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AGGREGATE DEMAND

So far we have studied the behavior of individual consumers and firms
taking the path of interest rates and aggregate income as given.

In general equilibrium, consumption, investment, aggregate income
Y , and the interest rate r are all co-determined.

Now we’ll combine the various elements together.
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BIG PICTURE ROAD MAP

We started by thinking about microfoundations: how do individual
agents make decisions?

1 Consumption/savings: Euler equation, borrowing constraints,
behavioral/high discounting. Predictions of permanent income
hypothesis versus high MPC if borrowing constrained.

2 Investment: Tobin’s q as sufficient statistic versus cash flow sensitivity.

3 Price setting.

4 Monetary policy.

IS-MP/Old Keynesian: no explicit optimization.

New Keynesian: combine elements of this lecture with optimizing
decisions by agents.
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CONSUMPTION MICROFOUNDATION SUMMARY

MPC out of: Response to:

Type y0 yh, h > 0 yt , ∀t r ↑ Uncertainty ↑
Intertemporal optimizer:

Patient r
1+r

1
(1+r)h

r
1+r 1 ↓ if σ > 1 ↓

Impatient 1 1
(1+r)h ∑

T
t=0

1
(1+r)t ↓ if σ > 1 ↓

Constrained 1 0 1 0 0
Rule-of-thumb α 0 α b0 0

Many types of consumption behavior possible.

Different predictions.
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TOBIN’S Q SUMMARY

qt =
1

pKt

1

1 + r

∞

∑
s=t

(
1−δ

1 + r

)s−t
(FKs −ΦKs ) .

Investment increasing in profitability FK .

Investment declining in cost of capital pKt .

Investment declining in interest rate r .

Investment declining in depreciation rate δ .

Investment declining in dividend taxes.

Investment increasing in investment tax credits.
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RAUH (JF 2006) INVESTMENT AND FINANCING

CONSTRAINTS
Investment and Financing Constraints 51
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Figure 5. Kernel regressions of capital expenditures and pension contributions on fund-
ing status. Kernel regression estimation is performed on pooled data using the Epanechnikov

kernel. The funding status is aggregated to the firm level. The top graph shows the relationship

between funding status and pension contributions. The bottom graph shows the relationship be-

tween funding status and capital expenditures. The error bounds are 95% confidence intervals

(±1.96 standard deviations). The bandwidth of 0.1 is validated using a cross-validation algorithm

that minimizes the sum of squared residuals (Härdle (1990), p. 159). The error bounds are pointwise

confidence intervals, calculated using an algorithm that is based on the variance of the estimate

(Härdle (1990), p. 100).
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FIRM PRICE SETTING PROBLEM, STICKY PRICES
Now suppose firm chooses one price to last for T + 1 periods.
Firm has forecast of average price Pt+1,Pt+2, . . . .
Firm maximizes discounted real profits with discount factor β :

max
Pi ,t ,{Yi ,t+h}Th=0

T

∑
h=0

β
h

[
Pi ,t

Pt+h
Yi ,t+h−C (Yi ,t+h)

]
s.t. ??

= max
Pi ,t

T

∑
h=0

β
h

[(
Pi ,t

Pt+h

)1−ε

−C

((
Pi ,t

Pt+h

)−ε
)]

.

FOC:

T

∑
h=0

β h

Pt+h

[
(1− ε)

(
Pi ,t

Pt+h

)−ε

+ ε

(
Pi ,t

Pt+h

)−ε−1

C ′ (Yi ,t+h)

]
= 0

⇒
T

∑
h=0

β h

Pt+h

(
Pi ,t

Pt+h

)−ε [
(1− ε) + ε

(
Pt+h

Pi ,t

)
C ′ (Yi ,t+h)

]
= 0

⇒
T

∑
h=0

(
β
h Pt

Pt+h

)
Yi ,t+h

[
Pi ,t −

ε

ε−1
Pt+hC

′ (Yi ,t+h)

]
= 0

.
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BIG PICTURE ROAD MAP

We started by thinking about microfoundations: how do individual
agents make decisions?

