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Abstract

Our paper explores a transmission mechanism of monetary policy through bond market.

Based on the assumption of delayed repsonses of economic agents to monetary shocks, we derive

a system of equations relating the term structure of interest rates with the past history of

money growth and test the equations with the US data. Our results confirm that monetary

policy targeting a specific shape of the term structure of interest rates could be implemented

only with a certain time lags due to path-dependency of interest rates.

1 Introduction

The primary purpose of our paper is to investigate the roles of monetary policy in shaping the term

structure of interest rates. The roles of money are defined in various ways. Among the most critical

ones are the roles of money as an accounting unit, a store of value, and a medium of exchange. Due

to these particular functions of money, monetary policy governing the stock of money, influences

the relative prices of money delivered at different time and different states. In turn, the current

relative prices of money defined in the space of time and states, which is, in other words, called the

term structure of interest rates, influence economic decisions by private agents. Thus, a thorough

exposition of monetary policy would encompass the analysis of a monetary general equilibrium

model including all of the above mentioned processes. However, for brevity, we narrow down the

scope of this paper to showing how the monetary policy can manipulate diverse interest rates along

the passage of time.
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Intuitively speaking, the term structure of interest rates is much more informative than any

single economic variables and thus will be useful as a criterion for policy making. So far there

have been continuous debates over what should be optimal targets of monetary policies. Mostly

a combination of inflation and GDP gap is cited as a candidate for the target of monetary policy

(Taylor(1993)). Further developed models allow autoregressive formations in inflation and GDP

gap (Clarida et al.(2000)). Based on such criteria, a certain level of short-term interest rate (e.g.

call rate in Korea, federal fund rate in the US) is prescribed that a central bank should maintain.

Apart from the tradition, our paper argues that an effective monetary policy should consider

the whole term structure of interest rates rather than a yield rate of a bond with specific maturity.

Furthermore, though the control over the short-term interest rate has influence on the yields of

bonds with longer maturities, it has not yet been clearly verified in which direction a change in

the short-term interest rate shifts the whole term structure of the interest rates, which requires

thorough understanding of the whole economy.

Frequently we read numerous articles about predicting the future path of federal fund rate from

newspapers. All of them are written on the implicit belief that monetary policies have influence on

major aggregate economic activities, such as consumption and investment, though their influence on

the economic activities may differ in terms of directions, magnitudes, and timing. Unfortunately, a

true transmission mechanism of monetary policies has not yet been thoroughly explored. However,

the transmission mechanism works through multi-channels, only one or two of which have so far

been highlighted. In our knowledge, very few economic models emphasize the effects of monetary

policies in the context of analyzing an equilibrium of the whole nominal bond market.

On the other hand, from the literature on consumption and investment, we already know

that consumption of durable goods and investment is quite sensitive to economic fluctuations in

comparison with consumption on non-durable goods and services. Intuitively speaking, since the

flows of benefit from durable goods and capital continue for a certain period of time, durable

good consumption and investment entail the feature of irreversibility or indivisibility of purchase,

which reduces durable goods consumption and investment decisions to optimal stopping problems.

For the reason, it is absurd to expect that the monetary authority can control the economy by

merely changing the short-term interest rate. In reality, the falling short-term interest rate is often

accompanied by an increase in the long-term interest rate, which may discourage an agent from

purchasing durable goods and physical capital. Thus, the monetary authority should find a certain
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pattern of a yield curve in order to reset the current yield curve to the pattern and boost the

economy in times of depression .

Our paper proposes to (1) investigate how a monetary policy (not only quantity-easing but also

targeted at controlling the short-term interest rate) shifts the whole term structure of interest rates,

(2) discuss the implications of the observation that consumption on durable goods and investment

are sensitive to changes in the term structure of interest rates, and (3) arrange monetary policies

of maintaining a certain shape of the term structure of interest rates based on empirical results.

The contents of the paper are organized as follows: Section 2 discusses a transmission channel of

monetary policy in the economy, which relies on the lagged adjustment processes of various interest

rates in the bond market. The feature of lagged adjustments resulting from delayed responses

to monetary shocks is critical in that it relates the dynamics of interest rates to the past history

of money growth rates. Section 3 tests all the hypotheses obtained from the models introduced

in section 2 using the US data, both monthly and quarterly. The relationship between the term

structure of interest rates and the money growth rates are estimated in presence of as well as in

absence of exogenous production fluctuations. Section 4 deduces the policy implications mainly

emphasizing that the monetary authority can improve its performance by substituting the term-

structure targeting policy for the current short-term interest rate targeting policy. Finally section

5 concludes.

2 Theoretical Consideration

From a survey of the existing literature on the optimal monetary policy, we identify two common

approaches from two disctinctive traditions of thought-New classical and New Keyensian. New

Classical approach admits that market incompleteness, such as market segmentation, may cause

the effect of monetary policy whereas New Keynesian approach introduces sticky prices and wages

to refute the neutrality of money. In essence both approaches have common in exploiting implicit

or explicit delayed responses of economic agents. This section is purposed to provide a logical

explanation about the delayed responses of aggregate macro variables to monetary shocks and

reveal the consequences of the delayed responses on the dynamics of monetary policy.

