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EXECUTIVE SUMMARY

ood monetary policy is important because
money is the means of payment for all products
and services. A central bank’s failures are
particularly damaging because they can create
inflation and unsustainable economic gains, producing
macroeconomic instability. Given the existing framework of
centrally managed fiat money in the United States, Congress
can greatly improve monetary policy by, among other things,
requiring the central bank to follow a policy rule. Requiring
the Federal Reserve (Fed) to follow a policy rule would anchor

the public’s expectations for monetary policy actions, improve

economic outcomes, and increase accountability for both
elected and appointed government officials. Properly
structured, a policy rule would also provide Fed officials with
the ability to change their stance, provided they give Congress
a complete explanation of why they deviated from the rule.
This paper uses empirical evidence to demonstrate that most
commonly accepted monetary policy rules share a similar
framework and that each has its own benefits and costs—that
is, no one rule is better than all others. Therefore, any
disagreements over which rule is best should not prevent

Congress from requiring the Fed to adopt and follow one.
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INTRODUCTION

Monetary economists have long advocated rules-based
monetary policy to improve macroeconomic outcomes
by limiting central bankers’ discretion. A problem with
implementing this approach is that public officials do not
want a strict rule that prevents them from changing their
policy stance, especially when unforeseen circumstances
arise. The 2015 Fed Oversight Reform and Modernization
Act (FORM Act) was drafted to mitigate this problem. Had
it passed, the bill would have required the Federal Reserve
(Fed) to set a policy rule, only allowing the Fed to suspend
the rule if it publicly explained its reasoning to Congress.!

Policy rules have been popular in the academic literature
for decades. For instance, Milton Friedman famously argued
in the 1960s for the Fed to adopt a zero nominal interest
rate environment (often dubbed the Friedman rule).>
Rules-based monetary policy gained further popularity and
academic significance when, in 1993, John Taylor found that
a simple rule that adjusted the policy rate as a weighted
response to inflation and the output gap (the difference
between gross domestic product [GDP] and potential GDP)
was able to closely match the realized federal funds rate.’
In the modern New Keynesian macroeconomic framework,
interest rates are often modeled as a generalized feedback
rule, similar in spirit to the 1993 Taylor rule but with
different weights or modified components (replacing or
adding to inflation and the output gap, for instance).

The potential benefits of such rules-based monetary
policy are numerous and are discussed in further detail
in the section “Benefits of Rules-Based Monetary Policy.”
However, simply advocating for the Fed to follow a rule is
insufficient because a bad policy rule could lead to adverse
economic outcomes. Complicating matters, economists
disagree over which specific feedback rule is best. Several
academic models calibrate the feedback rule to match
the 1993 Taylor rule. Some argue for using output growth
instead of the output gap. Yet others argue for a rule that
is calibrated to target nominal spending.* Luckily, many
of these rules are mathematically similar, and they are all
designed to respond to short-term shocks that move the
economy away from its long-term equilibrium path.®

Ultimately, which rule the Fed should follow depends
on two key factors: the informational burden the rule

will impose on the central bank and the degree to which

it might stabilize macroeconomic variables. The section
“Comparison of Feedback Rule Information Burdens”
compares the informational burdens faced by the Fed
when forecasting various macroeconomic variables with
the corresponding effects of forecast errors when the Fed
incorporates these variables across various feedback rules.
The section “Structural Macroeconomic Analysis” uses the
2007 dynamic stochastic general equilibrium, or DSGE,
model created by Frank Smets and Rafael Wouters to
simulate the US economy across various feedback rules to
determine which iteration might best stabilize the economy.
No rule is the clear winner. Output gap rules perform
well at stabilization but suffer from nonstationarity in the
Fed’s forecasts.® However, rules that offer informational
advantages, such as those that target only inflation or a
combination of output growth and inflation, are unlikely to
produce near-optimal macro stabilization. The data show
that rules perform better or worse at producing stabilization
depending on their responses to demand or supply shocks.
The key takeaway is that debates among experts over the
superiority of various rules should not hamper the Fed’s
immediate commitment to following a rule. Virtually any
rule under consideration is imperfect and has different costs
and benefits: informational burdens versus macroeconomic
stability, better responses to demand versus supply, and so
on. Moreover, central banks are ill-suited to “manage” the
economy by consistently reaching precise macroeconomic
goals. Since no one rule is plainly best and most rules under
consideration are better than discretion, the Fed should
decide which of the various trade-offs are most desirable
and credibly commit to following the rule associated with
them. To ensure that the Fed and elected officials remain
accountable for monetary policy decisions, Congress should

require the Fed to adopt rules-based monetary policy.

BENEFITS OF RULES-BASED
MONETARY POLICY

Rules-based monetary policy gives central banks a set
of guidelines that dictate their current and future actions.
Proponents of such rules date back as far as 1936, when Henry
Simons wrote that such a rule “avoids reliance on discretionary
(dictatorial, arbitrary) action by an independent monetary

authority and defines a statutory rule which might be enacted



by the competent legislature.”” Presently, the Fed employs
discretionary monetary policy without any explicit rule. The
Fed does operate under the so-called dual mandate—statutory
language that directs it to promote both price stability and
maximum sustainable employment—but it has no binding
requirements to achieve any specific economic goals regarding
price, unemployment, or other macro variables.®

Under this discretionary framework, the Fed is free to
judge both the direction of the economy and the appropriate
monetary policy response. In general, if the Fed believes
there is a danger of deflation (a falling price level) or of
unemployment rising quickly, it pursues expansionary
policy. If, however, the Fed believes that unemployment is
unsustainably low or that there is a danger of inflation, it
follows a contractionary policy. Yet the Fed is not bound to
implement expansionary or contractionary policies at any
time using any benchmark.

Advocates of discretion-based policy claim that the
enormous complexity of the ever-changing economy
requires such broad discretion. But the opposite is true. No
one person—or small group of central bankers—can ever
be expected to understand and react properly, much less to
always act consistently, to changing conditions throughout
the economy. The Fed does not possess the technocratic
prowess to reach precise macroeconomic goals.” Meticulous
management should not be the goal of monetary policy.

