
18

Determinacy and E­Stability Region (a)

χy

χ π

1 2 3 4

1

2

3

4

Figure 3: Regions of determinacy and E-stability with �q = 0:5

In Figure 3, we assume that the monetary authority implements a rule featuring a positive

response to asset prices misalignments (�q = 0:5). Overall, responding to asset prices enlarges

the area of indeterminacy. In particular, this shifts up and its slope increases in  . Neverthe-

less, with a positive �q the central bank excludes the likelihood of equilibrium multiplicity in

correspondence with a small response to the output gap, along the �� axis. This is particularly

evident from the comparison of Figures 2(c) and 3(c).

Figure 4: Regions of determinacy and E-stability with �y = 0

Figure 5: Regions of Determinacy and E-Stability with �� = 2

Figure 5 suggests that the central bank should never react too strongly to asset prices

misalignments. The maximum threshold ensuring both determinacy and E-stability is always

higher for �y rather than �q. Nevertheless, if we repeat the same exercise under a higher ��
[e.g. �� = 3 in Figure 5(c)] an area of indeterminacy will be detectable in correspondence of

low values of both coe¢ cients. In this case, we would observe that an approximately four times
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lower �q is required to drive the system into the area of determinacy, compared to the necessary

�y. This is even more evident under a forward looking rule.

4.2. Forward Looking Expectational Rule. Next, we consider a forward looking rule

where the monetary authority reacts to future expected in�ation, output gap and asset prices

misalignments:

rt = ��Et�t+1 + �yEtyt+1 + �qEtqt+1: (32)

The model in state space form can be written as:

�fxt = 
fEtxt+1 +�fut;

ut = ��ut�1 + et; et
iid� N(0; �2e);

where xt = [�t; yt; qt] and


f =

264 � + � (1 +  )�� � (1 +  )�y � (1 +  )�q
1
� (1� ��) 1� �y

� ��q
�

� � ��� ���y � � ��q

375 ;

�f =

264 1 �� (� + �) 0

0 1 0

0 �� 1

375 ; �f = I3�3; �� = �I3�3:

Again, to assess the e¤ects brought by the cost channel in terms of REE uniqueness and

learnability, we �nd intuitive to study the system under a rule responding only to expected

in�ation. The following proposition shows that traditional conditions for determinacy and E-

stability are further altered when di¤erent degrees of distortion a¤ect the credit market.

Proposition 4. Under an interest rate rule responding only to expected in�ation in the pres-
ence of a cost channel, the necessary and su¢ cient conditions guaranteeing determinacy can be

stated as follows:

� I¤  > �1:

�� = �� > 1 (33)

�� < b�� = 1� �
� ( + 1)

(34)

� I¤  < ���
2� :

�� < e�� = 2� (1 + �) + � (� + �)

� (� + �)� 2�� (1 +  ) (35)

Proof. See Appendix A.

It can be shown that the conditions ensuring E-stability are fully encompassed by those

guaranteeing equilibrium uniqueness. In Appendix A we report a proposition and a corollary
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regarding the E-stability conditions under a forward looking interest rate rule. Moreover, the

following corollary identi�es the range of responses to expected in�ation ensuring equilibrium

uniqueness and E-stability, depending on the degree of pass-through from the o¢ cial rate to

the credit market interest rate.

Corollary 5. The set of conditions stated in the proposition above allows us to determine an
interval for critical values of the pass-through:

1. I¤ �1 <  � (1��)(�+�)
4�+�(�+�) � 1 the response coe¢ cient to in�ation has to lie within the area

between the locus e�� and the bottom limit represented by �� = 1.

2. I¤ (1��)(�+�)
4�+�(�+�) � 1 <  < 1����

� the response coe¢ cient has to be lie within the area

between the locus b�� and the bottom limit represented by �� = 1.

3. I¤  � 1����
� determinacy is never attained.

Proof. See Appendix A.
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Figure 6: Regions of determinacy and E-stability [MN (a) and W (b) Calibrations]

Conditions reported in Corollary 5 point out the importance of considering the degree of

pass-through when setting up the response coe¢ cient to the expected future in�ation. Figure 6

shows the dynamic properties of the system in the f ; ��g space. If the central bank reacts only
to the rate of in�ation, a unique REE can be obtained only for low values of the pass-through.

As detailed in Corollary 5, the monetary authority has to avoid a strong reaction to in�ation

as this might shift the system into the area of indeterminacy.9

Figures 7(b) and 7(c) show that the system delivers an indeterminate outcome in the presence

of the cost channel, over the whole spectrum of ��, when the central bank does not respond either

to expected assets prices misalignments or to output gap. Again, following a rule that responds

only to expected in�ation the central bank will trigger in�ationary pressures via the banking

system. This is especially evident when pricing behavior in this sector ampli�es movements in

the policy rate. In addition, the spike of indeterminacy rising along the ��-axis is greater than

the one obtained under a contemporaneous rule. It is also important to stress that to rule out

indeterminacy the response coe¢ cient to the expected output gap has to increase in the degree

of pass-through.
9 It is also worth pointing out that the determinacy area is wider under the set of calibrated parameters

suggested by Woodford (1999).
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Figure 7: Regions of determinacy and E-stability with �q = 0

Simulations reported in Figure 7 also con�rm the basic results observed in Figure 6. Under

large distortions ( > 0), as those re�ected in Figure 7(c), the central bank has to respond quite

strongly to the output gap and to make sure that its reaction to in�ation is not too strong, as

this would lead to an indeterminate outcome. It is interesting to notice that signi�cant part of

the spike of indeterminacy for low responses to asset prices misalignments and output gap is

E-stable.
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Figure 8: Regions of determinacy and E-stability with �q = 0:1

If we replicate the last exercise by setting �q = 0:1 (Figure 8), the indeterminacy area

previously detectable for low values of �y is now signi�cantly smaller. Relatively low values

of the reaction coe¢ cient attached to expected asset prices misalignments allow the central

bank not to respond to the output gap. At the same time, the response to in�ation should be

constrained within a certain range. In this case, there is a higher probability to attain a unique

REE if the central bank responds to asset prices misalignments. Moreover, by responding

to asset prices the E-instability area previously detectable for low values of �y signi�cantly

decreases or is compleately removed (see also Figure 10).
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Figure 9: Regions of determinacy and E-stability with �q = 0:5

As shown in Figure 9, a greater response to asset price misalignments
�
�q = 0:5

�
would

almost completely remove the area of instability arising at low values of �y. Nonetheless, the

minimum response to in�ation has to be stronger, compared to the previous exercise.

