Estudiando la Politica Monetaria:
1) Modelos VAR y
1) Modelos DSGE
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A pesar de sus diferentes implicaciones de politica,
hay importantes similitudes entre el modelo RBC vy el
modelo monetario Neo-Keynesiano. Comparten el
nicleo de su modelizacion, la microfundamentacion
en la toma de decisiones por parte de los agentes que
componen la economia:

) Un hogar representativo de vida infinita que
busca maximizar la utilidad que les da el
consumo y el ocio, sujeto a una restriccion
presupuestaria intertemporal.

i)  Un gran numero de empresas con acceso a una
tecnologia idéntica sujeta a cambios aleatorios
exdgenos.

Aunque en las versiones mas estilizadas de los

modelos neo-keynesianos la acumulacion de capital

fisico no aparece (supuesto clave en los modelos

RBC), es facil incorporar a tales modelos.

i)  Como en la teoria RBC, un equilibrio toma la
forma de un proceso estocastico para todas las
variables enddgenas que conforman la economia
modelizada consistente con decisiones intertemporales
Optimas por parte de los hogares y las empresas, dados
sus objetivos y sus restricciones y con el vaciado de
los mercados.



Sin embargo, el enfoque neo-keynesiano, combina las
caracteristicas de la estructura DSGE de los modelos
RBC con supuestos que se separan de aquéllos que
estan en los modelos monetarios clasicos:

)

Competencia Monopolistica: los precios de los
bienes y de los inputs son establecidos por agentes
econOmicos privados para maximizar sus
objetivos, en lugar de un subastador Walrasiano
que busca vaciar todos mercados (competitivos) a
la vez.

Rigideces nominales: las empresas estan sujetas a
algunas restricciones sobre la frecuencia con la
cual pueden ajustar precios de los bienes y
servicios que venden. Alternativamente, las
empresas pueden enfrentarse a algunos costes de
ajuste para estos precios. La misma clase de
friccion se aplica a los trabajadores en presencia de
salarios rigidos.

i) No neutralidad a corto plazo de la politica

monetaria: como consecuencia de la presencia de
rigideces nominales, cambio en el tipo de interés a
corto plazo (ya sea elegido directamente por la
autoridad monetaria o inducido por cambio en la
oferta monetaria), no son seguidos por cambios
contemporaneos de igual tamafio en la inflacion
esperada, conduciendo a variaciones en los tipos de
interés reales. En el largo plazo, todos los precios y
salarios se ajustan y la economia vuelve a su
equilibrio natural y la politica monetaria es neutral
a largo plazo.



La presencia de rigideces nominales y los efectos
reales implicados por la politica monetaria son dos
ingredientes clave en los modelos neo-keynesianos.
Para que tenga sentido el uso de estos modelos, debera

darse

alguna evidencia empirica de estas

caracteristicas.

1)

Evidencia de rigideces nominales

Estudios microeconomeétricos no son
concluyentes del todo sobre la frecuencia de
ajuste en los precios para diferentes categorias
de productos.

Evidencia de no neutralidades de politica
monetaria
.Es la evidencia consistente con los resultados
que surgen de los modelos con rigideces
nominales?
Y si asi fuera, ¢son los efectos de las
intervenciones de politica suficientemente
Importantes cuantitativamente como para ser
relevantes?.



Sin embargo, identificar los efectos de cambios en la
politica monetaria no es una tarea facil: una parte
iImportante de los movimientos de cualquier variable que
es tomada como un instrumento de la politica monetaria es
probablemente endodgena, es decir, el resultado de la
respuesta deliberada de la autoridad monetaria al estado de
la economia. Es decir, simples correlaciones de los tipos
de interés ( o de la oferta de dinero) sobre el output u otras
variables no pueden ser usadas como evidencia de no-
neutralidades. La direccion de causalidad bien podria ir
(totalmente o en parte) de los movimientos de la variable
real (resultante de fuerzas no monetarias) a la variable
monetaria.

Ver figura 1.1: estimaciones realizadas a partir
de un VAR:
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Figure 1.1 Estimated Dynamic Response to a Monetary Policy Shock

Source: Christiano, Eichenbaum, and Evans (1999)



A New Keynesian Monetary Model
The Ireland’s (2004) model
[Ireland, P.N. (2004), “Money’s role in the monetary business cycle”,
Journal of Money, credit & Banking, 36(6), 969-983]

Nota: otra version simple de presentar un modelo monetario neo-keynesiano puede verse en el capitulo 3 del libro Monetary Policy, Inflation,
and the Business Cycle, de Jordi Gali, en Princeton University Press, 2008.

