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New Keynesian model: problems and solutions

Problem 1

Consider the Rotemberg scheme where costs of price changes resulted in the NKPC. Assume that only
unexpected price increases are associated with loss of customer loyalty, but that anticipated price changes
are considered “fair”. Hence the costs of price changes are given by:
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Further, assume that customers have following price expectations:
Py =pi-1+ M1

The loss function of the firm is given by:
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Derive the modified equation for the NKPC. What are the similarities and differences between the de-
rived equation and the standard NKPC?

Solution
Loss function
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Minimizing the loss function (each firm treats overall inflation rate 7 as exogenous)

oL

ER =2(pt —p;) +20(pt —pr—1 — me—1) + BEL 20 (pry1 —pe — 1) (—1)] =0

1
P (pt — i) + (Pt — pt—1 — me—1) = BE¢ [pr41 — vt — ]

1 *
g (pe —pf) +m — M1 = —Bm + BEsmia

(14 B)m = m—1 + BEm1 — é (pe — pt)

Modified NKPC
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The second and third term appear also in the standard NKPC, although here the weight of inflation
expectations is reduced. The new backward-looking component makes heightened inflation more persis-
tent, implying that reduction of inflation requires a more negative output gap than under a standard
NKPC.



Problem 2

Suppose that you have the following simplified New Keynesian model. The two main non-policy equations
of the model can be written:

xy = Birep1 — (i — Eymeg)
Ty = ¢ + Eymi

The central bank obeys a strict inflation targeting rule. In particular, let 7; be an exogenous inflation
target. The central bank will adjust i, so that m; = 7} is consistent with these equations holding. Assume
that the inflation target follows an exogenous AR(1) process:

(a)

T = pamiyten pr€[0,1]

Derive an analytic expression for ¢; as a function of 7;. Hint: use the inflation target rule to pin
down inflation and output gap expectations.

Strict inflation target
Eimii1 = Ei [prm} + €r41] = prmy = prmy

Output gap
Tt = Tt — Etﬂ't+1 = (1 - Pw) Tt

Expected output gap
Eiwip1 = (1 - pﬂ') Eimip1 = (1 - ,07r) PrTt

NKIS curve
e = By — (it - Et7rt+1)
1y = By — xp + By
iy = (1 - pﬂ) PrTt — (1 - Pw) T+ PrTe
iy = [pTr + (1 — pr) (pw - 1)] Tt

Suppose that p, is 0. In which direction must the central bank adjust 7; in order to achieve an
increase in 7;'?

Desired inflation level
Ty = €¢

This approximates regular monetary policymaking, when the central bank wants to achieve inflation
a little higher or lower relative to the time-invariant inflation target (here implicitly equal to 0).

Ww=0+(1-00-D]m=—m
To reduce inflation (m; < 0), the central bank needs to raise the nominal interest rate 1.

Suppose that p, is 1. In which direction must the central bank adjust i; in order to achieve an
increase in 7;?
Desired inflation level

T = M1 + €

This approximates the situation where the central bank changes the inflation target over time.
’I:t: [1+(1—1)(1—1)]7Tt:71't

Thanks to the lower average inflation rate, the central bank can maintain a lower nominal interest
rate on average.



(d) Provide intuition behind the difference in results in (b) and (c).

The result from (b) is about the short-term movements in inflation rate, which is a negative
function of interest rates. The result from (c) states that under unchanged natural real interest
rate level, average interest rates are 1:1 related to the inflation target. One can also reaffirm this
result via the Fischer equation:
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Problem 3

Consider a simplified New Keynesian model:
zy = Eyzpp1 — (g — Eymppr —177") + g
Ty = Eymip1 +

In time period t the economy is affected by a strong negative demand shock: u; = —r* — v, which lasts
for one period only. The central bank, subject to the zero lower bound constraint, sets i; = 0. After the
shock recedes, in time period ¢t 4+ 1 it will be possible to set z;y; = m+1 = 0. Additionally, the central
bank credibly commits to maintain x4, = T4 = 0 for all k > 2.

(a) What level of nominal interest rate in ¢t + 1 will be set by the central bank aiming to minimize
(71 +2744)?
Since it is assumed to be possible to set xyy = 7, = 0 for all £ > 2, we have
Ei1®i4r = Eepimipr =0 Vk > 2

Therefore, minimizing (ﬂ'tg o+ x? +1) means choosing xyy1 = m41 = 0. After plugging this into the
NKIS we get

Tip1 = Eyp1@iqo — (G401 — Evpr1meqo — 177%)
0=0— (irg1—0—r%)
G =17

(b) What will be the levels of output gap and inflation in period ¢ if the agents expect the central bank
to act according to (a)?

[NKIS] 2 =0—(0—-0—7r")—r*—v=—v
[NKPC] Tt :0+$t = —0

¢) Assume the central bank credibly commits to set i;17 = r* — a. What will be the levels of output
+
gap and inflation in periods ¢t + 1 and t7

In period t + 1
g1 =0—(r"—a—-0—1")=a
41 = 0+3§‘t+1 =a
In period ¢
zpr=a—0—a—71")—r"—v=2a—v
m=a+2a—v=3a—v
(d) What is the optimal level of a for a central bank aiming to minimize % [(77% + mf) + (7rt2+1 + xfﬂﬂ ?

Why does the optimal value of a differ from zero?
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First order condition
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Through forward guidance the central bank commits in period ¢ to set for period t + 1 a lower
interest rate than would be required to maximize welfare from the perspective of period t + 1.
Thanks to that the central bank can still stimulate the economy in ¢ even when constrained by the
effective lower bound.



