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Abstract

This note characterizes the adjustment of thetioflarate towards a new steady-state, in respanse t
monetary policy shock. The sluggish nature of tijgstment is the straightforward outcome of theetgp
information dissemination one considers. Namehmnsiwill be grouped in clusters, and it will beased
that information spreads faster within than betweesters.
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1. Introduction

Macroeconomists have often emphasized that theoetpriends to react sluggishly to policy
shocks' One probable cause for the existence of inertiénreaction to policy measures is the
stickiness on the diffusion of information; becausens do not share the same degree of
attentiveness to the arrival of new informatiore thsponse to shocks acquires a gradual nature.
This note approaches the sluggish response ottreeic activity to a monetary policy shock
that changes the long-run value of the inflatide r@he setting is one of monopolistic competition,
where firms are organized in clusters within whicformation circulates fast. Between clusters,
the contact among firms is more sporadic and tfarmation does not spread so rapidly. The
‘information space’ will be conceptualized undex torm of a sphere that is cut into a given
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Citation: Gomes, O. (2013) Spatiotemporal inflatitymamics in response to a monetary policy shBcknomics and
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! See Sims (1998) for a thorough discussion ondheces and consequences of macroeconomic stickiness
2 This is the assumption that underlies the popstlaky-information macro model of Mankiw and Re29(2).
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number of locations or clusters, each one contgiamidentical number of firnts.

The current study has some points of contact widm&s and Mendes (2011), in the sense that it
relies on information diffusion in order to expldime impact of a monetary policy shock, but it
departs on one important point: the concept ofuditin that is adopted in this note is not a
straightforward notion of unconstrained dissemoratf information. As stated, the information
space is organized in clusters, and this putsasedb the ideas/technology diffusion mechanism
explored in Lucas (2009) and Coneh al. (2012). This mechanism emphasizes that diffusion
between locations occurs at a slower pace thangilif inside each location.

The analysis gives attention both to the temporad & the spatial dimensions of the
propagation of shocks. The idea that time and sphoald be integrated in a same structure of
analysis is not new either in Economfcsr in other scientific fields.

The note is organized as follows. In section 2, diseusses the notion of information clusters
and how this concept might be relevant to add tcknawledge about the response of the economy
to policy shocks. Section 3 characterizes the beha¥ firms in a monopolistically competitive
market environment and describes how the potewti@llect information is distributed across the
market. Section 4 addresses the agents' expedatiwhderives an expression for the dynamics of
the inflation rate. Section 5 presents a few genessults and explores a numerical example.
Section 6 concludes.

2. The notion of information cluster

What does the proposed notion of information clustiectively mean? Does this concept help in
devising a more realistic and complete tool to wsided the propagation of a policy shock across
a population of firms? The argument underlying @imalysis in this paper is that industries are
composed by firms with different characteristicatthllow them to be classified into a series of
groups or clusters. Firms within each group ortelubave similar features and eventually have a
more direct contact between them, what allows médion to disseminate faster and with a higher
degree of accuracy between firms within each gtbap between firms across groups.

By noticing that firms are not an undifferentiatedss of organizations for which information
hypothetically diffuses in a homogeneous way relgasdfrom the type of the firm, we take a step
towards a more realistic process of informatioselsination, allowing for a more comprehensive
approach to the impact of policy shocks. A standaodiel of information diffusion is capable of
explaining the inertia associated with the adjusimef firms to a new economic event;
nevertheless, this characterization can be imprbyadtroducing a structure for the way in which
information disseminates. The contribution of héper is precisely to offer such structure and to
understand, through it, how the shape of obserledugtions is decisively dependent on what
makes information to diffuse one way or the other.

Under our interpretation, the elements that eféetyi determine the trajectories of macro
variables in the short-run, as the result of amigdisturbance that deviates the economy from its

® The specific shape assumed for the informationesjsauseful because it places all firms in thecesame conditions
relatively to the whole of the market.