1. An Optimizing IS-LM-PC Specification
1.1 Overview

Here, the models of Ireland (1997) and McCallum and Nelson (1999) are modified
to focus on the role of moneyv in the monetary business cycele. The economy
consists of a representative household, a representative finished goods-producing
firm, a continnum of intermediate goods-producing firins indexed by ¢ € 0, 1],
and a monetary authority. During each period £ = 0,1, 2., ..., each intermediate
coods-producing firm produces a distinet, perishable intermediate good. Hence,
intermediate goods may also be indexed by ¢ € |0, 1], where firm ¢ produces good
¢. The model features enough syvimmetry, however, to allow the analysis to focus
on the behavior of a representative interinediate goods-producing firm, identified
by the generic index 1.



1.2 The Representative Household

The representative household enters period f with money M, | and bonds B, ;. At
the beginning of the period, the household receives a lump-sum nominal transfer 7,
from the monetary authority. Next, the household’s bonds mature, providing B;
additional units of money. The houschold uses some ot this money to purchase
B; new bonds at nominal cost B,;/r;, where r;, denotes the gross nominal interest
rate between fand t + 1.

The household supplies A, (i) units of labor to each intermediate goods-producing
firm i € [0, 1], for a total of

1
hy = / ha(i) di
J



during period ¢. The household is paid at the nominal wage rate 1W,. The house-
hold consumes ¢; units ot the finished good, purchased at the nominal price F,
from the representative finished goods-producing firm.

At the end of period ¢, the household receives nominal profits D, (i) from each
intermediate goods-producing firm i € |0, 1], for a total of

1
IE:/DﬁW.
J

The houschold then carries M, units of money into period ¢ + 1, subject to the
budget constraint

M, 1+ T, 4+ B 1+ Wb, + D, By /i + M,
:}(‘;+ '

7 - P (1)



The household’s preferences are described by the expected utility function

EY Bla{ulc,, (My/P))/ei] — nhi},

t=0

where 1 > 3 > 0 and np > 0. The preference shocks a;, and ¢, follow the autore-
gressive process

In(a:) = po In(ac 1) + eu 2)
ancd
In(e:r) = (1= p.)In(e) + p. In(er 1) + £, (3)

where 1 > p, > —1, 1 > p, > —1, ¢ > 0, and the zero-mean, serially uncorrelated
imnovations £,; and £., are normally distributed with standard deviations o, and
a..



Thus, the household chooses ¢, h;, B;, and M, for allt = 0,1, 2, ..., to maximize
its utility subject to the budget constraint (1) for all + = 0,1,2,.... Letting
m¢ = M,/ P, denote real balances, m; = F,/F, | the inflation rate, w, = W,/ P, the
real wage rate, and A, the nonnegative multiplier on (1), the first-order conditions

for this problem are
)
aui(c,mefer) = Ay,

)\; = ..'HTIEI ()\; ] J_fﬂ: ! J_)._.
(a¢/e)us(ci,myfer) = N — BE (A1 /Tis1),
and (1) with equality for all t =0,1,2, ....

(4)
na; = A\wy, (5)
(6)
(7)



1.3 The Representative Finished Goods-Producing Firm

During each period £ = 0,1, 2, ..., the representative finished goods-producing firm
uses (1) units of each intermediate good 7 € [0, 1], purchased at nominal price
P (i), to manufacture g units of the finished good according to the constant-
returns-to-scale technology described by

where ¢ > 1. Thus, the finished goods-producing firm chooses 1, (7) for all 7 € [0, 1]
to maximize its profits, given by

16/(6-1)
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for all t =0,1,2,.... The first-order conditions for this problem are



w (i) = [P.(i)/P] "y

for all i € [0,1] and ¢t =0, 1,2, ....
Competition drives the finished goods-producing firm’s profits to zero in equi-
librium. This zero-profit condition implies that

| J'.".Ill:.J' DI.-I

1 |
= [ R di
c

J0

forall t =0,1.2, ...



1.4 The Representative Intermediate Goods-Producing Firm

During each period ¢t = 0. 1, 2, ..., the representative intermediate goods-producing
firm hires h, (i) units of labor from the representative household to manufacture
y:(7) units of intermediate good 7 according to the constant-returns-to-scale tech-

nology described by
zehe (1) 2y (2). (8)
The aggregate technology shock z; follows the autoregressive process

In(z) = (1 - p.)In(2) + p, In(z 1) + €2, (9)

where 1 > p_ > —1 and z > 0. The zero-mean, serially uncorrelated innovation
£.; 1s normally distributed with standard deviation o_.



