The New Keynesian Model.

Olivier Blanchard*

May 2005

14.452. Spring 2005. Topic 9.



Topic 9 2

The purpose of this note is to put together a model in which money matters
in the short run, in which the economy returns to the natural rate in the
medium run, and in which we can think about the relation between nominal

variables, in particular inflation, and real variables, in particular output.

The model has: Consumers who decide about how much to spend versus
how much to save, how much of their wealth to keep in the form of money
versus bonds, how much labor to supply; firms who set prices and decide

how much to produce, and price decisions which are staggered over time.

The resulting model—and its associated loglinear approximation—is called
the New Keynesian Model. While it falls short of what one would want
to incorporate in a number of important dimensions, it is currently seen as
the minimal model with which to think about fluctuations, the effects of

shocks, and the role of policy.

The organization of the note is slightly different from previous notes. I
start with two “ad-hoc” models of price staggering, the first one from Tay-
lor, the second from Calvo. These models show most clearly the potential
implications of price staggering. Then, I introduce price staggering in the
model of monopolistic competition developed in topic 8, and derive the New

Keynesian model. I end with a discussion of results.

1 Price staggering

The model of price setting introduced in topic 8 assumed that all prices
were set simultaneously for one period. This is not particularly realistic,
and we do not observe such coordination of price decisions. In most cases,

staggering seems more appropriate.

What can price staggering deliver? Intuitively, if each price setter does not
want to change his relative price very much, then, when it is his turn to
change the price, he will change it only by a small amount. By symmetry,
so will everybody else, when their turn comes. The price level will adjust
slowly. The Taylor and Calvo models formalize this intuition in convenient

and interesting ways.
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1.1 Assumptions

Consider an economy composed of n producers/price setters, each selling a
differentiated good. At any given time, the desired price of price setter i is

given by:

pi=p+tay—u

where p; and p are the logs of the nominal price of producer ¢ and of
the price level respectively, y is the log of aggregate output, and u is a
shock. The desired relative price increases with marginal cost, which is
itself an increasing function of output y and of the shock u. All variables

are measured as log deviations from the non stochastic stationary state.

(This specification is consistent with the derivation of the relative price
chosen by producer i in the yeoman-farmer model of topic 7. In that model,

the log linearization gave:

pi=p+| (B = 1)y — pz]

_
1+o(B—1)

So, under that interpretation, the parameter a corresponds to (8 —1)/(1+
(B —1)). a increases with (3, and is positive if [ is greater than one. In
that interpretation also, the shock u corresponds to -G(1 4 o(8 — 1))z and

is a technological shock.)

Under flexible prices, the equilibrium level of output (the second best level
of output, as the economy still suffers from the distortion coming from the

markup, itself due to the monopoly power of the firms), is given by:

so we can rewrite the price setting equation as:

pi=p+aly—9) =p+azx

where z is defined as the output gap, the difference between actual output
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and equilibrium (second best) output. (Note that, given the output gap,
technological shocks or energy price changes do not appear anymore directly

in the equation.)

1.2 The Taylor version

The Taylor formalization of price setting is based on two assumptions:

° Each period, 1/n of the price setters set their price for the current
and the next n — 1 periods.

° Their price is fixed between readjustments.

This leads to the following two equations:

1 n—1
qt n ; pt+7,

1 n—1
bt = n Z;qffi
i=

The first equation states that ¢, the (log) price chosen in period ¢ for
periods t to t +n — 1 is equal to the average of the expected desired price
for periods t to t + n — 1. Here and below, for any z, Ez;; stands for

E[z444|Q4]. From above, the desired price for each period is given by
p; = pt +amn,

The second equation simply states that the price level is a weighted average

of all the prices currently in force.

For the case where n = 2, it is easy to derive the behavior of prices. Write:

qt = 0.5 (pt + Ept+1) + 05a (It + E,It+1)

and
pe = 0.5(q + qi—1)
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Replace p; and Epy41 from the second equation in the first, and reorganize
to get:
¢t = 0.5¢;—1 +0.5Eq; 1 + a(x; + Exyq) (1)

or
(¢t — @¢t—1) = (Eqie1 — q¢) + 2a(xy + Exyqq) (2)

The first equation gives the (new) price as a function of itself lagged, itself
expected, and the current and expected output gap. The second equation
rewrites the relation as a relation between (new price) inflation, expected

(new price) inflation, and the current and expected output gap.

Before discussing the implications of these two equations further, let us look

at the Calvo version of price staggering.

1.3 The Calvo version

Assume that instead of being fixed for a fixed length of time, prices, once
set, are readjusted with probability ¢ each period (a “Poisson” assumption

which, as if often the case with Poisson, leads to nice aggregation)

In this case, the equations for individual prices and the price level can be

written as:

G =29 Z (1 - 5)i Epfﬂ
0
pr =206 Z(l - 5)i qt—i
0

where, as before:

P; = pe +axy

° The price ¢; chosen in period t depends on all future expected desired
prices, with weights corresponding to the probability that the price
is still in place at each future date.

