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Overview

This tutorial covers:

� the Phillips curve under different assumptions about inflation expectations;

� the natural rate of unemployment and the inflationary consequences of holding unemploy-
ment below it;

� the distinction between anchored and adaptive expectations;

� the role of wage indexation in altering inflation dynamics;

� comparative inflation paths with and without indexed labour contracts;

� graphical and algebraic interpretation of how unemployment affects inflation.

For academic reference only. This document is provided for educational purposes and does not constitute an official question
paper, answer key, or any formally authorised academic material. Its content is not guaranteed to be complete or accurate.
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Question 1: Mutations of the Phillips Curve

Chapter 8, Q5. Mutations of the Phillips curve

Problem

Suppose that the Phillips curve is given by

πt = πe
t + 0.1− 2ut

and expected inflation is given by

πe
t = (1− θ)π̄ + θπt−1

and suppose that θ is initially equal to 0, and that π̄ is given and does not change. It could
be zero or any positive value.

Suppose that the rate of unemployment is initially equal to the natural rate. In year t,
the authorities decide to bring the unemployment rate down to 3% and hold it there forever.

(a) Determine the rate of inflation in periods t + 1, t + 2, t + 3, t + 4, t + 5. How does π̄
compare to π?

(b) Do you believe the answer given in part a? Why or why not? (Hint: Think about how
people are more likely to form expectations of inflation.)

Now suppose that in year t+ 6, θ increases from 0 to 1. Suppose that the government is
still determined to keep u at 3% forever.

(c) Why might θ increase in this way?

(d) What will the inflation rate be in years t+ 6, t+ 7, and t+ 8?

(e) What happens to inflation when θ = 1 and unemployment is kept below the natural
rate of unemployment?

(f) What happens to inflation when θ = 1 and unemployment is kept at the natural rate
of unemployment?
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Solution

Method 1: Direct recursive substitution from the expectations
equation

We first determine the natural rate of unemployment. By definition, at the natural rate
inflation equals expected inflation, so

πt = πe
t =⇒ 0.1− 2un = 0.

Hence
2un = 0.1 =⇒ un = 0.05.

Therefore,

un = 5%.

Because unemployment is initially equal to the natural rate and θ = 0, expected inflation
is initially

πe
s = (1− 0)π̄ + 0 · πs−1 = π̄,

so before the policy change actual inflation is also equal to π̄.

(a) From year t onward the government keeps unemployment at

u = 3% = 0.03.

While θ = 0, expected inflation remains fixed at

πe
s = π̄

in every such year. Hence for any year s = t, t+ 1, . . . , t+ 5,

πs = πe
s + 0.1− 2us = π̄ + 0.1− 2(0.03) = π̄ + 0.1− 0.06 = π̄ + 0.04.

Therefore
πt+1 = πt+2 = πt+3 = πt+4 = πt+5 = π̄ + 0.04.

So the requested inflation path is

πt+1 = πt+2 = πt+3 = πt+4 = πt+5 = π̄ + 0.04.

Thus actual inflation is higher than π̄ by 0.04, that is, by 4 percentage points:

π = π̄ + 0.04 =⇒ π̄ < π.

(b) Taken literally, part (a) says that inflation jumps up by 4 percentage points and then
stays there forever, despite unemployment remaining below the natural rate forever.
This is not very believable.

The reason is that when inflation is persistently above the previously expected level,
people are unlikely to continue forming expectations using a fixed anchor π̄ only. They
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will begin to look at recent actual inflation. Workers, firms, and wage setters learn from
the inflation they observe. Hence expected inflation should gradually move upward,
and once that happens, actual inflation should continue rising if unemployment remains
below the natural rate.

Therefore the answer in part (a) is mechanically correct under the assumption θ = 0,
but economically it is not very plausible for a long-lasting regime:

The answer in part (a) is algebraically correct under θ = 0, but not very realistic.

(c) A rise in θ from 0 to 1 means that expected inflation moves from being based entirely
on the fixed anchor π̄ to being based entirely on last period’s actual inflation:

πe
t = (1− θ)π̄ + θπt−1.