Since the intermediate goods substitute impertectly for one another in pro-
ducing the finished good, the representative intermediate goods-producing firm
sells its output in a monopolistically competitive market: during each period
t =0,1,2,..., the intermediate goods-producing firm sets the nominal price F;(7)
for its output, subject to the requirement that it satisty the representative finished
goods-producing firm’s demand. In addition, the intermediate goods-producing
firm faces a gquadratic cost of adjusting its nominal price, measured in terms of
the finished good and given by

o[ Bi)

— — 1| .,
2 | 7P 1(3) =

where ¢ > 0 and where 7 denotes the steady-state inflation rate.




The cost of price adjustment makes the intermediate goods-producing firm’s
problem dynamic; it chooses P (i) for allt = 0,1, 2, ... to maximize its total market
value, given by

[
EZ B'N[D(i)/P,).
t=0
where 3'\; /P, measures the marginal utility value to the representative household
of an additional dollar in profits received during period ¢ and where
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for all t =0.,1,2,.... The first-order conditions for this problem are

_ Pyi) E’(y; Bi) (f
0 = {1—6-')/\;{3 ‘ R)Jrﬂ)u P D
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1.5 The Monetary Authority

The monetary authority conducts monetary policy by adjusting the nominal inter-
est rate r, in response to deviations of output ;. inflation 7,, and money growth

w, = M, /M, 4 (12)
from their steady-state values y, 7, and p according to the policy rule
111(?14' KFIT:] = p'r' 111(?1! J_f?") —|_ py 111(3_‘;’; l/fy) —l_ p'.-'l lﬂ{ﬂ; l/fﬂ) —|_ p,u, 111('1'_1’_.: lf-"‘f’) —|_ E'f'!".' (13)

where r is the steady-state value of r, and where the zero-mean, serially uncorre-
lated innovation £,; is normally distributed with standard deviation o,.



1.6 Symmetric Equilibrium

In a symmetric equilibrium, all intermediate goods-producing firms make identical

decisions, so that (i) = w, (i) = hy, P(1) = B, and di(i) = D (i)/ P, =

D,/P, =d, for all i € [0,1] and t = 0,1,2,.... In addition, the market-clearing

conditions M, = M, +71;, and B, = 5, | =0 must hold for all t =0.,1, 2, ....
After imposing these conditions (1)-(13) become

2
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In(e;) = (1 —p.)In(e) + p.In(er 1) + eet, (3)

aguy(c,myfe) = A, (4)



nay = Aywy, (
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and

In(ri/r) = p,In(re 1/7)+p, In(ye 1/y) +pr In(me 1 /m)+p, Inpy /1) +ere. (13)

These 13 equations determine equilibrium values for the 13 variables y,, m;, my,
Tes Coy Ny wyy dyy Ay iy, ayy e, and z;.

Use (4), (5), (8), and (10) to eliminate A;, wy, h;, and d;. Then the system can
be written more compactly as



Yr :f71+§<%_ )E;U:s (1)

In(a;) = p, n(a: 1) + ca, (2)

In(e:) =(1—p.)In(e) + p,.In(e; 1) + €et, (3)
asuy (¢, mi/e;) = BriEylag 1wy (G, Myr1/€i41) [T, (6)
rus(c, my fey) = (ry — 1)equy (e, my/ey), (7)

In(z;) =1 —p.)In(2) +p,.In(z 1)+ e, (9)

| T | o T Mt
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and

In(r/r) = p,In(re 1/r)+p, Wye 1/9)+py (e 1/7)+p, Ity /1) +e (13)



These 9 equations determine equilibrium values for the 9 variables v, @, m,. ;.
Cty [y Qs €4, and z.



1.7 The Steady State

In the absence of shocks, the economy converges to a steady state, in which 1y, = .
T =T, M =M, T =T,C =¢C Jly, =, ag = a, ¢, = ¢, and z = z. The steady-
state values a, e, and z are determined by (2), (3), and (9). The steady-state
value 7 is determined by (13).

The steady-state value r is determined by (6) as

r=mx/0.
The steady-state value g is determined by (12) as
L= .
The steady-state value ¢ is determined by (1) as

c=1.