4 See, e.g., Desmet and Rossi-Hansberg (2009).

® See, e.g., Mistret al.(2012) and Rodriguest al. (2012), for spatiotemporal analysis in ecolog&aitems.
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steady-state, are those that are related to thetste of information dissemination: how firms are
grouped, how fast the information spreads and histat are the clusters of firms in terms of their
capacity to share information. Although this notesi not explore in detail all the potential of the
proposed setting, the idea is that it can contelboiset a new framework to explain the diffusién o
information in a macro environment that does nogtidirms in a same level of analysis. Firms are
different, share different features across themtakithg a more detailed look on how they interact
can only improve the perception we might gain anwhay business fluctuations evolve.

To conceive some kind of classification that aresnfyrms into groups or clusters is apparently
wiser than to treat them as being equal at varrensions, including the easiness with which
they share and absorb information. The criteridoton such clusters can be manifold. As an
illustration, we could for instance take the clsation of firms proposed by Romero and Santos
(2007), who present a typology that allows to pléo®as into seven different categories. The
criteria to form these groups has to do with theatimn of suppliers, the location of sales markets,
the position within the chain of value, and thénteaogical potential of firms. To these we can add
some more distinctive features, as the size offithg the legal status (state-owned or private
owned) or whether the firm is an independent fima subsidiary of a larger company.

All the above characteristics furnish the data meeds to form a map of firms, a map that gives
indication on the similarities and on the differeadetween productive units such that they will
find it easy or hard to transmit and receive infation flows. It is in the described sense that we
approach information clusters and also the notfanformation space.

3. The market, the firms and the diffusion of infomation

Take a monopolistically competitive market envir@amty where a large mass of firms behave
optimally. Each productive unit will maximize prtsj at each time period, by choosing an optimal
desired price. The solution of this problefh is

Pl =p t+ay, 1)
In equation (1),p, and y, correspond, respectively, to the price level anthe output gap;

the two variables are measured in logs and, tiessame is also true for the desired price

Parametera >0 is a measure of real rigidities; it indicates &x¢ent in which departures from
potential output deviate the desired optimal pfioen the observed price level.
Let m, represent money supply (also in logs), in ordeadd to the analysis a straightforward

relation between the monetary aggregate and noroutplt,
m =p,+y, @)

Further important insights on the economic striect@late to the interaction firms establish
with each other, which allows information to be séisiinated. One assumes that firms are

® See Blanchard and Kyotaki (1987) for details andbrivation of equation (1).
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distributed in an informational space separatafinite number of locations. This is a conceptual
space that translates the easiness with which Simage relevant information.

To materialize the mentioned space, we conceias & sphere, over which firms are uniformly
distributed. This informational globe can be sphito multiple locations. A tractable way of
dealing with the defined space is to cut it in hafbugh an equator line and then to take as many
meridian lines as the ones required to divide ffa&s into a given number of identical sectors, i.e.
of locations/clusters with a same area.

In a spherical space where locations are formecdsuming a north hemisphere, a south
hemisphere, and a given number of meridian lines, there will exisém different locations.
Distance between locations will be set to 1 whboraler line exists between them. As a result, it is
straightforward to infer which is the distance be¢w any two locations. Figure 1 elucidates how
distances are measured, by considering an examitite v=6. The numbers in the figure
represent distances relatively to the location mankith a '0'.

Figure 1. Distance between locationsr(=6)

2D L
3 2 1 6/ 5 4
Western hemisphere Eastern hemisphere

Next, one stipulates a mechanism for informatidfudion. Market relations induce a scenario
where, in every period, each firm is in contactwvatshared[1(0,1) of the set of the firms in the

market. These meetings occur randomly and theyrgenthe transmission of information. When
one firm, possessing relevant information, meetdhaar firm that does not have yet knowledge on
the new economic conditions, a transmission ofrmégion from the first to the second one occurs.
Thus, value@ can be interpreted as the speed at which infoamatisseminates.

