

t

2
D(t) =D(0) exp{aé"Dt+ai"Dt§ +ag"D‘[r(s)ds+a§"D(r (t)-r@)} g 0100

gidooooooomieooogooon

dInD(t) = (ag"P +ai*Pt + o3*Pr(t))dt +a3"Pdr (1) . 0160

g30oooooboobobmivbobooboooooo1oomuoobooogon
oobooooboobooooobooboboooboboboboobboobooooboo
goooooogdPOpMPooonoooon

t
i(t)=i(0)+B;"t +Bi"D£r(s)ds+Bg"D(r t)-r(0) O 01700

01700 00000000018000000
di (t) = (g"° +p7*Pr (1)) dt +p*Par (1) . 0180

gobobooobooobooboobooboobooboobooboboo
onnogoogoobobooogooooooboooobooboooobboooooobon
ooo1o00m

gooooboboooboobbooooboboboobobooboOobbOoOd st
01700000 dwb0dooOooooUnodOdanos, Jarrow, and Zullod 19990
00o000DfdmOf20000000D0DOdDnOJdanos, Jarow, and Zullod 19990
000000000000000000000000010000%“0

t

D(t) = a2PD(0) (1/a2®) " exp(a 2Pt +a 2P [ r(s) ds) [ 01900
t=A
t
i(t) = B3P +(B1P)\(i(0)-B2"P) +Bgv?_jAr(s) ds 0 0200 0

goooogobooobooobogooBbonO
OBriend 20000 D O0wWDOODOOOODOOOODOOOOOOOOODOOOODO
gboooooooboooogooBOnOMm

14 00000 Janosi, Jarrow, and ZulloD 19990 0 00 00000 O0ONDOOOOOOO

86 oooo/zo06.10



ooooooooooooooooooooooooo

oBOOOODODOOOODDOOrS0D0O0OO00DDO0OO0OOODDOOOOOOOO
UebOobobooobooobooobocoboooono

Co =1, +k§lE5[«itk_l+ Cy,_) Dy~ (1=rr *®)(D, - Dy, ) DR

_ < = : o
—Do—glEo[Dtk_l(rtk_l— (it +cy_,+m % ) DFth] 0o 02100

000C,00000000000V,000000000000
Co+Vy=Dy . 0 220

oBOOOOOODODODODODOODOOOOODOOOODmOooDOooooooooDoo
oooooooooooooooo

0100000000000 0D0000000000000000O 00 0O Cox,
Ingersoll, and Ross] 198511 0 0 00O OO

dr(t) = m®B@®B -r(t))dt +sBVr(t) dz (t) . 0230

O00D0mPE0 B0 ¢CB0 000 0000000000000 000O000O000D

gooog
DZDDDDDDDDDDDDDDDDrtkDDDDDitkDDDDDDDYtkEIDDl

00000000000000000«fBOeff00000000

InDy, = a§®+ af®(r,— iy, ) *as®In Y, +a®IND,, , . 0240

oBUOOODOODOOOOODO»wWWODOOOoobOoooooobooooobooo
gbobobbooboobooboobuoobodobaang

030000000000000RPEORSI LI INNmM 250026000000
gom2stdnzelbdoooooobooobooboooboboooog

. . o] OB OB oB .
ity =iyt (Bo Iy *BY (A=1))(By T, =By =iy, ), 0250 00

oB OB .
I _H Bty B miy >0 0
k otherwise 02600
OBODODODDONMDOOODOODOODODODODOODDOODDDOODODDOODDDOOD
0000000000 OBriend20000000000000000000000O0
00000000000000000000000000000

87



goboboooboobooboodHPOODO
Hutchison and Pennacchi] 19960 00 0 000000000 OOOOOOOOO
gbooooooobooooobobooooorPOOOm
gdooooooooobooobobobbobbiooooooooomiioooa
0

Vo = E ﬁ[D(s)(r(s)—i(s)—c(s))DF”(s)dsE 0 01100
0000000000000 00000MmM2700000000
Vo :£P(0,s)Eg[D(S)(r(s)—i(s)—c(s))] ds 02700