To begin with, we investigate a limited bond market participation model and show that the

higher order moments of money supply can influence the term structure of interest rates. Extended
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from a traditional Cash-in-Advance model of Lucas and Stokey(1987), a general m-period-ahead

CIA condition is imposed. The adoption of CIA feature is critical because it, combined with the

assumption of limited bond market participation, brings about redistributive and persistent effect

of monetary policies on the economy. From the assumptions, it is deduced that the term structure

of interest rates is approximated by a system of linear equations of the lagged money growth rates.

As is generally understood (Clarida et al.(2000) and Lucas(2000)), the expectation of the future

money growth rates (or the future monetary policy) have effect on the current term structure of

interest rates. However, we emphasize the importance of the past paths of monetary expansion in

a sense that money shock would be realized in a differential manner across agents of the economy.

Second, we explore the implications the non-negativity restriction of nominal bond yield rates

holds in financial market, while showing that our approximation of the term structure of interest

rates by the past money growth paths does not necessarily satisfy the non-negative condition. The

non negativity restriction of nominal bond rate is a critical ground for the central bank to consider

when it exercises open market operation policy. Especially, in a low inflation state, the possibility

of reaching zero short-term interest rate is often worried because zero rate is regarded as a natural

lower boundary of so called liquidity trap and it is commonly believed that the monetary policy

without coordination with the expansionary fiscal policy would be ineffective in such a situation.

Hence, we discuss the effectiveness of monetary policy at a near zero short-term interest rate and

explore the ways of enhancing the performance of monetary policy.

Third, we examine a claim that consumption and investment decisions are significantly affected

by the term structure of interest rates while the demands for durable goods and capital goods are

more sensitive to a change in the term structure of interest rates than consumption of non-durable

goods and services due to their (longer) duration of usage. All other things equal, lower short-term

interest rate is likely to induce more current consumption. However, what if the lowered short-term

interest rate is matched by higher long-term interest rate? A casual answer we can get without

considering the dynamics of the term structure would be that the effect of lowering the short-term

interest rate on the consumption is ambiguous. Thus, we also aim to answer for a question why a

monetary policy targeting a certain level of the short-term interest rate leads to different economic

performances at different times.

Nominal bonds, which guarantee the delivery of pre-defined amount of money at maturities,
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are (gross) substitutes for money 1. Private agents allocate their resources between money and

nominal bonds 2. Thus, a change in money stock implies that the economy should move to another

equilibrium sustaining different relative prices of bonds with respect to money. This section focuses

on analyzing a mechanism, through which variations in monetary policy lead to different term

structure of interest rates. A basic idea that not only the expectation of the future money growth

rates but also the past money growth path determine the current term structure of interest rates,

would explain why it leads to different outcomes to maintain the same level of the short term

interest rate at different periods 3.

Needless to say it would be another paper topic to verify how the term structure of interest

rate can have real effects on the economy. The emphasis on the relationship of the term structure

of interest rates and real macro variables is originated from our original intention to transform the

issue of finding optimal monetary policy to that of finding an appropriate term structure. This

issue has been tried commonly from the stance of so called New Keynesianism (though at a slightly

different angle from ours). However, in this paper, we do not delve into this issue further. Instead

we concentrate on revealing the relationship between money and the term structure of interest

rates.

2.1 Lagged transmission channel

In this section we introduce an economy with limited bond market participation in order to induce

a situation in which a monetary shock has differential impacts on heterogeneous agents across time

(mainly redistributive effects). The impact differential is caused by the different timing of money

shock transmitted to the agents or their different speed of reactions to the shock and it leads to

a non-trivial pattern change in the term structure of interest rates. Otherwise, the yield curve

goes flat or it depends only on the expectation of the future monetary growth path and real macro

variables. Of course, it is reasonable that the yield curve is influenced by the future policy variables.

However, we have no clue as to how the accumulation of the information on the past history is

1In other words, money is a nominal bonds, which expires instantly.
2In fact, nominal bonds vary not only by the the length of maturities but also by the magnitude of default risk.

However, in the paper, for simplicity we only deal with government issued bonds. The status of the government as a

sole provider of currency in the economy eliminates default risk premium of the government bonds.
3The expectation for the future can be understood as reflection of the past. In this sense the persistent effect of

the past policy can be more substantial.
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reflected on the formation of the expectation for the future. Thus, we need a model where the

term structure of interest rates depends on the past history of monetary policy as well as the future

policies 4.

Our model is an adapted version of Alvarez, Lucas and Weber (2001). Consider an economy

where exist two types of agents-bond-market participant and non-participant. Regardless of the

type, both group have the same intertemporal utility function.

∞X
t=0

µ
1

1 + ρ

¶t
U (Ct) , where U (Ct) =

C1−γt

1− γ
(1)

λ portion of the population participates in bond trading and the (1− λ) portion does not. The

aggregate production of this economy is yt.

yt = λCTt + (1− λ)CNt +
Tt
Pt
, (2)

where CTt and C
N
t are consumption of the trader and the non-trader each and Tt is the nominal

value for lump-sum tax payment. The budget constraint for the non-trader is

PtC
N
t =

mX
j=0

νt−j,tPt−jyt, where
mX
j=0

νt,t+j = 1. (3)

4One weakness of our model is that it doesn’t consider the effect of monetary policy on production. The description

of the production sector and its interactions with monetary policy are omitted because the introduction of a production

function in the economy involves the calculation of a steady state and discussions on transitional paths. True that

the interactions of the yield curve with production as a possible channel of monetary policy, is crucial, we do not

pursue towards the direction in the paper. For a more general setup, an aggregate supply function in consideration

of the delayed effects could be inserted as follows:

πt =
uX
i=0

κiEt−ixt +
zX
i=1

ζiπt−i +
kX
i=1

γiEt−dπt+1,

where xt is a GDP gap at time t.

