A Jump-Diffusion Nominal Short Rate Model*

Sami Attaouif Pierre Six*

June 2, 2008

Abstract

This paper extends the monetary equilibrium approach of Lioui and Poncet (2004)
to a jump-diffusion setting. We show that in the presence of jumps money non-
neutrality is preserved and the jump component of the inflation risk premium is affec-
ted, in addition to technology factors, by monetary policy variables. Finally, we derive

the jump-diffusion dynamics of a nominal short interest rate.
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Modeling interest rates has been achieved through two different approaches : the

arbitrage-free framework! and the general equilibrium approach. The equilibrium setting is
very useful to gain insights into the economic background of the model and to understand
the interplay between variables. In addition, equilibrium models explicitly specify the risk
premia.
In the finance literature, one of the most used general equilibrium framework is the seminal
work of Cox et al. (1985a,b) (hereafter CIR) who derived in a real production economy,
the dynamics of the short-term real interest rate. Therefore, using a nominal interest rate
model, based on the results of CIR, assumes a stringent condition on the inflation rate.
That is, the inflation rate process is assumed to be non stochastic.

To relax this assumption, Lioui and Poncet (2004) (hereafter LP) built a general equi-
librium model where a monetary economy affected by both real and monetary shocks is
considered. Relying on the money-in-utility function where the investor holds money in ad-
dition to consumption, LP investigate money non-neutrality and show that money cannot
be neutral due to the important role monetary parameters play within various financial
quantities. In addition to specifying the endogenous expressions for the drift and diffusion
terms of the general price level, LP focus on deriving, under specific assumptions, different
dynamics of the real and nominal interest rates. Nevertheless, since LP consider the case of
pure diffusion processes, the obtained dynamics of the various short-term interest rates do
not meet empirical evidence on the presence of discontinuities in the process of the interest
rate. For instance, Das (2002) and Johannes (2004) provide evidence of the presence of
jumps in the dynamics of interest rates. Similarly, Guan et al. (2005) find evidence that a
jump-diffusion setting is required to efficiently explain the Libor rates dynamics.

The goal of this paper is to derive a jump-diffusion model for the nominal interest rate
based on economic arguments. This is achieved by extending the monetary economy of LP
to a jump-diffusion setting. Another consequence of this extension is that the inflation rate
process incorporates jumps, in addition to its diffusion component. This feature is very
likely since the inflation rate can be subject to jumps on macroeconomic data releases.
Abrupt adjustments in the inflation rate may occur when the realized rate is different

from the expected one?. We also analyze the impact of introducing jumps on various

!See, for instance, Black et al. (1990), Heath et al. (1992) and Brace et al. (1997).

2For instance, one can read in a major media network : Britain’s inflation rate picked up more than
expected in August, boosted by strong rises in toys and computer games/...]. Consumer prices rose by 0.4
percent last month, taking the annual rate up to 2.5 percent [...]. The data was above analysts’ forecasts
for a rate of 2.4 percent. (Excerpt from a September 12, 2006 article from cnn.com).



financial entities such as the expected excess return on a nominal bond and the inflation
risk premium.

This article is organized as follows. Section (1) presents the general setting and derives
the dynamics of the general price level. Assuming, for tractability, a log separable utility
function, we also obtain expressions for the real and nominal short term interest rates as
well as the inflation risk premium. Section (2) derives, under specific assumptions for the
dynamics of the state variables and the production and monetary supply, the dynamics of

the nominal short-term interest rate. Section (3) concludes.

1 The economy

We consider, as in Lioui and Poncet (2004), an economy with real and monetary sectors.
In the real sector, there is a single good, which may be allocated to either consumption or
investment, produced by a single technology. In the monetary sector, the Central Bank,
based on economic targets, sets the money supply. We, therefore, assume an exogenous
money supply process.
We differ from the framework of LP by introducing jumps in the dynamics of all the
processes involved. That is, the production, money supply and the state variables follow
jump-diffusion processes.