O0ODOER[0000000O000O000000000D00D000D0O00P(O, s
oboo0sboobogobobooboooooboobOobooon

O0000000O0POD0000D00OCPOO0DOO0D0O0DOO0D0O0OD 280
goooboooog

c(t) = ¢"P+rrHPr(t) . 0280

HPOOODOMM27yODO0oDOooOooooooooooooooboobobOorPd
gobobooobbooobbooobbbo@muooobbooobboooo
gboooogoooobo

Dl10o000opboobOoboobOoDOoobUODUO0OVasicekO 19770 00
gooon

dr (t) = mtP(a"P-r(t))dt + ¢"Pdz (t) . 0 290

Ooo0OmPPO&aPO PO 0000000000000 OODODOOOOOOOOOOn
ooon

DDDDDDDDDDDDDDDDDDPO('[)DDDDDDDDD”D

—mHPt) (HP)2

_ 1-e o _m*R, 20
P (t)=exp P (rw—r(t))—rmt—m(l—em)zag 03000

g20dboooooboboooooobtoaiooooobooooooobon

oo ooooor 00A000O000O00O0O0O0O0O0OO0OOOO0OO0

o =aHP+ gHP) /mHP- (O.HP )2 /(2 (mHP )2) .

88 ooooszooe.10



oooooooooooooooooooooooon
r_rz?)x(r(t) —-i(t)-c(t))D(t) . 0310
|

0310 00000000IR)D M 300000000

D (t)

i*(t):r(t)_c(t)_m 03200
Ooog@Db)/oit)yDt)conooo BOHP,BlHPD oooooo
D (t) _ _pHP_ _ oHP _
—aD(t)/ai(t) Bo c(t)+(1-B, )r(t) v(t), 03300
0000HutchisonOD 199500 0 000000
iN(t) = g5'P+ gfPr(t) +v (1) , 0 340

0000000v(t)D0O00000000000000000000000000
oooooo

03000000000000r(t)0i%t)00000n(t) 00000000000
000000000000000ePO«P00000000

D(t) = (af®r(t) + afFi(t) + (1)) exp(af®t) . 0 350

O00nt)0D000000000000000000000000000000
000000000000000

HPOOOOOOOOOOO0OOOO0O00O0O0v()Op(t) 0000 r()0o0o00oo
000000000000000000000000000000000 loca
market variablesD 0 0 0000000000000 00000 O diversifiabled O O
0000000000000000000KHPOOOOOO0OOO00OO00O0O0
0000000000000000000n(t) 000000000

000000000000000000000000000000000000
0270000000007 -«000000000000000000000000
000001000 M

gobbobobbuooogoobbobobbuooooon

oboobgos3sgooooobooobooobobooboooboooboboooboo
gobobooboobooboobooboobooboboboooboboboon
obobgoooooobooorsbobdwbbogbooooooboooo
gobobbobooboobooboobuoobuooboobobboboon

89



gogoooooooobbobobobbbobobboooooooooooooooo
OUOOOOOoOooooooboboobooooooobobobooooooo
ggbbodobbowbhooobooobbooobbooobooobboan
0000000000 00000000OOOdOKakbrener and WillingD 200410 O
goboboobmbooboooboobobobooboobooboobooobo
gboooogoboboooooboon

giporstoudgJywbbooobuoooboooooooon

gboooogboobooobogooboboobooboboooobobooboobo
ggbboodobbooobbooobobboooboboooobbooobobog
goboboobooboooboooboooboooboobooboobooboobon
goboobooboobooorsibogboooobooobooboooboon
gobooogwbbooogooooo
000000000000000019906002005060000000000
goboboobooboobooobooobooboobooboobooboboon
gobobooboobooboobuBOrRI 1012000000 000O00O0O 20100
120150200300 0 0000
gboboboboobooboobooboobuoobooboooobbooboo
oooooboobobogooobooobobobooboboooboTsboongsm
el Db wbOOUOODODO1In 200 000D OO0000DDODbOOO0On
gboooogoboboooogobobooooobobooooobobooooooo
obooobooboobobobobboboooboobosImmoooon
gboooooooboooobobooooooboooogooem
gobobooboobooboobooboobooboobooboboo
gboooobobo4boobobobobooboboobooobbobooooo
gobobboobooboobooboobuodobooboobuooboobab
googosgoood
g4dpopooorsiogoogwbbgobooboobgooboobobog
gbooooobooboon
gooosooogorsbocoooowbbgboobooooboobobooonog
gobobooobooobooboobooboboon
g400os0pogbooboooboboobobooboobooorsioogonoog
gowbOoooooobooooooono

