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THE QUESTION

What is the causal effect of monetary policy?

Empirical challenge:

Monetary policy is endogenous

Central banks employ legions of economists

to pour over every little detail of the data

Most common existing approaches to identification:

Controlling for things (VARs, Romer-Romer 04)

High frequency identification
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AN IV APPROACH

Trilemma instrument:

Countries with fixed exchange rate and open capital accounts are

forced to track base country interest rate movements

Use base country interest rate movements as an instrument
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EMPIRICAL SPECIFICATION

yi,t+h − yi,t−1 = αh
i + ∆ri,tγh + x∗

i,tβ
∗
i,t + ηi,t+h

Instrument for ∆ri,t with:

(∆r∗b(i),t − ∆̂r∗b(i),t )× PEGi,t × PEGi,t−1 × KOPENi,t

Controls: contemporaneous + 2 lags of change in:

GDP, C, I, CPI

short-rate, long-rate

house prices, stock prices

credit to GDP, world GDP
(excluding dependent and independent variables, of course)

Annual data on 17 countries from 1870 to 2013 (mostly post-WWII)
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MAIN RESULT

Table 4: LP-OLS vs. LP-IV. Attenuation bias of real GDP per capita and CPI price responses to interest
rates. Trilemma instrument. Matched samples

Responses at years 0 to 4 (100× log change from year 0 baseline).

(a) Full sample Output response OLS=IV Price response OLS=IV

Year LP-OLS LP-IV p-value LP-OLS LP-IV p-value
(1) (2) (3) (4) (5) (6)

h = 0 0.10∗ -0.22∗ 0.01 0.09 -0.22 0.11
(0.04) (0.13) (0.05) (0.20)

h = 1 -0.16 -1.05∗∗∗ 0.00 0.22∗∗ -0.70∗∗ 0.01
(0.10) (0.23) (0.10) (0.33)

h = 2 -0.19 -2.00∗∗∗ 0.00 0.11 -1.61∗∗∗ 0.00
(0.15) (0.35) (0.14) (0.44)

h = 3 -0.21 -2.31∗∗∗ 0.00 -0.08 -2.91∗∗∗ 0.00
(0.19) (0.44) (0.22) (0.70)

h = 4 -0.06 -2.97∗∗∗ 0.00 -0.17 -3.88∗∗∗ 0.00
(0.22) (0.63) (0.32) (0.92)

KP weak IV 48.14 42.76
H0 : LATE = 0 0.00 0.01

Observations 667 667 667 667

(b) Post-WW2 (1) (2) (3) (4) (5) (6)

h = 0 0.06∗ -0.03 0.31 0.07 0.19 0.45
(0.03) (0.08) (0.05) (0.16)

h = 1 -0.13 -0.90∗∗∗ 0.00 0.18∗∗ 0.10 0.78
(0.10) (0.24) (0.08) (0.29)

h = 2 -0.20 -1.89∗∗∗ 0.00 0.09 -0.50 0.11
(0.14) (0.37) (0.13) (0.37)

h = 3 -0.23 -2.03∗∗∗ 0.00 -0.13 -1.35∗∗∗ 0.01
(0.17) (0.42) (0.22) (0.45)

h = 4 -0.15 -2.62∗∗∗ 0.00 -0.30 -1.96∗∗∗ 0.00
(0.21) (0.63) (0.33) (0.57)

KP weak IV 37.03 33.86
H0 : LATE = 0 0.00 0.01

Observations 522 522 522 522

Notes: *** p <0.01, ** p <0.05, * p <0.1. Cluster robust standard errors in parentheses. Full sample: 1870–2013
excluding WW1: 1914–1919 and WW2: 1939–1947. PostWW2 sample: 1948–2013. Matched sample indicates
LP-OLS sample matches the sample used to obtain LP-IV estimates. KP weak IV refers to the Kleibergen-Paap
test for weak instruments. H0 : LATE = 0 refers to the p-value of the test of the null hypothesis that the
coefficients for h = 0, . . . , 4 are jointly zero for a given subpopulation. OLS=IV shows the p-value for the
Hausman test of the null that OLS estimates equal IV estimates. See text.
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MAIN RESULT: POST-WWII

Table 4: LP-OLS vs. LP-IV. Attenuation bias of real GDP per capita and CPI price responses to interest
rates. Trilemma instrument. Matched samples

Responses at years 0 to 4 (100× log change from year 0 baseline).

