‘Output Persistence from Monetary Shocks with Staggered Prices or Wages under a Taylor
Rule' by Sebastiano Daros and Neil Rankin

Technical Appendix

This Technical Appendix provides derivations of some key resultsin the paper which could

not be included in the main paper for reasons of length.

3. Taylor-Style Staggering
Derivation of Determinacy Condition (3.8)
In the case of alinear differential equation of n-th order, the Routh-Hurwitz criterion can

be applied to the corresponding characteristic polynomial Q(s) in order to check the number

nc of its roots with positive real parts (the remaining n-n roots having negative real parts). In
the case of alinear difference equation of n-th order, the number n. of roots of its

characteristic polynomial P(z) that lie outside the unit circle (the remaining n-n. roots lying
inside) can be calculated by applying the Routh-Hurwitz criterion to the polynomial obtained
by transforming P(z) by means of the bilinear transformation z=(1+s)/(1-s) (whichis
suchthat Re(s) <0« |7 <1). Dueto space constraints, the steps of the Routh-Hurwitz test
will not be presented (see DiStefano et al., 1990, ch. 5, for details).

i) Thecasey,#0™"

The (normalised) characteristic polynomial associated with equation (3.7)

P(z)= Z'+ pZ*+p,z+py =0, (T.2)
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where p, = 1 , P = - , Py =

A ﬂ(yw_o:) ﬁ(}/w_o- ) > ﬁ(}/w_o- )

must have two roots outside the unit circle and oneinside, in order to guarantee determinacy.

By applying the bilinear transformation, P(z)=0 can be rewritten as
Q(s)=s’+as’+as+a, =0, (T.2)

where
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Note that k., > (1+ )y, by definition (see equation (3.5)).

The Routh-Hurwitz criterion impliesthat Q(s) =0 has two roots with positive real part
and one root with negative real part (i.e. P(z)=0 hastwo roots outside the unit circle and

oneinside) if and only if (iff)

a,>0 AND ﬁ{a1>o AND az—%>0}, (T.3)

(3.8) isthe necessary and sufficient condition for (T.3) to hold since

a,>0 & ¢+ 1=/ ¢, >1
I
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fa,>0 AND a,<0} = ﬁ{a1>o AND az—%>0}
i) Thecasey, =o'
The characteristic polynomial associated with equation (3.7)

P(z)=p, 2+ pz+ p, =0, (T.5)

where pO = kTw +(1+ﬂ) yw_ﬂ¢;r7/w+ﬂ¢y’ pl :_(kTw¢7r +¢y) < 0! p2 = _¢7r7/w < 01 must
have one root outside the unit circle and one inside, in order to guarantee determinacy. By

applying the bilinear transformation, P(z)=0 can be rewritten as

Q(s)=a,s°+as+a, =0, (T.6)
where
8 =Py~ P+ P, = (Kn, 7W)(1+¢)+2(1+ﬂ)7w (1+5)4,>0
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8= Pyt P+ D, =—[(kTW (1+ﬂ) %) (8, ~1)+(1- )9, |



The Routh-Hurwitz criterion impliesthat P(s) has one root with positive real part and

one root with negative real part iff

% <o. (T.7)
)

In passing, note that the actual sign of a, isirrelevant for determinacy. Since a, >0,

% 0o a,<0 o ¢+ 1=/ g, >1. (T.9)
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QED.

Derivation of Persistence Condition (3.9)
i) Thecasey,#o0™"
Under the determinacy condition (3.8), the (normalised) characteristic polynomial (T.1)

has one and only oneroot Ay inside the unit circle. Therefore, by continuity,

A =0 & P(z=0)=p=—— 2T _0 & gy,=0
ﬂ(yw_o- )
B(7=0 (T.9)
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The proof is concluded by noting that, if neither of the conditions (T.9) hold, it must be true
that —1< A <O.

i) Thecasey,=o0"

In this case, from the characteristic polynomial (T.5) it follows that
4=0 & P(z=0)=p,=—¢,%,=0
P(z=0) P, 8.7, (T.10)
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The proof is concluded by noting that, if neither of the conditions (T.10) hold, it must be true
that —1< A <O.

iii) Thecase ¢, <0
It isclear from conditions (T.9) and (T.10) that the model could generate persistence under
the alternative assumption that ¢_ were negative. (Remember that in the Taylor Rule (3.6)

the output and inflation response coefficients was assumed positive). However, thisis true



only if the equilibrium is still uniquely determined. In fact, it is easy to see from the proof of
the determinacy condition (3.8) above, that determinacy still holds for moderately negative
¢, . However, in this case, (3.8) isnot in general a sufficient condition for determinacy, but
only necessary. In passing, note that, if 3, # o™, (3.8) and ¢, >—/ would be sufficient
conditions for determinacy (since a, in (T.3) isstill negative). If =07, on the other hand,
(3.8) and ¢_ >—1 would be sufficient conditions (since a, in (T.7) is still positive).

iv) Thecase ¢ =0

Itisclear from (3.7) that a Taylor Rule that does not feed back on inflation causes y:. to drop
out. Therefore in this case the model is completely forward-looking, which impliesthat it

cannot generate output persistence at all (and the above analysis of the determinacy condition

no longer applies).

4. Calvo-Style Staggering
Derivation of Persistence Condition (4.7)

Under the determinacy condition (4.6), the (normalised) characteristic polynomial P(z)

associated with equation (4.5)
P(z)=Z'+pZ"+ p,z+ p, =0, (T.12)
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ﬁ(nrml Y +0o )
continuity,
A,=0 & P(Z=0)= p3=—¢”n—m'pl’Y71:0 iff ¢7rnnpl,Y:0
ﬁ(nnpl,Y-i_G )
(T.12)
P(z=0) P, Pellvpt v

P B T s (0 Ay ) (0D ()0,

The proof is concluded by noting that, if neither of the conditions (T.12) hold, it must be true
that —1< A <0.
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