l6e 0000000000 OO000000O0O0OOOOOOOOO0000000O0O0OOODOODOOO00O0
gooobooooooooboooo

17 0000000000000000O000O0O00LBOROOOOOOOOOOOOOOOLBOROOOONO
gooobooooooooboooo

90 oooo/szo06.10



ooooooooooooooooooooooooo

U4 JywDOOgoorTsooooooobg

ooooo

250

200

150

100

JvDOoono

50 : : : :
1995 96 97 98 99

01 02 03 04 05
oooo

gs5 Jywboogoorsuoooboobgon

%0 O
18

0.08 |-
0.06
0.04

0.02

0.00

1995 96 97 98 99

01 02 03 04 05
oooo

91



gz20b0ogoobooobbooooboood

gogbboowbhogobooogoboboobbooobboooboobooobbod
gobobobooboobooboooboooboan
ODODOOOOOooODOoooooobbhooosuoooboooooooooo
Janosi, Jarrow, and Zullod 199901 0 0O OO LIBOROD O OO OOODOOOOOOOO
oo oooobooooooboooogoaem
woOoooooooooooooooobooboobooooooooooooobooo
2005060 00000 0O0O0DODbOoDbOO0DDbDO0O0DIOA-800A-1600 OO
00000000 Jdanos, Jarrow, and Zullod 19990 0 000 O0ODOOCODOOODOO
0000(nOr=300036000000000%¥000000000000000
010000 00000000000000000000002000%0
g0dbbogobooboboobboobossboonboooooobon
gbooogobooboooogobooboooooboooooooboboooogooboo
gobobboobooboobooboobuooboobooboobobobab
gobobooobooobooan
gooooowboioooooooomisboooobboom 200 b0ogd
gboooogbobooooo400bo0booboboosogboboooogoboo
obooogoobooogooobooooooboobosogoobooogooo
obooooobooboboobogeocgonDg
gooooooopobobobobobbblobbbbbObbObObOO0O00o0ooooo
030040 00000000DOOODLOODOOODODOOODOODODODDOO
guoogoobooooooosoogoobooooooobsoogogoo
gobobObooboooboooboobooobooboobooboobobobaon
gobobbooboobooboobooboobooboobooboboboon
goooog
ObOobOoboooooboobLuBORUIDI20000000O00ODO?20100 120
o030 000oooboooooobooooooboooooooDooon
gobobobooboobooboobooboobooboobooboboo
OO0D0000DOO0000DO00100000000001bpd=0.01%0000
oooo0oooooOobooooooiboboooo0ooo0oooOoDOlbpvdO
oooovwOdlpvODOO0O00OOOO0ODOOOO0ODO

g2 200060000 00000O0

oooman oooomeo alb0
355.59 100 3.550 0

8 000000000C0COOO0O030OobOOobO0OO0OoooOOn
9 0doo0oo0o0000oooo0o0o0o0OooobOO0oO0oOoOoOoooOoO0O0OO0O0OOO00013%0O000

92 oooo/zo06.10



ooooooooooooooooooooooooo

g6 JwDOUOODOOODODOODOODOODODOOOD3ouOoDbOn

oooooooon

0 %00

1.0 2,000
X< /11,800
/
/
0 +2---4 1,600
//
7/
2 A 41,400
//
7
= AR 41,200
//
e
0 S 11,000
ooooooDoon 7
s 0 A 800
o) N Tl S 1600
0.2 Fmmeeemeeeeeee T \ 777777777777777777777777777777777777 1 400
T oooooooo
S — 200
0.0 0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
oooo
O7 LBOROOOODOOOOOOODOOOO1bpvOOODOOODO
0,
1o0%00
0.8 e e
0.6 oo
08 e
1
0.0 = =T D D
O S S P P P P P T DB OO 0000000000
o
LRI
N A S YK SR S - SRS RN L R Rt

