18

Determinacy and E-Stability Region (a)
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y

Figure 3: Regions of determinacy and E-stability with x, = 0.5

In Figure 3, we assume that the monetary authority implements a rule featuring a positive
response to asset prices misalignments (x, = 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 x, the central bank excludes the likelihood of equilibrium multiplicity in
correspondence with a small response to the output gap, along the x, axis. This is particularly

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

Figure 4: Regions of determinacy and E-stability with x, =0

Figure 5: Regions of Determinacy and E-Stability with y, = 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 x, rather than x,. Nevertheless, if we repeat the same exercise under a higher x,
[e.g. X, = 3 in Figure 5(c)] an area of indeterminacy will be detectable in correspondence of

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

Xy- 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 inflation, output gap and asset prices
misalignments:

Tt = XnEitTei1 + Xy Bty + XoErgesa- (32)

The model in state space form can be written as:

I‘fZEt = QfEt$t+1+EfUt,

— iid 2
Ut = SpUt—1 +et, e~ N(O70e)7

where xy = [m, yt, ¢] and

[ B+e(1+V)x, c(1+¢)x, K(1+9)x,
Q = 5 (1= Xx) 1- 2 s :
B —&Exx —&Xy B —&xq
[ 1 —k(c+n) 0
'y = |0 1 0|, Ef=Isx3, E,=plsxs.
| 0 —€ 1

Again, to assess the effects brought by the cost channel in terms of REE uniqueness and
learnability, we find intuitive to study the system under a rule responding only to expected
inflation. The following proposition shows that traditional conditions for determinacy and E-

stability are further altered when different degrees of distortion affect the credit market.

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

stated as follows:

o Iffyp > —1:
Xe = Xa>1 (33)
Xr < >A<7r=,£(1¢_f1) (34)
o Iff¢p < T 7:

2014+ 8)+k(oc+n)
(o) — 2n0 (14 )

Xr < Xn =
Proof. See Appendix A. B

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 identifies the range of responses to expected inflation ensuring equilibrium
uniqueness and E-stability, depending on the degree of pass-through from the official 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. If-1<y < % — 1 the response coefficient to inflation has to lie within the area

between the locus X, and the bottom limit represented by X, = 1.

(1-8)(o+n)
2. 1ff AN

between the locus X, and the bottom limit represented by X, = 1.

-1l <9y < 1_‘% the response coefficient has to be lie within the area

3. Iffop > 1_57_“ determinacy is never attained.

Proof. See Appendix A. B

Determinacy and E-Stability Region (a) Determinacy and E-Stability Region (b)

-0.5 0 0.5 1 -0.5 0 0.5 1
y y

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 coefficient to the expected future inflation. Figure 6
shows the dynamic properties of the system in the {1, x,.} space. If the central bank reacts only
to the rate of inflation, 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 inflation
as this might shift the system into the area of indeterminacy.’

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 x ., 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 inflation the central bank will trigger inflationary pressures via the banking
system. This is especially evident when pricing behavior in this sector amplifies movements in
the policy rate. In addition, the spike of indeterminacy rising along the y.-axis is greater than
the one obtained under a contemporaneous rule. It is also important to stress that to rule out
indeterminacy the response coefficient to the expected output gap has to increase in the degree

of pass-through.

Tt 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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Determinacy and E-Stability Region (a) Determinacy and E-Stability Region (b) Determinacy and E-Stability Region (c)
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Figure 7: Regions of determinacy and E-stability with x, =0

Simulations reported in Figure 7 also confirm the basic results observed in Figure 6. Under
large distortions (1) > 0), as those reflected in Figure 7(c), the central bank has to respond quite
strongly to the output gap and to make sure that its reaction to inflation is not too strong, as
this would lead to an indeterminate outcome. It is interesting to notice that significant part of
the spike of indeterminacy for low responses to asset prices misalignments and output gap is
E-stable.

