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Abstract 

We simulate the FRB/US model and a number of statistical models to quantify 
some of the risks stemming from the effective lower bound (ELB) on the federal 
funds rate and to assess the efficacy of adjustments to the federal funds rate target, 
balance sheet policies, and forward guidance to provide monetary policy 
accommodation in the event of a recession.  Over the next decade, our simulations 
imply a roughly 20 to 50 percent probability that the federal funds rate will be 
constrained by the ELB at some point.  We also find that forward guidance and 
balance sheet polices of the kinds used in response to the Global Financial Crisis 
are modestly effective in speeding up the labor market recovery and return of 
inflation to 2 percent following an economic slump.  However, these policies have 
only small effects in limiting the initial rise in the unemployment rate during a 
recession because of transmission lags.  As with any model-based analysis, we also 
discuss a number of caveats regarding our results. 
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1. Introduction 

In response to the steep rise in unemployment and declining inflation brought by the 

Global Financial Crisis, the Federal Open Market Committee (FOMC) cut its target for the 

federal funds rate to near zero in late 2008, a level that the FOMC considered as an effective 

lower bound (ELB).  The deterioration in the economic outlook was sufficiently severe, 

however, that further cuts would have been called for had it not been for the ELB constraint.1  

Accordingly, the FOMC turned to two “unconventional” policy tools—balance sheet policies 

and forward guidance about the future path of the federal funds rate—to provide extra policy 

accommodation.2  Through its balance sheet programs, the FOMC acquired large amounts of 

longer-term securities in the open market in order to put downward pressure on the longer-term 

borrowing rates facing households and businesses.  And through its more explicit and forward-

leaning guidance about the likely path of the federal funds rate, the FOMC sought to provide 

greater certainty to the public about its intent to keep its key policy rate low for an extended 

period—possibly lower or longer than might have otherwise been expected—so as to also put 

downward pressure on longer-term interest rates.3 

In this paper, we quantify some of the risks stemming from the ELB on the federal funds 

rate and assess the efficacy of the FOMC’s options, within its existing toolkit, to provide 

monetary policy accommodation in the event of a recession.  In the first part, we use a number of 

economic models to estimate the probability of ELB episodes in the future and their associated 

macroeconomic outcomes assuming that the federal funds rate is governed by a simple policy 

 
1 Simple policy rules called for lowering the federal funds rate to levels well below zero in response to the Global 
Financial Crisis and Great Recession.  For example, the simple policy rules considered in Yellen (2017) prescribed 
lowering the federal funds rate to values between -1½ percent and -8¾ percent at the trough. 
2 We follow the terminology used in a large segment of the literature in categorizing as “unconventional” the 
balance sheet policies and forward guidance implemented by the Federal Reserve once its conventional tool for 
adjusting the stance of monetary policy—the federal funds rate target—was lowered to the ELB.  The adoption of 
such unconventional policies by several major central banks, and the likelihood that such policies will be deployed 
again in the future, arguably make them increasingly seen as part of central banks’ “conventional” policy toolkits.  
For a review of the Federal Reserve’s unconventional monetary policies during the Global Financial Crisis and 
Great Recession, see Engen and co-authors (2015) and the references therein. 
3 In addition to balance sheet policies and forward guidance, the Federal Reserve implemented a number of other 
unconventional measures to stabilize the financial system, increase the public’s confidence, and more generally 
support the economy.  These measures include several credit facilities designed to improve the functioning of 
financial markets and the introduction of stress tests for systematically important financial institutions.  The 
consideration of these other measures, which often targeted aspects of the Global Financial Crisis that were absent 
from earlier economic downturns, is beyond the scope of our analysis. 
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rule and that policymakers do not use unconventional monetary policies.  In the second part, we 

explore the extent to which the FOMC can use unconventional monetary policies of the kind 

deployed during and after the Global Financial Crisis to mitigate ELB risks and improve 

macroeconomic outcomes.4  In the case of forward guidance, we focus on “threshold-based” 

strategies to keep the federal funds rate at the ELB at least until some economic conditions are 

satisfied.  In the case of balance sheet policies, we consider three kinds of programs:  

reinvestment programs by which the FOMC reinvests the principal of maturing securities; 

maturity-extension programs (MEPs) by which the Federal Reserve sells holdings of shorter-

term securities in order to acquire longer-term securities; and large-scale asset purchase (LSAP) 

programs by which the Federal Reserve acquires longer-term securities through open-market 

operations financed by the creation of central bank reserves.  All three kinds of balance sheet 

measures lead to a reduction in the amount of longer-term securities in the hands of the public 

compared with the alternative of no such programs. 

Our analysis contributes to a voluminous literature on the conduct of monetary policy at 

the ELB, including the recent papers by Reifschneider (2016), Kiley and Roberts (2017), and 

Kiley (2018), which feature methods and models similar to ours.  Relative to those papers, we 

employ an improved stochastic simulation strategy designed to produce a more realistic 

distribution of adverse outcomes and an asymmetric monetary policy response function, which 

captures the sharp declines in the federal funds rate seen during recessions in the data followed 

by gradual tightening.  Moreover, our work contributes to a recent strain of the literature 

focusing on threshold-based monetary policy rules.  Our results are distinguished from prior 

efforts, such as Boneva and co-authors (2018), by our ability to simulate open-ended threshold-

based LSAP programs, and from Burlon and co-authors (2018), who simulate open-ended asset 

purchases, by our use of a detailed model of the central bank balance sheet, including holdings of 

mortgage-backed securities. 

A first key finding of our study is that there is a material risk that the ELB will restrain 

policymakers’ ability to support the economy in the future.  Our simulations of the FRB/US 

 
4 Policy options that are not part of the FOMC’s existing toolkit, either because they have not been used in the past 
or because they might be inconsistent with the Federal Reserve’s Congressionally-mandated objectives, are beyond 
the scope of our analysis. 
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model—a large quarterly econometric model of the U.S. economy maintained by Federal 

Reserve staff—suggest a roughly 10 to 25 percent probability that the federal funds rate will be 

constrained by the ELB at some point between mid-2018 and the end of 2022.  This probability 

range and the associated economic consequences are sensitive to the baseline path of the federal 

funds rate, the assumed volatility of economic shocks, and a number of other modeling 

assumptions.  Time-series (statistical) models suggest probabilities of an ELB episode over that 

horizon as high as around 35 percent.  Over the next decade, the simulations imply a roughly 20 

to 50 percent probability that the federal funds rate will be constrained by the ELB at some point.  

These estimates of ELB risk are appreciably higher than had been assessed in research by 

Federal Reserve staff prior to the Global Financial Crisis, in part because, as discussed below, 

estimates of the longer-run neutral rate of interest have declined sharply since the Great 

Recession.5 

A second key finding is that, according to our model simulations, the current monetary 

policy toolkit can offset only to some extent the effects of significant recessionary shocks.  

During a recession, the FOMC’s ability to contain the initial rise in the unemployment rate and 

fall in inflation is limited because there are significant lags in the transmission of both 

conventional and unconventional monetary policy actions.  That said, if a recession were to leave 

the federal funds rate constrained by the ELB, the unconventional policy tools examined herein 

can strengthen somewhat the labor market recovery and help raise inflation toward 2 percent 

over time.  Thus, given the transmission lags, our simulations suggest that policymakers should 

deploy unconventional policies rapidly in the event of an incipient recession. 

Because of the sluggish transmission of policy actions in the FRB/US model, strategies 

that produce large effects require keeping accommodative financial conditions over periods 

extending many years into the future.  In particular, we obtain our largest effects under 

threshold-based forward guidance that keeps the federal funds rate low for many years or under 

large and persistent expansions of the balance sheet through LSAPs.  

 
5 For example, the assessment of Kiley and co-authors (2007) was that “the adverse effect from the zero lower 
bound is modest for inflation objectives at or above 1½ percent, though [they] recognize that ‘modest’ in the eye of 
one beholder may be either ‘de minimis’ or ‘significant’ in the eyes of others.”  As we discussed in the next section, 
estimates from our and a number of other recent studies point to a higher risk than assessed at the time. 
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As with any model-based simulations, our results and their interpretation are subject to a 

number of caveats and considerations.  All macroeconomic models are simplified representations 

of the true structure of the economy, focusing on a handful of transmission mechanisms 

suggested by economic theory; even conditional on model structure, many key parameters are 

estimated only imprecisely.  Moreover, the class of models that we use embeds somewhat 

optimistic assumptions about the ability of households and firms to understand the implications 

of the central bank’s policy strategy and about the credibility of the central bank’s commitment 

to that strategy.  Models that embed different assumptions along any of these dimensions might 

well lead to different conclusions.  In our appendix, we lay out our key modeling assumptions 

and conduct simulations under a number of alternative assumptions and models to assess the 

robustness of our findings. 

The remainder of the paper is as follows.  Section 2 assesses the risks that the federal 

funds rate will be constrained by the ELB in coming years, along with the potential 

macroeconomic effects.  Section 3 looks at the effects of unconventional monetary policies, first 

in an illustrative recession scenario and then in stochastic simulations.  We consider in turn 

threshold-based forward guidance and balance sheet measures in order to assess their respective 

marginal effects.  Section 4 offers some concluding remarks. 

2. Assessing the ELB Risk 

Modeling approach 

To estimate the frequency, duration, and severity of ELB episodes, we simulate the 

FRB/US model using historical shocks of the kind and size experienced by the U.S. economy 

over the past several decades around an economic projection that is consistent with the medians 

of the June 2018 Summary of Economic Projections (SEP).6  The individual projections for the 

federal funds rate in the longer run reported in that SEP ranged between 2¼ and 3½ percent.  The 

values in this range are lower than the cumulative rate cuts implemented by the FOMC in each of 

 
6 Our approach to simulating the model is similar to that employed by Reifschneider and Williams (2000), Williams 
(2009), Kiley and Roberts (2017), and Erceg and co-authors (2018), though, as we discuss later on, the details of our 
implementation differ along a number of dimensions.  In contrast with these studies, we employ the historical shock 
sampling approach of González-Astudillo and Vilán (2019).  See Appendix I for some details on how we construct a 
baseline economic projection consistent with the SEP. 
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the past three recessions—roughly 5 percentage points—and thus suggests a material risk that 

the federal funds rate will be constrained by the ELB in future economic downturns.  Our 

stochastic simulations start in the third quarter of 2018 and extend several decades into the 

future.  To establish a benchmark for ELB risk, we abstract for the moment from active use of 

unconventional monetary policies, assuming instead that the federal funds rate is set by a simple 

policy rule and that the term premium effects (TPEs) of the Federal Reserve’s existing asset 

holdings gradually dissipate.7  We impose an ELB of 12.5 basis points, a value equal to the mid-

point of the lowest range for the federal fund rate implemented by the FOMC during the Global 

Financial Crisis.    

In the FRB/US model, monetary policy primarily affects the economy through effects on 

long-term real interest rates operating through the following three channels.  First, real interest 

rates affect the required return on equity and hence, all else equal, the level of the stock market, 

which, in turn, directly affects consumption.  Similarly, real interest rates are an important 

determinant of investment spending through the user cost channel.  Finally, real interest rates 

play a role in real exchange rate dynamics, to the extent that U.S. policy actions open or close 

real interest rate differentials with the rest of the world.  Policy actions involving the federal 

funds rate, including forward guidance, translate into movements in long-term interest rates 

through a discounted version of the expectations theory of the term structure, whereas balance-

sheet policies, discussed below, act on term premiums. 

Consistent with empirical evidence that credible forward guidance is rapidly incorporated 

into financial market prices, we use a version of the FRB/US model in which the expected path 

of real interest rates is model-consistent, as are the expectations appearing in the wage and price 

Phillips curves.  We model other expectations (notably in the consumption and investment 

functions) through vector autoregressions estimated on historical data.  The model dynamics are 

approximated perturbatively to first order and model-consistent expectations are evaluated under 

 
7 In addition, we assume that the term premiums in the model are insensitive to movements in resource slack.  All 
else equal, assuming that term premiums fall when resource slack tightens would imply that changes in the conduct 
of monetary policy have somewhat larger effects on real activity and inflation than suggested by our model 
simulations.  See Appendix VIII for a discussion of this assumption. 
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the assumption of perfect foresight, that is, as though agents at each date neglect the possibility 

of unanticipated shocks hitting in the economy in the future.8   

Further, we assume that the federal funds rate is set according to either an inertial version 

of the Taylor (1999) rule or an “asymmetric” version of that rule that calls for quicker cuts 

during recessions.  The inertial Taylor (1999) rule is given by 

 

𝑅௧  = 0.85𝑅௧ିଵ + 0.15(𝑟ோ + 𝜋௧ + 0.5(𝜋௧ − 2) + 𝑦𝑔𝑎𝑝௧), 

where 𝑅௧   is the federal funds rate, 𝑟ோ is the real federal funds rate in the longer run, 𝜋௧ is four-

quarter core PCE inflation, and 𝑦𝑔𝑎𝑝௧ is the output gap.9  The asymmetric version includes an 

extra term that calls for lowering the federal funds rate more rapidly than otherwise when the 

unemployment rate is both rising and above the natural rate of unemployment, which is 

4½ percent in this baseline.  Specifically, the extra term in the asymmetric rule is 

−0.85(𝑈௧ − 𝑈௧ିଶ)𝕀{𝑈௧ − 𝑈௧ିଶ > 0}𝕀{𝑈௧ > 𝑈௧
∗}, 

where 𝑈௧ is the unemployment rate in quarter t and 𝑈௧
∗ is the natural rate of unemployment in 

that quarter.  This extra term is nonzero when the unemployment rate has been rising, on net, 

over the past two quarters, a condition that seeks to avoid quick cuts in policy rates in response 

to idiosyncratic movements in 𝑈௧.  The further requirement that 𝑈௧ > 𝑈௧
∗ seeks to avoid 

triggering the asymmetry when the unemployment rate is converging toward its natural level 

from below.  