Another point to mention is regarding the policy time lag. Following simple Keynesian logic about the effect

of monetary expansion, the expansion lowers the short-term interest rate and the lowered interest rate encourages

consumption and investment. The increased aggregate demand spurs the production and lowers the unemployment

rate, leading to the GDP growth. It is at this point that the policy time lag argument intervenes. The above logic

implicitly assumes that it takes some time in changing hands of money holders for the transmission channel to be

in effect. In contrast our model conjectures that the policy time lag arises because it takes a certain length of time

for a new policy to change a signal or information, on which private agents make economic decisions. This new

interpretation of policy time lag, we believe, is more valid when markets (especially financial markets) respond fast

to external shocks.
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At each period he sells his product in the market and receives cash in return (Pty). He allocates

this proceeds across m + 1 periods on consumption with the proportion of νt,t+j , j = 0, 1, ...,m.

Another more realistic interpretation of this m-period-ahead CIA feature is that νt,t+j, j=0,1,...,m,

is the proportion of consumers who need j period time lag in responding to monetary shocks.

On the other hand, the trader spends his money not only on consumption but also on bond

trading.

PtC
T
t =

mX
j=0

νt−j,tPt−jyt +
1

λ

µ
Bt −

µ
1

1 + rt

¶
Bt+1 − Tt

¶
(4)

=
mX
j=0

νt−j,tPt−jyt +
Mt −Mt−1

λ

Bond and money supplies satisfy

Bt −
µ

1

1 + rt

¶
Bt+1 − Tt =Mt −Mt−1, (5)

where the government levies the lump-sum tax Tt on the trader only. The goods market equilibrium

is attained when the next equation holds:

PtCt = PtC
N
t + PtC

T
t = Ptyt (6)

Combining (2)-(6), we obtain

Ptyt − Tt =
mX
j=0

νt−j,t(Pt−jyt−j) +Mt −Mt−1 (7)

= Mt−1 + νt,tPtyt +Mt −Mt−1

= νt,tPtyt +Mt.

Accordingly, the equation of exchange is written as

Mt
1

1− νt,t
= Ptyt. (8)

Thus, νt,t can be understood as the money velocity.

From the above equations, we represent the consumption of the trader in the function of money

growth rates. Here it is noteworthy that we are interested in the consumption of the trader because

in the bond market only the marginal utility of the trader matters for the determination of a yield

curve.

CTt =
1

λ
yt − (1− λ)

λ
CNt −

Tt
Pt
=
1

λ
yt − (1− λ)

λPt

mX
j=0

νt−j,tPt−jyt−j − Tt
Pt

(9)
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where gt =
Tt
Pt
, µt =

¡
µt, ..., µt−m

¢
, and vt = (νt,t, ..., νt−m,t). Then, the equilibrium nominal

interest rate must satisfy the following marginal condition

" 1
1+rt,t+k

1
1+ρ

#k
= Et

U 0 ¡c ¡µt+k, vt+k¢ y − gt+k¢
U 0 (c (µt, vt) y − gt)

(1−νt,t)
(1−νt+k,t+k)Qk
i=0

¡
1 + µt+i

¢
 (10)

Notably, c
¡
µt, vt

¢
appears to be independent of gt. However, it does not imply that gt has no

effect on the determination of c
¡
µt, vt

¢
. Rather, the effect of gt on c

¡
µt, vt

¢
is hidden in the terms¡

µt, vt
¢
by medium of (5).

For simplicity, we assume yt = y and gt = 0 for all t. Then,

CTt =
1

λ
y

1− (1− λ)
mX
j=0

νt−j,t
Pt−j
Pt

− TtPt (11)

=
1

λ
y

1− (1− λ)
m−1X
j=1

νt−j+1,t
1Qj

i=1

¡
1 + µt−i+1

¢ (1− νt,t)

(1− νt−j,t−j)

− gt
≡ c

¡
µt, ..., µt−m, νt,t, ..., νt−m,t

¢
y − gt ≡ c

¡
µt, vt

¢
y − gt,

" 1
1+rt,t+k

1
1+ρ

#k
= Et

"
U 0
¡
c
¡
µt+k, vt+k

¢
y
¢

U 0 (c (µt, vt) y)
1Qk

i=0

¡
1 + µt+i

¢ (1− νt,t)

(1− νt+k,t+k)

#
(12)

= Et

"Ã
c
¡
µt+k, vt+k

¢
y

c (µt, vt) y

!−γ
1Qk

i=0

¡
1 + µt+i

¢ (1− νt,t)

(1− νt+k,t+k)

#

Taking the first order approximation of log c
¡
µt, vt

¢
around the point (0, ν̄), we obtain

log c
¡
µt, vt

¢ ∼= µ1− λ

λ

¶
mX
j=0

ν̄

Ã
jX
i=0

µt−i

!
+ f

¡
νt
¢ (13)

U 0
¡
c
¡
µt, vt

¢
y
¢
= exp

−γµ1− λ

λ

¶
mX
j=0

ν̄

Ã
jX
i=0

µt−i

!
+ f

¡
νt
¢
 y−γ (14)

After substituting (14) into (12) and taking log by both sides, then we obtain
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

rt,t+1

rt,t+2

...

rt,t+n−1

rt,t+n


=



φ1,1 φ1,2 φ1,3 ... φ1,m−1 φ1,m

φ2,1 φ2,2 ... ... ... φ2,m

φ3,1 ... ... φi,j ... ...

