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ONLINE APPENDIX

A Additional Simulation Results

A.1 Comparison of Nagar and Monte Carlo Bias

Figure A.1 plots the log of the Monte Carlo bias B̂ against the log of Nagar
bias Bn in the simulations described in Section 3 of the main text. The Monte
Carlo bias, B̂, is the bias criterion in Definition 2 with E[β∗2SLS] replaced by
the sample average of β∗2SLS. The Nagar bias Bn is as in Definition 4. The
figure illustrates that the relationship between the Nagar and Monte Carlo
bias is considerably strengthened with the degree of overidentification. The
relationship in the just identified model N = K = 2 is generally much weaker.
The N = K = 2 model also features Monte Carlo biases that often exceed
unity (or zero on the log scale of the figure), which is not the case in the other
models. Except in the just identified model, the Nagar bias rises further above
the Monte Carlo bias as the latter becomes larger. Since the Nagar bias is
inversely proportional to the minimum eigenvalue, it becomes very large as
that eigenvalue grows very small. The Monte Carlo bias instead never exceeds
unity whenever K > N + 1 in our simulations, and only in very few cases in
the N = 2, K = 3 model. The dashed lines in Figure A.1 mark a bias range
of 0.05 to 0.15, which is likely to be the most relevant range for our test in
applied practice. This is therefore the range in which the accuracy of the
Nagar bias is most important. The figure shows that over that range the
relationship between the Monte Carlo bias and the Nagar bias is very strong
in all models with K > N + 1, meaningfully weaker in the N = 2, K = 3

model, and problematically weak in the N = 2, K = 2 model.
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Figure A.1: Comparison of Nagar Bias and Monte Carlo Bias

N = 2,K = 2 N = 2,K = 3 N = 2,K = 4

N = 2,K = 6 N = 3,K = 5 N = 3,K = 9

Notes: For each specification, we consider five million DGPs as described in the main text.
For each DGP we take 1000 samples, and compute the Monte Carlo bias, B̂, by numerical
integration. The figure plots the (log of) Monte Carlo bias against the Nagar bias. The
heatmap indicates the density of DGPs with a particular combination of Nagar and Monte
Carlo biases. The dashed horizontal and vertical lines indicate bias levels of 0.05 and 0.15 to
demarcate the typically relevant region for first-stage tests.

A.2 The Importance of Using the More Conservative Bound on
the Bias in Models with K ≤ N + 1.

Figures A.2 and A.3 illustrate the need to use the more conservative upper
bound in the first stage test in models with degrees of overidentification less
than two, K ≤ N + 1. All panels in both figures plot rejection frequencies
against the Monte Carlo bias in blue. Panel (a) in figure A.2 repeats the first
two panels in Figure 2 for ease of comparison, and shows rejection frequencies
based on the more conservative bound in red. The rejection frequencies shown
in red in Panel (b) are instead based on the worst-case Nagar bias, i.e. as
in the models with K > N + 1. The results clearly indicate that the worst-
case Nagar bias is not a good criterion for a bias-based first-stage test in the
models with N = 2, K = 2 and N = 2, K = 3. In both cases, there are a
significant number of DGPs for which the Monte Carlo bias exceeds the bias
tolerance but the rejection rates lies above the nominal level of 0.05. These
positive size distortions are much more frequent in the just identified case
with N = K = 2 than in the model with N = 2, K = 3.
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However, as explained in the main text, large positive size distortions can
also occur in models with K = N + 1 in which W has the Kronecker form,
since the worst-case Nagar bias is zero by construction in that case. To demon-
strate the extent of the problem, Figure A.3 shows results from simulations
using homoskedastic and serially uncorrelated errors. These simulations are
identical to those in the main text, except that W now has the exact Kro-
necker form in all five million DGPs. Panel (a) shows that the test based on
the conservative bound continues to ensure that there are no rejection rates
exceeding 0.05 for DGPs with Monte Carlo bias larger than the tolerance level
of 0.10. Panel (b) shows that, when the test is based on the worst-case Nagar
bias, there are a large number of DGPs in which the first-stage test attains
rejection frequencies above the nominal size of 0.05 at bias levels exceeding
0.10. In contrast to Figure A.2, the problem is particularly severe in the
N = 2, K = 3 model (or in any model with K = N + 1), since the worst-case
Nagar bias is always zero in homoskedastic models with K = N + 1.
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Figure A.2: Size and Power of the First-Stage Test, General Model

(a) Using More Conservative Bound on the Bias

N = 2,K = 2 N = 2,K = 3

(b) Using Worst-Case Nagar Bias

N = 2,K = 2 N = 2,K = 3

Notes: Figure shows rejection rates across 1,000 samples for each of five million DGPs gener-
ated as explained in the main text, with general W drawn from a Wishart distribution with
identity covariance. The blue dots show the rejection rates as a function of the Monte Carlo
bias. The red dots shows the rejection rates as a function of the alternative conservative
bound on the bias (Panel a) or the worst-case Nagar bias (Panel b). The vertical full line
marks the bias tolerance level τ = 0.10 in the null hypothesis, the dashed vertical line marks
a bias level of 0.05 for reference, and the horizontal full line plots the nominal size α = 0.05.
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Figure A.3: Size and Power of the First-Stage Test, Homoskedastic Model

