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The New Keynesian micky-mouse model

« Euler equation (New Keynesian IS curve with y; = ¢;) :

1
Cct = E¢Cryq — E (lt — Etnt+1)

* Note (with y; = ¢;): Fischer vs. Keynes!

* Phillips curve (marginal cost measure, mc; = kx;).
my = PEimyq + mey

* Note, “old style” expectations (Taylor): E;_, ;.

 Forward solutions:

0.0)

[ 1. |
Ct = Etz [_E(ltﬂ - 71~'t+1+j) + gt+j] Ty = EtE B/mc;
j=0 '

J=0

Intuition?




The time machine

In 1976, Lucas critiqued to policy advice based on
aggregate structural models

In 1982, Kydland and Prescott began the Real
Business Cycle (RBC) Theory project

— Micro-foundations and rational expectations in
competitive markets

In 1987, Blanchard and Kiyotaki proposed the
Monopolistic competition GE model with flexible prices

— Real rigidities in the otherwise RBC model

In 1999, Clarida, Gali, and Gertler summarized the
New Keynesian approach: Monopolistic competition
DSGE model with sticky prices (Rotemberg/Calvo)

— Nominal rigidities in Blanchard and Kiyotaki
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Distortions associated with real rigidities

Fluctuations (output)
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Policy trade-offs and the Phillips Curve

 New Keynesian Phillips curve:
My = BEtmepq + k(e — yt)
 Criticism: no policy trade-offs (Divine coincidence), a
strict inflation targeting is optimal
My =0 Emi =0 k(e —yi) 2y = ¢
* Implicit assumption:

By lump-sum subsidies: § = 0

F—yi =6 i = ¢

Ye — Y
« Alternative: time-varying yf — y{* gap:
Tl’-t —_ BEtTl’-t‘i—l ~+ kxt + ut

« where x; =y, —yrand u; = k(yf — y*)




he New Keynesian model

* New Keynesian IS curve and Phillips curve:

_ 1.
Xe = Eexppq — E(lt — Emerq) + gt

my = PEmeeq + kX + Uy

 Endogenous variables g; and u; are stochastic
processes, e.g.,

gt = PgJt-1 + V¢

U = PyUp—1 T &

* By contrast, v; and ¢; are exogenous innovations:
Ut~N(O,G12,)
8t~N(O,GEZ‘I)
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Phillips/IS model

Inflation

IS curve

Xt = EtXppq — p (it — E¢mtetq) + g¢

Phillips curve
Tl,-t - BEtnt+1 + kxt + ut

arctan(k)

> Qutput gap

Eixe41 =0
Eimer1 =0
Eimer1 =0 gt =

ut=0




Phillips/IS model: Positive markup shock

Inflation Phillips curve
my = BEeTpyq + kxe + U,

/ BE met1 + Uy
Eymivr =0

> Qutput gap

Eixe41 =0
Eimer1 =0

g =0

Eimer1 =0

ut=0
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Phillips/IS model: Negative demand shock

Inflation
Eixty1 =0 1
Emipq =0 Eixes1 — g(it —Eneyq) + 9¢
gr <0

> Qutput gap

Eixe41 =0

Eimer1 =0
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Monetary transmission mechanism

Inflation

arctan(k)

Phillips curve short run
T BE merq + ue

7 Given the gap the inflation (z) is
determined by the Phillips curve

Output gap

2)

By fixing the interest rate, the output
gap (x,) is determined (by IS curve)
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@ The central bank
+—— fixes the nominal
interest rate (i,)



he New Keynesian model

* New Keynesian IS curve and Phillips curve:

~ 1.
Xe = Eexppq — E(lt — Emerq) + gt

—

T[t — BEtnt+1 + kxt ~+ ut
 where g; and u; are stochastic processes, e.g.,
9t = Pgdt-1 T V¢, Vt"N(O,Glzy)

U = PyUt—1 T &, e.~N(0,6%)

—

. Mo;letary policy should be defined (r/* is fixed)

« Welfare-based criterion maximization (optimal policy)
alternative to simple rules (e.g., Taylor rule)




Welfare-based criterion

 The central bank loss function

1 .
L =~E, Yimo By + axxiy;)

 which can be derived as a second-order approximation

of the consumer preferences

a_K
X €

« where ¢ is the elasticity of substitution between goods in
the monopolistic good market

« while k (slope of the Phillips Curve) increases in
— the inverse Fisch labor supply elasticity (@)
— the labor production coefficient (a)
— the risk aversion (o)
— the price stickiness (b)




Welfare-based criterion

« The relative costs of output gap fluctuations are
Increasing in o, ¢, and «.

