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5. Lucas Critique (1976)
(a) Old view

Zt — F(Xtagtaet)a

z; = (private sector) economic variables

x; = exogenous and predetermined/lagged variables
g; = government policy variables G (z;,x;, e;),

e; = Subjective expectations of future variables

= H(z¢,%X¢,8t) -

Taking H (-) as given, estimaté’ (x;, g;, e;) from
historical data, then sét (-) to achieve goals.
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5. (b) Lucas’ critique

#® H () andthusF (-) will change withG () (aswell as
changesin other aspectsof F'(-)).

# Estimates of (the parameters @f)-) based on
historicalG () are reduced-fornastimates that are
not invariant to changes in other parameters.

# Need estimates of the structumrameters of the

underlying model (e.qg., preference, technology
parameters).

(c) Example: AD-AS model

# Old approach: non-rational expectations.
# Lucas’s approach: rational expectations.
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5. (d) Summary
#® The response of private agents to changes in policy

9

variables depends on the government’s policy rules.
Why? Agents are forward-looking, and their
predictions of the future depend on the policy rules
In effect.

Estimating the way in which agents respond to policy
variables under the rules in effect for the data does

not tell us how agents will respond if the policy rules
are changed.
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6. Phillips Curve

(a) Phillips (1958): data show inverse relationship between
nominal wage growth and unemployment:

AW, ,
= ) < 0
v = unemployment rate

(b) Ifinflation, 7, = AP,/P,_1 =~ Aln (F;), iIncreases in
AW, /Wi_1, we get an inflation-unemployment
trade-oft
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6. Phillips Curve

(c) ThenifY (or AY) increases in employment, we get an
Inflation-output trade-off

® Close link to earlier AS curve:

Yt = pt — Et—l (pt) ;

and ifEt—l (pt) = pt—1, Yt = 4.

# N.B. even though price expectations are updated,
there is a permanenmtflation-output trade-off.

# Money can be neutrabut not superneutrathe

growth rate of money can affect real quantities even
If the level doesn't.
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6. (d) Friedman (1968) and Phelps (1970): no permamngint
trade-off.

# Expectations-augmented Phillips curve:

Tt = Et—l (7Tt) —+ h (ut — un) ,
h(0) = 0, A ()<0,
u, = hatural rate of unemployment

#® The AS curve is essentially an expectations-
augmented Phillips curve:

Yy = Dt — Et—l (pt)
— (pt — pt—l) — (Et—l (Pt) — pt—1)

— Tt — Et—l (7'('75) .
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6. (d)® Long-run Phillips curve is vertical at,, asE;_; (m;)

adjusts.
A Long-run
~ Phillips Curve
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6. (d)® Friedman & PhelpsE;_; (m;) = m_1.
s No permanent /u trade-off. Money Is
superneutral.
s One-time Increase in worsens trade-off forever.

s Long-term employment increase requires
accelerating inflation.

# Lucas: applied Muth’s (1960) concept of rational
expectations.
# Evidence: Phillips curve shifted up in 1970s.

s Supply shocksir andu bothincreased (unlike AD
shocks)

s Expansionary monetary policy

s FE; 1 (m) adapted to the inflation caused by the
previous two events.
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/. Conditional expectations and linear projections

(a) Conditional expectation: function that minimizes the
mean squared forecast error.

B (Y] X) = argmin £ ([ - f (X)]*).
{f)}

N.B. X is a vector.

(b) Best linear predictor or linear projection: lindanction
that minimizes the mean squared forecast error.

E(Y]X)= argmin B (Y - f(X)]").
{linear f(-)}
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/. Conditional expectations and linear projections

(c) E(Y|X)=FE(Y|X)whenE (Y|X)is linear

J
Y = oz+zj:1 X;B; + ¢,
E(elz) = 0, (WLOG).

® F (e|x)=0Is an example of mean-independence

weaker than independence.
o If (Y, X) are distributed multivariate normal

s E(Y|X)islinear.
s If C(Y,X)=0,X andY are independent.
(Usually works only the other way.)
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7. (d) Least squares normal equations
# Objective:

{a’{rai%:l}E ([Y _ (a + ijl X;’@)l 2)

# First order conditionsNote: problem is convex)

_2E<[Y_<a+zj_lxjﬁj)]) — 0,
_QE([y_(mzjzlxjﬁj)]Xk) ~ 0,

fork=1,2,..J.
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7. (d) Least squares normal equations

® [orecasterror =Y — (a + Z}']:1 Xjﬁj) IS:

s Zero-mean.
s Uncorrelated withX.