° The price level is in turn a weighted average of current and past

individual prices, still in place today.
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To solve, rewrite the two equations in recursive form as:
qt = 5(pt + (ll't) + (1 — 5)eq+1
pt=0gt + (1 — 8)pr—1

Use the second equation to express ¢; as a function of p; and p;,_; and

Eqiy1 as a function of Ep;y; and p;, and replace in the first equation to

get:
pe— (1= 8)pi—1 = 6%(pe + azy) + (1 — 8)(Eppy1 — (1 — 0)py)
Reorganizing:
1 1 1 62
= —Ds+_ 7E _——
Dt 2pt1+2 pt+1+21_5a5€t (3)

Or, in terms of inflation:
52

ma Tt (4)

(pt — pi—1) = (Epry1 — pr) +

The coefficient on the output gap depends not only on a (the slope of the
marginal cost curve), but also on ¢, the parameter reflecting the proportion

of prices being adjusted each period.

Note two differences with the Taylor formalization: The equations are in
terms of the price level p; rather than in terms of the new price ¢;; and
only the current output gap appears, instead of the current and expected
output gaps. These two characteristics make the Calvo model slightly more
tractable and explain why it has become more widely adopted than the

Taylor alternative.

1.4 Implications. Price versus inflation stickiness

Staggering leads to price stickiness. This is clear from equations (1) or
(3), in which the price level at time ¢ depends on the price level at time

t — 1, and the expected price level at time ¢ + 1, with equal weights.
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To see this more clearly, take equation (3) and close the model by assuming

u = 0 so gy =0, and y; = my — pq, SO
Ty =Y — Yo =M — Py
In this case, the price level is given by:
Pt = bpr—1 +bEpey1 + (1 —2b)my
where b= (1 —6)/(2(1 = 6) + (1 — 6)%a)
Solving this equation (say, by factorization) gives:
P =Apr—1+ (1 - )\)2 Z N Emy

where A= (1—-—+v1-0?)/b<1

. Note that the closer a is to 0, the closer b is to 1/2, and the closer A
is to 1: The flatter the marginal cost, the more price stickiness.

° Note also that the closer § is to 0, the closer b is to 1/2, and the
closer A is to 1: The less often prices are adjusted, the higher the
price stickiness.

Consider the case where m; follows a random walk with innovation

€;. In this case, the price level follows:
pe = Api—1+ (1 — A)my
and so output is given by:
Yt = AYp—1 + €

The closer ) is to one, the longer lasting the effects of an unanticipated

shock in money on output.

There is however no stickiness in inflation. In the Calvo version, inflation

is fully forward looking. This is clear from equation (4). In the Taylor model,
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this is not exactly true; New price inflation is also fully forward looking, but

inflation is a weighted average of current and lagged (new price) inflation.)

In the Calvo formalization, we can solve equation (4) forward to get:

52 k
o=l i 3 B
0

Inflation depends on current and expected output gaps, not (directly) on

the past.

This is a strong result, and a warning that price stickiness does not nec-
essarily imply inflation stickiness (stickiness in a level does not necessarily

imply stickiness in a derivative).

It has important implications for monetary policy: Assume x; = m; — p¢
and suppose that money grows at rate g. Then verify that the solution to
equation (4) is that p; = my, so the inflation rate is equal to g and the
output gap is equal to zero. Suppose that, at time ¢, the rate of money
growth from ¢ on decreases from g to ¢’ < g. Then inflation from ¢ on
decreases from g to ¢, and the output gap remains equal to zero. (Check
that this is indeed the solution to equation (4). In words, disinflation is

achieved without any output loss.
It raises however two questions:

Is it robust, or is it instead the result of the special assumptions underlying
Calvo or Taylor staggering? The answer is that it is very robust. Staggering

tends to generate little inflation inertia.

Is it consistent with reality? The evidence is it does not appear to be, that
there is inflation inertia, i.e. direct dependence of inflation on past inflation.
We shall come back to this later.

The next step is to introduce price staggering a la Calvo in the model we

developed earlier.
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2 The “New Keynesian” model

Let’s go back to the model developed in topic 8 and extend it to allow for

staggered price setting a la Calvo.