— Larger values of those “curvature” parameters amplify the
effect of any given deviation of output from its natural level
on the size of the gap between the marginal rate of
substitution and the marginal product of labor, measuring
the economy’s aggregate inefficiency.

« The cost of inflation fluctuations are increasing in the
market elasticity (¢) and the degree of price stickiness (b,
b — 0, flat Phillips Curve.)

— They amplify the degree of price dispersion resulting from
any given deviation from zero inflation and the implied
misallocation of resources. Some firms produce too much
(more labor), others produce too little (less labor.)
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Central bank preferences

inflation
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Alternative preferences

a, =1 a,>1 a, <1

Equal weights More emphasis More emphasis
on the output gap on inflation

Period loss: L, = 7 + a,xf
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The monetary policy problem

« The central bank preference function
! 1 1 .
min L = > (T[% + axxtz) + EEt Z(L)gl BL(T[L?H + axxgﬂ')
« Subject to
Ty = BEmeq + kX +uy

1 M1 = PEep1Meyp + KXppq + Upyq

where u; = p,us_q1 + g, e¢~N(0,0%)
Xt = Eexppq — 67 (i — Egeyq) + g¢

B _ —1(:
Xe41 = Et41Xt42 — O (lt+1 — Et+17Tt+2) T Jt+1

Whére gt = pggt—l —+ V¢, vtNN(OaG?J)
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he two-step central bank’s problem

« Step one: Optimal policy

— Find the optimal combination of inflation and
output gap (path) that minimize the social loss given
the constraint (Phillips curve)

« Step two: Implementation problem

— Find the nominal interest rate (path) that implement
the optimal policy
* |n our case the two steps can be separate, in other

cases it is not possible! (e.g., financial friction costs, cost
channel ...)




Monetary policy regimes

* Discretion: The CB reoptimize each period

— Agents anticipate CB’s choices. As a result, in each
period, the central bank takes expectations are gives,
when it minimizes its loss

« Delegation/targeting: The CB operates under discretion,
but it is credibly constrained to minimize a given loss
(e.g., L, = m#, i.e., pure inflation targeting)

— Agents account for the CB’s loss in anticipating its
actions: different losses lead to different expectations

« Commitment: The CB credibly commits to set the
monetary policy according to a given (feedback) rule

— Agents account for the CB’s loss in forecasting:
different rules lead to different expectation paths




Optimal discretionary policy

« Each period the Central Bank chooses (7, x;) to
min L = %(nt + a,xf) + L,

subject to m; = kx; + v;,, where v, = BE;m;,1 + Uy
« Optimality condition:

_ X x
iy = _?xt

« “Lean against the wind policy.” If inflation is above target,
contract demand is below capacity by raising the interest
rate, and vice versa when it is below target

 How much the central bank should reduce x; depends
positively on the gain in reducing inflation per unit of
output loss, k, (marginal benefit) and inversely on the
relative weight on output losses, «, (marginal cost)




Optimal discretionary policy

Each period the Central Bank chooses (4, x;) to

min L = %(ntz + a,x:%) + L,

SUbJeCt tO Ty = kXt + Ut, Whel’e Ut — BEtnt+1 + ut
Optimality condition:

_ X x
iy = _?xt

Equilibrium
x; = —kyu,
Ty = axPuy
where 1 = k* + a,.(1 — Bpy,).

Equilibrium is obtained by combining the optimality
condition with the Phillips curve (solving forward)




Discretionary equilibrium: Solution

« Three-equation system
(1) 1 =PEmegq + kxe +u

1 @) me= TR

(3)  upr=pyueg +&  &~N(0,6%)
* It follows from (1) and (2)

k? Qe
Ty = BETTp41 — a_x”t T U = T = .