93



08

2000p0obooobobooobbooobbbooobobbooobbooon
oboboooboobolwoboooooboboooobobobboobooboooTo

gobobboboobooboobuoobuoobooboobooboobab
goboboboobooobooobooboooboobooboobooboboan
gobobbooboobooobooboobooboobooboobobobon
gboooogbooboooobobooooon

goboovboobooobbbooobobbooobobooobobooobbogad
gopoooooboooogboobooobooboboboooobobobooogooao
gobobbooboobooboobooboobsoboboboooboboboon
gboooogoobooogoboboooooboboooon

g3pbooooobooobobuooonn

gbooooobooboooboobogobobzo0sbeboogoo3ononog
gobobboobooboobooboobuooboobobobobbobooan
goboboobooboobooobooboooboobooboobooboooon
gobobbooboobooboobooboobooboboboboboboon
gboooooboobooboboboogoobobo
gbobbodgboboboooobobuooobobooobbooobbooobbog
goboboooboooboobooboooboboon
giligoogobooobooi1iogobooobooobooosgoboo
0+0.1%0 +0.25%0+05%0 00 0000000000000 000S000000
005%0010%0015%00000000000000000000008000O
gobobooboobooobooboobooboobooboboobooonoo
gbobowyooobooboobooboobg3googoooooboboo

ooo@obooobob0@moboobobooobooDban

d%00
0.6

0.5

0.4

0.3

0.2

0.1

0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

100

95 1--\%-- >

777777777777777777777777777777777777777777777777777777777777 OO f------\ - trrrrrmrrrcma s e r e s r e e e s e

L

oooo

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

oooo

94 oooo/zo06.10




U3 doboinoobooobooboboobon

ooooooooooooooooooooooooo

obogoo

+ 0.10%

+ 0.25%

+ 0.50%0

gooo

- 5%

42.4%

39.5%

34.5%0

-10%

40.2%

37.4%

32.7%0

-15%

38.0%

35.4%

30.9%

U4 O00O0O200002005060000000000

o000 ad

oooomeo

a/lbd

25.61

100

0.260 0

gobobooobbooobbooobboos3sp4bbooobbooo2000n
oooOoo/mooobooboossgbooooooooooooobpoboooooago
oboboooooboobolwmooogoooossbossnonooooobooa200
gboooooboobisoogoooooooobooboooooooboooogoboo
gobobooboobooboobooboobooboobooboobooboon
ooooooooo
gbood2000000000020000@m1900 00000000 oboOoon
000000000000 0000000e®=1, x;=00000000000
gbobooz2ogoooobooboboboboooooobooboboboon
googo4m
oooo2000000/0000002%000020000355000000¢0
000000000100000304000000000000%747g
gobo3gnobogobbogossguboboooboboooboboooobboo
goosocoooooooboboppbobOoooooboooooooobboooon
obooboboobhn2o00b0obobooboboooboooobooooboo
gooobood
Ubooboooosoobobooboboboz2nooossssngooogogoy
gbooogboboooogobosooogbobooooobobooogooboo
00000000000 0DO0000oO+sppO000o0booboooooonono
gboooboooogon

2000002000300000000000000300000000000000010030000000
gooooossoossuonooonoonono

210000200000 =1,=00000000000000000000000a=1,a®=0
go0ooo0oo0o0oo0o0bo0oo0Oo00oO00o0O00c00O000O0b000O0000O0BO00000O
pgoooooooOoOo0oO0ooOoOoO0bOOoO400000O0O0O0O00O0DOOOOOOOODGOOOOGOODOO
0000000@ae? =1, =000000000000000000000000000DO0OO
oooo

95



g5 oobog3apgbgozoostdengpoooonon

o000 ad oooomeo albd]
367.22 100 3.6700

U9 oobooboboooboobooboog

4 o0000oo0oooO0wdno

+0.0 +0.2 +0.4 +0.6 +0.8 +1.0 +1.2 +1.4 +1.6 +1.8 +2.0
000000000%00

gooboboobooboooboobooboobooboobooboboo
oopDOoooobOoooooboobooOobshpDOOOOOOOOOOODO
gobobbobboobooboobuoobuooboobuobobooboboon
goboboobooboobooboooboooboobooboobooboboboboon
goboboboobooboobooboobooboobobobooboboboon
gobooogoobooooobobooooobooo