We assume the existence of K state variables which dynamics obey to the system of

the stochastic differential equations (SDE) below :
dY (t) = u(t,Y)dt + o(t,Y)'dZ(t) + y(t—,Y) dN(t) (1)

where 1(t,Y") is a bounded K x 1 vector function of drifts, o(¢,Y") is a bounded K x (N +
K) diffusion matrix function and v(¢,Y) is a bounded K x (N 4 K) matrix function of
independent jump amplitudes. N(t) is the (N + K) x 1 vector of independent Poisson
processes with (K 4+ N) x 1 vector of constant intensity A. Z(t) is an (N + K) x 1 vector
of independent Wiener processes. The Poisson and Wiener processes are defined on the
complete filtered probability space (2, F,P) where F = {F;,¢t > 0} and P the historical
probability measure.

The production of the good is governed by the SDE below :

—= = (8, Y)dt + 0y (8, Y) dZ(t) + v, (t, V) dN(¢) (2)



where 7)(t) denotes the amount of the good invested at date ¢ in the technology., u,(t,Y) is
a bounded function, o, (¢,Y") is a bounded (N + K) x 1 vector valued function, and ~,(¢,Y)
is (N + K) x 1 vector valued function.

Moreover, the money M (t) issued by the Central Bank has the following dynamics :

dM(t)
M(t-)

= upn(t,Y)dt + opr(t,Y)dZ(t) +yar(t, Y) dN(t) (3)

where pps(t,Y) is a bounded function and o/ (¢,Y) and (¢, Y) are two (N + K) x 1
vector valued functions.
It will be shown that the general price level, P(t), expressed in units of the consump-

tion/investment good, obeys to the dynamics below

dP(t)
P(t—)

= pp(t,Y)dt + 0,(t,Y)'dZ(t) + (¢, Y) dN(t) (4)

where 1,(¢,Y) is a bounded function and o,(t,Y) and 7,(¢,Y) are two (N + K) x 1
vector valued functions. The quantities p,(¢,Y"), 0p,(¢,Y) and v,(¢,Y) will be determined
endogenously.

Furthermore, we assume the existence of a competitive market for a real default-free zero-

coupon bond b(t, T, w,Y") which dynamics® are :

db(t, T

S = (YTt oyt Y, TYdZ(6) 4 2t Y.TY AN () 6
where (¢, Y, T) is the expected rate of return on the real zero-coupon bond and oy (¢, Y, T)
and v (t,Y,T) are two (N 4+ K) x 1 vectors. Applying It6’s lemma on the real zero-coupon
bond price, one can determine the values of o (¢, Y, T) and 7,(t,Y,T) as follows :
b b
?waw + %U (6)

= 3BV + 30, Y 47,8, T) — b(t, ) o

Op =

wp will be determined endogenously in the sequel. In addition, it is assumed the existence
of real and nominal money market accounts. The real one has a riskless, in real terms,

instantaneous real return equal to the real interest rate r(¢). The nominal savings, which

3For clarity of exposition, we drop the dependence on the state variables Y and the aggregate real
wealth w.



is also riskless but in nominal terms?, has an instantaneous nominal return equal to the
nominal interest rate R(t). Of course, since the bond gives unity at maturity regardless of
the real wealth, we can delete from Egs. (6) and (7) the dependence on w.

We finally assume that continuous trading in all financial and monetary assets and in
the technology takes place in frictionless and arbitrage-free markets and at equilibrium
prices only.