(a) Using More Conservative Bound on the Bias

N = 2,K = 2 N = 2,K = 3

(b) Using Worst-Case Nagar Bias

N = 2,K = 2 N = 2,K = 3

Notes: Figure shows rejection rates across 1,000 samples for each of five million DGPs gen-
erated as explained in the main text, except that W is of the Kronecker form. The blue
dots show the rejection rates as a function of the Monte Carlo bias. The red dots shows the
rejection rates as a function of the alternative conservative bound on the bias (Panel a) or the
worst-case Nagar bias (Panel b). The vertical full line marks the bias tolerance level τ = 0.10
in the null hypothesis, the dashed vertical line marks a bias level of 0.05 for reference, and
the horizontal full line plots the nominal size α = 0.05.
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B Additional Results for the Empirical Application

This appendix presents additional results for the estimation of regime-dependent
government spending multipliers as in Ramey and Zubairy (2018).

Figure B.1 reports the first-stage test results for the regime subsamples.
Within each regime subsample (expansion/recession, or in/out of ZLB), there
is a just a single endogenous regressor, N = 1, and there are two instruments,
K = 2. The model for the regime subsamples therefore has a degree of
overidentification of one. As explained in the main text, this is the one case
where the critical values from our test will not coincide with those from the
Montiel Olea and Pflueger (2013) test. The figure therefore report the results
for both tests.

The blue and yellow lines in Figure B.1 report the difference between the
effective F-statistic and the Montiel Olea and Pflueger (2013) critical values
for τ = 0.10 and α = 0.05. As in Ramey and Zubairy (2018), we cap the
results at 30 for visibility. These test results exactly replicate those reported
in Figure 4 and 10 in Ramey and Zubairy (2018).

The red and purple lines in Figure B.1 report the differences between the
effective F-statistic – which is identical to our gmin statistic when N = 1 –
and the critical values from our test for τ = 0.10 and α = 0.05. As we opt
for a more conservative bound on the bias in models that are overidentified
with degree one, the resulting higher critical values lead to more failures of
the first-stage test. Generally speaking, this means that the instruments are
considered weak 1 to 4 horizons earlier than when using the Montiel Olea and
Pflueger (2013) values.

Figure 4 in the main text reports the difference between the test statistic
and the critical value for the full model in (16) with two endogenous variables,
N = 2, and four instruments, K = 4. Figure B.2 separately reports the values
for the robust test statistic gmin and the critical values for the model.

Finally, Figure B.3 reports the robust test statistics and critical values for
the Kleibergen and Paap (2006) test of under-identification. The results are
discussed in the main text.
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Figure B.1: Robust Weak IV Test Results in Regime Subsample Regressions with N = 1
and K = 2

(a) Regimes of Economic Slack

Full sample Post-WWII Excluding WWII

(b) ZLB Regimes

Full sample Excluding WWII

Notes: All panels report first-stage test results for regime subsamples within different sample
periods: 1890-2015, 1947-2015 (post-WWII), and 1890-2015 excluding WWII. The blue line
and yellow lines report the difference between the test statistics and Montiel Olea and Pflueger
(2013) τ = 0.10 and α = 0.05 critical values As in Ramey and Zubairy (2018), we cap the
results at 30 for visibility. The red and purple lines show the corresponding results when
using our critical values.
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Figure B.2: Robust Weak IV Test Statistics and Critical Values for the Full Specification
with N = 2 and K = 4

(a) Government Spending Interacted with Indicator of Slack
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(b) Government Spending Interacted with ZLB Indicator
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Notes: Panel (a) reports results for specifications with government spending interacted with
an indicator for whether the economy was in a state of slack, using combined instruments
for different sample periods: 1890-2015, 1947-2015 (post-WWII), and 1890-2015 excluding
WWII. The blue line reports the robust test statistics for the interacted regression and the
red line reports the τ = 0.10 and α = 0.05 robust critical values. Panel (b) reports analogous
results for specifications with government spending interacted with an indicator for whether
monetary policy is constrained by the zero lower bound for different sample periods, 1890-2015
and 1890-2015 excluding WWII.

50



Figure B.3: Robust Kleibergen and Paap (2006) Test Statistics and Critical Values for
the Full Specification with N = 2 and K = 4

(a) Government Spending Interacted with Indicator of Slack
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(b) Government Spending Interacted with ZLB Indicator
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Notes: Panel (a) reports results for specifications with government spending interacted with
an indicator for whether the economy was in a state of slack, using combined instruments
for different sample periods: 1890-2015, 1947-2015 (post-WWII), and 1890-2015 excluding
WWII. The blue line reports the Kleibergen-Paap robust test statistics (with normalization
to align with the LIML estimator, see e.g., Windmeijer (2021)) for the interacted regression
and the red line reports the critical values. Panel(b) reports analogous results for specifica-
tions with government spending interacted with an indicator for whether monetary policy is
constrained by the zero lower bound for different sample periods, 1890-2015 and 1890-2015
excluding WWII.
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