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Introduction

» Workhorse for the analysis of monetary policy, fluctuations
and welfare.
» Two departures from the classical monetary economy:

> Imperfect competition in the goods market
> Each firm produces a differentiated good for which it sets the
price (instead of taking the price as given)

> Price rigidity: some constraints are imposed on the price
adjustment mechanism by assuming only a fraction of firms
can reset their prices in any given period, e.g. Calvo (1983)

staggered price setting.



Introduction

» DSGE structure (as RBC model)

» an infinitely-lived representative household (max. utility from
consumption and leisure, subject to an intertemporal budget
constraint)

> a large number of firms (with identical technology, subject to
exogenous random shocks)

» AD and AS blocks
» AD block: the (log-linearised) consumption Euler equation
1.
xe = Bt (xe+1) = — (it = Ee (7e41)) + we
» AS block: the "New Keynesian Phillips Curve"
e = BEt (7Te41) + Kxt

» Policy rule
it = f (Qt) + Vi



Introduction

vV V. v v

Four markets: goods, labor, bonds, money (cashless economy)
Differentiated goods: a continuum of "varieties" j € (0,1)
Perfect competition in the labor market (no wage rigidities)

Monopolistic competition on the goods markets: the firm sets
the price of a differentiated good it produces

Nominal prices are sticky: only a fraction of firms can reset
their prices in a given period



Households

The introduction of differentiated goods requires that the
household problem be modified slightly relative to the one
considered in the previous chapter.

Assumptions:

» The economy is composed of a continuum of infinitely-lived
individuals, whose total is normalized to unity.

> There exists a continuum of firms (goods) represented by the
interval [0, 1].



The representative household’s problem
A representative infinitely-lived household seeks to maximize

E Y BU(C Ny)
t=0

where C; is a consumption index given by

1 e—1 ﬁ
C, = </ Ct(i)sdi>
0

with € > 1: elasticity of substitution between any two given
varieties of goods / and j.
In this economy,

» Each household i consumes a basket of all goods C;.

» The household supplies labor and saves in the form of nominal
state contingent securities.

» Each firm /i produces a differentiated good, which enters the
consumption basket, and demands labor in a competitive
labor market given wage.



The representative household’s problem

The problem can be solved in two steps.
> In a specific period, the agent allocates optimally his resources
across each differentiated good in a purely static fashion.

» Across periods, the agent solves a typical dynamic
optimization problem, featuring intertemporal allocation of
consumption and saving.



Step 1. Optimal (static) expenditure allocation

Problem
How to allocate its consumption expenditures among different

goods? (Dixit and Stiglitz, 1977)

Define Z; as the total nominal expenditure. The optimal allocation
of any given expenditure level can be found by sloving:

1 B =
maxC; = </ Ct(i)seldi>
(10) 0

st /OlPt(i)Ct(i)di =7,



Step 1. Optimal (static) expenditure allocation
Set up a Lagrange function:

L= </01Ct(i)g_sldi)€€1 A </01Pt(i)Ct(i)di . zt)

oL 11 . .
m . Ct Ct(l) € —/\Pt(l) = O, VI S [0,1]

For any pair of goods (i, ),

Ci(i) = G() (ﬁéi)

Substitute it into the consumption index, we can derive the
isoelastic demand of good / as

THCON:

1

1 1-¢
where P, = (/ Pt(i)lgdi) . The higher ¢, the better
0

substitution, and the lower the market power of any firm j.



Isoelastic demand
Proof:

el
€
G

of good i

P, = </01Pt(i)1€d,> 8
then
Gt = GU)T PGP
GU) = (P;Sj)>_eCt



The dual problem (Yun, JME, 1996)

Note that the demand for good j can be derived by solving the
problem dual to the one above, i.e.,

1

1 oy \ o1
s.t. (/ Ct(i)edi> e
0

1
1 T—¢
where, P; = </ Pt(i)l_gdi> is the expenditure for one unit of
0

consumption.



With the price index and composite consumption thus constructed,

P.C, = /OlPt(i)Ct(i)di

Price index X Consumption index = Total consumption expenditure.