Determinacy and E-Stability Region (a) Determinacy and E-Stability Region (b) Determinacy and E-Stability Region (c)

4 4 4
3 3 3
OQZ OQZ 0‘12
1 1 1
1 2 3 4 1 2 3 4 1 2 3 4
C [ C
y y y

Figure 8: Regions of determinacy and E-stability with x, = 0.1

If we replicate the last exercise by setting x, = 0.1 (Figure 8), the indeterminacy area
previously detectable for low values of x,, is now significantly smaller. Relatively low values
of the reaction coefficient attached to expected asset prices misalignments allow the central
bank not to respond to the output gap. At the same time, the response to inflation 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 yx, significantly

decreases or is compleately removed (see also Figure 10).
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Determinacy and E-Stability Region (a) Determinacy and E-Stability Region (b) Determinacy and E-Stability Region (c)

OD.Z

Figure 9: Regions of determinacy and E-stability with x, = 0.5

As shown in Figure 9, a greater response to asset price misalignments (Xq = 0.5) would
almost completely remove the area of instability arising at low values of x,. Nonetheless, the
minimum response to inflation has to be stronger, compared to the previous exercise.

To confirm the results from previous simulations, we also report determinacy conditions in
the {Xq? Xﬂ} space for x, = 0 (Figure 10), while Figure 11 reports the area of determinacy in
the {Xq, Xy} space for x, = 2. Figure 10 shows that a higher response to asset prices has to
be accompanied by a higher response to inflation to ensure equilibrium uniqueness. Moreover,
Figure 11 shows that the area of determinacy significantly narrows down as the degree of pass-
through increases and reflects a highly distortive allocation mechanism in the credit market.
Ceteris paribus (x, = 2 and 9 = 0.5), the value of X, required to shift the system into the area
of determinacy is twice as small as the necessary x,, although the range of responses ensuring

determinacy is higher in the second case.

Determinacy and E-Stability Region (a) Determinacy and E-Stability Region (b) Determinacy and E-Stability Region (c)

Cc [
q q

Figure 10: Regions of determinacy and E-stability with x, =0

Determinacy and E-Stability Region (a) Determinacy and E-Stability Region (b) Determinacy and E-Stability Region (c)

Figure 11: Regions of determinacy and E-stability with x, = 2
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The analysis of the conditions for equilibrium uniqueness offers 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 inflation. Overall,
a joint response to both F;q:+1 and Eyy:41 generally leads to a wider area of determinacy. The
central bank achieves greater benefits 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 significantly stronger response to
Eiyi41. 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 confirm 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 modified when the cost channel matters. We show that responding
to asset prices misalignments in the presence of strong distortions affecting 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 effect
introduces significant changes in the conditions for determinacy and E-stability. In fact, under
a contemporaneous data rule, a higher v is necessary to observe a spike of indeterminacy for
low values of the response coefficient attached to the output gap. This is to say that, especially
under uncertainty regarding the magnitude of the cost channel effect, a monetary authority is
better off 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 firms’ profitability. 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
effect is at work, this mechanism no longer holds. This is especially evident for high values of the
pass-through, which reflect a distortive allocation mechanism in the credit market. In this case,
the monetary instrument affects positively marginal costs, hence a monetary innovation exerts
a direct influence on inflation dynamics in the same direction. At the same time, inflationary
pressures are scaled down if the central bank responds positively to asset prices, as this reflects
a negative response to the output gap that balances the cost channel effect in the NK curve.
In presence of cost-side effects, reacting to either contemporaneous or expected asset prices
misalignments shifts upwards the set of conditions that bind the response to the rate of inflation
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

10

cost falls so sharply that profits actually rise.”” Our model abstracts from this criticism, as

profitability is directly affected by the nominal interest rate via a cost channel effect.