1 Consumption/savings: Euler equation, borrowing constraints,
behavioral/high discounting. Predictions of permanent income
hypothesis versus high MPC if borrowing constrained.

2 Investment: Tobin’s q as sufficient statistic versus cash flow sensitivity.

3 Price setting.

4 Monetary policy.

IS-MP/Old Keynesian: no explicit optimization.

New Keynesian: combine elements of this lecture with optimizing
decisions by agents.
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MONETARY POLICY FEEDBACK RULE (TAYLOR RULE)

it,t+1 = r∗t,t+1 + π
∗
t,t+1 + φY (Yt −Y ∗t ) + φπ(πt,t+1−π

∗
t,t+1).

Y ∗t : Fed’s target for output; π∗t,t+1: Fed’s target for inflation (2%);
r∗t,t+1: real interest rate when Yt = Y ∗t and πt,t+1 = π∗t,t+1.

φY > 0: when output is below target, Fed lowers interest rates.

φπ > 0: when inflation is above target, Fed raises interest rates.

Assumption: φY ,φπ large enough, and inflation sluggish enough, that
Fed raises real interest rate. This is usually true.
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BIG QUESTIONS

What tools do governments have to stabilize economic fluctuations?

Fiscal policy: increase government spending or reduce taxes.

Monetary policy: lower the policy interest rate.

Why would these tools work? Why wouldn’t they?
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OUTLINE

1 OVERVIEW

2 IS CURVE

3 MP CURVE

4 IS-MP

5 MONETARY POLICY: EVIDENCE



CLOSED ECONOMY, GOODS MARKET
Total expenditure:

Y = C + I +G . (1)

Consumption expenditure:

C = C0 +C1× (Y −T ) . (2)

I 0≤ C1 < 1: marginal propensity to consume.

Investment expenditure:

I = I0 + I1× (Y −T ) + I2(r). (3)

I 0≤ I1 < 1: marginal propensity to invest.
I I ′2(r) < 0.

G : government purchases of output. Exogenous.
T : government taxes. Exogenous.
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TERMINOLOGY REMINDER

Models consist of systems of equations.

An equation contains exogenous variables, endogenous variables,
and parameters.

Variables: quantities, prices, etc.

I Exogenous variables: determined outside system with no feedback.
“Driving forces.”

I Endogenous variables: determined within the system by equilibrium.

Parameters: constants of system.

In reality, all variables are endogenous if you include enough
equations. Art of model writing is choosing a parsimonious system
and determining which variables can be taken as exogenous w.r.t that
system.
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KEYNESIAN CROSS

(2)+(3)+G :

C + I +G = [C0 +C1 (Y −T )]︸ ︷︷ ︸
C

+[I0 + I1 (Y −T ) + I2(r)]︸ ︷︷ ︸
I

+G

= C0 + I0 +G − (C1 + I1)T + I2(r) + (C1 + I1)Y .︸ ︷︷ ︸
Planned expenditure (PE)

Actual expenditure (AE ):

C + I +G = Y .

Equilibrium: PE = AE .
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GEOMETRIC EQUILIBRIUM: KEYNESIAN CROSS

Income,output,Y

C + I +G

PE (r ;G ,T )

C0 + I0 + I2(r)+
G − (C1 + I1)T

AE = 45◦ line

Y (r ;G ,T )

PE = [C0 + I0 + I2r +G − (C1 + I1)T ] + (C1 + I1)Y . Total
expenditure as function of Y , at given level of r ,G ,T .

Slope of PE : C1 + I1 < 1: marginal propensity to spend.