... ... ... ... ... φn−1,m

φn,1 φn,2 ... ... φn,m−1 φn,m





µt

µt−1

...

µt−m+1

µt−m


+R

¡
vt
¢

(15)

or simply

Γt = Φt∆t +R
¡
νt
¢
, (16)

where Rt and ∆t are n× 1 vectors, and Φt a n×m matrix.

The coefficients of the matrix in (15) are derived from (13) or (14). For 1 ≤ j < m− i+ 1,

φi,j = −γ
µ
1− λ

λ

¶
ν̄ (17)

For m ≥ j ≥ m− i+ 1 ≥ 1,

φi,j = γ

µ
1− λ

λ

¶
ν̄

½
m− j + 1

i

¾
(18)

Neglecting that the expectation for the future monetary policies does not change, then the coeffi-

cients of Φt indicates that an increase in µt lowers the yield rates of bonds with shorter maturities

than m periods while the yield rates of the bonds with maturities longer than m are raised. Com-

bining these two, we can deduce that there is a slope change in the yield curve between m and

m+1. Accordingly, the liquidity effect view is supported for bonds with maturities of {0, 1, ...,m}
and the Fisher’s view is valid for bonds with maturities of {m+ 1, ...} .

A sudden change in µt has influence on the term structure of interest rates at time t in the

following way: 

drt,t+1

drt,t+2

...

drt,t+n−1

drt,t+n


= Φt



dµt

0

...

0

0


+R

¡
vt
¢
=



φ1,1

φ2,1

φ3,1

...

φn,1


dµt +R

¡
vt
¢

(19)
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Due to the delayed responses, shocks from monetary policy changes persist in the economy for a cer-

tain period of time. Accordingly, in order to discuss the effect of monetary policy on the term struc-

ture of interest rate, we have to consider the history of monetary expansion
©
µt−j , j = 0, 1, 2, ...,m

ª
5. However, this does not guarantee that the central bank can achieve any arbitrarily shaped term

structure, which is possible only when m ≥ dimΦt > n+ 1 (m : the policy time lag). Even if fine

tuning is not possible, it would be useful to apply the least square method to achieve a certain

shape of the term structure as below 6.

∆∗t =
£
Φ0tΦt

¤−1
Φ0t
£
Γ∗t −R

¡
νt
¢¤

(20)

Numbers from (17) and (18) are obtained from the extremely restricted environment and are

to be used for understanding the relationship between money growth and the changes in the term

structure of interest rates. For empirical tests, modified versions of (16) could be applied without

maintaining the restrictions of (15) and (16).

2.2 Liquidity trap and zero lower boundary

Equation (16) is obtained from the first order approximation and it may violate the non-negativity

of nominal interest rates. Nominal interest rate is the return on holding nominal bonds. Due to

the definition and the existence of money, we know that zero is a lower boundary for the nominal

interest. However, it is not clear what would happen in the economy if the nominal interest

rate approaches zero. Here we answer for questions whether zero or negative nominal interest is

achievable and the zero nominal interest rate is a natural boundary for so called liquidity trap.

To begin with, we have to clarify why people hold money over other assets, which pay positive

returns. There have been many trials to explain motives for holding money. Among them, the

following three are commonly used.

(1) Cash-In-Advance model perceives money as a medium of exchange. Thus, all the economic

transaction should be accompanied by money transaction in the opposite direction.

(2) Risk free asset argument highlights that there is no risk-free asset but money in the economy.

5
©
µt−j , j = 0, 1, 2, ...,m

ª
in Equation (16) reflects path dependency of the term structure of interest rates. How-

ever, in another sense, it could be understood as the information on the higher moments of money growth rates.
6The non-singularity of Φ0tΦt is a critical condition to consider but we will not discuss the issue further here.
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(3) Money-in-the-utility model assumes that money holding or real balance of money holding

gives utility to a holder as physical commodities do.

We are not sure which of the above theories is more closer to the truth and there may be

another way of explaining money holding. Anyway we can agree at least that money is held by

economic agents. Furthermore, we regard money as a nominal bond with the shortest maturity,

i.e. it matures every instant.

Consider the following markets: the money market with Mt amount of fiat money, government

issued real bond market transacting {bt,t+n, n=1, 2,...},and government issued nominal bond market
{Bt,t+n, n=1, 2,...}. Rt,t+n and rt,t+n denote nominal and real yield rate of nominal and real bonds
with n-maturity respectively.

Applying no-arbitrage condition, we could deduce the following results.

Proposition 1 Rt,t+n = max[rt,t+n +
Pn
i=1 πt+i
n , 0]

Proof. (1 +Rt+k)
k =

Qk
i=1 (1 +Rt+i−1,t+i) =

Qk
i=1 (1 + rt+i−1,t+i + πt+i) = (1 + rt,t+k)

kQk
i=1 πt+i

if Rt+k ≥ 0.