® |n matrix form,

/;\

1Y

| Xy

(1 X
X1 X1X4

\XJ XX

X1Xy

XJXJ)

(o)

b1

5
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7. (d) Least squares normal equations
® LetX be arowvector and rewrite in matrix form:

1 1 X
E _ B
X'y X' X'X

s Firstline:a=FE(Y) - E(X)p.
s Second line:

E(X'Y)

E(X)a+FE(X'X) g

(

V)

EXYE(Y)-EX)EX)s+ E(X'X)p
B (X'X) - BE(X) E(X)] 8+ E(X) E(Y)

EX)E(Y)+V(X)8.
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7. (d)e Matrix form
s Firstline:

a=E()—-E(X)B.

s Second line:
EXY)-EXYEY)=V(X)p

s Final result:
B = V(X)) oX\Y),

E(Y|X) = a+XJ
— EY)+[X-E(X)]s.
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7. (d)e Matrix form
o Final result:

5= VX)) oXLY),
E(Y|X) = E(Y)+[X-E(X)] 3
s Analytical shortcut: First fings, using variances
and covariances; then find usingg, £ (Y) and
E (X).
# Scalar case:

E(Y|X)=a+pX =E(Y)+ 22X - E(X))].

0%
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8. Lucas’ (1972) Signal Extraction Model

(a) Outline

# One good
# Many isolated markets
# Random disturbances

s Distribution of aggregate demand: market-specific
real shocks
s Aggregate monetary shocks

® Information set

s No direct info about current monetary policy.
Infer from prices in own market.

s Perfect info about all previous shocks in all
markets.
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8. (b) The model

ye (1) = yr +2¢ (1) — 2t — 11 (1), (1)
re (1) = pt (2) — Dy, (2)
yr (1) = aF (ry ()| I; (1)), a >0, (3)
Yt = % Zil ye (), (4)
=<3 pi). ©)
2t = % Zjil 2t (1) (6)
Yt = My — Pt, (7)

701: Lucas Critique — p. 18/28



8. (b) The model

p: (1) = In(price of good;),
2z (1) = real shock, 1.i.d. across mkts. and time
with E (2 (i) = 0,V (2 (i) = o2,

y: (1) = In(output in mkt.7),

1y = In(aggr. outpu,

p: = In(aggr. price level

my = In(money supply

— i.i.d. process WithE (my) =m, V (my) = 02,

my andz (i) Independentyt, s, 1,
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8. (b) The model

(25 (k) ,ps (k) us (K),  Vk, s <t,
I (1) = < ps, 25, Mg, Ys, Vs <, . (8)
| P (4)

I; (i) = information set for mkt; at timet.

701: Lucas Critique — p. 20/28



8. (c) Signal extraction problem: Extracting(z) from p; (7).

# Assumem; andz; (i) are eachv V.
# Guess and verify

s Minimal guessir; (i) andp; are mutally and
serially independent and .
s Time saver: Assume that

ye (1) = b (pe (1) — E (pr)) -

which implies (show this!)
m, (9)

re (i) = 2t (1) — 2] . (10)
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8. (c)® Guess and verify

s Then{{r; (i)};.{p: (i)};} ~ MVN.

s Multivariate normality stronger than individual
normality.

s Collections of independent normal variables are
MVN.

s Linear combinations oM/ V N\ variables are
MVN.

# The guess implies

E(ry ()1 (@) = E(re(i)|pe (i)

= FE(r: (1)) +
C'(re (i), pe (1))

V (pe (2))

pe (1) — £ (pt (2))] -
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8. (c) Extracting (7) from p; (¢)
Use equations (2), (6), (9) and (10):

E(p: (i) = E(pt+7e(7))

— E(pt+1_1|_b[zt(i)—2t]) = FE(pt),

Vipe (1)) = V(pe+re(i))

me + bm
=V
L+0
1 1 N
+1+b [Zt (Z)_szzlzt (J)])



8. (c) Extracting (7) from p; (¢)

Continue with equations (2), (6), (9) and (10):

C (r¢ (2) ,pe + 14 (2))
V(e (7))

C (re (2) ,pt (1))

(

1
1+0b

2
)
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8. (c) We thus have
E(ry ()| (1) = E(r:(i))+

C (14 (1) ,pe (1)) B ;
vV (pt (Z)) [pt (Z) k (pt ( ))]
no? |
= 0+ 5 +’7‘;702 pt (1) — E (pt)] .
which with (3) yields
ye (1) =0 (pt (1) — E (pt)) , (3)
no’
ST

confirming our guess!
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8. (c) Extracting (7) from p; (¢)
o \We found that

2

s () = B ()]

Yt (1) = «

# |Intepretation

s 02 =0= 1 (i) = 0. All shocks are aggregate
price (money) shocks, and money is neutral.

s 07, =0= 1y (i) = 1% [2 (i) — z]. All shocks are
local and real, and responded to fully.
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8. (d) The Lucas AS curve
# Use (3), (4) and (5) to aggregate across firms and

get:

Insert (9) to get the Lucas AS curve:

b

Yt = 1——|—b (mt — m) . (11)

Standard result: only unexpected money matters.
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8. (e) lllustrates the Lucas critique.

# What is the effect of increasing,?

# Old approach: takéas given=V (y;) Increases
in o2 .
# Lucas critiqgue= b is not invariant tar?,. Rather,

Vig) = (%) 2 O

andV (y;) decreases in?,.

701: Lucas Critique — p. 28/28