Instead, the goal of monetary policy should be to reduce
uncertainty by anchoring people’s expectations concerning
what the Fed will do on an ongoing basis. Providing clarity
with respect to the Fed’s policy decisions is also critical to
holding both appointed and elected officials accountable for
their decisions. Rules-based monetary policy can improve
accountability and anchor expectations by overcoming
a major credibility problem that the Fed faces: The Fed
cannot—under a discretionary framework—credibly
commit to any future course of action. This is because of the
“time inconsistency” problem.' It occurs because decisions
that seem optimal at one time become less suitable due to
changes in the economic environment later. Economic agents
know this and are unlikely to trust the Fed’s commitment to
following through on its promised course of action. An explicit
policy rule would alleviate some of these credibility concerns.

A clear policy rule represents a commitment. In the case

of monetary policy, this rule would bind the Fed to a future

course of action based on clearly defined economic outcomes.
Naturally, such a commitment would reduce uncertainty
surrounding future monetary policy changes. If properly
structured, a monetary policy rule would also help prevent
short-term considerations—such as temporary cyclical
fluctuations—from interfering with the Fed’s long-term goals.
Even a rule that specifies a range of policy options can help
insulate a central bank from short-term factors that hinder its
long-term goals, including undue political influence.”

The empirical literature shows that rules also improve
economic outcomes. For instance, Alex Nikolsko-Rzhevskyy
and others found that the Fed implicitly followed a rule from
1966 to 1974 and again from 1985 to 2000, but not in between
and not after.”? Their paper shows that economic performance
was better under a rules-based framework, but the degree
of benefit depended on the type of rule. John Taylor also
found a rules-based period from 1985 to 2003 followed by
an ad hoc discretionary period after 2003. Taylor concludes
that economic performance was worse in the discretionary
period.” Finally, Jai Kedia analyzed Fed policy by extending
this sample through 2022 and concludes that discretionary
behavior has become more prevalent since 2009, with each
successive Fed administration being more discretionary than

its predecessor.

COMPARISON OF FEEDBACK
RULE INFORMATION BURDENS

Central banks face knowledge problems arising from the
difficulty of collecting and forecasting the variables to which
they must respond. Given this inherent difficulty, the Fed
always risks setting an interest rate target that is off course
due to inaccurate measures, either real-time or forecasted, of
variables such as prices and output. Such inaccuracy in data
observations, and therefore in policy rate decisions, can lead
to inefficacy at best and counterproductive policy at worst.

For instance, Athanasios Orphanides argues that, contrary
to conventional thinking about the failings of monetary
policy, policymakers in the 1970s chose policies similar to
those of their modern counterparts, given the information
available to them, despite the failure of monetary policy to
prevent stagflation.” This is because the real-time estimates
of the nonaccelerating inflation rate of unemployment—

the “potential” level of “full” employment in the



Table 1
Dickey-Fuller test critical statistics

N N 0 I I I

Output gap (ogapy)

Real GDP growth (%4rgdp;)

Nominal GDP growth (%4ngdpy)

Inflation measured by the GDP deflator (n‘t’gdp)

Inflation measured by the Consumer Price Index (nfCP’)

Notes: GDP = gross domestic product; t = time measured in fiscal quarters.

economy—were poor and policymakers who relied on these
estimates were basing policy rate decisions on bad data. Like
potential employment, it is also difficult for policymakers
to accurately measure the economy’s potential output.
This data challenge is problematic since most interest rate
feedback rules require the Fed to respond to changes in
overall output, often represented by the US output gap.
Several academics have singled out the output gap as
the biggest source of informational constraints a central
bank faces. For instance, David Beckworth and Joshua R.
Hendrickson used an augmented Dickey—Fuller test to
show that the Fed’s errors in forecasting the output gap
may be nonstationary, as the test fails to reject the null
hypothesis of a unit root.’* While not a standard measure
of forecast accuracy, nonstationary time series may
indicate an unstable underlying model. The Beckworth
and Hendrickson analysis contrasts the output gap with
nominal GDP, showing the latter to be stationary and,
therefore, better suited as a response variable for the
central bank. However, as the analysis presented in this
section shows, the same is true for most other macro
indicators typically included in a feedback rule. In other
words, many other macroeconomic time series that could
be included in the Fed’s feedback rule are also stationary.
To analyze the information burdens of various feedback
rules, we used Fed forecast data available in the Fed’s
Tealbook (formerly Greenbook) datasets, which are
produced before every meeting of the Federal Open Market
Committee to help guide policy decisions.”” Using these
data, we aggregated forecasts by averaging them to a
quarterly frequency from 1996 through 2018. We then

compared all forecasts with their realized counterparts to
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=L &2 -8.13 -6.26 -5.82 -5.63
-9.38 -8.41 -6.28 -5.79 -5.56
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-10.46 -8.09 -7.22 -7.20 -7.35

compute forecast errors. (All realized data were collected
from the Federal Reserve Economic Database, maintained by
the St. Louis Fed.) For all analyses, findings are presented for
Fed forecast errors ranging from the same quarter at time ¢
(i-e., 2 “nowcast”) through ¢ + 4 quarters ahead.

Table 1 shows the critical statistics from an augmented
Dickey—Fuller test conducted on the Fed’s forecast errors
for various macro indicators that may be included in a
standard policy rate feedback rule. These indicators include
the output gap (ogap,), real GDP growth (%Argdp ), nominal
GDP growth (%Angdp ), inflation (7775%) measured by the
GDP deflator (PGDP), and inflation (77%') measured by the
Consumer Price Index (PCPI).

For the Dickey—Fuller test, the null hypothesis cannot be
rejected only in the case of the output gap. That is, other
than the output gap, all the macro time series commonly
included in a feedback rule are stationary, as is nominal GDP.