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 different stabilization objectives. The following loss specifications are considered:

Li = 7 +¢%;, (36)
Ly = 7 +¢%} + ¢ (Ary)?, (37)
Ly = m +@%y; + G + ¢ (Ar)?, (38)
Ly = w7+ ¢ + 9% (39)

Calibration of the coefficients in the loss function is still an open issue in the literature. Notice
that usually the coefficient attached to inflation is normalized to 1. According to Orphanides
and Williams (2006), the coefficient attached to the output gap is set to 4, in line with Okun’s
law. This implies equal weights to the rate of inflation and the output gap in the loss function.
Orphanides and Williams (2006) also consider a benchmark calibration ¢” = 1. In the remainder
of the paper, we will set p? = 4. However, our qualitative results are not affected if we consider
smaller values for the relative weight attached to the interest rate smoothing term. Overall, our
results are quite robust across different calibrations of the coefficients 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 inflation 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 fluctuations
[as in (38) and (39)]. The purpose of this exercise is to assess the desirability to react to asset
price fluctuations in the presence of a cost channel effect.

In the remainder of this section numerical results are presented just under loss specifications
(36) and (39). Moreover, a perfect pass-through from policy to bank lending rates (¢ = 0) is
assumed in the graphical analysis.!! Figures 12 and 13 report the loss under different combina-
tions of x, and x, 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 inflation and output gap, both under the contemporaneous (28) and

12

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

Y0T6 counter this criticism, they incorporate sticky wages in the basic model and show that indeterminacy may
still arise even if profits are now affected by both sources of nominal rigidity.

'Notice that the contour maps are plotted only in correspondence with the space of determinacy.

2Notice that, as in the graphical inspection, we consider a maximum response of 4 in the {Xme} 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 x, = 1.5 and x,, = 0.5. The
results are conditioned to the degree of pass-through () = {—1,0,0.5}) and to the response to

asset prices, which is either set to 0 or to 0.1.

Value of Loss Function (a) Value of Loss Function (b)

Figure 12: Loss for contemporaneous data rule in the region of determinacy under (36):

(a) x, = 0 and (b) x, = 0.1

Value of Loss Function (a) Value of Loss Function (b)
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Figure 13: Loss for contemporaneous data rule in the region of determinacy under (39):

(a) x, =0 and (b) x, = 0.1

Figure 12 shows that, under (36), welfare losses are generally smaller if the central bank
is strenuously involved in keeping inflation 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 coeflicient to the rate of inflation.

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 off by

responding to asset prices misalignments.
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Loss under (36)
Min Loss Min at {Xﬂ,xu} Loss at x, = 1.5 and x, = 0.5

b= —Tix,=0 | 522 {4,2.42} 120.1
b=—1;x,=01| 619 {4,3.37} 223.5
¥ =0;x, =0 64.1 {4,0.95} 149.1
=05, = 0.1 74.9 {4,0.75) 988.6
v =105x,=0 73.6 {4,0.37} 177.5
Y =05x,=01| 89 (4,0} 352.1
Loss under (39)

Y=-1Lix,=0 3361 {1,0.01} 8276
W=—1;x,=0.1] 2809 {1.05,0.02} 6400
b =05x, =0 5819 (1,0} 10718
Y =0;x,=0.1 | 5416 {1.11,0} 8871
Y =05x,=0 | 8042 (1,0} 12574
) =05;x,=01] 8090 {1.15,0} 10914

Table 2: Loss under contemporaneous data rule

Value of Loss Function (a) Value of Loss Function (a)
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Figure 14: Loss for forward looking rule in the region of determinacy under (36):
(a) xg = 0 and (b) x, = 0.1
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Figure 15: Loss for forward looking rule in the region of determinacy under (39):
(a) x, =0 and (b) x, = 0.1

We can observe that loss under both specifications (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 inflation and output gap. Excess volatility is an inherent feature of asset prices and it is often