We consider a representative agent that holds, at time ¢, a number x(t) of units of the

technology which real value is k(¢)n(t). The ratio investment to real wealth is denoted by

at) = ”%)(Z)(t), where w(t) is the investor’s real wealth. The representative investor aims
to maximize, over an infinite horizon, his or her expected utility function subject to the

wealth constraint :

c,m,a,0,0

max IE< /0 b U(t,ct,mt)dt> (8)

where ¢(t) is the time ¢ consumption rate and m(t) denotes real money balances holdings.
U(t,ct, my) is the standard money-in-the-utility function.
For ease of exposition, the explicit dependence of the variables on time and state va-

riables are dropped out. The investor’s budget constraint is given by :

= [a“’(un —7) + 0wy — ) + dw(R — (up — 00p) — 1) + wr

—c—m(pp — 0,0p + 7‘)] dt + [awan + Owop — (6w + m)op | dZ(t) (9)

+ [aw% + Owy, — (dw + m) : 1”%} dN (t)
where 6 and ¢ represent proportions of real wealth invested respectively in the discount
bonds and the nominal money market account.
The equilibrium of the economy is characterized by the market clearing conditions :
— total wealth must be equal to the total amount invested in the technology plus the
holdings of real value money balances : kn + m = w,
— net holdings in the nominal money market accounts and in each of the various contin-
gent claims must be nil, i.e. § =0 and § =0

M
— money supply must equal money demand, i.e. 5= m=w(l — ).

4The nominal money market account is a risky asset in real terms.



Under the above equilibrium conditions, Eq.(9) becomes

dw c
w [aﬂn o (1= ) (pp — Uzloapﬁ dt

+ [aan (- a)ap] dZ(t) + [a% (- a)lzp%} AN (#)

M
In addition, given that P = —, applying the generalized Ito’s lemma yields :
m

dPy

— = [,uM — m + U,’nam — af\/lam] dt
P

+ [om — om]dZ(t) + [’yM 1 —ijym (var + 1)} dN (t)

One can, straightforwardly, obtain

Proposition 1 At equilibrium, the dynamics of the price level and the wealth are
——= = ppdt + opdZ(t) + vpdN (1)

where

1 1 c
Mpzl_a#a‘f‘aﬂM‘f‘@_ﬂn"'(

1

l—«o

1 1
Up:l—a0a+EUM_an

1 Ya -« ™

= + —
v T4+ 1 —a(l+7q) a 1—a(l+7v.) T

and

= Ldt + 04, dZ (t) + YwdN(t)

(11)

0_, g 0_,0- U/ ag 0_/ g
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c 11—« —a , -—a , l—a ,
Pw = Hn = 0 = Ha = UM + 0q0a OpmOn + OMOa+ —5—0MOM — 0a0y
(17
1—
Ow =0y — 0q — aaM (18)
ayy — ave + v — (1 — a)ym
L a YV — ( )Y (19)

Y+ a(l+7a)

Eqgs.(13), (14), (17) and (18) are similar to those obtained by LP in the pure diffusion
case. We, therefore, focus our attention to the discussion of the jump related equations,
that is, Eqgs. (15) and (19). First, one can notice that the jump component in the wealth
dynamics is affected by both monetary and real parameters. Hence, money non-neutrality
is preserved in the presence of jumps.

Furthermore, Eq. (15) shows that the jump amplitude in the inflation index rate has the

same sign as that in the money supply.

1.1 Equilibrium interest rates

In order to obtain the expression of the equilibrium real and nominal interest rates as
well as the expected return of the discount bond, we first rely on the first-order conditions.
To this end, let us consider J(t, W,Y") be the indirect utility function which satisfies the
HJB jump-diffusion equation

1 1
0= maX(U—I—wa,uw+§waw2030+Jy,u,+§Jyy02+JwyawU+)\E[J(t, Wy, Y47)—=J(t, W, Y)])
(20)



Define ¥ = LJ + U, where LJ is the differential generator of J. The first-order conditions

for the consumer’s optimization are

Ue=U,—Jy <0 (21)
U, =0 (22)

U, = Up — Juw(ptp — 05 +7r)+ wa(mai + 6w0§ — Qwoyo, — awoyop)

—Jwyapa—)\IE[Jw(w—i_Z:)’Y—i_w1_7_]0%] <0 (23)
m¥,, =0 (24)
Vo = Jpw(py —7r)+ wa(anO'?? + w0 — dwlopo, — mwo,oy)
+ wlyy 050 + AE [y (w + Y, Y 4+ 7) 7] <0 (25)
aly =0 (26)
Us = Jyw(R — (pp — 012,) —r)+ %wa(25w2012, + 2mw0§ — 2w2a0p<777 - 2w20p00b)
— Wy 00 — AE[Juy(w + 7, Y + 7)11”%] ~0 (27)

2

Uy = Jypw(up —r) + wa(0w20§ + aw oyop — 5w20p0b — mwo,oy)

+ wlywy b0 + AE[Jy(w + 7, Y + 7)) =0 (28)

Explicit expressions can be obtained if a specific form of the utility function is provided.