To con�rm the results from previous simulations, we also report determinacy conditions in

the
�
�q; ��

	
space for �y = 0 (Figure 10), while Figure 11 reports the area of determinacy in

the
�
�q; �y

	
space for �� = 2. Figure 10 shows that a higher response to asset prices has to

be accompanied by a higher response to in�ation to ensure equilibrium uniqueness. Moreover,

Figure 11 shows that the area of determinacy signi�cantly narrows down as the degree of pass-

through increases and re�ects a highly distortive allocation mechanism in the credit market.

Ceteris paribus (�� = 2 and  = 0:5), the value of �q required to shift the system into the area

of determinacy is twice as small as the necessary �y, although the range of responses ensuring

determinacy is higher in the second case.
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Figure 10: Regions of determinacy and E-stability with �y = 0

Determinacy and E­Stability Region (a)

χy

χ q

1 2 3 4

1

2

3

4
Determinacy and E­Stability Region (b)

χy

χ q

1 2 3 4

1

2

3

4
Determinacy and E­Stability Region (c)

χy

χ q

1 2 3 4

1

2

3

4

Figure 11: Regions of determinacy and E-stability with �� = 2
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The analysis of the conditions for equilibrium uniqueness o¤ers an interesting picture. It

turns out that even a low response to asset prices misalignments helps at ruling out the area of

indeterminacy that arises if the monetary authority reacts only to the rate of in�ation. Overall,

a joint response to both Etqt+1 and Etyt+1 generally leads to a wider area of determinacy. The

central bank achieves greater bene�ts from the implementation of a rule featuring a relatively

lower response to the expected output gap. Otherwise, if the monetary authority does not

respond to asset prices misalignments, then it should attach a signi�cantly stronger response to

Etyt+1. It is interesting to point out that, under the Woodford (1999) calibration (Appendix

B), the area of determinacy is much wider when the central bank responds to asset prices rather

than to the output gap. Simulations under this set of parameters con�rm the importance of

reacting to either asset prices or output gap in the presence of strong credit market distortions.

4.3. Discussion. As our analytical and numerical results show, standard conditions for de-

terminacy and E-stability are modi�ed when the cost channel matters. We show that responding

to asset prices misalignments in the presence of strong distortions a¤ecting the credit market

allows the central bank to restore REE uniqueness and E-stability. This is particularly evident

when the monetary authority implements a forward looking rule (32), as the system is more

sensitive to changes in the degree of pass-through. In this case, even a weak cost channel e¤ect

introduces signi�cant changes in the conditions for determinacy and E-stability. In fact, under

a contemporaneous data rule, a higher  is necessary to observe a spike of indeterminacy for

low values of the response coe¢ cient attached to the output gap. This is to say that, especially

under uncertainty regarding the magnitude of the cost channel e¤ect, a monetary authority is

better o¤ by responding to current rather than to forecast data. This strategy generally allows

the central bank to face a wider area of determinacy.

In standard NK frameworks with no capital market imperfections, dividends are negatively

related to the output gap. As marginal costs are proportional to the output gap, an interest

rate rule that responds positively to (expected or current) stock price deviations from their

frictionless level is a rule that responds positively to �rms�pro�tability. This amounts to say

that the central bank responds negatively to the underlying distortion�the marginal cost. This

is exactly the opposite of what should be done to achieve stabilization. When a cost channel

e¤ect is at work, this mechanism no longer holds. This is especially evident for high values of the

pass-through, which re�ect a distortive allocation mechanism in the credit market. In this case,

the monetary instrument a¤ects positively marginal costs, hence a monetary innovation exerts

a direct in�uence on in�ation dynamics in the same direction. At the same time, in�ationary

pressures are scaled down if the central bank responds positively to asset prices, as this re�ects

a negative response to the output gap that balances the cost channel e¤ect in the NK curve.

In presence of cost-side e¤ects, reacting to either contemporaneous or expected asset prices

misalignments shifts upwards the set of conditions that bind the response to the rate of in�ation

from above. This mechanism is at the root of the gain in determinacy when we consider a positive

response to current or expected asset prices misalignments. Therefore, if the cost channel

matters, we draw opposite policy prescriptions with respect to those advanced by Carlstrom
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and Fuerst (2007) in their baseline framework. As a matter of fact, they assert that one

shortcoming of the benchmark model is that in response to a monetary contraction, marginal

cost falls so sharply that pro�ts actually rise.10 Our model abstracts from this criticism, as

pro�tability is directly a¤ected by the nominal interest rate via a cost channel e¤ect.

5. Welfare Analysis

We shift our focus on the welfare implications of the two benchmark rules under scrutiny. In line

with Orphanides and Williams (2007), we analyze the loss incurred by the monetary authority

under di¤erent stabilization objectives. The following loss speci�cations are considered:

L1 = �2t + '
yy2t ; (36)

L2 = �2t + '
yy2t + '

r (�rt)
2 ; (37)

L3 = �2t + '
yy2t + '

qq2t + '
r (�rt)

2 ; (38)

L4 = �2t + '
yy2t + '

qq2t : (39)

Calibration of the coe¢ cients in the loss function is still an open issue in the literature. Notice

that usually the coe¢ cient attached to in�ation is normalized to 1. According to Orphanides

and Williams (2006), the coe¢ cient attached to the output gap is set to 4, in line with Okun�s

law. This implies equal weights to the rate of in�ation and the output gap in the loss function.