We see the asymmetric policy rule as more consistent with the speed at which the 

Committee has cut its main policy rate in past economic downturns than the inertial Taylor 

(1999) rule.  To motivate this idea, in Appendix II we perform a counterfactual historical 

 
8 A description of the nonlinear FRB/US model, along with supporting computer programs and documentation, can 
be found at https://www.federalreserve.gov/econres/us-models-about.htm.  For applications using linearizations of 
earlier versions of that model, see, among others, Reifschneider and Williams (2000), Williams (2003), and Tetlow 
(2008).  Some papers in the literature have emphasized the role of precautionary and other nonlinear effects at the 
ELB, which might amplify the severity of these episodes (see, for example, Nakata, 2017).  Perfect foresight 
solution methods, while frequently applied in similar contexts in the literature, abstract from these channels and so 
may understate the impact of the ELB, if those effects are significant.   
9 For model explorations of that and similar Taylor-type inertial rules, see Chung and co-authors (2012), English and 
co-authors (2015), Chung (2015), Hebden and López-Salido (2018), and Erceg and co-authors (2018). 
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simulation around the Great Recession in which we assume that monetary policy strictly 

followed either the inertial Taylor (1999) rule or the asymmetric rule described above.  Our 

results show that actual monetary policy showed little, if any, inertia during the Great Recession, 

with the asymmetric rule better capturing the Committee’s swift decisions relative to an inertial 

Taylor (1999) rule.  Moreover, an asymmetric policy response may help mitigate ELB risk.10 

Lastly, we perform stochastic simulations of the model using the approach described in 

González-Astudillo and Vilán (2019).  We sample from the model’s equation residuals from the 

1969–2016 period.  To ensure consistency with the frequency, duration, and severity of historical 

economic downturns, we sample recessions with the same probability as in the data and, when a 

recession occurs, we draw the entire sequence of equation residuals associated with one of the 

historical recessions.  We scale down mark-up shocks to lower their variance by half, which 

helps limit occurrences of ELB episodes driven by falls in inflation unrelated to developments in 

real economic activity.  This change is motivated by our judgment that the low inflation volatility 

of the past couple decades are likely to persist, especially because the adoption of an explicit 

inflation objective by the FOMC in 2012 has cemented the achievement of low and stable 

inflation as a monetary policy goal.  We simulate 20,000 sequences of shocks in order to have 

reasonably small sampling uncertainty for tail event statistics.  When running stochastic 

simulations over many decades, as we do in Section 3.2, we assume that fiscal policy is twice as 

responsive to the output gap as in the standard version of FRB/US.  This alternative assumption 

helps ensure that the simulations produce stable solutions over long horizons.  See Appendix III 

for a discussion. 

The risk of experiencing an ELB episode depends on a number of factors, two of which 

we emphasize in our analysis.  The first factor is the conduct of monetary policy.  As previously 

discussed, we assume that the federal funds are is set according to either an inertial Taylor 

(1999) rule or an “asymmetric” version of that rule.  The second factor is the neutral level of the 

real federal funds rate in the longer run (rLR).  The value of rLR influences the level of the federal 

funds rate over time and, hence, the typical room to cut before reaching the ELB.  Because rLR is 

 
10 Reifschneider and Williams (2000) point out the desirability of aggressive interest rate cuts at the beginning of 
ELB episodes, followed by a slower normalization of policy rates than prescribed by the Taylor (1993) rule.  Adam 
and Billi (2006) show that a slower-than-otherwise normalization is also a key feature of optimal commitment 
policy in the presence of the ELB. 
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unobserved and estimated with a high degree of uncertainty, we consider values corresponding to 

the median, minimum, and maximum of longer-run estimates among SEP respondents. 

Main results 

Table 1 reports the probability that the ELB will bind at any point between mid-2018 and 

selected dates in the future.  The simulations suggest only a modest probability of returning to 

the ELB by the end of 2020, at less than 5 percent.  This low probability reflects, in part, the 

slow adjustment of the economy to shocks in the model.  The ELB probability is much higher in 

the longer run when the economic momentum present in the first several years of the projection 

has dissipated and the underlying shocks have transmitted fully to the economy.11  Another key 

factor for the low probabilities reported in Table 1 is the assumed gradual rise of the federal 

funds rate to about 3½ percent over the medium term, which leaves some room for policymakers 

to ease financial conditions by lowering the path of the federal funds rate without necessarily 

setting that rate back to the ELB.12   

 
11 In fact, under the asymmetric rule, the per-period ELB probability in the longer run is about 15 percent; see 
Table 4. 
12 In contrast to near-term ELB risk, we show in Appendix IV that the economic momentum embedded in the SEP-
consistent economic projection has only a modest effect on our assessment of ELB risk over the next 10 years 
relative to an economy starting at the balanced-growth equilibrium. 
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Table 1: Probability of an ELB episode between mid-2018 and selected periods based on 
stochastic simulations around June 2018 SEP-consistent baseline (in percent) 

 2020:Q4 2022:Q4 2027:Q4 
rLR = 0.88 (SEP median)    
 Inertial Taylor (1999) rule 2.7 10.6 28.8 
 Asymmetric rule 4.2 18.8 42.1 
rLR = 1.50 (SEP maximum)    
 Inertial Taylor (1999) rule 2.4 8.2 23.0 
 Asymmetric rule 3.6 14.6 34.4 
rLR = 0.25 (SEP minimum)    
 Inertial Taylor (1999) rule 3.3 14.7 36.8 
 Asymmetric rule 5.7 24.7 50.9 
    
Addendum    
Survey of Primary Dealers  
(Median, June 2018) 

20.0 n.a. n.a. 

Sources:  Authors’ calculations and Federal Reserve Bank of New York. 
Notes:  The statistics are based on 20,000 stochastic simulations of the FRB/US model around the June 

2018 SEP-consistent baseline, holding balance sheet policy constant. 

Beyond 2020, the federal funds rate in the SEP-consistent baseline projection falls from 

its peak of 3½ percent to its longer-run level of 2.88 percent.  As a result of this decline, 

policymakers are left with less scope to cut the federal funds rate in response to adverse shocks 

before the ELB binds and thus they face greater ELB risk in each period.  Looking at the next 

10 years or so, our simulations assign a 29 to 42 percent probability that the ELB will bind at 

some point depending on the policy rule.  On a per-period basis (not shown in Table 1), the risk 

that the federal funds rate is constrained by the ELB rises beyond 2020 as the economic 

momentum embedded in the economic projection gradually wanes and as shocks and their 

effects cumulate.  Estimates of the ELB risk at long horizons are sensitive to a number of 

modeling assumptions.  In Appendix III, we compare our per-period ELB probabilities in the 

longer run to those found by Williams (2009) and Kiley and Roberts (2017) in studies that also 

use the FRB/US model. 

Overall, the probabilities reported in Table 1 are somewhat lower at all horizons under 

the inertial Taylor (1999) rule than under its asymmetric version because the asymmetry leads, 

by design, to larger cumulative cuts in policy rates when the labor market deteriorates.  Of 

course, the fact that the ELB binds more frequently under the asymmetric rule need not imply 

that macroeconomic outcomes under that rule are worse than under the inertial Taylor (1999) 
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rule.  To the contrary, as we discuss later, prompt policy rate cuts early in economic downturns 

can help attenuate the effects of recessionary shocks (although doing so improves outcomes only 

slightly in our model simulations).  

Sensitivity to longer-run neutral rate assumptions 

In Figure 1, we report the mean and the range of point estimates derived from seven time-

series measures of the real neutral rate in the longer run.  All seven measures feature declines 

over that period.13  The mean across measures for 2018:Q1 is 0.9 percent, down from a mean of 

2.3 percent over the 2000–2007 period.  However, the distribution of estimates for the current 

level of rLR is quite broad and many of the point estimates have sizeable uncertainty bands (not 

shown).  It is thus natural to explore the effects of differing assumptions about that level on 

incidence of the ELB. 

We find that moderate deviations from the SEP-baseline assumption about rLR have the 

expected effect on ELB risk:  Lower (higher) rLR values imply greater (lower) risk.  However, 

quantitatively, moderate deviations from baseline rLR assumptions have modest effects on the 

ELB risk over the next few years, in part because the assumed gradualism in the conduct of 

monetary policy during normal times implies that changes in rLR feed into the path of the federal 

funds rate only slowly.14  For example, as Table 1 shows, assuming a path of the federal funds 

rate consistent with the lowest estimate of rLR among SEP respondents (0.25 percent) is 

associated with a probability of returning to the ELB by the end of 2022 of 25 percent under the 

asymmetric rule compared with a probability of 19 percent for the median estimate of rLR.15 

 
13 The seven measures used to construct Figure 1 are based on the time-series models of Del Negro and co-authors 
(2017), Holston and co-authors (2017), Johannsen and Mertens (2016), Kiley (2015), Laubach and Williams (2016), 
Lewis and Vazquez-Grande (2017), and Lubik and Matthes (2015).  We thank the authors of these studies for 
providing updated estimates.  See also King and Low (2014), Rachel and Smith (2017), and Hamilton and co-
authors (2016) for related discussions and evidence on the fall in longer-term interest rates. 
14 To obtain an economic projection under an alternative value of rLR, we simply replace the path of the federal funds 
rate in the SEP-consistent baseline projection with the path that is prescribed by the asymmetric rule with the 
alternative rLR value, keeping all other elements of the baseline projection unchanged. 
15 When we posit very low rLR values—say, negative 1.5 percent—and subject the model to shocks over long 
horizons, we sometimes encounter “death spirals” by which the policy rate response to recessionary shocks is 
constrained by the ELB to such an extent that the economy fails to recover after a recession.  As a result, output 
tends to drift below its potential level by an ever increasing margin over time, causing the federal funds rate to be 
persistently stuck at the ELB.  While such a low value is well below the range of responses in the SEP, it is 
encompassed in the uncertainty bands of several empirical estimates at standard levels of statistical significance. 
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Figure 1: Time-series estimates of the neutral real federal funds rate in the longer run 

 
Sources:  Authors’ calculations based on quarterly estimates from seven time-series models.  
Notes:  The measures are “one-sided,” meaning that estimates for a given quarter are based on data 

only up to that quarter.  The measure uses a recent vintage of data for all quarterly estimates.   

Estimates from alternative models 

Our conclusions about the frequency of ELB episodes are sensitive to the choice of a 

model to perform the analysis.  Table 2 reports ELB risk estimates from three time-series 

models:  Johannsen and Mertens (2016), Lubik and Matthes (2015), and Del Negro and co-

authors (2017).16  In contrast to the preceding FRB/US simulations, the predictions from these 

models do not depend on a judgmental economic projection.  In these models, the federal funds 

rate responds symmetrically to economic developments by construction and the degree of inertia 

in policy decisions is estimated to be large.  Importantly, these models take into account the 

uncertainty attached to current estimates of rLR, as opposed to postulating a specific value.  To 

provide some idea of this uncertainty, we report in Table 2 each model’s median estimate of rLR 

for the second quarter of 2018 along with the associated 68-percent uncertainty range. 

Compared with the FRB/US simulations, the three time-series models imply a somewhat 

higher probability—between 18 and 37 percent—that the ELB will bind between mid-2018 and 

the end of 2022.  This higher ELB risk reflects, in large part, the weight that these models assign 

to the possibility that rLR is currently low and will be so in the future.  More generally, they 

suggest that occasional returns to the ELB will be a feature of policymaking in the future:  Over 

 
16 We thank the authors of these papers for providing the results reported in Table 2, which go beyond the 
information available in their studies. 
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the next decade or so, the models predict a 29 to 52 percent probability of seeing at least one 

ELB episode, a range high enough that the design of monetary strategies to deal with the ELB 

arguably warrants special attention.17 

Table 2: rLR estimates and probability of ELB episode between mid-2018 and period shown 
from selected time-series models (in percent) 

 rLR estimate probability of ELB episode 

 median  
68-percent 
uncertainty 

range  
2020:Q4 2022:Q4 2027:Q4 

      
Johannsen and Mertens 
(2016) 

0.7 [–0.2, 1.6] 13.5 22.2 35.3 

Lubik and Matthes (2015) 
 

1.0 [–0.6, 2.8] 10.8 18.1 29.3 

Del Negro and co-authors 
(2017) 

1.3 [1.0, 1.7] 28.5 36.8 52.0 

Sources:  Authors of each study. 

Macroeconomic outcomes associated with ELB episodes 

ELB episodes could be a source for concern even when infrequent if they are associated 

with large economic losses.  Conversely, ELB episodes need not have large economic 

consequences if the constraint binds only for short periods or if economic conditions would have 

called for setting the “notional” federal funds rate (that is, the rate prescribed by the policy rule 

in the absence of the ELB) only modestly below the ELB.  To assess the negative effects on 

economic conditions that are attributable to the ELB, Table 3 compares outcomes for the 

unemployment rate and inflation when policy rates are constrained by the ELB (labeled “With 

ELB”) to the counterfactual outcomes that would be observed in its absence (labeled “No 

 
17 Yet another approach to extracting estimates of ELB risk is to simulate dynamic stochastic general equilibrium 
(DSGE) models.  In many such models, the probability of observing an ELB episode is very sensitive to the rule 
governing the federal funds rate.  For example, Kiley and Roberts (2017) demonstrate that a standard DSGE model 
implies very high ELB risk under traditional Taylor-type rules whereas more efficient strategies imply very low 
ELB risk.  The sensitivity of the results to the precise form of the interest rate rule arises, in part, because aggregate 
demand and inflation are more responsive to monetary policy than in the FRB/US model and, thus, can be stabilized 
through rules that adjust the expected path of short-term interest rates relatively modestly but in a manner that is 
targeted to offset aggregate demand shortfalls.  With regard to ELB risk over the next decade, the DSGE model of 
Del Negro and co-authors (2017) implies that the probability of being at the ELB at some point between mid-2018 
and 2020, 2022, and 2027 is 47 percent, 60 percent, and 72 percent, respectively.  These probabilities are high, in 
part, because the authors estimate a volatile economic environment.  Moreover, their model calls for a relatively low 
path for the policy rate in coming years to offset the effects of persistently high risk and liquidity premiums. 
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ELB”).18  The simulations are computed under the assumption that policymakers use the 

asymmetric policy rule to set the federal funds rate.  For comparability, the statistics are 

computed, for each combination of a period shown and rLR value, using only the observations for 

which the ELB binds in that period under the “With ELB” policy. 

Table 3: Macroeconomic outcomes conditional on being in an ELB episode in period shown 
(in percent) 

 2020:Q4  2022:Q4  2027:Q4 

 Ut πt  Ut πt  Ut πt 

  median 
95th 

highest 
median 

95th 

lowest 
 median

95th 

highest
median 

95th 

lowest 
median

95th 

highest
median 

95th 

lowest 

rLR = 0.88  
(SEP median) 

  
       

     

With ELB 6.9 8.0 0.8 0.1  6.5 8.8 1.0 -0.4  6.6 9.7 0.7 -1.4 

No ELB 6.4 7.3 1.0 0.4  5.9 7.8 1.2  0.1  5.9 8.1 1.0 -0.2 
rLR = 1.50  
(SEP max.) 