The steady-state values y and m are determined by (7) and (11):

rus(y,mje) = (r — 1)eu,(y, m/e)

, 0 1
w(mie) = (771 ().

and



1.8 The Linearized System

The system consisting of (1)-(3), (6), (7), (9), and (11)-(13) can be log-linearized
around the steady state in order to describe how the economy responds to shocks.
Let 9, = In(w/y), 7: = In(m;/7), my = In(m;/m), 7 = In(ri/7), & = In(ci/c),
i, = In(p, /p), a; = Infa;/a), ¢, = In(e;/e), and z, = In(z,/z). The first-order
Taylor approximations vield

ﬁ-!' = ﬁ!! (1)

ﬁ:-!' — puﬁ:f J. —|_ Eﬂ-!l'_l (2)

Ct = Pt 1+ Eets (3)

j_'}; = E;I};.J_ _{.L.:J_£?t; _E;ﬁ-;.l) ‘|_-.Lr'_g£?$?; _E;ﬁl;,l) (fi)

—wy(€; — Eiép1) +wi(a — Eigyy),



and

Y

}'T;:

T . | 1y . wa\ . w2\ . .
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r h h h

e 1+ iy = 1 + A,
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(7)
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where
uy(y, mje)
yuii(y,m/e)
(m/e)uss(y, m/e)
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0 —1

W =
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Equation (6) is the IS curve, equation (7) is the LM curve, equation (11) is
the Phillips curve, and equation (13) is the policy rule. Use (1) to eliminate ¢,

and rewrite the system as

ﬁ’f = puﬁ’-!' 1 + Eats (2)

€ = P€r 1+ Eet, (3)

th = B —wi(fe — Eiftepr) + wel(mmy — By ) (6)
_""":-3£]' o pf)ﬁf + “""':l(]' o pu)ah

My = V1Y — Yolt + V36, (7)

2 =p,2i 1 + €z, (9)



ﬁl; 1 ‘|‘ '.!::L! — ﬁl; ‘|_ ﬁh (12)

and
:F! - p'r'ﬁ' 1t pg!}! 1t p:‘rﬁ-f 1+ p,r_:,-ﬂ’! 1+ Erte (13)



Una version reducida del modelo de Ireland (2004):

1o
Ul c |\/|t+1£ :|:Ct(mt+1/et):| -1
Y P e l-o
——

mt +1

Bajo esta funcion de utilidad se tiene que:

w, =1llo; @, = 1_70; n=L y,=1(r-1); y,=0;

Si la ecuacion de Taylor la expresamos de la siguiente forma mas simple:

—_
Il
o)
<
+
2
+
M

y o =1, entonces,



_1+p p;z'_ > v
9_1 Y _ 11 Et t+1 n
-—— 1 7%t 0 ﬂ Et7%t+1

|/ l
~ —_grt_
10 1-p, 0 7,
t
0o 0o o -1 a
i ¢ 1 .
Zt

donde hemos supuesto que los valores (en niveles) de estado estacionario de los diferentes
shocks es 1.

Ejercicio: Resuelva este sistema y obtenga las funciones de respuesta a un impulso para cada
uno de los shocks. ¢Podemos decir algo acerca de equilibrios indeterminados?



La solucidén del sistema anterior es:
yt _ ¢1 @2 @3
7 v, v,
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Siendo Ajy Cix los elementos de las matrices siguientes:

-1

"1 _
A_{Al Az}_ o {1 1
Azl Azz -—— 1 0 ﬂ
R ]
(1+p, p. [T
C:{Cn C12 C13:|: 9_);]_ g
C21 C22 C23 _7 1




Funciones de respuesta a un impulso:
Teniendo en cuanta que:

L, = p,L &,

a‘t = pzat—l + gat
gr,t = pgr gr,t—l + ut

Entonces de esta expresion es facil deducir las funciones de respuesta un impulso:



Descomposicion de la Varianza:

Dadas las expresiones:

se tiene que, paran > 0:



n-1 n-1 n-1
1 g — J J J
Yien — Et Yien = @12102 gz,t+n—j +¢22pa ga,t+n—j +¢3Zp8r ut+n—j

j=0

t+n _szz zt+n j+SU Zpa at+n J+5U Zpgr t+n—j

) @0, (1-p,") @262(1 p.)