Step 2. Intertemporal problem

maxEt Z ﬁtU(Ct, Nt)
t=0
1
st /0 P(i)Ce(i)di+ QiBr < Be1 + WiNe+ Ti (1)
By using
1
Pl’Ct :/ Pt(l)Ct(l)dl,
0
the budget constraint becomes

’DtCt + QtBl' S Bt—l + WtNt + Tt-

This is formally identical to the constraint faced by households in
the single good economy analyzed in the previous classical
monetary model.



Intertemporal problem

The same set of FONCs can be derived.

U _ W
UC,t Pt
Uctr1 Pt }
Q — E{ ’ |
' PE\ Uer Praa

With a specific utilility function

Cl—O' N1+‘P
UG Ne) = 110_1;7




Intertemporal problem and loglinearization

Log-linearize the household's FONCs, we have

W —pr = 0C + @hy
0 = E[—0(&41— &)+ 10— ey



Firms

The market is populated by a continuum of firms acting as
monopolistic competitors. Labor is the only input of production.
The production function of firm / is given by

V(i) = AN (I)°

» A;: productivity (technology) level, common to all firms.

» a e (0,1).
» Labor is an economy-wide competitive factor. W; is the same
to all.

» This also implies that all firms face a common nominal
marginal cost MC;.

» Two simultaneous problem:

» cost minimization by choosing N (i)
» discounted profit maximization by choosing the price Pf (/).



Firms

cost minimization

Objective

. Wt . . n1l—n
—N 1Y = AN
/\TEP) P, e (i) st Vi (i) eNe (i)

Cost minimization implies the following efficiency condition for the
choice of labor input:

Wt = MCt (1 - DC) Al’Nt (,-)—0(.

where MC; is the marginal cost.



Price setting under monopolistic competition and flexible

prices

Firm chooses price, output and labor to maximize profit.

Substituting for
one of choosing

max

Pe(i) L

max
P (i)

max
Pe(i)

Y:(i) and N;(i), the firm's problem becomes the
P:(i) to maximize

P - - 2 v
() () e




Price setting under monopolistic competition and flexible
prices

The FOC with respect to P:(/):
PE()Y MCe (PE(DN T
(1 e)( P, ) +(1—a)e P, ( P, =0

. 1
Py (i) = 1_1/ ——MC =p- MG
u : markup over marginal cost
When ¢ — oo, u — 1, perfect competition, P;(i) = MC;. In
general, ¢ is finite and y > 1, P:(i) > MGC;, leads to inefficiently

low level of employment and output.




Sticky price equilibrium

Sticky price (Calvo pricing)

Calvo (1983): firms adjust their price infrequently and the
opportunity to adjust follows an exogenous Poisson process. Each
firm may reset its price with a constant probability (1 — 0)
independently of past history; with probability 8 they cannot adjust
price.

In this sense, the Calvo pricing rule is a time dependent rule, as
opposed to being state-dependent.

» Thus, each period a measure (1 — 6) of firms reset their
prices, while a fraction 8 keeps their prices unchanged.
> As a result, the average duration of a price is given by ﬁ.

» 6 becomes a natural index of price stickiness.



Aggregate price dynamics

If the law of large number holds, a fraction (1 — 9) of firms will
reset the price at each point in time. The evolution of the
aggregate price index therefore is

1
P = 0PI+ (1—0) (P
In log-linear terms

pr = 0pe—1+ (1 —0)p;. (4)

Subtract p;—1 on both sides, it follows that...



Aggregate price dynamics
It follows that the rate of inflation is given by

e = (1—-0)(P; — pr-1) (5)

> In steady state with zero inflation (IT = 1),
P*:Ptflzptvt.

> Positive inflation arises if and only if firms adjusting prices in
any given period choose to charge prices that are on average
above the average price level prevailed in the economy in the
previous period.

» Thus understanding inflation implies an understanding of why
firms may want to choose to adjust their relative price
periodically.

» We have to examine how p; is set in order to understand the
inflation dynamics.



Optimal price setting

Problem
With sticky prices, the firm must set its price taking account of the
risk that it will not be allowed to change its price in the future.