Orphanides and Williams (2006) also consider a benchmark calibration 'r = 1. In the remainder

of the paper, we will set 'q = 4. However, our qualitative results are not a¤ected if we consider

smaller values for the relative weight attached to the interest rate smoothing term. Overall, our

results are quite robust across di¤erent calibrations of the coe¢ cients characterizing the relative

importance of competing welfare objectives.

A word of caution is in order at this stage. In a standard NK setting it is possible to provide

microfoundations for a loss function that balances in�ation and output gap variability through

a second order approximation (see Woodford, 2003). Conversely, in the present framework there

is no direct analytical rationale for the introduction of a term penalizing stock price �uctuations

[as in (38) and (39)]. The purpose of this exercise is to assess the desirability to react to asset

price �uctuations in the presence of a cost channel e¤ect.

In the remainder of this section numerical results are presented just under loss speci�cations

(36) and (39). Moreover, a perfect pass-through from policy to bank lending rates ( = 0) is

assumed in the graphical analysis.11 Figures 12 and 13 report the loss under di¤erent combina-

tions of �y and �� under the contemporaneous data rule, while Figures 14 and 15 refer to the

forward looking rule. In addition, Tables 1 and 2 report the minimum loss and the correspond-

ing response parameters to in�ation and output gap, both under the contemporaneous (28) and

the forward looking rule (32).12 Moreover, we report the loss corresponding to a benchmark

10To counter this criticism, they incorporate sticky wages in the basic model and show that indeterminacy may
still arise even if pro�ts are now a¤ected by both sources of nominal rigidity.
11Notice that the contour maps are plotted only in correspondence with the space of determinacy.
12Notice that, as in the graphical inspection, we consider a maximum response of 4 in the

�
��; �y

	
space.

Therefore, the concept of minimum loss has to be regarded with respect to the space considered.
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parameterization often implemented in numerical studies, namely �� = 1:5 and �y = 0:5. The

results are conditioned to the degree of pass-through ( = f�1; 0; 0:5g) and to the response to
asset prices, which is either set to 0 or to 0:1.
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Figure 12: Loss for contemporaneous data rule in the region of determinacy under (36):

(a) �q = 0 and (b) �q = 0:1
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Figure 13: Loss for contemporaneous data rule in the region of determinacy under (39):

(a) �q = 0 and (b) �q = 0:1

Figure 12 shows that, under (36), welfare losses are generally smaller if the central bank

is strenuously involved in keeping in�ation under control. At the same time, reacting to asset

price misalignments exerts a negative impact. In Figure 13, we report the results under the

loss function (39). Previous evidence is reversed when the central bank cares about asset prices

variability. In this case the loss is on average smaller if the monetary authority attaches a low

reaction coe¢ cient to the rate of in�ation.

Figures 14 and 15 plot the contour map for the loss functions (36) and (39) under a forward

looking interest rate rule. The graphical inspection suggests that the results under a forward

looking rule are qualitatively assimilable to those detailed for a contemporaneous data rule.

Moreover, numerical analysis suggests that, in the presence of any institutional or operational

reason to be concerned with asset prices variability, then the central bank is better o¤ by

responding to asset prices misalignments.
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Loss under (36)
Min Loss Min at

�
��; �y

	
Loss at �� = 1:5 and �y = 0:5

 = �1;�q = 0 52.2 f4; 2:42g 120.1
 = �1;�q = 0:1 61.9 f4; 3:37g 223.5
 = 0;�q = 0 64.1 f4; 0:95g 149.1
 = 0;�q = 0:1 74.9 f4; 0:75g 288.6
 = 0:5;�q = 0 73.6 f4; 0:37g 177.5
 = 0:5;�q = 0:1 83.9 f4; 0g 352.1

Loss under (39)
 = �1;�q = 0 3361 f1; 0:01g 8276
 = �1;�q = 0:1 2809 f1:05; 0:02g 6400
 = 0;�q = 0 5819 f1; 0g 10718
 = 0;�q = 0:1 5416 f1:11; 0g 8871
 = 0:5;�q = 0 8042 f1; 0g 12574
 = 0:5;�q = 0:1 8090 f1:15; 0g 10914

Table 2: Loss under contemporaneous data rule
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Figure 14: Loss for forward looking rule in the region of determinacy under (36):

(a) �q = 0 and (b) �q = 0:1
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Figure 15: Loss for forward looking rule in the region of determinacy under (39):

(a) �q = 0 and (b) �q = 0:1

We can observe that loss under both speci�cations (36) and (39) increases in the degree

of pass-through. Reacting to asset prices misalignments determines an increase in the overall

volatility, at every value of the pass-through. Not surprisingly, the inclusion of the asset price

volatility term into the loss function determines a marked increase in the overall welfare loss.