(a) Full sample Output response OLS=IV Price response OLS=IV

Year LP-OLS LP-IV p-value LP-OLS LP-IV p-value
(1) (2) (3) (4) (5) (6)

h = 0 0.10∗ -0.22∗ 0.01 0.09 -0.22 0.11
(0.04) (0.13) (0.05) (0.20)

h = 1 -0.16 -1.05∗∗∗ 0.00 0.22∗∗ -0.70∗∗ 0.01
(0.10) (0.23) (0.10) (0.33)

h = 2 -0.19 -2.00∗∗∗ 0.00 0.11 -1.61∗∗∗ 0.00
(0.15) (0.35) (0.14) (0.44)

h = 3 -0.21 -2.31∗∗∗ 0.00 -0.08 -2.91∗∗∗ 0.00
(0.19) (0.44) (0.22) (0.70)

h = 4 -0.06 -2.97∗∗∗ 0.00 -0.17 -3.88∗∗∗ 0.00
(0.22) (0.63) (0.32) (0.92)

KP weak IV 48.14 42.76
H0 : LATE = 0 0.00 0.01

Observations 667 667 667 667

(b) Post-WW2 (1) (2) (3) (4) (5) (6)

h = 0 0.06∗ -0.03 0.31 0.07 0.19 0.45
(0.03) (0.08) (0.05) (0.16)

h = 1 -0.13 -0.90∗∗∗ 0.00 0.18∗∗ 0.10 0.78
(0.10) (0.24) (0.08) (0.29)

h = 2 -0.20 -1.89∗∗∗ 0.00 0.09 -0.50 0.11
(0.14) (0.37) (0.13) (0.37)

h = 3 -0.23 -2.03∗∗∗ 0.00 -0.13 -1.35∗∗∗ 0.01
(0.17) (0.42) (0.22) (0.45)

h = 4 -0.15 -2.62∗∗∗ 0.00 -0.30 -1.96∗∗∗ 0.00
(0.21) (0.63) (0.33) (0.57)

KP weak IV 37.03 33.86
H0 : LATE = 0 0.00 0.01

Observations 522 522 522 522

Notes: *** p <0.01, ** p <0.05, * p <0.1. Cluster robust standard errors in parentheses. Full sample: 1870–2013
excluding WW1: 1914–1919 and WW2: 1939–1947. PostWW2 sample: 1948–2013. Matched sample indicates
LP-OLS sample matches the sample used to obtain LP-IV estimates. KP weak IV refers to the Kleibergen-Paap
test for weak instruments. H0 : LATE = 0 refers to the p-value of the test of the null hypothesis that the
coefficients for h = 0, . . . , 4 are jointly zero for a given subpopulation. OLS=IV shows the p-value for the
Hausman test of the null that OLS estimates equal IV estimates. See text.
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Figure 3: Full baseline results. Full sample
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Notes: Full sample: 1870–2013 excluding WW1: 1914–1919 and WW2: 1939-1947. LP-IV estimates displayed
with a solid blue line and 1 S.D. and 90% confidence bands. See text.
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OBSERVATIONS

Relatively few pre-WWII observations

Price response smaller in post-WWII sample

Output response looks permanent?

Important to look at path of short rate to be able to

interpret response of output

Large deviation from expectations hypothesis

(long rate rises between year 0 and 1)
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CORRELATED SHOCKS

Exclusion restriction:

Base country interest rate shock only affects home country output

through home country interest rates

Main threat to identification: Correlated shocks

Base country raises rates because of good news in that country

Good news may be correlated across countries

Makes sense to fix exchange rate to country you share shocks with
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CORRELATED SHOCKS: “UNANTICIPATED SHOCKS”

(∆r∗b(i),t − ∆̂r∗b(i),t )× PEGi,t × PEGi,t−1 × KOPENi,t

Instrument is “Taylor rule error”

(i.e., change not explained by observables)

Unconvincing for same reason as VAR is unconvincing

(monetary policy responds to many things than are not controlled for)
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CORRELATED SHOCKS: AGGREGATE SHOCKS

Authors control for world GDP

Why not include time fixed effects?