[P (i) Y; (i) = coste ()] + OBq [Qeex1 [Pe (i) Yo (i) — coster (i)]]
+92Et [Qt,t+2 [Pt (/) Yiio (/) — costyto (/)” + -



Optimal price setting

The problem of a firm /i that is able to reset its price is the one of
choosing P} (i) to maximize the expected present discounted
stream of profits while that price remains effective. P} (i) = P; for
this type of firms.

max ZZ;O 0kE, [Qeevk (Pf Yiikle — Feqx (Yt+k|f))]

Py \ ¢
St Yeike = (Pt:-k> Cevk

where Q:t 1k = B* (Crik/ Ct) 7 (Pi/ Pisik) is the stochastic
discount factor for nominal payoffs, ¥, (-) is the cost function,
Yii«|e is the output in period t 4 k for a firm that last reset its
price in period t.



The FOC of firms that can reset prices

The FOC;

aYH—k\t aTt+k aYt+k|t

Y, P; -
kT R Ve 0P

Et {Zfo Gk Qt,t+k

}:0

. aYHk\t _ P —el Crvk _ Yerkle ;
with == = (—¢) { 5.5 Py = (=€) —pr -, and define

" kI
t+k|t — ayt+k\t

as the norminal marginal cost.



The FOC of firms that can reset prices

The FOC becomes

E; {Z o Qt ek [ t+k|t T (P: - ¢t+k\t) (—e) H_kt} }
0 1
= E; {Zk_o 9th,t+k Yt+k|t [1 + ('Dt)“k - lpt+k|t) (_8) P?] }

oo 1p k




The FOC of firms that can reset prices

Rearrange, we get

e E: ZZOZO 9k Qt,t+k Yt+k\tlpt+k\t
e=1 E 220:0 0" Q¢ ek Yiik|e

P =

» If 6 = 0, flexible price setting, P; = 51, i.e., firms set price
as a simple (static) markup over the norminal marginal cost.

» The optimal price depends on a forecast of future values of
demand conditions as well as on the future evolution of the
marginal cost.



The FOC of firms that can reset prices

Define

— pk A A~ Ciak -7 P.
t
> Qt ek = B Qrerk, Where Qp ik = ( c ) Pk

*

2 £\~
| 4 Yt+k‘t = (Ptj,k) Ct“rk = <Pt) 8P§+kYt+k
Then

[ee] k =
. e Eed o (BO) QuerkPiiy YerkWe ue

t J— (o] k ~
M

Equivalently,

Pt Ziozo (ﬁe)k Rtk Pi oYtk
oo k =
= ‘uEt Zk:o (ﬁe) Qf,t+kP§+k Yt+klljt+k|t



Log-linearization
Left-hand side (LHS):

LHS; = P} E; [Pf Ye + BOQr e 1Py Yeor + (BO)” QeesoPiys Yt“"']
In steady state, assume
Pr=P Q=1
[HS: ~ PY™eY (b +epe+ i)
PV BOE: (P + €Pes1 + Jert + Grag) oo
= PV Y (BO)Fpr
+PITEYE, {Z/io (BO)" (ePesk + ek + at,t“‘)}

— (PreY)

1= ﬁ@pt

L PltEYE, {Z‘:’:O (BO) (ePrsk + Pk + &,w)}



Log-linearization

Similarly for the right-hand side (RHS), define
Real marginal cost: MC/ = l’f)t so ¢, = MC{ - P;
In steady state, MC" = -, so that P = pip where y = 5.

RHS, = uE:Y ., (B0) ) Qe PEs YerkWeie
— ‘u |:QtM t‘tP1+£Yt+56Et (Qt t+1MCt+l‘tPt+1 Yt+1) + ]



Log-linearization

In log-linear terms,

RHS.
= uMC p*ey [5t + ”/7C\rt\t + (1+¢)p +)A/f}

+UMCTP Y BOE; [Gyri1 + M iqpe + (14 €)Pegt + Jeq1] + .-
= PUYY T (BO) E: [y pys + mc o ke + (14 €)Perk + e



Log-linearization

By combining the log-linearized LHS and RHS, we obtain

pro= (1—POYE.Y . (B (Mg +Pesk)  (6)
= (1 - ,39) (”?ﬂt + l3t) + ,BGEtf??H (7)

Implications:

» Firms that are allowed to reset the price do so as a weighted
average over the expected future nominal marginal cost.

» The presence of the aggregate price level denotes the
willingness to maintain (in expectation) the relative price
unchanged.