This can be ascribed to the presence of excess volatility in asset prices misalignments, compared

to in�ation and output gap. Excess volatility is an inherent feature of asset prices and it is often
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Loss under (36)
Min Loss Min at

�
��; �y

	
Loss at �� = 1:5 and �y = 0:5

 = �1;�q = 0 47.3 f4; 4g 124.1
 = �1;�q = 0:1 53.6 f4; 4g 238.0
 = 0;�q = 0 63.3 f4; 2:81g 157.4
 = 0;�q = 0:1 70.9 f4; 3:1g 319.3
 = 0:5;�q = 0 73.5 f4; 1:94g 190.3
 = 0:5;�q = 0:1 83.9 f4; 1:84g 398.5

Loss under (39)
 = �1;�q = 0 2377 f1; 0:01g 8131
 = �1;�q = 0:1 2131 f1:05; 0:02g 6165
 = 0;�q = 0 5113 f1:02; 0:17g 10505
 = 0;�q = 0:1 4465 f1:12; 0g 8545
 = 0:5;�q = 0 8073 f1:05; 0:29g 12344
 = 0:5;�q = 0:1 7212 f1:17; 0g 10570

Table 3: Loss under forward looking rule

advanced as a rationale for avoiding an explicit response to them (see, e.g., Bullard and Schaling,

2002). In addition, our numerical exercises con�rm that it is bene�cial to react to asset prices

misalignments when the loss function incorporates a term re�ecting their volatility, for both

Taylor-type rules and for both criteria of welfare loss evaluation.

The minimum possible loss is generally lower under a forward looking rule than under a

contemporaneous data reaction function. However, the minimum loss with a forward looking

rule under (36) is often achieved at "implausibly" high responses to output gap. The advantage

of the forward looking rule over the contemporaneous rule in terms of minimum loss tends to

vanish as the degree of pass-through increases. Therefore, we �nd quite informative to assess

the loss under a more plausible parameterization, such as
�
�� = 1:5; �y = 0:5

	
. In this case, we

can notice that a contemporaneous data rule produces a lower loss, both under (36) and (39).

Moreover, as to the combination of
�
��; �y

	
ensuring the minimum loss, a strong reaction to

in�ation is generally required under (36), while �y is lower and decreases in the degree of pass-

through. Intuitively, as the pass-through parameter increases, re�ecting a �nancial accelerator

e¤ect via the banking sector, the volatilities of in�ation, asset prices and output gap rise. We

�nd that output gap variability has a relatively small response to changes in  , compared to

that of in�ation and asset prices.13 This e¤ect is even more evident under (39). When the loss

function incorporates a term re�ecting asset prices volatility, the monetary authority needs a

relatively higher �q. In this case, also the response to in�ation must be minimal, as asset prices

volatility accounts for the majority of the welfare loss. In addition, further numerical analysis

shows that asset prices volatility increases in �� and �y.

13Notice that the degree of pass-through does not enter the IS speci�cation.
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Concluding Remarks

We develop a New Keynesian macroeconomic model to study the interplay between capital

market imperfections, �rm pro�tability and in�ation dynamics. We rely on a sticky price

framework featuring a cost-side e¤ect along the lines traced by Ravenna and Walsh (2006).

We extend the baseline model in two main directions: �rst, following Chowdhury, Ho¤mann,

and Schabert (2006), we allow for the introduction of varying degrees of interest rate changes to

a¤ect �rms�costs of lending; second, we consider the direct in�uence of credit market distortions

on �rm pro�tability and, in turn, stock price dynamics. We provide an analytical treatment of

the conditions ensuring REE uniqueness and E-stability when the monetary authority reacts

only to in�ation. Standard conditions turn out to be signi�cantly di¤erent in the presence of

strong credit market distortions.

Numerical simulations allow us to study the performance of interest rate rules reacting to the

current (or expected) output gap, in�ation and asset prices misalignments. Moreover, we assess

the loss of welfare incurred by the monetary authority in the presence of di¤erent degrees of

the pass-through between the policy instrument and bank lending rates under di¤erent Taylor-

type rules. Our analysis shows that considering a one-to-one relationship between policy rates

and bank lending rates, as assumed in Ravenna and Walsh (2006), can be quite misleading

for the sake of designing a rule that ensures REE determinacy and stability under adaptive

learning when the cost channel matters. We show that in conditions of uncertainty regarding

the degree of pass-through between policy and bank lending rates, the central bank is generally

better o¤ following a rule in which the policy instrument is set according to misalignments in

contemporaneous data rather than adopting an expectational interest rate rule. Moreover, in

the former case, a considerably wider area of determinacy can be achieved. In addition, for

a plausible range of responses to in�ation and output gap the adoption of a contemporaneous

data rule ensures, on average, a lower welfare loss.

When the cost channel matters, the risk of indeterminacy and instability under adaptive

learning can be reduced if the central bank reacts positively to actual (or expected) asset prices

misalignments from their frictionless values or to current (or expected) output gap. It can often

be argued that a response to asset prices might be even more desirable than a response to

the output gap to ensure determinacy. This is the case when monetary policy is conducted in

environments characterized by strong credit market distortions. In principle, this strategy has

a negative e¤ect on �rms�pro�tability and raises the risk of in�ationary pressures. Neverthe-

less, as in a sticky price framework �rms�pro�tability is negatively related to the output gap,

in�ationary pressures brought by the cost channel e¤ect can be smoothed down if the central

bank responds positively to asset prices misalignments. Therefore, a positive response to out-of-

equilibrium dynamics in asset prices balances the negative impact brought by the cost channel

on in�ation dynamics, especially in the presence of a strong pass-through from policy to bank

lending rates. These results contradict the policy prescriptions achieved by previous studies

exploring the role of monetary policy as a potential �nancial stabilizer. Most importantly, our

�ndings highlight the need to carefully assess the degree of credit market distortions to draw
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sound prescriptions for monetary policy design.

Future work appears desirable in several areas. In a companion paper, we explore the

implications of the cost channel for the design of optimal monetary policy, assuming that the

central bank is faced with a loss function that balances asset price variability along with output

and in�ation. We also aim at exploring further the nature of the E-stable equilibria in the area

of indeterminacy, in order to assess the conditions for sunspots learnability and their policy

implications. More generally, we argue that it is important to further explore the informational

content of asset prices for the conduct of monetary policy.