(BE¢mesq +uy)

* So far iterating forward and using (3) [E w4 = p{tut]:

= J J
00 axp oo [axBpu
— AxEt Zj:o(ax_l_kz) Ut+j - Ax Zj:o(ax_l_kz) U - Oy
) X e k Tx Uy = k u
‘ kTt Ay ax(1—Bpy)+k? ‘ ay(1—Bpy)+k? t

Ut



Optimal policy (discretion)

Inflation

4 + Phillips curve short run
Policy rule m: = —(ay/k)x; B

Phillips curve long run

Output gap

Assuming no persistence: a white noise shock, so E;e;,; = E;mip1 = 0, then the
upward shift of the curve is v; = ¢;
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Optimal policy (discretion): IRFs

Inflation _

_7Phillips curve short run

" |Inflation

Policy rule 7 = —(ax/k)x;

IRFs

Phillips curve long run
Output gap

Assuming persistence: Eiuiyq = pyer and Ermeyq = a,Ppyse, SO v = (1 + a, Ppy)es




Shocks can be either positive or negative

Inflation

4 —+ Phillips curve short run
Policy rule 7y = —(ax/k)x; B

Output gap

Phillips curve short run (negative shock)
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he Phillips trade-off

* Optimal policy rule:

T[t — _?xt

« Equilibrium conditional to the shock u;, implies a trade
off between stabilizing the output gap or inflation:

xt — —kl/Jut and T[t —_ axl,but
« Shocks can be positive or negative: unconditional means
are zero, but:

var(x,) = (ky)?oy,
var(m,) = (a,)?oy,
The trade off is on variabilities.

dvar(x¢)

<0 dvar(m) >0

aax aax




The Phillips trade-off: Add-in

Remember that u, = p,u,_; + ¢; with ¢,~N(0,6%), then:
E(u)) =E(e) =0

2
2 _ _9¢
u - 2
1_pu

Equilibrium conditional to the shock u;, implies:
Xt —_ _kl/)ut and Tl’-t —_ C(xlljut
Shocks are positive or negative, unconditional means:
Ei(x¢) = —kYE(ur) =0
Ei(my) = axEr(us) =0
Unconditional variances:
var(x;) = Et(ng) — E (%)% = (kl/J)ZEt(u?) = (ky)?cy,
var(n,) = Ey(nf) — Ec(me)? = (a¥)?Ec(uf) = (ay)?oy,

var(u;) = o




Interest rate rule

« At the equilibrium, the central bank desires

Xy = —kypu, T = A YPu,

1 ..
¢ By IS CUFVG xt — Etxt+1 - E(lt - Etﬂ:t+1 - T'gl) + gt

1.
—kypu, = —kPpEusyq — pe (iy — axPEupyq —1¢7) + g¢

« Solving by i; (remember E; u; 1 = pyus):
it = YrnPuxPus + g, +1{°
k(1+py)

PuaxP

e Since pya,Yu; = Eimeyq:

> 1

 where|y; =1+

it = YrEiTirq +0g: + 77
« What can you say about determinacy?




What about demand shocks?

Inflation

Demand shock (fall) IS curve

Phillips curve

-2 _; Output gap

. Expangionary monetary
policy (interest rate cuts)




Result summary: Discretion

* Fact A (trade-off in variances): To the extent cost push
inflation is present, there exists a short run trade-off
between inflation and output volatilities.

 Fact B (Taylor policy and REE stability): Under the
optimal policy, in response to a rise in expected inflation,
nominal rates should rise sufficiently to increase real
rates, assuring REE stability.

* Fact C (demand stabilization is a free lunch): If there
IS a demand shock, the central bank react by varying the
interest rate of og;, this in turn offsets the shock that has
no effect on the output gap (and thus on inflation).

« But, what about if the ZLB is binding?




Optimal policy with commitment
- State-contingent policy{r;, x;};" that
min L = %Et Yo By + axxty)

« Subject to the sequence of constraints:
Tl’-t —_ BEtTl’-t‘i—l ~+ kxt + ut
« Lagrange (maximize):

E Y® g TiyitQeXiy I
— tzi=0 B 5 + Veri(Tpgi — Begipr — KXpq; — Upsi)

» First order conditions (starting from t = 0)

i Tl + Yo = 0
- Tl + Yt — V-1 = 0 fOr t = 1,2,3
a,x; —kys =0 fort =0,1,2, ..




Commitment’s time inconsistency

* The central bank commits to behave according its first-
order conditions (starting from ¢t = 0)

Mg+ Yo =0

1 +y1—Yo=0

Ty +y: — Vi1 =0 fort=273..

a,x; —kys =0 fort =0,1,2, ..
* Reoptimizing at t = 1, we obtain

1 + Y1 = 0
TT¢ + Yt — Vi—-1 = 0 fOr t = 2,3
a,x; —kys =0 fort =0,1,2, ...