If stationarity is indeed the correct measure for selection, then
itis notimmediately clear that nominal GDP is the only rule
that satisfies this condition. The Fed could, for instance, use

a disaggregated feedback rule (i.e., it could target output and
prices separately) with various inflation or output metrics
(except the output gap) and still maintain stationarity.”® In fact,
insofar as the magnitude of the Dickey—Fuller test statistics

are relevant, inflation as measured by the PCPI offers a firmer
rejection of the null hypothesis than even nominal GDP.

Of course, the Dickey—Fuller test is generally not used to
measure forecast accuracy, another important criterion.
Instead, forecast accuracy is traditionally evaluated using
the magnitude of the forecast errors themselves. However,
to prevent errors that cancel each other out from causing

the Fed to overshoot or undershoot a forecast, individual



Table 2
Sum of squared forecast errors, individual metrics

N N K A N A

Output gap (ogapy)

Real GDP growth (%4rgdp;)

Nominal GDP growth (%4ngdpy)

Inflation measured by the GDP deflator (nfgdp)

Inflation measured by the Consumer Price Index (nfCP’)

Notes: GDP = gross domestic product; t = time measured in fiscal quarters.

forecast errors are typically squared and then summed
across the entire period. Table 2 displays this “sum of
squared error” metric for all variables and corresponding
lags used in the Dickey—Fuller tests in Table 1.

The forecast error comparison shows that nominal
GDP has the lowest degree of forecast accuracy. Inflation
computed using the GDP price index (also conveyed as
PGDP) has the highest degree of forecast accuracy across
most horizons. Interestingly, the Fed has very few errors in
nowcasting CPI inflation, but this error increases drastically
when forecasting CP1 inflation. In other words, the Fed’s
estimates of real-time CPI inflation are good, but its
forecasts of future CPI inflation are poor.

Of course, a proponent of nominal GDP targeting may
argue that it is unfair to compare aggregate measures of
the economy, such as nominal GDP, to measures that track
prices or output individually. Since nominal GDP includes
both prices and output, a researcher would expect it to have
a higher degree of uncertainty than price/output measures
alone. On the surface, this expectation appears to hold up—
the sum of forecast errors for real GDP and PGDP exceeds
nominal GDP at every horizon other than nowcasts. However,
this evaluation is incomplete because feedback rules are often
weighted averages of various macro indicators.

Under traditional parameterizations of a feedback rule,
the central bank places a higher weight on inflation than
output. For instance, the original 1993 Taylor rule would
imply that the Fed targets inflation with a weight of 1.5
compared with a weight of 0.5 on the output gap. Using this
kind of rule, with PGDP as the price measure, the Fed would
rely more heavily on a more forecastable variable and less on

the more difficult-to-forecast output measures. Conversely,

146.96 166.53 187.12 216.57 250.76
279.28 423.03 491.94 552.43 580.78
356.02 440.53 534.12 626.97 660.46
61.92 87.65 98.47 104.71 107.77

41.07 265.68 423.60 407.71 389.30

a feedback rule calibrated for nominal GDP targeting
would place all its weight on a poorly forecasted variable:
aggregate nominal GDP changes. That weight could be 1 or
higher—such as 1.78, the weight chosen by Beckworth and
Hendrickson in their 2019 paper.*°

In the end, the feedback rule calibration that results in the
smallest forecast error depends on these choices of weights
and is empirically testable. Table 3 provides the results from
such a test, presenting the sum of squared forecast errors
from several formulations of a feedback rule. The tests are
run on every combination of price (inflation as measured by
the PCPI and PGDP) and output (output gap and real GDP)
metrics with the standard 1993 Taylor rule parameters and
two weight calibrations for nominal GDP targeting: 1 and
1.78. A key benefit of analyzing forecast errors this way is
that the disaggregation of the rule into prices and output
allows forecast errors across these variables to offset one
another. That is, if the Fed tends to overshoot inflation but
undershoot output in the same period, or vice versa, it leads
to lower net forecast errors for the final policy rate. However,
if the Fed’s forecast errors of these variables tend to occur in
the same direction, it can have drastic aggregated effects on
the prescribed policy rate.

Table 3 shows several important findings. First, nowcasts
aside, feedback rules using CPI inflation fare significantly
worse than those using PGDP inflation. Second, simple
nominal GDP targeting (i.e., with a response parameter of 1)
outperforms feedback rules with CPI inflation, but nominal
GDP targeting with a coefficient of 1.78 performs similarly to
the Taylor rules using CPI inflation. Still, the lowest forecast
errors are associated with a feedback rule using PGDP

inflation and real GDP growth.



Table 3

Sum of squared forecast errors, weighted for inclusion in a feedback rule

O O O N K

1.5’ + 0.50gap; 148.10
1.5mP%P" + 0.5%Argdp 177.11
1.5nfgdp + 0.50gap, 210.89
1.5nfgdp + 0.5%4rgdp, 219.68
%Angdp; 356.02
1.78 x %Angpt, 633.72

731.57 1128.86 1097.20 1079.94
764.81 1161.06 1146.60 1096.73
289.50 345.12 381.32 415.37
251.60 298.89 345.10 359.99
440.53 534.12 626.97 660.46
784.15 950.73 1116.01 1175.61

Notes: rreeri = inflation measured by the Consumer Price Index; ogap, = output gap; %4rgdp, = real GDP growth; rpede = inflation measured by the GDP
deflator; %4ngdp, = nominal GDP growth; GDP = gross domestic product; t = time measured in fiscal quarters.

While it is unsurprising that PGDP inflation, the most
accurately forecasted variable, is included in the rule with
the least informational burdens, the data are consistent with
the arguments of many nominal GDP targeting proponents,
as they show a benefit in using output growth rather than the
output gap. This finding holds despite output gap forecast
errors being lower than real GDP growth forecast errors.
This finding also suggests that Fed forecast errors in PGDP
inflation and GDP growth usually offset, leading to smaller
negative informational effects on the final policy rate. While
this smaller effect may be surprising on the surface, recall
from Table 1 that output gap measures may exhibit a unit
root. As such, when the Fed is wrong about the output gap,
it tends to continue to be wrong in the same direction.
Consequently, it is difficult for the Fed to realize any gains
from forecast error offsets when using the output gap.