30

References

Airaudo, M., S. Nisticò, and L.-F. Zanna (2006): �Learning, Asset Prices and Monetary

Policy,�Mimeo, Collegio Carlo Alberto.

Barth, M. J., and V. A. Ramey (2000): �The Cost Channel of Monetary Transmission,�

NBER Working Papers 7675, National Bureau of Economic Research, Inc.

Bernanke, B., and M. Gertler (1989): �Agency Costs, Net Worth, and Business Fluctua-

tions,�American Economic Review, 79(1), 14�31.

(1990): �Financial Fragility and Economic Performance,�The Quarterly Journal of

Economics, 105(1), 87�114.

(1999): �Monetary policy and asset price volatility,�Economic Review, (Q IV), 17�51.

Bernanke, B. S., and M. Gertler (2001): �Should Central Banks Respond to Movements

in Asset Prices?,�American Economic Review, 91(2), 253�257.

Bernanke, B. S., M. Gertler, and S. Gilchrist (1999): �The �nancial accelerator in a

quantitative business cycle framework,�in Handbook of Macroeconomics, ed. by J. B. Taylor,

and M. Woodford, vol. 1 of Handbook of Macroeconomics, chap. 21, pp. 1341�1393. Elsevier.

Blanchard, O. J., and C. M. Kahn (1980): �The Solution of Linear Di¤erence Models

under Rational Expectations,�Econometrica, 48(5), 1305�11.

Brückner, M., and A. Schabert (2003): �Supply-side e¤ects of monetary policy and equi-

librium multiplicity,�Economics Letters, 79(2), 205�211.

Bullard, J., and K. Mitra (2002): �Learning about monetary policy rules,� Journal of

Monetary Economics, 49(6), 1105�1129.

Bullard, J. B., and E. Schaling (2002): �Why the Fed should ignore the stock market,�

Review, (Mar.), 35�42.

Calvo, G. A. (1983): �Staggered prices in a utility-maximizing framework,�Journal of Mon-

etary Economics, 12(3), 383�398.

Carlstrom, C. T., and T. Fuerst (2007): �Asset Prices, Nominal Rigidities, and Monetary

Policy,�Review of Economic Dynamics, 10(2), 256�275.

Chowdhury, I., M. Hoffmann, and A. Schabert (2006): �In�ation dynamics and the cost

channel of monetary transmission,�European Economic Review, 50(4), 995�1016.

Christiano, L. J., M. Eichenbaum, and C. L. Evans (1997): �Sticky price and limited

participation models of money: A comparison,� European Economic Review, 41(6), 1201�

1249.



31

Clarida, R., J. Gali, and M. Gertler (1999): �The Science of Monetary Policy: A New

Keynesian Perspective,�Journal of Economic Literature, 37(4), 1661�1707.

Eichenbaum, M. (1992): ��Interpreting the macroeconomic time series facts: The e¤ects of

monetary policy�: by Christopher Sims,�European Economic Review, 36(5), 1001�1011.

Evans, G. W., and S. Honkapohja (2001): Learning and Expectations in Macroeconomics.

Princeton University Press.

Faia, E., and T. Monacelli (2007): �Optimal interest rate rules, asset prices, and credit

frictions,�Journal of Economic Dynamics and Control, 31(10), 3228�3254.

Galì, J., and M. Gertler (1999): �In�ation dynamics: A structural econometric analysis,�

Journal of Monetary Economics, 44(2), 195�222.

Gandolfo, G. (1996): Economic Dynamics. Springer-Verlag, 3rd edn. edn.

Genberg, H., J. Lipsky, S. Cecchetti, and S. Wadhwani (2000): Asset Prices and Central

Bank Policy. Centre For Economic Policy Research and International Center For Monetary

And Banking Studies.

Gilchrist, S., and M. Saito (2006): �Expectations, Asset Prices, and Monetary Policy: The

Role of Learning,� NBER Working Papers 12442, National Bureau of Economic Research,

Inc.

Greenwald, B. C., and J. E. Stiglitz (1988): �Imperfect Information, Finance Constraints

and Business Fluctuations,� in Finance Constraints, Expectations and Macroeconomics, ed.

by M. Kohn, and S. Tsiang, pp. 103�140. Oxford University Press.

(1993): �Financial Market Imperfections and Business Cycles,�The Quarterly Journal

of Economics, 108(1), 77�114.

Hannan, T. H., and A. N. Berger (1991): �The Rigidity of Prices: Evidence from the

Banking Industry,�American Economic Review, 81(4), 938�45.

Hülsewig, O., E. Mayer, and T. Wollmershäuser (2006): �Bank Behavior and the Cost

Channel of Monetary Transmission,�CESifo Working Paper Series 1813, CESifo GmbH.

Ireland, P. N. (2004): �Technology Shocks in the New Keynesian Model,� The Review of

Economics and Statistics, 86(4), 923�936.

Kiyotaki, N., and J. Moore (1997): �Credit Cycles,�Journal of Political Economy, 105(2),

211�48.

Llosa, G., and V. Tuesta (2007): �E-stability of Monetary Policy when the Cost Channel

Matters,�Mimeo, Central Reserve Bank of Peru.



32

McCallum, B. T., and E. Nelson (1999): �Performance of Operational Policy Rules in an

Estimated Semi-Classical Model,� in Monetary Policy Rules, ed. by J. Taylor, pp. 15�45.

University of Chicago Press.

Myers, S. C., and N. S. Majluf (1984): �Corporate �nancing and investment decisions

when �rms have information that investors do not have,� Journal of Financial Economics,

13(2), 187�221.

Nisticò, S. (2006): �Monetary Policy and Stock-Price Dynamics in a DSGE Framework,� in

Monetary Policy, Banks and Institutions, ed. by G. D. Giorgio, and F. Neri. Luiss University

Press, Rome.