Timeless perspective

« We assume a timeless perspective.

* An optimal state-contingent policy rule is derived from an
optimization process, but the initial condition are ignored
(they were implemented far in the past).

* The initial conditions are different from those operating in
the other periods since these do not internalize the rule’s
effects on expectations, which are initially given when
the central bank implements the rule.

* Note that this does make
— neither the central bank policy time consistent
— nor globally optimal




Timeless perspective

* First-order conditions:
Xy —kye =0

T+ Ve — Vi1 =0
« Fort =0,1,2,...and where y_; = 0.

* Therefore, at zero (far in the past): 7, = —y,, while at
t > 0, the central bank implements: 7, + y; —y;-1 = 0.

 Ignore the focs at time zero, then
a,x; —ky, =0 v, = Xx
xXAt — RV =V 7 Ve = At

kax — Ty + Ve —Ve—1 =0

7 t—1_

Combining, we get the optimal policy rule:

AxXe—g —kYe1 =0 = yioq =

Ay

2 (X — X¢—1)

Tl’-t:




@)

Solution: Rewriting the optimal policy rule

« Solution is obtained from the optimal policy rule:

k k
Xt = Xeq —— M 2 X = —— D¢
ax ax

[see (later) the slides on the price targeting rule]

° PhI”IpS curve. pt - pt—l — BEtpt-i-l — Bpt + kxt + ut, SO

k2
Pt — Pt—1 = PEtDr+1 — Bpe — a_’pt + U
k2 )
(1 + B+ a_> Pt = BEPes1 + Pr—1 + Us
X

[Pt = BYcEDe+1 + Ve(Pr-1 + ut)}

1

k2
1+B+a—x

* where y, = € (0,1)
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Solution: p;, x;, and m;

We need to solve:

Pt = BYcEtPe+1 + Ve Pe—1 + Up)
Guess the solution is
Pt = YpDe-1 + Pyl
By using method undetermined coefficients, we find

1- [1-4PByZ
Pp = “| and |y, =2

ZBVC 1-Pu¥p
» Given the solution for p;, then
k ki, k.,
Xt = _a_xpt = _a_xpt—l + — o Uy

Ty =Pt — Pr-1 = (Wp — D1 + Py us




Commitment versus discretion

The stabilization bias

Current trade-off improvement

output g
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Commitment versus discretion

The stabilization bias

Current trade-off improvement
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Result summary: Timeless perspective

« Fact D (timeless perspective): Although zero output
gap outcome is feasible once a positive (negative) noise
shock is vanished, under timeless perspective
commitment, the central bank find optimal to maintain a
persistently negative (positive) output gap and inflation.

— Commitment creates a costly artificial persistence, but
it also lows expectations of future inflation improving
the current trade-off between inflation and output gap.

— It implies a current improvement at the cost of future
needs of stabilization; however, commitment
dominates discretion, because the convexity of the
loss and discounting.




Price targeting rule

* The optimal policy rule is
ax
Ty = — I (Xt — Xt-1)
» Alternative representation is based on price targeting
rule [p_, target]):

k
Xt = —a_(Pt —P-1)

X
« Fort=0,1,2, ..
* Note that p_; is not p,_;.
« “Lean against the wind policy.” If price is above target

(initial price level, p_;), contract demand is below
capacity by raising the interest rate, and vice versa




Price targeting derivation

« Solution is obtained from the optimal policy rule:
Ay k

AXy = Xy — Xpq = —— T

T[t —
k A,y

« Solving
kK vt
Xp = ——20T;
Ax

e Asp, =p_, + 25, then the optimal policy:

k
Xt = —a_(Pt —p-1)
X




Transitory cost-push shock (p,,

output gap
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Permanent cost-push shock (p, € (0,1))

output gap inflation
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Result summary: Further considerations

« Fact E (price targeting rule): Timeless perspective
solution corresponds to a price targeting rule.

* Fact F (timeless perspective optimality): Timeless
perspective commitment dominates discretion, but it is
not an optimal policy (one first-order condition is
ignored). Therefore. There may exist other state-
contingent feedback rules that dominate timeless
perspective.

* Fact G (global or full commitment): Accounting for the
initial condition (global or full commitment) leads to a
policy rule that implies REE indeterminacy. [proof not
reported here, see CGG (1999)].
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