Y (r ;G ,T ): equilibrium output given r ,G ,T .
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GOVERNMENT SPENDING ↑, r FIXED

Income,output,Y

C + I +G

PE (r ;G ,T )

C0 + I0 + I2(r)+
G − (C1 + I1)T

AE = 45◦ line

Y (r ;G ,T )

PE (r ;G + ∆,T )

G → G + ∆

Y (r ;G + ∆,T )

Algebraic:
∂Y

∂G

∣∣∣∣
r fixed

=
1

1−C1− I1
≥ 1.

Result: if r fixed, limC1,I1→0
∂Y
∂G = 1.
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CHANGES IN r

Income,output,Y

C + I +G

PE (r ;G ,T )

C0 + I0 + I2(r)+
G − (C1 + I1)T

AE = 45◦ line

Y (r ;G ,T )

PE (r −∆;G ,T )

I2(r)→ I2(r −∆)

Y (r −∆;G ,T )

r ↓⇒ I ↑⇒ Y ↑.
Figure shows two possible equilibrium duples of Y , r .
An infinite number of possible combinations of Y , r exist that would
satisfy equilibrium.
The IS curve is the set of points in Y , r space such that equilibrium
obtains in the goods market.
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IS CURVE ALGEBRAICALLY
3 equations in 4 unknowns Y ,C , I , r :

Y = C + I +G ,

C = C0 +C1 (Y −T ) ,

I = I0 + I1 (Y −T ) + I2(r).

Y ,C , I , r are endogenous variables. G ,T are exogenous variables.
C0,C1, I0, I1, I2 are parameters.

Substitute and solve:

Y = [C0 +C1 (Y −T )]︸ ︷︷ ︸
C

+[I0 + I1 (Y −T ) + I2(r)]︸ ︷︷ ︸
I

+G

= [C0 + I0 + I2(r) +G − (C1 + I1)T ] + (C1 + I1)Y ,

=⇒ (1−C1− I1)Y = [C0 + I0 + I2(r) +G − (C1 + I1)T ] ,

=⇒ Y =
C0 + I0 +G − (C1 + I1)T

1−C1− I1
+

I2(r)

1−C1− I1
.
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IS CURVE ALGEBRAICALLY

From previous slide:

Y =
C0 + I0 +G − (C1 + I1)T

1−C1− I1
+

I2(r)

1−C1− I1
.

This is 1 equation in 2 unknowns Y , r . It desribes a curve in Y , r
space.

We call this curve the IS curve. IS stands for investment-saving.

The IS curve describes the relationship between aggregate
expenditure and the real interest rate.
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OUTLINE

1 OVERVIEW

2 IS CURVE

3 MP CURVE

4 IS-MP

5 MONETARY POLICY: EVIDENCE



MONETARY POLICY FEEDBACK RULE (TAYLOR RULE)

it,t+1 = r∗t,t+1 + π
∗
t,t+1 + φY (Yt −Y ∗t ) + φπ(πt,t+1−π

∗
t,t+1).

Y ∗t : Fed’s target for output; π∗t,t+1: Fed’s target for inflation (2%);
r∗t,t+1: real interest rate when Yt = Y ∗t and πt,t+1 = π∗t,t+1.

φY > 0: when output is below target, Fed lowers interest rates.

φπ > 0: when inflation is above target, Fed raises interest rates.

Assumption: φY ,φπ large enough, and inflation sluggish enough, that
Fed raises real interest rate. This is usually true.

Simplifying assumption: Fed directly controls short term real interest
rate:

rt,t+1 = r(Yt ;πt,t+1), r ′(Yt) > 0.

I Treat πt,t+1 as exogenous variable.
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An Increase in Government Purchases 

Suppose that government purchases increase. Government purchases are a component of 

planned expenditure. Thus the rise in purchases affects the IS curve. To see how, we use the 

Keynesian cross diagram shown in Figure I-4. Recall that the Keynesian cross shows planned 

expenditure as a function of output for a given level of the real interest rate. Thus the intersection 

of the planned expenditure line and the 45-degree line shows equilibrium output for a given 

interest rate. That is, it determines a point on the IS curve. 