4000oobbooobboobboo

gbobooooooooooowbdogobmoooooooooooDo
ggbboodobbbooobbooobobbooooboooobboooboooa
goboboobooboooboooboobooboobooboobooboboon
goboboboobooboobooboobooboobooboobobobon
gboooogboobooooboboooooon

OO0O000O000D00O000DKakbrenerand Willingd 20040 00000000

06 oooo/z2006.10



ooooooooooooooooooooooooo

goobbbbooooobbbbooooooobbooooossboooon
gooon

M(t)=minD(s) . 0360

0< s<t

M@ DOOOtwooooogoooooooo[o tjooooooooooooD
goooooooooooooooM@@)DOOoOoUOOoOOoOOODOUODOOO
0000000000000000000000000%0

MOOOODODDOOODODODDOO00o0o0o00m110ooo

T

V, =E, ﬁ[ M (9)(r (9) =i (9) —c(s))DF”(s)dsE, 03700

0Doooooo
0000MM37000000000000000MOO0000O00000000
000000000000000000
0370000000000000000000000000000000000
0D000000000000000000000000000000000000
000000000000000000000MM130000000000000
0000000sI0000r(9000000000000r(s)001900 200000
00000000000D(0O000000000000MmM3000M(s)000
0D00O000r(90i(9000000000c(90 000 M3700 00000000
000000000000000O0s=000s=+/100000000000000
00000000000000000000000000000000V,0000
0000000600000000000M3000000000000000
000000000000000030000000020355590001/10000
Doooooo
O000000000LIBORO101200 M0 000000 020100 120 150 200
30000000000000000000000000000010000000
OO0l 00000000000 000000000100000000000
OD00O01bpvD 000000100 01bpvD00000000000000000
000000000000000000000000000000000000

g6 2000600 000000D00OOO

000000 an oooomaeo alb0
35.14 100 35.1%

22 MOOOOODOtOOM@)<DM)OO0s<td0OM(:=2Mt)DD0000000

97



010 LBOROUODOOOOODOOOOODOODOODpvOODOODODOOO

200! 200

LI LT L

O e

B 0=

-2.00

S L L L0 L L0 0 L0000 0,0 L0000 L0,0L0,0L0,00.0
SO0 0T OO OO OO0
R S S A P M L R S R

0000000000%0000000100000 Selvaggiol 1996000000
gobobooobobooobobuooobobooobobooobboooboobobooo
gobobobooboobooboobooboobooboobooboooon
gbooogobooboooogooboobooogbicboooboboooogoboo
gobobbooboobooboobuoobuobobobobobooan

goboooooooobooboobAMODOODOODOODOODO
gbobomooooooooooooboobooboboboboboboo
gboboobobobobomoobobi1ooooooooooooooo
OMmooOnd0OO00oOobOobooboobooboobooooooooooowogno
gooboboobooboboboobobbobbobooboobooobon
ooooboALMOOODOODOODOOODODOOODOOODOODDAODOO
gobooobuooboboobboobbooboooboooboooaoo
goboobooboooobbAlbOodoooooooooooobooonoo
googbooobooboong

20000000000000000000O0O0O0OCOOOCOOOOOOO0OOOOOOOOOOOGOOOO0
oodo0o0o0oooooooooOoboo0o0ooooooooooooobOOoOobobo0oOoooooooon
goooooo00o0o0000ooboOooO0O00000o0ooooOoO0O00000000O00o0o0O0OwDbO
0000000000000 000000000000000D0000002000000 830 +2.1010
go0o0o0oooooooOoOoOooOo0oboO0o0oO0oooooooOoOOOOOOOO0O0OO0OOOOOOOOOOO
go0d0o0o0o0ooooomzob0cbooOobbOoobooooooooooooooooooooooon
gooboooOoooooOoO0oOo0OO0oOoOoOoOO0OO0OO0OO0OOOOOO0OO0OOOOOOO0O0