Proposition 2 If rt,t+n +
Pn
i=1 πt+i
n ≤ 0, then the market for n-period nominal bond collapses i.e.

Bt,t+n = 0.

Thus, we see that Rt,t+n is always positive, and it is not defined when rt,t+n +
Pn
i=1 πt+i
n ≤ 0

because Bt,t+n = 0.

From the above discussion we find that the yield rate should be positive if the issued amount

of nominal bond is positive (Rt,t+n = 0 =⇒ Bt,t+n = 0). To rephrase, it implies that zero nominal

interest rate makes the bond disappear from the market. Therefore, once the yield rate of a bond

hits zero boundary, a monetary policy targeting the specific bond would become meaningless and

the government or the monetary authority should redirect its attention to other kinds of bonds.

Otherwise, so called a liquidity trap would hinder the economy from taking expansionary pressure

from money side.

In a low inflation economy, the advent of liquidity trap is more worried than other cases. It is

commonly believed that the government’s open market operation is ineffective as the short-term

interest rate moves near zero. However, this argument has logical flaw in that it simplifies the asset

market to the substitution of money and one type of bond, whose rate of return in most cases is

11



the short-term rate. Accordingly, in this economy the near zero short-term interest rate signals

that the bond market is just about to collapse and further injection of money into the economy

cannot not boost the economy. However, in reality, there are various types of bonds, which differ

by maturity and default risk. Thus, an increase in money stock will change interest rates of bonds

with different maturities and have expansionary effect on the economy.

Open market operation by the monetary authority brings about different impacts on the econ-

omy depending on the maturities of bonds it deals with. Thus, the monetary authority should

consider what maturity bonds it should target. By doing so, it chooses an intended type of

the term structure of interest rates and the policy time lags to the targeted term structure (Or-

phanides(2003)7).

2.3 Decisions on consumption and investment

In this section we discuss the relationships of the term structure of interest rate to consumption

and capital investment. The term structure of interest rates matters because consumption and in-

vestment decisions are the functions of the term structure of interest rates (Hong(1996 and 1997)8).

Especially, durable good consumption and investment are defined to have positive signs when an op-

timal stopping time occurs. Of course the optimal stopping time is a function of the term structure,

too.

7In the paper, Orphanides appreciates the usefulness of the open market operation policy, which is to “implement

additional monetary expansion by shifting the targeted interest rates to that on succcessively longer-term instruments,

when additional monetary policy easing is warranted at near zero interest rates”.
8Hong compares the sensitivities of price and interest rate on durable goods consumption using the US data and

shows that durable goods consumption reacts sensitively to the price change but not to the variations in the interst

rate. His interpretation is that the price reflecting the long-term forecast is more influential in determining durable

goods consumption than the interest rate of the short-term forecast. The linkage of his idea to this paper is in that

the price of durable good is the discounted sum of the future benefit flows by the term strucutre of interest rates.
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CNDt = CNDt [w, rt,t+1, rt,t+2, ..., rt+n]

CDt = CDt [D,w, rt,t+1, rt,t+2, ..., rt+n] if t = τ [rt,t+1, rt,t+2, ..., rt+n,D]

= 0 if t 6= τ [rt,t+1, rt,t+2, ..., rt+n,D]

It = It [K,w, rt,t+1, rt,t+2, ..., rt+n] if t = τ

= 0 if t 6= τ [rt,t+1, rt,t+2, ..., rt+n,K]

Next, we discuss the volatilities of durable good consumption and capital investment. Unlike

consumption of non-durable goods, investment and non-durable good consumption show more

fluctuations in response to economic shocks including interest rate changes. By nature, decisions

on durable good consumption and investment are very close to discrete choice or exercise of real

options due to indivisibility of durable goods and physical capitals. Then, what indices does a

decision maker refer to when he decides to purchase a durable good or physical capital?

First, consider a consumer’s maximization program:

max
dt
E

∞X
t=0

βtU (Ct,Dt)

Dt = (1− δ)Dt−1 + dt, δ ∈ (0, 1)
At+1 = (1 + rt) (At + Yt − PtCt −Qtdt) ,

where Pt is the price of non-durable goods at t and Qt is the price of durable goods at t. At and Dt

are the amounts of financial assets and durable goods respectively the agent holds at time t. The

value function of the agent is represented by the state variables At and Dt.

V [At,Dt] = U (Ct,Dt) + βEt [V [At+1,Dt+1]]

The FOCs are

{Ct} : UC (Ct,Dt) = PtE [β (1 + rt)VA (At+1,Dt+1)]

{dt} : UD (Ct,Dt) = QtE [β (1 + rt)VA (At+1,Dt+1)]− βE [VD (At+1,Dt+1)]

The envelope theorem leads to

VA (At,Dt) = E [β (1 + rt)VA (At+1,Dt+1)] ,

VD (At,Dt) = UD (Ct,Dt) + β (1− δ)E [VD (At+1,Dt+1)]

13



Thus, the recursive manipulation of the above equations reveals

VA (At,Dt) = βE

"
nY
i=0

(1 + rt+i)VA (At+i+1,Dt+i+1)

#
,

VD (At,Dt) = UD (Ct,Dt) + β (1− δ)E [VD (At+1,Dt+1)]

1

β (1 + rt)Pt
= E

·
UC (Ct+1,Dt+1)

UC (Ct,Dt)

¸
,

UD (Ct,Dt)

UC (Ct,Dt)
=

Qt
Pt
− 1

Pt (1 + rt)

E [VD (At+1,Dt+1)]

E [VA (At+1,Dt+1)]

Due to concavity of the utility function, an agent prefers to smooth cross-time allocation of

consumption. Thus, he prefers to schedule (Ct,Dt) evenly. However, the gross change of Dt, dt

can adjust itself more flexibly. In other words, dt moves with the greater volatility in order to

guarantee the smoothing of Dt (the first difference of a variable is more volatile than the variable

itself.). Hence, when we consider a firm’s investment decision, we have to focus on the partial

irreversibility of investment, which is partly related to durability.