27

Loss under (36)
Min Loss Min at {Xme} Loss at x, = 1.5 and x, = 0.5

b= —lix,=0 | 473 (4,4} 124.1
Y=—lix,=0.1| 536 (4,4} 238.0

¥ =0;x, =0 63.3 (4,2.81} 157.4
¥ =0;x,=0.1 70.9 {4,3.1} 319.3
Y =05x,=0 | 735 (4,1.94) 190.3
Y =0.5;x,=0.1 83.9 {4,1.84} 398.5

Loss under (39)

b= —lix,=0 | 2377 11,0.01} 8131
W=—l;x, =01 2131 {1.05,0.02} 6165

¥ =0;x, =0 5113 {1.02,0.17} 10505
b =0;x, =01 | 4465 {1.12,0} 8545
v =105x,=0 8073 {1.05,0.29} 12344
¥ =05x,=01| 7212 {1.17,0} 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 confirm that it is beneficial to react to asset prices
misalignments when the loss function incorporates a term reflecting 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 find quite informative to assess
the loss under a more plausible parameterization, such as { Xr = 1.9, Xy = 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 {Xm Xy} ensuring the minimum loss, a strong reaction to
inflation is generally required under (36), while x,, is lower and decreases in the degree of pass-
through. Intuitively, as the pass-through parameter increases, reflecting a financial accelerator
effect via the banking sector, the volatilities of inflation, asset prices and output gap rise. We
find that output gap variability has a relatively small response to changes in v, compared to
that of inflation and asset prices.!® This effect is even more evident under (39). When the loss
function incorporates a term reflecting asset prices volatility, the monetary authority needs a
relatively higher x,. In this case, also the response to inflation 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 x, and X,

13Notice that the degree of pass-through does not enter the IS specification.
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CONCLUDING REMARKS

We develop a New Keynesian macroeconomic model to study the interplay between capital
market imperfections, firm profitability and inflation dynamics. We rely on a sticky price
framework featuring a cost-side effect along the lines traced by Ravenna and Walsh (2006).
We extend the baseline model in two main directions: first, following Chowdhury, Hoffmann,
and Schabert (2006), we allow for the introduction of varying degrees of interest rate changes to
affect firms’ costs of lending; second, we consider the direct influence of credit market distortions
on firm profitability 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 inflation. Standard conditions turn out to be significantly different 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, inflation and asset prices misalignments. Moreover, we assess
the loss of welfare incurred by the monetary authority in the presence of different degrees of
the pass-through between the policy instrument and bank lending rates under different 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 off 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 inflation 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 effect on firms’ profitability and raises the risk of inflationary pressures. Neverthe-
less, as in a sticky price framework firms’ profitability is negatively related to the output gap,
inflationary pressures brought by the cost channel effect 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 inflation 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 financial stabilizer. Most importantly, our

findings 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 inflation. 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.
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6. APPENDIX A

Steady State Values

=0 1 =B8R C=Cj=N=N;=Y =W
Z=1 A=1 H=1
1
M o R T i
D=y (1-9) ¥=(c7) mint —
D M4

6.1. E-stability: Contemporaneous rule.

Proposition 6. Under a contemporaneous data interest rate rule responding to the rate of

inflation, the following conditions ensuring E-stability can be identified:

o Iffyp > —1
Xr > X = L. (40)

° Iﬁrw<1+%7:
(1—kK)o—0oB —kn
(0 (¢ —=1)=2n)x

Xa > Xp =

o Iffip>1+20;
(1—kK)o—0oB—kn
(c(W—1)—2n)k

Xr < Xn = (42)
Proof.  If we set x, = 0 in (28), the discount factor 3 turns out to be one of the three
eigenvalues of the matrix I', 1€.. Under these settings, the NK Phillips curve and the IS curve
constitute an autonomous system. Moreover, when Xy = 0 the matrix of structural parameters

associated to the forward looking vector is the following cofactor:

Kko+oB+kn 1 ko2 +rno
Jona = | TTENXz—KOYXA T+KNX 7 —KOWYX
33 Xt BXg ROy =] KOXp—otROUNg g
T+ENX 7 —KOWYX O+RNX 7 —KOVX 1