Orphanides, A., and J. C. Williams (2006): �In�ation targeting under imperfect knowl-

edge,�Finance and Economics Discussion Series 2006-20, Board of Governors of the Federal

Reserve System (U.S.).

Ravenna, F., and C. E. Walsh (2006): �Optimal monetary policy with the cost channel,�

Journal of Monetary Economics, 53(2), 199�216.

Sbordone, A. M. (2002): �Prices and unit labor costs: a new test of price stickiness,�Journal

of Monetary Economics, 49(2), 265�292.

Sims, C. A. (1992): �Interpreting the macroeconomic time series facts : The e¤ects of monetary

policy,�European Economic Review, 36(5), 975�1000.

Smets, F., and R. Wouters (2003): �An Estimated Dynamic Stochastic General Equilibrium

Model of the Euro Area,�Journal of the European Economic Association, 1(5), 1123�1175.

Steinsson, J. (2003): �Optimal monetary policy in an economy with in�ation persistence,�

Journal of Monetary Economics, 50(7), 1425�1456.

Walsh, C. E. (2003): Monetary Theory and Policy. The MIT Press, second edn.

Woodford, M. (1999): �Optimal Monetary Policy Inertia,�Manchester School, 67(0), 1�35.

(2003): Interest and Prices: Foundations of a Theory of Monetary Policy. Princeton

University Press.



33

6. Appendix A

Steady State Values

� = 0 1 = �R C = Cj = N = Nj = Y =W
1

�+�

Z = 1 A = 1 H = 1

D = Y (1� �) M
P =

�
C� R

R�1

� 1
�

�int = 0

Q = D
1��

Md

P =WL W = �
� :

6.1. E-stability: Contemporaneous rule.

Proposition 6. Under a contemporaneous data interest rate rule responding to the rate of
in�ation, the following conditions ensuring E-stability can be identi�ed:

� I¤  > �1
�� > �� = 1: (40)

� I¤  < 1 + 2�
� :

�� > b�� = (1� �)� � �� � ��
(� ( � 1)� 2�)� (41)

� I¤  > 1 + 2�
� :

�� < e�� = (1� �)� � �� � ��
(� ( � 1)� 2�)� (42)

Proof. If we set �q = 0 in (28), the discount factor � turns out to be one of the three

eigenvalues of the matrix ��1c 
c. Under these settings, the NK Phillips curve and the IS curve

constitute an autonomous system. Moreover, when �y = 0 the matrix of structural parameters

associated to the forward looking vector is the following cofactor:

Jc33 =

"
��+��+��

�+������� ��
� 1 ��2+���

�+������� ��
����+���+� ���1

�+������� ��
�������+�� ��
�+������� ��

� 1

#
:

This setup implies that the necessary and su¢ cient conditions guaranteeing E-stability can be

stated as follows:

Bc > 0 (43)

Ac > 0; (44)

where Ac and Bc are the coe¢ cients of the characteristic polynomial retrievable from Jc33 � I:

�2 +Ac�+Bc = 0:
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Thus:

Ac =
���� � � + �� �� � �� + �� + ��

� + ���� � �� ��
+ 2

Bc =

�
��2 + ���

�
(��� + ��� + � �� � 1)

(� + ���� � �� ��)2
�
�
���� � � + �� ��
� + ���� � �� ��

+ 1

��
�� + �� + ��

� + ���� � �� ��
� 1
�

Let us focus on condition (43):

Ac =
���� � � + �� �� � �� + �� + ��

� + ��� (� � � )
+ 2 > 0

We have to multiply both sides by the term � + ��� (� � � ). On the one hand, this factor is
always positive for  < �

� (su¢ cient condition). On the other hand, when  > �
� , we need to

introduce a restriction on � in order to ensure its positiveness.

Condition 1: In order to rule out the possibility that the term �+��� (� � � ) is negative,
we have to assume that i¤  > �

� the following restriction applies:

0 < � <
�

�� (� � �)
:

Notice that this condition holds across di¤erent plausible parameterizations and is always sat-

is�ed by the three sets of calibrated parameters taken into consideration in the paper. Thus,

we can rearrange (43) as:

(�� 1)� + �� + �� + (� ( � 1)� 2�)��� > 0

At this stage there are two relevant cases to consider, namely 1 + 2�
� <  and 1 + 2�

� >  . In

the �rst case, the response to in�ation must satisfy the following condition:

�� >
(1� �)� � �� � ��
(� ( � 1)� 2�)�

Otherwise, the maximum response to in�ation is constrained from the following condition:

�� <
(1� �)� � �� � ��
(� ( � 1)� 2�)�

Let us focus now on (44):

� (�� � 1) (� + �)
� + ��� (� � � )

> 0 (45)

as we assume that denominator is always positive, (45) always holds for �� > 1.

Corollary 7. The set of conditions stated in the proposition above allows us to determine an
interval for critical values of the pass-through:

1. I¤  < �
� +

(1��)
� the system will always be E-stable if �� > 1.
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2. I¤ �
� +

(1��)
� �  < 1 + 2�

� the response coe¢ cient to in�ation has to be set according to

�� > b��;
3. I¤  � 1 + 2�

� E-stability is never attained.

Proof. Notice that conditions (40) and (41) represent a minimum response threshold. The

conditions reported in Proposition 6 are considered in the f��;  g space.
By equating (40) and (41) we �nd the value of  from which the condition (41) is binding.

From the point where conditions (41) and (42) equal
�
 = 1 + 2�

�

�
E-stability can never be

attained.