The increase in government purchases raises planned expenditure at a given level of 

income. Thus, as the figure shows, it shifts the planned expenditure line up. This increases the 

equilibrium level of income at the interest rate assumed in drawing the diagram. 

Figure I-3.  The IS-MP Diagram 

Output 

Interest 
Rate 

IS 

MP 
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COMMENTS

1 IS-MP is modern version of IS-LM, which was introduced by John
Hicks in 1937: “Mr. Keynes and the ‘Classics’; A Suggested
Interpretation”, Econometrica 5 (2): 147-159.

2 It sometimes gets criticized as ad hoc or simplistic. Why?

I We started by replacing consumption and investment demands we
derived from agents’ optimization problems with simple behavioral
equations.

I The behavioral equations do not have the forward-looking component
of the optimization decisions.

I The time horizon is funny. Assumption of sluggish or exogenous
inflation okay in short run but not in long run.

I The time horizon is funny. Short term interest rate versus long term
interest rate.

3 But the model gives simple intuitions which survive in more
complicated frameworks.
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GOVERNMENT SPENDING ↑
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purchases crowd out investment in the short run, just as they do in the long run.2 Since 

consumption is an increasing function of disposable income, on the other hand, the increase in 

income resulting from the rise in government purchases raises consumption.3 

 

A Shift to Tighter Monetary Policy 

We can also analyze a change in monetary policy. Specifically, suppose the central bank 

changes its monetary policy rule so that it chooses a higher level of the real interest rate at a given 

level of output than before. This move to tighter monetary policy corresponds to an upward shift of 

                                          
   2 See Section 3-4 of Mankiw for the long-run effects of a change in government purchases. 
   3 This is based on Mankiw’s assumptions about how the components of output are determined:  ܥ ൌ ሺܻܥ െ ܶሻ, 
ܫ ൌ  ሻ, with C an increasing function of Y – T and I a decreasing function of r. See Problem 2 at the end of thisݎሺܫ
section for the implications of some other assumptions.  

Output 

Interest 
Rate 

MP 

Figure I-5.  The Effects of an Increase in Government     
 Purchases on Output and the Interest Rate 

IS0 

IS1 

Output and interest rate both rise. Size of “multiplier” depends on
slope of MP curve. Compare to earlier.
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GOVERNMENT SPENDING ↑, ALGEBRAIC
IS curve and MP curve give two equations in two unknowns r ,Y :

Y =
C0 + I0 +G − (C1 + I1)T

1−C1− I1
+

I2(r)

1−C1− I1
,

r = r(Y ), r ′(Y ) > 0.

Implicitly differentiate first equation with respect to G :

∂Y

∂G
=

1

1−C1− I1
+

(
1

1−C1− I1

)
∂ I2
∂ r

∂ r

∂Y

∂Y

∂G

=

[
1−
(
I ′2(r)r ′(Y )

1−C1− I1

)]−1 1

1−C1− I1

<
1

1−C1− I1
=

∂Y

∂G

∣∣∣∣
r fixed

.

Fed responds to expansionary fiscal policy by raising interest rate.
Implication: fiscal multiplier larger if Fed does not respond by
tightening policy. When might this be true?
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TAX INCREASES, ALGEBRAIC
IS curve and MP curve give two equations in two unknowns r ,Y :

Y =
C0 + I0 +G − (C1 + I1)T

1−C1− I1
+

I2(r)

1−C1− I1
,

r = r(Y ), r ′(Y ) > 0.

Implicitly differentiate first equation with respect to T :

∂Y

∂T
=− C1 + I1

1−C1− I1
+

(
1

1−C1− I1

)
∂ I2
∂ r

∂ r

∂Y

∂Y

∂T

=−
[

1−
(
I ′2(r)r ′(Y )

1−C1− I1

)]−1 C1 + I1
1−C1− I1

=−(C1 + I1)
∂Y

∂G
.