              

With ELB 7.0 7.9 0.8 0.2  6.7 8.8 0.9 -0.3  6.9 9.6 0.7 -1.2 

No ELB 6.5 7.4 1.0 0.4  6.2 7.9 1.1 0.0  6.2 8.3 0.9 -0.2 
rLR = 0.25  
(SEP min.) 

              

With ELB 6.7 8.1 0.8 0.0  6.2 8.9 1.0 -0.5  6.4 9.9 0.8 -1.8 

No ELB 6.1 7.3 1.1 0.4  5.7 7.6 1.3 0.2  5.7 7.9 1.1 -0.1 
Sources:  Authors’ calculations. 
Notes:  The statistics are based on 20,000 stochastic simulations of the FRB/US model around the June 

2018 SEP-consistent baseline and under the assumption that policymakers follow an asymmetric policy 
rule.  For comparability, simulations in which we impose the ELB (labeled “With ELB”) and in which we 
do not (labeled “No ELB”) are performed using identical sequences of economic shocks.  For each 
combination of a period and rLR value, all statistics are computed using the subset of observations for which 
the ELB binds under the “With ELB” simulations.  

Overall, Table 3 shows that policymakers’ inability to lower the federal funds rate below 

the ELB is associated with a weaker economy than would exist otherwise.  For example, the 

median unemployment rate across all simulations in which the ELB binds in the final quarter of 

2020 is roughly ½ percentage point higher than would have been observed had the ELB not been 

a constraint on policy.  For inflation, the median reading conditional on being at the ELB in 

 
18 The simulations without imposing the ELB should not be interpreted as suggesting that it is possible, in practice, 
to set policy rates much below zero or that the monetary transmission mechanism would be the same under negative 
policy rates.  Rather, the simulations provide benchmarks for the shortfall in monetary policy accommodation due to 
the ELB and the likely effects of that shortfall on macroeconomic outcomes. 
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2020:Q4 is a couple tenths of a percentage point lower than otherwise.  We find roughly similar 

differences in median constrained and unconstrained outcomes when we look at ELB events later 

in the simulation period or when we look at moderately higher or lower values of rLR.19 

The disruptive effects of the ELB are more readily apparent when we look at tail events 

for which the constraint is binding more strongly.  Again conditional on being at the ELB in 

2020:Q4, the 95th highest percentile of the unemployment rate is ¾ percentage point higher than 

in the absence of the ELB whereas the 95th lowest percentile of inflation is 0.3 percentage point 

lower than in the absence of the constraint; these differences are somewhat larger than the 

corresponding differences for the medians.  Moreover, the differences between constrained and 

unconstrained outcomes grow in magnitude as we consider ELB events at later horizons because 

the accumulation of economic shocks leads to more dispersed outcomes, including several for 

which the ELB is a significant constraint on policy.  For example, for a value of rLR equal to the 

SEP median, the difference between constrained and unconstrained outcomes in 2027:Q4 is 

1.6 percentage points for the 95th highest percentile of the unemployment rate and 1.2 percentage 

points for 95th lowest percentile of inflation.20  See Hebden and López-Salido (2018) for an 

exploration of the distribution of macroeconomic outcomes at the ELB under a wider range of 

policy strategies. 

The above simulations are conditioned on model parameters and economic shocks that 

are estimated on macroeconomic data over the last five decades or so.  Of course, in the future, 

the structure of the economy and the distribution of economic shocks may differ.  For example, 

the experience in Japan over the past few decades suggests that ELB episodes could be more 

frequent and longer lasting—particularly if inflation expectations were to drift downwards 

substantially.  Overall, the significant difference between outcomes when we impose the ELB 

 
19 Because the sets of ELB observations reported in the table are specific to each period and value of rLR, 
comparisons of statistics across rLR assumptions and periods should be made with caution.  For example, for a given 
sequence of shocks, low values of rLR are typically associated with a greater deterioration in macroeconomic 
outcomes at the ELB than high values of rLR.  However, given our sampling procedure, there exists a countervailing 
selection effect by which ELB episodes under relatively high values of rLR tend to be associated with the sampling of 
shocks from the most severe historical recessions. 
20 Model estimates of the severity of the economic disruptions induced by the ELB are sensitive to a number of 
modeling assumptions, including the conduct of fiscal policy, the monetary policy strategy, and expectation 
formation.  See Appendix III for a related discussion of how these factors affect long-run ELB risk in the 
simulations. 
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and when we do not is revealing of the shortfall in policy accommodation due to the ELB 

constraint and motivates our consideration below of unconventional policy tools. 

3. Assessing Unconventional Monetary Policies  

We next explore how two kinds of unconventional policies used by the FOMC in 

response to the Global Financial Crisis—threshold-based forward guidance about the federal 

funds rate and balance sheet policies—might help stabilize the economy following adverse 

shocks.  We first illustrate the macroeconomic effects of such policies in a stylized recession 

scenario in which the ELB binds for an extended period.21  We next perform stochastic 

simulations of the FRB/US model to assess the overall improvement in macroeconomic 

outcomes and mitigation of tail risks provided by unconventional policy tools. 

3.1. Unconventional policies in a recession scenario 

Description of the recession scenario 

Our illustrative recession scenario is similar in severity to the 2008–2009 recession:  

Starting in the third quarter of 2018 (the first quarter in the simulation), a sequence of adverse 

spending shocks lifts the unemployment rate to 10 percent at its peak and lowers inflation to an 

annual rate of ¾ percent at the trough.22  We assume that policymakers set the federal funds rate 

according to the asymmetric policy rule, subject to the ELB, and we abstract from any effects 

from endogenous variation in the Federal Reserve’s balance sheet.  These assumptions are made 

for simplicity and to establish a benchmark for assessing the effects of alternative monetary 

policies later on.  As shown in Figure 2, economic conditions in this scenario deteriorate 

sufficiently that the ELB binds for nearly five years.  Inflation dynamics in the FRB/US model 

are very persistent, in large part because low realized inflation weakens longer-run inflation 

expectations.  As a consequence, inflation does not reach 2 percent even a decade after the 

beginning of the recession despite the unemployment rate having fallen to or below the natural 

rate for some time.  In the absence of the ELB constraint, the asymmetric rule would have called 

for lowering the federal funds rate to -8 percent, which, when implemented in the model, takes 

 
21 This approach is similar to that in Reifschneider (2016) and Yellen (2016). 
22 The deterioration in macroeconomic outcomes in our recession scenario is also similar to that in the “severely 
adverse scenario” featured in the Federal Reserve’s 2018 supervisory stress tests. 
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off 1½ percentage points from the peak in the unemployment rate.  Hence, the ELB materially 

constrains policymakers’ ability to stabilize the economy in this scenario. 

Figure 2: Recession scenario under baseline policy rule with and without ELB 

 

Sources:  Authors’ calculations.  
Notes:  We constructed the recession scenario in the FRB/US model around the SEP-consistent 

baseline projection using a sequence of negative spending shocks starting in the third quarter of 2018, the 
first quarter in the simulation.  We assumed that the federal funds rate is determined by an asymmetric 
policy rule without macroeconomic thresholds and abstract from any effects arising from the reaction of the 
Federal Reserve’s balance sheet to the macroeconomic conditions shown in the scenario. 

In the FRB/US model, the more rapid cuts in the federal funds rate prescribed by the 

asymmetric rule in response to the recession do little, by themselves, to improve economic 

conditions.  As seen in the inset box of Figure 2, under the asymmetric rule, policymakers lower 

the federal funds rate to the ELB two quarters earlier than under the inertial Taylor (1999) rule, 



 

18 

and subsequently implement the same paths for the policy rate.  Under the assumption 

maintained in the simulations that price setters, wage setters, and financial market participants 

perfectly understand the policy rule in place, the difference in policy stance during the first few 

quarters of the simulation makes virtually no difference for the real longer-term interest rates that 

influence economic activity in the model.23  As a result, the unemployment rate and inflation 

outcomes are almost identical between the asymmetric rule and the inertial Taylor (1999) rule.  

This result is a reminder that it is the entire expected path of policy—rather than only the 

prevailing policy settings—that influences economic conditions in the model.  With that in mind, 

we next turn to policy strategies that seek to influence policy expectations over extended 

horizons. 

Threshold-based forward guidance 

In models like FRB/US, in which some or all agents are forward looking, central bank 

communications about the future path of monetary policy can stimulate economic activity and 

inflation by lowering expectations of the path of short-term interest rates, which helps, in turn, 

ease overall financial conditions.24  We explore the effects of explicit forward guidance about the 

future path of the policy rate in the form of credible announcements that policymakers will keep 

the federal funds rate at the ELB at least until some specific improvement in economic 

conditions has been achieved; thereafter, the policy rate is guided by the asymmetric rule.  

Similar to the forward guidance implemented by the FOMC in December 2012, the forward 

guidance assumed here takes the form of thresholds for the unemployment rate and inflation.  

These thresholds are not necessarily triggers for an exit from the ELB.  For instance, if the 

asymmetric rule were to prescribe that the federal funds rate remains at the ELB despite a 

particular threshold being reached, then the policy rate would remain at the ELB.  To the extent 

that the thresholds delay liftoff from the ELB relative to the policy rule, the forward guidance in 

 
23 In practice, a failure of the FOMC to cut policy rates as swiftly as expected by the public in response to an 
incipient recession might lead the public to question policymakers’ resolve and, in turn, erode confidence and 
aggravate the economic situation.  More generally, the adoption of a particular policy strategy by the FOMC—
including recourse to threshold-based forward guidance and balance sheet policies—might well entail periods during 
which the public learns the policy strategy and its macroeconomic implications.  We abstract from such 
consideration in our analysis. 
24 For empirical assessments of the financial market effects of past FOMC communications, as well as for 
discussions and illustrations of the related transmission channels of central bank communications to economic 
activity and inflation, see, notably Campbell and co-authors (2012), Woodford (2012), Engen and co-authors (2015), 
and Campbell and co-authors (2017), and Swanson (2018). 
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our simulations is a commitment to a more accommodative path for the federal funds rate in the 

future than under the asymmetric rule.  In practice, policymakers can also use forward guidance 

to clarify the intended path of monetary policy or might issue forward guidance about the speed 

at which they intend to raise the federal funds rate after departure from the ELB; our analysis 

abstracts from these aspects.25 

Effects on macroeconomic outcomes 

Figure 3 shows simulation results for three unemployment rate thresholds:  5.5 percent, 

4.5 percent, and 3.5 percent.  These thresholds are, respectively, 1 percentage point above, equal 

to, and 1 percentage point below the natural rate of unemployment in the SEP-consistent 

baseline.  The setting of an unemployment rate threshold above the natural rate—as the FOMC 

did in December 2012—can be motivated on the basis that Taylor-type policy rules typically call 

for removing accommodation before the unemployment rate and inflation have returned to their 

longer-run values.  Alternatively, such a threshold may reflect policymakers’ concern about 

inadvertently choosing too low a threshold in light of uncertainty about the value of the natural 

rate.  Moreover, when policymakers value a gradual approach to policy normalization, raising 

the federal funds rate from the ELB early does not necessarily conflict with the maintaining of an 

accommodative stance of monetary policy in subsequent years.  That said, given the severity of 

the recession scenario considered here, policymakers might judge it desirable to provide even 

more policy accommodation by setting an unemployment rate threshold at or below the natural 

rate for as long as inflation remains at or below their 2 percent objective.  We combine our 

unemployment rate thresholds with an “escape clause” that allows liftoff from the ELB when 

 
25 In practice, policymakers might see clarifying the intended path of monetary policy as a reason for issuing 
threshold-based forward guidance, even if they do not intend to ease or tighten prevailing financial conditions.  Such 
a motivation is difficult to capture in our model because there is no disagreement among agents about the future 
course of monetary policy.  Moreover, the assumptions that price setters, wage setters, and financial market 
participants form model-consistent expectations and understand policymakers’ intended course of policy curtail the 
possibility that monetary policy communications would be misunderstood. 
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inflation rises above 2.5 percent.26  This clause turns out not to be invoked in this recession 

scenario but is invoked occasionally in the stochastic simulations performed later.27 

 
26 We specify the escape clause in terms of realized rather than projected inflation, in contrast with the FOMC’s 
December 2012 forward guidance that policymakers would maintain policy rates at the ELB at least until “inflation 
between one and two years ahead [was] projected to be no more than a half percentage point above the Committee’s 
2 percent longer-run goal.”  Because the simulations shown in Figure 3 are conducted under perfect foresight, we 
could have achieved the same liftoff dates and macroeconomic outcomes using threshold specified in terms of 
projected values.  In a dynamic environment, the use of projected values for inflation might help policymakers 
communicate that they would see through transitory influences.  
27 These results depend on the model specification and could be different in alternative models.  For example, Chung 
and co-authors (2015) use DSGE models and report sizable and persistent overshooting of inflation following 
threshold policies for the unemployment rate that are less accommodative than the more aggressive strategies we 
consider; this result points to the possibility that inflation risks associated with these strategies could be greater than 
suggested by simulations of the FRB/US model. 
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Figure 3: Forward guidance with unemployment rate thresholds in a recession scenario 

 

 

Sources:  Authors’ calculations. 
Notes:  We constructed the recession scenario in the FRB/US model by subjecting the SEP-consistent 

baseline to a sequence of negative spending shocks starting in the third quarter of 2018, the first quarter in 
the simulation.  We assumed that the federal funds rate is determined by an asymmetric policy rule without 
macroeconomic thresholds and abstract from any effects arising from the reaction of the Federal Reserve’s 
balance sheet to the macroeconomic conditions shown in the scenario. 