For tractability, we assume, as in LP, a log-separable utility function :

Ul(t,cs,my) = e (Blog(c) + (1 — B) log(my)) (29)

where p is the rate of impatience and ( is a weighting factor. The indirect utility function

is assumed to be state independent and has the following form :
|
J(t,w(t)) = ;e P log(Aw(t)) (30)

With Egs.(29) and (30), the explicit real and nominal interest rates are given by the

following proposition :

Proposition 2 At equilibrium and given (29) and (30) the real and nominal interest rates



are given by

l -« YnYM 1 YnYa — 1
2 U] 1
T= iy — 0, +0q0y+ ———0p0y+ AE + +
Hn =0y T 0aln a K [a(l—i—'yn)(l—i-’)/M) L+vm (14‘%)(1"’71(\/1)])
31
le% (0% M «
R:p+7Ma+MM_U]2\4_7UaUM+)‘E[1_Z»yM+1—a1—’|—yo;M] (32)

1l—«o 1—a

respectively.

With respect to the results of LP in the pure diffusion case, the expressions (31) and (32)
contain additional jump related terms. They are the fifth and sixth terms in Eqgs. (31) and
(32), respectively. We reach, when introducing jumps, similar conclusions as in the pure
diffusion case, that is, the real interest rate is affected by monetary and technological pa-
rameters whereas the nominal interest rate is solely determined by monetary factors®. We
can also point out that the jump component in the nominal interest rate is caused by mo-
netary policy events. This result is very intuitive since the Central Bank sets, periodically,

the level of the short-term nominal rate.

Proposition 3 At equilibrium, the expected excess return on a real discount bond is given

by
1—a

ooy — AE [1 —zb’y ] (33)

The expected excess return depends, in addition to the covariance between the bond vola-

Up —T = 0n0p — 0a0p —

tility and the real wealth one, on the sign of jump amplitude of the bond price. Specifically,
for negative jumps, the expected excess return increases and inversely. This is a well know
result : when the bond price rises its yield decreases.

The nominal discount bond, B, can, therefore, be obtained by applying Ito’s lemma to

B = bP. Thus, the nominal expected return of the discount bond is given by

1-— a(l + 7@)
(1 =) (1 + )

(6]
MB:R+UB(1 YB (34)

1
— (0%

where op = 0+ 0 and 7 = (1 +7p) +7p- As in the case of the real bond, the expected
excess return on the nominal bond decreases when jumps in the bond price are positive.

Another important quantity is the inflation risk premium, €, defined by

dp~t
e:R—r+E[P1]

5In addition to the utility function parameters.



When investing in a nominal money market account, instead of a real one, the investor takes
a risk, due to inflation uncertainty, which is compensated by the inflation risk premium.

From Eqgs.(31), (32) and (12), one obtains, after rearrangement, the following expression :

€= — — oy — ——0q0M(Q o — g
a [T He a MM a2 M a(1-a) aoM K
2—« 2 — 1 9
— Oa0py — OMOp + g

(35)

1 a 11
AE O 1 S yag — 1
+ [1+7M <7M+ % 1+%(aw VYo + ))

v+ 1)+ (1 — ol +7a))(yar — a%)]
(1= a)ym + ol = a)(1 + )

We focus our analysis on the jump component. We notice that the additional term, with
respect to those obtained in the pure diffusion case by LP, has monetary parameters.
This indicates that the equilibrium value of the inflation risk premium is still affected by

monetary policy in the presence of jumps.