098 ooooszoo6.10



ooooooooooooooooooooooooo

good

do0odooooodoodoooooobOooboooboobooooboooa
0000000000000 ooobOoobOoooooDoOooDoDOooDoOoon
J000d000o0o0doo0oooooooooooooooooo
0000000000000 000D19%06002005060 0000000000
do0odoo0oOoooo0oooooobOoobOoobooobooooboooOon
0000000000000 oooooobOOoooooDOooDoOooDoOoon
0000000000000 0000o0ooooo35000000000o000n
0oo0bOO00o0OO0o0bO00bOOoo0bO0DobO0obOoOobDOo0obOOoobDOoobOoooDa
0d0od0oo0ooooo0oooooobOoobOooooobooobooooOon
dd30o0ooooooodddddoooooooooooooooooga
0000000000000 oo0oooooDoooDooooooOooDOoDoOoon
opoooooood
do0odooooooooobooooobooboobooooooooooa
0d00od00do0o0oo0ododooUoobOo0bO0obDUoooODOooDoDOoDoOon
0000000000000 oo0oooooDoooDooooooOooDOoDoOoon
ooooooooon
do0ooodoooooooooooooooooooooooooooooa
00o0d0o0do0o0oo0o0oooooooooboooDooDOooDbOoooOoon
0000000000000 o00ooooDoooDooooooDOooDOoooOon
ooo
do00oobodoodooooooooooooodoooooooooboooooo
JddddoopopooooooODOoOoO0o000000d0d0o0oooooooo
0000ooooODo0moooOo0ooooooobOo0o0ooooooooooooa
0000000000000 0OO00OO0o0bOOo0bOo0obOOoo0bOoobOoDooOon
do0odoooooooooooooooobooooa
do00d0o0do0odoododoooobOoobooooooooDoOoooag
O0000000000D0O0O00OJarrow and van Deventer[d 199811 O’ Briend 200011
Hutchison and PennacchiC 19961 0 0 000000000 O0OOODOODOOOOO0O
0000000000 o0oooooobOoobooobooooooobooooOon
00000 000o00oO0o0oo00ooooDoobDoooDoooDOoooOoooOoon
0000000000000 o0o0oooooDooooOoooDOoooooOoon
Kakbrener and WillingD 20040 OO0 0 D0DO00O00OO0OO0ODOOOOOOODOODOOO
gooooo
do00do00do0odo0ododoooooDooboooooooooooooa
0000000000000 0o00o00oDo0bDOo0oooooOoooDOooDoOoon
00oO0ooOooooooooad

99



digdddddddooooooggywvbbggoHPO OO

oudbouHrPOOobOoooobooobuooboobooboobobooboo
goboboboobooobooobooobooobooboobooobooboomm

giogywboooooobooboooboooonooboon

Jarrow and van Deventer(1 19980 0 O 000 0O0OCOO0O0O0ODOOOOOD OO A1
UA70D00000b00obDboobooboobonom

Vo =D(0) exp (—a2Pr (0))(1-B;v0)j exp (ag® t+aPt? 2)MO (t, a)P -1, adP)
Mo () + 05 (1) adP+ 0., () (aP -1))dt
*+D(0) exp (- a3®r (0))E exp (a)® t+aPt% 2)
[{-i(0)-ByPt+B3"r (0)MO (t,ad® -1, aIP) dt
-D(0) exp (- a2r (0)) B3P g exp (P t+a?Pt? 2) MO(t, P -1, a D)

[ ko) +07(1) (@P-1) +0, () adP)dt O 0A-100

gobooboooboooboa

t t
o (t) :gf(o, s)ds+(1/ 2){[(0”0/ )2 (1-exp (-m™P(t-s)))?] dsl) A-20 O

or(t) = i [(o P/ m’P)?(1-exp(-m’P(t-s)))’] ds | OA-300
Ko (1) = £(0, 1)+ (0 (2m™P))?(1-exp (-m™P1))?, DA-400
o3 (1) :i (0 2P)2exp(-2m™P(t -9)) ds, OA-500
0,,(t) =(0 2P/ (2m™P))?(1-exp (-m”*P1))2, 0A-60 0