These findings should be good news for policymakers.
They suggest that the Fed can alleviate some of its
information burdens without radically departing from its
adherence to the types of rules it followed during the Great
Moderation, a period of low inflation and economic stability
in the United States from the 1980s to the 2007 financial
crisis. At the very least, these analyses show that the debate
over which of these feedback rule formulations best lowers
the Fed’s information burden is useful. They also should not
stop proponents of nominal GDP targeting from agreeing
that Congress should mandate the Fed to use arule, even
if that rule follows formulations similar to the traditional
Taylor rule, with disaggregated and uneven responses to

inflation and output.

STRUCTURAL MACROECONOMIC
ANALYSIS

This section analyzes the welfare effects of various
feedback rules using a large structural macroeconomic
model. We broadly followed the method used by the 2019
Beckworth and Hendrickson paper (henceforth BH2019), but
our analysis offers a few advantages over the prior literature.
First, we used the 2007 Smets and Wouters (henceforth
SW2007) framework as the base model.” This model is
considered a benchmark for empirical macroanalysis and
includes several desirable features missing from simpler
models. These features—such as habit formation, variable
capital utilization, investment adjustment costs, price
and wage stickiness, and others—significantly improve
the model’s ability to fit the US economy. As such, welfare
analyses conducted using this framework are more reliable
and less prone to bias from omitted variables. Another
advantage is that SW2007 also forms the core of the New
York Fed’s in-house DSGE model.**

Second, our welfare analysis encompasses the volatility
of the policy rate itself. Traditionally, such welfare analyses
have been limited to checking the volatility of inflation and
output in response to variations in the model’s parameters
or equation structures. However, excluding the interest
rate from the analysis is unrealistic because policymakers
are typically unwilling to make large changes to their
policy instrument, even if it means immediate reductions
in inflation or output volatility. This phenomenon has been
evident from the Fed’s actions going back to the 1970s or

even earlier.”> Owing to this phenomenon, some academic



treatments of welfare often add interest rate deviations
along with inflation and output fluctuations to a loss
function that is to be minimized by a welfare-optimizing
central bank.**

Recent empirical evidence also suggests that interest
rate changes directly affect consumer utility. As recently as
2023, with inflation trending back toward target after its
post-pandemic high and unemployment remaining below
4 percent, consumer sentiment remained depressed and still
below its pre-pandemic levels. Marijn Bolhuis and others
have demonstrated that concerns over borrowing costs
could help explain this sentiment puzzle, suggesting that
interest rates play a key role in consumer utility.”® Thus,
including interest rates in a welfare analysis is more realistic
from the perspective of a sensible policymaker and from a

consumer welfare perspective.

Model Summary
The full derivation of the SW2007 model is beyond

the scope of this paper, so we present only a summary

of the equilibrium equations for the model.? The model
structurally relates the following 14 macro variables
presented as log deviations from their respective steady
states: output (y ), consumption (c), investment (i),
capital utilization (z), labor hours supplied (I), interest
rate (), inflation (), value of capital stock (g,), rental rate
of capital (r), capital services (k! ), aggregate capital stock
(k), price markup (#?), wages (w), and the wage markup
(#?). Additionally, the economy is subject to seven per-
period random disturbances that cause it to fluctuate from
its steady state: exogenous spending (€2), risk premium
(€?), investment-specific technology (¢! ), productivity
(€), price markup (£”), wage markup (¢"), and monetary
policy (7). Symbols that do not bear time subscripts
represent constant positive parameters. The equilibrium

equations of the model are as follows:
Aggregate resource constraint:

Y = cycr + Byl + 2y2 + €7 1)

Consumption Euler equation:

ce=cice 1+ (1 —cr)Eien
+ co(ly — Eiliy)
— c3(ry — Egmyyr + €2)

Investment Euler equation:
iy = d1dp1 + (1 — i1)Eyie 1 + d2qe + €}
Arbitrage equation for value of capital:
g = @Eigr1 + (1 — q)Berfiy — (re — Beme i + €7)
Aggregate production function:
Yy = (ki + (1 — o)l + €f)
Evolution of capital services:
ki = ki1 + 2z
Degree of capital utilization:
2= z27F
Capital accumulation:
ke = kike 1 + (1 — ky)iy + koel
Goods market price markup:
p = a(ky — 1) + &f —wy
New Keynesian Phillips curve:
Ty = M1 + ToEymyq — wapy + €7
Rental rate of capital:

T‘f = *(kt — lt) —+ W

(2)

3)

4

)

(6)

()

)

©)

(10)

(1D



Labor market wage markup:

e = w — (Ullt + (et — Ctl)\/’Y))

_
1—X/y (12)

Wage relation:

wy = wiwi—1 + (1 — wy) (Brwe 1 + Eymeiq)
— WaT + W31 — Wapty + € (13)

Monetary policy feedback rule:*’

re = pri_y+ (1—p) [Hy(r;m vy )}

(v — yt) ]+ r

Ay [_(yt—l - yf—l) =t (14)

The evolution of the disturbances is also taken directly
from SW2007, where all disturbances have corresponding
per-period IID shocks (1 ).?* The processes for the seven
model disturbances are presented below:

Risk premium:

b b b
€ = PvEr_1 T M (15)
Exogenous spending:

6? = pg&:f—l + 77;? =+ pgan? (16)

Investment-specific technology:

£f = pigi_1 + 1} (17)
Productivity:
€8 = pagf 1 + 1 (18)
Price markup:*
et = ppet 1+t — ppnt (19)

Wage markup:

€ = PwEi 1+ 1 — Hwllq (20)
Monetary policy:
€ = PrEpq + 1L 21)
Methodology

The welfare analysis used to evaluate optimal monetary
policy rules relies on numerous simulations under various
policy rules. None of the policy rules under consideration
require a drastic change to the framework described in the
section “Model Summary.” Instead, all the various policy
rules simply require parameter or variable adjustments to the
monetary policy feedback rule shown in equation 14. Aside
from the parameters and structure of the monetary policy
feedback rule, the model is maintained exactly as described in
the “Model Summary” section. For all analyses, we have fixed
the model parameters at their posterior means as reported
in Table 1a of SW2007. Equation 14 is then varied to analyze
welfare under different monetary policy rate rules. The

various policy rate rules under consideration are as follows:

i. Standard Taylor rule (where p=0.8,7 =15, and
r =0.5):
y

re = (1 — p)[rame + 7y (ye — yt )]
+pri1+e€f (22)

ii. Smets and Wouters (2007) (where p =0.81,7 =2.04,
r =0.08,andr,_ =0.22):
Yy Ay

re = pri1+ (1 —p) [+ry{:;tﬂi yf)}
(v — ) ] + &}

A [_(ytl —y)) (23)

iii. Beckworth and Hendrickson (2019) (where p=0.8
andr =7 =1.78):
7y

e = (1 — p)[rame + 7y (ye — 91
+prir+ e (24)



iv. Strict nominal GDP targeting (where r_and r,are

. . . 30‘
arbitrarily large to approximate r , r,= 00);

Ty = remy + ry(Ye — Ye—1) + € (25)

v. Difference rules (where p = 0.8 and r,=0.5; two
versions of this rule are tested withr_=1.5andr =2.5;

the latter is referred to as the stricter difference rule):

e = (1= p)[rame 4+ ry(ye — )]
+ pri—1 + € (26)

vi. Inflation targeting (where p = 0.8 and r_=1.5)""
re = pri—1+ (1 — p)[ram] + &} 27)

Welfare effects under the various policy feedback rules are
contrasted in two main ways. First, impulse responses are
simulated in response to a one-standard-deviation exogenous
shock for all seven disturbances. We used this approach
because there is no reason, ex ante, to assume that all rules
respond to all shocks in equivalent manners. Some rules
may work better in response to productivity shocks, some in
response to spending shocks, and so on. For each shock, the
squared deviation from steady state is added across horizons
from 1 through 40 quarters (10 years) and presented for each
of the four key macroeconomic variables: output growth,
output gap, inflation, and the policy rate. Since current
stabilization is preferable to future stabilization, impulse
responses from every subsequent quarter are discounted at
the rate § = 0.99. The comparison of squared and summed
impulse responses to key variables demonstrates the ability of
various policy rules to respond to each shock in isolation.

Next, we analyzed aggregate welfare effects by
conducting simulations. Under each of the policy rules
listed above, we have generated 10,000 series. Within
each series, we have generated 10,000 observations
that correspond to time periods, keeping only the final
1,000 observations/periods. Under such simulations,
the economy is affected by multiple new and lingering
shocks in each period to simulate an alternate US
economic history. To avoid biasing the results, we have
generated multiple series. Each series, with its 1,000

retained observations, provides a standard deviation of

output growth, output gap, inflation, and the policy rate.
Consequently, under each policy rule, we have 10,000
estimates of the standard deviation for four key macro
variables, providing a distribution of the deviations
themselves. We have reported the mean as well as the
10th and 90th percentiles of these distributions in the

proceeding section.

Welfare Analysis Results

To begin, we compared the performance of the various
policy regimes in response to each of the seven structural
shocks from the SW2007 model (see the “Methodology”
section). The seven shocks can be subcategorized into
demand, supply, and monetary policy shocks. These
categorizations are conducted similarly to the original
SW2007 paper, where shocks that make output and inflation
move in the same direction are labeled demand, shocks that
make output and inflation move in opposite directions are
labeled supply, and the shock appended to the monetary
policy rule is labeled a monetary policy or Fed shock. For
ease of comparison, impulse responses are aggregated as
output measure (either output growth or output gay) + inflation
+ policy rate so that overall welfare losses can be measured.
These sums of squared errors are presented in Table 4. The
upper panel (panel A) provides results using output growth
+ inflation + the policy rate, and the lower panel (panel B)
provides results using output gap + inflation + the policy rate.
Fully disaggregated results (by each macro variable) are
available in Table Al of the Appendix.

Itis immediately clear that the choice of model and the
inclusion of the policy rate are both important. Different
rules work well or poorly across various shocks, and no one
policy rule dominates the others. Such determinations are lost
when using simple models with a limited number of random
fluctuations and model channels. Additionally, including the
policy rate significantly alters the performance of policy rules.
For instance, while strict nominal GDP targeting does well at
restricting any movements in output growth and inflation,
itis clearly the least desirable and most impractical rule
because it requires massive changes to the policy rate. (We
disregard strict nominal GDP targeting from the discussion of
findings below as it primarily serves as a motivating factor for

including the policy rate in welfare considerations.)