Prediction: G multiplier larger than T multiplier.
Implication: balanced budget multiplier ∂Y

∂G −
∂Y
∂T > 0.

Static: T not a function of Y , not distortionary.
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MONETARY POLICY TIGHTENS
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output to keep output at roughly the same level as before. 

Figure I-7 shows the effects of these developments. The increase in taxes shifts the IS 

curve to the left. The reasoning is essentially the reverse of our earlier analysis of a rise in 

government purchases. Since consumption depends on disposable income, Y − T, the increase in T 

reduces consumption at a given Y. Thus it shifts the planned expenditure line in the Keynesian 

cross down, and so reduces equilibrium output at a given interest rate. And the Federal Reserve’s 

decision to reduce the interest rate at a given level of output causes the MP curve to shift down. By 

assumption, the new IS and MP curves cross at the same level of output as before. 

Although this simultaneous change in fiscal and monetary policy does not change overall 

output, it does change its composition. With income unchanged and taxes higher than before,  

Figure I-6.  The Effects of a Shift to Tighter Monetary Policy  

Output 

Interest 
Rate 

MP0 

IS 

MP1 

Example: πt > π∗t , so Fed raises real interest rate at given level of
output. Output falls.
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THE ST. LOUIS EQUATION

In the 1960s, economists at the St. Louis Federal reserve attempted
to determine the impact of money on output by running a variant of
the regression:

∆lnYt = a+bit + et .

Regression coefficient b is the “best fit” relationship between it and
Yt .

Does not recover causal effect of it on Yt if as in the IS-MP model
both are endogenous variables.

Counter-example: suppose the central bank chooses it perfectly to
stabilize fluctuations in Yt . Then b = 0 even though monetary policy
is perfectly effective.
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ROMER AND ROMER (AER 2004) APPROACH

Christina Romer and David Romer, “A New Measure of Monetary
Shocks: Derivation and Implications,” American Economic Review,
September 2004 (https:
//eml.berkeley.edu/~dromer/papers/AER_September04.pdf).

Need some part of monetary policy which is exogenous – determined
outside of the system.

Idea is to estimate monetary policy feedback rule and use the part not
explained by output or inflation:

it,t+1 = r∗t,t+1 + π
∗
t,t+1 + φY (Yt −Y ∗t ) + φπ(πt,t+1−π

∗
t,t+1) + et,t+1.

et,t+1 is exogenous component of monetary policy rate.

Romer and Romer use internal Federal Reserve forecasts of output
and inflation in the monetary policy rule, so et,t+1 is the part of the
interest rate not explained by the usual behavior of the Fed in
response to expected output and inflation.
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WHAT ARE SUCH MONETARY POLICY SHOCKS?

Change in operating procedure: target interest rate or money supply.

Federal Reserve beliefs: how Fed reacts depends on whether it thinks
monetary policy is effective.

Tastes and goals: Fed gets “fed up” with inflation.

Politics: sometimes Fed chair wants to please president to get
reappointed.
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EXAMPLE: RICHARD NIXON AND ARTHUR BURNS

In run-up to 1972 reelection campaign (of Watergate fame),
President Nixon pressured Federal Reserve Chairman Arthur Burns to
ease monetary policy to ensure a booming economy. Because of the
Nixon tapes, we have recorded evidence.

December 10, 1971. Burns: “I want more aggressive steps taken by
that committee on next Tuesday.” Nixon: “Great. Great. You can
lead ‘em. Just kick ‘em in the rump a little.” Burns: “Time is getting
short. We want to get this economy going.”

December 24, 1971. Nixon to George Shultz: “Do you feel, as far as
Arthur [Burns] and the money supply, we got that about as far as we
can turn it right now, have we? I mean as far as my influence on him,
that’s what I’m really asking.” Shultz: “Yeah. Well, you know he said
that he, that they voted to increase it [the money supply].” Nixon: “I
know. What was his view, his words?” Shultz: “’And I’m on the line
on that.”’ Nixon: “Well, you watch it and remind me. If I have to
talk to him again, I’ll do it. Next time I’ll just bring him in.”