» The term involving n/”l?rt+k|t denotes the desire to change the
expected relative price in order to avoid any gap that may
emerge between expected and desired markup.



Inflation dynamics

Combine equation (4) with equation (7),
e = 0pr1+(1—06)p;
0pr—1 + (1 - 9) (1 o ﬁ9> (’Wﬂt + lat)

E¢pri1 — 0p:
(1 - 0)po—P

0pr = Opr—1—(1—0)p:+(1—-6)(1—-p0) (”/7C\rt\t + ﬁt)
+BOE:pr 1 — ,392f3t
0(pr—pe1) = —(1—0)pe+ (1—0)(1—po)p: — PO7pe
+(1 - 9) (1 - 139) r??rth + :BQEL‘/A’H-I
= (1 - 9) (1 - [39) n/7?rt|t + 139 (Etﬁt+1 - f’t)



Inflation dynamics

By rearrangement,

07te = (1—6) (1 — pO) mc’j; + POE e

0 mCrt‘t

This is a forward-looking equation for inflation, which links
movements of current inflation to contemporaneous movements in
the real marginal cost and expected future inflation.

7ty = BEt7tey1 +

> Intuition: An increase in demand implies a rise in output,
labor demand and therefore the real wage and the real
marginal cost. This triggers a rise in current inflation (for any
given expectations on future inflation).

» The longer prices are fixed (6 T), the less firms are sensitive to
changes in the real marginal cost, as current demand
conditions matter less.



3.3 Equilibrium

Goods market clearing

Y. (i) = C:(i) Vi € [0,1]

Define .
1 e=1 el
Y, = (/ Yt(i)edi) ,
0
we get
Yt = Ct
Log-linearize,
)A’t - CA?t-

Combine it with the Euler equation (3) of households,

. . 1. .
Vt =Eefrr1 — - (it — E¢ftey1) -



Equilibrium

Labor market equilibrium

Define

Using

1—u
Nt




Equilibrium

Labor market equilibrium and price dispersion

Y, = AN % exp(—d;)

If D; = exp(d;) > 1, Y; < A:N17% inefficiency in output level.
Take log,
ye =ar+ (1 —a)ng — dy,

dy = (1—a)log [/01 (P;D(ti)>liadi] .

Under flexible price, P:(i) = P;, dr =0, Dy = 1.

where




Equilibrium

Price dispersion

Under sticky price, see Appendix 3.3,

le .
dy = Yo Nl {pe(i)}

in a neighborhood of 7t = 0. But d; is equal to zero up to a
first-order approximation, such that d; ~ 0. So

yr = 3t+(1—06)nt
o = a+(1—a)h
1

ng = l—w(j/t_ét)




Equilibrium

Average real marginal cost

For an average firm, the economy's average real marginal cost

I S
LR AtFp ¢ (Ny) P Ar(l—a)N*
mc’e = W — p — mpn,

= Wt—f’t—<ét—0¢f7t)
1
1—a

= Wy — ptr — (‘A?t_“f/t)



Equilibrium

Real marginal cost for firms resetting price

For firms that set price at t and remains it at t + k,

mce iy = Wik — Prak — MPNey g

. . 1 .

= Witk — Pt+k — 1—x (3t+k - 0‘)’t+k|t)
. . 1 ., . . .

= Witk — Pr+k — 7 (Ft+k — &Verk T aVerk — A¥r ik t)

11—«

— e ..

= mcipp — 1-a a(Pt — br+k) (10)

where the last line uses

P\ ¢
Yieklt = (Ptik> Yitk

ek = Vevke = e(Pf — Pr+k)




Equilibrium

Real marginal cost: the special case

nE
1 —
In the special case of constant returns to scale (« = 0, so that
labor share 1 — a = 1), for example, Y: = AN, it happens that
n/’l?rt+k|t = mc’ .« i.e., the real marginal cost is independent on
the level of production and hence, it is common across firms
whether they can set the price at t.