1.2 The pricing kernels

In this subsection, we derive, in equilibrium, the dynamics of the real and nominal
pricing kernels under the jump-diffusion framework. The pricing kernel approach is an
alternative to the martingale method since it delivers the time ¢ price of a claim delivering
a certain payoff at a given maturity. The real pricing kernel is defined to be the investor’s
marginal utility of consumption (U.) which is equal, in our specific case, to e ?t3 % Using
Eq.(21) with strict equality as well as the specific form of the indirect utility function, we

obtain the expression of the optimal consumption in terms of real wealth :

c = pfw (36)
The real pricing kernel is therefore :
1 1
Et) = —e Pt— 37
()= e o (37
Applying Ito’s lemma to Eq.(37) yields
d&(t
(i(_)) = —rdt — \E[ye]dt + 0¢dZ(t) + vedN(t) (38)

10



Tw

L4y
risk, ¢ is affected by monetary parameters which means that money non-neutrality is

where o¢ = —0, and e = — . One can notice that the market price of jump volatility

preserved under the jump-diffusion extension.
Once the real pricing kernel is known, we can deduce the nominal one ((¢) through the

following relation :

() =€)PH() (39)

Applying Ito’s lemma to Eq.(39) gives :

d¢(t
C(Ct(_)) = —Rdt — AE[¢|dt + o¢dZ(t) + ~cdN (t) (40)
where ¢ = —op — 1 iy aaa and ¢ = — 1 j_]\iM 71 il o1 :O;M The jump volatility risk of

the nominal pricing kernel depends, as expected, on monetary parameters. As we will show
below, the investment to real wealth ratio terms depend, in fact, on the monetary state
variable and monetary policy parameters. This is due to the log-separable assumption of

the utility function.

2 A specialized economy

In order to derive the dynamics of the nominal interest rate further specification of the
dynamics of the state variables as well as those of the production and money supply are
needed. We consider, in the following, the case of two state variables, one real and one

nominal which dynamics are given by

dYy(t) = py, Yodt + Yo', dZ(t) + Yy, dN (t) (41)
dYn(t) = py,, Yrrdt + YMUQ/MdZ(t) + YM’)/g/MdN(t) (42)

respectively. py, and py,, are positive constants, oy, , oy,,, 7y, and 7y,, are 1 x (N +2)
vectors of constants, Z(t) is an 1 x (N + 2) dimensional Wiener process, and N (t) is an

1 x (N + 2) dimensional Poisson process.

11



Furthermore, Egs.(2) and(3) are assumed to have the following forms

d , ,
n(Z(i)) = Yy (D)t + /Yy (D, dZ (1) + Yy (67 dN (1) (43)
]‘@é(_t)) = pn Yar (t)dt + maﬁ/le(t) + Yar (t) v dN (¢) (44)

respectively. p,, and pps are positive constants, and oy, oar, v, are 1 x (N + 2) vectors of

constants. While o; and o, are positive, v, and ) can take negative values.

2.1 A nominal interest rate model

To determine the dynamics of the nominal short term interest rate R(t), we rely, first,
on a standard resultS, that is the nominal interest rate is equal, in equilibrium, to a ratio

of marginal rates of substitution between real money balances and consumption :

Um

R= 45
U, (45)
which gives in our separable utility function case
1-p
= 4
r 1- ap (46)

The presence of a monetary state variable implies a stochastic behavior of the invest-
ment to wealth ratio . This stems from the fact, as it will be shown below, that o can be
written as a function of Yj;. Therefore, a will be constant if we no longer assume a mo-
netary state variable in our framework. This feature results in a constant nominal interest
rate which is, of course, a non-realistic assumption.

First, using Eqs.(46) and (32), we straightforwardly prove that

YmYm
+unYar — o3 Y + AE[—F | =
Bp+ Y — oy Y [1+7MYM]
Y;
a(p—,ua + umYnm —U?MYM+UQUMYM+AE[11A’JYMA;I/M - 1+zj\[/IYM})
(47)

6See proposition 5 in Lioui and Poncet (2004).