Table 4
Squared and summed impulse responses by shock source and policy rule

Ris_k Exogenous Investment- Productivity Price Wage Monetary
premium ding (1) specific (1) o) markup markup olicy 1)
spendin ifi [
(P) pending ur; pectiic e ) (") poliey i,
Panel A: Growth + inflation + policy rate
Standard Taylor rule 0.19 0.28 0.15 0.19 0.53 4.87 0.14
Smets and Wouters
(2007) 0.22 0.28 0.22 0.17 0.19 0.26 0.13
strict nominal GDP 3.55 5.96 0.32 0.80 0.39 0.15 0.00
targeting
Beckworth and
Hendrickson (2019) 0.26 0.30 0.33 0.09 0.16 0.16 0.13
Difference rule 0.25 0.31 0.35 0.09 0.18 0.11 0.23
(1.5.0.5) . . . . . . .
Stricter difference
rule (2.5,0.5) 0.23 0.27 0.23 0.11 0.26 0.12 0.16
Inflation targeting 0.25 0.32 0.33 0.13 0.26 0.16 0.28
Panel B: Gap + inflation + policy rate
Standard Taylor rule 0.32 0.05 0.23 0.16 0.93 7.63 0.34
Smets and Wouters
(2007) 0.55 0.09 0.62 0.21 2.44 8.67 0.75
Strict nominal GDP
targeting 3.55 6.29 0.62 1.83 3.17 9.04 0.00
Beckworth and
Hendrickson (2019) 0.73 0.12 0.75 1.50 2.27 7.55 0.91
Difference rule 0.81 0.17 1.69 0.69 3.66 10.6 1.72
(1.5.0.5) . . . . . . .
Stricter difference
rule (2.5,0.5) 0.63 0.08 0.68 0.36 4.51 11.9 0.85
Inflation targeting 0.75 0.17 1.82 0.34 4.33 12.8 1.78
The first three result columns in Table 4 show the in panel B demonstrate, the output gap inclusion increases
performance of the various policy rules for demand shocks. the disparity in performance among the rules and, again, the
For these shocks, most rules perform similarly in response i Taylor rule outperforms the others. Finally, the policy rules
to a risk-premium shock (n’). still, the standard Taylor rule have a much broader disparity of outcomes when responding
performs best for both the output growth and output gap, to investment-specific shocks (!), and the Taylor rule
and it does so by a wider margin in the latter case. Naturally, :  performs much better under both growth and gap metrics.
this is because the standard Taylor rule responds directly to :  The Taylor rule has greater performance because such shocks
the output gap and does so with a large weight. have a large effect on the price of capital, which in turn leads
All the policy rules perform almost identically in response to changes in firms’ markups and requires price adjustments.
to exogenous spending shocks (n¢). However, as the results :  However, in the “potential” economy, where no pricing
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frictions exist, such shocks have minor effects. As a result, the
output gap—which measures the difference between the real
and potential economy—is significantly affected, but output
growth is not. Rules that do not weigh output metrics or weigh
them weakly perform the worst, such as inflation targeting
and the weaker difference rule.

Next, we considered supply shocks. Recall that shocks
are characterized as affecting supply if they cause opposite
movements in output and inflation.** The three such shocks
in this model affect productivity, price markups, and wage
markups. For productivity shocks (1?), rules targeting output
growth, such as BH2019 or difference rules, improve output
growth welfare, while rules targeting the output gap, such
as the Taylor rule or SW2007, perform better for output gap
welfare. The difference in stabilization is much stronger when
using the output gap for welfare. This is because the transition
of a productivity shock is relatively smooth and does not
cause drastic changes in output growth.* While the real and
potential economies converge quite quickly, a productivity
shock opens a large output gap in the short run. Since short-
run stabilization is more important owing to discounted
future outcomes, rules that respond to this gap tend to fare
better than others that consistently target output growth.

So far, the standard Taylor rule has consistently
outperformed all others. However, it is not universally
optimal—the Taylor rule has some drastic failures when
responding to price markup (1”) and wage markup
(n?) shocks, the latter being the most important shock in the
model.** Such supply shocks only affect the real economy and
not the potential economy, as nominal rigidities exist only
in the real economy. As a result, the difference between the
two economies, measured by the output gap, is large under
these supply shocks. The Taylor rule fixates on the output
gap and aims to bring it under control at the cost of increased
instability for output growth, inflation, and the policy rate.
This trade-off results in a substantially decreased output gap
and even makes the Taylor rule optimal for price markup
shocks. However, to a policymaker who cares equally about
other macro variables, such a trade-off may be undesirable.
Nominal GDP targeting from BH2019 performs quite well
under such scenarios. It can mimic some of the stronger
output responses by simply increasing the coefficient on
output growth compared with most other rules, butinflation

and the policy rates are kept on a more stable path due to the

smoother transitions of output growth.

Using output growth, most rules are relatively similar
under monetary policy shocks (). Using the output gap,
there is some variation but in an expected manner. Rules
that require the Fed to weigh macro indicators heavily lower
the effect of monetary shocks. Strict nominal GDP targeting
is an extreme example where the Fed focuses on macro
instability to an infinite degree. As a result, monetary shocks
play no role. Similar but less drastic results are achieved
through the standard Taylor rule. Inflation targeting and the
weak difference rule perform the worst because they place
low or zero weights on output, making monetary shocks
more important.

Overall, the SW2007, BH2019, and difference (2.5,0.5) rules
all perform similarly well at welfare stabilization (with output
growth), but the standard Taylor rule performs the best
when output growth is replaced by the output gap. Inflation
targeting and weak difference rules perform poorly as they
do not place enough emphasis on output fluctuations. But
ultimately, picking a rule would require an analysis of the
overall economy with multiple shocks in effect at once.

Table 5 presents the results from the simulation analysis.
Recall that this analysis generates a simulated series of
hypothetical US economies and computes a distribution of
standard deviations for each key macro series under various
policy regimes. The key series, located across the top row of
Table 5, are output growth (Ay), output gap (x,), inflation (1),
and the policy rate (7). Having the Fed instantaneously fix
nominal GDP to trend (strict nominal GDP targeting) leads to
low deviations for output growth (0.43) and inflation (0.43).
However, this stabilization causes unstable policy rates (3.31).
Strict nominal GDP targeting requires the Fed to execute
drastic changes that result in extreme rate volatility, with an
increase of one order of magnitude in policy rate deviations.
Both difference rules have similar deviations, but the stricter
difference rule offers benefits across all variables. Therefore,
we will discard strict nominal GDP targeting and the weaker
difference rules from further discussions.