Forward guidance in the form of an unemployment rate threshold of 5.5 percent has no 

effect on the simulation results because, in our recession scenario, the unemployment rate is 

already below 5.5 percent by the time the asymmetric rule prescribes raising the federal funds 
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rate above the ELB.28  A threshold of 4.5 percent delays liftoff by three quarters and results in a 

path for the real 10-year Treasury yield that is only slightly lower than under the asymmetric rule 

through 2025, so that the unemployment rate and inflation paths are little changed.  A threshold 

of 3.5 percent is more consequential:  Compared with the asymmetric rule, it delays liftoff by 

more than three years and lowers the real 10-year Treasury yield about ½ percentage point, on 

average, through 2025.  Given the lags in the monetary transmission mechanism, the 3.5 percent 

threshold shaves off only 0.2 percentage point from the peak in the unemployment rate.  Later in 

the scenario, the extra monetary stimulus gains traction and the unemployment rate bottoms out 

at 3½ percent, about ½ percentage point less than under the asymmetric rule without thresholds.  

Inflation under the 3.5 percent threshold policy is ¼ to ½ percentage point higher than otherwise.  

This more accommodative monetary policy lifts inflation toward 2 percent immediately in the 

simulations because of our assumption that price and wage setters are forward looking:  In short, 

the specification of a binding unemployment rate threshold leads to the anticipation of less 

resource slack over the medium term than in the absence of the threshold, which, in turn, results 

in the setting of higher prices and wages in the near term.29   

In this recession scenario, the return of inflation to the 2 percent goal lags the return of 

the unemployment rate to its natural level, as appears to be the case in the U.S. recovery from the 

Global Financial Crisis.  Even under our most aggressive unemployment rate threshold, inflation 

runs well below the FOMC’s goal for nearly a decade, a situation that could pose a serious risk 

to longer-run inflation expectations.  For this reason, it is natural to consider forward guidance 

formulations that delay departure from the ELB at least until policymakers have achieved 

meaningful progress in returning inflation to 2 percent.  In Figure 4, we consider three inflation 

thresholds:  1¾ percent, 2 percent, and 2¼ percent.  These thresholds delay liftoff from the ELB 

by between three and five years relative to the asymmetric rule with no threshold.  After liftoff 

 
28 In an uncertain environment, a 5.5 percent unemployment rate threshold would clarify that the Federal Reserve 
stands ready to provide more accommodation than under the asymmetric rule in the event that the labor market 
deteriorates.  Because our simulations assume perfect foresight, this potential benefit is not captured in the results 
shown in Figure 3. 
29 Whether policymakers would see the improvements in macroeconomic outcomes during the recession and 
recovery phase as worthy of a more pronounced undershooting of the natural rate of unemployment and, possibly, 
inflation running above 2 percent for a time depends on policymakers’ preferences over outcomes.  In Appendix V, 
we provide some simple metrics to compare the extent of deviations from longer-run values in our recession 
scenario and of how unconventional policies can attenuate or amplify these deviations.  
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from the ELB, the path for the federal funds rate is steeper for a time under the inflation 

thresholds than without them because future policymakers respond to higher inflation and tighter 

resource utilization.  In particular, under the most aggressive threshold of 2¼ percent, the path 

for the real 10-year Treasury yield is, on average, about ¾ percentage point lower than under the 

asymmetric rule over the first seven years of the scenario.  Under this policy, the decline in 

inflation is greatly attenuated; inflation bottoms out at 1½ percent and runs slightly above the 

inflation target starting in 2025.30  By comparison, under the less aggressive thresholds of 

2 percent and 1¾ percent, the return of inflation to 2 percent is delayed until 2027 and 2030, 

respectively.  

Key lessons and caveats 

Our analysis suggests that threshold-based forward guidance only modestly limits the 

deterioration of labor market conditions during a severe recession because of the long lags in the 

transmission of monetary policy.  The thresholds can have somewhat larger beneficial effects 

during the subsequent economic recovery but the gains are obtained through strategies that keep 

policy more accommodative than otherwise for many years into the future.  Because the return of 

inflation to the 2 percent objective lags the closing of the unemployment gap in our recession 

scenario, we find that a commitment to remain at the ELB until labor market slack is absorbed 

leaves inflation running well below 2 percent for many years.  In fact, given the flatness of the 

short-run Phillips curve in the FRB/US model, achieving the inflation thresholds requires 

running the economy hot for an extended period of time.  In that respect, forward guidance 

formulations that delay departure from the ELB until inflation has returned to, or exceeded, 

2 percent are most successful in preventing inflation from running persistently below the 

FOMC’s goal for an extended period, though this results hinges in part on the behavior of 

inflation in the model. 

 
30 The inflation overshooting and the unemployment rate undershooting are key features of optimal commitment 
policy in New Keynesian DSGE models.  See, for example, Adam and Billi (2006), Eggertsson and Woodford 
(2003), and Jung and co-authors (2005). 
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Figure 4: Forward guidance with inflation thresholds in a recession scenario 

 
Sources:  Authors’ calculations. 
Notes: We constructed the recession scenario in the FRB/US model by subjecting the SEP-consistent 

baseline to a sequence of negative spending shocks starting in the third quarter of 2018, the first quarter in 
the simulation.  We assumed that the federal funds rate is determined by an asymmetric policy rule without 
macroeconomic thresholds and abstract from any effects arising from the reaction of the Federal Reserve’s 
balance sheet to the macroeconomic conditions shown in the scenario. 

The results are subject to at least four important caveats.  First, the potency of forward 

guidance might depend crucially on the formation of expectations.  In our simulations, we 

assume that some agents fully understand the forward guidance and dynamics of the model 

whereas other agents form expectations through simple projections of current and past variables 

without regard to the forward guidance.  To some readers, these assumptions might suggest that 

we are underestimating the effects of forward guidance:  In the FRB/US model, limitations in the 

forward-looking behavior of households and businesses contribute to creating long lags in the 
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transmission of shocks, so that threshold-based forward guidance has little effect on the 

unemployment rate in the first couple years after its issuance.  In other macroeconomic models, 

agents are more forward looking and the transmission lags are accordingly shorter.  By contrast, 

other readers might argue that the assumption that price setters, wage setters, and financial 

market participants form model-consistent expectations is too strong, leading us to overstate the 

effectiveness of the forward guidance and, in particular, the initial boost to inflation expectations. 

To illustrate the importance of assumptions regarding the formation of expectations, we 

also examine the effects of threshold-based forward guidance in a medium-scale DSGE model.  

The model we use is a variant of the DSGE model of Del Negro, Giannoni, and Schorfheide 

(2015) in which households discount future incomes when making spending decisions.31  The 

results are shown in Figure 5.  For an unemployment rate threshold of 4½ percent, the 

macroeconomic outcomes for the DSGE model are not materially different from those shown in 

Figure 3 for the FRB/US model.  However, for an inflation threshold of 1¾ percent, the 

macroeconomic outcomes in the DSGE are substantially improved relative to those in the 

FRB/US model, especially for the unemployment rate.  The reason is that, despite discounting, 

households and firms in the DSGE model are more forward looking than those in the FRB/US 

model, and thus factor in their decisions some of the projected improvement in economic 

conditions that thresholds bring about.  The improvement in inflation of adopting the inflation 

threshold is also larger in the DSGE model than in the FRB/US model.  However, the 

improvement is not as striking for inflation as for the unemployment rate, because, as described 

in Section 2, we assume that price and wage setters have model-consistent expectations in the 

FRB/US model, as in the DSGE model.  

 
31 This discounting helps address the forward guidance puzzle that is present in standard DSGE models.  See Del 
Negro, Giannoni, and Patterson (2015) for an exposition of the forward guidance puzzle in standard DSGE models.  
See Chung, Nakata, and Paustian (2018) and Nakata and co-authors (2019) for related analyses of forward guidance 
in DSGE models with a discounted Euler equation and a discounted Phillips curve. 
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Figure 5: Forward guidance in a DSGE model with a discounted Euler equation 

 
Sources:  Authors’ calculations. 
Notes:  Simulations of forward guidance strategies in a variant of the model of Del Negro, Giannoni, 

and Schorfheide (2015) in which consumers discount future interest rates at a rate of 5 percent per quarter.  
The simulations are performed using the same recession scenario as in Section 3. 

Second, the potency of threshold-based forward guidance to improve economic outcomes 

rests on policymakers’ ability to make credible commitments to keep the federal funds rate lower 

than otherwise at distant horizons.  Under such commitments, economic conditions might 

eventually improve to such an extent that future policymakers would prefer to implement a 

tighter monetary policy than the one originally communicated (that is, the policy commitments 

entailed by the forward guidance may not be “time consistent”).  For example, in Figure 4, the 

improvement in economic conditions achieved under inflation thresholds of 2 percent or more is 

associated with promises to keep the federal funds rate at the ELB even as the unemployment 
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rate falls well below its longer-run level and inflation is on its way to modestly overshoot 

2 percent for several years.  When faced with the prospect of an overheating economy, future 

policymakers may well judge that they are “falling behind the curve” and opt to drop the policy 

commitment.  In practice, policymakers would have to weigh various benefits, costs, and risks in 

deciding whether to depart from an announced forward guidance.  Notably, policymakers might 

worry that the public would react negatively to such a departure, causing a loss of reputation that 

would make recourse to forward guidance less effective in future recessions.  Appendix VI 

explores some of the prospective costs and benefits of deviating from the forward guidance.  To 

the extent that the public anticipates such time-inconsistent behavior, the provision of forward 

guidance could lack credibility and economic conditions could fail to improve as a result. 

Some researchers have formally analyzed the issue of credibility in economies with 

occasionally binding ELBs.  Using a model in which policymakers reoptimize with a constant 

probability, Bodenstein and co-authors (2012) show that less credible policymakers (that is, 

policymakers susceptible to reoptimizing their policy promises frequently) may need to hold 

rates low for longer to compensate for their low credibility.  Using a similar framework, Haberis 

and co-authors (2019) show that if policymakers have sufficiently low credibility, then holding 

rates low for long may be counterproductive.  

A third caveat is that the potency of forward guidance hinges on the public’s 

understanding of the implications of a strategy to keep policy rates low for an extended period.  

The adoption of a particular policy strategy by the FOMC—including recourse to threshold-

based guidance in response to economic downturns—might well entail periods during which the 

public learns about the policy strategy and its macroeconomic implications.  The market reaction 

to the FOMC’s adoption of calendar-based forward guidance in August 2011 is encouraging in 

that respect because the announcement led to immediate, sizeable adjustments in federal funds 

rate expectations.32  That said, policy commitments beyond a few years or involving complex 

conditionality on economic outcomes might be more difficult for the public to process.  For 

 
32 In August 2011, the FOMC stated its anticipation “that economic conditions—including low rates of resource 
utilization and a subdued outlook for inflation over the medium run—[were] likely to warrant exceptionally low 
levels for the federal funds rate at least through mid-2013.”  Market expectations of the federal funds rate over that 
period and beyond fell immediately upon the announcement. 
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example, it could be challenging for policymakers to communicate to the public that they would 

look through a breach of an inflation threshold due to transitory factors. 

Finally, our analysis focuses on a relatively small number of transmission channels that 

are well modeled using standard macroeconomic theory.  However, forward guidance and other 

unconventional policies might operate through other channels.  For example, during the Global 

Financial Crisis, the FOMC’s policy actions might have boosted confidence to a greater extent 

than in the past.  Therefore, the limited effects that we find might understate the benefits of 

forward guidance in some situations. 

Balance sheet policies 

Next, we analyze the effects of four balance sheet policies in the recession scenario and 

compare their macroeconomic outcomes to those achieved under a passive balance sheet policy 

under which only principal payments on Treasury securities in excess of $30 billion per month 

and on agency securities in excess of $20 billion per month are reinvested, while the rest is 

redeemed, until the size of the Federal Reserve’s balance sheet is normalized.33  In these 

simulations, we solve jointly the FRB/US model and a detailed model of the Federal Reserve’s 

balance sheet and of its effects on financial conditions.34  The four balance sheet policies are 

assumed to affect macroeconomic conditions through their influence on the term premiums 

embodied in longer-term interest rates. 

Description of balance sheet policies 

All four balance sheets policies that we consider are initiated as soon as the ELB binds, a 

fact known by the model’s price setters, wages setters, and financial market participants at the 

onset of the simulations.  Under the “reinvestment-only” policy, the Federal Reserve resumes 

 
33 Our cap structure is a simplified version of the one currently pursued by the Federal Reserve for principal 
payments on securities held in the System Open Market Account, as detailed in the addendum to the FOMC’s Policy 
Normalization Principles and Plans released on June 14, 2017.  Whereas the amount of maturing Treasury securities 
and agency debt are known, at least in the near term, principal payments on agency MBS in our simulations depend 
on the evolution of the economic outlook because we allow for the possibility that falls in longer-term interest rates 
lead some homeowners to refinance their mortgages.  In our simulations, normalization of the size of the balance 
sheet is assumed to occur when reserve balances decline to a level of $500 billion.   
34 For background on the integration of the FRB/US and balance sheet models, see Chung, Doniger, Fuentes-Albero, 
Schlusche, and Zheng (2018). 
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full reinvestment of principal payments on its System Open Market Account (SOMA) security 

holdings as soon as the federal funds rate reaches the ELB.35  Under the “MEP” policy, the 

Federal Reserve extends the average duration of its SOMA security holdings while keeping the 

size of its SOMA portfolio unchanged.  Under our “LSAP” and “LSAP + inflation threshold” 

policies, the Federal Reserve increases the size of its SOMA holdings through purchases of 

longer-term Treasury securities.  Compared with the passive policy used to construct the 

recession scenario, all four balance sheet policies result in the Federal Reserve reducing the total 

duration risk faced by private investors in the model, which, in turn, puts downward pressure on 

term premiums and longer-term borrowing rates, thereby supporting economic activity.36   

Specifically, the four policies are implemented as follows.  For the “reinvestment-only” 

policy, we assume that principal payments from the Federal Reserve's holdings of Treasury 

securities are fully reinvested into Treasury securities and, similarly, principal payments from 

agency debt and agency mortgage-backed securities (MBS) are fully reinvested into agency 

MBS until either the unemployment rate drops below 5½ percent, inflation rises above 

1¾ percent, or the asymmetric rule prescribes raising the federal funds rate from the ELB.  

Thereafter, only principal payments on Treasury securities in excess of $30 billion per month 

and on agency securities in excess of $20 billion per month are reinvested until the size of the 

balance sheet is normalized. 