12



which can be rewritten in a compact form as

= f(Ya) (48)

Applying Tto’s lemma to f(Yys) yields the SDE that governs changes in « :

"

d : 1 / Y (1
Ea (‘?uYMYMJr 2‘}; oy, Yir) dt + {;O’YMYMdZﬂ—(W—l) AN (49)
THa =0a =Ya

Substituting the expressions of piy, 04 and 7, in Eq.(47) and rearranging gives

f(Ym(147))
Bp + pnYar — o3 Yar + AE[1 — 2001 g - ayMaMY3/2
Y, N Y,
p‘f’/vLMYM—UMYM‘f‘)\E[%] '0+MMYM_UMY]\24+)‘E[%]
1 O'Y]\/[}/V2
2 %
2% p+pupmYy — O'MYM + )\E[HZIM%}M]

(50)

One can notice that, due to the log separable utility function, we assumed, the investment
to real wealth ratio depends solely on the nominal state variable. Therefore, in the case of

state variable occurring only at the real level, the expression of a reduces down to

2
Bp+ pn — oy + AEMKM]

p+ i — o3+ AE [

o =

(51)

leading to a constant a which is only affected by monetary quantities.
Solving for f (Egs.(48) and (50)) is not, in general, possible since the coefficients depend
themselves on the monetary state variable. Nevertheless, following LP, o can be approxi-

mated as follows :
ﬁp+ pumYar — o3 Y + K1

T+ Y — 03 Y + ko

(52)

Yar(1

where k1 = )\IE[l — w] and ko = /\E[%] A further approximation can
1+yuYym +YmYnm

performed by assuming that x; ~ k9. Both approximations can be tested by considering

the special case where the economy is only affected by a real state variable which implies

that Eq.(52) becomes (51).

Using Eq.(52) and applying Ito’s lemma to Eq.(46) yields, under the jump-diffusion

13



setting, the dynamics of the nominal short interest rate :

Proposition 4 In the special economy, the nominal interest rate evolves, under the jump-

diffusion framework, according to the following SDE :
AR(t) = (R(t) — (p+ ko)) jidt + (R(E) — (p+ 52))od=(t) + R(ydn(t)  (53)

where we have introduced one-dimensional Wiener process, dz(t), and Poisson process,
dn(t). Also, we define i = py,,, ¢ = oy,, and R(t)yr = R(Yamr (1 + vy,,) — R(Yar) where

YR s chosen so that the nominal interest rate remains positive.

In this special case, the short-term nominal interest rate process is an extension of a
lognormal model to a jump-diffusion process. Other models of the short-term interest rate
that has lognormal distribution are developed by Black et al. (1990) and Black and Kara-

sinski (1991). These models, however, have been obtained in an arbitrage-free framework.

3 Conclusion

This paper extends to a jump-diffusion setting the monetary equilibrium of Lioui and
Poncet (2004). Assuming a particular dynamics of the state variable as well as a log-
separable utility function, we obtain a model of the short-term nominal interest rate that
follows a mixed process of diffusion and jumps. Empirical evidence in the literature shows
that introducing jumps is a desired feature to capture the dynamics of an interest rate.
Moreover, we determined the inflation risk premium and derived the dynamics of the ge-
neral price level. A future line of research may focus on estimating the model’s parameters
from market data on treasury bills and bonds. In addition, relying on the jump-diffusion
dynamics of the inflation rate we can price various contingent claims from the fast gro-
wing inflation-linked derivatives market, hence, providing an extension of Lioui and Poncet
(2005) where pricing of inflation-indexed options has been achieved in the pure diffusion

case.