Another parameterg > 0, defines the extent in which the diffusion of infation is more or
less localized. The value od translates the importance of space by establisthiag) the

probability of a firm at location/ meeting a firm at locatior? is exp —aV —?| times lower
than the probability of meeting a firm in the samfermational cluster.
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4. Expectations and inflation dynamics
Assume a monetary policy shock, under the form cfiange on the rate of growth of,.” This

shock occurs at =7 , but it will not be perceived instantly by all tfe firms in the market. The

agents who are able to understand the impact afttbek at some period> 7 , will be capable of
formulating a rational expectation for the pricedeat datet +1. In the absence of uncertainty,

perfect foresight impliesE; p,., = p,.,. The agents who formulate this type of forecake tine

designation of typé agents.

There is a second class of agents, those thatri@\accessed or processed the information on
the shock at timé These will form an evolutionary expectation stiwdt the optimal price &1
should be equal to the price leveltgilus the money growth rate that existed previotsithe
disturbance. The mentioned growth rate of moneylsug specified asAm|Q, with Q the

information set available prior to the knowledgewatbthe shock. Typd agents will form the

expectatiorE, p,,, = p, +Am|, .

The price level at+1 will be a weighted average of the expectati@amséd at period on the
desired price, given the shares of agents of eaelobthe types mentioned above,

Afiﬂth(l/f) EtIptD+1 + ?th(O,f)
4m 4m
In expression (3)G,(0,¢) and G,(1,¢) stand for, respectively, the share of agentsthae

not yet accessed and that have already accesseddimaation on the monetary policy shock at
periodt and location? .2

E/Pia &)

Pra =

Taking into account the expectations' expressiowiste optimal price in equation (1), one is
able to rewrite equation (3) under the form of alips curve, that reveals the existence of a
positive contemporaneous relation between the o and the inflation rafe,

N v {eXe %)

+1 — + +Am 4
t+1 ?Z;Gt(Ozf)ytl |Q ()

The suppression of the output gap in equation lf@uigh the use of relation (2) and the

" We assume a permanent money supply shock. Thissmhat the growth rate of money supply increases o
decreases to a new value, not returning in a postéme period to the initial level. The main ingadtion of this
assumption is that macroeconomic variables andjalfe the inflation rate that is here subjectitdetailed analysis,
will converge to a new steady-state (in the caseftdtion, the steady-state value has correspotelem the rate of
change of money supply). If the shock were temporane would observe a same type of adjustmentegsoc
involving inertia, with one difference: after théext of the shock faded out, the original steathtes would be
reestablished.

& Obviously, G,(1,0)=1-G,(0,¢),0¢=1,...,4m.
° Note that n, =p, —p,, istheinflation rate at time
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posterior application of first differences, leadsatdifference equation representing the dynamics
of the inflation raté?

S 1 [ e ,1(0 E)Z‘“”G(l 0 -
4G, (0,0)+aXihG,(L0) 1G4 (1,0)
4G, (1,0) - 24"’ G (L0)
4G (1,0)

(®)

4m
+a ) G,(1,0)Am| 4 Am|
/=1 B

with Q the after-shock information set.

5. General properties of the inflation adjustment pocess and numerical illustration

As formulated, the process of interaction betweensf implies the following probability of not
accessing the information at perid conditional on not having the information inipert, for
any location 7,

G, (0 E)exp(— J‘E—?D ?
o 1exp( 5‘€ éU

Equation (6) describes the process of informatidiugion. The corresponding properties are
trivial, and mimic the ones from the analysis utaleen by Comiret al. (2012) relating the
diffusion of technology: independently of the ialtidistribution (in our case, distribution of
information), the fraction of firms gaining acceeshe resource rises faster in locations closer to
the source and the effect of distance vanishes twee, i.e., equation (6) implies that

G,(0,7),07 =1,...,4m, converges asymptotically to zero.

G (0,7)=G,(0,7)

(6)

Steady-state properties can be characterized lasvéol

Proposition 11n the steady-state, the inflation rate is’ = Am| .