Summing up, the private agents make decision based on both the future cash flows and the

interest rate movement. The future path of interest rates is evaluated in the market in terms of

yield rates of bonds with different maturities, which links consumption-investment to the term

structure of interest rates. Channel, through which monetary policy affects the economy, may be

numerous. However, the channel through the bond market is the most direct but least mentioned

one.

3 Empirical Analysis

This section verifies the validity of the claims deduced in the previous section. The equation (16)

implies that the dynamic system of the term structure of interest rates is governed by the past

money growth rates, though the dynamic causality between the term structures of different periods

is not explicitly displayed. In this section, mainly we use several modifications of (16) for empirical

analysis.

3.1 Data

Our analysis is based on the US data from July 1959 to February 2000. We use the US data

because the US government bond market is the most developed one and the maturities as well as

14



the volume of the bonds traded in the market are diverse and huge enough to plot a yield curve.

The variables of our concern are money stock, price and income variables in addition to interest

rates. For the interest rates, we use federal fund rate, 3-month treasury bill, 6-month treasury bill,

1-year treasury bill, and a composite of long-term U.S. government securities. The composite of

the long-term treasury bonds is specifically defined to be an unweighted average on all outstanding

bonds neither due nor callable in less than 10 years. For the macro variables, we use M1 for an

index of money stock, GDP deflator for price index, and real and potential GDP for an income

measure.

The data frequencies differ from a category to another. For example, all the interest rates and

M1 are recorded monthly whereas GDP deflator and GDP are recorded quarterly. To handle with

the conflicts in the data frequencies at the same time exploiting the benefit of using monthly data,

we run slightly different models both with monthly and quarterly data. In addition, we note that

interest rates are measured in annum whereas M1, GDP deflator, and GDP measures are on a

quarterly basis.

3.2 Results

To begin with, we define the following notations for brevity.

Γt =



rt,t+1

rt,t+2

...

rt,t+n−1

rt,t+n


∈ Rn+,∆t =



µt

µt−1

...

µt−m+1

µt−m


∈ Rm+1,Λt =



yt

yt−1

...

yt−l+1

yt−l


∈ Rl+1

Γt = A1Γt−1 +A2Γt−2 +A3Γt−3 + ...+AqΓt−q +R+ ²t, (21)

Γt = A1Γt−1 +A2Γt−2 +A3Γt−3 + ...+AqΓt−q +Φt∆t +R+ ²t, (22)

Γt = A1Γt−1 +A2Γt−2 +A3Γt−3 + ...+AqΓt−q +ΨtΛt +R+ ²t, (23)

Γt = A1Γt−1 +A2Γt−2 +A3Γt−3 + ...+AqΓt−q +Φt∆t +ΨtΛt +R+ ²t (24)
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The equation (16) Γt = Φt∆t+R
¡
νt
¢
is a system of regressions or seemingly unrelated regressions

(SUR). Unluckily, it turns out that Equation (16) does not fit well with the data 9. Such empirical

incongruence is inferred to be attributed to the log-linearization of the FOCs in the derivation

of (16). Accordingly, in order to overcome the local property of linear regression, we add the

auto-regressive formation in the above equations.

As for the monthly data of bond yields and money growth rates, Equations (21) and (22) are

applied and it is shown that the simple VAR of the interest rates, Equation (21) performs very well.

On the other hand, with the quarterly data of bond yield rates, money growth rates, GDP deflator,

and real GDP growth rates, all of Equations (21)-(24) are tested and it is found that Equation (22)

and (24) perform better than the others.

3.2.1 Tests with Monthly data

Results from Equations (21) and (22) are displayed here. First, by running Equations (21), we

obtain the impulse response functions of yield rates with respect to a shock in the federal fund

rate in [Figure 3]. Within 8 months of time horizon 10, the impulse responses of all the yield rates

except the long-term bond phase out.

To describe the impact of the impulse responses on the term structure of interest rates, we

calculate the impulse responses with respect to bond maturities as in [Table 3] and represent them

graphically in [Figure 6]. The figure shows that most of the bonds with different maturities move

in the same direction but with different magnitudes or different timing, which in turn implies that

with proper time lags the monetary authority can manipulate the term structure of interest rates

by controlling the money growth rates continuously.

Next, we discuss the results from running Equation (22), which differs from Equation (21) in

that it measures the effect of monetary policy from the stance of the quantity easing rather than

interest rate policy. [Table 1], [Figure 1], and [Figure 4] confirm heterogenous responses of interest

9We ran regressions equation by equation. With Equation (16), in principle SUR seems more appropriate. How-

ever, in practice it usually performs better to run individual regressions with Newey-West estimate for standard

deviations.
108 months is too narrow to watch the dying-out cycles of shocks under the current system. However, we draw the

impluse response functions in the very short time horizon because the feature we expect to obtain from the monthly

data can be observed in 8 periods. Another pattern of dynamism, which may be present in a longer time horizon

would be detected in the tests with the quarterly data.
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rates with respect to money shocks.