_ _ .
me’epkle = MC ik — a(pt — Pr+k)



Equilibrium

Optimal price in terms of average real marginal cost
Now substitute (10) into equation (6),

IA’;F = (1 - 59) E; ZZO:O (,Be)k (r;(?rt-‘rk‘t + ﬁt+k)
o — KE ~k n n
— (1-pO)E, {Zk_o (BO)" | css = 125 (0 = peva) + b

0e — l1—a+ae,
= —1 —lx ]. — ‘BQ {Zk 0 ‘39 |:mC t+k T ﬁ[%
1—a+ae,, — 1—a—+ae,
T pi = 1—,39 ZkO'BG mCt+k+41_[x Pt+
o= (1= POV E Y o (BO) [OmTTeri+ Pl |
with ©® = <1.

1— oc+txs



Equilibrium

Optimal price in terms of average real marginal cost

Rewrite this equation, we get

= (1—pO) (Omc"; + pr) + BOE:p;

Combine (12) and the aggregate price dynamics,

£
1- )(@rﬁc\ft+f3t)

0p: + (1 —06)pe
0pr—1+ (1 —0) (1 — BO) Omc’,
+(1—0—B0)p: + BOE: {Pr+1}

(12)



Equilibrium

Inflation in terms of the average real marginal cost

0ty = (1—0)(1—p8)OmcT, — OP; + BOE:pr i1

(1-0)(1-pO) g —
%

A
- ‘BEtﬁ't+1 + )\I’T‘l?t
= BE; (5ﬁt+2 + )\n/7(?t+1) + Amc’;

ﬁt = ,BEtﬁH—l‘F

o
= A 2 lBkEthrt+k
k=0



Equilibrium

Inflation in terms of the average real marginal cost

fre=AY BE; {mc’eii}
k=0

In this model, inflation results from the aggregate consequences of
purposeful price-setting decisions by firms, which adjust their prices
in light of current and anticipated cost conditions.



Equilibrium

To relate the marginal cost with the output gap

rgc\’t = (Wt_ﬁt)_mt

Using

then we obtain




Equilibrium

To relate the marginal cost with the output gap

— p+a+o—ac, @+1,
r = -
mee 1—a ' 1-a™

Under the flexible price,

1 W,

Peli) = T 1/cAFna (N () P ¥e=Fe

The real marginal cost is constant and its variation is zero,
A/IC[:&:—; mc’y =0
Define the output under the flexible price as the natural output Y/
and its log deviation as y/,
on p+1 A

;=

T eotato—ao

t-



Equilibrium

To relate the marginal cost with the output gap

Definition
Output gap: difference between the real output, Y}, and the
natural output, Y{. In log terms, it is defined as

)7t:}7t—)7tn,

which is resulting from the sticky price.

— +a+0—a0,, N +1,
mc’y = ¢ 1—x (yt,1+yt)_§11’_ at
. g0+o¢—|—¢7(1—tx)~
= 1—« Yt
+ .
= @+ (17)

11—«



Equilibrium

The NKPC in terms of the output gap

fty = BE: {7te41} + Amc’,

1-0)(1—B6
where A = ()(%G.

Combine it with Equation (17), we get the NKPC
tr = BE: {ftep1} + K3

where k = A(0 + £22),



Equilibrium
The dynamic IS (DIS) curve
With the definition of output gap, the Euler equation (9) becomes

N N N N 1 . .
YW+ = EA¥iia + e} — - (it — Ec {ftev1})
N N N . 1. .
7w = E {Ytn+1 _yl{,} + E; {)/t+1} - = (lt —E {ﬂt+1}) .

Define natural rate of interest (deviation) as

c(1+¢)
p+a+o(l—a)

An

W= 0B AP - =
= oy, E {Adria}

E: {A3¢11}

then we get the dynamic IS (DIS) equation

1 N n ~
jr=—— (b= E{fc1} =) + Ec{praa}.  (19)



The dynamic IS (DIS) curve

Define the expected real return as

Fe =1 — E {fft+1} )
and assume
lim E{y+7} =0,
T —o0

we get the iterated solution for y; as

k=0

_ 1 o an
Yt = _EEt { Z (rt+k - rt+k)} .

The output gap is proportional to the sum of current and

(20)

anticipated deviations between the real interest rate and its natural

counterpart.



The NKPC and DIS curves

The NKPC and DIS equations are the non-policy blocks of the
basic New Keynesian model.

» The NKPC determines inflation given a path for the output
gap.

» The DIS determines output gap given a path for the
(exogenous) natural rate and the actural real rate.