2.1 Assumptions

Assume the economy is composed of a continuum of households, indexed

by i, who maximize:

maXE[Z B (U (Ciryr) + V(%) — Q(Nit+) )| ]
5 bk

subject to:

o/(o—1) 1/(1-0)

1 1
Cy = [/ Cijtg_l/gdﬂ P = [/ P! 7 dj]
0 0

1
/ P;iCijt + Mis41 + Bigy1 = WelNiyg + (1 4+ 44) By + My + 11 + Xy
0

Consumers derive utility from a consumption basket, real money balances,
and leisure. The consumption basket is a CES function of different con-
sumption goods. The price index associated with the consumption basket,

the price level, is now denoted by a bar.

Consumers supply labor in a competitive labor market and so receive labor
income W;N;;. (This is a slightly different formalization than that used in
topic 8. The yeoman-farmer approach taken in topic 8, together with price
staggering, would lead to heterogeneity of consumers-workers. Here, with a
competitive labor market, all consumer workers are the same.) Consumers
equally own all the firms producing the individual consumption goods, and

receive profits II;;. The budget constraint is otherwise the same as before.

Individual consumption goods are produced by firms, according to a linear

production technology:
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Yji = NjuZi

(Note an implication of introducing a competitive labor market. The firms
take the wage and therefore marginal cost as constant, whereas before they

took into account the marginal disutility of leisure).

Firms set prices a la Calvo, with probability ¢ of changing the price every

period.

2.2 Derivation

The first order conditions for households are straightforward and familiar:

P' —0
Cijt = (?*jt) Cit

U'(Cit) = E[B(1 4 re1)U' (Cies1) 2]

M1 bit1
V(LY U () = —
( 2 )/U(Cit) T+irm
Wi

= U'(Cit) = Q'(Nit)

Py
The new condition is the condition determining price setting for those firms
which are allowed to change prices at time t. The price chosen by firm j at

time ¢, Pj; is the solution to:

U'(Citr) k, Pj Wik Yitrk
EE RZ 08 () 5 (=Y, — R IRy 10
max [ - /ﬁ Ul(Ot) ( ) (Pt+k Jjtt+k Pt_l,_k Zt-l,-k ) | t]

subject to
P' —0
Yjtrr = (pjt ) Yigk
t+k
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Firms maximize the expected present value of profits they will get at the
chosen price P;;. Profit is equal to real revenues minus real costs. Profit at
time ¢t + k is discounted at the marginal rate of substitution of consumers
(where we can drop the index i as all consumers face the same maximization
problem and thus have the same consumption), times the probability that

the price chosen at time ¢ is still in effect at time ¢ + k, (1 — )"

Maximization yields the following expression for Pj;:

P, =P = g E[Zk A(k) Wign/Zigr) %]
jt (] E>", A(R)|Q]
where _—
A(k) = ﬂk U_(/(éj;gc) (1 _ 5)k(Pt+k)a_1)/t+k

So the price chosen by price setters is a weighted average of current and
expected future marginal costs Wiy /Z;1 k. This is very much like in Calvo,
except for the fact that the weights are much more complex, involving
expectations of products of random variables. Note that, in contrast to the
Calvo formalization, future periods are also discounted by the discounted
factor GF.

The price level is given in turn by:

= —l—0 —_o1(1/(1=0o
P, =[(1- 8By +6p! /07

2.3 General equilibrium

In general equilibrium, C;; = Cy =Y;, Ny =Y:/Zy, My = My, so the first
order conditions become:
IS: U'(Y:) = BB+ r41)U" (Yeq1) Q]

M v My pryy = G
(Pt )/ U (V) T i
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U = Q)

t

LS:

. o B AKR) Wiik/Zigr)|S)]
PS: P= T s A
where
A = G T 0 5 (P Yo
and

— Sl—o —o(1/(1=0
By = [(1 - 8)BLy + 6B o) /0T

PF : Nt = K/Zt
LS stands for labor supply. PS stands for price setting. PF for production
function.

Not a simple system, and we shall need to log linearize to make progress
with dynamics. But it is easy to characterize the second best level of output

(the level of output which would prevail absent nominal rigidities).

From the labor supply equation:

S = Q2 /U (V)

t

From the price-setting equation, without nominal rigidities:

— g Wt
P, = —
g c—1 Zt
or rewriting:
W, -1
e 272,
Pt g

Price setting determines the real wage paid by firms; the real wage is a
decreasing function of the markup of firms, and an increasing function of

productivity.
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Putting the two together gives:

oc—1

Q'(Yi/Z0)/U' (V1) = Zy

This determines implicitly output as a function of the technological shock.
If we assume that U(.) is log (as is required under separability to get a

balanced growth path), then the equation becomes:

oc—1

Q'(Yi/Zy) Vi) Z =

This determines a unique value of Y;/Z;, or equivalently a unique value of
N;. So second best employment is constant, and second best output varies

one for one with Z;.