One notable point in the analysis of monthly data is that the short-term liquidity effect is not

detected, which is in contrast with the analysis of the quarterly data to follow in the next section.

Probably the size of observation window matters. However, the main focus of our analysis is not

for verifying or refuting the liquidity effect. Rather we are interest in exploring the controllability

of diverse interest rates by adjusting the quantity of money.

3.2.2 Test with Quarterly data

Results from Equations (22) and (24) are displayed here. First, running Equations (22) reveals

the impulse response functions of yield rates with respect to money shocks in [Figure 2]. Within

8 quarters of time horizon, the impulse responses of all the yield rates phase out quickly with the

short-term liquidity effects between the second and fourth quarters after the arrival of the shock.

To describe the impact of the impulse responses on the term structure of interest rates, we

calculate the impulse responses with respect to bond maturities as in [Table 2] and represent them

graphically in [Figure 5]. The figure shows that all of the bonds with different maturities move

in the same direction but with different magnitudes, which in turn implies that with proper time

lags the monetary authority can manipulate the term structure of interest rates by controlling the

money growth rates continuously.

On the other hand, the results from running Equation (24), which differs from Equation (22) in

that it includes the history of the real GDP as a source of exogenous shocks. The impulse responses

of interest rates with respect to money shocks follows the same pattern with the case of Equation

(22).

4 Policy Implications

From the previous sections, it is demonstrated theoretically and empirically that the impulse re-

sponse functions of the yield rates with respect to money shocks determine the shape of the term

structure of interest rates. Using this property, the monetary authority can implement a certain

shape of the term structure of interest rates unless there is no exogenous stochastic shocks. Thus,

what the monetary authority has to concern about are the representability of the term structure

as well as the time lags of its implementation.
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The representability and the time lags of the implementation process are determined by the

dimensions of the matrices ({Ai, i = 1, 2, ..., p} and Φ) as below.

Γt = A0 +

pX
i=1

AiΓt−i +Φ∆t + ²t (25)

An easier criterion for the representability and the time lags of the implementation process is to

check an impulse response matrix, which is defined to be a stack of impulse response function values

with respect to maturities and time horizon. Define the impulse response matrix Ξ to be a q × T
matrix, where q is the time horizon to take before all the impulse responses completely phase out

and T is the types of bond maturities available in the market. If q ≤ T , then the representability
of the system is limited to dim (Ξ) ≤ q. If q > T and dim (Ξ) > T , then the composite effect of

the money growth rates during the last q quarters can represent any arbitrary term structure of

interest rates. Thus, at least the horizon of impulse response functions should be longer than the

kinds of assets available in the market in order to guarantee the representability. The time lags

of implementation, is not easy to answer due to the presence of multiple solutions. However, the

higher dimension of Ξ is more likely to raise the likelihood of attaining at a certain term structure

of interest rates within a shorter time horizon.

4.1 Optimal monetary policy

Taylor rule is based on the inflation rate and the GDP gap as below. It explains the US monetary

policy during 1980s and 1990s very well. However, since 2001, the federal fund rate has stayed far

below the prescribed level by Taylor rule, which is due to the sluggish recovery of labor market. Of

course, the GDP gap is closely related to the unemployment rate but it is not a perfect substitute.

it = 0.04 + 1.5(πt − 0.02) + 0.5(yt − ypt )
it = ı̄+ φπ(πt − π̄) + φx(yt − ypt )

Accordingly, in order to enhance the plausibility, the models of optimal monetary policy following

the tradition of Taylor rules have evolved in the directions of adopting the auto-regressive features

to inflation rate and GDP gap (Woodford(2003)).
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In this section we suggest a criterion based on the term structure of interest rate and the past

history of inflation rates and GDP gaps as an alternative.

Γt = B0 +B1Πt +B2Xt−i + ²t (26)

Πt =



πt

πt−1

...

πt−n+1

πt−m


,Xt =



yt − ȳt
yt−1 − ȳt−1

...

yt−n+1 − ȳt−n+1
yt−m − ȳt−m


Equation (26) is derived from introducing the delayed responses of monopolistic producers to a

setup by Dixit and Stiglitz(1977). The legitimacy of (26) does not consist in that it integrates

the existing models but in that it can be derived from solving a Ramsey setup. In the context of

Ramsey, a search for an optimal monetary policy is defined as follows. Suppose a Robison Crusoe

model with adjustment time lags. Then the optimal monetary policy function stems from the next

maximization program of the monetary authority:

V ∗ = max
∆t

V (Πt (∆t) ,Γt (∆t) ,Xt (∆t) ,∆t) (27)

subject to

Γt = Φt∆t +R
¡
νt
¢
,

the budget constraint of which comes from the consumer’s maximization program in the earlier

section. Then the optimal money growth rate function (∆t) should rely on Πt,Γt,Xt
11. Thus, in

turn the optimal term structure of interest rates defined by the optimal monetary policy looks like

(26).