1-p? 1- ,08r

1) Wit u-plh) Wiot(-pl)

=0
t+n E 72-
j=0
. . . Plo(l-p
Var(yHn - Et yt+n) — Z
1- 102
R R ‘[/12082 1-p
Var(”m - Et”t+n = :
1- pz
@-p" pz”)

Notese que: Zp =
- p’

1-p; 1- ,05r



Por tanto, la descomposicion de la varianza del error de prediccion para cada variable sera:
O’ (1-p") Dol (1-p")  Pio (1-p;)
1-p; 1-p; -7,
Var(§/t+n _ Et 9t+n) ’Var(9t+n o Et 9t+n) ’Var(yun o Et yt+n)

DV.E.P.(§,..) =100x

Pio? 1-p)  wiol(-p)  ¥io,(l-p)
L-p; 1-p; 1-p;
Var(z,,, -Ex,,) Var(z,, -Exz.,) Var(z,, -Ex.,) |

DV.E.P.(%.,)=100x

+Nn




2. Resolucion del modelo original de Ireland (2004)

Let

and !
Uy = [ ady € 2Zp Ep w :
Then (7), (12), and (13) can be written as

Af) = Bs) + Cu, (14)

where A1s 3 x 3, Bis 3 x 7, and (18 3 x 4.
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Equations (6) and (11) can be written as
DE;s! ,+ FE,f}., = Gs} + Hf, + Ju,,

where D and G are 7 x 7, Fland H are 7 x 3, and .J 1s 7 x 4.
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Equations (2), (3), and (9) can be written as

v = Puy 1 + &, (16)
where
fp, 0 0 0]
10 p. 00
= 0 0 p. 0
0 0 0 0]
and
!
&t = [ Eat Eet €zt Ert

Rewrite (14) as
fi=A'Bs)+ A Cuv.



When substituted into (15), this last result yields
(D+ FA 'B)E;s}. ,+ FA 'CPv, = (G+ HA 'B)s} + (J+ HA 'C)v,

or, more simply,

E:s) = Ks, + L, (17)

where

K=(D+FA 'B) '(G+ HA 'B)

and

L=(D+FA 'B) (J+HA 'C — FA 'CP).

If the 7x 7 matrix K has five eigenvalues inside the unit circle and two eigenvalues
outside the unit circle, then the system has a unique solution. If A" has more than
two eigenvalues outside the unit circle, then the system has no solution. If A has
less than two eigenvalues outside the unit circle, then the system has multiple
solutions. For details, see Blanchard and Kahn (1980).

Blanchard, O. and C.M. Kahn (1980), “The solution of linear difference models under rational expectations”, Econometrica, 48(5), 1305-
1311.



Assuming from now on that there are exactly two eigenvalues outside the unit
circle, write i as
K =M 'NM,

where _
v | N O
A 0 Ny
and _ .
A — My, My

My My

The diagonal elements of N are the eigenvalues of A, with those in the 5 x 5
matrix Ny mside the unit circle and those in the 2 x 2 matrix N» outside the unit
circle. The columns of M ! are the eigenvectors of K; M, is 5 x 5, M, is 5 x 2,
M5y 18 2 x 5, and My 1s 2 x 2. In addition, let

I

L=

where L, 185 x4 and L, 1s 2 x 4.



Now (17) can be rewritten as

My My | oo _[NO || My My| o [ My
[ﬂ-fgl Moy ‘ Escn=10" Ny || My Moy |57 | My

or
1 — AT o1 _

and
1 ar 1
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Mo,
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‘ 'UI

(18)

(19)



where

and
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+ Mo {
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(20)

(21)



Since the eigenvalues in N, lie outside the unit circle, (19) can be solved
forward to obtain

sb, = —~N;'Ru,.

where the 2 x 4 matrix R is given by

vec(R) = -z;er:ZN_f’éQgP-j = Z-a;er:(N._)—"ngP’é )

j=0 =0
= Z[P 7@ (Ny 'Y ]vec(Q2) = Z[P ®@ N3 'Tvec(Q2)
j=0 3=0

PR
= [I(sxs)_P@)Nzl] vec(Q,)



Use this result, along with (21), to solve for

where

and
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=
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+ Sy,

S| = — 4"1"'1221 My

(22)



Equation (20) now provides a solution for si,:

SL = (ﬂ-irll -+ J.'-I.Il'jrlzha;l)

Substitute this result into (18) to obtain

where

and
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+ S,

Sy = (M + Mi2S1) ' Ny(Myy + My S))

Sy = (M, + M2S)) HQy + N\ MsSy — Mo SoP).

(23)



Finally, return to

! = A'Bsl+ A Oy,

1 lB Il;ixﬁj

15"’1

=>

=

o

Hi

which can be written more simply as

ai
f: -

—
—
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1

+A'B

Sz 1+ Sgy,

U[F:xrl]

D2

v+ A 1Cw,

(24)



where

: [ :
Y 1 [D=a)
S;=A "B { S, ‘

and

Ss=A'B [ 2}5”“ ‘ + A lc
D2



Equations (16) and (22)-(24) provide the model’s solution:

and

where

and
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