When inflation has been persistently positive and salient, it becomes natural for workers
and firms to use recent inflation as the benchmark for wage bargains and price setting.
This may happen because:

� inflation has become more visible and persistent;

� wage setters and price setters learn from past inflation outcomes;

� contracts and bargaining norms become more backward-looking;

� the economy becomes less anchored to a fixed long-run inflation norm.

Hence θ may increase because expectations formation becomes adaptive:

θ may rise because people begin using actual past inflation to form expectations.

(d) Up to year t+ 5, we found that

πt+5 = π̄ + 0.04.

In year t+ 6, θ = 1, so expected inflation becomes

πe
t+6 = πt+5 = π̄ + 0.04.

Since unemployment is still 0.03,

πt+6 = πe
t+6 + 0.1− 2(0.03) = (π̄ + 0.04) + 0.04 = π̄ + 0.08.

Next,
πe
t+7 = πt+6 = π̄ + 0.08,

so
πt+7 = πe

t+7 + 0.04 = π̄ + 0.12.

Similarly,
πe
t+8 = πt+7 = π̄ + 0.12,
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so
πt+8 = πe

t+8 + 0.04 = π̄ + 0.16.

Therefore,

πt+6 = π̄ + 0.08, πt+7 = π̄ + 0.12, πt+8 = π̄ + 0.16.

(e) When θ = 1, expected inflation is

πe
t = πt−1.

Therefore the Phillips curve becomes

πt = πt−1 + 0.1− 2ut.

If unemployment is kept below the natural rate, then ut < un = 0.05, so

0.1− 2ut > 0.

Hence
πt − πt−1 > 0

in every period. Inflation therefore rises continuously over time.

So when θ = 1 and unemployment is kept below the natural rate, inflation accelerates:

Inflation keeps increasing over time.

(f) If unemployment is kept at the natural rate, ut = un = 0.05, then

0.1− 2ut = 0.1− 2(0.05) = 0.

Hence, when θ = 1,
πt = πt−1.

So inflation no longer rises or falls; it stays constant at whatever level it has already
reached.

Therefore,
Inflation remains constant when u = un and θ = 1.
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Method 2: Natural-rate reformulation and accelerationist form

We rewrite the Phillips curve around the natural rate. Since

0.1− 2ut = −2(ut − 0.05),

the equation
πt = πe

t + 0.1− 2ut

can be written as
πt = πe

t − 2(ut − un), un = 0.05.

Thus
πt = πe

t − 2(ut − un), un = 5%.

(a) While θ = 0, expected inflation is fixed at

πe
t = π̄.

The government sets

ut = 0.03, ut − un = 0.03− 0.05 = −0.02.

Hence
πt = π̄ − 2(−0.02) = π̄ + 0.04.

Since this is the same in every year up to t+ 5,

πt+1 = πt+2 = πt+3 = πt+4 = πt+5 = π̄ + 0.04.

The comparison is immediate:

π − π̄ = 0.04 > 0.

(b) Under θ = 0, inflation does not feed into future expected inflation. This is what
prevents inflation from continuing to rise in part (a). In reality, persistent inflation
normally affects expectations, so a permanently lower unemployment rate should not
merely cause a one-time increase in inflation; it should generate ongoing inflation pres-
sure once expectations become adaptive. Hence the answer in part (a) is best viewed
as a special-case outcome tied to an implausibly rigid expectations rule.

Therefore,

Part (a) is a special-case result that is not very plausible in a persistent
inflationary environment.

(c) The parameter θ measures the weight placed on past actual inflation in expectation
formation. A move from θ = 0 to θ = 1 means the economy moves from fully anchored
expectations to fully adaptive expectations. This may occur when inflation has lasted
long enough that agents no longer trust a fixed benchmark π̄ and instead extrapolate
from observed inflation.