14



A  Appendix

Proof. Eq.(38)

Given the expression of the real pricing kernel (Eq. (37)), we apply Ito’s lemma and obtain

dﬁ(t) 2 Yw
— L = — — dt — o, dW (t) — dN (t A-1
£ (p + by — o)) dt — o, dW () T (t) (A-1)
where
C B / -« -, 1-— !
P = p = - Ha — ———HM + 0,0q OpOn + OMOa+ — 5 0N0M — 0,0y
(A-2)

with, at equilibrium, ¢ = pwg. Hence,

pB -« / —a 2—a , l-—a, ’
P = by — o Mo — T,MM + 0,00 — —— 00y + TUMUQ + 70’]\40]\4 — 0,0y
(A-3)
in addition,
1—
Ow = 0y — O — aaM (A-4)
which becomes
l-—o -« -«
02 = 0727 — 20,00 + 02 + (7)20%4 —2——o,0m + 2 TaOM (A-5)
Therefore,
s 1-—
P+Uw70'3u :p+,u,n—% HPa — ——HM + 040a
l-—a , -—a , l—a ,
OpOqn + Opm0a + o2 ONMOM — 0n0p
1 1-— 1-—-
_ 0727 + 20700 — 05 — ( a)QU%/I 2 aonUM -2 aaaUM (A-6)
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Using Eqgs.(32) and (46), we obtain

16} 11—« l—a , 11—« YM Q You
=— - - AE
p= Pt lat Y o = TaOm + — el g i
(A-T)
Thus,
+ oy — 0% = piy — 02+ 00 —l—l_aa o —i—l_a)\E BT Ta
P Hw = Ow = Ky = Ty T InTa M%n o' 1+vyv 1—al+qyym
(A-8)
Given Eq. (31), Eq.(A-8) becomes :
02, = 7—\E YV YM Lo Wkl l-a 9w Y }
v al+y)(L+) 1+ A+wm)A+) o 14+ym 1+9m
(A-9)

We notice that terms under the expectation can be rewritten as Or I'expression sous 1
Thus,

+ Y

Yw
Pt — 0y =T [1+%} (A-10)

which completes the proof. [
Proof. Eq.(40) Applying Ito’s lemma to Eq. (39) gives,

deP~" = P 6pedt + P €oedW () + P \eve + P76 (—pup + 0p)dt — P~ opdW (1) — P~ e —dN (t)

L+p
(A-11)
— p-! — pip + b — dt + (o — th+< S E—" )dNt}
f (e = e + 03— opoe)dt + (o opdW () + (e~ 122 = s ) an(e)
(A-12)
First the diffusion term :

O¢ —0p=—0y—0p (A-13)

using Eqs.(14) and (18) obtains :
0¢ =71 (_xaaa — oM (A-14)
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The drift term :

gt 2
—r+ )\E[l _:iyw] — fip + Oy + Opoy = (A-15)
-« Y YM 1 YnYa —
2 " n
— Uy + 0, — 0a0n — opoy — AE
ta 0y = 0a0 I A [ R B (e A ]
(A-16)
— fp + 0'5 + 0poyw (A-17)
rearranging :
l—a ~vu Yo 1 1 5 1 1 Bp
= —-)\E —0%y — —— o — ——
[ a 14y 1+7M]+17a0a0M+agM 170/10[ 170/u «
=2 [ e R
(A-18)
Simplifying,
—TM « Vo
=—-R—-)\E - A-19
He Ttvy 1-—altyuy (A-19)
O
Proof. Proposition (4)
from Eq. (52), we have :
1_—
l-a= o @ (A-20)
p+pmYn — oy Y + ko
which gives :
1_
p+ Y — 012\4YM + Ko = p(l—aﬁ) =R (A-21)
The expression of the nominal short interest rate, R, is :
R(Ya) = p + ko + (uar — 034)Yir (A-22)
Applying Ito’s lemma :
dR = (par — o3p)dYar + [R(Yar (1 +7y,,)) — R(Ya)]dN(2) (A-23)
= (uar — o3 i, Yardt + (par — 03)ov,, YardZ () + [R(Yar(1 + 7v;,)) — R(Yar)[dN (t)
(A-24)
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Using R — p — ko = (un — 03;)Yasr completes the proof. O
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