For the “MEP” policy, we posit that the Federal Reserve purchases $55 billion of 

Treasury securities with remaining maturities between six and 30 years each month for 

12 months.37  These purchases are funded through the sale or redemption of equal amounts of 

Treasury securities with remaining maturities between zero and three years.  Principal payments 

 
35 SOMA security holdings comprise nearly the entirety of the Federal Reserve’s assets. 
36 Our approach to estimating the effects of balance sheet policies on term premiums is described in Ihrig and co-
authors (2018), itself building on Li and Wei (2013).  As described in the former paper, these term premium effects 
transmit to macroeconomic variables via the conventional channels linking the term structure of interest rates to 
economic activity and inflation.  Alternative structural models of balance sheet policies featuring distinctive 
transmission mechanisms include Andrés and co-authors (2004), Gertler and Karadi (2011, 2013), D’Amico and co-
authors (2012), Chen and co-authors (2012), Carlstrom and co-authors (2017), and Kiley (2014, 2018). 
37 The total size of the program ($660 billion) and its length (one year) roughly match those of the Federal Reserve’s 
2011–2012 MEP.  Moreover, the total size is similar to the Federal Reserve’s current holdings of Treasury securities 
with a remaining maturity of three years or less. 
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on SOMA holdings are reinvested under the same conditions as under the reinvestment-only 

policy. 

Under the “LSAP” policy, the Federal Reserve purchases $85 billion per month in 

longer-term Treasury securities—the same monthly combined amount of Treasury securities and 

MBS purchased under the third LSAP program announced by the Federal Reserve in September 

2012—until either the federal funds rate lifts off from the ELB, the unemployment rate drops 

below 5½ percent, or inflation rises above 1¾ percent.   Principal payments on SOMA securities 

are fully reinvested during the LSAP program as well as for a period of 12 months after its 

conclusion.  Subsequently, only principal payments on Treasury securities in excess of 

$30 billion per month and on agency securities in excess of $20 billion are reinvested until the 

size of the balance sheet is normalized. 

Finally, under the “LSAP + inflation threshold” policy, asset purchases continue until a 

2 percent inflation threshold is achieved.  Similarly, we assume that liftoff from the ELB is 

delayed at least until the 2 percent inflation threshold is satisfied.  We retain the same 

reinvestment policy as under the LSAP policy. 

Effects on the Federal Reserve’s balance sheet and macroeconomic outcomes 

The top-left and top-right panels of Figure 6 show the total assets held by the Federal 

Reserve and the TPEs on the 10-year Treasury yield, respectively, for each balance sheet policy.  

While under the passive policy the balance sheet continues to normalize during the recession, 



 

31 

Figure 6:  Balance sheet policies in a recession scenario 

 
Sources:  Authors’ calculations. 
Notes:  The results are obtained by solving the FRB/US and balance sheet models jointly so that, for 

each balance sheet policy, the macroeconomic outcomes, balance sheet holdings, and term premium effects 
are mutually consistent.  The results are conditioned on the assumption that price and wage setters, as well 
as financial market participants, have perfect foresight of the recession scenario and balance sheet policies.  
The “LSAP + inflation threshold” policy maintains policy rates at the ELB and continues asset purchases 
until inflation reaches 2 percent. 
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policymakers under the reinvestment-only and MEP policies keep the size of the balance sheet 

constant at around $4 trillion starting in early 2019, when they lower the federal funds rate to the 

ELB.  As a result of the larger balance sheet compared with the passive balance sheet policy, the 

reinvestment-only policy achieves somewhat more negative TPEs.  In turn, the more negative 

TPEs under the reinvestment-only policy imply a slight improvement in macroeconomic 

outcomes.  TPEs under the MEP policy are marginally more negative than under the 

reinvestment-only policy, owing to a modest lengthening in the average duration of the SOMA 

portfolio.  Macroeconomic outcomes are nearly the same as under the reinvestment-only policy.   

Under the LSAP policy, policymakers boost the size of the balance sheet to nearly 

$8 trillion (about 33 percent of GDP) in 2023.  For reference, the Federal Reserve’s actual 

balance sheet size peaked at about $4.5 trillion in 2015 (roughly 25 percent of GDP).  The 

expansion of the balance sheet under the LSAP policy exerts notable downward pressure on term 

premiums in the model:  The 10-year TPE is over 100 basis points more negative, on average, 

over the next several years under the LSAP policy than under the reinvestment-only and MEP 

policies.38  As a result of more accommodative financial conditions, the unemployment rate path 

declines faster over the medium term, reaching its natural rate four quarters earlier than under the 

passive policy.  For the same reason, the inflation path is almost ½ percentage point higher than 

under the passive policy at the trough.  Because of the overall stronger economic outlook, the 

federal funds rate departs from the ELB three quarters sooner than under the passive policy. 

While the LSAP policy improves macroeconomic outcomes, it is still associated with 

inflation running well below the FOMC’s 2 percent objective through much of the next decade.  

For this reason, in Figure 6, we report outcomes under a more aggressive LSAP policy by which 

policymakers continue asset purchases until core inflation reaches 2 percent.  This threshold 

delays departure from the ELB until 2025, after which date the federal funds rate rises to contain 

a mild overheating of the economy.  Asset purchases throughout the seven years during which 

the ELB binds boost the size of the Federal Reserve’s balance sheet to over $10 trillion (about 

38 percent of GDP).  The balance sheet expansion lowers the path of the TPE on 10-year 

 
38 Under the LSAP policy, the 10-year (nominal) Treasury yield initially declines below ½ percent and stays below 
1 percent for two years.  Although our modeling assumptions imply that the marginal effects of LSAPs are roughly 
invariant to the level of Treasury yields, it could be that LSAPs have diminishing potency when nominal Treasury 
yields are near zero and terms premiums are already low. 
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Treasury yields about 60 basis points, on average, relative to the corresponding path under the 

LSAP policy over the period shown.  Compared with the other policies analyzed here, this more 

aggressive LSAP policy succeeds in bringing inflation close to 2 percent in coming years, an 

outcome achieved by eventually lowering the unemployment rate to around 3 percent, a level last 

seen in the 1950s.39 

Key lessons and caveats 

Overall, none of the balance sheet policies considered herein meaningfully contains the 

sharp rise in the unemployment rate brought on by our severe recession scenario, a result that 

arises even though we have assumed that price setters, wage setters, and financial market 

participants in the model fully understand and anticipate the implementation of those policies at 

the onset of the recession.  This finding reflects the feature that, similar to movements in the 

federal funds rate, changes in the size and composition of the Federal Reserve’s balance sheet 

affect economic activity with a lag in the model.  More encouragingly, we find that LSAP 

policies do hasten the labor market recovery and lift the path of inflation somewhat.  By contrast, 

given the current size and composition of the Federal Reserve’s balance sheet, our simulations 

suggest that policymakers could improve macroeconomic outcomes only marginally through an 

MEP or by resuming full reinvestment of principal payments on SOMA securities. 

Our balance sheet simulations are subject to several caveats, of which we highlight three.  

First, the macroeconomic effects and channels of transmission of balance sheet policies are 

subject to considerable uncertainty.  A number of papers have found that measures of Treasury 

debt supply are helpful for capturing the dynamics of the yield curve and event studies of asset 

purchase program announcements have demonstrated that news about these programs can leave a 

 
39 We note that, even under this aggressive LSAP policy, the improvement in unemployment outcomes remains 
modest, in contrast to the improvement found in the DSGE model used for Figure 5.  As discussed in Section 2, we 
assume that households form VAR-based expectations in the FRB/US model.  Thus, households in that model do 
not foresee the intended undershoot of the natural rate of unemployment during the economic expansion.  As a 
result, the forward guidance leads to only limited improvement in unemployment outcomes during the recession.  
By contrast, in the DSGE model, households anticipate this undershoot to a greater extent, leading to a larger and 
earlier improvement in the economy. 
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noticeable imprint on financial markets.40  However, the literature features some papers 

supporting long-lasting effects while others suggest quite rapid attenuation.41  Moreover, 

regarding macroeconomic effects, our assumption that balance sheet policy affects the economy 

through conventional yield curve channels is only one possibility.  A number of alternative 

transmission channels have been proposed, and these could have different implications for the 

effectiveness of balance sheet programs.  For example, the market segmentation that permits 

Treasury supply to affect yields may also limit the sensitivity of aggregate spending to changes 

in term premiums, as compared to changes in the federal funds rate that would have an 

equivalent effect on long-term interest rates.42  Similarly, balance sheet policies may interact 

with the state of the financial sector:  For example, the effects could be larger if financial stress is 

intense or more attenuated if very low long-term interest rates negatively affect bank 

profitability.43 

Second, the accommodation provided through LSAPs under the most aggressive policies 

is achieved by pushing the size of the balance to levels that have never been experienced in the 

United States; such large increases in the balance sheet may entail costs and risks that are not 

captured by our analysis.44  For example, the probability of negative net earnings increases for 

sufficiently large balance sheet sizes (Cavallo and co-authors, 2018).  In extreme cases, in which 

the expected present discounted value of remittances becomes negative, the central bank would 

 
40 Research supporting the relevance of Treasury debt supply includes Bernanke and co-authors (2004), Engen and 
Hubbard (2005), Krishnamurthy and Vissing-Jorgensen (2012), Laubach (2009), Hamilton and Wu (2012), and Li 
and Wei (2013).  Early event studies of the Federal Reserve’s asset purchase programs include Gagnon and co-
authors (2011) and Krishnamurthy and Vissing-Jorgensen (2011).  While much of the literature attributes balance 
sheet effects to term premium movements, it is possible that these programs also operate by affecting expectations 
about the future conduct of policy regarding the federal funds rate (the “signaling channel”).  For example, 
Christensen and Rudebusch (2012) and Woodford (2012) find an important signaling channel for the United States. 
41 Using data on LSAP purchases at the CUSIP level, D’Amico and King (2013) find substantial and persistent 
effects from purchases.  Wright (2011) and Greenlaw and co-authors (2018) report very transient effects from 
LSAPs.  By contrast, Swanson (2018) argues that the appearance of transient LSAP effects is highly dependent on 
the behavior of yields following the QE1 announcement and, if that event is excluded, LSAP effects appear durable.   
42 The models of Chen and co-authors (2012) and Kiley (2014) both have this feature. 
43 The effectiveness of U.S. balance sheet policy in the Gertler and Karadi (2013) paper depends on a constraint 
limiting the lending ability of financial intermediaries; LSAPs would have larger effects when this constraint is more 
tightly binding.  Brunnermeier and Koby (2017) provide a model in which the negative effects of low long-term 
interest rates on bank profitability may make such policies contractionary beyond a certain minimum rate.  
44 That said, a number of foreign central banks have increased the size of their balance sheets relative to their GDP 
to higher levels than the Federal Reserve in response to the Global Financial Crisis, in particular the European 
Central Bank (about 40 percent of GDP), the Bank of England (almost 30 percent of GDP), the Bank of Japan 
(about 100 percent of GDP), and the Swiss National Bank (about 110 percent of GDP).   
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effectively be insolvent.  While theoretically, in a fiat money regime, central banks can avoid 

insolvency by increasing seigniorage, doing so in the absence of fiscal support might jeopardize 

achievement of the inflation objective (Del Negro and Sims, 2015, and Reis, 2015).  

Furthermore, as we noted earlier, the potency of asset purchases might diminish as the balance 

sheet grows and term premiums become compressed at low levels, in contrast with the 

assumption of constant marginal effects in our model. 

Third, balance sheet policies, like threshold-based forward guidance, entail multi-year 

commitments by policymakers so that the efficacy of those policies might hinge on their 

credibility and on expectation formation.  On the one hand, gradual and predictable reductions in 

the size of the balance sheet during economic expansions, as currently done by the FOMC, might 

enhance the public’s confidence in such long-term commitments.  On the other hand, slow 

normalization of the balance sheet could heightened the risk that the size of the Federal 

Reserve’s balance sheet could rise to uncomfortably high levels if the recurrence and depth of 

recessions are too elevated; we explore this “ratcheting-up” risk at the end of this section. 

3.2 Unconventional policies in stochastic simulations 

We next investigate how a policy strategy involving systematic recourse to either 

threshold-based forward guidance or balance sheet policies during ELB episodes might limit the 

duration and severity of these episodes going forward, and, more generally, improve 

macroeconomic outcomes and mitigate macroeconomic risk over time.  Doing so requires the 

performance of stochastic simulations in which we specify a monetary policy strategy that 

encompasses both conventional and unconventional tools.   

Threshold-based forward guidance 

We first conduct stochastic simulations for each of the six policy strategies considered 

earlier that entail setting the federal funds rate according to the asymmetric policy rule in normal 

times and, whenever the ELB binds, delaying normalization of the stance of policy at least until 

some pre-announced unemployment rate or inflation threshold has been satisfied.  The 

simulations abstract from balance sheet policies and are conducted under the assumptions that 

policymakers credibly commit to following a particular policy strategy forever and that price 
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setters, wage setters, and financial market participants immediately and correctly understand the 

implications of this commitment for interest rates and the macroeconomy.  The simulations 

extend many decades into the future in order to derive the distributions of macroeconomic 

outcomes in the longer run that are associated with each policy rule. 