6.2. E-stability: forward looking rule.

Proposition 8. Under an interest rate rule responding only to expected in�ation in the pres-
ence of a cost channel, the necessary and su¢ cient conditions guaranteeing E-stability can be

stated as follows:

� I¤  > �1:
�� > �� = 1: (46)

� I¤  < �
� :

�� > b�� = � (� + �)� � (1� �)
� (� � � ) (47)

� I¤  > �
� :

�� < e�� = � (1� �)� � (� + �)
� (� � �) (48)

Proof. For �q = �y = 0 the matrix of structural parameters associated to the forward

looking vector is represented by the following cofactor:

Jf33 =

"
� + ��� ( + 1)� �

� (�� � 1) (� + �) � (� + �)

� 1
� (�� � 1) 1

#
:

The necessary and su¢ cient conditions guaranteeing E-stability are:

Bf > 0 (49)

Af > 0 (50)

where are the parameters of the characteristic polynomial associated to Jf33�I. Thus (49) and
(50) read as: ��

�
(�� � 1) (� + �)� ��� ( + 1)� � + 1

�
> 0 (51)

�

�
(�� � 1) (� + �) > 0 (52)
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It is immediate to verify that Af is always greater than zero i¤ �� > 1. As to condition (??),
this can be rearranged as:

(� � � )��� > � (� + �)� � (1� �)

Now, i¤  < �
� , the relevant condition reads as:

�� >
� (� + �)� � (1� �)

� (� � � )

otherwise, for  > �
� :

�� <
� (1� �)� � (� + �)

� (� � �)

Corollary 9. The set of conditions stated in the proposition above allows us to determine an
interval for critical values of the pass-through:

1. I¤  < 1����
� the system will always be E-stable if �� > 1.

2. I¤ 1����
� �  < �

� the response coe¢ cient to in�ation has to be set according to �� > b��;
3. I¤  � �

� E-stability is never attained.

Proof. Notice that conditions (46) and (47) represent a minimum response threshold. The

conditions reported in Proposition 8 are considered in the f��;  g space.
By equating (46) and (47) we �nd the value of  from which the condition (47) is binding.

From the point where conditions (47) and (48) equal
�
 = �

�

�
E-stability can never be attained.

6.3. Proof Proposition 2. Proof. If we set �q = 0 in (28), the discount factor �

turns out to be one of the three eigenvalues of the matrix ��1c 
c. Under these settings, the NK

Phillips curve and the IS curve constitute an autonomous system, where the matrix of structural

parameters associated to the forward looking vector is the following cofactor:

Jc33 =

"
��+��+��

�+������� ��
��2+���

�+������� ��
�����1+� ��+���

�+������� ��
�������+�� ��
�+������� ��

#
:

This setup implies that the necessary and su¢ cient conditions guaranteeing determinacy can

be stated as follows:

jBcj < 1; (53)

jAcj < 1 +Bc; (54)

where Ac and Bc are the coe¢ cients of the characteristic polynomial retrievable from Jc33:

�2 +Ac�+Bc = 0:
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Assuming that �y = 0 we obtain:

Ac =
���� (1 +  )� � (1 + �)� � (� + �)

� + ��� (� � � )
;

Bc =
��

� + � + ��� (� � � )
:

Let us focus �rst on condition (53):���� ��

� + ��� (� � � )

���� < 1;
which translates into:

��

� + ��� (� � � )
< 1; (55)

��

� + ��� (� � � )
> �1: (56)

We take into consideration the �rst inequality (55). We have to multiply both sides by its

denominator. On the one hand, this factor is always be positive for  < �
� (su¢ cient condition).

On the other hand, when  > �
� , we need to introduce a restriction on � in order to ensure its

positiveness. Under Condition 1, we can rearrange (55) as:

� (� � 1) < ��� (� � � ) :

In order to derive a condition for the response coe¢ cient �� we have to divide the inequality

by � (� � � ) on both sides. This term is negative when � > �. In this case we end up with

the following condition:
� (� � 1)
� (� � � ) > ��: (57)

In the opposite case, when  < �
� , we get:

� (� � 1)
� (� � � ) < ��: (58)

Note that the term on the LHS of (58) is always negative. Let us consider condition (56):

�� (� + 1) < ��� (� � � ) :

Again, in order to isolate �� on the RHS we have to divide both sides of the inequality by

� (� � � ). Thus, i¤  > �
� , we get:

� (� + 1)

� (� � �) > ��: (59)

When  > �
� the term

�(�+1)
�(� ��) is always positive under the restriction characterizing the baseline
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parameterization. In the opposite case when  < �
� we get:

� (� + 1)

� (� � �) < ��: (60)

As this threshold is always be negative, condition (60) is fully nested in �� > 1. Thus we do

not have to consider it.

Let us turn the attention to the second condition for determinacy, namely (54). This leads

to the following inequalities:

���� (1 +  )� � (1 + �)� � (� + �)
� + ��� (� � � )

< 1 +
��

� + ��� (� � � )
; (61)

���� (1 +  )� � (1 + �)� � (� + �)
� + ��� (� � � )

> �1� ��

� + ��� (� � � )
: (62)

We �rst focus on the former. Again, by assuming that Condition 1 holds true we get:

��� (� (1 + 2 )� �) < 2� (1 + �) + � (� + �) :

Thus we have to consider the sign of the term � (� (1 + 2 )� �). This turns out to be always
positive i¤  < �

� (su¢ cient condition). Nevertheless, we the following condition has also to be

considered:

 >
�

2�
� 1
2
=
� � �
2�

:

As ���
2� < �

� the following condition is only valid for,  >
���
2� , i¤ 0 < � < �

��(� ��)
:

�� <
2� (1 + �) + � (� + �)

� (� (1 + 2 )� �) : (63)

Otherwise, when  < ���
2� , we end up with:

�� >
2� (1 + �) + � (� + �)

� (� (1 + 2 )� �) : (64)

But then this expression is always negative and thus it is nested in the Taylor principle, �� > 1.