Among the remaining rules, it is remarkably hard to
determine which one is the most desirable. Ultimately, the
optimal rule choice depends heavily on which macro variable
or combination of macro variables matters most to the
policymaker. This would require a policymaker to specify how

it comparatively weighs these different variables within a
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Table 5
Standard deviation of key macro variables by policy rule

I )

Output gap (x;) Inflation (1) Policy rate (r;)

0.89 2.16 1.80 1.71
Standard Taylor rule
[0.87,0.92] [1.90,2.43] [1.56,2.06] [1.48,1.96]
0.95 3.85 0.54 0.59
Smets and Wouters (2007)
[0.92,0.98] [3.32,4.41] [0.50,0.58] [0.54,0.64]
0.43 3.98 0.43 3.31
Strict nominal GDP targeting
[0.41,0.46] [3.41,4.57] [0.41,0.46] [3.21,3.4]
0.81 3.94 0.61 0.69
Beckworth and Hendrickson (2019)
[0.79,0.84] [3.39,4.51] [0.57,0.65] [0.64,0.74]
1.04 4.64 0.49 0.51
Difference rule (1.5,0.5)
[1.00,1.08] [4.05,5.25] [0.46,0.52] [0.47,0.55]
1.02 4.60 0.36 0.52
Stricter difference rule (2.5,0.5)
[0.98,1.05] [3.99,5.24] [0.34,0.38] [0.48,0.55]
1.16 4.91 0.43 0.54
Inflation targeting
[1.12,1.20] [4.31,5.54] [0.40,0.46] [0.50,0.58]

Note: 10 percent and 90 percent confidence intervals are shown in brackets.

welfare function. Traditionally, inflation is weighted more than
output metrics or the interest rate, but there is no academic
consensus on such weights. We have followed BH2019, which
weighs the output gap and inflation equally, and we remain
agnostic about the relative importance of these variables—
that is, we value all four variables equally. There is no clear
winner across the board, and in the style of a true economics
conundrum, each rule offers several distinct costs and benefits.
As the first column in Table 5 shows, output growth
deviation remains similar across all rules, with barely any
dramatic improvements or failures. BH2019 performs the
best (0.81), while inflation targeting performs the worst
(1.16). The next column shows that the standard Taylor rule
outperforms all others in stabilizing the output gap. It also has
a substantial advantage over the other rules—it produces an
output gap deviation of only 2.16; the next best rule, SW2007,
produces a deviation of 3.85. This is because the standard
Taylor rule responds to the output gap itself instead of output
growth. SW2007 also responds to the output gap, but the
estimated coefficient in the model is very small, meaning
the Fed weights the output gap minimally in its responses.

As discussed earlier in this section, impulse responses to

12

gap-targeting and growth-targeting rules are similar in most
cases except for markup shocks. This is because such shocks
affect the real economy but not the potential economy, causing
a large change to the output gap while keeping output growth
relatively unaffected. Policy rules that respond only to growth
when the economy is subject to such supply shocks cause a
muted policy response. Unsurprisingly, inflation targeting
performs the worst at output gap stabilization (4.91). However,
its deviation is still similar to that of the other rules, including
the stricter difference rule, which has output growth and gap
metrics of 1.02 and 4.60, respectively. This finding suggests
that the Fed can still check major output fluctuations through
indirect channels within the model even if it is not explicitly
altering the policy rate in response to output.

It might be tempting to declare a victor, given that
the standard Taylor rule clearly outperforms other
rules at stabilizing the output gap. However, as the two
columns farthest to the right in Table 5 demonstrate, this
improvement comes at the cost of increased inflation (1.80)
and policy rate (1.71) volatility—both of which are the
highest among the rules being considered (disregarding

strict nominal GDP targeting). Under a standard Taylor rule,



the central bank is much more concerned about output gap
fluctuations. Consequently, it is willing to allow increased
deviations in inflation from its trend, and it is willing to alter
the policy rate more frequently or aggressively.

With respect to stabilizing inflation, aside from the
standard Taylor rule, most other rules are relatively similar.
The difference rule performs the best (0.36) and even
outperforms pure inflation targeting (0.43). SW2007 (0.54)
and BH2019 (0.61) are slightly worse. The policy rate is
most stable under the difference rule (0.52) and inflation
targeting (0.54), and the standard Taylor rule is the worst at
stabilizing the policy rate (again, disregarding strict nominal
GDP targeting). SW2007 and BH2019 rank in the middle,
with deviations of 0.59 and 0.69, respectively.

The standard Taylor rule is the best at stabilizing the output
gap—the most difficult variable to stabilize—but at the
expense of unstable inflation and interest rates. The difference
rules and the pure inflation targeting rule can stabilize
inflation and the policy rate fairly well, but they allow output
to fluctuate much more. Rules from SW2007 and BH2019
are neither the best nor worst across the board and offer a
more balanced approach to stabilization. When averaging
across the standard deviations of the macro variables for each
rule (keeping strict nominal GDP targeting and the weaker
difference rule aside), the policy rules are ranked as follows:
SW2007 (1.48), BH2019 (1.51), stricter difference rule (1.62),
standard Taylor rule (1.64), and inflation targeting (1.76).

These findings demonstrate that average deviations are
remarkably similar across rules. Of course, the final choice
of a rule should also weigh the stabilization analysis from
this section against the informational burdens associated
with each rule. For instance, low output gap volatility (and
therefore low unemployment volatility) may convince the
Fed to adopt the standard Taylor rule, but the Fed’s forecast
errors for the output gap are nonstationary. Nominal GDP
targeting offers good stabilization across variables but
suffers from large forecast errors. Or the Fed may wish to
adopt a simple inflation targeting rule, as its forecasts of
PGDP are relatively accurate and stationary. However, this
choice would come at a cost to output stability. Ultimately,
the expected performances of the respective rules are similar
enough that debates over which rule the Fed follows should
not take precedence over whether the Fed should commit

to a rule. Though committing to a rule would provide the

public with more certainty regarding the Fed’s actions,
the expected macroeconomic effects from following the

respective rules are not very different.

CONCLUSION

Monetary economists have long advocated for improving
macroeconomic outcomes by minimizing the discretion of
central banks in their monetary policy through the use of
established rules. Unsurprisingly, few central bankers want
a strict policy rule that prevents them from changing their
policy stance if unforeseen circumstances arise. It is possible,
though, to establish rules-based monetary policy without
unduly restricting the central bank’s ability to make decisions.

For example, the approach adopted in the 2015 FORM Act
would have required the Fed to use a policy reference rule.
Under this approach, the Fed would commit to following
its own preferred policy rule—the reference rule—unless it
believed it needed to suspend the rule, and it would have to
explain this decision to Congress before acting on it. Thus,
this approach does not tie the Fed’s hands by making it
abide by one rigid rule. It simply requires the Fed to provide
concrete justification for deviations, thus leaving the public
better informed.