Table 4 summarizes our key findings.  The first two columns report the per-period 

probability that the ELB is binding and the mean duration of ELB episodes over the longer run 

for the asymmetric rule with no forward guidance and for each of the six strategies with 

threshold-based forward guidance.  The subsequent four columns report statistics on the 

distribution of unemployment rate and inflation outcomes.  For comparability, the latter statistics 

are computed over the set of periods during which the asymmetric rule without thresholds is 

constrained by the ELB and use the same shock sequences.45 

Consistent with the findings for our illustrative recession scenario, we find that setting a 

relatively high threshold for the unemployment rate under the asymmetric rule alters the path of 

policy little, if at all, compared with the same policy rule without such a threshold.  By contrast, 

policy strategies that entail commitments to keep the federal funds rate at the ELB at least until 

either the unemployment rate has fallen below its longer-run level (“Ut < 3½ percent”) or 

inflation has risen back to or modestly exceeded its longer-run value (“πt > 2 percent” or 

“πt > 2¼ percent”) deliver moderately better outcomes over time.  In particular, these rules are 

shown to achieve, on average, unemployment rates and inflation rates that are between ¼ to 

½ percentage point lower and higher, respectively, than the outcomes under the asymmetric rule 

for periods during which the ELB binds under that latter rule.  The simulations also point to 

some commensurate reduction in the severity of tail events under these three rules.  For example, 

the 95th percentile highest unemployment rate and 95th percentile lowest inflation readings during 

periods when the ELB binds under the asymmetric rule fall ¼ percentage point and rise 

 
45 Table 4 also reports statistics under the inertial Taylor (1999) rule.  In contrast with our earlier finding that the 
asymmetric and inertial Taylor (1999) rules achieve nearly identical outcomes in a baseline recession scenario, we 
find that the asymmetric rule leads to modestly lower unemployment rates and higher inflation rates in ELB 
episodes in stochastic simulations.  The reason for this difference is that, in a stochastic environment, sequences of 
shocks lifting the unemployment rate above the natural rate, even by small amounts, occasionally call for extra 
easing relative to the inertial Taylor (1999) rule, making the asymmetric rule relatively more accommodative on 
average. 
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½ percentage point respectively relative to the policy strategy without thresholds.  That said, the 

range of gains is admittedly modest.46 

Table 4: Longer-run ELB risks and macroeconomic outcomes under threshold-based 
forward guidance 

 ELB episodes  Ut  πt 

  
Per-period 
probability 
(in percent) 

Mean 
duration  

(in quarters) 

 median 
95th 

highest 
 median 

95th 
lowest 

Asymmetric rule (AR) 15.0 7.8  6.5 8.8  1.0 -0.4 
         
AR + unemployment 
rate threshold 

        

Ut < 5½ percent 16.5 9.1  6.5 8.8  1.0 -0.4 
Ut < 4½ percent 19.0 11.4  6.4 8.8  1.0 -0.4 
Ut < 3½ percent 17.8 7.4  6.2 8.5  1.4  0.1 

AR + inflation 
threshold 

        

πt > 1¾ percent 19.2 10.5  6.3 8.7  1.2 -0.1 
πt > 2 percent 19.5 9.8  6.3 8.6  1.3  0.0 
πt > 2¼ percent 19.8 9.3  6.2 8.6  1.4  0.1 
         

Addendum         
Inertial Taylor 
(1999) rule 

13.5 10.5  6.8 9.5  0.9 -0.7 

Sources:  Authors’ calculations.  
Notes:  For comparability, the statistics in the last four columns are calculated using periods in which 

the ELB is binding under the asymmetric rule without threshold.  

In our simulations, a policy of keeping the federal funds rate at the ELB until some 

unemployment rate or inflation threshold is met is associated with a greater fraction of periods 

spent at the ELB than in the absence of thresholds.  However, policies that entail relatively large 

amounts of accommodation might improve outcomes to such an extent that they are associated 

with shorter ELB episodes, on average, than policies with relatively small amount of extra 

accommodation.  For example, the setting of an unemployment rate threshold equal to the natural 

rate (“Ut < 4½ percent”) is associated with an average duration of ELB episodes of 11 quarters, 

three quarters more than under the asymmetric rule without the threshold.  However, lowering 

 
46 For reference, we show in Appendix VII the longer-run distributions of unemployment rates and inflation rates at 
the ELB under the asymmetric rule and a forward guidance policy in the form of an inflation threshold. 
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the unemployment rate threshold to 3½ percent then reduces the average duration of ELB 

episodes to 7 quarters.  This phenomenon illustrates the stabilizing effects of a strong forward 

guidance strategy in the model.  This stabilization hinges on the assumed credibility of the 

forward guidance and the forward-looking nature of agents in the model.   

Balance sheet policies 

In the remainder of this section, we analyze the performance of the LSAP policy relative 

to the passive policy benchmark in stochastic simulations around the SEP-consistent baseline.  

The outcomes are generated using the integrated FRB/US and balance sheet models under the 

assumption that the federal funds rate follows the prescriptions of the asymmetric rule.  Because 

the two balance sheet policies differ principally when the policy rate reaches the ELB, we restrict 

our focus to outcomes around ELB episodes.47  To this end, we begin by identifying the 

simulations for which the ELB binds under the passive policy in the final quarter of each year 

through 2022.  For each such simulation, we then compute the outcomes under the LSAP policy 

for the same underlying shocks.  By following this approach, we are able to attribute differences 

in outcomes exclusively to differences in balance sheet policies. 

Figure 7 presents the median and interquartile range of macroeconomic outcomes and 

balance sheet sizes.  As shown in the top-left panel, under the passive policy, the balance sheet 

size decreases over time as policymakers in the simulations are assumed to continue with their 

balance sheet normalization program even as the ELB binds.  Moreover, the distribution of 

balance sheet sizes exhibits negligible variability, as evidenced by the interquartile range being 

almost indistinguishable from the median.48  By contrast, under the LSAP policy, the distribution 

of balance sheet sizes is much more dispersed and stretches much higher than under the passive 

policy.  The interquartile range widens progressively through 2022 as economic shocks 

accumulate.  As the top-right panel shows, the larger balance sheet sizes under the LSAP policy 

 
47 Because price setters, wage setters, and financial market participants in the model understand policymakers’ 
strategy, they may anticipate the ELB constraint to bind and LSAPs to be conducted in the future if the incoming 
shocks have led them to expect a significant deterioration in economic conditions.  In such a case, the anticipation of 
balance sheet actions would exert downward pressure on longer-term interest rates even before the ELB is reached 
and LSAPs are launched, leading to a difference in outcomes under the two policies.  
48 Variability in balance sheet size is possible in our stochastic simulations under a passive policy because of the 
possibility that declines in interest rates raise MBS prepayments.   
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imply median TPEs that are much more negative than those under the passive policy and, hence, 

real longer-term interest rates (the middle-right panel) that are notably lower.  

The additional stimulus under the LSAP policy leads to a somewhat improved 

distribution of macroeconomic outcomes.  By the final quarter of 2020, the median 

unemployment rate associated with being at the ELB in that quarter is 6.7 percent as compared to 

7.0 percent under the asymmetric rule with the passive balance sheet policy; the interquartile 

range shifts down by a similar amount.  Also, at the end of 2020, the median inflation rate 

conditional on a binding ELB in that quarter is 1 percent under the LSAP policy as compared to 

0.8 percent under the passive balance sheet policy. 

On the surface, these modest differences seem to suggest that the LSAP policy has only 

small macroeconomic effects.  Such a conclusion needs to be qualified, however, because, as we 

noted earlier, the transmission of unconventional monetary policies in the FRB/US model occurs 

with substantial lags.  The distributions of economic outcomes in Figure 7 comprise primarily 

observations for which the effects of LSAPs have yet to transmit to the economy.  For this 

reason, in Figure 8, we examine distributions of macroeconomic outcomes conditional on the 

number of quarters that have elapsed since the beginning of ELB episodes.49  Because of the lags 

in monetary policy transmission, the median differences in unemployment rates and inflation 

between the LSAP policy and the passive policy are initially small but eventually grow in 

significance:  After 12 quarters, the median difference in unemployment rates is almost -70 basis 

points and the median difference in inflation reaches nearly 40 basis points.  In short, the LSAP 

policy leads to a significant improvement in macroeconomic outcomes over time relative to the 

passive policy.  And because it takes time for the effects to build, our simulations suggest that 

policymakers may find it beneficial to deploy LSAPs rapidly when faced with an incipient 

recession.  

 

 
49 Specifically, we identify sequences of shocks that cause the ELB to bind in 2019 and 2020 under the passive 
balance sheet policy.  For each ELB episode, we then compute the difference between outcomes under the LSAP 
policy and the passive policy at a given number of quarters from the start of the episode, whether the episode is 
continuing or not.  Finally, we pool all such differences to construct the distribution of effects induced by the LSAP 
policy. 
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Figure 7:  Outcomes in stochastic simulations with balance sheet policies conditional on a 
binding ELB 

 

Sources:  Authors’ calculations.   
Notes:  The markers and the intervals show the median and the interquartile range, respectively, of the 

distribution of macroeconomic outcomes under each policy.  For comparability, the distributions are 
calculated for the same sequences of shocks for which the ELB binds under the passive balance sheet 
policy in the final quarter of each period shown.  The statistics are computed through stochastic simulations 
around the SEP-consistent baseline projection. 
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Figure 8:  Distribution of macroeconomic effects of LSAP policy conditional on the number 
of quarters elapsed since reaching the ELB 

 

Sources:  Authors’ calculations.   
Notes:  The red line and the shaded region show the median difference and the interquartile range of 

differences, respectively, in macroeconomic outcomes between the LSAP policy and passive balance sheet 
policy.  For comparability, the differences are measured for the same periods and sequences of shocks for 
which the ELB binds under the passive balance sheet policy.  The statistics are reported from the first 
quarter in the ELB episode up to 12 quarters out whether the ELB continues to bind or not. 
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As noted earlier, our estimates of the macroeconomic effects of balance sheet policies are 

subject to much uncertainty, as is the importance of various transmission channels.  One such 

potential channel is the response of term premiums to economic activity.  In our simulations, we 

have assumed that the modestly negative correlation between economic activity and excess 

returns on bonds in the data does not reflect an endogenous countercyclical component in term 

premiums.  In Appendix VIII, we show that, on the one hand, balance sheet policies are more 

potent when we posit that term premiums are countercyclical but, on the other hand, 

macroeconomic outcomes tend to be somewhat more dispersed.  

Balance sheet risks 

A possible risk stemming from LSAP policies is the “ratcheting-up” effect:  In an 

environment with frequent and prolonged ELB episodes, either because asset purchases continue 

for an extended time in a lengthy ELB episode or because new LSAP programs are initiated 

before past programs have had time to unwind, the size of the balance sheet may drift up over 

time to very high levels.  A related concern is that the Federal Reserve could end up holding a 

large share of outstanding government securities, a situation that might hinder market 

functioning.  Our model simulations suggest that these concerns are unlikely to materialize for at 

least the next several years.  In particular, as shown in the top-left panel of Figure 7, the size of 

the Federal Reserve’s balance sheet exceeds $5 trillion by 2022 in roughly 25 percent of the 

simulations that entail a return to the ELB under the passive policy.  A balance sheet of that size 

would be equivalent to about 25 percent of GDP, a ratio comparable to the peak observed during 

the Global Financial Crisis.  So far, none of the asset purchase programs have been associated 

with undue disruptions to market functioning.  Figure 9 shows that, under all of our simulations, 

including those draws that call for large expansions of the balance sheet, the share of outstanding 

federal debt held by the Federal Reserve over the 2018–2022 period stays at moderate levels.50  

In part, these modest levels are attributable to the fact that, during severe downturns, Treasury 

 
50 For reference, as of mid-2018, the Federal Reserve held a little less than 14 percent of federal debt outstanding. 
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debt issuance rises sharply, creating room for the Federal Reserve to expand its balance sheet 

through purchases of government securities without necessarily crowding out private investors.51   

Figure 9:  Distributions of Treasury holdings in stochastic simulations  

 

Sources:  Authors’ calculations.   
Notes:  Frequency counts for the Federal Reserve’s Treasury holdings as a share of the outstanding 

federal debt are obtained via stochastic simulations in the FRB/US model around the SEP-consistent 
baseline over a four-year horizon.  The frequency counts shown here condition on being at the ELB under 
the passive policy.  The statistic for each simulation corresponds to the maximum value of the share 
between the third quarter of 2018 and the final quarter of 2022.   

 
51 Some studies suggest that Treasury debt management policy may have offset some of the effects achieved via the 
Federal Reserve’s asset purchases (see, for example, Greenwood and co-authors, 2015, and Harrison, 2017).  For 
simplicity, our analysis assumes no change to Treasury debt management practices in reaction to balance sheet 
policies.  
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Due to the computational complexities of our augmented FRB/US–balance sheet model, 

it is difficult to assess balance sheet risks over long horizons.52  Obviously, estimates of the 

distribution of the balance sheet size over long horizons are highly uncertain and are likely 

sensitive to assumptions about the conduct of monetary policy going forward—including the 

assumption about the longer-run level of reserve balances, the frequency and depth of recessions, 

the equilibrium level of policy rates, and various other modeling factors that affect ELB risk.53  

4. Concluding Remarks 

Our model-based analysis suggests that, over the next decade, there is roughly a 20 to 

50 percent probability that the federal funds rate will be constrained by the ELB at some point. 

Unconventional policies of the sort used by the FOMC during the last recession can help 

diminish the severity of future ELB episodes.  In particular, threshold-based forward guidance 

and balance sheet polices can be modestly effective in speeding up the labor market recovery and 

the return of inflation to 2 percent following a recession that pushes the federal funds rate to the 

ELB. 

  

 
52 Our simulations are computationally intensive because we track the maturity composition of the entire balance 
sheet, distinguish between Treasury and MBS holdings, allow for MBS pre-payment, and solve jointly for TPEs and 
macroeconomic outcomes.  Draws that entail a binding ELB require finding the expected durations of those 
episodes, a step that adds computation time.  Using an alternative approach which allows stochastic simulations to 
be produced over long horizons, Kiley (2018) provides an encouraging assessment of the ratcheting-up risk.  Under 
a proactive LSAP policy, he finds that policymakers would conduct asset purchases roughly 7 percent of the time 
and that the Federal Reserve’s total asset holdings due to ongoing and past LSAP programs—that is, the size of the 
balance sheet relative to its steady state—would be less than $3.2 trillion (measured in constant 2015 dollars) about 
95 percent of the time; for comparison, a $3.2 trillion expansion of the balance sheet is roughly on the order of the 
expansion observed in response to the Global Financial Crisis. 
53 For example, Cavallo and co-authors (2018) assess the implications of alternative assumptions about the Federal 
Reserve’s longer-run balance sheet size for both remittances to the U.S. Treasury and broader fiscal outcomes.  The 
authors find that, for sufficiently large longer-run balance sheet sizes, the probability of negative net earnings and of 
recording a deferred asset increases substantially as the policy rate along the economic recovery is expected to rise 
after the termination of an asset purchase program. 
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Appendix I:  Constructing the Baseline Projection 

We construct a baseline economic projection calibrated to the median responses of 

FOMC participants in the June 2018 Summary of Economic Projections (SEP). 

o We interpolate annual SEP information to a quarterly frequency and assume that, 

beyond 2021 (the final year reported in the June 2018 SEP), the economy transitions 

to the median longer-run SEP values in a smooth and monotonic way.  To project 

variables not covered in the SEP but used by FRB/US, we posit a number of 

economic relationships.  For example, we assume an Okun’s law relationship to 

recover an output gap from the deviation of the median SEP unemployment rate from 

the median SEP estimate of its longer-run value.54 

o The projection is consistent with longer-run values of the unemployment rate and 

inflation of 4½ percent and 2 percent, respectively.  For the longer-run equilibrium 

real interest rate, the baseline projection uses a value of 0.88 percent. 