In order to close the model, we need to supplement these two
equations with one or more equations determining how the nominal
interest rate iy (i) evolves over time, i.e., with a description of
how the monetary policy is conducted.

In new Keynesian models, monetary policy is non-neutral.



3.4 Equilibrium Dynamics under Monetary Policy Rules

3.4.1 Equilibrium under an interest rate rule

it = 4’7‘[ﬁt —I_ 4)}/_)715 + V¢ (21)

v¢: exogenous component with zero mean. ¢, >0, ¢, > 0 and
assume steady state inflation 7 = 0.
Combine Equation (21) with (19), then the DIS becomes

1 . - . n N
= s (<Pn7ft +¢, 9 — Ee{ftesa} — (W — Vt)) + Ee{yr1}

(22)



Equilibrium under an interest rate rule

Rewrite the NKPC and DIS

qj . 4) . » 1 N 1 ~n
<1+Uy>yt+0”m = E{yeab+ B {fteat+ (7 —w)

fte = BEATteia} + Ky

into a system of difference equations of [, ﬁt]/ in a matrix form

1—|—(%y % Vi
—K 1 7t

M

- s allad ]+

O]

J 2w



Equilibrium under an interest rate rule

} [ Et {Je11} ]

E: {fte41}

_ |: o _4)71’ :| . 1
ko o+9, o+, +xrP,
N———

QO



The system as difference equations
— v _4)71 1 %
Ar = Q[;«r a+4>yH0 ,3]
Q

BT:

=[x
K
The system can be written as

[ Vi ] :AT[ E: {yt11}

i + Br (7 —
Uus; E: {7Tt+1} } T (rt Vt)

|
o)
| — |
3 9
Q
+
<3
<
| I
| — |
[eRST
_



The unique stable solution

Given that both y; and 7t; are nonpredetermined, the solution to
(23) is unique if and only if A7 has both eigenvalues within the
unit circle. This results in the following constraint

k(¢ =1+ (@1 -p)¢, >0

If ¢, = 0, the constraint becomes ¢ > 1, consistent to the Taylor
principle.



3.4.1.1 The effects of a monetary policy shock

Assume an AR(1) process of v,
Vi =P, Vi-1 +8¥' P, € [0' 1)

> ¢/ > 0: contractionary monetary policy shock.

> ¢/ < 0: expansionary monetary policy shock.
For simplicity, shut down technology shock, such that y = 0 and
Pl =0Vt.
Using undetermined coefficient method, guess that

oo = ¢,w

Ty = ll]n.th.



The effects of a monetary policy shock

Insert the guessed solutions into Equation (22),

ye = —é (anth + ¢, — Ee{ften} — (F — Vt)) +Ec{fi}
(24)

1
Y Ve = T (4)7r¢7rvvf ¢y ve Ve —p,Yn, vt) TOPy v

[U(l_pv)+¢y]¢yv = (pv_cpn)lljrfv_l (25)
For the NKPC equation,

fty = ,BEt {7A'ft+1} + Kyt
ll)?‘[v Vi = prvwnvvt + Kll))/v Vi
1—
p, = PPy (26)

K



The effects of a monetary policy shock

Impulse responses

Insert Equation (26) into (25),

=)+ o) P = (0, — .09, 1
P = K- :
™o (1=Be)le(l—p,) + ¢, ] +x(P—p,)
A,>0

ﬁ't = —KAV © Vi
——"

<0

where ¥ = ((T—l— (lij)A = (‘7+ gloirz) (1—9)él—ﬁ9) 1—101045 > 0.




The effects of a monetary policy shock

Impulse responses

Then, the response of the output gap is

Ve =—(1—Bp,)A - vi.

<0



The effects of a monetary policy shock

Impulse responses

?t - ft - Et {ﬁt+1}
= ¢7rlp7rv ve + ¢y¢yvvt +tvet KAva Vi

= {A k(@ —p) + (1= Bp)g, | + 1} v

= {a g ca-p )| +1}w
= o(1-p,) (1— o)A, we

>0

it = [c(1-p,)(1—=PBp,) —xp,] Ay v,

where the sign is ambiguous upon the value of p,. o, T, 7 |.