(i.e., non-parametrically control for all aggregate variables)

Would be better, but still not necessarily enough:

Countries may share regional and sectoral shocks

Not just world shocks
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CORRELATED SHOCKS: DIRECTION OF BIAS

Most shocks should cause upward bias

Good news in base correlated with good news at home

Demand shocks, shocks to natural rate

In this case, true effects even bigger than (already large)

effects estimated by authors

Exception: Cost push shocks
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SOURCE OF IDENTIFICATION

Author’s sample: country-year observations categorized as pegs

If all pegs were idealized open capital account pegs, first stage R2 = 1

Difference between OLS and IV come from deviation from this ideal

Authors are not using floats as a control group
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ALTERNATIVE SPECIFICATION

Include floats in sample and include time fixed effects

New instrument: base interest rate interacted with float/peg dummies

Idea for identification:

Suppose float vs. peg status is randomly assigned

Base country does not ↑ ∆r∗b(i),t when pegs doing well relative to floats

↑ ∆r∗b(i),t differentially increases rates for pegs versus floats

This is then exogenous variation in monetary policy

Look at how much more output falls for pegs versus floats

Identification comes from comparing pegs to floats
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POST-TREATMENT CONTROLS

Authors include contemporaneous controls

But contemporaneous variables may be affected by shock

Controlling for some of the effect!

(e.g., effect on yi,t controlling for ci,t and ii,t )

Authors want to be close to VAR timing assumption

Under this assumption ri,t affects yi,t but not vis-versa

(strong assumption at annual frequency)

Benefit: Can control for more stuff

If not true, identification potentially messed up
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LATE VERSUS ATE

Authors worry a lot about LATE versus ATE

LATE: Effect of interest rates for pegs

ATE: Average effect of interest rates for all countries

But not obvious to me why LATE 6= ATE

Large effects presumably reflect some sort of price adjustment frictions

Not obvious why pegs would be special in this regard

Exchange rate channel may cause difference. But is this first order?
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COMPARISON WITH ROMER-ROMER 04 INSTRUMENTTable 5: LP-OLS vs. LP-IV. Attenuation bias of real GDP per capita and CPI price responses to interest
rates. U.S. vs U.K. Trilemma versus RRCH instrument. Matched samples

Responses at years 0 to 4 (100× log change from year 0 baseline).

(a) RRCH IV Output response OLS=IV Price response OLS=IV

Year LP-OLS LP-IV p-value LP-OLS LP-IV p-value
(1) (2) (3) (4) (5) (6)

h = 0 0.11 0.39∗∗∗ 0.07 0.12 0.43∗ 0.19
(0.03) (0.16) (0.13) (0.23)

h = 1 -0.25 -0.23 0.90 0.47 0.83∗∗ 0.27
(0.20) (0.23) (0.13) (0.33)

h = 2 -0.74 -0.57 0.75 0.65∗∗ 0.79 0.82
(0.14) (0.53) (0.02) (0.62)

h = 3 -1.19∗ -0.69 0.55 0.08 -0.59 0.52
(0.10) (0.82) (0.39) (1.04)

h = 4 -0.97∗ 0.14 0.21 -0.51 -2.52∗ 0.16
(0.11) (0.89) (0.69) (1.42)

KP weak IV 13.12 12.85
H0 : LATE = 0 0.00 0.00 0.00 0.00

Observations 71 71 71 71

(b) Trilemma IV (1) (2) (3) (4) (5) (6)

h = 0 0.04 0.00 0.71 0.07 0.16 0.48
(0.02) (0.09) (0.05) (0.13)

h = 1 -0.12 -0.85∗∗∗ 0.00 0.18 0.04 0.60
(0.13) (0.22) (0.10) (0.26)

h = 2 -0.16 -1.61∗∗∗ 0.00 0.10 -0.69∗ 0.05
(0.18) (0.32) (0.14) (0.41)

h = 3 -0.15 -1.57∗∗∗ 0.00 -0.08 -2.17∗∗∗ 0.00
(0.21) (0.37) (0.21) (0.60)

h = 4 -0.08 -1.49∗∗∗ 0.00 -0.17 -3.49∗∗∗ 0.00
(0.25) (0.37) (0.34) (0.81)

KP weak IV 16.63 15.35
H0 : LATE = 0 0.05 0.00 0.01 0.00

Observations 372 372 372 372

Notes: *** p <0.01, ** p <0.05, * p <0.1. Cluster robust standard errors in parentheses. RRCH refers to the
Romer and Romer (2004) and Cloyne and Hürtgen (2014) IV. U.S. sample: 1969–2007. U.K. sample: 1976–2007.
Matched sample indicates that the LP-OLS sample matches the sample used to obtain LP-IV estimates. KP weak
IV refers to the Kleibergen-Paap test for weak instruments. H0 : LATE = 0 refers to the p-value of the test of
the null hypothesis that the coefficients for h = 0, . . . , 4 are jointly zero for a given subpopulation. OLS=IV
shows the p-value for the Hausman test of the null that OLS estimates equal IV estimates. See text.
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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

1071VOL. 94 NO. 4 ROMER AND ROMER: A NEW MEASURE OF MONETARY SHOCKS

Source: Romer-Romer 04
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WHY SO DIFFERENT?