Proof As information disseminates, all firms in the mankél end up by gaining awareness
of the impact of the shock, i.eli,m G,(0,¢)=0,0¢. Thus, the steady-state can be defined as the

long-run state in whichvt’ :=77,,, =77, and where the process of diffusion of informatien

completed. Applying these two conditions to equafib), it is straightforward to arrive to the
result in the propositiom

10 The steps required for the derivation of this ¢iqpuaare presented in appendix.
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Note, as well, the following result,
Proposition 2 The steady-state is asymptotically stable.
Proof The differentiation of the r.h.s. of equation ¥8)h respect ton, yields

0T, _ 1 4G (0,0) X% G, (L, 1)

om,  XA4G,(0,0)+aXihG,(1,0) 4G (L0)

The evaluation of this expression in the steadieggaves the result’%1

= =0. Since this
derivative lies inside the unit circle, one confirthat the steady-state is asymptotically st#ble

The previous results indicate that once the mowpetalicy shock takes place, a new long-run
inflation rate emerges and the system convergés The shape of the convergence process will
depend on how information diffuses. This will beaetenined by the initial levels of information
available at each one of the clusters and on theesaf the various parameters.

To illustrate possible outcomes about the trajéesofollowed by the inflation rate after the
shock, we consider a numerical example. The exatagtes Am|, =0.02, Am|; =0.03, m =4,

6=01, GT(O,Z):O.S and G?(O,E):l,m#?. For the parameter that measures the

importance of space, we assume three alternatiwesi, d =2 and d =3. Recall that the
higher the value ofd, the more localized the diffusion of informatios A low value of o
represents a relatively homogeneous market envieatinfiollowing the discussion in section 2,
this means that firms share similar suppliers, m@;kechnology, size and ownership status, what
makes it easier for information to circulate acressnpanies. Strong heterogeneity along the
mentioned features leads to a more fragmented meutkere the sharing of information across
clusters of firms will be harder. Below, when arzahg the impact of the monetary shock on the
trajectory of inflation for different values of tlgarameter under evaluation, one should keep this
reasoning in mind.

Figure 2 represents three trajectories for theaiih rate, one for each value df. In the
presented cases, there is an initial phase of shemgase in the value of the inflation rate folemv
by a decline towards the new steady-state. As ¢éggethe more localized the dissemination of
information is, the slower will be the adjustmenbgess in the direction of the new equilibrium.
Observe, as well, that a faster convergence isnaganied by a stronger increase in the inflation
rate over the transient phase (it reaches a maxithatris as much higher as the less localized is
the dissemination of information). Therefore, thdeat in which firms in different clusters
communicate involves a trade-off: a closer contatts the convergence faster but simultaneously
more abrupt, in the sense that the inflation raéees higher values along the transition process.
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Figure 2. Inflation trajectory under different degr ees of information diffusion across locations
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The overshooting of inflation in response to thenetary shock is not an unconventional
outcome; it is common to other analyses of the chp&dmonetary disturbances in the context of
sluggish information dissemination, as it is theecaf Mankiw and Reis (2003). These authors
claim, referring to the reaction of the inflatioajectory to a monetary shock, that ‘It overshoots
the new lower level briefly as agents learn ofriba/ regime and correct their previous mistakes.’
(page 71). Thus, firms begin by perceiving that eyogrowth has left the steady-state in which it
used to rest before learning the new equilibrium;tldey become acquainted with the new
steady-state inflation rate they will, on the aggte, change their price setting behavior making it
possible the convergence to the inflation rate doatesponds to the after-shock rate of money
growth.

The overshooting is stronger when information spgefaster across clusters because, in this
case, there is a larger number of firms rapidlyigg knowledge on the fact that money supply is
growing faster and, thus, prices should grow faagewvell. This effect is reversed in a shorter
period of time, compared with the other cases, lmxéfirms also learn faster the new equilibrium
given the central piece of the analysis, i.e. gginess with which information spreads throughout
the space of firms, given a pre-specified pattéinteraction.

6. Conclusion

This note has proposed a framework to analyzentipagt of a policy shock over the inflation rate
when firms are heterogeneous at a specific lewy tare organized in clusters within which
information circulates fast; between clusters, dligsemination of information is slower and
determined by the distance among them.

Although information may be slow to disseminateoasrclusters of firms, in the long-run the
impact of the assumed shock will be common knowdefitg the whole universe of productive
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units. This implies that all firms will end up adjing their expectations on prices to the new
monetary conditions and, thus, a new stable stetatg-will be formed, where inflation equals the
after-shock money growth rate.