Thus,

θ ↑ because expectation formation becomes more backward-looking and adaptive.
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(d) When θ = 1,
πe
t = πt−1,

so the Phillips curve becomes the accelerationist form

πt − πt−1 = −2(ut − un).

Since ut = 0.03 and un = 0.05,

πt − πt−1 = −2(−0.02) = 0.04.

Therefore inflation increases by 4 percentage points each year after expectations become
adaptive.

Using πt+5 = π̄ + 0.04,
πt+6 = πt+5 + 0.04 = π̄ + 0.08,

πt+7 = πt+6 + 0.04 = π̄ + 0.12,

πt+8 = πt+7 + 0.04 = π̄ + 0.16.

Hence,
πt+6 = π̄ + 0.08, πt+7 = π̄ + 0.12, πt+8 = π̄ + 0.16.

(e) If θ = 1 and ut < un, then

πt − πt−1 = −2(ut − un) > 0.

Therefore inflation rises period after period without settling down:

Inflation accelerates whenever ut < un and θ = 1.

(f) If θ = 1 and ut = un, then

πt − πt−1 = −2(un − un) = 0.

Therefore,
πt = πt−1,

so inflation stays constant:

Inflation is stable when unemployment is kept at the natural rate.

Year t t+ 1 t+ 2 t+ 3 t+ 4 t+ 5 t+ 6 t+ 7
θ = 0 π̄ + 0.04 π̄ + 0.04 π̄ + 0.04 π̄ + 0.04 π̄ + 0.04 π̄ + 0.04 − −
θ = 1 − − − − − π̄ + 0.04 π̄ + 0.08 π̄ + 0.12
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Question 2: The Macroeconomic Effects of the Indexa-

tion of Wages

Chapter 8, Q6. The macroeconomic effects of the indexation of wages

Problem

Suppose that the Phillips curve is given by

πt − πe
t = 0.1− 2ut (1)

where
πe
t = πt−1 (2)

Suppose that inflation in year t− 1 is zero. (There is a typo in the textbook.) In year t,
the central bank decides to keep the unemployment rate at 4% forever.

(a) Compute the rate of inflation for years t, t+ 1, t+ 2 and t+ 3.

Now suppose that half the workers (50%) have indexed labor contracts. It is introduced
in Section 8.4 in the textbook:

When the inflation rate becomes high, the terms of wage agreements tend to change with
the level of inflation. Wage indexation is a provision that automatically increases wages in
line with inflation. Suppose λ a proportion of labor contracts that is indexed, so nominal
wages move one-for-one with changes in the actual price level, the Phillips curve becomes:

πt = [λπt + (1− λ)πt−1]− α(ut − un) (3)

When λ > 0, equation (3) becomes:

πt − πt−1 = − α

1− λ
(ut − un) (4)

(b) What is the new equation for the Phillips curve?

(c) Based on your answer to part b, recompute your answer to part a.

(d) What is the effect of wage indexation on the relation between π and u?

9
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Solution

Method 1: Direct computation from the given equations

(a) Using (2), expected inflation is
πe
t = πt−1.

Substituting this into (1),
πt − πt−1 = 0.1− 2ut.

The central bank keeps unemployment at

ut = 0.04.

Therefore
πt − πt−1 = 0.1− 2(0.04) = 0.1− 0.08 = 0.02.

Since inflation in year t− 1 is zero,

πt−1 = 0.

Hence
πt = 0 + 0.02 = 0.02,

πt+1 = πt + 0.02 = 0.04,

πt+2 = πt+1 + 0.02 = 0.06,

πt+3 = πt+2 + 0.02 = 0.08.

Therefore,

πt = 0.02, πt+1 = 0.04, πt+2 = 0.06, πt+3 = 0.08.

(b) To obtain the new Phillips curve under wage indexation, we first infer α and un from
the original Phillips curve.

From
πt − πt−1 = 0.1− 2ut,

write the right-hand side as

0.1− 2ut = −2(ut − 0.05).

Therefore
α = 2, un = 0.05.

Since half the workers have indexed contracts,

λ = 0.5.