This setup implies that the necessary and sufficient conditions guaranteeing E-stability can be

stated as follows:

where A. and B, are the coefficients of the characteristic polynomial retrievable from J.g3 — I:

A+ AN+ B.=0.
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Thus:

A - /@axﬂ—a+/$awxw—ma+0ﬁ+/in+2
‘ 0+ ENXp — KOYXy

5 _ (50% 4 mno) (mXx 4 BXr + KX — 1) <mx7r — 0+ ROUXy 1) < ko + 0B + k1
o _

(0 + Enxy — KOVXR) O+ KX — KOYX s
Let us focus on condition (43):

KOXy — O + KOUX, — ko + df + kN

A, =
0+ KXy (N — 0V)

+2>0

We have to multiply both sides by the term o + kx, (7 — o). On the one hand, this factor is
always positive for ) < 2 (sufficient condition). On the other hand, when ¢ > %, we need to
introduce a restriction on k in order to ensure its positiveness.

Condition 1: In order to rule out the possibility that the term o+ kX, (1 — o) is negative,

we have to assume that iff 1 > L the following restriction applies:

g

0 _
S =)

Notice that this condition holds across different plausible parameterizations and is always sat-
isfied by the three sets of calibrated parameters taken into consideration in the paper. Thus,

we can rearrange (43) as:
(k=10 +0oB+nrn+ (0 (¥ —1)=2n) rxz >0

At this stage there are two relevant cases to consider, namely 1 + %77 <Y and 1+ %’7 >y . In

the first case, the response to inflation must satisfy the following condition:

(1-kr)o—0oB —kn
(c(—=1)—2n)k

Xn =
Otherwise, the maximum response to inflation is constrained from the following condition:

(1—kK)o—0oB—kn
NGRS TP

Let us focus now on (44):

K(Xx = 1) (0 + 1)
0 + KX (1 = 09)

>0 (45)
as we assume that denominator is always positive, (45) always holds for x, > 1. R

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 Iffp <2+ A=5) the system will always be E-stable if x,. > 1.

K

0+ KNXr — KOUXx

)
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2. Iff T+ @ <yYP<l+4 %77 the response coefficient to inflation has to be set according to
Xr > Xni

3. Iffp>1+ %77 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 {x,, %} space.

By equating (40) and (41) we find the value of ¢ from which the condition (41) is binding.
From the point where conditions (41) and (42) equal <¢ =1+ %”) E-stability can never be
attained. W

6.2. E-stability: forward looking rule.
Proposition 8. Under an interest rate rule responding only to expected inflation in the pres-

ence of a cost channel, the necessary and sufficient conditions guaranteeing E-stability can be

stated as follows:

o Iffyp > —1:
Xr > X = 1. (46)
o Ifftp < I:
~ _klo+tn)—o(1-p)
o Iff1p > 1:
- o(l—pB)—k(oc+mn)
< Xp = 48
Proof. For x, = x, = 0 the matrix of structural parameters associated to the forward
looking vector is represented by the following cofactor:
T g5 — BtbxXa(W+1) =5 (e =1 (0+n) r(o+n)
_% (X7r - 1) 1
The necessary and sufficient conditions guaranteeing E-stability are:
By > 0 (49)
Af > 0 (50)

where are the parameters of the characteristic polynomial associated to Jt33—1I. Thus (49) and
(50) read as:

(EO-D@+m)—m@+1)=+1) > 0 (51)
S(Xw_l)(a+77) > 0 (52)
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It is immediate to verify that Ay is always greater than zero iff x, > 1. As to condition (??),

this can be rearranged as:

(n— oY) kXr > k(o +n) —0o(l—-p)
Now, iff ¢ < g, the relevant condition reads as:

k(o +n)—a(1—p)
Xr T e = ov)

otherwise, for ¢ > 2
c(1-pB)—r(o+n)
K (o) — )

X <
|

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. Iff ¢ < % the system will always be E-stable if x, > 1.
2. Iff # < 1p < I the response coefficient to inflation has to be set according to X, > X;
3. Iff 1) > 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 {x,, %} space.