Appendix II:  Counterfactual Monetary Policy Simulations of the Great Recession 

Figure A1 presents counterfactual historical simulations in which we assume that 

monetary policy strictly followed either the inertial Taylor (1999) rule or the asymmetric rule 

described in section 2.  The simulations are performed using the FRB/US model under VAR-

based expectations, and highlight the relative performance of the two policy rules in capturing 

the FOMC historical behavior.  Our approach broadly follows that used in Kashkari (2017).  As 

the figure shows, actual monetary policy was much less inertial than would have been observed 

had the FOMC followed the inertial Taylor (1999) rule.  In particular, under the inertial Taylor 

(1999) rule, the federal funds rate would have reached the ELB only at the end of the recession.  

By contrast, the asymmetric rule better captures the actual sharp cuts in the federal funds rate 

during the worse of the recessions, replicates the timing of the economy reaching the ELB. 

 
54 Our procedure is the same as the one used to construct the SEP-consistent projections that are included in the 
publicly available FRB/US model packages. 
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Figure A1:  Counterfactual monetary policy simulations of the Great Recession 

 

Sources:  Authors’ calculations.  

Appendix III:  Comparison of Longer-Run ELB risk in Studies Using the FRB/US 
Model 

This appendix illustrates the sensitivity of ELB risk estimates to a number of key 

modeling assumptions.  We focus on the per-period probability that the federal funds rate is 

constrained by the ELB over the long run, which allows us to compare our findings more directly 

to earlier studies in the literature.  Because shocks take time to diffuse in the FRB/US model, this 

longer-run focus also allows us to look more broadly at the range of macroeconomic outcomes 

likely to be experienced over time. 

As shown in Table A1, the probability of being at the ELB at any point in time over the 

long run is 13.5 percent and 15.0 percent for the inertial Taylor (1999) rule and the asymmetric 
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version of that rule, respectively.55  The ELB episodes under these policies last, on average, 

between 8 and 11 quarters.  The per-period probabilities are similar to those reported by 

Williams (2009) when he assumes that rLR equals 1 percent and that the shocks to the model are 

drawn from the 1968–2002 period (these assumptions are the most similar to ours among the 

various parameter values and sample periods considered by the author).  By contrast, Kiley and 

Roberts (2017) report per-period probabilities between 30 and 40 percent, depending on the 

monetary policy rule, for a comparable value of rLR and shocks drawn from the 1960–2007 

period. 

Table A1: ELB risk in the longer run in the FRB/US model 

 
rLR 

(in percent) 

Per-period 
probability 
(in percent) 

Mean 
duration 

(in 
quarters) 

This paper    
Inertial Taylor (1999) rule 0.88 13.5 10.5 
Asymmetric rule 0.88 15.0 7.8 
  …+ passive fiscal policy 0.88 24.0 12.2 
    …+ full model-consistent expectations 0.88 39.6 25.8 
    
Williams (2009)    
Taylor (1993) rule 1.00 13 n.a. 
    
Kiley and Roberts (2017)    
Estimated rule 1.00 31.7 9.2 
Non-inertial Taylor (1999) rule 1.00 38.3 9.8 

Sources:  Authors’ calculations.   
Notes:  The baseline economic projection, model parameters, and simulation parameters differ across 

studies; see each study for a description.   

Although these studies all use the FRB/US model, they differ in several key assumptions.  

With regard to behavior at the ELB, the most important such assumptions govern how common 

 
55 Gust and co-authors (2017) estimate a DSGE model imposing that the ELB is only occasionally binding.  Their 
estimates of the per-period ELB probability are disperse across stochastic simulations but in a similar range as ours:  
About 15 percent of their stochastic simulations have a probability of being at the ELB more than 10 percent of the 
time and about 3 percent of the draws have a probability of being there more than 17 percent of the time.  In 
addition, these authors show that the distribution for the duration of an ELB spell is skewed to the right and also has 
a long right tail. 
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are episodes with explosive dynamics when the ELB binds for a sufficiently long duration.56  

These dynamics are widely regarded as implausible and users of the FRB/US model typically 

offset them when running long-horizon stochastic simulations.57  Much of the differences 

between our simulations and the others presented in Table A1 stem from different strategies for 

dealing with these pathologies.  We highlight two key differences. 

 Fiscal policy:  Our long-run simulations are conducted under fiscal assumptions 

such that only extremely long ELB episodes may lead to explosive dynamics.  

These assumptions help keep the volatility of macroeconomic outcomes in a 

range that we see as plausible but they may not provide an accurate depiction of 

fiscal policy in all adverse situations.  When we assume less stabilization from 

fiscal policy, the per-period probability under the asymmetric policy rule steps up 

to 24 percent (see the entry labeled “… + passive fiscal policy”).58   

 Expectations formation:  In our simulations, price setters, wage setters, and 

financial market participants form model-consistent expectations whereas other 

agents, in particular households, form expectations using small systems of 

equations that rely solely on past economic outcomes.  When, in addition to 

assuming a more passive fiscal policy, we assume that all agents form model-

consistent expectations, we find that the per-period ELB probability jumps to a 

level similar to that reported in Kiley and Roberts (2017).  The modeling of 

expectations matters to such a degree because the time horizon for explosive 

amplification under fully model-consistent expectations is much shorter than 

under our setting.  The risk of unbounded divergence is especially heightened 

when the model lacks a stabilizing fiscal policy.  

 
56 In particular, as demonstrated by Carlstrom and co-authors (2015), in many New Keynesian models with sticky 
prices, such as FRB/US, there is a certain length of time at the ELB such that, as one nears this horizon, the stimulus 
provided by positive shocks to aggregate demand grows very rapidly, only to become sharply contractionary once 
this horizon has been passed.  Simulations in the vicinity of this horizon will tend to feature explosive dynamics in 
which the output gap diverges without bound. 
57 For example, Williams (2009) and Kiley and Roberts (2017) assume that economic slumps are eventually 
reversed by the implementation of an emergency fiscal package.   
58 Our results labeled “…+ passive fiscal policy” and “…+full model-consistent expectations” also undo the toning 
down of the volatility of the markup shocks in the model, which has only a small effect on longer-run ELB risk. 
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Finally, although the choice between the inertial Taylor (1999) rule and its asymmetric 

version has only a small effect on long-run ELB risk in our simulations, the monetary policy 

strategy assumptions can nonetheless matter much for longer-run ELB risk.  For example, Kiley 

and Roberts (2017) attribute much of the gap in their assessment of ELB risks and that of 

Williams (2009) to an assumption in the latter paper that leads to additional accommodation 

when the economy deteriorates.59  

In sum, our discussion illustrates the sensitivity of ELB risk assessment to the 

assumptions under which the model simulations are conducted, even holding large aspects of the 

model constant.  In particular, the extent of ELB risk seems particularly sensitive to assumptions 

that limit the amount of policy stabilization by monetary and fiscal authorities, or that makes 

agents in the model more prone to becoming pessimistic about economic outcomes. 

Appendix IV:  Cumulative ELB Risk around a Balanced-Growth Equilibrium 

In Table 1, we report cumulative ELB risk probabilities conditional on an economic 

projection that is consistent with median responses in the June 2018 SEP.  In that economic 

projection, the unemployment rate undershoots its longer-run level by about 1 percentage point 

for a couple years; thereafter, resource tightness gradually dissipates.  As a result, the federal 

funds rate exceeds its longer-run level over the medium term, leaving policymakers with more 

room to cut before hitting the ELB than would be the case if the federal funds rate path was at a 

neutral stance. 

In this appendix, we show that our model-based assessment of cumulative ELB risk over 

the next 10 years is only a little smaller under the SEP projection than when we conduct 

stochastic simulations around the corresponding balanced-growth equilibrium.  To this end, we 

assume that the economy has reached a balanced-growth equilibrium in 2018:Q2—the period 

immediately before the start of the stochastic simulations—and that the balanced-growth 

 
59 In Williams (2009), the intercept of the policy rule falls in a persistent manner when economic conditions 
deteriorate.  The anticipation of more accommodative monetary policy, in turn, helps strengthen the economic 
outlook and limits the occurrence and duration of ELB episodes.  In our paper as well as in Kiley and Roberts 
(2017), the intercept of policy rules is fixed.  Moreover, Williams (2009) allows for a shorter maximum length of 
ELB episodes than Kiley and Roberts (2017), which the latter authors argue account for much of the remaining 
difference in ELB risk. 
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equilibrium would prevail in all future periods in the absence of shocks.  In this scenario, the 

longer-run values for the unemployment rate, inflation, and real GDP growth coincide with the 

corresponding median estimates in the SEP.60  For comparability with the results presented in 

Table 1, we consider versions of the balanced-growth equilibrium with rLR equal to the median, 

minimum, and maximum values in the June 2018 SEP.  Table A2 shows the results. 

Under a balanced-growth baseline with rLR equal to 0.88 percent, the probability of 

returning to the ELB at some point by 2027:Q4 is 29.1 percent for the inertial Taylor (1999) rule 

and 43.6 percent for the asymmetric rule.  These values are higher than in Table 1 by only 

0.4 percentage point and 1.5 percentage points, respectively.  In short, the somewhat greater 

economic momentum in the SEP-consistent baseline projection relative to the balanced-growth 

equilibrium dampens only a little the risk of returning to the ELB over the next 10 years.  A 

similar conclusion applies for the baseline projections with lower and higher rLR values.  The 

reason for similar ELB risk between baseline projections over the next 10 years is that returns to 

the ELB are driven by recessionary episodes (or, in cases, periods of exceptionally weak 

inflation) whose likelihood is largely unaffected by moderate differences in near-term economic 

conditions.  At shorter horizons, such as 2020:Q4, the ELB risk under the inertial Taylor (1999) 

rule is only a touch higher in the SEP-consistent projection than the balanced-growth projection 

across rLR assumptions because strong interest rate smoothing motives dampen the response to 

economic conditions.  For the asymmetric rule, the greater economic moment in the SEP-

consistent projection relative to the balanced-growth equilibrium reduces ELB risk 3 to 7 

percentage points in 2020:Q4. 

 
60 In practice, we use the SEP-consistent projection and start the stochastic simulations in 2040.  This period is 
sufficiently far into the future that the economy has converged to the balanced-growth path consistent with median 
longer-run estimates in the SEP.  We then perform stochastic simulations from that period onward.  For 
comparability with Table 1, we relabel the simulation periods displayed in Table A2 as if the simulations around the 
balanced-growth equilibrium had started in 2018:Q3. 
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Table A2: Probability of an ELB episode between mid-2018 and selected periods based on 
stochastic simulations around balanced-growth equilibrium  

(in percent) 

 2020:Q4 2022:Q4 2027:Q4 
rLR = 0.88 (SEP median)    
 Inertial Taylor (1999) rule 3.2 11.1 29.1 
 Asymmetric rule 9.0 21.8 43.6 
rLR = 1.50 (SEP maximum)    
 Inertial Taylor (1999) rule 2.7 8.4 23.1 
 Asymmetric rule 6.5 16.5 35.5 
rLR = 0.25 (SEP minimum)    
 Inertial Taylor (1999) rule 4.6 15.8 37.6 
 Asymmetric rule 13.1 29.4 53.5 

Sources:  Authors’ calculations. 
Notes:  The statistics are based on 20,000 stochastic simulations of the FRB/US model around the 

balanced-growth equilibrium of the June 2018 SEP-consistent baseline, holding balance sheet policy 
constant. 

Table A3 reports distributions of macroeconomic outcomes conditional on being in an 

ELB episode at various horizons based on stochastic simulations around the balanced growth 

equilibrium.  The distribution of unemployment rate and inflation outcomes 10 years out are 

essentially the same as those reported in Table 3 for the June 2018 SEP-consistent projection.  

This similarity arises because the accumulation of economic shocks over the next 10 years mixes 

the distribution of outcomes in a manner that largely erases initial differences in economic 

conditions.  When we consider shorter horizons, such as 2020:Q4, unemployment rates at the 

95th percentile tends to feature more extreme values than was shown in Table 3 because the 

unemployment rate in the balanced-growth equilibrium starts from a higher level than in the SEP 

projections.61  The inflation distributions are similar at short horizons across the two economic 

projections because of the low sensitivity of inflation to slack in the model.  

 
61 The median unemployment rate conditional on being in an ELB episode in 2020:Q4 is sometimes higher and 
sometimes lower in Table A2 than in Table 3.  On the one hand, the balanced-growth equilibrium has more 
unemployment initially than the SEP-consistent baseline, leading to higher unemployment rate values for a given 
sequence of economic shocks.  On the other hand, the smaller economic momentum in the balanced-growth 
projection means that the shocks from the shallowest historical recessions are sufficient to trigger ELB episodes, 
especially when rLR is lower, creating an offsetting effect on the median. 
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Table A3: Macroeconomic outcomes conditional on being in an ELB episode in period 
shown based on stochastic simulations around balanced-growth equilibrium (in percent) 

 2020:Q4  2022:Q4  2027:Q4 

 Ut πt  Ut πt  Ut πt 

  median 
95th 

highest 
median 

95th 

lowest 
 median

95th 

highest
median 

95th 

lowest 
median

95th 

highest
median 

95th 

lowest 

rLR = 0.88  
(SEP median) 

  
       

     

With ELB 6.8 8.8 0.9 0.1  6.7 9.1 0.9 -0.4  6.6 9.7 0.7 -1.4 

No ELB 6.6 8.1 1.0 0.4  6.2 8.0 1.1  0.0  5.9 8.1 1.0 -0.2 
rLR = 1.50  
(SEP max.) 

              

With ELB 7.5 8.8 0.8 0.1  7.0 9.0 0.9 -0.4  6.9 9.6 0.7 -1.2 

No ELB 7.1 8.2 0.9 0.3  6.4 8.2 1.0 0.0  6.2 8.3 0.9 -0.2 
rLR = 0.25  
(SEP min.) 