Etc.
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Policy makers’ beliefs about the workings of
the economy are another source of shocks. For
example, in the early 1970’s the prevailing
framework at the Federal Reserve held that in-
flation was extremely unresponsive to economic
slack (Romer and Romer, 2002). One would
expect this belief to lead the Federal Reserve to
set lower interest rates than it otherwise would
have. And indeed, our shock series is generally
negative in 1971 and 1972.

A third source of shocks are the Federal Re-
serve’s tastes and goals. A Federal Reserve that
has a particular distaste for inflation, for exam-
ple, is likely to set higher interest rates than it
typically would. Our series shows obvious up-

ward spikes in 1969, 1973–1974, and 1979–
1982. These are three periods that we identified
in previous work as times when the Federal
Reserve decided that the current level of infla-
tion was too high and that it was willing to
endure output losses to reduce it (Romer and
Romer, 1989).10

10 These policy shifts involved more than mere changes
in tastes, and to a large extent reflected changes in the
Federal Reserve’s understanding of the economy. Thus
there is not a sharp distinction between shocks coming from
the Federal Reserve’s beliefs and ones stemming from its
tastes.

FIGURE 1. MEASURES OF MONETARY POLICY
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variable is troubling. Closer inspection of the
data reveals that this result is due to the April
1980 observation. Our shock measure for April
1980 is �3.2 percentage points, and industrial
production fell 2.5 percent (seasonally adjusted)
from April to May. Setting the April shock to
zero lowers the coefficient on the first lag from
0.0038 to 0.0023, and the t-statistic from 2.1 to
1.1. Examination of the Record of Policy Ac-
tions for the April 1980 meeting yields no evi-
dence that the FOMC’s decision to ease
aggressively was based on information about
unfavorable economic prospects beyond the in-
formation contained in the Greenbook forecast.
Indeed, if anything the members’ outlook may
have been less pessimistic than the forecast.
Thus, there is no reason to think that our shock
series is mismeasured. The most likely possibil-
ity is therefore that the positive coefficient on
the first lag of our shock variable reflects
sampling error due to the single extreme
observation.

Robustness.—We investigate the robustness
of these results along four dimensions. First,
because our estimated policy changes are larg-
est and least certain during the early part of the
period of nonborrowed reserve targeting under
Paul Volcker, we reestimate equation (2) treat-
ing the policy measure as missing from October
1979 through May 1981. Omitting these obser-
vations weakens the results only slightly. The
estimated peak effect is now �3.4 percent
rather than �4.3 percent, and the estimated
effect after 48 months is �0.2 percent rather
than �1.7 percent. The omission of the infor-
mation from the early Volcker era raises the

standard errors of the estimated effects only by
about 10 percent.

Second, we examine the effects of including
48 rather than 36 lags of the policy measure.
This change has virtually no impact on the point
estimates or standard errors through month 36.
Thereafter the inclusion of the additional lags
increases the extent of mean reversion. With the
additional lags, the estimated impact at month
48 is �0.8 percent rather than �1.7 percent.

Third, we investigate the robustness of our
findings to alternative specifications of the re-
gression used to derive the shock series. Using
any of the alternative shock series described in
Section I, subsection C, leads to very similar
estimates of the effect of monetary shocks on
output. For example, using the residuals from the
regression of the intended funds rate on Federal
Reserve forecasts estimated separately before and
after 1983 leads to an estimated peak effect of
monetary policy on output of �3.9 percent.

Fourth, we examine the effects of controlling
for a measure of supply shocks. We describe this
experiment in Section II, subsection C, below.