4.2 Path dependency of interest rates

Path dependency is the case in which past activities affect the progress of the future events as well

as determine the current state of an economy. The determination of the term structure of interest

11Γt(∆t) is derived from the consumer’s program and is equivalent with the budget constrain here. However, in

order to obtain exact forms of Πt and Xt in the functions of ∆t, LM condition (or money equation (8)) and an

aggregate supply condition should be added.
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rates so far discussed has demonstrated the feature of path dependency. Accordingly, an optimal

monetary policy should depend on the past history of inflation rate and GDP gap.

Suppose that markets are incomplete and the monetary authority purchases government issued

bond in return for new money. Then, the pattern of open market operation brings about the differ-

ential effect of monetary policy and the heterogeneous policy time lag. In other words, depending

on what maturity of bonds are purchased or sold in the market by the monetary authority, the

impulse response over time and the time required to reach a certain shape of the term structure of

interest rates may differ. In addition, there exist various ways of reaching a certain shape of the

term structure of interest rates with the same or different time lags.

5 Concluding Remarks

Our paper explores a transmission mechanism of monetary policy through bond market. Based on

the assumption of delayed responses of economic agents to monetary shocks, we derive a system

of equations relating the term structure of interest rates with the past history of money growth.

The equations are empirically tested with the US data after being modified to a VAR setup. Such

a modification process is inevitable to avoid the locality resulting from log linearization of the

first order conditions. Impulse response functions of various yield rates with respect to monetary

shocks as well as to the short-term interest rate (such as federal fund rate in the US) reveal that

the reactions of the yield rates may vary across the bonds with different maturities in terms of

directions as well as magnitudes. From this observation, we find out that the policy of maintaining

a certain level of the short-term interest rate may lead to different economic consequences depending

on the differences of the past monetary policy. Such path-dependency of monetary policy induces

that monetary policy targeting a certain shape of the term structure of interest rates could be

implemented only with a certain time lags.

So far the effects from other omitted exogenous variables are neglected. For example, seemingly

significant parameters or variables. such as the variability of money velocity and a shift in con-

sumers’ preference, are not fully considered. Such an omission problem would be in practice not a

big deal only if omitted variables are deterministic. On the contrary, when the omitted variables

are stochastic and are not observable, an algorithm for implementing an optimal monetary policy

becomes a usual Kalman filtering setup. This issue is very critical at the stage of application and
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is expected to be dealt in the following works.
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Appendix 
 

 

[Table 1] Orthogonal Impulse Response Function s of Yield Rates to Money Shocks (Monthly Data) 

 

Period FF TB3mon TB6mon TB1yr LGTB 
0 2.36771 1.41809 1.9391 1.13211 -0.20733 
1 6.14088 5.92639 5.81499 4.22015 2.22498 
2 7.27664 8.21618 7.56199 5.8756 3.6768 
3 8.87741 10.0781 8.89956 6.90694 4.02123 
4 9.39684 9.94298 8.74984 6.62403 4.54423 
5 8.3166 7.29077 6.55254 5.43528 4.53766 
6 8.02364 6.3077 5.6971 5.08671 4.37086 

 

 

 

[Table 2] Orthogonal Impulse Response Function of Yield Rates to Money Shocks (Quarterly Data) 

 
Period FF TB3 TB6 TB1yr LGTB 

0 167.245 153.302 157.231 160.383 211.098 
1 0.246421 -0.19952 0.16491 0.510467 0.798844 
2 -65.7299 60.4593 -61.7011 -62.7765 -83.1652 
3 19.6155 18.2779 18.531 18.6959 23.7394 
4 15.0446 13.8131 13.9465 14.0503 17.5664 
5 -6.86679 -6.64232 -6.89767 -7.15451 -10.4128 
6 -0.4169 -0.64344 -0.75822 -1.00428 -2.19787 

 

 

 

 [Table 3] Orthogonal Impulse Response Function of Yield Rates to Federal Fund Rate Shocks (Monthly Data) 

 
Period FFR TB3 TB6 TB1yr LGTB 

0 0.491611 0.3121 0.289359 0.239936 0.080028 
1 0.698939 0.493495 0.436963 0.356228 0.121261 
2 0.692776 0.491415 0.445463 0.375442 0.129747 
3 0.637012 0.425693 0.391827 0.334656 0.125267 
4 0.555573 0.391656 0.360064 0.309433 0.13618 
5 0.516552 0.382242 0.359379 0.317069 0.157767 
6 0.503729 0.373448 0.357549 0.317967 0.170279 
7 0.492744 0.358745 0.345734 0.308132 0.170361 
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[Figure 1] Orthogonalized Impulse Response Functions with Exogenous Money Shocks (Monthly Data) 
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[Figure 2] Orthogonalized Impulse Response Functions with Exogenous Money Shocks (Quarterly Data) 
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[Figure 3] Orthogonalized Impulse Response Functions with Federal Fund Rate Shocks (Monthly Data) 
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[ Figure 4] Impulse Response of the Term Structure of Interest Rates to monetary shocks-Monthly 
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[Figure 5] Impulse Response of the Term Structure of Interest Rates to monetary shocks-Quarterly 
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[Figure 6] Impulse Response of the Term Structure of Interest Rates to FFR shocks (Monthly Data) 

 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

F F R TB 3 TB 6 TB 1yr LG TB

M aturity

P erio d  0

P erio d  1

P erio d  2

P erio d  3

P erio d  4

P erio d  5

P erio d  6

P erio d  7