              

With ELB 6.1 8.8 1.0 0.0  6.4 9.1 1.0 -0.5  6.4 9.9 0.8 -1.8 

No ELB 6.0 8.0 1.1 0.4  5.9 7.9 1.2 0.1  5.7 7.9 1.2 -0.1 
Sources:  Authors’ calculations. 
Notes:  The statistics are based on 20,000 stochastic simulations of the FRB/US model around the 

balanced-growth equilibrium of the June 2018 SEP-consistent baseline and under the assumption that 
policymakers follow an asymmetric policy rule.  For comparability, simulations in which we impose the 
ELB (labeled “With ELB”) and in which we do not (labeled “No ELB”) are performed using identical 
sequences of economic shocks.  For each combination of a period and rLR value, all statistics are computed 
using the subset of observations for which the ELB binds under the “With ELB” simulations.  

Appendix V:  Monetary Policy and the Tradeoffs in Macroeconomic Outcomes over 
Time 

When faced with severe shocks, policymakers can limit the deterioration in economic 

outcomes and hasten the economic recovery by pursuing accommodative policies that, 

eventually, may lead to a tight labor market and inflation running above 2 percent.  Table A4 

illustrates the tradeoffs in macroeconomic outcomes over time for each of the unconventional 

policies that we considered in our recession scenario.  For the unemployment rate, we report the 

cumulative difference from the natural rate, distinguishing between the initial period when the 

unemployment rate overshoots the natural rate and the subsequent period when the 

unemployment rate undershoots the natural rate.  Similarly, for inflation, we report the 

cumulative difference from 2 percent, distinguishing between the initial period when inflation 

undershoots that goal and the subsequent period (if present) when inflation overshoots that goal.  

The calculations are performed over the simulation periods shown in Figures 2, 3, and 4, which 
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run from the third quarter of 2018 through the second quarter of 2033.  The statistics are 

expressed in percentage-point-per-year equivalents.  For example, under the asymmetric rule, 

inflation undershoots 2 percent over the entire period shown by an equivalent of 9.8 percentage-

point-years, meaning that the cumulative undershooting of inflation over the period shown is 

equivalent to inflation undershooting the inflation goal by 9.8 percentage points for one year.   

Overall, Table A4 shows that greater policy accommodation, as expected, leads to a 

reduction in the overshooting of the natural rate of unemployment and in the undershooting of 

the inflation objective during the recession and ensuing economic recovery.  However, greater 

policy accommodation subsequently comes at the cost of a more pronounced undershoot of the 

natural rate of unemployment under all policies and, in some cases, with a modest inflation 

overshoot of 2 percent.  To decide which policy is most appropriate in response to the recession, 

one needs to weigh the improvement in macroeconomic outcomes early on against the possible 

deterioration in macroeconomic outcomes later on.  The loss one attaches to various outcomes 

may well differ from the simple cumulative sums reported in Table A4.  For example, one might 

attach greater importance to improving the worse outcomes or might put greater weight on 

economic developments in the near term than several years out.  In practice, one might also take 

account of elements outside of our model, such as risk management and communication 

considerations. 
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Table A4: Cumulative overshoots and undershoots of longer-run values in a recession 
scenario under unconventional policies 

  Ut   πt  

   overshoot 
(in p.p.-year) 

undershoot  
(in p.p.-year) 

 
overshoot 

(in p.p.-year) 
undershoot  

(in p.p.-year) 

Asymmetric rule (AR)  15.3 1.5  0 9.8 
       
AR + threshold-based 
forward guidance 

      

Ut < 5½ percent  15.3 1.5  0 9.8 
Ut < 4½ percent  15.1 1.7  0 9.4 
Ut < 3½ percent  13.8 4.3  0.1 5.0 
πt > 1¾ percent  13.9 4.2  0 5.1 
πt > 2 percent  13.4 5.5   0.6 3.5 
πt > 2¼ percent  13.0 7.2  1.7 2.0 
       

AR + balance sheet 
policies 

      

Passive  15.3 1.5  0 9.8 
Reinvestment only  14.3 1.8  0 8.6 
MEP  14.2 1.8  0 8.6 
LSAP  12.1 3.3  0 5.3 
LSAP + inflation 
threshold 

 11.2 7.8  2.0 0.9 

Sources:  Authors’ calculations.   
Notes:  The table shows, for each policy considered, the cumulative difference from either the natural 

rate of unemployment or the 2 percent inflation goal under the recession scenario.  Separate statistics are 
computed for the periods of undershooting and overshooting.  The statistics are computed over the 
2018:Q3–2033:Q2 period. 

Appendix VI:  Reputational Concerns and Forward Guidance 

In our discussion of forward guidance under a recession scenario, we noted that threshold 

policies that entail promises to overheat the economy in the future may not be time consistent:  

Eventually, economic conditions might improve to such an extent that policymakers would 

prefer to abandon their forward guidance in favor of a tighter stance of policy to contain the 

projected undershoot of the natural rate of unemployment and its accompanying inflationary 

pressures.  Although departing from announced forward guidance might bring some immediate 
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benefits, policymakers might worry that doing so entails a loss of credibility that could diminish 

the potency of central bank communications in future downturns.   

In this appendix, we quantitatively explore reputational concerns under the assumption 

that policymakers face an uncertain future around the recession baseline, set the federal funds 

rate in normal times according to the asymmetric rule, and seek to implement forward guidance 

in the form of a 2¼ percent inflation threshold whenever the ELB is binding.  We further posit 

that policymakers’ preferences are captured by a simple loss function that penalizes 

unemployment rate realizations above the natural rate and inflation deviations—positive and 

negative—from the FOMC’s 2 percent goal.62  Finally, we assume that policymakers’ forward 

guidance is initially fully credible and that any departure from an announced forward guidance 

prevents policymakers from issuing forward guidance for a fixed number of periods; thereafter, 

their forward guidance is again fully credible until another departure occurs.  The latter 

assumptions capture, in a simple manner, the loss of credibility due to broken policy promises.63 

We measure the net benefit of deviating from the forward guidance as the difference in 

expected discounted losses between a policy that departs from the forward guidance and a policy 

that abides by it.  The net benefit can be decomposed into the short-run gain from reneging from 

a promise and the long-run cost of not being able use forward guidance in a future recession.  

When this difference is positive, policymakers judge it advantageous to abandon the guidance 

and, conversely, prefer to follow through with the guidance when this difference is negative. 

The first line of Table A5 shows the net benefit of deviating from an inflation threshold 

of 2¼ percent in the absence of economic uncertainty in our baseline recession scenario.  The net 

benefit is measured in 2026—as policymakers contemplate a lengthy overheating period—under 

the assumption that deviating from the announced policy forever prevents recourse to forward 

guidance.  The net benefit is positive in that period, meaning that policymakers unambiguously 

 
62 Formally, we assume that policymakers’ preferences are given by a discounted sum of the squared excesses in the 
unemployment rate and squared deviations of inflation from 2 percent, ∑ 𝛽ఛ((𝑈௧ − 𝑈∗)ଶ𝕀{𝑈௧ > 𝑈∗} +்

𝝉ୀ𝟎

(𝜋௧ାఛ
ா − 2)ଶ), where 𝛽 = 0.99 and 𝑇 is large.  This loss function could capture the preferences of policymakers 

who do not regard unemployment rate realizations below the natural rate as undesirable unless these realizations are 
accompanied by inflation readings above 2 percent. 
63 For formal analysis of the role of reputation for monetary policymaking in a liquidity trap, see Nakata (2015, 
2018) and Walsh (2018). 
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prefer to abandon the forward guidance.  As Table A5 shows, this net benefit is equivalent to 

preventing inflation from exceeding 2 percent by 0.4 percentage point for three years.  Because 

there is no uncertainty in the baseline recession scenario, the economy never faces the ELB 

again, so that losing the ability to issue forward guidance in the future entails no cost in terms of 

economic stabilization.   

The remaining rows of Table A5 show the net benefit when the evolution of the economy 

is uncertain, so that a loss of credibility limits policymakers’ ability to stabilize economic 

activity through forward guidance in future ELB episodes.  We consider three durations for 

policymakers’ inability to use forward guidance after a departure:  5 years, 10 years, and 

20 years.  The net benefit is calculated as the expected difference in losses over the duration 

under consideration between the asymmetric rule with and without forward guidance, starting 

from the model’s steady state.  The net benefit is negative for all three durations considered, 

suggesting that preserving the credibility of future forward guidance improves outcomes in 

future downturns to such an extent that policymakers today are better off implementing the 

announced guidance, even if it implies overheating the economy for a time, rather than deviate 

and face more severe ELB episodes in the future.  The table also suggests that the greater the loss 

in credibility (as measured by the duration without recourse to forward guidance), the less 

inclined policymakers would be to deviate from their past communications.   

This type of cost-benefit analysis is subject to various caveats, including our assumption 

about policymakers’ preferences over macroeconomic outcomes.  However, our simulations 

suggests that, once reputational concerns are taken into account, carrying through with an 

announced forward guidance offers benefits in terms of better economic stabilization over the 

longer run:  Those benefits may more than outweigh the near-term gains from abandoning the 

forward guidance.   
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Table A5: Net benefit of abandoning the forward guidance in a recession scenario 

 Net benefit 
Equivalent three-year 

inflation deviation 
(in percentage point) 

Recession scenario (no uncertainty)  1.4 0.4 
   
Extended simulations (with uncertainty)   
 5-year loss of credibility -1.4 -0.4 
 10-year loss of credibility -5.3 -0.7 
 20-year loss of credibility -12.8 -1.1 

Sources:  Authors’ calculations.   
Notes:  “Net benefit” statistics are calculated as the difference in the present discounted loss between 

versions of the asymmetric rule without and with a 2¼ percent inflation threshold.  The assumed loss 
function penalizes unemployment rate realizations above the natural rate and inflation deviations—positive 
and negative—from 2 percent.  “Equivalent three-year inflation deviation” statistics are calculated as the 
percentage-point deviations of inflation from 2 percent that, if maintained for three years, would result in 
present discounted losses equivalent to the (absolute) net benefit, holding future inflation and the 
unemployment rate at their long-run levels.   

Appendix VII:  Macroeconomic Outcomes in the Longer Run under Threshold-
Based Forward Guidance 

Figure A2: Distribution of longer-run macroeconomic outcomes under threshold-based 
forward guidance 

 

Sources:  Authors’ calculations.   
Notes:  The left and right panels show a distribution of unemployment rate outcomes and inflation 

outcomes, respectively, in stochastic simulations around a steady-state baseline and conditional on being in 
an ELB episode.  The blue histograms show distributions for the asymmetric rule without threshold-based 
forward guidance, whereas the orange histograms show the distributions when the asymmetric rule is 
complemented with credible forward guidance that the ELB will bind at least until inflation exceeds 
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2¼ percent.  For comparability, both sets of histograms are calculated using the subset of periods for which 
the ELB binds under the asymmetric rule without threshold-based forward guidance.  

Appendix VIII:  Macroeconomic Effects of LSAPs under Countercyclical Term 
Premiums 

In the data, simple correlations suggest that the term premiums are mildly 

countercyclical, though the economic reasons for such countercyclicality and the possible 

connections to monetary policy are debated.  In our simulations, we assume for simplicity that 

term premiums do not respond to the business cycle.  If, instead, we were to assume an 

endogenous countercyclical component in term premiums consistent with the idea that risk 

premiums in general tend to rise amid poor economic conditions, our simulated monetary policy 

effects would be larger, both for conventional interest rate policy and for balance sheet policy.  

We isolate this effect for the LSAP policy in Figure A3, which, like Figure 7, focuses on 

distributions of the unemployment rate and inflation outcomes when the ELB binds in each 

period shown.  The first two intervals in each year are the same as previously reported in 

Figure 7:  They are the interquartile range of the distributions assuming acyclical term premiums 

for the LSAP and passive balance sheet policies.  The next two intervals are the corresponding 

interquartile ranges when we instead assume term premiums that are as countercyclical as in the 

data. 

When the term premiums incorporate a countercyclical element, all else equal, cyclical 

movements in the unemployment rate and inflation are amplified.  For example, a strengthening 

in the economy brings about a reduction in term premiums, which supports additional economic 

strength.  This mechanism also means that monetary policy can be more effective at 

macroeconomic stabilization.  On net, our simulations indicate that the economy tends to be 

more volatile, as evidenced by the increased dispersion in unemployment rate and inflation 

outcomes under both the passive policy and the LSAP policy.   

Under the passive policy, for inflation, the bulk of the interquartile range with 

countercyclical term premiums is below the median outcomes for the same policy with acyclical 

term premiums.  For the unemployment rate, the medians are similar between the simulations 

with and without endogenous term premiums.  However, with the greater dispersion, the 75 th 
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percentile of the unemployment rate distribution with countercyclical term premiums is well 

above the corresponding percentile with acyclical term premiums.  

Figure A3:  Effect of assumptions about the cyclicality of term premiums on balance sheet 
policy outcomes 

 

Sources:  Authors’ calculations.   
Notes:  The markers and the intervals show the median and the interquartile range, respectively, of the 

distribution of macroeconomic outcomes under each policy.  For comparability, the distributions are 
calculated for the same sequences of shocks for which the ELB binds under the passive balance sheet 
policy in the final quarter of each period shown.  The statistics are computed through stochastic simulations 
around the SEP-consistent baseline projection.  The red dots and green squares show the medians of the 
distribution assuming acyclical term premiums, under the passive and LSAP policies, respectively.  The red 
stars and green triangles show the medians assuming endogenous term premiums, again under the passive 
policy and the LSAP policy, respectively. 

If we compare the difference between the macroeconomic outcomes under the LSAP 

policy and the passive policy, the differences are typically larger when the term premiums are 

countercyclical than when they are acyclical: 
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 With countercyclical term premiums, by the end of 2022, the median 

unemployment rate under the LSAP policy is 36 basis points lower than it is 

under the passive policy; by contrast, with acyclical term premiums, the median 

unemployment rate under the LSAP policy is only 25 basis points lower than 

under the passive policy. 

 Moreover, with countercyclical term premiums, the LSAP policy is more 

successful in limiting extreme outcomes.  For example, when term premiums are 

countercyclical, the 75th percentile of the unemployment rate under the passive 

policy is somewhat above 7¾ percent, but is close to 7¼ percent under the LSAP 

policy.  When term premiums are instead assumed to be acyclical, the 75th 

percentile of the unemployment rate under the passive policy is 7.4 percent, 

whereas that percentile of the distribution under the LSAP policy is around 

7.2 percent—a much smaller difference than we show when term premiums are 

countercyclical. 
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