2.4 Log linearization

Log linearization around the non stochastic steady state gives:

IS: yi = Eysy1 — argp
LM : myy1 — pr = byy — cip4a
LS: wy —pr = yne + 2
PS: pr=(1-0)BEpis1+ (1 — B —0))(ws — 2)
pr:=(1—0)pe—1 + dp
PF: =y — 2

The last three equations can be combined to give a “Phillips curve relation”.

Use the labor supply relation to eliminate the wage in the price setting
equation:
pe = (1—=0)BEpi1 + (1= B(1 = 6))(pe + )

Denote the second best log deviations of output and employment by ¢; and

1. Define the output gap, i.e. the difference between actual and second



Topic 9 14

best log deviation of output y; — vy by z;. From above y; = z; and 1, =0
SO

Tt =Yt =Yt =Nt — Nt =T

Replacing in the previous equation gives:
pe = (1 =0)BEpi11+ (1 —B(1—9))(p: +vxr)

Combining with the equation for the price level and reorganizing gives:

5(1—-pB(1-6
PC: Wt:ﬁEﬂ.t+l+%’yxt

where m; = p; — p;—1. Inflation depends on itself expected, and on the
output gap. If output is above its second best (or “natural”) level, then,
given expected inflation, inflation increases. If output is below its natural
level, then, given expected inflation, inflation decreases. As in the ad hoc
Calvo model, inflation is forward looking, and there is no inflation inertia.
Unlike the Calvo model, the coefficient in front of expected inflation is 3
rather than one. This implies a (small, as 3 is close to one) long run trade

off between inflation and output.

2.5 The New Keynesian model.

Putting the essential equations together one last time:

IS: yp = Eyr+1 — areqa; Te41 = e — Emep
LM : me+1 — pt = byt - Cit+1
PC: my = BEm 1 +day; oo =y — Yt = Yt — 2
These three equations constitute the New Keynesian model. This model
has been heavily used, with appropriate extensions, to look at the effects

of shocks, and the role of fiscal and monetary policy. The role of monetary

policy is the subject of topic 10. The role of fiscal policy the subject of
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topic 11. But, before turning to those, note some of the implications of this

model (and compare them to the stylized facts described in topic 1)

Expectations matter very much.

Demand shocks, i.e. any shock which increases the demand for goods
in the first equation, have an effect on output in the short run. Unless
they also affect the natural level of output, their effect gradually goes
away over time.

Demand shocks may be shocks to nominal money, which affect the
nominal interest rate and in turn the real interest rate. These may
be shocks to the discount factor, a preference for the present rela-
tive to the future. These may be shocks which affect expectations of
future income. These may be shocks coming from fiscal policy, from
government spending or changes in taxation.

In the long run, the economy returns to its natural (equivalently sec-
ond best) level of output (equivalently, its natural level of employ-
ment; equivalently, its natural rate of unemployment). This natural
level is not constant however. It varies with productivity shocks, and
more generally, with the relative price of the inputs used in produc-
tion (for example the relative price of oil if production uses oil and
labor).

Productivity shocks may well have effects in the short run, through
their effect on demand. Higher expected productivity leads to higher
expected income and higher consumption demand today.

An increase in output above the natural level tends to be associ-
ated with higher inflation; a decrease in output below the natural
level tends to be associated with lower inflation. The relation be-
tween inflation and the output gap is however quite different from

the traditional Phillips curve relation.

Should we be satisfied with the model? The answer to any such question

must be no. Among the pluses and the minuses, taking its size as given:

Plus: The derivation of the model from first principles, so we can do
welfare analysis right and derive optimal policies. The government is

there to maximize expected utility.
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Plus: The model seems to capture in a simple way many of the stylized
facts of fluctuations.

Minus: The lack of inflation inertia. The model appears at odds with
the evidence, both from disinflations, and from normal times.
Minus: The model has a striking implication: There is no trade off
between achieving a zero output gap (that is keeping output at the
natural level) and stable inflation, even in the presence of productivity
or price of oil shocks. This can be seen from equation (PC): If 7 is
constant, then = = 0.

The implication is striking and implies for example that monetary
policy should aim at keeping constant inflation even in the face of
large oil price increases. This feels wrong, and suggests that something
important is missing from the model.

(On these last two issues, see my paper with Gali)

There is obviously a long list of elements one would like to add to the model

(but would increase its size, and complexity):

Investment and capital accumulation.

Government spending and taxes.

Openness in goods and financial markets

A non competitive labor market, so we can discuss unemployment
rather than just employment or output.

Nominal wage rigidities in addition to nominal price rigidities.
Assumptions leading to non Ricardian equivalence, and thus richer
implications of fiscal policy, of tax versus deficit finance.

Heterogeneity, and the implications of incomplete markets.

All these extensions have been and are studied. Introducing them leads to

larger models, and reliance on simulations. As it is, the model above is a

very useful starting point, with a rich set of results already. Subject of the

next notes.