Let us consider now (62). By applying the same procedure as in the previous case, we end up

with the Taylor principle:

�� > 1: (65)

Notice that (58) and (60) identify negative thresholds, hence they are always nested in condition

(65). Therefore they are discarded. To sum up:



39

� I¤  > �
� then the relevant conditions are:

� (� � 1)
� (� � � ) > ��;

� (� + 1)

� (� � �) > ��:

As we know that under this assumption that  > �
� :

� (� � 1)
(� � � )� <

� (1 + �)

� (� � �) :

The only binding condition is (57): �(��1)
�(��� ) = b�� > ��

� I¤  < �
� then both of conditions (58 and 60) are already nested in �� > 1:

� I¤  > ���
2� then for condition (63)�� < e�� = 2�(1+�)+�(�+�)

�(�(1+2 )��) :

� I¤  < ���
2� then for condition (65)

�� = �� > 1:

Proof Corollary 3 Proof. Notice that �� always represents the minimum response thresh-

old on the relevant interval for the pass-through. Alternatively, conditions (29) and (30) repre-

sent a maximum response threshold. The conditions reported in Proposition 2 are considered in

the f��;  g space. Notice that all of them can be written as �� Q f
�
 �1

�
. Under this assump-

tion, these conditions generally behave as hyperbolae in the relevant space. As we search for a

maximum response threshold, we are interested in the functions lying on the right hand side of

the asymptote of each curve. In this region all conditions are strictly decreasing functions.

The following inequality always holds: ���
2� < �

� . Thus (30) will be binding �rst from the

left. For  � �
� two conditions have to be ful�lled to ensure determinacy. We know that, for

 > �
� , if we compare conditions (29) and (59) the following inequality always holds:

(� � 1)�
(� � � )� <

� (1 + �)

� (� � �) :

All we have to do now is to compute the value of  where conditions (29) and (30) cross at

the point e�� = b��:
 =

� (1� �) +
�
����1 + �+ 3� + 1

�
�

�� + 4�� + ��
:

We now have to compute the last threshold for the pass-through parameter above which de-

terminacy is never attained. This occurs at b�� = �� = 1. Straightforward computation shows

that:

 =
�

�
� (� � 1)

�
:
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Proof Proposition 4 Proof. As the central bank does respond nor to asset prices mis-

alignments neither to output gap, � is one of the three eigenvalues of Jf . Furthermore the

NK Phillips curve and the IS constitute an autonomous system where the matrix of structural

parameters associated to the forward looking vector is represented by the following cofactor:

Jf33 =

"
� + ��� ( + 1)� �

� (�� � 1) (� + �) � (� + �)

� 1
� (�� � 1) 1

#
:

Under a forward looking interest rate rule the necessary and su¢ cient conditions guaranteeing

determinacy can be stated as follows:

jBf j < 1; (66)

jAf j < 1 +Bf ; (67)

where Af and Bf are the coe¢ cients of the characteristic polynomial associated to Jf33:

�2 +Af�+Bf = 0;

where

Af =
��
�
(�� � 1) (� + �)� ��� ( + 1)� � � 1

�
Bf = � + ��� ( + 1)

Let us focus �rst on condition (66):

j� + ��� ( + 1)j < 1;

which translates into:

� + ��� ( + 1) < 1; (68)

�� � ��� ( + 1) < 1: (69)

Let us consider �rst condition (68). This inequality can be written as:

�� <
1� �

� ( + 1)
: (70)

Let us consider then condition (69):

��� ( + 1) > �1� �:
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Under  > �1 this can be expressed as:

�� >
�1� �
� ( + 1)

: (71)

In the remainder we will notice that, being this threshold always negative, (71) is fully encom-

passed by �� > 1. Let us now focus on condition (67):

�

�
(�� � 1) (� + �)� ��� ( + 1)� � � 1 < 1 + � + ��� ( + 1) ; (72)

�

�
(�� � 1) (� + �)� ��� ( + 1)� � � 1 > �1� � � ��� ( + 1) : (73)

We �rst consider condition (72). After some rearrangements this can be written as:

���

��
1 +

�

�

�
� 2 ( + 1)

�
< 2 + 2� + �+ �

�

�
:

Now we have to divide each side of then inequality by the term �
�
1 + �

�

�
� 2� ( + 1) : This is

always be positive for:

 <
� � �
2�

:

If we assume that the condition above holds we can determine the following constraint for the

response coe¢ cient:

�� <
2 + 2� + �+ � ��

�
�
1 + �

�

�
� 2� ( + 1)

: (74)

Otherwise, when  > ���
2� :

�� >
2 + 2� + � + �

�
�
1 + �

�

�
� 2� ( + 1)

: (75)

Next let�s consider condition (73). This leads to:

�� > 1 (76)

Notice that the threshold expressed in condition (75) is negative and thus completely nested in

(76).

Proof Corollary 5 Proof. Proposition 4 identi�es three relevant conditions. We �rst

have to compute the points where conditions (34) and (35) cross condition (33). It can easily

be con�rmed that condition (35) crosses condition (33) at:

 =
�1� � � �

�
; (77)

and that condition (34) crosses condition (33) at:

 =
1� � � �

�
: (78)
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Notice that (77) is always less than -1 and lies on the left of (78). Moreover, as (35) is

increasing in  it will always constitute an upper bound to the maximum �� from  = �1 up
to the point where the conditions (34) and (35) cross each other:

 =
(1� �) (� + �)
4� + � (� + �)

� 1: (79)

It also has to be con�rmed that point (79) is on the left hand side of the asymptote of

condition (34), namely ���
2� . After some tedious algebra it can be proved that this is always

the case (under the parameter restrictions outlined). From  equal to (79) condition (34) binds

from above until the point where it crosses condition (33), at (78). From this point onwards

determinacy can never be attained.