By equating (46) and (47) we find the value of ¢ from which the condition (47) is binding.
From the point where conditions (47) and (48) equal (¢ = Z) E-stability can never be attained.
|

6.3. Proof Proposition 2. Proof. If we set x, = 0 in (28), the discount factor f3
turns out to be one of the three eigenvalues of the matrix ', Q.. 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:

ofB+kKo+kKn ko2 +rno
Jone = O+KENXr —KOYX T+KNX 7 —KOWYX
33  EXa—lHEYXaHBXy KOXg—OFKOYX,
T+ENX 7 —KOWX O+RNX 7 —KOYX 7

This setup implies that the necessary and sufficient conditions guaranteeing determinacy can

be stated as follows:

|Be] < 1, (53)
Al < 1+ B., (54)

where A. and B, are the coefficients of the characteristic polynomial retrievable from J.g3:

A+ AN+ B.=0.
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Assuming that x, = 0 we obtain:

A - FoXa(14+¢)—o(1+8)—r(o+mn)
‘ o+ KXy (n— o) ’
Bo

o+ o+ kx, (n—oy)

B. =

Let us focus first on condition (53):

Po <1,
o+ EXg (N — oY)
which translates into:
Bo
< 1, 55
o+ KX (N — o) (55)
bo > 1 (56)

U+"£X7r (77 - Uw)

We take into consideration the first inequality (55). We have to multiply both sides by its
denominator. On the one hand, this factor is always be positive for 1) < 2 (sufficient condition).
On the other hand, when ¢ > %, we need to introduce a restriction on x in order to ensure its

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

o(B—1) <rx,(n—oy).

In order to derive a condition for the response coefficient x, we have to divide the inequality
by k(7 — o1)) on both sides. This term is negative when o) > 7. In this case we end up with

the following condition:

o(B-1)

> Xy 57
w—ov) X o7
In the opposite case, when 9 < g, we get:
o(B—-1)
—— < Xg- 58
(= ov) %)

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

—0 (B+1) < kX (n—09).

Again, in order to isolate x, on the RHS we have to divide both sides of the inequality by
k(n— o). Thus, iff ¢ > 1, we get:

o(f+1)

When ¢ > I the term ,{i((,@tl,g) is always positive under the restriction characterizing the baseline
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parameterization. In the opposite case when 1 < g we get:

o(f+1) .

k(o —m) 77 (60)

As this threshold is always be negative, condition (60) is fully nested in x, > 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:

koxXy(1+v)—oc(1+8)—k(oc+n) Bo

o+ kxr (N — oY) = 1+0+/€Xw(n—o¢)’ (61)
koxXy(1+v)—c(1+8)—k(oc+n) Bo

0+ KX (= 00) Sy (62)

We first focus on the former. Again, by assuming that Condition 1 holds true we get:
Xok(0(L+2¢0)—n)<20(1+8)+k(c+n).

Thus we have to consider the sign of the term « (o (1 + 2¢) — n). This turns out to be always
positive iff ¢» < 7 (sufficient condition). Nevertheless, we the following condition has also to be

considered:

n 1 n—o
¢>20 2 2

As 2 < 1 the following condition is only valid for, 1 > 2 iff 0 < k < m:

201+ 8)+k(oc+n)
S T e 1+ 20) — )

(63)

Otherwise, when ¢ < -2 we end up with:

201+ p8)+k(oc+n)
X T e 1+ 20) — 1)

(64)

But then this expression is always negative and thus it is nested in the Taylor principle, x, > 1.
Let us consider now (62). By applying the same procedure as in the previous case, we end up
with the Taylor principle:

Xr > 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:
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e Iff 9y > 7 then the relevant conditions are:
c(8-1)
k(0 — o)
1
LGRS I
k(oY —n)

> X

As we know that under this assumption that ) > Z:

c(B-1) _ o(1+0)
(1—ov)r = w(ob—n)

The only binding condition is (57): % =Xr > Xn

e Iff ¢y < I then both of conditions (58 and 60) are already nested in x, > 1.

o

o Iff 9 > T-Zthen for condition (63)x, < X, = %w

o Iff 1) < L7 then for condition (65)
Xz = Xr > L.