MO (t, vy, v,) = exp[ () vy + ko(t) v, + (11 2) (G2 (1) vZ + 20, (1) vyv, + 05 (1) v3)]
OA-70 0

100 oooo/szo06.10



ooooooooooooooooooooooooo

0 0 O Jarrow and van Deventer] 19980 0O O O O O O O Janosi, Jarrow, and Zullo
01090 0000000000000 000000A-8000A-16000000000O
0000000000000 oooD0o0o0D0O0o0DO0O0O0DOdooJanosi,
Jarrow, and ZulloD 19990 U 00 D000 OO0OO0DOOOUODOOOOOO

Vo =aD (0) g(llagVD)@f““)‘exp(agvD t+pu,(t) +02(t)/2)

(w5 (1) +045(1) — (B +(B1D) (i (0) —BIP) +1,(t) + 0, (1) —c() dt [

0A-800
0000000000000
t
() =aP J’f(O,s)+(1/2)(0J"D/mJVD)2(1—exp(—mJ"Ds))st
max(t-A,0)
t
- 1[ f(0,5)+(1/2) (0 ™/ m?P)2(1- exp (-m?Ps))?ds, OA-90 0

max(t—A,0)
07 (t) = (o M/ m*P)? 1[[(013"'3 (exp(m”Pn) -1) +1) exp(-m™ (t - 5)) -1]*ds

t
+(o WDy mJVD)Z(aé\ID—l)Z I(l— exp(—m‘]VD(t —S)))2 ds, OA-100 0O
max(t-4A,0)

t
o (t) = B3P [T+ 2) (67 m*P)2(1-exp (-m*Ps))?ds 0 A-110 O
max(t—A,0)

max(t—A,0)
030 = (B3°)* (ep(M™®0) -1 (@ Im™*)*  [exp(-2m**(1-3)ds

t
+(BgvD)2(O.JVD/vaD)2 J’(l—exp(—mJVD(t—s)))zdS’ OA-120 0

max(t=A,0)
pa(t) = (0,1)+(1/2) (0 m™P)2(1-exp (-m™*1))?, 0 A-130 0
t
H) =(0JVD)21[6XD(-2mJVD (t-s)ds, 0 A-140 0

101



max(t-A,0)
0,,(0)= aP B3 (exp (M D) -1) (o M m™D)? !exp (-2m”P(t-s))ds

BgVD(eXp(mJVDA)—l) (O- JVD/ mJVD)Z

max(t-A,0)
O 1[(GXIO (-m*®P(t-s)) —exp(-2m*P(t-s))) ds

t
+(a§VD—l) B;VD(O' JVD/ mJVD)Z J’(l_ exp(_mJVD(t _S))2 dS,
max(0,t-A) 0A-150 0O

max (t-A,0)
0 15(t) = 3P (exp (M™PA) - 1) (0 7P/ m?*P)? gap(szDa s))ds

max(t—A,0)
-(0 )2 m™® lexp(— m™ (t-s)) —exp(-2m™P(t -9)) ds

t

+(@P-1(c M) m™  [(exp(-m™P(t-9)) -exp(-2m*°(t-9)) ds]
max(t-A4,0)
0 A-160 O

z20HPOOOODOOOOOobOOOoOLobOoOoobD

HPOOOOOOT-00000000000000000000000000
0000000009, y40000000

® r(O) 1
o 8 o

(A2 2 T2 ey 0A170 0

BF,
0000 F()00000000O00000O00O0O00O0O00O0O0

E (J+1 ]+2 71 +J +1 'Yl +J+2 HP)
2V 2 2 1l 21 2 ) 2 12

j + j+2
0 (J_zl)n(JT)n HPN
=3 = e (vs"™) 0 A-180 0
n=0 .y oyr T+l oy 4] 42 U
n! ( > In( 2 )n

000\, =AM+1)A+2) qA+n-1)0000

102 oooo/z006.10



ooooooooooooooooooooooooo

gboz200ooboboooboooorTsudbooyavbObonog

otTsbiodbowbbOobooooooobobooobooboboooooboo

giooTrstonog

os00ooboooobobooDOosyboooOon «02002/30 M OO 00600
gsoopooboooobooboooboz200coboobooooogon