A numerical example illustrates the process of stdpent. The less localized the dissemination
of information is, the faster will be the convergero the new steady-state; however, this occurs at
a cost: a transient phase where the inflation dateéates (overshoots) more intensely from the
corresponding equilibrium level.
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Appendix — Derivation of equation (5)
Recover the expression giving the future pricellagea weighted average of expected prices,

4m 4m
g = ZAGLY) o | TG (0,0)

tFt+1

E'Pia (@1)

4dm 4dm

and replace in it the two expectation rulggp,,, =p,,, and E/'p,, =p, +Am|,, and the

expression for the desired pricefat1, p,., = p,,, +ay,,,. This yields
4G

G, (L0 0.0
H—t()(Pt+1 +ay,., ) ++()(pf + Am'Q) @)

P = 4m 4m

Taking nn, ==p, —p,, and rearranging equatioa?), one arrives to the expression of the
Phillips curve in the paper,

4G(L0)

., =a 1 tAm a3
n TG 0, T )

Given the definition of money supplys, =p, +y,, one represents equati@as) as

=, 2AG(L0)
My = am(rntﬂ _pt+1) +Am|g (a4)

Solving equationd4) with respect to the difference between moneymitds, it comes

1> G,(0,0)
1 P —— ]T+_A
M TP T ?EGAL@(tl & )

Next, we apply first differences tag) and obtain

My = P — (M, = p,)

1134 G.(0,¢ m G, (0,0 (ab)
= _|: flr: Gt(l )(n;ﬂ _Am|g)_ flr: Gil l(1 )(n; _Am|Q)i|

al| 2hG,(1,70) 4G (1,0)

The differencem,,, —m, in equation &6) represents the change on money supply afteshibek,
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i.e., Am|; . Thus, equatiorag) is equivalent to

1 4G (0, ) _l ?lzﬂlct—l(olf)

Am|- —TT,, = .
R e WIS TN

4m 4m (a7)
18600 _E5CL 0],
a zqGﬂf) G0 ] "
Rearranging further,
|:1 Z4m (0, ) 1:|7T
Z (1, ) t+1
4m
_LZHGL 00 1y
YA (a8)
+1[ <u)z 1G,(0.0)- 3G, (003G, (L f)}m
a (G (101G (1,1) :
Isolating 72,,, inthe L.h.s.,
. _ 4mG (1 ) lz;gact—l(olg)n- +Am|7
ik 4w3w@+aym az)az%GHax)f @ )
al
L1X0GL (1,0 “G(OO fAOOZ“G(l)AM
a (1 E)Z G [(1,0) 2

and multiplying the numerator of the first fractiomthe r.h.s. by the terms inside brackets,

T = -
1G(0,0)+aXinG,(1,0)
/_1 t-1 0,0 Ll '
[ EGLOE)( )m+a23;axmmb 0
. pye G,_.(1,0) pufe (0 g) 1G,, (0, E)ZH (1,0 Am|9}
l_l t— 1(1 ) -

Now, observe that the numerator of the last fraciothe above equation is such that
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36, (103G (0,03 Ga (0.0 3G, (1,0)
=36, (1,@){4;11 Sy (M)} - {4111 3G, (1,@)} 3°G,(1,1)
= 4m4Zm:Gt_1 (1,%) - 4ZmGt_l (1,€)§H:Gt(1,€) —4m4ZmGt(1,€) + 4ZmGt_l (1,£)4cht(1’£) (a11)

= 4m[4szt_l (1,0)- 42"'(; (1,6)}

= —4m[§f G,(1,0)- fGH (1,6)}

Replacing the last value back into the dynamic Bgnaone arrives to

T, =
TSInG,(0,0) +aXinG,(1,0) "G, (1,0) f

?Tl Gt (1; E) - Z??:nl Gt—l (1/ E) Am|Q
i Gt—l (1,6) B

_ 1 [ G, (003G (LY)

(a12)

4m
+a Y G,(1,0)Am|g —4m
=1

which is equation (5) in the paper.
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