The effects of a monetary policy shock

Summary: Equilibrium under an interest rate rule

_l(ft_Et{ﬁtH}—?t”)%—Et {Fe41} (27)
(28)
(29)

‘51

= BE{ftei1} + x5y
= ¢ 7+ ¢t + v

~> 3)

~+



The effects of a monetary policy shock

Summary: Equilibrium under an interest rate rule

Assume an AR(1) process of v,

vi = pvee1tée, p, €10,1)
ﬁ't = —KAV * Vi
o = —(1-Bp,)A

o= o(l-p,)(1 ﬁpv)

= [ (mpe) (1= )~ wps] A v
Calibration: B = 0.99 (quarterly data), o =1 (log utility), ¢ =1,
a=1/3,e=60=2/3 =44, =15 ¢ =05p, =05

For ef = 25bp, 71; <0, : <0, § <0, 7 >0 (as p, = 0.5, the
shock is not persistent enough), m; < 0.

The responses are consistent with CEE (2005) VAR analysis
qualitatively.



3.4.1.2 The effects of a technology shock

Assume an AR(1) process of a,
dt = Pyat—1 +€?' P, € [O' 1)
In the DIS equation,

o= oE A}
Ull];aEt {Aat+1}
= _alp;a(l_pa)at



The effects of a technology shock

Setting vy =0V t,
> Use the undetermined coefficient method w.r.t. 7/,

e = 9,k
e = wnr?tn

> P enters the equilibrium conditions in a way symmetric to v;

but with an opposite sign.
Vi Ee {yt+1} ] 5n
=A . + Bt (F — v,

[ ] ’ { Ee{7tei1} r (=)

7Tt
r _ll)nv

ll)yr = _lpyv’ 110



The impulse responses to a technology shock

e = (1—=Pp)Na-H

= _alp)r/,a(l_pa)(l_ﬁpa)Aaat
ﬁt = KAa . ?:

= —oyp).(1—p,)xN;a

where

1
A; = >0

(1_ﬁpa)[a<1_pa) +(Py] +K((P7r_pa)




The impulse responses to a technology shock

o= YA
= Pyar — oy (1—p,)(1 - pp,)Asa
= lp)r/,a [1_0'(1_pa)(1_:5pa)/\3] at

Positive coefficient for §;, but ambiguous sign for ;.

A

(1—“>ﬁt = Yt—at

(@5, = 1) = o9, (1= p,) (1= Bo,) A | 2

In the baseline calibration: o =1, ¢}, = % =1.

Employment declines for a; > 0. Consistency with much empirical
evidence.



3.4.2 Equilibrium under an exogenous money supply

Exogenous money supply: Am;
Define log real money balance as

b = e —pe

e = 9 — 77ft
Ve—nie = =y

. L, .

Iy = 6 (Yt + 9 — lt)

Rewrite the DIS equation as

(L4 0n)ie = onEAFes1} + e+ 1E: {Fteia} + 0 — 97 (30)



Equilibrium under an exogenous money supply

From the definition of 7t,
7t - 7t—1 - Amt - ﬁt
71»71 - /t + ﬁt - Aﬁ?t (31)

Now the equilibrium dynamics for real balance, output gap and
inflation can be formed as

Vt E:{yt41} 74
Amo | 7tr | = Ama Et{7:Tt+1} +Bu | ¥ (32)

le—1 It Ay



Equilibrium under an exogenous money supply

With one predetermined variable 7,_; and two nonpredetermined
variables ¥; and 7t¢, a stationary solution will exist and unique, if
and only if
— a1
Am = AyoAmt

has two eigenvalues inside the unit circle and one eigen value
outside (or on) the unit circle.

This condition can be satisfied by a broad range of calibration.



3.4.2.1 The effects of a monetary policy shock

Aﬁ"lt - pmAﬁ?t_l + ggn, pm € [0, 1)
Setting
» 7/ =9 =0, and

> el =025V t=0,¢e" =0V t#0, an expansionary
monetary policy shock.

Ame Tt et et
it T : no liquidity effect
beol

» The absence of a liquidity effect is the consequence of

calibrated parameter o = 1. If 0 > 1, p, < 1, liquidity effect
presents.



3.4.2.2 The effects of a technology shock

at T

Bl

9¢ 1 7ty L, ne ], % T (contractionary), 7 ~ 0
)7 I I 7O
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