Proof Corollary 3 Proof. Notice that X, 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 {x,, %} space. Notice that all of them can be written as x, § f (wfl). 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: 5= < 2. Thus (30) will be binding first from the
left. For ¢» > Z two conditions have to be fulfilled to ensure determinacy. We know that, for

¥ > 1 if we compare conditions (29) and (59) the following inequality always holds:

(B-1o _ s(1+8)
(1—ov)r = K(ob—n)’

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

the point X, = X,:

= c(l—B)+ (knot+Kk+38+1)n

B ko + 40 + kn ’
We now have to compute the last threshold for the pass-through parameter above which de-
terminacy is never attained. This occurs at Y, = X, = 1. Straightforward computation shows
that:

P =

n_ (B-1)

K
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Proof Proposition 4 Proof. As the central bank does respond nor to asset prices mis-
alignments neither to output gap, 8 is one of the three eigenvalues of J;. 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:

BrrxW+1) =2~ (c+n) K(o+n)

J —
138 “Lix 1) 1

Under a forward looking interest rate rule the necessary and sufficient conditions guaranteeing

determinacy can be stated as follows:

1Bl < 1, (66)
|47l < 1+ By, (67)

where Ay and By are the coefficients of the characteristic polynomial associated to J r33:
A2+ ApA+ By =0,
where

Ap = (g(xw—l)(0+n)—ﬂxﬁ(w+l)—6—1)
By B+ kx, (Y+1)

Let us focus first on condition (66):

1B+ rx (¥ +1)] <1,

which translates into:

Btrxz(W+1) < 1, (68)
—B—rx,(¥+1) < L (69)
Let us consider first condition (68). This inequality can be written as:

Let us consider then condition (69):

KXy (W +1)>—1- 8.
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Under ¥ > —1 this can be expressed as:

~1-8

X > m (71)

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

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

e —D(o+n) —kx;(W+1)=B—-1 < 1+B+nrx,(¥+1), (72)

Xe—D(@+n) —kx, (0 +1)=B-1 > —1-B—rx, (¥ +1). (73)

Ql=xQ =

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

mxﬂ<<1+g> —2(zp+1)> <2+25+n+n§.

Now we have to divide each side of then inequality by the term & (14 2) — 2k (¢) 4 1). This is
always be positive for:

o

n

_n-
v 20
If we assume that the condition above holds we can determine the following constraint for the

response coefficient:

2428+ kK+nE
X < n’B o (74)
K(L+2)=26(p+1)
Otherwise, when ¢ > -7
2428+0+n
> . 75
X H(1+g)—21€(1/)+1) (75)
Next let’s consider condition (73). This leads to:
Xr > 1 (76)

Notice that the threshold expressed in condition (75) is negative and thus completely nested in
(76). =

Proof Corollary 5 Proof. Proposition 4 identifies three relevant conditions. We first
have to compute the points where conditions (34) and (35) cross condition (33). It can easily
be confirmed that condition (35) crosses condition (33) at:
-1-8-k
V=—"—" (77)

K

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

1-p—k
= p )

(8 (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 y, from ¢ = —1 up
to the point where the conditions (34) and (35) cross each other:

(1=5) (o +n)

w:4a+n(a+n)_1' ()

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

condition (34), namely =7. After some tedious algebra it can be proved that this is always

the case (under the parameter restrictions outlined). From 1 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. W