1

it =
_ oTS, _OTS ors, oTs 'tk OTS; 112, _OTS
Dtk—Dtk_l(aO tayp Cactan(ay; C+ag L—3)+a4 Iy ) tag L.,
t
K 0500
oTs oTS oTs oTsS oTs oTs
Qg Qg ay ] ay g
1.184 0.129 1.799 -0.858 -3.992 [1.462.E+14
oTs oTs oTsS oTS oTs oTsS oTS
0 1 2 3 4 5 6
-0.138 0.029 0.038 2.849 3.698 2.036 |-2.052.E-6

gz20JvDOOO

gwppogoo20dboomooobooobooooboo1enoog
0070200230 000002000 0000000000000000000%7%0

t
d
D)= ag?DO (L/ad®)  ep(at+al®[ r(9)ds+al®L.)

018’00
vaD 0_JvD
0.217 0.011
JvD VD VD VD VD
g oy a, a3 oy
1.026 0.276 0.130 -138.45 0.183
D VD D
Bo Bi 2
-3.108.E-5 0.831 2.101

24 0000 Janosi, Jarrow, and Zullod 19990 0 0 O O
2500000000A01000000

103



goof

Cox, John C., Jonathan E. Ingersoll, Jr., and Stephen A. Ross, “A Theory of the Term Structure of
Interest Rates,” Econometrica, 53, 1985, pp. 385-407.

Ellis, David M., and James V. Jordan, “The Evaluation of Credit Union Non-Maturity Deposits,”
National Economic Research Associates, prepared for National Credit Union Administration,
2001.(http://www.ncua.gov/AL M anagementl nvest/nerastudy . pdf)

Hull, John, and Alan White, “Pricing Interest-Rate-Derivative Securities,” The Review of Financial
Sudies, 3, 1990, pp. 573-592.

Hutchison, David, “Retail Bank Deposit Pricing: An Intertemporal Asset Pricing Approach,”
Journal of Money, Credit and Banking, 27, 1995, pp. 217-231.

, and George Pennacchi, “A Framework for Estimating the Value and Interest Rate Risk of
Retail Bank Deposits,” Working Paper WP-92-30, Federal Reserve Bank of Chicago, 1992.

, and , “Measuring Rents and Interest Rate Risk in Imperfect Financial Markets:
The Case of Retail Deposits,” Journal of Financial and Quantitative Analysis, 31, 1996, pp. 399-
417.

Janosi, Tibor, Robert A. Jarrow, and Ferdinando Zullo, “An Empirical Analysis of the Jarrow-van
Deventer Model for Valuing Non-Maturity Demand Deposits,” Journal of Derivatives, 7, 1999, pp.
8-31.

Jarrow, Robert A. and Donald R. van Deventer, “The Arbitrage-free Valuation and Hedging of
Demand Deposits and Credit Card Loans,” Journal of Banking and Finance, 22, 1998, pp. 249-272.

Kakbrener, Michael, and Jan Willing, “Risk Management of Non-maturing Liability,” Journal of
Banking and Finance, 28, 2004, pp. 1547-1568.

O'Brien, James M., “Estimating the Value and Interest Rate Risk of Interest-Bearing Transactions

Deposits,” Finance and Economics Discussion Series 2000-53, Board of Governors of the Federal
Reserve System, 2000.

Office of Thrift Supervision, “Demand Deposits,” The OTS Net Portfolio Value Model, Section 6.D,
2001.(http://www.ots.treas.gov/pagehtml.cfm?catNumber=85& an=3)

Selvaggio, Robert D., “Using OAS Methodology to Vaue and Hedge Commercial Bank Retail
Demand Deposit Premiums,” The Handbook of Asset/Liability Management: Sate-of-the-art
Investment Strategies, Risk Control and Regulatory Requirements, McGraw-Hill, 1996, pp. 363-374.

Vasicek, Oldrich, “Equilibrium Characterization of the Term Structure,” Journal of Financial
Economics, 5, 1977, pp. 177-188.

104 oooo/2006.10