Broader Measures of Policy.—It is important
to compare the results using our measure with
those using broader measures. A finding that the
estimated effects of policy on output are similar
using both our new measure and broader mea-
sures would suggest that the broader measures
are not severely contaminated by endogenous
and anticipatory movements, and thus would
allow researchers to use those measures with
more confidence. A finding that the estimated
effects are very different, on the other hand,
would suggest that using a narrower measure
such as ours is important.

To investigate this issue, we reestimate equa-
tion (2) using the change in the actual funds rate
in place of our shock series. The top panel of
Figure 3 displays the estimated response of out-
put to a one-percentage-point rise in the funds
rate. The effects of policy using the change in
the actual funds rate are both substantially
slower and considerably smaller than with our
measure. The estimated effect becomes nega-
tive beginning in month 6, only a month later
than it does with our measure. However, the
effect is close to zero through month 10, and is
less than a third as large as with our measure
through month 17. The effect reaches �2.4

FIGURE 2. THE EFFECT OF MONETARY POLICY ON OUTPUT
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expenditures from the National Income and
Product Accounts.22 The estimated responses of
these series to a realization of our policy mea-
sure of one percentage point are given in Figure
5. Using either alternative, the price effects of a
monetary shock remain large and overwhelm-
ingly significant. There are two interesting dif-
ferences from our baseline results. First, the
effects are somewhat smaller: with either alter-
native, the impact after 48 months is �3.6 per-
cent (t � 4.3 for the CPI excluding shelter and
5.0 for the PCE price index), as opposed to
�5.9 percent (t � 5.5) when the PPI for finished
goods is used. Second, when we use the PCE
price index (but not the CPI excluding shelter),
the estimates suggest that the price level turns
lower immediately after a shock. The estimated
short-run price effects are quite small, however;
for example, the estimated effect after 18
months is �0.3 percent (t � 0.8).

Broader Measures of Policy.—We again
compare the results using our new policy mea-
sure with those obtained using the change in the
actual federal funds rate. Since the results are
similar for all three price measures, in this and
all subsequent analysis we only report the re-
sults using the PPI for finished goods. The top
panel of Figure 6 shows the estimated cumu-

lated response of the price level to a one-
percentage-point rise in the actual funds rate.
The estimates imply that the price level rises by
about 1 percent over the first two years after a
contractionary move and is then essentially con-
stant. Thus, the point estimates are radically
different from those using our new measure.
Moreover, in contrast to the results for output,
for prices the two-standard-error confidence in-
tervals using the actual funds rate and using our
new measure are far apart. At 48 months, for
example, the confidence interval is (�1.4%,
�3.3%) using the actual funds rate and
(�8.0%, �3.7%) using the new measure.

This finding that prices typically rise rather
than fall after Federal Reserve tightenings when
policy is measured using the funds rate is rep-
resentative of the “price puzzle” found by many
previous studies. The fact that there is a strong
price puzzle when the actual funds rate is used,
but not when our new measure is used, strongly
suggests that the funds rate is contaminated by
endogenous and anticipatory movements. As a
result, it yields inaccurate estimates of the ef-
fects of policy, at least in the simple specifica-
tions we consider. The next two subsections
address the question of whether the funds rate
can nevertheless yield accurate estimates in
more complicated specifications.23

The bottom panel of the figure shows the

22 The CPI data are from the Bureau of Labor Statistics
Web site, series CUUR0000SA0L2. The PCE data are from
the Bureau of Economic Analysis Web site (http://www.
bea.gov), series P1PCEG B. Because the PCE price index is
only available in seasonally adjusted form, in the regression
using this series we omit the seasonal dummies.

23 Because the estimated price effects using the actual
funds rate and using our new measure are of opposite signs,
considering the alternative path of the funds rate discussed
in footnote 19 does not eliminate the fundamental difference
between the two sets of estimates.

FIGURE 5. THE EFFECT OF MONETARY POLICY USING

ALTERNATIVE MEASURES OF THE PRICE LEVEL
FIGURE 4. THE EFFECT OF MONETARY POLICY ON THE

PRICE LEVEL
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