Currently, the Fed is required to promote both price
stability and low unemployment, but it has no binding
requirements. Many central bankers argue that this kind of
discretionary monetary policy is necessary because of the
enormous complexity of the economy and its ever-changing
nature. But the nature of the economy makes the case for
rules-based policy. Since no one person (or small group of
central bankers) can be expected to understand and react
properly or consistently to changing economic conditions,
the Fed should reduce uncertainty among citizens and firms
by being more predictable and explaining its policy actions.

Still, we should not expect the Fed to successfully
manage the economy by consistently reaching precise
macroeconomic goals. A central bank is ill-suited to this sort
of management of the economy. Instead, Congress should
require the Fed to adopt a rules-based monetary policy to
reduce uncertainty by anchoring people’s expectations
regarding what the Fed will do on an ongoing basis.

This paper shows that, as with most economic decisions,

any rule the Fed eventually adopts will require it to contend
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APPENDIX

Table A1

Squared and summed impulse responses by shock source and policy rule

Ris_k Exogenous Investment- Productivity Price Wage Monetary
premium ding | g) specific ( I.) o) markup markup olicy )
spendin
(P) pending ir; Pectiic Tt ) (") poliey
Output growth
Standard Taylor rule 0.17 0.26 0.12 0.14 0.01 0.04 0.04
Smets and Wouters
(2007) 0.19 0.27 0.14 0.13 0.05 0.05 0.06
Strict nominal GDP 0.00 0.00 0.00 0.03 0.09 0.05 0.00
targeting
Beckworth and
Hendrickson (2019) 0.18 0.22 0.09 0.04 0.03 0.03 0.05
Difference rule 0.23 0.28 0.21 0.06 0.08 0.07 0.12
(1.5.0.5) . . . . . . .
Stricter difference
rule (2.5,0.5) 0.22 0.26 0.14 0.09 0.14 0.10 0.07
Inflation targeting 0.25 0.30 0.28 0.10 0.13 0.12 0.14
Output gap

Standard Taylor rule 0.29 0.04 0.19 0.11 0.41 2.81 0.24
Smets and Wouters
(2007) 0.52 0.07 0.53 0.16 2.30 8.47 0.68
Strict nominal GDP
targeting 0.00 0.33 0.30 1.06 2.87 8.95 0.00
Beckworth and
Hendrickson (2019) 0.65 0.03 0.50 1.44 2.15 7.43 0.83
Difference rule 0.79 0.14 1.55 0.67 3.56 10.6 1.60
(1.5.0.5) . . . . . . .
Stricter difference
rule (2.5,0.5) 0.61 0.06 0.59 0.34 4.39 11.9 0.76
Inflation targeting 0.74 0.16 1.76 0.30 4.20 12.7 1.64
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Table Al (continued)

Squared and summed impulse responses by shock source and policy rule

Risk

Price

Wage

: Exogenous Investment- Productivity Monetary
premium ding g) specific ( I.) o) markup markup olicy 1)
spendin
(P) pending tr; pectiic Tt ) ") poliey 1,
Inflation
Standard Taylor rule 0.00 0.00 0.00 0.01 0.34 2.59 0.00
Smets and Wouters
(2007) 0.00 0.00 0.01 0.01 0.11 0.13 0.02
strict nominal GDP 0.00 0.00 0.00 0.03 0.09 0.05 0.00
targeting
Beckworth and
Hendrickson (2019) 0.01 0.01 0.04 0.05 0.10 0.10 0.04
Difference rule 0.00 0.01 0.04 0.02 0.08 0.03 0.04
(1.5.0.5) . . . . . . .
Stricter difference
rule (2.5,0.5) 0.00 0.00 0.01 0.01 0.07 0.01 0.01
Inflation targeting 0.00 0.01 0.03 0.02 0.08 0.02 0.02
Policy rate
Standard Taylor rule 0.02 0.01 0.03 0.04 0.18 2.23 0.10
Smets and Wouters
(2007) 0.03 0.01 0.07 0.04 0.03 0.08 0.06
Strict nominal GDP
targeting 3.55 5.96 0.32 0.74 0.21 0.04 0.00
Beckworth and
Hendrickson (2019) 0.07 0.07 0.20 0.01 0.02 0.03 0.04
Difference rule 0.01 0.03 0.09 0.01 0.02 0.01 0.07
(1.5,0.5) ) : : - - . .
Stricter difference
rule (2.5,0.5) 0.01 0.01 0.08 0.01 0.05 0.01 0.08
Inflation targeting 0.00 0.01 0.03 0.02 0.05 0.03 0.12
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nominal GDP targeting regime under consideration but
with the caveat that it is more of a thought exercise and
not a reasonable expectation for a policymaker. See Julio
Garin, Robert Lester, and Eric Sims, “On the Desirability of
Nominal GDP Targeting,” Journal of Economic Dynamics and
Control 69 (2016): 21-44.

31. Note that this rule does not imply that the Fed will exert
no control over output metrics. In this model framework, the
economy is simultaneously determined, so altering inflation
will affect output metrics, albeit indirectly. Therefore, in

this context, “inflation targeting” simply means that the

Fed only changes the policy rate in response to inflation
fluctuations. It does not, however, mean that such rate
changes will have no effect on output growth/gap.

32. A simple way to think about these shocks is that they can
result in stagflation—a situation where the economy can
exhibit both low economic activity and high inflation.

33. See Figure 7 from the original SW2007 paper. Frank
Smets and Rafael Wouters, “Shocks and Frictions in US
Business Cycles: A Bayesian DSGE Approach,” American
Economic Review 97, no. 3 (June 2007): 586—606.

34. See Figure 1 from the original SW2007 paper. Frank
Smets and Rafael Wouters, “Shocks and Frictions in US
Business Cycles: A Bayesian DSGE Approach,” American
Economic Review 97, no. 3 (June 2007): 586—606.
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