Results using RR instrument very different from RR results. Why?

Different sample?

Includes UK

Updates sample period to the present

Different data frequency (annual versus monthly)?

Different specification?

Romer-Romer’s specification is more like a VAR

∆yt = a0 +
11∑

k=1

ak Dkt +
24∑

i=1

bi ∆yt−i +
36∑

j=1

cjSt−j + et

Coibion 12 shows that RR output response is sensitive to number of

lagged dependent variables included

Prices
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CONCLUSION

Very nice contribution to empirical literature on monetary non-neutrality

What would I do differently:

1. Drop contemporaneous controls

2. Add floats to sample and include time fixed effects

3. Instrument based on differential sensitivity of peg vs. float

interest rates to base interest rates

Steinsson (Columbia) Trilemma Instument 20 / 20
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COMPARISON WITH ROMER-ROMER 04 INSTRUMENTTable 5: LP-OLS vs. LP-IV. Attenuation bias of real GDP per capita and CPI price responses to interest
rates. U.S. vs U.K. Trilemma versus RRCH instrument. Matched samples

Responses at years 0 to 4 (100× log change from year 0 baseline).

(a) RRCH IV Output response OLS=IV Price response OLS=IV

Year LP-OLS LP-IV p-value LP-OLS LP-IV p-value
(1) (2) (3) (4) (5) (6)

h = 0 0.11 0.39∗∗∗ 0.07 0.12 0.43∗ 0.19
(0.03) (0.16) (0.13) (0.23)

h = 1 -0.25 -0.23 0.90 0.47 0.83∗∗ 0.27
(0.20) (0.23) (0.13) (0.33)

h = 2 -0.74 -0.57 0.75 0.65∗∗ 0.79 0.82
(0.14) (0.53) (0.02) (0.62)

h = 3 -1.19∗ -0.69 0.55 0.08 -0.59 0.52
(0.10) (0.82) (0.39) (1.04)

h = 4 -0.97∗ 0.14 0.21 -0.51 -2.52∗ 0.16
(0.11) (0.89) (0.69) (1.42)

KP weak IV 13.12 12.85
H0 : LATE = 0 0.00 0.00 0.00 0.00

Observations 71 71 71 71

(b) Trilemma IV (1) (2) (3) (4) (5) (6)

h = 0 0.04 0.00 0.71 0.07 0.16 0.48
(0.02) (0.09) (0.05) (0.13)

h = 1 -0.12 -0.85∗∗∗ 0.00 0.18 0.04 0.60
(0.13) (0.22) (0.10) (0.26)

h = 2 -0.16 -1.61∗∗∗ 0.00 0.10 -0.69∗ 0.05
(0.18) (0.32) (0.14) (0.41)

h = 3 -0.15 -1.57∗∗∗ 0.00 -0.08 -2.17∗∗∗ 0.00
(0.21) (0.37) (0.21) (0.60)

h = 4 -0.08 -1.49∗∗∗ 0.00 -0.17 -3.49∗∗∗ 0.00
(0.25) (0.37) (0.34) (0.81)

KP weak IV 16.63 15.35
H0 : LATE = 0 0.05 0.00 0.01 0.00

Observations 372 372 372 372

Notes: *** p <0.01, ** p <0.05, * p <0.1. Cluster robust standard errors in parentheses. RRCH refers to the
Romer and Romer (2004) and Cloyne and Hürtgen (2014) IV. U.S. sample: 1969–2007. U.K. sample: 1976–2007.
Matched sample indicates that the LP-OLS sample matches the sample used to obtain LP-IV estimates. KP weak
IV refers to the Kleibergen-Paap test for weak instruments. H0 : LATE = 0 refers to the p-value of the test of
the null hypothesis that the coefficients for h = 0, . . . , 4 are jointly zero for a given subpopulation. OLS=IV
shows the p-value for the Hausman test of the null that OLS estimates equal IV estimates. See text.
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shows the p-value for the Hausman test of the null that OLS estimates equal IV estimates. See text.
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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.
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