Using equation (4),

πt − πt−1 = − α

1− λ
(ut − un) = − 2

1− 0.5
(ut − 0.05) = −4(ut − 0.05).

10
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Expanding,
πt − πt−1 = 0.2− 4ut.

Hence the new Phillips curve is

πt − πt−1 = 0.2− 4ut.

(c) Now continue to assume
ut = 0.04

forever. Then the new Phillips curve gives

πt − πt−1 = 0.2− 4(0.04) = 0.2− 0.16 = 0.04.

Starting from πt−1 = 0,
πt = 0.04,

πt+1 = 0.08,

πt+2 = 0.12,

πt+3 = 0.16.

Therefore, with wage indexation,

πt = 0.04, πt+1 = 0.08, πt+2 = 0.12, πt+3 = 0.16.

(d) Without wage indexation,
πt − πt−1 = 0.1− 2ut.

With 50% wage indexation,

πt − πt−1 = 0.2− 4ut.

The slope with respect to unemployment changes from −2 to −4. Thus the relation
becomes steeper in absolute value.

This means that for a given unemployment gap, inflation changes more rapidly over
time. In particular, if unemployment is below the natural rate, inflation rises faster
with wage indexation; if unemployment is above the natural rate, inflation falls faster
with wage indexation.

Therefore,

Wage indexation steepens the Phillips relation and makes inflation more
responsive to unemployment.

11
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Method 2: Unemployment-gap form and arithmetic-progression
method

The original equations imply
πt − πt−1 = 0.1− 2ut.

We rewrite this in natural-rate form:

0.1− 2ut = −2(ut − 0.05).

Hence
πt − πt−1 = −2(ut − un), un = 0.05.

So the economy’s natural rate is

un = 5%.

(a) The central bank sets u = 0.04, so

u− un = 0.04− 0.05 = −0.01.

Therefore
πt − πt−1 = −2(−0.01) = 0.02.

So inflation follows an arithmetic progression with common difference 0.02. Since
πt−1 = 0,

πt+k = 0.02(k + 1), k = 0, 1, 2, 3.

Thus
πt = 0.02, πt+1 = 0.04, πt+2 = 0.06, πt+3 = 0.08.

(b) Under wage indexation, equation (4) states

πt − πt−1 = − α

1− λ
(ut − un).

From the original form we identified α = 2, un = 0.05, and now λ = 0.5. Hence

πt − πt−1 = − 2

0.5
(ut − 0.05) = −4(ut − 0.05) = 0.2− 4ut.

So the indexed Phillips curve is

πt − πt−1 = 0.2− 4ut.

(c) With u = 0.04,

πt − πt−1 = −4(0.04− 0.05) = −4(−0.01) = 0.04.

Thus inflation again follows an arithmetic progression, now with common difference
0.04. Since πt−1 = 0,

πt+k = 0.04(k + 1), k = 0, 1, 2, 3.

Hence
πt = 0.04, πt+1 = 0.08, πt+2 = 0.12, πt+3 = 0.16.
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(d) In gap form, the no-indexation case is

∆πt := πt − πt−1 = −2(ut − un),

while the indexed case is
∆πt = −4(ut − un).

The coefficient on the unemployment gap doubles in magnitude. So the ∆π-u relation
pivots and becomes steeper around the same natural rate un = 0.05. This means:

� the same deviation of unemployment below un generates a larger increase in inflation;

� the same deviation of unemployment above un generates a larger decrease in inflation;

� inflation becomes more inertial and more sensitive to labour-market conditions once
indexation is present.

Therefore,

Wage indexation makes the Phillips relation steeper: inflation changes faster
for any given unemployment gap.

0 2 · 10−2 4 · 10−25 · 10−26 · 10−2 8 · 10−2 0.1
−8 · 10−2

−4 · 10−2

0

4 · 10−2

8 · 10−2

0.12
un = 0.05

Unemployment rate, u

∆
π
=

π
t
−

π
t−

1

No indexation
50% indexation
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